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When the Deadline
Demands Action...

monday....
The assignment
“OHNO ! I agreed to get this
application built by Wednesday...
on Windows, Motif and OS/2.”

tuesday....
Use C++/Views visual interface
bui lder & C++/Browse
‘Tm already ahead of schedule! I’ve got my
dialogs la id ou t - I jus t have to finish the
menus. Then, I ' l l use the class browser to
create my classes and attach them to the
dialogs and menus.”

wednesday....
F in i sh MS Windows vers ion
“Porting frenzy -hi t the deadline with 00 Application
time tospare” Framework

c a s ++/Views Delivers!
Need to develop client/server applications faster? C++/Views provides state-of-the-art class browser and GUI
INTERSOLVC++/Views offers an object-oriented painting capabilities. This powerful combination lets you
application framework that helps your teams quickly build reusable components and develop high-performance
deliver, deploy and maintain client/server applications. applications quickly.

Jump-start y o u r C++ Development Make Your OO Appl icat ions F u l l y Portable
INTERSOLV C++/Views provides a comprehensive With C++/Views, you can develop mission-critical
solution that combinesa rich, extensible class library applications on virtually any platform, for any platform.
with an intuitive visual development environment. You can ful ly exploit each native environment - C++/Views
The C++/Views class library holds over 110 object portable resource format gives y o u r
classes for UI design, data management, event applications a consistent look and feel e
processing and more. You can adapt a n y class to meet across Windows, NT, OS/2 and OSF/Motif.
your needs. Use C++/Views and you'll discover how

quick and easy OO development can be.

For more information call 01727 812812 or fax 01727 869804 INTERSOLV
All trademarks acknowledged.
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presentsa list of potential traps and
how to avoid them.

Dynamicarrays in Delphi
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two-dimensional arrays with Delphi.

UsingprogramsasWeb pages
The Web is not limited to static HTML pages. PeterCollinson
demonstrates how to call programs from a UnixWeb server via
Common Gateway Interface.

TURYING UND s s s s c h s s s c s s e s s c c n s s z e n i g s e n s s a c e s seos
Haveyou ever tried to stop a program
after i t s completion? Francis
Glassborow looks at the issues
involved.

THE BACKEND

SUMS COMM a c z c c e c c n c s c s s c s e s c u a s s h s o n s a s c s s s s s a s s c c o n e a t s t e s s s s s u u s i e | s p i t e s r e s a e e e t 7 0

Special offers for EXE subscribers. More 32-bit cut price madness!

Crucial competitionS....................see
Competitions and freebies for all.

s e l
RTFMwitha twist. VerityStob|apenas the
night at the pub. Bil l Proctor gives some
object lessons.And Eric Deeson’s
crossword.

Recruitment.

“ASubscription implies that this journal will besent to the subscriber until one
(AG Macdonell.)
Editorial. Address editorialenquiries and comments to The Editor, EXE, (address
emailto editorial@dotexe.demon.co.uk.
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Youre on the road.Witha client.

muy y y y
Youneedto locate a bottle design.

Pe
Your database has 4:0,000 bottles.



The human mind has the ability to recall to setting up a database to exist in several places at

information visually. But can a client/server database once.And while DB2 stands out from other databases,

advance that far? wedesigned it to fit very comfortably into any

Well, IBM’s exclusive Query By ImageContent business environment.

(QBIC) technology for DB2 should open your eyes. DB2 meets open industry standards, soit will r u n

It actually lets you locate arange of records based onmany popular systems. And it’s been engineered

on shape.Or colour. so your database
C a n y o u r software do t h i s ?

Or even texture. will deliver both

Which means faster access to the data you need - speed and efficiency from any size server. Fromtwo

includingmultimedia ‐-to make better business users to more than 100,000.Frommegabytes of

decisions. information to terabytes. To make your business

Not that such advances should surprise you. informationmore accessible,just contact Donna

IBMhas led the way in databases aslongasthere have Ratcliffe on 01705 498151, or visit ou r web site at

been databases. (Indeed,DB2 isatwork in over 90% http://www.software.ibm.com/software/data.html

of the FORTUNE500.) You'll find out why, for somany companies, DB2

DBz2 hasa history of offeringuseful is the shape of things to come.

innovations for informationmanagement

‐ with tools that let you doeverything

from managingyour database remotely Solutions for a small planet



COMMEN T

Hot skills
remember thinking Physics O-level was
difficult. Twoyears later I realisedthe A‑
level was difficult, the O-level had been

easy. I would presumably have changed my
mind about that too, if I’d gone on to do a
degree in Physics. (I didn’t, because I wanted
to get ajob after graduating.)

Learningcurves always look steeper from
thebottom.This isaparticularproblemin our
industry, where there is a constant high
turnover of skills. If your skill set, asyou get
moreexperience, is notpro-activelymanaged,
you'll find new graduates lookingmore valu‑
able (and cheaper) than you. Unfortunately,
managers - especially those without a techni‑
cal background - don’t understand this. So
hereare some rulesof thumbyoumight want
to show them.
L Learningsyntax is easy, learningconcepts

is hard. If you know COBOL, you won't
have too much trouble with RPG, and if
you knowone OO4GLGUItool, youwon’t
have much trouble learning another. But
goingfromCOBOL to anOO4GLGUItool
is hard: you have to learn fundamentally
different concepts such as object-orienta‑
tion andevent-driven programming.

2. Climb learning curves one at a time. The
sinking feeling I hadwhen trying to learn
Z80 assembleronaTRS-80 was because I
was strugglingwithconcepts, context (l ike
‘to display somethingon the screen, write
to this area of memory’)andsyntax at the
same time. Learning theory says: break
things down into two-week segments, get
testedat theendof eachsegment andtake
things at your own pace.

3. The secondperson up a curve has a much
easier time, because there’s someone at the
top topullthemup.No-onehasyet builtan
on-line help system that is quite aseffec‑
tive asbeingin contactwith an expert.
If developer's productivity is correlated
with anything, it’s correlated with the
number of environments a developer
knows (this is from Ed Yourdon). This is
an empirical finding that probably has to
dowith concept learningagain.

5. The best way to learn is by doing some‑
thing real.There’s a limit to what you can
get out of booksandcase studies - at some
point they have to let you loose.

4

My company usesa set of ‘techniques’ to teach
concepts such asdata modellingor functional
decomposition.Gettingqualifiedin atechnique
involves some reading, real work alongside
someonewho is already qualified,and a rigor‑
ous viva. Tool skills get special attention. Our
policy is: (a) the more the merrier; (b)give the
first person to learn a tool the most time; (c)
there'll always bea better tool out next year;
and (d) developers love new tools, managers
hateversion 1.0- this timemanagersare right.

Finally, we distinguish between people
who want to get a job done (project man‑
agers) from people who care about skill
development andcareer progression.Trying
to fit these different priorities all in the same
headdoesn’t work.

Easy for usto say: westarted from aclean
sheet andour core business is to grow people.
But to keepup with the game,you're going to
do more learning after the age of 21 than
before. The least you can expect is for your
organisation to support you.

LaurenceHolt is CEOofQuidnunc, a 40-per‑
son Client /Serverconsultancy based in West
London. Contact himat laurenceh@quid‑
nunc.com.

Choosing a languageT::choice of language for a develop‑
mentproject is very complex andsub‑
tle: all too often the choice made is

made for the wrong reasons.
Since C is quite a common language

taught in University andcollege courses, and
it is often viewed asbeing ‘better’ as a lan‑
guage by novice programmers, it stands to
reason that there is a significant pool, and
wide spectrum, of expertise in C floating in
the job market. This makes it both easy and
economic for companies to employ program‑
merswith these skills.

Unfortunately one often encounters sys‑
temswhichwouldhavebeenconsiderablyeas‑
ier to develop, debug and maintain had they
been written in an appropriate language,
rather than a language which the company,
simply considering labour costs, found cheap
in the short term. It is foolish to use a screw‑
driver to drive nails into wood but this is
exactly what many software developers doby
using the wrong language. Choosing C
because it is ‘cheap’ in labour terms and easy
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to recruit for is abadideafor significantdevel‑
opments. It maybethat choosinganother lan‑
guage will reduce development costs because
the language actually helps to avoid errors
during the development.C still has a signifi‑
cant role to play.My mainconcern is that it is
turning into the ‘Swiss army knife’ of the soft‑
ware community, and that one day we will
realise that weare better off using amonkey
wrench to undo the plumbingthan struggling
to make aSwiss army knifedothejob.

CandC++havebecomedefacto standards
and virtually every programmer has some
skill in one or both languages (and this varies
considerably). If pressed to pick the number
oneprogramminglanguageforproducingcode
whichis (a)obfuscatedbeyondrecognitionand
(b) prone to bugs which are hideous to track
down, I’mafraidCwould beright up there on
top of my list. I have witnessed some heinous
crimes committed in the nameofC.Well-writ‑
ten Cmaycontain subtle errors;badlywritten
Cwill cost your company dearly.

One of the major difficulties for C pro‑
grammers to tackle in any significantdevelop‑
ment is that of memory leaks. One possible
solution, garbage collection (currently being
investigated for a future inclusion in C++),
does not dispense with this problem, but can
alleviate the suffering. Unless your system is
particularly desperate for run-time then I
would saygarbagecollection ismoreofabless‑
ing than a curse. If compiler writers could put
a switch on their systems to compile with or
without garbage collection I amsure it would
be welcomed by a great many people. Cer‑
tainly if C++ is to beimbuedwithgarbagecol‑
lection, I would expect this switch feature to
bepresent onallC++ compilers.

I would encourage developers to consider
the choice of language as carefully as they
consider the choice of design tools andmeth‑
ods, word processors, communication pack‑
ages, hardware, etc. Do not simply opt for C
‘because it’s there’.

MarkBools is a software engineer currently
workingonquality engineeringandsoft‑
ware / businessprocess improvementwithin
Siemens TrafficControls Ltd.
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| These willstill be available for some time to come.
| Comms - Async
f Fax Plus for Win £175
| FaxMan SDK £390
| Comms - Network
} Apiary Dev Suite for NetWare £156
1 Distinct TCP/IP - Visual Edition £265

dsSocket 1.1 (Intro} £65
Database

ADE/VBX £350
j) CodeBasic 5.1 £140
| List & Labels for VB £279

VB/ISAM MU £150
j Graphics - Charting
| Chart F X3.0 ( 1 6 - b i tonly) £210
} Charting Tools for Win - VB £180
i e Graphics Tools £300
t a p h i x £270
4 Graphics - Image Files
; DKPlus/VBX 2.0 £250
| imageKnife/VBX Std 2.0

VB/Magic Controls
Visual CAD Dev Kit

Bs C & C++ FOR DOS
Comms

Essential Comm 5.0
MagnaCommyDOS
SilverComm “C” Asynch 4.02 £195

|
i
i

Database
c-tree Plus 6.40
D-ISAM
SoftFocus Btree/ISAM

|
ImageMan/VB 3.1 £ 2 3 9

I Grid Controls |
| Data Widgets ee |
| Gnawvex £75 of
| Spread/VBX £171 ff

| Multi-Function j
| Borland Visual Solutions Pack £59 i
} Designer Widgets 2.0 ae |
} Muscle (Win) £125
} VBite 1.0 £130 |
| VBTools 4.0 a5 |
| Visual Developer's Suite e216
} WinWidgets/VBX 2160 ff
j Sundry Components |
} caDcontro e605 |

d-Barcode VBX/DLL £94

Graphics & GUI
3D-Ware Prof
Fastgraph 4.0 (Ted Gruber)
GX Graphics 3.0
MetaWINDOW-DOS 4.4
Zinc Engine & DOS Key 4.1

Maths & Scientific
C/Math Toolchest & Grafix
Huge Virtual Array & NAT 3.0
Science, Eng & Graphics Tools

Screen
C/Windows Tooichest £45
Greenleaf Datawindows 3.0 £225
TCXL UI for DOS/Win 6.2 £135

General & Systems Libraries
GXSounds £200
MTASK £215
TTSR Ram Res Dev Sys 2.03 £100

Tools
C-DOC Pro 6.0 £275
C-Vision for C /C++4. £145
CodeCheck (Professional)
PC-Lint for C/C++
Source Print+ 5.5

PROGRAMMINGt o o t s
Assemblers

CiC++
Cross Dev
Database

Delphi
Fortran

Gul
Lisp

Multi-tasking
Pascal Prolog

Smalitalk SQL
Version Control Visual Programming

Xbase

Basic
Comms

§ Custom Controls
Debuggers

5 Editors
Graphics
Linkers/Locaters
Modula-2

Windows

We stock m a n y i t e m s f o r which the re
is no s p a c e in t h e s e advertisements.

1095,

AS

SIC 3ADD-ONS

3D Graphics Tools 4.0
EDI-VBX 1
Gantt/VBX
MediaKnife/VBX
VBX Artist

Sundry Controls

Visual Instrument Panel Cnitris
VSViewNVBX

Text Editor Controls
H i g h E d i t3.0
TXText-Contro! Standard

Tools
JET Inspector 2.0
SpyWorks-VB 2.0
TMS Tools 1.1
VB Compre
VBAssist 3.5
VB/DLL 2.05
VERSIONS/VB

Async Pro for W
COMM-DRV/LIB
Greenleaf CommLib 5.2

at Arc

Compression

Lib
Win DLL w/Source

PkKWare Data Comp Lib for Win
TCOMP/Multi-Piatform 2.12

Database
Borland Database Engine 2.0
CodeBase 5.1
CXBase Pro
DataBoss for Windows
DBTools.h++ for ODBC
Greenleaf Database Libra y  4 . 0

List & Labels for Win (Pro)
POET Personal SDK 3.0
Raima Database Manager
Spread/VBX++
Velocis

Graphics - Charting
Charting Tools for Win 2.0
Essential Chart for Win
GraphiC/Win
Graphics Server 4.0
Real-Time Graphics Tools

Graphics - Image Files
joft Image Lib/Win 5.0

culos (Image Analysis) 2.0
imageKrife Pro 2.0
ImageMan
LEADTOOLS Pr

Prices donot include VAT or other local
taxes but do include delivery in mainland

| C&C++ FORWINDOWS

L O W P R I C E S
MICROSOFT & BORLAND

C ++ COMPILERS
Borland C++ 4.5
Microsoft Visual C++ 4.0
Salford C/C++ Win Dev
Symantec C++ 7.0
Turbo C++ for Win 4.5
Watcom C/C++ 10.5 (Intro)
High C/C++ for Ext-DOSWin
Microsoft Visual C++ 1.52
Salford C/C++ DOS Dev
Turbo C++ 3.0

MS Visual Basic for DOS Std
MSVisual Basic for DOS Prof
NetPak Pro for DOS
PDQComm 2.62
db/Lib Prof 3.0
VB/ISAM MU
Graphics Workshop
GraphPak Pro
Compression Plus
Printer Plus
ProBas 7.1
QuickPak Prof 4.19

UK. Please check prices at time of order
asads are prepared some weeks before

publication. This page lists some
products - call usfor acomplete

price fist. ORDER BYPHONE WITH
YOUR CREDIT CARD

(01364)654100
FAX: (01364) 654200

Graphics & GUI
3d Graphics Tools 4.0
ProtoGen+
RWCanvas.h++
WinGKS
WinMaker Pro 6.0
Zinc Engine & Win16/32 Key £634

Maths & Stats
IMSL C Numerical Libraries £495
IMSL Math Module for C++ £495
Math.h++ 4.1 £340
Money.h++ £340

Sundry Components
HeapAgent £420
TG-CAD Prof 5.5 £770
Tools.h++ 6.1 £340
WinWidgets++ £240

Tools
CC-RIDER for Win16 £250
KPWin++ £600
SOMobdjects Dev Toolkit
Visual Parse++

VISUAL B A S I C 4

Visual Basic Standard 4.0
ButtonMaker
Designer Widgets 2.0

(Oct) £75
£99

Erwin/Desktop for VB4 £599
Spyworks-VB Prof 4.0 (Q4) £195
VBAssist 4 (Oct) £140
xRef 2.0 (Oct) £105

CA-Realizer 2.0 (OS2&Win) £179
GFA-BASIC for Windows £80
PowerBASIC Pro (Win&DOS) £210
BBC BASIC-86 Plus £75

£88TrueBASIC Std 3.0

‘bears

OLEControls w i l lbesupportedbymost
Windows tools over the next few months.We

have the widest rangeavailable!

Comms - Asynch
Comms Lib 3.0 (Oct) £115
PDQComm3.0 (Oct) £145

Comms - Network
Distinct TCP/IP Visual (Nov) £265
NetPak 2.0 (Oct) £145

Compression
Compression Plus 4.0 (Oct) £175
DynaZIP-32 3.0 (Oct) £210

Database
Controls for Btrieve 3.0 £180
Crystal Reports Pro 4.5 (Oct) £295
MyData Control 1.0 (Oct) £115

Graphics - Charting
Chart FX 3.0 (16&32-bit) £315
First Impression 2.0 (Oct) £180
Graphics Server 4.02 (Sep) £235

Graphics - Sundries
Accusoft IFLIOCX 16 £415
d-BarCode/OCX (Dec) £149
Dazzle/OCX (Q4) £420
MetaDraw (Oct) £240
Resource Manager/OCX (Q4) £195
Schedule/OCX (Nov) £195

Grid Controls
Formula One OCX 3.0 £180
Grid/OCX (Q4) £75
Spread/OCX (Oct) £171
TrueGrid 4.0 (Q4) £155

OLE CONTROLS

NEXT LEVEL RAD?
How would you like to generate an entire
application at the touch of a button?
Complete with Browse, Form & Report
procedures for every selected file!
Wouldn't it be nice if you could produce:
versions for Windows 3.x, Windows 95 &
Windows NT, ail using the same VBXs. It
would be even better if all these versions
were multi-threaded & fully compiledwith
small executables.
Can your present tool do alll this? Of
course not! Then you better call us to
find out more about

CLARION FOR WINDOWS 1.5
All you have to do is definethe data

| dictionary containing file & relationship
definitions, with optional pre-formatting
preferences for window & report
controls.
Then the Wizard of Wizards - the App
Wizard- generates complex
applications with no intervention,
including multiple-order browse lists

| selectable by tab; synchronised parent‑
Child dialogs with a form for the parent
‘on one tab, anda listbox displaying
felated child records on another, etc.
Unlike most Wizards, changes in the

| data dictionary migrate via live links to
the application file. You can concentrate
‘on the data model and business rules,
and let Clarion do the grunt work. This is
real RAD!
The best news is that we are virtually
giving it away at only £189until the end
of the year. Call usright now for further
details.

ODBC DRIVERS FOR
WINDOWS95

SPECIAL OFFER
The Visigenic ODBC DriverSet includes
dr iversforWindows 3.x, Windows 95&
Windows NT.Databases include
Informix, Sybase, Oracle, Ingres&
Microsoft SQL Server. Available for only
£85 until the end of the year (on-line
docs, limit of 5copies per customer site).

X Y - Q U E R YFOR OS/2
is the fastest and easiest too! for
a c c e s s i n gyour DB2 data. I ti sobject‑
based,usingn o t e b o o k s ,toolbars, etc
with Query Builder which hides the
c o m p l e x i t yo fSQL. Too many features t o
cover here -sufficeto say that if you use
OS/2 and need to query DB2, call us
now for full details. Only £140.

M a t h s& Scientific
ProMath OCX (Q4) £130
QuickPak Scientific 3.0 (Oct) £145

Multi-Function
Aware/OCX (Q4) £110
OLETools 5.0 (Oct) £145
QuickPak Pro 4.0 (Oct) £180
VBlite OCX (Q4) £130
VSView/OCX (Oct) £145

Multi-Media
FXTools/VB OCX (Q4) £290
MediaKnife/OCXx 1.0 (Q4) £299
VideoPlay/OCX 1.0 (Q4) £72

Sundry Controls
Calendar Widgets £99
Custom Control Factory 4.0 (Q4) £40
Drag-ITIOCX (Dec) £240
StorageWorks 1.0 (Q4) £100
Tab/OCxX (Oct) £75
Tlist 3/Pro £195
VersionStamper 4.0 (Q4) £100
VisualSpeller OCX 2.0 (Oct) £115
VS-OCX (Oct) £110
VSFlex/OCX (Oct) £145

Text Editor Controls
ALLText HT/Pro 4.0 (Oct) £335
VisualWriter 3.0 £180

OS/2 WARP
Borland C++ 2.0 for OS/2
High C/C++ for OS/2 3.3
IBM C Set++ FirstStep for OS/2
IBM VisualAge C++ 3.0 w/Docs
Watcom C/C++ 10.5 (Intro)



COMMENT

Mayb@m!
Some people thought it was

never going to happen.
Some people thought it

already had. But finally, on
(whatever the date was),

Windows 95was launched.

Never before in this business has a new
product been soeagerly awaited. For years,
hints and leaks were coming fromMicrosoft
about their wonderful new operating sys‑
tem. Eventually, some real specifications
emerged, then beta copies.

The beta programmewas the largest the
industry has ever seen. While version after
version crashed and burned, as deadline
after deadline was missed, people were ask‑
ing, i fi t ever were tobefinished,whobut the
beta testers would be left to buy copies?

And then, finally, amid the most expen‑
sive blaze of publicity we’ve ever witnessed,
it was launched.

It’s difficult to talk about Windows 95
withouta list of superlatives. It was incredi‑
bly late,it was comprehensively re-specified,
it was ridiculously hyped. On the eve of its
launch, the TV news was awash with items
about i t . The following evening, the same
news programmes were full of stories about
what awaste ofmoney it was.Yes,Windows
95was hyped, but hype itself is not enough
to explain the remarkable level of interest.

The buying public, I think, is desperate
for somethingnew in computers. For the last
two or three years, the marketplace has
been steadily stagnating, due to a combina‑
t ion of massively rising costs and a dwin‑
dling pool of ideas. There can’t have been
many people who bought Windows 95 who
didn’t know exactly what it was six months
ago. But hope was triumphing over experi‑
ence, and that same publicwanted tobesur‑
prised.

That was the key to Microsoft’s market‑
ingstrategy. Never mind that the thing had
been downspecified times without number.
Never mind that it’s less compatible with
legacy code than NT. Do something big,
something glamorous, and the public will
think they’re being sold the novelty they’re
crying out for.

It couldhaveworked,but two thingswent
wrong. Firstly,the software itselfdidn’twork
properly. Within weeks, users were grum‑
blingabout trashed disks, about peripherals
that wouldn’t install, and about programs
that wouldn’t work. In the same recordnum ‑
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bers that users bought the software, they
were now uninstallingi t .

The second thing that went wrong was,
thanks to its size, Microsoft defined where
themarketingbattle lineswere tobedrawn.
The other companies were perfectly happy
to pick up the gauntlet that Microsoft threw



down. ‘See the hourglass?’ asked IBM. ‘Hey,
it’s not there,’ answered the chuffed user.
‘Where do you wan t to go today?’ asked
Microsoft. ‘Good question; how about tomor‑
row, though?’ counteredApple, conveniently
ignoring the fact that Apple has achieved
nothing of commercial note in the last five
years. Parts of the software which should
havebeena bigpar t of the imagewere being
devalued in public: CompuServe
attacked MSN , for example, and
everybody remembered Dou‑
bleSpace.

It doesn’t really matter that IBMandApple
are as devoid of ideas and adequate pro‑
grammingskills asMicrosoft is. The nature
of the market is that nobody has to sell any
more machines or packages; they just have
to make the competition sell less. Microsoft,
by design or accident, has few friends, and so
is everybody’s competition.

Most users don’t need anything mo re
sophisticated than vanilla Windows, but

because most users already hadit,
Microsoft wasn’t sell ing
any more. If Microsoft
real ly believed in the
potential of MSN, it
could have shipped
the software free to
anyone who wanted
i t . That wouldn't
have helped much,
because a steady
trickle of products
wouldn’t have
created the
excitement

C O MM E N T
that the market so desperately craves. No,
what created the excitement was an old
product in new packaging, lots of glitzy
adverts, and years of whetting the market's
appetite.

In this day and age, Microsoft really
can’t be censured for having no ideas, for
making software that doesn’t work prop‑
erly, or for delivering it late. Nobody has
any ideas, nobody makes software that
works properly, and everyone is delivering
late. But again, that’s no t the issue. The
perception is that, because nine out of ten
users who expressed a preference prefer
Microsoft, what’s bad for Microsoft is good
for everyone else.

That perception is dead wrong. The bat‑
tle for the desktop was fought out years ago.
Microsoft w o n , and there’s nothing anyone
can do about i t . At this point, picking on
Microsoft doesn’t do anyone any good,
because nobody has anything that works
any better. This kind of strategy can only
k i l l sales for everyone, because once the
buying public starts asking critical ques‑
tions, it will find that nobody has any real
answers.

Once upona t ime, the big players in
desktops co-operated with each other. Sure,
there was healthy competition, and brand
identities, and all the other things that help
to carve up amarket. But now,Windows 95
hasdone somethingwhich this industry has
never had to deal with before. Now the big
players are at each other’s throats, not car‑
ing how badly injured they are, so long as
they do some damage to the competition in
their desperation to sell anything at all.
That’s the real novelty in Windows 95 - that
while there was something to compete with,
everyone was happy, but now the pickings
are scarce everyone is terrified of a facelift
with nothing inside.

It is to Microsoft's credit that it hasnever
attacked its competition in this way. It may
even bethat Microsoft will win by pointedly
not getting involved in this infighting. It
doesn’t have to get involved; it can sell any‑
thing it makes. The only question is: can it
sell enough?

It could be that the industry is fighting
for scraps fromMicrosoft’stable, and it could
bethatMicrosoft is onthe floor with the rest
of them. The success of Windows 95 will
decide, but given that Windows 95 was
releasedunfinished,years late, I suspect the
latter. If so, the scraps will hardlybeenough
to keepeveryone alive.

ag

Jules is aprogrammer, but hewon't befor
much longer. If you’re quick, you canphone
himon 01707 662698, or you can email him
asjules@cix.compulink.co.uk.
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MKS Source Integrity
MKS Source Integrity is the m o s t
comprehensive configuration
management solution for client/server,
cross-platform development with
powerful new features:

@Easy to use GUI creates fully functional project in minutes.
@Sandboxes for personalised workspace.
e Visual differencing & visual merging
e Seamless integration in Visual C + + , Visual Basic,
Borland C++, PowerBuilder, File Manager
Call for multi-license prices - single user £359

Doc-To-Help
Use Word 2 & Word 6 to create
Windows Help files effortlessly. Add
hypertext links to existing documents and
prepare Help files and printed
documentation from the one source.
Convert Help files to t e x t , graphics etc.
components, to bring existing projects into
Doc-To-Help usage. Multi-user licenses
available. £259

WatcomC/C++ version 10.5
Watcom C/C++ delivers a professional,
cross-platform |6-bit and 32-bit
development system that produces the
fastest executables for the widest range of
platforms. Using the same integrated
development environment, you can target
all platforms including Windows NT,
Windows 95, Windows 3.x, OS/2 Warp,
extended DOS and more. New features
include: Blue Sky’s Visual Programmer,

Windows 95 Ready, MFC 3.0 for Win32 and direct support for
popular revision control packages. Special offer only £139

CodeWright Professional 3.1 ‑
Programmer's Editor CodeWright isa
professional quality programmer's editor
designed to greatly increase code editing
efficiency and provide powerful
programming benefits for Windows based
development. With emulation for both
CUA and Brief, CodeWright supports
C/C++, Assembly, xBase, Pascal. Key
features include Tabbed Output Window,

VDOS Command Shell, Help Indexer, User Defined
ChromaCoding, and File Based Search and Replace. Available for
Windows or Windows NT/95. £159

Powersoft
Portfolio
3 Powerful tools
seamlessly integrated
to boost your
client/server
development

StarDesignor
Data Construction
made easy
PowerBuilder
Desktop
Powerful intuitive
development
Watcom
SQL 3-User
SQL Database power
right out of the box

Blast off with the new Powersoft Portfolio from the acknowledged
leader in client/server development tools. For the first time,
everything you need to start defining, building, and deploying
serious workgroup applications has been brought together in one
powerful, affordable suite.
The Suite for Serious Workgroup Applications. Only £329
All products also sold separately.

BoundsChecker Professional
BoundsChecker Professional redefines
automatic error detection for C/C++
developers using Windows 95 or
Windows NT. Professional Edition
introduces breakthrough technologies to
capture even more information, with
extended API compliance checking for all
three Win32 implementations.
Integration into the VC++ environment, enables BoundsChecker
to be used at all stages of development.

CodeBase
CodeBase the fully xBase compatible
RDBMS, isextremely flexible and
available for C, C++, VB, Delphi and
Borland Pascal. CodeBase is single/multi
user and client/server compatible, and it
is supported on awide range of
platforms including DOS, Windows 3.x,
Win 95, NT, OS/2, Macintosh, SCO,
AIX, HP, Solaris, UnixWare, SunOS
etc... Free CodeReporter and CodeControls included.

@PLEASE CALL IF THE ITEMYOU ARE LOOKING FOR IS NOT LISTED
@CALL FOR OUR COMPREHENSIVE CATALOGUE @PRICES ARE
EXCLUSIVE OFVAT @PRICES (EXCEPT UPGRADES & SPECIALS) INCLUDE
DELIVERY TOMAINLAND UK. SAMEDAY LONDON DELIVERY AT COST
@PRICES ARE SUBJECT TOCHANGE - PLEASE CALL TOCHECK
@VISA, ACCESS, & MASTERCARD ACCEPTED WITH PHONE ORDERS

y o u r fi r s t c h o i c e f o r

TOORDER CALL 0171-833-1022
System Science, 1-6Bradley's Close, White LionSt. LondonN19PN

b e t t e r

S Y S T E M
S C I E N C E

d e v e l o p m e n t
® &C I R C L ENO.

FAX0171-837-6411



EXE Challenge ’96
EXE is now planning next year’s challenge.
This will take place in February at the Win‑
dows Show organised by IT Events at
Olympia,Kensington.Competingteams will
battle against each other to design a piece of
software for a charity and become the EXE
ChallengeWinner 1996.Notonlywill you be
able to demonstrate your skills, but there’s
also the opportunity for software vendors to
show the worldjust howgood their tools are!
Please call Suzanne Chamberlain on 0171
287 5000 to register for an informationpack.

Rapid adoption of RAD
TheDynamicSystemsDevelopmentMethod
(DSDM)Consortium is keepingup the pres‑
sure for the industry to adopt a standard
Rapid Application Development (RAD)
method. The user-driven Consortium, com‑
prisingsome 450members,aims to providea
common definition of RAD to improve the
development process.Version 1oftheDSDM
methodwas completedearlier this year; ver‑
sion2 is to belaunchedat the London-hosted
EuropeanRADConference in December.To
findoutmorecontact the DSDMConsortium
on01233 661003.

Take your partner by the URL
Netscape Communication’s Development
Partners Programme appears to be taking
off,with several thousand developers already
members. The programme is intended to
makelifeeasier for developers creatingappli‑
cations for, and with, the Netscape applica‑
tion platform. A number of core components
are included: a subscription to an electronic
newsletter; on-line access to documentation
onJava andNetscapeclient andserverAPIs;
technical support; early access to Netscape
development tools; and discounts on soft‑
ware. You can apply to becomea ‘partner’ at
http://home.netscape.com/comprod/develop‑
ment_partners.

New pickings fo r Full Moon
Apple recently outlined enhancements to
what it politely refersto asits ‘developer rela‑
tions efforts’. According to an IDC report, the
Macintosh development platform compares
favourably toMicrosoftWindows in a number
of respects, including higher software rev‑
enues andlowerdevelopmentcosts.Themain
change Apple has instigated for UK develop‑
ers is the appointment ofFullMoonSoftware
Distribution (01628 660242) asthe exclusive
resellers of Apple’s development tools, which
shouldspeedup theprocessofobtainingprod‑
ucts previously only available from the US.
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Novell to sell UnixWare
SCO and Novell have agreed that SCO will purchase Novell's Unix business. SCO will also
licenseNovell’sNetWareDirectoryServices andotherNetWare4 technologies as thebasis for
networking services to be incorporated into future SCO products. Particularly, it plans to
merge the SCO OpenServer Release 5 andNovell’s UnixWare 2 product lines to create a uni‑
fied Unixoperating system that will contain integratedNetWare-basednetworkingservices.

Initially,however, SCO Open Server andUnixWarewill besupported and enhanced indi‑
vidually. Releases ofboth that will sport integratedNetWare services are due in the first half
of 1996. The summer of the same year should also see a beta of the proposedmerged operat‑
ing system,with a software migration toolkit that will allow developers to get started on tar‑
geting the new platform. SCO claims that the mergedUnix,when released in 1997,will offer
binary compatibility with existing applications written for i ts parent operating systems.

The agreement betweenSCO and Novell has come at a significant time as the industry is
attempting to consolidate a standard 64-bit API for Unix. (64-bit operating systems allow the
flat addressing of up to 16exabytes of RAM). To this endHewlett-Packard has formed busi‑
nessrelationshipswith both SCO andNovell to release a series ofmergedUnix products that
will define an evolutionary path to 64-bit networkedUnix on the HP/Intel architecture.

I t ’s the computer’s fault!
Earlier this year, Barriers to using IT (Source:MotorolaLtd.andMORI)

MORI conducted General Public NonlT users Heavy ITusers
a survey on behalf Computers make mistakes 7% 8% 6%
of Motorola on the Computers break down 1% 1% :
perceptionof IT in Concerned by confidentiality 6% 5% 9%
Britain. Some of Dislike IT 7% 9% 3%
the results should Prefer personal contact 33% 22% 52%

Noexperience of IT 33% 41% 15%brighten up soft‑
ware developers. ‘It’s thecomputer’s fault,’ one of the most common excusesmadeby companies
who haveprovidedwrong information,was offeredby lessthan 10%of the respondentswho felt
uncomfortablewith usingIT (see chart). For the research,339adults (over 16)were interviewed.

The most surprisingpoint was notmentioned in the survey itselfbut raisedbyA. William
Wiggenhorn, Presidentof theMotorolaUniversity: ‘ITcompanies needto train the consumer.’
By that heis admitting that the latest software andhardware is complex to usebecauseof all
its fancy functionality. For the consumer of tomorrow to be able to use (and hence buy) the
product in development today, he'll need some training! Motorola is on01753 575555.

The corporate game
The Disneyland Paris Convention Centre was the venue for IBM’s fi rs t European
Technical Interchange,which r a n last mon thbetween 2nd and6thOctober.

The Interchangewas IBM’s first major conference since i t s acquisitionof Lotus.
And J i m Gant, Vice-President, Solution Developer Operations, didn’ t miss the
opportunity to tell the 2000 or sodelegates why $3.52 bill ionwas moneywell spent:
‘Lotus Notes is the way of the future fo r us.’ Just a week after this conference, J im
Manzi resignedasCEO of LotusDevelopment andSeniorVice-President of IBM.
Gant wants to see greater distributionof informationto developers. To this end,

I BMis pu t t i ng together a new SolutionDevelopers Programme, to commenceJan‑
ua r y 1996. The aim is to combine the 20 or so exist ing Developer Assistance Pro‑
grammes i n t o one,w i th the focus on commercial software development. Check ou t
http://www.austin.ibm.com/developer/ f o r the latest information.

No IBMconference would be complete without a word on the ratt le in Seattle.
Gant’s thread of attack took the v iew that nobody would commit business-critical
applications to v1.0 of anyone’s operating system. He spoke briefly of a fully-func‑
tionalLotus SmartSuite fo r OS/2 andpul ledout a figure of 12,000nativeOS/2 appli‑
cations -a b i t pal t ry. Gantblamedthe market ingof an otherwise excellent product.
My interpretation of this is: if Microsoft w i l l have spent an estimated $500 mil l ion
launchingWindows 95 this year, I BMhas spent $3.52 bi l l ion prolonging the exis‑
tence of OS/2. CliffSaran

EXE: The Software Developers’ Magazine 9
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TheTelecomshowhappensevery four years in Geneva.
Thisyear’seventwasverydifferent fromprevious ones.
With the convergence of the telecommunications and
computing industries, the stands looked much more
glamorous thanthey usedto be.All the traditional fun
of computingshows was to befound: dancers, singers,
bigscreenattractions,freebies...All in all, 189,671vis‑
itors attended,notcountingchildren.

The convergence was not obvious on all the stands
( far from it), but this was definitely a trend of this

The best display of Computer Telephony
Integration (CTI) applications was definitely
on the Dialogic stand (tel. 01252 844525 or
http:/ /www.dialogic.com). This US com‑
pany, founded in 1983,designs and produces
hardware and software components for CTI.
Its stand was hostingsome 25partners mak‑
inguseof its technology. Eightof them(Apex,
C3, Expert Systems, MediaSoft, Nsoft, Par‑
i ty, Stylus and Voysys) were showing new
versions of toolkits aimed to ease the devel‑
opment of voice processing and call routing
software. Applications such as fax-on‑
demand, interactive voice and fax response,
voice mailand electronic mailreadercouldbe
seen (and heard).

Next stop: Versit. It’s a ‘global initiative’
by Apple, AT&T, I B Mand Siemens, the aim
ofwhich is to releasegeneral interoperability
specifications forfree publicuse. It’s amiddle
of the road approach between a formal stan‑

Object ExpoEurope,this year hostedby the
QEII Conference Centre from 25th to 29th
September, is the place to go if you have
more than a passinginterest in object tech‑
nology. My curiosity was certainly piqued
asI mademy way to Westminster.

The first person I metwas PierreHaren,
the founder of the French company ILOG.
ILOG publishes a suite of C++ software
components designed to solve real-world
problems involving constraint satisfaction,
resource allocation, task scheduling and
rule-based process supervision. These sorts
of problems are very general and arise in
such diverse domains astraffic monitoring
andcrew allocation by airlines.

Two of the packages Harenexplained in
detail were ILOG Server, an ‘object server’
architecture for real-time groupware, and
ILOG Talk, a Lisp-based, object-oriented
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dardization process which can take a long
time and m a n y compromises to get any ‑
where, and ‘standards’ defined by one com‑
pany. Among the specifications available to
download (http:/ /www.versit.com) is Geo‑
PortUniversalNetwork Port, a 2 Mbit/s ser‑
ial interface designed to replace the limited
V.24 serial port in all CTI applications. To
interface to GeoPort, operating systems or
applications will need specific drivers. Pow‑
erMacs are currently equippedwith this bus,
but PCs are not yet. Versitcard, another free
to use specification, defines how to exchange
information such as business card details
between two, otherwise incompatible, sys‑
tems. It is based on OpenDoc’s Bentograms
and, for palmtops, on ‘Simplegrams’. Addi‑
tional work is to bedone to extendVersitcard
to allow informationexchange onthe Net.

Briefly, here are some other attractions.
Nokia demonstrated cellular data transfer

language compatible with C++. ILOGTalk
is normally interpretedbut also compiles to
C, allowing it ( i n Haren’s words) to ‘surf’
existing compiler optimisations.

I then met with Iain Gavin, Product
Manager of Rational Software. Rational
has been through a bit of an upheaval
recently, with Jim Rumbaugh joining its
ranks last year to work with Grady Booch
on a unified object methodology. The uni‑
fied method is almost ready, a Request for
Comments on version 0.8 having been
issued by the Object Technology User
Group. Iainexplained the rationale behind
the version number: it was intendedto sug‑
gest that Jim and Grady are almost there,
but not quite!

The new version (3.0) of the Rational
Rose/C++ CASE tool does not yet enable
hybrid models, although it now supports
iterative development with OMT aswell as
Booch - the user can switch between two
alternate ‘views’ of the same underlying
object model.

At last I had an hour or so to peruse the
exhibits on show in the labyrinthine QEII
Centre. Cadre were showcasingtheir vastly

EXE: The Software Developers’ Magazine

year’s show to the extent that oneof the keynotespeaker
was Andy Grove, President and CEO of Intel.The con‑
vergence goes both ways. On one side, the bigtelecomm
operators are usingmore andmorecomputer techniques"
(egvoice switchingover IP experiments)andoffering new
services (eg video ondemand, multimedia, online shop‑
ping). Onthe other side, the computingindustrywantsa
slice of the huge and growing telecommunications mar‑
ket (eg call processing on the PC, video-phone applica‑
tions). Let’shave a peek at a small selectionof stands... ‑

over GSM via an infra-red
phone connection. The soft‑
ware was basedonMicrosoft’s
still unannouncedIrDAproto‑
col stack for Windows 95.Eric‑
sson presented ODBC- and
MAPI- based software to con‑
trol its phones from a PC ( v i a
a serial l ink). Microsoft itself
announced ISDN support for
Windows 95, and TAPI on NT. Chorus pre‑
sented a report on the increase in the use of
Unix micro-kernels instead of proprietary
OSs in the embedded market. Hewlett‑
Packardshowcased the OmniGo 700, a mod‑
ified HP200LXintegratingNokia’sdata card
and support for a Nokia phone. Also in part‑
nership with Gemplus and Informix, H-P
announceda ‘Personal Information Card’: a
smart-card holdingmultiple databases.

DavidMery

improved CASE tool ObjectTeam for OMT,
which aswell asactually working, now pro‑
vides features like version control at dia‑
gram, sub-project and project levels,
support for project ‘phases’, and some
Cadre-specific extensions to OMT.

A quick stop at Sun’s stand revealed
how Unixtools are still a few steps ahead of
their PC equivalents: SunSoft’s Visual
Workshop for C++ supports incremental
l inking, a fast template instantiat ion
scheme, and ‘Fix and Continue’ debugging.
This latter feature allows you to modify
source code at run-time and continue
debugging without rebuilding. The com‑
piler is also capable of ‘threading’ your code
during the optimisation phase to allow
independent code sequences to r u n concur‑
rently on SMP systems.

To close the day, Russell Prince-Wright,
Director of European Operations at Parc‑
Place,explained to meParcPlace’svision of
the ‘virtual’ corporation, an organisation
that exposes secure ‘business objects’ to its
partners,suchasvendors or suppliers,over
the Internet.

RolandPerera
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P R O D U C T  N E W S
OneDriver ODBC
NobleNet Inc has launched OneDriver, a
generic client-resident ODBC driver which
eliminates the need for client machines to
have one driver per database used. By cen‑
tralising database-specific drivers on the
server, OneDriver reduces system adminis‑
tration costs. The OneDriver SDK is priced
at £3,850 per server (NT/Unix), £150 per
client - call Personal Workstation Software
on 01712310333 for availability.

Persistent Objects with VB
A VBX version of Gamelon, a persistent
object library from California-based Menai
Corporation, shipped last month. The prod‑
uct, a follow-up to Menai’s existing C/C++
libraries released last year, allows program‑
mers to ‘embed’ simple object databases into
VB code - no more time wasted creating cus‑
tom file formats! Database features include
object nesting and tracking, indexing, and
navigation. Call Menai on 001415 6175730.

Syntropy CASE tool
The Syntropy OO design methodology from
Object Designers at last sees aCASE tool
that offers support for the approach. Syn‑
tropyCASE, from tool vendors SoftCASE,
currently supports only the ‘essential’ and
‘specification’ models, event tables and the
data dictionary.A release later this year will
complete the functionality. Call SoftCASE
on 01202 700415 or Object Designers on
01279 816846 for information.

Last minute Notes
Lotus has announced Notes 4.0, to be avail‑
able at the endof the year. This new version
integrates cc:Mail and Notes and features
many performanceimprovements (field level
replication, sliding windows communication
protocol, etc). The whole combined product
can be controlled by LotusScript, with
LotusScript:Data Object focusing on the
NotesObject Model.Agents havebeenadded
to sort and select. Lotus is on 01784 455445.

Multi-Edit for Windows 7.01
Multi-Edit,American Cybernetics’ program‑
mer’s editor, has been enhanced in a new
version 7.01 to provide many new features,
including hex mode editing, rulers, code
‘templates’, long filename support, back‑
ground compilation,modeless search/replace
dialogs and more. Current users of Multi‑
Edit 7.0 wil l automatically receive a free
update; otherwise it’s available from Rhino
Publishing(01302 364861) for £159.
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Comms without tears
Rogue Wave Software, publisher of DBtools.h++
(reviewed in June’s EXE)andTools.h++,has released
a new network communications library for C++.
Net.h++, an object-oriented interface to network ser‑
vices, is portable between Unix (SunOS, Solaris and
HP/UX),Windows andWindows NT.

Net.h++ is layered into a three-tiered architecture,
with each layer built onthe other andthe top one pro‑
vidingthe highest levelofabstraction.The C++ devel‑
oper can write code that is both protocol-independent
and cross-platform, and has the option of working
directly with the socket classes or programmingmore
abstractly in terms of ‘services’ (see diagram).

The lowest layer, the CommunicationAdapter layer, encapsulates existingproceduralAPIs
(such asBSD sockets) making the existing functionality easier to use. The middle, or Portal
layer, is a portable interface to diverse network communications services. Finally, the Com‑
munications Services layer is the most abstract, and leverages the Portal layer to provide
transport-independent services.

Net.h++ 1.0 is distributed in the UK byHypersoftEurope,tel. 01273 834555. Pricingstarts
at £399, including source code, although Tools.h++ is a pre-requisite for Net.h++.

COMMUNICATIONS ADAPTERS

NETWORK PROTOCOLS

Powersoft’s n e w Port fo l io
Powersoft Portfolio, a suite of client/server products for workgroup development,
w a s announced by Powersoft. The toolset allows users to design a database w i t h
StarDesignor,bu i lda two-tier client server application wi th PowerBuilder Desktop
and deploythe application in a workgroup environmentwith Watcom SQL Server.

StarDesignor enables the creation and maintenance of databases fo r 50-odd
DMBSs. Reverse-engineering of existing databases is possible, al lowing document
generation and ‘retargeting’ to different DBMSs.The tool also supports declarative
referential in tegr i ty.

PowerBuilderDesktop,combines G U Ibu i ld ingtools with an object-orientedpro ‑
gramming language. It also offers the ‘DataWindow’, an object that shields devel‑
opers f rom SQL by inter fac ing direct ly w i t h the back-end database, and a ‘Data
Pipeline’ features to access and transfer data between heterogeneous databases.

The remain ingcomponent of the Portfol io is a three-user version of Powersoft’s
o w n RDBMS, Watcom SQL Server, for Windows platforms, OS/2 and NetWare. The
suiteof products shouldbe available by the time of publication fo r £329, a savingof
about 50% over the cost of purchasing them separately.

Version 5.0 of PowerBuilder,for a l l cur rent platforms,should appeardur ingthe
first ha l fof 1996. I t w i l l support 3-tier part i t ioning,OCX controls and native compi‑
lation.To find ou t m o r e about Powersoft’sproducts, t r y http://www.powersoft.com/.

Phar-out offerings f o r real-time
PharLap Softwarejust releasedTNT Realtime DOS-Extender and TNT EmbeddedToolSuite
8.0, Realtime Edition. The DOS-Extender provides standard realtime features such asprior‑
i ty scheduling and inter-thread communication, while allowing developers to build multi‑
megabyte, 32-bit protected-mode DOS applications as with the standard version of the DOS
extender. Host computer requirements are a PC running MS-DOS, Windows or OS/2; target
hardware m a y include custom design boards, PC 104 systems and standard PCs.

The Embedded ToolSuite is a realtime kernel with features such as threads support and
semaphore signalling from Interrupt Service Routines (allowingmore code to reside in normal
threads rather than in ISRs).

Bothtools support 32-bit compilers from Borland, and Microsoft, embedded cros-debugger
versions of CodeView and Turbo debugger, and a subset of the Win32 API ( o v e r 200 calls).
Realtime DOS-Extender is priced at $995; Embedded ToolSuite costs $4995. Non-real-time
versions of both tool sets are available at a lower cost. Call Hitex on01203 692066.
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C O M M E N T

Letters
Wewelcome short letters on any subject that is relevant to software development.
Pleasewrite to: The Editor, EXEMagazine, St. Giles House, 50 PolandStreet, LondonW1V 4AX
or email editorial@dotexe.demon.co.uk Unlessyour letter is marked ‘not for publication’,
it will be considered for inclusion. Letters may be edited.

Do What I Mean
Dear Sir,
Robert Sproat (EXE letters, October ’95)
regrets that Francis Glassborow useda bad
example of code, but then proceeds to sug‑
gest achange that wouldmakematterseven
worse.

He says that K&R’s decision to use dif‑
ferent operators for assignment andequality
was ‘one of the all-time great language
design gaffes’, and ‘there’s no sensible rea‑
son for not having a dual purpose assign‑
ment/equality =’. I’m afraid, unless you are
goingto throw C’s designphilosophy out the
window, there is a very good reason why a
dual-purpose operator is impossible!

The C language definition says ( i fnot in
these exact words) ‘a statement may consist
of an expression’, ‘an expression is an opera‑
tor and its operands’, and ‘an operand may
consist of an expression’.Fromthis, a Ccom‑
piler is unable to deduce semantics from
syntax, asthe following code snippet shows:

a = 3 ;
x = 4 ;
y = 5 ;
a = x = y ;

If we have a dual-purpose operator, what is
the final value ofa?Is it 3, FALSE,or 5?For
that matter, is it anything at all, giventhat
the first three statements could be equality
tests! After all ‘3==4;’ is a valid, if useless,C
statement. The warning about unintended
assignment is saying ‘what you've done is
legal;but doyou really mean it?’ It is not the
job of the compiler to second-guess the pro‑
grammer andassume he did not meanwhat
he typed.

Where K&R made their mistake was to
use two symbols that could easily be trans‑
posedbyaccident.They shouldhaveused,for
example, =andEQ. And these aren’t the only
operators to suffer this problem.What about:

a z 5 ;
a = - 1 ; / * n o w h i t e space * /
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Is the final value ofa4,or -1?Both are valid
interpretations of the standard (although
that is ANSI’s fault, not K&R’s).

By the way, I use a languagewith C-like
syntax, and the dual purpose =. The only
way I can save the result of anequality test
is to use the alternative EQoperator, as
assignment takes priority over equality if
confusionmight arise.

Anthony Youngman
Gravesend

In functional languages, such asLISP,
the di fferent semantic of the assign‑
ment and the equivalence is obvious
andmade clearer syntactically.

Free lunch
Dear Sir,
Tm using quite a few freeware tools devel‑
oped by the Free Software Foundation. I
have recompiled them under DOS. My
machine is only a 386 with 4 MB of RAM
and a 120MB harddisk. Sonohope of run ‑
ning all the wonderful free Un*x systems at
fu l l speed. I was wondering if you were
aware of any free alternative to DOS?

JohnNovik
Internetaddress supplied

First,y o u can r u na fu l l Un ix systemon
sucha system: see the L inux review p.
63. On the point raisedin y o u r letter,
you' l l be pleased to know that there is
sucha project , called Free-DOS, c u r ‑
rent ly under development.

To quote the FAQ:‘Free-DOSwould‑
n’ t bemuchgood if it we r e not compat‑
ib le w i th MS-DOS.While there may be
some subtle differences in commands
between Free-DOS and MS-DOS, these
a r e in tended as enhancements, and
shouldnot affect most users.Certainly,
y o u m igh t have t o tweak a batch fi le
once in a while, bu t the DOS/NTkernel
being used by Free-DOS is planned to
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be 100%compatible w i t hMS-DOSat the
most fundamental level.’

A l l files regardingFree-DOS (status
report, manifesto, coding standards...)
c a n be downloaded by f t p at the site
sunsite.unc.edu f r om the subdirecto‑
r ies of /pub/micro/pce-stuff/freedos. A
Web page c a nbeaccessedathttp://sun‑
site.unc.edu/pub/micro/pc-stuff/free‑
dos/freedos.himl.

MoonWater
Dear Sir,
With regard to Will Watts’ SoapFlake (EXE
October ’95) onMoonWater, canI point out
that Ameol, the CIX offline reader (OLR),
gives help on disabled menu items and has
done for a longwhile :-)

StevePalmer (C I XStaffandAmeol author)
Internetaddress supplied

It does give contextual hints on greyed
m e n u items but there isn’t any contex‑
tual help on these items, greyed or no t
(pressingF1 on a m e n u item doesn’t do
anything) - Ed (Ameo l user) .

DataWarehousing
Dear Sir,
What the hell is ‘DataWarehousing” I have
asked six people, and havereceived *seven*
mutually incompatible answers. The only
common thread seems to be that (a) it’s very
important and (b) it’s very expensive. Can
you enlightenme?

Bi l lHoyne
Dublin, Ireland

Dunno,beatsme -Ed.Moreseriously, it
consists of consolidating al l the data of
a company in one database. This extra
database is organised mo r e logically to
respond quickly to most usual queries.
It needsto bekept in synchwi th the live
data. It seems a good w a y to sell m o r e
software and hardware to solve a prob‑
lemresidingsomewhere else.
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F E A T U R E S

part from a robust and functional
str ing class, the first require‑
ment of every C++ developer is a
‘oodset ofdata structure compo‑

nents. Until recently,C++ has lackedastan‑
dard for components like dynamic vectors,
linked lists, stacks and queues. The com‑
mercial libraries that have emerged to fi l l
the gap havestruggled with some of the fun‑
damental tensions underlying good object‑
oriented design in C++.

The Standard Template Library (STL) is
an attempt to address and resolve these ten‑
sions. Originally wr i t ten by Alexander
Stepanov and Meng Lee at Hewlett‑
Packard’s researchlaboratories in PaloAlto,
California, the STL has made dramatic
stridesover the lastyear in its acceptance by
the C++ community.

As the last major change to the current
C++ draft standard, the STL was accepted as
part of the standard library in July 1994.The
original implementationby Stepanov andLee
hasbeenaugmentedby anumberofother free
andcommercial versions. Fewcompilers exist
that donot support any STL implementation,
and most compiler vendors are planning to
provide built-in STL support in the near
future.Vendorsofexistingclass libraries,such
as Rogue Wave, have announced migration
paths to make their existing libraries compat‑
iblewith the STL architecture.

The STL includes several different types
of component:

@ containers, such as vectors and lists,
which manage collections of objects;
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and algorithms part

@ iterators,providingthe means to traverse
through;

® algorithms, defining generic computing
procedures like binary searching;

® adaptors, providing interface maps, eg
from vector or list to stack;

® functors or function objects, encapsulat‑
ingunary or binary functions;

@ allocators, encapsulating a memory
model and allocation strategy.

The STL attempts to provide a type-safe
data structure toolkit that minimises the
implementation burden on the developer,
and supports the construction ofgeneric and
reusable - but efficient - algorithms.

Memory allocation
By avoiding direct use of the C++ new and
d e l e t e operators in favour of a l l o c a t o r
objects that encapsulate all the
details of a given memory model

Standard
Template
Library
The last major addition to the ANSI/ISO draft
standard for C++ made generic data structures

of the language. Barry Smith
gives you a head start with the STL.

also includes f a r , n e a r and h u g e allocators
that work with BorlandC++’s 16-bitmemory
models.

In theory, STL data structure compo‑
nents are supposed to be parameterised
with respect to their allocators, so that dif‑
ferent memory allocation strategies can be
usedwith the same generic types. For exam‑
ple, an allocator might be defined that allo‑
cates objects in a persistent data store;
another might use shared memory or Win‑
dows NT memory-mapped files; and
another, thread-local storage.

For normal purposes, though, you will
want to use the default allocator, which in
effect maps allocations to the normal new
and d e l e t e operators. The current C++
standard mandates a new language feature:
default template parameters.Untilcompiler
vendors implement this feature, the huge

c l a s s  O b j e c t  {
and allocation strategy, the STL p u b l i

attemptsboth to insulateitself from e i s :v i r t u a l i n t compareTo(Object* p O b j ) = 0;
platform-related memory model y
i s s u e s and also,ultimately, toallow a e s
memory allocation strategies to be p u b l i c :
A A t e k sisolated from container and collec- F e a c c u p a r e t o ( O b j e c t * o b j ) ( / # s a m e
table object implementations, be
rather than hard-wired into them. ie g u n i i c at

STL implementations come p u b l i c :

withat l e a s tadefault allocator pre- a, Se s i e t e conaenk= seeds
defined, and this exposes a l l o - { r e t u r n ge tNumber ( ) - ( ( B * ) p O b j ) - > g e t N u m b e r ( ) ; }

p r i v a t e :
c a t e and d e a l l o c a t e methods to i n t getNumber() ;

grab memory from the free store Me
and release i t . The Hewlett‑
Packard reference implementation
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Listing 1 - Beware of unsafe casting
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potential of STL allocator objects wil l
remainunrealised.

Type safety and polymorphism
One strategy for building a C++ data struc‑
ture toolset is to maximise flexibility and
reuse by implementing polymorphic intru‑
sive collection classes and matchingiterator
classes. This typically involves heavy use of
virtual function dispatch to manage collec‑
tions of objects all derived froma single cos‑
mic object class. Users ofSmalltalk or of the
NIHCL C++ library wi l l recognise class
O b j e c t . MFC users will be familiar with
their own cosmic object class, COb jec t , and
Rogue Wave users with another: RWCo l ‑
l e c t a b l e . Let’scall this the polymorphic or
‘Smalltalk’ strategy.

The problems with this approach revolve
around compatibility, type safety, and - toa
lesser extent - performance. Performance
can suffer because of the needto rely exten‑
sively on virtual functions, although in
many cases this is not an insurmountable
problem.Moreserious is the lack ofcommon
ground between competing cosmic object
classes: you have to buildyour own business
objects aroundone or other architecture and
forgo use of the other libraries.

Lack of type-safety, though, is the key
problem. It forces the developer to cast
objects to and from pointers or references to
the base collectable types.

Heavyuse ofvirtual functions within the
collectable classes themselves can lead to
very unsafe casting, as the typical example
(basedon the design of acommercially avail‑
able library) in Listing 1 shows. The inten‑
tion in this example is to allow each derived
collectable class to implement its own notion
of comparison, and so allow the creation of
generic sorting and searching code within
the architecture.

Unfortunately, to do this, the com ‑
p a r e T o ( ) override will almost certainly
have to downcast the supplied o b j e c t*.
What happens now depends on the exact
run-time type of the operands. If the left

#include <stl.h>
i n t m a i n ( )
t

vector<int> v e c ( 3 ) ;
v e c ( 0 ]  =  2 ;
v e c ( 1 ]  =  4 ;
v e c ( 2 ]  =  6 7
a s s e r t ( ! v e c . e m p t y ( ) ) ;
a s s e r t ( v e c . s i z e ( ) = = 3 ) ;
c o u t < < “ fi r s t i t e m
c o u t << " l a s t i t e m = " << vec.back () << e n d l ;
vec.push_back(8) ; / / g r o w d y n a m i c a l l y
assert ( v e c . s i z e ( ) = = 4 ) ;
c o u t < < " l a s t i t e m = " < < v e c . b a c k ( ) < < e n d l ;
‘vec.pop_back ( ) ;
assert (vec.size()==3);
c o u t << “ l a s t i t e m = " << vec.back () << e n d l ;
r e t u r n  0 ;

y é oon

Listing2 -Vectorof integers allocatedon the stack

Vol 10-Issue 6 /November 1995

< <  v e c . f r o n t  ( )  < <  e n d l ;

operand (message receiver) is an A and the
right operand (message argument) is a B,
the comparison may well be safe, but it will
ignore the B implementation of com ‑
p a r e To ( ) altogether, and possibly return a
nonsensical result. If the left-hand operand
is a B and the right-hand operand an A, the
invalid downcast to B* in B : : c o m ‑
p a r e To ( O b j e c t * ) will probably result i n a
memory protection fault. To contain errors
of this type, it’s necessary to use extensive
run-time type checking and type switching,
or elsebevery certain that the operands will
beof exactly the same type.

The alternative to the polymorphic strat‑
egy is the type-safe strategy. The obvious
type-safe approach is to code each data
structure and collectionclass afresh for each
new collectable type, along with all the asso‑
ciated iterators and functions to implement
the various algorithms, such assearchingor
sorting,which will berequiredfor that class.
Fortunately, it’s possible to use C++ tem‑
plates to eliminate much of the tedium
involved in doing this (and with care even
the code bloat can be addressed!).

This is the course followed by the STL,
and also by a few other libraries. The STL
includes template classes for three types of
ordered collection: v e c t o r , doubly-linked
l i s t , and d e q u e (a double-ended queue
structure optimisedfor efficient pushingand
popping at both ends). There are also asso‑
ciative container templates providing effi‑
cient key-based access: s e t and map for
unique key collections and m u l t i s e t and
m u l t i m a p for non-unique key collections.

Although there wasa last-minute pro‑
posal from a group of contributors, including
STL researcherDavidMusser,hashedcollec‑
tions are not officially part of the standard.
There is howeveradraft hashtable specifica‑
tionandapilotimplementationofhashedcol‑
lections consistent with the STL architecture.

The STL fragment in Listing 2 shows a
vector of integers, initially three elements in
size, allocated on the program stack. With
minor differences relating to the properties

of the particular data structure, the
interface for l i s t and d e q u e
matchesthe v e c t o r interface.Here,
vector-specific array indexingis used
to initialise the ini t ia l three ele‑
ments, but standard methods
equally applicable to l i s t s and
d e q u e s are used to test and display
various characteristics of the collec‑
tion, expand the vector dynamically,
access the first and last elements,
and remove items.

Apart from the fundamental con‑
tainer types, other data structures
are emulated in STL by the use of
container adaptor template classes.
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F E AT U R E S
stack<list<int> >s;
8.push(99); S e e
s.push( 6 6 ) ; 2
8.push(33) ; =
8 . p u s h ( 0 ) ;
wh i le ( ! s . e m p t y ( ) )
€

c o u t < < s . t o p ( ) < < e n d l ;
‘ P O P( )7

Listing3 -A stack basedona linked list

Thus, it’s possible to define stacks, queues
and priori ty queues based on v e c t o r s ,
l i s t s or deques. Listing 3 shows a stack
basedona linkedlist.The container adaptor
defines an interface mapping for the stack‑
specific p u s h ( ) , p o p ( ) , t o p ( ) , s i z e ( )
and e m p t y ( ) operations in terms of
whichever underlying type is used to imple‑
ment the stack, in this case a l i s t .

Iterators
One of the key ideas behind the STL is a
generalisationofC++ pointer semantics: the
notion of an iterator object. STL iterators
represent a ‘position’ in an abstract data
structure. STL containers all expose a type‑
def, i t e r a t o r , which i sa nalias for the iter‑
ator type of an iterator object suitable for
traversing that container,and another type‑
def, v a l u e _ t y p e , which i s the type o f the
values contained within the data structure.

STL iteratorsmay or may notbepointers
(actually they usually are, but you don’t
need to know this). Like aC file pointer,
whichmaypoint‘onepastthe end’ofthe file,
an iterator may point one past the end of an
STL container. STL collections all provide a
b e g i n ( ) method, returning an iterator
pointing to the first item in the collection,
and an e n d ( ) method, returninga past-the‑
end iterator.

Like normal pointers, STL iterators can
b e advanced using o p e r a t o r + + ( ) , and
compared using o p e r a t o r = = ( ) . STL con‑
tainers guarantee that iterators returnedby
b e g i n ( ) , and subsequently advanced with
o p e r a t o r + + ( ) , c a n b edereferencedt o yield
an object convertible to the collection’s
v a l u e _ t y p e , s o long a s the iterator never
tests equal to the past-the-end iterator.

Most STL algorithms are defined in
terms of ranges of objects specified using
pairs of iterators, where the first iterator is
the starting point, and the second is an end‑
point iterator reachable from the first itera‑
tor by the repeated application of
o p e r a t o r + + ( ) .

Iteration over any STL container, c, can
be carried out in this w a y (using
vector< in t> asan example):
v e c t o r < i n t >  c ;
M1 see
vec to r< in t> c . b e g i n ( ) ;
v e c t o r < i n t > c . e n d ( ) ;
w h i l e  ( i  ! =  e )
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c o u t < < * i < < ' \ t ' < < e n d l ;
i t e s

Compare this with iterationover a C array:

t y p e d e f i n t * i t e r a t o r ;
i n t  [ 1 0 0 ] ;
M 1 w e e

i t e r a t o r  i
i t e r a t o r  e
w h i l e ( i !
{

c o u t < < * i < < ' \ t ' < < e n d l ;
i t t ;

}

ce
c + 1 0 0 ; / / o n e p a s t t h e end
e)

Apart from the method of getting the begin
iterator and the one-past-the-end iterator,
the code is identical.

The STL classifies iterator objects into a
‘requirements hierarchy’. This is different to
an inheritance hierarchy: it is just a list of
operations (and their associated semantics)
which must be supported by each kind of
iterator if it is to beused with an algorithm
that requires an iterator of that type. The
algorithms themselves are templatised with
respect to the various iterator types, to allow
the STL to supply the optimal implementa‑
tion for a given iterator type.

Input & output iterators
The simplest kindof iterator is an input iter‑
ator. It only supports single-pass iteration
over the underlying container. Input itera‑
tors must support dereferencing to yield a
reference to the underlyingtype, but assign‑
ment to the dereferenced iterator need not
be supported. An input iterator must sup‑
port pre- and post-increment operators as
per normal C++ pointer semantics. The STL
also specifiesthat the equality and not-equal
operators must be available for comparing
input iterators, that a copy constructor and
assignment operatorbeavailable, andthat a
copy of an iterator tests equal to the origi‑
nal.

Normal pointers used to read fromC ‑
style arrays can act as input iterators. The
STL also supplies a class i s t r e a m _ i t e r a ‑
t o r that implements input iterator seman‑
tics for input streams.

Output iterators a r e essentially l ike
input iteratorsexcept that they support only
assignment to the dereferenced iterator.
They neednotnecessarily support the equal‑
i ty operator, and dereferencing and assign‑

i n t v e c ( 1 0 0 ] ;
i n t * i e n d = v e c + 1 0 0 ; / / o n e - p a s t - t h e - e n d
MW see

i n t * r e t =find(vec, iend,99);
i f ( r e t = = i e n d )

c o u t << "search f a i l e d " << e n d l ;
e l s e

c o u t << “ f ound i t ! " << e n d l ;

Listing4 - Search a C array
of intsfor the number 99
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ment must occur at each point before incre‑
menting. This odd requirement is added so
that the STL can provide the
o s t r e a m _ i t e r a t o r class t oprovideoutput
iterator semantics for output streams.

Other iterators
Forward iterators relax the requirements on
inputandoutput iterators to allowmulti-pass
algorithms,butonly in the forward direction.

In addition to incrementing, and the
other requirements of forward iterators,
bidirectional iterators support pre- andpost‑
decrement operations. A bidirectional itera‑
tor is the native type of iterator provided by
STL l i s t containers (STL linked lists are
doubly linked).

In addition to the requirements of bidi‑
rectional iterators, random access iterators
support general increment and decrement
operations i n the form o f o p e r a t o r + = ( )
and o p e r a t o r - = ( ) . To support testing iter‑
ators against beginning and past-the-end
values after non-unitary increments, ran ‑
dom access iterators add the requirement to
support all the inequality operators: <,>,<=
and >=. A random access iterator are the
native iterator type supplied by v e c t o r s
and deques.

Generic algorithms
The real innovationof the STL is notsimply
that it offers a flexible data structure toolkit
and iterators for traversing the data struc‑
tures. It is that it supports the implementa‑
tion of efficient algorithms that are generic
across well-defined subsets of those data
structures, without the need for the intru‑
sive derivation of collectable objects from
common ancestor classes. STL generic algo‑
rithms rely on the template function lan‑
guage feature.

To understand the idea behind generic
algorithms, consider the very simple, but
common, use of a template function to
replace the old Cmax macro:
#define m a x ( x , y ) ( ( ( x ) < ( y ) ) ? ( y ) + ( x ) )

In place of the macro, we may write some‑
thing like:
t e m p l a t e < c l a s s T > i n l i n e
c o n s t T & m a x ( c o n s t T & a , c o n s t T & b )
{ returna<b?b: a;
}

Apart from getting over the side-effect bugs
that can occur asa result of repeated evalu‑
ation of the macro’s arguments, what does
this buy us? It adds type safety because it
ensures that the two arguments are of the
same type or that implicit conversions are
valid. At the same time, inlining the tem‑
plate function avoids any function-call over‑
head; it’s nolongerthan the original macro,
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and will not generate additional code. But
best of all, it is completely generic across all
types - built-in or user defined- that meet a
simple requirement. In this case, the
requirement is that the type has a meaning‑
ful definition o f o p e r a t o r < ( ) .

This is the fundamental idea behind
STL: that if you define a standard set of
requirements,thenyoucan implement algo‑
rithms in template form that wi l l work
generically across all types that meet that
set of requirements. And in fact, the imple‑
mentation of m a x ( ) above comes from the
set of algorithms supplied with STL.

The bulk of the STL armoury of algo‑
rithms operates on sequences of objects
within STL data structures. In order to
make the algorithms generic, that is, inde‑
pendent of the type of the data structures,
these algorithms are defined in terms of the
iterator abstraction, and the algorithm
requirements are specified using the itera‑
tor requirements hierarchy outlined above.

Here is an (almost t r iv ia l ) example of a
generic algorithm implementinga simple lin‑
ear search. It is templatised in terms of I t e r ,
which may beany iterator type satisfyingthe
requirements of an input iterator (this would
include any bidirectional or random access
iterator),andT, whichis thetype of the values
containedwithin the data structure:
t e m p l a t e < c l a s s I t e r , c l a s s T >
I t e r fi n d ( I t e r i b e g i n , I t e r i e n d , c o n s t
T &  t a r g e t )
{

I t e r i = i b e g i n ;
w h i l e ( i ! = i e n d & & * i ! = t a r g e t ) + + i ;
r e t u r n  i ;

}

We don’t test (i < i e n d ) in the w h i l e
expression, because that would restrict the
algorithm to random access iterators only;
the not-equal test applies to all iterators
apart fromoutput iterators andis thus more
generic. Noticealso the STL convention that
we indicate failure by returning the past‑
the-end iterator.

Having defined our fi n d ( ) algorithm
(actually, it’s one of around seventy algo‑
rithmspre-definedin the STL),wecan use it
withalmost any data structurewhichcanbe
traversed. The code in Listing4searches a C
array of integers for the number 99.

STL’sstock of algorithms runs from the
simple m i n ( ) , m a x ( ) and fi n d ( ) illus‑
trated in this article, through to muchmore
complex algorithms, such as a those imple‑
menting set algebra on sorted data struc‑
tures: s e t _ s y m m e t r i c _ d i f f e r e n c e ( ) ,
s e t _ d i f f e r e n c e ( ) , s e t _ u n i o n ( ) and
s e t _ i n t e r s e c t i o n ( ) .

Some STL algorithms perform boolean
tests or other arbitrary operations on the
elements over which they iterate. This is
achieved by implementing them as tem‑
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plates with respect to another STL abstrac‑
tion: function objects.

Function objects
Function objects, or functors, define an
o p e r a t o r ( ) . STL function objects are
either unary or binary ( tha t is, they are
defined to accept one argument or to accept
two). Just as iterators are generalisations of
the C++ pointer, sofunctors are generalisa‑
tions of the C++ function pointer. The STL
includes numerous pre-definedfunctors, but
you can easily add your own, or useordinary
pointers to C++ functions. One example is

the binary functor p l u s , which is defined
like this:
t e m p l a t e  < c l a s s  T >
s t r u c t p l u s : b i n a r y _ f u n c t i o n < T, T, T >
{

T o p e r a t o r ( ) ( c o n s t T & x , c o n s t T & y )
c o n s t { r e t u r n x + y ; }

ye

The p l u s functor is derived from the
binary_funct ion base class, which takes
three template arguments: the first and sec‑
ond argument types andthe returntype. For
p l u s , these are all defined to be the same
type, but they neednotbefor other functors.

STL informationandproduct guide
ANSIASO
The draft ANSISO C++ standard is now publicly available, and this includes a formal specification of the
entire standard library, including the STL. It is however less readable than the original STLdocumentation
fromHewlett-Packard,writtenbyStepanov&Lee(seebelow).The preferred UKlocationtoget the C++ stan‑
dard is ftp://ftp.maths.warwick.ac.uk/pub/c++/std/WP; if that site is busy you can get it from
fip://research.att.com/dist/c++std/WP.The WPdirectory contains one set of .PS files (PostScript for dump‑
ingto theprinter)andanothersetof AdobeAcrobat .PDFfiles. There is aREADMEdescribingwhat filesto
download, it also contains information about valid usage. ‘Not for distribution’ means that it's not for you to
print, bind and (for example) sell. Readingit toimproveyour own understandingof C++ isspecificallyallowed.

Hewlett-Packard
The Hewlett-Packard reference implementation of the STL, including documentation in PostScriptformat, is
availableat ftp://butler.hpl.hp.con/stland at ftp://ftp.cs.rpi.edu/pub/stl. The ftp.cs.rpi.edusite is also the best
p l a c eto look for theSTL-like hashtable implementationsby DavidMusser et al. The STLdocumentationset

_includes The Standard Template Library, by Alexander Stepanov & Meng Lee, which is probably the best
introductionand referencetothe STL.
_ The H-P source code is copyrighted, but freely redistributable both privately and commercially with few

: legalconstraints. Itworks unchangedwith both Borland C++ 4.5 and4.51 (exceptthat you may needto dis‑
_ableBorland’smin and max template functions by declaring the appropriate manifest constant). Partsof the
: library willbuild and work withSymantec C++ 7, but some of the source files need modification.Manyother
~compilerswillwork withthis implementation.MicrosoftVisual C++ supports (andshipswith) the STLasof ver‑
sion4.0.

TheGNUC++ library, libg++2.7.0,contains implementationsof several parts of the newANSI StandardC++
library includinga version of the H-P STL source modifiedso that the GNU C/C++ compiler can build it.Cur‑

_ rently,some of the modifications have sacrificedefficiency for compatibility with the compiler. But GNU sup‑
p o r tfor STL should improveover time: the GCC team are actively modifyingthe compilertotake account of
the advanced template code in STL. To download the GNU library code, look for libg++-2.7.0a.tar.gz at
ftp://sre.doc.ic.ac.uk/gnu.

RogueWave
_Rogue’scomplete standard library implementation isdue to ship very soon. A newversion of Tools.h++,ver‑
sion7.0, modifiedto integrateclosely with STL and the rest of the standard library, is due in aroundJanuary
1996.UKcontact: Hypersoft Europe (01273834555).

ObjectSpace sell STL<ToolKit> and Systems<ToolKit>, both of which provide supersets of STL that are
portableacross a large number of platforms and compilers. ObjectSpace’s STL implementation is compati‑
blewithallthemajorPCandUnixC++ development environments, including Microsoft's 16-and32-bit com‑
pilers,andevenUnixcfront-based compilers. UKcontact: PowerSoftware (01224622 202).

Modena
Another commercial implementation is STL++, by Modena Software. Modenadoes not appear to beactive
in Europeat this stage.

Web sites
There are a number of WWW sites with STL-related material. The best is maintained by David Musser at
http:/www.cs.rpi.edu/~musser/stl.html.
Also, look at: htfp:/www.xraylith.wisc.edu/~khan/software/st/STL.newbie.html,
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The p l u s class implements one method,
binary o p e r a t o r ( ) .

To see how we might use this innocent
lookingobject, we'll look a t t r a n s f o r m ( ) , a
useful STL algorithm that takes two input
iterators representing a start and an end
point for some data structure, an output
iterator representing the start of a data
structure into which the results wil l bewrit‑
ten, and either a unary or a binary functor
defining the transformation to apply to the
inputvalues.

I f the functor i s binary, t r a n s f o r m
expects a second input iterator pointing to
the start of a second input data structure
that is assumed to contain at least as many
elements as the first. The binary t r a n s ‑
f o r m ( ) algorithm passes the corresponding
pairs of values from the two input iterators
to the binary functor and stores the functor’s
return value usingthe output iterator. The
signature of the binary version of t r a n s ‑
f o r m ( ) i s like this:
t e m p l a t e < c l a s s I n p u t I t e r ,

c l a s s O u t p u t I t e r , c l a s s B i n a r y O p >
O u t p u t I t e r t r a n s f o r m

( I n p u t I t e r i b e g i n 1 ,
I n p u t I t e r i e n d 1 ,
I n p u t I t e r i b e g i n 2 ,
O u t p u t I t e r o b e g i n ,
B i n a r y O p o p ) ;

Suppose wehadtwo data structures x andy
containing doubles, anda third data struc‑
ture z pre-allocated to accept asmany d o u ‑
b l e results. We could then take the sum of
the corresponding values in x and y, and
store the result in the data structure z using
the binary functor p l u s < d o u b l e > :

t r a n s f o r m ( x . b e g i n ( ) , x . e n d ( ) , y . b e g i n ( ) , z .
b e g i n ( ) , p l u s < d o u b l e > )  ;

This one line illustrates the power of the
STL. It replaces some kind of w h i l e or f o r
loopwith a muchmore succinct piece of code,
and it does so without compromising effi‑
ciency because the code is implemented
using inlined templates. What is most strik‑
ing is just how generic the algorithm is: the
input and output data structure types and
the binary function object can all vary arbi‑
trari ly, and the same code wi l l work
unchanged.

To get you started, the draft ANSI/ISO
C++ standard can be retrieved electroni‑
cally, and implementations of the STL
already exist for many compilers. Check out
the URLs given in the box alongside.

a

Barry Smith is a consultant specialising
in object-oriented software design and
development usingC++. He can bereached
byemail as bksmith@cix.compulink.co.uk.
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When selectinga tool,
you make sure it has all
the “Hot Items”on your
check-list. Buthow many
will t u rn o u t to be
not-so-hot?

Get aCodewright Programmer’sEditor.
Take Templates. N o t C + + templates, but “Syntax
Expansion”, “Construct Forms”. Call them what you will,
every decent programmer’s editor since BRIEF has them.
You type in “for” and the editor inserts the basics of a loop
construct. Templates are a check-off item. But how many
programmers actually use them?
Most programmers try to use templates, but t u r n them off
after finding they get in the way. The templates put braces
in the wrong place,or don't follow your style guide. If you
can’t change templates easily, you'll bemore productive just
turning them off.

The Cure: dewrigntO

EDITORS

O
W TIP

ij Professional
for Microsoft VISUAL C++

ImagineTemplates that save you time.
Codewright Templates take the drudgery o u t of typing in
language constructs. Codewright lets you quickly select
from the m o s t common styles of brace placement. If that’s
n o t enough, you can easily change the template definition
on-the-fly. No need to learn amacro language,or compile
anything. Now that’s the kind of templates you can use!

Turn Templates into Power Templates.
Codewright Templates are n o t just usable. They have the
power to do real work, too . They can pause to prompt you
for a function name, insert the current date or some

Features that won’t burst your bubble.
Codewright templates are anexclusive feature of
Codewright Editors: Codewright Fusion, the editor that is
adrop-in replacement for the editor in the Visual C+ +
environment; and Codewright Professional, the
comprehensive editing solution.
For more information about this feature and other ways the
Codewright Editors will make you more productive, call
now.

Single-user License:

149USD 229USD
Prices areplus shipping.

t e l .

wight prenite
Premium Quality Software

Premia Corporat ion
1075NWMurray Blvd., Suite 268

Portland, Oregon 97229 USA
Email: sales@premia.com Fax: +1-503-641-6001 P h o n e :+1-503-641-6000

In the U.K. contact:

Grey Matter, Devon
+ (364) 65 41 00 Software Plus,Cheshire

+(928) 57 97 00
System Science, London 1

+(718) 33 10 22 I

Premia is aregistered trademark of Premia Corporation. Codewright and Codewright Fusion are trademarks of Premia Corporation. Visual C++ is atrademark of Microsoft Corp. Brief is aregisteredtrademark of Borland International.
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Introducing
the next generation of

STL The Standard Template Library (STL)
a was accepted in July 1994 as the ANSI

Pdfele)|\4jPam standard for template containers and
algorithms. Over the next year, STL will

replace the current proprietary commercial libraries for the
following reasons:
1. STLis a standard and therefore the best choice for truly

portable code.
2. STLis very efficient. Its containers use no inheritance or

virtual functions, resulting in super-fast object-oriented
code.

3. STL was constructed using a unique design approach that
treats algorithms as first-class entities. Because of this, an
STL algorithm such as s o r t () can act upon an STL
container, a regular “C” array, or many other kinds of data
structures.

4. STL encapsulates memory allocation inside a separate
entity called an allocator. New allocators may be added that
allow you to easily store STL containers into OODBs, heap,
or shared memory.

STL<ToolKit> is the most complete implementation of STL that
you can buy. In addition to aggressively tracking the ANSI
standard, STL<ToolKit> comes complete with special “helper”
algorithms that make STL<ToolKit> the easiest STL to use.
Along with utilities such as 64-bit time and date, time zone,
STL<ToolkKit> provides full templatized ANSI string with support
for international strings. For multi-threaded development,
STL<ToolKit> includes a set of cross-platform thread, mutex,
and monitor classes that allow you to add locking to your own
objects as well as STL containers. Unlike other vendor's
approaches, STL<ToolkKit> allows read/write locking across
transactions instead of just single operations. STL<Toolkit> is
also the only implementation to support dynamic allocators.
STL<ToolKit> is currently available for most platform/compiler
combinations, and is the only implementation that is available
for CFRONT-based compilers and Visual C++. STL<Toolkit>
comes with a 350+ page user guide, full source, 250+
examples, and no royalties.

ANSI <ToolKits>
Now that STL has become an accepted
ANSI standard, owners of older
proprietary libraries such as Tools.h++
will want to upgrade to toolkits that

support this new standard. In addition, programmers will want
to use libraries that capitalise on the new design approach that
led the ANSI committee to choose STL as a standard.
Systems<ToolkKit> is acomprehensive second-generation C++
toolkit that is superior to the older toolkits in terms of standards
compliance, efficiency, flexibility, and features.

<ToolKit>

Systems<ToolKit> adopts the STL design approach, resulting
in state-of-the-art object-oriented code. Unlike other toolkits,
Systems<ToolKit> provides cross-platform coverage of many
useful operating system features such as sockets, threads, and
pipes. Code written using the Systems<ToolKit> cross-platform
classes is fully thread-safe and works without modification
across UNIX, Windows 3.1, Windows NT, Windows 95 and
os/2.
Systems<ToolkKit> includes a comprehensive and easy-to-use
binary I/O streaming system that allows <ToolKit> objects
(including STL containers) or your own objects to be converted
into a binary form and stored in a file or sent across any IPC
mechanism. Here are some of the components that are
included with Systems<ToolkKit>:

STL<ToolKit>
complete and easy-to-use sockets library
pipes, message queues, shared memory, and io-multiplexer
comprehensive binary streaming system
file, directory, path, process, signal, timer, environment,
resource, events, filters, handlers

@ full set of thread and synchronisation classes
@ portable object read/write locking

Systems<ToolKit> comes complete with a 400+ page user
guide, 400+ examples, full source, and no royalties,

@bjectSpace
SPECIALISTS IN OBJECT TECHNOLOGY

distributed in the U.K. by

P O W E R SsO F T WwA R_E
Telephone: +44 (0) 1224 622201 Fax: +44 (0) 1224 622202 Email: info@power-soft.co.uk
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Language for an

Oldproblem

hen I was asked to write
an article related to C++,
I found it difficult to
makea choice. I did not
l ike the idea of simply

explaining some elements of the language,
quoting my book C++ for Programmers
and annoying you with things you
already know. It seemed to me a
better idea to take some application
that not all of you may be familiar
with. However, I then realised that,
since C++ is such a general language,
finding a program that illustrates the use
of C++ is as strangea task as finding a story
that illustrates the use of a text processor.
Since I amnowwriting another book about
algorithms and data structures, based on
C++, I decided, after consulting my pub‑
lisher, to borrow and adapta section of i t . I
then looked in my manuscript for an inter‑
esting algorithm, the code of which was
compact enough to be included here as a
complete, ready-to-run program.

Dynamic programming
After wasting much time deliberating, I
took anexample that also illustratesthe use
of dynamic programming. It is my experi‑
ence that many programmers are intrigued
by this term because they have never heard
it, and because the word ‘dynamic’ sounds
promising and possibly revolutionary. If
this also applies to you, I am afraid I must
disappoint you.

Dynamic programming is not exactly a
new way of programming but rather, like
linear programming, a well-known subject
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of operational research which is in turn a
branch of applied mathematics. If you have
enough scientific interest and plenty of
time, you can find out all about it in R. E.
Bellman’s classic book Dynamic Program‑
ming,publishedasearly as1957.The terms

‘linear programming’ and ‘dynamic
programming’ are used more fre‑
quently by mathematically-ori‑
ented economists than by
programmers. They are bothopti‑
misation techniques, used to max‑

imise profits or to minimise waste,
and soon.

The problem
This article only deals with the simplest
possible dynamic programming problem,
and, unlikeBellman’sbook, it is not primar‑
i ly intended for mathematicians. You may
find the program discussed here useful for
various practical purposes, all related
simply to adding up some non-nega‑
tive integers. For example, suppose
that, in some currency,we hadplenty
of coins with values of 1c,5c, 10c,25c,
andwehad to pay 42c. Wewould then
immediately compute

42=25+10+5+1+1

if wewanted to use as few coins aspossible.
With the coin values mentioned, wecan

obtain the optimal solution by using a
greedy algorithm. This word indicates that,
each time, we simply use the largest coin
that does not exceed the remaining amount
to be paid. However, a greedy algorithm
would not give an optimal solution ( ie one

EXE: The Software Developers’ Magazine
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Is the class concept any
good for algorithms that
are older than most C++
programmers? Leendert
Ammeraal finds out and,
in the process, tells you

everything about dynamic
programming.

with as few coins as possible) if no coins of
5care available. In this case, agreedy algo‑
rithmwould give the solution:

42=25+10+1+1+1+1+1+1+1

with a total of nine terms. But there are only
six terms in the optimal solution:

42=10+10+10+10+1+1

The wise lesson to be learned from this is
that greed is not always rewardedwith the
best results. Insteadof the last solution, we
canwrite

42=4x10+2x1

simply as an abbreviation,still counting the
original terms. Soeven in this abbreviated
formwewill saythat there are six terms, not
two.

Since our problemis notonly about coins,
wecanbetter express it in the following

more general form. A non-negative
integer sums is given, alongwith
n positive integers:

do,dy, dy
Each integer d; may occur more

than once as a term, and the sum of
all terms must be s. We insist on using as
few terms aspossible in forming this sum.

We will use the following, slightly sim‑
pler, example in ou r discussion of the
dynamic programmingalgorithm:

s=18; n=3 ; dg=7,d1=6,dg=2
Again, the optimal solution

1 8 = 3 x 6

@+0+0+0=@
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* F ( x ) Selected terms
0 0
1 undefined
2 i 2
3 undefined
4 2 2 + 2
5 undefined
6 1 6
7 1 7
8 2 6 + 2
9 2 7 + 2
1 0 3 6 + 2 + 2
t y 3 7 + 2 + 2
1 2 2 6 + 6
1 3 2 7 + 6
1 4 2 7 + 7
1 5 3 7 + 6 + 2
1 6 3 7 + 7 + 2
7 4 7 + 6 + 2 + 2
1 8 3 6 + 6 + 6

is different from the one we would have
obtained had webeen greedy, starting with
the largest value, 7. In that case we would
have found the solution

18=2x7+2x2
which is not optimal, because it consists of
four terms compared with three in our opti‑
mal solution.

So much for the problem we have to
solve. You may wonder what all this has to
do with C++, but before discussing a pro‑
gram that solves this problem, we had
better pay some attention to the
idea behind it.

The algorithm
The technique of dynamic pro‑
gramming, which solves our prob‑
lemvery efficiently, is basedonusing
a table (see above). Explaining this impor‑
tant technique in full generality would be
beyond the scope of this article, sowe will
discuss it only in connection with our prob‑
lem, using as little mathematical notation
and terminology aspossible.Wedefinefunc‑
t ion F ( x ) to be the minimum number of
terms we needto form the sumx, usingonly
the available integers as terms. For exam‑
ple, we have

F ( 1 8 ) = 3

in our last problembecauseweneedat least
three terms (6,6, 6) to formthe sum 18.The

0+0+6+0+8+6@=5
Vol 10-Issue 6 / November 1995

dynamic programming approach implies
that wealso solve the problem also for val‑
ues smaller than the given s u ms (18 in this
example). For all valuesx = 0, 1,2, ..., 18, in
that order, we t r y to find F(x), and we store
these values in a table. Function F(x) is
defined only for those values of x for
which there is a solution. There is
one f o rx = 0:

F ( 0 ) = 0

becausea sumof zero terms is zero
by definition. With 7,6 and 2 asthe
only possible terms, we cannot form a
sum 1,sowe will write:

F (1 ) =undefined
Then follows the first value (x = 2) for which
F(x ) is definedand non-zero. We have

F ( 2 ) = 1

because we can form the sum2 as the single
term 2. Before discussing how to find all the
other F values we need, let ushave alook at
the table to the left in which they occur.
(Recall that it is based on s = 18,n = 3, dg =
7,d =6 anddg = 2.)Besidesthe values F(0),
..., F(18), we also store the corresponding
sets of terms. You can see left how this table
is built.

Except for F(0), each of the values F(x),
along with the corresponding selected
terms, is found by usingsome previous val‑
ues F(u), where u is less than x. To see how
this works, let’s assume that we have
advanced to some point in the middle. For

example, suppose we want to compute
F ( x ) for x = 12, and that w e have
already stored in the table all F ( u )
values for all values wuless than 12.
Then we can find F ( x ) by selecting

the smallest of the values F ( x ‐dp), ...,
F ( x - d ,_ ) . If this smallest value occurs

more than once, we take the first we
encounter, although we could have taken
any. After all, there may beseveral optimal
solutions. In our example, this implies that
we have to select the minimum of these
three values F(u), at least as far asthey are
defined:

F(12 - 7) =F(5) =undefined
F ( 1 2-6) = F(6) = 1
F(12 - 2 ) =F ( 1 0 ) = 3

Since F ( 5 ) is undefined, we only choose
between F ( 6 ) and F(10), identifyingF(6) as
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the smaller value. As we know, F ( 6 ) = 1
means that only one term (6) is required to
form the sum 6. The second of the three
linesabove tells usthat weonly have to add
one term, 6, to obtain the optimal solution

for x = 12. In other words, we find

F(12) =F ( 1 2 - 6 ) + 1 = 2

and the sum in question is 12= 6
+ 6.This may seem very trivial
because of the low value of x, but
it is not withh ighe rx values. If all

values F ( x ‐ dg), ...,F ( x ‐dy_;) are
undefined,thenF ( x )is also undefined.

Our algorithm determines in this way that
F(1),F (3 )andF(5 )are undefinedin our par‑
ticular problem.To findF(1),wewould have
to select the minimum of the three values
F ( 1- 7), F ( 1 - 6) and F ( 1 ‐ 2), if this were
possible. But it is not, since F ( x ) is unde‑
fined for negative x values. Consequently,
F (1 ) is also undefined.

Dynamic programming is a ‘bottom-up’
approach: we t ry to compute F(1), F(2), ...,
F(s), in that order. The resulting program
would be very simple if only the value F(s)
were needed,since then wewould only have
to use an array of integers to store the com‑
puted values F(x) . As we are interested in
the selected values d;,we also have to store
these for each value x for which F ( x ) is
defined.

Implementation in C++
Program dynpro ( s e e Listing 1), shows my
implementation of the algorithm. I have
used a class, also called d y n p r o , which
enables me to have all the work done by
these three statements in the ma in function:

d y n p r o  D P ;
D P . s o l v e ( ) ;
D P . p r i n t ( ) ;

The program has no limitations other than
those imposed by the environment, and I
would be ashamed if it had. For example,
memory for the table is allocated dynami‑
cally after it is known how much is actually
required.The constructor, called in the first
of the above three-line program, performs
all input operations. I could have used
another member function, say s e t u p ( ) ,
for this purpose, omitt ing the constructor,
but since there is a destructor, it is more log‑
ical to have a constructor aswell. I could, of
course, also have omitted the destructor,
because de-allocation of memory is done
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anyway when the p r o g r a m terminates.
However, we should be very careful with
suchpractice.

Suppose that we wanted to use the d y n ‑
p r o class in a different program, in a func‑
tion which defines a local instance of
d y n p r o , as in this fragment:

v o i d f £ ( )

{
d y n p r o  D P ;

f o r ( i = 0 ; i < 1 0 ; i + + ) £ ( ) 7

Here the destructor is essential to prevent
memory leakage. If we omitted i t , the
dynamically-allocated table, although inac‑
cessible,would remainin memory after each
call, so there would be ten copies of it after
the f o r loop. This is a common er ro r
because we are used to local variables being
automatically releasedonfunctionexit. Inci‑
dentally, if you planto usethe d y n p r o class
in a program of your own, you should be
aware that I did notprovide acopy construc‑
tor or an assignment operator. You must
therefore prevent d y n p r o objects, such as
pp, frombeingcopied (egif passedto avalue
parameter);neithercanyou safely assignDP
to another d y n p r o variable.

The style used in the m a i n ( ) function,
with all the work delegated to member
functions, is applicable to many program‑
mingproblems. When programming in C, I
usually make my m a i n ( ) functions larger,
as you m a y have noticed if you
happen to be familiar with my
last book, Programs and Data
Structures in C.You can actu‑
ally find a C version of the
dynpro program in i t , which
also works quite well, but I prefer
this C++ version for reasons of read‑
ability.

This new version is also different from
the old one in the way the selected terms
belonging to F(x) are stored. Recall that
each value F(x), except F(0), is based on
some selected value F(u), whereu is less
than x, and F(x) = F ( u ) + 1.The terms that
together form x are the same as those that
form u, except that one new term is added.
Instead of storing all these terms for F(x),
we need store only a reference to u along
with the new te rm used for x. Since the
information at position wumay in turn be
based on a previous position in the table,
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n  i n t e g e r s : \ n " ;
is

c i n > > d [ i l ;

F l ;

we have to follow a chain of table entries to
find a l l terms required for x. Frankly
speaking, I initially overlooked this effi‑

cient way of storing sets of terms. I did
not think of it until I was writing this
article and remembered about the
LZW algorithm for file compression as

described by T. A. Welch. (Beware: the
LZW algorithm invented by Terry Welch

is copyrighted by Unisys. See the cover story
of the May issue of EXE - Ed. ) This com‑
pression algorithm is based ona ‘str ing
table’, where eachtable entry contains both
the final character of a string and a link to
another table entry for the preceding char‑
acters. Replacingcharacters with integers,
I obtained exactly what I wanted for the
present program. As for the table in ques‑
tion, I ini t ia l ly used a dynamically-allo‑
cated array of structures:

s t r u c t t a b l e { i n t F , r e f , v a l ; } * t ;

t = new t a b l e [ s + 1 ] ;

F E AT U R E S

{ Fl = INT_MAX; 4
f o r ( i = 0 ; i c ; i++
{ u = x - a fi ]

if (u >= 0 && F
{ F l = F l u ] ; i 1
oe

}
if ( F l < INT.
{ F ( x ] = F l + 1 ;

r e f [ x ] = u l ;
v a l [ x ] = d { i l ] l ;

} e l s e F [ x ] = INT

v o i d dynpro::print'
{ if ( F [ s ] == INT_MAX)

c o u t < < "No
e l s e
{ c o u t < < " S o l u t i o

c o u t  < <  8  < <  "
i n t k =8, v=valli

v  =  v a l ( k ] ;
}

}
p r o d u c t ( m , v ) ;

2
}

i n t m a i n ( )
{  d y n p r o  D P ;

D P. s o l v e ( ) ;
D P. p r i n t ( ) ;
r e t u r n  0 ;

Listing1 - The full ‘dynpro’program

However,in view of the possibility of s being
very large,I later decided to replace this sin‑
gle ‘array’ with three separate ones:

i n t * F , * r e f , * v a l , . . . ;

F = n e w i n t [ s + 1 ] ;
r e f = new i n t [ s + 1 ] ;
v a l = new i n t [ s + 1 ] ;

This has the advantage that it also works if
three separate memory blocks, of (s + 1)
* s i z e o f ( i n t ) bytes each, are available,
while one contiguous block for t, three
times as large, is not. For example, some
compilers running under MS-DOS have
problems with allocating a single block
larger than 64KB. I have omitted checks to
see whether memory allocation with n e w is
successful, because they would have made
the program less portable. Unfortunately,
this subject is not assimple as it looks,due
to the language st i l l being subject to
changes. You could add such checks using
the exception feature if it’s implemented by

+0@+@=@
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your compiler. You might at the same time
add some other checks onthe validity of the
input data,omitted here for reasons ofread‑
ability.

As shouldbeclear by now, F[ x ] is equal
to the number of terms that add up to x.
These terms are found as the following ele‑
ments of array v a l :
v a l  [ x ]
v a l [ u l ] where u l = r e f [ x ]
v a l [ u 2 ] where u 2 = r e f [ u 1 ]
v a l [ u 3 ] where u 3 = r e f [ u 2 ]

and soon, unti l we have found
F [ x ] terms.

I used the maximum i n t value
INT_MAX,defined in LIMITS.H,asacode for
undefined. This made it possible, w i th a
givenvalue x, to select the minimumofF(x ‑
do), ...,F (x ‐dp_4) as follows:

F l  =  INT_MAX;
f o r ( i = 0 ; i < n ; i + + )
{ u = x - a i l ?

i f ( u > = 0 & & F [ u ] < F 1 )
{ F l = F l u ] ; i 1 = i ; u l = u ;
}

}

I f Ihadused, for example,

c o n s t i n t u n d e fi n e d = - 1 ;

the test in the middle of the above fragment
would have been slightly more complicated
and less efficient:

if (u >= 0
& & ! ( F [ u ] = = u n d e fi n e d )
& & F l u ] < F 1 )

It is now time to see the program in action.
Listing 2 shows the program running with
one of our previous examples. When demon‑
strating a program, it is always good prac‑

_Ente r t h e d e s i r e d sum:
42
Enter n , f o l l o w e d b y n i n t e g e r s : 3
2 5 1 0 1 a
Solution: ge
4 2 = + = 4 x 1 0 + 2 x 1

Listing2 - Ademonstration

E n t e r t h e d e s i r e d sum: 11
E n t e r n , f o l l o w e d b y n i n t e g e r s :
3
$ 7 5
N o  s o l u t i o n .

Listing3 -An abnormalcase

tice to also show an abnormal case, such as
the one in Listing3,which has nosolution at
all. Itssimplicity makes it easy toverify this:
The p r i n t () member function would have
been considerably simpler had I displayed
all the terms separately, writing, for exam‑
ple, 6 + 6 + 6 instead of 3 x 6. But then,

when expressing a large number as a
s u m of small terms, the output

would have consisted of very long
list of such terms.

Since y o u m a y find the
p r i n t () function hard to read,

let me give y o u an explanation.
Instead of immediately displaying

the first term, v a l [ s ] , I store i t i n the
variable v, because identical terms may fol‑
low. The multiplication factor mindicates
how many identical terms there a r e . As
soon as a different term v a l [ k ] is encoun‑
tered, then, with the previous term sti l l
stored in v, the productmxv is displayed in
the form of two integers separated by a
lower-case x letter, and followed bya ‘plus’
character. Since multiplyingby 1looks silly,
I omit ‘m»’ if mis equal to 1. When F [ s ]
terms have been dealt with in this way, the
value of the lastmterm has notyet beenout‑
put and is still available in v. The final prod‑
uct m x v is therefore displayed after
completion of the f o r loop.

The available terms can be specified in
any order in the input. The terms in the
output will appear in the same order. In the
examples of this article, I consistently
started with the largest term in the input,
so that the largest also came first in the
output.

Is C++ any good here?
Part of this article would have been the
same if I had usedC instead of C++. If
you plan to switch from C to C++,
y o u wil l be disappointed if you
expect this to make every algo‑
rithm much easier to understand
and implement. There are those for
whom this is the case, but the advan‑
tages of C++ over C are not always spectac‑
ular. However, there is little reason not to
use C++. As the present example illustrates,
the C++ class concept wil l in most cases
enable y o u to group data and functions
together in a more pleasingway.

For example, suppose you had to write a
m a i n ( ) function in C similar to the one
shown at the end of Listing 1, displaying

a a l , L. (1995)
ams andData Structures in C,

1amicProgramming,
nceton University Press.

I c h , T. A. (1984)
niquefor High-Performance

ita Compression,
Journal, June 1984.

only three essential steps in a few program
lines. Since you don’t like global variables,
you would have had to define them in your
m a i n ( ) function. This would not have been
as compact as the code shown in Lisiting 1.
It would have looked like this:

i n t m a i n ( v o i d ) / * C s o l u t i o n * /
{ i n t s , n , * d , * F , * r e f , * v a l ;

s e t u p ( & s , & n , d , F, r e f , v a l ) ;
s o l v e ( s , n , d , F , r e f , v a l ) ;
p r i n t ( s , n , d , F , r e f , v a l ) ;
r e t u r n  0 ;

}

Of course, you could reduce the number of
arguments by grouping together some (or
a l l ) of them in a structure. Bu t you wil l
surely prefer the C++ practice ofencapsulat‑
ing data and functions in a class, once you
get the hangof i t . a

LeendertAmmeraal has beenprogramming
since 1960andgraduated in mathematics

at DelftTechnical University. He has
written about 20 books onprogram‑
ming, in bothDutch andEnglish, and
is currently a lecturerat Hogeschool

van Utrecht. You can contact him by
email at mmeraal@ibk.fnt.hvu.nl.

This article is adaptedfrom the book
‘Algorithms andData Structures in C++’
to bepublishedbyJohn Wiley & Sons in
Apri l 1996( I S B N : 0471-96355-0, price:
£22.50). John Wiley can becontacted on
01243 779777 or by email at
market@wiley.co.uk.
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The C++ language has more holes in it than a string vest.
Roland Perera presentsa list of potential traps and how to avoid them.

HAS TWO FAIRLY ORTHOGONAL GOALS:
maintaining backwards-compatibility with C, on
the one hand,andbeinga strongly-typed,object-ori‑
ented programming language on the other. The for‑
m e r of these two aims tends to compromise the
latter. Evenexpert C++ programmers have to keep

their wits about them if they want to avoid the traps and pitfalls (or is it
pits and trapfalls?) that beset C programmers.

Only some of the points made here identify true faux pas, to be
avoided at all cost - the remainder is a hotchpotch of guidelines, recom‑
mendations and rules of thumb. Ignorethem at your peril!

Don’t rely on the order of initialisation of globals
The C++ language doesn’t define the order in which statically-allocated
global objects from different files are initialised. What is guaranteed is
that all initialisationwithinagiventranslationunitwill happenin order,
and that global initialisation will have completed by the time m a i n ( )
starts executing. General tips to get around this problem: (a) minimise
the order dependencies betweenobjects’ constructors where possible; (b)
reducethe numberofglobalobjects bywrappingthemin classes,passing
moreparameters,or usinglocalvariables; (c)putorder-dependent objects
in the sametranslation unit ( i n thecorrect order!). Notethat this problem
doesn’t arise with variables or constants that don’t require run-time ini‑
tialisation.

Don’t rely on the order of argument evaluation
C++ also doesn’t define the order in which arguments to a function are
evaluated, only that by the time the function body begins executing, all

argumentswill havebeenevaluated. Soacallsuchas£( a + + , a + + ) ; is in
error if the caller relies on the increment operations happening in a cer‑
tain order. This problem manifests itself in another, more subtle form:
implicit t h i s pointers are also subject to this undefinedordering!
c o u t < < a t + < < a t t ;
/ / i s e q u i v a l e n t t o :
c o u t . o p e r a t o r < < ( a + + )  . o p e r a t o r < < ( a + + ) ;
/ / wh ich i s b a s i c a l l y e q u i v a l e n t t o :write ( w r i t e ( c o u t , a t + + ) , a + + ) ; / / wh ich a++ i s fi r s t ?

Avoid variable-length argument lists
Objectspassedby value to a function via an ellipsis (...)are bitwise-copied
onto the stack, bypassing the normal copy construction process (either
memberwise copy or a user-defined copying operation). If the object’s
class has non-trivial copying semantics, these copies will likely have
invalidstate.AsMarshallCline,authorofthe C++FAQrepositoryonthe
Internet,has put it,The technical term for this asymmetry is “ouch”

Even if you manage to steer clear of this problem, variable-length
argument lists should still be avoided for the simple reasonthat they're
not type-safe. (Streams provide atype-safe andflexible alternative to the
standard I/Olibrary.)

Don’t return non-const references to private data
If you're going to do this, there’s no point in making the data member
p r i v a t e in the first place! There are two alternatives: returning the
value of the p r i v a t e member (ie a copy of the data), or returning a
c o n s t reference(or pointer)tothe member.Whichalternativeyouchoose
depends primarily on the logic of your application and efficiency consid‑
erations. You won't want to copy the data if either (a) the copyingopera‑
tion is computationally expensive, or (b) you actually want a ‘handle’ on
the data in question, rather than acopy.

Remember ‘The Big Three’
The Law of The BigThree, courtesy of MarshallCline,canbe stated thus: Ifaclass needs
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a destructor, or a copy constructor, or an assignment operator, it needs them all. The prin‑
ciple is that assoon asyou discover the needto dosomethingspecial in aconstructor,you'll
probablyendup undoingthat actionin the destructor.That special thing willprobablyalso
needto bedone duringcopying, andfor the same reason,duringassignment.To makethis
ideaabitmore concrete,consider the notionof‘remoteownership’.Forexample,aS t r i n g
class might have a pointer to an array containing the characters in the string. When we
copy a S t r i n g , the data i n this array shouldb ecopied,notjust the pointer t othe first char‑
acter: the S t r i n g has remote ownership of the pointer referent.
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Avoid pre-processor macros
Remember,the pre-processor expands macros before your compiler even gets a look-in.There are
at leasttwo points tobeawareof.Thefirst relatesonly to constants: insteadof #define BUF_SIZE
2000,useconst i n t BUF_SIZE = 2000. The advantageofadeclarationlikethis over a#define
is that ac o n s t is asymbolthatobeys the normalscopingrulesofC++,andwhichbrowsers,debug‑
gers andcompilers know about. As constants have static (file-scope)linkage,you can put this dec‑
larationin aheader file asyou would with a#defi n e directive.

The second point concerns macro ‘functions’.The problems with these textual transformations
are manifest, particularly when an expression (rather thanjust a variable) is passed asan argu‑
ment to the macro.If the formal parameter receiving the argument occurs more than once in the
body of the macro, the argument form will beevaluatedmore than once! Forexample,given:

#define M A X ( a , b ) ( ( a ) < ( b ) ? ( b ) : ( a ) )

an expression such asMAX(x++,y) results in x++ beingexecuted twice
(once for the <operator and once for the ?operator). Usean inline func‑
tion, possibly templated, instead:
t e m p l a t e <c lass T > i n l i n e
T max ( c o n s t T & a , c o n s t T é b ) { r e t u r n a < b ? b : a ; }

Make destructors virtual
Generally speaking,aclass that has virtual functions shouldalsohavea
virtual destructor. Otherwise deleting aninstance ofthe class through a
base class pointerwill not result in the correct destructor beingcalled:
v o i d £ ( S t r e a m * pSt ream) {

d e l e t e p S t r e a m ;
/ / may a c t u a l l y p o i n t t o a d e r i v e d c l a s s o b j e c t

}

Remember to de-allocate arrays correctly
Let x be an array of some type T. As any C programmer will tell you, a
subsequent occurrence of the nameX actually resolvesto apointer to the
first T of the array. Soapplying d e l e t e to x (assumingX was dynami‑
cally allocated in the first place!)will delete only the first element of the
array, since asfar asthe compiler is concernedx is a simple T* pointer.
Instead,use the d e l e t e [] operator to de-allocate the entire array -but,
conversely, makesure you don’t use d e l e t e [] ona single object.

An interesting(and dangerous) corollary of the fact that a pointer to
asingleobjecthasthe sametype asanarrayvariable is that, given aclass
Dderived froma base class B,an array of Dsis an acceptable argument
to a function that expects an array of Bs. If you then try usingsubscripts
to access the array,and s i z e o f ( D ) is not equal to s i z e o f ( B ) ...bang!

Avoid type-switching
A type switch’, or type case, is as w i t c h statement (or similar construct)
that selects an action to take by queryingthe dynamic type of avariable
usingC++’s Run-TimeType Information( RT T )mechanism.

Performingan explicit type switch violates the ‘open-closed’ principle:
code shouldbeopen toextension,butclosedto modification.(Robert Mar‑

constructor body.
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tin’s book, reviewed in EXE’s September issue, explores this idea in
depth.) In the example below, if Shape: : D r a w ( ) is not declared v i r ‑
t u a l , codelikethat foundin DrawElements1() is required.Suchcode is
not closed asthe addition ofa new class derived from Shape will require
a modificationto DrawElements1 () to support the new sub-class.

Alternatively, if the D r a w ( ) method of the Shape class is declared
v i r t u a l , the function DrawElements2() is ‘closed’ to the addition of
new Shape derivatives.The functionwouldnothavetobechangedshould
new sub-classes of Shape beadded- it is open to extension.

DrawElements3 () shows how templates can beusedto allow client
code to be even more generic: now the same function can beapplied to a
v e c t o r o f any object that supplies a D r a w ( ) method. ( D r a w E l e ‑
m e n t s 2 ( ) only works with sub-classes of Shape.)

v o i d DrawElements1 ( v e c t o r < S h a p e * > & v ) {
f o r ( i t e r a t o r i = v . b e g i n ( ) ; i ! = v . e n d ( ) ; i + + ) {

C i r c l e * p c ;
i f  ( pe  =  dynam ic_cas t<C i r c l e *> ( * i ) )

p e - > D r a w ( ) ;
i f f ( t y p e i d ( * * i ) = = t y p e i d ( T r i a n g l e ) ) / / worse

s t a t i c _ c a s t < Tr i a n g l e * > ( * i ) - > D r a w ( ) ;

/ /  b a d

}

v o i d DrawElements2 ( v e c t o r < S h a p e * > & v ) {
f o r ( i t e r a t o r i = v . b e g i n ( ) ; i ! = v . e n d ( ) ; i + + )

( * i ) - > D r a w ( ) ;
}

templa te<c lass T> v o i d DrawElements3 ( v e c t o r < T > & v) {
f o r ( i t e r a t o r i = v . b e g i n ( ) ; i ! = v . e n d ( ) ; i + + )

( * i ) - > D r a w ( ) ;
}

Be careful with constructor initialisation lists
For efficiency reasons, initialisation lists in constructors are generally
preferable to assignment in the constructor body. In fact, initialisation
lists are the only way of initialisingreference and c o n s t members (you
can’t assign to a const ) .

There is one thing to remember. The order of initialisation matches
the class definition, not the ordergiven in the initialisation list: immedi‑

atebase classes first (left-to-right),and thenmemberobjects in orderof declaration asper the class
body.Sowatchout for any order-dependent initialisations- these arecandidates for inclusionin the

Stick to a consistent overloading semantics
I n a bit o fcode I saw recently, the programmer hadoverloaded o p e r a t o r + ( ) for a P e r s o nclass
h ehad defined.Oddly enough, h ehad definedo p e r a t o r + ( ) s othat i t incrementedthe Person’s
age: soif Jim's age initially were 25, then evaluating J im + 1 would cause his age to become 26. I
say ‘oddly enough’ because the +operator traditionally has noside-effects; the +=operator is used
to combine evaluationwithassignment. Of course, in C++ you're free to overload o p e r a t o r + () (or
indeedany other overloadable operator) to doalow-level format ofyour harddrive if you wish, but
for a number of reasons it makes sense to stick to common-sense semantics.

Rules to bear in mind:
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ME Windows Development
Doc-To-Help - Int. ver £259
Robo-HELP - help authoring £345
Tools.h++, Linpack.h++, Math.h++ £call
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Graphics Server SDK new version £195
Heap Agent & SmartHeap Win £575
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C-Tree Plus - with source £595
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SmartHeap Win/32 £525
WinMaker Pro 6.0 - Win & NT £349
Win Widgets/32 £295
VtoolsD for Device Drivers £call
InstallShield for Win95 & NT £call
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eOrigin windows scientific plotting.
eLindo & What's Best Linear Programming
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e e  E R
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C a l l f o r o
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Visual SourceSafe 4.0 New £call
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Visual FoxPro New £call
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SQL Server 6.0 New £call
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PC-Install-Win/Win32 Combo New __Ecall
DemoShield - Build Windows Demos £call
Winstall MultiPlatform - Install Tool £325
DemoQuick-Win and now Win NT & 95 £call

i  S S  a T
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Source Integrity Multi-Platform New £359
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For Windows/Dos, 0S/2 & NT, call for multi-user
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better
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S e e s  l e
Watcom C/C++ 10.5 CDNew £139
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Watcom SQL - DOS,Win,OS/2 £195
SQL Servers for Win, Netware, NTor DOS
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Borland C++ 4.5 - Win, NT& 95 £285
Borland C++4.5 & Dbase Frameworks £415
Turbo C++ 4.5 Windows - New £69
CodeGuard for Borland C++ £69
Delphi/Delphi Client Server £295/795
Delphi RAD Pack £129
Visual Solutions Pack of Vbxs £69
Turbo Assembler £69
Borland Pascal & Turbo Pascal £call

D E S o a
B o u n d s C h e c k e rStandard Ed-Win96orWinNT £235
BoundsChecker ProfEd- Win 95or Win NT £395
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BoundsChecker Win 3.1, Win32s or DOS £195
Soft-ICE - Win 9 (beta), Win 3.1, or DOS £295
Call for savings on Nu-Mega bundles
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e@PVCS Version Manager is available for
Win, Win NT, OS/2 and many Unix platforms
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for all development teams. Nownew ver 5.2

Se
OS/2 Warp Connect - p2p network £115
OS/2 Warp Win-0S/2 - CD/3.5" ‐ £99/£115
VisualAge C++ - comp upgrade £call
DB/2 for OS/2 - Single or client/server £call
MS CLIENT/SERVER
Btrieve Dev Kit - Win, NT, DOS, or OS/2 £395
Scalable SQL for Netware £call
PowerBuilder Portfolio -NEW £329
Component PowerPack for PB4 New £199

S 2 2
EasyCASE Professional Win 4.2 £645
EasyCASE DataBASE Eng for SQL £call
InfoModeller Desktop £call
Star Designor for Windows £259
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sample code for each exception and integration into VC++
2.1 + IDE. PEhas new Compile Time Instrumentation for
more thorough testing, including C++ usage checking.
Visual Basic 4.0 Enterprise Edition - with 16- and 32-bit
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drivers for Oracle and SQL server - upgrades from VB Prof.
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eVisual C++ 4.0 (DC) - new for Windows 95 & NT, with
MFC 4.0, and all new GUI. Upgrades are available.
Delphi - VCL components from TurboPower: Orpheus for
extra controls and validated data-entry. Asynch Professional
for serial communications within Delphi
PowerBuilder Portfolio - great value bundle for good
database design with PowerBuilder Desktop, Watcom SQL
server (3 user) and Star Designor - all Win 95 compatible.
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PROFESSIONAL TOOLS
FOR PROFEWIONAL DEVELOPERS

FROM GREENLEAF SOFTWARE
.The premier communications library. £259

A library of language-independentC routines that provide easy, reliable high speed communications for
your PCapplications programs. File transfer protocols include CompuServe B+; XMODEM,
YMODEM, ZMODEM, ASCII file transfer protocol and Kermit. ANSI Terminal Emulation and NASI
support.

. Acommunications class library for C++. £229
Comm++ supports object oriented programming through the use of inherited classes.The library was
designed to make use of asynchronous serial communications in aC++ program aseasy aspossible.
Features include XMODEM, YMODEM, ZMODEM, Kermit file transfer and CompuServe B+, ANSI
and TTY terminal emulation. Multiport hardware support and provisions for portability.

. A versatile library of C programming tools. £199
The Greenleaf Database Library is for programmers who want to develop their xBASE applications in
C without the limitations of using one xBASE language. Level 2 database control, Level 2 Relational
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. Robust data compression and archiving for C, C++. £229
ArchiveLib is a new product from Greenleaf, a data compression library that provides a set of
programming tools to let developers quickly and efficiently compress ASCII or binary data into an
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ArchiveLib also has support for Watcom 32bit extendedDOS.
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Full Source code, No Royalties, 60 day money back guarantee.
FREETechnical support and access to our BBS.
Professional documentation aswith all our products.

CitadelSoftwareLimited
Coombe, Trewen, Launceston, CornwallPL158QF
TEL 01566 86037 FAX 01566 86147
BBS 01566 86925 Prices exclude VAT and delivery.
Official EuropeanAgents for Greenleaf Software Inc.



@ don’t confuse operators that simply returnvalues (ego p e r a t o r + ())
with those that have side effects (egoperator+=()) ;

@ ifoperatorsare intendedtomanipulatesome mathematicalproperty,
ensure that the obvious mathematical relationships between the
operators are honoured(see examplebelow);

@ ditto for operators such a s o p e r a t o r[ ] ( ) and o p e r a t o r * ( ) (eg
p [ i ] s hou ldbeequivalent to * ( p + i ) ) .

+4+X; x -= - 1 ; x += 1; x = x + 1:

These 4 statements should mean the same thing.

Beaware of the lifetimes of temporaries
The compiler creates temporary objects in two situations. Probably the
mostsalient of these is when afunction (oroperator) returnsan object by
value: the returnedvalue is maintained asatemporary object in case it
is needed as an argument to another operation. If c1, c2 and c3 are
objects oftype Complex, then evaluatingthe expressionc1 + c2 + c3
will create a temporary object holding the result of c1 + c2, which is
thenpassedalongwith c3 to the second +.

The other situation thatcreatestemporary objects isthe initialisation
of a c o n s t reference to anythingother than an I-valueof the reference’s
type: in this case the compiler implicitly invokes asuitableconstructor to
convert the ‘source’ type to the ‘target’ type. Sostatements like c o n s t
S t r i n g & s t r = " h e l l o " ; are acceptable; the character ar ray
"hel lo" is usedto initialise atemporary S t r i n g object (via a S t r i n g
constructor) to which the reference is then bound. c o n s t references can
alsobeinitialisedtotemporary objectsreturnedfromfunctions,operators
and explicit constructor calls.

Sowhat’s the problem with temporary objects? Well, their lifetimes
are not asobvious asthose of normalvariables. Temporaries that result
from expression evaluation are destroyed at the end of the statement;
one boundto a referenceis destroyed assoon asthe reference goes out of
scope. A caveat falls out of these semantics: don’t return a c o n s t refer‑
ence to a c o n s t reference parameter, asthe parameter may have been
initialised to a temporary which will bedestroyed assoon asthe para‑
meter goes out of scope at the endof the function:
c o n s t C S t r i n g & uh_oh ( c o n s t C S t r i n g & s ) { r e t u r n s ; }

v o i d main ( ) {
c o n s t C S t r i n g & s t r i = u h _ o h ( " h e l l o " ) ;
c o u t < < s t r l ; / / b a n g !
c o n s t C S t r i n g & s t r 2 = " h e l l o " ;
c o u t < < s t r 2 ; / / O K

Look out for implicit construction
As hintedat in the point above,constructors for aclass X canbeinvoked
implicitly in a varietyof situations when the compiler performsa silent
conversionfromsome type toX.The class mustprovideaconstructor tak‑
ingasingleargument ofthe appropriatetype. Forexample,if classXpro‑
vides aconstructor X ( i n t ) , then an integer can beimplicitly converted
(constructed) into a temporary X object when anX value is required.
Implicit conversion like this is certainly handy,but reduces the chances
of the compiler detecting genuine errors. ANSI C++ compilers will soon
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allow constructor declarations of the form e x p l i c i t X ( i n t ) ; which
will force the compiler to flagall implicit invocationsof theconstructor as
errors. Until then - beware!
X f ( X x 1 , c o n s t X & x 2 ) {

r e t u r n 5 ; / / i m p l i c i t cons t ruc t ion,
v o i d main ( ) {

K o s e  2
£ ( 5 , 6 ) ;

}

/ / i m p l i c i t cons t ruc t ion
/ / i m p l i c i t c o n s t r u c t i o n

Avoid old-style casts
In fact, this rule should read ‘avoid casting at all’, although in practice
this is rarely possible. There are some rules of thumb, however, that
shouldmake castingrarerandsafer.First,whenyoufind yourselfderiv‑
ingallyour objects from a common root or using void* pointers sothat
youcanimplementgeneric ‘container’classes,try templates instead.Sec‑
ond,usethe castoperators cons t_cas t<>, stat ic_cast<>, r e i n t e r ‑
p r e t _ c a s t < > anddynamic_cast<> in preferenceto the old-style ( T ) e
syntax - see the article Type cast? in September'sEXEfor details.

Don’t throw caution to the wind exiting a process
Throw (and catch!) an exception instead, and allow m a i n ( ) to return.
Calling the standard e x i t () function to return control to the calling
process doesn’t call destructors for local variables during stack unwind‑
ing.Anyside-effectsperformedbyyour localvariables’ constructors, such
asopeninga file or dynamically allocating memory, cannot betidied up
by corresponding destructors before the program exits. (See Francis
Glassborow’s article Tidying up, p52.) Statically-allocated objects are
destroyed properlywhen e x i t () is called.

A similar point relates to the use of the standard C functions
s e t j m p ( ) and l o n g j m p ( ) definedi n SETJMP.H.Using l o n g j m p ( ) t o
effect a non-local goto doesn’t call destructors for stack-allocated vari‑
ables.Usec a t c hand th row instead.

Don’t violate the ‘Substitution Principle’
The Substitution Principle is the maxim that derived class services
require no more andpromise no less than corresponding base-class ser‑
vices. In other words, if De r i vedis a ‘proper’ sub-class of Base, a client
function £( B a s e & ) shouldwork correctlywhenpassedaDer ivedobject
insteadofa B a s e object. ‘Improper’ inheritancepreventscode frombeing
‘closed’ against modifications and forces programmers to introduce run‑
time type checks or ‘capability queries’.

A well-known example of a derivation that violates the Substitution
Principleis anattempt to derive C i r c l e fromE l l i p s e .While our math‑
ematical knowledge tells us that the C i r c l e s are a subset of the
E l l i p s e s , C i r c l e can only b e a kind o f E l l i p s ei f C i r c l e supports
every service that E l l i p s e provides. If,for example,E l l i p s e provides a
r e s i z e ( i n t x, i n t y) method which asymmetrically resizes the
E l l i p s e , C i r c l e has t o provide i t too. The problem i sthat C i r c l e can‑
not support r e s i z e ( ) if x and y have different values. Essentially, the
‘kind-of relationshiphasto dowithservices,notjust subsets. Andfinally...
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Dynamicarrays in Delphi
Are you feeling cramped

by standard Pascal arrays?
Warren Kovach shows

you how to create and use
large, fast and resizable
two-dimensional arrays

with Delphi.

R1

R2

R3
R4
R5
R6
R7
R8
Ro
R10

Figure 1 -A 2DstandardPascalarray,
with the 10rows and 10columns labelled
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Memory limitations are the curse of the PC
programmer’s life. If your 16-bit programs
needto work with large amounts of data you
will often find yourhead hitting the ceiling
of the 64 KB limit on data structures. Vari‑
ous methods have been developed to allow
programmers to use all the memory in mod‑
ern multi-megabyte computers. These vary
in their complexity, flexibility, ease of use
and speed.

For my statistical programming I need
fast, flexible two-dimensional arrays for
holdingthe data matrices.There are a num‑
ber of approaches that can be taken, some
more suitable than others. This article wil l
summarise a variety of these methods,
pointing out their strong and weak points.
T'll then focus on one particularmethod that
suits my needs.

T’ve developed these methods using Del‑
phi. This is mainly because it is such a nice
programming environment for Windows,
but also sothat I could take advantage of its
‘properties’ feature. Most of the techniques
can also be employed in Borland Pascal,
using either Windows or DOS protected
mode. The object-oriented code will need to
be modified to follow the earlier Borland

Pascal object syntax rather
than the n ew Object Pascal
used in Delphi. This mainly
involves using the o b j e c t
declaration rather than
c l a s s , calling the construc‑
tor I n i t rather than C r e a t e
and the destructor D o n e
instead o f D e s t r o y .

co c10

Design goals
In developing a dynamic
ar ray structure there were
four priorities:
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1) Speed - data access mus t be as fast as
possible. Many scientific calculations,
such as mat r i x inversions, can take a
very long time. Analyses of large data
sets can easily take hours.

2) Size - the arrays should have no prede‑
fined limits to the number of rows and
columns (except the maximum value of
L o n g i n t ) ; some users may have tens o f
thousandsof samples to analyse.

3) Resizing - the size of the ar ray mus t be
defined at run- t ime, n o t compile-time,
and it should beeasy to resize the array
to allow the user to add new data.

4) Ease of use - the syntax for storing and
retrievingthe data should beassimple as
possible, preferably like standard Pascal
arrays.

Possibleapproaches
There a re two basic ways t h a t y o u c a n
design a two-dimensional data structure.
First, you can set up a two-level hierarchy.
This consists of one data structure that
either contains or points to a series of a sec‑
ond type of data structure. Alternatively,
you can havejust one bigblock of data, then
access that as if it were two-dimensional.
These two types of structure are shown in
Figures 2 and 3.

Standard Pascal
arrays are actually intermediate between
these two models. A 2D ar ray can be
declared as a r r a y [ 1 . . n ] of a r r a y

[ 1 . . n ] o f D o u b l e , which fits the two‑
level model. More usually, an a r r a y is
declared a s a r r a y [ 1 . . n , 1 . . n ] o f
Double. In either case, the data conceptu‑
ally form a 2D grid ( s e e Figure 1 ) . This is
actually stored as a contiguous sequence of
values in linear m em o r y . The compiler
then generates code that converts the row

two-dimensional
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Figure2 -A 2D array emulatedbya 1Darray ofpointers to a series of 1Darrays. The
arrows indicatepointers, while the shaded areas show the parts of the arrays actually
allocated with GetMem.

and column specifications to an offset into
this sequence.

This form of array may bethe fastest and
simplest, but it losesout on two of the design
requirements. You must declare the size of
the ar ray at compile-time, no t run-time.
Also, in most ( i fnot a l l ) PC implementations
of Pascal, the array is limited to 64 KB of
data. When the array is composed of eight‑
byte Doubles this gives a maximumof90
rows and 90 columns. In addition, the array
must share the 64 KB data segment with
other variables.

The problem with the data segment size
can besurmounted by declaring a pointer to
the array and using the Pascal procedure
New to place it on the heap. In addition, we
can increase the maximum sizeof the array
by making it a one-dimensional ar ray of
pointers to a series of 1D arrays (Figure 2).
The declaration for this is in Listing 1.

This will give us an array of up to 8190
rows and 16380 columns. We would need to
allocate the P D o u b l e A r r a y 2 d pointer and
each P D o u b l e A r r a y usingNew (and de-allo‑
cate them with D i s p o s e ) , but w e are still
limitedto declaring the size at compile-time.

Dynamictrio
You may find that 8190 rows and 16380
columns is adequate for your needs. How‑
ever, the entire data structure would con‑

cons t
MaxDoub leA r ray = (65520 d i v SizeOf (Double) ) ;

sume about 1024 MB of RAM (somewhat
more than the usual requirements for a
Windows program). There is a trick that
allows you to declare arrays larger than nec‑
essary, and then just allocate the amount of
memory needed. This involves using G e t‑
Memrather than New. The declaration would
be the same as that in Listing 1, but we
would allocate the memory for the pointers
with:

GetMem(Doub leAr ray2d ,
NumCols*SizeOf ( P o i n t e r )) ;
f o r i := 1 to NumRows do

GetMem(Doub leAr ray2d* [ i ] ,
NumRows*SizeOf ( D o u b l e )) ;

A particular element can then be accessed
with D o u b l e A r r a y 2 d * [ i ] * [ j ] . O fcourse,
you must remember to de-allocate the mem‑
ory with FreeMen. If you t ry to use any parts
of the array outside what was actually allo‑
cated,you will get ageneral protection fault.
This partially-allocated structure is shown
shaded in Figure 2.

You may prefer a more object-oriented
approach.You could develop a two-level hier‑
archy of data as above, but have each 1D
array wrapped up in an object with methods
that may, for instance,returnthe sum ofeach
array.You could also use the T L i s t object in
Delphi instead o f the T D o u b l e A r r a y 2 d

{ = 8190 }
M a x P o i n t e r A r r a y = ( 6 5 5 2 0 d i v S i z e O f ( P o i n t e r ) ) ; { = 16380 }

t y p e
T D o u b l e A r r a y = a r r a y [ 1 . . M a x D o u b l e A r r a y ] o f D o u b l e ;
PDoub leAr ray  =  *TDoub leAr ray ;
T D o u b l e A r r a y 2 d = a r r a y [ 1 . . M a x P o i n t e r A r r a y ] o f P D o u b l e A r r a y ;
P D o u b l e A r r a y 2 d = * T D o u b l e A r r a y 2 d ;

v a r
D o u b l e A r r a y 2 d : P D o u b l e A r r a y 2 d ;

Listing 1-Declarationsfor a 2D array composedof an array ofpointers
( l ike that in Figure 2)
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structure used above. This would allow you
to use the T L i s t methods such as Add,
I n s e r t , and E x c h a n g e to manipulate the
data. You would stil l be limited to 16380
columns, though, T L i s t works in the same
way a s T D o u b l e A r r a y 2 d : a n a r ray o f
pointers is declared and memory allocated
with GetMem.

The best way to avoid all compile-time
constraints onsize is to grab a largechunk of
memory and manipulate it yourself. Each
element in the array can beaccessed by tak‑
ing the row and column of the element and
calculating the offset into the linear block of
memory. If the number of columns is Num‑
C o l s then the offset can be calculated as
O f f s e t : = ( P r e d ( R o w ) * N u m C o l s ) +
Column. You would then multiply o f f s e t
by the size of the data element in bytes to
determine at which byte the data value
starts. This i s done with P r e d ( O f f s e t ) *
S i z e O f ( D o u b l e ) . This assumes that the
first element in the array has an index of 1,
not 0; the call to P r e d converts the offset to
the fundamentally zero-based linear mem‑
ory. Figure3 shows sucha structure.

The simplest methodofallocatinga large
block of memory is to use Delphi's built-in
but poorly documented stream mechanism.
By using TMemorySt ream you can set aside
as large a block of memory asyou would like
(limited, of course, by the amount of avail‑
able memory). You can access a particular
array element by calculating the offset as
above and usingthe Seek method to set the
stream pointer to the right place. You then
use the ReadandW r i t e methods to get and
set the value. Listing 2 shows a code frag‑
ment o f a simple T M e m o r y S t r e a m descen‑
dant that can be usedas a 2D array.

This methodis simple to useandflexible.
It also has the added advantage of allowing
you easily to redirect the stream toa file
using the S a v e To F i l e method. The array
can then be loaded later with LoadFrom‑
F i l e . In my quest for speed, though, I found
that the overhead of the streaming mecha‑
nismreducedthe performance of the arrays.
I wanted an even faster method.

Speed it up
The speed ofdata access can beimprovedby
bypassing the streaming mechanism and
working directly with memory through the
Windows API. The Pascal procedure G e t‑
M e n is limited to allocating memory blocks
of 64 KB or less, sowe needto use the Win‑
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dows function G loba lA l l oc . This lets you
allocate memory blocks of any size, up to the
amount of available memory.

One difficulty with this approach is that
we must do some extra manipulation of
pointers when using blocks of data larger
than a single 64 KB segment. Whena regu‑
lar Pascal pointer reaches the segment
boundary, it will wrap back to the start of
that segment rather than going on to the
nextsegment. Forinstance,let’s say that we
have a block of memory that starts at the
address $1000:$0000. If we point to the end

of the first 64 KB segment ($1000:$FFFF)
and increment the pointer, it will point back
to the beginningof the block ($1000:$0000).
To access the next 64 KB segment, the first
part of the address (called the selector) must
also beincremented.

Ifyouareprogrammingin Cyou can sim‑
ply use huge pointers, which automatically
take care of the extra calculations to incre‑
ment the selector and jump over segment
boundaries. Unfortunately, Pascal does not
have an equivalent, sowe must dothis our‑
selves. We are aided in this task by the
S e l e c t o r I n c variable i n Borland’s run ‑
time library. This contains the value that
must beadded toa selector to obtain that of
the next segment. The use of this variable is
not described in the Delphi documentation,
but there is a good explanation in Borland
Pascal 7’s Language Guide, as well as in

s a t e ( r o w s , c o l s : L o n g i n t ) ; ‘
) SetVal(row,col: L o n g i n t ; const v a l : Double);

> ‘ Va l ( r o w , c o l : L o n g i n t ) : D o u b l e ;

x TMemDoubleArray2d.Create(rows,cols: L o n g i n t ) ;

C r e a t e ;
rows * c o l s * SizeOf (Double) );

Listing2 - Codefragment showing the use of a
TMemoryStream descendant asa two-dimensional array

f u n c t i o n G e t P t r ( P : P o i n t e r ; B y t e O f f s e t : L o n g i n t ) : P o i n t e r ;
b e g i n

G e t P t r : = P t r ( P t r R e c ( P ) . S e g + L o n g R e c ( B y t e O f f s e t ) . H i
*  S e l e c t o r i I n c ,
P t r R e c ( P ) . O f s + L o n g R e c ( B y t e O f f s e t ) . L o ) ;

e n d ;

Listing3 - Function to return apointerByteOffset bytes
from the beginningof the memory block
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BrianLong’s book The BorlandPascalProb‑
lem Solver (Addison-Wesley, 1993, ISBN 0‑
201-59383-1).

To use the S e l e c t o r I n c variable w e
multiply it by the high word of the B y t e ‑

O f f s e t variable ( w h i c h specifies the num‑
ber of bytes from the beginning of the
memory block). If the data element is in the
third 64 KB segment of the memory block,
the high word o f B y t e O f f s e t will b e2 . We
then multiply this b yS e l e c t o r I n c andadd
it to the selector of the pointer to the begin‑
ning of the memory block. This gives us the
selector of the desired segment. The function
in Listing3 shows how to dothis.

P t r R e c and L o n g R e c are useful records
declared in the S y s U t i l s unit of Delphi
(and the O b j e c t s uni t o f BP7) which let
you work with the two words that makeup a
32-bit pointer o r a L o n g i n t . I n this way the
selector and offset of a pointer or the high
and low words o f a L o n g i n t can b e dealt
with directly. These can then be manipu‑
lated appropriately and converted back to a
pointer with the P t r function. In the current
implementationof Pascal,these two records
can be used interchangeably. However, in
the Get P t r function bothare usedto distin‑
guish the pointers from the byte offsets.

This function can bemodified slightly to
protect against the possibility that the sum
of the offsetsof Pand B y t e O ff s e t is greater
than 64 KB; this is done with the M a s ‑
t e r O f f s e t local variable i n the full source
code in Listing4. If the sum is larger than a
single segment, the selector o fM a s t e r O f f ‑
s e t will begreater than 0; this is thenadded
to the selector o fByteOffse t .

Problem cracked
With this method of accessing large blocks
of memoryweare nowwell placed to develop
an object that will encapsulate this memory
sothat it can be used as a two-dimensional
array. The class, THugeDoub leAr ray24 , i s
a descendant o f T P e r s i s t e n t . Using this
base class opens the possibility of adding
methods for reading and writing the object
to a stream (althoughthis is not done here).
The full source code for a unit defining this
class is shown in Listing4.

All of the data fields are declared in the
p r i v a t e section; they are then accessed
through methods or properties. The object
must store the numberof rows and columns
(FNumRowsand FNumCols), the total num‑
berof elements in the array (FNumE1lem), the
size o f the data element ( F E l e m e n t S i z e )
and a pointer to the actual block of data
(FDataPtr) . Since the data are Doubles we
declare the pointer as aPDouble (= * D o u ‑
b l e ) . This lets us use the floating-point
value directly by simply dereferencing the
pointer. If we wish to make this an array of
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some other data type ( I n t e g e r , for
instance)we would simply change the decla‑
rat ion of the pointer and the sett ing of
FElementS ize .

The constructor takes the desired num ‑
ber of rows and columns in the array and
sets the various data fields. The required
memory is then allocated with the Win‑
dowsAPI function G l o b a l A l l o c P t r . This
combines the two steps of allocating the
memory with G l o b a l A l l o c and locking i t
with G l o b a l L o c k . I t returns a pointer t o
the memory block. We make sure we are
Windows-friendly by allocating a move‑
able memory block with the gm em _M o v e ‑

a b l e flag. We also the
gmem_Ze r o I n i t flag t o initialise the block
of memory to zeros.

I f the pointer returned b y G l o b a l a l ‑
l o c P t r is n i l then the allocationor locking
has failed. This is most likely to occur with
inadequate memory, sowe can call the Del‑
phi procedure Ou tO fM emo r y E r r o r t o raise

use

u n i t H u g e A r r a y ;
i n t e r f a c e
uses C l a s s e s , S y sU t i l s , WinProcs , WinTypes;
t y p e
PDoub le = “Doub l e ;
THugeDoubleArray2d = c l a s s ( T P e r s i s t e n t )

FNumRows,
p r i v a t e
FNumCols +L o n g i n t ;
FDataPtr : PDoub le ;
FElementSize : B y t e ;
FNumElem + L o n g i n t ;

p u b l i c
c on s t r u c t o r C r e a t e ( R ow s , C o l s : L o n g i n t ) ;
d e s t r u c t o r D e s t r o y ; o v e r r i

T E C H N I Q U E S

R1 Ri R1 R1 R1 Ri Ri R1 R1R1 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2
C1 C2 C3 C4 C5 C6 C7 C8 C9CI0 C1 C2 C3 C4 C5 C6 C7 C8 C9 CIO

Figure3 -A 1-Dblock of data, indexedasa 2-D array.
The block can grow to the right as much as needed

an exception. The memory is freed with
G l o b a l F r e e P t r i n the destructor.

The methods G e t v a l and S e t V a l use
the techniques described above to set and
retrieve the data values. The desired row
andcolumnare passedto either methodand
the position of the element in the block of
data is calculated, taking into account the
size of the data element. The address of a
pointer to the element is then calculated,
taking care to jump over segment bound‑
aries. Dereferencing this pointer lets us
either set or retrieve the floating-point
value.

The calculations of B y t e O f f s e t , M a s ‑
t e r O f f s e t , and E l emP t r are the same i n
bothmethods. Stylistically, it would bebet‑
ter to place this code in a separate function
rather than repeating it in each method.
However, the overhead of calling a function
each time reduces the performance of the
arrays by 20%, according to my tests.

We can add other methods to simplify

use of the data. For instance,if weregularly
needto retrieve the floating-point value asa
formatted string, we c a n add a method
called Getv a l A s S t r i n g . This uses the Del‑
phi function F l o a t T o S t r F , which takes
one of five possible formatting styles
( f f G e n e r a l , f f E x p o n e n t , f f F i x e d ,
££Number, f f C u r r e n c y ) , the desired preci‑
sion and number of decimal places and
returns a string.

Resizing
Memory blocks that are allocated with
G l o b a l A l l o c P t r can easily b emade larger
o r smaller with G l o b a l R e A l l o c P t r . W e
simply pass it the existing pointer to the
block, i t s new size, and the flags. The
gm em _ Z e r o I n i t flag wi l l cause i t t o in i ‑
tialise just the new memory locations, so
existing data will be preserved. If the func‑
tion cannot allocate more memory a n i l
pointer w i l l be returned. The original
pointer will still bevalid in this case, sowe

d e s t r u c t o r THugeDoub leAr ray2d .Des t roy ;
b e g i n

i f FDa t aP t r < > n i l t h e n G l o b a l F r e e P t r ( F D a t a P t r ) ;
i n h e r i t e d D e s t r o y ;

e n d ;

v a r
O f f s e t : L o n g i n t ;
B y t e O f f s e t , M a s t e r O f f s e t :
E l emPt r : PDouble;

b e g i n

O f f s e t

f u n c t i o n THugeDoub leAr ray2d .Ge tVa l (Row,Co l : L o n g i n t ) : Doub l e ;

L o n g i n t ;

{ c a l c u l a t e o f f s e t o f 2-D c o o r d i n a t e s i n t o 1 -D s t r u c t u r e }
= (P red (Row ) *NumCo l s ) + C o l ;

{ U s e P r e d t o c o n v e r t 1 -based a r r a y c o o r d i n a t e s t o 0 -based }
f u n c t i o n G e t Va l ( R o w , C o l : L o n g i n t ) : Doub le ; B y t e O f f s e t : = P r e d ( O f f s e t ) * FE l emen tS i ze ;
p r o cedu r e S e t V a l ( R o w , C o l : L o n g i n t ; c o n s t v a l : D o u b l e ) ; M a s t e r O f f s e t : = Longint ( P t r R e c ( F D a t a P t r ).Ofs)
f u n c t i o n G e t Va l A s S t r i n g ( R o w , C o l : L o n g i n t ; + LongRec (ByteOffset) .Lo;

Format : TF l oa tFo rma t ; E l e m P t r : = P t r ( P t r R e c ( F D a t a P t r ).Seg
P r e c i s i o n , D i g i t s : I n t e g e r ) : s t r i n g ; + ( L o n g R e c ( B y t e O f f s e t ).Hi

f u n c t i o n G e t P t r ( E l e m O f f s e t : L o n g i n t ) : PDoub l e ; + P t r R e c ( M a s t e r O f f s e t ).Seg)
p r o c e d u r e I n c P t r ( v a r P : PDoub le ; IncAmount : L o n g i n t ); * S e l e c t o r i n c ,
f u n c t i o n ReS i z e ( R ow s , C o l s : L o n g i n t ) : B o o l e a n ; LongRec (MasterOffset) .Lo);
{ t h i s a l l o w s access a s i f i t were a r e g u l a r { r e t u r n fl o a t i n g p o i n t v a l u e a t t h a t e lement }
Pascal a r r a y } G e t v a l : = E l e m P t r ’ ;

p r o p e r t y D a t a [ R ow, C o l : L o n g i n t ] : Double e n d ;
r e a d Ge t Va l w r i t e S e t v a l ; d e f a u l t ;

{ f o r c e these va r i a b l e s t o b e r e a d - o n l y t o t h e p r o c e d u r e TH u g eD o u b l e A r r a y 2 d . S e t Va l ( R ow, C o l : L o n g i n t ;
o u t s i d e w o r l d } c o n s t v a l : D o u b l e ) ;

P r o p e r t y NumRows : L o n g i n t r e a d FNumRow: v a r
P r o p e r t y NumCols : L o n g i n t r e a d FNumCo O f f s e t : L o n g i n t ;

end; B y t e O f f s e t , M a s t e r O f f s e t : L o n g i n t ;
E l emP t r : PDouble;

implementation b e g i n
O f f s e t : = ( P r e d ( R o w ) * N umC o l s ) + C o l ;

c o n s t r u c t o r THugeDoub leAr ray2d .Crea te (Rows ,Co ls : L o n g i n t ) ; B y t e O f f s e t := P r e d ( O f f s e t ) * FE lemen tS ize ;
M a s t e r O f f s e t : = Longint ( P t r R e c ( F D a t a P t r ).Ofs)

+LongRec (ByteOffset) .Lo;b e g i n
i n h e r i t e d C r e a t e ;
FElementSize : = SizeOf (Double); E l emP t r : = P t r ( P t r R e c ( F D a t a P t r ) . S e g
FNumElem : = Rows*Co ls ; + ( L o n g R e c ( B y t e O f f s e t ).Hi
F b a t a P t r : = GlobalAllocPtr(gmem Moveable o r gmem_Zero in i t , + L o n g R e c ( M a s t e r O f f s e t ) . H i )

FNumElem * F E l em e n t S i z e ) ; * S e l e c t o r i I n c ,
LongRec ( M a s t e r O f f s e t ) . H i ) ;

E l e m p t r ’ : = v a l ;
e n d ;

i f FDa t aP t r = n i l t h e n
QutOfMemoryEr ro r ; { r a i s e an e x c e p t i o n }

FNumRows := Rows ;
FNumCols := C o l s ;

end; f u n c t i o n THugeDoub leA r r ay2d .Ge tVa l asS t r i ng (Row,Co l : L o n g i n t ;
Format : T F l o a t F o r m a t ;
P r e c i s i o n , D i g i t s : I n t e g e r ) : s t r i n g ;

Listing4 - Unit containing the THugeDoubleArray2d object
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assign the return value of the function to a
temporary pointer, and then test it before
assigning it to F D a t a P t r .

If we are just adding new rows we can
simply extend the memory block and fill in
the new data. However, if we are adding
columns we must shift the blocks of existing
data that represent each row, leavingspaces
in between for the new columns. We do this
in the R e S i z e method by calculating two
pointers: one to the start of the existing row
and one to the position of the r o w in the
resized array. The new position can be cal‑
culated by multiplying the number of new
columns by one less than the current r o w
number.

Because this method will not be called as
often a s G e t Va l and S e t v a l , I’ve opted t o
place the pointer arithmetic in separate func‑
tions. The code in Get Ptr is identical to that
in the two data access methods. I n c P t r will
take a pointer and increment it by a given

b e g i n
G e t Va l A s S t r i n g  : =

FloatToStrF (GetVal ( R o w, C o l ) ,F o r m a t, Precision, D i g i t s )
e n d ;

f u n c t i o n THugeDoubleArray2d.GetPtr (ElemOffse
v a r

B y t e O f f s e t , M a s t e r O f f s e t : L o n g i n t ;
b e g i n

B y t e O f f s e t : = P r e d ( E l e m O f f s e t ) * F E l e m e n t S i z e ;
Mas te rO f f se t := Longint (PtrRec(FDataPtr) . O f s )+LongRec (ByteOffset) . L o ;
Resu l t : = P t r ( P t r R e c ( F D a t a P t r ) .Seg

+ (LongRec (ByteOffset) .H i
+ L o n g R e c ( M a s t e r O f f s e t ).Hi)
*  S e l e c t o r i n c ,

L o n g R e c ( M a s t e r O f f s e t ) . L o ) ;
e n d ;

+ L o n g i n t ) : PDouble;

amount, then check to see if we’ve crossed a
segment boundary. If so, we adjust the selec‑
tor accordingly. Incrementing an existing
pointer is faster than calculating it from
scratch, sowe use this when we are looping
througha section of the array and moving
data.

If we are making the arrays smaller we
will also have to move the r o w data. In this
case we will overwrite elements from the
columns that are being deleted. This wi l l
needto bedone prior to callingGLobalReA1‑
l o c P t r , so that the data are not truncated
before they are rearranged.

Property market
To top it off, this object employs a very useful
feature of Delphi, the array property, to sim‑
plify access to the data. We can declare a
property called D a t a that is indexed much
like a standard Pascalarray:

p r o p e r t y D a t a [ R o w , C o l : L o n g i n t ] :

D o u b l e r e a d G e t Va l w r i t e S e t V a l ;

d e f a u l t ;

By using the r e a d and w r i t e declarations
for a property, the value for this property is
retrieved and set using the existing G e t Va l

if NewCols < 0 t h e n

{
of :
D e s t P t r

S o u r c e P t r *

e n d ;
e n d ;

e n d ;

T E C H N I Q U E S

and S e t V a l methods. The row and column
indexesofD a t a mustbeof the same type and
order as the parameters of the two methods.
Other fields in the object, such as number of
elements, can bemade read-only by mapping
them onto a property and not providing a
write method.

If we use the d e f a u l t directive with an
array property, Delphi allows us to access the
property without specifying the property
name D a t a . I f D a t a A r r a y i s a n instance o f
our object, we can access the data using the
expression D a t a A r r a y [ i , j ] rather than
D a t a A r r a y . G e t V a l ( i , j ) .

With this last enhancement we now have
a dynamic array that can beusedexactly like
a standard Pascal array. If you have large
libraries of Pascalcode that manipulate stan‑
dard arrays you can now simply drop in this
object to greatly increase the maximum data
size.All that needs to bedone is to addcalls to
the C r e a t e and F r e e methods.

Ina previous lifeWarren Kovach was a
palaeobotanist.He now writes and markets
statistical software. You can reach him at
WarrenK@kovcomp.demon.co.uk.

o v e r w r i t e columns t h a t w i l l b e d e l e t e d }

f o r i := 2 to NumRows do b e g i n
{ P o i n t t o s t a r t o f r o w . . . }
O f f s e t : = ( P r e d ( i ) * N u m C o l s ) + 1 ;
S o u r c e P t r : = GetPtr ( O f f s

and to p l a c e where d a t a should be moved }
r = O f f s e t + ( P r e d ( i ) * N e w C o l s ) ; { NewCols w i l l b e nega t i ve }

= GetPtr ( O f f s e t ) ;
f o r j := 1 to NumCols do b e g i n

{ c o p y d a t a & s e t o l d e lemen t to 0 }
D e s t P t r *  : =  S o u r c e P t r ’ ;

=  0 . 0 ;
i f f j <> NumCols t h e n b e g i n

I n c P t r ( S o u r c e P t r , 1 ) ;
I n c P t r ( D e s t P t r , 1 ) ;

N e w P t r : = G l o b a l R e A l l o c P t r ( F D a t a P t r , NewNumElem
* F E l e m e n t S i z e , gmem Moveable o r g m e m _ Z e r o i n i t ) ;

{ r a i s e a n e x c e p t i o n i f f a i l e d }

p r o c e d u r e T H u g e D o u b l e A r r a y 2 d . I n c P t r ( v a r P : P D o u b l e ;
I n c A m o u n t : L o n g i n t ) ;

v a r
SaveP: P o i n t e r ; i f N e w P t r = n i l t h e n O u t O f M e m o r y E r r o r ;

b e g i n
SaveP:= P; FNumElem := NewNumElem;Longint ( P ) : = L o n g i n t(P) F D a t a P t r : = N e w P t r ;

+ (IncAmount*FElementSize) ;
i f f P t r R e c ( S a v e P ).Seg < > P t r R e c ( P ) . S e g t h e n

i f A b s ( I n c A m o u n t ) = IncAmount t h e n
P t r R e c ( P ) . S e g  : =  P t r R e c ( S a v e P )  . S e g  +

( ( P t r R e c ( P ) . S e g - P t r R e c ( S a v e P ) . S e g ) * S e l e c t o r i n c )
e l s e

P t r R e c ( P ) . S e g : = P t r R e c ( S a v e P ) . S e g ‑
( ( B t r R e c ( S a v e P ).Seg - P t r R e c ( P ) . S e g ) * S e l e c t o r I n c ) ;

{ i f a d d i n g new columns t h e n we m u s t now move b locks
o f d a t a down t o a l l o w space a t e n d s o f each “ r o w ”
f o r new c o l u m n s }

i f NewCols > 0 t h e n
f o r i := NumRows downto 2 do b e g i n

O f f s e t : = ( P r e d ( i ) * N u m C o l s ) + N u m C o l s ;
S o u r c e P t r : = GetPtr( O f f s e t ) ;

end; O f f s e t : = O f f s e t + ( P r e d ( i ) * N e w C o l s ) ;
D e s t P t r  : =  G e t P t r ( O f f s e t ) ;

f u n c t i o n THugeDoub leAr ray2d .ReSize(Rows,Co ls : L o n g i n t ) : B o o l e a n ; f o r j := NumCols downto 1 do b e g i nvar D e s t P t r * : = S o u r c e P t r * ;
NewPt r : PDoub le ; S o u r c e P t r * : = 0 . 0 ;
i d , i f j < > 1 t h e n b e g i n
NewRows, NewCols, I n c P t r ( S o u r c e P t r , - 1 ) ;
NewNumElem, Offset, I n c P t r ( D e s t P t r , - 1 ) ;
ByteOffset , M a s t e r O f f s e t : L o n g i n t ; e n d ;
SourcePtr, e n d ;
D e s t P t r + :P D o u b l e ; e n d ;

begin FNumRows
NewNumElem := Rows*Co l s ; FNumCols
NewRows := Rows-NumRows; e n d ;
NewCols := Co ls -NumCo ls ; e n d .
{ if reducing the number of columns, move rows up to

Listing4 - Unit containing the THugeDoubleArray2d object
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The Web is not limited to static HTML pages. @
Peter Collinson demonstrates step by step : S i ng
how to call programs from a UnixWeb
server via the Common
ceeahbietae programs

asWeb pages
f you provide a Web server, then at
some point you are going to want to
display more thanjust static pages to
the surfing customer. You will per‑
haps want them to access some other

program on your system or maybe you will
provide a form that the user can use to send
you some information. What is needed is a
way for theWeb Server to execute a program
when the user selects the appropriate Uni‑
versal Resource Location (URL) .

Luckily, the designers of the Web fore‑
saw this needand designeda protocol called
the Common Gateway Interface (CGI) . This
is usedby theWeb server daemon to interact
with a program on your machine. It defines
how the server calls the program and what
responses the program should make to com‑
municate back to the server. The good news
is that most servers for UNIX (certainly all
the servers I have s e e n ) do follow the stan‑
dard CGI rules, so CGI programs are
portable from server to server. (SeeBeyonda
browse in the FebruaryandMarch‘95 issues
ofEXE for creating DOSandWindows CGI
programs).

Of course, on a UNIX system, a program
can easily be a script written in some arbi‑
trary language.Manypeoplewrite CGI pro‑
grams in Perl because the language is good
at cracking apart some of the common text
formats. I am using the standard shell for
demo purposes in this article, largely
because it’s more readable bymortals.

The CGI program is launched by the server
and sends data back to it. The server then
executes the text stream from the CGI pro‑
gram, perhaps sending the data from the
program directly to the client, or maybe
doing some of i ts own processing before
respondingto the client.

The server provides information to the
CGI program using three sources: environ‑
ment variables, command-line information
and the standard input channel. The CGI
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program communicates back to the server
by writing data to its own standard output
channel. The server arranges to capture the
program output and deal with it appropri‑
ately.

Let’s lookat the output from theCGIpro‑
gram first. The data sent by the CGI pro‑
gram to the server is in text form. The text
starts with a small header: some text lines
terminatedwith ablank line.Any linewhich
is not recognised as a header line is sent
back to the client. There are currently three
recognised header lines: C o n t e n t - t y p e ,
L o c a t i o nand S t a t u s .

The C o n t e n t - t y p e header line i s used
to specify the MIME type of the document
that the CGI program is generating. At this
point, you need to understand that theWeb
makes use of the Multi Media Mail Exten‑
sions (M IME) to provide type information
for the various classes of data that may be
carried in the normal text byte stream.
MIME allow Web clients to receive some
text (and interpret it as text), some HTML
code, a GIF image, an audio file, aQuick‑
Timemovie or whatever.

Here’s a simple shell script that can be
usedto display a page that is today’s date:

# ! / b i n / s h
echo ‘ C o n t e n t - t y p e : t e x t / p l a i n '
e c h o
/ b i n / d a t e

Notice how the second e c h o command is
used to ensure that there is a blank line
after theheader.Theoutput from this script
is simply three lines of text; the server will
interpret the data asa plain text page. It will
be formatted in a fixed-width font and sent
onto the client.

Of course, usingafixed-width font is per‑
haps not too exciting. We can improve the
looka littleby generatingHTMLcode:

# ! / b i n / s h
e c ho ‘ C o n t e n t - t y p e : t e x t / h tm l ’
e c h o
echo '<HTML><HEAD>'
e c h o '<T ITLE>The Date</TITLE>'
echo '</HEAD><BODY>'
e c h o '<H1>Date a n d Time</H1>'
echo ' T h e da t e i s ' ; / b i n / d a t e
e c ho '</BODY></HTML>'

Wemadesure to place the bodyof the text in
quotesbecausewedon’t want the shell to get
too excited doing data redirection (remem‑
ber, that’s what the UNIX shell normally
doeswith >and <). It could all beone quoted
section, but I’ve avoided doing that to make
it easier to understand.

Notice how we obey the rules for HTML
document formatting in the text that is
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Peoplewant to
write in shell or
Perl because it’s
convenient

returned. After all, the text will be sent to
theclient asHTML for local formatting. The
page containsa title andbody section in the
same way asa regular static page. I ' l l con‑
cede that the text that the script displays is
still not that exciting, but does give you a
glimpse ofwhat might be done.

The use ofother MIME types is certainly
possible from the CGI program; you can
sendaudioor graphics if youwish to. Rather
than generating a document for the user to
look at, you may be using a CGI program to
provide the user with navigation instruc‑
tions. You may wish to point the user at
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another page in your server, or at another
URL.The Loca t i on : headercanbeusedto
dothis. A simple shell script might be:

# ! / b i n / s h
echo ‘ L o c a t i o n : fi l e . h t m l '
echo

This will look fora file called £ i l e . h t m 1 i n
the same directory as the URL of the script
beingexecuted. This can bea little counter‑
intuitive. Of course, you can use a full URL
asthe location if youwish.

Finally, you can return a standard error
message fromthe CGIprogramby usingthe
S ta t u s : directive.An examplemight be:

# ! / b i n / s h
echo ‘ S t a t u s : 403 Forbidden'
echo

This passes a numeric error code back to the
client, and a text message. There is a set of
standard er ro r messages located at the
URL, see Attp://www.w3.org/hyper‑
text/WWW/ Protocols/HTTP/HTRESP.ht
ml.

Arguments to CGI programs
CGI programs that simply output data are
rare. You mostly want to write a CGI pro‑
gram to provide some access to something
like a database lookup system or to decode
data from interactive forms. Let’s start by
looking at the first case, where the CGI pro‑
gram provides agateway to some other sys‑
tem. Incidentally, this is somewhat
chicken-and-eggsobear withme.

The gateway program will have aURL
by which it is invoked. We need to provide
the gatewaywitha search string, and this is
done by adding a question mark and some
text after the URL. If the text contains

Figure 1 - ACGIprogramcalled with noargument
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spaces, then they a r e translated to plus
characters. For example:

h t t p : / / w w w. e g . c o . u k / b i n / x ? l o o k + u p

Here b i n is assumed to be a directory hold‑
ing the CGI programs, x is the program
beingexecuted with a lookup string of l o o k
u p . When the CGI program is called, it is
supplied with two arguments l o o k and u p .
Also, the environment variable
QUERY_STRING will be set to l o o k + u p .

Well, you can type in the URL, the ques‑
tion mark and the argument but this is not
too user friendly. We normally get the client
to ask the user for a search string. This is
done by calling the CGI program twice. On
the first pass, the programpresents an index
and asks for a string. On the second pass,
the program now has search arguments and
performs the lookup.

The CGI program can tell what it should
do by looking at the number of arguments
with which it is called. If the program is
called with no arguments, it will output an
HTML index page that contains the tag
< I S I N D E X > . I n t u rn , this provokes the
browser to provide an input box with a
phrase like: ‘This is a searchable index.
Enter search keywords: <type-input-here>’.
You can see the index page from the exam‑
ple below in Figure 1.

The user supplies some text and hits
return. The text is appended to the URL
using the question mark notation and the
program is called again for the second pass,
this time with arguments. Here’s all that in
a script:

# ! / b i n / s h
echo ' C o n t e n t - t y p e : t e x t / h t m l '
echo
i f [ $ # - l e 0 ]
t h e n

echo '<HEAD>
< I S I N D E X >

< T I T L E > Te s t Index</TITLE>
</HEAD><BODY>
<Hl>Type summat q u i c k < / H 1 >
</BODY>"

e l s e

echo '<HEAD>
< T I T L E > Te s t  o u t p u t < / T I T L E >
</TITLE>
</HEAD><BODY>
<H1>You t y p e d < / H 1 > '
echo $@
echo </BODY>

£1
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We have seen that the query is coded by
replacing any spaces by plus characters.
There is some additional escape coding to
allow any character to betransmitted using
the ASCII set. A character may beencoded
asapercent character followed by two hexa‑
decimal values.

Passingthe arguments in the URL using
the method described above is referred to as
the GET method in all the WWW literature.
You can create a form that passes data by
this methodtoo. However, it’s more usualfor
forms to use the POST method because the
amount of information that is passed from
the form into the CGI program is greater.
The p o s t method means that the CGI pro‑
gram will use its standard input channel to
read data originally entered by the user on
the form. The size of the data sent to the CGI
programby the server is supplied in anenvi‑
ronmentvariable called CONTENT_LENGTH.

Formsbehave in adifferent way fromthe
gateway example described above. A form is
specified by an HTML page that describes
the page image, includingthe fields that the
user can change, perhaps by pressing but‑
tons, perhaps by entering text. The CGIpro‑
gram is activated when the user presses an
enter button.The data from the form is sent
into the CGI program using the character
encoding scheme described above.

Of course, the form can contain several
input areas and sowe need a namingmech‑
anism to identify where data originated on
the form. This is simple: every input area is
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given a name by the author of the page, and
the data from that area is sent as a
N A M E = c o n t e n t s pair t o the CGI program.

All the data from the form is sent in one
chunk witheachN A M E = c o n t e n t s pair sepa‑
rated from its successors by a question
mark.NoUNIX-friendly newlinecharacters
here.This does meanthat the GET andPOST
forms use exactly the same data encoding
method, it’sjust that the data is passed into
the CGI program usinga different mecha‑
nism. The standard Perl CGI library con‑
tains routines for pulling this chunk of data
apart into an associative array.

Environmentvariables
The CGI program is provided with informa‑
tion that the server places in the environ‑
ment of the child process that is runningthe
program. Environment strings are of the
form NAME=va lue and can easily be
obtained from programs or programming
languages.Here’sthe output froma test pro‑
gram r u n on my machine:

SERVER_SOFTWARE = NCSA/1.3
SERVER_NAME = w w w. h i l l s i d e . c o . u k
GATEWAY_INTERFACE = C G I / 1 . 1
SERVER_PROTOCOL = HTTP/1.0
SERVER_PORT = 80

This is all pretty self-explanatory stuff that
just supplies basic information that the
server knows.Beware that the environment
variables shown below are those supported
by my server, NCSA’sh t t p d .Things may be
different for other servers, check your docu‑
mentation.

REQUEST_METHOD = GET

As we have seen, the CGI program can be
invokedusingtwo ‘methods’: GET and POST.
This environment variable tells youwhich is
being used at the moment. CGI programs
should expect to be invoked using either
methodand shouldfail cleanly if one method
is not supported. It’squite usual to exit from
programs that process input from forms
when a test on REQUEST_METHOD shows
that it’s not set to POST. It’s needed in case
someone decides to invoke the CGI program
directly by specifying the URL.

HTTP_ACCEPT = * / * , i m a g e / g i f ,

i m a g e / x - x b i t m a p ,  i m a g e / j p e g

HTTP_USER_AGENT = M o z i l l a / 1 . 1 N
( X 1 1 ; I; BSD/OS 2 . 0 1 3 8 6 )

These lines are wrapped for printing pur ‑
poses.They were originatedby the client and
sent to the server in the MIMEheader.Lines
like this are placedin the environment using
their original MIME keywords preceded by
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HTTP_.The HTTP_ACCEPT variable gives the
MIME types that the client will accept. The
UserAgent here is Netscape 1.1NusingX11
runningonmy BSD/OS system.

PATH_INFO =
PATH_TRANSLATED =

A CGI program does not have to be the last
namein the URL, it’s possibleto have aURL
like:

h t t p : / /machine/d i r /CGIPROG/a/b/c .

When CGIPROG is executed, the / a / b / c in
the example above will beplaced in the envi‑
ronment in the variable PATH_INFO. The
server always manipulates pathnames of
files for security reasons, and will set the
PATH_TRANSLATEDvariable to the full path‑
name relative to the place on the system
where your documents are stored. In my
case, the variable wi l l be set to
/vaxr /www/docs/a/b/c. This allows you to
write scripts which intercept URLsand redi‑
rect them intelligently to some other place
in the tree.

SCRIPT_NAME = / c g i - b i n / t e s t - c g i

The SCRIPT_NAME variable contains the
pathname of the program being executed,
allowing a recursive call if needed.

REMOTE_ADDR = 192 .88 .50 .3
REMOTE_HOST = wooded .h i l l s i de . co .uk
REMOTE_IDENT =

This gives you details of the host that is call‑
i n g you. You should always get a
REMOTE_ADDR; after all, the server needs
that information to send data back to the
remote client. You may get a REMOTE_HOST,
but this depends on a successful reverse
lookup in the DomainName Service (see the
DNS article in EXEAugust ’95).There now
seem to beboundless reasons why this does‑
n’t work. A great many contacts made to my
server now come in without the name server
being able to makea successful reverse
lookup of their IP addresses.

The REMOTE_IDENT variable will be set if
you have enabled support for RFC932 Iden‑
tification in your server and the remote host
is runninga version of i d e n t d to serve the
identificationinformationto you. I turnedon
the RFC932 code in my server for about a
month and found that this created more
trouble than it was worth. First, very few
sites that are able to run i d e n t d actually
do, for whatever reason: perhaps security or
perhaps anonymity. Second, the TCP/IP
stacks on PCs often cannot cope with the
i d e n t d request andWeb access to your site
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may time out. As a result, it is basically not
possible to find out who is calling your ser‑
vice. Actually, I ask politely, and some peo‑
ple respond by sending me email via my
Visitor’s Book page.

Security
There was once a time when people were
blasé about security. Things have changed.
First, you will find that the server will not
execute a CGI program from anywhere in
the tree, it has to beplacedin aknownscript
directory. Second, if you are putting a pro‑
gram into a position where anyone can type
any text into i t , then you need to be aware
that someone will attempt to use that to
break into your machine.
As an example of this, take the ‘Type sum‑
mat quick’ example above and replace the
line that reads:

echo @$

by a simple command:

cat  $@

Ok.Younow havea script that will display a
file on the client’s screen. There may be a
very good reason for this script to exist,
maybe you are displaying data from files for
the user. It would be usual to change into
some directory andmake the indexpage dis‑
play the 1s output for the directory. Then
the user can select a file using a single file‑
name key typed into the selection box. This
is a perfectly innocuous simple application.
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Unwittingly, you have also provided anyone
with the ability to obtain any file on your
machine. Rather than typing the single file
name that you were expecting, our hacker
simply types / e t c / p a s s w d intoyour request
boxandis rewardedbya screencontainingthe
contents of your password file. Hopefully,
whenyour WWW server runs,it doesn’t runas
super-user, sothe hackercanonly get to pub‑
licly accessible files on your machine. How‑
ever,you probably don’twant thehackerto get
to these files: you generally want to minimise
access by strangers to files on your machine.

Well, one reaction to this might be ‑
don’t write CGI scripts in interpreted lan‑
guages that are prone to attack in various
different ways. The trouble with this
approach is that people want to write in
shellor Perlbecause it’s convenient.As I fre‑
quently say, security is a compromise
betweensafety andconvenience.

What we actually needto dois to ensure
that the data that the usertypes is validated
in some way. For example, you can easily
test for a full pathname in the script above
and refuse to deliver files that start with a
slash. Actually, it’s better to prohibit file‑
names with a slash anywhere so that
. . / . . / e t c / p a s s w d i s also prohibited. All
this will disappoint the hacker. Shame.

It’s standard practice in Perl to validate
all input to ensure that it contains only
alphanumeric characters,underscore,minus,
plus,space, tab, slash,backslash,the ‘at’ sign
and the percent character. This eliminates a
great number of characters that might be
useful for someone attemptingto subvert the
actual script by supplying contents to vari‑
ables that are parts of the Perllanguage.

Further reading
I’ve again used the excellent Managing
Internet Information Services by Cricket
Liu, Jerry Peek, Russ Jones and Adrian
Nye. It is published by O'Reilly and distrib‑
uted in the UK by International Thomson
Publishing. I ts ISBNis 1-56592-051-1.

There is also a certain amount of infor‑
mation on the Web: the best entry point to
this is http:/ /hoohoo.ncsa.uiuc.edu/cgi/.
There are a bunchof gateways to be foundon
http:/ /www.w3.org/hypertext/WWW/ Gate‑
ways.html. The CGI archive can befound on
ftp://ftp.ncsa.uiuc.edu/ Web /h t t p d/Unix/
nesa_httpd/cgi/. Youwill also find there the
Perl library for unpacking CGI arguments ‑
it’s calledcgi-lib.pl.Z. a

Peter Collinson is afreelance consultant
specialising in UNIX. He can bereached
electronically aspc@hillside.co.uk, on WWW
at http:/ /www.hillside.co.uk (see the brand
new ‘Walking tour of Canterbury’) or by
phone on 01227 761824.
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Have you ever tried to stop a program after
its completion? Francis Glassborow looks

at the issues involved.

First, a few words on compiler versions. Twice in the last few days I
have had phone calls from students wanting to know where they
could buy a copy of Borland C++ 3.0 because that was the package
beingusedon their course. What could I say? Their chance of finding
a kosher second-hand copy is remote and Borlandhas longdiscontin‑
uedstocking this version.If Universities and other academic institu‑
tions insist on using out-of-date software they should arrange for
special distribution facilities wi th the original vendors of the soft‑
ware. Anythingelse encourages students to use unlicensedcopies out
of pure desperation.

On a more positive note, I was delighted to receive pre-release
information about the next version of Microsoft’s Visual C++ (see
review in EXEOctober 95) . Continuingwith its confusingnumbering
scheme, this is VC++ 4.0. I have frequently criticised Microsoft for
marketing C++ compilers that donot support current C++ language
features, soit gives me great pleasure to note that this release wil l
include support for both RTTIand namespaces. It wil l also include a
version of the Standard Template Library. As the only generally
available C++ compiler supporting namespaces t i l l now has been
Metaware High C++, this puts Microsoft near the front in language
features support. I donot yet know if they have implemented name‑
spaces correctly ‐ HighC++ doesn’t.As it was only this summer that
many members of X3J16 discovered that they had misunderstood
some of the details when they voted in namespaces eighteen months
previously, I won't bethrowing any stones if the Microsoft version is
notexactly right.At leastwewill have somethingto use while explor‑
i ng the ramifications of namespaces. In this context I am disap‑
pointed by Microsoft’s determination to restrict n e w language
support to its 32-bit compilers. Supporting new language features
creates problems for writers of lexical analysers, parsers
and the like. Supporting 16-bit versions
is only an issue for code generators.
Microsoft’s distinction
between 16-bit and
32-bit develop‑

Tidying up
ment tools seems to me to be par t of a larger commercial objective
rather than a serious technical problem.

Something for thought
Rather than place some problem code at the beginningofmy column,
and then give an answer a t the end, this time I am giving y o u a
month to think about i t . Sohere is a problem that I will explore next
time. What should bethe re tu rn type of afunction which must re turn
success /failure information that cannot easily beabused or used out
of context? There is an excellent answer in C++, but it is not the one
that may first come to mind. Asa further clue, my solution works in
C aswell asC++ though not quite aseffectively.

An object for instrumenting code
A few days ago a delegate on a C++ training course I was presenting
asked me how he could inspect output generated after exit from
m a i n ( ) . He was working on a windowing platform that automati‑
cally closed the program’s window at the end of a program r u n . Quite
reasonably he wanted to track calls of destructors that he had instru‑
mented so that they sent a message on execution. What we needed
wasa quick fix sothat the program would pause after completion ‑
a t the end o f m a i n ( ) was too early.

First note that m a n y debuggers cannot cope with code that has to
be executed before entry to, or after exit from, m a i n ( ) . This means
that setting a breakpoint in a destructor may not work.

Those familiar wi th ‘registering’ functions to be called on exit
might t ry to write a function that pauses for input and then register
it with a t e x i t ( ) . Something like this
(see overleaf):
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void wait() { ,
cout<« “Waiting. Press ENTER t conténue ;
cit. ignore(1000, ’\w’);

3
wkwam()£

akexit (wait);
, I vet & code

This almost works, but not quite. Functions registered by a t e x i t ()
are executed in reverse order of registration before any static objects
are destroyed. Remember that we want to pause the program just
before it returns to the operatingsystem ‐ a t e x i t () registered func‑
tions are executed too early.

What weneed is a function that is called at the very last instant.
The last functions executedbyyour programare the destructorsofsta‑
tic (compile-time al located) objects. There are actually some quite
nasty technical problems lurking down here in the guts of your pro‑
gram, but aslongaswestick to a single translation unit (.CPPfile for
those that are file-oriented), global objects are destroyed in reverse
order of construction. As we use i o s t r eamobjects they must be con‑
structedfirst ‐ beforeweintervene ‐ andsobedestroyed last ‐ after
wehave finished. Try the following:

include <iostream,.k>
strut Towse £

~ Towrs-( )Gonit «Wasting, Fess ENTER 5covtiose";
cia..yxore(1000, '\n');

This isjust what weneedfor the simple problem that westartedwith.
I think it is an excellent example of a minimalist object that simply
encapsulatessomebehaviour.However,youmight bein for something
ofa surprise if youassumedthat Pauseobjectsareof zero size. In order
forallobjects to haveuniqueaddresses,evendataless objectswill have
asizegreater thanzero.Currently the StandardsCommitteesarecon‑
sidering the possibility of relaxing this rule in the case of sub-objects.
The argument goes asfollows:

Within any class definition, any member that is a dataless typewill
only providebehaviour. All suchsub-objects of the same type will pro‑
vide identical behaviour. If several dataless sub-objects share an
address,the requiredbehaviourwill alwaysbedeterminable in context.
Allowingdataless sub-objects to share an address within an object can
beimportant for memoryefficiency.Notethat weneednotconsider the
complicationofpolymorphicdatalessobjects,becausethesedonotexist
(theymustcontaindata to resolvetheir dynamic type ‐ either avirtual
function table pointeror somethingequivalent).

Onevendates I amconvinced that weshouldallow zero-sizedsub‑
objects; the rest of the time I think not.A killer example showingthat
allowing them would produce ambiguous code would be helpful
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because without it their benefits are sufficiently seductive to attract
efforts to mandate them into the language.

Back to class Pause: havingwritten sucha class it becomes a use‑
ful tool for investigating various aspects of our code. We can insert a
pauseanywhere in our codewith:

{ Pause p ; }
Many people believe that callinge x i t ( 0 ) fromm a i n ( ) is equiva‑

lent to leavingm a i n ( ) with r e t u r n 0.The ISOCStandardexplicitly
requires this tobetrue. Indeed, in StandardC, I think that any call of
e x i t ( ) is equivalent to returning from m a i n ( ) . This is not true in
C++.TheC++ma i n ( ) i s very different from theCversion:
1) Youcannot callm a i n ( ) fromwithin a C++ program.
2) Youcannot take the address of m a i n ( ) in a C++ program.
3) Fallingout ofm a i n ( ) in aC++ program is equivalent to executing

r e t u r n 0 at that point (un l i ke falling out of any other function
which is deemed equivalent to executing ‘return’ ‐ undefined
behaviour unless the function’s return type is v o i d ) .
Executingeither an implicit r e t u r n 0or anexplicit r e t u r n v a l
(where v a l is convertible to an i n t value) is equivalent to calling
destructors for all a u t oobjects in m a i n ( ) and thencallinge x i t ()
‐ passingthe returnvalue to it .

Callinge x i t () anywhere in a program results in the a t e x i t () reg‑
istered functions being called before the destructors of globals being
called. The destructors ofa u t o (stack)objects are notcalled.Does this
distinction matter? Yes. C++ objects can beholdingdynamically allo‑
cated resources which are only released when their destructors are
called. Try the following two variations:

4

One aspect of dataless objects that you might like to consider is
whether it makes sense to allow them to becopied by either assign‑
ment or construction. Another question is that of the validity of a ref‑
erence to such an object. And while we are asking these awkward
questions,what aboutusingone asabaseclass?Suchquestionsareall
partof class design. Howshouldyour class support your answers?

That is about all I have space for this time. Next time I will look at
the problemI gave earlier. I will also suggest some further exploration
that you can dowith Pause . In particular I will consider the problem
oforder of initialisation in multi-file applications. This oftensurprises
even experiencedC++ programmers who have built amodel of expec‑
tationwithout considering the deep problems that canexist.

Another issue that needs consideration is how to get out of a pro‑
gramcleanly without havingto return all the way to ma i n ( ) via nor‑
mal r e t u r n statements. If I have the space, I might also suggest how
C programmers can handle dynamic resources when using e x i t ()
deep in a program. Such methods are particularly important when
writing applications for event-drivenenvironments.

As always, I am interested in feedback on the above. If you have
anythingconstructive to say, or you haveany questions youwould like
answered in some future column, my email address is francis@robin‑
ton.demon.co.uk. In thecurrent context, I wouldbeinterested in other
classes that provide instrumentationanddebuggingsupport. a

Association of C/C++ Userssubscriptions: individual£14, student £7,
corporate £75, Overload& C++SIG£15 (+ACCUmembership).

Forfurther informationaboutACCUwrite toFrancisGlassborow, 64
SouthfieldRoad,Oxford, OX4 1PA, ring01865246490oremail (with‑
out contents) info@accu.org.
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S I'VE POINTED OUT IN
the past , once you g e t
‘under the hood’ of Win‑
dows 95, you'll often find
many parts of the system

that haven’t changed much since Windows
3.1 - or even earlier! However, this doesn’t
necessarily mean that your existing Win‑
dows 3.1 installation program isgoing to cut
the mustard as far as Windows 95 is con‑
cerned. If you run a Windows 3.1 installa‑
tion under Windows 9 5 , it wi l l almost
certainly do the job, but things won't neces‑
sarily be set up optimally from the user’s
perspective. Under Windows 95, users have
a different expectation of exactly what an
installation program should do.

For example, a Windows 3.1 program
will simply open a DDE conversation with
Program Manager and create a new Pro‑
gram Manager group, adding any necessary
icons ( f o r the programitself and any associ‑
ated files such as sample data files, help
files, or subsidiary u t i l i t i e s ) to the new
group. Under Windows 95, the DDE
requests are fielded by the Windows 95 shell
and interpreted as requests to add items to
the Start m e n u . Unfortunately, this will
have the effect of adding al l these icons to
the Start m e n u , as a large sub-menu. This
approach is n o w considered bad practice
since the Start m e n u can rapidly become
unmanageable ( s e e Figure 1) . The preferred
approach is to allow the user to choose
exactly which icons he wishes to appear in
the Start menu. Similarly, a well-behaved
installation program might offer to add the
application icon to the desktop.

Registry installation issues
More important than anyoft h i s , though, is
the correct use of the registry. The registry
is central to the correct operation of Win‑
dows 95, just as it is with Windows NT.
Under Windows 3.1, everything was stored
as a mish-mash of configuration informa‑
tion in SYSTEM.INI,WIN.INI andpossibly

Vol 10-Issue 6 /November 1995

Dave Jewell discusses some of the
issues that need to be addressed when
creating a software installation program

another private .INI file which was specific
to your o w n application. Under Windows
95, this is definitely not the w a y to do
things!

This fact alone implies that a Windows
95 installation program must itselfbea 32‑
bit application. For full access to the 32-bit
registry API, you obviously need to be run ‑
ning in 32-bit mode yourself, unless you're
prepared to perform all sorts of thunking
atrocities!

Figure 2 shows the Windows 95 registry
editor in operation. Here wecan see the way
in which application paths are set up. This is
very important under Windows 95. Under
Windows 3.1, the full and complete path‑
name of an application’s executable file was
stored in the Program Manager group files.
Under Windows 95, this information is
retrieved from the registry. Every applica‑
tion m u s t register a Default value which
specifies the path to
the executable as
you can see in the
illustration. If you
r u n an application
from the start menu
by typing it’s n a m e
(e.g. RegEdit) in the
Run dialog box, Win‑
dows will first look
for the executable in
the current path. If
not found, it then
looks up the ful l
pathname of the exe‑
cutable in the reg‑
istry and tries again.
In addition, some
applications wil l
have an associated
Path value. This is
useful if your appli‑
cation has important
data files or utilities
that it expects to find
by consulting the

EXE: The Software Developers’ Magazine

for Windows 95.

PATHenvironment variable. If aPath value
is present in the registry, Windows amends
the PATH variable to include the specified
path before the program is executed.

While the HKEY_LOCAL_MACHINE reg‑
istry tree is used to store information relat‑
i ng to the program itself, the
HKEY_CURRENT_USER tree stores informa‑
tion that pertains to the current user’s use of
the program- i.e. user-specific preference
information. This is the sort of stuff that
would previously have been stored in the
WIN.INI file. If you look at Figure3,you can
see part of the subtree used by the Windows
95Explorer. Notice that because we're using
the registry, we can create an arbitrarily
complex subtree - the Explorer maintains a
number o f keys, ( D e s k V i e w , P r i n t e r s ,
R e c e n t D o c s , e t c ) , each o f which contains
one or more data values such as F o n t s ,

NetHood and P r o g r a m s .

Figure 1 -Adding iconsfor absolutely everything to the Start menu is
considered badpractice. It’s better toaddjust the primary application
icon andprompt the userfor any other icons he/she wants toadd.
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definition:the ability toeasily maintain your

sourceaieon DOS/Windows,OS/2, Windows NT
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‐ Open Computing Magazine

The power and flexibility of MKS
Toolkit comes not only from its sheer

number of commands, but from its ability to combine
these commands to perform complex programming
tasks. Here’s just a sample of what you can do with
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® tar, cpio, pax, mt, and dd enable file transfer

between operating systems and backup of your
data to any ASPI compatible SCSI tape drive

¢ the KornShell desktop tool
performs many time saving
functions such ascommand
aliasing, command recall and
control structures

“MKS Toolkit is the most important
software I own.”
‐Jake Ford, Software Mechanics
Wilsonville, OR

MKS Toolkit is a registered trademark of Mortice Kern
Systems Inc. Alll other trademarks acknowledged,
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MKS Toolkit is 0

208, ‘08/2, Windows, a”

To order call:
System Science
3-5 Cynthia Street, London N1 9JF
Tel: 0171 833 1022
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(Alpha, MIPS, Intel) and n o w Windows 95
¢ the vi editor supports both aDOS command line

interface and a Windows graphical user interface
¢ the awk programming language enables you to

write powerful scripts and design prototypes
¢ the make utility allows you to perform precise,

uniform, repeatable builds on any platform
The best toolset for Windows NT and Windows 95
N o w available for Windows NT 3.5 and Windows 95,
MKS Toolkit offers native 32-bit utilities such asVi for
Windows; tape utilities for data transfer allowing data
exchange between UNIX and Windows 95, and 32-bit
Scheduler for Windows ( l i ke aWindows c r o n ) . Other
n e w features include start, wcopy, wpaste, msgbox and
filebox, vdiff, and viw for Win32.
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M K S
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; ‘DisplayName=>Wombat “for Windows 3.7
\ P r o g r a ~ 1 \ W o m b a t \ R E M O V E. EXEU n i n s t a l i s t r i n

© Code 2:
ee {rename}
. € : \WINDOWS\ SYSTEM\NETAPT32 . DLL=C:\WINDOWS\ SYSTEM\NETAPI32 : , TMP

Cc: \WINDOWS\ SYSTEM\ VER. D L L = C: \WENDOWS \SYSTEM\VER- “TMP.

Code 3:
{ rename}
C: \WINDOWS\ SYSTEM\NETAP1 32. DLL=C: \WINDOWS\SYSTEM\NETAPT32 .'TMP

- ©: \WINDOWS \SYSTEM\ VER . D L L = C s\WINDOWS\SYSPEM\VER .-TMP

s Code 4:
\HKEY_LOCAL-MACHTNE SOFTWARE\Microsoft\Windows\CurrentVersion\SharedDLLs

C€s\Program- F i les \Cominon.-Fi lés\System\vbrun300.DLL=3

Uninstalling your software
As you'll appreciate, Windows 95 provides a
standard mechanism for instal l ing and
removing applications. To add an applica‑
tion, the user selects the Add/Remove Pro‑
grams option from the ControlPanel(Figure

R e g i s t r y Editor

4) , After input from the user, this will search
the designated drive for a program called
SETUP.EXE. Simi lar ly, the user can - in
principle - remove any application that’s
been installed provided you supply the nec‑
essary information for this task to beaccom‑

Figure2 -Al l applicatins needto have a Default key set up in the registry. This specifies
the default location of the main executable. Some applications will also needto set up a
Pathvalue.

“DAWINSE Start Menu\Programs”

Figure 3 -The HKEY_CURRENT_USER tree is used to store user-specific configuration
information. You can create your own hierarchical subtrees of information, makingfor afar
tidier setup than you'dget with old-style . IN Ifiles.
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plished. Again, this involves
using the registry to store loca‑
tion and name of the uninstall
program associated wi th a
given product. If this informa‑
t ion isn’t present, then the
product won't beincluded in the
list of removable applications
displayed by the Add/Remove
Programs dialog. A typical
entry in the registry looks like
Code1 left:

The D i s p l a y N a m e value i s
the string that appears in the
Control Panel’s list of programs
to remove, while the U n i n ‑
s t a l l S t r i n g specifies a com‑
plete path to the uninstaller.
This may be followed by one or
more command-line arguments.

It should go without saying
that the uninstall program ought to ask for
confirmation before jumping on the applica‑
tion directory from a great height! No confir‑
mation is performed internally by the
Control Panel itself - once the named appli‑
cation has been double-clicked, the unin‑
staller is immediately executed. As an
example of how not to write an uninstaller,
try removingthe SystemAdministrator doc‑
umentation that comes as part of the Win‑
dows 95 Resource Kit. Yup - it’s gone!

Microsoft recommend that you use the
uninstall program in the InstallShieldSDK
Edition (SE) Toolkit as a starting point for
your own application uninstaller. Do bear
in mind, though, that NT doesn’t currently
support the Add/Remove Programs option,
so you wi l l have to add the uninstaller’s
icon to the relevant Program Manager
group.

CD-ROM based installations
Anice feature ofWindows 95is the ability to
automatically r u n a designated program
when a new CD is inserted into the CD‑
ROM drive. Unsurprisingly, this is called
the auto-run facility. It’s also applicable to
floppy disk drives, although not all PC’s
have the hardware necessary to notify Win‑
dows 95 when a n e w floppy disk has been
inserted - this is called the disk change line.
You've probably already noticed that auto‑
r u ncomes into operation if you loadan audio
CD - Windows checks to see if it’s an audio
CD; and if soautomatically starts the CD
Player program.

Using auto-run is very simple. Al l you
have to do is include a file called
A U T O R U NINF in the root directory ofyour
CD. AUTORUN.INF is a simple text file
which can containjust two lines, as below:
[ A u t o R u n ]
O P E N = i n s t a l l . e x e
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Figure 4 - Windows 95has a built-inAdd/Remove

is obtained by phoning up
the supplier who will be
pleased to supply a key in
returnfor intimate details of
your credit card! Again, this
sort of functionality could
easily becatered for by sup‑
plying an auto-run applica‑
tion.

Do bear in mind, though,
that auto-run cannot be
assumed always to be avail‑
able. It’s possible to turn it
offby holdingdown the shift
keywhile insertinga CD,via
an entry in SYSTEM.INI or
bymeans of the DeviceMan‑
ager through the route
shown in Code2 on the pre‑
vious page. This being the
case, you should adequately
document which program
the user should execute in
the event of auto-run being
disabled.

Programs option, but bear in mind that it’s not available
under Windows NT, soyou'll need to add the icon of the
‘uninstaller’program to the ProgramManagergroup.

Thiswill r u nthe INSTALL.EXEprogramon
the CD-ROM. For obvious reasons, it would
be considered very bad practice for the
install program tojust goahead and install
the applicationsoftwareonto theuser’shard
disk without first asking! Because of the
large storage capacity of aCD-ROM, it isn’t
always a good idea to auto-run the install
program.A better choice might be to r u n
some other applicationwhich gives the user
the choice of installing the software onto a
harddisk or of runningit from the CD.

If you want to get really cute here, you
could provide a check-box asking the user if
hewants to be asked this question the next
time round. By storing this information in
the registry, you'll subsequently be able to
auto-run (from the CD-ROM) each time the
user inserts the CD. However,if you dothis,
you'll also need to provide an obvious mech‑
anism for doinga full harddisk installation
‘on demand’ should the user ever want i t . It
would also bea good idea to install a short
cut onto the start menu or desktop so that
the user can r u n the program at any time,
rather than just when the disk is inserted.
Obviously, your user would get rather irr i‑
tated having to eject the disk and then re‑
insert it in order to rerun the program! The
shortcut shouldcheck that the requiredCD‑
ROMis present andprompt for it if it is not.

It’s becoming quite popular to supply
CDs which won't install a fully operational
copy of an application unt i l some sort of
decryptionkey is entered.Typically, this key
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DLLfile replacement
Installing a new application
will often involve the replace‑

ment of oneor more sharedDLLs.For exam‑
ple, your application might come with a
redistributable version of the common
dialogsDLL. If your installersoftware deter‑
mines that the version of the DLL currently
on the harddisk is older than the version on
the distributionfloppies, then areplacement
is called for. However, this poses something
of a problem: what if the DLL we want to
replace is already in use? Under Windows
3.1, if youtry to replace aDLLwhich iss cur‑
rently being used by one or more applica‑
tions, then one of two things might happen:
if you’ve got SHARE loaded, then you'll be
denied access to the file in-use. If SHARE
isn’t loaded, then it’s a simple case of ‘light
the blue touch-paper and retire’... This is
because the next time the system tries to
reload a discarded code segment from the
DLL,it will endup loadinggarbage since the
newDLLwill havea different segment table
layout to the previous one. Fun for all the
family...

Windows 95 gets around this - though
not in a particularly elegant manner. Hav‑
ing determined that a specific DLL needs to
bereplaced, the install program is responsi‑
ble for updating a special configuration file
called WININIT.INI. This file is processed
by a small, real-mode application called
WININIT.EXE next time that Windows is
restarted.This application is responsible for
processing the various entries in the
[ r ename ] section o f the file. Forexample, a
typical WININIT.INI file might contain
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lines as in Code3 on the previous page.
Asyou can see, the final name is given on

the left-handside oftheequals sign,while the
temporary name is given on the right. It’sup
to you what temporary name you assign to
the new version of aDLL -just make sure it
doesn’t correspondto an existingfile.Also,be
sure to use standard ‘8.3’ filenames rather
than longfilenames.This is because longfile‑
name support isn’t available at the time that
WININIT.EXE is executed.

There’s another thorny issue relating to
the sharing of DLLs. Microsoft recommend
that when installing an application which
makesuseofa sharedDLL, your installpro‑
gram should increment the usage count for
the DLL, as stored in the registry, and
shown in Code4 onthe previous page.

In the example above ( taken from
Microsoft’s documentation), the current
usage count of the VBRUN300.DLL is 3. If
you install a Visual Basic application that
makesuseof this DLL,then you’re supposed
to update the usage count to 4. Similarly,
when the application is removed, the usage
count is decremented and- if the count
reaches zero - the user is given the option of
removing the DLL. Personally, this
approach strikes me as potentially disas‑
trous. Evenif your installprogramabidesby
the rules and religiously increments the
usage count, what’s to say that other people
are going to bother? If this usage count gets
“out of sync”, the DLLmay inadvertently be
deleted andyour - innocent - software might
bewhat gets theblame. I’dsteerwell clear of
this mechanismif I were you...

Rollingyour own
Fromthe above,youmayhavegathered that
wri t ing an installer for Windows 95 is a
potentiallymore complexjob than is the case
with Windows 3.1 - and you'd be right. We
haven't even touched on issues such as long
filename support, data compression strate‑
gies and soforth. If you want your installer
to work with Windows 95 andNT, then it’s
got to be smart enough to figure out the dif‑
ference in capabilities between the two sys‑
tems. If youwant it to work underWindows
3.1aswell, then your best bet would be to
start off by runn ing a small 16-bit stub
which determineswhether to run a 16-bitor
a32-bit afterburner.

If you’re goingto roll your own, then at a
minimum,you'll needto boneup on the reg‑
istry,data compression,file copyingandver‑
ifying, and shell l inks (wh i c h is based
around an OLE implementation). If you're
selling a large, complex application, then
this spadework might beworthwhile, but if
you're creating a small shareware, you may
find that your program is dwarfed by the
installer!
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tup

Figure5 - InstallShieldprovides a consistent, Windows-95 style
interface and uses a ‘Wizard’ toaccumulate informationfrom
the user before c o m m e n c i n g the installprocess.

Certainly, it makes a lot more sense to
examine some of the commercial packages
that now exist. At the present time, the only
shipping Windows 95 installer is Install‑
Shield from Sterling Technologies Inc. A
special SDK Edition of InstallShield is dis‑
tributed by Microsoft as part of the Win32
SDK, so full marks to Sterling for that par‑
ticular bi t ofmarketingstrategy! As a conse‑
quence, you'll probably find that you’ve

@--++

already got a copy of
InstallShield if you sub‑
scribe to the MSDN Level
2 programme.

InstallShieldis a large
application (approx. 400
K B ) and heavily script‑
based. It has a script com‑
pi ler and c a n
encrypted scripts - this is
very useful if you’re wor‑
ried about the added sup‑
port overhead that results
when u s e r s inevitably
start tinkering with
install scripts. The pack‑
age includes an unin‑
staller p rogram as
described earlier, so you
don’t have to write your
own.

Several other companies are working on
Windows 95 compatible installers, although
they’re not yet available at the time of writ‑
ing. These include:

PC Install from 20-20 Software. This is a
simple, no-frills installer that gets the job
done. It’s aimed at those who do no t need
every possible bell and whistle that’s going.
Pricewill be£185 for a version that supports
Windows 95 and Windows NT, £285 for

create

additional support ofWindows 3.1, and £345
for support of al l three Windows environ‑
ments plus MS-DOS.

Helpful Programs wi l l be shipping a
VisualRelease, including installsoftware for
Windows 95,N T,MS-DOS and OS/2 charac‑
ter mode in the same package. This tool,
known previously asInstalit,will cost £180.
Visual Release and PC Install are both roy‑
alty-free.

KnowledgeDynamics are workingon ver‑
sion 4.0 of their WINSTALL package. This
will bepricedat £325 for a version which sup‑
ports Windows NT and Windows 95.

If you want the full-blown InstallShield
3.0, it will cost you £465. This version does
everything that the SE ( S D K Edi t ion) will
do, but also has a number of other features,
such asthe ability to install toall three Win‑
dows platforms. For information on the
availability of all these installers, contact a
software tools distributor such as System
Science on 0171833 1022 or Grey Matter on
01364 654100.

a

DaveJewell is a freelance consultant /pro‑
grammer and technical writer specialising
in systems-level Windows and DOS work.
You can contact him as djewell@cix.com‑
pulink.co.uk.

a e See L I B R A R I E S

C + + class l i b ra r i es p rov ide
t h e b locks to he lp b u i l d
y o u r appl icat ions.
They a l l o w y o u t o c o n c e n t r a t e

on those elements of the

app l i ca t i on f o r w h i c h y o u r

e x p e r t k n o w l e d g e

is  needed.
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If y o u a r e developing in C++ then

y o u a r e probably using several

Class libraries. The benefits to you

must be self-evident, but who do

you call when you can’ t find the

Class library you seek?

-” Hypersoft Europe
PO Box 901 Hassocks West Sussex BN6 9ZS

T O 1 2 7 3 8 3 4 5 5 5
F O 1 2 7 3 8 3 4 5 9 6

T O 1 1 5  9 3 7  6 5 5 0

SUPPLY A N D S U P P O R T C + + C L A S S L I B R A R I E S

D E V E L O P E D B Y C + + E X P E R T S , U S E D B Y A L L

SPEEDS U P C + + D E V E L O P M E N T
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fi g p h e GRRL eA
ConfigurationManagement

“WechoseA l i C h a n g e because o fits
CM .functionality anditsflexibility

which enabledusto emulateandimprove
uponmanualproceduresalready in place”
‐ DavidGilmore, Charterhouse Bank

“We e e A l i C h a n g e because w ewere
impressed with theflexibility of the
product, reassuredby the manualsand
pleasedwith the brainysupport”
‐ Simon Dalley, Solartron Transducers

“We choseA U C h a n g e because i t had
alreadyproveditselfelsewhere within
Racalandit matchedour requirements”
‐ Dave Harmer, Racal Research

What i sA l i l C h a n g e ...
A l i C h a n g e is acomplete change control and configurationmanagement system that may be
tailored to site and project requirements. It is adatabase based system enabling it to know about the
relationships between items and to control off-line items such ashardware or paper documents, as
well ason-line files. Its unique action triggers enable A l C h a m g e to actively participate in enforcing
procedures. It is a truly unique configurable system enabling it to match your specific requirements.

¢ Configuration item identification
¢ Version control
Workspace management
Baselines
Bug tracking
Life-cyclemanagement
User roles for access control
Change requests
Configurationbuild
Release management
Open interface to other tools

Our productswill helpyouwith standards
(e.g. IS09000, BS5750) and are backedby (@)

our outstanding support. a Se
Platforms:A l i C h a n g e is available for c e eot ee

Windows andUNIX. Quality toolsforprofessionalsoftware developers
INTASOFT L IMITED, Tresco House, 153 Sweetbrier Lane, Exeter,

Devon EX13DG, England - Tel: 01392 217670 - Fax: 01392 437877
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Windows 95: See It All
With Nu-Mega’s Soft-ICE!

Your 32-bit Application
Debugger Is Stuck In The
Win32 Subsystem, But The
Bugs Aren’t!

When chasing a tough bug through
the multiple layers of Windows 95, you
need a debugger that can easily follow
it. You need visibility and debugging
power to chase bugs anywhere they go.
When your conventional application
debugger falls short, your only option is
SoftICE/WIN 95

System crash bugs are particularly
frustrating without the right tool. Without
visibility and control, these can take
days, or even weeks to solve. Soft‑
ICE/WIN95 gives you visibility with it’s
internal system commands. It can show
you what led up to the crash with its
back trace history capability. Soft‑
ICE/WIN 95 also gives you real control
because it can debug through any code
in any part of Windows 95.

SoftICE/WIN 95 sits right on the
metal. It is not dependent on any system
code. Its In-CircuitEmulator (ICE)-like fea‑
tures let you debug any Windows 95
code without side effects, and without
expensive hardware.

Windows 95 Is Here And
It Means Change.

SoftICE/WIN 95 understands all of the
subsystems that make up Windows 95. It
displays relevant information in each sub‑
system and gives you a bearing when you
findyourself in a part of Windows 95 that
you never expected to end up in.

Whether you want to dig in and
learn Windows 95 inside out, or you
want to be prepared for the nastiest
Windows bugs, make Soft-ICE/WIN
95 a part of your tool kit.

4GB

3GB

2GB

AMB |

Windows 935: See It all!

WINDOWS 95

Get Soff-ICE/WIN 95
Call 0171 833 1022
R I S K

SofHICE/WIN 95 is the
only debugger that lets
you debug VxDs at
source level.

You often have to step into
the Windows 95 system DLLs
to chase nasty bugs. When
you do, make sure you have
Soft-ICE/WIN 95 because your
application debugger won't do.

If you are chasing a bug that
involves 16-bit and 32-bit code,
Soft-ICE/WIN 95 will get you
through the thunks at source level.
Other debuggers can't.

Your 32-bit application
debugger leaves you
trapped here.

Soft-ICE/WIN 95 lets you
switch address contexts so
you can debug multiple 32-bit
applications simultaneously.

Some of the most difficult bugs
are the result of real mode
programs, TSRs or drivers.
Soft-ICE/WIN 95 can debug
these, aswell aseverything
else in Windows 95.

= N U L L 3 0 D A Y M O N E Y B A C K G U A R A N T E E
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WHITE LION STREET, LONDON NI 9PN
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A complete Unix operating
system for free - with source

code - is what you get with
Linux. Paul Dunne gives

youa taste of its
requirements and

possibilities.

inux is a Unix clone, originally
developedfor the 386-basedPC
but now ported to a variety of
hardware platforms. It looks
like Unix, it works like Unix,

but it is not likeother Unices’. It is uniquein
being a free product, developed by the col‑
laboration of a host of programmers world‑
wide communicating on the Internet, and
available from many ftp sites. It is free, but
not in the public domain - it is protected by
the GNUPublic Licence, a legal instrument
that requiresthose who passonaprogramto
include the rights to use, modify, and redis‑
tribute the code. It is not the only free Unix,
FreeBSD being the other well-known imple‑
mentation,but it is the only one that is devel‑

oped in a completely open manner:
anyone canjoin in.
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From Linus to Linux
Linux is the creation of a Finish computer
science undergraduate named Linus Tor‑
valds, who, dissatisfied with the Minix sys‑
tem, wrote the first versionof Linux,0.01, in
1991. Minix is a small academic Unix-clone
developed by Andrew Tanenbaum for use in
the courses he was teaching and in his book
OperatingSystems:DesignandImplementa‑
tion, published in 1987. In the early ’90s,
before its christening, ‘Linus’ Minix’ was a
bare kernel and not much else. As interest
grew, Linux ceased to be merely Linus’ per‑
sonalhobby,andbecame more and more the
work of a host of volunteer programmers
worldwide,who devote time andeffort gratis
to its extension and improvement.

Linux was officially in Beta testing until
the release of version 1.0 on 14th March,
1994. At the time of writing, two quite dif‑
ferent versions of the kernel are available:
the 1.2series,which is the stable,production
release, and the 1.3 series, which is at the
cutting edge of development, a real hacker’s
kernel still. The rest of this article is based
on version 1.2. Linus remains in charge of
kerneldevelopment. Linux has grown intoa
modern, stable operating system used for
‘real life’ applications by both commercial
organisations and non-profit educational
institutions. It now even has its own maga‑
zine, the LinuxJournal.

The kernel
Linus’skernel, though written to conform to
POSIXspecifications,and thus to bea Unix
system, is free of the years of accumulated
stuff that other Unices often have to carry
about with them. Linus, in 1991, started

froma clean slate, with nothing but the
Unix system calls asa restriction.

Linux memory management is
(or, in the light of the many porting
efforts now in progress, was) heavily

based on the capabilities of the Intel
80386 processor. Pagingis supported, of
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Delphi Developers:
> Yo u read the reviews...

N ow you need
the Magazine!

The Delphi Magazine is produced by Delphi developers for Delphi
developers. We aim to provide the best technical material to help you
develop better applications more quickly. Published 6 times per year,
each issue includes a free disk with all the code and examples plus great
shareware/freeware components and tools. All this for only £25 per
year in the UK.We also airmail anywhere in the world ‐ ask for prices.

For your FREE sample copy just
call, fax , email or w r i t e to us at :

The Delphi Magazine
41 Recreation Road

Short lands, BROMLEY
Ken t BR2 ODY

United Kingdom

Tel/Fax: +44 (0)181 460 0650
Email: 70630.717@compuserve.com
An electronic version of Issue 1 is available
f o r FREEdownload f rom the CompuServe™
DELPHI fo rum, as file TDM01.ZIP in L ibrary

Sect ion22 ( i n Adobe Acrobat™ fo rma t )

Copyright © iTec 1995.All trademarks acknowledged
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course. Up to 256 MB of swap space can be
allocated on disk, and when the system
requires more physical memory than is pre‑
sent, it will swap out inactive pages to disk.
The pagesize is 4KB.The Linuxkernelsup‑
ports demand-paged loaded executables.
That is, only those segments of a program
which are actually used, and only when
needed, are read into memory from disk.
Also, copy-on-write pages are shared among
executables, meaning that if several
instances of a program are runningat once,
they will share pages in physical memory,
reducingoverall memory usage. The kernel
implements a unified memory pool for user
programs and disk cache: all free memory is
used for caching, so the cache is reduced
when runninglarge programs.

Linux uses dynamically-linked shared
libraries, meaning that programs share
common library code in a single library file
(similar to Sun’sshared library mechanism).
This allows binaries to occupy much less
space on disk and in memory. Use of the
shared libraries is not mandatory: there are
also statically-linked libraries for those who
wish to use object debugging or who need
their application to r u n even if shared
libraries are not available. Linux shared
librariesare dynamically linkedat run-time,
allowing the programmer to replace library
moduleswith their own routines.

To reduce further the system’s footprint,
Linux implements loadable modules. These
are parts of the kernel which are not linked
directly to i t . They are loaded only when
required(typically onsystem start-up by an
re script).

Life with others
Linux will happily co-exist on i ts own parti‑
tion alongsideone or moreother OSs.Which
one of them is loaded at bootup is controlled
by lilo, the Linux boot manager. Further,
Linux can actually beinstalledand r u nona
DOS partition,using the UMSDOS file sys‑
tem. UMSDOS is FAT compatible but also
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You can do
anything with
Linux that you

might contemplate
doing with Unix

supports long filenames (see below). The
neat little package ‘mini-linux’ works this
way; it includes UMSDOSas its only file
system.

The most common file system in use on
Linux systems is the ext2, or extended2 file
system. This is a modern, sophisticated file
system offering support for file names up to
254 characters long,variable disk-block size,
crash recovery, andfiles of up to 4 TB in size.
Support for other file systems is extensive:
ISO-9660(CD-ROM), MS-DOS(fu l l reading
andwriting), OS/2 HPFS(read-only),NTFS
(read-only),Xenix, Minix and SCO.

Support for UNIX System Laboratory’s
ELF (Executable Loadingand Linking) for‑
mat for executable files is now included in
the kernel, and the standard Linux C com‑
piler, gec, can produce ELF binaries. This
gives Linux developers a much easier time
when developingsharedlibrariesandimple‑
mentingdynamic loading.

Resources
So I need a big, expensive machine to r u n
Linux on, right?Wrong! Linux will r u n hap‑
pily on today’s entry-level PCs. Most PCs
will r u n Linux, as it includes support for
MFM, RLL, IDE, and many SCSI con‑
trollers, ISA, PCI and VESA buses, many
common proprietary CD-ROM interfaces,
SoundBlaster cards and compatibles... the
list goes on. Work is in progress on a port to
the Alpha chiparchitecture, to the PowerPC
and MIPS chips. In this article, I will con‑
centrate onLinux asit runs onaPC,asthat
is the platform I am most familiar with.

Linux can run on a 386SX system with 2
MB RAM anda single high-density floppy
drive. Such a configuration cannot domuch,
but it is a cheap and cheerful way of trying
out Linux! Indeed, one of the nice things
about Linux is i tsscalability: it likeslotsand
lots of everything, but it will still work with
much less. Add a 40 MB hard drive to the
above minimal system and you dohave a
working system. The laptop I use when I'm
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out and about has a 386SL, 4MB RAM,and
an 80 MB HD,and I manage quite nicelyon
i t , thank you!

In practice, at least 4MB of RAM is
desirable - and aswith any modern operat‑
ingsystem, the more the better. For X Win‑
dow, the minimum physical memory
requirement should beuppedto 8 MB. With
lessthan 16MB ofRAM,a swap partitionon
the hard disk is well worthwhile. The
machine I am writing this on has 16 MB of
SIMMs and another 16MB in a swap parti‑
tion. How much hard disk space you will
need depends completely on your require‑
ments: typical Linux set-ups consume
between 60 and 200 MB of space. According
to some statistics gathered on a sample of
more than 5,000 Linux users, 22% of users
have a 486-33 and 32% a 486-66; 40% have
between 5 and 8 MB of RAM and 37%
between9 and 16.

Practical applications
You can do anything with Linux that you
mightcontemplate doingwith Unix.That's a
broadclaim,and I know that there are those
who are sceptical of the stability and secu‑
r i ty of an OSthat’s given away. Lets take a
look at someof the things peopleare actually
doingwith Linux.

Linux is ideal for academic institutions,
offering them a cheap way of exposing their
students to the code of a real operating sys‑
tem. But it is by nomean limited to the aca‑
demic or hobbyist worlds, it has now made
inroads into ‘real world’ commercial envi‑
ronments,with hospitals,for instance,using
it on a daily basis.

The use ofL i nux in all areas of Internet
service provision has exploded over the past
year. David Dennis, the maintainer of the
best FAQ (Frequently Asked Questions) on
being an ISP (In ternet Service Provider,
natch) says: ‘My present system networks a
85 MHz Sun clone with a Linux PC; the
Linux PC is connected to the Internet
through a 28.8 Kbps SLIP connection.
Although it wasn’t frightfully easy toconnect,
everythingis now working surprisingly well,
with little trouble. Even after over a year of
operation, the system has successfully with‑
stood quite heavy loads... the system stayed
up for 47 days without crashing.’ (The latest
version of his fascinating introduction to the
world of an ISP can be found at the URL
http:/ /www.amazing.com/internet|faq.html.)

Who uses it
Sellers of Linux CD-ROMs shift 30,000 to
40,000 units per month in total according to
the Linux Journal. Harald Alvestrand in
Norway compiles statistics on the use of
Linux worldwide. In his own words, as of
2nd October 1995, ‘there are 20,967 regis‑
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Howto save
eas

y o u r shareof o v e r
£3,100,000,000 a yea r.

Parallel/
Serial

Da ta Encryption
Systems Limited

SilverStreetHouse,
SilverStreet, Taunton,

Somerset. TAI 3DL
Telephone 01823352357

Fax01823352358
BBS01823352259

deskey@silvercityscape.co.ukR
®&CIRCLE NO. 402

That’s howmuchmoneywas lost in
europe through improperor illegal
useof software lastyear. Your money.
If you are in the businessof software
development, then theemphasis ison
you to protect your own investment
by securingyour software products.
Since 1985,DataEncryptionSystems
havebeenthe UK’s leadingsoftware
protectionspecialists.They have

createdarangeof state of the art
security solutions for

a > J_ softwaredevelopers and
\ ©If managersalike.

Whilst retainingan
impenetrable levelof security the
DESkey iseasy to implement, reliable,
transparent in operationandvery
flexible.
Ourunrivalledrangecovers all
standardoperatingplatforms
includingDOS,Windows,Macintosh,
UNIXandenvironments fromstand
alone systems to LAN’sand
mainframes.
DESkeysare available in avariety of

low-costhigh-speedmodelswhich
includethe standardDK12,the DK37
PCMCIA, the DK8MacDESkeyand
the immenselysophisticatedand
versatile DK2andDK96.
AndaswithallDataEncryption
Systemsproducts,DESkeysareeasy
touse.

WithDESlockandDESnetyou can
implementDESkeys in amatter of
seconds ‐ by just typingasimple
DOScommandor selectinga
Windows icon.

What’s more,DataEncryption
Systems cangiveyou total technical
support includingbespokeproduct
development and,where
appropriate, access to our highly
experiencedteamof designers.
Now, thanks to Data Encryption
Systems, there isagenuinealternative
to lostsoftwaresales.
They'reworth looking into M a b e ot
n o w ‐ t o save your shareo f
the&3,100,000,000! Promoting the legal

use of software
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tered Linux users. I estimate this as being
between 0.2 and 5% of the total number of
Linuxusers,givingatotal community size of
something between 419,340 and 10,483,500
members.’ I recommend his Web page at
http:/ /domen.uninett.no / ~hta /linux/count
er.html.

Pluses and minuses
For the user of more traditional versions of
Unix, Linux wil l naturally have caveats.
What about support? they cry.And security?

Most adapter card manufacturers in the
PCUnixmarket are concentratingon Linux
and SCO. This isone area where the distrib‑
uted nature of Linux’ development is a
major plus: as longassomeone, somewhere,
has the card, a Linux driver is probably
beingwritten. With the growing Linux com‑
munity, hardware manufacturers are not
wait ing anymore for Linux support to be
implemented by volunteers - some are
already taking the plunge.

Technical assistance is readily available
nowadays. The Linux newsgroups on

The onus is
on the system

administrator to
make the system

secure

USENET wil l usually provide friendly
answers with useful information within
hours of your posting a question. If more
help is needed, then there are more and
more companies springing up around the
UK who will be glad to help ( i n exchange for
a small contribution, that is).

Security is one of the primary concerns
with any operatingsystem. With Linux,the
concern is emphasised - it doesn’t spring
from the box ready-configured. Instead,the
onus is on the system administrator to
make the system secure. That said, given a
competent sysadmin, there is no reason to
think that Linux is less secure than any
other Unix. Bryant Durrell, in the Linux
section of the ISP FAQ, gives some advice:
‘You will have to make sure you follow the
various Linux newsgroups if for no other
reason than to stay up to date with that
issue.’

Regarding Linux’ stabil i ty, the main
issue is the hardware it runs on. Like any
Unix, it is much less tolerant of imperfec‑
tion than dozy old DOS. Given due care in

sreputed to beamong the best. It is acollection of s X
runonthecurrent version ofthe kernel and distributedwith:

i n u xounter got their system asSlackware: Most CDresellers now F
Linuxdisk or two. Lasermoon(on01329 834944) specialisesin Linux.
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the setting-up and installation of compo‑
nents (there are now companies that pro‑
vide ready to r u nLinux boxes),aproduction
Linux kernel can be relied on to r u n for
weeks and weeks without rebooting.
According to the LinuxInfoSheet, ‘One site
hada computer runningversion 0.97 patch‑
level 1(datingfromthe summer of 1992)for
over 136 days without an error or crash. ( I t
would have been longer if the JCB operator
hadn’t mistaken a main power transformer
for a dumpster...) Others have posted upti‑
mes in excess of a year.’ Many of the soft‑
ware tools available with a Linux system,
such as gcc, have been developed by the
Free Software Foundation as part of i ts
GNU project. (See the reviews of gec in the
February (pp 55-59) and March (pp 42-43)
issues of EXE.) In a survey of Unixtools, the
GNU set were found to be up to 40% more
reliable than commercial equivalents, in
terms of not crashing, not dying on bad
input, and so on. Some have a tendency to
distrust anything that doesn’t make a sub‑
stantialhole in one’s budget,butevensothe
quality of the GNU programs surpasses
many commercial products. (A full copy of
this report is available at the URL
ftp:/ /grilled.cs.wisc.edu /technical_papers/
fuzz-revisited.ps.Z).

Unix-heads have traditionally poured
scorn on the limited hardware of the PC
world. Historically, this attitude had much
to commend i t ; of late, however, PC hard‑
ware has been improving: faster chips (Pen‑
tium), better motherboards (PCI), cheaper
andbetterSCSI,bigger andcheaper disks.A
Unix workstationcan bebuilt from PCcom‑
ponents and use Linux as its OS, and com‑
pare on favourable terms with a
similarly-priced Sunworkstation.

Everything, including source
Linux is now a complete systemwith a large
committeduserbase. In additionto gettinga
powerful and stable system, the possibility
of gettingthe complete source of the full sys‑
tem makes it very attractive. It offers the
technically-minded user access to what
other systems keep hidden.Those whosejob
is toprovide computer solutions for business
are increasingly realisingthe advantages of
an OSwhere everything is out in the open,
since it gives them more scope for providing
their customers with exactly what they
want.

a

PaulDunne runs a computer consultancy
firmcalled InformationUnbound. The com‑
pany is based in Surrey and specialised in
Linuxand the Internet.Sendemail to
info@tiny1.demon.co.uk or call 01483
577250.
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FromChaos to Classes - Object Oriented Software development in C++ reviewed by Mary Hope

TROLS o a k son object tech
10 Cl ASSL nology tended to focus

either on the analysis
and design end of the
life-cycle (eg Rum‑
baugh, Booch) or the
implementation end.
Those covering imple‑
mentation in C++

have moved on from tentatively mentioning
classes halfway through to more modern ones
that throw in a final chapter on templates and
exception handling. The strength of From
Chaos to Classes is that it bridges the chasm
betweenOOA/D theory andC++.

Thebenefitsof this all-embracingapproach
are obvious but the danger is that the text
becomes of monstrous size. This book has not,
at a quite readable 360 pages. This is achieved
by adopting a concise bullet-point style and
assuming the reader has a good grounding in
C++. What other book gives you an implemen‑
tation of an ADT (Abstract DataType) using a
template and mentioning exception handling
by page 17! As you would guess from this, it
coversa lot of ground. But it is clearly written

Ob jec t -o r i en ted
Soteware Developmone

andwell set out and, ascomputer books go, is a
‘good read’.

It starts, inevitably perhaps, with a look at
OO concepts, but does this in more depth than
most other books. Duffy is good on categorisa‑
tion and describes nine different types of ISA
links (egsubset/superset, a kind of, conceptual
containment, role value restriction etc), six
types of aggregation relationships (eg compo‑
nent-integral, material-object, portion-object
etc) and a hierarchy of types of polymorphism.
It is not that this is new, but that it is all the
best gems gathered together with clarification
through examples. What I have not seen so
clearly written about before is the mapping of
these concepts to C++.

The middle section of the book looks at the
process of software development using three
case studies. The main method described is
Rumbaugh’sOMT,butDuffy supplements this
heavily with other approaches. He extends
Rumbaughat the front endof the lifecyclewith
a comprehensive coverage of requirements
determination and at the other end with more
detail about design options. As well as looking
at object design in C++ there is a pragmatic
chapter onimplementinganobjectmodelusing

Running LINUX reviewed by Edward Kenworthy
Despitehavinga horror
of UNIX, the LINUX
operating system has
always held a fascina‑
tion for me. A complete
UNIX compatible ‑
which is to say grown
up andmature - operat‑
ingsystemdevelopedby

volunteers on the Internet and available for
free, or nearly so. And what UNIX tools aren't
available for i t , thanks to the GNU foundation
and others, aren’t worth talking about. What
could bemore exciting?

My only problem had been the aforemen‑
tionedhorrorofUNIX(as optimisedby vi, spit)
and the lack of a machine to r u n it on (mine
being taken up completely by a nice, user‑
friendly operatingsystem -MS-DOS!Well, you
can play Doomoni t , can’t you? OnLinux, too ‑
E d ) The latter problem was overcome when
hard disk prices came tumbling down and I
installed an obscenely large hard disk onmy
PC.What to dowith all that space?The former
was addressed by buying Running LINUX,

68

published by O’Reilly. After all, any book that
claimed to be able to make me into a LINUX
power user must begood, mustn’t it? My only
concern was that I would suddenly lose my
dress sense, grow abeardand sprout sandals!

RunningLINUXis really a very good intro‑
duction to this UNIX clone. It begins with the
expected history and general overview of
LINUX, its hardware requirements and com‑
parison w i th other operating systems. And
then, it’s straight into the most important part:
installingit. Ihadabsolutely noproblems at all
re-partitioning my hard disk using an ‘experi‑
mental ...non-destructive’ - surely anoxymoron
- piece of software. Anyway it worked perfectly
and despite dire warnings about everything
that could gowrongwith the installation,espe‑
cially as I was using (presents cross and garlic
bulbs) aDiamondvideo card! (Apparently they
werea bi t slow to publishthe specifications nec‑
essary to write LINUX drivers.)

Thebook thenmoves onto cover such inter‑
esting topics assystem administration (people
reallyput upwith that?) andthe generaluse of
LINUX and programming. It even covers how

EXE: The Software Developers’ Magazine

a relational database. To complete the imple‑
mentationoptions,Duffyexplains the concepts
of object orienteddatabases andgives aflavour
of the syntax of two OODBs (ObjectStore and
Poet).

Finally, Duffy gives some guidance ongood
practice and summarises the software develop‑
ment process. On reflection the rangeof this
book is tremendous. It is not an introductory
book but it is thorough and well constructed. It
also has a most readable style. You have to
admire someone who has obviously lived and
breathed C++ for several years and yet can, in
the final chapter, includeamangledJamesJoyce
quotation ‘C++ has a great future behind it’.

WOVerdict:
An informativeandperceptive book.

Title: FromChaos to Classes;
Object OrientedSoftware
Development in C++

Author: DanielDuffy
Publisher: McGraw-Hil l
ISBN: 0-07-709118-3
Pages: 365
Price: £29.95

to bui ld a new kernel, from obtaining the
source to re-compilingand installingi t .And, of
course, ‘What to do in an emergency’ as the
final topic of essential system management.
Truly re-assuring!

My only real complaint is that it isn’t criti‑
cal enoughof the operatingsystem - it tends to
ignore those little foibles, inconsistencies and
pitfalls present in both LINUXand its inspira‑
tion. But this seems to be a common trai t of
most books written about any operating sys‑
tem. Aside from that, RunningLINUX is an
interesting and accessible introduction to the
truly fascinating world of LINUX.

WOverdict:Recommended

Title: RunningLINUX
Authors: MattWalshandL a rKaufman
Publisher: O’Reil ly & Associates, Inc.
ISBN: 1-56592-100-3
Pages: 578
Price: £18.50
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Powerful.
_ Efficient.
Cutting edge development tools

for Windows developers
£195
©The best spreadsheet component just got better!
©NEW! Now available asa16-bit and 32-bit
OLE Custom Control.
©NEW! Read and write Microsoft Excel 5.0
worksheets.
©NEW! Support for Excel-style workbooks
including the tabbed worksheet interface; include
up to 256 worksheets in a workbook! Plus, use
three-dimensional cell references.
©Enhanced calculation engine. The fastest
spreadsheet component just got foster!
©Larger color palette.
©NEW! New worksheet functions including
SUMIF, COUNTIF, CONCATENATE, ROUNDUP, and
ROUNDDOWN.

©NEW! New events including Mousedown,
Mouseup, Mousemove, ObjGotFocus, ObjLostFocus,
and Modified.

Average Annual Humidity

£195
Now,get even more charting and graphics power!
©NEW! Now available aso 16-bit and 32-bit
OLE Custom Control.
©NEW! New chart types include XYZ, Contour
and 3DSurface charts.
©NEW! New dato grid allows you to view and
interactively change chart dato.
©NEW!Chart Wizard takes you step-by-step from
row data to finished chart. Plus, it includes aneasy‑
to-use gallery of chart types.
©NEW!Complete object-based API.
©The only charting component that gives you a
photo-realistic rendering engine. Create 3Dcharts in
true perspective.
©Royalty-free run time distribution.

£129
©NEW! Now available aso 16-bit ond 32-bit
OLE Custom Control.
©NEW! Improved and streamlined API.
©Includes comprehensive stondard dictionary with
more than 100,000 entries.
* Easily create custom dictionaries with built-in
dictionary maker.
©Royalty-free run time distribution.

Visual Components propels you into
the next generation of Windows‑
based application development with
the introduction of our OLE custom
controls. Available as 16-bit and 32‑
bit products, reusable OLE compo‑
nents from Visual Components are
the perfect tools for building state of
the art, cutting edge applications in
Visual Basic, Visual C/C++, Access,
Visual FoxPro, and other OCX sup‑
ported environments.

Look to Visual Components for
robust development tools that
provide unmatched functionality and
the reliability you require for mission
critical applications. It won't take
long for you to understand why we're
absolutely the leader in component
software.

CALL
= +44 1892 834343Ui LENEXA HOUSE, 11 ELDONWAY,

PADDOCK WOOD, KENT
TN12 6BE, UK

TEL: +44 1892 834343 » FAX: +44 1892835843
The Leader in Component Softwore BBS: +44 1892835579

©1995 Visual Components, inc. All rights reserved. First Impression is a registered trademark andVisual Components, Formula One, VisualSpeller, and VisualWriter are trademarks ofVisual Components, Inc. Microsoft and Windows
are registered trademarks of Microsoft Corporation in the USA and other countries. All other names are trademarks or registered trademarks of their respective companies.
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More 32-Bit Cut PriceMadness!
Nowyou have an evenwider choice of titles to get you up to speed inWindows 95 andWindows NT.
Findout what Windows 95 can do for you on the ‘Net.

Windows 95Programming
Unleashed
by various.
1100 pages
Normal Price: £46.95 incl. VAT
+ EXESubscribers Price:£35.20*
| herddeveloper of retail or corporate

software will have to learn the details
of programming for Windows 95. Windows
95adds several new wrinkles into the already
complex businesss of Windows programming. A l l these are
covered: MAPI, TAPI, WinSock, Plugand Play, OLE Automation and
more. Authored by the SAMS programming/development group, each
chapter is written by an expert ona particular topic, leading to the
most complete and comprehensive reference available.
Includes bonus CDROM

32Bit Programming
byBenEzzel
800 pages
Normal Price: £37.51 incl. VAT
+ EXESubscribers Price:£28.15*

he ideal book for C/C++ developers eager to port their applications
to 32bit. This title goes beyond API references and functions to

£3.50

PostCode:

70 EXE:The Software Developers’Magazine

emphasise design and functionality, discussing how 16bit apps can be
adapted to 32bit. 32B i t Programming is a hands-on illustration of
WinNT andWin95 API services, offering representative coverage of
every category of function: message box dialogs, the resource editor,
menus, toolbars, status bars, custom dialogs and the rest. By Ben
Ezzel, author of over a dozen programming titles.
Includes bonus CDROM

Navigating the Internetwith
Windows 95
ByNedSnell
400 pages
Normal Price: £22.95
+ EXESubscribers Price:£17.20 *
Az written and easy to

understand introduction to using
Windows 95’s exciting lineup of Internet access
tools. Coverage includes numerous real-life examples ofwhat
each tool can doon the Internet. The book offers various listings of the
best Internet resources in each category. You'll find out how to select a
service provider, configure Windows 95 for Internet access, use
Windows-based Internet software tools, and navigate to various types
of resources and popular destinations.
Includesbonus disk of Internet util it ies.

ii
The GUIStyle Guide i
Agents Unleashed
DatabaseDeveloper'sGuide with Visual
Object Oriented Programming inC++
Win 32API -Desktop Reference
DevelopingPowerBuilder4Applications _
HeavyMetalOLE2 Programming
UnauthorisedWoe Developers

BOOKPAGEORDERS
MySubscription Club Number:
Payment Options
Cheques or purchase orders only for the moment.
( tenclose a cheque for

(payable to EXE Magazine and drawn on a UK bank)

=
1
1
1
1
1
!
1
1
!
1
1
1
1
i

(1 | enclose a company purchase order. Pleasesendan ]
Invoice. ]

1
1
1
1
1
1
1
1
1
1
1
1
4

Simply fax to 0171 437 1350 (with purchaseorder) or post
(with cheque) this form with your order to:
EXEBook Page,Centaur Communications Limited,
Freepost 39 (WD1414/29),St Giles House,
50 PolandStreet, LondonW1E6JZ
Pleaseallow 28days for delivery.
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Crucial Competitions
* FREE BOOKS *
C++ Programmer’s Guide to the Standard Template Library
ByMark Nelson
This book provides a thorough introduction to the
STL even before compilers begin shipping with
this new tool. Using the STL’s ANSI-sanctified set
of reusable C++ components you can now build
template-based programs that are as sleek and as
powerful as those coded by hand. And because
STL adds the containers and algorithms found in
pure object-oriented languages, it makes C++
more potent than ever. Watch your code perfor‑
mance soar now that you can concentrate your
time and creativity on functionality - instead of
reinventing the programmingwheel!
@Inside,find the resources you need to start using the STL today. Get a compre‑
hensive introductionto the STLjust ascompilers beginto feature this newlibrary.

@Understandhow generic C++ components have evolved into work-expediters
rather than code bloaters, surpassing the twin tests of programmingflexibil‑
ity and efficiency.

@Explore STL from inside out: a comprehensive look at template container
classes and algorithms - including vectors, lists, queues, stacks, and associa‑
tive arrays.

@Discoverhow templates can turn your C++ compiler into a factory that builds
new classes and functions asneeded.

@Learn how to use C++ templates to create customised code that out-performs
code built from scratch.

@Find expert advice, illustrations, and real-world programming examples to
help you exploit the powerful tandem ofC++ and the STL.

@A free disk features the complete Hewlett-Packard STL, including specifica‑
tions. Save time with valuable Source CodePrograms and Sample Programs.
Publishedby IDGbooks (01812316661)

To win a copy senda post card to the freepost address, marked “STL”,
to reach us by the 30th. Thefirst card to bedrawn wi l l win.
Advanced C++ ByNamir Shammas
The comprehensive guide to powerful C++ programming. The next step for pro‑
grammers who have achievedproficiency in C++ and want to learnmore.
It covers extensive programming issues, object-oriented programming and

data structure tools. Text boxes and icons highlight programming notes, tips,
tricks and warnings. It includes a disk containing complete source code for all
examples in the book. Covers all major compilers.
784 Pages. PublishedbyPrenticeHall (01442 882163)
To win a copy of this book senda post card to the freepost address
marked ‘Advanced C++’. The first card to be drawn out of the hat on
30th of this monthwi l l win.

* FREE SOFTWARE *
Totally Twisted Screen Saver
After Dark has been entertaining millions with its screen savers since its debut
in 1989.Now Berkeley has taken this best-sellingscreen saver and gone psycho!
Instead of Flying Toasters, Toilets wing their way across your screen, cows

bungee jump, and chameleons do the conga
across your desktop, pausing only to sponta‑
neously combust. Featuring 13 outrageously
warped and fully animated displays including
an interactiveMimeHunt,Totally TwistedAfter
Dark is hilarious entertainment for those who
like to walk onthe slightly weirder side of life.
Founded in 1987, Berkeley Systems, Inc. is most recognised for its widely

popular, award-winningAfter Dark and other animated screen savers, such as
The Looney Tunes, The Simpsons and Star Treck: The Next Generation Screen
Savers. The company has since diversified with Triazzle Living Puzzles and
the new pop-culture trivia game You don’t know Jack, due out in October. To
find out more about these products call Berkeley on 001 510 540 5535, or in
the UK call Softline on0181401 1234.
To win a copy of Totally TwistedAfter Dark, send in a post card to the
freepost address marked ‘Totally Twisted’. The first card drawn on the
30th w i l l win.

WEBSITE - FREEcopy to give away
WebSite allows Windows NT 3.5 andWindows 95 users to begin publishingon
the Web with an affordable, powerful, all-in-one package. Its intuitive graphi‑
cal interface is natural for Windows and
NT users. Features include:
@32bitHTTPserver that letsyoumaintain
a set of Web documents, control access,
index your desktop directories, and use a
CGI program to run other applications
fromwithin aWeb document.

@WebView providesa tree-like display of
the documents and links onyour server;
icons for file type, access state andbrokenlinks;a graphicaleditor for enhanc‑
ingimages in Webdocuments; wizards that automatically create commonWeb
documents; a search button; an indexing tool that allows users to search for
terms onyour server; andmultiple windows to view several Web sites simul‑
taneously.

@EnhancedMosaic 2.0 with progressive display of documents, a tool bar, secu‑
r i ty frame works and secure HTTP, support for sound and external viewers,
display of in-line JPEG and other graphical files, and support for DDE.

@Complete documentation: a 325-page book that clearly describes how to use
these resources, including tutorial sections, task descriptions,andchapterson
usingCGI to runexternal applications; andon-line Help that describes all the
product features.
WebSite is published by O'Reilly & Associates. Telephone 0171497 1426 for

further details and stockists.
To win a copy of this prize, simply send in a postcard to the freepost
address answering the question, ‘What does CGI stand for?’ The first
correct entry to bedrawn wil l win.
CompetitionWinners September Issue:MKS InternetAnywhere - S Reeve, Sutton Coalfield
Essential Internet Starter Kit -Julie McCarthy, London: Top 10CDCombo - Paul Richter, Kent:
Pretty Polly - Patricia Rogers, Islington:Crossword - DavidHarrison,Wigan

SuzanneChamberlain, FREEPOST 39 (WD1414/29), EXE Magazine,
Centaur Communications Ltd, St Giles House, 50Poland Street, London
WIE 6JZ. Information supplied by publishers.
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UNIVERSITY OF BATH
Video Coding Group

RESEARCH PROGRAMMERS

Graphical applications experience with the Win 32 API is
essential.
Salary in the range £14,317 to £21,519 per annum depend‑
ing on qualifications and experience.
Closing date for applications is 14th November 1995.
Informal contact may be made with Professor DM Monro,
School of Electronic and Electrical Engineering, Fax:
(01225) 826073 or e-mail: d . m . m o n r o@bath.ac.uk.
Application forms and further particulars may be obtained
from the Personnel Department, University of Bath,
Claverton Down, Bath BA2 7AY or phone Bath (01225)
826092 (e-mail A.J.Witcombe@bath.ac.uk) quoting Ref

GUPTA SQL
Surrey £18k-£30k

ICARUS Systems Limited, a small but
dynamic software house with an impressive
client portfolio, require several SQL Base
and SQL Server Developers utilising both
MS and Gupta products to design,
implement and maintain Relational Data
Models within an MS-Windows en‑
vironment. Cross training can be given in
Sybase and Windows NT. Also the
opportunity to mix in-house development
with customer facing consultancy projects,
progress to Team Leader status.

To apply, forward your CV to Robin
Phillips at The Windows Connection, The
Elms, 26 Broad Street, Wokingham,
Berkshire RG40 1AB.
Tel: 01734 892444. Fax: 01734 893322.
Email: mail@winjobs.win-uk.net.

advertise, call Kathryn Tracey 0171 287 5000 x3402
email: kathrynt@dotexe.demon kK

No. 95/227.
Working towards EqualOpportunities
Advancing Learningand Knowledge in
Association with Business and Industry

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

WINDOWS DEVELOPERS
Visual C++ v4 & MFC v3.5

North Kent/M25 £20,000 to £50,000
If you are degree qualified and possess at least 2 years com‑
mercial exper ience o f C++ (any version), then you're just
what my client is looking for. Using the very latest Visual C++
& MFCtools you will be developing this company’s PC based
Global Investment Management applications. any other
expe r i ence o f Sybase, Financial systems Object Orientated
Design or UNIXwould also be useful.

Ref: DL/191

| Motor Racing Systems
Birmingham to £25,000 +Benefits

H}This well known “name” in the provision of software systems
0 the motor racing industry is currently looking for a

9 Developer to work on their Windows based applications. You
will need to have gained at least 18 months experience of
Visual C++ & MFC coupled with either an understanding or a
background of PC hardware and architectures.

Ref: DL/192

Visual Basic Developers
Milton Keynes To £24,000 +

Excellent financial benefits
I f you have a minimum of 18 months exper ience o f Visual
Basic under MS-DOSor MSWindowsthese positions arewell
worth pursuing. Working on critical financially based systems
for the banking fraternity, these opportunities offer a first
class career move. Technical skills which include someof the
following will guarantee you an interview: Visual Basic, Visual
C++, MSWindows, MS-DOS MSAccess, MSMail, MSOffice.

Ref: PH/193

| Oriented environments.

Visual C++, Data Capture/Image Processing
Slough to £28,000
ur client is the leading supplier of the most advanced Data
Capture Technology today. this company is currently devel‑
‘oping a complete solution incorporating such features as
OCR, DIP, ICR and MICR. They are now seeking Software
Engineers to help them maintain market leadership. You will
need experience of Visual C++ in an MS-Windows environ‑
ment. Any experience of Real Time systems or an interest in
Data Capture or Image Processing would be an advantage
although not essential. Ref: JJ/193

Object Oriented Senior Developer
City to £42,000
We require a senior developer to work on the very latest in
ommunications technology. this company is one of the lead‑
ing solution providers of LAN-based integrated communica‑
tions systems, using the very latest technology in Voice
Processing, Fax and Electronic Mail. We are now looking for
a Senior Developer to work on new complex and innovative
solutions. You will need at least 3 years solid C++ in a MS‑
Windows environment and have some skills in Object

Ref: Ju/195

Visual Basic V3moving to V4
Middlesex £17,000 to £22,000
This company develop a range of software and hardware
products for industrial testing. they are currently developing
their software systems with Visual Basic V3 but future pro‑
jects will use Version 4. They are looking for a Software
Engineer with one years experience of Visual Basic with any
of 'C’, C++, API programming, DLL’s, Device Drivers or MFC
who is interested in gaining new Visual Basic experience.

Ref: DL/194

Creative C++ Developers
Cambridge £17,000 - £27,000
This company develops high profile CD ROM/Multi Media
systems encompass i ng both Windows and Mac technolo‑
gies. A m i n i m um of one years C++ programming is required
for the junior positions with an interest, o r ‘some’ exper ience
in Windows. For the more senior posts you will have two
years of ‘C/C++ along with MFC or SDK and a good degree.
Exciting moves into NT, Mac and on-line Internet systems
development is already planned. ;

Ref: PH/194 [J

Client Server Development
West London £22,000 - £28,000
This well established market leader develop a range of soft‑
ware for the travel industry. They are seeking developers to
work on their new client server application written in C/C++
and 4GL's with an MSWindows client served by Oracle and
Gupta. Opportunities to progress into internal project man‑
agement, client liaison and the evaluation of new products
and tools, is available for those seeking a springboard for
their career. Ref: PH/196

OLE2
Farnborough up to £25,000
OLE2 Windows Developer urgently required. This vacancy
would suit agraduate with a minimum of one years OLE/MFC
experience who is seeking their first career move. The pos i ‑
tion is to jo in a very friendly team developing shrink wrapped
Windows packages for mass consumption. The company
offer a flat management structure coupled with salaries of up
to £25,000 for only 18 months experience!

Ref: TJ/191

These are asmall selection of our current vacancies. Pleasecall orsend/fax aCVfor more information.
ON VISIONComputerRecruitment,70A HighStreet,Stony Stratford,MiltonKeynesMK111AH.

Telephone: 01908 260910 Fax:01908260098



Please send your rants.
raveStand competition
entries Ta,
Ctri/Break
EXE Magazine
50 Poland Street
LondonW1V 4AX

Brion and Betty ty Nail Kerber
YOU SHOULDN'T w ] e~/<ae o) FoR m Y ) / No,For
So CLOSE To MY EVES?Screen: 7 sr yoo Diou'T

BRUSH YOUR
| a u l

RTFM-with atwist
It will have been pretty hard for any of
you to have missed the IDG‘Dummies’
series of books for novice computer
users.Thepublishersofwhichappear
relentless in their a im to r id the
planetof technophobia once and for
all. However, it may still come as
something of a surprise to hear of
their latest title:SexForDummiesbyDr Ruth
Westheimer. It would appear that IDGaremovingon
fromcomputers to pastures new. Includedare tips on findingapart‑
ner,keepingromance alive, cybersex andmore.All in all it looksset
to be slightly more interesting than the average users’ guide. ‘Per‑
haps IDGhasat last identified the true needs of the computer user,’
comments the press release. Ctrl-Break is pleased to note that the
committedEXE team is prepared to review the book ‘in the interest
of abroader editorial spectrum’. Sex ForDummies is available from
November 1995,priced£15.99

ACROSS

PRIZECROSSWORD beeen aenbeene ean
environment (7)

DOWN
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1. Struck ablow for old media (7)
2. Injuredman | steal with plywoodand similar (9)
3. Posh-soundingjobs (5)
4. The firstkey at Key Stages 1 and 2 (7)

‘Safe’ the net
In the r u n up to World AIDS Day on 1
being encouraged to‘ he net t
ribbons o n t o their emails and other c omm u n i c a t i o n s

D s available include a red ribbon ofl ips t ick kisses by
Joanna Lumley, a red ribbon shirt from clothes de
Smith and red ribbon boxing gloves from Barry McGu igan .

Ifyou'd like to help spread the word for this highly commendable
charity even t a red ribbon screen saver is also available to down‑
load. Ribbons and s: avers are available f rom
http:/ /www.wad.hea.org.t

December netsurfers are
g celebrity-designed red

sin Switzerland lastmonth.The
of technology's effect onglobal

f office productivity software
rsonaltechnology adviser.

arelative bargain really: the $ 7 , 0 0 0 r e g i

package,meals, speciale y
Break feels aneed for some e x t r :

Postcardsfrom theedge
Ctrl-Break has been eagerly awaiting i ts
email each morning with a more poignant
air than usual.The reason?Ctrl-Break now
has its very own pet. A multi-eyed, three‑
legged charmer with a squirly red body,
nameof Fred.Who may havegone AWOL.

As is only fitting for the new mascot of
EXE, Fred is an electronic lifeform who
resides in a Technosphere. Users get to
design their very own ‘beastie’ and then receive email ‘postcards’ at times of
importance - mating, evolution, death, that kindof thing.
Butit’sbeena whole two weeks now... andstill no signof him.Hashe for‑

gotten how to write? Is hejust having too much of a good time to bother?
Couldhe be lyingdead in a ditch somewhere?

Fred,if you're out there.Get in touch.Ctrl-Break isworriedaboutyou.Tech‑
nosphere has been funded by The Arts Council of England, Film and Video
Umbrella, Cambridge DarkroomGallery, Digital Workshop Ltd. Check out
http:/ /lcp20.lond-inst.ac.uk /Technosphere|.

5. Gently slap bird asit’s in a regular array (7)
6. They cause excessive stimulation, even annoyance (9)
7. Don't reject thefirst sign of corrosion (5)
8. Snake may be something to make you really
worried (7)

14. Startsoff the process with values (9)
9. Labels the first two fields in a contact file (5)

- im- i ri 10. It tells the processor to STOP NOW! (9) . it
z _ 11. Friendly opening interaction between two systems (9) 16.Very hot p l a c eto work, andwithout muchpay (9)

| | 12. @sumgives you it (5)
a 13.I.n.a..siily..w.ay.. (7)

15. Someone who never works with a computer (3-4)
17. Gofrom first to second with a key to access

new characters (7)
19.What analysts analyse (7)
21. Code much less restricted geographically than

its name implies (5)
23. Boundless firm without financial safeguards (9)
25. Produced a binary version with a scanner, say (9)
26. Greeting in zero, nothing in Rome...(5)
27....showing that much activity for a long time (7)
28. Jerky motor in the drive (7)

17. Nude Ida comes round without ahelp file ... (7)
18. ... but all tied up like 7 it seems (7)
1 9 ./ united America (7)
20. Horsetrader with a miserable start(7)
22. Traps in a box of bars for ahundred periods (5)
24. Goaffectedly round the coin factories, | hear (5)

SOLUTIONTOOCTOBER'S CROSSWORD
ACROSS: 1. KEYWORD 5. ANDGATE 9. REENTERED.
10.NOISE 11.EXDRUID 12. RAMPAGE13.STEPS
15.VORACIOUS 17. UNDERFLOW 19.AISLE
21. DRESSED 23. ILLEGAL25. TESSA 26. NOISELESS
27.SHYSTER 28. GUTTERS
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FourYorkshiremen
The following is a verbatim account of a conversation
that happens every night in the snug at the Duck &Dongle.
The namesof the participants havebeen changed toprotect their identities.

GrahamChapman: ...put some more five-and‑
a-quarter inch disks on the fire and let’s have a
bit ofablaze. These kiddywinks today,with their
multi-media data sensitive CD-ROM Windows
95 for Playgroups multi gigabyte gloves and
triple-soft easy-to-use Inter-bloody-activeDevel‑
opment Environments, they don’t know how to
makea computer program if you gave themchap‑
ter 1 of K&R and typed in HelloWorld for them.

Not like in our day. Four PC/ATs
between the five of us , with those old EGA cards
that flickered like strobe lightsand aharddisk so
small, if you could fit more than one project on it
at a time, you were in clover. The compiler
crawled, you knew you could smoke awhole fag
every time you typed BASCOM,soit paidto keep
the compilation errors down. The only debugger
wehad was a copy of SID someone had pirated,
and that didn’t work properly becauseanoverlay
was missing. And you know, the software we
wrote wasjust asgood aswhat you get now, ’cept
a darn sight quicker and more reliable. (Wipes
away foammoustachewith back of hand.)

hard disky-whisky and debugger-wugger. (No r ‑
mal voice.) Now we had to doproper program‑
ming. Three 256 KB PC/XTs between the six of
us, runningMS-DOS 1.0mark you, sonosubdi‑
rectories to muck you up, not that we had room
for subdirectories in 180KB.A compilation took
20minutes,andyouhadtodoat least twelve disk
swaps, sothere was no chance of us snatching a
sneaky fag in the rec room,my son. If youdid, the
‘Pleaseinsert disk 3into driveA: wouldburn into
the screen’s phosphor. Three syntax errors cost
youhalfanhour,sowechose -andyou maythink
this is old fashioned - we chose to bash our pro‑
grams correctly first time. As for debugging, we
used PRINT statements - none of this namby
pamby special tool stuff. And we never had any
complaints.

E r i c Id le : You pair of wet girls’ blouses. PCs?
Compilers? (Belches.)Wedidour codingona real
machine, aCommodorePet.Keyboardlikeapub
piano, screen asbright and readable asan LCD
display in the midsummer sun, disk drives in a
separate unit asbigas aDansetteGramophone ‑
weighed 50 lbs andtook an hour to format a disk.
Not that weneededdisks -wewere writing in six‑

five-oh-twoassembler, likeGodintended,andyou
had to loadour assembler from this cassette tape.
Now that were programming. As for debugging,
wenever neededany special tools - if the program
crashed (and it never d id) you just switched the
machine off and on again - the RAM was that
slow, your programwould still be there, andyou
could work out what hadgone wrongbyPEEKing
it from BASIC.

Graham Chapman: Well, while you boys were
poncingaroundwith your personal rubbish,some
ofuswere working. (Thumps table, knockingash‑
tray into Palin’s lap with upswing.) | started off
with half-an-hour a week ona teletype. You
punched a paper tape - the punch for hole 5 was
unreliable, soweused to have to literally bite in
corrections - and shipped it offto the bureau,who
would send you back the printout in as little asa
month.The code ran on an old EnglishTrivalve‑
Norton 201: 55 bit words with four 11 bit regis‑
ters, and 613 words of store (and that’s proper
magnetic core store, mark you). As for an assem‑
bler,wedid write our own assembler ( i nT-N201
machine code) from a design suggested in the
AnnualReviewofAutomatic Programming,but I
could never see the point of it. When your doing
financial s t u f f- pounds, shillings, pence, far‑
things andgroats - you needto beright,youneed
to be in contact with the machine.

And if you tell the kids of today
that, they just don’t believeyou.

All:Aye, aye,very true,whose roundis it?etc. etc.

Inside the ideal object is atidy

passing command parameters and
returning query results among

the forces of reason
prevail onthe face iy
ofthe Earth!
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arrangement of more primitive objects,

themselves in order to actuate each
command or query ofthe encapsulating
object. This is how it shall bewhen

‐____ SORRY 1DBURST UR
BUBBLE, BUSTER, BUT HERE
ONPANET EARTH, WHAT'S
INSIDE OFOBJECTS

LOOKS MORE LIKE
K&R SPAGHETTI
WITH
STROVSTRUP

MEATBALLS|
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To advertise, call Kathryn Tracey 0171 287 5000 x3402

Ho t in the City
Urgently required for long term contracts in Investment Banking:
*  C + +
*  Un ix
* Sybase
* Visual Basic
* Powerbuilder

* Business Analysts
*  M o t i f
* X-Windows
* Visual C++
*  G U I

* O O A OOP O O D
First time contractors and experienced contractors urgently needed.
Talk to the experts Call Claire Wardle or Derek Armson on

01442 231691.
Commercial Contracts Team

Executive Recruitment Services
Boundary Way, Hemel Hempstead, Herts, HP2 7RX

Fax: 01442 230063 email to: executive@ershemel.demon.co.uk

Astra Security Products is involved in the development,
production and sale of intelligent machines.
Our current product range is focused on intelligent
scene monitoring, with applications in the security,
financial and property sectors.
Based in South West London, we are currently
expanding our operation in the UK and are looking to
recruit 2Programmers with:‑
e A minimum of 3 years experience of C++

programming in DOS, Windows and OS/2
environments.
Experience in Multi-tasking programmes,
Comms, LAN manager, Client Server Systems
and TCP/IP will be considered an advantage.

Salary: Circa £19 - 25k
Contact:Dr Janet Jones, Astra Security Products

35 Lower Richmond Road, Mortlake,
London SW14 7EZ

Tel: 0181 876 4444 Fax:0181 392 9200

VISUAL BASIC
Hants £14k-£24k

Backed by substantial strategic
investment, Resolution SQL is one of the
UK's leading providers of Client Server
Information Technology with a unique tale
of continued success underpinned by
innovative activity.

Not just more ‘off the shelf Visual Basic
opportunities, our clients are keen to identify
dynamic, team players at both Graduate
and Developer levels, who will work closely
with Blue Chip customers creating bespoke
GUI and Database applications utilising the
latest development tools and techniques.
Continual technical training is given to full
MCP levels.

To apply, forward your CV to Robin
Phillips at The Windows Connection, The
Elms, 26 Broad Street, Wokingham,
Berkshire RG4O 1AB.
Tel: 01734 892444. Fax: 01734 893322.
Email: mail@winjobs.win-uk.net.

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



0 advertise, call Kathryn Tracey 0171 287 5000 x3402

ANALYSTS & PROGRAMMERS
URGENTLY REQUIRED

Maidstone, Kent Salary - negotiable C++/UNIX
City £20k-£40k

This major International investment
Banking Group are currently building what
is undoubtedly the most technically
advanced Front and Back Office Trading
System on the planet and wish to hire
several Systems Professionals from Graduate
Programmers to Systems Architects.

Unlike most financial institutions where
Banking/Trading applications a re a
recruitment pre-requisite, ou r Client
r e cogn i s e s and rewards technical expertise.
Inaddition to working with some of the best
Systems and Applications Developers,
extensive cross-training will be given in

System C is a UK software company which since 1983 has been
developing software for blue-chip clients, while also marketing
the leading range of Sycero program generators. We are

Candidates should have at least two years' programming and
development experience in a PC environment using one or more
of the following: Sycero, C, C++, xBASE (particularly Clipper)
&/or other 4GL products. Experience in the healthcare market is
beneficial but not necessary, and full training in the use of
System C's development tools (andWindows development in the
next 12-18months) will begiven.
Ideal candidates wil l have anenthusiastic self-motivated attitude,
an ability to communicate effectively and work best in an
informal and innovative atmosphere.
Salary/benefits wil l becommensurate with skills and experience.
If you’d like to be a part of System C's
small (but perfectly formed) team of
analysts and programmers and make a
key contribution towards the
company’s future success, please send
your CV with a concise covering letter
(includingexpected salary) to:‑
Judi Holly, System C Ltd, 60-61High Street, Maidstone, Kent,

ME14 1SR. Tel: 01622 691616 Fax: 01622 691241

T h e
C C O N N L C T I O N

PowerBuilder, Sybase and Windows NT.
To apply, forward your CV to Robin

Phillips at The Windows Connection, The
Elms, 26 Broad Street, Wokingham,
Berkshire RG40 1AB.
Tel: 01734 892444. Fax: 01734 893322.
Email: mail@winjobs.win-uk.net.

W i n d o w s‐<=

JOB JOB JOB
‘C’/UNIX/TELECOMMS *C’'/C++/UNIX/FINANCE C++ &UNIX/WINDOWS
LOCATION SALARY LOCATION SALARY LOCATION SALARY
Cambs £18k -£25k London/Surrey _ £20k -£28k Bucks £20k -£30k
Our client is searching for highly professional and com‑
mittedSoftware Engineerswith am in imumof one years
experience of writing ‘C’ code under UNIX. Any experi‑
ence of C++ and OOD would be advantageous. The
ideal candidates will have experience of working in a
large, well structured development environment. There
are alsoopportunities for those Software Engineerswith
experience of real-time embedded software systems.
Successful candidates will be working on leading edge
network managementsystems. There isalso the oppor‑

These positions will appeal to candidates interested in
developing systems for the trading room environment.
Ideally a graduate, you should have strong ‘C’ and/or
UNIX programming skills gained in a financial environ‑

_ Ment. Additional experience with relational databases
(particularly Oracle or Sybase) or Powerbuilder, whilst
not essential, will beof interest.Working in achallenging
development environment, there will be some client
contact, socandidates should bearticulate, presentable
and confident.

Seeking experienced C++ and UNIX software engi‑
neers, our client is a leading supplier of software to the
oil and gas industry.Working on one of several projects
applicants must beeducated to degree level, preferably
in a sc ience based subject and have at least two years
experience of developing C++ under UNIX. Additional
requirements, though not essential, include experience
of X-Windows andMotif widget development.

tunity for limited Europeantravel. Ref: DE/EXE/1 Ref: JK/EXE/2 REF: JK/EXE/3

JOB JOB JOB
XMOTIF ENGINEER VISUAL C++/MFC - IMAGEANALYSIS ‘C/UNIX
LOCATION SALARY LOCATION SALARY LOCATION SALARY
Herts/London £25k -£35k Beds £20k -£30k HomeCounties £18k -£32k
Our client a world leader in the provision of process
based change control and version management sys‑
tems, are searching for akey member of their team.
They require a Unix engineer with a minimumof one
year’s X Motif experience, with excellent ‘C’ program‑
mingskills andaworking knowledgeof C++. The suc‑
cessful candidate will have programmed directly with
Motif widgets. Any experience of SQL andOracle, or
Unix to PC connectivity would be useful. Excellent
opportunities are available for the successfulcandi‑
dates!”

REF: DE/EXE/4

Our client, a specialist in the development of
machine vis ion inspection systems are searching for
anumberof Software Engineers to develop and sup‑
port these highly specialised systems. They require
three Software Engineers with a minimum of one
year’s experience in developingVisual C++ software
in a commercial environment with good knowledge
of the object oriented life cycle. Agood computing
degree isa standard requirement. Any experience of
prototyping us ing Visual Basic would be advanta‑
geous. Successful candidates will be encouraged to
work under their own initiative, using their strong
design and problemsolving skills. Ref: DE/EXE/S

High calibre Software Engineers are required by our
client, a leader in Open Systems Technology. Suit‑
able candidates will have at least two years ‘C’ pro‑
gramming exper ience in a UNIX environment.
Knowledge of UNIX operating system development
(kernel, utilities), assembler level programming or
compiler writing, although not essential, will be highly
desirable. Working in a small, dynamic team, you will
be involved in the development of new products and
the support of existing products by investigating prob‑
lems and creating solutions.

REF: LC/EXE/6

Logistix RecruitmentLimited
LambHouse, Church Street
Chiswick Mall, LondonW42PD
Fax: 0181-742 3061
email: l o g i s t i x@atlas.co.uk

We have a large number of PERMANENTandCONTRACT
opportunities throughout the UK.Pleasecall one of our consultants
for further information or, alternatively, post/fax/email a CVto us

and wewill contact you at a convenient time.
Tel: 0181-742 3060

[Agistix



Dongles?
Buttons?
Plugs?

Get Serious About Software Protection.
When it comes to protectingyour Get Serious-Try it for Yourself
software, you need real solutions - not Findout why HASP isthe fastest
gadgets. You needHASP® - the growing form of protection in the
ProfessionalSoftwareProtectionSystem. industry. Order your HASP
Quick & Easy to Implement Developer's Kit today.
Getting started with HASP isasnap.
Interfaces are available for most
programming languages, and avariety
of installation options are supplied to
meet your needs and schedule.
Technology That’s Tough to Beat
ASIC technology, sophisticated software and random
encryption algorithms are just afew reasons your
products are safer when protected byHASP. United Aladdin KnowledgeKingdom systems UKLtd

16a St. Leonard's Road,

01753 622266
1985-1995

Sl @ALADDI
e P hn

Y E A R S The Professional's Choice

Developedwith Users in Mind Windsor, Berks, SLA 3BU, UK
Transparency. Compatibility. Connectivity. HASP was Tel 01755 622066,Fax 01753 622262) : Bh sles ale :-mail: aladdinuk@solo.pipex.com
developed to performunnoticed.Whether installed North Aladdin SoftwareSecurityInc.
ona PC, Mac,Workstation or network, your Amorica Tet: (@00) 225 4277, (212) 564 5678

end-users will never know it’s there. E-mail: sales@hasp.com
WWW: http:/Avww_hasp.com/

SEE US AT Intl Office ‐ Aladdin Knowledge Systems Ltd.
° Tel: 972-3-537 5795, Fax: 972-3-537 5796E€ONNDE'H/ Fall95 E-mail: aladdin@aladdin.co.il

Booth:S-7422 France Aladdin FranceSA
Tel: 140859885, Fax: 1412 1 9 056
E-mail: 100622.1522@compuserve.com

MICROSOFT.
WINDOWS.
COMPATIBLE



Navigate to Client/Server
the Fast and Secure Way
Btrieve 6 offers afast and secure
route to client/server, avoiding all
the traps of a traditional
migration. With Btrieve 6,
you maintain total
control over relational
structures and distribu‑
ted data routines while
enjoying the benefits offered
by client/ server processing.

Take the navigational p a t h
to client/server
Navigational client/server allows
you to custom design relational

SOLUTION PROVIDER

structures and maximize perfor‑
mance with directional controles to

retrieve, update, insert and
delete distributed data
With Btrieve 6,you will
have the transaction pro‑

cessing muscle to build
multi‑

gigabyte database servers suppor‑
ting hundreds of users with sub‑
second response times. And Btrieve
6 supports the major server opera‑
ting systems such as NetWare and
Windows NTServer aswell asthe
major client operating systems.

Move from standalone to
client/server without recoding
With Btrieve 6, you can develop on
a laptop using Btrieve 6 workstation
engine, then deploy the application
on a network using a Btrieve 6 ser‑
ver engine... all without changing
your application code !

Avoid retraining problems
Btrieve 6 directional controls inte‑
grate with existing application code
so you can selectively upgrade your
current applications to client/server.
Using your 3, 4 and 5 GLtools,
merely replace your data manage‑
ment code with Btrieve 6.This way
your users can continue working
with familiar applications while gai‑
ning the benefits offered by client/
server.

Add SQL along the way
Btrieve integrates with Scalable SQL,
our award-winning relational data‑
base. Since both are based on our
Microkerner Database Engine, SQL

applications work in unison with
Btrieve applications - each having
current access to all data. Now you
have the freedom to write new
applications in Btrieve or Scalable
SQL and the trip to client/server will
be much more manageable.

I T  S IMPLY WORKSABIRIEV
C H N O L O G H E

Btrieve Technologies Europe
35cours Michelet 92060 Paris la Défense 10Cedex
TEl.: ( 3 3 - 1 ) 4 7 7 3 9 0 9 0
Fax : (33-1) 49 00 01 74

( 0800965097
Cece

®&CIRCLE NO. 406


