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Contributions
All contributions to VECTOR maybe sent to the Journal Editor at the address on the inside back cover. Letters and
articles are welcome on any topic ofinterest to the APL community. These do not need to be limited to APL themes,
nor must they be supportive of the language. Articles should be accompanied by as much visual material as possible
(b/vorcolourprints welcome). Unless otherwise specified, each item will be considered for publication as a personalstatement by the author. The Editor accepts no responsibility for the contents of sustaining members’ news, or
advertising.
Please supply as much material as possible in machine-readable form,ideally as a simple ASCIItextfile or an HTML
document. APL code can be accepted in workspaces from I-APL, APL+Win, IBM APL2 or Dyalog APL/W,orin
documents from Windows Write (use the APL2741 TrueTypefont, available free from the website), and MS Word(any
version. ideally using the Vector template whichis also available from the website).
Except where indicated, items in VECTOR may befreely reprinted with appropriate acknowledgement. Please inform
the Editor of yourintention to re-use material from VECTOR.

Membership Rates 2005-2006
Category Fee Vectors Passes
UKPrivate £20 1 1
Overseas Private £22 1 1
(Supplementfor Airmail, not needed for Europe) £4

UKCorporate Membership £100 5 5
Overseas Corporate £110 5
Sustaining £500 10 5
Non-voting Member(Student, OAP, unemployed) £10 1 1

The membership year normally runs from 1st May to 30th April, Applications for membership should be madeto the
Administrator using the form on the inside back page of VECTOR.Passes are required for entry to some association
events, and for voting at the Annual General Meeting. Applications for student membership will be accepted on a
recommendation from the course supervisor. Overseas membership rates cover VECTORsurface mail, and may be paid
in sterling, or by Visa, Mastercard or JCB,atthe prevailing exchangerate,
Corporate membership is offered to organisations where APL is in professional use. Corporate membersreceive 10
copies of VECTOR,and are offered group attendanceat association meetings. A contact person must beidentified for
all communications,
Sustaining membership is offered to companies trading in APL products; this is seen as a method of promoting the
growth of APLinterest and activity. As well as receiving public acknowledgementfor their sponsorship, sustaining
membersreceive bulk copies ofVECTOR,andare offered newslistings in each issue,

Advertising

Advertisements in VECTORshould be submitted in typeset camera-ready format (A4 or AS) with a 20mm blank border
after reduction, Ilustrations should be photographs (b/wor colourprints) or line drawings. Rates (excl VAT) are £250
perfull page, £125for half-pageorless (there is a £75 surcharge perpageifspot colouris required).
Deadlines for bookings and copy are given under the Quick Reference Diary. Advertisements should be booked with,
and sent to Gill Smith, Vector Production, Brook House, Gilling East, YORK YO62 4JJ. Tel: 01439-788385,
Email: gill@apl385.com.  
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Editorial: The Wind from Denmark
Insight Systems ApS markedtheir acquisition this year of Dyalog APL by hosting the
Dyalog APL User Meeting in Elsinore. The autumn wind from Scandinavia blows cold
andclear; this issue of Vector is dominated by reports and papers from Hamlet's home
town.
Perhapsthe biggest news for Dyalog usersis the arrival of native supportfor classes and
instances, the foundation stonesofobject-oriented programming. Readers newto the
APLs, possibly unawarethere are useful alternatives to OO programming, mayfindit
striking to see so fundamental an OO construct added to APL at sucha late date. (They
should take this as an indication of just how much can be done withoutit.)
Object-oriented programming (OOP) and functional programming(FP)are notrivals but
complements to each other. Nothing beats OOP for managing complex collections of
states, most especially GUIs; nothing is as succinct as FP for describing data transforms.
Most complex software can be viewed as an OOP layer encapsulating an FP layer.
Morten Kromberg of Insight Systems begins in this issue a series on “OO for APLers”.
Oneof the drivers towards object orientation has been the access it provides to processes
outside APL.In the Windows world, .NETis a key interface, and Pertti Kalliojarvi writes
about using APL behind ASP.NET.The .NET interface not only provides a way to
exposeprocesses written in APL for use elsewhere;it provides Richard Smith the
components for his own APLinterpreter, Rowan.In this issue, Richard discusses how
the use of delegates simplifies construction of the interpreter, and Walter Fil reviews the
workof Richard's father Adrian in exploiting .NET to write an APL to C# translator.
Fresh from a napkin at the conference comes Phil Last’s advice on infix alternatives to
control structures. Control structures makefor greater clarity than the universally
deprecated branch arrows; but can still seem laborious comparedto the deftness of an
infixed

(age<65) accept ELSE reject application
Deft writing is a theme of my own report on “Pair Programming with the Users”, in
which I describe how traditional APL developmenttechniques and careful writing have
enabledusatBritain's largestlife and pensionoffice to outperform even Extreme
Programmers. Mytalk, recapitulated here, covers some themes I shall expand on in
coming issues.
The APLs have alwaysbeentools of choice for analysing large sets data. Alan Sykes
discusses his use of APL for assessing the quality of university examinations, and the
colourful Peter-Michael Hager shares a simple and useful method for spotting,
exceptional results in large arrays. (We can’t afford to reproducein print the subtle use
of pastels in his displays, but you can see them onlinein their full glory.)
Congratulations to J Software on their new jsoftware.com website, and in particular on :
the J Wiki, a valuable and growing repository of documentation, code, and essays.
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Quick Reference Diary
Date Venue Event
Mar 30-31 2006 Helsinki FinnAPL
Oct 16 2006 Denmark Dyalog 2006 Conference

 

Dates for Future Issues of VECTOR
Vol.22 Vol.22 Vol.22
No.2 No.3 No.4

Copy date in press in press 3rd March
Ad booking in press in press 10th March
Ad Copy in press in press 17th March
Distribution Jan 2006 Jan 2006 May 2006

(Ken Iverson edition)

 

lam sure you have heard of the show Desperate Housewlves,well feellike | am in my
own TV show,Desperate Recruiter. | am writing you because you werelisted as an
influential memberof the APL community, f have no where else to turn.

Ihave a position for a Sr. APL Programmerand t am willing to give anyone whorefers me
someonethat| place $3000. The position is in Jersey City, NJ and is for a financial
companysofinancial experienceis helpful. Knowledge of Dyalog APL and PostScript a
plus as well.

This is a permanentposition.

Thank youin advancefor yourhelp, it is most appreciated and hopefully it can profitable
for both of us.

Tina Pabon
Bendyl Solutions LLC
Executive Recruiter
Tel: +1 973-580-8087 Email: BendyILLC@aol.com    
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RESPONSES
Onethir dex cubed?

from Norman Thomson(ndt2@tutor.open.ac.uk)

Stephen’s story about the APL T-shirt remindsof the following yarn whichstill
makes me chuckle :
Two male mathematiciansare in a bar. Thefirst one says to the second that the
average person knowsverylittle about basic mathematics. The second one
disagrees, and claims that most people can cope with a reasonable amount of
maths. Thefirst mathematician goes off to the washroom, and in his absence the
secondcalls over the waitress. He tells her that in a few minutes,after his friend
has returned, hewill call her over and ask her a question. All she has to do is
answer“one third x cubed”. She repeats “one thir—dex cue?” Herepeats “one
third x cubed”. Her: “one thir dex cubed?”
“Yes, that’s right”, he says. So she agrees, and goes off mumbling to herself, “one
thir dex cubed...”.
The first guy returns and the second proposesa betto prove his point, that most
people do know something aboutbasic maths. He says he will ask the blonde
waitress an integral, and thefirst laughingly agrees. The second man calls over
the waitress and asks:
“Whatis the integral of x squared?”.
The waitress says “one third x cubed” and while walking away, turns back and
says over her shoulder “plus a constant!”
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NEWS
Newsfrom Sustaining Members

Dyalog Ltd
First, a big Thank You to everyone who cameto our conference in October, and in
particular to the speakers who madeit such an interesting event. Feedback on the venue
has beenvery positive, and as a result we think wewill hold the next conference at LO-
skolen, during the week which begins on Monday October 16". As APL2000 did this year
at the Naples conference, wewill add at least one, possibly 2 “All APL Days”to the
conference, where users and vendors of other APL systemswill be invited to join us and
share experiences, tools and techniquesofinterest to the array language community. We
aim to runa series of workshops ona wide variety of topics, from the latest features of
Dyalog APLto techniques forinterfacing APL with Office products and other external
tools. We aim to make this the APL networking eventof the year, and hope to break the
“100 barrier” for participants in 2006 (we were oneshortthis year). Set the week aside in
yourcalendar today and watch this space for further announcements!

Free Educational Licenses
Dyalogis pleased to announcethe availability of free licenses for Educationaluse. If you
wouldlike to use APLto teach any subject, or use APL in a projectat any levelof
education, contact gc@dyalog.com.Recipients of educational licenses mustsign an
agreement whereby they promise notto use the software for commercial projects, not to
copy the software — and are also required to report to Dyalog once a year on their use of
the product. Dyalog APLis also available to pensioners and for other not-for-profit use
under similar arrangements. Printed documentation must be purchased separately for
free licenses. .
APL Summer Campfor Teenagers
Weare lookinginto running a week long APL summercampforteenagers. The very
roughidea is to have APL Jessons/workshops in the mornings and outdooractivities in
the afternoons. We think the best time for the campis in the secondhalf of July, and we
are looking for a place near Toronto, Canada. If you know a teenager who might be
interested in spending a week with a dozenor so other “APL kids”, please contact
mikroin@dyalog.comas soon as possible! Parents are welcometo comealongtoo.
SQAPLfor Unix
Microsoft's Open Database Connectivity interface for SQL databases — known as ODBC - ,
is becominga standard for database access under Unix(!). Insight Systemsis currently
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working on porting version 5.0 of SQAPL,which will be shipped with Dyalog APL
version 11.0 for Windows,to Solaris. The SQL interface will subsequently be made
available under the other Unix platforms where APL is available. Under Unix, SQAPL
will not be bundled with APL, but sold separately. If you are interested in database
access from Dyalog APL under Unix,please get in touch.
Version 11.0 Availability
Finally, the bad news: We were hoping to ship version 11.0 before the end of 2005, butit
has takena little longer to wrap everything up. We are currently expecting to be able to
make the product generally available aroundthe endof January.

MicroAPL Ltd
The Windowsversion of APLX64, MicroAPL’s new 64-bit version of APLX announced in
Vector21.4, is now readyfor beta testing. We are looking for further beta testers, so
please contact us if you would like to participate in this programme.To run the software,
you will need a PC with an AMD 64-bit processor (Athlon, Turion, or Opteron), or an
Intel Xeon with EM64T or Pentium 4 with EM64T. You will also needto install Windows
XP Professional x64 Edition (currently available in a free trial version from Microsoft).
Meanwhile, we are introducing a newlow-coststudentedition of APLX, and we have
also issued a maintenancerelease (3.0.9) of APLX for Windows, Linux and MacOS.This
fixes a number of minor problems.It is a recommended upgradefor existing users of
APLX Version 3, who can downloadit free of charge from our website.

Kx Systems
A new kdb+ White Paperis available on kr.com. With tick data volumes continuing their
out-of-sight escalation, an end-to-end high-speed databaseis moreessential to
competitive advantage than ever. To get the details on howkdb+ offers a unified viewof
streaming, in-memory and historical data, please download the new kdb+ white paper.
Kx and Intel co-sponsor Realtime Data event in London
In October Kx and Intel co-sponsored a seminar on “Trendsin Real-time Data”
organized by Lepus, a consultancy specializing in financial services research. Lepus is
currently preparing a white paper on the topic. If you'dlike us to notify you whenitis
available, please contact us.
New kdb+applications from First Derivatives.
FD nowoffers three new applications for kdb+. QDBA is a database administration and
developmenttool that provides a developmentinterface to the powerof kdb+. Kdb+fix
offers a framework supportingclient applicationsfor different sell-side FIX engines.
Program Trading Platform providesa set of tools to support algorithmic trading. For
moreinformation contact Michael O'Neill ~ moneil/@firstderivatives.com.
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Causeway Graphical Systems Ltd
The Dyalog APL conferenceleft me with two strongly conflicting emotions: pride in the
apparentpervasiveness of muchof our APLutility software, and concern aboutthe
degree of dependenceof so many successful APL-based products onit (and by
implication, ourselves). Let’s take a very brief surveyof the programme,looking
specifically at the business-oriented presentations.

Hologram (from John Miller) is end-to-end CPre for the Gui, with NewLeaf
reports and RainPro charting. John and Guy would be positively shockedat the
thought of programming the Dyalog Guidirectly.
The PX-Edit Statistical Table Editor(from Statistics Finland) uses RainPro for
graphs. Asfar as I know,thatis the endofit.
X2.Net — for TakeCare. A long-term NewLeafcustomer,this one.
APL-based .NET Extensions (from Pertti Kalliojarvi) - it seems they chose
Dyalog because they needed SVG outputfrom a graphics engine, and the only
decentonethey could find was RainPro! Enough said.
ARQUE (from Alan Sykes) is written in CPro, with RainPro graphics and
NewLeafreporting. I don’t think Alan would know a 'ff' DWC ‘Form! if it
emerged from Swansea bay onedark night and bit him!
Assembly and Morning Song(from Michael Baas) was the kindoflittle Gui-
based utility that experienced CPro users can whip up ina day. Mike has been
coding in Causeway from the beginning,and is responsible for mostof the
‘cool’ stuff (like clicking on data-points and runningcallbacks) that Alan Sykes
wasexploiting so effectively in ARQUE.

Whichis a remarkable hit-rate. RainPro and NewLeaf are no great worry for me. They are
both shipped as open code andreally don’t do anything very clever. NewLeafin
particular just takes away the mind-numbingtedium of report-formatting. They work
fine in Dyalog 11, and arelikely to keep on workinginto the indefinite future. One day
soon,| can start encouraging myusers to work with SharpPlot (and whatever the .Net
build of NewLeafis called) which are smaller, faster, and use the .Net tools directly to
make muchbetter raster output.
CPro is another animalentirely — it started back in 1993 (before Namespaces) and
prospered as a way to superimposea rational object-oriented modelon theoriginal
Dyalog Gui. It is a very productive developmenttool, andI still like it a lot. But lam
seriously concerned that Dyalog 11 may (quite reasonably) leave people wanting more.
They may wantdirect access to the Net Gui, they will probably expect Causewayclasses
to behavelike the native V11 classes, and so on. This may just be my natural paranoia
showing through, but I would askall our usersto start thinking sooner rather than later
about what comesafter CausewayPro.It won’t be a 2-minutejob to rebuildit.
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The Vector Product Guide
compiled by Gill Smith

VECTOR’s exclusive Product Guide aims to provide readers with useful
information about sources of APL hardware, software and services. We welcome
any comments readers may have onits usefulness and any suggestions for
improvements.
Wereservethe right to edit material supplied for reasons of space or to ensure a
fair market coverage. Thelistings are not restricted to UK companies and
international suppliers are welcometo take advantage of these pages.
For convenience to readers, the productlist has been divided into the following
groups(‘poa’ indicates ‘price on application’):

* Complete Systems (Hardware & Software)
« APL andJ Interpreters
¢ APL-based Packages
* Consultancy
* Other Products
¢ Overseas Associations
¢ Vendor Addresses
* World Wide Web and FTP Sites

Every effort has been madeto avoid errorsin theselistings but no responsibility
can be taken by the working group for mistakes or omissions.
Wealso welcomeinformation on APL clubs and groups throughoutthe world.
 

Yourlisting here is absolutelyfree, will be updated on request, and is also
carried on the Vector website, with a hotlink to your ownsite. It is the most

complete and most used APLaddress book in the world.
Please help us keep it up to date!   

All contributions and updatesto the Vector Product Guide shouldbesentto:
Gill Smith, Brook House, Gilling East, York, YO62 4JJ. Tel: 01439-788385,
Email: ap]385@compuserve.com
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APL INTERPRETERS
COMPANY PRODUCT PRICES(£)
ADVOCORP Oy APL+Win, APL+Link, APL+Linux,APL+Unix, APL*Plus Sharefile  poa
APL Borealis Inc. Dyalog APL poa

APL2000 poa
APL Systems IDC SL

APL2000 APLinterpreters and toalspaa

Besutiful Systems Dyalog APLAV for Windows poa
Dyalog APL for Unix poa

Dinosoft Oy Dyalog APLIW for Windows poa
Dyalog APL for Unix poa

Dittrich & Partner APL#Win poa
Dyalog APL. poa
IBM APLproducts poa

Dyalog Dyalog APLfor DOS/386 995

Dyalog APLIW for Windows 995
Dyalog APL for Unix --995-12,000

DynArray DICEfor Windows poa

APL Lid I-APLIPCorclones 8
IBM APL Products TryAPL2 free

Workstation APL2 V2 $1500Version 2
APL2 Version 2 poa
APL2 Application Envt Vn2 poa

Insight Systems APL2000 poa
Dyalog Ltd. poa
IBM poa
Dyalog APL poa
Causeway Products poa
Structural Analysis Software poa

Software Inc. Jonthe Webonline registration ...
J Professional (ontine reg.) $895
J Standard (online reg.) Free

DETAILS
Complete APL2000 and Stalgraphics(StatPoint) product rangeand links te various third party products.
Distributor of Dyalog APL. products from Dyadic
Distributor of APL2000 products
Distributor of APL2000 products for the UKConsulting and maintenanca for APL applications
US Distributor of Dyalog APL products from Dyadic,
SeeDyadic listing for product details.
Finnish distributor of Dyalog APL products.
See Dyadle'slisting for product details,
Cognos/APL2000 Inc products
Dyadic SystemsLtd. products
Second generation APLfor DOS.Runsin 32-bit mode, supportsvery large workspaces, Uniqua "window-based" APLDevelopmentEnvironmentand Screen Manager. Requires386/486 based PC or PS/2,at least 2Mb RAM, EGAor VGA,
DOS3.3orlater.
As above,plus object-based GU} developmenttools. Requires
Windows 3.0 orlater.
Second generation APLfor Unix systems. Available for Altos,
Apolia, Bull, Dec, HP, 1BM 6150, 1BM RS/6000, Masscomp,
Pyramid, NCR, Sun and Unisys machines, and for PCs andPC/2s running Xenix or AIX. Oracle interface available for |BM,Sun and Xenix versions.
Software developmentkit which includes an APLinterpreter as aDLLand the ability to run and link existing and new APLcode tonon APL code such as VB, C/C++, Java and integration withvarious Windows software applicalions and database packagessuch as MS Office.
1SO conforming interpreter. Supplied only with manuat(see ‘OtherProducts’ for accompanying books).
APL2for educational or demonstration use. Download from IBM
APL2ftpsite or contact APL Products,
AIX, Linux, Solaris, Windows:
Product 5724-874
Product No. 5688-228. Full APL2 system for §/370 and $/390
Product No. 5688-229. Runtime environmentfor APL2 packages
Leading distributor of APL2000 products In Denmark
Leading distributor of Dyalog APL. products in Denmark
Leading distributor of IBM APL & GraphX products in Denmark
Distributor
Distributor
Complete packageby 1G Zenkner&Handelto perform structuralanalysis/engineesing calculations. Also suitable for dynamicproblems,e.g. earthquake simulation.

includes manual setand oneyear of updates
Free for downloadonly  



 

Vol.22 No.1
 

VECTOR

Books and accessories
J Dictionary $50
J Phrases $50
J Primer $50
Fractals, Visualization andJ $80
Concrete Math $40
Exploring Math $60

Lescasse Consulting APL+PC poa
APL+Unix poa
APL+DOS poa
APLAWin poa
Dyalog APLAV poa

MicroAPL. APLX for Windows/MacOS 499
APLX ServerEdition poa

APLX for Linux (commercial) 499

APLX forLinux (personal) Free
APL'PLUS poa
APL.68000 poa
APL2 poa

Soliton Associates SHARP APLfor OS/390 poa
SHARPAPL for UNIX poa
SHARPAPLfor Linux poa

Strand Software Canada
All APL*PLUSproducts poa
Dyalog and JSoftware products poaUSA
Dyalog and Software products poa

ubJL GmbH Dyalog APL and
(APLSoftware Team)Dyalog SystemsLtd. Products poa

APL PACKAGES
COMPANY PRODUCT PRICES(£)
Acadvent ARQUE poa
APLSoftware\Services

APLUtilities poa

Assured Systems FLAIR Boa

Lescasse Consulting is the exclusive APL2000distributor in
France and alsodistributes In Switzerland and Belgium.Callfor price quotes.

Frenchdistributor for Dyalog
Cross-platform APL developmentenvironmentwith GUI
Programmingfacilities. Interpreter modelled on APL2, Availablefor Windows 95/98/ME/NT/2000/XP, Mac OS @ and Mac OS X.
For runniing large multi-user APL applications on x86 Linux,RS/6000 AIX, and Windows NT/Z000.
Linux desktopedition of APLX, compatible with Windows andMacOSversions, with full development environment and GUIprogrammingfacilities, Runs under RedHat, Debian, Mandrakeand SuSeLinux distributions.
Full version of APLX, can be downloaded free for personal use.
Manugistics
MicroAPL Ltd
IBM
for 1BM OS/390 mainframes
for SunOSand IBM AIX
for Intel Linux
AI APL"PLUSproducts including upgrades and educational.

DETAILS
Software for the quality assurance of universily examinations.
Software: mostly AWSfor DOS,utilities for most APL
interpreters. Public domain APL*Plus v10 with on-screendocumentation and interactive tutorials. APL ConferenceSoftware. Books: APL user manuals for STSC, 1BM, and Sharp.Request email catalog from dick_holt@email.com.
Finite loader and interactive rescheduler. Customisable full-function scheduling system. (Available outside Australia byspecial arrangementonly.)

10  
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Beautiful Systems

Causeway

Cinerea AB

Cosy

DynArray

Dynamic LogisticsSystems GmbH
HMW

ASF_FILE $399
SF_READ poa

CausewayPro for DyalogW 400
RainPro Business Graphics 250

NewLeaffor Dyalog and +Win 400

SharpPiot for Microsoft Net 500

ORCHART 250

K.CoSy $30 % yr sub

DynaWeb Server poa

DynaHarry poa

DynaLink poa
MPS poaFBS poa
DRP. poa
4XTRA poa

Inea poa

Maya poa

Dyalog APLAW auxiliary processor for access to APL"PLUS/PCAPL componentfiles (ASF).
Dyalog APLW functions to read APL*PLUSdata objects of anytypeorstructure from *.SF style componentfiles created byAPL"PLUS1oFIll.
Causeway application develapment platform for Dyalog APLIW.
The ultimate graphies toolkit for the APL developer. Adds 3Dcharting capability, Web publishing and clipboard support to the
shareware product. Charts can be included in New!eafreports.Functionally compatible across Dyalog/W and APL+Win.
Frame-based reporting too!with comprehensivetable-ganerationand text-flow support, Offers multiple master-page capability,bitmap wrap-around and on-screenpreview with pan and zoom.Fully supported on Dyalog/W and APL+Win
RainPro rebuilt as a fully-managed .Net DLL for use by APL andnon-APLapplications alike. May be an attractive alternative forDyalog 11 and Santa Feusers,as it has muchimproved imagesupport as well as running ratherfaster, and not cluttering yourworkspace with APL sourcecade.
Organization chart package for IBM APL2/PC. Full & heavilycommented source code included - free integration into otherapplications. NB: ASCII output with line-drawing (semi-graphic)
characters for boxes.
K.CoSyis a general purpose computing and programming
environmentconstructed,ail in open code, in Arthur Whitney'svery high level, yet structurally transparent Array ProgrammingLanguage, K , and its tightly coupled UserInterface. K.CoSy is anextremelyproductive environmentin one of the most powerful andfastest of APL's progeny, and therefore, likewise, of all languages.K.CoSyprovides a workspace-lke interactive developmentenvironmentpreviously impossible in K. Because ofits uniqueopenconstruction within the language itself, this environmentis.
claarly competitive in a larga domain with the APLs from the othervendors. K.CoSy notepad nature,interactivity, and open K codevocabulary make learning Arthur Whitney's K far less dauntingand far more productive than Its raw console, or any extematscripting method, If you are a client of Kx Systems , or areinvestigating the possibilities, Contact us. See CoSyK/CoSyformore information.
A webserverproviding web based access to applications runningon the DICE interpreter from DynArray, or on an IBM mainframerunning APL2.
ADSSsystem which offers the next generation capabilities forPLDI, IC/E and IC/1 users.It comes with ROLAPSs, muilisystem access to a widevariety of databases
and data warehouses.
An ODBCclientinterface for DICE and IBM APL2 programs.
Master Production SchedulingForecasting and Budgeting System

  

Distribution Requirements Planning
Networked, Windows/Unix based Front End and Middle OfficeForeign Exchange and Money Market Dealing System. Scalable
fram 1 user to 120+,
Software Change Management System. Enables the userto co-ordinate developmentworkfrom Severalsources,resolveclashes, promote work items for testing and configure releases to

4live environment.
APLcodefile manager. A comprehensive suite of tools giving a
multl-window IDEstyle interface to file based APL code. Offersfeatures such as copying from file tofile, object comparison,string search, style formatting, hot-spoteditor for filed objects{including variables), etc.

11
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Insight Systems
Lescasse Consulting

Lingo Allegro

Optima

Qualedi

Zark

Aztec

Olmes:

Nazca
Causeway

poa
poa

‘System shel! for APL development. Managesreal-time and batchapplications across multiple platforms. Offers standardised errortrapping, job scheduling, task communication and recovery/restartfeatures.
APL GUIenvironment, providing menu bar, toolbar, status area,navigation sidebar (with treeviows & listviews}and client area. Allare configured by simple textfiles and require no programming.Client area has a ‘tab wizard" option to provide orderedtransaction processing
fast, flexible and reliable static database andeditor.
Leading distrioutor of Causewayproducts in Denmark

Ait ourold products are now either OEM,in the public domain,outofdate,orall of the above. We'll be back!

APL+Win Monthly Training $800

Advanced Windows Programming $95
DLL parser for APL $250

Delphi FormsTranslator $195
APL+Link Pro poa
SQAPL Pro poa
RainPro poa
NewLeaf poa
GraphXand ChartFx poa
Formula One and Dyalog APL $95
FACS poa
Qwin poa
opec27 poa
ServiceLine poa

TravelLine poa

BPA poa

DBI poa

Quatedi $850-$5,500
FAB free
APL Tutar (PC) $299
APLTutor (MF) 35000
Zark ACE $99

Download 50+ page document about APL+ programming eachmonth.You also get one or more warkspaces full of re-usableAPLcodeand sometimes additionalfiles or products.
200-page book plus companiondisk on interfacing APL andDelphi. Contains full coverage of Delphi-2, +Win and Dyalog.
Parse any Visual Basic DLL declarationfile into a set of quadNAdefinitions, Turn constants and structures into APLvariables,
Available for APL+Win and Dyalog/W.
Design forms with Delphi and turn them automatically into APLprogramswhich recreate the same form (+Win and DyaloghW).
ODBCinterface for APL+Win
ODBCinterface for Dyalog APLW
Highly customisable 2D and 3D publication graphics for APL+Winand Dyalog APLIW
Pagelayout and printing tools for APL+Win and Dyalog
High-quality business graphics for APL+*Win
100-page book + companion disk on how to usethe Formula OneVBXwith Dyalog APLW
EMMé-likeinterface to DB2 or ODBG databases
Legacy DOS Windowing support for APL#Win
IBM AP427-like ODBC Interface for APL+Win and Dyalog APL
A property managementsystem which keeps arecord of all outstanding tasks, produces an upto date list of work to-do and Scheduled reminders plusautomated standard letters and basic financial control.
A system designedto control the workload allocation fora fleet of chauffeur vehicles plus a reminder systemfor fleet management and Local Authority requirements.
"Brand Performance Analysis”allowsfor the modelling ofproductbrand performance overtime and comparison withcompetitor products.
“Database Interrogatar”allowsfor the non technical userto ask sensible questions ofa large database such as aquestionaire and obtain results tables and graphs quickly.easily and accurately.
Electronic Data Interchange(ED!) translation software for the PC,with strict compliance checking
Training program for the above.
APL computer-based training. Available for APL*PLUS PC &
APL*PLUSil. Demo disk $10.
Mainframe version.
APL. continuing education. APLtutor news and hotline phonesupport.
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APLAdvanced Techniques... $59.95
Communications $200 pe, $500 mf

488pp.book, {ISBN 0-9819087-07) including 2-disk setof utlityfunctions (APL*PLUS PC format).
Move workspacesorfiles between APL environments

APL CONSULTANCY AND DEVELOPMENT
COMPANY PRODUCT PRICES(£)
ADVOCORP Oy Consultancy poa

APLBorealis Inc. Support and Development poa
APLSolutions Inc Consultancy poa
Assured Systems Consultancy poa
AUSCANSoftware Consultancy and Training poa
Ray Cannon Consultancy S00/day +VAT

Causeway Consultancy and Training poa

Cosy Consultancy poa

David Crossley Consultancy poa
Dinosoft Oy Consultancy poa
Dittrich & Partner Consultancy poa
Dyalog Consultancy poa
DynArray Consultancy poa
Evastle AB Consultancy poa

First Derlvatives plc Consultancy poa
First DerlvativeAnalytics Ltd. Consultancy poa
General Software Consultancy from 200
HMW Consultancy poa
Hoekstra Systems Consultancy poa
INFOSTROY Consultancy poa, competitive

Insight Systems Consultancy poa

DETAILS
APLapplication conversions, APL Windows interfaces, APL toAPIlevelinterfacing to any system under Windows, TCP/IPnetwork and database connectivity, APL based financialclient/server applications, Cognos Planning and ReportNetconsultancy.
APL Software Support and Development. Specialists since 1979in Sharp APL, APL*Plus, APL+Win, Dyalog APL
APL. systemsdesign, development, maintenance, documentation,testing and training, Providing APL solutions sinca 1969,
APL+Win and/or J andfot VB custom systems development.
Conversion of APL+DOSta APL+Win a speciality.
APLsoftware development,training
APL, C, C++, Assembler, Windows, Graphics on PC and IBM.
Mainframe. ExperienceIn Insurance, Chemical, and AlrlineIndustries
On-site training for Causeway, RainPro and NewLeaf.
Customisation and enhancementta meet local needs. Cadereview andpre-implementation check of Causewayapplications.
CoSy.cam, Coherent Systems, provides rapid developmentin theK language and associaled data base products,with a particularinterestin quantitative ( financial ) modelling
Experienced in large APLsystem developments since 1969 forPCof mainframe.
Specialised in very large databases.
APLprogramming and analysis; APL workshopsand training onthejob
APL and Unix system design, consultancy, programming andtraining.
DynArray offers consulting in the areas of DSS, Y2K and APLprograms upgrade/conversion to modern Web enabled platforms.
Excellenttrack record from 16+ years of APL applicationsinbanking, insurance, and education sarvices.All dialects, platformsand project phases. SQL expertise,
Financialtrading software In Q, K and kdb+

Analysis, design,prototyping, development& testing of APL(especially financial) applications: Sharp, Dyalog APLIW.
Over 20 years experience with every version of APL,largamainframe systems and small PC based programmes,
System design consultancy, programming. HMW specialize inbanking and prototyping work. full members of DSDM consortiumand Agite Alliance.
APLconsultancy, pragramming, etc, Also UNIX systemadministration
Broad experiencein various APLplatforms. Specialskills andknowledgein developing complexapplications for investment,financfal and construction markets. Implementation of hybridsolutions based on APL, Delphi, C#, VBA, SQL servers.
Wehave experiencewith just aboutevery APLsystem andplatform in commonuse during thelast 20 years, from SHARP
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KK Consultancy andsoftware development

Lambent Technolgy Consultancy
Phil Last Consultancy
Lescasse Consulting Consultancy

LingoAllegro Consultancy
Lucas Solutions Consultancy
Alastair Kinloch Gonsultancy

Mllinta Inc Consultancy

Ellis Morgan Consullancy
Nussbaum gift Consultancy
Optima Consultancy,Training& Development

Graeme Robertson Consultancy & Training
Skelton Consulting Consultancy
SnakeIsland Research IncConsultancy

SovAPL Consultancy
Strand Software Consultancy

Rex Swain Consultancy
Sykes Systems inc Consultancy

poa

poa

poa

poa
poa
poa

poa

poa

poa

250-500

poa
poa

poa
poa

poa

APL under MVS of Linux to APL+Win aneIn particular DyalogAPL under Windows 9x, NTor 2009. If you have decisionsto takeabout adapting your APL application to take advantageofemerging technologies, or would like your strategy reviewed, giveus a call. We have extensive experiencein all areas of APLdevelopment, from legacy systems, up, downand sidewaysmigrations,to the devetopment and support of shrink wrappedsolutions based on APL. Evenif we don't havetimeto do thework ourselves, we will know where to find someonewho is anexpert in your version of APL and your application area, on your
continent.

APL-based data management: conversions, ad hoc-analyzingtools, wellinterfaced methods for defining, processing andbrowsing of multi-dimentional reports. Rapid custom softwaredevelopment based on proven modulartoolset approach.
APLprogramming, consulting & training: web design andconstruction.
APLconsultancy, madelling and programming.
Arrange of consultants, experts in Windows programming, withAPL+Win and Dyalog APLIW. More than 100 major APLapplications already developed. We all have additional expertisein Formula OneandDelphi.
General APL consulting, intemet website development, migrationand downsizing, performance tuning, education and training.
Rates dependontask and location.
Design, analysis and programmingfor banking, insurance andpensions,financiat planning and modelling, corporateperformance andlegal reporting
Design, development, maintenance,conversion, documentation inall APLs, most APs and some specific Sharp products (LOGOS,
ViewPoint, Retrieve). Experience in multi-user, multi-task,systems, databases, Windows programming
Business Forecasting & APL Systems.
IT Consultant with a strong focus on APL.
Wehave beenIn business since 1990 and have a team ofAPLprofessionals with many years experience Inpharmaceutical, industrial andfinancial systems on bothPCand Mainframe platforms. In addition to pure APL we can alsooffer assistance wilh network integration, ACT!customisationand issues concemingthe internet and/or web design.
Design and write custom software. Maintain and upgrade APLsystems. Deliver customized APLtraining courses
K/Q Consultancy
APL interpreter and compiler enhancements,intrinsic functions,performanceconsulting. APL parallel compiter APEX is givingvery goodinitial performancetests wilh canvolution somewhatSaster than FORTRAN.
Offshore APL developmentservice.
‘Advice on migrating to and from all flavours of APL and hardwareplatforms.Full-screen interface implementation. APL. utilities,benchmarking, efficiancy analysis, actuarial software, systemdevelopmenttools, valuation, pricing and modalling systems.
Independentconsultant, 25 years experience, Custom softwaredevelopment, PC and/or mainframe.
Complete APL services specialisingin audit, optimisation and
conversion of APL systems. Excellent design skills. All dialectsand platforms 17-23 years experience.
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ubJL GmbH(APLSoftware Team)

OTHER PRODUCTS
COMPANY PRODUCT
APL-385 Typefaces
APL Sorealls Ine. APL Training

ComLog Comic-Logger
APLLid Books

Renaissance BooksellersData Systems
Right Seat Software Vox Proxy

MAGins MACfns has beenreleased, A suite of over 100 high-accuracy,high-speed assemblercodeutllity functions for APL+Win andAPL+DOS, MACins has beenthoughtfully designed andimplemented for APL programmers. It includesfunctionsforsegmentedstring manipulation, data restructuring,translation anddatatype adjustment, and many numerical computations.Typicalspeedupsrange from 4-10 times, with reduced workspace usage,datatype conservation,identity detection, and greater numericalprecision amongstthe other benefits. Documentation of MACInsis extremely detailed and thorough.
poa Analyses, design and programming.

PRICES(£)
poa

DETAILS
Variants of the APL2741 typeface available to specification. APLunicode fonts designed and built for all flavours of APL.
Hands-on coursesin Introductory,Intermediate, Advanced andWindows APL. Courses are customized and flexible, and may bedelivered on-site, with strong emphasis on methods for efflotentand maintainable APL systems development.

poa

$25.95+p&p APL"PLUSII comic-book Inventory system, Shareware versionavailable on America OnLine.
APL stocks books written to go with the [APL Interpreter and
some APL Press books.Fora list write to 11 Auburn Road,BristalBSG6LS,ring 0117 973 0036 or email acam@blueyonder.co.uk.
‘The widest range of APL booksavailable anywhere. See Vectoradvertisements.

poa

$199 (comm) VoxProxy is authorware for PowerPoint(r) 2000 or 2002 whichallows the use of Microsoft Agent Technology (3Dtalkinganimated characters)within slide shows. VP appears onPowerPoint's main menu and provides editing side-by-side withslides. Automated seript-wnting provides control of PowerPoint,allowing the use of characters for live presentationsor fully-automated tutorials, demas, or training pragrams. Optional CDPrep program allows the userto create auto-slarting CD'sthatwillplay onany version of PowerPoint or without PowerPoint.$69.95 (edu) Vox Proxy for educational use.
OVERSEAS ASSOCIATIONS
GROUP LOCATION JOURNAL OTHER SERVICES Ann.Sub.
ACM SigAPL international APL QuoteQuad Conferences; APL white pages: web site $30
APL Bay Area USA. Californla. APLBUG. Monthly Meetings (2nd Monday) $20
APL Germany @.V, Germany APLJournal Semi-annual meetings
FinnAPL Helsinki, Finland FinnAPL Newsletter Seminars on APL 100FIM(private), 30(student), 1000 (Co)
Japan APL Assoc Tokyo APL Journal Monthly meetings (4th Sat) 10,000yen to JoinMaterial fae 5,000yen a year
Romelltaly SIG Roma, llaly
SE APL Users Grp Atlanta, Georgia The APL Planet Semi Annual meetings 313 (US), $25 (non-US)
SovAPL Moscow, Russia - Seminars and Annual Meeting
Toronto SIG Toronto, Canada ‘Occasional meetings, APLSkills Database, Toronto Toolkit

ADDRESSES
ORGANISATION CONTACT ADDRESS, TELEPHONE,FAX, EMAILetc.
AcadventLtd Dr AM Sykes 171 Gower Road, Swansea SA2 9JH, UK.Tel: 01792-201776

 

Email: Alan.Sykes@which.net
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ACM SIgAPL ACM, 1515 Broadway, 17th Floor, New York, NY 10036, USA (Subsonly)
ADVOCORP Oy Richard Eller Mikonkatu 8 A, 2.krs, PL 363, 00101 Helsinki, Finland.Tel: +358 9-621 3300 Fax; +358 9-621 3378 Email: re@rett i
APL-385 Adrian Smith Brook House, Gilling East, York YO82 4JJ, UK.Tel: 01439-788385Emait: adrian@apl385.com
APL Bay Area APLBUG Curtis Jones (Sec) 228 South 15th Street, San Jose, CA 95112-2150, USA
APLBorealis Inc.
APLConsultants Japan
APL Germany e.V.
APLHaliana S.p.A.
APLSoftware\Services

APLSolutions Inc
Assured Systems
AUSCANSoftware Ltd
Beautiful Systems, Inc.
Ray Cannon
TheCarlisle Group
Causeway GraphicalSystems LidCinerea AB
Comtog Software
CoSy.com
David Crossley
Danish User GroupDinosoft Oy
Ditlrich & PartnerConsulting GmbHDyalog Ltd.
Dynamic LogisticsSystems GmbH
DynAray Corporation
Evestic AB

FinnAPL,
First Derivatives plc
First OerivativeAnalytics Ltd,

Richard Procter
Kyosuke Saigusa
Dr. Reiner Nussbaum
Stefano Lanzavecchia
Dick Holt

Eric Landau
Lots & Richard Hill

Richard Procter
Jim Goff

Ray Cannon
Paul Mansour
Adrian Smith
Rolf Kornemark

Jeff Pedneav
BobArmstrong
David Crossley
Helene Boesen
Pertti Kalliojarvi
Axel HolzmGller

Morten Kromberg

Michzel Baas

Or James Brown
Olle Evero.

Olli Paavola

Michael O'Neill

Ken Chakahwata

Tel: +4 (408) 292-4060 Email: curtis_jones@prodigy.net
381 ManorRoad East, Toronto, Ontario M4S 1$7, Canada.Tel: (416) 457-7828. Fax: (416) 482-6582 Email: info@aplboreatis.com41507 shimomizo, sagamihara, kanagawa, Japan 2290018Tel:+81-042-778-2127 Fax.+81-042-778-2205Buchenerstrasse 78, D-68259 Mannheim, GermanyEmail. remer@nussbaum-gift davia Monferrato 1, 20144 Milano, ttaly. Email: stf@aplit
1570 Heather Field Lane, Earlysville VA 22936 USA,Tel: +1 434-973-4265email; dick_holt@email.com1107 Oale Drive, Silver Spring, MD 20910-1607 USATel: +1 (301) 589-4621 Fax: +1 (301) 589-4618 Emaikaplsi@starpower.net49 First Street, Black Rock 3193, Australia,Tel: +61 9 9589 5578 Fax: +61 3 9589 3220 Email: hilli@melbpe.org.auPO Box 39, Mansfield, Ontario LON 1MO CanadaTel: +1-708-434-1239 Email: rjp@ca.inter.netPO Box 2235 Jenkintown, PA 19046, USATel: +1 (218) 635-0375; Fax: +1 (215) 635-9212Email: info@beautifulsystems,com
21 Woodbridge Rd, Blackwater, Camberley, Surrey GU17 OBS, UK.Tel: 01252-874697 Email: ray_cannon@compuserve.com544 Jefferson Avenue, Scranton PA, 18510 USA.Tet: +1 570-963-2036Brook Hause,Gilling East, YORK, UK.Tel: 01439-788413 Email: adrian@causeway.co.ukBox 61, 5-193 00 Sigtuna, Sweden.TelFax: +46 859 255 421 Email raif@cinerea.se
18728Bloomfield Road, Olnay, MD 20832 USATel: +1 (301) 260-1435 Email: jeff@softmed.com
42 Peck Slip #48, New York, NY 10038-1725, USA,Tel: +1 212-286-1864Fax; +1 212-285-1864. E-mail; bob@CoSy.com.
187 Le Tourdu Pont, 84210 ST DIDIER, France. Tel: +33.4,90.66.08.87Email: crosstey@av-village.com
c/o Insight Systems ApS,Nordre Strandvej 119G, Hellebaek, DenmarkLonnrotinkatu 24C, 00120 Helsinki, FINLAND.Tel: +358 9 70028820 Fax: +358 9 70028824 Email: dinosoft@dinosoft.fiKieler Strasse 17, D-42697 Solingen, Germany. Tel: +49 212-260 660Fax: +49 212-260 6666; Emall: info@dpe.de
Grove House,Lutyens Close, Chineham Court, Basingstoke, HampshireRG24 BAG,UK.Tel: 01256-338461 Fax: 01256-316559Email: seles@dyalog.com, support@dyalog.com
Wilhelm-Schéffer-Str. 29, 63571 Gelnhausen Germany.Tel: +49 6051 13067 Fax: +49 6051 16142. Email: info@als-planning.com16360 Monterey Rd. Suite 260, MorganHill, CA 95037, USATel: +1 (408)-782-8848 Fax: +1 (408)-782-6627 Email.info@DynArray.comBerteliusvagen 12A, S-146 38 Tullinge, SwedenTel & Fax: +46 778 4410 Email: ofle.evero@mall.com
Suomen APL-Yhdistys RY, FinnAPLRF,Pt. 1005, 00101 Helsink! 10,Fintand Emait: ollpaavola@pyr.fi
First Derivatives House, Kilmorey Business Park, Kilmorey Street, Newry,Co, Down, N. Ireland BT34 2DH.Tel. 028 3025 2242 Fax 028 3025 2060Email enquiries@firstderivatives. com
114 Lemsford Lane, Welwyn Garden City, Herts ALB 6YP, UKTel/Fax: 01707-339620, Email: KenChakahwata@compuserve.com
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General Software Ltd
HMW Computing
Hoekstra Systems Ltd
APL Ltd

IBM APLProducts

INFOSTROY
Insight Systems ApS
Japan APL Assoc
JSoftware Inc,
KK+tieto Oy
Kx Systems
Lambent Technology Ltd
Phil Last Lid
Lescasse Consulting
Lingo Allegra USA,Ine
Lucas Solutions
Alastair Kinloch Ld
MictoAPL Ltd.
Milinta Inc.
Elis Morgan
Dr. Nussbaum gift mbH
Optima SystemsLtd
Qualedi Inc.
Renaissance Data Sys
Right Seat Software,Inc.
Graeme Robertson
Rome/ltaly SIG
SE APLUsers Group
Skefton Consulting GmbH

ME,Martin
Chris Hagan
Bob Hoekstra

Anthany Camacho

Nancy Wheeler
Alexey Miroshnikov
Helene Boesen
Juichiro Takeuchi

Eric Iverson
Kimmo Kekélainen
Simon Garland [Europe]
Stephen Taylor
Phil Last
Eric Lescasse
Walter G.Fil
Jim Lucas
Alastair Kinloch

Richard Nabavl

Dan Baronet
Ellis Morgan
Dr Reiner Nussbaum
Paul Grosvenor

Nicole SchlessGeorges Brigham
Ed Shaw

Tom Atkins

Dr. Graeme D, Robertson

Mario Sacco
John Manges
Charles Skelton

Little Wester House, Westerhill Road, LINTON,Kent ME17 4BSTel: 01622 832463 E-mail: martin@gsoft.plus.comHamilton House, 1 Temple Avenue, London EC4YOHA,UK.Tel: 0870-1010-469, Email:HMW@4xtra.comDominique, Salisbury Road, Woking, Surrey, GU22 TUR,UK.
Tel: 01483-771028. Fax: 01483-837324Email: Bob.Hoekstra@HoekstraSystems.Itd.uk11 Auburn Road,Redland,Bristol BS6 6L.S, UK.Tel: 0117-973 0036. Email: acam@blueyonder.co.ukAPLProducts, [BM Silicon Valley Lab, Dept H36/F40, 555 Balley Avenue,San Jose CA 95141, USA.Tel: +1 (408) 463-APL2 [+1 (408) 463-2752]
Fax: +1 (408) 463-4488 Email: APL2@vnet.ipm.com14 Bolshaya Monetnaya Str.. suite 6, St. Petersburg 197101 Russia.Tel:+7 812 325-9797Fax. +7 812 233-9685 Email:aim@infostroy.ruNordre Strandvej 119G, DK-3150 Hellebaek, DenmarkTel:+45 70 26 13 26 Fax: +45 70 26 13 26 Email: info@insight.dk
Keio Univ. Faculty of Scl.&Tech. 3-14-1 Hiyoshi, Kohoku-ku YokohamaKanagawa,Japan 223-8522. Tel:+81(045)563-1441 Fax:+81(045)566-1617E-mailttakeuchi@aekeio.acjp33 Major Street, Toronto, Ontario, Canada MSS 2K9.Tel: +1 (952) 470+7345 Fax: +1 (952) 470-9202 Email: info@jsoftware.comMerikasarminkatu 10 8 56,00160 Helsinki, Finland. Tel: +368 50 85 27 207;Email: kimmo.kekalainen@kjk-tieto.com555 Bryant St., No. 375, Palo Alto CA 94301 USA.Tel: +1 866 kdbfastemail: info@kx.com (in Europe simon@kx.com)
84 South Hill Park, London NW3 2SS,UK. Tel; +44(0)20 7813 3786.Email: sjt@lambenttechnology.com146 Crossbrook Straet, Cheshunt, Herts, EN8 8JY,UK.Tel: 01992-633807 Fax: 0121-359 0376 Emall: phil.last@net.ntl.com18 rue de ta Balle Faullle, 92100 Boulogne, France. Tel: +33.1.46.05.10.76Fax: +33.1.48.04.60.23 Email eric@lescasse.com203 N. LaSalle Street, Suite 2100, Chicago,Illinois 60601, USA.Tel:+1 (800) 546 4621 E-mail: ingo-allegro@visto.com
Stubbedamsvej 9C,3.tv., 3000 Helsinger, DenmarkTel: +45 49 26 52 42. Email jel@danbbs.dk
819 Webster's Land, Edinburgh EH1 2RX,Scotland, UK.Tel: +44 (0)7802 430 202 Email: alastair.kinloch@btintemet.comTheRollerMil, Mill Lane, Uckfield, E,Sussex TN22 5AATel: 01825 768050. Fax: 01825 749472Email: MicoAPL@microapl.demon.co.uk
Contact Dan Baronetat dbaronet@milinta.comMyrtle Farm, Winchester Road, Stroud, Petersfield, Hants GU32 3PE, UK.Tel: 01730-263843 Email: apl@ellismorgan.co.uk
Buchenerstrassa 78, 0-68259 Mannheim, GermanyTel: +49 621 7152190, Email: reiner@nussbaum-gift.deOptima House,Mill Court, Spindle Way, Crawley, West Sussex, RH10 1TT,UK.Tel: 01293 862700 Fax: 01293 562699Email:paul@optima-systems.co.uk121 West Main Street, Milford, CT 06460, USA.Tel: +1 (203) 874-4334Fax: +1 (203) 876-9083. Email: sales@qualedi.com; info@qualedi.comP.O. Box 511, Botsford, CT 06404, USA,Tel: +1 (203) 270-9729
Email: aplbooks@eanthlink.com1110 12th Straat, Golden, CO 80401, USA. Tal:+1 303 278 2244.Fax: +1 303 278 6967, Email: info@voxproxy.com15 Littie Basing, Basingstoke, Hants RG24 8AX, UK,Tel: +44 (0) 1286-364071 Email: GraemeDR@nildram.co.ukCasella Postate 14343, 00149-RomaTrullo, italyEmail: mario. sacco@tin. it413 ComancheTrail, Lawrenceville, GA 30044, USATet: +1 (770) 972-3755 Email: seapldoc@aol.comWeinklinge 9, 70329 Stuttgart, Germany. Email: c.skelton@skelton.de
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Snake Island Research Inc Bob Bernecky

Soliton Associates

48 Fifth Street, Ward's Island, Toronto, Ontario MSJ 2B9 CanadaTel: +1 (416) 203-0854 Fax: +1 (416) 203-6999Email: bemecky@interlog.com
Soliton Inc, 44 Victoria Street, Suite 2100, Toronto, ON MSC 1¥2Tel: +1 (446) 384.9355 Email: sales@soliton. com

SovAPL. Alexander Skomorokhoy PO Box 5061, Obninsk-5, Kaluga Region 249020, Russia
Russian Chapterof SIGAPL

Strand Software inc
Rex Swain Rex Swain.

Sykes Systems Inc
Toronto SIG
ubJL GmbH{APL Software Team) —_Kal Jager
Zark incorporated

FTP SITES
IBM APL2

RoySykes ur
Richard Procter

Gary A. Bergquist

Tek: +7(08439)47109 Fax: +1 (530) 6885510 Email:askom@obninsk.com
PO Box 330, Excelsior, MN 55331 USATek +4 (952) 470-7345 Fax: +1 (952) 470-9202 Email: info@strandsoft.com
& South Street, Washington, CT 06793 USA,Tel: +1 (860) 868-0131Fax: +1 (860) 868-9970 Email: rex@rexswain,com
4649 Willens Ave., WoodlandHills, CA 91364, USATel: #1-818-347-5779. Emailroysykes@earthlink net
P.0.Box 39, Mansfield, Ontario, LON 1M, Canada, email:info@torontoapl.ca
Thusneldastr. 22, 90482 Niirnberg, Germaany, Tel + 49 911 482512;
Fax: +49 911 482518 Email Jaeger@ubji.de
23 Ketchbrook Lane,Ellington CT 06029, USA.Tel: +1 (860) 872-7806

fip.software.ibm.com/ps/products/apl2

WORLDWIDE WEBSITES
AcadventLtd.
ACMSigAPL
ADVOCORPOy
AFAPL
APL2000
APL-385
APL Forum
APL Germanye.V.
APLItaliana S.p.A.
APLJournal, Germany
APLBorealis Inc,
APL Consultants Japan
APL to ASCII
Assured Systems
AUSCAN
Eke van Batenburg
Carlisle Group
Causeway
CODEWORK
CoSy (Bob Armstrong)
Dinasoft Oy
Dittrich & Partner
DMOZ- OpenDirectory
Dyalog Ltd
DynArray
Dynamic Logistics
Systems GmbH
FinnAPL

www.acadvent.com/
www.acm.org/sigapl/
www.rettfi
www.afapl.asso.fr/ (Journal available on line)
www.APL2000.com/
www.apl385.com
www.aplforum.com
www.apl-germany.de
www.aphit
www.rhombos.de/shop/a/show/article/?216
www.aplborealis.com
http:/apicons.com
see Waterloo Archive
www.assuredsystems.com.au/
http://home.ca.inter.net/rjp/auscan/
wwwbio.LeidenUniv.nl’~Batenburg/index.html
http://carlislegroup.com/
WWw.causeway.co.uk/
www.codework-it.com/tangram/eng/
CoSy.com/
www.dinosoft.fi/
www.dpc.de; www.apl-online.de
http://dmoz.org/Computers/Programming/Languages/APL/
www.dyalog.com/
www.dynarray.com/
www.dls-planung.de-
www.dis-planning.com
www.pyrfifapl/
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First Derivatives ple
Hoekstra Systems
IBM APL2
Infostroy
Insight Systems ApS
Japan APL Association
JSoftware Inc
KJk-tieto Oy
kx systems
Lambent Technology
Lescasse Consulting
Lingo Allegro USA Inc
MicroAPL. Ltd
Milinta Inc
Nussbaum gift
Optima Systems Ltd
Qualedi, Inc.
Renaissance Data
Right Seat Software,Inc.
SIigAPL
Skelton Consulting GmbH
SnakeIsland ResearchInc.
Soliton
Strand Software Inc.
Rex Swain
Toronto SIG (for Toolkit}
ubsL GmbH
(APL Software Team)

Waterloo Archive
Jim Weigang

 

wwwfirstderivatives.com
www.HoekstraSystems.Itd.uk/
www.ibm.com/software/awdtools/apt
www.infostroy.ru
www.insight.dk/
www.ae.keio.ac.jpfab/soc/takeuchi/japla/
www.jsoftware.com/
www.kjk-tleto.com
www,kx.com
www.lambenttechnolagy.com.
www.lescasse.com/
www.lingo-allegro.com/
www.microapl.co.uk/apl
www.milinta.com
www.nussbaum-gift.de
www.optima-syslems.co.uk
www.qualedi.com
www.aplbooks.com/
www.voxproxy.com
www.acm.org/sigapl/
www,skelton.de
www.snakeisland.com
www.soliton.com/
www.strandsoft.com/
www.rexswain.com/
www.torontoapl.ca/
www.aplteam.de
www.math.uwaterloo.ca/apl_archives/Welcome.html
www.chilton.com/~jimw/
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Meeting of NYC JUG,June 2005
notes by Devon McCormick

Various Contributions
Danraised an idea notrelated to our project but interesting in its own right: how
can wedefine J primitives in terms of other J primitives? This might have some
pedagogical merit if we can separate the most basic primitives (first learned) from
the more advanced ones. We could then define the more advanced onesin terms a
novice may already understand. However, Dan seems more interested in this than
is the rest of the group. We probably are more interested in developing and
publicizing functions that accomplish small, commonly needed tasks.
Jim’s work on an indexer is relevantto this latter notion. As we’ve noted
repeatedly,J’s richness sometimes makesit difficult to find what we needfor a
task at hand. John reiterated how deeply difficult it is to automatically create a
good index — he basesthis on his own extensive experience working with
bibliographic data and academicpapers.
Jim’s preliminary work on an APL/J Rosetta Stone may providea leg-up for the
small community of APL programmerslearningJ. This points up how useful itis
to be able to relate the vocabulary of one languageto another. While some aspect
of J, such as array indexing, may differ deeply from howthis is done in APL,it’s a
goodstart to be able to look up the commonterm.
This again leads usto a “Rosetta Stone” notion of synonyms: simplylisting related
or equivalentterms could be useful, especially if the synonymstie into a widely-
used languagelike Basic.
Analternative to either the automatic indexing schemeorthe Rosetta Stoneis the
notion of logical classification. However, this patently requires the most manual
labour so is an approach we'dlike to putoff. Also, one person’s logical
classification will not necessarily agree with another’s. For an unusual and widely
discussed notion of classification, see the last section here titled “Classification”.
John talkeda little more about his method for combining the best of both GUI and
command-line interfaces using his “inert” adverb. This takes an argumentof a
commandandeitherrunsit or saves the commandfor future use, e.g. in a script.
He called this the J analogue of the “commandpattern”.
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John provided an example ofusing the “inert” adverb ~ see copy.ijs on the Vectorwebsite.

The “Save Work”Project
My“action item”for the this meeting was to come up with a “Vicki” use-case.
“Vicki” is our hypothetical, primary target user.

Vicki is a middle-aged, but young-at-heart, married woman who works in arts
administration. She organizes a performingartsfestival aboutonce a year,
usually in a different location around the U.S. She also teachesa class in
theaterarts, so she needs to keep regular notes and lessonplansforthis.
She mayalso havea play or twoof her ownthat she’s working on from time-
to-time, as the inspiration seizes her.
Her twochildren or her husband mayoccasionally use her computer: the
children mainly for games but possibly for some homework; the husband may
also use it to write something for his job or for personal correspondence.

Case 1: Vickiinstalls the software — what helpful screens does she see? Has anyoneworked on aninstall script?
Case 2: Vicki wants to saveall the recent work she’s done, either to a thumbdrive, a

floppy, or a CD.
Case 3: Vicki wants to archive a group of worksthat may bein different directories

butpertain to the sameproject,e.g. last year’s class notes or multi-mediafiles
relating to a play she’s been working on.

Case 4: Vicki wants to getall the junk off her hard drive that her husband and
childrenhaveleft scattered there over the years but wants to save a copyin
case there’s anything that someone mayneedlater.

Case 5: Vicki needs to locate something she saved to a CD a while ago.
Looking at these cases, we debated whether we would need to examinetheentire
hard disk eachtimetofindfiles to back up. Dan cameup with list oflikely
locations where we’d probably findall files modified by a naive (Windows) user.
Ourpreliminarylist looks like this:

* Windowsexecutables history
« Run boxhistory
* Application registry history
* Recent Documents
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* Application data directories
* Desktop shortcut directories
¢ Desktop
* My Documents

Doesthe registry track all most-recently-usedfiles? We haveto figure this out and
if we can depend onthis to be complete.
We'd like to accommodate other platforms besides Windows,so this sort of thing
may or may not have analoguesin the Mac and Linux worlds. We also came up
withthe idea of having interval-based classification of backups into something
like daily, weekly, and infrequently. The idea is to have pre-set menu options for
the most commonuse cases.
The converse problem to backing upis the potentially much moredifficult
problem oflocating backed-up information. This may be ameliorated by imposing
a naming convention on backups or by maintaining a database of items backed
up.

An additional consideration is how to handle multiple target devices to store
backups.I believe John suggested the possibility of somehowaliasing different
devices.

Miscellaneous
Wealso discussed a few off-topic notions. One wasthe idea of tagging bitmaps of
hand-written signatures with unique, identifying information. This was generally
dismissed as not too useful. One somewhatinteresting issue this raised was how
to write text programmatically onto an existing image.See sigtag.ijs on the vector
website,

Example of Using “SigTag”
gts

2005 6 14 15 31 5.964
load ‘~user/code/sigtag.ijs'
flsz=, createNewSigBMP
"\amisc\ainfo\NYSSA_Dues_Renewal_05_O6DHMFilledin.doc 20050614
15:34's'\amisc\my thin blue
signature.bmp';'\amisc\ainfo\sig0506141534. bmp’
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 Example signature
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Another thing I brought up, notas off-topic becauseit relates to learning about
math and computersin general, was inspired by the cover of Howard Peelle’s
newJ book wherehelists functions with old, familiar nameslike “pythagoras”
and “pascal”.

Fun With Pascal’s Triangle

e
o

load 'viewmat'
$pt50=. Pascal 50

50 50
viewmat S5|pt50
Load ‘Logo’
‘savex’ names 3

saveBMPFL
saveBMPFL

"C:\amisc\j\nycjug\Pascal50mod5.bmp'

 23



 

 

VECTOR Vol.22 No.1

viewmat 11/pt50
saveBMPFL

'C:\amisc\j\nycjug\Pascal50modt1.bmp'

viewmat 3] pt50
saveBMPFL

'C:\amisc\§\nycjug\Pascal50mod3.bmp'
NB, Why does it Look "broken" on the

right?
>, /,pt5o

6 .3205303e13/:~,ptso
oo0o0o0o...\r~, pt50
6,3205303e13 6,3205303e13 5.8343357e13...

3) 40{.\:~,ptso

 

ooo00000000 NB. Aha! Looks
suspicious... 

$ptS0=. Pascal 50x
50 50\r~, pt50
63205303218876 63205303218876...

3/10{.\:~, pt50
oo0o0o01114100viewmat 3|pt50

saveBMPFL
‘Cr \amisc\j\nycjug\PascalS0xmad3.bmp'

 

His Pascal's triangle function led meto revisit someinteresting topics that this
toucheson,especially the ideas of colouring different modulus bases of the
triangle and degradation ofprecision for large values.
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Dyalog APL Users Meeting,
LO-skolen, Elsinore, October 2005

reported by Adrian Smith (adrian@apl385.com)

Location
Architecture and modernart, sun, sea, woodlands, knife-throwing, 9-pin bowling
. need I go on? This was Denmarkatits best, and almost everyonethere reallyenjoyed themselves. LO-skolen was built by the Danish Trades Union movement
in the 60s, as a showpieceofall that is most characteristically Danish. The wholeplaceis plain, simple, beautifully crafted out of good materials and justfeels‘right’.

 

This picture was taken from the garden, which runs downto thelittle railway,
and thento the sea.
The view from the breakfast table was lovely, with Sweden in the distance acrossthe blue sea. It almost made youwantto get up in the mornings!I think Mortenand Gitte are set on returning to the same venue next year,andit is hard to see
anyone objecting.
This wasalsothe setting for the conference banquet, which has to be rated as oneof the best ever — on a par with APL88 for those who remember Sydney. Theentertainer was a very professional magician, whopitched the showjustright fora bunch of nerds whowerereally very interested in howthe tricks were done.was sandwiched betweenRichard Smith (who escaped from Cambridgefor the
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duration) and Brooke Allen whoboth spenttherest of the evening testing out
card tricks on anyone they could find. I had the honour ofbeing picked as the
stooge for the ‘cut the rope’trick — andin spite of knowing quite well how this is
done, I can report that | was completely taken in, even from 2 feet away!

Conference Highlights
Innoparticular order (personal choice, of course)...

* John Scholes on languageextensions. John’s usual low-key style was the perfect
foil to somereally exciting new stuff. The ‘power’ operatoris a great addition to
the language, andtheability to raise functions to power(-1) maylooklike a toy,
but has got to have somereally useful applications.

* Stephen Taylor on Agile development.I do enjoy speakers who can hold an
audience with minimal notes and no PowerPoint.

« John Miller on Hologram.Slicing and dicing madeall the more powerful by
being a very thin cover on APL. I know wehave seen dozensof these before,
butthis one actually lookedlike a professional product with a properly
engineered Gui.

* Discovering an unexpected personal talent for knife-throwing.

 

 

   
Welcomeand overview of Version 11
Gitte and Morten
Gitte welcomed us(all 99 of us) and took us through the new logo, the new colour
(orange, for those reading this in black & white), and the new ownership
structure. Gitte is a shrewd businesswoman andI get the strong impression she
knowswherethis ship is headed and will make very sureit stays profitable.1
think the Insight team mayhavetakencontrol at a very good timefor the
company, and that from now on the only way for Dyalog Ltd is up. A personal
opinion,it's true, but reinforced bythe feeling of a strong surge of support from
everyone present.
Morten took us very quickly through the up-comingfeatures in the new release.
Core languageextensionsare the power operator, squad indexing, least common
multiple and greatest commondivisor (not too sure aboutthe last two, but I guess
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they are harmless). Morten also touched on the 64-bit version, and ontheidea ofclasses which are an attempt to bring APLa little closer to mainstream OOthinking without throwing awayall the flexibility that we anarchist programmershave learned to rely on. Oh, one other thing that caught myattention - the abilityto have triggerfunctions which fire whenevera variable is changed. CausewayProcould makeuse of these to greateffect, and also I could see huge benefits fordebugging — now youcan see exactly which line of codejust trashed yourprecious data!

Hologram - Intelligent Business
Jolin Miller
I have worked with John on andoff over the years, but this wasthefirst time Ihave seen his new system demonstrated. He doesall the usual things (extractingdata from hugetables, summarizingit instantly in APL, drawing nice graphs andreports) but with a very scalable architecture and the option of a zero-footprint
webfront-end.Interestingly, he is happytointerface outto R (basing the interface
on Sasha’s presentation to FinnAPL 2 years ago) rather than attempting to code
up his ownstatistics library.I liked the look of this system a lot, and I canappreciate the amountof work that has goneinto the backend processing, with
properload-balanced servers handling the serious grunt-work.

Version 11 language extensions
John Scholes

Yes, the new power operator can be
a lot of fun. I can seeit being
used all over the place with
arguments of 0 or | (e.g. in the
obvious ‘encloseif simple’ utility)
but it can do lots of other tricks
too.
This example takes something
that looks very like a J tacit
definition, applies it to some
temperatures in Centigradeto get
the Fahrenheit equivalent, then
applies the inverse function to

reverse the transformation. I can see Phil Last (of napkin fame) having a ball with
this one!
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Squad indexingis muchless fun,in thatit simply provides a functional equivalent
to the (admittedly anomalous) square brackets and semi-colons which J banned
years ago. You can useit to theleft of assignment, but notfor ‘reach’ indexing
which is one of those nice Dyalog things that the APL2 people never caught up
with. Howeverit does work nicely with operators (each being the obvious one) so
I can seeit gradually creeping into my code.
Now why would you wantto extend and and or to cover LCM and GCD on
integers? | am really rather unsure aboutthe valueofthis one,as these are pretty
trivial to code as dfns when you need them.I would rather have had a C-style
bitwise variant which is much messier to code around in APL, andis going to be
very necessary as soon as APLhits the real .Netclasses, with expressionslike
FontStyle.Bold|FontStyle.Ital ic where you can get away with adding
the flags, but not when you wanttotest if your ownflags are present in some
preset combination.

Version 11 object-oriented features
John Daintree
Thisis far too large a subject for me to cover adequately here. There are things
aboutit thatI like a lot, things thatI really don’t like at all, and things that I am
completely unsure about! So to get an argumentstarted, here are someof the
things I like:

* You can make an instance of a namespacereally easily. If a function dies half
waythrough (as APLcodealways does, particularly when liberally dosed with
jots) you just hit ShiftEnter, fix it and carry on running. Whenthe instance goes
away, your changesreally are saved backin the original namespace.
Wonderful, I wantthis, and I want it now!

« Thereare lots of new magic words (preceded by colons such as :Access public)
which give the APLer a smart and simple wayto add declarative stuff to
functions which can then be saved outas real .Netlibraries.

... and here are a couple of things that I feel could really spoil my day:
¢ Having madeyour instance, you can assign arbitrary crud into it at any time.

This goes right against the normal OOrules, and has the huge downsidethat
simple spelling errors may look like they worked butactually they just
assigned a value to a name somewhere.I think this is dreadfully misguided,
and I hopethatthereis (at the very least) a big fat switch that disablesit.
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* Someoneneedsto have a hard think about nameclass. Now we have Gui thingsAND namespaces ANDclasses AND instancesall sharing nameclass 9. Oddly,Classes don't show up in ) obs even thoughtheyare in the same nameclass. Ireally think thatthisis a false economy,andthattheseare very distinct types ofthings.
The thing that bothers me most is why we need fio new beasts here. Surely aClassis just a Namespacewith a few extraattributes set and almost nothing elsechanged. OK,an instanceis a wholly different animal and should be recognised assuch, but there seemsto be an awful lot of baggage here to do somethingfundamentally simple. Probably I am missing something, as usual. Read Morten’sIntroduction to OOfor APLers(serialised in this and the next Vector) and form yourownopinions.

A keyboard viewer for Dyalog APL
Kai Jager
This wasa nicelittle toolkit which was basically a DIN editor (a much neededtoolin the Dyalog world)but could also be used by novices to locate the more obscureAPL symbols on the keyboard. Let’s hope it shows someone at Dyalog the waytoa simple APLtoolbarthatattaches to your currentedit session and allows anyone
{even me) to go mousingforthingslike notmatch which haveto be there
somewhere!

Is that an APL system in your pocket?
Richard Procter

Thescreenshotsaysitall, really! Richard is
working with the Canadian healthservice on a
system to improve nutritional planning for
hospital meals. Of course you can plan all youlike,
butif the patient throws the tray onthefloor then
your estimates may be wayoff the mark!    PC APPLE PIE

OZ GINGERALE 50.   

 

 So bring on the Pocket PC which can be used in
    
  

       
 

 

 

  8 OZ GARDEN BEEF STEW 50 tray in the kitchen.    

 

#4 CUP CARROTS: 30
|| 2.92 MUSHROOM SRAvY o the hospital to record whatthe patients are$| 0.5 CUP APPLE. BROWN BETTY |0. . *°[1 IND PLAIN MUFFIN 20 actually getting to eat, not just what went on the
#If {Eup Down[Iteal[Tite NoneTray Lost.      ‘ence! |Save. |.
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From Dyalog to pure .Net runtime
Adrian Smith
Asit happens,this followed on really nicely from Richard Proctor’stalk, as one of
the things I showed washoweasyit is to ship a compiled APL application on the
pocket PC.I rather enjoyed giving this talk — helpful APLers in the audience kept
offering methe laser pointer (and failing that a simple stick) but leaping about
trying to indicate stuff on the projection screen is much more fun. See Walter Fil’s
introduction to the Causeway C# translator(in this Vector on page 38) for a much
better summary of whatit is, and whatit does, than I could evergive.

The PX-Edit statistical table editor
Veli-Matti Jantunen
This is a nice exampleof little piece of utility code taking ona life of its own and
spreading way beyondits author's expectations. There is a very well knowntext
formatforstatistical data called PX (a bit like CSV butwith a lot more metadata)
so any software which wants to do stats should be able to read it. Then of courseit
is a goodidea to be abletofix errorsin it! PX-Edit grew from this simple
beginning to a veryflexible tool for managingdata held in thisfile format, and
now popsupall over the world as part of a huge variety of otherstatistical tools.

After dinner entertainment~ Lists
JohnScholes
OK,John needsto write this one up.I think that all the code shown was
completely useless (from a practical perspective) unless you suddenly need to
implementa LISP system in APL. Butit sure made you think, and the few
remaining active greycells did their best to keep up.

Homageto Ken Iverson
This being the first anniversary of Ken’s death, we once again ran thefilm ofthe
1974 discussion on APL design, and then followed this up with a series of
reminiscences andtributes from many of those present who knew Ken well. This
struck just the right balance, and was attended by almost everyone, even though
the time was pushing towards 11:00pm before it was done.
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Day-2 Thursday October 20th
Tutorial — introducing OO to APLers
Morten Kromberg
Morten had the staminato runthis entire showtwice in one day. I wentto theafternoon rerun, and greatly enjoyed the experience. The advantage of having theworkspaces on the conference keydisk was thatis wasreally easy to play alongwith the presenter, and of course to try a few experiments along the way.
Morten’s notes will be serialised in this and the next few Vectors (starting on
page 56), so it is probably best to leave my reportat that.

Using APL-based extensions in ASP.Net
Pertti Kalliojarvi
Dinosoft chose Dyalog APLforthis project because they needed SVG charting, so
they had to build ona platform that ran RainPro, and could be accessed from ASP.Fascinating — nowif we hadbeen able to offer them SharpPlot 2 years ago, maybethey would not have used APL at all? Who knows. See page 77.

The Viking Challenge
Yes, it was Axes again,
and blowpipestoo, but
this time we hadpistol-
shooting andknife-
throwing as well. The
weatherratherlet us
down,with some very
poorlight (not ideal for
the blowpipes asit was

. 3 tis almost impossible to see
< ree: what youhadhit) anda

bit ofrain towardsthe endofthe session. As you can see fromthe picture, our
team managed atleast two axesontarget.

  
Asbefore, the winning team got a special version ofthe tee-shirt. It will be
interesting to see the full breakdown ofthe scores whenthe Insight team finallymanage to decode the rather scrappily written sheets from the various events,
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ARQUE- Assessing the quality of university examinations
Alan Sykes
You can read Alan’s paperin full in this Vector on page 109, so just a few
comments here. This is yet another example of a user-written system which has
escaped fromits first homeandis now setting out to conquer the world.In Alan’s
case, he is starting with the market he knowsbest — the universities of Wales — and
then gradually honing the software to make it moregenerally useful.

Day-3 Friday October 21st
Assembly and Morning Song
Michael Baas
Just think what your local church could save on hymnbooksand service sheetsif
it invested in a decent projector and a simple computer system (written in APL, of
course). Michael has created a very nice interface which uses the dual-monitor
capability of the PC to project the words of any songin his library while the
congregation sing along to each verse. Simple stuff, but nice to prove thatit
workedin practice, witha little help from Paul Mansour on guitar.

Array languages at Morgan Stanley
David Crossley
Morgan Stanley have a huge investmentin array thinking, and array languages.
They started with APL, then had A+ written just for themselves, then partially
abandonedit, finally moving to license Kdb from the man whotheyoriginally
hired to write A+ ... and throughall this theystill have Dyalog APLin there
somewhere.

Agile development
Stephen Taylor
Nowthis was fun, so much sothat I completely failed to take notes and thus
absolutely failed to learn anything atall from Stephen’s excellent presentation.
Except, I suppose that the ‘waterfall model’ of systems developmentrelies on
reliable communication between people, and so is about as much useas a
chocolate teapot. Which I knew anyway.Just be patient and keep doing what
APLers do anyway— sit beside the user and code whattheytell you. As Stephen
illustrated over andoveragain,there is only one way to tackle a complex problem
— find an expert user with a bunch oftest cases and write code until they all work.
Never mind if you can’t follow thelogic — all that the real world needsis the right
outputs from the chosen inputs!
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[think this used to be called commonsense, until the software engineers gottheir
mitts on it and tried to make software developmentinto a quantifiable discipline.
This can work rather well for systems with logical, stable rules, but for a really
well argued thesis as to whyit invariably fails to match expectations in so many
real-world software projects, read Stephen’sarticle in this Vector on page 128.

Wrap Up
This was a tough schedule, with a huge amountof good material and excellent
speakers. Most sessions were very well attended, even the early starters on the
second day. An amazing numberof people made breakfast before 8:00 onall three
days, which saysa lot for their commitmentto the APL cause.
Andit was in a very goodlocation. Easy to get to, pleasant to walk around, and
gorgeous to look at from almost any angle. Even the bowling alley was an
engineering joy. If they are back here next year, do find an excuse to come.

 

My Experience at the Dyalog Conference
by Horacio Alejandro Cisneros Tovar

WhenI was about 11 years old, I remember that my APLprofessor, Dr. Javier
Fernandez Pachecotold methat, if we kept up the good work with APL, we might
makeit to a user conference, in Denmark maybe. Atthat time I thoughtofit as a
dream that would never cometrue, but I enjoyed the idea for a long while. Two
yearslater I gave a talk for the Mexican APLSocietytitled “Horacio, 13 years and
APL.’ Prof. Fernandez organized it and showed how APL wastheperfect
programming language for educational purposesin early levels. Duringthe talk I
presented somebasiccalculation algorithms, comparediteration against recursion
andfinally presented a small game I had programmed in APL*PLUSv.4, ‘The
Boatman’(an animated version of the problem about the boatmanthathad to take
a goat, a dog and a packof grass to the otherside of the river, one by one). We
made a very good impression and I wasaccepted as a memberof the Mexican
APLSociety. But that wasall. The Society eventually disappeared whenit ran out
of money, and so too my dream of meeting other APL users from around the
world.
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Fifteen years later, | was invited by Dyalog Limited to their annual user
conference, to present mythesis project on Computer Engineering, ‘An On-Line
APL Tutorial’ for the National Autonomous University of Mexico, It was a funny
feeling. From the moment I requested supportfor that project, approximately one
year ago,all the memories of my happytimes with APL camebackasif they had
happenedyesterday. The re-discovery of APL through Dyalog’s product whichis
surrounded now by new and modern implementations along withits integration
to current technologies andthe Internet, made me feel like the child I] was whenI
accidentally switched an IBM5110 machine from BASIC to APL.

After almost one year of
hard work on mythesis
project, | was invited by
Morten Kromberg to the
conference in Elsinore,
Denmark, from October
19th to 21st. Dyalog offered
to co-sponsor mytrip along
with the British APL
Association. As I said, it was
a mixtureof feelings: joy,
thankfulness, excitement
and also sadness, because

myAPLteacher had passed awaytwoyearsearlier and he was not with me to
sharethis reality that was born as a dreamof mychildhood, that had been
eclipsed when APLdisappeared in Mexico and that was reborn again whenPete
Donnelly sent me the Dyalog APL/W CDandgranteda free licence to develop
mythesis project. (APL2000hadstill one distributor in MexicoCity, but its high
price was one ofthe reasons why the Mexican APL Society disappeared).

 

Even thoughthis was notthefirst time I given atalk on an APL subject, it was the
first time I had ever left Mexico and also myfirst time on a plane. This particular
experience was terrifying in the beginning, but after 14 hours in the air from
MexicoCity to Amsterdam, | somehowendedupgetting used tothe floating floor
of the plane. I left Mexicoat 22:00 on October 18th and reached Copenhagen at
21:00 on Wednesday 19th, so unfortunately | missed every sessionofthe first day.
Bjorn Christensen picked me upat Elsinoretrain station and thanks to him I made
it to the final comments of the Ken Iverson memorial and for the evening snacks,
From the very first minute of my arrival at Elsinore and LO-skolen | felt very good
even though I was surrounded by strangers in an unknowncountry.I met Peter
Donnelly at LO-skolen’s reception and it waslike meeting a long--distance good
friend. | also met Morten Kromberg, Helene Boesen and John Daintree. | had been
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in touch with them monthsearlier through email soit was very goodtofinally
meet themin person. During the evening snacksI talked with them and that was
whenI realised that, despite coming froma different country and speaking a
different language, | was somehow among my own. Weknewthe most important
and universal language, which wasalso the powerful reason that gathered usall
there: APL. So, as | mentioned in mytalk, after working for a long time almost on
myown with APL in theyears after the Mexican APL Society disappeared and
during the development of mythesis project, it was a wonderful feeling tofind
myself among new peoplethat shared the same fundamental interest in this
amazing programming language.
Forthe next twodays | didn’t miss.a single minute. | attended three presentations
in the morning, even though I didn’t sleep the previous night. | found the FlipDB
presentationparticularly interesting, because of the clever way that a database
model was conceived using directories for the general structure and the powerof
dynamic functions to make queries and other operations. Later on that day,|
participatedin the ‘Viking Challenge’ which| enjoyed a lot more than | expected
and I didn’t mind having three embarrassing blank targets. I was the best of my
teamin the blowpipealong with Stefano Lanzavecchia, soat least I kept the pride
of knowing that I havea special talent that may come handy intherainforest. I
enjoyed very muchthe Viking Challenge despite therain. | had to run back from
that area to LO-skolen and wasalittle bit late for my own presentation.

   

 

So, it was my momentof
truth and I was sweatyand
nervous. About 30 people
attendedandit was actually
more thanI had expected. I
started by explaining the
origins of mythesis project,
how[cameup withtheidea
andthereactions of my
professors at myuniversity.
I briefly showedthe
structure of the website,
talked about the content

and gavea brief summaryon each chapter. | also showed, with somedifficulties,
the examples and exercises evaluation window. Finally, 1 spoke about what is yet
to be developed, myexpectations for the work andalsoa little bit about my
personal experience. | dedicated mytalk to several people , among them my
father Alejandro Cisneros Munoz, my uncle Sergio Cisneros Munoz, my APL
professor Javier Fernandez Pacheco and of course the people from Dyalog Limited
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and the BAA.In theend, | overcame myinitial nervousness and, despite my
terrible accent, I think everything went verywell. After my presentation, |
received several nice comments, congratulations and very useful suggestions.

 

From that I think it was a success.
As with everything else
during the conference, the
flavours in the banquet
where newto me-—infact,
every meal there was.I
found the Danish food
excellent, although I missed
hot peppers! Apartfromall
the delicious things in the
banquet, from the thefirst
courseto the desserts, | met
andtalked with verynice

people, among themStephen Taylor, from whom I learned interesting concepts in
teaching APL. One thing he passed on to me from Dr Iverson's APL Instructors
Course | remember mostclearlyis that the best waytoteachis to support people
in their studyrather than to supply answers — empowering, themas students. That
Wasa Very interesting point of view, since | was educated in theold-fashioned
wayandalwaysbelievedthat there are some subjects that you mustlearn evenif
you don’t like them, and you need a teacher to teachit. I also met Carlo Spinicci,
from Italy. He approached meafter the banquet to congratulate me and shared his
experience on howhe found a book about APL in a library in Milan and how he
started his company, APL Italiana. Carlo was verynice to me, he invited me for a
walkin Elsinore after the conference ended, along with the rest of APLItaliana
crew,and wehad a very nice time. Thank you very muchfor everything Carlo!

 
During those days| felt that | had found myplace in this world. However
everything has to come to an end, andso too the conference. The closing program
wasfun and interesting, starting with Brooke Allen telling us how to be lucky,
with Stephen Taylor talking about the newVector andfinally with Gitte
Christensen and and Paul Grosvenor, who closed the conference with brief but
moving speeches. Actually I felt very grateful and deeply touched when Gitte and
Paul again welcomed meto this community.
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So now| amwriting
this report while I
fondly remember
every minuteI spent
with the people I met
there. Paul told me
that there was no
need to write a report,
but still T wanted to
do itas a testimony of
mygratitude to
Dyalog Limited and
the BAA. | also
wantedtoreiterate

my commitmentto finish thetutorial, publishit and haveit translated. 1 would be
honoured to work with the BAAonthis if they arestill interested. In a way | think
myon-line APL.tutorial fits Stephen’s conception of teaching APL becauseit will
beavailable for anyoneinterested but no onewill be forced to visit it nor to follow
the coursestrictly, | hopethat whenthe tutorial is exposed to search engines, at
least one person will find it and maybe learn something on APL fromit. If such a
thing ever happens then the tutorial would have achievedits main goal. | hope a
daywill come when | will be ableto tell you about such-an achievementin some
other conference... perhaps next year.

 

Like I said in mytalk, only good things happen to me whenI work with APL. This
time | visited beautiful places, met interesting people and madenewfriends.I
wouldlike to mention and give special thanks to Gilgamesh Athoraya whotook
all the pictures aboveand also speaks very good Spanish. jGracias hermano! 1
discovered that there are otherslike me in this world, disregarding borders or
nationalities. That is why I would love to work full time with APL notjust
developing applications, but also in educational projects, and — whynot? —
developing APLitself. And Tamsure | will somehowmake it happen.
In the meantime, | hope to see youall again next year!

 

w N
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DISCOVER
A First Look at the Causeway

APL to C# Translator
by Walter Fil

Earlier this summer,I attended the first Causeway APLto C# translator seminar,
whereI learned a bit aboutthe product and howto useit, As the productis ina
ratherearly stageofits life, it would befutile if not inappropriate to document
aspects ofits usage. Rather, I’ve opted for a narrative description ofits initial
capabilities, as these most certainly will be extended in the nearfuture.

Background
The notionof compiling APL has been aroundalmostas long as APLitself. In themainframe days, APL was thought by many,typically those not programmingit,
as an excessive consumer of otherwise limited and extremely expensive computer
resources. The dream at the time was to compile APL simply to achieve execution
speeds comparableto that of Fortran. What that really meant, no one wassure, as
it was possible to write both slow Fortran and fast APL, nonetheless, the dream
stuck. Overthe years, starting in the early 1980s, mainframes became cheaper, and
the need for severe reductions in computing costs became Jess apparent. The
emphasis was more on the programmer productivity.
At the sametime, the APL languageitself was going through changes. APL2
becamethe evolving norm, and withits nested arrays, the topic of APL
compilation had becomeless frequently visited. It was largely felt that the
additionof nested arrays rendered the APL languagetruly uncompilable.
Nonetheless, some APL compilers, or more correctly translators, appeared,
usually in the form of research projects. The APLc translator, by Professor
Timothy Budd, successfully translated a subset of the APL language to C code
(C++ was not widely availableat the time). Although far from a commercial
product, the APLc implementation wasa clearly positive feasibility study for
compiling APL.
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Code generated by APLc was standaloneasit required no existing APL
environment - the compileritself was written in C, and C code emitted by the
product would be compiled to an executable form in the normal manner.
Another successful compiler, this one commercially available in the mid 1980s,
wasthe oneoffered by STSC as part of the vendor's IBM VSAPLextensions. Here
the compiler favoured scalar-oriented anditerative APL code. Through a batch
process,it returned functions in the form of compiled modules. Only a subsetof
APL primitives was supported, calls to unimplemented functions were resolved
by a call to the mainframe interpreter.
The STSC compiler depended on the APL environment- notonly was the
compileritself written in APL, but the compiled functions were materialised as a
sort of magic function in the workspace.
Althoughthe IBM personal computers were available from the early 1980s, it was
not until the adventof the 386-class machines which came out around 1988,
possible to comfortably migrate a small-to-medium sized mainframe APL
application to the PC environment. The speedissue waslargely forgotten, as PC
applications tendedto run faster than their mainframe counterparts, and Moore’s
law was very muchin session — processor speed tended to double every 1% years.
It had becomepossible to “buy your way out” of performance problems by
upgrading systems or adding memory.

Enter Sun and Microsoft
Bythe late 1990s, with the variousflavours of Windows, from Windows3.1 to
WindowsNT, Microsoft developmentplatforms had become immensely popular.
Notably, Visual Basic skyrocketed to popularity, with its comfortable
development environment, easy language, and emphasison thevisualaspectof
Windowsprogramming.Similarly, Sun Microsystems’Java language, developed
as a general purposeInternet-oriented language, gained popularity in the non-
Microsoft world. Internally, the Java language had been designed withthe goal to
be able to ship the compiled Java code, a form of P-code, to a Java language engine
located in each machine. VBA was hybrid language implementation where true
executable code would “trampoline” to parts of the VBA language engine as
needed.In short, the Microsoft .Net platform evolved from the need to have a
managed environment (MSIL, Microsoft's internal .Net P-code) similar in concept
to Java.
In reality, both the Java and .Net run-time engines are “interpreters”, or “virtual
machines”, as they’re known in non-APLcircles. Performanceis typically less

39

  



VECTOR Vol.22 No.1
 

than that of a true compiled language such as C++. However, the language engine
encapsulates many ofthe details of the underlying hardware, thus maybeable to
apply optimizationsto p-code onthe fly. More importantly, as hardware changes,
a language engine based approachcan insulate the user from compatibility issues,
thus guaranteeing that code written a few years earlier runs onentirely different
hardware.

-Net Languages and Object Orientation
At this time, numerous.Net languages exist from Microsoft, the best known ones
being VB.Net, J+, and C#. J+ is Microsoft’s implementation ofJava; VB.Netis the
successor to VB, as VB (and VBA,Visual Basic for Applications, found in the
automation-enabled Microsoft products such as Word and Excel) is being
“deprecated” by Microsoft. As such, both VB.Net and C# aretrue object-oriented
languages. VB.Net has been characterized as simply “C# without the semicolons”,
whetherthis is true, we will concentrate on C#.
As its name would imply, C# would resemble C or C++. Certainly C# is a
simplification of C++, as manyof the mechanisms central to program
development, such as memoryallocation and other memory administration tasks,
are silently handled by the C# language or .Net environment.Further, like C++,
C# supports full object orientation. This combination offeatures makes C# a very
APL-friendly target language with which to build a compiler.
To recap, Object Orientation is about the creation and managementofspecialised
and application-specifie data types (classes) and functions to deal with these new
data types (suethods). Object oriented languages normally contain the following
features. Some of them are Big Words:

Data Abstraction
Inheritance
Polymorphism
Extensibility
Overloading

Inheritance: Suppose you have a numberofrelated classes which describe similar
data types which differ in slight but important details. One class can inherit some
or mostof its Functions from its parent, thus avoiding code duplication and work.
Polymorphism: Suppose you have a numberofclasses which should return some
commonentity, such as the size of the object or some kind of count. Yet the actual
code to dothis differs wildly from oneobject to another. By keeping the nameof
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the function the same, one achieves polymorphism,i.e. a function that does the
samesortof thing which exists in a numberofplaces.
Data Abstraction: Suppose you wantto implement complex numbersin your
program.Inreality, one complex numbercan be built using two floating point
numbers, onefor the real part, the other for the imaginary.Similarly, quaternions
and octernions can be represented with vectorsof floating point numbers. But
from the perspective of the programmeractually using these data types, they look
like oneitem.
Extensibility: With these features, it is possible to add extensionsto at least the
datatypesof the language.
Overloading: As the compiler keeps track of functions and their arguments,it is
possible not only to use the name in different contexts, but to inform the compiler
to allow the use of more familiar symbols as a substitute for functions. For
example, the “+” symbol may be overloaded with the functionality of the “plus()”
function.

The APL to C# Translator
Why would anyone wantto compile APL?

Speed, speed, and speed
One-way migration to C#
C# asa delivery platform

Speed: The performance issueis no longer whatit used to be in the daysof
timesharing where a few extra functions added up to a hugebill. Nor is APL
thought of as unreasonably expensive to run, Many applicationsare delivered in
interpreted or semi-interpreted languages such as Visual Basic or Java, and
complaints that something is much too slow are comparatively rare. Thus speed
for speed’s sake should notbe the sole reasonto consider this approach.Be thatas
it may, compilation to C#, which implicitly includedthe healing effects of a
cleanup, may result in some speedup andit would be safe to say that overall, APL
functions compiled to C# wouldbeoverall faster. Code optimisation is a very
fertile area in which to expect considerable improvements overtime.
One-way migration: The outputof the APL to C# translatoris designed to be as
readableas possible, with user maintainability of the final output an important
consideration. APL commentsare propagatedto the compiled code, the classes
used in code is kept to a minimum, no code movementtakesplace, control
structures are nearly identical in APL and C#, and the endresult is code which
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looks at worst very familiar. Array and vector operationsare handled by an array
engine, andits use in application code is not only easy to understand, but
documented. Thusit should be possible to turn compiled code over to a C#
professional andlet her take over.
C# delivery: A similar approach would be to continue developmentof a set of
programsin APL, while delivering the end result in C#. As different parts of a
productcan be written in different .Net languages andlinked together, this type
of mixed language paradigm maybeveryefficient in certain circumstances or
organisations. For example, GUI work may be handledbya different individual
while the central computationsof an application are done by the original APL
developer. Clearly, the APL coding style may require discipline, butthe codeitself
remains in APL.It is written in APL, tested and debugged in APL, then converted
to C#, This module, combined with manyothers written in APL, C#, or VB.Net,
contributes to the final application.
C# delivery is a convenient and compactalternative to application delivery using
the run-time version of APL. Most importantly, the end result is comparatively
small, which may makeonline orinternet delivery of software that muchquicker
or more bearable. Interestingly, executable C# codein its initial form is relatively
easily reverse engineered wherean operating likenessofthe original program can
beeasily reconstructed. Third-party products exist which obfuscate the executable
code, rendering attempts at reverse engineering ineffective.

Implementation
Although APL maybethe preferred tool for thought, C# can be viewedas a tool
for deployment. APL and C# have someirreconcilable differences which in the
end require somecare on the part of the APL programmer. The APL to C#
translator does what it can to smooth outthe differences between the two, but in
the end, the APL developeris ultimately responsible for the quality of the
compiled code.
Conceptually, the design ofthe translator is simplyto take a line of APL code and
“convert”it to C#, Line byline, the translator plods throughthe functions, and
translates them verbatim. Depending on the arguments, for an ordinary addition,
the translator inserts either “A + B” or “AE.Plus(A, B)” depending on whether
arrays are involved. Code consisting of operations on scalars frequently compiles
to standard C#. The actualparsing of the APL syntax is handled using a subsetof
the J parse table, described in full detail in Vector 9.4 p.92.  
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In order to support the multitude of APL primitive functions andoperators, the
translator draws upon anarray engine to perform the operations. In essence, the
array engineis a subroutine library with operations corresponding to the APL
primitives. However, complicationarises as variations of APL type, rank, and
shape, each mapto a different C# class.
Atthis time, the C# translator supports 15 different classes, which are every
combination of Boolean,character,string, integer, and floating point, by rank 1, 2,
and 3. Rank0, of course,is scalar, and is supported by base C# types.It is
importantto note that every variationis a distinct class — integer vectors are
distinct frominteger arrays which are distinct from floating point arrays. Arrays
of rank greaterthan 3 are not supported, on accountof the exponential growth of
function overloading possibilities.
This leadsto the following distinct C# classes:

Scalar Rank 1 Rank 2 Rank 3
Bool bool [] bool [, ] booll[,,]
Char char[J char[,] ehar[,,]
String string [] string [,] stringl[,,]
Int int [] int[,] intl,,]
Double double[] double [,] double[,,]

It is precisely here wherethebeauty of the approachis apparent, where object
orientation comes and doesall the difficult work. Given the APL code fragmentof

A+B
and given that both A and are variables, the following possibilities exist:
lus 0 11 12 13 0 it 1 it 2 3 tO bi t 2 £3

E
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(Score: Native C#, 4— Array Engine, 140)
Needlessto say, character data is outside the domainof addition and does not
enterinto the picture. If it did, we would have 16 squared possibilities, minus
someofthe scalar + scalar cases.
From thetranslator’s perspective, it has to choose between “A+B” and“AE.Plus(A,B)”
This is one of the outstanding features of object orientation — the compiler keeps
track ofall the intermediate types and shapes(all implemented asdifferent classes
of objects) and knowsexactly whichone ofthe 140 versions of AE.Plusto deploy.
C# hasits own automatic type conversion rules which apply only to the scalar
data types, otherwise, a version of an Array Engine function for every
combinationof the scalar and array types must be present. Needless to say, the
developers of the Array Engine used a template-based approach to construct the
library.
Controlstructures, introduced to the languagein the last 15 years and adopted by
at least two of the APL vendors, simplify code translation considerably. Control
structures comeout largely unchangedin the translation process, andtheir use
contributes to the overall readability of the converted C# code. Standard APL
branchingis allowed, however someof the more complicated cases are not yet
handled.Best to stick with simple branching.
In the compiling phase, the translator, where possible, translates the line of APL
codeinto a line of C# verbatim. Withscalar code, pure C# output is possible. With
any APLarrays, regardless of rank, the array engineis invoked. Optimum
readability is achieved withrelatively short lines of APL code(“long and skinny”
functions) and use of control structures. Longlines of APL code begin to resemble
Lisp when translated to C#, owing to the large numberof parenthesis required
whenusing the array engine with a long or complex expression.
Also, with C#, the Booleandata type is not represented withthe values of 1 and 0,
rather “true” and “false”, and do not automatically mapinto 1 and 0 as one would
expect from other languages, notably C++ and Visual Basic.
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Nested Arrays are partially handledin the form of intermediate results. One
recent Dyalog extension,to be able to split positional nested array arguments
directly in the function headerto their constituentvariables, has been
implementedin the translator. This feature implements one important language
construct as a consequence of nested arrays.
Lastly, the dreaded Execute function is not supported asit is not appropriate in a
compiled environment. JVI and[}F I work as expected, though Dyalog’s OVFI
function would needto be recodedto use IVI and [F I separately. Underscored
variables (with the exceptionof delta-underbar) are not handled, and would need
to be changed. User-definedtraditional operators (butnotin the form ofdéfns) are
not supported.

Programming
One cannot reasonably expect to simply dump a bunchof functionsintoa sort of
machine and have working C# codeat the end. The APL codeitself invariably will
require some preparation and cleanup. C# is a strongly typed language, meaning
that all variables in any program needto be declaredto be of a given type. APL, of
course, is anything but strongly typed,asit allows you to reuse variables,
assigning them different types and/or shapes, not to mention functions and
operators, and this cannot happen with C# programs. They will not compile.
Better programmingpractice would suggest a certain discipline in the usage of
variables - variables never deviate from the types with which they wereoriginally
declared.
Another important design goal of the APL to C# translatoris to structure language
changesin such a waythatnot only the code continues to work both the APL and
C# language environments.All translator directives and code declarations are
supplied in the form of APL comments. As mentioned, the Dyalog APL
implementation of OVFI, a fusion of VI and OF I whichreturns a nestedresult, is
inappropriate. Alternately, JVI and [IF I -like functions are supplied, which
function correctly in APL and compile correctly to C#. Other changes are more
subtle. The monadicplus function, defined in APL simply to return its argument,
has been changed to promoteits type. When executed in ordinary APL, the
monadic plus has no effect on numeric arguments, and is thus harmless.
Variable declarations give the APL to C# translator a hint of whatto do. Often,
only a function’s arguments and result need to be declared. By default, the
translatortreats argumentsas integer scalar. With somedata flow analysis,it is
possible for the translator to deduce the type, shape, and rank of every variable at
every pointin a line of code. Thusfor well-behaved programs,it may be sufficient
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to simply declare the arguments. Additional declaration may be supplied simply
to force the result of a computation to be of an expected type.
Places to look out for, where type conversion may be happening, would be uses of
the APLfloor and ceiling functions. As implemented in ordinary APL, these
functions do the double duty of rounding a number to the next lower or higher
integer and wherepossible, returning an integer result from a floating point
argument. As implemented bythetranslator, floor and ceiling do work as in
traditional APL. Conversely, there may be situations wherea floating point
argumentis required, but only an integer argumentis supplied. The
implementation of the monadic plus is to promote the argumentfrom integer to
floating point, or from Boolean to integer. Again, Cis implementation ofthe
Boolean type is such that Boolean valuesare not interchangeable with 0 and 1.
Scalar arguments are automatically promoted,at least from integerto floating
point, by C#.
Another area where non-obvious but unexpected differences in APL and C#exist
are in the implementation of characters vs. strings. Arrays of characters are no
different than in APL.Strings, however, are immutable. Thatis, once created, they
cannot be changed. C# favoursstrings for casual use of character data. As far as
the translator is concerned,the useofstrings vs. char is transparent to the user
apart from one annoying limitation — you cannotuse indexed assignment(or
maskedassignment) with a string.
Othertranslator directives, all in the form of comments,indicate to the compiler
whether to produce “Public” (visible outside of the class) or “Private” (hidden
inside the class) functions, allow the a comment(often the first comment of a
function) to appear in documentation,to indicate special treatment of multiple
arguments
Using the Microsoft Visual Studio program developmentfacility allows, among
other things, summary documentation to be viewed at the time codeis being
entered oredited. Potentially, this drastically improvesthe quality of the
documentation available to the programmerat development time. Suppose
several APL functions appeared as overloads, meaning different versions of the
function which did the samething butfor different data types, Visual Studio
would display the different possibilities.
Atthis time, I have used the APL to C# translator only on“little” things, meaning
groupsof 10 or fewer functions, and am truly impressed with the usability of the
product. I’ve foundlittle problems which were promptly fixed. Thetest and code
in APL, and deliver in C#, for me, is ideal. In any event, using this product has
hadthe effect of breaking some very bad habits, such as variable namereuse,
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using variables whichare too short, allowing functions to becometoo long, andoverloadingutilities. [ have a numberof “big” things on myplate andtheyall
require a substantial amountofcleanup.
The cleanup effort can be daunting. My only suggestionis to start early, cleaningup as you can. Getrid of those executes, split up those large functions,getrid of
branching and replaceit with controlstructures.
Cleanupis quite a lot less work than Rewrite, whichis quite a lot less work thanRe-engineer. I had recycled a substantial amountof code before, but never had I
thoughtthatthe code or ideas would make their way out of APL andinto a
mainstream computer language.

Conclusion
The computer software industryis very volatile — things come and go, today
certain software may be either the hottest in software fashion and competitive
advantage, only to be forgotten tomorrow.Atleast couple of things are here to
stay, at least a while, object orientation is one of them, APLis another.
Object orientation has been around in one form or anothersince 1970, with it
catching on in the mainstream marketin the early 1990s. APL has beenavailable
since the mid 1960s, on hardware ranging from prehistoric mainframesto pocket
PCs.It is also interesting to note thatin the mainstream computer language world,
only twotruly new ideas in computer languages have appeared since the
introduction of Fortran in 1956 - namely the notionofcontrol structures, and
object orientation. These twofeatures also were key in making the APLtranslator
and readable output codea possibility.
It is not obvious today whether .Net will havethe staying power of someofthe
earlier technologies. One would reasonably expectthatit will. However the APL
to C# translation is a very portable concept which even today can be adapted to a
variety of similar technologies. For example, Java wouldbe a language which
could be easily accommodated, doing this would substantially extend the reach of
the product and more importantly, extend the reach outside of the Microsoft
world. C++ is another potential target language with even greaterfar-reaching
potential. .Net may fade into the software sunset, but whatevertakesits place
could have support for APL. Time marches on, so does computer science, and
most certainly tomorrow’s platforms can be accommodated.
Modest speedups should be expected, as with a combinationofefficient
algorithms, high-powered optimisations built into the .Net engine, and APL
languageactivities such as type and rank checking now doneat compile time, the

47  



VECTOR Vol.22 No.1
 

overall performanceofan application should be better. However, to expect
“miraculous” speedupsofa factor of 100 or moreis notrealistic. Isolated
examplesof stunning increases in speed for selected code fragments doexist, but
largely, code performsthe sameorslightly better.
In closing, the APL to C# translator supplies an excellent migration path to anew
world. The productivity of using APL, the tool for thought, and theability to test
an idea or program in an interpreted environmentall remainintact. The resulting
codecan be shipped over to the .Net world, whereit can nowinteract with
everything else, in a mainstream environment.
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Using Delegates in an
Interpreted Language
by Richard Smith (rcs36@cam.ac.uk)

Introduction
It is essential that an interpreter can handle events. For example, one should be
able to react to a button being pressed — in Rowan:

buttone#new Button[];
button:Text+"Hello, world";
button:Click+#delegate $€ventHandler {sender message: Hsender:Text }3

... the event handler mustbe called whenthe buttonis clicked ~ we expect to see
Hello Wortd in the session.
In .Net, events are represented by delegates, whichare effectively typed function
pointers. For example, to react to a button being clicked in C#:

void Start () {button.Click = new EventHandler (myButtonClick) ;}
void myButtonClick(object sender, EventArgs e) {// ... handle the event, do something cool}

The type System.EventHandleris a delegate, and to attach a handler to an event
you mustcreate an instance of the correct delegate type. Unfortunately for an
interpreter, the new in the example above requires the address of a method which
has the appropriate signature - which must exist at compile time! This article
shows howto create a delegate at runtime, whichis necessary for an interpreter to
use them.

Howit Works
It isn’t possible to have a general event handler in the .Net world, whereasit is
possible in ordinary Windowsto have a general message-handling function which
does broadly the same job. The method a delegate refers to must have the correct
signature, and since there is no way to know beforehand whatthose signatures
may be we need a way to create new methodsat runtime.
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Fortunately, the Framework does provide the System.Reflection.Emit namespace to
emit IL (the high-level assembler C# is compiled to) directly in a temporary
assembly in memory. So what we haveto do is make a new type which defines a
methodof the correct signature and creates a delegate from it.

The Code
HereI walk through the C# code ofthe CreateDelegate method, which builds a new
type that exposesa delegate of the requested type. Within the commentsof this
methodarethe lines of C# which the emitted IL represent.

internal static Delegate CreateDelegate(IEngine engine, Type type, Symbol verb) {if (!type.IsSubclassO£ (typeof (Delegate})} throw new ArgumentException ("Type“+type.FullName+" is not a delegate");
SetUp();

Make sure what we have been asked for is a delegate, and set up the temporary
assembly if we haven’t already done so.

if((verb.type & ObjectType.Token) I= 0) {
verb.type = ObjectType.Token | ObjectType.StringRep;} else {
verb, intValue = TokenType.Verb;verb.type ObjectType.TokenTypeGiven | ObjectType.StringRep;}
DelegateIdentifier di = new DelegateIdentifier(type, verb);object o = saved[dil;
if(o is Delegate) return (Delegate)o;

Check if we've already made a delegate from this verb, and if so return it. saved is
a Hashtable which caches previous delegate requests.

String name = "Type"+(index++) ;
TypeBuilder ty = module.DefineType (name) ;
FieldBuilder fb = ty.DefineField("e", typeof (IRowanEngine),

FieldAttributes.Static | FieldAttributes.Private);
FieldBuilder delegate_f = ty.DefineField("da", type,

FieldAttributes.Static | Fieldattributes. Private) ;
Fieldpuilder verbSym_f = ty.DefineField("v", typeof (Symbol),

FieldAttributes.Static | Fieldattributes. Private);
Set up the new type (with a unique name) and somefields it needs.e is the Rowan
engineit will call back to when the eventis fired, d is the stored delegate and2is
the verb whichis to be called. ] use one-character namesto save a few bytes of
memory, as these names should neverseethe light of day.

50

 



VECTOR Vol.22 No.1
 

// Get the Invoke method of the delegate and crib its parameter list
Methodinfo mi = type.GetMethod ("Invoke") ;
ParameterInfo[] pia = mi.GetParameters();
Type[] paramtypes = new Type{pia.Length] ;for(int i = 0; i < pia.Length; i++) paramtypes[i] = pia[i] .ParameterType;

Take the parameterlist of the appropriate Delegate type and copyit. The
signature of a Delegate is the sameas thatofits Invoke method.

// private static {rettype} Handler ({params}) {
MethodBuilder Handler_m = ty.DefineMethod("H",

MethodAttributes.Static | MethodAttributes.Private,
mi.ReturnType, paramtypes) ;

ILGenerator ILgen = Handler_m.GetILGenerator();
Create a new method called H and prepare to generate the IL forit. H will be the
method weattachto the delegate, so we set the return type and parameter types
to what we just copied from Invoke.

// Make symbols out of the objects, and bundle up as 'right arg’
ff

Emit the H() methodwith a series of calls to iGen.Emit(). This method packages
up all its parameters into an array and calls the Rowanfunction in v withit as the
right argument. See the complete code at the end ofthe article for details of which
IL codes are emitted; | haven’t included it here because the details of what the
handler does are Rowan-specific.

// public static void InitS(IEngine argO0, Symbol argl)
MethodBuilder m = ty.DefineMethod("Inits", MethodAttributes.Static

| MethodAttributes.Public, typeof (void),
new Type[] {typeof (IEngine), typeof (Symbol) });

ILgen = m,GetILGenerator();
// Engine = argo;
ILgen. Emit (OpCodes.Ldarg_0) ;
ILgen.Emit (OpCodes.stsfld, fb);
// verbSym = argl;
ILgen. Emit (OpCodes.Ldarg_1);
TlLgen. Emit (OpCodes.stsfld, verbSym_f);
// delegate = new {delegatetype} (Handler)
ILgen. Emit (OpCodes.Ldnull) ;
ILgen. Emit (OpCodes.Ldftn, Handler_m);
ILgen.Emit (OpCodes.Newobj, type.GetConstructor

(new Type [] {typeof (object), typeof (IntPtr) }));
ILgen.Emit (OpCodes.Stefld, delegate_f);
f/f return;
ILgen.Emit (OpCodes. Ret) ;
‘1 }
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Emit an initialisation method InitS() which sets the e, d and vfields. This, d and H()
(above) are all declared as static, so we don’t need to create an instance of our new
type to use the delegate it exposes.

// public static Delegate GetDelegate(} {
m = ty.DefineMethod("GetDelegate",

MethodAttributes.Static | MethodAttributes.Public,
typeof (Delegate), new Typel] {});

ILgen = m.GetILGenerator{) ;

// veturn delegate;
ILgen. Emit (OpCodes.Ldnul1);
ILgen. Emit (OpCodes.Ldfld, delegate_f);
ILgen. Emit {OpCodes.Ret) ;
‘13

Emit a method GetDelegate(), which just returns the delegatein d.
Type finalType = ty.CreateType(};

Create the type we've been building. It is now possible to call static methods
defined withinit, or create an instance ofit, butit is no longer possible to add new
methodstoit.

finalType.InvokeMember ("InitS", BindingFlags.Public | BindingFlags.Static
| BindingFlags.InvokeMethod, null, null, new object []{engine, verb});

Delegate res = (Delegate) finalType. InvokeMember ("GetDelegate",
BindingFlags.Public | BindingFlags.Static |BindingFlags.InvokeMethod, null, null, new object (]{});saved[di] = res;

return res;
}

Call the InitS() methodof the newtypeto initialise the fields, and thencall
GetDelegate() to retrieve the delegate and returnit. Wealso save this delegate in
our cache.
Andthat’sit, basically! A call to CreateDelegate() can create a delegate of any type,
even custom delegate types from third party controls. For another interpreted
language, you’d need to changethe type of v to your own language’sfunction
type, and modify the emitted method H()tocall back into your engineinstead of
the Rowan one.
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Appendix: Complete Code ofthe Internals Class
internal class Internals {private static AssemblyBuilder assembly = null;
private static ModuleBuilder module = null;private static bool set_up = false;private static int index = 0;
private static AssemblyBuilderAccess access = AssemblyBuilderAccess.Run |AssemblyBuilderAccess .Save;
private static Hashtable saved;
private static void SetUp() {
if(set_up} return;AgsemblyName name = new AssemblyName() ;name.Name = “RowanDynamicAssembly";assembly = AppDomain.CurrentDomain.DefinebynamicAssembly (name, access) ;module assembly. Def ineDynamicModule("RowanDynamicModul “dynmodule .d11") ;
set_up = trne;saved = new Hashtable ();

  

internal static Delegate CreateDelegate(IEngine engine, Type type, Symbol verb){if (Itype. IsSubclassOf (typeof (Delegate))) throw new ArgumentException ("Type"stype.FuliName+" is not a delegate");
SetUp() ;
if((verb.type & ObjectType.Token) |= 0) {
vexb.type = ObjectType.Token | ObjectType.StringRep;

} else {verb.intValue = TokenType.Verb;
verb.type = ObjectType.TokenTypeGiven | ObjectType.StringRep;

DelegateIdentifier di = new DelegateIdentifier (type, verb);object o = saved[dil;iffo is Delegate) return (Delegate)o;
String name = "Type"+(index++);
TypeBuilder ty = module.DefineType (name);FieldBuilder fb ty.DefineField(“e", typeof (IRowanEngine),FieldAttributes.Static | FieldAttributes. Private);FieldBuilder delegate_f = ty,DefineField("d", type,

FieldAttributes.Statie | FieldAttribures. Private);FieldBuilder verbSym_f = ty.DefineField("v", typeof (Symbol),Fieldattributes.Static | PieldAttributes. Private);
// Get the Invoke method of the delegate and crib its parameter listMethodInfo mi = type.GetMethod("Invoke") ;ParameterInfo[] pia = mi.GetParameters(};
Typel] paramtypes = new Type{pia.Length];for(int i = 0; i < pia.Length; i++) paxamtypes[iJ = pia(i] .ParameterType;// private {rettype} Handler ({params)) (MethodBuilder Handlex_m = ty.DefineMethod("H", MethodAttributes. Statice

| Methodartributes.Private, mi.ReturnType, paramtypes);ILGenerator ILgen = Handler_m.GetILGenerator();// Make symbols out of the objects, and bundle up as ‘right arg’
// Make array of tokens like "£ ( pl p2 p3 )*7/ va = new RArray(Q);LocalBuilder ra = ILgen.DeclareLocal (typeof (RArray));gen. Emit (OpCodes.Ldloca_S, ra);ILgen. Emit (OpCodes.Initobj, typeof (RArray))};// ra.contents = new Symbol{{no of params}]ILgen. Emit (OpCodes.Ldleca_s, ra);ILgen. Emit (OpCodes.Lde_I4_8, pia.Length);
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ILgen.Emit (OpCodes .Newarr, typeof (Symbol)) ;
ILgen.Emit (QpCodes.Stfld, typeof (RArray) .GetField("contents"));
// {for each parameter}
for(int i « 0; i « pia.Length; i++) {
// va.contents[{i}] = Symbol.CreateFromObject { {params [i] })
ILgen. Emit (OpCodes .Ldloca_S, ra);ILgen.Emit (OpCodes.Ldfld, typeof (RArray) .GetField("contents") ) ;
ILgen. Emit (OpCodes.Ldc_I4_s, i);
ILgen, Emit (OpCodes.Ldelema, typeof (Symbol) };ILgen.Emit (OpCodes.Ldarg_S, i};
ILgen.EmitCall (OpCodes.Call, typeof (Symbol} .GetMethod("CreateFromObject"), null);ILgen.Emit (OpCodes.Stobj, typeof (Symbol) ;

// ArrayList al = new ArrayList ();
LocalBuilder al = ILgen.DeclareLocal (typeof (ArrayList));
ILgen. Emit (OpCodes .Newobj, typeof (ArrayList) .GetConstructor (new Type[] {}));
ILgen.Emit (OpCodes.Stloc_S, al);// al.Add(verbSym);
ILgen.Emit (OpCodes.Ldloc_s, al);ILgen.Emit (OpCodes .Ldsfld, verbSym_f) ;ILgen. Emit (OpCodes .Box, typeof (Symbol}) ;ILgen.EmitCall(OpCodes.Callvirt, typeof (ArrayList) .GetMethod ("Add"), null);Ibgen, Emit (OpCodes . Pop} ;// al. Ada (ra.getSymbol(});ILgen.Emit (OpCedes.Ldloc_s, al);ILgen.Emit (OpCodes.Ldloca_S, xa);ILgen.EmitCall(OpCodes.Call, typeof (RArray) .GetMethod{"getSymbol"), null);TLgen, Emit (OpCodes.Box, typeof (Symbol) );ILgen.EmitCall (OpCodes.Callvixt, typeof (ArrayList) .GetMethod("Add"), null);
ILgen.Emit {OpCodes . Pop) ;
// Argument temp = new Argument (); engine.ArgumentStack.Push(temp}ILgen.Emit (OpCodes.Ldsfld, fb);ILgen .EmitCall (opcodes .Callvirt,

typeof (IRowanEngine) .GetMethod("get_ArgumentStack”), null);LocalBuilder temp = ILgen.DeciareLocal (typeof (Argument) ) ;ILgen.Emit (OpCodes.Ldloca_S, temp);Thgen Emit (OpCodes.Initebj, typeof (Axgument)) ;ILgen.Emit (OpCodes.Ldloc_S, temp);
ILgen.EmitCall(OpCodes.Callvirt, typeof (ArgumentStack} .GetMethod ("Push"), null);// engine. PushFunction("DelegateHandler", verbSym.ns) ;ILgen. Emit (OpCodes.Ldsfld, fb);Ibgen.Emit (OpCodes.Ldstr, “DelegateHandler");ILgen.Emit (OpCodes.Ldsfld, verbSym_£};ILgen.Emit (OpCodes.Ldfld, typeof (Symbol) .GetField("ns"));ILgen.EmitCall (OpCedes.Callvirt, typeof (Engine) .GetMethod("PushFunction"), null);(/ try {
Label tryl = ILgen,BeginExceptionBlock ();// engine.ExecuteBlock (al) ;ILgen.Emit (OpCodes .Ldsfld, fb) ;ILgen.Emit (OpCodes.Ldloc_S, al);Ibgen .EmitCall (OpCodes.callvirt, typeof (IEngine) .GetMethod{"ExecuteBlock"), null);Ibgen.Emit (OpCodes.Leave, tryl);
// } catch(RException rx) {
ILgen.BeginCatchBlock (typeof (RException)} ;// throw rx.originalError;Ibgen. Emit (OpCodes.Ld£ld, typeof (RException) .GetField("originalgrror")) ;
ILgen,. Emit (OpCodes . Throw) ;/

  

ILgen, EndExcept ionBlock() ;// engine. PopFunetion() ;TLyen Emit (OpCodes.Ldsfld, fb);
ILgen.EmitCall (OpCodes.Callvirt, typeof (IEngine) .GetMethod("PopFunction"), null);
// engine .ArgumentStack.Pop{) left on stackILgen.Bmit (OpCodes.Ldsfld, fb};Tigen .EmitCall (opcodes .Callvirt,

typeof (IRowanEngine) .GetMethod ("get_ArgumentStack"), null);TLgen.EmitCall(OpCodes.Callvirt, typeof (ArgumentStack) .GetMethod ("Pop"), null);
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if(mi.ReturnType != typeof (void)) {
// (return engine.ArgumentStack.Pop() ... ) .result;ILgen.Emit (OpCodes.Stloc_S, temp);ILgen .Emit (OpCades .Ldloca_S, temp);ILgen. Emit (OpCodes.Ldfld, typeof (Argument) .GetField(*result")) ;LocalBuilder res_v = ILgen.DeclareLocal (typeof {Symbol} ;//Tugen.Emit (OpCodes.Stloc_s, res_v)};//Tugen.Emit (OpCodes.Ldlec_8, res_v};

} else ILgen.Emit (OpCodes. Pop);
ILgen. Emit (OpCodes.Ret) ;
‘fy
// public static void InitS(IEngine arg0, Symbol argl)MethodBuilder m= ty.DefineMethod("Inits", MethodAttributes.Static |MethodAttributes.Public, typeof(void),

new Type[] {typeof (IEngine), typeof (symbol) });
ILgen = m.GetILGenerator (};// Engine = argo;
ILgen.Emit (OpCodes .Ldarg_0);ILgen.Emit (OpCodes.stsfld, fb);// verbSym = argl;
Ibgen.Emit (OpCodes.Ldarg_1);ILgen. Emit (OpCodes.Stsfld, verbSym_f);
// delegate = new (delegatetype} (Handler)
ILgen, Emit (OpCodes.Ldnul1) ;
ILgen. Emit (OpCodes.Ldftn, Handler_m);ILgen .Emit (OpCodes .Newobj,

type.GetConstructor (new Typel] {typeof{object), typeof (IntPtr) }));
ILgen.Emit (OpCodes.Stsfld, delegate_f};// return;TLgen.Emit (OpCodes Ret);
i“
// public static Delegate GetDelegate() {
m = ty.DefineMethod("GetDelegate", MethodAttributes.static |

MethodAttributes. Public, typeof (Delegate), new Typel]{});
ILgen = m,GetILGenerator(};
// return delegate;
ILgen.Emit (OpCodes .Ldnull); ~ILgen.Emit (OpCodes.Ldfld, delegate_£);
ILgen.Emit (OpCodes.Ret);i}
Type finalType = ty.CreateType(};finalType.InvokeMember("InitS", BindingFlags.Public | BindingFlaga.static

| BindingFlags.InvokeMethod, null, null, new object []{engine, verb});Delegate res = (Delegate) finalType. InvokeMember ("GetDelegate",BindingFlags.Public | BindingFlags.Static |
BindingPlags.InvokeMethod, null, null, new object (1{});gaved[di] = res;

return res;}
internal static void SaveAssembly (String filename) {assembly. Save (filename) ;

private struct DelegateIdentifier {Type Type; VerbInfo Verb;
internal Delegateldentifier (Type type, Symbol verb) {

Type = type; Verb = (VerbInfo)verb.Value; }
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LEARN
An Introduction to Object Oriented
Programming For APL Programmers

by Morten Kromberg, Dyalog Ltd, December 2005

 

This has been written as a companionto version 11.0 of Dyalog APL. Ourgoalis
not only to explain the details of new functionality in version 11.0 of Dyalog APL,
but also be mildly provocative and entertaining, to conveya flavour of the
thinking which is behind the object oriented extensions to APL, and something
about how the developmentteam imaginesthat you might makeuseof the new
features — in the belief that this will make them easier to understand and use.
It is recommendedthat you have version 11.0 of Dyalog APL available for
experiments as you work through the guide, and useit to verify your
understandingof the new features as they are introduced.

1. Introduction
Version 11.0 of Dyalog APLintroduces Classes to the APL language. A class is a
blueprint from which one or moreInstances of the class can be created (instances
are sometimesalso referred to as Objects). For example, the following defines a
class which implements a simple timeseries analysis module:

:Class TimeSeries

:Field Public Obs A Observed values
zField Public Degree+3 A 3rd degree polynomials by default

VrePolyFit x;coeffs
sAccess Public
a Fit polynomial to observed points and compute values at x
coef fs+ObsH(1pO0bs)°.*0,1Degree a Find polynomial coeffs
recoeffst,xhxo.*0,1Degree a Compute Fitted f(x)v
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vo make args
tAccess Public
Implements Constructor
Obs+args

v
rEndClass a Class TimeSeries

The above description declares that instances of TimeSer ies will have four
Members: two Public Fields called Obs and Degree (thelatter having a default
valueof 3), a Public Method called Pol yF i t (header plus4 lines of code) and a
Constructor, which is implemented by the function make (headerplus3 lines of
code). Note that methods(or functions) begin and end with a V. The term Public
meansthat the methodsare for “public consumption”byall usersof theclass.
The system function [JNEW is used to create new instances using the class
definition. The first elementofthe right argument to JNEW mustbea class, the
second element contains instance parameters, which are passed to the constructor:

tsi+GNEW TimeSeries (1 2 2.5 3 6)
During instantiation, the constructor function makeis called, andit initialises the
instance bystoring its argument in the public field Obs. We can now use the
instance ts1 in much the same wayasif it were a namespace:

ts1.0bs
122.636

tsl.PolyFit 15
O.9714285714 2.114285714 2,328571429 3.114285714 5971428571

ists1.(Obs-PolyFit wpObs)
0.0 “0.1 0.2 “0.1 0.0

tsi.On] “2 a NameClass ~2 is roughly equivalent to “PropList”
Degree Obs

tsi.Onl ~3 8 NameClass “3 is "Methodlist"
make PalyFit

For negative arguments, NL returns a vector of names rather than a matrix. The
Degreefield allows us to decide the degree of the polynomial function used when
fitting the curve. The following example usesa straightline:

tsi.Degree+t
tsi.PolyFit 15

0.71.8 2,9 4% 5.1
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Arraysof instances are handled in much the same way as arrays of namespaces:
Or1+16807  Vatue in CLEAR WS - so we get the same random numbers
tss+{DNEW TimeSeries ((10%15}+75p5)} 724
ttiss.Qbs

11 24 33 43 52
11°24 ah 4S 52
13°25 31 4L 53
44 24 32 41 53

tss.Degree+2 324

Asttss.PolyFit e110
14.4 23.0 33.6 43.2 51,8 59.4 66.0 71.6 76.2 79.8
11,1 23.5 34.8 44,5 52.1 57,2 59.2 57.6 52.0 41.8
14.0 22.7 32,0 41.9 52.4 63,4 75.0 87.2 99.9 119.2
12.6 22.4 32,2 42.0 51.8 61.6 71.4 81.2 91.0 100.8

APL developers have often used naming standards,and in recentversions ofDyalog APL namespaces,to collect related functionality into modules. Users ofDyalog APL will recognise that an instance is very similar to a namespace. Oneofthe big advantagesofclassesis that they makeit possible to “clone” a namespaceandcreate multiple data “contexts”, without copying the code. This saves space,but more importantly it meansthat youareless likely to lose track of where thesource codeis.
Imaginethat we have prototyped our waythrough to a “classical” solution tofitting multiple polynomials. Looking back, weare able to copy the following
expressions from our session:

data+(4pc10%715)+24pc5p5 A Generate some test data
expe0,"1"2 321 A Our polynomials vary by degreecoeffs+datall”(<1S)°e.*"exp
tetcoeffs+.* "8" (c110)e, «exp

14.2 23.0 32.8 43.6 55.4 Wetec...

After thinking a bit more aboutit, we mightidentify a couple of potential
functions. If we use dynamicfunctions, we can refactor our solution as follows:

polyfit+{wH(tpw)°.*0, ta}
polycale+{a+.*Que.*71+ipa}
1st(2 3 2 1 polyfit“data) polycale”e110

14.2 23,0 32.8 43.6 55.4 Tete...

Ina traditional APL system, we could now create a workspacecalled POLY with
these functions inside, write some documentation explaining howto call them,and then store that documentation in a variable in the workspace, or in a separate
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document. Anyone wanting to use the functions would haveto find the relevant
documentation and makesurethat hedid not already have any functions with
these namesin his application (or variables with the same nameasthe
documentation). A namespace could be usedto isolate the names from our
application code.
Classes makeit possible for the developer to encapsulate functionality in a way
which keepsrelated code anddata together, avoids name conflicts and provides
some degree of documentation which suggests and can limit how the solution is
used, This makes the module easier to learn to use, while the control over how the
module can be used makesit easier to maintain. At the same time, splitting an
application into objects with well defined behaviour and interfaces is a valuable
tool of thought when dealing with complex design issues.
On the other hand,it is also clear that the simple functions polyfit and
polycalc are more generally useful than the PolyFit methodofthe class
TimeSer ies, which exposesa specific use of polynomialfitting. The
encapsulation of data within instances can make it harder, slower, and sometimes
virtually impossible to go “across the grain’ and use the properties and methods
in a way whichis different from that which wasintended bytheclass designer.
OO fans may argue that object orientation will help you think more carefully
about how things will be used andthis is to your advantage. However, APLis
often usedin problem areas where requirements change very unexpectedly.
Providinga flexible solution with OO design is as much ofan art, and requires the
sameinsight into where the solution might be heading, as any other technique.
A key design goalfor version 11.0 has been to makeit as easy as possible to blend
the array and functional paradigms which already make APL so productive, with
the object oriented view of data, a Tool of Thoughtin its ownright.
This is one of the reasons why, if you have a namespace POLY which contains the
two dynamic fns we developed above, you can add a line which says:

sInclude #.POLY

._ at the beginning of :Class TimeSeries, and subsequently write PolyFit
as:

vrePolyFit x;coeffs
rAccess Public
A Use cubic fit of observed points ta compute values at x
coeffs+Degree polyfit Obs a Find polynomial coeffs
r+coeffs polycale x a Compute fitted f(x}

v
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This Introduction to Object Oriented Programmingfor APL Programmers will attempt
to illuminate the issues and putthe readerin a better position to decide when and
how to combinearray, functional and objectthinking. In orderto achievethis, we
will:
First, briefly explore the thinking whichlead to the emergence of OO,to get an
idea aboutthe type of problems which OOislikely to help ussolve.
Introduce the fundamentals of OO programming using a number of examples
written in Dyalog APL version 11.0.
IHustrate how the new OO functionality in Dyalog APL makesit easier than ever
before to implement components which can be “consumed”by other
developmenttools.
Wherepossible, try to rememberto discuss alternative solutions, and present
some guidelines on how to choose between the various techniques which are
available. Given that the temperament and environmentof the developer, the
department and the company will weigh heavily on anychoice of technique,it is
clear from the outset that there will be no universal answers.

2. Origins
Although OOfeels like a recent invention to manyofus, the first OO language
sawthe light of day around the sametimeasthe first APL interpreter. SIMULA
(SIMUlation LAnguage) was designed and implemented by Ole-Johan Dahl and
Kristen Nygaard at the Norwegian Computing Centre between 1962 and 1967,
based on ideas which Nygaard had developed during the 1950s!. At the same
time that Ken Iverson was working on new waysto conceptualise algebra and
computation involving large groups of numbers, Nygaard was searching for ways
to think abouta different type of systems using symbolic notation2.
The focus of the NCC work wasonthe simulation of complex systems. Nygaard
explained the rationale behind SIMULAasfollows:

SIMULA represents an effort to meet this need with regard to discrete-event networks,
thatis, where theflow may be thoughtofas being composed of discrete units
demanding service at discrete service elements, and entering and leaving the elements

1 For moreonthe fascinating story about SIMULA,see “Compiling Simula”by Jan Rune Holmevik,http://wwwifi.uio.no/~cim/sim_history.html
2 KenIverson was born in Canadain 1920, but Norwayalso figures prominently in his heritage. Therefore,
we should have reason to hopethat the paradigmsare notincompatible ©.
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at definite moments[sic] of time. Examples of suchsystems are ticket countersystems,
productionlines, production in development programs, neuron systems, and
concurrent processing of progranis on computers.

The desire to describe and model so-called discrete-event networks led to object-
oriented notation, in which the description of the ways in which the “service
elements”interacted with eachotheris separated from the details of how each
service element(orobject) managesits internal state. As with APL, the language
subsequently evolvedinto a notation which could be executed by computers.
SIMULAturnedout to be a powerful notation for simulating complex systems,
and other OO languagesfollowed.Initially, OO languages were used for planning
and simulation applications (much the sameareas as APL has been most
successfully applied to), but with the arrival of graphical user interfaces, which
are a form of discrete-event network, and concurrent or networked computing
systems, OO languages provedthat they had moreto offer. As systems and teams
used to implement them have grownin size and complexity, OO has grown from
a humblestart as a specialist modelling technique to becomethe most popular
paradigm for describing computer systems.
With Dyalog APL version 11.0, Arrays, Functions and Objects are now happily
married.It is possible to have arrays of instances, and instances can contain arrays
(of more instances, if necessary). The challenge is to pick the best architecture fora
given problem!

Queue SIMULAtion
Asanillustration,let us take a look at one ofthe classical examples which the
inventors of SIMULAused the new language to model: The queue. Customers
arrive at random intervals and enter the queue. Analgorithm simulates the time
required to process each customer. The goalis to run a numberof simulations
with different parameters and see how long the queue gets and how long
customers have to wait. With luck, we will discover how the queue or system of
queuescan be optimized, and measurethe effect of improving the system without
having to perform expensive experiments.In the post-modern age, these systems
are probably being used to see how much /onger the queueswill getif the Post
Office spendsless money. Assumingthat the planning departmenthasnotalready
been “made redundant”.
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Thefollowingis a simple Queue class, written in Dyalog APL version 11.0%.
:Class Queue

zField Public Instance History+@
Customers+9
v r+Length

rAccess Public
r+t>pCustomers

v Join Customer
zAccess Public
Customers+Customers,cCustomer,(320AI),1+pCustomers
sIf d=pCustomers o Serye&O © :EndIf

4 Serve dummy;tselapsed
a Start serving queue in new thread when queue length graws to 1
A Stop when queue is empty.

Repeat
QDL 9+721 A Processing takes between 10 and 20 seconds
elapsed+(3>[}AI)-1 2>Customers a Since customer entered queue
History,+c(elapsed,1>Customers)[2 1 4]
A History records (Cust#, Total Time, Initial Queue Length)
Customers«i+Customers R Customer has left the building

:Until O=pCustomers
v

rEndClass A Class Queue

The class has twopublic methods called Join and Length, which are used to add
customersto the end of the queue and reportthe currentlength of the queue,
respectively. There is a public field History which contains a record of customers
whopassedthrough the system, Note that members of a class are private unless
they are declared to be public. Private members cannotbe referenced from outside
the class.
While the TimeSer ies class in the previous chapter only had public members,
Queue hasa privatefield called Customers, and private method called Serve,
whichis launched in a backgroundthread whenthere are customers in the queue
(thread-savvy readers are requested to ignore the potential race conditionif
Server dropsthelast element of Customersat the same time as Join adds
one).

3 Fora typical SIMULAsolution, see Example 2 on pagehttp:/ /staff.um.edu.mt/jski1 /talk-htm/Simulation
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If we have a workspace containing the aboveclass, we can experiment with it
from the session:

aQueue+()NEW Queue
aQueue.Join’1 2 3 a 3 customers stormed in together
aQueue.Length a Result wil] depend on haw quickly you type

2
O-Op. 60

60.022
aQueue.Length

9

Thevariable History contains a log of the customers whopassed through the
queue, the time they spentin line and the length of the queue when they entered
it. Since His tary was declared as a public field, wecan referto it from “outside”:

taQueue.History A Complete history
111032 1
2 26800 2
3.41833 3

(/aQueue.("2t"History) a Longest wait and max queue length
41833 3

Encapsulation
In our Queue class, we have decided that the Customer field, which contains the
list of customersin the queue, is private. We do not wantusers ofour class to
referenceit. We have provided a public method Length which makesit possible
to determine howlongit is.
Whyhave wenotsimply madethevariable public and allowed the user to inspect
aQueue.Customers using p or other primitive functions, rather than doing extra
work to implement a method ourselves? We wouldtypically dothis if we wantto
reservethe right to changethis part of the implementation in the future, or if we
do not wish to take responsibility for the potential bugs resulting from the use of
these members (“Warranty void if seal broken”).
If we had exposed Customers directly, users would havetheright to expect that
we would continue to have a one-dimensionalvectorcalled Customers with
similar characteristics in the future. It would bevirtually impossible for us (as
class designers) to estimate the impactof a changeto this variable, without
reading all the application code to see exactly how it was being used. And even
then, we would probablyget it wrong. The user might also feel tempted to modify
the variable, which might cause bugs to be reported to us, even though there were
noerrors in our code.
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If our class evolved into a more general tool where the contents of the queue were
notnecessarily customers, we could not renameit — so we would end up witha
system where variable names were misleading*. We cannot turnit into a 2-
dimensional matrix, store it on file, or make any otherarchitectural changes which
mightbe convenient as requirements evolve and we needto store more or
different types of information about the queue.
Wehave thoughtaheada little bit and decided thatit will always be reasonable
for users of the Queue class to ask whatthe currentlength of the queueis, and
therefore we have exposed a public methodforthis purpose.
Information hiding is one of the cornerstones of OO. Theability to decide which
membersofa class are visible to the users on the one hand andthe developerof
the class on the other is seen as the key to reduced workload, improvedreliability
and maintainability of the code on both sides of the divide. Dyalog APL version
11.0 takesa strict view of encapsulation.It is not possible to reference private
members (a VALUE ERRORwill be signalled if youtry).

aQueue.Customers
VALUE ERROR

aQueve.CustomersA

Clearly,if the designerofa class you are using has decided to hide information
which you really need before 9am tomorrow,this can be frustrating. Before you
get too concerned,the good newsis that there are a variety of techniques for
getting past the gatekeepers in an emergency,or in a “prototyping session”. We
will discuss a coupleof these in the following chapters. However,to enjoy the full
benefits of OO,it is importantto have the discipline to use such tricks only when
required, and re-factor the class in question at thefirst available opportunity.
The variable History is obviously susceptible to the same problems as
Customers, and seasoned OO designers would probably considerit to be bad
form to exposeit. This is perfectly true, exposingall the result data in this form in
order to makeit easy to analyzeis a result of “traditional APL thinking”. We will
investigate a numberofalternatives which we could have used to exposedata in
subsequentchapters.

4 One-letter namestell no lies, of course ©.
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3. Working with Classes
In order to help you successfully experiment with APL as we explore more OO
functionality, let us take a closer lookat the practical details of functionality which
has beenintroducedin the first two chapters, and get comfortable with actually
working with classes and instances.
The easiest way to create a class is probably to use the editor. Start an ) ED session,
prefixing the nameof your new class bya circle (ctrl1+O on most keyboards).
We're going to use a class for generating random numbersto illustrate some
importantissues:

Jed oRandom

This will present you with an empty class, which only contains the :Class and
:EndClass statements. Insert a few lines to create the following simple class:

Class Random

sField Private InitialSeed+42
Q+'Default Initial Seed is: ',#InitialSeed
vo make argsImplements Constructor

tIf Ofargs o InitialSeed+args © :EndIf
Reset

Vv Reset
sAccess Public
ORL+InitialSeed
"Random Generator Initialised, Seed is ', sORL

VreFlat x
rAccess Public
a Return x random numbers in range [0,1>, flat distribution
r+(741+7xp100)+100

v
sEndClass a Class Random

This class can be used to generate sequences of random numbers with a “flat”
distribution between 0 and 1 (with only 2 digits, to allow usto easily recognize
them in the examples). One advantage of encapsulatingit in a class is that it can
manage its own seed (ORL) completely separately from therest of the system. We
can generate repeatable or suitably randomized sequences according to the
requirements of our application.
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Asyou exit from the editor, APL evaluates the class definition from top to bottom.
Mostofthe script consists of function definitions, butin our class there are two
APLexpressions, which are executed asthe scriptis fixed in the workspace:

Initial Seed+42
Q+'Default Initial Seed is: ',¢InitialSeed

Asa result, you should see oneline written to the session as youleavethe editor.
If there are errors in any of the executablelines in yourscript, you will see one or
more error messages in the status window,andtheclass will not be fixed in the
workspace.If you are unable to correct (or comment out)all the errors, you can
save your work andreturntoit later by changing thetype of the nametoa
character vector,
Let’s perform some experiments with our new class:

rand1+{INEW Random 0
Random Generator Initialised, Seed is 42

The constructoralso has an outputstatement, which shows us whichinitial seed
wasselected for the instance.

randi.Flat 6
0 0.52 0.73 0.26 0.37 0.19

rand2+QNEW Random 0
Random Generator Initiatised, Seed is 42

rand2.Flat 3
0 0,52 0.73

7666
154

rand2.Flat 3
0.26 0,37 0.19

As can be seen above, each instance produces the same sequence of numbers,if
the sameinitial seed is used. The sequenceis unaffected by the use of ? in the
root, or indeed anywhereelsein the application.

rand3+{INEW Random 7913
Random Generator Initialised, Seed is 7913

rand3,Fiat 6
0.06 0.85 0.1 0.29 0.78 0.62

rand3.Reset
Random Generator Initialised, Seed is 7913
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rand3,Flat 6
0.06 0.85 0.1 0.29 0.78 0.62

Wecancreate a generator with a non-defaultinitial seed, and we can reset the
sequence.If you are accustomed to using namespaces,the above behaviour will
not come as a surprise, as you will be accustomed to each namespace having a
separate set of system variables. However, the encapsulation provided by an
instance is even stronger,as illustrated by the following example:

rand4-(JNEW Random 0
Random Generator Initialised, Seed is 42

rand4y.Flat 3
0 0,52 0.73

rand4,(76)

rand4.Flat 3
0.26 0.37 0.19

If rand4+ had been a namespacerather than an instance,the call to ? inside rand4
would have modified JRL in the namespace, and the subsequentcall to Flat
would have continued from a different point in the sequence. However, APL
expressions executed on an instance from outside are executed in an “APL
execution space”, which is separate from the space in which the class members run.
In effect, when an instanceofa class is created, APL encapsulates it within a
namespace. This has always beenthecase for instances of COM or DotNetclasses,
and as a result, Dyalog APLalso allowsthe use of APL expressions in parenthesis
following the dot after the nameof one of these instances. Such APL expressions
haveaccessto all the public membersofthe instance, butare (obviously,since
Excel cannot run APL expressions) executed outside the instanceitself, as in the
following example:

'XL' DWC 'OLECLIENT' ‘Excel .Application
XL. (Version, '/',OperatingSystem)

11.0/Windows (32-bit) NT 5.04

In this example (which would work the same way in Dyalog APL versions 9 or
10), there is an APL expression whichreferences the public properties Vers jon
and OperatingSystem and catenates them together. For consistency, the same
approachis used for instances of APL-basedclasses, rather than simply running
the expressions asif the instance was a namespace. Thus, the behaviour of an APL
class will not changeif it is exported to a DotNet Assembly or a COM DLL and
subsequently used from APL.
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Whenan instance method such as F ] at is referenced in oneof these expressions,
it runs in the instance environment. For example, the example on the previous
page could have been written:

rand4+{]NEW Random 0
Random Generator Initialised, Seed is 42

rand4.Flat 6
0 0,52 0.73 0.26 0.37 0.19

Rand4,Reset
Random Generator Initialised, Seed is 42

rand+,(o(Flat 3) (76) (Flat 3))
00.52 0.73 4 0.26 0.37 0.19

The reverse is required becausethe rightmostcall to Flat happensfirst ©. The
importantpointis thatthe call to (?6) in the middle ofthe expression executesin
and uses the ORL in the APL space and does not modify the value of ORLin the
instance space.
Note: There are a couple of small potential surprises which are worth mentioning:
First, the APL spaceinherits the values of O10, DML and other system variables
when the objectis instantiated — not whereit is being used. Secondly, if you
mistype the nameofa property orfield in an assignment,this will create a
variable in the APL space. For example:

tsi+(INEW TimeSeries (1 324 1)
tsi

#.[Instance of TimeSeries]
tst.0bs

13244
tsi.obs+1 2 24 2 a Lowercase "o”, note no error message!

This is the same behaviour as you would getif you madea spelling error in APL,
but might comeas a bit of a surprise in an OOsetting. However, we believe thatit
is desirable to allow a user to introduce own namesfor analytical purposes. For
example, if iP 1an is an instance of some object which exposes properties named
Actual and Budget,it may be very useful to introduce a new property:

iPlan, (Variance+Actual -Budget )

It is possible that a future version of Dyalog APL will allow theclass designer or
the userto placerestrictions on the introduction of new namesinto the APL space.
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4, Some Useful Debugging Tricks
Thestrict encapsulation described in the previous chapter may be a bit
disconcerting to APL developers, whoare accustomed to having access to data on
a “want to know”rather than a “need to know”basis ©. Whatif we want to know
whatvalue ORL or Initial Seed currently havein the instance, because the
instance seems to be misbehaving?
Thefirst thing whichis importantto realize is that if you set a stop in an method,
ortrace into call, the internal environment where the method is running is
available to you while the methodis on the stack. To experience this first hand,
create a new instance of Random,trace into a call to Reset or F] at and examine
the value of ORL while oneof these functions is suspended.
It is also importantto realize that classes and instances are dynamic in APL (as
you would expect)! If you edit a class andfixit, all existing instances will be
updatedto include the new definition. You can inject temporary methods into a
class for debugging purposes. Type )ED Random and adda public methodto the
class:

VoreRL x
rAccess Public
ref0RLtIf x#0 © QRL+x 0 :Endifv

Using our new method RL, we can now query and set ORL in the instance as
follows:

randi.RL 77
42

randt.RL 0
7

The system function CLASS returns the class of an instance. This can be useful in
a debugging situation where youare faced with a misbehaving instance of
unknownpedigree and need to know which classto edit. You could just display
the instance, the default display will often tell you the class name, but as we will
learn bitlater, it is possible to change this — soit is not a reliable way to
determine the class.

Q+randi
#,{Instance of Random]

Ccrass randy
#.Random
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In oneof the following chapters, we will show howit is possible to define a derived
class. A derived class extends an existing class by inheriting its definition and
addingto it. For an instance of a derived class, the result of JCLASS will have
more than one element, and documentthe entire class hierarchy. The first element
alwaysstarts with a reference to the class which wasused to create the instance.

The Mother of All Workarounds
Theultimate workaroundor back doorto break encapsulation is of course the
introduction of a public method with a namelike Execute, which allows you to
execute any APL expression you like in the instance space. Wecan use the
tInclude keyword to embed a namespacecontaining suitable developmenttools
in your classes. An example namespace called OOToo1s can be foundin the
workspace of the same namein the OO4APL folder.It includes a numberof
functions which may beuseful during development. The functions with names
beginning with i will execute in the instance space, those beginning with s will
run in the shared space (more aboutthe shared spacelater):

randi+DNEW Random 0
Random Generator Initialised, Seed is 42

randi.xxx+'Bingo' R New variable in the APL space
randt.ONl 2 R Yars in the APL space

XxX
randi.iNL 2 a Vars/Fields/Props in Instance Space

InitialSeed
rand1.iNC ‘make’ A make is an instance Function

3

And:
randt.ORU+77
rand .ORL a No surprise!

7
randi.iéxec ‘ORL’ A... the instance value is unchanged

42
randi.i€xec ‘ORL+99" R But now we are able to change it!

99

Whenyourelease the application fortesting, you should empty the OOToo1s
namespace to ensurethat your application code does not use any of these
“forbidden” methods.
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Summary of Chapters 1-4
In the first four chapters, we have discussed the extensions to Dyalog APL which
are summarized in the followingtable.
 

}ED oMyClass Edits the class MyClass
 

Instance+[NEW MyClass Args Create a new instance of MyClass, passing
Argsto the constructor.
 

iClass MyClass
rEndClass

Statements which begin and end the class
script for MyClass.
 

:Field MyField
iField Private MyField

A privatefield (can only be used by code
defined in the class)
 

tField Public MyField A public field (visible from the outside}
 

tField .. MyField «expression A field with a default value
 

yMyFn
v

Beginning and end of a function or
“method”
 

tAccess Public Declares the current function to be public
 

rAccess Private Functionis private (the default)
 

sImplements Constructor Identifies a method asthe constructor,
which is used to initialize the contents of a
new instance
 

Include NameSpace Makesall functions and variables in
NameSpace private membersof the
currentclass, unless this is overridden by
:Access statementsin the code.
 

UCLASS Instance Returns the class hierarchy for an instance.
    ONL Negative argumentsreturn a vector of

names. Further extensions to GNC and ONL
will be introduced shortly.

Coming Next
Properties, Constructors, Shared members, Inheritance andInterfaces.
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Lucidity Through Infix Notation
or Destructuring APL

by Phil Last

The napkin, notthe first to end upin Italy, I believe, was of superb quality, as
evidenced by minimal spread of the ink from John’s fibre tipped pen, as was the
meal it was served with.

Introduction
WhatI wroteonit, or tried to write, my hand-eye coordination not being whatit
had beenearlier, recalls a paper by David Eastwoodin 1993 [E1] suggesting we
could use defined operators to abolish the GOTO and get aroundthe absenceof
control structures in APL. Something I’d been doing since APL2 arrived 10 years
earlier.
Mycontention now is that in manysituations, using control structures, which
werenot available in 1993, actually obscuresthe intent of our programs whereas
infix notation using conjunctions is a more lucid way to describe them.
Meaningful sentences don’t start with “If”.

“Well, it ain't no use to sit and wonder why, Babe,if you don’t know by now”[D1]
Most people have seen somethinglikethis ...

else«{ | then<{
ataa ao | at wien w
ww w | aw

 

Wecan do...
res+test consequence else alternative arg (1)

whereres is the data result, determined by boolean singleton test, of either
consequenceor al ternative both of whichare functions with argin their
domains, and...

res+proposition then consequence arg (2)
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where again both proposition & consequence haveargin their domain, res
beingeither arg asis or the data result of consequence if proposition’s boolean
result is true.
David Eastwood hoped to combine these two expressions to produce...

reseproposition then consequence else alternative arg (3)
To quote David...

Thesimplified construction:
test THEN expl ELSE exp2 data

can be written with user-defined operators THEN and ELSE butpresents a
problem, Theorderof execution of the expressionis:
«+. test THEN expl

which will generate the left operand for
ELSE exp2

It is difficult to come up with a safe, general return code from THEN which can
instruct ELSE to evaluateits right operand...

T suspectthat as (proposition then consequence)is the left operandto “else” David
was viewingit as atomic. The way operandsare passed to operators BEFORE
being executed meansit is not the business of “then”to instruct “else” to do
anything but ratherfor “else”to call its operand function which is derived from
“then”. It can do this or not in any way the coder chooses.
By constructing both operators such that “else” passes an otherwise meaningless
left argument to the derived function which becomes “then”’s left argument,
“then” can call either its “proposition”or its “consequence”rather than calling
“consequence” conditionally on theresult of “proposition”.
And wecan construct an “if” with commuted syntax (consequenceif proposition)
andif it is madeto rely on “then” then it will also work under “else” giving us,
besides a headache...

res+consequence if proposition arg (4)
res+consequence if proposition else alternative arg (5)
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Hereis whatelse was written on the napkin ...

thene{ | else+{ { if+{a+'M’ | at'M' | at{w}
a='Q': ({wheaa)a | a=i:({wheoaa)w | a(ww then aa)w
a='¥'s({w}ouw)a | a=0: ({w}oww)w | }
({w}oado:({w}oww)w | ‘Q'aa w:'Y'aa w |} w } ({a}oww)a |

I use two techniques here that might not be universally recognised...
at{w}

allows ambivalent expressions to be coded.It is executed conditionally by the D:
interpreter only in a monadicuse. In a dyadicuse, array («) to the left of a function
indicates another dyad.In a monadicuse, identity function («) to the left of a
function indicates another monad.
use this here in “if”, though | missedit from the napkin, so that it can pass onits
currentvalence to “then”, being called monadically in the standalonecall (4) and
dyadically under“else”in (5).
The other technique uses another type of ambivalence...

({w}oan) a
is ambivalentin the sense that (aa) can beeither an array or a function.Hit isa
function the {w}e forces a monadiccall even in the presenceof a left argument.If
it is an array (variable) it is the curried right argumentto the function {w} & is
therefore returned unchanged.
This is used above whereveran explicitly monadiccall is made to an operand and
permits the following variations on the above sentences (1-5), using CAPITALSto
indicate arrays...

RES+TEST consequence else alternative ARG (4)
RES+TEST(consequence else OTHER)ARG (1.4)
RES+TEST(VALUE else alternative)ARG (1.2)RES+TEST(VALUE else OTHER)ARG (1.3) *
RES+proposition then consequence ARG (2)
RES+(proposition then VALUE) ARG (2.4)
RES+TEST then consequence ARG (2.2)
RES+(TEST then VALUE) ARG (2.3)
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RES«proposition then consequence else alternative ARG (3)
RES+{proposition then consequence else OTHER) ARG (3.1)
RES+proposition then VALUE else alternative ARG (3.2)
RES+(proposition then VALUE else OTHER) ARG (3.3)
RES+TEST then consequence else alternative ARG (3.4)
RES+(TEST then consequence else OTHER}ARG (3.5)
RES+TEST then VALUE else alternative ARG (3.6)
RES+(TEST then VALUE else OTHER)ARG (3.7) *

RES*consequence if proposition ARG Cr)
RES+(consequence if TEST)ARG (4.4)RES*VALUE if proposition ARG (4.2)
RES+(VALUE if TEST)ARG (4.4)

RES+consequence if proposition else alternative ARG (8)
RES+(consequence +f preposition else OTHER)ARG (5.1)
RES+consequence if TEST else alternative ARG (5.2)
RES+(consequence if TEST else OTHER) ARG (5.3)RES+VALUE if proposition else alternative ARG (5.4)RES~(VALUE if proposition else OTHER)ARG (5.5)
RES+VALUE if TEST else alternative ARG (5.6)
RES+(VALUE if TEST else OTHER)ARG (5.7) *

In all the sentenceslacking “else”, the standalone expressionsin “then” & “if”, it
can be correctly inferred that if (TEST) or (proposition ARG)is false then RESis
ARG.In the sentences marked (*) ARG is not referenced and plays no partin the
result. It is required only as a syntactic placeholder.
Normalrules of function derivation and grouping with parentheses permit us to
add to the complexity without obscuring the sense to producefurther constraints
as with nested :Ifs or those qualified with :Elself and :AndIf but perhaps with
greater lucidity. I hesitate to mention :Orlf which I haveso far completely failed to
circumcapitate(i)....

RES«propositioni then(proposition2 then consequence (6)
else alternative2)else alternativel ARG

which worksas expected.
Theability to write in-line D:fns and if necessary to break them insideofthe
braces {

thus
} makesit possible to controlthe visual representation of clauses which some may
consider an advantage...

RES+propositiont then{ (6.4)
proposition2 then consequence else alternative2 w

}else alternativei ARG
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Asides
Scarily, we can replace the character flags ‘M’, ‘Q’ & ‘Y’ in “then” & “else” above
with arbitrary numbers2, 1 & 0 and the operators becomenearly indistinguish-
able though the semantics of the identicallines are quite different.

 

a2 a+?
a=1:({w}oaa)o asi: ({wheaa)e

1 ae w:0 aa w
({w}ouw)a

({a}ean)w: ({w}ouw)e
we

\|a=0: ({whoww) a | a=0:({w}eouw)w|||

Ohyes, and in case anyonehas noticed that none of this touches on the most
ubiquitoususeof“:If”,try ...

v res+{larg}f00 rarg;default
default«42
larg+(2=ONC'larg')then{larg}default

v

Conclusions
Ihave shownthatit is possible to write defined operators that, along with a
functional approach to the code being controlled, offer the possibility of a more
“natural language”style of programmingin place of the commoner control
structures. And that writing them on napkinsis the quickest way to get them
published.

Note
(i) circumcapitate — vt — to get one’s head around something.

References:
fE3] David S. Eastwood.Structuringfunctions with operators. ACM SIGAPL APL

Quote Quadarchive Volume24, Issue 1 (August 1993).
[D1] Bob Dylan. Don't think twice, it's alright. Freewheeling Bob Dylan. Columbia.(1963).
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Using DyalogAPL based .NET extensions
in ASP.NETapplications

by Pertti Kalliojérvi, Dinosoft Oy (at the Dyalog APL Users’ Meeting)

Introduction
Building Web applications usually includes many evolutionary stages where
different programming languages andtools have to be combined. With the new
/NET-frameworkit is relatively easy to add dynamic DyalogAPL components as
-NETclassesinto various parts of IIS/ASP.NETapplications and even into the
HTTP- pipeline. As a case study wewill show howto add several functional
extensions (dynamic image generation, dynamic componentsetc.) into a third
party statistical web application called PX-Web. PX-Web belongsto a widely used
family of PX-products, which are authored by a consortium ofstatistical offices in
Europe (the main developer beingStatistics Sweden).
This extended Webapplication is used to publish statistical data and
automatically created vector graphics using techniques and languageslike ASP,
ASP.NET,C#, SVG,JavaScript and of course DyalogAPL and RainPro. We will
also discuss the difficulties in learning and using .Netand also the pros and cons
of involving DyalogAPLin such a complex environment.

PX-Web Publishing System
PX-Webis a system for storing statistical data and publishing it on the web.It
belongsto the group of PX-products which are based on open architecture. The
main platforms for running PX-Web are Windows 200X Server Families and [IS
webservers.
Whatis PX-Web?

* Web publishing system developed byStatistics Sweden (SCB)
* PX-Webis used for distributing basic statistical data
* Designed for professionals to usestatistical data for different purposes
¢ Used by Statistical offices and international organizations in almost 20

countries
¢ Used also by public institutions and municipalities
¢ Developmentis guided by the international “PX-Axis reference group”
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Figure 1. Px-Web Architecture
PX-Webfeatures include

Navigation in a hierarchical database structure
Text search to find certain statistical tables directly
Data selection by classification
Aggregation of data
Manydifferent download formats including Excel
Basic businessraster graphics + maps
Multilanguage application

Px-DataBase features include
All Px-products use a special file standard:“PX-file”, which defines the layout
ofa statistical table
Files are stored in text format and can be edited with text editors
PX-FileSystem is a standard hierarchical file system with little support for
concurrent updatesetc.
An Xml version ofthefile standard is currently being developed

78

 

||



VECTOR Vol.22 No.1
 

Extensions by Dinosoft
Px-Webis an ASP application, which is the older version of Microsoft Active
Server Pages technology. Eventually there will be an ASP.NETrelease, and we
had to design our software extensionsto be able to function correctly even with
the future releases. This was a very strong argumentin favour of independent and
pluggable technical solutions. Px-Web extensions can be grouped into four
categories:

¢ amodulefor creating dynamic graphical images using SVG vector graphics
* amodule for dynamic menus, which can use custom authentication and

authorization
* anewpicture database, which extends static images to automatically updated

dynamic ones
* independent modules for logging user activities, error handling, custom

authentication and authorization
In this paper wewill not be covering the functionality of these extensions because
otherarticles will be available for that purpose. Therefore the next sections will
mainly concentrate on showing the techniques andbasic ideas for adding
modularity to your applications, and how DyalogAPLis used in this context.
Thenext figure shows the PX-Webfunctionality after adding Dinosoft extensions:
 

Px-WebStatistical Database with Extensions

    
       

Web Server:PawelDinasoft ExtensionsASPUS, ASP.ASPNET tbeennsct)
Aiicatioh

  

  

    
adyuips 2Paraben

Back Office system(Windows}
Enterprive databases Primary database tata data econdary datal

il). shag”= —>E > pee2) px tables

me it Eeea faa) i =a PictureBateUpdater
  
 

Figure 2. Extended Px-Web Architecture.
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Programming in the ASP.NET / .Net environment
Programming and run-time environment managementfor ASP.NETapplications
has more “moving parts” than one might guess. The following list shows the
different environments and versions into which we currently have to adjust our
software.

* IIS (Internet Information Server) as the web server: versions 5.0 (W2000
Servers), 5.1 (XP Development), 6.0 (W2003 Servers),[7.0 beta]

¢ ASP (Active Server Pages) as server application runtime environment: ASP,
ASP.NETversions1.0, 1,1, [2.0 beta]

* .Net Framework:versions 1.0, 1.1, 1.1.x.x,[2.0 beta]
« C#: versions 1.0, [2.0 beta]
* DyalogAPL:versions 10.0, 10,1, [11.0 beta]
¢ JavaScript/EcmaScriptas the client side scripting languages
* Client Browsers: Internet Explorer, NetScape, FireFox, Mozilla,...
* Client Browser Plugins: Adobe’s SVG Viewer,...

So thereis a lot of variety regarding possible problems with software updates,
testing, troubleshooting etc. Sooneror later developmentandtesting becomes a
nightmare unless there is a way to utilize components and modularity. Especially
bugs found in a single software module should not force any large recompilation
and testing in other application modules. Here is a sample screenshot, where the
user has selected somestatistical table from her personal menuandgets a
graphical output imageofthat data.

 

 
 

Figure 3. Basic Screen Layout for Menu and Graphics
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In the figure on the previous page
* the left side menu is an aspx page (C#), whichcalls a DyalogAPLclass for

customizing menudatafor each user. Clientside activities use JavaScript to
launch new functionality to the other window frameonthe right.

* the main partof the right-hand windowis an aspx page with dynamically
created controls generated by C# code ontheserver.

« the Graphical imagein the middle is rendered by Adobe's IE plugin-software
andit gets its data from C# and DyalogAPL based server resources. The actual
data for the imageis generated using RainPro in DyalogAPLontheserver.

One wayto add modularity to your applicationsis to use the tools provided by
the .Net framework and ASP.NET.Theycaneasily be utilized in software
developmentandhelp youto build pluggable and maintainable solutions, which
customers can further extend according to their needs.

The ASP.NETHttp Pipeline
Before going into the details of implementing .Netrelated components, let'sfirst
have a brief overview of the RequestPipeline andits functionality.

Web Web
Request Response

x
kKUS Web Servar
 

   
Aspnet_isapi.ail   
 ASP.NET Runtime ¥

HitpAppiication

  lf Hitptteduie. |. WebResponse
Fitter by verband path
HitpHandier
td    

Figure 4. HttpRequestPipeline (Copyright Microsoft).
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Whenthe client browser sends a requestto IIS, it maps the extension of the
received request according to stored configuration parameters and passes .aspx,
.asmx, plus other extensions to aspnet_isapi.dll, which is an ISAPIfilter. This in
turn starts a new ASP.NET runtime(a chain of managed objects dubbed the HTTP
Pipeline). An object of the HttpApplication class, whichis the class behind your
global.asaxfile, is created and started andit acts as the host for the ASP.NET Web
application. This functionality differs between different versions of IIS and
ASP.NET,butusually the following steps are the same

¢ HttpApplication reads the application (web.config) and machineconfiguration
files (machine.config).

+ It passes the request to a members of HttpModules, which return the request
after providing some preprocessing on the request. Each module has its own
functionality and each one respondsto a certain predefined event.

¢ HttpApplication figures out what type of handler can best handle the request
and finally passes the requestto the selected andinstantiated handler. The
selection is based on the verb andpath of the request.

¢ The handler processes the request and returns the corresponding response.
In ASP.NET you can extend, replace or reconfigure any of the module or handler
classes or provide your own custom modules and handlers. Both of these can be
configured at the application level or globally on machinelevel with *.config files.

HttpModules
HttpModulesarein fact event-handlers: they respond to a certain eventfired in
the HttpPipeline. A module subscribes to an event by providing a method, which
gets executed.
The requestpipeline has a predefined set of events which will all be fired in a
certain order (BeginRequest, AuthenticateRequest,...EndRequest) during the
lifetime of the request. There are also other events which can be processed with
HttpModules(for instance ApplicationError).
It is good to rememberthat these modules will be executed for all requests and
therefore performance issues should be consideredcarefully before adding your
own modulesinto the pipeline.
For defining a module you need to implement the module interface IHttpModule
in your class definition and add the following section to your web.configfile
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<httpModules>
<add name = "ModuleName" type = "ModuleType"/>
</httpModules>

where name standsfor an arbitrary chosen module nameandtype is defined as
“ModuleNameSpace.ModuleClass, ModuleAssembly”.
You hook a moduleto your application by copyingits dll to /bin - directory and
adding the code above to your web.configfile.
HttpModules can be used for URL-rewriting, authentication, authorization and
for anything where the neededdatais includedin the request or response.
Logging user activity is one example.

HttpHandlers
HttpHandlers are programsresponsible for serving requests. Eachtime you
define an aspx-page, you actually make a new HttpHandler. This is because a
handler is defined by implementingan interface called [HttpHandlerandthatis
whatthe System.Web.UI.Page class does. A handlerfor a certain resource serves
the request by delivering a corresponding response. Defining a handler is very
similar to defining a module: you implement the IHttpHandlerinterface and add
some configuration information to your web.config file:

<httpHandlers>
<add verb="*"path="*.extension" type="HandlerType" />
</httpHandler>

Here verb stands for the verb used in the request (GET,SET,POST)and path defines
path and extensionfor this handler (the URLin the request). Typeis once again
defined as “HandlerNameSpace.HandlerClass, HandlerAssembly”.
Adding a handlerto your application works the same way as with modules: copy
assembly to /bin and edit web.config.
One morething hasto be done,if you define a totally new extension:IIS must be
configured to pass this request to the ASP.NET runtime. OtherwiseIIS will try
processit itself and the request will never reach your handler. With handlers you
can easily serve requests for special resources andas a side effect implement web
pages which do not actually exist.
With HttpModules and HttpHandlersit is possible to get

* re-usable components and modularity
* very easy installation and removal with web.config
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* application-independentsolutions
* well-defined programming interfaces for your components
* awayto avoid the burden of recompiling existing solutions

Using DyalogAPL with PX-Web?
Why DyalogAPL?
The backgroundfor integrating DyalogAPL components into PX-Web wasthat we
were askedto explorethe possibility of making a vector graphics extension in
addition to the existing Px-Web graphics component, whichis still raster based.
As we were familiar with RainPro’s capabilities (and that time SharpPlot did not
exist) we decided to try to make a component in DyalogAPL.The otheralternative
of using various control libraries seemed to betoo difficult to handleafter trying
someof them.
Becausestatistical data is often multi-dimensional, one thing soon led to another
and we were‘forced’ to make more components in DyalogAPL.
Wetried APL in various forms (APLScripts, aspx-pages,class libraries) but
somehow weare gradually moving towards solutions where APLis only used as
a pure .Netclass without any UI components. There are several reasons for doing
so, the most important one beingthe reusability of such classes.
Currently Px-Web Extensions include DyalogAPLin

¢ Graphics application (SVG graphics with Rainpro)
¢ Dynamic menu (based on each user’s authorization).
* Dynamic image database (which is automatically updated when source data

changes)
Thetechnical waysof using DyalogAPLare

* pure independent.Net classes (used by otherclasses)
* functional classes used with interfaces (graphics generator, menu)
* pure .Net classes for database handling (custom databasesi.e. picture base)
* utility libraries

Becausethe traditional use of APL is something weareall familiar with, the next
chapters will cover topics perhaps not so widely known.Thefirst example shows
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howto design a HittpModulebothin C# as well as in APL. The secondcase study
showsa combinationof both languagesin implementing a HttpHandler.

Building your own HttpModules
In Px-Web wehave used custom HttpModules for

¢ Custom authentication and authorization
¢ Error logging
¢ Session management

While building these modules we neededto get access to a third party software
which used a customized cookie-based authentication. The test phase was carried
outto generate similar cookies in a HttpModule, which could be plugged in to
any application.

Cookie HttpModule
Implementing a HttpModuleis just as simple as using the correspondinginterface
class as the base class and writing your versionsof every needed method and
property.
The interface for HttpModules contains only two methods: Init and Dispose.Init is
usedfor assigning your event-handler methodto an event and Disposeis just a
dummy method belongingto this interface.
So we have(in C#):

namespace Graph.Modules {
using System;
using System.Web;
public class CookieWriter: IHttpModule {

public void Init (HttpApplication application) {
application,BeginRequest += (new
EventHandler (this.WriteCookie) ) ;

}public void Dispose() {
}

The CookieWriter class implements IHttpModulewith two public methods. Init
methodjust assigns our Writecookie method to the BeginRequest event so that
this method will be called on every request.
This is very dangerous,butthis class is only used for test purposes.
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Then we need the code for the WriteCookie method:
private void WriteCookie (Object source, EventArgs e) {

HttpApplication app = (HttpApplication) source;
HttpContext context = app.Context;
string cdata = String.Empty;

. Get cookiedata from somewhere

 

cdata =
HttpCookie ck = new HttpCookie (cookiename, cdata) ;
context .Request .Cookies.Set (ck) ;

}
It gets cookie data from somewhere and then makes a new HttpCookie instance.
This instance is addedto the Collection of the current request. (It would have been
better to use a copy, butthis is an example.)
After compiling ourclass to a dil (Cookie.dll) and movingit to /bin directory, we
only haveto change our web.config by adding the following module information
into <httpModules> section.

<httpModules>
<add

name ="cookiel" type = "Graph.Modules.CookieWriter
Cookie" />

Case: DyalogAPL version/cookie
The DyalogAPLversionis quite similar, but there are minor changes.I havetested
this solution and it works, but there might be more elegant solutions for passing
the eventhandlerinformation to application events.

)ns CookieTest
#.CookieTest

des CookieTest
#,CookieTest

Dusing+'System' ‘System.Web, System.Web.dI1' ‘Util, Util.dIt'
‘CookieGenerator' Dwe ‘NetType' (‘Interfaces' ‘IHttpModule’)
Jes CookieGenerator

#.CookieTest .CookieGenerator
Jed Init
Jed Dispose
Jed AddCookie

{0] Init applzeh
[1] A Init is the basic method for IHttpInterface where you
{21 A first create a new eventhandler and then assign it to
[3] A some event in the HttpPipeline
{4] of appl: HttpApplication
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[5]
[6]
{7][8]
[9][10][11]
[12]

[0][1][2]
(0}
[1][2]
[a]C4]
[5]C6}
(7)
fa][9][10](11]
[12]
[13]C14]
[15]

A Let's create a new eventhandler to be called
ehaEventHandler .New([IOR‘AddCookie’)
a Next we assign it to application BeginRequest event
a Here we use a little utility class ta do the
A actual assigningUtil.EvUtil.BeRegAdd appl
Dispose
a Dispose is part of the IHttpModule interface
a Do nothing in this

AddCookie xsapplsargs;req;cookie
a This is a callback function for some web application event
A Et takes standard arguments: source, args.

appl argsax
A Source refers to HttpApplication, which has HttpContext property
A which in turn has a HttpRequest property.

reqdapp} .Context Request
a Then we generate a new HttpCookie and assing our data to it.
cookiedtttpCookie.New ‘mycookie'
"this is data: a very important cookie test string‘

a And finally we add this new cookie to request's CookieCollection
req.Cookies.Set cookie

Thelittle C#-methodin the Util namespaceonly assigns our event-handler to an
application event(here BeginRequest):

namespace Uril {
using System;
using System.Web;
public class EvUbil {

public static void BeRegAdd (HttpApplication
application,

EventHandler eh)
{
application.BeginRequest += eh;
}

}
I movedthis simple assignmentstatement outside APL due to syntax difficulties,
which might occur with some events. Theutility can also be used from any .Net
language andatthe sametime one does not have to worry about operational
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difficulties with multicast delegates. So far this has only been used in test
environments.
Next we haveto assignthe .Net related properties to our new functions:

¢ Init takes a HttpApplication argument and returns Void
* Disposetakes no arguments and returns Void
* AddCookie takes typical eventhandler arguments: Object and EventArgs and

returns Void
After this we are ready to Export our workspaceto a dll library and copyit to
applications /bin directory.
Thelast thing westill need to dois edit our web.config by addinginformation to
<HttpModules> section before our cookiegeneratoris ready to be used.
Whenthe next user-request arrives for this application, each request will be added
as a custom cookie by our new HttpModule.
luseddifferent class namesso that both versions actually run at the same time.
The reason for this is the way that events are assigned: each event has several
eventhandler delegates andtheyall will be called when the event (BeginRequest)
fires. After that we have two extra cookies in our request.
Of course you can alwaysuse thetraditional way of handling application events by
adding your codedirectly to the global.asax file, but then you have to recompile
this (perhaps a code behind)file. In this case you will lose the dynamicsoftrue
plugins where code can be added and removed without touching any parts of the
actualapplication.
In global.asax this would be :

protected void Application_BeginRequest (Object sender, EventArgs e)
{

new CockieTest .CookieGenerator() .AddCookie(sender, e);
}
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Building your own HttpHandlers
The secondcase study uses C# codefor building the HttpHandler and
DyalogAPLclasses to do the actual dirty work. Of coursethis time you can doit
directly in APL without C#, but when youlookat the code, you'll see a comment
explaining why weuse C#.
Steps we needtotake:

create a class that implements [HttpHandler
* create a DyalogAPLclass that does the actual work(i.e. generates SVG)
* modify web.config
* let US know about the new resource

In fact we are implementing the rightmostparts ofthe following true scenario:
 ae

] GraphApplication: basic procedure
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Figure 5. Basic steps in invoking dynamic graphics.
Here wehave a HttpHandler whichserves requests assignedto ‘.svg’ extensions
and return svg image definitions (xml to be precise)for theclient.
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Case: Svg-Handler
Svg-handler generates imagesusing url-parameters, global data from theworkspace, and data from globalinitial parameters (called whenthe application
starts) and it stores global data in the APL workspace.
The skeleton for the Httphandleris very simple:

// DemoHandlers.cs
// By Dinosoft
namespace Graph.Handlers
{

using System;
using System. 10;

/// <sammary>
/// Summary description for SvgHandler.
/// Buthor: Dinosoft oy - PK
/// </summary>

public class SvgHandler: IHttpHandler, IRequiresSessionState
{public override void ProcessRequest (HttpContext context}

{
string output = string. Empty;

// first we just check that this request is for a dynamic imageif (context .Request . Path. IndexOf (GraphApplication.Graphserver) >-1)
{
// Get some parameters from the request and/or from user session

NameValueCollection rs-context .Request .QueryString;
string parl = (rs["parnamei"])

 

string par2 = (rs["parname2"])...;
string par3

// Get corresponding px-data from the picture base//(which uses DyalogAPL classes)
GraphFile gf=new GraphFile(parl,par2,

// Create a instance of our graphics generator
//(which is a DyalogAPL class)

GserverPage gp=new GserverPage (par3,par4,...);

 

// Pass database information for the generator
// to make the desired image

output-=gp.MakeSvg (gf) ;
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else

// This request was for a static recource,
// so get it from somewere else
// We don't want to drag this stuff into APL
ff ado we ?

// and finally write the response
context.Response .ContentType="image/svg+xml";
context .Response.Write (output) ;

public virtual bool IsReusable
{

get { return false; }
}

}
Whatthe code above doesis:

« Create a handlerclass from [HttpHandlerbase class and add
IRequiresSessionState interfacejust to be able to use and store Session
variables.

* THttpHandler has two methods: ProcessRequest, which doesall the work and
IsReusable, a boolean method whichcan beset to return false in this context.

* ProcessRequest gets a HttpContextclass as input and uses oneofits properties
to find the actual Request instance.

« After that we dig somevariables from the Request URL and use someof them
to get data from the database

© GraphFile class is a DyalogAPLclass, which managesthe whole Picture Base
* Wegeta newinstance to GraphFile andpassit to another DyalogAPLclass

called GServerPage, whichin turn makes graphical images with the help of
RainPro

* MakeSvg methodofthis class returns xmltext to be flushed into the Response
object.

* Finally the client browserreceives this response andpassesit to a client plugin
(Adobe’s SVG Viewer) which rendersthis xml codeinto an image.
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We won’t be showing any DyalogAPLcodein this example, because spaceis
limited. The following figure will give you an idea what is happeninginside the
APL workspace,
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Figure 6. DyalogAPL classes for making graphical images.

In web.config westill have to add some configuration information:
<httpHandlers>

<add verbe"*" path="*, svg"
type="Graph.Handlers.SvgHandler,Graph.Handlers" />

This time wealso have to configureIIS to pass ‘.svg’ extensions to ASP.NET.That
can be doneeasily using the IS Manager.
Every request following this application path that hasthe extension ‘svg’ will be
forwarded to our new HtipHandler.It is supposed to manageall internal
exceptions and return a response corresponding theclient side expectationsof the
responses contents type.
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Howto Build and use General Plugins?
In fact things are not as simple as the two examples above may suggest. If we
wantto pass startup parameters to our new modules or handlers, we should doit
in a similar way: independently of the current application. This can also done with
web.config by adding a section where we place our configuration information.
Luckily asp.net provides us mostof the framework needed to read this
information, but complex data has to be dealt with otherwise.
Anotherthingis to find a way to use customer/third party extensions which are
designedto extend our ownapplication extensions ie. when someone has derived
a class from our base class and weshould beable to useit in our application.
Oneof our HttpModules (coded in C#) uses this kind of approach where the
customer can implement her/his own derived class to be used instead of our base
class. The .Net Frameworkalso providesfacilities for building such plugin
solutions.
Here are somegeneral principles for passing information and designing general
plugins for both asp.net and windowsapplications.

* Create your own interface or a base class to be derived from
* Create a functional class that implementsthis interface (or have someone
program it for you )

* Configure yourapplication to find the information aboutthis new plugin class
(web.config in asp.net or App.Config in Windows). Basically it is just anew
section in the configurationfile.

* Create a parserthat reads this configuration information i.e.the type of the
class and perhaps some parametersforit (for its constructor). Register this
parseras a configurationhandler. if yourinterfaceis simple enough, you can
use existing parsers as in the example below.

* Read the configuration information,instantiate the new class with a special
class called System.Activatorandcastit to the base class. [Here we need the
inheritance schemaandvirtual methods from C#, becausethe derived class
does not even exist when wedeliver our base class application.]

* Invokethis new instance of your baseclass by calling its methods.
So far we haven'ttried this in DyalogAPL, butthere is actually no reason whyit
should not work after minor adjustments.
Below we have an exampleofa section in a configuration file, which defines a
new groupcalled <graph.logs>. This section just groupsa set of subsections for
us. The subsection <userLog> contains the relevant information: which
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implementation of userLog should be used. Thetype field has the class name and
assembly information to be passedto ourapplication. This class is a derived class
from ourbaseclass, and was implemented afterwards.

<configuration>
<!-- Allows for a new section group to the Web.config -->
<configSections>
<sectionGroup name="graph.logs">

«section
name="userLog"

type="System. Configuration. SingleTagSectionHandler,
System, Version=1.0.5000.0, Culture=neutral,
PublicKeyToken=b77a5cS61934e089" />

</sectionGroup>
«/configSections>
«graph. logs>

<userLog
type="Graph. Logs .XmlUserLog,

Graph .Modules.Logs"/>

<l--
<userLog
type="Graph. Logs .CompFileUserLog,
Graph.Modules.Logs" />
<->

</graph.logs>

Pros and Consof using DyalogAPL
Hereis a shortlist of pros and cons of using DyalogAPLto be used as a reference
in further discussions.

Pros
* Itis the best language for multidimensional data
* Lotsof tested codeto be reused in .Net
¢ Dyalog developmenttools (trace, threadtool, ...}
* Workspacestructure allows special tricks (if documented )
* Codesecurity: it is difficult to generate source code from a runtime assembly
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Cons
Installation is difficult for ASP.NETapplications
Debugging hasto be doneinside APL
Workspacestructure allows specialtricks (if not documented)
Theinterface to .Netis slow
You cannot make a moduleinstead of an assembly
Sometimesit takes a long timeto figure out the correct syntax to use .Net from
APL
Expensiveto call APL from APL via .Netinterfaces

Conclusion
Wehave touched the surface of the wonderful world of HttpModules and
HttpHandlers and shown some examples of how Dyalog APLhasbeen used in
this context. Hopefully there will be more elegant examples and shared solutions
to be seen in the near future.

References
Severalarticles in the MSDNlibrary written by Scott Mitchell, Atif Aziz, Roy
Osherove, Dino Esposito, Rick Strahl and others.
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At Play with J: Belgian Numbers
by Eugene McDonnell

Belgian numberswere recently introduced by Eric Angelini. For N to be a Belgian
number,it is necessary that it appear in the sum scan oflots of replications of N’s
digits. For example, try the digits of 16:

+/\8 $16
178 1% 15 21 22 28

So 16 isn’t Belgian. What about 17?
+/\8$ 1:7

189 16 47 24 25 32
So 17 is Belgian.
Myfirst concern on hearing of them wasto find out how one could tell whether a
number wasBelgian or not. Assumethat N is 176; how manycopies of 1 7 6
would be neededto reach 176 or thereabouts? This can be foundbytaking the
ceiling of N divided by the sum ofits digits $. Like this:

N =: 176JD =: 108#.0:_1 N
176

1S =2#:+/7/0D
14
JC: >,N45S

13

Then multiplying this by its numberofdigits, in this case, 3, and sum scanning:
}R=:+/\ (© * 3) $176

18 14 15 22 28 29 36 42 43 50 56 57 64 70 71 78 84 B5 92 98 99
106 112 113 120 126 127 134 140 141 148 154 £55 162 168 169 176
182

and, sure enough, wefind that 176 is a Belgian number.This was, for the
moment, an easy way to determine which numbers were Belgian — if they were
nottoo big. I thought it might be possible to useit for numbers up to about ten
million — but thereafterit gets ridiculous. For example, suppose that one wants to
see whether 1234567898765is Belgian:
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N =: 1234567898765xJD =: 108. #. a1 N#0
13 ] Ne:+/D71

>, BAS
17388280265

19 * >, BARS
226047683445

Ouch.A fifth or so ofa trillion (US style) digits. I concludedthatthis was
impractical.
There hadto be a better way. Eventually I thoughtI saw thatin the case of 176
there wasa threeness lurking. I decided to form them into table of three-item
rows,togetherwith thefirst difference of the rows, and the 14-residuesof the
whole table:

qn =: 13 3$+/\39 $176qn 3 (2-~/\gn) 3141 gnnspenne  

1144 148 154/14 14 14] 4 ol
[155 162 168/14 414 14/4 Ol
1169 176 182] 14 Olpeernnnn-ntennnn ane toceee +

Thefirst row ofthe first table showsthat the sum of the integersis 14; the second
table shows that each row differs from the previous row by 14, the third table
showsthatthe 14-residue of each rowis 1 8 0.
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Thepoint madeby the secondtable is that each row after thefirst is formed by
adding 14 to the preceding row. This means that I could create qn exactly by
adding multiples of 14 to the starting row:

(44 * i. 13) + / 1 8 1h

169 176 182
The point madeby the third table is that any concern aboutresiduesafter the first
rowis irrelevant.
With this information at hand, we’re almostthere. The number 176 is 8 beyond
168, whichis 14 * 12.The14% * 12 is irrelevant; the 8 is significant. It means
that 8, which is 14] 176,is of great importance.It is one of the numbersin the
first row ofthe table, and after being added to by multiple 14s, mustarrive at
176, and so,is Belgian! This is a perfectly general observation, and allows any
integer to be tested for Belgianity. Here is an outline of the steps to take to see if N
is Belgian:

Let D bethe digits of N.
Let $ be the sum-scanof the digits of N.
Let T be the sum of D (which is also thelast item of S).
Let R be the T-residueof N.
ThenN is Belgianif R is in S.

For the case of N = 176, we have:
Dist 7 6
Sisi 8 1%
Tis 14
R is the T residueofN, or 8.
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Weask: is R in $? The answeris Yes!
The generalcaseis that N is Belgian if:
(MIN) e. §

is 1.
Nowit’s clear that 176 is Belgian if any of these residues is the same as 14 |
176:

14} 176
8

Itis certain that if one adds the proper multiple of 14 to 8, the result must be 176.
It isn’t necessary to find whatthis multipleis.It is sufficient that there is an 8 in
the sum scanof1 7 6.
Now wecan write an expression to let us determine whether 176 is Belgian:

(144 | 176) e. +/\ 176
1

Another wayof doingthisis: since 8 is the 14 residueof176,it is sufficientto see
99hetherthere is a zero in the 14 residue of 176 - + / \ 17 6

14 [176 - 1 8 14
708

So we may write:
Oe. 144 | 176 -+/\ 176

1
to determine that 176 is Belgian.
We can now work with large numbers with some confidence.First, we'll need a
wayof getting the integer components of N. The function dig works very well:

dig =: 1j1 8 #8. ": @ x:
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We'll use this on 1234567898765:
dig 1234567898765

1234567898765
+ / \ dig 1234567898765

136 10 15 21 28 36 45 53 60 66 71
4/1 234%567898765

74
71 | 1234567898765 ~ + / \ dig 1234567898765

20 18 15 11 6 0 64 56 47 39 32 26 21
Thereis a zero in thislist, indicating that N is Belgian. We can verify this.

 

1234567898765x
+/\ dig N
{ios

s
43 6 10 15 21 28 36 45 53 60 66 71

M
71

Qs: <,N2M
Q

17388280264
Pe: Q*M
p

1234567898744
R=: S+P
R

1234567898745 1234567898747 1234567898750 1234567898754
1234567898759 1234567898765 1234567898772 1234567898780
1234567898789 1234567898797 1234567898804 1234567898810
1234567898815

Ne. R
1

So 1234567898765is Belgian.
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Hereis a function that will determine whetheror not a numberis Belgian:
BN =:3:0"90
N=. xs Ar Cy, >: 2447483648) y.‘SM =. (J; qr) + /N (191 2 # B.S) N
(M | ND e. S)

Thefirst line makes the argumentan extended integerN if it is larger than the
largest positive 32-bit integer, and otherwise leaves it alone. M and $ are modulus
and digits sum, as discussed above.See if BN agrees that N is Belgian:

BN 1234567898765

WhyBelgian?
WhyBelgian, indeed. Well, there are Roman numbers, Arabic numbers, even
Catalan numbers.It’s about time Belgium was recognized. I could pretend that
Eric Angelini (the creator of these numbers) knew that my wife Jeanne was a
Fulbright Scholar at the University of Brussels for the 1952-1953 year - and named
them Belgian in her honour. But [have to admit that this is quite far-fetched. The
truth undoubtedly is — because Angelini is Belgian.
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J-ottings 45: A bit of OUTReach
(or do I mean outrEACH?)

by Norman Thomson

In APL2 there was just one primitive symbol (double dot) for “each” — the
“pepper”effect is well imprinted on someof us with long memories, although,as
Stephen Taylorhintedin his last editorial, APL just doesn’t look like that any
more!I find it interesting that in spite of J being considerably richer in primitives
than APL,it does not include “each” as a primitive. Neverthelessit is customary
for many users to define an adverb “each”, even althoughit requires more
characters to type than the J which definesit! Unfortunately, depending on the
writer, the definition is sometimes &> , sometimes &. >, and occasionally "0 .I do
not recommendthis last practice, since a verb-noun combinationis effectively one
majorcaseof a primitive operation, and in my view is best recognised as such.I
therefore confine discussion of adverbial “each”to the other twopossibilities,
defined as

each=.&> NB. uses bond
EACH=.8.> NB. uses compose

The definitions of the conjunctions u&v and u&, v in mathematical termsas (uv)
and (v"uv) showthatthe rule

(f each) -: (>f EACH)
is completely general, and so only one of each and EACH islogically necessary.
EACH hasthe general merit of greater compactness through generating what APL2
users would recognise as ragged arrays. On the other hand each hasthe merit of
avoiding,or at least reducing, boxing ondisplay, but often at the expense of
requiring greater numbersoffill characters to achieve global homogeneity.In
writing J it can be very desirable to be have a ‘rule of thumb’ appreciation of how
each and EACH work without having to consider the semantic details of “box”
and “open”at every point of use.
Thinkingin termsoflists is helpful in using each and EACHeffectively, as is
sensitivity to the ways in which argumentrank works. For example, given

he.i.2 3 NB. two 3-lists, rank = 2

compare the following
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h,each 6 7 NB. result=one 2-list, items=three 2-lists, r
ank=3
06
16
26
37
a7
57

h,EACH 6 7 NB. result=two 3-lists, items=2-lists, rank=2
Herndonton
]O 6/1 6/2 6]
enntemntnt
13 7]4 715 71
teen te--t---+

Applying the general rule above (h,each 6 7)is identical to >h,EACH 6 7,or
to put it in another way, the two displays above show the samesix 2-lists, in one
case individually boxed, in the other integrated into a structure of higher rank.
Using either EACH or each with a dyadic verb often requires the user to box one
of the arguments to achieve a desired result through bringing about correct
argument matching. Often this consists of a simple boxing of one of the arguments
as in

x=.6 73839 10 11 12
(<h) EACH x NB. left rank 0, right rank 4, result rank 1

tocnnH toonn- pacer enen see +
JO 42/01 2]0 1 2 Of
134 513 4 5/3 4 5 Ol
16 7 018 8 819 10 14 12]teann- teccee 4---------- +

Theresult is a 3-list of scalars (and so of rank 1) each made from the samescalar
(<h) joined to each item of a 3-list, with everything opened and boxed following
the (v‘uv) rule which defines &. (under). Thereis a localfill characterin thefirst
box,a local scalar expansion in the second, andthethird containing twofill
characters in the final column has a different shape ($) from the other two.
Comparethis with

(<h),each x NB. left rank 0, right rank 1, result rank 3
0 1 2 Q
3 4 5 Q
6 7 0 0
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0 1 2 0
3 4 5 Q
8 8 8 0

0 1 2 0
3 4 5 0
9 10 41 12

where there is no v" boxing. Again the result is a 3-list, but now notof scalars but
of threefilled lists, each of which is a 4-list of scalarsafter filling. APL2 talked
about “ragged” and “heterogeneous”arrays — a more appropriate differentiation
in J is between locally- and globally-filled lists, corresponding to EACH and each
and respectively. Using “0 as an alternative gives a result rank betweenthoseof
EACH and each:

(<h),"0 x NB. left rank 0, right rank 1, result rank 2
teeeee teon-------- +
10 12167134 5] |
$o----tee--+
lo 4 21813 4 5] |
peeeeetea-------- +
10 £ 219 10 41 12]13 4 5]
tannoe- tenon n----- +

Herethe scalar left argumentgivesrise to scalar replication, and the result is a 3-
list of non-homogeneous2-lists withoutfill characters,thatis, it is only the display
which is rectangular notthe result objectitself, as is made explicit by

$EACH (<h),"0 x
tenntet
12 3[2]+---4-4+
[2 31 |tonn-t-+
12 31h]toont+

In orderto avoid monotonousrepetition, subsequent examples will use just one of
EACHor each,the other case being covered bythe general rule (f each) -:
(>f EACH) .Consideration of rank is almost always a preliminary to well-
considered usage of EACH. There are no overall rank rules because these depend
on the semantics of each individual f . In the next set of examples three figures in
square brackets in a comunentgivetheleft, right and result ranksof the expression
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being commented. Considerfirst the basic case of the verb “shift” with a rank 1argumentontheleft and a rank 2 argumenton the right:
0 1{1.h NB. O-shift on rows ,: i-shift on cols [1 2 2]120

4 5 3
Applying EACH with “box”oneitherrightor left changesthe ranks:

0 1 |.EACH<h NB. O-shift on h ; 4-shift on h [1 0 1]+-- +
Jo 14 213 4 5}
134 5/0 1 2]$o----teen +

    

 

(<0 1)1.EACH h NB. (<0 1)-shift applied to items of h [0 2 2]trtetait
lolii2tHote dtit
[34{5]tat-4-+

Betweenthese extremesis the possibly more useful caseof “left rank 1, right
rank 1”:

0 1|.EACH<"1 h NB. O-shift to 1st row ; 1-shift to 2" [1 1 1]ee++
]o 1 2|4 5 3]tonn-- 4----- +

Next; given the laminated rank 3 object :
Jhlam=.h,:h+10 NB. hlam is h laminated with h+10

Oo 1 2
3.4 5

10 11 12
13 14 45

here are the effects of four rather similar expressions, along with annotated
descriptions which attempt to explain the differences between them. Whatis the
best medium for such descriptions?
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WhyJ, of course, hence the comments which follow each ofthe four executable
lines supply matching equivalent statements

(<0 4)|.EACH <"2 hlam NB. (0 4].h)3(O 4] .h+10) {o 4 4]
to-n-- tea-ncneee +
}1 2 O]44 12 10]
[4 5 3[/14 15 13]a-ooe- +

 

0 1].€ACH <"2 hlam NB, (Ol.h);(i1.h#10) {1 4 1)

 

JO 4 2413 44 415]
{34 5140 14 12]toceoe teonnnnne +

0 1|.£ACH <"1 hlam N8. (O].EACH<"1 h),:(4].EACH<"41 h+10)
teccecrrnn tosercen- +
lo 12 134 5 | NB. [1 2 2}
to---Hnn- teono-n-+ +
}11 12 10]14 15 13]teeccornntonseceen +

This example is also equivalent to 2 2$0 0 1 1).E€ACH ,<"1 hlam,since
.<"1 hlamis a4-list whose itemsare 3-lists suchas 0 1 2. The next example
illustrates how "0 means apply a shift at the scalar level which is necessarily a “do
nothing” operation.

{0 4)]."0<"°2 hlam NB. equivatent to <"2 hlam {1 1 1]
teccce foeeo----+
Jo 1 2140 41 12]
13.4 51/413 44 15]
too-n- teeecc--- +

A further set of examplesillustrates what happens with characters. g is a pair of 2-
lists and thushas the sameshapeash,only its items are characterslists rather
numbers.

Jg=.2 3$'ant';'bee';'cat's'dog's'elk's'frog’
+- toon
JantIlbeelcat |
enaees
Idoglelk| frog]
toon teen teat
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Whereitems are characters lists, there are necessarily possible ambiguities
between genuinespace characters and spacefill characters, something which is
clarified in

NB. 1-shift at item level [o 2 2]

 

Intaleeblatc |
teretenn—-4+
load! Tkelrogflto-- ton t----+

The next example showssimultaneous opening of both argumentsfollowed by v"
boxing :

{<0 1)].EACH <g NB. <0 1[.9 [o 0 a]
--+--+|

||beelcat fant] |
| +---+----+---+]
[1e1k! frogidogl |[+ I

:|+-- 

  
4---4---4----4 | +---4---4---- +]Idoglelkl frogi[lant}beelcat |]-+]

+
|
[lant|beelcat || |dogJelkl frog]!
JI   

In the final examplein this set the shapesof the items within the two outer boxes
are notidentical, thus resolving an ambiguity betweenfill and genuine space
characters which each would not have shown:

0 1. EACHS"4 g NB. (<0].0(g),(<1l.t{g) {4 1 4]foennp eneeeeeee
|econeonndena|eenteenneenne]
{lant beelcat| | [elk] frog!dog!|

+|
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However, given that each by definition reducesonelevel of boxing in everycase,
it often gives less fussy looking results than EACH where characterlists are
involved.
The examples so far have been chosentoillustrate the principles of each and
EACH. An exampleofa practical problem involving eachis that of evaluating
linear expressions such as x + 2y - z over separate ranges of values of their
variables. The results in this simple example are easy to check.

t3=.4 253 4 5;6NB. x={1,2} y={3 4 5} 2={6}
{t3 NB. catalog generates all combinations

teceeetonnetooo +
11 3 6/1 4 611 5 6
too neetenn+----- +
12.3 6[2 4 61/256
teen +-----occa +

ips.+/ .* each NB. inner product each
({t3)ip <1 2 _1 NB. 1 2 1 are a set of linear

coefficients
135
246

The adventof “each” and ragged arrays in APL2 breathed new life into the
language.J deals with such matters more subtly by forcing choices between two
possibilities! Broadly speaking EACH makes objects more compact by allowing
raggedness and reducing homogeneity to a local level, each reduces boxing at the
cost of imposing greater homogeneity through globally appliedfill characters.

 

108



VECTOR Vol.22 No.1
 

PROFIT
ARQUE- Assessment Reports on the
Quality of University Examinations

by Alan Sykes (given at the Dyalog APL Users’ Conference 2005)

Introduction
ARQUE, an acronym for ‘Assessment Reports on the Quality of University
Examinations’ is a software product, written in Dyalog APL, using manyofthe
Causeway products (CPro, Newleaf, and Rainpro). It was developedin the last
five years of my employmentin the Business Schoolat the University of Wales
Swansea.It is now in useat universities in Swansea and Bangor, with other
customersin the pipelineforlater this year.
University examinations are produced by university lecturers themselves, subject
usually to the scrutiny of external examiners whoarethere to check consistency of
standards across academicinstitutions. Universities themselves are subject to
“quality inspections’, which would seek, amongstother thingsto be re-assured
that each university has a quality control system that guarantees high standardsin
its assessmentof student performance. My work developed from the ‘bottom up’
whereI was concerned with individual departments within a university and how
each departmentcould obtain useful feedback from the examination processesit
was responsible for. If a departmentcouldestablisha clear appraisalofits
examinations which demonstrably indicated where quality was assured and also
flagged problemsif they occurred, then the university concerned could pointto
such appraisals, and take remedial action where appropriate.If such a system
were used amongstall departments, then clear criteria can be developed at a
manageriallevel to assure the quality ofall its university examinations.
Modern universities, some more so than others, consist of a plethoraof different
degree schemes,each specified bya list of modulesthat students musttake in
each yearof that scheme. Some modules may be compulsory, some optional, and
typically, any module maybe used by more than one degree scheme. Hence, from
the perspective ofa specific university lecturer, faced with a collection of marks
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for the module heor she is responsible for, it is a non-trivial task to explain, for
example, why the marks are so low/high as comparedtolast year, or as
comparedto other relevant modules.It is only too easy for a lecturer to be accused
of poor marks, simply because, for example, the students opting to do the module
concerned were, in general, weak students. Thus,it is clear that any appraisal of
the results of university examinations must, necessarily go well beyond a mere
reflex reaction of quoting a few means and standard deviations! Such a scenario is
indicative of only one of many questionsthat can be asked about the assessment
process but gives us the key to the most importantaspect of ARQUE’s
methodology

Comparing Marks on a Module
with Average Marks on other Modules
By doing this, ARQUEcan attemptto tease out someof the confounding effects on
a set of module marks.Here is an example:
 

A Module
Correlation = 0.63

2
2

3
3

a o
Ma

rk
on

thi
smo

dul
e

40

20

 
0 20 40 60 80 100

Average mark on all other modules    
The diagonalline represents parity between mark on this module and average
marks on other modules. The regressionline here is parallel to this line, but above
it, by 14, so that one can say, on average, on this module, students are scoring
approximately 14 marks more than one might expect.
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Ofcourse, the regression line couldlie parallel, but underneath the parity line:
 

Another Module
Correlation = 0 79 “4

2
a

a
a

a a
Ma
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on

thi
smo

dul
e

 

0 20 40 60 80 100
Average mark on all other modules   

so for this module, students are scoring on average, approximately 12 marks
below what one mightexpect.
Other scenarios are possible, as the regression line need not be parallel to the
parity line, indicating an assessmentstrategy that might, for example penalise the
weakerstudents,orfail to discriminate betweenthe weakest and strongest
students in the class:
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A ThirdModule
2 100) Correlation = 0 27 a“2

Ma
rk

on
thi

smo
dul

 

o 20 40 60 80 100
Average mark on all other modules    

In an age when academics(atleast in the UK) are underpressure to be more
innovativein trying different methods of assessment, the radically different
assessmentprofiles presented above(all genuine examples) makea strongcase for
substantial feedback from the examination results to the examiner, the department
concerned and the university.

ARQUE’s Top-DownFacilities
Whilst the top-down facilities are the latest additionsto thefacilities, it seems
sensible to follow the motivation above, by examples of how one might view
graphically, what is happeningfor the institution as a whole. Data for an
institution are compiled from raw csvfiles and stored in APL componentfiles to
facilitate the production ofreports as required. (For example, the examination
results would be compiled by ARQUEfrom csvfile each of whose lines present
information from one student-examination — i.e. student identity, module taken and
module mark obtained.)
A data-miningfacility is provided that enables you to look at different
characteristics of the examination processacross the institution. For example, the
followingplots the mean difference between average mark and average mark on
other modules(basically measuring howfar above or below the parity line, the
regressionlineis) against the slope of the regression line:-
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Here, every point represents one examination — the points in red indicate modules
with an assessmentprofile that is extreme on one or more (or a combinationof)
characteristics. Specifically, points which are high on the vertical axis indicate a
profile where students gain a large number of marks over and abovetheir average
on other modules (as for example 1 above), whereas a point with a very low value
onthe horizontal axis indicates an assessmentprofile similar to example 3 above.
Such data-mining reports give an insightto the amountofvariation in assessment
profiles across theinstitution andfacilitate the setting of critical values which can
then be usedin the provisionof an institutional report, consisting oflists of
modules that are extremefor one reason or another.

Individual Module Reports
Theoriginal motivation for writing ARQUEcame from my departmenttrying to
understand as muchaspossible as to what was happening in a busy department
andto give individuallecturers as much feedback as possible on how their
assessmentstrategy had worked. An individual module report may be produced
for each examination in an institution. Such a report comments on the salient
features of the assessmentprofile, providing graphical and numerical information,
together with a substantial written report (which may be in English or Welsh).
These reports are, to my mind, the most importantreports, as they provide the
means wherebya lecturercan relate the content of the report with other
information about the examination process(e.g. verbal comments from students
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andother staff) and make, where necessary, important changesin future
assessmentstrategies.

Other Reports
It is often useful to be able to compare performances on comparable modules, may
be, for example,all first year modules in a department. Comparative reports of
this naturearealso available.

Using ARQUE
Currently, ARQUEis used in universities by central administrators who make
appropriate reports available to departments after the examination processis
complete. For a university of some 12000 students with over 2000 modules,this is
feasible within a day, even if paper copies are supplied. Alternatively documents
produced by ARQUE maybe compiled in pdf form andtransmitted electronically.

Some Technical Comments
Asindicated in the introduction, ] would not have been able to produce ARQUE
without (a) APL, and (b) the Causeway products. The graphicaluserinterface is a
series of CPro forms, hence changes and enhancements are easily made. Reports
are produced using Newleaf, andall charts are constructed using Rainpro.
Customers are impressed with the quality of graphical information, and the speed
with whichit all works. The written information is compiled with the aid of a
dictionary (two-column matrix) with English statementsin the first column, and
Welsh statementsin the second.

The Future
Obviously, I hope to sell more copies as I have the time and energy to persuade
universities that they need the facility. From an APL perspective, I envisage that in
the future, the facilities of ARQUEwill be made available via a University Intranet
- howthis should be doneis yet to be determined.

Alan Sykes
Director of Acadvent Ltd
Author of ARQUE

Retired Senior Lecturerin Statistics in the Business Schoolof the University of
Wales, Swansea.
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Statistical Methods
Discovered by the Power of APL
by Peter-Michael Hager(email: hager@dortmund.net)

Throughits array functionality APL can treat masses of data, piled up in huge
spreadsheets or databases, much moreintelligently to generate meaningful
perceptions, rather than just doing primitive operations such as column
reductions.

Odd Man Out
Spotting the ‘odd manout’, the exceptionalfigure in a mass of numbers,is a
recurring task of management. A simple APL techniquefinds and highlights
anomalous figures in arrays, where humaneyesarelikely to overlook them. By
using these results to add colour, the tables immediately gain visual appeal.
In magazines there are sometimes intelligence tests with questionslike this:
 

Which number does not belong?
1001 996 1000 1005 2004 998 997 999 1004 1003    

Table 1: Magazine's level 1 1Q question
Ofcourse,it is easy to see that one numberis twice as big as the others. Anyway,
for us this indeed is a question APL cansolve:

TQuestion
1001 996 1000 1005 200% 998 997 999 1004 1003

OsNormalize IQuestion
tiii12i141411

All we needfor thatis a little function which will average the values to 1. The
rounding to whole numbers will then dotherest:

Normatize+{(uxpw)++/|w}
You donotthink it should have been necessary to ask APLfor a solution? Then
let’s take on the next level in the contest.
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Which number does not belong?

507 364 1196 689 611 1235
78 56 184 106 94 190

2691 1932 6348 3657 3243 6555
3393 2436 8004 4611 4089 8265
2457 1764 5796 3339 5922 5985
2886 2072 6808 3922 3478 7030
2847 2044 6716 3869 3431 6935
3900 2800 9200 5300 4700 9500
3471 2492 8188 4717 4183 8455
936 672 2208 1272 1128 2280

78
12

414
522
378
444
438
600
534
144

1001 1014 1079
154 156 166

5313 5382 5727
6699 6786 7221
4851 4914 5229
5698 5772 6142
5621 5694 6059
7700 7800 8300
6853 6942 7387
1848 1872 1992   

Table 2: Magazine’s level 2 1Q question

Sales+(107100)0.x(107100)
Sales(5;5]x+2
Sales

507 364 1196 689 611 1235 78
78 56 184 106 94 190 12

2691 1932 6348 3657 3243 6555 41h
3393 2436 8004 4611 4089 8265 522
2457 1764 5796 3339 5922 5985 378
2886 2072 6808 3922 3478 7030 444
2847 2044 6716 3869 3431 6935 438
3900 2800 9200 5300 4700 9500 600
3471 2492 8188 4717 4183 8455 534
936 672 2208 1272 1128 2280 144

OsNormalize Sales
1 1a 1

Re
ee
e
e

Pe
ee

ee
e
e

ee
Pe
e
e
e

B
e
B
e
E
e
e

PE
RR
E
E

PR
E
BE

BE
e
e

PR
E
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E
e
e

BR
R
ER
e
e
e
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A
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ee

he
ee

fe
e
ee
e
e
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Thope you could find the non-matching number! Again APL can doit for you:

1001 1014 1079
154 156 166

5313 5382 5727
6699 6786 7221
4852 4914 5229
5698 5772 6142 |
5621 5694 6059 :
7700 7800 8300
6853 6942 7387
1848 1872 1992
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Imaginethat the numbers in Sales are the revenuesof item groupsin several
regions. Thenthis function will show,by colouringa table, that there were far
morejackets sold in Germany, when compared to other regions. It would have
beendifficult to get that information just by studying the numbers.
Region\Item [Pants Shirts Skirts Jackets Suits Slippers Sneaker Socks

507 1196) 689 2814 1235 1001 toa} 1079
78 184] 106 E= 190 154 156) 166

Denmark 34 6555 5313 5727
France A6BH1 8265 6699 7224
Germany
Great Britain 3922 7030
Holland 3869 £22349] 6995
Italy 5300 9500
Spain : 4717 8455
sweden 2.” 1272 2280

 

Table 3: Sales chart
To handle similar variables of higher rank,it is necessary to extend the Normalize
function. Nowit will average one dimensionafter another. As averaging a further
dimension changes the result of previously averaged dimensions, this needs to be
iterated several times until the result becomesstable. Fortunately this algorithm
converges with any numberof dimensions.

Normalize+{ a Normalize an array of arbitrary rank - Dyalog Vii version
AxialNormalizee{(uxa2pa)+{(topw)~a]+/[a]]u}
LeftChained+{>a0/ (da) cw}
Preprocess+{w+lE7180x0=a}
Postprocess~{wx1E~160<|w}
Postprocess(tppw)AxialNormalize LeftChained*=Preprocess w

}
Normalize+{ a Normalize an array of arbitrary rank - Compatible version

AxialNormalize+{(wxa2pu)+[(ippa)~al+/La} lu}
LeftChained+{2aa/($a),cw}
Until+{a wa xtan wix o ¥ x}
Preprocess+{u+1E7180x0=a}
Postprocess+{wx1E~160</a}
Postprocess{(ippw)AxialNormalize LeftChained w}Until=Preprocess w
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(The Preprocess and Postprocess functions are to avoid division by zero.)
This population chartillustrates the power of the method very clearly:
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     
Age \ Year PSS@EEEES 2000 1 2001 ‘2002 | 2003
EO 771223. 766554 735755 719250 706449

1 7eso0s 772040 772147 739547 722845
2 814425 789766 775918 773772 741235
3 799778 si4674 7o2198 777811 (775038
4 773303 799010 si6966 794141‘ 778756
5 7e27ea 73740 gozi9s s19000 794971
6 sigeo7 7@2802 775663 803429 s19102
7 833793 e14s03 7ea7io 777074 803783
8 866345 834766 817082 786980 778263
9 954074 go7444 837502 sto3s9 788004
10 943186 955309 870230 s40052 920427
Fr s700ss 945001 958622 873253 aais60
32 s4o410 972105 o4g4o1 961356 874970
Fry 933225 951793 975676 951535 963201
4 go1ess 935755 955683 979021 9sa449
15 g00050 sos014 o4oais 959420 981339
16 90955 904300 911412 45119 962504
v7 s3e004 913630 910945 916538 948796
18 937447 942036 922226 917900 921679
19 950649 947452 955826 934459 927797
20 g1i7e6 963406 963199 969933 945735
2 sosis1 922887 978755 976442 980454
2 910085 920340 939322 s9z803 987005
23 905701 921590 936609 952085 1003813
24 890669 916064 936232 948860 962464
25 912320 sossia 928552 946009 956147
6 931254 918245 900454 936263 951628
7 1029212 935974 927431 s16169 940907
28 1i4a7i8_ 1032886 943227 933124 919707    —
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29 1202082 1147340 1038983 | 947e40 935548
30 1296324 1203587 1151707 1042534 | osg4s |
st 1362258 1296881 1207686 i1se077 | 1sss19
32 asssstt 1362199 1299552 1209961 i1s4ai4
33 vase403 1398313 1364225 ss00709 1209837
34 1450859 1438889 1399998 1364686 1300032
35 1 1477274 1450005 1440128 400187 1363600
36 1469050 1476581 1450670 1439945 1398377
37 1424872 1468164 1476809 1450585 1438447
38 1404723 1424090 1468690 1476463 1448475
39 1368060 1403988 1424674 1468226 1474533
40 1326138 1367322 1404263 t424i08 1466359
at w61066 1325466 1367630 1403660 1422470
a2 1238416 1260096 1325031 | 1366909 1401548
B 1210883 1237357 1259536 1324022 1364641
a4 117514 1208056 1236607 1258214 1321898
45 1161536 1176030 1207862 1234722 1256051
46 1128557 1159795 1174673 1205707 1232037
a7 1133521 1126482 1157765 1172503 1202886
48 1113454} 1131138 124315 1155464 1169433
49 1123726 1110862 1128577 1121436 1152162
50 1087755 1120698 1108022 1125457 1117790
51 1003191 1084091 1117385 1104667 1221792
82 047557 999443 1080585 1113405 1100655
33 934565 | 943614 995557 1076823 1108775
sa 74176 830302 939581 991293 1071635
35 987985 |,737949 | 826037 934937 986273
56 roosesz 981853 [733724 s21345 | 9290925
57 gaiss0 999971 975354 | 729066| 816200
ss | ass97e1_| 975077 992976 968455 age
59 1258458. 1181002 9ee0s7 985523 960921
60 1235197 1247770 1171258 f..959970 976976
_& 1153916 1223925 1236424 1161033 9sia71 |        
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62 1078082 1142454 1212233 1224590 1150029
63 1049741 1066784 1130839 1199711 1211778
64 1012960 1037232 10548655 1118264 1186400
65 g4gseg | 999448 1024140 2042034 1104720
66 [757258 | 926714 985463 1010252 1028050
67 752064| 744582 912376 970422 998368
68 762724 738522 731607 896637 954207
69 zona 747726 724474 717779 880013

| 70 | 77o179_—‘| 782641 732099 709693 703388
Em| 7seaza 752048 764629 71508 o930e8
k 72 | 695572 738598 732099 745642 697782

73 | 673646 676352 718511 712768 725229
| 74 | essa13 osasaa eseeaa 96700 6o1dte
| 7s | 505573] eaasaa cazsse 634908 673450

76 | 568893 574342 610897 610122 613167
77 | 573642 545926 ssi9s6 se7zi6 586192

s7a7is__| 547767 521892 528378 561897
537637 545681 520874 490753 503089
384281 | 506703 515478 492363 409764

BS 300199 475408 483677 462122
Rice SSIES 335240 {442751 450653

2385 | 201446 | 309447 408189
255958 195477 177109 . isao6s || 282744

35+ 1695134 1612696 1540092 1451680 1374891 _     
Table 4: German population chart
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Differences between Products
The second samplewill show you how to quantify the reasons for deviations in
calculations. Though a standard solution already exists, by doing APL
examinations we quickly find outthat there is something wrong with it, and we
can come to more meaningfulandrealistic results.
A pre-calculationin its simplest form consists of the addition of item expenses,
eachbeing a productof price x quantity. These can then be comparedby a post-
calculation against the actual prices and quantities.
The differences between pre- and post-calculation should desirably be expressible
as componentsofthe costs, as only those can get summarized.
 

Pre-Calculation Post-Calculation
Item Diff.

Price Qty. Costs Price Qty. Costs
 

 

Bricks |0.75 €| 165 pe |123.75 €] 0.80 €| 135 pe] 108.00 €] -15.75 €
 

Cement|2.50€] 5.01lb| 12.50€)2.70€| 6.0 lb] 16.20€) 3.70€
 

Sand 0.30€| 2.0lb] 0,60€/0.40€130.01b) 12.00€) 11.40€      Total 136.85 € 136.20 €; -0.65 €     
Table 5: Bricklayer’s calculation

To determine the reasonsfor the differences, we need to do a more detailed
analysis on a peritem basis. In the Germanliterature about management-
economics I foundthe chart below to explain the concept. (Sorry aboutnot having
found it in my English literature[1].)
The pre-calculated costs of an item are represented by the greyfield. The
difference to the post-calculated cost consists of threefields: one resulting from
the difference in the price; one from the difference in quantity; and a third oneis
called mixed deviation.
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Preis (p)
Prey

AP= Pit? Prten Preise Planmenge Ap tax
Plan

Potarl
Planprels

Mengen-Plankosten ppian* Xpian Anderung
Ax* Petan

Xian st Menge(x)
AX ® Ng Xotan

AK = Kigt~ Kotan = Pict * Xist Prion ” Xpien =
= (AP + Bojan) * (AX + Xpjan) — * =Prian ”XPran =
= AP * Xptan + AX * Dotan + AP * AX

[by 2. Grad (Gemischte Abweichung)
1. Grad (Mengenabweichung)

, Grad (Preisabweichung)
[Ref Zitzmann,Betriebliches Rechnungswesen,Plankosten (chapter 9, page 31), Berner Fachhochschule]
Differences in the prices are caused by inflation or other changes in the market.For differences in quantities the calculating personis responsible. Fortunately the
third component, the mixed deviation,is not very muchinthis sample, soeconomists tend to neglectit.
Appliedto the bricklayer sample, these differences may be separated into thethree different causes:
 

 

 

 

     
Item Pre-Caleulation Post-Caleulation Differences by

Price

|

Qty.

|

Costs

|

Price| Qty.

|

Costs

|

Price Qty. Mixed
Bricks

|

0.75 €| 165 pc} 123.75 € 0.80 €| 135 pe] 108.00 €] 8.25 €} -22.50 €|-1.50 €
Cement /2.50€| 5.0Ib;} 12.50€/2.70€| 6.0Ib] 16.20€]1.00€] 250€| 0.20€
Sand |0.30€! 2.0]b] 0.60 €/0.40 €/30.0 Ib] 12.00€/0.20€) 840€] 280€
Total 136.85 € 136.20 €|9.45 €]-11.60 €| 150€         

Table 6: Bricklayer’s calculation with Ist grade and 2nd grade deviations
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Though the total differencesin thefirst table were as low as 65¢, they are now
exposed as being 9.45€ and 11.60€, and furthermore having a mixed difference of
1.50€. When exchanging the pre- and post-calculation values, strangely not only
the deviations’ signs change,butalso their values:
 

Item Post-Caleulation Pre-Catculation Differences by
 

Price Qty. Costs Price] Qty. Costs |Price Qty. Mixed
 

Bricks 0.80 €| 135 pc} 108.00 €] 0.75 €] 165 pe| 123.75 €| -6.75 €} 24.00 €|-1.50 €
 

Cement|2.70€| 6.0 lb; 16.20€}/2.50€} 5.0 lb] 12.50€} -1.20€} -2.70€] 0.20€
 

Sand /0.40€/30.0 Ib} 12.00€/0.30€} 20Ib;} 0.60€} -3.00€)-11.20€] 280€  
          Total 136.20 € 136.85 €]-10.95 €] 10.10 €} 1.50€
 

Table 7: Same as Table 6 with exchanged values for pre- and post-calculation
Atthis point, one began to have doubts about having found an appropriate
solution for the problem. The situation worsensdrastically when item costs are
the result of three factors:

Costs = Price x Quantity x Rebate Factor[2]
In suchcases youwill get:

* Onedeviation based onprice difference,
* One deviation based on quantity difference,
* Onedeviation based on rebate difference and
* Four mixed deviation components.

Asit is not unusualthat the sum of these four mixed componentswill be bigger
than anyof the three meaningful components,the usability of this method
becomesrather questionable. So we mustsearch for a better strategy.
To help you follow the quite terse functions,I will explain the resulting strategy
for twofactorsfirst.
Theseare the conditions:

axb+x+ty=dxe
axb+y=axe
axb+x=dxb
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Whatwefurther need, are these twofactors...
pax
qe axeyE

..to offer this solution:
x=(d-a)x (b+ (e-b) xp / (p+q))
y=(e-b) x (at (d-a)xq/(p+q)}

With the exponent E=0, the mixed deviation is cut into halves:
x =(d-a) x (b + (e-b)/2)
y=(e-b) x (a+ (d-a)/2)

With E=1, the bigger causer gets the bigger partof a deviation:
x= (d-a) x (b+ (e-b) x (xd) / (0 x d) + (axe))}
y =(e-b) x (a+(d-a) x (axe) / (bx d) + (ax e)))

Hereis the same as a dynamicfunction:

The additionsin lines 2 and 3 are required to avoid division by zero.

ProDiff+{E+1
b+epaea+1E7100
d+w+1E7~100
h+og+d-a
q-op<(dxb)*E
gxb+(hxp)+ptq}

These are the calculation results where the deviations are separated according to
their origins.
 

Item Pre-Calculation Post-Calculation Differences by
 

Price aty., Costs Price Qty. Costs Price Qty.
 

Bricks 0.75 € 165 pe 123.75 € 0.80 € 135 pe 108.00 € 7.50€ -23,25 €
 

Cement 2.50 € 5.0 Ib 12.50 € 2.70 € 6.0 Ib 16.20€ 1.10¢€ 2.60 €
  Sand 0.30 €  2.0 Ib 0.60 € 0.40 €  30.0 Ib 12.00 € 1.60 € 9.80 €
 

Total   136.85 €   136.20 €  10.20 €  -10.85 €   
Table8: Bricklayer’s calculation of two factors with E=0

{mixed componentshared equally)
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Item Pre-Calculation Post-Calculation Differences by
 

Price Qty. Costs Price Qty. Costs Price Qty. 
Bricks 0,75 € 165 pe 123,75 € O.80€ 135 pe 168.00 € 740 €|-23.15 € 
Cement 2.50 € 5.0 Ib 12.50 € 2.70 € 6.0 Ib 16.20 € 109€] 2.61€ 
Sand 0.30€ 2.0 Ib 0.60€ 040€  30.0 Ib 12.00 € 0.43 €} 10.97 €
  Total   136.85 €   136.20 €  8.92 €| -9.57€    

Table 9: Bricklayer’s calculation of two factors with E=1
(appropriately shared to its causers)

With the exponentset to E=1 weget the best matchingresults, as it shares the
mixed deviation componentinto parts appropriateto its cause.
As previously mentioned, these are calculation samples consisting of three factors.
The four mixed deviations could get removed, and the calculation conceptis
symmetric. [3]
 
 
 

 

 

  
item Pre-Calculation Post-Calculation Differences by

Price Qty.| Disc. Costs Price Qty.; Dise Costs Price] Qty. Disc.
Bricks 0.75] 165]-12 %] 108.90] 0.80} 135)-16%] 101.52] 6.82}-21.17| 6.97
Cement| 2.50} 5.0) -5%| 11.88] 2.70] 6.0]-16 %] 15.23] 1.04] 2.46)-0.14
Sand 0.30] 2.0]-20%! 0.48) 0.40) 30.0) 0%] 12.00] 1.49] 8.87) 1.17
Total 121.26 128.75} 9.34] -9.84]-7.99             

Table 10; Bricklayer’s calculation of three factors with E=0
(mixed component shared equally)
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Item Pre-Calculation Post-Calculation Differences by

Price Qty.| Disc. Costs Price| Qty.| Disc. Costs Price! Qty. Disc.
Bricks 0.75] 165)-12 %| 108.90] 0.80; 135)-16%] 101.52} 6.73}-20.98] 6.88
Cement) 2.50} 5.0) -5%{ 11.88] 2.70) 6.0/-16%} 15.23} 1.03] 2.46|-0.14
Sand 0.30] 2.0/-20%| 0.48] 0.40] 30.0) 0%} 12.00] 0.41] 10.81} 0.31
Total 121,26 128.75] 8.17] -7.72] 7,04             

(appropriately sharedto its causer}
In detail, 8.17€ of the differenceare inflation based, -7.72€ are based upon the
calculator’sfault, and 7.04€ are the result of a purchase manager whofailed to ask
for the discounts.

Table 11: Bricklayer’s calculation of three factors with E=1

ProDiff+{ a Distribute differences to their cause
E+t
2=8pbpwiat{

beparattE- 100
d+w+1E~100
h+og+d~a
qedp+(dxb) *E
gxb+(hxp)+ptq}wa

32Opbpwia{
e+lbb«1baeat1E-100
d+w+tE~100i+1bh<1dg-d-a
reloqe-lopeaxE
sedxE
pt+lorserxspu+2¢qseqxs
pugqe-lortp+idgsr+qsxr
gx(bxc)+((hxexqs)+qs

+((ixbxrs)ers
+pt)
+pu)

+(hxixgsr)+qsr¢rtp+pug}w
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8 2¢PreCaic
0.75 165.00 0.88
2.50 5.00 0.95
0.30 2.00 0.80

8 2ePostCalc
0.80 135.00 0.9%
2.70 6.00 0.94
0.40 30.00 1,00

8 2sPreCalec ProDiff PostCatc
6.73 ~20.98 6.88
1,03 2.46 ~O.14
O.41 10.81 0.31

Footnotes
WW

[2]
1]

Sometranslations: Preis = price; Menge = quantity; Preisinderung = price
change; Planmenge = planned quantity; Planpreis = planned price; Plankosten
= plannedcosts; Preisabweichung = deviation by price; Grad = grade;
Mengenabweichung= deviation by quantity; Gemischte Abweichung = mixed
deviation.
Though a discountis usually declared as a percentage,it is easy to transform
into a multipliable component.e.g, 3.5%correspondsto a rebate factor of 0.965.
This means, when exchanging the left and the right argument, the result will
changeits sign, notits values. When having three factors, the APL solution on
the next page doesnotfulfil this requirement completely, because thefull
solution would bean iterative formula, which has been terminated at an
acceptable precision.

October 2005
Peter-Michael Hager
HAGER-ELECTRONICS GmbH
HamburgerStr. 97, 44135 Dortmund, Germany
email: hager@dortmund.net
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Pair Programming With The Users
by Stephen Taylor (sjt@5jt.com)

Written from the notesfor my talk at the Dyalog Users’ Meeting.
Wehave two kindsof delegate at this meeting. Some of us have used APL to write
software which weuse to offer goods and services. A while back Stefano
Lanzavecchia was quoted as saying while he didn’t think APL had anythingstill
to teach computerscience, it wasstill the best language to use if you wanted to get
rich.
How many people do you know who have made a million dollars or more with
software they have written themselves — and how many of them wrote in APL?
The prospects for entrepreneurslike these remain as bright as ever. But not for the
other kind of delegatehere.
The other kind of delegate here is someonelike me, wholikes to be paid to write
software in APL.For us, the decline in the popularity of the APLs jeopardises how
welike to makea living. And that is whatI wantto talk about today.
Twoyears agoat the meeting in East Horsley I argued that our best prospects are
closely aligned with the movementfor agile systems development, sometimes
called Extreme Programmingor just XP, Today 1 wantto report how thatfutureis
emerging in the work I’m doing with Optima Systemsat oneof the UK’s largest
life and pensionsoffices, and I'll review whathas and hasn’t worked in our
systems developmentthere.
I'm also going to discuss a new paradigm for developing software, an alternative
to the analogy with civil engineering popularised by the Software Engineering
movement; because how wetalk and think about what we’re doing matters far
more than weusually realise.
Finally, Yl advance a new metric, semantic density, relating to the clarity of source
code, and I'll discussits importanceto the agility of our software development.

Coming Back
Two yearsago, ourréle at the pension company had an unpleasant familiarity.
From several mergers the company had inherited APL systems developed over
the previous 15 years. Mergers are alwayspredicated on economiesofscale to be
obtained from rationalising administrative work and the computer systemsthat
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supportit. Such strategies require great faith that yet unidentified problemswill
be solved within the chosentechnicalstrategy. In this world offaith, a technology
thatis notpart of the solutionis part of the problem.
Contemporary conversations aboutIT strategy provide noplace for development
in APL.It followed inexorably that our systems were integration problems and
scheduled for replacementby ‘strategic technology’. Here we see thecostto us of
ceding our claim to an importantréle for APLin the developmentof key systems.
Another familiar aspect of our position was that our systems provedparticularly
resistant to replacement. Manager after manager comparedthe cost of
maintaining our systems with the cost of replacing them and concluded he had
more pressing business.
As other legacy systems were woundup, the APL team languished in the exit
lounge. We wanted to break out and win recognition as a useful resource for new
systems development. But, as many other APL teams have found,a record of
unmatched productivity is not enough to overcomethe unblinking faith required
by a corporate integrationstrategy.
Wepromoted ourselves as writersoftactical systems, interim solutions, stopgaps
to be used until corporate strategy boreits long-awaited fruit. Eventually we
found a senior manager with new responsibilities who needed results badly
enoughto give us a break.
The opportunity he gave us wasto help him process pension claims. This is work
of a complexity that Dickens would have admired. Pension funds have suffered
decadesof changesin products, legislation, regulation and tax law. When the time
comes for a policyholderto retire and convert savings into a pension, someone
has to unwindall this, ensuring that restrictions placed on rights vested in certain
parts of the fundsare respected. Twoyears ago this process took about an hour a
policy. It took six weeksto train a new clerk to process the simpler claims, and as
many monthsbefore she could processall the possible variations. Managers were
largely unable to switch staff to tackle backlogs, becausecross-training took three
weeks. Theseniorclerks had improvised all kindsoftools to support their works:
spreadsheets, Word documenttemplates, checklists — at least the quill pens were
long gone.
Weapproached the work in a waythat will be familiar to APL programmers,
writing code alongside the end users. Two years later we have halved the average
processing time,can get very simple claims processed in under ten minutes, and
we have becomethe primary toolfor ‘business re-engineering’ in the pensions
division. We are now winning jobs from the IT division’s Too Hard basket, and
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have doubled thesize of our team — large by APL standards, tiny by IT’s - to
handle the new work our customeris asking us to take on.
Andfor certain portionsof its business, we are now the designatedstrategic
solution.

What Worked, What Didn’t
Somethingthat failed from the beginning wasanalysis. Youall know analysis.
You havea conversation with the user, take notes, write a description of what the
computer is supposed to do, have the user confirm it. Then you go write the
program. Noneof this worked.
Ourexpert users are the senior clerks whotrain new clerks. They are the source
for what is needed from the system; no one knowsthe workbetter than they do.
They train newclerks to do the work, so you would supposethey can explain the
requirements. Not so. They train new staff in procedures, not by explaining
theoretical concepts, but with “do this, then do that” instructions. Staff do
eventually work out for themselves the implications of what they’re doing.It’s
just as well humans can learn this way, becausethestaff’s linguistic skills don't
allow them to talk and reason about the work with any precision orclarity. Over
and over again our conversation floundered into self-contradictions and
misunderstandings, unable to navigate through the many variables in play. | saw
that evenif I were able to write requirements I had confidencein, ] had no hopeof
getting a useful review of them.
A radical change of approach was needed. We were working ontherules for
determining whether a particular penalty was to be applied to a policy before
benefits are taken. The checklist the clerks used to decide this coveredfive A4
pages. “Show meyour first example,”I said. We worked throughit, with me
copying numbers from the mainframescreens and defining variables and rules.
Eventually I had a function that used the samefacts she did, and produced the
same answer.I saved the clusterof facts as myfirst test case and started
modifying the function as we worked through her second example. When I had a
second right answerI retested the first case and reworked the function until it
produced both answerscorrectly. By the end of a fortnight we had working code
and a test suite with forty cases, and | wasstarting to see the principles involved.
OvertimeI wasable to refactorthese rules for clarity, using the test suite to
confirm I wasstill getting the same results. The rules written in APL now cover
abouthalf an A4sheet; that’s one order of magnitude smaller than the checklist in
English. As far as I knowit is the only formal specification of the penalty rules the
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organisation possesses. And — this is the kicker ~ it’s maintained jointly by the
APL programmersandtheclerks. It’s been sometime now since we found a case
for which we needed to modify the rules; but when wedo so, we jointly trace
execution, examining values, to identify where the machine’s logic varies from the
clerk’s. Wecorrect the rule — the programmer modifies it and the clerk confirms
the new code appears to match her meaning — then executeit to confirm it now
yields the right answer.
Extreme Programmers work in pairs to produce immediate feedback on code
quality, and get user feedback on a 2-3 weekrelease cycle.
Weworkin pairs with the users to get inunediate feedback on the requirements.
Whenthespecification’s confirmed, the programmingis finished, for the
specification is executable. Collaborating with system users on an executable
description of the system’s behaviouris a key breakthrough in our work. Wecall
it ‘Pair programming with theuser’.
Another hard-learned lesson concerned collaborating with the internal IT division.
Noonein the business has been able to grasp the speed andflexibility our work
requires except the people participating with us. Where conventionalIT delivers
in weeks and months, wedeliver in hours and days. Usually we can write an
executable description of system behaviourthatsolves the business problem (ie a
program)faster than an analyst can write a system specification. Thattime
includes generous rewriting as we get user feedback of detail, quantity and
quality largely unavailableto the analyst. As a result, our programsarea betterfit
to the business needs than any formalspecifications we've seen the organisation
wtite. Ever.
In this workit makeslittle economic sense to plan ahead much. This makes our
progress hard to predict. We rarely know how complexor simplea job is until
we've finished it. This is madness, of course. The onlyjustification forit is that we
progress so muchfaster. Our customer’s managers naturally hate this
unpredictability, but consistently prefer our rapid progress to predictable delay.

Making Movies
There are in this naughty world programs that haveto run exactly rightthefirst
time — ask NASA.Arguably,the programs we are writing for the pension
companyfall far away from those ona scale defined in termsof costof errors,
complexity of function,stability of requirements andcostof delay.
You might supposethat the NASA-style project best represents general systems

, development, and thatthe conventional ‘engineering’ approach of‘planit, then
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build it right’ is the best way to work. You mightallow that what we are doing
makes sense, but only in our unusualsituation, and that few general lessons may
be drawnfromit.
For a momentconsider instead the possibility that someof the more unusual
features of our project merely shed strong light upon commonaspects of software
developmentthat the engineering approach does not avoid but only masks.
That would beinteresting if it were true, because we have other reasons to suspect
the foundations of Software Engineering. SE was adoptedin the 1980s in response
to a widely-shared view that most software projects were outof control. Writers
like Boehm' and deMarco’ drew unfavourable comparisons between programmers
andcivil engineers and proposed we would dobetter if we could adopt engineers’
methods. Thus Software Engineering andtherise of the formal methodologies,
SE has had somesuccess at making software projects more predictable; but the
modesty ofthese successes has to be contrasted with the effort expended upon
them. Whenintelligent people work long and hard at somethingforlittle result,
weareentitled — perhaps obliged — to askif the problem has not been
misconceived. Morerecently, some writers have argued the analogy with civil
engineering has been misapplied from the beginning.
It is a standard strategy of industrialisation to conserve expensiveintellectual
skills by defining simple and repetitive jobs that can be done with minimum skill.
So, in building a bridge, expensive engineers developplans, then cheaper workers
pourconcrete and weldsteel. In the SE model, analysts and designers develop
specifications and database designs, which are implemented by programmers.In
SE, programmingis the analogue of construction; and programmers the navvies
of IT.
Ward Cunningham’points out important differences in the material properties of
bridges and software. Erecting steel and concrete is slow, and expensive to
modify. Compiling and copying softwareis not.
A computer program is an executable description of the behaviour of an
imaginary machine. ‘Executable’ meansthat a Turing Machine can read the
program and emulate the behaviour of the imagined machine. Given plenty of
PCs and a program, construction of the imagined machineis nearly immediate
and free.
Cunningham arguesthat compilation is the analogue of construction, not
programming. The rest of the work - developing the software — is all design work.
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It can be donein pretty much anyorder(like drawing the bridge and unlike
erecting it) and can be changed or redonerelatively cheaply.
This view of software developmentcasts doubton the industrialisation project
itself. No architect wouldtry to analysehis architectural practice into simple and
repetitive tasks. Perhaps industrialising the writing of softwareis similarly
inappropriate?
Whatotherprocesses could weuse as a model? Another example of a
collaborative writing projects, is making a movie. A producerfriend of minein
Hollywoodclaims my software projects sound more like her movie projects than
engineering work. Movie-making turns out to have importantdifferences from
writing software too, but also enough similarities to make comparisoninstructive.
A movieprojectstarts with aninitial idea and finishes with a film master, from
which copies can be made withoutlimitfor distribution. The serious moneyis
spent during ‘principal photography’. Until then the work consists of developing
increasingly specific descriptions of the movie.
Thefirst description is usually very short (“Godzilla Meets Bambi!”), and does not
need writing down, muchas a director mighttell his board, “We need a new
order-entry system!” Moreelaborate descriptions follow in succession: treatment,
screenplay and shooting script. Sponsors work onthese descriptionsto satisfy
themselves the imagined moviewill meet their own demands.Bythe time the
shooting script is readyit incorporates considerable feedback from participants
concerned aboutfinance and marketing.
In a shootingscriptall the scenes and dialogue have beendefined. Thedirector
has whathe needs, but maystill make extensive changes during photography.
(Myfriend: “A script? That's what you use to get funding.”) Scenes the director
has imaginedin detail sometimesfail to work despite manytakes, andget
rewritten. Within the constraints of the shooting schedule and the actors’
availability, new problemsget identified and solved, scenes get reshotto reflect
changes madeelsewhere. Thenall thefilm goes to the cutting room for further
revisions.
Movies are like our software project in incorporating lots of feedback during their
making. Design continuesinto the cutting room andafter first screenings, the
‘sneak previews’. They are unlike our softwareprojectin that design stopsafter
release, while our andotheragile projects release as little as possible as early as
possible, and keep modifying it as long as people think the effort worth paying
for.
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Both movies and software projects start off by writing increasingly elaborate
descriptions ofthe project. In movieprojects this process ends with principal
photography. The project continuesto evolve in the director’s hands, watched
anxiously by his producer, but no more descriptions are written.
In building a bridge the same momentarrives when the engineers stop drawing
and the workersstart pouring and welding.In the engineering view of software
development, that momentarrives when codingstarts.It’s the time to stop
describing and start making. Andit is the perennial complaintof the
programmersthat they are neverleft alone to write the described program.If you
imagine yourself as a construction worker whofinds himself repeatedly tearing
downwhathe hasjust built to erect something like it nearby, you have a sense of
the programmer’s frustration.
Whyaren't the programmersleft alone to do their job? The comparison with
making moviesis instructive. In both fields the projects develop a succession of
increasingly elaborate descriptionsof the work, using them to imagine the end
productin increasing detail and to communicate aboutit. But the movie people
can understandtheir descriptions,right down to the shooting script, and that
difference is everything.
Of course movie people can read a shootingscript. They’re movie people! They
can read a screenplay, envisage the result and write a reliable estimate of
production costs on the back of an envelope. All the descriptions of the movie
allow the sponsors to communicate aboutthe end product.
Nothing like this is true in software. Whenthedirectortells his board, “We need a
new order-entry system!” he knows whatheis talking about. By the timea fat
binderof ‘requirements’ has been throughtheritualof ‘sign-off’, communication
has stopped,for the project description has escaped the language of the managers.
The requirements nowconsist of formal specifications they cannot understand,
plus reassurances suchas “user responseswill be sub-secondor better”. Unlike
the movie producers, the system sponsors cannotread the description andreliably
envisage the endresult.

“WhereofI cannot speak, thereof I mustbesilent.”
Ludwig Wittgenstein

There are Two Great Lies of Software Development, which sponsors and
developerstell to each other. Thefirst lie is “We can tell you what we need.” The
secondlie is “Wecantell you whatit will take to produce.”
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Bothlies enclose a kernelof truth. The sponsors do knowa lot about what they
need. The developers do havea lot of useful experience of writing. Sponsors and
developerstell the Two GreatLies to each other because they think it shameful
not to know these things completely.
Thereality is that they don’t. Cannyproject managers allow for this andtreat
system requirements as a shooting script — something you useto get funding.
Sponsors cheerfully accept breathtaking variation from the specification provided
the needs of the business are met. The unspoken agreementthat underlies the
contractis that the developer will meet the needsof the business in somethinglike
the time estimated, and at something like the projected cost; andit is this
unspoken agreementthat provides the context for the project manager’s work.
Movie sponsors have feedback loops in their development of the movie that are
missing from theinitial developmentof a software project. Where doesthis
feedback show upinstead? It shows up when thesoftwareis first delivered. This
precipitates the usual argument. The customerobjects it doesn’t meet his business
need, and the developerreplies thatit exactly fits the description the customer
signed. This conversation proceedsto a discussion of what change can be made to
save the day, and whowill pay forit, either as an extension (customer) or
correction (developer).
The hardfact hereis thatit is very difficult to envisage the behaviourof an
imaginary computer system;it is also very hard to describe. Of course,it is also
hard to imagine and describe a movie, but these are skills movie people cultivate.
Business people do notcultivate skills in imagining and describing computer
systems.
Supposethe near-impossible: you have a customer whocan envisagein unlimited
detail the behaviourof a computer system he needs - he cangive consistent
answersto all questions aboutit. How would he describeit to you? Not using
formal methods, for he is a businessman,not a developer. He mustuse informal,
ambiguous,flexible, elusive English. He might well haveall the detail (pace
Wittgenstein)‘in his head’, but he will never communicateall of it to you. Unlike
the movie people, you don’t share a commonnotation.
In this light we can begin to distinguish someinteresting elements of our recent
work onpensionclaims. In true XP style, we are always modifying a running
system. Wedonotrely on imagination to carry us far beyond that. We generally
discuss only small changes to observable behaviour.
Mypersonalpractice in this regard has become somewhatextreme. The clerks
who guide our work no longer write even emails to me about changes they want.

135  



 

 

VECTOR Vol.22 No.1
 

To get a change, they comeandsit beside me. They used to begin by describing
the change they want, until recently I noticed whata wasteoftimethis usuallyis,
and puta stop to it. Now they begin by ‘breaking’ the system, either by showing
me some way they've foundto crashit or by getting it to behave in a way they
want to change. Then wetalk bit. I'll use my knowledgeof the system to locate
wherethat behaviour is described andinterrupt execution there. We trace
execution and modify the code together as I wrote above.
Like the movie sponsors, we share a commonnotation for describing the end
product. Our end productis not a movie, but the system behaviour. Our common
notation is the source code. Weare able to use the source code as a specification
because of somespecial properties of the writing (which I’ll come to shortly) and
because the system animatesit for us.
‘Animates’is a better word here than the usual ‘execute’. Recall that source code is
nothing buta description of the behaviour of an imaginary machine.It differs
from (e.g.) “an order-entry system”in being formal (so the machine can animate
it) and more elaborate.(It also has a different semantics, but moreof thatlater.)
The sameis true of the C code into which our sourceis translated, and arguably of
the machine language into which thatis compiled. This imagined machineis
neverbuilt, only described; then that description is animated by the computer.It
is the great virtue of computersthatthisis all we need: a description of a machine
and a computer to animateit.
The computer animatesourdescription, giving me and myuser immediate
feedback on what wehavewritten, much as a movie director pores over‘rushes’
at the end of a day’s shooting. When wearesatisfied, I save the modified system
whereshe can testit further.
From this you can see we have collapsed the stagesof analysis, specification,
design, coding andtesting into a short, uninterrupted dialogue with our user.
Communicationis high-bandwidth,face to face; feedbackis rich and immediate.
You might supposethatin these conditions, and having worked together for over
a year, communication is very good. Notatall. Misunderstandingsarerife.
Mercifully, the feedback quickly exposes them.
Whenwe contemplate doing the same work through descriptions written in
English, we shudder.
Just such description writing lies at the heart of the ‘waterfall’ development
methodologies. (Perhaps they are really namedfor the cascade of non-executable
system descriptions they produce.) From our perspective, conventional waterfall
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projects look mostly like collaborative literary projects to produce documentsthat
neither men nor machinescan readeffectively. Consider: a programis a machine-
behaviour description that a computer can animate. How manydescriptions do
you wantto producethat can’t be animated?
An engineer who knows a componentis expensive and unreliable usesit aslittle
as she may. Communication(in English or other natural languages, without
machineanimation)is unreliable and expensive. Yet conventional methodologies
employitas if it were reliable and free. Worse,it is repeatedly advocated as the
remedy for softwareprojects in difficulty. Meetings abound. “Wejust need to
ensure everything’s documented andsignedoff,”as if everything important could
be pulled outof the changing world andfixed on the page. Well, somethings can;
butthere are importantlimits. Perhaps software developers should study poetry
more.

Semantic Density
“I gotta use words whenI talk to you.”

TS Eliot
Whatcan weuseto replace expensive and unreliable communication in English?
Ouransweris to shorten the cascadeofdescriptions that starts with “an order-
entry system” andfinishes with the source code. Most software development
methodologies call for maintaining and synchronising the entire sequence,so that
changesat onelevelare reflected in the others. Many waterfall projects that
subscribeto this in theory avoid it in practice. This is widely knownas ‘writing
the documentation after the code’; and sometimesit is known as ‘writing the
specification after the code’.
Keeping the non-executable descriptions correct and in step is a lot of
maintenance work,especially for descriptions that cannot be run on the computer,
and whichare very hard to validate. We should avoid as muchofthis work as we
can. We admire the XP practice of destroying design artefacts after use. This
prevents both misuse (when no longer accurate) and maintenance. But destroying
design artefacts is practical only to the extent that the source codeis readable.
Putit the other way around: improvementsin the readability of source code
permit order-of-magnitude reductionsin the development work.In this last
sectionI shall discuss a sourceof coding clarity. This extendsideasI first
advanced in “Three Principlies of Coding Clarity” (Vector 18.4)",
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Like many programmersseeing APL for thefirst time I was excited by seeing the
expression

SALES + +/ PRICE x QUANTITY
where PRICE and QUANTITY were understoodas table columns. No loops, no
counters! I understoodthat their absence was important, but was unable to say
why. People whofelt the same way spoke of being able to “concentrate on the
problem”, and Ken Iverson wrote of the importance of “Notation As A Tool Of
Thought”.
Weintuit that talk aboutsales, prices and quantities is distinct from talk about
loops, counters and conditions. In “Three Principles...” ] used the phrase semantic
consistency to sharpen this distinction. The terms sales, price and quantity are drawn
from the conversation of our customers. These termsrefer to things our customers
discuss: their referents are in the business world. The terms loop, counter and
condition come from the conversation of programmers. Theseterms refer to things
programmersdiscuss: their referents are confined to the world of programlogic.
Wecould say that if the tokens of a program refer to both the business world and
the programming world, thenit has tworeference schemes, or semantic domains.
Andthe exciting aspect of SALES++/PRICExQUANTITYis thatit has only one.
Onecan quibble aboutthis. The x function belongs to both domains. So does the
+ function, but +/ is known only to APL programmers; while sim would belong to
both. Syntactic elements such as assignment, if/then/else and select/case turn out
in practice to beeasily assimilated into the language of non-programmers.
Linguistic philosophy warnsusthat individuation of semantic domainsis likely to
bearonly limited weight;it is a ‘loose and popular’ usage.
Butin practical terms the distinction of semantic domains is clear and useful. We
can now measure semantic density: the proportion of writer-defined tokens in the
semantic domain ofthe system user.
Ourexperienceis that at high levels of semantic density (SD) weare able to share
source code and ‘pair program’ with our business users in the way I have
described. SD does not have to reach 100% to get this effect, but
misunderstandings decrease sharply as SD approachesit.
Theeffect does not seem to be much dilutedby theuseof primitive APL
functions. The functions + and « are read as usual, and +/ is often read as sum.
The assignmentarrow is understood without explanation. Otherwise, most
primitive functions and unnamed dynamicfunctions (Dyalog APL supports
something like the lambdacalculus)are simply ignored.
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Thisis consistent with a distinction betweenclose reading and skimming. A closereading requires attention to every detail; our users need to see onlythat(e.g.) thetax-free cash allowanceis derived from the tablesof assets and previous transfers
and from nothingelse.
A moderateuse of control structuresis helpful. Our users read if/then/else moreeasily than expressions which return a value as a function of the condition. But
nesting control structures appears to degrade readability, as to a lesser extent does
verbosity. Using IF/BUTis often a useful compromise.
[See Phil Last’s more elaborate treatmentof inline conditional structures inthis issue. — Ed,]

MinAge + 65 BUT 60 IF Sex='F‘
The APL glyphs for the primitive logical functions have not become familiar
enoughtobereadeasily; so for shared code wedefinealiases: and,or, not.
Unusedto formallogic, business users require the most careful phrasing to keep
logical structuresclear.
Balancing these considerationsis a matter of writingstyle, calling for nice sesthetic
judgement. Programmerstraditionally regard writing style as of small
consequence. Our developmentpractice puts writing style in the frontline;
illiteracy costs too much.
Using a local, task-specific vocabulary in the user’s semantic domain...

asION-{dft 3p#.IDNToDate a aa #.DateToIDON dtt w}
daysAfter+«tasIDN
daysBefore+-~asION
oneOf+{(ca) ew}
all+s/ © not+~ © before+< © after+>
now~e(v/) 0 and+a © orev © any+v/

we define somefurther terms in the business domain
isDeferred+OrigNRD<Nrd
isBefore911+OrigNRD before 20040911
termOver5+OrigNRD25 yrsAfter StartDate
termUnderS+«not termOver5S
deferredBy5+Nrd25 yrsAfter OrigNRD
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with which wecan write business rules...
:If not InUWP

answer+doesNotApply
:Else

:IfF termUnder5 and RetirementAge275
answer+refer

tElself RetirementAge275
answer+doesNotApply

sElself ExitDate after oneMonthBefore 75 yrsAfter Dob
answer+doesNotApply

tElseIf ExitDate before 183 daysBefore OrigNRD
answer*any MVRs>0

:Elself IsVista
answer+ExitDate before ThreePolAnniversaritesBeforeOr igNRD

NB.this is not actual production code, but merely resemblesit.

Three-Wish Limit
Thave arguedagainst distinguishing software design from software construction.
What would software developmentlooklike if construction were immediate and
free? Imagine that as soon as you had described what you want, youhadit. That
would be the world offairy tales. Genies grant wishes for immediate delivery.
This is our world. When weand our users have worked out our description of
whatis needed,it is there.
In the stories there’s a catch to the wishes, andit is always the samecatch. You get
whatyouask for but it is never what you want. Oftenit is the very opposite. And
there’s a Three-Wish Limit. You get only three chances to describe what you want.
It is almostasif the old stories set out to warn us aboutthe unreliability of
communication. Did westop listening when we grew up?
Unlike genies, we get paid, so there is no Three-Wish Limit. That matters, because
working out whatis needed from the system is too complex to get right in three
tries,
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You can think of conventional software development imposing an effective Three-
Wish Limit through slow feedback. It takes so long to feed mistakesin the
specification back to the designers: much workgets redone once; verylittle a third
time. It takes a brave user or developer to proposea fourth try. So Three-Wish
Limit becomes an expensive gameof poker played betweenclient and developer.
Our development work looks very unusual. At the end of most days, my work is
complete. I have no outstanding work remaining, nothing on whichto report
status. I usually have a good idea of what wewill work on the next day, but the
users are free to move somethingelse to the top ofthelist, and from time to time
surprise me. They controlthe course of development.
The business users, knowing the complexities of what they want automated, are
better than weare at predicting the time required. They often consult us in case
wecan see complications they don’t; but we donot generally estimatetask effort.
Nothavingstatusto report, we don’t often attend project meetings: our users plan
andprioritise the work ahead withoutus.
Here’s how thatcanplay in practice. Fifteen specialist clerks in anotherpart of the
division had been processing pensionclaimsin anothercity. Managers had
speculated for some time thatthe work could be movedto our city and the APL
system, but no resources could be spared from the company’s businessre-
engineering project for analysing what it would take and specifying the system
changes.
Finally two of our usersvisited the other city one Monday, and discovered that, as
the managers had suspected, the work could be done using the APL system
provided a few program changes were made. Duringtheir visit they announced
they would bereadythe following Mondayto process the new claims. Since such
migrations normally take months and sometimesfail entirely, it is hard to suppose
they wereentirely believed.
Back at work the next day, our users worked with us to change the APL system to
handle the new work. By the end of Tuesdaythey had finished testing the
changes, and they went into production. The following Monday, fourclerks in our
city smoothly took over the new business. All done.
WhatI love most aboutthis story is that, while visiting the othercity, our users
never even phoned us.
Our customers never hear that what they wantis “out of scope”. We can’t
produce everything instantaneously, but they know we can produce what they
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wantaboutas fast as they can work out with us whatthatis. As in XP, we are
always working on their top priority; and they can changepriorities at any time.

In this work we dependonourability, supported by APL, to write terse code we
can share with our users.
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