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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 welcomeon 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/v or colour prints welcome). Unless otherwise specified, each item will be considered for publication as a personal
statement 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 APL274! TrueTypefont, available free from the website), and MS Word (any
version,ideally using the Vector template which is also available from the website),
Except whereindicated, items in VECTOR maybefreely reprinted with appropriate acknowledgement. Please inform
the Editor of your intention to re-use material from VECTOR.

Membership Rates 2007-2008
Category Fee Vectors Passes
UK Private £20 1 I
Overseas Private £22 1 I(Supplementfor Airmail, not needed for Europe) i
UK Corporate Membership £100 5 5
Overseas Corporate £110 5 3
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 Amex,atthe prevailing exchangerate.
Corporate membership is offered to organisations where APL is in professional use. Corporate members receive 5
copies of VECTOR, and are offered group attendanceat association meetings. A contact person mustbe identified for
all communications,
Sustaining membership is offered to companies trading in APL products; this is seen as a method of promoting the
growth of APL interest and activity, As well as receiving public acknowledgementfor their sponsorship, sustaining
members receive bulk copies ofVECTOR, andare offered newslistings in each issue.

Advertising

Advertisements in VECTORshould be submitted in typeset camera-ready format (A4 or A5) with a 20mm blank borderafter reduction,Illustrations should be photographs(b/w or colour prints) or line drawings. Rates (exel VAT)are £250
perfull page, £125 for half-pageorless (there is a £75 surcharge per page if spot colour is required).
Deadlines for bookings and copy are given under the Quick Reference Diary. Advertisements should be bookedwith,
and sent to Gill Smith, Vector Production, Brook House,Gilling East, YORK YO62 4JJ. Tel: 01439-788385.
Ennail: gill@ap!385.com.

 



 

 

Changesat the British APL Association
At the Extraordinary General Meeting held on 19 June 2008 at the BCS
headquarters in London the result of the vote on the resolution to end ouraffiliation
to the British Computer Society was announced. The votes were cast 184 in favour,
and 1 against. The resolution was therefore passed.
The Annual General Meeting that followed was held under the amended regulations
which will be posted in Vector 23.4.

In accordancewith the resolution:
4. I shall write to BCS notifying them of the change and thanking them for their

administrative help over the years.
2. Our Treasurer will open a new bank accountfor the Association and request

repaymentof our funds from BCS.
You might be aware BCS claims ownership of our funds. | am pleased to say
Richard Nabaviis assisting me in negotiating their return. Your committee hasfair
hopesof success;it also has plans for carrying on without them.
While we would be glad to recover the money, our future does not depend onit.
Please be assured that the Association will continue to function as before, dedicated
to furthering APL. Production of Vector will continue. In addition it was decided that
our fee structure will remain unchangedfor the year 2008-9
We expect to distribute Vector 23.4 before the end of September. When we do, the
Treasurer will ask for your subscription for the year beginning 1 May 2008.If you are
happy to pay your subscription now, please simply send your cheque to the
Treasurer.
Weexpect to recommendfurther changes fo our structure, roles, responsibilities and
regulations but think it best to change,right now, only what we must. We thank you
for your support during this change, and hopeto continue to receiveit.
Your committee is confident this move will provide new opportunities, and will
invigorate and free us to inject a new dynamism into the APL community.
Further announcements will be made as we progress.

Paul Grosvenor
ChairmanBritish APL Association25" June 2008
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Editorial: Amateur Hour
Stephen Taylor (editor@vector.org.uk)

Anyonereading comp.lang.apl these days could be forgiven for thinking APLis
enjoying a revival. The boards are more active than they have beenfor a decade.
The vendors are doing nothing to discourage this view. Thelast year has seen a
major release from MicroAPL and two from Dyalog. Both vendors now support
native class-instancerelations and Dyalog has madethe jump to Unicodeas its
default encoding, breaking down a long-standing barrier between APL and the
mainstream.
At the sametime, Kx Systems’ and Dyalog’s new licensing regimes have seen
hundredsof student and personallicences issued this winter and new users are
appearing onthe boards.
The J community has produced copious learning material over the years: labs and
documentation installed with J, textbooks, and recently the superb J Wiki. This
spring has seen publication ofJeffry Borror’s Qfor Morials, and he is rumoured to
havestarted on its sequel, Qfor Minor Deities. New usersof the older APLs can
only await the new textbook Dyalog has commissioned from Bernard Legrand.
Weface a need once moreto explain what we do: whatis special about it and
whatis it good for? The answersto these questions matter a great deal, because
they determine how weshould invest our scarce marketing and development
resources.
Twoschools emerge. Either or both answerscouldbe right, but they indicate very
different investments.
Oneschoolpoints to the larger opportunities available today for programs written
in languages outside the main stream. APL’sspecial skills can find employmentin
this world, encapsulated in Web Services, ActiveX controls, web applications and
DLLs. What mattersin this scenariois to be a team player andparticipate in a
world of professional programming dominated by Visual Studio. This is the
vision that drives Visual APL.
The other school points to APL’s established record of enabling non-professional
programmersto exploit their domain expertise withoutthe trouble of acquiring or
hiring advanced programmingskills. What matters in this scenario is providing
tools that are both light enough for non-professionals and strong enough for
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commercial use. Dyalog’s native GUI classes, for example, aim atthis: to provide
enoughtools for substantial applications, without requiring mastery of the deep
arts of writing GUI. Onthis view, most APL programmerswill always be amateur
programmers.This is not to denya role for professional APL programmers.
Software that makesit out of the garage and into commercial use usually needs
professional help to remain strong.
While we are waiting for timeto tell which of these two courses provesprofitable,
we do well to respect both, and refrain from familiar grievances about how the
technology nevergotits due.In this vein, we reprint Morten Kromberg’s post
from comp.lang.apl and invite more discussion there, or in articles for Vector, on
whatthe APL‘proposition’is.
Also in this issue: Adrian Smith’s reports of Paul Mansour’s productive and moot
de luxe in San Quirico d’Orcia, and of the revived Minnowbrook conferenceseries.
Neville Holmes’ essay kicks off his series of articles about functional
programmingin J. We’re pleased to carry a review of APLXversion 4 from Beau
Webber, a ‘gentlemen amateur’ in the best sense, and Simon Marsden’s tutorial on
using APLX’s new classes. Norman Thomsonthinks about how J helps him think.
Adrian Smith uses .Net’s “look, no database” dataset. Dan Baronet introduces
script managementtools for Dyalog. Keith Smillie finds a differential analyser
made of Meccano and re-buildsit in J. Lastly Cliff Reiter takes us hiking in the
Adirondacks.
Next issue will feature Boss on partitions of numbers, Quario on polynomials,
Adrian Smith on moving to Unicode, Richard Smith on the Rowan graphical
session, Camachoon infinity, Thomson on complex arithmetic, and newsof
changesin ouraffiliation to the British Computer Society.
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Quick Reference Diary 2008
Date Venue Event
10-12 Jun New York City SIFMA 2008

(Securities and Financial Markets Assoc.)

42-13 Jun IBM Hannover APL GermanySpring Meeting

19 Jun 2-Spm BCS, London BAA Annual General Meeting, preceeded by
a short EGMto agree future BCSrelationship

12-15 Oct Denmark Dyalog 2008 Conference
at LO-skolen, Helsingar

10-11 Nov Bethesda, MD APL2000 User Conference

Dates for Future Issues of VECTOR
Vol.23 Vol.24
No.4 No.1

Copy date 21st June 21st Sept
Distribution August 2008 December 2008
 

 

 

Vector Back Numbers |
Back numbers of Vector are available from:

British APL Association,
c/o Gill Smith,
Brook House, Gilling East,YORK YO624JJ

Price in UK: £10 per complete volume(4 issues);
£12 (overseas); £16 (airmail) including postage.

Please note that Vol.1 No.2 is now outofstock.
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NEWS
Newsfrom Sustaining Members

APL 2000
APL2000 User Conference 2008
The APL2000 User Conference 2008 will be held 10-11 Novemberat the Hyatt
Regency Bethesda,in Bethesda, Maryland. A special pre-conference weekend
package, including breakfast, will be available for anyone wishing to spend a few
extra daysvisiting Washington, D.C.
The hotel is conveniently located on the Metro Red Line,just a short ride from
downtown Washington, D.C., with easy accessto all the monuments, museums
and cultural centres. Near by the hotel is the Capital Crescent Trail for cycling,
running and walking. Bethesda’s vibrant downtown,and its numerous
restaurants and shops are within easy walking distance.
There are three airports in the Washington D.C.area — Ronald Reagan
Washington National Airport, Washington-Dulles International Airport and
Baltimore-WashingtonInternational Airport. Metro service is available from
Ronald Reagan Washington National Airport to the hotel and shuttle service is
available from all three airports to the hotel.
Plan to join us for an exciting conferencefilled with stimulating presentations,
interesting demonstrations, shared ideas and camaraderie with the larger APL
community.

Dyalog Ltd
Dyalog 2008
The User Group Conference this year will take place 12-15 October 2008, Many of
you will be pleased to learn that we will be returning to LO-Skolenin Elsinore in
Denmark for this year’s Conference. For those of you who have not visited LO-
Skolen before we can highlightthe interesting architecture which has madethis
conference centre truly unique. The atmospherein the main building is very
inspiring andcaters for intense networkingasthere are lots of areas throughout
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the venueforsitting down and having an informal talk. The kitchen has never
failed to impress usdeeplyeither.
From a transportpoint of view the venue is very easy to get to. From Central
Copenhagenas well as from the airport there are trains straight to Elsinore — via
Copenhagen Central Station (approx 1-hourjourney). Train journeysare very
reasonably priced in Denmark and a one wayticket can be had at DKK 90 (around
£8.50) at currentpricing.
We're in the process of planning the conference in more detail and as always
would be delighted to receive your input with regards to topics for presentations
and training courses.
If you have a suggestion for a presentation you would like to give at the
conference we'd also like to hear from you. Please email us.
For those of you wholike to plan long-term already now we can announcethat:

+ Dyalog 2009 will take place in the USA in the autumn. Dates and venue to
be announcednearerthetime.

« Dyalog 2010 will take place in Berlin (Germany) — for the momentthe
timetable says July.

Dyalog Version 12
Support for Unicodecharacter data. Version 12.0 allowsapplications to store and
manipulate Unicode character data. Applications can now acceptentry of data in
any of the world’s writing systems — from Amharic through APL, Chinese and
Tolkien’s Elvish script to Zulu. All components of Dyalog support Unicode: the
development environmentitself, the Dyalog languageandfile systems,built-in
GUI objects, and interfaces to COM/OLE, .Net and ODBC.
The adoption of Unicode also means that data is no longer translated asit enters
andleaves the Dyalog interpreter. APL source code can bestored in Unicodetext
files and edited using any editor which supports thesefiles. A simple source-code
management system and an interface to the popular Subversion system are
included.
Congafor simplified communications. Conga is a mechanism for developing
client and server components that communicate with other web or network
components. Conga supports client/server programming, and includes sample
code to implement webclients and servers. From version 12.0,2 Conga supports
Secure communications using the Secure Socket Layer (SSL).
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Built-in charting. We're happytotell you Version 12 includes the Causeway
product series: RainPro — including the .NET version, SharpPlotfor high-quality
business graphics, and NewLeaf for reporting and typesetting. You can produce a
graphical representation of numerical data in seconds byclicking on a charticon
whilst running your session — or write your own APLscripts to produce high-
quality reports with integrated business graphics.
Journalling componentfiles. The built-in array file system is now a journalling
file system, which means componentfiles can no longer be damaged by network
failures or system crashes which occur in the middle ofa file update.
Language bar. All APL symbols are presented in a Language Barin the session,
with tips to remind youofthe definition of each - and a link to comprehensive on-
line help. The language bar can be completely configured to provide help for your
own functions.
On-screen keyboard (Microsoft Windowsonly). Hold the Control, Alt or AltGr
key downfora split second, and you will be presented with a pop-up keyboard
which showsthe location of APL symbols on your keyboard, and allows you to
pick them off using the mouse. Dyalog version 12.0 comes with standard
Windows APL keyboardsfor a dozen languages — and youcan easily edit your
own keyboards using the Microsoft Keyboard Layout Creator.
Unicode & Classic editions. When converting existing applications to use
Unicode character data, some code conversion may be required. For many
applications, the required changes maybetrivial; some applications will run
without any changes. However,large applications with many interfaces to
external data may requiresignificant work if for no other reason than thatthe
external databases andinterfaces need to be upgraded in order to store Unicode
data. Users who have developed Auxiliary Processors and Dynamic Link
Libraries will need to upgrade these to handle Unicode data.
Forthis reason, version 12.0 and the next several versions of Dyalogwill be
available in two variants: a Unicodeedition which uses Unicodeforall external
interfaces, and a Classic edition which uses the sameinterfaces and translate
tables as 11.0 and earlier versions of Dyalog.
Workspaces and files can be shared between the Unicode andClassic editions.
Both editions also provide extensive inter-operability with earlier versions.
Componentfiles can be shared with old versions subject to certain limitations(for
example, the files must contain data which can be representedin the old systems).
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Newonlinelibraries for help and documentation. We have created two new 2
online libraries which are now publicly available via the website. The Help library
is created as a structured topic tree which you can expand.Thereis also a search
function where youcan either select from a menuor type in your searchcriteria.
The Documentation Centre contains all the available documentation andwill be
updated on a regular basis as and when new manuals and training materials
becomes available. In connection with the Platinum release of Version 12 all the
manuals will further be available as PDF downloadsaswell as print-on-demand
via LuLu.

Newboard memberwith extensive software development experience
It gives us great pleasure to introduce Michael Holmberg Andersen, whojoined
the Board of Directors in April 2008 from SimCorp. Michael has occupiedthe
position as Senior Vice President for the IMS Development Department where he
is responsible for SimCorp’s software developmentactivities.
It gives us great pleasure to welcome Michael to the Board where weare looking
forward to taking advantageofhis extensive experience to further grow Dyalog
Ltd in the years to come.

Kx Systems
Personal Developer Edition of Kdb+
Since making the 32-bit version of Kdb+ freely available more than 1,500 copies
have been downloaded.It is our goal to encourage programmers around the
world to learn q and Kdb+ in order to meetthe increasing demand fortalented Kx
experts driven by the challenges of growing data volumesin the globalfinancial
markets. For more information visit http://kx.com/developers

Code.kx.com
Kx programmersare continuing to make significant contributions fo our global
technical community via code.kx.com. This resource is now available to everyone
and we would encourage you to take a look if you haven’t already done so.
Contributions include examples of code for connecting to other applications and
languages.

Q for Mortals
Jeffry Borror’s long-awaited book on the Q language, Q For Mortals — A Tutorial in
Q Programming, is now available from Amazon. The book provides entry-level
explanations for Q and Kdb+ users.  
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New partner & OEM program
Rising data volumes are choking vendors and manyapplications are being
redesigned and rewritten. Partly as a result of this Kx is receiving increased
interest in partnerships from application vendors. Weare always happy to work
with new partners and to provide connectivity to Kx products or embedded
versions of Kdb+. If you would like to find out more, please contact
partners@kx.com.

Customer events
Thank youto all those who wereable to join us for our Londonparty.If you’re in
NewYork don’t forget our 15th anniversary celebration on 11 June. The party will
be held during the SIFMA event in New York, which weare co-sponsoring.If you
are a customeror a partner and have notyet received yourinvitation please email
us at kxevents@kx.com. We're very much looking forward to seeing you there.
Drowning in data
The April edition of Market Data Insight carries an article by Simon Garland, Chief
Strategist at Kx, on the challenges presented by growing volumes ofdata, and
how to reduce latency.

MicroAPL Ltd
The launch of APLX Version 4 has been very well received by new and existing
users. It is available forall the platforms we support (Windows, MacOS, Linux,
and AIX), in both Desktop andServereditions. The most important new featureis
the extension of the APLX languagespecification to include object-oriented
programming features(classes, objects and inheritance), using a syntax which we
think will seem very natural for existing APL users. As well as user-defined
classes written in APL, you can also directly use classes and libraries written in
other architectures, including .Net, Java, and Ruby.Version 4 also includes many
other important enhancements including regular-expression searching, a
powerful new general array editor, direct import and export of data in a number
of popular formats such as CSV, HTML and UTF-8, and a new ‘QuickSym’input
method.
We havealso been working on enhancing our documentation andtutorials, and
we will soon be making all our manuals and a new APL Tutorial available in
HTML format on our website, in addition to the PDFs which are already freely
downloadable.

10
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The Vector Product Guide
compiled by Gill Smith

A

VECTOR’s Product Guide aims to provide readers with useful information about
sources of software and services. We welcome any comments readers may have
on its usefulness and any suggestions for improvements.
Wereserve the 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 welcome to take advantage ofthese pages.
For convenienceto readers, the productlist has been divided into the following
groups:

* Consultancy
¢ Other Products
* Overseas Associations
* Vendor Addresses
* World Wide Web and FTP Sites

Every effort has been made to avoiderrorsin these listings but no responsibility
can be taken by the working groupfor mistakes or omissions.
Wealso welcomeinformation on APL clubs and groups throughoutthe world.
 

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

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

All contributions and updates to the Vector Product Guide should besentto:
Gill Smith, Brook House, Gilling East, York, YO62 4JJ. Tel: 01439-788385,
Email: gill@apl385.com

11
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APL CONSULTANCY AND DEVELOPMENT
COMPANY PRODUCT DETAILS
ADVOCORPOy Consultancy APLapplication conversions, APL Windows interfaces, APL toAPTlevelinterfacing to any system under Windows, TCPAP.network and database connectivity, APL basedfinancialclient/server applications, Cognos Planning and ReportNet

consultancy.
APL Borealis Inc, Support and Development APLSoftware Support and Development. Specialists since 1979in Sharp APL, APL*Plus, APL+Win, Dyalog APL
APL Solutions Inc Consultancy APL systemsdesign, development, maintenance, documentation,testing andtraining. Providing APL solutions since 1969.
Assured Systems Consultancy APL+Winand/or J and/or VB custom systems development.Conversion of APL+DOS to APL+Win a speciality.
AUSCANSoftware Consultancy and Training APL software development, training
Ray Cannon Consultancy APL, C, C++, Assembler, Windows, Graphics on PC and IBMMainframe. Experience in Insurance, Chemical,and Airline

Industries
Causeway Consultancy and Training ‘On-site training for Causeway, RainPro and NewLeaf.

Customisation and enhancement ta mest local needs. Coda.review and pre-implementation check of Causeway applications.
Cosy Consultancy CoSy.com, Coherent Systems,provides rapid developmentin theK language and assoclated data base products, with a particularinterestin quantitative ( financial ) modelling.
David Grosstey Consultancy Experienced in large APL system developments since 1969 forPC or mainframe.
Dinosaft Oy Consultancy Specialised in very large databases.
Dittrich & Partner Consultancy APLprogramming and analysis; APL workshopsandtraining onthe job
Dyalog Consultancy APLand Unix system design, consultancy, programming andtraining.
OynArray Consultancy DynArray offers consulting in the areas of DSS, Y2K and APLprograms upgrade/conversion to madem Web enabled platforms.
Evestic AB Consuttaney Excellent track record from 15+ years of APL applications inbanking, insurance, and education services.All dialects, platformsandproject phases. SQL expertise.
First Derivatives plc Consultancy Financial trading software in Q, K and kab+
First DerivativeAnalytics tid. Consultancy Analysis, design, prototyping, development & testing of APL(especially financial) applications: Sharp, Dyalog APLW.
General Software Consultancy Over20 years experience with every version of APL, largemainframe systems and small PC based programmes.
HMW Consultancy System design consultancy, programming. HMW specialize inbanking andprototyping work. full mambers of DSDM consortiumand Agile Alliance.
Hoekstra Systems Consultancy APLconsultancy, programming,etc. Also UNIX systemadministration
INFOSTROY Consultancy Broadexperiencein various APL platforms. Special skills andknowledge in developing complex applications for investment,financial and construction markets. Implementationof hybridsolutions based on APL, Delphi, C#f, VBA, SQL servers.
Insight Systems Consultancy Wehave experience with Just about every APL system andplatform in commonuse during the last 20 years, from SHARPAPLunder MVS or Linux te APL#Win andin particular DyalogAPLunder Windows 8x, NT or 2000.If you have decisionsto takeabout adapting your APL application to take advantage ofemerging technologies, or would Ike your strategy reviewed, giveus a call. We have extensive experience in all areas of APLdevelopment, from legacy systems, up, down and sideways

12
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KJK Consultancy andsoftware development

Lambent Technolgy Consultancy
Phil Last Consultancy
Lescasse Consulting Consultancy

LingeAllegro Consultancy
Lucas Solutions Consultancy
Milinta Inc Consultancy

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

Orbien Consulting Inc.
Graeme Robertson Consultancy & Training
Skelton Consulting Consultancy
Snake Island ResearchIncConsultancy

Strand Sofware Consultancy

Rex Swain Consultancy

Sykes Systems Inc Consultancy

MACins

tubJL GmbH (APL Software Team)

 

migrations,to the development and support of shrink wrappedsolutions based on APL. Even if we don't havetimeto do thework ourselves, we will know where to find someone whois anexpert in your version of APL and your application area, on yourcontinent.
APL-based data management: conversions, ad hoc-analyzingtools, wellinterfaced methods for defining, processing andbrowsing of multi-dimentional reports. Rapid custom softwaredevelopment based on proven modular toolset approach. .
APLprogramming, consulting & training; web design andconstruction.
APL. consultancy, modelling and programming.
A rangeof consultants, experts in Windowsprogramming, withAPL+Win and Dyalog APL/W.More than 100 major APLapplications already developed. We all have additionalexpertisein Formula One andDelphi.
General APL consulting,internet website development, migrationand downsizing, performance tuning,education and training.
Rates depend on task and location.
Design, development, maintenance, conversion, documentation inall APLs, most APs and some specific Sharp products (LOGOS,ViewPoint, Retiieve). Experience In multi-user, mult-tasksystems, databases, Windows programming.
Business Forecasting & APL Systems.
IT Consultant with @ strong focus on APL.
Wehave beenin business since 1990 and have a team ofAPLprofessionals with manyyears experianceinpharmaceutical, industrial and financialsystemsonbothPC and Mainframeplatforms.In addition to pure APL we can alsooffer assistance with network integration, ACT!customisationandIssues concerning the intemet and/or web design.
Consultancy
Design and write custom software. Maintain and upgrade APLsystems. Deliver customized APLtralning courses
KG Consultancy
APLinterpreter and compiler enhancements,Intrinsic functions,performance consulting. APLparallel compiler APEX is givingvery goodinitial performancetests with convolution somewhatfaster than FORTRAN.
Advice on migrating to and from all flavours of APL and hardwareplatforms. Full-screen interface implementation, APL utilities,benchmarking, efficiency analysis, actuarial software, systemdevelopmenttools, valuation, pricing and modelling systems.
Independent consultant, 25 years experience. Custom softwaredevelopment, PC and/or mainframe.
Complete APLservices specialising in audit, optimisation andconversion of APLsystems. Excellentdesign skills. All dialectsand platforms.17-23 years experience.
MACins has beenreleased.A sulte of over 100 high-accuracy,high-speed assembler codeutility functions for APL+Win andAPL+DOS, MACIns has been thoughtfully designed andimplementedfor APL programmers.It includes functions for
segmented string manipulation, data restructuring, translation anddatatype adjustment, and many numericalcomputations.Typicalspeedupsrangefrom 4-10 times,with reduced workspace usage,datatype conservation, identity detection, and greater numericalprecision amongst the other benefits. Documentation of MACinsis extremely detailed and thorough.
Analyses, design and programming.

13  
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OTHER PRODUCTS
COMPANY PRODUCT PRICES(£) DETAILS
APL-385 Typefaces poa Variants of the APL2741 typeface available to specification. APL

APL BorealisInc. APLTraining
unlcode fonts designed andbuilt forall flavours af APL.

poa Hands-on coursesinintroductory, Intermediate, Advanced and
Windows APL. Courses are customized andflexible, and may be
delivered on-sile, with strong emphasis on methodsforefficient
and maintainable APL systems development.

$25.95+p&p APL*PLUSII comic-book inventory system. Shareware version
available on America OnLine.

poa 1-APLstocks books written to go with the -APL interpreter and

ComLog Comie-Logger
APLLtd Books
Renaissance BooksellersData Systems
Right Seat Software Vox Proxy $199 (comm)

$69.95 (edu)
OVERSEAS ASSOCIATIONS
GROUP LOCATION JOURNAL
ACM SigAPL Intemational APL QuoteQuad
APL Bay Area: USAN,California. APLBUG
APL Germany «.V, Germany APL Journal
FinnAPL Helsinki, Finland FinnAPL Newsletter:
Japan APL Assoc Tokyo APL Journal
Romefltaly SIG Rona,Italy
SE APLUsers Grp Atlanta, Georgia The APL Planet
SovAPL Moscow, Russia
Toronto SIG Toronto, Canada

some APL. Press books.Fora list write to 11 Aubum Road,Bristol
BS6 6LS,ring 0117 973 0036 or email acam@blueyonder.co.uk.
The widest range of APL booksavailable anywhere. See Vector
advertisements.
Vox Proxy is authorware for PawerPoint(r) 2000 or 2002 whichallows the use of Microsoft Agent Technology (30 talkinganimated characters) within slide shows. VP appears onPowerPoint’s main menu andprovidesediting side-by-side withslides. Automiated script-wtiting provides contro! of PowerPoint,allowingtheuse of characters for jive presentationsorfully-automated tutorials, demas, or training programs. Optional CDPrap program allows the user to create auto-starting CD's that willplay on any versionof PowerPoint or without PowerPoint.Vox Proxy for educational use.

OTHER SERVICES Ann.Sub,
Conferences; APL white pages; wobsite $30
Monthly Meetings (2nd Monday) $20
Semi-annual meetings
‘Seminars on APL 100FIM{private), 30(student), 1000 (Co)
Monthly meetings(4th Sat) 10,000yen to joinMaterial fee 5,000yena year

SemiAnnual meetings $13 (US), $25 (non-US)
Seminars and Annual Meeting
Occasional meetings, APLSkills Database, Toronto Toolkit
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ORGANISATION
Acadvent Lid.
ACM SigAPL
ADVOCORP Oy
APL.385
APLBay Area APLBUG
APL Boraalis Inc.
APL Consultants Japan
APL GermanyeV.
APL Italiana S.p.A.
APLSoftware\Services

API. Solutions ine
Assured Systems
AUSCANSoftware Lid
Beautiful Systems, Inc.
Ray Cannon
The Carlisle Group
Causeway Graphical
Systems Utd
Cinerea AB

ComLog Software
CoSy.com
David Crossley
Danish User GroupDinosoft Oy
Dittrich & PartnerConsulting GmbH
Dyalog Ltd.

Dynamic Logistics‘Systems GmbH
Dynarray Corporation

Evestic AB
FinnAPL

CONTACT
Or A M Sykes

Richard Eller
Adrian Smith

Curtis Jones (Sec)

Richard Procter

Kyosuke Saigusa
Dr. Reiner Nussbaum

‘Stefano Lanzavecchia
Dick Holt
Eric Landau

Lois & Richard Hill

Richard Procter
aim Goff

Ray Cannon
Paul Mansour
Adrian Smith

Rolf Komemark
Jeff Pedneau

Bob Armstrong
David Crossley
Helene Boesen
Pertti Kalliojarvi
Axel Holzmiller

Morten Kromberg

Michael Baas

Dr James Brown,

Olle Evero

Olli Paavola

ADDRESS, TELEPHONE,FAX, EMAILetc.
171 Gower Road, Swansea SA2 QJH,UK.Tel: 01792-201776
Email: Alan.Sykes@which.net
ACM,1515 Broadway, 17th Floor, New York, NY 10036, USA (Subsonly)
Mikonkatu & A, 2.krs, PL 363, 00101 Helsinki, Finland.
Tek +358 9-621 3300 Fax +358 9-621 3378 Email: re@rettfi
Srook House, Gilling East, York YO62 4, UK. Tel: 01439-788385Email: adrian@apl385.com
228 South 15th Street, San Jose, CA 96112-2150, USATel: +1 (408} 292-4060 Email: curtis_jones@prodigy.net
381 Manor Road East, Toronta, Ontario M4S 187, Canada.
Tel: (416) 457-7828. Fax: (416) 482-6582 Email: info@apiborealis.com
1507 shimomiza, sagamihara, kanagawa, Japan 2290015
Tel:+81-042-778-2127 Fax+81-042-778-2205Buchenerstrasse 78, D-68259 Mannheim, Germany.Email: reiner@nussbaum-gifl.de
via Monferrato 1, 20144 Milano, Italy. Email: sti@apl.it
1570 HeatherField Lane, Earlysville VA 22936 USA.Tel: +1 434-973-4255email: dickhalt@gmail.com
1107Dale Drive, Silver Spring, MD 20910-1607 USATel: +4 (301) 589-4621 Fax +1 (301} 580-4618 Email: aplsi@starpower.net49 First Street, Black Rock 3193, Australia.Tel: +61 3 9589 5578 Fax +61 3 9589 3220 Email: hillr}@melbpe.org.auPO Box 39, Mansfield, Ontario LON 1MO CanadaTel: +1-705-434-1239 Email: rjp@ca.inter.netPO Box2235 Jenkintown, PA 19046, USA4 (215) 635-0375; Fax: +1 (218) 635-9212info@beautifulsystems.com21 Woodbridge Rd, Blackwater, Camberley, Surrey GU17 OBS, UK.Tet: 01252-874697. Email: ray_cannon@compuserve.com544 Jefferson Avenue, Scranton PA, 18510 USA. Tel: +1 570-983-2036
Brook House,Gilling East, YORK, UK.Tel: 01439-788413 Emall: adrian@causeway.co.ukBox61, S-193 00 Sigtuna, Sweden.TelFax +46 859 255 421’ Emall rof@clnerease18728 Bloomfield Road, Olney, MD 20832 USATel: +1 (301) 260-1435 Email: jeff@softmed.com42 PeckSlip #4B, New York, NY 10038-1725, USA. Tel: +1 212-285-1864Fax: +1 212-285-1864. E-mail: bob@CoSy.cam.187Le Tour du Pont, 84210 ST DIDIER, Francs. Tel: +33.4.90.66.08.87Email: crossley@au-village.comG/o Insight Systems ApS, Nordra Strandvaj 1196,Hellebask, DenmarkYrionkatu 11 D 147, 00120 Helsinkt, FINLAND.Tel: +358 9 674 001 Email: salas@dinosoft.fi
Kiefer Strasse 17, D-42697 Solingen, Germany. Tel: +49 212-260 660Fax +49 212-260 6666; Email: info@dpc.de
Grove House, Lutyens Close, Chineham Court, Basingstake, HampshireRG24 BAG, UK. Tel: 01256-398461 Fax: 01256-316559Email: sales@dyalog.com; support@dyalog.com

  

Wilhelm-Schéffer-Str. 29, 63571 Gelnhausen Germany.Tel: +49 6051 13067 Fax: +49 6051 16142. Email: info@dls-planning.cam
16360 Monterey Rd. Sulte 260, MorganHill, CA 95037, USA.Tel: +1 (408}-782-6648 Fax: +1 (408)-782-6627 Emailinto@DynAray.com
Berteliusvagen 12A, S-146 38 Tullinge, SwedenTal & Fax: +46 778 4410 Email: olle.evero@mail.com
Suomen APL-Vhdistys RY, FinnAPL RF, Pl. 1005, 00101 Helsinki 10,Finland Email: oll.paavola@pyr.fi
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RECENT MEETINGS
The San Quirico Moot4-10 June 2007

reported by Adrian Smith (adrian@apl385.com)

Acknowledgements

 

Just a big thank-you to Paul Mansourfor
setting this up and inviting us out to
experience Siena and San Quirico
d’Orcia. The atmosphere of the old
Tuscan hill-top town wasfantastic (we
hit festival time), the culture was pretty
impressive (Jet2 fly Leeds to Pisa, so
guess howRichard & I travelled), and
the food wasreally wonderful.
The great advantage of the ‘moot’ format
is that everyone turns up withlots of
interesting things to talk about, but there
is no programmepublished aheadoftime.
The first morning wasspent(after
clearing away the breakfast and moving
all the tables around)in deciding what
was mostinteresting, and haggling over
the order of play. This had the huge
benefit that the later talks could be
adjusted to respondto earlier ideas —
Richard spent mostof the second
evening adding a couple of John Scholes’

language ideas to Rowan, so we could actually play with them 2 dayslater.
The layout ‘within the day’ was also little radical and workedbrilliantly. We
wentfor a fairly early breakfast, cleared the tables and worked straight through
(with regular breathers) to a deadline of a 3:00pm lunch. The restaurant was down
2 back lanes and around enoughcornersit felt like you had walked quite a way,
and the lunch was so good we were probablystill there at 4:30. Then it was ‘time
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off’ in the garden until the cool of the evening and our choice of evening meal. I
think nearly all the time was well-spent, although my notes are vague to non-
existent on the afternoondiscussions.

Clearing the Air on Unicode - Morten Kromberg
This was a very useful working introduction to Unicode, and an opportunity for
Morten to air some of the knotty issues that Dyalog were beginningto trip over.
For example the implications of having 00R report something other than 82 for
character vectors was kicked aboutuntil we all understood the reasoning.Silly
questionslike “Which way to write Hebrew?” were debated, and the general view
that these are character vectors in APL wasfelt to be defensible, so the answeris
(phew)from left-to-right. What aboutallowing a lot more characters in assigned
names? The Unicode standard does suggest a reasonable subset here, so we could
research these, but again the presentcollection of characters (Dyalog is quite
permissive already — Nest lé+123) was thought to be good enough. Cyrillic and
Greekare possible future extensions.
There were a couple of mappingissues at the ragged edge, for example the APL
quote(I can’t even show youonehere) has no Unicode equivalent, but everyone
in the room had long abandoned Ctrl+Kin favour of the plain ASCII quote, so
hopefullyit is a non-issue. The underlined alphabetis a muchknottier problem -
there is no such thing in the Unicode standard! There is, however, a circled
alphabet so the meeting wanted to explorethe possibility of adding these glyphs
into the APL385 font, and Adrian was sentoff to the garden to play with FontLab.
After sometime, it became clear that trying to put an A into a circle and preserve
the fixed-width of the character resulted in an unreadable and rather ugly blob.
Weagreedto leave this one aside until Minnowbrook(see later) where we knew
Lee Dickey was coming, and Lee sat on the Unicode committees. When in doubt,
consult the Oracle!

Project Jasper — Stefano Lanzavecchia
“Suddenly, dynamic languagesare cool!” wasthe themeofthis rattle through
somethingcalled Jasper whichis an attempt to wrap a databaseas a set of classes
that are built for you on thefly. Essentially,it parses the entity-relationship
diagram (implicit in your DataSet design) and createsclasses on thefly to let you
go digging aroundit, with all the stored procedures showing up as methods.
Hard to say how well the idea washed with the serious database techies present —
there is a conflict at the core of the mapping process between the OO viewoflife
(a hierarchy with inheritance) and the Relational view (a network with nofixed
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links). However,it set me running with someideasthat rapidly crystallised into a
way to wrap Dyalog classes around Selections, which went through some very
rapid prototyping andis written-upin full a few pages further on.

Hyper-operators — John Scholes
“Higherlevel operators in APL have been considered andrejected
many times in the past...” Pure Functions in APL and ] - Ed Cherlin,
APL 1991

Asyouall know,the world is supported by four enormouselephants, which
stand on the back of a great Turtle. As for what the Turtle stands on — what a
dumb question — “it’s Turtles all the way down...” of course.
John presented this material with greater than usualdiffidence, clearly hoping
that we would shootit down in flames. He had even taken the trouble to paint
some handytargets onit, and made sure to point them out!

John’s Script, verbatim apart from formatting up the HTMLa bit
If we proceed with caution we havea little freedom: Paul's Moot +
Minnowbrook + Dyalog Conference + 7??? Why would I need something
higherthan an operator? Nextin progression: function -> operator -> ...
Operatorsdeal in functions, what deals in operators?
 

Food Chain: APL

PannaHyperHyperatorsI +I |t |
MeeeneeHyperatorst +t It |Peano‘OperatorsI +
I |t |
PannannFunctions
I Y| | Key: $ bind (curry).
t | ¥ evaluate (reduce).
lenwnne,Arrays t are consumed by,    
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(0000 |Prediction of sightings of|
(0000 various levels of function](DOO '--------=---------2------- ;

   

 
Illumination on hand
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Thelast step, the binding of a derived class-3 item with its neighbouring class-2
object(s) commissions an evaluation of the derived (class-3) function, to which all
itemsin the binding hierarchy are exposed. For example, a dyadic function
derived from a dyadic operator:

a Vzel (f opg) er
a [ij
A has access to left and right arguments and left and right operands.
A “Header” syntax:
a fo] z+a d g ad its a dyadic function.
a (0) zea (b ¢ f)g Ae ae ee) (Operator,
a [0) z+ a (b (e de) f) g A o.. .. «. hyperator.
A Dfns:a {
a ome a enclosing braces bound a monadic hyperator
a www a - te .- dyadic hyperator
A
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a aw R teft and right arguments.
a Oe we AR left and right operands,
R aoe www a left and right hyperands.
A vy A hyperator self-ref.
a vw R derived operator: (oma VWF waw)
a v R derived function: (aa (aaa VVV auw) wu)
a}

Examples
nwise

{ A N-wise reduction J.Brickman.
d+ps+pu} aa/(,w)[((-ddta-1)4spix/s)o.+(1a)-fio]

1 + nwise 18
12345678

2 + nwise 18
3579 41 13 15

3 + nwise 18
69 12 18 18 24

Let’s change / to \ and see what happens ...
Qed'nwise'
1 + nwise 18

i
2
3k
56
7
8

2 + nwise 18
1 3
2 5a74 9
5 it
6 13
7 45

3 + nwise 18
1 3 6
2 5 93.7 12
4 9 15
5 14 18
6 13 21
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4 + nwise 18
6 10

5 9 14
12 18

9 15 22
11 18 26aA

Fw
an
e

“

Ideally, we would like to pass / or \ to nwise as a hyperand.
987654321 xnats 123456789 R product of large natural numbers

121932691112635269
xnats/110*3 & factorial 1000

40238726007709377354370243392300398571937%8642107146525437999 104299385 123986
2902059204420B8

4869694048004 799886 1019719605863 1666872994 808558901 I238296699445909974245040
870737599

6082923013535808 1 84009699637252423056085590370062427 124341 690900415 3969010593
398383577
79394109700277534720000000000000000Ga000000000000000000000000000000000000000
000000000
000000000000 00000000000000000000 0000000 000000COD0000GDOGOO0RONROOCOOOOOONODN
ag0co0000
00000000 00000000000000000000NNGNDNNDORODONDNODOONDAAOODONGOOOCOOOOOODOGCOOND
aoaco0000

oooo00c000000

f/2/2 A 2x24
2/3/2 @ 2x2%2

16
af/4/2 A 222202

65536
*/5/2 A 2a2eQn2n2 too big :-(

DOMAIN ERROR
/5/2 A 2x2e282%2 too big :-(A
wnats/2/2 R 2024
anats/3/2 A 2e2%2

16
snats/4/2 A 22202

65536
snats/5/2 A 2A2x2a202 not too big :-)
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200352993040684646497907235 156025575044782547556975141926501 69737 10894059556
31145308950613

0880933348101038234342907263181822949382118812668869506964 7615470291 65041871
916351587

775300413847471245779650481 7585639507 289533753975582208777750607233944558789
5905719156736

)Jcopy dfns rats factors
C:i\dfns\dfns saved Tue May 20 00:29:42 2008

r3a + 3 rats & A rational 3rh
r45 + 4 rats 5 a 4rS
Fmt+srats A r-format
fmt r34 +rats r45 A ark + Geb

31r20
fmt r34 xrats 45 A 3r4 x 4rd

ars
fmt r34 trats rbS A orh + Ged

15r16

nats and rats can cope with only unsigned arithmetic. WIBNI they could share a
mechanism to dosigned arithmetic:

R 1230 - nats signed 456 A signed nats
R r34 - rats signed r4S A signed rats
a ¢ aot aaa vy ow )

Hyperator“signed” mightlook like this:
A signed + {
A signse'"'=303"a w A remember signs.
a lft rgtesignsi”a uw a unsigned arguments.
a fn + aa{fneaa > aller'fn'}u A fn operand,
A ‘s'sfn: oo. lft aa aaa rgt A unsigned arith.
a ‘-'sfnr
A
a}

Movingrapidly on ... copy 4 binary search tree (BST)operators...
‘fmt 'sbst (O('put'sbst)1)('put'sbst) 2 A simple 8ST

inserttet,‘222
Jeopy dfns foldlC:\dfns\dfns saved Tue May 20 00:29:42 2008
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‘fmt'sbst O('put'sbst)foldt 1 2
insert
isi.

‘252
'ftmt'sbst 0 ("put'sbst )foldl 15

insert
det.

"252.
‘353,"yak,

"625
‘ftmt'avt O ('put‘ave )foldt &

1=i
2=2|| +323

‘ahah ]
*5sS

‘fmt'redblack O (‘put'redblack}foldl 5
Ce]

-(1=1]]
! ‘Cel(22211
! Ce]! «|
! | Te}‘(4=4)]

! -Ce]
‘

Te]
"fmt ‘splay QO (‘put'splay Jfoldt 15

insert
i=1.

 

WIBNI[1] we could pass the tree operator as a parameter:
try + {'fmt'ana O('put'aaa)foldl w}

insert.
a avl try 15
a redblack try 15
A and so on...

That’s all Folks.
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From Content to Web Layout — Stephen Taylor
“This is worth a lot more, becausethereisa lotless ofit”

Generating a good web-site from a collection oftextfiles is harder thanit looks.
WhatStephen showed us was a very minimal bunch of Dfns which usedall sorts
of simple conventions in thefile-names and the ability to embed simple APL code
anywherein the source material (such as Copyright 2006 - {t[TS}) tomake
the construction process simple and easy to adapt. Oneday it maystabilise to the
point where he can write it up for us!

Yes, the Dyalog Duckhas its origins in the
13th century!
Seriously, this was a good workoutfor
everyone who came; we went away a
good deal more bronzed andonlya little
morepickled in the local red wine. Morten
madeusall feel very unfit by cycling up
mostof the nearby mountains, while
Richard & I earned several nutcase points
by walkingto the next townfor the
evening meal.

 

Several issues got explored with a lot more freedom thanis possible in a formal
conferencesetting, and I think the future of APLisjust little more secure as a
result. Let's do it again sometime!

Notes
[1] WIBNI: Wouldn'tit be niceif ...
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Minnowbrook 2007
reported by Adrian Smith (adrian@apl385.com)

Acknowledgements
Minnowbrook wasoneof the greatinstitutions of the APL world, which I never
managedto get to. The idea was to bring together anyone who couldlay claim to
the term implementor, put them under a comfortable roof well away from the
office, and get them to co-operate on new features and new ideas. Probably thatis
whyalmost everyone has [FTIE and OFMT andtheybasically behavein similar
ways.

 

Blue Mountain Lake
The Minnowbrook Conference Center has long been an outpost of Syracuse
University, and is set in a lovingly-rebuilt hunting lodge on Blue Mountain Lake
in the Adirondacks. In the autumn,it is just a wonderful place to hang out, listen
to the loons on the water and watch the maples turning gold before your very
eyes. The WiFi network wasaccessible well out on the water, so it was possible to
check your email while (if you were being sensible) someoneelse was paddling
yourcanoe. Such places are always conducive to good thinking, and we have Roy
Sykes to thank for reviving the Minnowbrooktradition with a speculative email
early in the year, to which some twenty APL implementors replied in the
affirmative.
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Hereare a few of them unwinding after a heavy morning session in the classroom:

 

Unwinding between sessions

Whatdid weall learn?
It is hard to summarize the experience, as I am sure everyone came away with
something different. For me, someofthe highlights were:

* Joe Blaze (in the roundtable on marketing APL) admitting to someoutstanding
sales figures for their ‘lightweight array engine’ that forms the basis for
APLNext. This is being sold at $50 per year through software clubs and forums,
mostly in India. It made methink that we APL‘insiders’ are probably aiming
far too high and that a mass-appeal product needs to be much lighter and
easier to get your brain around than any current APL.

* Thetotal lack of supporting material on the Internet for anyonetrying to start
in APL, Maybe this is why you can succeed with a simple array engine, but not
with a full APL environment?

* Sven Bodo-Schultz on his Single-Assignment C (SAC)project. See the SAC-
homeon the Internet for more background!This is a high-performance C
compiler which is aimedspecifically at exploiting parallel (multi-core)
processors. Bob Bernecky has been targetting it with his APL->C translation
tool for some while now,andis getting very promisingresults. From an
APLer’spointof view,single-assignmentdodges all the nasty problems with
re-use of variables with different types. Every assignment gets a fresh name,
and an immutable data-type. Problem solved!
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* Dave Liebtag on Unicode. Davetried very hard not to look superior as he
pointed out that IBM has beenfully Unicodefor over 2 years now. Theyset the
standard for the APL symbolsin the first place, and they have also led the way
in mapping APL functions to Unicode glyphs, wherethere is ambiguity.
Fortunately, everyone else is now firmly in line astern.It was also agreed
(thanks to Lee Dickey for being authoritative on this) that it was perfectly OK
for APLto map outto the ‘circled alphabet’ with glyphs drawn as ABCDE...2
which makesa lot of pragmatic sense. Whether we should continue to use this
alphabetin variable namesis another matter, butit will take time to shakeit
out completely.

 

¢ Paul Mansour on FlipDB. This wasa basic primer session on how to use his
database, anda lot of the ideas madea great deal of commonsense.If you want
to know where heis coming from conceptually, I strongly recommend Database
in Depth by CJ. Date (pub. O'Reilly) which I don’t always agree with but, like
APL,it takes a solid theoretical model andsticksto it. Being able to navigate
foreign-key trails with simple expressionslike SP[SNO].QTY is a huge
notational improvementonthetraditional‘join’ syntax, and adds poweras
well as clarity. Just as APL makes many programming challenges‘trivial’ so
FlipDBtakes severalof the ‘hard’ problems that often result in pages of dense
SQL, and expresses them in one simple APL-like expression.

* Objects in Rowan were sketched outin the sessions (and no doubton the
canoe) and Richard implemented enough over the next few days in the cabin to
have a working interpreter before weleft the area. I'll let him makesense of his
notesin time for the next Vector.

| The WiFi comfortably reached the shoreline,
which madefor some very cosy programming
spots! Roy’s two dogs(notice the conference
badge with her nameonit) did a greatjob of
shepherding us back indoors whenthe sessions
were dueto restart.
Other highlights were harder to pin down —
listening to John Scholes and Bob Bernecky
arguing strategies for memory managementlate

_ into the night in the bar was one I remember, and
of course mastering the ‘Minnowbrook Shuffle’

we washigh upthelist for all of the delegates. For the
uninitiated, Shuffleboard is a bit like table-curling. You skim a series of pucks down
a sanded board, scoring for those which lie nearest the far end in a series of
numberedbeds.It got quite competitive after a few beers, with some very closely
(andrather noisily) contested games.
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You can see that the blue team has one
just shortof a high-scoring line, while the
red team has been little too
conservative!
There wasalsoa very good pooltable,
andlots of easy hill-walking straight out
of the back door.

 

I fear we missed outonthe float-plane
ride in favour of walking up Castle Rock,butit did spot us and give us a good
wavewithits wings as it went over!

 

Adrian, Gill & Richard Smith with Dan Baronet and Morten Kromberg
on Castle Rock, above Blue Mountain Lake.

Wrap-up
This felt to melike the kind of thing we shouldtry to do every few years. The
initial objective of synchronising APL developments isstill extremely valid, as we
all begin to make steps towardsClasses and Objects, as well as interfacing to other
languages(Java from APL2 and .Netfrom Dyalog and APLX). If we do move
towards shipping some morelightweight array technology, agreement between
the various APLproviders will be very helpful in capturing the attention of the
world’s programming community. The location wasas good asit could be,so let's
hopeto see it again before too long.
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DISCOVER
Alive and Well

by Morten Kromberg (mkrom@dyalog.com)

Editor’s Note
Ihave reproduced this, originally posted at comp.lang.apl, in part to mark the end
of a certain conversation. Many headsnow grayor simply shiny believed when
youngerthat one day all programming would be donein APL or something
recognisablylike it, and that software development would resemble what we do.
Nothing like that happened.
After years ‘in the wilderness’ there are signs Iversonian languages are once again
attracting wider interest. There is nothing in this to wonderat. Programmersare
not markedly less susceptible to fashion’s tide than other humans. Thereis a
question as to how APLoncelost respect, butit is not a very interesting
conversation.It is a verbal wake, welcomeneither in the pages of Vector, nor at
meetingsof the British APL Association.
But a closely-related question is interesting. In whatcurrent roles are the APLs
likely to enjoy respect? How should wedescribe their virtues, and to whom?
Vector welcomesthis conversation. Dyalog Ltd is a Sustaining Memberof Vector
and oneof the leading APL vendors today. Morten Kromberg thoughtlong and
hard aboutthe future of the APLs before investing in the company and becoming
its Chief Technical Officer. His post at comp.lang.apl kicks off a conversation Vector
is happyto host.

Stephen Taylor
It does seem to be true that:

1. Some APL vendors never successfully madethetransition from the mainframe
to the PC.

2. Some APL programmers with grey or white hair only see others with the same
hair colour, and do not know anyof the many young APL programmers who
joined the community recently.
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3. Unlike in 1980,it is very hard to find a consulting job whereall you need to
knowis how to write APL programs.

4. It is almost impossible to interest Computer Science departments in APL.
5. If you work ina traditional software departmentyou are unlikely to be

allowed to start a new project in APL.Software engineersstill don’t think APL
looks like anything they learned at school and thatit is ‘broken’. The fact that
they can’t deliver software on time, on budget andto spec is only just starting
to shake their faith that they are doingthe right thing.

Overthe past few weeks, we have seen a numberof people post messagesat
comp.lang.apl, expressing the belief that APL is dying, due to various
combinations ofthe above. Fortunately,it is simply not the case: APL and other
array languagesare well establishedin certain niches. The valueof solutions
based on these technologies is measured in billions of dollars per year, and their
existence is not threatened.
It is a hard time to be an APL programmer.I thinkit is fair to say that most of us
once chose APL becauseit offers a very highlevel of abstraction, allowing us to
very quickly turn ideas involving data manipulation into executable code. But
today, the platforms upon which weare expected to deliver software are changing
rapidly, and weare expected to take interest in the very issues that we picked
APLto avoid getting distracted by.In particular, user interfaces and databases
now require extensive layersof toolkits, and these layersare shifting under our
feet. XAML,Silverlight, Virtual Machinesof one description or another, ODBC,
JDBC, ADO, ADO.NET. Weare expected to embed APLsoftware in browsers
which are notallowed to uselocal storage, even though this is an obviously bad
idea for software which analyzes huge amountsof data. Remember CICS?It’s the
samestoryall over again. Traditional web development techniques are another
example of mainstream technology trying to beat APL into a mould createdfor
lightweighttransactional systems. Keep your data in an SQL database, look at one
record at a time...
Architectures get more and more complex.If you are a computerscientist or
software engineer, rewriting the software every few years in order increase the
beauty of the code is what you love — why you chose thejob.If you are an APLer,
chancesare youfind all this depressing. Fortunately, while the higher layers of
tools are still in a state of flux, the lowest levels of the new infrastructures are now
stabilizing. We should soonseetools and interfaces from vendorsthat allow
APLersto integrate solutions with popular platforms withoutall of us having to
go outandlearn the details of the latest advances.
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The big APL vendorsof old, staffed by people who loved APL and often had the
same problem-oriented (rather than technology-oriented)attitudes, were slow to
realize the impact of the technology shift. Consulting, timesharing andlicensing
revenues dropped sharply as the PC took over from the mainframe. Almost no
marketing has been donesince the late 1980s, and no new educational materials
have been produced — with the notable exception of those written for J. The
traditional vendors were caughtin a negative feedback loop. Several did notpull
out.
Accelerating the decline wasthe fact that much ofthe early revenue was a
function of a huge but fundamentally temporary business in the 1970s and 1980s,
whereall large companies were building their own softwarefor just about every
purpose. APL wasoneofthebest tools on the marketfor this pioneering work.
However, the production of — and competition in the market for ~ the ‘shrink-
wrapped’ software which replaced most of the APL systems written in this period
is a different gameentirely: key factors are a cheap and easily recruited /fired
workforce, documentation, procedures, and marketing. | think that most APLers
that I know would not wantto work in these jobs, which the industry is trying to
turn into outsourceable ‘unskilled’ jobs, even if APL were an acceptable
technology to these businesses.  
Wecan argue about whetherthis or that system which was converted would have
been cheaper to maintain and moreuseful if the technology had remained APL.1
have personally witnessed many extraordinarily bad business decisionsto replace
APLsystems, made by management teams with absolutely no understandingof
whatthey were doing (some of whom are nowbackin the fold as customers, I am
happy to report). But in manysituations, the business logic which caused
managersto replace the use of APL by more ‘predictable’ workforces and
technologies are ‘sound businessdecisions’. It is in the nature of APL to be used as
an executable specification language: APL is often used as much to discover the
specification as to implement the system. Having an executable spec makes‘agile’
interaction with the user mucheasier than with many other technologies.
In many businesses(the financial industry being the prime example), the
specifications never quite settle down.Fortunately, APL interpreters are highly
efficient and capable platforms, which support the use of APL in high-volume
production applications. Although APL is dynamic and interpreted, APL-coded
solutionsin this market often perform better than traditional solutions.I believe
thatthis is because the layered approachoftraditional software development
tends to drive the developmentin the direction of re-use of overly general
components, which needto be bent a bit too much and therefore perform badly.
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Too manylayers in an object hierarchylead to inefficient code, even after
compilation.
So yes: there are many large APL (based) businesses which have died ~ but the
family of APL languageswill not die unless they are one day replaced by
something more capable in the areas where APLis strong. This is quite simply
because it provides unique value in a numberofsituations. The market that these
situations represent is rapidly growing, and very poorly served by other
technologies, so there is significant room for growth for APL, J, K and other new
dynamic andarray-oriented software development methodologies. The
mainstream software industry is only just starting to shift its focus from
administrative systemsto analytical software, and wehavea 40-year headstart.If
you look at trends in modern programming languages, they are heading in our
direction: dynamic languages, inference in languageslike C#, growing use of
‘Reflection’ (inspecting types and doing different things depending on what was
passed to you), all of these are signs that mainstream technology is waking up to
the fact that if you wantto write code quickly, and especially if it needs to do
anything analytical, you need the kindofflexibility that APL already has.
This would bea very bad time to start movingthe language towards where
everyoneelse is now!
J admit that:

1. The golden age of cushy (mainframe) consulting jobs will not return.
2. Trying to sell APL in head-to-head competition with Java and C#fortraditional

‘software construction’ projects is almost impossible.
3. APL is pretty useless in a ComputerScience department.It is not the goal of

these institutions to teach the art of extracting specifications or the construction
of working software so APL haslittle to offer them (OK, I admit have a chip on
my shoulder: 1 dropped outof CS pretty early on after discovering that only
15-20% of the marks were given for arriving at a workingsolution).

However, unless you specifically wantto achieve one of the abovethree goals,
there is no reason to despair. The market for turning complex ideas into working
software is growing rapidly, andall the brilliant ideas that Ken Iverson and the
early APL developers put into the language are morerelevant than ever before.
Today, the successful (growing) users of APL seem to be entrepreneurs (or
entrepreneurial businesses) with novelideas that they wantto bring to the market
aheadof the competition, or before conditions change. If you want to be an ‘APL
consultant’ (internal or external), you must learn how to wrap APL as components
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to be embeddedin - or communicate with - mainstream components. You must
learn about SQL and XMLandother emerging technologies, and how to help the
domain experts who have the ideas and the skill to write APL for the application
core,
In rare cases, one person can doall of the above (for a while), but generally we
needto build teams combining domain- andtechnical experts. The vendors must
do whatthey can to makethejobs of both these groups easier, and also explain
the mechanics to managers who need to understand how to make this work.
At Dyalog,wefirmly believe that we can safely ignore the decline of the APL
market which followed the unnatural blip in the 70s and 80s, even though some
old APL systems arestill in their last throes.It is a false signal with respect to the
fundamentalvalue of the technology. Thetruth is that APLis actually still ahead
ofits time.It is our good fortune that we never had a mainframe business,asit
meansthat for us, APL has been always been growing - and that growth now
seemsto be accelerating. We believe that we can further accelerate the growth
through:

1. Working hard to improve integration with platforms (Microsoft.Net, Mono,
perhapsJava). We've been workinghardfor thelast several years, with the
addition of the .Net interface, Object Orientation andfinally Unicode support
in V12.0, we feel we have madebig stepsin the right direction. Although itis
one of the fundamental values of our productthat people whoarenot software
engineers have a complete package which allows them to buildall the
components of an application, we must also supportlarge organizations who
want to build multi-layered, and ‘multi-tiered’ applications using a
combination of teamsskilled in APL and other technologies.

2. Producing new books,training materials, ‘code patterns’ - and provide new
tools for sharing code between APLusers. Expectto see thefirst results of this
work to appear during 2008.

3. Cultivating contacts in the dynamic/agile programming communities, where
webelieve we will soon see the first openings for marketing APL directly to
developmentteams (as opposed to going via the usersfirst).

Wedon’t think it will be long before we’ll be back in the business of cold-calling
certain types of developmentteams to sell APL as a modern technology. We are
already workingto start new academic programmesusing APL.It is too early to
say when wewill succeed with this, but we are optimistic.
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Review: APLX version 4 — from the
viewpoint of an experimental physicist

by Dr Beau Webber, Lab-Tools Ltd (beau@lab-tools.co.uk)

Which APL? Why APLX?
WhenI first read about APL in Byie magazine so many years ago (August 19807), I
realised it was the language for a working physicist, given its ability to apply
complex manipulations to structures of data just by typing a few symbols. But in
those days, having written my program in APL, I had to hand-translateit into
Basic to run it on a PDP-11, Then came APL\11 on the VAX-750, as part of Unix -
I upgraded our local copy, adding such features as Pipe[1]. The adventof
APL68000, on the Atari ST, from MicroAPL, meantI could have a copy of APL
running on the lab bench — as well as at home — and I appliedit to everything
from analysing Nuclear Magnetic Resonance (NMR)diffusion data to controlling
the lights and soundfor our village dramatics society.
T have used other versions of APL over the years, and have helped with the
development of Tim Budd’s APLc[2] APL-to-C compiler, but have found that as
the APLofferings from MicroAPL have developed over the years,this has been
my favoured APL interpreter — and followingthat early use for sound and
lighting control, APLX on PC has become my main software tool for control of my
physics experiments.
National Instruments’ LabVIEW[3] is a very powerfultool for instrument design —
whatis it about MicroAPL’s APLX, version 4 that now makesit, for me, the
preferred design platform?
There are a numberof answersto this, but aboveall, as I will demonstrate with
particular examples from on-going projects, thereis the ability to have a seamless
join in a loop that goesfrom a screen-based front panel with buttons and drop-
down menus, interacting with a number of asynchronously operating
independent APL processes, some communicating over USBto firmware
operating parallel hardware (at 100s of MHz) in gate-arrays that control the
experiment andcollect the data, which is then passed back over the USB to the
APLX programsfor analysis and adjustmentof the instrumental parameters.
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In addition, rather than
* translating my APL sourcecode (following writing and testing) to LabVIEW

Vis (visual/graphical programs), as I did in the 1990s; or
* translating to Basic and Fortran,as J did in the 1980s; or
* using APLcto translate to C

I can now apply them immediately to the experiment in hand, modifying them as
neededto suit the data emerging from an experiment. Front-panels can be re-
configured onthefly, to suit the needs of‘soft-instruments’.
NewFeatures in APLX Version 4
Version 4 of APLX — currently 4.1.0 / 7.1 ~is a major upgrade from the previous
version 3,09. The document that comes with it has 108 pages summarising the
changes, with examples, underthe following main headings:

= Object-Oriented Programming in APLX v4
* Creating, editing, and modifying APL classes
* UsingInternal (User-Defined) Classes
* Using External (.Net, Java, Ruby) Classes
¢ User-interface programming in .Net
¢ Using System Classes
* New System Functions for object-oriented programming
* System Method
¢ Other New System Functions
« Enhanced System Functions
* New System Commands
* Zilde
* New Structured-Control Error handling
« Enhancements to System Classes (Quad WI)
¢ Entering APL symbols using QuickSym
* User-interface enhancements

With so many upgrades in this new version, this mustat best be a preliminary
report, concentrating on those features that have been particularly relevant to the
code I have been working on since this version wasreleased just before last
Christmas.
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Object-Oriented Programming
As can be seen,the biggest single developmentin this upgradeis to address a
long-standing complaint against APL,in thatit is said notto fit well with modern
Object-Oriented programming (OO) - at one stroke MicroAPL addresses this by
adding OO syntax optionsto calls such as those for window creation and
manipulation, as well as adding easy access to any OO programsinstalled on the
same machine.

Using External (.Net, Java, Ruby) Classes
Accessing the features of, say, .Net or Java is now vastly simplified:
-Net: Create an instance of the Net DateTimeclass, defined in the .Netclass
libraries, but not specifying an initial date to the constructorofthatclass:

NETDATE + ‘.net' ONEW 'System.Date.Time'
NETDATE.ToString

0001-01-01 00:00:00
Here we see the zero date and time returned in ISO format, whichis the preferred
format on my machine.
Java:

*java' OCALL ‘java. lang.Integer.toBinaryString' 37
100101

APLXhas extensive built-in graphics ability, but with version 4 one can now also
use Windows Forms directly from APLX:

wDOT_Farms;X;F ;EditResult;EditIn;Buttondo
[1] a Simple example of using Windows Forms from APLX v4{2] «# Create main form ial3] Fe'.net' ONEW ‘Form’
[4] F.Text+'Expression Evaluator’[5][6] a Create edit box for input line[7]  EditIne'.net' ONEW ‘TextBox'(8] EditIn.Lefte12 © EditIn. Top+21[9] EditIn.Widthe265 » EditIn Height[10] Editin.Fonte'.net’ ONEW ‘Font’ *[11] F.controls.Add Editin

  euaCe

Figure 1. .Net graphics example, showinga section of the code in the update
reference manual, and running(a slightly modified version of) the codein the

examplefiles,
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New system functions for object-oriented programming
APLX Version 4 includes the following new system functions to support object-
oriented programming:
DCALL
CCLASS

OCLASSES

QEVA
OEVAL
OEVN
OEVT
OGETCLASS
Ic
OINSTANCES
ONEW
CINULL
ORECLASS
OREPARENT
ORECLASS
OTHIS

Call external static method
Class hierarcy for object or class
References to user-defined and external
classes
Event arguments

Evaluate external expression
Event name

Event target
Get reference to namedclass

Insert into class
Instances of a class or descendants

Create new instanceof class

Return reference to null object
Changeclass of objects
Change parentof user-defined class
Set up external environment
Reference to current object

As yet I have much work to do before I can fully apply this rich new capability.
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Other new system functions
Export APLarraytofile in

HEXPORT specified format

Importdata from file in specifiedOIMPORT format

APLX hashad the ability to exchange data with other software such as Excel for
quite a while, but this has been extended with a range of other formats, including
HTML.
This exchangecan in fact be carried out by a number of mechanisms;see the
section on the clipboard, at the endof this report, on enhancements to the user
interface.

User-interface enhancements
Atthis point | will take an item outof the aboveorder, as it is a very significant
one, that affects the way I create and manipulate data structures for my
instrumentation:

General Array Editor
APLX Version 4 includes a powerful new General Array Editor. Subject to
available memory,this allows you to edit almost any simple, mixed or nested APL
array, the only limit being that the array cannot exceed five dimensions. You can
edit any elementand,if you wish, restructureit: for example, converting a
numeric scalar element to a three-dimensional nested array. You can also
restructure the whole array. The editor also supports editing arrays containing
object references. (APLX V4 Update Manual)
WhatI havealready foundthis so very useful for - in addition to just looking at
the structures of data by just double-clicking on them — is to create complex data
structures defining Nuclear Magnetic Resonance pulse sequences.
Given twonestedlists, one defining pulse channel names,the other defining time-
delays in terms of variables (that may later changeon the fly), one creates an
empty pulse-program skeleton, and then uses the General Array Editor to
populate the significant transitions in the timing-structure:
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 Figure 2. Creating an (90°~ -180°- ~- Echo) NMRPulse Sequence

with the General Array Editor.
This is then evaluated, the remaining time-slots being filled in using the specified
states and transitions in the default values. A facility closely related to the General
Array Editor, the Grid tool, is used to display the result for checking, before the
final stage of conversion to a binary pattern. This is then up-loaded over the USB
to a stack-based sequencer implementedin an Altera gate-array module.
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Figure3. First stage of compiling an (90°- ~180°- - Echo)
NMRPulse Sequence.

The communication with the gate-array moduleis implemented by accessing the
DLLroutines that control the USB data transfer directly using APLXcalls. This
ability to talk directly to high-performanceparallel-operating hardware over the
USBis a major strength of APLX. This report ends with a further example of such
instrumentation.
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Enhanced System Functions — string search and replace
using regular expressions
A feature that ] had requested has, with Version 4, been added to APLX —a built-
in ability to employ Regular Expressions.Textis just a character array to APL, and
while the standard APL search and replace function is very powerful when
embedded inside APL’s array manipulation capabilities, the textual pattern-
matching capabilities offered by (Regular Expressions) (RE) can vastly simplify
the specification of sometasks.
Upto nowto use Regular Expression I have had to makecalls on the Unix sed
(stream-editor) and grep (global-recognition expression parser), using the shell
tcsh in Cygwin. Nowthat RE parsingis built-in, I do not have to assumethat
Cygwin is installed, and I havethe option of releasing someof these programs for
more general use.
Tam an avid fan of music, particularly good live music, and an example of such a
program that makesextensive use of RE parsing is associated with my music
page[4] thattells people aboutthe live music in Kent. A program that I use
regularly (butis still under development) makes use of APLX’sability to access
the web directly - 1 maintain list of pointers to local musicians’ web pages, and
(with their permission)read their gig-lists directly from their personal sites. There
is then somefairly straightforward pattern matching to identify years, months and
days, and ensurethe dates found are in somesortof logical order. (Onesitelists
monthsin reverse order, another puts archival gig photos with dates on the gig-
listing page!) There is then what would, without REs, be somefairly lengthy code,
that has to recognise any reasonableformat of time of day (range) and then
convertit to the format I use on my gig-listings.
Thegig-listing page for the local Kentish group Waterhorse[5],for instance,is
shown in Figure 4, Note the pop-up box giving venue informationfor each event -
this is correctly transferred by the gig reading program:
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Figure 4. Waterhorse gig-listing web page 2008-05-20

Somebandsbracket and hyphen oneor both ofdialling code and event times. As
an exampleof RE pattern matching and replacement, the recognition and
interpretationof bracketed eventtimesis simplified if we first recognise and un-
bracket these bracketed telephone numbers; as an example RE for this we can use:

Txt+'Some text (01227) 123456 and (yet) more text’
Rgx='(*.")( CC J*)(ONd{3,7})(L )-]*)(\dL4, 7300 *.*$)' '\L AB AS VO!
,2 16 OSS Txt Rgx

Some text 01227 123456 and (yet) more text.

By combining thestrengths of APL to manipulate arrays of text with that of
Regular Expressions to define compact transformational expressions, we may use
the web-awarefacilities of APLX to access the gig-listing page directly from the
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above musicians and dropthe transformed contentsinto an editor for checking
and manual editing if necessary. (None was in this case.)
Figure 5 showsthis gig calendar in raw KentFolk EventTable format — note the
user defined pop-up menu:
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Figure 5. An editable gig-list in KentFolk raw EventTable format,
automatically transformed from the above Waterhorse web page, as of

2008-05-20,
Currently I then use a hand-written HTML outputstage to generate the KentFolk
music calendar (by accessing various look-up tables) which is then uploaded to
the server using further APLX commands. Now however APLX version 4 has
added a native ability to transform text and tables into HTML, which should
greatly simplify such a process. Currently the uploadto the server is donevia
calls on FTP, but the new ability with APLX version 4 to access Microsoft .Net
protocolsdirectly should give both greater versatility and greater security for
applications that needit.
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Asmall section of a relevant KentFolk calendar page for June 2008 then looks like:   
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Figure 6. KentFolk web calendar for June 2008, showing the transformed
gig information for Waterhorse

The regular-expression search engine used in APLXis based on version 7.1 of Perl
Compatible Regular Expressions (PCRE)[6], an open-source product written by
Philip Hazel, who did many good thingsin his timeat the University of
Cambridge.

User-interface Enhancements
Tam still working my way through all the many enhancements, but one I have
found useful in the preparation of this reportis the ability to export to HTML.
There is more than one wayto doit, but what I have been doingis just using the
Windowsclipboard.
If onejust copies a section of the contents of the APLX working window and,say,
pastesit into a font-aware program, such as MS Word,onegets a copy with the
APLX Uprightfont, with colours; howeverif one tries exporting this from MS
Wordasfiltered HTML onesees(viewingthetext in the Vi or Vim editor) one has
characters that will be undefined if one does not have the APLX Uprightfont
installed:
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<p class=MsoNormal style='text-autospace:none'><span style='font-size:10.0pt;
font-family: "APLX Upright";color:biue'> Txt , ‘Some text (01227) £23456
and (yet) more text.’ </span></p>
<p class=MsoNormal styte=‘text-autospace:none'><span style='font-size:10,0pt;
font-family:*APLX Upright"scolor:blue'> »Txt ,, 2 16 GSS Txt *(*,")¢ [
€ Je) CONd(3,.7})(£ )-Je)(Ad{4,7})( #.9$)" XL AS AS \G'</span></p>
<p class=MsoNormal style='text-autospace:none'><span style='font-size:i0.Opt;
font-family: "APLX Upright"scotor:black'>Some text 01227 123456 and (yet)
more text.</span></p>
If however onecopiesthe contents of the clipboard explicitly as follows, one gets a
copy onthe clipboard that has been converted to HTML:

‘O' Owi ‘contents’ ('O'’ Owi ‘text')
In particular one now gets a copy that uses the APL385 Unicodefont,asis
specified for these Vector articles:
<p>Txt 88592; ‘Some text (01227) 123456 and (yet) more text.’ <br>
»Txt &#8592; 2 16 <span style='font-family:"APL385 Unicode" ’>&#9109;</span>S$
Txt '(A.0dC OC D*)CONd{3, 7} C0 D-D9)NGLHL TDC we$)" ML NS AS 6" <br>Some text 01227 123456 and (yet) more text.</p>
This works both ways — one can copy the HTMLof the APLX example code here,
and pasteit back into APLX v4 and then run it.

Using APLX v4 for controlling instrumentation andcollecting data
This is just an example of how one can apply APLX as the heart of an advanced
set of instrumentation — hopefully a full discussion will comelater —- however the
advantages of having a powerful array-manipulating languagelike APL
intimately connected over the USBto gate arrays with parallel circuitry running at
100s of Megahertz can notbe overestimated.
The easy configuration of on-screen menus, interactive text and other entry boxes,
as well as buttons and ‘LEDs’, allow rapid creation of software-based front-panels
— as well as on-the-fly reconfiguration of the front-panelat run timefor‘soft-
instruments’. Direct access to Net graphical objects will aid porting/interfacing
non-APLinstrumentation designs to APLX.
Hereis oneparticular piece of kit, a one-dimensional NMR imagerusing novel
technology, created by Lab-Tools for the University of Surrey Physics
Department. The Radio Frequency (RF) stages were implementedin off-the-shelf
modules using ASICS,the Intermediate Frequency(IF) signal processing and data
capturing/averaging stages implementedin the gate-array as firmware, and the
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Audio Frequency (AF) and base-bandsignal processing and data fitting
implemented in APL in the hostprocessor(a lap-top, for field-portability):

NMR 1D Imager iS

 
Figure 8. NMR hardware,for gate-array controlled NMR 1D imager.

And so whatuse have I made of APL, and APLXin particular?
All I can say is: go see my published papers[7]. | would not have beenable to doa
fraction of this research without APLto help me.  
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Tacit J and I
by Neville Holmes

School ofComputing and Information Systems, University of Tasmania
Launceston 7250, Australia

(Neville.Holmes@utas.edu.au)

This essay gives the backgroundto theseriesof articles expounding the joys of
functional calculation thatstarts in this issue of Vector. It is largely
autobiographical, finishing with a description of experience teachingtacit use of J
to Honoursstudents usingthe articles of the series.

APL in Boxes
It’s so long ago that I can’t rememberjust whenI first heard of Ken Iverson’s APL,
butit was in the mid-60s and 1 remembertwoparticular events.
A colleague at IBM Australia, Jacques Grenot, introduced meto Iverson's 1962
book A Programming Language[1]. Ken had taught a class at IBM’s Manhattan
Systems ResearchInstitute using the bookandits ‘box notation’ that Jacques had
taken and been very impressed by.
At roughly the same time, 1964, the IBM Systems Journal came out with a formal
definition of IBM's pending unified computer architecture written by Ken and
two IBM colleagues [2]. This definition used box notation to compress into two
wallcharts with accompanying explanation whatinternal gossip claimed had
previously taken twosix-foot shelvesof ring-bindersto contain. The same gossip
claimed also that numerous errors had been uncovered through use of the
notation,
Box notation had tworelated virtues, at least for people with a technical
background:it used familiar mathematical symbols and it was extremely succinct.
Also, the boxes and the sequencinglines placed outside the boxes madethe
structure veryplain to see. For these reasonsthe notation found some subsequent
use for specification in proposals for computing systems, though not by me.

APL\360
In 1970 I took up a staff position in IBM Australia’s Systems Development
Institute in Canberra. Because of my familiarity with box notation, and because of
its developmentinto an interactive system, I pressed to have APL\360installed on
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the Institute’s 360 Model67 running,after a false start with TSS/360, under
CP/CMSwhichlater cameto be called VM/370.
APL\360 wasdelightfully immediate. You keyed the expression for your
computation into a typewriter terminal and the result was typed on the nextline,
typically straight away. The 2741 terminal had ‘golf ball’ printing elementthat
allowed mostof the box notation’s mathematical symbols to be used. Because the
boxes were impractical on a line-by-line terminal, a few extra symbols had to be
added to allow sequencing within function definitions to be defined.
The APL notation was quite easy to learn for anyonein the right frame of mind,
and so I had quite a few joint developmentprojects usingit in tertiary education
in fields such as conventional and naval architecture.
Because computers werestill quite novel to the public, the Institute often played
host to groups of people from schools or from the community who wished to see a
wonderful computerin action. I wrote several interactive packages for them in
APL,for example to test them on roman numerals,so that after they had had the
equipmentin the machine room explained to them, they could be taken into the
terminal room to actually do something on the computer themselves.
The enthusiasm of young people was remarkable, particularly primary school
pupils who wereoften very reluctant to be moved awayby their teachers. Adults
were usually much more sedate. On one memorableoccasion an elderly visitor
took much persuasionto actually seat himself at a terminal but could not be
persuaded to touchthe keyboard.
The adventof the IBM 5100 enabled me to work with teachers, mainly primary
schoolteachers, to put a computer temporarily in their classroom. The 5100, a
‘luggable’ computer, rather cunningly used microprogram to simulate a
System/360 hostfor the IBM Basic and APL\360 interpreters. There was no
graphiccapability, but I wrote an APL package to allow primary school children
to key in expressionslike

A RECTANGLE 17 BY 5 OF ‘MW '
to be shown interesting patterns. Gratifyingly, some children learnt how to add
useful functions to my package. Sadly, I only had the one machineand so could
notlendit for long periods.
Unfortunately, the Institute was not successful and was closed downin the
mid 70s and I reverted to conventional field work. However, I wasstill able to get
APLused, though usually indirectly through the excellent spreadsheet and
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database packages that were available. Whenvisual display terminals started
being adopted, use of APL wasgreatly encumbered by IBM's prolongeddelay in
providing the APL character set for them.

Tacit J
In the 80sI shifted to Sydney and APL moved into my background. ThenI retired
from IBM andat the beginning of 1989 took upa position as lecturer in a new
degree course in Applied Computingjuststarting at the Tasmanian State Institute
of Technology in Launceston.Ironically, myfirst duty was to teach Fortran in a
service course unit; myfirst programming language in 1960 had been Fortransit
for the IBM 650.
As an APLenthusiastI had plannedto insinuate APL into my teaching, and I got
a copy of IBM’s APL2for the PC foruse in teaching eventually, and to keep my
handin in the meantime. Unhappily, the PCsavailable to me would not run APL2
properly, and after a long struggle I had to give up. ThenI reluctantly tried J.
It workedfirst try. Two differences were uncomfortable.J’s use of the ASCII
character set was neat but ugly compared to APL’s mathematical symbols. The
replacement of the up-to-date workspacebythe indirect script seemed to be a
backwardsstride. What more than compensated for these, though, was my
discovery ofthetacit style of codingin J.
Theideaof inferring a functional expression’s useofits arguments seemed to me
then, andstill seemsso, to be the purest form of functional programming
available. Since then J have only used explicit definitions when deficiencies in my
knowledgeorin the notation forced me to. At one stage I coded a simulation for
von Neumann’s Princeton IAS computer and an assemblerforit entirely in tacit
mode.
An early use I found for J wasin a first-semesterfirst-year course unit called
“Professional Computing”[3]. As part of this unit I had students learn elementary
use of four kinds of coding schemes: functional (tacit J), logical (Prolog), database
(SQL), and object-oriented (SQL). Each was learntentirely through interactive
lessons, written in tacit J in the first case.
Moreseriously, for about a decade I taught an Honoursunitcalled “Functional
Programming”in which students were required to undertake a serious project
usingtacit J. For the first half of the semester students were given a sequence of
lectures, actually more like demonstrations, using the handoutsthatare the basis
of this series of articles. Each week the students were required to complete a test
given in the handoutto confirm their learning of the material.
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Thestudents seemedto enjoy the unit, though in the later years they complained
of the difficulty of the work. Significantly, this was mostly from full-fee paying
overseas students.
I enjoyed teaching them. My main difficulty was, time and time again, getting
around a shortcomingoftacit]. One notquite tacit aspect of J is the use of
brackets as primitive functions to bring an argumentfreely into an expression
whenit was inconvenientto implyits use: [ for a left argument, ] for a right
argument.
The problem was thatthere was, and is, no similar wayto bring an operandfreely
into a tacit expression.All too often I had to give upinsisting on tacit coding and
let the student codeexplicitly. Earlier versions of J had something ofthis kind,lev
[. fora left operand and dex ]. for a right operand, buttragically, because these
were parsed as operations they were extremely difficult to use and were dropped
outearly on.
Occasionally I passed the moreinteresting results of studentprojects on to Vector
for publication [4]. They appreciated getting them published, and getting a year’s
free subscription, but they didn’t renew. Sometimes I asked why, and the answer
wasusually along thelines that, although they foundtacit J fascinating, they
didn’t see it as something they would beable to use in their postgraduate work.
Their coursework had told them that programming was synonymous with Java,
and tacit J and I were seen as novelties.

Conclusion
Teaching tacit J coding was a mostenjoyable experience.I hope that the
publication of my course material for such teaching will bring enjoymentto future
readers of Vector.
As my “Functional Programming”course unit was only one semester long, my
hand-out material was almostentirely on tacit J proper. If a student wanted to link
to system capabilities then they had to workthis out with little help from me. That
many did so perhapsindicatestheir interest in pure functional programming.
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LEARN
Functional Calculation 0 :

Numerical Apéritif
by Neville Holmes, University ofTasmania (Neville.Holmes@utas.edu.au)

Abstract
Thisarticle is the first in a series expoundingthejoys of functionalcalculation.
Functionalcalculation does with operations applied to functions and numbers
what numerical calculation does with functions applied to numbers. The
functional notation used as the vehicle in this series is provided by a freely
available calculation toolcalled J.
This article gives a detailed illustration of a few numerical usesof the notation
supportedby the J interpreter. This explanation is preliminary to following
articles, which will review someof that tool’s support for numerical calculation.
Theillustration takes a simple function and shows howJ, or any other tool for
functional calculation, can be usedto investigate special values of the function.

Calculation
Calculation is an honourableandsatisfying occupation with a long history and a
rich tradition [1].
Relatively recent developments in electronic computation haveled to the adoption
ofthree classesofaids to calculation, namely:

* electronic or programmedcalculators based directly on traditional calculation,
* spreadsheet programs, and
* complex mathematical systems.

Electronic calculators are unreliable and very poorly designed [2]. Spreadsheet
programs are very powerful and useful for the kindof calculation that suits them,
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but clumsy and limited otherwise. The complex mathematical systems are
extremely powerful, but in an elephantine way.
The kindof functionalcalculation described in followingarticles is like an
enormous but sympathetic extension of traditional calculation. The extension is
particularly effective in dealing with the kinds of tables to which spreadsheet
programs are suited but allowing conveniently for tables of many dimensions.It is
also useful for collectionsof tables of different kinds. The extension is of
surprising expressive power so that problems which would otherwise require the
mightof a complex mathematical system can be tackled simply.
This article will go through some simple numericalcalculations step bystep,
explaining them in detail. Readers will get most benefit out of the description if
they get their owninterpreter and themselves carry outthe calculations (and any
others suggested by the examples) as they are being described.
The notation used hereis called simply J, and programs (for many of the more
popular computingplatforms) to evaluate expressionsin the notation can be
downloaded from the Internetatftp://archive.uwaterloo.ca/languages/j and help is
available from the Usenet group news:comp.lang.apl
Because the programs which evaluate J expressions as they are keyed in seem to
interpretthe notation,theyare called interpreters. The J interpreters that can be
gotfor free from the Internetare old versions, but information about up-to-date
versions, and much, much more, can be foundathttp.//www.jsoftware.com/
The primitive functions, those functions with symbols for names, used in this
article are few, and very many moresuch are providedbythe interpreter, and are
listed and briefly explained by the interpreter’s help facilities.
The purposeofthis article is to show how simple functions can be used simply to
get useful results, the kind of results that showthe interpreter in the light of a
utility calculator. To allow this to be better appreciated, examples which involve
the useoflists of numbers have been chosen.
The calculations used here as an example are based on an exploration of a
function namedf in the description. Any reader carrying out the example
calculations can define f by keying in

f =i-o.
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but this definition will not be further explained here because the expression used
to define f is a functional expression and, as such, will be explained in later
articles of this series.

Finding Zeroes
Given the function f and a need to explore its behaviour, the first step is to name a
usefullist of test values, and then to apply the function to those values. Keying in
the expression

nn =: d.41
usesthe primitive function i. (pronouncedintegers) to producethefirst eleven
non-negative integers, to which the copula =: (pronouncedgets or becomes) gives
the name nn.
The copula is used only for conferring names, andit is not a function as such. No
result is shown becausethe interpreteris just naming. However any namedresult
can be lookedatjust by keying in its name, in this case

nn
01234656789 10

showsnnto be list of ten integers.
Somegeneral remarks are appropriate at this point. TheJ interpreter takes in the
expressions it evaluates indented, but the results are shown un-indented. For the
first expression shown above,the spaces between the nn and the =:, and between
the =: and the i., are not required by the interpreter, but have been put there to
makethe expression more readable. More than one space could have been used
with sameresult, and spaces could have been put between the i. and the 11
without affecting the result. However, putting a space within the =: or the i.
would haveaffected the result just as putting a space within the 11 would have,
because the notation uses suffixed dots and colons to extend the ASCII character
set, so that in effect = and =. and =: are three different characters. The function f
can nowbe evaluated for the argumentnn, andits result displayed, by

fo ona
1 _0.423341 1.10587 {0.6608 42,0318 132,705 384.579 1074.64 2955.83 8074.81 21995

which showsa quite distinctive behaviour indeed.
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However, the inconveniently small font forced on the printing aboveofthe results
of f nn makesit difficult here to appreciate fully the natureof that behaviour, so
itis useful to define with scant comment

show =: ".&(0.18":)
which namesa function that can be used as in

show f nn
1 _O.4 1.1 10.7 42 132.7 384.6 1074.6 2955.8 8074.8 21995

to force each valueto be displayed with at most one decimal place. This is perhaps
not so useful here, but will be so later.
Oneofthe values in theresultlist is negative. Notice that the notation
disambiguates the hyphen by representing the property of negativity by the sign _
so that the hyphencan bekept to stand for the negation and subtraction functions.
To investigate how f behaves for negative arguments,the test values can have ten
subtracted from them before applying f by keying in

show f nn-10
341.4 28.3 25.1 22 18.9 15.7 12.6 9.4 6.4 3.5 1

wherethe values displayed have been rounded to one decimal place by show. To
make completely plain what the argument valueis for each result value, the
laminate function ,: can be used in

a ,: show fF a =: mn-i010 .9 .8 7 6 _|5 _& 3 2 10
31.4 28.3 25.1 22 18.9 15.7 12.6 9.5 6.4 3.5 t

wherethe test values are temporarily nameda so that they can be stacked by :
on top of the results. Care must be taken in putting together expressionslike the
one keyed in above. For example, the copula =: gives the nametoitsleft to its
predicate, which is everythingtoits right, just as in English sentences the
predicate of a verb is everythingto its right. Providing there is a space between
the f and the a, then there are two names, and the copulaonly uses the name next
to it. If there’s no space, the nameis fa and there is no function f anymore.
Similarly, the predicate of the laminate function is everything to its right, which is
the result of applying f to the valuesof a.
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The same technique can be used to stack the values of nn on the result of f_nn by
nn ,: show f nn

0 i 2 3 4 5 6 7 8 9 10
1 _O.4 1.1 10.7 42 192.7 384.6 1074.6 2955.8 8074.8 21995

which showsquite different behaviour from that for negative argumentvalues.
On someversions of J you mightnotgetthe table of the example looking as neat
as it does here. This will be becausethe host system is putting your numbers out
using an unsuitable type font, one that does not spacetheletters equally, thus
causing the misalignmentin tables. You should change the font, presumably to
the one that works bestfor me on the screen,thatis, ISIJ, though APL385 Unicode
is the font usedin this printedarticle for examples.
The mostinteresting feature here is that the function has two zeroes, one between
arguments of 0 and 1, and one between 1 and 2. These zeroes can now be
explored oneat a time, though the exploration of the secondzerois hereleft as an
exercise for the reader.

The First Zero
Thesimplestzero to exploreis the one between 0 and 1, and by

how f
0.3
O.4

a,t Z10
-5 0.6
4 0.4

QO.
Q

n
0
1 No

r
i

2
°

3

QO. o.
QO. QO.

4
8 A

n
w

0.7 0.8 0.9 10.2 0.3 0.4 0.4
the eleven values between andincluding 0 and 1 are displayed. Becausethe
restrictions of the ASCII character set require the % symbolto be used for the divide
function, rather than the more usual + symbol, the expression nn%10 asks for nn to
be divided by ten. Thus, the expression nn%10 givesa list of values between 0 and
1 incrementingby tenths, and from the result of applying f to nn&10 it can easily
be seen that the zero lies between argument values of 0.5 and 0.6, about
halfway between.
Thelimitations of the function shaw are evidenthere, butit can easily be redefined
as

show =: ".8(0.28":)
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which then returns a second decimalplace to sight in
a ,:? show f a=:nnZio

0 0.14 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 11 0.79 0.59 0.41 0.24 0.08 0.06 _0.19 0.29 _0.37 _0.42
so that the zero can be predicted to be slightly closer to 0.6 than to 0.5. Not only
are fractional valueslike 0.5 and 0.6 alwaysdisplayed with a leading zero, but
they must also be keyed in with one. Hence the next step in finding the zero,
going down to hundredths,is

a ,: show f a=: 0.5+nn%100
0.5 0.51 0.52 0.53 0.56 0.55 0.56 0.57 0.58 0.59 0.6

0.08 0.06 0.05 0.03 0.02 0.041 _0.01 _0.02 _0.04 _0.05 _0.06

where the leading zero of the 0.5 of the expression being keyedin is required, not
optional. The newdisplay ofthe results showsthat the zero is between argument
values 0.55 and 0.56,
The result values are becomingrathertoo close to zero, and will now need to be
scaled up, so in

a ,: show 1000*f a=: 0,.55+nn%i000
0.55 0.551 0.552 0.553 0.554 0.555 0.556 0.557 0.558 0.559 0.56
5.38 3.97 2.56 1.16 0.24 _{£.64 9.04 4.45 5.83 7.23 _8.62

the results are multiplied by a thousandbeforebeing displayed, the « symbol
being used to stand for the multiplication function because the x symbolis not
provided in the ASCII characterset! In the absence of parentheses, the right
argumentofa function is the entire expression to the right of the function symbol,
so thatthe « in 1000« takesthe result of the application off as its right argument.
By now,the argumentvaluesare getting a bit too long to print out comfortably,
and the way they correspond shouldbe getting to be clear, so they won’t be
shown stacked any longer. The argumentof f now being from 0.55 to 0.56, and
the zero being located between 0.553 and 0.554, the next narrowing down can
be done by

show 10000*f 0.553+nn%10000
11.6 10.2 8.79 7.39 5,99 4,58 3.18 1.78 0.38 _1.02 _2.42

which nowplacesthe zero between arguments 0.5538 and 0.5539. The J
interpreter makesit easy enough to bring downthe previous line and simply
insert the three extra digits neededat each stage of the calculation. But by now the
strings of zero digits are becominga bit hard to keep visual track of, so, using e-
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notation for the large scaling integer and the small intervalsize, the next step
becomes

show teSxf 0.5538+nn%1e53.79 2.39 0.99 _0.42 _1.82 _3.22 4.62 6.02 7.42 8.83 10.23
This process of narrowing down has now become somewhatrepetitive. Of course,
the whole process could be made automatic, but by doing it step by step the
succession of numbersgivesa better feel for how the function f is behaving.
Nevertheless, the repeated part of the expression used just above could relatively
easily be encapsulated (by an experiencedJ user) as in

g =: Jxf@(+nn&2Z)
so that the investigation can now proceed asfollows.

show 0.55382 g 1e6
9.86 8.46 7.06 5.66 4.26 2.85 1.45 0.05 1.35 _2.75 4.15

show 0.553827 g i1e7
0.51 0.89 _2.29 3.69 5.09 6.49 _7.9 9.3 _10.7 _12.1 _13.5

show 0.5538270 g 1685.44 3.73 2.33 0.93 0.47 _1.87 _3.27 _4.68 6.08 7.48 _8.88
show 0.55382703 g 1e9

9.31 7.91 6.51 5.11 39.71 2.31 0.9 _0.5 1.9 _3.3 _4.7
For some time nowtheresults have been showing a strange uniformity.It might
be suspectedeither that the arithmetic is beginningto give out, or that the
variation between successive values has become uniform. This can be checked by
taking the result values in pairs and subtracting them.This is done (without
explanation here) by

show 2-/\0.55382703 g ie9
1.8 1.6 1.4 £.6 1.4 1.4 2.4 £18 1.4 1.4

which immediately showsthe postulated uniformity. Indeed, keying in the
expression without the show gives ten values 1.40169 so it is very uniform. This
could allow a fairly accurate interpolation by handofjust wherethezerois, but,
for the purposes of exploration, the estimation process is continued here as before,
except that now

show =: ".8(0.48":)
because only one decimal place is now needed to be shown.  
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show 0.553827036 g 1e109 7.6 6.2 4.8 3.4 2 0.6 _0.8 _2.2 _3.6 _5
show 0.5538270366 g teii6.2 4.8 3.4 2 0.6 0.8 _2.2 _3.6 _5 _6.4 _7.8
show 0.55382703664 g 1e12

6.3 4.9 3.5 2.1 0.7 _0.7 _2.1 _3.5 _4.9 _6.3 _7.7
show 0.553827036644 g 1¢13

7.2 5.8 4.4 31.6 0.2 1.2 _2.6 4 5.4 6.8
show 0.6538270366445 g feth

1.9 0.5 _0.9 2.3 _3.7 5.4 _6.5 _7.9 9.3 10.7 _12.14show 0.55382709664451 g 1e154.9 3.3 20.7 _0.7 _2 3.3 _4.7 _6.2 _7.5 _8.9show 0,553827036644513 g 1e166.7 4.4 6.7 2.2 000 _2.2 6.7 2.2 _6.7
The values have becomeerratic, so much so that doubt muchattach to any
attemptto add further digits to the value foundfor thefirst zero. However,
checking with

f 0,55382703664451 0.553827036644513 0.55382703664451354. 88498e_15 6.66134e_16 0
suggests thatatleastthefirst fifteen decimal places shouldbereliable, provided
the calculation built into the interpreter is reliable to such precision.It is important
to realise that the barrier that has been encounteredhereis one of precision, not
range,since

4xhe32 be32
1.6633 1.6e_31

showsthat a much greater range can be satisfactorily used.

Finding the lowest Value
While the value of the second zero can beas easily found as thefirst, between the
twozeroesall the values of f are negative, it might be presumed. This can be
explored by

show 0.5 g &
0.4 0.9 1.8 2.3 _2.1 _1.2 0.7 3.6 7.8 13.7 21.6

wheretheinterval between argumentsis 0. 2 and starting from 0.5. This suggests
aminimum value for f of about _2.3%5 when the argumentis about 1.1,
probably justa bit larger than 1.1.
Before going further, it is convenientto redefine f as its negation, thus

f =: -&(-0.)
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so that the values being looked atwill be free of the negative sign, though now
what waslowest value will have becomethe highest. Consequently,

show 1.1 g 100
45.2 45.3 45.4 65.4 45.5 45.5 45.4 45.4 45.39 45.4 45

suggests that, while the now-highest value of f is 0.455, the argument
corresponding to this value is round about 1.14. But this is now estimation, and
one decimal place for showis too few.
Thenext steps in calculation are therefore

show =: ".&(0.28":)
show 1.14 g 1000

454.65 454.66 454,67 454.68 454.68 454.68 454.68 454.67 ..
which verifies the highest value to be about 0.45468 but it is mainly a guess that
the argumentfor that value is about 1.144. Even when weissue

show=:".&(0.38":)
to get three decimalplaces, which then allows

show _45468+10%1.144 g 10000
0.151 0.172 0.191 0.206 0.218 0.226 0.232 0.23% 0.234 0.23
0.223

where the _45468+10* reduces the size of numbers displayed and gets an extra
decimal place at the sametime. The procedurecan be continued, thus

show _4546823+100*1.1447 g 100000
0.467 O.455 0.46 O.461 0.46 0.455 0.447 0.436 0.422 0.405 0.384

which adds an extra digit (a bit uncertainly — is it 2, or 3?) to the value ofthe
argument, and twoextra digits to the value of the function. The procedure goes
on, here splitting the difference between the 2 andthe3.

show _454682346+1000%1.144725 g 1000000
0.102 0.116 0.126 0.134 0.138 0.139 0.1397 0.132 0.124 0.113
0.098

which confirms 2, andits successor 9, and again adds a coupleofdigits, 13,
maybe even 138, to the valueof the function. Now

show _454682346138+100000%1.144729 g te7
0.132 0.395 0.626 0.825 0.996 1.131 1.236 1.311 1.353 1.364
1.344
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showsthatthelast digit of the previous function value should have been 9 rather
than 8, butstill gives another two function-value digits for the single argument
digit. In the next step

show _45468234613995+1e6%1.1447298 g 1e8
0.273 0.547 0.766 0.984 1.147 1.297 1.344 1.991 1.43 1.477
1.477

leads immediately to
show _4546823461393647+1e741.14472989 g 1e9105 4511 441 4

where everything now blowsupat a point where the function value is known to
about 16 digits, but the argumentvalue to only 9.
This mismatch between the accuracy of the result andthatofits argumentis a
goodillustration of the inherent unreliability of simple computerarithmetic. More
extreme examples of mismatch could easily be concocted.
Conclusion
The procedures described in this article show the way,orthe style, in which
calculations can be carried out interactively using a toollikeJ. If the calculation
tool is mastered, mostcalculations can be carried out in the samestyle. The barrier
is attaining that mastery. Indeed the repeated searching for an answerby a kind of
trial and error is not characteristic of functional calculation, since mastery will
enable functions to be defined which can do the searching automatically. Such
virtuosity would not be appropriately demonstrated in an apéritif.
The interactive style of calculation depends on twofactorsillustrated in this
article. The first is simply the ability to key in an expression and haveit evaluated
‘on the fly’. The secondis the ability to give a name to an expression then usethat
namefrom then on as thoughit werethat expression.
Thisarticle is only an apéritif to the main meal ofgetting to grips with a ramified
functional calculation tool.
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Tutorial: User-Defined Classes in
APLX Version 4

by Simon Marsden, MicroAPL Ltd (microap!@microapl.co.uk)

Introduction
APLX Version 4 adds object-oriented programmingfacilities to APLX’s core
APL2-compatible language. These facilities are broadly similar to those
implementedin other object-oriented programming languages (such as C++, C#,
Java, or Ruby), but with the difference that APL’s array-programming approach
applies to classes and objects in the same wayasit applies to ordinary data. In
addition, the APLX implementationis fully dynamic,thatis to say classes and
objects can be changedat run-time or when debugging.
Classes can be written in APL, or they can be written in other languages(such as
C#), or they can be built-in to the APLX interpreter as System Classes (analogous
to the familiar System Functions). In this tutorial, we'll focus on classes written in
APL.(If you wantto try out the tutorial yourself, you can download a
demonstration version of APLX Version4 from http://www.microapl.co.uk/apl)

Jargon
The fundamental building block for object-oriented programmingis the class. For
example, in a commercial invoicing application, a given class might represent the
attributes and behaviour of an invoice, and anotherclass might represent a credit
note. In an application concerned with geometry,a class might representa sphere,
or a rectangle, or a polygon.A class contains definitions both for program logic
(functions and operators, knowncollectively as the methods of the class), and for
data (named variables associated with theclass, known as properties). The term
members is used to describe both the properties and methodsofa class.
In most cases, when you cometo usea class, you need to create an instance of that
class, also knownas an object. Whereas the class represents an abstraction of (say)
an Invoice, or a Sphere, or a Rectangle, an object represents a particular invoice,
sphere orrectangle. Typically, you may have many instances of a given class, each
containing independentcopies of data (properties), but all supporting the same
program logic (methods).
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Getting Started
To makethis clearer, let’s use an exampleof a class representing circle. To keep
things simpleinitially, we will give the Circle class a single property
representingthe radiusofthecircle.
There are a numberof waysto create the Circle class, but for now we'll just start
with a CLEAR WS and enter the following APL line, which creates a class and
inserts a property called ‘radius’intoit:

‘Circle’ OIC 'radius‘
This has created a newclass, which wecan see by using the )CLASSES system
command, which is analogous to ) FNS and ) VARS:

)CLASSES
Circle

Tocreate an instance of the Circle class, you typically use the ONEW system
function:

FirstCircle+QN€W Circle
This has created a new instance (object) and assigned referenceto it in the
variable FirstCircle:

)VARS
FirstCircle

If you try to inspect the new object, APL will displayit in the following format by
default. Note that (unless you changethe default display) the object is displayed
by showingits class namein squarebrackets.

FirstCircle
[Circle]

Nowlet’s assign a value to the new Circle object’s radius:
FirstCircle.radius+10
FirstCircle.radius

10
Note the dot-notation used to specify the object and property being assigned.
Exceptthatit’s a memberofthe object FirstCircle, the radius property behaves
like any other APL variable:
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iFirstCircle.radius
123456789 10

FirstCircle.radius=20
Qo

Wecan also create a vector containingfive differentcircles:
CircleList+{INEW “5pCircle
Circlelist

[Circle] [Circle] (Circte] [Circle] [Circle]
It is possible to set the radii ofall of the circles in the same statement:

CircleList.radius+i0 50 20 30 20CircleList.radius
10 50 20 30 20

CircleList.radius=20
ooio01

Notice that APLX lists the radius valuesforall five circles in a single vector, which
can be usedin expressions.
Wecould alsospecify all the radii using a single scalar, in which case thescalar is
assigned to the radius property in each object using scalar extension:

CircleList.radius+20
CircleList.radius

20 20 20 20 20

You cannotaccess a property if it does not exist in the class definition. For
example:

FirstCircle.Colour«'Red'
VALUE ERROR

FirstCircle.Colour+'Red'A
To add a new property it is necessary to modify the class definition, which wewill
cover in more detaillater.
Nowlet’s add a methodcalled Area to our Circle class. Again, there are many
waysofediting classes in APLX, but for now youcan usethefollowing:

JEDIT Circle.Area
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Use the editor windowto create the following method:
vR+Area

(1) R+(014)xradius*2
v

(You do notenter the v characters or line number when using the editor window.)
Wecan nowcall our new method using the following notation. (Notice that the
new method can be applied to existing objects — try doing thatin Java!)

FirstCircle.Area
314.1592654

Within the method, the object’s radius can bereferred to directly as just radius,
without using dot notation. APL knows that the Area method hasbeencalled for
the object FirstCircle, and henceuses the radius value contained in the object.
Again, if you have an array of objects you can apply the same methodto each one.

CircleList.radius+i0 50 20 30 20
CircleList.Area

314.1592654 7853.981634 1256.637061 2827.433388 1256.637061
Internally, APLwill call the Area method oneach of the objects in turn, in the
order in which they occur in the objectlist.
It is also possible to have vectors containing references to objects of different
classes. Suppose that we have a newclass called Square, in addition to our
Circle class, and that Square also hasa class methodcalled Area:

FirstSquare-{JNEW ‘Square‘
ShapeList + FirstCircle,FirstSquare
ShapeList

(circle] [Square]
ShapeList.Area

314.1592654 100
Notethat there is not necessarily any relationship between the Area methodsin
the Circle and Square classes.
What would happenif we create a new Circle object and immediatelytry to
display its radius property?
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AnotherCircle+QNEW Circle
AnotherCircle.radius

VALUE ERROR
AnotherCircle.radiusA

Becausethe radius property of the new object has not been assigned, weget a
VALUE ERROR; the new objectis incomplete. Is there some way we can ensure that
only completely-built objects are created by IINEW?
One wayin which this can be doneis to add a new class methodcalled a
Constructor. This is an APL method whichhas the same nameastheclass. The
APLinterpreter will call the constructor method automatically when a new object
is created.
The Constructorfor the Circle class might look somethinglike this:

vCircle R
(1] radius+R

v

Note: We haven’t worried too muchyet about how to edit APL classes. APLX has
a powerfulclass editor, which is what you would usein practice. For now,if you
wantto experiment with adding this constructorto your class, try:

JEDIT Circle.Circle
The constructor method we addedtakes a right argument, whichis the initial
value of the new circle object's radius. To create the circle, the value is passed as
an argument to [JNEW:

AnotherCircle+{JNEW Circle 100
AnotherCircle.radius

100
In some object-oriented languages, constructors are the only way of assigning
initial values to properties. In APLX,it is also possible to specify the default value
of any properties in the class definition. Instead of using a constructor, we could
have changed our Circle class to specify that the radius property ofall new Circle
objects should havean initial value of 10. This is discussed further in the section
Types ofProperty below.
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System Methods
As well as user-defined methodslike Area above, each object/class can make use
of a number ofsystem methods. There are around a dozenof these, but for now we
will just note two. The system method OCLASSNAMEreturns the nameof an object's
class as a character vector:

FirstCircle.QCLASSNAME
Circle

The system method ONL can be used to discover the names of the methods and
properties in a class (or an instance of thatclass):

Circle.QNt 3
Area

FirstCircle.ONl 2
radius

Inheritance
Suppose that we wanted to re-write our example to handle two types of shape,
circles and squares.
Onewayto do this would beto use a general class called Shape. We could add a
property which specified the type of shape (0 for Circle, 1 for Square), and we
could add an Area method, somethinglike this:

VReArea
[1] :If type=0
[2] a Circle
[3] R+(of)xradius*2
C4] :Else
[5] A Square
[6] Residelengths2
[7] :Endrf

v

However,in object-oriented APL there is a much moreelegant way to do this, by
using Inheritance.
Whenyoudefine a class, you can specify thatit inherits from anotherclass. The
newclassis said to be the child, and theclassit inherits from is the parent or base
class. Inheritance means that(unless you explicitly change their definition),all of
the properties and methods definedin the parentclass are also available in the
child class. This works for further levels of inheritance as well, so that methods
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and properties can be inherited from the immediate parent, or from the parent's
parent, and so on, The termsderived classes or descendants are sometimes used to
denote the children ofa class, and the children’s children, and so on. Similarly, the
term ancestors of a class is used to denote the parent, parent’s parent, and so on.
So you might have a class Shape, representing an abstract geometric shape. This
might have propertiescalled X and Y giving the centre pointof the shape, and
methods called Move and Area.
A Circle class mightinherit from Shape, introducing further properties such as
radius. Equally, a class Polygon might also inherit from Shape, and further
classes Triangle and Square inherit from Polygon. All of the classes Circle,
Polygon, Triangle and Squareare derived from Shape. Becauseof the way
inheritance works, they would all includethe properties X and Y, and the methods
Move and Area.
Whena class inherits from another, you can specify that the definition of a given
methodof the parent(or theinitial value of a property) is different in the child
class. In our example, you would need to supply a different definition of the Area
method for a Circle and a Square.This is known asoverriding the method.
Definition of the Area methodin the Circle class:

VReArea
[4] Re(ot)xradius*2

v

Definition of the Area methodin the Squareclass:
yReArea

[1] Residelength2
v

Forclasses defined in APLX,all methods can be overridden, and all methods are
virtual, that is to say if method in a baseclass calls another method B, and the
second method 8 is overriddenin a child class, then running method in the child
class will cause the overridden version of 8 to be called, not the version of 8
defined in the parent. For example,if you are running a methoddefined in the
base class Shape, and that methodcalls Area, the version of Area which gets
called will be Circle.Area or Square. Area as appropriate.
APLX uses an inheritance model knownassingle inheritance. This meansthat a
child class can be derived from only one parent (which mayitself derive from
anotherclass, and so on).
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Object References and Class References
Whenyoucreate an object, i.e. an instance ofa class (using the system function
ONEW), the explicit result that is returnedis not the objectitself, but a reference to
the object. This referenceis held internally as just an index into a table of objects
which APLX maintains in the workspace. If you assign the reference to another
variable, the objectitself is not copied; instead, you have two referencesto the
sameobject. This is discussed in moredetail below.
Of course, because APLis an array language, you can have arraysof object
references, and you can embedobject references in nested arrays along with other
data. For example, you mighthavean array containing references to hundreds of
Rectangle objects.
You can also have a reference to a class. This makesit possible for general
functions to act on classes without knowing in advance which class applies.

The Null Object
As its name implies, the Null object is a special case of an object, which has no
properties and no methodsof its own(although System methods mayapplytoit).
A reference to the Null object displays in the special form:

[NULL OBJECT]
A reference to the Null object can arise for a numberofdifferent reasons:
If you have an array of object references, the prototype of the array is a reference
to the Null object. For example:

VEC+{INEW “Rectangle Sphere Triangle
VEC

[Rectangle] [Sphere] [Triangle]
1t34+VEC[NULL OBJECT]

An externalcall or System method may return a Null object, for exampleif you
are looping through a linkedlist of objects and reach the last one. And APLX may
be forced to set an object reference to Null, becauseit is no longervalid. For
example, this will happenif you ) SAVE a workspace which contains a reference to
an external object (e.g. a Java or NET object). On re-loading the workspaceat a
later date, the object reference is no longervalid since the external object no longer
exists.

74

 



 
VECTOR me Vol.23 No.3
 

Types of Property
Whenyou define a class, you specify the names of the properties of that class,
which can be used to hold data associated with the class. You can optionally
specify a default value for the property,thatis the value which the property will
have in a newly-created instance of theclass. You can also specify that the
property is read-only, which means it is not possible to assign a new valuetoit.
Mostproperties are instance properties, which meansthat each instance of the class
has a separate copy of the property (for example, the X- and Y-position of a
Shape). Occasionally, however,it is useful to define a class-wide property (known in
some other languagesasa static or shared property). This is a property where there
is a single copy of the data, shared betweenall instances. This is useful for cases
such as keeping a unique incrementing serial number(the next invoice number,
for example), or to define a constant(such as a text string to appear onall
invoices) for all membersofthe class.
Implementation note: APLX uses a ‘create-on-write’ approach when you assign to
an instance property. This means that, if you have never changed the value of a
property for a particular instancesince the instance wasfirst created, the value
which is returned when youread the property is the default value stored in the
class definition. Thus, if you changetheclass definition so that the property has a
different default value, the change will immediately bereflected in all instances of
the class, unless the property has been modified for that instance.

NameScope, and Public versus Private Members
The membersofa class(i.e. its properties and methods) can beeither public or
private. Public members can be accessed from outside the class, whereas private
memberscan only be accessed from within methods defined in the class (or from
desk calculator mode,if a method hasbeen interrupted becauseofan error or
interrupt and the method is on the )SI stack). Private memberscan also be
accessed by methodsdefined in a child (derived)class. If you are familiar with
other object-oriented Janguages such as C++ or Visual Basic, this meansthat
private methods in APLXcorrespondto ‘protected’ methodsin those languages.
Methods andproperties are, by default, public, just as in conventional APL
variables referenced in a function are global. (You can make them private by using
the class editor, or localising them in the class header using the del editor.)
If you wantto access a public memberof an object from outsidetheclass(i.e. not
within a methodofthe class), then you use dot notation to referto it. This takes the
form Ob jectReference.MemberName. For example, suppose you have a variable
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myrect which is a reference to an object of class Rectangle. You could call the
Move method andaccess the X and Y properties for that object as follows:

myrect .X*45
myrect.¥+*78
myrect.Move 17 6
myrect.X

62
myrect.Y

84
Within the methodsoftheclassitself, you don’t normally need to use dot
notation. This is because the search order for symbols encountered when
executing a methodis as follows:

1. First, APLX looks to see if the symbolrefers to a memberdefined in the class of
the object.

2. If not, it looks to see if the memberis defined in the parentclass(if any),
iterating througheach of the ancestors in turn.  3. Ifit is not foundin anyof the ancestors,it then looks in the local variables of
the method. !

4, Finally, it looks in the global symboltable.
Thus, a simple implementation of the Move method above(defined in the Shape
class from which Rectang!e derives) might be somethinglike this:

v Move B
{1] a Move shape by amount 8 specified as change to X, Y
[2] (X Y)+(X,¥) 4B

v

Canonical Representation of a Class
The canonical(text) representation of a class is returned by[IcR,in exactly the
same wayas applies to ordinary APL functions and operators. Thefirstline is the
class header. This comprises the nameoftheclass, followed(if the class inherits
from another class) by a colon and the nameof the parentclass. Any private
membersofthe class (i.e. names which are local to the class) are then listed,
separated by semi-colons. The headerline ends with left curly brace { character.
The properties of the class are thenlisted, one per line. The name of the property
is listed first. If it has a default value, an assignmentarrow follows, and then the
transfer form of the expression which initializes the property.If the property is
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read-only, two assignmentarrowsareused,If the property is class-wide(i.e. there
is only a single copy shared betweenall instances in the workspace), then the
whole line is enclosed in curly braces.
Any methods then follow, delimited by del characters, and a closing right curly
brace endsthedefinition.
For example:

Ucrk ‘Circle’
Circle : Shape {
radius
{type++'circle'}
VReArea
R+(ot)xradius*2
v}

As you would expect, [FX can be usedto turn the text form into a class definition
in the workspace.In practice, though, you'll normally tend to use the APLX Class
Editor, which showsthe class as a whole:

 

   
  
 

     
| File™ Edit * Attributes »Tools" ‘Window * Help “=

El}Methods Class Circle : Shape
i Area
© Properties jMethods in Circle:p radius Area =Function Public

& type Methods inherited from Shape: |
Move Function Public a Move shape by amount Bj{4

Properties in Circle: 4
radius R/W Instance Public
type R/O Class Public

Properties inherited from Shape:
x R/W Instance PublicY R/W Instance Public

Class last moditted 14/05/2008 17:46:48 J| i
KB: NonAPL Class ff >| __ Aly
  

APLX Class Editor
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... or allowsyouto edit a specific methodor property:
 Edit CLEAR WS: Class Circle

File Edit Attributes Tools Window” Help |
& Methods {0} |ReArea

[1] jR+(0l)xradius+2

 

 

 
 

 

L. radius\. type

   
   KB:NowAPL [Fn: ReAvea    

Method Editor
You can also use the del editor, or you can edit individual methodsor properties
directly.

Constructors
As wesawearlier, a constructor is a special type of method, which is run
automatically when an instanceofa class is created using ONEW.It can be used to
initialize the object, optionally using parameters passed to [NEW. For example, you
might use this mechanism tospecify the initial position of a Rectangle object.
For a user-defined class, a constructor is defined as a method which takes a right
argument, and which has the same nameastheclassitself, Any arguments to the
constructor can be provided as extra elements on the right argumentof [NEW.
Whenthe constructoris run, these extra elements are passed asthe right
argumentto the constructor.If there are no extra elements, an empty vectoris
passed asthe right argumentto the constructor.
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For example, suppose the class Invoice lookslike this:
Invoice {
TimeStamp
Account
InvNumber
{Serial+0}

Vinvoice B
@ Constructor for class Invoice. B is the account number
Account+B
TimeStamp+{]TS
Serial+Serial+1
InvNumber+Serial

v}
This is a class which has a constructor and four properties. Oneof the properties
(Serial) is a class-wide property, which meansit has only a single value shared
betweenall instancesof the class.
When a new instanceof this class is created, the constructor will be run.It will
store the account number(passed as an argument to [JNEW) in the property
Account,andstorethe currenttime stampin the property TimeStamp.It will then
incrementthe class-wide property Serial (commontoall instances of this class),
andstore the result in the property InvNumber.To see the properties, we can use
the system method 00S which summarizes the property values:

S+QINEW Invoice 23533
s.00s

Account=23533, TimeStamp=2007 10 11 15 47 34 848, InvNumber=1

T+INEW Invoice 67544
T.ODS

Account=67544, TimeStamp=2007 10 11 15 48 11 773, InvNumber=2

Wherea classinherits from anotherclass, the constructor which gets run
automatically is that of the classitself(if it has a constructor),or ofthefirst
ancestor class which hasa constructor. Normally, in a constructor, you will want
to do someinitialization specific to the class itself, and also call the constructor of
the parentclass (using DPARENT)to do anyinitialization which it and its ancestors
require. You can dothis at any pointin the constructor; thereis no restriction on
where you makethis call to the parent’s constructor; indeed, you don’t haveto
call it at all if it is not appropriate.
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In APLX, a constructoris also a perfectly ordinary method;it can be called in the
normalwaybyoneofthe other methodsin the class, or from outside(if it
declared as Public), This can be usefulfor re-initializing an object.
Someobject-oriented languages also include a special methodcalled a destructor,
which is called just before the object is deleted. APLX user-defined classes do not
have destructors. This meansthat, if you need to release system resources(for
example, closea file or a database connection), you needto call a method to do
that explicitly before erasing the last referenceto the internal object. However,
APLX will automatically take care of deleting all the properties of the object, and
releasing the memory back to the workspace.

Creating Objects (instances of classes)
As we haveseen, the system function DNEW is the principal means by which you
create an object, i.e. an instance of a class. Theclass can be either written in APL
(an internal or user-defined class), or a built-in System class, or a class written in an
external environment such as .Net, Java or Ruby(an externalclass). NEW creates a
newinstanceofthe class, runs any constructor defined for the class, and returns a
reference to the new objectasits explicit result.
Theclass is specified as the right argument(orfirst elementof the right
argument).It can be specified either as a class reference, or as a class name(ie. a
character vector). Any parametersto be passed to the constructor of the class (the
method which is run automatically whena class is created) follow the class name
or reference.
If you specify the class by name, you also needto identify in the left argument the
environment wheretheclass exists, unlessit is internal.

Creating instances of internal (user-defined)classes
Normally, you create an instanceof a user-defined class by passing the class
referencedirectly as the right argument(orfirst elementof the right argument).
For example,if you havea class called Invoice, you can create an instanceofit by
entering:

I+QJNEW Invoice
Whatis really happening hereis that the symbol Invoicerefersto the class
definition, and whenit is used in this way, it returnsa referenceto the class.
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Note that you can also passthe class name ratherthan a class reference. The
followingare alternative waysof creating an instanceof a user-defined class:

I+{INEW ‘Invoice’
I+'apl' ONEW ‘Invoice’

Whydo weneedthis alternative syntax? The reasonis that you can specify an
external class name(i.e. a class written in a different language, and existing
outside the workspace). For this case, the left argument specifies the external
environment, and the right argumentthe class name. For example:

JAVADATE*' java' ONEW ‘java.util.Date’
We won't discuss external classes any further here - that is a whole subject in
itselfl

Object References and Object Lifetimes
Whenyou use [NEW to create a new object, that object persists until there are no
more referencesto it in the workspace.It is then deleted immediately,if it is an
internal or system object. If it is an external object, such as an instance of a Net
class, the fact that there are no morereferencesto it in the APL workspace means
thatit is available for deletion by the external environment(unlessthe external
environmentitself has further references to the same object). However,in typical
external environments such as .Net, Java and Ruby,the actual deletion of the
object may not occur until later.
Consider this sequence, where we create an instance of an APLX classcalled
Philosopher which has a property Name:

A+QNEW Philosopher
A.Name+'Aristotle’

Atthis point, we have created a new instanceofthe class, and we havea single
referenceto it, in the variable A. We now copythe reference (not the objectitself) to
a variable B:

Bea
8.Name

Aristotle
We now have tworeferences to the same object. So if we change a property of the
object, the changeis visible througheither reference — they refer to the same thing:
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B.Name~'Socrates’
A.Name

Socrates
Now weerase oneofthe references:

JERASE A
Westill have a second referenceto the object. The object will persist until we
delete the last referencetoit:

B.Name
Socrates

JERASE B
Atthis point, there are no morereferences to the objectleft in the workspace, and
the objectitself is deleted.
It follows from this that, if you use [NEW to create an object, and do not assign the
result to a variable, it will immediately be deleted again.

Using Classes without Instances
So far in this tutorial, we have concentrated on using objects as instances of
classes. However, classes can also be very useful in their own right, without the
need to makeinstances of them. There are two major reasons why you might want
to define a class which can be used directly: defining constants, and keeping a
namespacetidy.

Defining a set of constants
Tf you definea class with a set of read-only properties, those properties can be
usedas a set of constant valuesor ‘enumerations’. For example, you might have a
class called Messages, which holdsall the messages which your application
displays to the user:

Messages {
OutOfMemory++'There is mot enough memory to continue’
AskModelName++‘Enter the name of the model'OpComplete++ ‘Operation Complete’
AskReset++'Do you want to reset the model?
ete}
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You can then use this class in your application (without having to make an
instanceofit) to encapsulate all the messages andrefer to them by name:

vR+CheckWS
(1) r1f R+(WA<MIN_FREE_WS
[2] ShowError Messages.OutOfMemory
[3] sEndIf

v

This keepsall the messages together in one place, allowsyouto refer to them by a
name which is easy to rememberandis self-documenting, but does not pollute the
global symbol!space with hundreds of APL variables.

Keeping namespacestidy
In traditional APL systems,it often used to be the case that the numberof global
functions wasvery large. By placingrelated functions in a class, the workspace
can be kepttidy, without havingto resort to local or dynamic functions.
For example,in a statistical application, you might have a class Average which
contained methodsforcalculating many different types of average (mean,
median, mode,etc.). As long as these methods donot write to any property of the
class, there is no need to make an instanceof the class to run them; you can just
run them using dot notation as Average .Mean, Average .Median etc.
Note that, in APLX classes, there is no pre-determined difference between a
method which can only be run inside an instance (sometimes known asaninstance
method), and a method whichcan be run as a class member without an instance
being created (sometimes knownas a static method). The only differenceis that, at
run time, if a method writes to a property, an error will be generated if there is no
instance to write to.

Finding out More
Thereis a lot more to APLX classes beyondthis simple introduction. To find out
more, take a look at the MicroAPL website and particularly the document “New
Features in Version 4.0”, which includes a longer version ofthis tutorial.
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J-ottings 49:
Are you thinking what I’m thinking?

by Norman Thomson

“APLas a Tool of Thought”was thetitle of a long-runningseries of seminars held
in New York, which, by a tiny change could be madeintothe claim “APLis a tool
of thought”. Generalise this into the statement “Some languageis necessary as a
tool of thought” and the resulting statementis whatis knownto linguists as the
Sapir-Whorf Hypothesis (SWH),In short, you cannotthink unless you have a
language.
Whetherthis is true or not is open to question.Is it possible for an individual to
think thoughts which are totally beyond his or her powersofarticulation? Could
there have been a cavemanpossessing all the scientific and cosmologicalvision of
an Einstein or a Feynman, but who,having no language, was never able to
communicatethe fact? Proponents of SWH say no.
“APLis a tool of thought” can be paraphrased “APLis a labour-saving device for
thinkers” in the same waythat a Dysonis a labour-saving device for cleaners.
Giventhat serious thinkingis a hard, brain-taxing activity, “APL is a labour-
saving device for thinkers” is probably not in dispute, and indeed the same could
be said of any computer language. So whataboutthe proposition “J is a better
labour-saving device for thinkers”, or more controversially still “APL (andJ)
enable people to think thoughts which were previously unattainable to them”.
Computerlanguagesin generaldiffer from natural languagesin the privacy of
dialogue. Spoken human language competenceis tested by a continual stream of
reactions from receivers;if the latter respond in a puzzled or incomprehensible
fashion, the speaker can often repeatedly retry, thereby learning by failure and
feedback, oneof the richest means of increasing language competence. By
contrast, the responseto failure with computer languagesis normally an error
message, impassive, and emotionally neutral.
Oneof the waysin which J is sharply differentiated from other computer
languages, even APL,is in the relative infrequency of show-stoppingerror
messages. Whereas erroneousinputin other languagesis likely to cause
suspensionof execution, as often as not J continues, but delivers an output which
is often quite different from that expected. Put in another way, whereas a faulty
expression in other languages leads to non-understanding,in it is just as likely to
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lead to misunderstanding. A possible response to an unexpected J output might
be to shift a parenthesis a place or two, or to switch the odd conjunction, perhaps
with the dialogue and re-submissions becoming morerapid as wishful optimism
begins to overtake well-considered thought.
Any faulty input which did not deliver an error message is nevertheless the
expression of a valid thought,failure to explore whichis to forego a valuable
opportunity for learning. Thusas well as working towards a correct expression,
there is at least as much learning value in ascertaining what thoughtor intention
would haveresulted in the faulty input, which is after all the thought which
would have been communicated to a more linguistically competentJ receiver.
To be specific, consider a J dialogue in which I attemptedtofind all the
combinationsof x integers from i .y. My strategy,at first vaguely conceived in
natural language, wasfirst to obtain bit string patternsofall the natural numbers
from 0 to 2y-1, and then select those which contain exactly x bits, with the final
step being to convertthese bit strings into indices.
Thefirst step is provided by a single J symbol. For the sake of definiteness,think
in terms of combinations of 2 items outof 3.

Jt=.#:1.8 NB. 8 is 243

B
R
E
E
OO

CO
O

BR
OO

Rr
RO

O
RO
RO
rF
Or
RO

or more generally
b=.#:@7.@(28%) NB. 0,.._1+2%y as binary numbers
t=.b 3 NB. same t as before

Thereis no problem in calculating the numberofbits in each of the 2y lists
Ces" aye NB. sum all the lists in t

Mynext thought wasto select thoselists whose bit-sum equals2:

((28=)@+/"1)t NB. mark lists whose sum is 2
ooo0o0000!
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Something wrong! — what I should have thought was
(28=@(+/"1))t NB. right this time?

aoo0qg10110
Followinga well-established route for selection using #~, the above thinking leads
to

(#-28=0(+/"1))t NB. (#-f)y means fly) # y

RR
O

Bo
P,

on
n

From there the route to the summitis clear, but before proceeding, what about the
wrong thought? Following the advice given earlier, I should, as a conscientious J
learner, ask whatit was which I conveyed to the hypothetical perfectJ
speaker/reader when I said ((2&=)@+/"1)t? In thefirst place such a reader
would have mentally inserted a right parenthesis followingthefirst verb to the
left of @ so that what wasinserted in the J sense was the verb v=. (2&=)@+. What
does this convey? Any verb to theleft of @ must be monadic,in this case compare-
with-2. The fact that the insert adverb (/) follows v meansthat the + in v must be
dyadic, and so v is compare-with-2 addition. Next since the inserted verb is defined
as operating onlists ("1), the insertions are between individual items. Given that
eachlist is a bit-list, the only possible results of adding neighboursare 0, 1 and 2.
Thelast occurs only when both inputs are 1, or equivalently compare with 2 is
true, and so in the presentcontext v is equivalent to * with bits, that is *. (logical
and). Here is confirmation:

v/"4 t
oooaoooaot

As an aside (andasides can be very valuable in languagelearning) suppose now
that a second thought wasto change v=.28=@+ to w=.28(=@+). Only monadic
verbs may appear to the left of @, and so = must now beself-classify, which
returns the value 1 forall scalars. The next question is what does 28 mean? The
definition of bond with a noun is

x m&v y * m&v*:x y
sox 2&(=@+)y means 2&(=@+)*:x(y) in the presentcase. In words, theleft
argumentis a repeatfactor, so in the case ofbits the verb =@+ is repeated either 0
or i times.If it is 0 the result is simply the right argument,if it is 1, the result is 4
by virtue ofself-classify. The 2 in the bondis irrelevant, and could have been any
number, real or complex.
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Putall this together and dyadicw is equivalentto or:
Owt

1
Oris it? There is a snag, namely that the rank of the resultofself-classify is a table
comparing an object with its nub, and so has rank atleast 2, so unlike v/"1 t,
w/"4 tis nota list of simple binary scalars:

(Ow O),{O w1),(1 w 0),(1 w 1)

rR
eR
RO

gw/"4 t
Bididt

The8 aboveis easy to explain, but why four 1s wheneachitem oft is a 3-list? The
answeris that each insertion after the first adds 1 to the rank followingtheself-
classify rule. This is confirmed by

To return to the correct route, or call it perhaps the clear-thinking path, the
experienceof the exploration of wrong avenues suggests separating outthelist
summation process

s=.= +/"t NB. is x equal to the tist sums of y
3s 1.2 3 NB. sum two lists, return i if ‘23’

10

The right argument in the context of combinations is by and so theindicatorlist
which identifies the relevantbinary lists is the hook (s b)y.
Hence

d=.(s b) # b@] NB. items of y which sum to x
delivers the bit strings which corresponds to the required combinations:

243

Br
o

ro
r

On
e
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and final tally using bits selects the relevantlists of indices
cs.d # 1.0] NB. convert binary to indices
2¢43

o
o

e
e
)

Hereis the final (and correct!) stream of thought which led to this approachto the
problem :

b=.#:@1.@(28%) NB. 1.24y as binary numbers
s=.5 4/"1 N8. x is equal to list sums of y
d=.(s b) # b@] NB. items of y which sum to x
c#.d # 1.@] NB. convert binary to indices

Butto return to the beginning, the primary object of this article was notthe final
algorithm itself, but rather reflection on the journey to get there, and on the value
of following up wrong pathstaken on the way.If you haveread this article, you
will almostassent to the propositions that APL and J are labour-saving devices for
thinkers. But more subtly:

1. are there people for whom both APLandJ allow the expression of thoughts
which they were previously able to think but not express?; and

2. are there people for whom both APL andJ allowthethinking of thoughts
which they were previously unable to think?
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Using the .Net DataSet Class
with Dyalog 12

by Adrian Smith (adrian@apl385.com)

Acknowledgements
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Quirico, and was improved during the presentation by several of those present,
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Motivation
Oneof the wondersof Netis just how much stuff you getfor nothing. One of the
little gifts it gives youis a perfectly usable relational database, which they would
love to have you backend onto SQL Server, but which is quite adequate running
completely stand-alone.I rather like playing with databases, so I spent half a day
fooling with this, partly as a way to explore the Dyalog .Net interface. 1 quickly
discovered that wrapping one of Dyalog’s new classes around it could add quite a
bit of fun to the experience, butit also became obviousthat handling anything
more than a few thousand rows would be amazingly slow unlessall the data
types were directly mapped into simple APL arrays. As soon as you hit nulls or
(worse) dates APL converts each item into a namespacereference and things slow
exponentially.
So this takes on from my note on newtricks for old dogs[1], and shows how you
mightactually make use ofthis stuff in a real working system, at a very
reasonable speed. Nervous readers should note that there is some C# code
involved, butit is very low on intellectual content, and consists mostly ofall the
loops that we don’t wantto see in APL.

Getting Started with the DataSet Class
lam takingit as read that anyone whohasread this far knows roughly what a
databaseis, so ] will run quickly though how .Net handlesthe idea of tables and
relationships. Wewill build thelittle EmpDept example(with random variations)
that Oracle shipped back in the 70s.
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Thevery first thing you need is a DataSet which is a wrapper for your
DataTables and the Relationships between them:

QUSING<«'' ‘System.Data,System.Data,OLL' ‘Causeway,D:\tools\apic\dbs.dll*
pr+LINEW DataSet(e'Payroll')

Thereis verylittle a DataSet can do onits own, butif you have a quick look atits
methods, you will see something rather useful:

 

prps~{w.[Nt ~2}
meths+{{w/*~'_'e“w}w.fINL ~3}
meths pr
« GetXml .. WriteXml ..

When youare done, you can save yourentire databaseto disk in a (remarkably)
clean XML format which you can then rebuild later on. For small, self-contained
projects, this seems a very goodsolution, as well as being completely free. By
small, I mean anything up to a few hundred thousand rows.
Of course we need sometables, and the tables need some columns. The .Net SDK
helpfile is really well written, and walks you throughthe processat a goodpace,
if you wantto explore this more deeply. For now I just wantto get somethingI
can play with in APL, so here we go:

a The Emp table will need some columns, with type information
a Start by collecting the datatypes we will need
int32+System.Type.GetTypece 'System.Int32'
double+System.Type.GetTypeec'System.Double'
datetime+System. Type.GetTypece'System.DateTime’
timespan+System. Type.GetTypeoc'System.TimeSpan'

empideet.Calumns.Addec'Id'*
empdept+et.Columns.Addec'Dept’
empname+et .Columns.Addec'Name’
sal+et.Columns.Add'Salary'int32
sinkt+et.Columns.Add'Annual Bonus'double'Salary / 10'
joineet.Columns.Add'Joining Date'datetime
service+et.Columns.Add'Length of Service'timespan

A coupleof thingsto note in passing — getting a Type object in APLis strangely
messy. There may be a better way of doingthis, but I haven’t foundit yet. Also
note how bonusis set to salary/10,in the definition of the table. I don’t really see
the use of this in a real system,butit is quite surprising that you can do simple
arithmetic directly in the table definitions. Finally, undercoding habits | suggest
youfile away the idea of always using a jot against methods where you have to
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enclosethe‘string’ argument. This is redundanthere, but makesit visually
obviousthat you are not really passing an enclosed array ~ just flaggingit for
enclosureby the called function. Also it will allow you to use each on an argument
array without swearing. Another goodhabit is to set up true and false as
standard globals to make your APLcodelooka little morelike the examples in the
helpfiles.
Now wehit a small brick wall and get the first taste of some C# assistance:

A We need this as APL cannot pass an array of DataColumns here?
Db. SetPrimaryKey(et,1) a Static call on the library

A This has one primary key which cannot have duplicates
empid.(AllowDBNull Unique)+false true

a Just to show we can store custom properties (string only)
et.ExtendedProperties.Add'Owner' ‘Adrian’

a We must have a deptid
empdept.Al lowDBNul l+false

In orderto set the primary key, I need to pass an array of DataColumnobjects.I
don’t think there is any way for Dyalogto do this (please prove me wrong,

| someone)so I dived over to TextPad and wrote a trivial bit of C# to do the job,
given the column indexor indices:

 
// Much more comfortable just to pass column numbers when creating tables!public static void SetPrimaryKey (DataTable table, int col}

{ SetPrimaryKey(table, new int[] {col}); }
public static void SetPrimaryKey (DataTable table, int{] cols)
{ DataColumn{] keys = new DataColumn[cols.Length] ;
for{int ct=0; ct<cols.Length; ct++)
keys[ct] = table.Columns [cols [ct] -1];

table.PrimaryKey = keys;}
This codeis includedin the source for dbs.dll, along with a lot of otherstuff I was
expecting to have to write. One dayit should become redundant.
Of course the departmenttable will just be moreof the same:

deptid+dp.Columns.Addoc'DeptId'
sink+dp.Cotumns.Addec‘Department’deptid. (Al lowDBNull Unique)+false true

‘ Db. SetPrimaryKey(dp,1)
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Finally, we draw a mental line betweenthetables(a realline if you always sketch
these before you start typing) to enforce the link between them:

Aa Finally link them up to enforce the foreign-key relationship
aff+ds.Relations.Add'WorksIn'deptid empdept A Parent->child
aff.ChildKkeyConstraint .DeleteRule+Rule.Cascade a Default

This means that anything you type in the Dept column ofthe Emptable must
match an existing entry in the Deptid column of the Depttable. (And if you delete
a department, then all the employees conveniently evaporate. This might not be
the best option in production code...)
As thefinal step,let’s just add a few random departments and employees:

QUSING-'' ‘System!AR Depts must be loaded firstdept+ds.Tables[1]
nr+dept.NewRow
nr(OJ+c'OR’ © nr([1]+c'Operational Research’dept .Rows.Add or
nr+dept .NewRow
nr[O]*c'GD' o nr[i]+*c'General Dogsbody'
dept.Rows.Add nr

A Now the employees
emp+ds.Tables[0]
nr+emp.NewRow
nr[OJ+e'IM'
nr[1]+c'oR'
ar[2]+<' Jonathan‘
nr{3J+24800
nr[5]+DateTime.Parseee'23/3/1998'nar[6]+TimeSpan.FromDays 678
emp.Rows.Add nr

fA Now lets try the bulk insertion method
emp.BeginLoadData
sink+emp.LoadDataRow('MWG' 'OR' ‘Marc’ 18500 O)true
sink«emp.LoadDataRow('GMS' 'GD’ ‘Gill' £3503 0)true
sink+emp.LoadDataRow('RCS' ‘GD' 'Richard')true a Default sal
sink+emp.LoadDataRow('WHO' 'GD')true aA Default mame to DBNuLtemp.EndlLoadData

Note thatI bottled out on using the bulk method with DateTime and just allowed
ourlast four employees to have null values here. Bulk insert is much better done
with a bit more C# help, so we can walk onby and play with the limited data we
have.
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Playing with Selections
We can do a fair amountof processing in plain APL now,starting from the pr
object (the DataSet instance we madeat the beginning) and digging down layer by
layer: .

pr
System.Data.DataSet

pr.DataSetName
Payroll

pr.Tables
System.Data.DataTableCol{ lection

Ilpr.Tables
Emp Dept

Note the excellent monadic squad {], which converts a collection into an array. We
APLerslikes arrays, just like we Pirates always speaks in the present tense (sorry).
On we go...

emp+tlpr.Tables A Just the employee listss+emp.Selectoc'salary>20000' a What have we here?
ss

System.Data.DataRow System.Data.DataRow
>ss.ItemArray

JM OR Jonathan 24800 2480 23/03/1998 00:00:00
678.00:00:00ACDS OR Adrian 36800 3680 30/09/1974 00:00:00
142.21:21:418.9000000

+/4o"ss.ItemArray61600

 
The good newsis that you can get your data back out again, selected and ordered.
The bad newsis that yougetit back in exactly the way you didn’t want — as an
array of DataRowobjects. APL will run through these for you grabbing each row
as a nested array, but note that each item in the DateTime column is actually a
namespace reference so if we have a few thousand employees, this innocent
expression is going to run up the fan on your laptop for quite a while. Several
yearsin fact, for a not-unreasonable sample.
A morepressing problem is that noneof the things an APLer wants to do(like
find the median salary) are easy to achieve with this model. Timeto step back and
havea little think.
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What do wereally want here?
Clearly, we wants arrays, and we wants ‘em now. It would be really greatif the
selection could be an instanceof a Dyalogclass, with all the columns as
properties. Something like:

sel+Select emp 'salary>20000' Aa Get a selection
sel.Salary

24800 36800sel.Salary[2]
36800

sel.Salary[2]x+1.05
sel.Salary

24800 38640

This way a column in a selection behaves muchlike an external variable — we can
indexit and use any reasonableselective specification to update it. The other
things we need are a good strategy for replacing [null] with a chosen numeric
value, and a good wayto represent DateTime objects and TimeSpan objects:

sel.ColumnNames
Id Dept Name Satary Annual Bonus Joining Date

Length of Service
sel.JoiningDate35877 27302
sel.LengthofService

58579200 12345678.9
I choseto form the property names by compressing out blanks from the column
names, and to represent the dates as the traditional ordinal values. TimeSpans are
trickier, as these are 64-bit integers in Net and my APLcannot handle these just
yet. I chose decimal secondsas the least bad option.
If we reselect the wholetable andjust grab everything, you will see my default
null substitutions:

sel+Select emp o sel.GetMatrix a Grab the whole table
ACDS OR Adrian 38640 3864 27302 12345678.9
GMS OR Gill 13503 1350.3 vt 0
IM OR Jonathan 24800 2480 35877 58579200
MWG OR Marc 18500 1850 “4 0
RCS FD Richard 732768 ~32768 “t 0
WHO OR (null) “32768 ~32768 “4 0

94

 



 
VECTOR Vol.23 No.3
 

... but we can change this with another handy property:
sel.NultFillters[4 5]+0 a Change how nulls appear
sel,GetMatrix A NB different nulls
ACDS OR Adrian 38640 3864 27302 12345678.9
GMS OR Gill £3503 1350.3 “4 Oo
JM OR Jonathan 24800 2480 35877 58879200
MWG OR Marc 18500 1850 “A 0RCS FD Richard 0 0 “1 0
WHO OR (null) 0 QO “EL 0

Of course the [nul |] stuff is fully reversible — setting an elementto the current
filler for that column results in a [nul 1] in the table. The only remainingissue to
illustrate is the speedup wecan get by farming someof the grunt-work out to C#-
I made a simple cloneofa typical ‘ticker’ datafeed to give the engine enough data
to chew on:

LoadTicker 1
sel+Select tk A To play with it
sel.ColumnNames

What When Value
sel.Rows40000
+/sel.Value200499 .74

This is pretty well instantaneous after the brief delay while the table is populated
for thefirst time. For a rough guideto the alternative,I offer the following chart:

Time to Read n rows with a DateTime Col
Using Native Dyalog Technology

204 Coutts 0.00799 4.86.07,

ot # ——+ r2000 40006000, 8000 10000 12000 14000 16000 1aHKK 2000 22000 24KH 26000
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If you compute the regession equation for 40,000 rows you will get 4.3e77 x
40000%2 giving 688s ora little over 11 minutesjust to create the array of rows.
Probably you will get a Syserror and your interpreter will exit stage left (pursued
by a bear) long before the expression completes. For comparison:

Time to Read n rows with a DateTime Col
Using the Helper DLL to convert Dates and Nulls

3 Bione=? I7E-06,

 

 $1,000 100,000 —30,000 m9 «250.000 306,000 980,000 0,000

This one has the added benefit of being linear rather than quadratic — note the x-
axis had to be extendedbya factor of about 20 to get meaningfultimes. Thatwill
do for showing you around the examples - what we need to do nowis to show
howthetrick is pulled.

Farming out the Loops
Whatever you say about conventional languages, they are good at doing simple
things quickly. Hereis the code thatsits at the back of the column reference:

public Array GetCol {int cinx)
// Grab whole Column (ensure APL gets the right datatype)
{ int col = cinx-1; // Fix for l-origin
Type coltype = APLTypes[col];
Array coldata = Array .CreateInstance(coltype,Selection.Length);
for(int row=0;row<coldata.Length; row++)
coldata.SetValue (GetItem (row, col), row) ;

return coldata;}
The full C# source code can be downloaded [2] if you wantto read all the
preamble. The DLL maintains an array of data-types which APLhasfor the
various columns, andstarts by creating an array of the right type andsize.It then
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simply hammersround the elements in the column populating the array, whichis
returned to APL. This calls the lower-level function:

private object GetItem(int row, int col)// Return one cell, checking for type and mull
{ object cellvalue = Selection[row] [col];

 

if (system. DBNull . value cellvalue) // APL really hates these
ecellvalue = nullFillers[col]; // Plug in current filler instead

else if(isDate[col])
cellvalue = ( (DateTime) cellvalue) .ToOADate{) ;

else if (isSpan[col])
cellvalue = {(TimeSpan)cellvalue) .TotalSeconds;

return cellvalue;}
After checking whetherthe data item is [null], it special-cases the two complex
types that can upset APL and converts thecell content to something that can be
returned as a simple numeric value. In the commoncase where APL cancope,this
is just a fall-through which returns the right element from theselection. The code
to update the selection when you assign something to the APL propertyis (if
anything) even simpler:

public void PutCol(int cinx, object[] newValues)
// Update data colwise (always an entire column)
{ int col = cinx-1;
for(int row = 0;row<Selection. Length; row++)
PutItem(row,col,newValues [row] } ;}

This assumesthat the APL sidereturnsan array of the right length, which is
always the case if you update a property with indexingorselective specification.
It just does the reverse conversions:

private void PutItem(int row, int col, object newValue) // Fix one cell
{ Selection[row] [col] = Dyalog2Data(col,newValue); }

private object Dyalog2Data(int col, object dataitem)
// APL types --> Database types
{ Type coltype = APLTypes [col];
object newValue = Convert .ChangeType (dataitem, caltype);
if (NullFillers [col] . Equals (newValue) )

newValue = System.DBNull.Value;
else if (isDate[col])newValue = DateTime. FromOADate( (double) newValue);
else if (isSpan[col])

newValue = TimeSpan. FromSeconds ( {double) newValue);
return newValue;}

I think that shows you enough of the back-endprocessing to convince youthat
therereally is no rocket science or magic going on. Now we need to hook up the
Dyalog class mechanism to the other end of the process to makeitall really
developer-friendly.
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Making a Nameless Class on the Fly
Itis a real benefit of working in a dynamic language that you can lay the floor as
you walk acrossit. Old handsare used to thetrick of generating functions on the
fly (often locally), fixing them and running them. Now wecan dothe same with
classes — by fixing an unnamedclass from a localised script, we can return an
instance of something which never existed in the workspaceatall. This is what
happens whenyoutype:

sel+Select emp ‘Dept=''OR''' ‘Salary’
selSelection from Emp where Dept='OR’ (5 rows selected)
sel{3] A Indexer gives us the 3rd row

ACDS OR Adrian 1000 100 27302 12345678.9
The displayform of the class has been set to return a nice description of the
selection, just to makeit all look like the SQLPLUS command promptI remember
from a previouslife. The Select function takes a reference to a table and
optionally a selection expression (in SQL) and one or more column namesto use
as sort keys.It calls the C# code in the constructor for the db helper, passing
across the table and the selections. Note that wecan localise DB here:

QUSING+'' ‘Causeway,D:\tools\aplc\dbs.dlil' a Adjust to taste!
DB+QNEW Db table
colnames+DB.ColumnNames~”' ' o writeable+DB.Writeable
sere':Class' ':Access Public’ '
ser,+'¥ Create arg’ ‘:Access Public’ ':Implements Constructor’
ser,+' DB+arg' ' ODF DB.ToString’ ‘¥ '

If1 temporarily de-localise the script, we can see part of whatit wrote for us
(indexers are slightly special — we need a shape function so Dyalog knows when to
call INDEX ERRORonus):

Property Numbered Default DataRows
sAccess Public
v value+shape
value+DB. Rows

v
Vv value+get arg
value+cD8.GetRow arg.Indexersv

vo set argDB.PutRow arg.Indexers (targ.NewValue)
v
sEndProperty
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Vv value+GetMatrix
:Access Public
value+DB.GetMatrix

v

By setting an indexeras the default property, we can treat the entire selection as.a
simple vector, so fetching/updating it by row is trivial. There are several other -
pass-throughcalls like GetMatrix, and then we cometo the onlyreally dynamic
part. Because the Select function hasthelist of (de-spaced) column names,it can
easily makea property definition for every column:
:For ct :In utpcolnames
R Expose all columns read-write unless marked readonty
pname+ct2colnames
ser,+''(':Property:If ctowriteable

ser,+'¥ set arg'(' DB.PutCot ',{#ct),' (arg.NewValue)')'V
spname)':Access Public’

sEnd
ser,+'¥ value~get'(' value+DB.GetCol ',sct)'¥ '
ser,+e':EndProperty'

:End
A typical (generated)entry looks like:

Property Salary
:Access Public
y set arg
DB.PutCol 4 (arg.NewValue)

v
v value+get
value+DB.GetCol 4

v
:EndProperty

You may wantto add some : Trap blocks, as you may get a crash in the C# on
updating the data, and not wantto get hung up in Dyalog’s generated setter
function, for example:

sel.Salary+1 2
EXCEPTION
set_Salary[1] DB.PutCol 4(arg.NewValue)

A
ysi

(#.[[Unnamed]]] #.(Namespace].set_Satary[1]*
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Here is a very minimal approach which improves things quite a bit:
vy set arg
:Trap 90
DB.PutCol 3 (arg.NewVatue)

relse
72 Usignal~Qexception.Message

sEndTrap
v

This gets us back out to the session with a (generally quite helpful) message from
the Microsoft people:

sel.Satary+3 4&
Index was outside the bounds of the array.

sel.Salary*3 &A
(22sel.Dept)+'ZZ'

ForeignKeyConstraint WorksIn requires the child key values (ZZ)
to exist in the parent table.(2>sel.Dept)+'ZZ'

A

A little more validation on the APLside of the fence would do no harm here — we
havejust trashed thesalaries of the first two employees!
Having madetheentire script, the final act is to makea transientclass, and return
an instanceofit:

ser,+'' ':EndClass'seln+{]NEW(OFIX scr)DB
As I said before, both ser and DB can be locals, so this is remarkablytidyin its use
of the workspace. Asa finalbit of fun,let’s whistle up a Net DataGrid and point
it at our table. If you download the workspaceandtry this out, you will see that as
you type expressionsin the APL session, the grid follows the changes
automatically.

QUSINGU+'System.Collections' 'System'
GUS INGu«c'System.Windows.Forms,System.Windows.Forms.dlL'
f+Q)NEW Form
f.Text+‘'Hello, world’
f.Visible+1
emp+pr.Tables[0]eveemp.DefaultViewev.AllowNew+false
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dg+QINEW DataGrid
dg. (Top Left)+4 4
dg. (Width Height)+f.(Width Height)-4 &
dg.Anchor«AnchorStyles, (Bottom+Top+Left+Right)
dg.SetDataBinding ev'' A Single table view

A dg.SetDataBinding pr'Dept' aA or the drill-down variety
f.Contrals.Add dg

Jonathan 24800 23/03/1998 _1678.00.00:00
36800 30/09/1974 (242.21:21:18.

Mare 19500
Gil 13503
Richard

 
Display andediting in a Net DataGrid

Or, of course, you canjust use it as a handyeditor for the data!

Wrap up
In summary,there is a very competentrelational databasesitting on your
computer, andit is totally free. To save your work onthe nearest hard-drive, all
you need to do is:

pr.WriteXml 'C:\temp\payroll.xml' false Aa Save (with Schema)
emp.WriteXmloc'c:\temp\emp.xml' a Save table (data only)

The XML you get is designed to be readable, and indeed editable, for example:
«<Payroll>

<Emp>
<Id>JM</Id>
<Dept>OR</Dept>
<Name>Jonathan</Name>
<Salary>24800</Salary>
<Annual_x0020_Bonus>2480</Annual_x0020_Bonus><doining_x0020_Date>1998-03-23T00:00:00+00:00</Joining_x0020_Date>
<Length_x0020_of_x0020_Service>P678D</Length_x0020_of_x0020_Service>

</Emp>
- and so on
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IfI make a trivial change (adding Marc’s middleinitial) in Notepad, then start
from cold:

OUSING+'' 'System.Data,System.Data.DLL'preQNEW DataSet(c'Payroll')
pr

System.Data.DataSet
pr.ReadXmloc'C:\temp\payroll.xml'

ReadSchema
Ipr.Tables

Emp Dept
emp+tIpr.Tables a Recover the employee list
sel+Select emp a Get a selection
sel.GetMatrix

ACDS OR Adrian 36800 3680 27302 12345678.9
GMS GD Gill 13503 1350.3 “1 0
JM OR Jonathan 24800 2480 35877 58579200
MWG OR Marc W 18500 1850 “1 0
RCS GO Richard 732768 ~32768 “4 0
WHO GD (null) “32768 ~32768 “1 0

With Dyalogclasses, you can put a wrapper aroundit that makes columns in
selections behave almostlike variables in the workspace. With little help froma
C# DLL,it can be madeto run quite fast enough to supporta realistic application.
You can download the Dyalog 12 (Unicode) workspace and supporting C# source
code (compilation instructions included)[2] and useit as you wish.Please let me
know of any improvements you maketo eitherside.

References
1, “New Tricks for Old Dogs: Making Sense of Classes and Namespaces”,

Smith, A., Vector 23(1&2) p113-117
http:/ /www.vector.org.uk/archive/v231 /smith.htm

2. Source codeforthis article (Dyalog 12 Unicode workspace and C#):
http://www.vector.org.uk/archive/v233/smithdat/dbs.zip
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SALT: a Simple APL Library Toolkit
by Dan Baronet (dan@dyalog.com)

Theability to write readable APL code outto textfiles and read it back has been
pretty muchoutof reach for mere mortals until recently. Reasons for wanting to
do such a thing abound:

* Keeping code out of the workspace to conserve memory
¢ Sharingor sending copies of code to people who don’t haveaninterpreter
* Storing readable code outside APL
* wantinga copyofthe code independently of having an interpreter or being

boundto a versionofit
With the adventof Unicodeit is now easier to achieve this. APL characters are
represented in Unicode, and editors and viewers of Unicodetextfiles are now
commonplace.

Using Script Files in Dyalog APL
Since Version 11 it has been possible to get the source of some namespaces and the
(then) new classes/interfaces.If desired, this source could then be written tofile in
Unicode formatusing the UnicodeFi le class provided in OSE. This allowed one
to create textfiles that could then be read or edited with programssuchas
Notepad, and keep the source out of the workspace:

F+QINEW UnicodeFile
F.Write 'MyFile.txt' text

With Version 12 the UnicodeF ile class is no longer needed as the new QlUcS
system function can now create UTF-8 stringsdirectly from the Unicode points
(APL text/code). This stream can then be written outtofile just like any other
APLarray. Reading backis also easy: read the stream, use QUCSto reconstruct the
string.

(Oucs 'UTF-8' QuUCcS text) ONAPPEND tie A write to file
DuUcS QNREAD tie 80,Q0NSIZE tie A read from file
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Anybodycan write two functions to write and read, put them in OSE and have the
ability to store and retrieve APL code from native Unicode textfiles anytime they
want to.
Of course, once you start doing somethinglike this you realise it might be a good
idea to save multiple versions ofa file or script, to be able to retrieve anyof those
versions,list them, compare them, remove unusedversions, and so on.
Andthis is exactly what Dyalog did when we came up with SALT: we wrote two
functions, Load and Save, and added a few more functions to look up directories
and files. We added the ability to store multiple copies of the samefile and a
function to be able to compare them, even by using your favourite comparison
program.
Wewenta step further, and addedtheability to start APL without a workspace,
simply byloadingscripts and executing a statementto start the process.
We modified the editor to generate an event upon fixing an object thus opening
the doorto intercepting the fix and saving the modified file automatically.
Wewrote a few scripts, besides SALT {itself a script) and madethem available.
Andthat was pretty muchall we did.
SALT comes bundled with Dyalog and is enabled by default. You can disableit
through the configuration menu or through the accompanying SALT workspace.
Simply )LOAD SALT and use enableSALT or disableSALT.

Usage
SALTfunctionsuse a consistent syntax: theyall take a string argument which
describes the argumentsto the action to perform. They make use of switches a la
Unix (e.g. -version). All scriptfiles have the extension .dyalog.Ifa relative path
is used they are stored under a default directory, which may be changed.
Hereis a list of the main SALT functions:(brackets denote optional switches).

Save ‘object \path\to\file [-version=x]'
Saves objectin thefile specified, with extension .dyalog. If -version is specified
the filenamewill include the version number. Once version numbersare in use
there is no further needto specify the version; SALTwill attribute a new version
numbereach timean objectis re-saved.
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If a relative path is supplied SALT will store files under the default SALT path.
This default is \dyalog\instal lation\path\SALTbutit may be changed using
the Settings function:

Settings ‘workdir \new\path'Load '\path\to\file [-version=x]'
Loadsthelatest version or the version specified.

List ‘\folder\or\filte [-recursive]'
Lists the scripts in a folder, recursively if -recursive is given.

Compare ‘scripti [script2]'
Comparestwoscripts orthe last twoversionsofa scriptif only one is supplied as
argument.

There’s More
There are other features not listed above: you can:

¢ skip the confirmation prompts in Save
specify where to define the objects

¢ disperse their contents instead keeping them in their original namespace
* get the source instead of defining the object
* list the entire tree of a path
* clean the versions
* use external programs to compareobjects,etc.

Andit works as well under Unix or Linux.
If this is interesting, SALT comes with complete documentation which can also be
found on Dyalog’s website. Have a look!
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In Session “Under the Table”
by Stephen Taylor (sjt@dyalog.com)

APLis famously good at describing things using tables, and tables are an obvious
wayto represent the contents of a spreadsheetor theresults of an SQL query. But
tables don’t have to grow very wide before we face a writing problem. We
commonly wantto select rows based on expressions thatrefer to columns. How to
refer to columns clearly?
‘Cannon‘s Canon’ [1] — no numeric constants in the code — steers us away from
referring to them by numberlike this:

tbl+0,~'Orders'DB.FindM('Item' ‘Price’ ‘Quantity')('')
tbl Es4]+x/tbi[;2 3]html,+'TABLE'tag'{TR‘tag'TD'etagesw}/tbiCs1 4]

(08 .F indM queries a database table Orders and tag marks up character vectors
with HTML tags). We can improveonthis a little with local names for column
indexes:

ITEM PRIC QUANT AMNT+i2>ptbl
tbl £sAMNT]+x/tbl{;PRIC QUANT]
html ,«'TABLE'tag'{TR'tag'TD'otageosw}/tblLsITEM AMNT]

We can write something closerto the simplicity of ourfirst textbook by
representing the table as a namespace in which named vectors representthe
columns:

tbl+«'Item Price Quantity'DB.Tbl ‘Orders
tbl. (Amount+PricexQuantity)
htmt,+' TABLE tag'{TR'tag'TD'etagosw}/attbl. (Item Amount)

Dotnotation gives us even better opportunities when we cometo tables with
matching column names. Consider a table CON of contact information from a
spreadsheet. We'll use someofthe records to update contacts already in our
database. The others we'll add as new contacts. So the first question is: which
recordsin CON representexisting contacts? Ourfirst step is to match email
addresses, record the corresponding ContactIO and write a bitmask to show
which records were not matched.

C+'ContactID Email CompanyID Name'#.DB.TbL'Contacts'
no+0=CON.ContactID+(C.ContactID,0)[>1/(C CON).Email]
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Note
* use of t/ with dot notation to look up a column from onetable in its homonym

in the other;
* theclarity of setting and testing for the ‘null’ value 0 in the sameline.

But people use multiple email addresses, so we'll test the unmatched records to
see if we can recognise any others. Here we'll look for matches on both
CompanyID and Name.

(no/CON.ContactID)+(C.ContactI0,0)
«se [2t/i no/“behot™(C CON). (CompanyID Name)]

Note
* use of dot notation to specify the CompanyID and Name columnsfrom both

tables;
* use of $e%e+"(zip each) to convert each pair of vectors into a vector of pairs;
* useof1 no/”to mask only the CONpairs;
* use of (no/CON.ContactID)~ to insertjust the matched contactIDs,if any.

This is clearly not beginner’s writing, butthe singleline is easier to analyse and
maintain than the same operations dispersed acrossseverallines and temporary
variables.

References
[1] “Three Principles of Coding Clarity” Taylor, S. Vector 18(4) pp113-124

hittp://wurw.vector.org.uk/archive/vl 84/clar184.him
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PROFIT
A J Simulator for a Meccano

Differential Analyzer
by Keith Smillie (smillie@cs.ualberta.ca)

Introduction
Thefirst differential analyzer to be constructed mostly of Meccanoparts wasbuilt
in 1933 at the University of Manchester by Professor Douglas Hartree assisted by
his research student ArthurPorter about two yearsafter thefirst differential
analyzer was built by Vannevar Bush at the Massachusetts Institute of
Technology. With the successful completion of the Meccano model funds were
obtainedfor the constructionof a full-scale machine which wasbuilt
commercially. During World War II this machine andseveral similar ones were
used for military purposes. At present there is considerable interest in the
construction of Meccano models and their use in education.
The pioneering Manchester workis described in Porter (2003). Two papers,
Robinson (2005a) and Robinson (2005b) give, respectively, a history of the
Meccano models and a description of the contemporary construction of one such
machine.

 
Tim Robinson’s Differential Analyzer
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This paperdescribesa five-integrator simulator implemented in J and gives two
examplesofits use. The script, which will run on Versions 406 and 504 of J, may
be downloaded from www.vector.org.uk/archive/v233/smillie/da406.ijs.

Integrators
Integration with a differential analyzer is performed by oneor more integrators,
identical in design and differing only in their interconnections with other
components of the machine. As shown in thefigure below an integrator consists
of a small vertical wheel which turns on a horizontal axis asit rolls on the surface
of a horizontal disk whichrotates on a vertical axis. The displacementof the wheel
from the centre of the disk varies as the disk rotates and is proportional to the
value of the dependentvariable. Therotation of the disk gives the change in the
independent variable.

Steel Yheel

Glass Disk

MS
y.+ 
Figure 1; Integrator

Suppose thatthe disk rotates through a small angle Ax and the wheelis at a radial
distance y from thecentre of the disk. Therefore the wheel turns an amount

Az = (yAx)/a
where is the radius of the wheel. Thusafter a given period of operation the total
rotation of the wheelis proportional to Sydx. Since the wheelrests lightly on the
disk so that it mayslide freely along a radius as the value of the dependent
variable changes,its torque must be amplified before its motion may be
transmitted to another part of the analyzer. As this simulation modelsonly the
logic of the differential analyzer, the design and construction of torque amplifiers
may be ignored althoughthey are an importantfeature in the Meccano models.
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Let us assume nowthatthe disk rotates in discrete steps of size Ax and that the
rotation of the disk begins when x has the value x,. Also assumethatthe initial
radial displacementof the wheelon the diskis y, and that subsequent
displacementsare y,, y,, -.. . Then the successive rotations of the wheel are
(Ax)y1/a, (Ax)y2/a ... . Therefore, the total rotation of the wheelafter n steps is
proportional to the sum

(Ax)yo + (Ax)y1 + (Ax)y2 +... + (Ax)yn
As Ax becomessmaller, this sum will correspond moreclosely to the rotations of
the physical disk and wheel, and thus becomea better approximation to the value
of the desiredintegral.

Simulator
The simulatorhasfive integrators and eleven buses. Thefirst bus correspondsto
the independentvariable in the differential equation, the next five buses to the
five integrators, and the remaining five to auxiliary (non-integrating) buses. The
buses are numbered0, 1, 2 ... 10, and the values representing their cumulative
rotations by the variables 20, z1, z2, .. z10. (The variable 20 has the
synonymsx and t.) The connectionsof the integrators with the busesare defined
by dyadic functions, one for each integrator, and named I, II, III, 1V and V. The
left argumentof a function gives the numberofthe busassociated with the
rotation of the horizontal disk for the corresponding integrator, the right
argumentgives the displacementofthe vertical wheelfor that integrator, and the
result the total rotation of the wheel which gives an approximationto the desired
integral up to that stage of the integration. Successive pairs of values of the
independent and dependentvariables are stored as the rowsof a two-column
table associated with the integrator, and named TABLE1, TABLE2, TABLES, TABLEG
and TABLES.

Simple Harmonic Motion
In this section weshall give an example ofthe use of the simulatorto solve the
second-orderordinary differential equation for simple harmonic motion

dy/dot -y
with theinitial conditions y(0) = 0 and dy/dx(0) = 1 which has the solution

y =sinx
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Figure 2: Simple harmonic motion
The connections to the buses of the two integrators required to solve this equation
are shownin the schematicto theright. In the first integrator the right vertical line
indicates thatthe first bus correspondsto the independent variable which controls
the rotation of the horizontal disk, and the left vertical line that the third bus
correspondsto the dependentvariable given by the displacementof thevertical
wheelon the disk. The middle verticalline indicates that the output of the
integrator,i.e., the rotation of the wheel, controls the rotation of the second bus.
(The small circle at the lower end of the connection with the third bus indicates
that the value passed to the integrator is negated.) Similar statements may be
maderegarding the connections of the second integrator to the buses.
From this schematic we may derive the definitions

zi=: 0 I -z2
and

z2=: 0 II zi
for the integrators.
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Figure 3: Simulatorsolution of the equation
Figure 3 showsthe simulatorsolution of this equation. Note that we haveplotted
the solution against the independent variable x by selecting radio button 0 in the
first row and radio button 2 in the second rowin the box below the graph. This
may be doneeitherinitially and then clicking the OK button to run the simulation,
or after the simulation has been done andthen clicking the Plot button. (The
default selection of the radio buttons is 0 in the first row and 1 in the second
which in this example will give the graph of the cosine function.) Also by selecting
either radio buttons1 and 2 in thefirst and second rows,or radio buttons 2 and 1,
weobtain a circular plot. The Copy button below the graph box may beused to
give a graph independentof the Windowsform ofthe currently displayed graph
which may becut or copiedinto the clipboard and then pasted into any desired
document.

Exponential Distribution
The exponential distribution arises in the statistical study of the strengths of
certain materials and in the analysis of waiting times between random events. The
probability density function is

P(x) = Aes
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wherex is in the range 0$x Qis a parameter, and the cumulative density function
is

PQ) =1-e%
Weshall use the simulator to find the cumulativedistribution functionfor the
arbitrary valueof 0.5 for A.
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Figure 4: Exponential distribution

Since the differential equation dy/dx = ~y has the solution y =e”,the first
integratorin the simulator may be defined by the expression

ziz: OI -z1
Nowwecould write the expression

zis: OT -O.5ez1
for the solution of the equation dy/dx = -0.5*y. Howeverit is morerealistic to
havethe multiplication performed by oneof the auxiliary busesas it would be in
an actual differential analyzer. Thereforethefirst integrator could be defined by

zie: OI -z6
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where 26=: 0.5*z1. The second integrator is defined by
z2=: 0 II 27

where z7=: 0,5*2z1 which maybeused to give the cumulative distribution
function. We should note that the definitions of the auxiliary buses and their
initial values are entered in the Windowsform in the Auxiliary buses boxesas the
lists

z6=: O0.5azi/z75: O.5*z1/
and

1/0/
respectively, with each definition or initial value terminated by a forwardslash /.
The graph displayed in the Windowsformis that of the cumulative density
function of the exponential distribution.
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GPS andJ Propel an Adirondack
Hiking Guide

by Cliff Reiter (reiterc@lafayette.edu)

Prologue
Last year | bought a runner’s GPS based watch to get accurate feedback on the
time and distance of my runs. Soon thereafter, an article appearedin thecollege
paper[3] encouraging running. It showedseveral routes on local maps. That
inspired meto try to create maps that showed myruns. GIS (Geographic
Information Systems) are becoming commonandthere are web sites devoted to
making mapsof running routes. However, my attempts to utilize them were
frustrating. I found public sources for scanned USGS topographic mapsandI
began overlaying them with the GPS data using J. Soon I was routinely displaying
the routes for my local runs.

 
Swiss Family Reiter

My next goal was to use this method to show routes on hiking maps.In a paint
program, I had hand marked hiking routes for many years for my Adirondack
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hiking gallery maps[6]. The prospect of automating the process using higher
quality topographic mapswith accurate position data intrigued me.I successfully
created some hiking route maps that way and began to ponderfurther
possibilities such as automatically enhancing the maps with mile markers and
other information.
Thad years of experience hiking in the Adirondacks. I had tens of thousands of
photographs from those hikes. I had recently foundthe processof publishing the
third edition of my visualization book [7] at Lulu.com efficient. Now,I also had a
fairly routine way to create hiking route maps.I decided to write an Adirondack
hiking guide[8]. Writing the hiking guide was joy. “Off gathering data for my
book” becamea code phrasefor “gone hiking”, and when I wasback,there was
the fun of analysing the datain J.
However, unforeseen challenges were ahead. As I enhanced the bookto include
time and distance data along the route,I realized the distance accumulator on the
watch sometimes ran backwards. Apparently it measures progressin the direction
of motion.Thus,if you are running,it is perfectly accurate (so long as you are not
running in a small circle). However,if you are grinding your way up steeptrail
makingtight switchbacks, the distance meter was often running backwards.
Fortunately the latitude-longitude-altitude data wasalso saved so recovering the
distance data was a matter of someinteresting modelling directly from latitude-
longitude-altitude data. I eventually realized thatthe altitude data from the hike
could be used to compute “cumulative ascent” which seems useful for gauging
the difficulty of a route, and is not given in the standard trail guide [2]. However,
the rawaltitude data is very noisy and some more modelling is needed. The next
section describes the general way in which J was used to create the base maps but
this note focuses on the subsequent process of enhancing the maps with GPSdata.

Maps
While the first USGS maps I worked with were from Pennsylvania[5],I will
describe the general process of preparing the New York mapsfrom [4] to create
the base maps that were used for my hiking guide. The 7.5 minute mapsfrom the
Adirondack region are mostly doubles. They are typically around 9475x6100
pixels, These were scanned from hard-copy topographic mapsandstored as huge
TIF files. ] wanted to break these into pieces that can be easily enhancedin J. Then,
since my routes will not respect map boundaries, relevant pieces can be re-
assembled as necessary. The scanned mapstypically were misaligned abouthalf a
degree from horizontal; that could meanan error of over a hundred pixels. They
were too large to rotate using the image3 add-onin a 32-bit version ofJ. Careful
rotation of the maps in GIMP [1], followed by trimming (the maps hadsignificant
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margins) tendedto leave imagesthat had edgeartefacts that were usually less
than ten pixels across. Reading the trimmed images (raw_read_image)into J and
using the image3 add-on allowed for systematic splitting of the doubles andre-
scaling images so that each 7.5 quadrant was 5460x3934 pixels. The re-scaling was
done by a variant of resize_image from image3 that doesnot preserve aspect
ratio, as follows.

rescale_image=: 4% : 0
sziz.2{.$y
szo5.].xind=.(<"0 szi&szo) <.@*&.> <@i."0 szo
(<ind){y)

There was a bit more to accomplish before the base maps wereready. In a few
spots landmark names needed to be added. Trickier was that manytrails had
changed.
If a portion ofa trail had been re-routed, the GPS route would overdraw only a
portion of the dash-dash-dashtrail from the original map, leaving the dashes
where thetrail had been re-routed.If the re-routed portion was small enough,
those dashesare a sort of quaint historical piece of information. However,if a trail
was on private land and is now closed, or had been completely decommissioned,
then it was important to removeall the dashes markingtheold trail to avoid
confusing hikers.
I markedthetrails for removal in a broad unused colour (magenta) on a copy of
the map and then used filter to guess whetherto replace black pixels in the
original that corresponded to magenta in the marked imagewith a suitable colour.
Selecting the suitable colour is complicated: there is a desire to preserve contour
markings when possible and use an appropriate backgroundcolourforforest,
marsh or open rockin general. Our algorithm is probably not optimal, but we
simply ordered possible colours based uponthelikely importance; for example,
the colour of contours washighest; for the filter we used the highest ranked
colour that appearedin a small neighbourhoodofthe pixels that neededto be
replaced.Thedetails are beyondthe discussion here.
Wewill now presume wehave obtained a suitable base map, we know the
latitude and longitudeofits corners, and we want to add GPS route information
to it. However, wefirst discuss the GPS data.
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GPS Data
Exporting the GPS data from the watch led to XML files containing quite a bit of
information. Since each exported data set approached 100Mb and had over-
lapping data, and we wantedto archive our running/hiking information every
couple of weeks,it became inefficient to reparse every lap from every GPShistory
file every time we wanted sometracking data. Thus, we actually havea utility
that checks for new GPSdatafiles, parses them, and creates appropriate J arrays
giving summary and trackpoint informationto be archived. The beginningof the
XML versionof hike 175 in those archivesis given below. On averagea trackpoint
is saved every few seconds.

<Lap StartTime="2007-08-21T11:07:342">
<TotalTimeSeconds>33836 .120000</TotalTimeSeconds>
«<DistanceMeters>19909.160156</DistanceMeters>
<MaximumSpeed>2 .483250</Maximumspeed>
<Calories>7284</Calories>
<Intensity>Active</Intensity>
<Cadence>255</Cadence>
<TriggerMethod>Manual</TriggerMethod>
<Track>

<Trackpoint>
<Time>2007-08-21T11:07:342Z</Time>
<Position>

<LatitudeDegrees>44.020833</LatitudeDegrees>
<LongitudeDegrees>-73 .827731</LongitudeDegrees>

</Position>
<AltitudeMeters>645.181885</AltitudeMeters>
<DistanceMeters>0.000000</DistanceMeters>
<SensorState>Absent</SensorState>

</Trackpoint>
<Trackpoint>
<Time>2007-08-21T11:07:352</Time>
<Position>

<LatitudeDegrees>44 .020825</LatitudeDegrees>
<LongitudeDegrees>~73 .827749</LongitudeDegrees>

</Position>
<AltitudeMeters>645.181885</AltitudeMeters>
<DistanceMeters>1.611095</DistanceMeters>
<SensorState>Absent</Sensorstate>

«</Trackpoint>
Since the formatfor exported data presumably varies with the GPS device, we do
not attempt to offer a general purposescript for extraction. However, a few
utilities give the core that we required.
First is a function headnumthat finds the numberthatis the leading portion of a
string.

headnum=:([: ".@, (OQ i.~ J e. '0123856789.-'"_){.]J
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Nextis a function to convert to timestamps (with thanks to Raul Miller).
toTS=: 0". e.8(~."2i.10)°(" '&,:)}

The dyad cuts cuts on the text given as a left argument, discarding the text.
cuts=: 4 : "(x E. y) <@((#x)&}.) 3.1 y’

Oncethe data has been cutinto laps, the trackpoint information can be extracted
with tpx_in_lap, given below. The result is a five column matrix. The columns
correspondto ‘time from start (hours)’, ‘latitude’, ‘longitude’, ‘altitude (metres)’,
and ‘distance from start (miles).

tpx_in_lap=:3 : 0
«('<Trackpoint>' E. y)<3.4 y
"<Time>‘&cuts&> y
~:/(4.8'<'{.]) & ¥

=.'<LatitudeDegrees>'&cuts&> y
,»headnum &> y
‘<LongitudeDegrees>'&cuts&> y
z,.,headnum &> y
<AltitudeMeters>'&cuts&> y
«,headnum &> y

y=. '<DistanceMeters>'&cuts&> y
(3600000%~(-{.)tsrep toTS 20),. z,.,0.0006214*headnum &> y)

   

  

 

For example, if we load the example data provided on the link at [9] in the path,
pathi, wesee thefirst few sets of GPS trackpoint information.

4{.tpx_in_lap fread pathi, 'dwO2_ltap.txt’
O 44,0208 _73.8277 645,182

0.000277778 44.0208 (73.8277 645.182 0. 00100113
0.00166667 44.0209 "73. 8278 643.74 0.00573542
0.00305556 44.0209 _73.8278 641.337.0.00912691

Plotting Routes
The plotting of routes on the maps was done by opening a drawing window using
the adverb show_raw_map that is based upon the drawing functions in the
dwin2.ijs script from the fvj3 add-on.For these maps, an entire mapfar
exceeded the screen coordinates, but the drawing window,despite only being
partially visible, allowedall the pixels to be manipulated. The adverb
show_raw_mapis used to open a drawing window andthen copies a raw image
into the window. A raw image(in the sense of the image3 add-on)is a h by w by 3
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array ofascii characters representing RGB values. The function gis_to_win
modifies the rescaling function SC (which does window coordinatesto pixels
conversion) so that drawing can be done using longitude-latitude data;its left
argumentis the longitude-latitude bounds for the map shown.

show_raw_map=:1 : 0
WIN_WH= 1] 24. $y
x dwin m
gtpixels 0 O,WIN_WH,,(256 256 2568#.@(a.8i.))"_1i y
)

gis_to_wine:4 + ‘(41 _ixx)+"4 SC [."4 y'
Wewill describe many details of the route plotting, butall the details may be
found in scripts and sample data ona linkat [9]. First we read the hike trackpoint
data from a raw data file. Then thetime,latitude, longitude, altitude, and distance
data are separated.

tpxO=:ja_read pathi, 'hikei75.ja'
"tO lad 100 a0 dO'=:|:tpxd

The giventimesare fine, but the distance data needs to be modelled by the
function trek_d that we will discussin detail in the next section.

ts=:t0
ds=:trek_d tpx0

Wenext obtain the positions in the data for mile markers and a final marker. The
latitude-longitude track points are split into three pieces so thatthetrail-less
portion can be shownin different colour. The text to annotate is computed.

  

jetds I. (4.@>.,]){:ds NB. positton of mile markers
tps=:((a0),.(00 NB. track points
tpsO=:(n0=:440){.tps NB. first segment on trail
tpsi=:(n1=:2040){.n0}.tps NB. trail-less segment
tps2=:(n0tni)}.tps NB. last segment on trail
TXpt=:i{tps NB. mile marker tat-tong
TXOs:(4j1 "s,.i{ds),"41 'mi'" NB. mile marker text
TXiar(4ji "s,.i{ts),"1 ‘hr’ NB. mile marker times

Weset anoffset of a few pixels. This can account for mis-registered mapsor the
offset from a pen’s coordinates andits centre.
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dxdy=:_10 5 NB. map registration offset
Weread full topographic base map andthenselect a suitable portion using
n_adj_b. That function selects a portion of an image according to proportional
0-to-1 coordinatesasits left argument (lower left and upperright corners are
specified).

a=:raw_read_image pathi,‘h48.png'

view_image b=:(nc=:0.3 0.1 0.9 0.7) n_adj_b a
Next the map portion is shown,andthe three portions of the hike are drawn in
appropriate colours. Then mile markers and labelling text are drawn. Somedetails
are suppressed,butall the details appearin [9].

(ne n_adj_co hk8_co) ‘lc' show_raw_map b
NB. draw three segments using appropriate colours

 

Ctext=:50 0 150 NB. colour for text
Cctrail 55 255 0 NB. colour for trails
Ctless=:140 50 0 NB. colour for trail-less routes
dxdy(Ctrails;5 0) draw_trek tpsoO
dxdy(Ctless;5 0) draw_trek tpstdxdy(Ctrails;5 0) draw_trek tps2
NB. draw mile pointsdxdy (Ctext;15 0) draw_trek"2 ,:~"1 TXpt
NB. add some of text to mapgltextcolour '' Eglrgb Ctext
15 20 '"Lucida Console" 16 bold’

draw_text (nn{.TXO) (nm=:8){.TXpt
Lastly, since the text may be difficult to read against some backgrounds, we apply
a filter, textedge, to create a 2-pixel wide white shadow aroundthetext. A side
effect of the drawing commands wasthat a globalvariable, trek_z, giving the
image was created.

view_image c=:2 textedge trek_z
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The result of constructing and enhancing this map as above is shownin Figure 1.

 
Figure 1, A Dix Wilderness Route

Distance Modelling
As wehavenoted, the distance data obtained directly from the watchis fine for
runs, butis not accurate for hiking, most notably in situations where many small
switchbacks are being used, We used the function trek_d to obtain the desired
distance data. The core of that modelling is using a formula for converting pairs
oflatitude-longitudedata into distance data based upon viewing the earth as an
ellipsoid. Some global data and the function lalo_to_d to accomplish that are
given below.It is based upon an implementation by Chris Veness[10] of the
Vincenty formula [11].
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The arguments are twolatitude-longitude pairs in degrees and theresultis the
miles between the points.

talo_a=:6378137
talo_b=:6356752.3142
20j15":%lato_f=:(lalo_a-lato_b)Zlalo_a
talo_to_d=: 4 : O"f"lal lot'=.x

"La2 lo2'=.y
L=.(2p1%360)*lo2-Loi
U1=._3 o.(1-lalo_f)xtan (2pi%960)*lat
U2=._3 o.(i-lalo_f)*tan (2p1%360)*ta2
tam=.b
Camp=.2ptwhile. 1e_12<|Lam-Lamp do.
sins=.%:(*:(cos U2)*sin Lam)+*:((cos Ui)*sin U2)-(sin

U1)*(cos U2)*cos lam
coss=.((sin Ut)*sin U2}+(cos U1)*(cos U2Z)*cos Lam
s=._3 0. sins&dcosssina=.(cos U1)*(cos U2)*(sin lam)%sins
cos2a=. i-*:sinacos2sm=.coss-2%(sin U1)*(sin U2)Zcos2aC=. (lLalo_f%16)*xcos2ax4+lalo_fx4-3*cos2a
lamp=. lam
lam=.L+(1-C)*lalo_fxsinaxs+Cxsins*cos2sm+Cxcoss*_1+2x*:cos2sm

end,
u2=,cos2a*((lalo_a*2)-lalo_b*2)%lato_b*2
A=. 1+(u2%16384) *40964+u2*_768+U2*%320-175%u2
B=. (u2%1024) *256+u2*_128+u2* 74-47 «U2
ds=.B*sins*cos2sm+(82Z4)*(coss*(_1+2**:cos2sm) }-(B%Z6)*cos2sm* ...

 

(_3+thexrsins)*_3+4«*:cos2sm
0.000621h«*Lalo_b*Axs-ds
)

Here are a few otherutilities used for the distance determination. Othersare
loaded aspart of fil ter1.ijs whichis loaded whenthescripts at [9] are run.
The main function, trek_d, gently smoothsthelatitude and longitude data. The
horizontal distance is computed using the lalo_to_d function on the smoothed
data. Then the altitude data is smoothed (twice)by the fairly intense 15-point wide
Spenceraveraging. Then, using the Pythagorean theorem, the horizontal and
vertical distances are blended. While one might argue for many variant schemes,
weselected several test data sets and selected this scheme for our perception ofits
accuracy and robustness. The test data included runner’s runs, where weexpected
to duplicate built-in distances, up-down hikes, where we expectedthe ascentto be
slightly larger than the descent (due to mini switchbacks), and a couple of
standard hikes, where we comparedto distancesin [2] (prioritised in that order).
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Replacing the Spencer averaging with a wide Gaussian filter would also have
beeneffective.

Filtid=: 4: 0(# m)"_ +/@:(m&*)\ J
)

len2=:+8.%294
diff=:}. - }:
Jwts=: (|.,}.)74 67 46 21 3 _5 _6 _3%320
locspe (+/ . *)&wtsspencer=: 15 locspen\ (7 #{.) ,], 7 # {:

 

trek_d=:3 : 0
"tO lad lod ad dO'=.|:y
sla=.(1 gauss 3)Filtid conext*:1 ladslo=.(1 gauss 3)Filtid conext*:1 lod
stp=.sla,.slo
sa=.spencer a0*0.0006214
td=.(spencer diff sa) ten2 (}.stp) talo_to_d }:stp+/\0,td
)

In the contextof the examplegiven in the previous section and [9] we can
compare the watch distance, d0, and the modelled distance, ds, as follows. Notice
that at each step thedifferences are small, but the total effect is significant.

5{.d0,.ds
Q Qo

0.00100113 0,00163509
0.00573542 0,00%25683
0.00912691 0.00704023
0.00964432 0.010248

_8{.d0,.ds12.3476 14,273412.35% 14,278912.3599 14.285412.3677 14,291412.3716 14.2953

Cumulative Ascent Modelling
The altitude data obtained from the GPS watch is notably noisy. That was
indirectly noted in the previous section wherethealtitude data received heavy
smoothing. Based upon visual inspection of familiar routes, it appears that the
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altitude data shows unreal bumps,often near buildings, underpasses,cliffs, cols
and summits. In this section we are interested in obtaininga single ‘intensity of
hike’statistic, namely the cumulative ascentover the entire hike.
Wehandle the noisein the altitude data by applying Gaussian smoothing. We use
fairly heavy-handed smoothing, using a 21-point wide Gaussianfilter. Since track
points are typically a few seconds apart, this means that the smoothed data
typically results from a couple of minutes’ worth of hiking data. Figure 2 shows
someofthe altitude data from our hike (over South Dix and Hough and then
partway up Dix) along with the smoothed versionofthe altitude data. Again,
many variants could be chosen, but weselected several hikes where we had a
good sense of what the answer should be, and selected this particular model due
to our perception ofits accuracy.

 

¥ $e ‘ es + z

Figure2, Altitude and Smoothed Altitude
Computing the cumulative ascent is accomplished by smoothing the data and
summingthepositive differences via the function cum_al t below. Theresult is
given in feet.

cum_alt=:3 : 0
3.2808399 «+/(#-0&<)diff(7 gauss 21)Filtid y
)

cum_alt a0
5375.66

This is an intense hike indeed.It is over 14 miles long, much ofit is trail-less, and
it ascends more than a mile along the way.
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Conclusion
WefoundJ very useful for the routine addition of hiking routes to base maps
where the GPS data was from a runner’s watch,J also allowed for some
standardisation and enhancementof the base maps. J really shone when it became
clear that in order to obtain accurate hiking distance andaltitude data we needed
to model them from the raw GPSdata.
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use Unicode APL symbolsif their interpreter permits ‘copy as Unicode’ from the
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Camera-ready artwork (e.g. advertisements) and ‘standard’ material (e.g.
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PAYMENT- in Sterling or by Visa/Mastercard only

     

 

Payment should be enclosed with membership applications in the form of a UK
UO

CC
OO

OC
O  

Sterling cheque to “The British APL Association”, or you may quote your
Mastercard or Visa number.
I authorise you to debit my Visa/Mastercard account
Number: Expiry date: /

for the membership category indicated above,
Q annually, at the prevailing rate, until further notice

one year’s subscription only
Signature:
Send the completed form to:

 

 
Data Protection Act:
Theinformation supplied may be
Stored on computer andprocessed in
accordance with the registration of
tho British Computer Society.   

BAA,c/o RowenaSmall, 12 Cambridge Road, Waterbeach, CAMBRIDGE CB5 9NJ, UK
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TheBritish APL Association

TheBritish APL Association is a Specialist Group ofthe British Computer Society.It is administered by a Committee
ofofficers who are elected by a postal ballot of Association members prior to the Annual General Meeting. Working
groups are also established in areas such as activity planning and joumal production. Offers of assistance and
involvement with any Association matters are welcomed and should be addressedinthefirst instance to the Secretary,

Committee
Chairman Paul Grosvenor Optima Honse, Mill Court

01293-562700 Spindle Way, CRAWLEY
paul@optima-systems.co.uk West Sussex, RH10 1TT

Secretary Anthony Camacho 11 Auburn Road
0117-9730036 Redland
acam@pblueyonder.co.uk BRISTOL, BS6 6LS

Treasurer Nicholas Small 12 Cambridge Road, Waterbeach,
01223-570850 Cambridge CB25 9NJ
treas.apl@bes.org.uk

Journal Editor Stephen Taylor 81 South Hill Parkeditor@vector.org-uk LONDON NW328S
Education. Dr Alan Mayer European Business Management School,

01792-295779 Swansea University,
a.d.mayer@swansea.ac.uk Singleton Park, SWANSEA SA2 8PP

Activities Ray Cannon 21 Woodbridge Rd, Blackwater
01252-874697 Camberley, Surrey
ray_cannon@compuserve.com GUI7 OBS

Projects Jan Clark
earthspotty@googlemail.com

Membership Nicholas Small 12 Cambridge Road, Waterbeach,
enquiries 01223-570850 Cambridge CB25 9NJ

treas.apl@bes.org.uk

Journal Working Group
Editor: Stephen Taylor see above
Production: Adrian & Gili Smith Brook House,Gilling East, YORK. (01439-788385)
Advertising: Gill Smith Brook House,Gilling East, YORK (01439-788385)
Support Team: Anthony & Sylvia Camacho (0117-9730036},

Ray Cannon (01252-874697), Stephen Taylor (077-1340 0852), Ian Clark

Typeset by APL-385 with MS Word 2000
Printed in England by Short-RunPress Ltd, Exeter
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