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Contributions

All contributions to YECTOR may be sent to the Journa) Editor at the address on the inside back cover. Letters and
articles are welcome on any topic of interest to the APL community. These do not need to be limited to APL themes,
nor must they be suppartive of the language. Articles should be accompanied by as much visual material as possible
{b/w or colour prints welcome). Unless otherwise specified, each item will be considered for publication as a personal
statemnent 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 ASCII text file or an HTML
document. APL cede can be accepted in workspaces from I-APL, APL+Win, IBM APL2 or Dyalog APL/W, or in
documents from Windows Write (use the APL.274) TrueType font, available free from the website), and MS Word (any
version, ideally using the Vector template which is also available from the website).

Except where indicated, items in VECTOR may be freely reprinted with appropriate acknowledgement. Please inform
the Editor of your intention to re-use material from VECTOR.

Membership Rates 2007-2008

Category Fee Yectors Passes
UK Private £20 1 t
Overscas Private £22 1 1
(Supplement for Afrmail, not needed for Europe) £
UK Corporate Membership £100 5 5
Overseas Corporate £110 5 5
Sustaining £500 10 5
Non-voting Member (Student, OAP, unemployed} £10 1 1

The membership year normally runs from 1st May to 30th April, Applications for membership should be made to the
Administrater using the form on the inside back page of VECTOR. Passes are required for entry ta some association
events, and for voting at the Annual General Mceting. Applications for student membership wilk be accepted on a
recommendation from the course supervisor. Overseas membership rates cover VECTOR surface mail, and may be paid
in sterling, or by Visa, Mastercard or Amex, at the prevailing exchange rate.

Corporate membership is offered to organisations where APL is in professional use. Corperate members receive 5
copies of VECTOR, and arc offered group attendance at agsociation meetings. A contact person must be 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 acknowledgement for their sponsorship, sustaining
members receive bulk copies of VECTOR, and are offered news listings in each issue.

Advertising

Advenisements in VECTOR should be submitted in typeset camera-ready format (A4 or A3) with a 20mm blank border
after reduction, Iustrations should be photographs (b/w or colour prints} or line drawings, Rates (excl VAT) are £250
per full page, £125 for half-page or less (there is a £75 surcharge per page if spot colour is required).

Deadlines far bookings and copy are given under the Quick Referance Diary, Advertisements should be booked with,
and sent to Gill Smith, Vector Production, Brook House, Gilling East, YORK Y062 4]1. Tel: 01439-788385.

Email: gill@apl385.com.




Changes at 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 our affiliation
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 foliowed was held under the amended regulations
which will be posted in Vector 23.4.

In accordance with the resolution:

1. | shall write to BCS notifying them of the change and thanking them for their
administrative help over the years.

2. Our Treasurer wil! open a new bank account for the Association and request
repayment of our funds from BCS.

You might be aware BCS claims ownership of our funds. | am pleased to say
Richard Nabavi is assisting me in negotlatmg their return. Your committee has fair
hopes of success; it also has plans for carrying on without them.

While we would be glad to recover the money, our future does not depend on it.
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 unchanged for the year 2008-9

We expect to distribute Vecfor 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.

We expect to recommend further changes to 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 hope to continue to receive it.

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

Chairman British APL Association
25" June 2008
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Editorial: Amateur Hour
Stephen Taylor (editor@uector.org.uk)

Anyone reading comp.lang.apl these days could be forgiven for thinking APL is
enjoying a revival. The boards are more active than they have been for a decade.

The vendors are doing nothing to discourage this view. The last year has seen a
major release from MicroAPL and two from Dyalog. Both vendors now support
native class-instance relations and Dyalog has made the jump to Unicode as its
default encoding, breaking down a long-standing barrier between APL and the
mainstream.

At the same time, Kx Systems” and Dyalog’s new licensing regimes have seen
hundreds of student and personal licences issued this winter and new users are
appearing on the boards.

The ] community has produced copious learning material over the years: labs and
documentation installed with J, textbooks, and recently the superb ] Wiki. This
spring has seen publication of Jeffry Borror’s (Q for Mortals, and he is rumoured to
have started on its sequel, Q for Minor Deities. New users of the older APLs can
only await the new textbook Dyalog has commissioned from Bernard Legrand.

We face a need once more to explain what we do: what is special about it and
what is it good for? The answers to these questions matter a great deal, because
they determine how we should invest our scarce marketing and development
resources.

Two schools emerge. Either or both answers could be right, but they indicate very
different investments.

One school points to the larger opportunities available today for programs written
in languages outside the main stream. APL’s special skills can find employment in
this world, encapsulated in Web Services, ActiveX controls, web applications and
DLLs. What matters in this scenario is to be a team player and participate 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
programmers to exploit their domain expertise without the trouble of acquiring or
hiring advanced programming skills. What matters in this scenario is providing
tools that are both light enough for non-professionals and strong enough for



VECTOR Vol.23 No.3

commercial use. Dyalog’s native GUI classes, for example, aim at this: to provide
enough tools for substantial applications, without requiring mastery of the deep
arts of writing GUL On this view, most APL programmers will always be amateur
programmers. This is not to deny a role for professional APL programmers,
Software that makes it out of the garage and into commercial use usually needs
professional help to remain strong.

While we are waiting for time to tell which of these two courses proves profitable,
we do well to respect both, and refrain from familiar grievances about how the
technology never got its 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
what the 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 conference series.
Neville Holmes" essay kicks off his series of articles about functional
programming in J. We're pleased to carry a review of APLX version 4 from Beau
Webber, a ‘gentlemen amateur’ in the best sense, and Simon Marsden’s tutorial on
using APLX’s new classes. Norman Thomson thinks about how ] helps him think,
Adrian Smith uses .Net's “look, no database” dataset. Dan Baronet introduces
script management tools for Dyalog. Keith Smillie finds a differential analyser
made of Meccano and re-builds it 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, Camacho on infinity, Thomson on complex arithmetic, and news of
changes in cur affiliation 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.)
12-13 Jun IBM Hannover APL Germany Spring Meeting
19 Jun 2-5pm BCS, London BAA Annual General Meeting, preceeded by
a short EGM to agree future BCS relationship
12-15 Oct Denmark Dyalog 2008 Conference
at LO-skolen, Helsinger
10-11 Nov Bethesda, MD APL2000 User Conference

Dates for Future Issues of VECTOR

Vol.23 Vol.24
No.4 No.l
Copy date 21st June 21st Sept
Distribution August 2008 December 2008
4

Vector Back Numbers I

Back numbers of Vector are available from:

British APL Association,

c/o Gill Smith,

Brook House, Gilling East,

YORK YO62 4]]

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

Pilease note thar Vel.1 No.2 Is now out of stock.
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NEWS

News from Sustaining Members

APL 2000

APL2000 User Conference 2008

The APL2000 User Conference 2008 will be held 10-11 November at 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 days visiting Washington, D.C.

The hotel is conveniently located on the Metro Red Line, just a short ride from
downtown Washington, D.C., with easy access to 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-Washington International 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 conference filled with stimulating presentations,
interesting demonstrations, shared ideas and camaraderie with the larger APL
commurnity.

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-Skolen in Elsinore in
Denmark for this year's Conference. For those of you who have not visited LO-
Skolen before we can highlight the interesting architecture which has made this
conference centre truly unique. The atmosphere in the main building is very
inspiring and caters for intense networking as there are lots of areas throughout
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the venue for sitting down and having an informnal talk. The kitchen has never
failed to impress us deeply either.

From a transport point of view the venue is very easy to get to. From Central
Copenhagen as well as from the airport there are trains straight to Elsinore — via
Copenhagen Central Station {approx 1-hour journey). Train journeys are very
reasonably priced in Denmark and a one way ticket can be had at DKK 90 (around
£8.50) at current pricing.

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 who like to plan long-term already now we can announce that:

« Dyalog 2009 will take place in the USA in the autumn, Dates and venue to
be announced nearer the time.

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

Dyalog Version 12

Support for Unicode character data. Version 12.0 allows applications to store and
manipulate Unicode character data, Applications can now accept entry of data in
any of the world’s writing systems — from Ambharic through APL, Chinese and
Tolkden'’s Elvish script to Zulu. All components of Dyalog support Unicede: the
development environment itself, the Dyalog langunage and file 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 as it enters
and leaves the Dyalog interpreter. APL source code can be stored in Unicode text
files and edited using any editor which supports these files. A simple source-code
management system and an interface to the popular Subversion system are
included.

Conga for 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 web clients and servers. From version 12.0.2 Conga supports
Secure communications using the Secure Socket Layer (S5L).
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Built-in charting. We're happy to tell you Version 12 includes the Causeway
product series: RainPro — including the NET version, SharpPlot for high-quality
business graphics, and NewLeaf for reporting and typesetting. You can produce a
graphical representation of numerical data in seconds by clicking on a chart icon
whilst running your session — or write your own APL scripts to produce high-
quality reports with integrated business graphics.

Journalling component files. The built-in array file system is now a journalling
file system, which means component files can no longer be damaged by network
failures or system crashes which occur in the middle of a file update.

Language bar. All APL symbols are presented in a Language Bar in the session,
with tips to remind you of the 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 Windows only). Hold the Control, Alt or AltGr
key down for a split second, and you will be presented with a pop-up keyboard
which shows the 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 keyboards for a dozen languages — and you can 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 may be trivial; some applications will run
without any changes. However, large applications with many interfaces to
external data may require significant work — if for no other reason than that the
external databases and interfaces 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.

For this reason, version 12.0 and the next several versions of Dyalog will be
available in two variants: a Unicode edition which uses Unicode for all external
interfaces, and a Classic edition which uses the same interfaces and translate
tables as 11.0 and earlier versions of Dyalog.

Workspaces and files can be shared between the Unicode and Classic editions.
Both editions also provide extensive inter-operability with earlier versions.
Component files can be shared with old versions subject to certain limitations (for
example, the files must contain data which can be represented in the old systems).
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New online libraries 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. There is also a search
fanction where you can either select from a menu or type in your search criteria.

The Documentation Centre contains all the available documentation and will be
updated on a regular basis as and when new manuals and training matetials
becomes available. In connection with the Platinum release of Version 12 all the
manuals will further be available as PDF downloads as well as print-on-demand
via LuLu.

New board member with extensive software development experience

1t gives us great pleasure to introduce Michael Holmberg Andersen, who joined
the Beard of Directors in April 2008 from SimCorp. Michael has occupied the
position as Senior Vice President for the IMS Development Department where he
is responsible for SimCorp’s software development activities.

It gives us great pleasure to welcome Michael to the Board where we are looking
forward to taking advantage of his 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, Tt is our goal to encourage programumers around the
world to learn q and Kdb+ in order to meet the increasing demand for talented Kx
experts driven by the challenges of growing data volumes in the global financial
markets. For more information visit kttp:/fkx.com/developers

Code.kx.com

Kx programmers are continuing to make significant contributions to 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, (2 For Mortals — A Tutorial in
 Programming, is now available from Amazon. The book provides entry-level
explanaticns for Q and Kdb+ users.
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New partner & OEM program

Rising data volumes are choking vendors and many applications are being
redesigned and rewritten. Partly as a result of this Kx is receiving increased
interest in partnerships from application vendors. We are 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 confact
partners@kx.com.

Customer events

Thank you to all those who were able to join us for our London party. If you're in
New York don't forget our 15th anniversary celebration on 11 June. The party will
be held during the SIFMA event in New York, which we are co-sponsoring. If you
are a customer or a partner and have not yet received your invitation 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 of data, and
how to reduce latency.

MicroAPL Lid

The launch of APLX Version 4 has been very well received by new and existing
users. Itis available for all the platforms we support (Windows, MacOS, Linux,
and AIX), in both Desktop and Server editions. The most imtportant new feature is
the extension of the APLX language specification 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 have also been working on enhancing our documentation and tutorials, 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



VECTOR Vol.23 No.3

The Vector Product Guide

compiled by Gill Smith

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.

We reserve the right to edit material supplied for reasons of space or to ensure a
fair market coverage. The listings are not restricted to UK companies and
international suppliers are welcome to take advantage of these pages.

For convenience to readers, the product list 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 avoid errors in these listings but no responsibility
can be taken by the working group for mistakes or omissions.

We also welcome information on APL clubs and groups throughout the world.

Your listing here is absolutely free, will be updated on request, and is also
carried on the Vector web site, with a hotlink to your oun site. 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 be sent to:
Gill Smith, Brook House, Gilling East, York, YO62 4]]. Tel: 01439-788385,
Email: gill@apl385.com

11
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APL CONSULTANCY AND DEVELOPMENT

COMPANY PRODUCT DETAILS

ADVOCORP Oy Consultancy APL application conversions, APL Windaws interfaces, APL to
APt leve! interfacing to any system under Windows, TCP/IP
network and database connectivity, APL based financlal
clientiserver applications, Cognos Flanning and ReportNet

consultancy.

APL Boreafis Inc, Support and Development APL Soitware Support and Development. Spacialists since 1979
in Sharp APL, APL"Flus, APL+Win, Dyalog APL

APL Solutions Inc Consultancy AP\ systems design, development, maintenance, documentation,
testing and training. Providing APL solutions since 1959.

Assured Systems Consultancy APL+Win and/or J and/or VB custom systems development.
Convarsion of APL+D0S to APL+Win a speciality.

AUSCAN Software  Constitancy and Training APL software development, training

Ray Cannon Consultancy APL, G, C++, Assembler, Windows, Graphics on PC and IBM
Mainframe. Experience in Insurance, Chemical, and Alrline
Industries

Causeway Consultancy and Training Qn-site tralning for Causeway, RainPro and NewLeaf.

Customisalicn and enhancemant to meat local needs. Code
review and pre-implementation check of Causeway applications.,

CoSy Consultancy CoSy.com, Coherent Systems, provides rapid development in the
K language and assotlated data base products, with a particular
interest in quantitativa ( financial ) modelling.

David Crossley Consultancy Experienced In large APL system developments since 1989 for
PG or mainframa.

Dinosoft Oy Consultancy Specialised in very large databases.

Dittrich & Partner Consultancy APL programming and analysis; APL woerksheps and training en
the job

Dyalog Consultancy APL and Unix system design, consultancy, programming and
training.

OynArray Ceonsullancy DynArray offers consulting in the areas of DSS, Y2K and APL

programs upgrade/conversion to modem Web enabled platforms.

Eveslic AB Consultancy Excellent frack record from 15+ years of APL applications in
banking, insurance, and education services. All dialects, platforms
and project phases. SAL expertise.

First Derivatives plc  Consultancy Financial trading software in Q, K and kdb+

First Derivative
Analytics Lid. Consultanay Analysis, design, prototyping, development & testing of APL
(especially financial) applications: Shamp, Dyalog APLAW,

General Software Consultancy Over 20 years experience with every version of APL, large
mainframe systems and small PC based programmes.

HMW Consultancy System design consultancy, programming. HMW specialize in
banking and prototyping work. full mambers of :SDM consortium
and Agile Alfiance.

Heekstra Systems  Consultancy APL consultancy, programming, etc. Also UNIX system
administration

INFOSTROY Consultancy Broad experience in various APL platforms. Speclal skills and
knowledge in developing complex applications for investment,
financial and construction markets. Implementation of hybrid
solutions based on APL, Delphi, G#, VBA, 8QL servers.

Insight Systerns Consultancy We have experience with just about every APL system and
platform in common use durlng the last 20 years, from SHARP
APL under MVS or Linux to APL+Win and in particular Dyalog
APL under Windows 9x, NT or 2000, If you have decisions to take
about adapting your APL application to {ake advantage of
emerging technologies, or would ke your strategy reviewed, give
us a call. We have extensive experience in all areas of APL
development, from legacy systems, up, down and sideways

12
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KIK Consultancy and
software development

Lambent Technolgy Consultancy

Phil Last Cansultancy

Lescasse Consulting Consultancy

Lingo Allegro Consultancy
Eucas Solutions LConsultancy
Milinta Inc Consyltancy
Ellis Morgan Consultancy
Nussbaum gift Consultancy
Optima Consultancy, Training & Development

Crbien Consulting Inc.

Graeme Robertsan  Consultancy & Trainlng

Skelton Consulting  Consultancy

Snake Island Research Inc
Consultancy

Strand Software Consultancy

Rex Swain Consultancy

Sykes Systems Inc  Consultancy

MACHs

ubJL GmbH (APL Software Team)

migrations, to the develcpment and support of shrink wrapped -
salutions based on APL. Even if we don't have time to do the

work ourselves, we will know where to find someone who is an
expert In your version of APL and your applicalion area, an your
continent.

APL-based data management: conversions, ad hoc-analyzing

tools, well-interfaced methods for defining, processing and

browsing of multi-dimentiona! reports. Rapid custom software.
development based on proven modular toolset approach. -

APL programming, consulting & training; web design and
construetion.

APL consultancy, medeling and pragramming.

A range of consultants, experts in Windows programming, with
APL+Win and Dyalog APL/WY. More than 100 major APL
applications already developed. We all have additional expertise
in Formula One and Delphi.

General APL consulting, internet website development, migration
and dewnsizing, performance tuning, education and training.

Rates depend on task and location.

Design, development, maintenance, conversion, documentation in
all APLs, most APs and some specific Sharp products (LOGOS,
ViewPoint, Retrieve). Experience Tn multi-user, mult-task
systemns, databases, Windows programming.

Business Forecasting & APL Systems.
IT Consultant with & strong focus on APL.

We have been in business since 1990 and have a team of

APL professionals with many years experience in
phamaceutical, industrial and financial systems on both

PC and Malnframe platforms. In addition to pure APL we can alsa
offer assistance with network integration, ACT! customisation
and Issues concerning the intemet andior web design.

Consultancy

Design and write custom software. Maintaln and upgrade APL
systems. Deliver customized APL training courses

K/G Consultancy

AFL interpreter and compiler enhancements, intrinsic functions,
performance consulting. APL parallel compiler APEX is giving
very good [nltlal performance tests with convolution somewhat
faster than FORTRAN,

Advice on migrating to and from al| flavours of APL end hardware
platforms. Full-screen interface implementation, APL utilities,
benchmarking, efficiency analysis, actuarial software, system
development tools, valuation, pricing and modelling systerns.

Indapandent consultant, 25 years experience. Custom software
development, PC and/or mainframe.

Complete APL services specialising in audit, optimisation and
conversion of APL systems. Excellent design skills. All diatects
and platforms. 17-23 years experience.

MACTns has been released. A sulte of aver 100 high-accuracy,
high-speed assembler code wtility functions for APL+Win and
APL+DOS, MACIns has been thoughtfully designed and
implemenied for APL programmers. It includes functions for
segmented string manipulation, data restructuring, translation and
datatype adjustment, and many numerical computations. Typical
speedups range from 4-10 times, with reduced workspace usage,
datatype conservation, identity detection, and greater numerical
precision amongst the other benefits. Documentation of MAGins
is extremely detailed and tharough.

Analyses, design and programming.

13
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VECTOR

OTHER PRODUCTS

COMPANY PRODUCT PRICES(£)

APL-385 Typefaces poa

APL Borealis Inc. APL. Training poa

Comlog Comic-togger $25.95+pép

FAPL Ltd Books poa

Renaissance Booksellers

Data Systems

Right Seat Software  Vox Proxy $199 {(comm)
$69.95 (ady)

OVERSEAS ASSOCIATIONS

GROUP LOCATION JOURNAL

ACM SigAPL Intemational APL QuoteQuad

APL Bay Area USA N. Californla  APLBUG

APL Germany 8.V, Germany APL Journal

FinnAPL Helsinki, Finland  FinnAPL Newsletter

Japan APL Assoc  Tokyo APL Journal

Rome/ltaly §IG Roma, Italy

SE APL Users Grp Allanta, Georgla  The APL Planet

ScvAPL Moscow, Russia
Torenta SIG Toronto, Canada

DETAILS

Variants of tha APL2741 typeface available to specification. APL
unicode fents designed and built for all flavours of APL.

Hands-an courses in Introductory, Intermediate, Advanced and
Windows AFL. Courses are cusicmized and flexible, and may be
delivered on-sile, with strong emphasis on methods for efficient
and maintainable APL systems development.

APL*PLUS Il comic-book inventory system. Shareware version
availabla on America OnlLine.

I-APL stocks boaks written to go with the -APL interpreter and
some APL Press books. For a list write to 11 Aubumn Road, Bristol
BS6 BLS, ring 0117 973 0036 or emazil acam@blueyonder.co.uk.

The widest range of APL books avaflable anywhera. See Vector
advertisements.

Vox Proxy is autharware for PowerPoint{r) 2000 or 2002 which
allows the use of Microsoft Agent Technology (30 talking
animated characters) within slide shows. VP appears on
FowerFoint's maln menu and provides editing side-by-side with
slides. Automated script-writing provides contro! of PowerPoint,
allowing the use of characters for live presentations or fully-
autormated tutorials, demas, or tralning programs. Optional CD
Prep program allows the user o create auto-starting CD's that will
play or any version of PowerPalnt or without PowerPaint.

Vox Proxy for educational use.

OTHER SERVICES Ann.Sub,
Canfarences; APL whita pages; web site 530
Morthly Meetings {2nd Monday) 520
Semi-annual meetings

Seminars on APL 100F IM{private), 30(student), 1000 {Ca)

Manthty meetings (4th Sat) 10,000yen to join
Material fee 5,000yen a year

Semi Annual meetings $13 {US), §25 (non-US)

Seminars and Annual Meeting
Occasional meetings, APL Skills Database, Toronto Toolkit
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ADDRESSES

ORGANISATION
Acadvent Ltd.

ACM SigAPL
ADVCCORP Oy

APL-385

APL Bay Area APLBUG
APL Boraalis Inc.

APL Consultants Japan
APL Germany e.V,

APL ltaliana S.pA.
APL Software\Services

APL Solutions Inc
Assured Systems
AUSCAN Software Ltd

Beautifu! Systems, Inc.

Ray Cannon

The Carlisle Group
Causeway Graphical
Systems Ltd
Ginerea AB
Comlog Software
CoSy.com

David Crossley

Danish User Group
Dinosoft Oy

Dittfich & Partner
Censulting GmbH
Dyaleg Ltd,

Dynamic Logistics
Systems GmbH

Dyr{An'ay Corporation
Ewvestic AB

FinnAPL

CONTACT
Or A M Sykes

Richard Eller

Adrian Smith

Curtis Jones (Sec)
Richard Procter
Kyosuke Saigusa

Dr. Reiner Nussbaum

Stefano Lanzavecchia
Dick Hoflt

Eric Landau
Lois & Richard Hill
Richard Procter

Jim Goft

Ray Cannon

Paut Mansour
Adrlan Smith

Rolf Komemark
Jeff Pedneau

Bob Armnstrong
David Crossley

Helane Beesen
Pertti Kalliojarvi

Axel Holzmiller

Merten Kromberg

Michael Baas
Dr James Brown
Qlle Evero

Clli Paavola

ADDRESS, TELEPHONE, FAX, EMAIL etc.

171 Gower Road, Swansea SA2 9JH, UK. Tel: 01792-201776

Email: Alan.Sykes@which.net

ACM, 1515 Broadway, 17th Floor, New York, NY 10036, USA (Subs only)

Mikonkalu 8 A, 2krs, PL 363, 00101 Helsinki, Finland.

Tel +356 9-621 3300 Fax +358 9-621 3378 Email: re@rettfi

Srook House, Gilling East, Yark ¥C62 4.4, UK. Tel: 01439-788385

Email: adrian@apl385.com

228 South 15th Strest, San Jose, CA 95112-2150, USA

Tel: +1 (408} 292-4060 Email: curtis_jones@prodigy-het

381 Manor Road Eas!, Toronta, Ontario M4S 157, Canada.

Tel: (416) 457-7828. Fax: (416) 482-6582 Email: info@apiborealls.com
1507 shimomizo, sagaminara, kanagawa, Japan 2290015
Tel+81-042-778-2127 Faxc+81-042-778-2205

Buchenerstrasse 78, D-88259 Mannheim, Germany.

Email: reiner@nussbaum-gift.de

via Monferrato 1, 20144 Miano, Raly. Email: stf@apl.it

1570 Heather Field Lane, Earlysvile VA 22936 USA. Tel: +1 434-973-4255
email: dickholt@gmatl.com

1107 Dale Drive, Silver Spring, MD} 20910-1607 USA

Tel: +1 (301) 589-4621 Fax +1 (301} 5894615 Email: aplsi@stampower.net
49 First Street, Black Rock 3193, Australia.

Tel: +61 3 9589 5578 Fax: +61 3 9589 3220 Email: hillrj@melbps.org.au

PO Box 39, Mansfield, Ontaric LON TMO Canada
Tel: +1-705-434-1239 Email: rip@ca.inter.net

PO Box 2235 Jenkintown, PA 19046, USA
Tel: +1 (215) 635-0375; Fax: +1 (215) 6359212
Email: info@beautifulsystems.com

21 Woadbridge Rd, Blackwater, Camberlay, Sumey GU17 0BS, UK.
Tel: 01252-874897 Email: ray_cannon@compuserva.com

544 Jefferson Avenue, Scranton PA, 18510 USA. Tel: +1 570-863-2036

Erook House, Gilllng East, YORK, UK.
Tel: 01439-788413 Emall: adrian@causeway.ca.uk

Box 61, S-123 00 Sigtuna, Swaden,
TelFax +46 859 256 421 Emall rof@cinerea.se

18728 Bloomfield Road, Olney, MD 20832 USA
Tel: +1(301) 260-1435 Email: jeff@softmed.com

42 Peck Slip #4B, New Yark, NY 100381725, USA, Tel: +1 212-285-1864
Fax: +1 212-285-1864. E-mall: bob@CoSy.com.

187 Le Tour du Pont, 84210 ST DIDIER, Francs. Tel: +33.4.90.66.08.87
Email: crossley@au-village.com

¢/o Insight Systems ApS, Nordre Strandve] 119G, Hellebask, Danmark

Yrionkatu 11 D 17, 00120 HelsInki, FINLAND.

Tel: +358 8 674 001 Emalil: sales@dlnosoft.f

Kleler Strasse 17, D-42697 Solingen, Gemmany. Tek +40 212-260 660
Fax +49 212-260 6666; Email; info@dpc.de

Grove Houss, Lutyens Close, Chineham Court, BasIngstoks, Hampshire
RG24 8AG, UK. Tel: 01256-338461 Fax: 01256-316559
Email: sales@dyalog.com; suppent@dyalog.com

WilheIm-Schéffer-Str. 29, 83571 Gelnhausan Germany.
Tel: +46 6051 13067 Fax: +48 6051 16142. Email: info/@dls-planning.cam

16360 Monterey Rd. Sulte 260, Morgar Hill, CA 95037, USA
Tel: +1 (408)-782-6648 Fax: 41 (408)-762-6627 Email:info@DynArray.com

Berteliusvagen 124, 5-146 38 Tullinge, Sweden
Tal & Fax: +46 778 4410 Email: olle.evero@mail.com

Suomen APL-Yhdistys RY, FinnAPL RF, PL 1005, 00101 Helsinki 13,
Finland Email: clfpaavola@pyr.fi
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First Derivatives plc

First Derivative
Analytics Lid.
General Scftware Lid
HMW Computing

Hoekstra Systems Ltd

I-APL Ltd

1BM APL Products

INFOSTROY
Insight Systems ApS

Japan APL Assoc

JSoitware Inc.
KJK-tieta Oy

Kx Systems

Lambent Technatogy Lid
Phil Last Ld

Lescasse Consulting
Lingo Allagro USA, Inc
Luras Sclutions
Alastair Kintoch Ltd
MicreAPL Ltd.

Milinta Inc.

Ellis Morgan

Or. Nusshaum gift mbH

Oplima Systems Ltd

Orbien Caonsulting Inc.
Qualedi Inc.

Renaissance Data Sys

Right Seat Softwars, Inc.

Michael O'Neill

Ken Chakahwata
M.E. Martin
Chris Hogan

Bob Hoekstra

Anthony Camacho

Nancy Wheeler

Alexey Miroshnikay
Helena Boesen

Juichlro Takeuchi

Eric Iverson

Kimma Kekalainen
Simen Garland [Europe)
Stephen Taylor

Phil Last

Eric Lescasse
Walter G. Fil

Jim Lucas

Alastair Kinloch
Richard Nabavi

Dan Baronet

Ellis Morgan

Dr Reiner Nussbaumn

Paul Grosvenor

Ros Fovargue
Nicole Schless
Georges Brigham
Ed Shaw

Tom Atkins

First Derivatives House, Kimorey Business Park, Kilmorey Street, Newry,
Co, Down, N. Ireland BT34 2DH, Tel. 028 3025 2242 Fax 028 3025 2060
Email:enquiries@firstderivatives.com

114 Lemsford Lane, Welwyn Garden City, Herts AL8 6YP, UK

Tel/Fax: 01707-339620. Emall: KenChakahwata@compuserve.com

Little Wester House, Westerhll Road, LINTON, Kent ME17 4BS

Tel: 01622 832463 E-mail: martin@gsoft-plus.com

Hamilton House, 1 Temple Avenue, London ECAY OHA, UK.

Tel; 0870-1¢10-469; Email: HMW @4xira.com

Dominique, Salisbury Road, Woking, Surey, GU22 TUR, UK,

Tel: 01483-771028. Fax: 01483-837324

Email: Bob.Hoekstra@HoekstraSystems. td.uk

11 Auburn Road, Redland, Bristol BS6 6LS, UK.

Tel; 0117-973 C036. Email: acam@blueyonder.co.uk

APL Products, IBM Silicon Valley Lab, Dept H36/F40, 555 Bailey Avenue,
San Jose CA 95141, USA, Tel; +1 (408) 463-APL2 [+1 (408) 463.2752]
Fax: +1 (408) 463-4488 Emall: APL2@vnet.ibm.com

11 Bolshaya Monetnaya Str., suite 6, 5t. Petersburg 197101 Russla.
Tel:+7 842 325-9797 Fax: +7 812 233-0685 Emait:aim@iniestrey.ru
Mordre Strandvej 119G, DK-3150 Hellebask, Denmark

Tel:+45 70 26 13 26 Fax: 4457026 13 25 Emall: info@insight.dk

Kelo Univ. Faculty of Sci.&Tech. 3-14-1 Hiyoshi, Kohoku-ku Yakohama
Kanagawa, Japan 223-8522. Tel:+81{045)563-1411 Fax:+81{045)566-1617
E-mail:takeuchi@ae.kelo.ac.jp

33 Major Street, Toronto, Cntario, Canada M5S 2K9. Tel: +1 (952) 470-
7345 Fax; +1 {952) 470-9202 Email: info@jsoftware,com
Merlkasarminkatu 10 B 56,00160 Helsinki, Finland. Tel: +358 50 55 27 207;
Emait: kimmo.kekalainen@kijk-tieto.com

555 Bryant St., No. 375, Palo Alte CA 94301 USA. Tel: +1 866 kdb fast
email: info@kx.com (in Eurcpe simon@ke.com)

51 South Hill Park, London NW3 288, UK. Tek: +44(0)20 7813 3786.
Email: sjt@lambenttechnology.com

146 Grossbroak Street, Cheshunt, Herts, ENS 81Y, UK.

Tel: 019562-633807 Fax: 0121-359 0375 Email: phil.last@net.ntl.com

1B rue de |a Balle Feuille, 32100 Boulegne, France, Tel; +33.1.46.05.10.76
Fax; +33.1.46.04.60.23 Email: erlic@lescasse.com

203 N. LaSalle Street, Suite 2100, Chicaga, lllinois 80601, USA.

Tel:+1 (800) 546 4621 E-mail: lingo-allegro@visto.com

Stubbedamsvej 9C, 3.tv., 3000 Helsingar, Denmark

Tel: +45 49 26 52 42. Email; [el@danbbs.dk

519 Webster's Land, Edinburgh EHt 2RX, Scotland, UK.

Tel: +44 (0) 7802 430202 Email: alastair.kinloch@btintemet.com

The Roller Mill, Mill Lane, Uckfield, E.Sussex TN2Z 5AA

Tel: 01825 768050, Fax: 01825 749472

Email: MicroAPL@microapl.demon.co.uk

Contact Dan Baronet at dbaronet@milinta.com

Myrtle Farm, Winchester Road, Stroud, Petersfield, Hants GU32 3PE, UK,
Tel: 01730-263843 Emall: apl@sllismorgan.co.uk

Buchenerstrasse 78, D-6625% Mannheim, Germany

Tel: +49 621 7152190, Emall: reiner@nussbaum-gifi.de

Optima House, Mill Court, Spindle Way, Crawley, West Sussex, RH10 1TT,
UK. Tel: 01283 562700 Fax: 01293 562699
Email:paul@oplima-systems.co.uk

33 Cherryhill Ave., Toronto, Ontario, Canada, M1C 1W9.

amail: fovarg@interlog.com or Ros.Fovargue@sympatico.ca

121 Wesl Main Streat, Milford, CT 06460, USA. Tel: +1 (203) 8744334
Fax: +1 (203} 876-9083. Email: sales@qualedi.com; info@qualedi.com
P.C. Box 511, Botsford, CT 06404, USA. Tal: +1 (203) 270-6729

Email: aplbocks@earthlink.com

1110 12th Street, Golden, CO 80401, USA. Tel:+i 303 278 2244,

Fax: +1 303 278 6867. Email; info@voxproxy.com
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Graeme Robertson Br, Graeme D. Robertson 15 Little Basing, Basingstoke, Hanls RG24 BAX, UK.

Tel: +44 {0) 1256-364071 Email: GraemeDR@nildram.co.uk
Romefltaly SIG Mario Sacco Casella Postale 14343, 00149-Roma Trullo, ltaly

Email: mario.sacco@tin.it
SE APL Users Group John Manges 413 Comanche Trall, Lawrenceville, GA 30044, USA

Tel: +1 (770} 972-3755 Email: seapldoc@aot.com
Skelton Consulting GmbH  Charles Skelton Welnklinga 9, 70329 Stuttgart, Germany. Email: ¢.skelton@skelton.de
Snake Island Rasearch Inc Bob Bemecky 18 Fifth Street, Ward's island, Toronto, Cntario M5J 289 Canada

Soliten Asscclates

Tel: +1 (416) 203-0854 Emall: bemecky@acm.org

Soliton Ing, 44 Victorla Street, Suite 2100, Toronto, ON M5C 1Y2
Tel: +1 (416) 364 8355 Email: sales@soliton.com

SovAPL Alexander Skomorokhovy PO Box 5061, Obninsk-5, Kaluga Region 249020, Russla

Russian Chapter of SIGAPL

Strand Software Inc

Tel; +7(0B439147109 Fax: +1 {530) 6885510 Email:askam@obninsk.com

P.0. Box 330, Excelsicr, MN 55331 USA
Tet: +1 (852) 470-7345 Faxc +1 (952} 470-9202 Email: Info@strandsoft.com

Rex Swain Rex Swain 8 South Streel, Washington, CT 06793 USA_ Tel: #1 (860) 868-0131
Fax: +1{860) 868-9970 Emalil: rex@rexswain.com

Sykes Systems Inc Roy Sykes Jr 4649 Willens Ava., Woodland Hills, CA 91384, USA
Tel: +1-818-347-5779 Emall: roysykes@earthiink.net

Toronto SI1G Richard Proctar P.©.Box 38, Mansfield, Ontarie, LON 1M0, Canada, email:
info@torontcapl.ca

ubJL GmbH

{APL Scftware Teamn} Kai Jager

Thusneldastr. 22, 80482 Nimberg, Germaany. Tel + 49 911 452512;
Fax: +49 911 4825618 Emalil jacger@ubjl.de

Zark Incorporated Gary A. Bergquist 23 Ketchbrook Lane, Ellington CT 06028, USA. Tel: +1 (860) 872-7806
FTP SITES
IBM APL2 ftp.software.ibm.com/psiproductsfapl2

WORLD WIDE WEB SITES

Acadvent Ltd.

ACM SigAPL
ADVOCORP Oy
AFAPL

APL2000

APL-385

APL Forum

APL Germany e.V.
APL Haliana S.p.A.
APL Joumat, Germany
APL Borealis Ing.

APL Consultants Japan
APL to ASCII

Assured Systems
AUSCAN

Eke van Batenburg
Carlisle Group
Causeway
CODEWORK

CoSy (Bob Armstrong}
Dinosoft Oy

Dittrich & Partner

www.acadvent.com/

www.acm_org/sigapl/

www.rett.fi/

www.afapl.asso.frf (Journal avaifable on line)
www.APL2000.com/

www.apl3B5.com

www.aplforum.com

www.apl-germany.de

www.aplit/
www.rhombos.de/shop/a/showlarticle/?216
www.aplborealis.com

hitp://aplcens.com

sge Waterloo Archive
www.assuredsystems.com.au/
http:/thome.ca.inter.net/jp/auscan/
wwwhio.LeidenUniv.nl/~Batenburg/index.htm!
http:/fearlislegroup.com/

www causeway,co.uk/
www.codework-it.com/tangram/eng/
CoSy.com/

www. dinosoft.fiy

wwiw.dpc.de; www.apl-online.de
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DOMOZ - Open Directory
Dyalog Lid
DynArray

Dynamic Logistics
Systems GmbH

FinnAPL

First Derivatives plc
Hoekstra Systems

IBM APL2

Infostroy

Insight Systems ApS
Japan APL Association
JSoftware Inc

KJK-tieto Oy

kx systems

Lambent Technology
Lescasse Consulting
Lingo Allegro USA Inc
MicroAPL Lid

Milinta Inc

Nussbaum gift

Optima Systemns Ltd
Qualedj, Inc.
Renalssance Data

Right Seat Software, Inc,
SigAPL

Skelton Consulting GmbH
Snake Island Research Inc.
Soliton

Strand Software Inc.
Rex Swain

Teronto SIG (for Toolkit)

ubJL GmbH
{APL Software Team)

Waterloo Archive
Jim Weigang

hitp://dmoz.crg/Computers/Programming/Languages/APLS
www.dyalog.com/
www.dynarray.com/

www._dls-planung.de
www.dls-planning.com

www.pyr.fifapl/
www.firstderivatives.com
www.HoekstraSystems. ltd.uk/
www.ibm.com/software/awdtools/ap!
www.infostroy.ru
www.insight,dk/

www.ae. keio.ac.jp/lab/sociakeuchifapla/
www.jsoftware.com/

www kik-tieto_com
www.koe.com
www.lambenttechnology.com
www.lescasse.com/
www.lingo-allegro.com/
www.microapl.co.ukfapl
www.milinta.com
www.nussbaum-gift.de
wWww.optima-systems.co.uk
www.qualedi.com
www.aplbooks.com/
WWW.VGXProXy.com
www.acm.org/sigap¥
www.skellon.de
www.shakeisland.cora
www.scliton.com/
www.strandscft.com/
www.rexswain.com/
www.torantoapl.ca/

www.aplteam.de
www.math.uwaterloo.ca’apl_archives/Welcome.html
www.chilfon.com/~fimw/
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RECENT MEETINGS

The San Quirico Moot 4-10 June 2007

reported by Adrian Smith (adrian@apl385.com)

Acknowledgements

.5

Just a big thank-you to Paul Mansour for
setting this up and inviting us out to
experience Siena and San Quirico
d'Orcia. The atmosphere of the old
Tuscan hill-top town was fantastic (we

j hit festival time), the culture was pretty
impressive (Jet2 fly Leeds to Pisa, so
guess how Richard & I travelled), and
the food was really wonderful.

The great advantage of the ‘moot’ format
is that everyone turns up with lots of

interesting things to talk about, but there
is no programme published ahead of time.

The first morning was spent (after
clearing away the breakfast and moving
all the tables around) in deciding what
was most interesting, and haggling over
the order of play. This had the huge
benefit that the later talks could be
adjusted to respond to earlier ideas -
Richard spent most of the second
evening adding a couple of John Scholes’
language ideas to Rowan, so we could actually play with them 2 days later.

The layout ‘within the day” was also a little radical and worked brilliantly. We
went for 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 enough corners it felt like you had walked quite a way,
and the lunch was so good we were probably still 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 afternoon discussions.

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 beginning to trip over.
For example the implications of having (OR report something other than 82 for
character vectors was kicked about until we all understood the reasoning. Silly
questions like “Which way to write Hebrew?” were debated, and the general view
that these are character vectors in APL was felt to be defensible, so the answer is
{phew) from left-to-right. What about allowing a lot more characters in assigned
names? The Unicode standard does suggest a reasonable subset here, so we could
research these, but again the present collection of characters (Dyalog is quite
permissive already — Nest L é+123) was thought to be good enough. Cyrillic and
Greek are possible future extensions.

There were a couple of mapping issues at the ragged edge, for example the APL
quote (I can’t even show you one here) has no Unicode equivalent, but everyone
in the room had long abandoned Ctrl+K in favour of the plain ASCII quote, so
hopefully it is a non-issue. The underlined alphabet is a much knottier problem —
there is no such thing in the Unicode standard! There is, however, a circled
alphabet so the meeting wanted to explore the possibility of adding these glyphs
into the APL385 font, and Adrian was sent off to the garden to play with FontLab.
After some time, 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.
We agreed to 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 languages are cool!” was the theme of this rattle through
something called Jasper which is an attempt to wrap a database as a set of classes
that are built for you on the fly. Essentially, it parses the entity-relationship
diagram (implicit in your DataSet design) and creates classes on the fly to let you
go digging around it, 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 view of life
(a hierarchy with inheritance) and the Relational view (a network with no fixed
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links}. However, it set me running with some ideas that rapidly crystallised into a
way to wrap Dyalog classes around Selections, which went through some very
rapid prototyping and is written-up in full a few pages further on.

Hyper-operators — John Scholes

“Higher level operators in APL have been considered and rejected
many Hmes in the past ...” Pure Functions in APL and | — Ed Cherlin,
APL 1991

As you all know, the world is supported by four enormous elephants, 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 usual diffidence, clearly hoping
that we would shoot it down in flames. He had even taken the trouble to paint
some handy targets on it, and made sure to point them out!

John's Script, verbatim apart from formatting up the HTML a bit

If we proceed with caution we have a little freedom: Paul's Moot -
Minnowbroek + Dyalog Conference - ??7? Why would I need something
higher than an operator? Next in progression: function -> operator -> ...
Operators deal in functions, what deals in operators?

Foed Chain: APL
P HyperHyperators
| 4
! |
t I
leneean Hyperators
] 4
t |
t I
P Operators
I +
| |
t I
Pmm——— Functions
| ¥
| | Key: ¥ bind (curry}.
t | ¥ evaluate (reduce).
P Arrays t are consumed by,
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|0000  [Prediction of sightings of|
/0000  |various levels of function|

Fns Ops Hype HypeHype

Illumination on hand

22




Vol.23 No.3

VECTOR

Hyperators should bind left, like operators.

A let:
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be functions,
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o
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i ‘hello' = , 'world'

A <m=2=-> 4 3 <-=2-=>

H L ]

A ('hello' o ,) 'world'
A C==——- Jmm—— » CmmPucy
R | - ——— 2 __________ 1

The last 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
items in the binding hierarchy are exposed. For example, a dyadic function
derived from a dyadic operator:

A v+l {(fopglr

(1]

A has access to [eft and right arguments and left and right operands.
A "Header" syntax:

A [0] z +~ a d g A d is a dyadie¢ function.

A {0)] z+alb d f) g A .. .. .. operator,

A 0] z+z2(b(cde) f)g A .. . .. hyperator.

A bfns:

Ao

A LY A enclosing braces bound a monadic hyperator
A [ATATA) A . e . dyadic hyperator
]
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R ) R left and right arguments.
] aa ww R left and right operands.
R [ 1.1. AT A left and right hyperands.
A 'aad A hyperator self-ref,
] vy R derived operator: {(cao VYV www)
A v R derived function: (co (caa VYV www) wa)
Ao}
Examples
nwise
{ A N-wise reduction J.Brickman.
d+ps+pw
} aa/{,0)[({-ddta-1)isprx/s)e . +(1a)-0io]
1 + nwise 18
12345678
2 + nWwise 18
357911 13 15

3 + nwise 18
69 12 15 18 21

Let’s change / to \ and see what happens ...

Oed'nwise'

1 + nwise 8
i
2
3
I
5
[
7
8

2 + nwise 18

1 3
2 5
3 7
4 9
5 11
6 13
7 15

3 + nwise 18
1 3 6
2 5 9
3 7 12
4 9 15
5 11 {8
6 13 2¢
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4 + nwise 18
6 10
5 9 14
12 18
9 15 22
11 18 26

U F WA e
-

Ideally, we would like to pass / or \ to nwise as a hyperand.

987654321 xnats 123456789 R product of large natural numbers
121932631112635269
xnats/110#3 R factorial 1000

H0238726007709377354370243392300398571937466421071463254379931042993B5123986
290205920%4208

4B6969404B00LTI98861019719605B631666672994608558901323B2966%9445909974245040
B7073759%
6082523013536808184009659637252423056085590370062427124341690900415369010593
398383577

79394109700277534%72000000000000000060000000000000000000000000000000000000000
00d000000

00000000G000000G0000000000000000000000000000000000000006000000000000000000000
000000000

0000000000000000000000000000000000000000000000000000000000000000000000000000

000000000
0000000000000
=/2/2 A 2x2
mn
xfaf2 A 2%x2x2
16
~fuf2 A 2#2»2%2
65536
*/5/2 A 2%2%2%2x2 too big :-{
DCMAIN ERRCR
/572 A 2#2n2#2%2 too big :-(
A
*nats/2/2 R 2»2
i
»nats/3/2 A 2%2%2
16
wnats/4/2 A 222222
65536
wnats/5/2 A 2*2%222%2 not too big :-)
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2003529930L06B46464979072351560255750L7B254T75569751419265016973710894059556
31145308550613

0B8093334610103623434290726318182294938211B812668869506364761547029165041871
916351587

77530041386747124577965048175856395072895337536755682208777750607233944558789
5905719156736

Jeopy dfns rats factors
C:\dfns\dfns saved Tue May 20 00:29:42 2008

rit « 3 rats 4 A rational 3ry

r4s - 4 rats 5 A . brs

futesrats A r-format

fmt r3b +rats r4s R 3rk + Lrk
3irzo

fmt r34 =xrats rib R 3ry = Lrb
3rs

fmt rdk zrats r45 A 3rh + LS
15r156

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

] 123 - nats signed 456 A signed nats
R rd4 - rats signed ri5 A signed rats
A o oo dod WY ow )

Hyperator “signed” might look like this:

A sighed = {

A signs+"'"'=503"'a u A remember signs,

] Lft rgtesignsia u A unsigned arguments.
A fn + aa{fn+aa ¢ =0cr'fn'}w A fn operand.

A '+'sfn: ... (ft ao aca rgt A unsigned arith.

] ‘el=fn:

A

R}

Moving rapidly on ... copy 4 binary search tree (BST)operators ...

'fmt'sbst (O('put'sbst)1)('put'sbkst) 2 A simple 85T
insert
1-1,
'2a2
Jeopy dfns foldl
C:\dfns\dfns saved Tue May 20 Q0:29:42 2008
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'fmt‘sbst O('put'sbst)feldl 1 2

insert
i=1.
f2=2
'fmt'sbst 0 ('put'sbst Jfoldl 5
insert
i=1.
t2=2.
f3=3.
'Y=l
'haf
‘fmt'avl 0 ('put'avl Jfoldt 5
1=1
2=2|
| .3=3
"ali=l ]
'5=§
"fmt'redblack 0 ('put'redblack}foldl t5
o]
1=1]]
| L]
[2=22]]
] [e]
{ .
1 | "[=]
"[4=8]]
! -{»]
!
"[=]

'fmt'splay 0 ('put'splay Jfoldl 15
insert
1=1.

WIBNI [1] we could pass the tree operator as a parameter:

try « {'fmt'oce 0('put'ace)foldl w}
insert.

fl 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, because there is a lot less of it”

Generating a good web-site from a collection of text files is harder than it looks.
What Stephen showed us was a very minimal bunch of Dfns which used all sorts
of simple conventions in the file-names and the ability to embed simple APL code
anywhere in the source material (such as Copyright 2006 - {t(0TS}) to make
the construction process simple and easy to adapt. One day it may stabilise to the
point where he can write it up for us!

Wrap Up

=

¢ Yes, the Dyalog Duck has its origins in the
13th century!

Seriously, this was a good workout for
everyone who came; we went away a
good deal more bronzed and only a little
more pickled in the local red wine. Morten
made us all feel very unfit by cycling up
most of the nearby mountains, while
Richard & [ earned several nutcase points
by walking to the next town for the
evening meal.

Several issues got explored with a lot more freedom than is possible in a formal
conference setting, and I think the future of APL is just a little more secure as a
result. Let's do it again some time!

Notes
[1] WIBNIE: Wouldn't it be nice if ...
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Minnowbrook 2007

reported by Adrian Smith (adrian@apl385.com)

Acknowledgements

Minnowbrook was one of the great institutions of the APL world, which I never
managed to get to. The idea was to bring together anyone who could lay 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 that is
why almost everyone has [JFTIE and OFMT and they basically behave in 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 was accessible well out on the water, so it was possible to
check your email while (if you were being sensible) someone else was paddling
your canoe. Such places are always conducive to good thinking, and we have Roy
Sykes to thank for reviving the Minnowbrook tradition with a speculative email
early in the year, to which some twenty APL implementors replied in the
affirmative.
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Here are a few of them unwinding after a heavy morning session in the classroom:

Unwinding between sessions

What did we all learn?

It is hard to summarize the experience, as | am sure everyone came away with
something different. For me, some of the highlights were:

* Joe Blaze (in the round table on marketing APL) admitting to some outstanding
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 me think 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.

* The total lack of supporting material on the Internet for anyone trying 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-
home on the Internet for more background! This is a high-performance C
compiler which is aimed specifically at exploiting parallel (multi-core)
processors. Bob Bernecky has been targetting it with his APL->C translation
tool for some while now, and is getting very promising results. From an
APLer’s point of view, single-assignment dodges 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. Dave tried very hard not to look superior as he
pointed out that IBM has been fully Unicode for over 2 years now. They set the
standard for the APL symbols in the first place, and they have also led the way
in mapping APL functions to Unicode glyphs, where there 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 APL to map out to the ‘circled alphabet’ with glyphs drawn as ABCDE..Z
which makes a lot of pragmatic sense. Whether we should continue to use this
alphabet in variable names is another matter, but it will take time to shake it
out completely.

* Paul Mansour on FlipDB. This was a basic primer session on how to use his
database, and a lot of the ideas made a great deal of common sense. If you want
to know where he is coming from conceptually, [ strongly recommend Database
in Depth by C.J. Date (pub. O’Reilly) which I don't always agree with but, like
APL, it takes a solid theoretical model and sticks to it. Being able to navigate
foreign-key trails with simple expressions like SP[SNO].QTY is a huge
notational improvement on the traditional ‘join” syntax, and adds power as
well as clarity. Just as APL makes many programming challenges “trivial’ so
FlipDB takes several of 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 out in the sessions (and no doubt on the
canoe) and Richard implemented enough over the next few days in the cabin to
have a working interpreter before we left the area. I'll let him make sense of his
notes in time for the next Vector,

The WiFi comfortably reached the shoreline,

¢ which made for some very cosy programming
spots! Roy’s two dogs (notice the conference
badge with her name on it) did a great job of
shepherding us back indoors when the sessions
were due to restart.

Other highlights were harder to pin down -

& listening to John Scholes and Bob Bernecky
arguing strategies for memory management late

. into the night in the bar was one I remember, and

of course mastering the ‘Minnowbrook Shuffle’

i : was high up the list for all of the delegates. For the
uninitiated, Shuﬁleboard 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
numbered beds. It got quite competitive after a few beers, with some very closely
(and rather noisily) contested games.
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You can see that the blue team has one
just short of a high-scoring line, while the
red team has been a little too
conservative!

There was also a very good pool table,
and lots of easy hill-walking straight out
of the back door.

I fear we missed out on the float-plane
ride in favour of walking up Castle Rock, but it did spot us and give us a good
wave with its 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 me like the kind of thing we should try to do every few years. The
initial objective of synchronising APL developments is still extremely valid, as we
all begin to make steps towards Classes and Objects, as well as interfacing to other
languages (Java from APL2 and .Net from Dyalog and APLX). If we do move
towards shipping some more lightweight array technology, agreement between
the various APL providers will be very helpful in capturing the attention of the
world’s programming community. The location was as good as it could be, so let's
hope to see it again before too long.
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DISCOVER

Alive and Well

by Morten Kromberg (mkrom@dyalog.com)

Editor's Note

I have reproduced this, originally posted at comp.lang.apl, in part to mark the end
of a certain conversation. Many heads now gray or simply shiny believed when
younger that one day all programming would be done in APL or something
recognisably like 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 wonder at. Programmers are
not markedly less susceptible to fashion’s tide than other humans. There is a
question as to how APL once lost respect, but it is not a very interesting
conversation. It is a verbal wake, welcome neither in the pages of Vector, nor at
meetings of the British APL Association.

But a closely-related question is interesting. In what current roles are the APLs
likely to enjoy respect? How should we describe their virtues, and to whom?
Vector welcomes this conversation. Dyalog Ltd is a Sustaining Member of Vector
and one of the leading APL vendors today. Morten Kromberg thought long and
hard about the 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 happy to host.

Stephen Taylor

It does seem to be true that:

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

2. Some APL programmers with grey or white hair only see others with the same

hair colour, and de not know any of 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 where all you need to
know is how to write APL programs.

4. Itis almost impossible to interest Computer Science departments in APL.

5. If you work in a traditional software department you are unlikely to be
allowed to start a new project in APL. Software engineers still don’t think APL
looks like anything they learned at school and that it is ‘broken’. The fact that
they can’t deliver software on time, on budget and to spec is only just starting
to shake their faith that they are doing the right thing.

QOver the past few weeks, we have seen a number of people post messages at
comp.lang.apl, expressing the belief that APL is dying, due to various
combinations of the above. Fortunately, it is simply not the case: APL and other
array languages are well established in certain niches. The value of solutions
based on these technologies is measured in billions of dollars per year, and their
existence is nof threatened.

It is a hard time to be an APL programmer. I think it is fair to say that most of us
once chose APL because it offers a very high level of abstraction, allowing us to
very quickly turn ideas involving data manipulation into executable code. But
today, the platforms upon which we are expected to deliver software are changing
rapidly, and we are expected to take interest in the very issues that we picked
APL to avoid getting distracted by. In particular, user interfaces and databases
now require extensive layers of toolkits, and these layers are shifting under our
feet. XAML, Silverlight, Virtual Machines of one description or another, ODBC,
JDBC, ADO, ADQO.NET. We are expected to embed APL software in browsers
which are not allowed to use local storage, even though this is an obviously bad
idea for software which analyzes huge amounts of data. Remember CICS? 1t’s the
same story all over again. Traditional web development techniques are another
example of mainstream technology trying to beat APL into a mould created for
lightweight transactional systems. Keep your data in an SQL database, look at cne
record at a time...

Architectures get more and more complex. If you are a computer scientist or
software engineer, rewriting the software every few years in order increase the
beauty of the code is what you love — why you chose the job. If you are an APLer,
chances are you find 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 soon see tools and interfaces from vendors that allow
APLers to integrate solutions with popular platforms without all of us having to
go out and learn the details of the latest advances.
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The big APL vendors of 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 and licensing
revenues dropped sharply as the PC took over from the mainframe, Almost no
marketing has been done since the late 1980s, and no new educational materials
have been produced — with the notable exception of those written for J. The
traditional vendors were caught in a negative feedback loop. Several did not pull
out.

Accelerating the decline was the fact that much of the early revenue was a
function of a huge but fundamentally temporary business in the 1970s and 1980s,
where all large companies were building their own software for just about every
purpose. APL was one of the best tools on the market for 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 game entirely: key factors are a cheap and easily recruited/fired
workforce, documentation, procedures, and marketing. I think that most APLers
that I know would not want to 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.

We can argue about whether this or that system which was converted would have
been cheaper to maintain and more useful if the technology had remained APL. |
have personally witnessed many extraordinarily bad business decisions to replace
APL systems, made by management teams with absolutely no understanding of
what they were doing {some of whom are now back in the fold as customers, I am
happy to report). But in many situations, the business logic which caused
managers to replace the use of APL by more ‘predictable’ workforces and
technologies are ‘sound business decisions’. 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 much easier than with many other technologies.

In many businesses (the financtal 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
solutions in this market often perform better than traditional solutions. 1 believe
that this is because the layered approach of traditional software development
tends to drive the development in the direction of re-use of overly general
components, which need to be bent a bit too much and therefore perform badly.
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Too many layers in an object hierarchy lead to inefficient code, even after
compilation.

So yes: there are many large APL (based) businesses which have died - but the
family of APL languages will not die unless they are one day replaced by
something more capable in the areas where APL is strong. This is quite simply
because it provides unique value in a number of situations. 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 and array-oriented software development methodologies. The
mainstream software industry is only just starting to shift its focus from
administrative systems to analytical software, and we have a 40-year head start. If
vou look at trends in modern programming languages, they are heading in our
direction: dynamic languages, inference in languages like 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 want to write code quickly, and especially if it needs to do
anything analytical, you need the kind of flexibility that APL already has.

This would be a very bad time to start moving the language towards where
everyone else is now!

I 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# for traditional
‘software construction’ projects is almost impossible.

3. APL is pretty useless in a Computer Science departmenit. It is not the goal of
these institutions to teach the art of extracting specifications or the construction
of working software so AFL has little to offer them (OK, I admit have a chip on
my shoulder: I dropped out of CS pretty early on after discovering that only
15-20% of the marks were given for arriving at a working solution).

However, unless you specifically want to achieve one of the above three goals,
there is no reason to despair. The market for turning complex ideas into working
software is growing rapidly, and all the brilliant ideas that Ken Iverson and the
early APL developers put into the language are more relevant than ever before.

Today, the successful (growing)} users of APL seem to be enirepreneurs (or
entrepreneurial businesses) with novel ideas that they want to bring to the market
ahead of 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 embedded in — or communicate with — mainstream components. You must
learn about SQL and XML and other 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 do all of the above (for a while), but generally we
need to build teams combining domain- and technical experts. The vendors must
do what they can to make the jobs of both these groups easier, and also explain
the mechanics to managers who need to understand how to make this work.

At Dyalog, we firmly 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 are still in their last throes. It is a false signal with respect to the
fundamental value of the technology. The truth is that APL is actually still ahead
of its time. It is our good fortune that we never had a mainframe business, as it
means that for us, APL has been always been growing — and that growth now
seems to be accelerating. We believe that we can further accelerate the growth
through:

1. Working hard to improve integration with platforms (Microsoft.Net, Mono,
perhaps Java). We've been working hard for the last several years, with the
addition of the Net interface, Object Orientation and finally Unicode support
in V12.0, we feel we have made big steps in the right direction. Although it is
one of the fundamental values of our product that people who are not seftware
engineers have a complete package which allows them to build all the
components of an application, we must also support large organizations who
want to build multi-layered, and ‘multi-tiered” applications using a
combination of teams skilled in APL and other technologies.

2. Producing new books, training materials, ‘code patterns’ — and provide new
tools for sharing code between APL users. Expect to see the first results of this
work to appear during 2008.

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

We don't think it will be long before we'll be back in the business of cold-calling
certain types of development teams to sell APL as a modern technology. We are
already working to start new academic programmes using APL. It is too early to
say when we will 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?

When ! first read about APL in Byle 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 fo hand-translate it 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 advent of
APLE8000, on the Atari ST, from MicroAPL, meant I could have a copy of APL
running on the lab bench - as well as at home —and I applied it to everything
from analysing Nuclear Magnetic Resonance (NMR) diffusion data to controlling
the lights and sound for our village dramatics society.

I 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 APL offerings from MicroAPL have developed over the years, this has been
my favoured APL interpreter — and following that 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 powerful tool for instrument design —
what is it about MicroAPL’s APLX, version 4 that now makes it, for me, the
preferred design platform?

There are a number of answers to this, but above all, as I will demonstrate with
particular examples from on-going projects, there is the ability to have a seamless
join in a loop that goes from a screen-based front panel with buttons and drop-
down menus, interacting with a number of asynchronously operating
independent APL processes, some communicating over USB to firmware
operating parallel hardware (at 100s of MHz) in gate-arrays that control the
experiment and collect the data, which is then passed back over the USB to the
APLX programs for analysis and adjustment of the instrumental parameters.
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In addition, rather than

 translating my APL source code {following writing and testing) to LabVIEW
VIs (visual / graphical programa), as 1 did in the 1990s; or

* translating to Basic and Fortran, as 1 did in the 1980s; or
» using APLc to translate to C

I can now apply them immediately to the experiment in hand, moedifying them as
needed to suit the data emerging from an experiment. Front-panels can be re-
configured on the fly, to suit the needs of ‘soft-instruments’.

New Features 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, under the following main headings:

= Object-Oriented Programming in APLX v4

» Creating, editing, and medifying APL classes

* Using Internal (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 Functons

* New System Commands

e 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 must at 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 was released just before last
Christmas.
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Object-Oriented Programming

As can be seen, the biggest single development in this upgrade is to address a
long-standing complaint against APL, in that it is said not to fit well with modern
Object-Oriented programming (OO) - at one stroke MicroAPL addresses this by
adding OO syntax options to calls such as those for window creation and
manipulation, as well as adding easy access to any QO programs installed 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 DateTime class, defined in the .Net class
libraries, but not specifying an initial date to the constructor of that class:

NETDATE + '.net' ONEW 'System.Date.Time'
NETDATE.ToString
0001-01-0t 00:00:00

Here we see the zero date and time retumed in 1SO format, which is the preferred
format on my machine.

Java:

'java' OCALL 'java.lang.Integer.toBinaryString' 37
100104

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

vOOT_Forms; X;F;EditResult;EditIn;Buttonha
[1] = Simple example of using Windows Forms from APLX v4
{21 & Create main form AR
3] F+'.net' ONEYW 'Form'
[4] F.Text«'Expression Evaluator’
[5] =
[6] a Create edit box for input line

[7] EditIne’.pet' ONEW 'TextBox® Ig i
{8] EditIn.Leftel2 ¢ EditIn.Tope2l | 5 o oo commsommn o
[9]  EditIn.Widthe265 o EditIn.Height o

{10] EditIn.Fonte'.net’ ONEW ‘Font' */lreremr—ee—

[11] F.Controls.Add EditIn
Figure 1. .Net graphics example, showing a section of the code in the update

reference manual, and running (a slightly modified version of) the code in the
example files,
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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;:

OcaLL

OCLASS

OCLASSES

OEva
OEVAL
OEVN

QevT
OGETCLASS
OIc
OINSTANCES
ONEW
ONULL
ORECLASS
OREPARENT
ORECLASS

(THIS

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 named class
Insert into class

Instances of a class or descendants
Create new instance of class
Return reference to null object
Change class of objects

Change parent of user-defined class
Set up external environment

Reference to current cbject

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 APL array to file in
[EXPORT specified format
Import data from file in specified

OIMPORT P
ormat

APLX has had 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
HTMI.

This exchange can in fact be carried out by a number of mechanisms; see the
section on the clipboard, at the end of this report, on enhancements to the user
interface.

User-interface enhancements

At this point I will take an item out of the above order, 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 fo edit almost any simple, mixed or nested APL
array, the only limit being that the array cannot exceed five dimensions. You can
edit any element and, if you wish, restructure it: 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 Marual)

What 1 have already found this 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 two nested lists, one defining pulse channel names, the other defining time-
delays in terms of variables {that may later change on 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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PP + Channels pp_create PPnDelays;R;C

A

A create a pulse program skeletan

A given a list of Channel names and (Pulse Program Name +
Delay time names)

Ve i 4
Aua Vypufimmaribiued Rk 2iMsm]  Ghace 0 Bestuehia |
| 2 |3 |« | s | = 7| i

1 tPretrig no0 (AR1B0-AH0) £ Taw B0 (T {4RepMin [ ERep-F=tTaul
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Figure 2. Creating an {90°~ -180°— - Echo) NMR Pulse 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 resuit 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 implemented in an Altera gate-array module.

iTau tTavy |C(tRepHin [ tRep-2xtTaul
Q.005  4E-6 . 0.003F 0,29

TZiALELE tH18¢

is}

pFrelfrig

TptTau

PrATau

oH

H-Phass0 &
-l

H-Phas+1

Ag _Ceniret

Figure 3. First stage of compiling an (90°~ -180°- - Echo)
NMR Pulse Sequence.

The commurnication with the gate-array module is implemented by accessing the
DLL routines that control the USB data transfer directly using APLX calls. This
ability to talk directly to high-performance parallel-operating hardware over the
USB is 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 I had requested has, with Version 4, been added to APLX —a built-
in ability to employ Regular Expressions. Text is 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 some tasks.

Up to now to use Regular Expression I have had to make calls on the Unix sed
(stream-editor) and grep (global-recognition expression parser), using the shell
tcsh in Cygwin, Now that RE parsing is built-in, I do not have to assume that
Cygwin is installed, and I have the option of releasing some of these programs for
more general use.

T am an avid fan of music, particularly good live music, and an example of such a
program that makes extensive use of RE parsing is associated with my music
pagel[4] that tells people about the live music in Kent. A program that I use
regularly (but is still under development) makes use of APLX's ability to access
the web directly - I maintain a list of pointers to local musicians’ web pages, and
{with their permission) read their gig-lists directly from their personal sites. There
is then some fairly straightforward pattern matching to identify years, months and
days, and ensure the dates found are in some sort of logical order. (One site lists
months in reverse order, another puts archival gig photos with dates on the gig-
listing page!) There is then what would, without REs, be some fairly lengthy code,
that has to recognise any reasonable format of time of day (range) and then
convert it to the format I use on my gig-listings.

The gig-listing page for the local Kentish group Waterhorse[5}, for instance, is
shown in Figure 4. Note the pop-up box giving venue information for 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

Some bands bracket and hyphen one or both of dialling code and event times. As
an example of RE pattern matching and replacement, the recognition and
interpretation of bracketed event times is 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+'(A.*)( [0 J*=)(0Nd{3,7}) ([ )=#)(\d{4,7})( ».2$)' '\1 \3 \5 \é'
,2 16 55 Txt Rgx

Some text 01227 123456 and (yet) more text.

By combining the strengths of APL to manipulate arrays of text with that of
Regular Expressions to define compact transformational expressions, we may use
the web-aware facilities of APLX to access the gig-listing page directly from the
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above musicians and drop the transformed contents into an editor for checking
and manual editing if necessary. (None was in this case.)

Figure 5 shows this gig calendar in raw KentFolk EventTable format — note the
user defined pop-up menu:

IV Multicli it .
wWatartH orsa

G WaleHotsa
2008

T Y

T9-1pm

Y 2008
M May

D 23
(@ The Brewery Bar 'Whitstabla { East Quay_ | The Harbow, | Whitslable, | Kert CTE 28P 101227 262003
TApm

" 2008
M June

[
& Selirndgs Festival [Hope Fam, [ Gibbong Brook, | Ni Ashfoid, | TN25 BEB
t5.30 - & 30pm

015
@ Padm By Bog Event | Masgate | Pam Bay, | CRtorvs, | M aigate:
11.30 pen

o2 cu )
@ Falk Auck Dby | Goodnestone | Goodnestons Park, | m | Wingham, | Cantesbury, | Kert CT3 Copy 3
14 pin Paste :

v 2008 Test

M July Sekect AL

P ’ C\RN_IMC
(@ European W aler-sking Chanponshos FRamegate | Ramsgate Habow ta

1 6 pm Copy Alto MC i
11 Faste Al from MC ;
& The Sptation Festival [ Mothampionshire | Spratton Ascreation Field, | junction 45189 and Sm print 3
Nailhampionhra Laad
0:

45 ]
o Save -

T 2008
M Auguzt

v 2008
M Septembar
{o v

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 1 then use a hand-written HHITML output stage to generate the Kentlolk
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 upload to the server is done via
calls on FTP, but the new ability with APLX version 4 to access Microsoft .Net
protocols directly should give both greater versatility and greater security for
applications that need it.
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A small 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 APLX is based on version 7.1 of Perl
Compatible Regular Expressions (PCRE)[6], an open-source product written by
Philip Hazel, who did many good things in his time at 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 report is the ability to export to HTML.
There is more than one way to do it, but what I have been doing is just using the
Windows clipboard.

If one just copies a secHon of the contents of the APLX working window and, say,
pastes it into a font-aware program, such as MS Word, one gets a copy with the
APLX Upright font, with colours; however if one tries exporting this from MS
Word as filtered HTML one sees (viewing the text in the ¥i or Vim editor) one has
characters that will be undefined if one does not have the APLX Upright font
installed:
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<p class=MsoNormal style='text-autospace:none'><span style='font-size:10.0pt;
font-Ffamily: "APLX Upright"ieolorzblue'> Txt , ‘'Some text {01227) £23456
and (yet) more text.' </span></p>

<p class=MsoMormal style='text-autospace:inone'><span style='font-size:10.0pt;
font-family:“APLX Upright";color:blue'> LTxt 2 16 (55 Txt '(~.=){ [
( I=2(0Nd{3,71)(F 3=-T=)(\d{%, 7330 ».»$)" "\1 A3 \5 \é&'</span></p>

<p class=MsoNormal style='text-autospace:none'><span style='font-size:10.0pt;:
font~family:"APLX Upright";color:black'>Some text 01227 123456 and (yet)

more text.</span></p>

1f however one copies the contents of the clipboard explicitly as follows, one gets a
copy on the clipboard that has been converted to HTML.:

‘0 Owi 'contents' ('0' Owi 'text')

In particular one now gets a copy that uses the APL385 Unicode font, as is
specified for these Vector articles:

<p>Txt &#8592; 'Some text (01227) 123456 and (yet) more text.' <br>

,Txt B#8592; 2 16 <span style="font~family:"APL385 Unicode”'>8#9109;</span>55
Txt (A3 ( D0 1#)00NG{3, 710 (0 D-T=) (Nd{4, 73D ( ».»$)" "\1 A3 A5 \6' <br>

Some text 01227 123456 and {yet) more text.</p>

This works both ways — one can copy the HTML of the APLX example code here,
and paste it back into APLX v4 and then run it.

Using APLX v4 for controlling instrumentation and collecting 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 come later — however the
advantages of having a powerful array-manipulating language like APL
intimately connected over the USB to gate arrays with parallel circuitry running at
100s of Megahertz can not be 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-panel at run time for ‘soft-
instruments’. Direct access to Net graphical objects will aid porting/interfacing
non-APL instrumentation designs to APLX.

Here is one particular piece of kit, a one-dimensional NMR imager using novel
technology, created by Lab-Tools for the University of Surrey Physics
Department. The Radio Frequency (RF) stages were implemented in off-the-shelf
modules using ASICS, the Intermediate Frequency (IF) signal processing and data
capturing /averaging stages implemented in the gate-array as firmware, and the
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Audio Frequency (AF) and base-band signal processing and data fitting
implemented in APL in the host processor (a lap-top, for field-portability):

Lab-Tools.com

NMR 1D Imager I Unis

Amplitude

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

And so what use have I made of APL, and APLX in particular?

AlLT can say is: go see my published papers[7]. I would not have been able to do a
fraction of this research without APL to help me.
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Tacit] and I

by Neville Holmes
School of Computing and Information Systems, University of Tasmania
Launceston 7250, Australia
(Newille. Holmes@utas.edu.au)

This essay gives the background to the series of articles expounding the joys of
functional calculation that starts in this issue of Vector. It is largely
autoblographical, finishing with a description of experience teaching tacit use of ]
to Honours students using the articles of the series.

APL in Boxes

It's so long ago that I can’t remember just when I first heard of Ken Iverson’s APL,
but it was in the mid-60s and I remember two particular events.

A colleague at IBM Australia, Jacques Grenot, introduced me to Iverson's 1962
book A Programming Language [1]. Ken had taught a class at IBM's Manhattan
Systems Research Institute using the book and its ‘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 what internal gossip claimed had
previously taken two six-foot shelves of ring-binders to contain. The same gossip
claimed also that numerous errors had been uncovered through use of the
notation.

Box notation had two related virtues, at least for people with a technical
background: it used familiar mathematical symbols and it was extremely succinct.
Also, the boxes and the sequencing lines placed outside the boxes made the
structure very plain to see. For these reasons the notation found some subsequent
use for specification in proposals for computing systems, though not by me.

APL\360

In 19701 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 development into an interactive system, 1 pressed to have APL\360 installed on
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the Institute’s 360 Model 67 running, after a false start with T55/360, under
CP/CMS which later came to be called VM /370.

APLAN360 was delightfully immediate. You keyed the expression for your
computation into a typewriter terminal and the result was typed on the next line,
typically straight away. The 2741 terminal had a ‘golf ball’ printing element that
allowed most of 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 anyone in the right frame of mind,
and so I had quite a few joint development projects using it in tertiary education
in fields such as conventional and naval architecture.

Because computers were still 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 computer in 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
equipment in 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 were often very reluctant to be moved away by their teachers. Adults
were usually much more sedate. On one memorable occasion an elderly visitor
took much persuasion to actually seat himself at a terminal but could not be
persuaded to touch the keyboard.

The advent of the IBM 5100 enabled me to work with teachers, mainly primary
school teachers, to put a computer temporarily in their classroom., The 5100, a
‘Tuggable’ computer, rather cunningly used microprogram to simulate a
System /360 host for the IBM Basic and APL\360 interpreters. There was no
graphic capability, but I wrote an APL package to allow primary school children
to key in expressions like

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 machine and so could
not lend it for long periods.

Unfortunately, the Institute was not successful and was closed down in the
mid 70s and 1 reverted to conventional field work. However, I was still able to get
APL used, though usually indirectly through the excellent spreadsheet and
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database packages that were available. When visual display terminals started
being adopted, use of APL was greatly encumbered by IBM’s prolonged delay in
providing the APL character set for them.

Tacit

In the 80s I shifted to Sydney and APL moved into my background. Then I retired
from IBM and at the beginning of 1989 took up a position as lecturer in a new
degree course in Applied Computing just starting at the Tasmanian State Institute
of Technology in Launceston. Ironically, my first duty was to teach Fortran in a
service course unit; my first programming language in 1960 had been Fortransit
for the IBM 650.

As an APL enthusiast I had planned to insinuate APL into my teaching, and I got
a copy of IBM’s APL2 for the PC for use in teaching eventually, and to keep my
hand in in the meantime. Unhappily, the PCs available to me would not run APL2
properly, and after a long struggle I had to give up. Then I reluctantly tried J.

It worked first 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 workspace by the indirect script seemed to be a
backwards stride. What more than compensated for these, though, was my
discovery of the tacit style of coding in J.

The idea of inferring a functional expression’s use of its arguments seemed to me
then, and still seems so, to be the purest form of functional programming
available. Since then I have only used explicit definitions when deficiencies in my
knowledge or in the notation forced me to. At one stage 1 coded a simnulation for
von Neumann’s Princeton IAS computer and an assembler for it entirely in tacit
mode.

An early use I found for j was in a first-semester first-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 learnt entirely through interactive
lessons, written in tacit ] in the first case.

More seriously, for about a decade I taught an Honours unit called “Functional
Programming” in which students were required to undertake a serious project
using tacit . For the first half of the semester students were given a sequence of
lectures, actually more like demonstrations, using the handouts that are the basis
of this series of articles. Each week the students were required to complete a test
given in the handout to confirm their learning of the material.
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The students seemed to 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.

[ enjoyed teaching them. My main difficulty was, time and time again, getting
around a shortcoming of tacit ]. One not quite tacit aspect of ] is the use of
brackets as primitive functions to bring an argument freely into an expression
when it was inconvenient to imply its use: [ for a left argument, ] for a right

argument,

The problem was that there was, and is, no similar way to bring an operand freely
into a tacit expression. All too often T had to give up insisting on tacit coding and
let the student code explicitly. Earlier versions of ] had something of this kind, lev
[. for a left operand and dex ]. for a right operand, but tragically, because these
were parsed as operations they were extremely difficult to use and were dropped
out early on.

QOccasionally I passed the more interesting results of student projects 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
was usually along the lines that, although they found tacit ] fascinating, they
didn’t see it as something they would be able to use in their postgraduate work.
Their coursework had told them that programming was synonymous with Java,
and tacit ] and I were seen as novelties.

Conclusion

Teaching tacit ] coding was a most enjoyable experience. 1 hope that the
publication of my course material for such teaching will bring enjoyment to future
readers of Veclor.

As my “Functional Programming” course unit was only one semester long, my
hand-out material was almost entirely on tacit ] proper. If a student wanted to link
to system capabilities then they had to work this out with little help from me. That
many did so perhaps indicates their interest in pure functional programuming.
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LEARN

Functional Calculation 0 :
Numerical Apéritif

by Neville Holmes, University of Tasmania (Neville. Holmes@utas.edu.au)

Abstract

This article is the first in a series expounding the joys of functional calculation.
Functional calculation 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 tool called J.

This article gives a detailed illustration of a few numerical uses of the notation
supported by the ] interpreter, This explanation is preliminary to following
articles, which will review some of that tool’s support for numerical calculation.
The illustration takes a simple function and shows how J, or any other tool for
functional calculation, can be used to investigate special values of the function.

Calculation
Calculation is an honourable and satisfying occupation with a long history and a
rich tradition [1].

Relatively recent developments in electronic computation have led to the adoption
of three classes of aids to calculation, namely:

* electronic or programmed calculators based directly on traditional calculation,
s gpreadsheet programs, and
» complex mathematical systems.

Electronic calculators are unreliable and very poorly designed [2]. Spreadsheet
programs are very powerful and useful for the kind of 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 kind of functional calculation described in following articles is like an
enormous but sympathetic extension of traditienal 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 collections of tables of different kinds. The extension is of
stirprising expressive power so that problems which would otherwise require the
might of a complex mathematical system can be tackled simply.

This article will go through some simple numerical calculations step by step,
explaining them in detail. Readers will get most benefit out of the description if
they get their own interpreter and themselves carry out the calculations (and any
others suggested by the examples) as they are being described.

The notation used here is called simply ], and programs (for many of the more
popular computing platforms) to evaluate expressions in the notation can be
downloaded from the Internet at fip:/farchive.vwaterloo.ca/languages/j and help is
available from the Usenet group news:comp.lang.apl

Because the programs which evaluate ] expressions as they are keyed in seem to
interpret the notation, they are called interpreters. The ] interpreters that can be
got for free from the Internet are old versions, but information about up-to-date
versions, and much, much more, can be found at kitp:/fwww.jsoftware.com/

The primitive functions, those functions with symbols for names, used in this
article are few, and very many more such are provided by the interpreter, and are
listed and briefly explained by the interpreter’s help facilities.

The purpose of this article is to show how simple functions can be used simply to
get useful results, the kind of results that show the interpreter in the light of a
utility calculator. To allow this to be better appreciated, examples which involve
the use of lists of numbers have been chosen.

The calculations used here as an example are based on an exploration of a
function named f in the description. Any reader carrying out the example
calculations can define f by keying in

f =:-0.
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R12

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
useful list of test values, and then to apply the function to those values. Keying in
the expression

nn =: §.11

uses the primitive function i. {(pronounced infegers) to produce the first eleven
non-negative integers, to which the copula =: (pronounced gets or becomes) gives
the name nn.

The copula is used only for conferring names, and it is not a function as such. No
result is shown because the interpreter is just naming. However any named result
can be looked at just by keying in its name, in this case

nn
012345678910

shows nn to be a list of ten integers.

Some general remarks are appropriate at this point. The ] 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 1., are not required by the interpreter, but have been put there to
make the expression more readable. More than one space could have been used
with same result, 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 have affected 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 now be evaluated for the argument nn, and its result displayed, by

f nn
1 _0.423311 1.10587 10.6608 42,0318 132,705 384.579 1074.64% 2955.83 8074.81 21995

which shows a quite distinctive behaviour indeed.
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However, the inconveniently small font forced on the printing above of the results
of f nn makes it difficult here to appreciate fully the nature of that behaviour, so
it is useful to define with scant comment

show =: ",&(0.18":

which names a function that can be used as in

show f nn
1 _0.% 1,1 10.7 42 132.7 384.6 1074.6 2955.8 8074,8 21995

to force each value to be displayed with at most one decimal place. This is perhaps
not so useful here, but will be so later.

One of the values in the result list is negative. Notice that the notation
disambiguates the hyphen by representing the property of negativity by the sign _
so that the hyphen can be kept 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
31.4 28,3 25,1 22 18.9 15.7 12.6 9.% 6.% 3.5 1

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

a ,: show f a =: nn-{0Q

10 9 _8_7 & 5 &% 3 _2 _to
31.% 28.3 25.1 22 18.9 15.7 12.6 9.5 6.4 3.5 1
where the test values are temporarily named a so that they can be stacked by , :
on top of the results. Care must be taken in putting together expressions like the
one keyed in above. For example, the copula =: gives the name to its left to its
predicate, which is everything to its right, just as in English sentences the
predicate of a verb is everything to its right. Providing there is a space between
the f and the a, then there are two names, and the copula only uses the name next
to it. If there’s no space, the name is 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 values of a.
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The same technique can be used to stack the values of nn on the resultof f nn by

nn ,: show f nn
4} i 2 3 4 5 6 7 8 9 1¢
1 _o.% 1.1 10.7 42 132.7 38L,6 1074.6 2955.8 BO74.8 21995

which shows quite different behaviour from that for negative argument values.

On some versions of ] you might not get the table of the example looking as neat
as it does here. This will be because the host system is putting your numbers out
using an unsuitable type font, one that does not space the letters equally, thus
causing the misalignment in tables. You should change the font, presumably to
the one that works best for me on the screen, that is, IS]], though APL385 Unicode
is the font used in this printed article for examples.

The most interesting 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 one at a time, though the exploration of the second zero is here left as an
exercise for the reader.

The First Zero

The simplest zero to explore is the one between 0 and {, and by

how f
0.3
0.4

%10
.5 0.6 0,7
.1 _0.1 2

a , n

o 0
1 _0.

[« ]

0.1
0.8

OO

0
a.

N-F‘ll
OO:!

&8 0.9 1

3 _0.4% _0.4

the eleven values between and including 0 and 1 are displayed. Because the
restrictions of the ASCII character set require the % symbol to 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 nnZ10 gives a list of values between ¢ and
1 incrementing by tenths, and from the result of applying f to nn%10 it can easily

be seen that the zero lies between argument values of ¢.5 and 0.6, about
halfway between.

The limitations of the function show are evident here, but it can easily be redefined
as

show =: " . 8{0.28":)
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which then returns a second decimal place to sight in

a ,: show f a=:nn%i0
¢ 0.1 0.2 0.3 0.% 0.5 0.6 0.7 0.8 0.9 1
1 0.79 0.59 0.41 Q.24 0.08 _0.,06 _0,19 _0.29 _0.37 _0.4%2

s0 that the zero can be predicted to be slightly closer to 0. 6 than to 8. 5. Not only
are fractional values like 0.5 and 0.6 always displayed 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 ,: shaw f a=: 0.5+nn%100
0.5 0.51 0.52 0.53 0.54% 0.55 O0.56 0.57 0,58 0,59 0.6
0.08 0.06 Q.05 0.03 0,02 0,04 _0,01 _0.02 _0.04% _0.05 _0.06

where the leading zero of the 0.5 of the expression being keyed in is required, not
optional. The new display of the results shows that the zero is between argumnent
values 0.55 and 0.56.

The result values are becoming rather too close to zero, and will now need to be
scaled up, so in

a ,: show 1000xf a=: 0.55+nn%1000
0.55 0.55%¢ 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 _1.64% _3.0% _4.44 _5.83 _7.23 _8.62

the results are multiplied by a thousand before being displayed, the * symbol
being used to stand for the multiplication function because the x symbol is not
provided in the ASCII character set! In the absence of parentheses, the right
argument of a function is the entire expression to the right of the function symbol,
so that the * in 1000+~ takes the result of the application of f as its right argument.
By now, the argument values are getting a bit too long to print out comferiably,
and the way they correspond should be getting to be clear, so they won't be
shown stacked any longer. The argument of f now being from 9.55 to 8.56, 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 ¢.38 _1.02 _2.42

which now places the zero between arguments 0.5538 and 0.5539. The ]
interpreter makes it easy enough to bring down the previous line and simply
insert the three extra digits needed at each stage of the calculation. But by now the
strings of zero digits are becoming a bit hard to keep visual track of, so, using e-
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notation for the large scaling integer and the small interval size, the next step
becomes

show 1e5xf 0.5538+nnZ%ied
3.79 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 somewhat repetitive. Of course,
the whole process could be made automatic, but by doing it step by step the
succession of numbers gives a 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 experienced J user) as in

g =: }*xf@(+nn&%)

so that the investigation can now proceed as follows.

show 0.55382 g 1e6

5.86 8,46 7,06 5.66 4.26 2.85 1.45 0.05 _1.35 _2.75 _4.15
show 0.553827 g 1e7

0.51 _0.89 _2.29 _3.69 _5.09 _6.49 _7.9 _9.3 _{0.7 _12.1 _13.5
show 0,5538270 g 1e8

§.1% 3.73 2.33 0.93 _0.47 _1.87 _3.27 _4.68 _6.08 _7.48 _B.88
show 0.55382703 g 1e9

.31 7,91 6.51 5.11 3,71 2.31 0.9 _0.5 _1.9 _3.3 _4.7

For some time now the results have been showing a strange uniformity. It might
be suspected either that the arithmetic is beginning to 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
AL D L L T P O T O

which immediately shows the 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 hand of just where the zero is, but,
for the purposes of exploration, the estimation process is continued here as before,
except that now

show =: ", 8(0.18":)

because only one decimal place is now needed to be shown.
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show 0.553827036 g 1lel0

9 7.6 6.2 4.8 3.4 2 0,6 _0.8 _2,2 _3.6 _5
show 0.5538270366 g leil

6.2 4.8 3.4 2 0.6 0.8 2.2 _3.6 _5 _6.% _7.8
show 0,55382703664 g 1lel2

6.3 +.9 3.5 2.1 0.7 _0,7 _2,1 _3.5 _4,9 _6.3 _7.7
show 0.55382703664L g 1el3

7.2 5.8 %.% 3 1.6 0,2 _1.2 _2.6 _& _5.4% _6.8
show 0.65538270366445 g lell

1.9 0.5 _0.9 _2.3 _3.7 _b.1 _6.5 _7.9 _9.3 _10.7 _12.1
show 0.55382703664451 g 1elb

4.9 3.3 2 0.7 _0.7 _2 _3.3 _4.7 6.2 _7.5 _B.9
show 0.553827036644513 g lelb

6.7 4.4 6.7 2,2 000 _2.2 _6.7 _2.2 _6.7

The values have become erratic, so much so that doubt much attach to any
attempt to add further digits to the value found for the first zero. However,
checking with

f 0.55382703664451 0.55382703664%4513 0,5538270366445135
4.B8B498e_15 6.6613%e_16 O

suggests that at least the first fifteen decimal places should be reliable, provided
the calculation built into the interpreter is reliable to such precision. It is important
to realise that the barrier that has been encountered here is one of precision, not |
range, since

hxted2 he_ 32
1,6e33 1,6e_31

shows that a much greater range can be satisfactorily used.

Finding the lowest Value

While the value of the second zero can be as easily found as the first, between the
two zeroes all the values of f are negative, it might be presumed. This can be
explored by

show 0.5 g &
0. _0.9 1.8 _2.3 _2.1 _1.2 0.7 3.6 7.8 13.7 Z1.6

where the interval between arguments is 0. 2 and starting from 0. 5. This suggests
a minimum value for f of about _2. 3%5 when the argument is about £ . 1,
probably just a bit larger than 1.1.

Before going further, it is convenient to redefine f as its negation, thus

f =: -&(-0.)
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50 that the values being looked at will be free of the negative sign, though now
what was lowest value will have become the highest. Consequently,

show 1.1 g 100
45.2 45.3 5.4 45.4 45,5 45.5 45,4 45, 45.3 45.1 L4b

suggests that, while the now-highest value of f is 0. 455, the argument
corresponding to this value is round about 1. 1%, But this is now estimation, and
one decimal place for show is too few.

The next steps in calculation are therefore

show =: ", &(0.28&":)
show 1.14 g 1000
454 .65 454,66 454,67 ubh,68 454,68 454,68 LLEL,68 L54,67 ..

which verifies the highest value to be about 0.45468 but it is mainly a guess that
the argument for that value is about 1. 144. Even when we issue

show=:".8{0.38":)
to get three decimal places, which then allows

show _45468+10%1,144 g 10000
0.151 0.172 0.151 0.206 0.218 0.226 0.232 0.23% 0,234 0.23
0.223

where the _454%68+10+* reduces the size of numbers displayed and gets an extra
decimal place at the same time. The procedure can be continued, thus

show _L5L46823+100>1.1447 g 100000
0.447 0.455 0.46 0.461 0.46 0,455 O.LLT 0.436 Q.422 0.405 0.384

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

show _L546B2346+1000%1.,144725 g 1000000
0.102 0,116 0,126 0.134 0.138 0.139 0.137 0.132 0.12% 0.113
0.0%8

which confirms 2, and its successor 9, and again adds a couple of digits, 13,
maybe even 138, to the value of the function. Now

show _454682346138+100000=1,144729 g 1e7

0.132 0.3%6 0.626 0.825 0.994% 1.131 1,236 1,311 1,353 1,364
1.344
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shows that the last digit of the previous function value should have been 9 rather
than 8, but still gives another two function-value digits for the single argument
digit. In the next step

show _45468234613935+1eb*1.1447298 g 1le8
0.273 0.547 0.766 0.984 1.147 1.297 {.344 £.391 1,43 1.477
1.477

leads immediately to

show _454682346139364T7+1e7x1,14472989 g {e9
105 %511 4% 11 _4

where everything now blows up at a point where the function value is known to
about 16 digits, but the argument value to only 9.

This mismatch between the accuracy of the result and that of its argument is a
good illustration of the inherent unreliability of simple computer arithmetic. More
extreme examples of mismatch could easily be concocted.

Conclusion

The procedures described in this article show the way, or the style, in which
calculations can be carried out interactively using a tool like J. If the caleulation
tool is mastered, most calculations can be carried out in the same style. The barrier
is attaining that mastery. Indeed the repeated searching for an answer by 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 two factors illustrated in this
article. The first is simply the ability to key in an expression and have it evaluated
‘on the fly’. The second is the ability to give a name to an expression then use that
name from then on as though it were that expression.

This article is only an apéritif to the main meal of getting to grips with a ramified
functional calculation tool.
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Tutorial: User-Defined Classes in
APLX Version 4

by Simon Marsden, MicroAPL Lid (microapl@microapl.co.uk)

Introduction

APLX Version 4 adds object-oriented programming facilities to APLX's core
APL2-compatible language. These facilities are broadly similar to those
implemented in 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 way as it applies to ordinary data. In
addition, the APLX implementation is fully dynamic, that is to say classes and
objects can be changed at 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 want to try out the tutorial yourself, you can download a
demonstration version of APLX Version 4 from hitp:/fwuww.microapl.co.uk/apl)

Jargon

The fundamental building block for object-oriented programming is the class. For
example, in a commercial invoicing application, a given class might represent the
attributes and behaviour of an invoice, and another class might represent a credit
note. In an application concerned with geometry, a class might represent a sphere,
or a rectangle, or a polygon. A class contains definitions both for program logic
(functions and operators, known collectively as the methods of the class), and for
data (named variables associated with the class, known as properties). The term
members is used to describe both the properties and methods of a class.

In most cases, when you come to use a class, you need to create an instance of that
class, also known as 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 or rectangle. Typically, you may have many instances of a given class, each
containing independent copies of data (properties), but all supporting the same
program logic {methods).
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Getting Started

To make this clearer, let’s use an example of a class representing a circle. To keep
things simple initially, we will give the Circle class a single property
representing the radius of the circle.

There are a number of ways to 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’ into it:

'Circle’ DIC 'radius'

This has created a new class, which we can see by using the )CLASSES system
command, which is analogous to ) FNS and ) VARS:

JCLASSES
Circle

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

FirstCircle+«NEW Circle

This has created a new instance (object) and assigned a reference to it in the
variable FirstCircle:

JVARS
FirstCircle

If you try to inspect the new object, APL will display it in the following format by
default. Note that (unless you change the default display) the object is displayed
by showing its class name in square brackets.

FirstCircle
[Circle]

Now let’s assign a value to the new Circle object’s radius:

FirstCircle.radius+«10
FirstCircle.radius
i0

Note the dof-notation used to specify the object and property being assigned.
Except that it's a member of the object FirstCircle, the radius property behaves
like any other APL variable:
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iFirstCircle.radius
12345678¢910

FirstCircle.radius=20
Q

We can also create a vector containing five different circles:

CircleList«[INEW “5pCircle
Circlelist
[Circle] [Circle] [Circle] [Circle] [Circle]

It is possible to set the radii of all of the circles in the same statement:

Circlelist.radius+10 50 20 30 20
Circlelist.radius

10 50 20 30 20
CirclelList.radius=20

00101

Notice that APLX lists the radius values for all five circles in a single vector, which
can be used in expressions.

We could also specify all the radii using a single scalar, in which case the scalar is
assigned to the radius property in each object using scalar extension:

CirclelList.radius+20
Circlelist.radius
20 20 20 20 20

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

FirstCircle.Colour+'Red'
YALUE ERROR

FirstCircle.Colour+'Red'
A

To add a new property it is necessary to modify the class definition, which we will
cover in more detail later.

Now let’s add a method called Area to our Circle class. Again, there are many
ways of editing classes in APLX, but for now you can use the following:

JEDIT Circle.Area
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Use the editor window to create the following method:

YR+Area
[1]) R+{o1)xradiuss2
v

{You do not enter the v characters or line number when using the editor window.)

We can now call our new method using the following notation. (Notice that the
new method can be applied to existing objects - try doing that in Javal)

FirstCircle.Area
314.1592654%

Within the method, the object’s radius can be referred to directly as just radius,
without using dot notation. APL knows that the Area method has been called for
the object FirstCircle, and hence uses the radius value contained in the object.

Again, if you have an array of objects you can apply the same method to each one.

Circlelist.radius+10 50 20 30 20
CircleList.Area
314.1592654 7853.981634 12656.637061 2827.433388 1256.637061

Internally, APL will call the Area method on each of the objects in turn, in the
order in which they occur in the object list.

It is also possible to have vectors containing references to objects of different
classes. Suppose that we have a new class called Square, in addition to our
Circle class, and that Square also has a class method called Area:

FirstSquare+{INE¥ ‘Square’
Shapelist + FirstCircle,FirstSquare
Shapelist
[Circle] [Squarel]
ShapelList.Area
314,1592654 100

Note that there is not necessarily any relationship between the Area methods in
the Circle and Square classes.

What would happen if we create a new Circle object and immediately try to
display its radius property?
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AnotherCircle+<NEW Circle

AnotherCircle.radius
YALUE ERROR

AnotherCircle.radius

A

Because the radius property of the new object has not been assigned, we geta
YALUE ERROR; the new object is incomplete. Is there some way we can ensure that
only completely-built objects are created by ONEW?

One way in which this can be done is to add a new class method called a
Constructor. This is an APL method which has the same name as the class. The
APL interpreter will call the constructor method automatically when a new object
is created.

The Coenstructor for the Circle class might look something like this:

vCircle R
[1] radius+«R
v

Note: We haven’t worried too much yet about how to edit APL classes. APLX has
a powerful class editor, which is what you would use in practice. For now, if you
want to experiment with adding this constructor to your class, try:

JEDIT Circle.Circle

The constructor method we added takes a right argument, which is the initial
value of the new circle object’s radius. To create the circle, the value is passed as
an argument to [INEW:

AnotherCircle+«[JNEW Circle 100
AnatherCircle,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 of all new Circle
objects should have an initial value of 10. This is discussed further in the section
Types of Property below.

71




VECTOR Vol.23 No.3

System Methods

As well as user-defined methods like Area above, each object/class can make use
of a number of system methods. There are around a dozen of these, but for now we
will just note two. The system method [ICLASSNAME returns the name of an object’s
class as a character vector:

FirstCircle . JCLASSNAME
Circle

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

Circle.ONL 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.

One way to do this would be to 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, something like this:

VR+Area
[1] :If type=0
[2] a Circle
[3] R+~(of}xradiusx2
4] :Else
[5] A Sguare
[6] R+sidelength=*2
[7] :EndEf
v

However, in object-oriented APL there is a much more elegant way to do this, by
using Inheritance.

When you define a class, you can specify that it inherits from another class. The
new class is said to be the child, and the class it inherits from is the parent or base
class. Inheritance means that (unless you explicitly change their definition), all of
the properties and methods defined in the parent class 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 irmnediate parent, or from the parent’s
parent, and so on. The terms derived classes or descendanis are sometimes used to
denote the children of a 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 gecmetric shape. This
might have properties called X and Y giving the centre point of the shape, and
methods called Move and Area.

A Circle class might inherit from Shape, introducing further properties such as
radtus. Equally, a class Pol ygon might also inherit from Shape, and further
classes Triangle and Square inherit from Po lygon. All of the classes Circle,
Polygon, Triangle and Square are derived from Shape. Because of the way
inheritance works, they would all include the properties X and Y, and the methods
Move and Area.

When a class inherits from another, you can specify that the definition of a given
method of the parent (or the initial 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 as overriding the method.

Definition of the Area method in the Circle class:

VR+Area
[1] Re{ol)xradiusx2
¥

Definition of the Area method in the Square class:

YR+Area
[1] Residelength=2
¥

For classes defined in APLX, all methods can be overridden, and all methods are
virtual, that is to say if method A in a base class calls another method 8, and the
second method B is overridden in a child class, then running method A in the child
class will cause the overridden version of B to be called, not the version of B
defined in the parent. For example, if you are running a method defined in the
base class Shape, and that method calls Area, the version of Area which gets
called willbe Circle, Area or Square.Area as appropriate.

APLX uses an inheritance model known as single fnheritance. This means that a
child class can be derived from only one parent (which may itself derive from
another class, and so on).
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Object References and Class References

When you create an object, i.e. an instance of a class (using the system function
ONEW), the explicit result that is returned is not the object itself, but a reference to
the object. This reference is 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 object itself is not copied; instead, you have two references to the
same object. This is discussed in more detail below.

Of course, because APL is an array language, you can have arrays of object
references, and you can embed object references in nested arrays along with other
data. For example, you might have an array containing references to hundreds of
Rectangle objects.

You can also have a reference to a class, This makes it 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 methods of its own (although System methods may apply to it).
A reference to the Null object displays in the special form:

[NULL OBJECT]
A reference to the Null object can arise for a number of different 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]
1t34VEC

[NULL OBJECT]

An external call or System method may return a Null object, for example if you
are looping through a linked list of objects and reach the last one. And APLX may
be forced to set an object reference to Null, because it is no longer valid. For
example, this will happen if you ) SAVE a workspace which contains a reference to
an external object (e.g. a Java or NET object). On re-loading the workspace ata
later date, the object reference is no longer valid since the external object no longer
exists,
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Types of Property

When you 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, that is the value which the property will
have in a newly-created instance of the class. You can also specify that the
property is read-only, which means it is not possible to assign a new value to it.

Most properties are instanice properties, which means that 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 languages as a static or shared property). This is a property where there
is a single copy of the data, shared between all 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 on all
invoices) for all members of the 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 instance since the instance was first created, the value
which is returned when you read the property is the default value stored in the
class definition. Thus, if you change the class definition so that the property has a
different default value, the change will immediately be reflected in all instances of
the class, unless the property has been modified for that instance.

Name Scope, and Public versus Private Members

The members of a class (i.e. its properties and methods) can be either public or
private. Public members can be accessed from outside the class, whereas private
members can only be accessed from within methods defined in the class (or from
desk calculator mode, if 2 method has been interrupted because of an error or
interrupt and the method is on the ) ST stack). Private members can also be
accessed by methods defined in a child (derived} class. If you are familiar with
other object-oriented languages such as C++ or Visual Basic, this means that
private methods in APLX correspond to ‘protected” methods in those languages.

Methods and properties 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 want to access a public member of an object from outside the class (i.e. not
within a method of the class), then you use dot notation to refer to it. This takes the
form ObjectReference .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 and access the X and Y properties for that object as follows:

myrect.X+45

myrect.Y+78
myrect.Move 17 &
myrect.X

62
myrect.Y

a4

Within the methods of the class itself, you don’t normally need to use dot
notation. This is because the search order for symbols encountered when
executing a method is as follows:

1. First, APLX looks to see if the symbol refers to a member defined in the class of
the object.

2. If not, it looks to see if the member is defined in the parent class (if any),
iterating through each of the ancestors in turn.

3. Ifitis not found in any of the ancestors, it then looks in the local variables of
the method.

4, Finally, it looks in the global symbo] table.

Thus, a simple implementation of the Move method above (defined in the Shape
class from which Rectangle derives) might be something like this:

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

v

Canonical Representation of a Class

The canonical (text) representation of a class is returned by [ICR, in exactly the
same way as applies to ordinary APL functions and operators. The first line is the
class header. This comprises the name of the class, followed (if the class inherits
from another class) by a colon and the name of the parent class. Any private
members of the class (i.e. names which are local to the class) are then listed,
separated by semi-colons. The header line ends with a left curly brace { character,

The properties of the class are then listed, one per line. The name of the property
is listed first. If it has a default value, an assignment arrow follows, and then the
transfer form of the expression which initializes the property. If the property is
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read-only, two assignment arrows are used. If the property is class-wide (i.e. there
is only a single copy shared between all 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 ends the definition.

For example:

OCR 'Circle'
Circle : Shape {
radius
{type++'circle'}
YR+Area
R+(ol)xradius=2
v
}

As you would expect, OF X can be used to 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 shows the class as a whole:

e CLEAR W Cine il T
File Edit = Attributes - Tools ' Window ~ Help

(- Hethods €lass Circle : Shape

i ©Area

& Properties {Methods in Gircle:
}radius Area  Funciien Public
- typa

Methods nherited from Shape: IH
Moye  Functien Pubiic a Move shape by amount B

||

I

|

Properties in ¢ircles ]
radius R/W Instance Public
type R/0 Class Publ i

Properties inherited froem Shape:
X R/ Instance Public
Y R/¥ Instance Public

.]{:}ass last modified 14/05/2008 17;46:148

KB: Hon-AFL lC_las's T4l . T 5T /

APLX Class Editor
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... or allows you to edit a specific method or property:

el e

WA Edit CLEAR WS: Class Circle .
File - Edit Aftributes Tools indow - Hels -

B Methods {031 |Behrea
R i [1] [Re(ol)xradiuss2

I radius
b type

KB: NonAPL | Fn: Redrea

Method Editor

You can also use the del editor, or you can edit individual methods or properties
directly.

Constructors

As we saw earlier, a constructor is a special type of methed, which is run
automatically when an instance of a class is created using ONEW. It can be used to
initialize the object, optionally using parameters passed to ONEW. For example, you
might use this mechanism to specify 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 name as the class itself. Any arguments to the
constructor can be provided as extra elements on the right argument of ONEW.
When the constructor is run, these extra elements are passed as the right
argument to the constructor. If there are no extra elements, an empty vector is
passed as the right argument to the constructor.

78




VECTOR _  Vol23No.3

For example, suppose the class Invoice looks like this:

Invoice {
TimeStamp
Account
InvNumber
{Serial+0}

VYinvoice B
R Constructor for ctass Invoice. B is the account number
Account+B
TimeStamp+[dTS
Serial+Serial+l
InvNumber+Serial
v
}

This is a class which has a constructor and four properties. One of the properties
{(Serial)is a class-wide property, which means it has only a single value shared
between all instances of the class.

When a new instance of this class is created, the constructor will be run. It will
store the account number (passed as an argument to [INEW} in the property
Account, and store the current time stamp in the property TimeStamp. It will then
increment the class-wide property Serial (common to all instances of this class),
and store the result in the property Invitumber. To see the properties, we can use
the system method DS which summarizes the property values:

S+ONEW Invoice 23533
s.0ps

Account=23533, TimeStamp=2007 10 11 15 47 3% 848, InvNumber=1

T+[NEW Invoice 6754k
T.0DS
Account=67544, TimeStamp=2007 10 11 15 48 11 773, InvNumber=2

Where a class inherits from another class, the constructor which gets run
automatically is that of the class itself (if it has a constructor), or of the first
ancestor class which has a constructor. Normally, in a constructor, you will want
to do some initialization specific to the class itself, and also call the constructor of
the parent class (using OPARENT) to do any initialization which it and its ancestors
require. You can do this at any point in the constructor; there is no restriction on
where you make this call to the parent’s constructor; indeed, you den't have to
call it at all if it is not appropriate.
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In APLX, a constructor is also a perfectly ordinary method; it can be called in the
normal way by one of the other methods in the class, or from outside (if it
declared as Public). This can be useful for re-initializing an object.

Some object-oriented languages also include a special method called a destructor,
which is called just before the object is deleted. APLX user-defined classes do not
have destructors. This means that, if you need to release system resources (for
example, close a file or a database connection), you need to call a method to do
that explicitly before erasing the last reference to 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 have seen, the system function ONEW is the principal means by which you
create an object, i.e. an instance of a class. The class 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 external class). ONEW creates a
new instance of the class, runs any constructor defined for the class, and returns a
reference to the new object as its explicit result.

The class is specified as the right argument (or first element of the right
argument). It can be specified either as a class reference, or as a class name (i.e. a
character vector). Any parameters to be passed to the constructor of the class (the
method which is run automatically when a class is created) follow the class name
or reference.

If you specify the class by name, you also need to identify in the left argument the
environment where the class exists, unless it is internal.

Creating instances of internal (user-defined) classes

Normally, you create an instance of a user-defined class by passing the class
reference direcHy as the right argument (or first element of the right argument).
For example, if you have a class called Invoice, you can create an instance of it by
entering:

I+{JNEW Invoice

What is really happening here is that the symbol Invoice refers to the class
definition, and when it is used in this way, it returns a reference to the class.
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Note that you can also pass the class name rather than a class reference. The
following are alternative ways of creating an instance of a user-defined class:

I+<INEW 'Invoice'
I«'apl' ONEW 'Invoice'’

Why do we need this alternative syntax? The reason is 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 argument the class name. For example:

JAVADATE«'java' [NEW 'java.util.Date’

We won't discuss external classes any further here — that is a whole subject in
itself!

Object References and Object Lifetimes

When you use ONEW to create a new object, that object persists until there are no
more references to 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 more references to if in the APL workspace means
that it is available for deletion by the external environment (unless the external
environment itself 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 cccur until later.

Consider this sequence, where we create an instance of an APLX class called
Philosopher which has a property Name:

A+{NEW Philaosapher
A.Name+'Aristotle'

At this point, we have created a new instance of the class, and we have a single
reference to it, in the variable A. We now copy the reference (not the object itself) to
a variable B:

B+A
B.Name
Aristotle

We now have two references to the same object. So if we change a property of the
object, the change is visible through either reference — they refer to the same thing:
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B.Name+~'Socrates'
A.Name
Socrates

Now we erase one of the references:

JERASE A

We still have a second reference to the object. The object will persist until we
delete the last reference to it:

B.Name
Socrates
JERASE B

At this point, there are no more references to the object left in the workspace, and
the object itself is deleted.

It follows from this that, if you use ONEW 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 make instances 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
namespace tidy.

Pefining a set of constants

If you define a class with a set of read-only properties, those properties can be
used as a set of constant values or ‘enumerations’. For example, you might have a
class called Messages, which holds all the messages which your application
displays to the user:

Messages {

QutOfMemory++'There is not encugh memory to continue'
AskMode |Name++'Enter the name of the model'
OpComplete++'Operation Camplete’

AskReset++'Do you want to reset the modet?’

«etc

}
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You can then use this class in your application (without having to make an
instance of it) to encapsulate all the messages and refer to them by name:

VR+CheckWS
(1] :If R+[JWA<MIN_FREE_WS
[2] ShowError Messages.OutOfMemaory
[3] :EndIf

v

This keeps all the messages together in one place, allows you to refer to them by a
name which is easy to remember and is self-documenting, but does not pollute the
global symbol space with hundreds of APL variables.

Keeping namespaces tidy
In traditional APL systems, it often used to be the case that the number of global

functions was very large. By placing related functions in a class, the workspace
can be kept tidy, without having to resort to local or dynamic functions.

For example, in a statistical application, you might have a class Average which
contained methods for calculating many different types of average (mean,
median, mode, etc.). As long as these methods do not write to any property of the
class, there is no need to make an instance of 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 as an instance
wethod), and a method which can be run as a class member without an instance
being created (sometimes known as a static method). The only difference is 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

There is a lot more to APLX classes beyond this 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 of this tutorial.
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J-ottings 49:
Are you thinking what I'm thinking?

by Norman Thomson

“APL as a Toal of Thought” was the title of a long-running series of seminars held
in New York, which, by a tiny change could be made into the claim “APL is a tool
of thought”. Generalise this into the statement “Some language is necessary as a
tool of thought” and the resulting statement is what is known to linguists as the
Sapir-Whorf Hypothesis (SWH). In short, you cannot think unless you have a
language.

Whether this is true or not is open to question. Is it possible for an individual to
think thoughts which are totally beyond his or her powers of articulation? Could
there have been a caveman possessing all the scientific and cosmological vision of
an Einstein or a Feynman, but who, having no language, was never able to
communicate the fact? Proponents of SWH say no.

“APL is a tool of thought” can be paraphrased “APL is a labour-saving device for
thinkers” in the same way that a Dyson is a labour-saving device for cleaners.
Given that serious thinking is 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 what about the proposition ] is a better
labour-saving device for thinkers”, or more controversially still “APL (and J)
enable people to think thoughts which were previously unattainable to them”.

Computer languages in general differ from natural languages in the privacy of
dialogue. Spoken human language competence is 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, one of the richest means of increasing language competence. By
contrast, the response to failure with computer languages is normally an error
message, impassive, and emotionally neutral.

One of the ways in which ] is sharply differentiated from other computer
languages, even APL, is in the relative infrequency of show-stopping error
messages. Whereas erroneous input in other languages is likely to cause
suspension of execution, as often as not ] 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 more rapid as wishful optumsm
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 which is to forego a valuable
opportunity for learning. Thus as well as working towards a correct expression,
there is at least as much learning value in ascertaining what thought or intention
would have resulted in the faulty input, which is after all the thought which
would have been communicated to a more linguistically competent ] receiver.

To be specific, consider a ] dialogue in which I attempted to find all the
combinations of x integers from i .y, My strategy, at first vaguely conceived in
natural language, was first to obtain bit string patterns of all the natural numbers
from 0 to 2y-1, and then select those which contain exactly x bits, with the final
step being to convert these bit strings into indices.

The first step is provided by a single ] symbol. For the sake of definiteness, think
in terms of combinations of 2 items out of 3.

Jt=.#:7.8 NB. 8 is 273

R, OoOO000
[l =N = Rl ol = =)
OO OO

or more generally

b
t

LH#:@7,@(28*) NB. 0,.._1+2*y as binary numbers
b 3 NB. same t as before

There is no problem in calculating the number of bits in each of the 2y lists

(+/"1)t NB. sum all the Lists in t

My next thought was to select those lists whose bit-sum equals 2:

({28=)@+/"1}t NB, mark lists whose sum is 2
00C0C000O01
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Something wrong! — what I should have thought was

(28=@(+/"1})t NB. right this time?
ogoe10110

Following a well-established route for selection using #~, the above thinking leads
to

(#~28=0@(+/"1))t NB. (#~f)y means f(y) # vy

#-~
1
i
0

O
=N

From there the route to the sumnit is clear, but before proceeding, what about the
wrong thought? Following the advice given earlier, I should, as a conscientious ]
learner, ask what it was which I conveyed to the hypothetical perfect
speaker/reader when I said ((2&8=)@+/"1}t? In the first place such a reader
would have mentally inserted a right parenthesis following the first verb to the
left of @ so that what was inserted in the | sense was the verb v=, (2&= )@+, What
does this convey? Any verb to the left of @ must be monadic, in this case compare-
with-2. The fact that the insert adverb (/) follows v means that the + in v must be
dyadic, and so v is compare-with-2 addition. Next since the inserted verb is defined
as operating on lists (1), the insertions are between individual items. Given that
each list is a bit-list, the only possible results of adding neighbours are 0, 1 and 2.
The last occurs only when both inputs are 1, or equivalently compare with 2 is
true, and so in the present context v is equivalent to » with bits, that is =, (logical
and). Here is confirmation:
v/ t

0c000001
As an aside (and asides can be very valuable in language learning) suppose now
that a second thought was to change v=.28=@+ to w=.28&{=@+ ). Only monadic
verbs may appear to the left of @, and so = must now be self-classify, which
returns the value 1 for all scalars. The next question is what does 28 mean? The
definition of bond with a noun is

x md&v y + mEvh:ix vy

50 x 2&(=@+)y means 28 (=@+)*:x{y) in the present case. In words, the left
argument is a repeat factor, so in the case of bits the verb =@+ is repeated either 0
or 1 times. If it is 0 the result is simply the right argument, if it is 1, the result is 1
by virtue of self-classify. The 2 in the bond is irrelevant, and could have been any
number, real or complex.
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Put all this together and dyadic v is equivalent to or:

0wt
i

Or is it? There is a snag, namely that the rank of the result of self-classify is a table
comparing an cbject with its nub, and so has rank at least 2, so unlike v/"1 ¢,
w/"1 tis nota list of simple binary scalars:

(0 w0),(0wi1),(1 wO),(1wl)

-0

$w/ 1t
81111

The 8 above is easy to explain, but why four 1s when each itemn of t is a 3-list? The
answer is that each insertion after the first adds 1 to the rank following the self-
classify rule. This is confirmed by

$w/"t b 4
111

16 1 1 i

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

s=.= +/"{ NB. is x equal to the list sums of y
3si.23 NB. sum two lists, return { if ‘=3
10

The right argument in the context of combinations is b y and so the indicator list
which identifies the relevant binary 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:

2d3

)
=
Q-
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and a final tally using bits selects the relevant lists of indices

c=.d # 1.@] NB. convert binary to indices
2 c 3

1
0
0

Ll ]

Here is the final (and correct!) stream of thought which led to this approach to the
problem :

b=.#:@1.@{28”~) NB, i.2*y as binary numbers

s=.= +/"1 NB. x is equal to list sums of ¥y
d=.(s b) # b®) NB. items of y which sum to x
c=.d # i.@] NB. convert binary to indices

But to return to the beginning, the primary object of this article was not the final
algorithm itself, but rather reflection on the journey to get there, and on the value
of following up wrong paths taken on the way. If you have read this article, you
will almost assent to the propositions that APL and ] are labour-saving devices for
thinkers. But more subtly:

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

2. are there people for whom both APL and J allow the thinking 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)
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Motivation

One of the wonders of Net is just how much stuff you get for nothing. One of the
little gifts it gives you is 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. I quickly
discovered that wrapping one of Dyalog’s new classes around it could add quite a
bit of fun to the experience, but it also became obvious that handling anything
more than a few thousand rows would be amazingly slow unless all 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 namespace reference and things slow
exponentially.

So this takes on from my note on new tricks for old dogs [1], and shows how you
might actually make use of this stuff in a real working system, at a very
reasonable speed. Nervous readers should note that there is some C# code
involved, but it is very low on intellectual content, and consists mostly of all the
loops that we don’t want to see in APL.

Getting Started with the DataSet Class

Tam taking it as read that anyone who has read this far knows roughly what a
database is, so I will run quickly though how .Net handles the idea of tables and
relationships. We will build the little EmpDept example (with random variations)
that Oracle shipped back in the 70s.
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The very first thing you need is a DataSet which is a wrapper for your
PataTables and the Relatienships between them:

OUSING+'' "System.Data,System.Date.DLL' 'Causeway,D:\tools\apic\dbs.dll"'
pr«0ONEW DataSet(c'Payroll')

There is very little a DataSet can do on its own, but if you have a quick look at its
methods, you will see something rather useful:

prps+{w.0ONL 2}
meths«{{w/~~'_'e w}uw 0ONL ~3}

meths pr
- GetXml .. WriteXml ..

When you are done, you can save your entire database to disk in a (remarkably)
clean XML format which you can then rebuild later on. For small, self-contained
projects, this seems a very good solution, as well as being completely free. By
small, I mean anything up to a few hundred thousand rows.

Of course we need some tables, and the tables need some columns. The .Net SDK
help file is really well written, and walks you through the process at a good pace,
if you want to explore this more deeply. For now I just want to get something I
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.GetTypeec'System.Int32'
double«System.Type.GetTypecc'System.Double’
datetime+~System,Type.GetTypesc'System.DateTime'
timespan+System.Type.GetTypeoc'System.TimeSpan'

empid+et.Columns,Addec'Id"
empdept+et.Columns.Addoc'Dept’
empname+et.Columns.Addoc Name'
sal+et,Columns,Add'Salary'int32
sink+et.Columns.Add'Annual Bonus'double'Salary / 10'
join+~et.Columns.Add'Joining Date'datetime
service+et.Columns.Add'Length of Service'timespan

A couple of things to note in passing — getting a Type object in APL is strangely
messy. There may be a better way of doing this, but I haven’t found it yet. Also
note how bonus is set to salary/10, in the definition of the table. I don't really see
the use of this in a real system, but it is quite surprising that you can do simple
arithmetic directly in the table definitions. Finally, under coding habits I suggest
you file away the idea of always using a jot against methods where you have to
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enclose the ‘string” argument. This is redundant here, but makes it visually
obvious that you are not really passing an enclosed array — just flagging it for
enclosure by the called function. Also it will allow you to use eack on an argument
array without swearing. Another good habit is to set up true and falseas
standard globals to make your APL code look a little more like the examples in the
help files.

Now we hit 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) n Static catl 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 lowDBNull+false

In order to set the primary key, I need to pass an array of DataColumn objects. 1
don’t think there is any way for Dyalog to 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 index or indices:

f/ 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 vold SetPrimaryKey(DataTable table, int{] cols)
{ DataColumnl] keys = new DataColumn(cols.Lengthl;
for{int ct=0; ct<cols.Length; ct++)
keys[ct] = table.Columns[cols{ct] -1];
table.PrimaryKey = keys;

}
This code is included in the source for dbs.dll, along with a lot of other stuff T was
expecting to have to write. One day it should become redundant.

Of course the department table will just be more of the same:

deptid+dp.Columns.Addec Deptld’
sink+dp.Columns.Adds<'Department’
deptid,(AllowDBNull Unique)}+«false true
Db.SetPrimaryKey(dp,1)
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Finally, we draw a mental line between the tables (a real line if you always sketch
these before you start typing) to enforce the link between them:

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

This means that anything you type in the Dept column of the Emp table must
match an existing entry in the Deptld column of the Dept table. (And if you delete
a department, then all the employees conveniently evaporate. This might not be
the best option in production code ...}

As the final step, let's just add a few random departments and employees:

QUSING='' 'System'

f Depts must be loaded first
dept«ds.Tables[1]

nr+dept.NewRow

nr(0]+<'OR' ¢ nr[1]+c'Operational Research'
dept.Rows.Add nr

nr+dept,NewRov

nr[0l«c'GD' ¢ nr[1]+c'General Dogsbody'
dept.Rows.Add nr
A Now the employees

emp+ds.Tables[0]

nr+emp .NewRow

nrl0l«c’IM"

nr[1]+<*0OR'

nr[2]+«<'Jonathan’

nr(3]+24800
nr[5]+«DateTime.Parseesc'23/3/1998"
nrf6]+TimeSpan.FromDays 678
emp.Rows.Add nr

A Now lets try the bulk inserticn method

emp.BeginloadData

sink+emp.loadDataRow( 'MWG' 'OR' 'Marc' 18500 O)true
sink+~emp.LoadDataRow('GMS' 'GD' 'Gill' 13503 0)true
sink+emp.LoadDataRow('RCS' 'GD' 'Richard')true @A Default sal
sink+~emp.LoadDataRow{ 'WHO' 'GD"')true n Default name to DBNull
emp.EndLoadData

Note that I bottled out on using the bulk method with DateTime and just allowed
our last four employees to have null values here. Bulk insert is much better done
with a bit more C# help, so we can walk on by and play with the limited data we
have.
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Playing with Selections

We can do a fair amount of processing in plain APL now, starting from the pr
object {the DataSe! instance we made at the beginning) and digging down layer by
layer: :

A

pr

System.Data.DataSet
pr.DataSetName

Payroll
pr.Tables

System.Data,DataTableCeoilectiaon
lpr.Tables

Emp Dept

Note the excellent monadic squad {I, which converts a collection into an array. We
APLers likes arrays, just like we Pirates always speaks in the present tense (sorry).
Onwego...

emp+t{pr.Tables A Just the employee list
ss+emp.Selectec'salary>20000' A What have we here?
sS

System.,Data.DataRow System.Data.DataRow
as5s.I1temArray
IM OR Jonathan 24800 2480 23/03/1998 00:00:00
678.00:00:00
ACDS OR Adrian 36800 3680 30/09/197% Q0:00:00
142,21:21:18.9000000
+/4>"ss. ItemArray
61600

The good news is that you can get your data back out again, selected and ordered.
The bad news is that you get it back in exactly the way you didn’t want —as an
array of DataRow objects. 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
years in fact, for a not-unreasonable sample.

A more pressing problem is that none of the things an APLer wants to do (like
find the median salary) are easy to achieve with this model. Time to step back and
have a little think.
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What do we really want here?

Clearly, we wants arrays, and we wants ‘em now. It would be really great if the
selection could be an instance of a Dyalog class, with all the columns as
properties. Something like:

sel+Select emp 'salary>20000' A Get a selection
sel.Salary
24800 36800
sel.Salary[2]
36800
sel.Salary[2]x+1.05
sel.Salary
24800 38640

This way a column in a selection behaves much like an external variable - we can
index it and use any reasonable selective specification to update it. The other
things we need are a good strategy for replacing [null] with a chosen numeric
value, and a good way to represent DateTime objects and TimeSpan objects:

sel.ColumnNames
Id Dept Name Salary Annual Bonus Joining Date
Length of Service
sel.JoiningDate
35877 27302
sel.LengthofService
58579200 12345678.9

I chose to 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 APL cannot handle these just
yet. 1 chose decimal seconds as the least bad option.

If we reselect the whole table and just grab everything, you will see my default
null substitutions:

sel+Select emp ¢ sel.GetMatrix A Grab the whole table

ACDS O©OR Adrian 38640 3BGY 27302 12345678.9
GMS OR Gill 13503 1350.3 -1 0
IM OR Jonathan 24800 2480 35877 58579200
MWG OR Marc 18500 1850 1 0
RCS FD Richard T32768 T32768 ~t 0
WHO  OR (null} T32768 732748 1 0
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... but we can change this with another handy property:

sel .NullFitlers[4 5]+0 A Change how nulls appear
sel.GetMatrix r NB different nulls

ACDS OR Adrian JB6LO 3B6Y 27302 12345678.9
GMS OR Gill 13503 1350,3 -1 0

JM OR Jenathan 24800 2480 35877 5B8R79200

MWG OR Marc {8500 1850 1 0

RCS FO Richard 0 0 ~1 0

WHO OR  (null} 0 o] -1 4}

Of course the [nul | ] stuff is fully reversible - setting an element to the current
filler for that column results in a [null] in the table. The only remaining issue to
llustrate is the speedup we can get by farming some of the grunt-work out to C# —
I made a simple clone of a typical “ticker’ datafeed to give the engine enough data
to chew on:

LoadTicker 1
sel+Select tk A To play with it
set.ColumnNames
What When Value
sel.Rows
40000
+/sel,Yalue
200499.74

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

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

e Couff = -0 00197 4 BEO7,

T T T T T T T T T T
& 2000 4000 8000 B000 10000 12000 14000 16009 1300 20000 22000 23NG 26000

95




VECTOR Vol.23 No.3

If you compute the regession equation for 40,000 rows you will get 4.3e~7 x
40000»2 giving 688s or a little over 11 minutes just 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 10 convert Dates and Nulls

LT

# Gropas7 ITE-06

15

"

T T T T T T T T
o Su0o0 100,006 150,006 200000 250 000 306,000 350,000 AN0,000

This one has the added benefit of being linear rather than quadratic — note the x-
axis had to be extended by a factor of about 20 to get meaningful times. That will
do for showing you around the examples — what we need to do now is to show
how the trick is pulled.

Farming out the Loops

Whatever you say about conventional languages, they are good at doing simple
things quickly. Here is the code that sits at the back of the column reference:

public Array GetCol {int cinx)
// Grab whele 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;rows++)
coldata.SetValue (GetItem{row,col), row) ;
return coldata;

}

The full C# source code can be downloaded [2] if you want to read all the
preamble. The DLL maintains an array of data-types which APL has for the
various columns, and starts by creating an array of the right type and size. It then
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simply hammers round the elements in the column populating the array, which'is
returned to APL. This calls the lower-level function:

private object GetItem(int row, int col)
// Return cne gell, checking for type and null
{ object cellvalue = Selection[row] [coll;

if {System.DBNull.value == cellvalue) // APL really hates these
cellvalue = nullFillers(col]; // Plug in current filler instead
else if (isDate[col]}
cellvalue = (({DateTime)cellvalue).ToOADate{);

else if(isSpan(cel])
cellvalue = ((TimeSpan}cellvalue) .TotalSeconds;
return cellvalue;

1

After checking whether the data item is [nul 1], it special-cases the two complex
types that can upset APL and converts the cell content to something that can be
returned as a simple numeric value. In the common case where APL can cope, this
is just a fall-through which returns the right element from the selection. The code
to update the selection when you assign something to the APL property is (if
anything) even simpler:

public void PutCol (int cinx, cbject[] newValues)
// Update data colwise {always an entire cclumn)
{ int col = cinx-1;
for(int row = 0;row<Selecticn.Length;row++)
PutItem{row,col,newvValues [rowl};
I

This assumes that the APL side returns an array of the right length, which is
always the case if you update a property with indexing or selective specification.
It just does the reverse conversions:

private void PutItem({int row, int col, object newvalue} [/ Fix one cell
{ selection[row] [col] = Dyaleog2Dataf{col,newValue); }
private object Dyalog2Data{int col, cbject dataitem)
// APL types --» Database types
{ Type coltype = APLTypes[col]:
object newValue = Convert.ChangeType [dataitem,coltype);
1f (NullFillers[cecl] .Equals (newValue))
newValue = System.DBNull.Value;
else if {isDate[col])
newvValue = DateTime.FromOADate ({double}newValue);
else if (isSpan(ceol])
newValue = TimeSpan.FromSeccnds((double)newValue) ;
return newValue;

1
1 think that shows you enough of the back-end processing to convince you that
there really 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 make it all really
developer-friendly.

97




VECTOR Vol.23 No.3

Making a Nameless Class on the Fly

It is a real benefit of working in a dynamic language that you can lay the floor as
you walk across it. Old hands are used to the trick of generating functions on the
fly {often locally), fixing them and running them. Now we can do the same with
classes — by fixing an unnamed class from a localised script, we can return an
instance of something which never existed in the workspace at all. This is what
happens when you type:

sel+Select emp 'Dept=''OR''' 'Salary’
sel

Selection 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 display form of the class has been set to return a nice description of the
selection, just to make it all look like the SQLPLUS command prompt | remember
from a previous life, The Select function takes a reference to a table and
optonally a selection expression {(in SQL) and one or more column names to 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 we can localise DB here:

OUSING+'' ‘Causeway,D:\tools\aplc\dbs.dll’' ~a Adjust to taste!
DB«[ONEW Db table

colnames+DB.CotumnNames~""' ' ¢ writeable«DB.Writeable
scr+":Class' ':Access Public' '
s¢r,+'y Create arg' 'tAccess Public' ':Implements Constructor'

scr,+' DB+~arg' ' [IDF DB.ToString' 'v '

If 1 temporarily de-localise the script, we can see part of what it wrote for us
{indexers are slightly special — we need a shape function so Dyalog knows when to
call INDEX ERRCR on us}:

:Property Numbered Default DataRows
tAccess Public
¥ value<shape
value+DB.Rows
v
Vv value«get arg
value«~cDB.GetRow arg.Ilndexers
v
v set arg
DB.PutRow arg.Indexers {targ.MewValue}
v
tEndProperty
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v value+«GetMatrix
tAccess Public
value+DB.GetMatrix
v

By setting an indexer as 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-through calls like GetMatrix, and then we come to the only really dynamic
part. Because the Select function has the list of (de-spaced) column names, it can
easily make a property definition for every column:

:For ¢t :In itpcolnames
A Expose all coelumns read-write unliess marked readonly
pname«~ctacolnames
scr,+«"'"{':Property
tIf ctawriteable
scr,+'¥ set arg'(' DB,PutCol ',(wct),' (arg.NewYalue)')'w

;pname}':Access Public’

;End
scr,+'V value+get'(' value+DB.GetCol ',sct)'v '
scr,+<':EndProperty’

:End

A typical (generated) entry looks like:

tProperty Salary

tAccess Public
v set arg

0DB.PutCol % {arg.NewValue}
v
v value+get

value+DB.GetCol 4
v

:EndProperty

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

sel.Salary+1 2
EXCEPTICN
set_Salary[1] DB.PutCol 4{arg.NewValue)

A

Isi
[#.[[Unnamed]}] #.[Namespace].set_Satary[1]x

99




VECTOR Vol.23 No.3

Here is a very minimal approach which improves things quite a bit:

v set arg
:Trap 90

DB.PutCol 3 (arg.NewValue)
telse

72 [signal~fexception.Message
:EndTrap
v

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

sel.S5alary+3 4
Index was outside the bounds of the array.
sel.Salary«3 4

A
(2>sel.Dept)+'ZZ'
ForeignKeyConstraint WorksIn requires the child key values (27)
to exist in the parent table.
{2>sel.Dept)+'22"

A

A little more validation on the APL side of the fence would do no harm here — we
have just trashed the salaries of the first two employees!

Having made the entire script, the final act is to make a transient class, and return
an instance of it:

scr,+«'' ':EndClass’
seln+INEW(OFIX scr)DB

As I said before, both scr and DB can be locals, so this is remarkably tidy in its use
of the workspace. As a final bit of fun, let’s whistle up a Net batagrid and point
it at our table. If you download the workspace and try this out, you will see that as
you type expressions in the APL session, the grid follows the changes
automatically.

OUSINGu+'System,Collections' 'System'
OUSINGu+c'System.Windows.Forms,System.Windows.Forms.dl "
f+[JNEW Form

f.Text+'Hello, warld’'

f.Visible+~1

emp+pr.Tables[0]

eveemp.DefaultView

ev.AltowNewsfalse
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dg+-[ONEW DataGrid
dg.{Top Left)«k &

dg.{Width Height)«f.(Width Height)-4 L
dg.Anchor+AnchorStyles. (Bottom+Toptieft+Right)
A Single table view

dg.SetDataBinding ev''
r dg.SetDataBinding pr'Dept’

f.Controls.Add dg

‘.’[,g

A

or the drill-down variety

Jonathan

24900

2480

23/03/1338

676.00

Adtian

36B00

3680

30/09/1974

Marg

18500

1850

[null)

142.21 21118,
{null) &

Gill

13503

13503

[nully

[null)

Richard

[rul)

[l

{rull}

[null]

@mn

Display and editing in a .Net DataGrid

[rwal)

(rul)

&um

Or, of course, you can just use it as a handy editor for the data!

Wrap up

[null)

In summary, there is a very competent relational database sitting on your
computer, and it is totally free. To save your work on the nearest hard-drive, all

you need to dois:

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

A Save {with Schema)

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

<Payrolls>
<Emp=>
«Id>TM</Id>
«<Dept »0R</Dept >
<Name>Jonathan</Name:s>
<Salary»24800«</Salary>

<hAnnual_x0020_Bonus»2480</Annual_x0020_Bonus>
<Joining x0020_Dates>1998-03-23T00:00:00+00:00«/Joining_x0020_ Datex
<Length_x0020_of_x0020_ServicesP678D</Length_x0020_of_x0020_Service>

</Emp>
. and so on
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IfI make a trivia] change (adding Marc’s middle initial) in Notepad, then start
from cold:

OUSING+'' 'System.Data,System.Data.DLL'
pr+{NEW DataSet(<'Payroll')
pr

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

ReadSchema
Opr.Tables

Emp Dept

emp+t[pr.Tables & Recover the employee list
sel+«Select emp A Get a selection
sel.GetMatrix

ACDS OR Adrian 36800 3680 27302 12345678.9
GMS GD Giltl 13503 1350.3 1 0
IM OR Jonathan 24800 2480 35877 58579200
MWG OR Marc W 18500 1850 -1 0
RCS G0 Richard T32768 T32768 - v}
WHO GD  (null) ~32768 T32768 -1 0

With Dyalog classes, you can put a wrapper around it that makes columns in
selections behave almost like variables in the workspace. With a little help from a
C# DLL, it can be made to run quite fast enough to support a realistic application.
You can download the Dyalog 12 (Unicode) workspace and supporting C# source
code (compilation instructions included)[2] and use it as you wish. Please let me
know of any improvements you make to either side.

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 code for this 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)

The ability to write readable APL code out to text files and read it back has beent
pretty much out of reach for mere mortals until recently. Reasons for wanting to
do such a thing abound:

» Keeping code out of the workspace to conserve memory
* Sharing or sending copies of code to people who don’t have an interpreter
*» Storing readable code outside APL

+ wanting a copy of the code independently of having an interpreter or being
bound to a version of it

With the advent of Unicode it is now easier to achieve this. APL characters are
represented in Unicode, and editors and viewers of Unicode text files 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 to file in
Unicode format using the UnicodeF i le class provided in 0SE. This allowed one
to create text files that could then be read or edited with programs such as
Notepad, and keep the source out of the workspace:

F«[ONEW UnicodeFile
F.Write 'MyFile.txt' text

With Version 12 the UnicodeF i Le class is no longer needed as the new [JUCS
system function can now create UTF-8 strings directly from the Unicode points
(APL text/code). This stream can then be written out to file just like any other
APL array. Reading back is also easy: read the stream, use gucs to reconstruct the
string.

(Qucs 'UTF-8' OUCS text) ONAPPEND tie R write to file
Qucs ONREAD tie 80,0NSIZE tie A read from file
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Anybody can write two functions to write and read, put them in OS€ and have the
ability to store and retrieve APL code from native Unicode text files anytime they
want to.

Of course, once you start doing something like this you realise it might be a good
idea to save multiple versions of a file or script, to be able to retrieve any of those
versions, list them, compare them, remove unused versions, and so on.

And this 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 same file and a
function to be able to compare them, even by using your favourite comparison
program.

We went a step further, and added the ability to start APL without a workspace,
simply by loading scripts and executing a statement to start the process.

We modified the editor to generate an event upon fixing an object thus opening
the door to intercepting the fix and saving the modified file automatically.

We wrote a few scripts, besides SALT (itself a script) and made them available.
And that was pretty much all we did.

SALT comes bundled with Dyalog and is enabled by default. You can disable it
through the configuration menu or through the accompanying SALT workspace.
Simply JLOAD SALT and use enabteSALT or disableSALT.

Usage

SALT functions use a consistent syntax: they all take a string argument which
describes the arguments to the action to perform. They make use of switches a la
Unix (e.g. -version). All script files have the extension .dyalog. If a relative path
is used they are stored under a default directory, which may be changed.

Here is a list of the main SALT functions: (brackets denote optional switches).

Save 'object \path\to\file [-version=x]'

Saves object in the file specified, with extension .dyalag. If -version is specified
the filename will include the version number. Once version numbers are in use
there is no further need to specify the version; SALT will atiribute a new version
number each time an object is re-saved.

104




VECTOR Vol.23 No.3

If a relative path is supplied SALT will store files under the default SALT path.
This defaultis \dyalog\installation\path\SALT but it may be changed using
the Settings function:

Settings ‘'workdir \new\path'
Load '\path\to\file [-versiaon=x]1'

Loads the latest version or the version specified.

List '\folder\or\file [-recursive]’

Lists the scripts in a folder, recursively if -recursive is given.
Compare ‘'scripti [script2]’

Compares two scripts or the last two versions of a script if 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 cbjects
* 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 compare objects, etc.

And it works as well under Unix or Linuwc.

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)

APL is famously good at describing things using tables, and tables are an obvious
way to represent the contents of a spreadsheet or the results of an SQL query. But
tables don’t have to grow very wide before we face a writing problem. We
ccmmonly want to select rows based on expressions that refer to columns. How to
refer to columns clearly?

‘Cannon’s Canon’ f1] — no numeric constants in the code - steers us away from
referring to them by number like this:

tbl+0,~'0Orders'DB.FindM{'Item" 'Price’ 'Quantity')('')
tbl[;4)ex/thi[;2 3]
html,«'TABLE 'tag'{TR'tag'TD'etages w}/thi{;1 4]

(DB . FindM queries a database table Orders and tag marks up character vectors
with HTML tags). We can improve on this a little with local names for column
indexes:

ITEM PRIC QUANT AMNT+122ptbl
tbl[;AMNT]«x/tbL{;PRIC QUANT]
html,+«'TABLE'tag'{TR'tag'TD'etages w}/tblE;ITEM AMNT]

We can write something closer to the simplicity of our first textbook by
representing the table as a namespace in which named vectors represent the
columns:

tbl+'Item Price Quantity'DB.Tbl'Orders'
tbl.{Amount+PricexQuantity)
html,+'TABLE'tag'{TR 'tag'TD'otages w}/Rttbl.{Item Amount)

Dot notation gives us even better opportunities when we come to tables with
matching column names. Consider a table CON of contact information from a
spreadsheet. We’ll use some of the records to update contacts already in our
database. The others we'll add as new contacts. So the first question is: which
records in CON represent existing contacts? Qur first step is to match email
addresses, record the corresponding ContactID 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 1/ with dot notation to look up a column from one table in its homonym
in the other;

» the clarity of setting and testing for the ‘null’ value 0 in the same line.

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
CompanylD and Name,

(no/CON.ContactID)«(C.ContactID,)
ev. [22/1 no/Tioket™{C CON).{CompanyID Name)]

Note

+ use of dof notation to specify the CompanyID and Name columns from both
tables;

» use of +o§at™" (zip each) to convert each pair of vectors into a vector of pairs;
¢ useof 1 no/" to mask only the CON pairs;
* use of (no/CON.ContactID)« toinsert just the matched contact IDs, if any.

This is clearly not beginner’s writing, but the single line is easier to analyse and
maintain than the same operations dispersed across several lines and temporary
variables.

References

[1] “Three Principles of Coding Clarity” Taylor, S. Vector 18(4) pp113-124
http:/fwuno.vector.org.ukjarchive/v184/clar184.him
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PROFIT

A ] Simulator for a Meccano
Differential Analyzer

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

Introduction

The first differential analyzer to be constructed mostly of Meccano parts was built
in 1933 at the University of Manchester by Professor Douglas Hartree assisted by
his research student Arthur Porter about two years after the first differential
analyzer was built by Vannevar Bush at the Massachusetts Institute of
Technology. With the successful completion of the Meccano model funds were
obtained for the construction of a full-scale machine which was built
commercially. During World War II this machine and several 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 work is described in Porter (2003). Two papers,
Robinson (2005a) and Robinson (2005b) give, respectively, a history of the
Meccano models and a description of the centemporary construction of one such
machine.

R e St

Tim Robinson’s Differential Analyzer
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This paper describes a five-integrator simulator implemented in ] and gives two
examples of its use. The script, which will run on Versions 406 and 504 of ], may
be downloaded from www.vector.org.uk/archive/v233/smillie/dnd06.ijs.

Integrators

Integration with a differential analyzer is performed by one or more integrators,
identical in design and differing only in their interconnections with other
components of the machine. As shown in the figure below an integrator consists
of a small vertical wheel which turns on a horizontal axis as it rolls on the surface
of a horizontal disk which rotates on a vertical axis. The displacement of the wheel
from the centre of the disk varies as the disk rotates and is proportional to the
value of the dependent variable. The rotation of the disk gives the change in the
independent variable.

Stes| Yyhes]

Glast Disk

hY
o

e
Y
P

Figure 1; Integrator

Suppose that the disk rotates through a small angle Ax and the wheel is at a radial
distance y from the centre of the disk. Therefore the wheel turns an amount

Az = {yAx)/a

where a is the radius of the wheel. Thus after a given period of operation the total
rotation of the wheel is proportional to ,[ydx. Since the wheel rests lightly on the
disk so that it may slide 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 models only the
logic of the differential analyzer, the design and construction of torque amplifiers
may be ignored although they are an important feature in the Meccano models.
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Let us assume now that the disk rotates in discrete steps of size Ax and that the
rotation of the disk begins when x has the value x,. Also assume that the initial
radial displacement of the wheel on the disk is y, and that subsequent
displacements are v,, ¥,, ... - Then the successive rotations of the wheel are
{Ax)v1/a, (Ax)yz2/a ... . Therefore, the total rotation of the wheel after n steps is
proportional to the sum

(Ax)yo + (Ax)y1 + (Ax)yz + ... + (Ax)¥n

As Ax becomes smaller, this sum will correspond more closely to the rotations of
the physical disk and wheel, and thus become a better approximation to the value
of the desired integral.

Simulator

The simulator has five integrators and eleven buses. The first bus corresponds to
the independent variable in the differential equation, the next five buses to the
five integrators, and the remaining five to auxiliary (non-integrating) buses. The
buses are numbered 0, 1, 2 ... 10, and the values representing their cumulative
rotations by the variables 20, z1, z2, .. z10.(The variable 20 has the
synonyms x and t.) The connections of the integrators with the buses are defined
by dyadic functions, one for each integrator, and named I, IT, III, IV and V. The
left argument of a function gives the number of the bus associated with the
rotation of the horizontal disk for the corresponding integrator, the right
argument gives the displacement of the vertical wheel for that integrator, and the
result the total rotation of the wheel which gives an approximation to the desired
integral up to that stage of the integration. Successive pairs of values of the
independent and dependent variables are stored as the rows of a two-column
table associated with the integrator, and named TABLE1, TABLEZ2, TABLES3, TABLEG
and TABLES.

Simple Harmonic Motion

In this section we shall give an example of the use of the simulator to solve the
second-order ordinary differential equation for simple harmonic motion

dy/ dxe ==y
with the initial 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 shown in the schematic to the right. In the first integrator the right vertical line
indicates that the first bus corresponds to the independent variable which controls
the rotation of the horizontal disk, and the left vertical line that the third bus
corresponds to the dependent variable given by the displacement of the vertical
wheel on the disk. The middle vertical line 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
made regarding 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 z1

for the integrators.
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Figure 3: Simulator solution of the equation

Figure 3 shows the simulator solution of this equation. Note that we have plotted
the solution against the independent variable x by selecting radio button 0 in the
first row and radio button 2 in the second row in the box below the graph. This
may be done either initially and then clicking the OK button to run the simulation,
or after the simulation has been done and then 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 buttons 1 and 2 in the first and second rows, or radio buttons 2 and 1,
we obtain a circular plot. The Copy button below the graph box may be used to
give a graph independent of the Windows form of the currently displayed graph
which may be cut or copied into 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

PiX) = e
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where x is in the range 0 £x (is a parameter, and the cumulative density function
is

P{x) =1 - e

We shall use the simulator to find the cumulative distribution function for the
arbitrary value of 0.5 for A.
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Figure 4: Exponential distribution

Since the differential equation dy/dx = ~y has the solution y = €™, the first
integrator in the simulator may be defined by the expression

zi=: 0 I -z1
Now we could write the expression
zl=: 0 I -0.5xz1

for the solution of the equation dy/dx = -0.5*y. However it is more realistic to
have the multiplication performed by one of the auxiliary buses as it would be in
an actual differential analyzer. Therefore the first integrator could be defined by

zi=: 0 1 -z26
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where 26=: 0.5xz1, The second integrator is defined by

z2=: 0 II z7

where 27=: 0.5*z1 which may be used to give the cumulative distribution
function. We should note that the definitions of the auxiliary buses and their
initial values are entered in the Windows form in the Auxiliary buses boxes as the
lists

z6=: 0.5*z1/z7=: 0.5=z1l/

and

1/0/

respectively, with each definition or initial value terminated by a forward slash /.
The graph displayed in the Windows form is that of the cumulative density
function of the exponential distribution.
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GPS and ] 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 appeared in the college
paper [3] encouraging running. It showed several routes on local maps. That
inspired me to try to create maps that showed my runs. GIS (Geographic
Information Systems) are becoming common and there are web sites devoted to
making maps of running routes. However, my attempts to utilize them were
frustrating. | found public sources for scanned USGS topographic maps and |
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 maps with accurate position data intrigued me. I successfully
created some hiking route maps that way and began to ponder further
possibilities such as automatically enhancing the maps with mile markers and
other information.

1had years of experience hiking in the Adirondacks. I had tens of thousands of
photographs from those hikes. I had recently found the process of 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” became a code phrase for “gone hiking”, and when I was back, there was
the fun of analysing the data in J.

However, unforeseen challenges were ahead. As I enhanced the book to include
time and distance data along the route, | realized the distance accumulator on the
watch sometimes ran backwards. Apparently it measures progress in 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 a steep trail
making tight switchbacks, the distance meter was often running backwards.
Fortunately the latitude-longitude-altitude data was also saved so recovering the
distance data was a matter of some interesting modelling directly from latitude-
longitude-altitude data. I eventually realized that the 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 raw altitude data is very noisy and some more modelling is needed. The next
section describes the general way in which ] was used to create the base maps but
this note focuses on the subsequent process of enhancing the maps with GPS data.

Maps

While the first USGS maps I worked with were from Pennsylvania [5], I will
describe the general process of preparing the New York maps from [4] to create
the base maps that were used for my hiking guide. The 7.5 minute maps from the
Adirondack region are mostly doubles. They are typically around 9475x6100
pixels. These were scanned from hard-copy topographic maps and stored as huge
TIF files, I wanted to break these into pieces that can be easily enhanced in J. Then,
since my routes will not respect map boundaries, relevant pieces can be re-
assemnbled as necessary. The scanned maps typically were misaligned about half a
degree from horizontal; that could mean an error of over a hundred pixels. They
were too large to rotate using the image3 add-on in a 32-bit version of ]. Careful
rotation of the maps in GIMP [1], followed by trimming (the maps had significant
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margins} tended to leave images that had edge artefacts that were usually less
than ten pixels across. Reading the trimmed images (raw_read_image)into J and
using the image3d add-on allowed for systematic splitting of the doubles and re-
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 does not preserve aspect
ratio, as follows.

rescale_image=: % : 0

szi=.2{.%y

520=.].X

ind=,(<"0 szi¥szo) <.@x&,> <€i."0 szo
{(<ind}{y

)

There was a bit more to accomplish before the base maps were ready. In a few
spots landmark names needed to be added. Trickier was that many trails had
changed.

if a portion of a trail had been re-routed, the GPS route would overdraw only a
portion of the dash-dash-dash trail from the original map, leaving the dashes
where the trail had been re-routed. If the re-routed portion was small enough,
those dashes are 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 remove all the dashes marking the old trail to avoid
confusing hikers.

Imarked the trails for removal in a broad unused colour (magenta) on a copy of
the map and then used a filter to guess whether to replace black pixels in the
original that corresponded to magenta in the marked image with a suitable colour.
Selecting the suitable colour is complicated: there is a desire to preserve contour
markings when possible and use an appropriate background colour for forest,
marsh or open rock in general. Qur algorithm is probably not optimal, but we
simply ordered possible colours based upon the likely importance; for example,
the colour of contours was highest; for the filter we used the highest ranked
colour that appeared in a small neighbourhood of the pixels that needed to be
replaced. The details are beyond the discussion here.

We will now presume we have obtained a suitable base map, we know the
latitude and longitude of its corners, and we want to add GPS route information
to it. However, we first discuss the GPS data.
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GPS Data

Exporting the GPS5 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 wanted to archive our running/hiking information every
couple of weeks, it became inefficient to reparse every lap from every GPS history
file every time we wanted some tracking data. Thus, we actually have a | utility
that checks for new GPS data files, parses them, and creates appropriate J arrays
giving summary and trackpoint information to be archived. The beginning of the
XML version of hike 175 in those archives is given below. On average a trackpoint
is saved every few seconds.

<Lap StartTime="2007-08-21T11:07:34Z">
<TotalTimeSeconds»>33836.120000«</TotalTimeSeconds>
<DistanceMeters»>1590%.160166</DistanceMeterss
<MaximumSpeed»2.4B83250«</MaximumSpeed>
<Calories»7284</Calories»
<Intensity»Active</Intensitys
<Cadence>255</Cadence>
<TriggerMethod>Manuale«/TriggerMethod>
<Tracks>
<Trackpeint>
<Time>2007-08-21T11:07:342</Timex>
<Position>
<LatitudeDegrees>44.020833</LatitudeDegrees>
<Longitudebegrees>-73,827731</Longitudebegrees>»
</Pogitions>
<AltitudeMeters»645.181885</AltitudeMeters>
<DistanceMeters>0.000000«</DistanceMeters:
<SensorStatesaAbsent </SenscrState>
</Trackpoint>
<Trackpoints>
<Time»2007-08-21T11:07:352</Time>
<Positions
<LatitudeDegrees»44.020825</LatitudeDegrees>
<LongitudeDegrees»-73.827749</Longitudebegreess
</Pogition>
<AltitudeMeters>645.1681885</AltitudeMeters>
<DistanceMeters»l.611095</DistanceMeterss
<SensorStatesAbsent</SensorState>
</Trackpoint>

Since the format for exported data presumably varies with the GPS device, we do
not attempt to offer a general purpose script for extraction. However, a few
utilities give the core that we required.

First is a function headnum that finds the number that is the leading portion of a
string.

headnum=:[: ".@, (0 i.~ ] e. '0123456789.~""_){.]
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Next is a function to convert to timestamps (with thanks to Raul Miller).

toTS=: 0 ", e.&(~.":i.10)° (" '"&,:)}

The dyad cuts cuts on the text given as a left argument, discarding the text.

cuts=: 4 : '(x E. y) <@({#x)&}.) ;.1 y°’

Once the data has been cut into laps, the trackpoint information can be extracted
with tpx_in_lap, given below. The result is a five column matrix. The columns
correspond to ‘time from start (hoursy’, ‘latitude’, ‘longitude’, “altitude (metres)’,
and ‘distance from start (miles)’.

tpx_in_lap=:3 : ¢
y=.('<Trackpoint>' E. y)<;.1 ¥
y=.'<Time>'8&cuts&> y
20=.,/(i.8'<'{.]) &> ¥
y=.'<LatitudeDegrees>'&cuts&> vy
=.,headnum &> vy
y=.'<LongitudeDegrees>'&cuts&> y
z=,z,.,headnum &> y
y=.'<AltitudeMetars>"'8cuts&> y
z=.2,.,headnum &> y
y=.'<DistanceMeters>'gfcuts&> y
(3600000%~{-{.)tsrep toTS z0),. 2z,.,0.0006214xheadnum &> y

e

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

4{.tpx_in_lap fread pathi,'dw02_lap.txt'
0 44,0208 _73.8277 645,182
0.000277778 44,0208 _73.8277 645.182 0. 00100113
0.00166667 44,0209 _73 8278 64%3.74 0.00573542
0.00305556 44,0209 _73,.8278 641,337.0.,009126591

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 map far
exceeded the screen coordinates, but the drawing window, despite only being
partially visible, allowed all the pixels to be manipulated. The adverb
show_raw_map is used to open a drawing window and then copies a raw image
into the window, A raw image (in the sense of the image3 add-on)isa hbywby 3
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array of ascii characters representing RGB values. The function gis_to_win
modifies the rescaling function $C (which does window coordinates to pixels
conversion) so that drawing can be done using longitude-latitude data; its left
argument is the longitude-latitude bounds for the map shown.

show_raw_map=:1 : 0

ﬁIN_UH=:I.2{.$y

x dwin m

gitpixels 0 O,WIN_WH,,{256 256 256&#.@(a.8i.))" 1y
)

gis_to_win=:t : '(1 _ixx}+"1 SC |."1 y'

We will describe many details of the route plotting, but all the details may be
found in scripts and sample data on a link at [9]. First we read the hike trackpoint
data from a raw data file. Then the time, latitude, longitude, altitude, and distance
data are separated.

tpx0=tja_read pathi, 'hikel75.ja’
't0 1a0 1o0 a0 d0'=:[:tpx0Q

The given times are fine, but the distance data needs to be modelled by the
function trek_d that we will discuss in detail in the next section.

ts=:1t0
ds=:trek_d tpx0

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

i=:ds I, (i.@>.,1){:ds NB. position of mile markers
tps=s(lan),.lo00 NB. track points
tpsO=:(n0=:440){.tps NB. first segment on trail
tpsi=:({n1=:2040){.n0}.tps NB. trail-less segment
tps2=:(n0+ni)}.tps NB. last segment on trail
TXpt=:i{tps NBE. mile marker lat-fong
TX0=:{4j1 ":,.i{ds},"1 'mi" NB. mile marker text
TXi=:{%j1 ":,.i{ts},"1 'hr' NB. mile marker times

We set an offset of a few pixels, This can account for mis-registered maps or the
offset from a pen’s coordinates and its centre.
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dxdy=:_10 _5 NB. map registration offset

We read a full topographic base map and then select a suitable portion using
n_adj_b. That function selects a portion of an image according to proportional
0-to-1 coordinates as its left argument (fower left and upper right 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, and the three portions of the hike are drawn in
appropriate colours, Then mile markers and labelling text are drawn. Some details
are suppressed, but all the details appear in [9].

(nc n_adj_co h48_co) 'lc' shaw_raw_map b

NB. draw three segments using appropriate colours

Ctext=:50 0 150 NB. colour for text
Ctrail=:255 255 0 NB. colour for trails
Ctless=:140 50 0 NB. colour for trail-less routes

dxdy(Ctrail;5 0) draw_trek tpso
dxdy(Ctless;5 0) draw_trek tpst
dxdy(Ctrail;5 0) draw_trek tps2

NB. draw mile points
dxdy {Ctext:15 0) draw_trek"2 ,:-~"1 TXpt

NB. add some of text to map

gltextcolour '' [glrgh Ctext

1§ 20 '"Lucida Conscle" 16 bold’
drawv_text (nn{.TX0) (nn=: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 around the text. A side
effect of the drawing commands was that a global variable, 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 shown in Figure 1.

Figure 1. A Dix Wilderness Route

Distance Modelling

As we have noted, the distance data obtained directly from the watch is fine for
runs, but is 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
of latitude-longitude data into distance data based upon viewing the earth as an
ellipsoid. Some global data and the function laleo_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 two latitude-longitude pairs in degrees and the result is the
miles between the points.

lalo_a=:6378137
lalo_b=:6356752,3142
20j15"s%lale_f=:(lalo_a-lato_b)%lalo_a

talo_to_d=: & : Q"%
"lal lol'=,x
'"la2 lo2'=.y
L=.{2p1%360)*lo2-l0o1
Ul=,_3 o.{1-lalo_f)=tan (2pi1%360)*lal
U2=._3 o.{1-lalo_f)xtan (2p1%360)=*ta2
lam=.L
lamp=.2pl
while. te_12<|lam-lamp de.
sins=.%:(*:(cos U2}*xsin lam)+*:{(cos Ul}xsin U2)-(sin
UL)x{cos UZ)»cos lam
coss=.{(sin Uf}xsin U2}+(cos Ul)*{cos UZ)*xcos lam
s=._3 o. sins¥coss
sina=.{cos Ul)*(cos U2)*(sin lam)%sins
cos2a=. 1-=x:sina
cos2sm=.coss=-2x{sin Ul)=x(sin U2)ZcasZa
C=.{lalo_f%16)xcos2a»h+alo_frx4-3*rcos2a

Lamp=.lam
lam=.L+{1-C)*lalo_fxsinasxs+Crsinsxcos2sm+Cxcoss*x_1+2x2:cosZsm
end.

u2=.cos2a*{{laleo_a*2)-lalo_b"2}%lato_b"2

A= 1+ {u2%16384) =4096+u2x_76B+u2*320-175*u2
B=.{u2%1024 ) %x256+u2*_12B+u2a74-47xy2
ds=.B*sins*cos2sm+{8%4)x(coss*(_1+2x*:cos2sm))-(BR6é)*cosZsm* ..

(_3+hxxisins)x_3+4xx:cos2sm
0.0006214*xlalo_brxAxs-ds
)

Here are a few other utilities used for the distance determination. Others are
loaded as part of f1lter1,1ijs which is loaded when the scripts at [9] are run.
The main function, trek_d, gently smooths the latitude 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
Spencer averaging. Then, using the Pythagorean theorem, the horizontal and
vertical distances are blended. While one might argue for many variant schemes,
we selected several test data sets and selected this scheme for our perception of its
accuracy and robustness. The test data included runner’s runs, where we expected
to duplicate built-in distances, up-down hikes, where we expected the ascent to be
slightly larger than the descent {due to mini switchbacks), and a couple of
standard hikes, where we compared to distances in [2] (prioritised in that order).
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Replacing the Spencer averaging with a wide Gaussian filter would also have
been effective.

Filtfd=: 1 : O
g# m)“_ +/@:(m&x}\ ]

len2=:+8 .%:"1
diff=:}. - }:

Iwts=: (].,}.)7% 67 46 21 3 _5 _6 _3%320
locspen=: (+/ . »)}&wts
spencer=: 15 locspen\ (7 # {.) , J , 7 # {:

trek_d=:3 : O
"t0 lald lol a0 d40'=,|:y
sla=.(1 gauss 3)Filtid conextr:1 la0d
slo=,{1 gauss 3)Filtld conext*:1 lo0
stp=.sla,.sle
sa=,spencer a®x0.0006214
td=.(spencer diff sa) ten2 (}.stp) lalo_to_d }:stp
+/\0,td
)

In the context of the example given 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 the differences are small, but the total effect is significant.

5{.d0, .ds
0 0
0.00100113 0.00163509
0.00573542 0,00425683
0.00912691 0,00704023
0.00964432 0.01024%8

_5{.d0, .ds
12.3476 14,2734
12.354% 14,2789
12.3599 14.2854
12.3677 14.2914
12.3716 14,2953

Cumulative Ascent Modelling

The altitude data obtained from the GPS watch is notably noisy. That was
indirectly noted in the previous section where the altitude 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 obtaining a single ‘intensity of
hike’ statistic, namely the cumulative ascent over the entire hike.

We handle the noise in the altitude data by applying Gaussian smoothing. We use
fairly heavy-handed smoothing, using a 21-point wide Gaussian filter. 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
some of the altitude data from our hike {over South Dix and Hough and then
partway up Dix) along with the smoothed version of the altitude data. Again,
many variants could be chosen, but we selected several hikes where we had a
good sense of what the answer should be, and selected this particular model due
to our perception of its accuracy.

¥ £h ] X ¥ [X)

Figure 2, Altitude and Smoothed Altitude

Computing the cumulative ascent is accomplished by smoothing the data and
summing the positive differences via'the function cum_a' t below. The result is
given in feet.

cum_alt=:3 : O
3.2808399 »+/(#~08<)diff(7 gauss 21)Filtid y
)]

cum_alt a0
5375.66

This is an intense hike indeed. It is over 14 miles long, much of it is trail-less, and
it ascends more than a mile along the way.
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Conclusion

We found ] very useful for the routine addition of hiking routes to base maps
where the GPS data was from a runner’s watch, ] also allowed for some
standardisation and enhancement of the base maps. J really shone when it became
clear that in order to obtain accurate hiking distance and altitude data we needed
to model them from the raw GPS data.
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