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Contributions

All contributions to VECTOR may be sent to the Journal Editor at the address on the inside back cover. Letters and
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Except where indicated, items in VECTOR may be freely reprinted with appropriate acknowledgement. Please inforn
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recommendation from the course supervisor. Overscas membership rates cover VECTOR surface mail, and may be
paid in sterling, or by Visa, Mastercard or JCB, at the prevailing exchange rate.

Corporate membership is offered to organisations where APL is in professional use. Corporate memberts receive 10
capies of VECTOR, and are offered group attendance at associztion 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.
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Advertisements in YVECTOR should be submitted in typeset camera-ready format (A4 of AS5) with a 20mm blank
border after reduction. Nlustrations should be photographs (bfw or colour prints) ot line drawings. Rates {cxcl VAT)
are £250 per full page, £125 for half-page ot less {there is a £75 surcharge pet page if spot colour is required),

Deadlines for bookings and copy arc given under the Quick Reference Diary. Advertisements should be booked
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Look for the upcoming re-
lease of J version 4.04,
which will include support for
sparse arrays - an essential
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Editorial

by Stefano Lanzavecchia (stf@apl.it)

“Linux, the choice of a GNU generation”
“GNU is Not Unix”
Anonymous

The first thought brought to my mind by the two syllables “1i" and “nu” is one of the
characters out of the excellent cartoon by Charles Schultz, namely Peanuts. Linus Van
Pelt, despite his remarkable sister, was one of my favourites: sharp, open-minded,
passionate and considerate, talented, he inspires confidence. Much as I would like to
spend time comparing Linus’ merits and skills against Snoopy’s, somehow [ don't think
this is the proper forum.

There is of coutse a second thought, which follows this first one, and this time it’s for
Linuzx, the equally excellent product originally from Linus Torvalds. A Finnish boy,
probably bored by the cold and long winter and distressed by the short summer
swarming with mosquitoes of his country, one day decided to play with the
multitasking capabilities built into the 80386 CPU from Intel. A stream of As and Bs
printed in an interleaved fashion on the screen by twe concurrent tasks was his first
step to fame. “A Minix better than Minix” was the goal he had set for himself, Minix
being a single-user simplified version of the more complex Unix, which could be hosted
even by a PC AT. The rest is history, mostly known to us all. Today Linux is a fully
POSIX compliant Unix operating system with a solid base of contributed software
ranging from academic languages to arcade videogames. Despite the existence of other
free Unix systems, among which FreeBSD is very popular, Linux seems to stand in a
class of its own. The number of direct and indirect users (how many web sites powered
by a Linux box enter the World Wide Web every day?) grows continuously, along with
the applications ported to it, the set of devices supported, and the new development,
done to enhance its capabilities. The availability of the source code even for the core of
the operating system, makes it the ideal environment for hackers to work in, but one
does not need to be a hacker any more to feel comforlable with it: the install procedures
and the administrators’ tools have become so user-friendly that a minimal Unix training
is enough to get a new user started. This means, for instance, that even if it's still
considered a fundamental step to become a real Linux lover, the re-compilation of the
kernel is no longer a required step to set up one’s box.

Its cheap price (what could be cheaper than something that is free?) has turned Linux
into one of the preferred environments for students in scientific universities: new
languages are being developed, new tools, and languages originally created in other
Unixes are very quickly ported and made available to the community of researchers.
The fanatics of functional programming can choose among many versions of Haskell,
ML, Miranda and cousins; there are imperative languages covering all the thinkable
categories (C, C++, Java, Pascal, Perl, Python, Tcl, LISP, Scheme, Smalltalk, even
Fortran for the masochists or the old-fashioned doctors in physics); let’s complete this
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quick and incomplete list mentioning Prolog and the more domain specific languages
(Mathlab, Mathematica, Spice, CSound) to finally notice a name missing particularly
dear lo us all.

Nobody is surprised to find no real APL. Up to now the only APL interpreler available
commercially or otherwise is the simple OpenAPL, completely free, source code
included in the small distribution package. Unfortunately OpenAPL hardly matches the
ISO-APL specs and it's many years behind when compared with the interpreters
available on other platforms, especially Windows: the total absence of nested or boxed
arrays and the total lack of a2 development environment would discourage even the
most courageous researchers. Once again, no surprise then if APL is disappearing from
the universities. Big news comes from Scranton, though: Sharp APL has announced an
almost complete port of their interpreler to Linux, to be freely distributed to all non-
commercial users, This is indeed good news, but ... Here comes the ever-present “but”:
Sharp APL is a very interesting version of the language, yet it's different enough from
IBM’s APL2. The most popular implementations available on the PC platform are all
derived from the latter and the downsizing of legacy code from the old mainframes
tends to favour this flavour (sorry for the pun).

The attentive readers will have noticed that 1 am carelessly mixing two completely
separate domains: the academic/research domain and the commercial domain, So,
what if the APL that can be used to learn how to think in terms of arrays as opposed to
scalars is not exactly the same as the one found more easily used in commercial
applications? After all, the array-thinking paradigm is useful by itself and that can be
taught and learned using Sharp’s model. True. But then why not use ] instead? The little
bit I know of ] is far more than I know of Sharp APL but still it's clear to me that the
former is an evolution of the latter. And like all the cases of evolutions, it's kept all the
good things about its ancestor but it’s now gone very far ahead introducing many more
useful abstract concepts and completing the implementation of many features simply
sketched in Sharp APL. | is available on many platforms, including Linux. Universities
can obtain it cheaply for non-commercial applications. And it's modern,

One of the problems caused by being late with the editorial is that only a limited space
is left, so I am forced to stop here. If any of you readers have strong opinions about
what [ said, I am sure you will let me know and we will continue the discussion. [f you
were not interested, then there would be no point wasting more space. Either way, it's
safe to stop here.
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Quick Reference Diary 1999-2000

Date Venue Event

14-17 Nov 1999 Orlando, Florida APL2000 User Conference

see Abstracts on page 7

24-27 July 2000 Berlin APL Berlin 2000

APL Berlin 2000

APL Berlin 2000 is an Array Programming Languages Conference, to be held in
the Department of Computer Science at the Technical University of Berlin.

The Conference Chairmen are Dijeter Lattermann

(dieter_lattermann@compuserve.com) and Conrad Hoesle-Kienzlen

{conrad_hoesle@csi.com).
The Conference has a website at:

http:/ /stat.cs.tu-berlin.de/ APL-Berlin-2000
mirrored at:

http:/ / www lingo.com/ APL-Berlin-2000

Dates for Future Issues of VECTOR

Vol.16 Vol.16

Ne.3 No.2
Copy date 4th December 10th March 00
Ad booking 11th December 17th March
Ad Copy 18th December 24th March
Distribution January 00 April 00

Vol.16
No.3
19th May 00
26th May
2nd June
July 00
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Using Dyalog APL, not only can you write a powerful, fully
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in the Web browser.

Dyalog APL - the Internet - the Future
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APL 2000 User Conference
Orlando, November 14th-17th 1999
Abstracts

Plenary Presentations

Cognos Corporation — A New Day For APL, Jim Sinclair, Vice President,
Cognos Inc.

SoftMed Systems — Building A Company On APL, Don Segal, President and
CEQ, SoftMed Systems.

Finac — The Use Of APL in the Colombian Banking System, Luis Caro,
President, Finac Ltda.

Training Sessions

Introduction to APL, Ray Polivka, Learn APL via the “See and Do” approach.
This course introduces a major portion of the APL programming language.
Attendees will learn how to create functions and variables and work with many
of the APL primitives available. No previous APL knowledge is required.

Introduction to APL GUI Programming, Rick Butterworth. This course is
designed for APL Programmers new to Windows. Learn how to build Windows
applications or enhance your existing applications. Includes objects, properties,
methods, events, and message driven architecture.

APL On The Internet, Fred Waid. Learn how to access the World Wide Web
from your APL applicatioin. Make your existing applicaitions Web Aware and
let your users access them from any brower over the Internet. Manipulate data
from any web site and incorporate that information into your application,

ZarkWin Class, Gary Bergquist. ZarkWin is software for quickly building
Windows input forms. Patterned after the popular Screen Interface Toolkit of
APL4DOS, ZarkWin was developed by Zark Inc. to allow rapid interactive form
design. Forms can be built, tested, and modified with no knowledge of O¥T

Com Objects and APL+Win, Patrick Parks. An Introduction to using
Compenent Object Model (COM) which allows various Windows applications
(such as Word and APL+Win) to work together.
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Intermediate APL+Win Programming, Rick Butterworth. Using the powerful
controls like Tree, Listview, Selector and MDI Forms. ActiveX Controls; Use
Formula One SpreadSheet (Evaluation copy distributed).

WCALL, Brian Chizever. This sessions teaches how to call the Win32
Application Program Interface (API) and any other function in any 32 bit DLL
from APL+Win.

APL+Win 3.5 Objects Collection, Eric Lescasse, Demonstrates a new product
called “APL+Win 35 Objects” from Lescasse Consulting. This product is a
collection of over 70 User Defined Objects using the latest APL+Win object
technology.

lixcel, Eric Baelen. Create multipage Excel workbooks from APL complete with
formatting and graphics.A suite of functions to do all of the common Excel
functions is provided. The session will end with a repeat of “Using Excel as a
Front End to APL Applications”.

Conference Papers

Using APL+Win 3.6, Eric Baelen. An in depth discussion of using the new
features available in APL+Win version 3.6.

Building UDCs, Marvin Renich. User Defined Controls (UDCs) is a powerful
addition to the APL Windows platform, but care must be taken to gain the
maximum benefit from this ability. Learn the good habits of control builders.

Taking the Migraine out of Migration, Walter G. Fil. A discussion of the
considerations of moving a DOS or Mainframe application to Windows. A utility
{Qwin) has been created to make the process much easier.

Resource DLL Compiler, Brian Chizever, Make your application more
professional by including all of your bitmaps, icons, wav files in a single resource
file. All of the tools needed to create a resource DLL and examples of its use.

The Nature And Perils Of Floating Point Calculations In APL, Mark Osborne.
When 2x2 doesn't equal 4:

$2%,2
0.040000000000000008

Porting Mainframe APL Applications to PC, Adam Kertesz and Steve Halasz.
This session shares the lessons learned during the conversion process of porting
a client’s mainframe APL application to the PC using Qwin.
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Managing Long Running Calculations, Rick Butterworth. Learn to interrupt
long running calculations with the options to display intermediate results,
resume or cancel without lost work.

APL + CD, John Walker. Learn the basics of Internet communications as you
build an application to get CD Album Titles, Artist Name and Track Narnes from
the World Wide Web.

Characters, Codes, Glyphs, Fonts and Unicode, Bill Rutiser. An introduction to
the representation, processing, exchange and display of non-ASCII text such as
APL characters.

The 14 Myths of APL, Gary Bergquist. APL has been called a dead language.
This fatalistic view lingers because of the general acceptance of 14 myths
pertaining to APL. In this talk, the myths are presented and dispelled, laying
bare the future prospects of APL.

Open Here, Fred Waid. A web site completely written in APL. Learn the tricks
and techniques of its construction and how you can benefit from it.

An Outsider’s View of the Inside of Nested Arrays, Roy Sykes. Knowing how
APL stores nested arrays can help you use them more efficiently. Roy covers the
internal representation of arrays and gives general guidelines as to the tradeoffs
in using them.

APL+Win and MS Access, Jeremy Main. Use the Microsoft Jet Database Engine
from APL+Win to create, update and edit a .MDB file including changing table
definitions, bulk update, and managing transactions.

Making It To Paper, Marvin Renich. A set of utilites to control various aspects
of printing from Listview, Treeview or RichEdit controls. Control orientation,
copies, paper tray, ete.

What Makes A Good Web Site? Carl House and Adrian Smith. Carl uses
Causeway’s NewLeaf and HTM2000 workspaces for compiling approximately
4000 web pages from databases and other source materials. Carl will discuss
design criteria for a good web site, how to promote it, and how to measure its
effeciveness. Adrian will introduce the HTM functions, which are freely
downloadable from the Causeway website, with supporting documentation
taken from articles in Vector 13.4 onwards.

ADO, Warren Baelen. The ActiveX Data Objects (ADO) programming model is
Microsoft's strategic, high-level interface to all kinds of data. Learn the basics of
ADQ and how to access it from APL,
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Managing APL Code, Patrick Parks. Methods to use commercially available
code management systems with APL based workspaces is discussed. Sample
functions for one such system are provided.

UDC, Eric Lescasse. A look into the creation of a suite of User Defined Controls
by Lescasse Consulting,

An Excel Front End for APL+Win Applications, Eric Baelen. Version 3.6 of
APL+Win now supports events from Excel so it can be more easily used as a
front end to an APL application. A sample application is presented.

Creating a User Interface: Evolution or Intelligent Design? Colyn Phillips. A
look at a real-world case of creating the user interface to select options for a
product’s new feature,

Polymorphic APL Control (FId): the Ultimate UDC, Jeff Pedneau. Build all of
your application’s screens using UDCs, and wrapping them up inside a
“container” control (FId), and a few buttons.

APL and Powerpoint, Tom Atkins. Use APL+Win to control a Powerpoint
presentation. Add MSAgent characters and interactive forms to hold users’
attention,

Getting the Most From APL and User Commands, Jim Weigang. User
commands improve programmer productivity. Tools for linking command files
together, displaying differences, tracking changes, and paging commands in a
run-time application are described.

Experienced APL Analyst/Programmer
now available for work in UK and EV,

Experience in banking, insurance and pensions
using IBM mainframe and PC software.

See Mackay Kintoch Limited in the Product Guide.

Rates reduced in Edinburgh area.
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APL-Journal — Germany

Contact: Martin Barghoorn
Web Page: www.rhombos.de/rbjapljourn.htm

In der Ausgabe lesen Sie unter anderem:
+ M. Neitzel: ] — Sprache, System und der Rest der Welt
» C. Hoesle-Kienzlen: OLE mit Dyalog APL und Excel
- IBM Systems Journal Auszug aus: A formal description of system/360
» Sergy Alpin: APL-Applets — Ein neuer Weg zum Kunden
+ H. Winkler: Uber Rekursion
- H. Zuse: Anmerkungen zum John von Neumann Rechner
. C. Hoesle-Kienzlen: APL, TCP/IP und andere Sprachen: Eine ideale Ehe

+ M. Barghoorn: APL — A Parallel Language (Teil 1)

APL Germany e.V. — was ist das?

Der APL Germany e.V. ist ein gemeinniitziger Verein mit Sitz in Diisseldorf. Sein
Zweck ist es, die Programmiersprache APL sowie dariiberhinausgehend die
Verbreitung des Verstindnisses der Mensch-Maschine-Kommunikation zu
fordern. Zu diesem Zweck veranstaltet APL-Germany e.V. beispielsweise
Vortrige, Diskussionen und APL-Kurse, stellt Kontakte zu Computerfirmen her,
die APL anbieten, und gibt die Zeitschrift “APL-Journal” heraus.

11




For the numerically minded.

Competitive Salaries Cambridge/West London

When it comes to determining the future of technology, the
world’s biggest IT companies know where to turn. We provide
strategic market analysis and forecasting services to major
blue-chip companies using the most sophisticated techniques
available. A remarkable reputation stems from the talents of
individuals with a voracious enthusiasm for complex
numerical analysis. Our people have the intellectual vigour
and logical approach to deliver incisive solutions.

Working with your forecasting colleagues you will develop
tools and algorithms to deliver multidimensional views of
markets, enabling commercial heavyweights to anticipate
market trends and tailor their product and service strategies.
There will be occasional travel to Europe and to our offices in
the USA.

This calls for exceptional individuals who are already highly
skilled Windows 95/NT developers, with experience of at least
two languages, including APL. Working with a small team you
will enjoy analysing problems and developing solutions. You
will be looking for a company where the atmosphere is
professional but informal, with the emphasis on your
achievements.

Please send your CV to:

Mark Best,
IPR Corporation Ltd, Heathrow Business Exchange,
23 Clayton Road, Hayes, Middlesex UB3 1AN.

We would appreciate hearing from you by November 15",
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British APL Association News

Nominations for the
British APL Association Committee

Qur Constitution requires an Annual General Meeting to be held during May at
which the results of the election of Committee members is announced. Anyone
may nominate any willing member for election to any Committee post. A postal
ballot of the membership is held if there is more than one candidate for a post. To
allow for an election nominations must be received by 18 December. Nominators
and nominees should be paid-up members of the Association.

In most years we have difficulty in filling all the posts so will welcome new
nominees. If you might be interested in serving, do please approach any of the
committee informally. The amount of effort required depends on the post but
can be adjusted to suit the holder. Most Committee business is transacted by e~
mail and expenses are paid when a face to face meeting is necessary.

If you have a brilliant idea for an activity to be undertaken by the Association the
Committee has the power to co-opt officers to undertake jobs not currently
defined. If you are interested contact any member of the current committee who
will be delighted to hear from you.

Help Wanted

At a recent meeting of the Vector working group it was agreed that we ought to
put together a general purpose guide to APL. The guide should give the books
available and their sources, reviews of the various interpreters, help in getting
the APL characters displayed and printed and even how to get your keyboard
labelled with the APL character set.

We would be grateful to hear from anyone interested in contributing to the effort
or if you have comments on how worthwhile such effort would be, particularly if
you could help to make it more worthwhile.

We would be particularly interested in your views if you have experience of
teaching APL to schoolchildren; we are very keen to help anyone who has tried
to do this and is willing to try again.

Please contact me, Anthony Camacho, 100612,1057@compuserve.com or at 11
Auburn Road, Bristol BS6 6LS, England or on 44 + (0) 117 973 0036 and I will
pass on contact details to the other interested members of the working group.

13
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Sustaining Members” News

Soliton Associates Ltd.

Soliton Associates Ltd. is pleased to announce the future availability of SHARP
APL for Linux. SHARP APL for AIX and Solaris have been used by Soliton’s
corporate customers since 1994. SHARP APL for Linux is the result of a POSIX
port of the AIX/Solaris products, SHARP APL for Linux will be available in
October 1999 as a beta release and a production version is planned for the first
quarter of 2000.

Personal licences for SHARP APL for Linux will be available free of charge.

A new platform

Linux extends the SHARP APL product line that includes 08/390, AIX and
Solaris. Linux can run on personal computers and workstations. The initial
investment for setting up Linux is rather small and SHARP APL for Linux is an
excellent product for prototyping and market development. With the Linux
platform, SHARP APL offers scalability and a growth path for customer
applications.

Linux is extremely reliable and efficient. Solifon considers Linux as ‘industrial
strength” and well suited for SHARP APL. Linux growth will benefit our
customers.,

Commercial licences for SHARP APL for Linux offer different levels of support
and regular upgrades. Personal licences do not have support, but problem
reports will be accepted.

Promoting APL

In our effort to promote APL, SHARP APL for Linux can be used, at no cost, for
personal use. The free version of the product is complete. The product will be
FTP-able from any Linux distribution site and from Soliton’s home page
(www.soliton.com/linux). There is no required registration process for the
personal version. The documentation in PDF format is also free, We may
consider selling a CD or a printed manual in the future.

We wish to promote APL among college and university students. By having a
Linux version, we wish to encourage resellers and consultants to include SHARP
APL in their solutions.

14
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Architecture

SHARP APL for Linux is a true multi-user system. Linux, like Unix, offers its
users private disk areas and security. Consequently, SHARP APL for Linux
offers private workspaces and files.

Because it runs in a server environment (Linux), you can have several users
logged in at the same time running different applications unaware of each other.
These users could be on different Linux machines or running W/98 with an X-
Server, a JVM (Java VM), Telnet or a browser. As long as you are TCP connected
to Linux and have a user-id, you can run APL.

The same multi-user architécture enables an application writer or user to have
several APL sessions running concurrently with excellent performance. These
sessions are called tasks. A shared variable processor enables tasks to share data
with each other, either within the same user-id or system-wide. The shared
variable processor is also the mechanism used to contact APs (auxiliary
processors).

The workspace size is limited to 2GB but Linux will restrict this limit further
depending on its swapping area and memory. Intel Linux kernel 2.0.36 and
above is the only supported platform.

Components
SHARP APL for Linux comes with:

+ Ainterpreter that runs as a process;

+ A file system where files can be shared among users;

+ A private or global shared variable processor;

+ Aninterface to C<ode through the Intrinsic Function ([F) facility;
+ A set of IF's for Linux file operations, Linux commands;

- A set of IFs for Sacket calls;

- Ahost AP;

« A full screen function editor;

+ A set of public workspaces for date calculation, printing, import and export of
software;

A utility to de-fragment files;
» All documentation in PDF format.

15
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Additionally, a set of utilities will be available (not included in the beta package):

+ SCL or Socket Client Library to send, and read E-mails from APL; and to FTP
files to and from APL;

- 55M or Socket Server Manager to run socket servers including an FTP
daemon;

- SBI or Browser Interface to enable applications to have a browser front-end;

+ Sl or Java Interface to enable applications to have a Java front-end or use Java
services like JDBC.

GUI

The Graphical User Interface for application development is based on Java and
the “SJ1”. This approach is consistent with the server architecture of SHARP APL
for Linux where the interface to an application is separated from the application
server. This enables the ‘client’ to an application to be separated by a network,
possibly the Internet and the choice of Java offers portability across many
platforms including Windows (95, 98, NT, 2000), Mac-OS and most Unix
implementations.

In particular, an Intranet connected machine with a Java VM {Netscape or [E4 for
example) will be able to run GUI applications on Linux removing the need to
have a second desktop. They can share a Linux machine with other users and
have the same functionality as if they physically had it on their desks.

The SJ1 simplifies and provides the Java front-end capability for the application
developers. Many will choose to call Java from APL via the SJI. However, it is
also possible for a Java program to ‘call’ APL by using the SSM API for Java.

Language

The SHARP APL language is based upon Ken Iverson’s APL dictionary. It has
enclosed and heterogeneous arrays. Functionally, it is equal to APL2 but the
syntax differs slightly. It is not difficult to program SHARP APL when you know
APL2. Events and error trapping are similar to Dyalog APL. AFL objects can be
packed together into packages that can be stored on file and manipulated. Most
large applications page-in code from files that have packages of functions and
variables. A rank operator and the notion of rank in all the APL primitives
enable elegant programming. A file system is incorporated in the language,

IDE — Integrated Development Environment

A session manager coupled with a full screen function editor simplifies the
interactions with APL during application development. This offers portability

16
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and capability to develop APL remotely, separated from the server. An X-server
on a Windows platform can be used with the same benefit as using a Linux
desktop.

We are currently developing an [DE within the 5JI framework. An experimental
version should be available by year-end.

Support
The personal version of SHARP APL for Linux does not have any support.
However, problem reports can be submitted to linux@socliton.com. We plan to

offer comprehensive support plans to our corporate customers. Please contact
Soliton for further details.

Contact Information

Please refer to http://www.soliton.com/linux for up to date information. For
commercial licenses, please contact Laurie Howard (ljh@soliton.com} at +31 20
646 4475 (Europe) or Nancy Lamb (nancy@soliton.com) at (716} 256-6466 (North
America).

For information about personal licenses for SHARP APL for Linux, please
contact sax@soliton.com.

Dyadic Systems Lid

At APL99, Dyadic announced that it was developing a high-level interface to
ActiveX Data Objects (ADQ). This new Microsoft technology promises rapid
access to data of all sorts including data in relational databases. ADO is a
successor to Microsoft's ODBC technology and works with existing ODBC
drivers. This means that it can be used in place of SQAPL. During APL99, Dyadic
ran two ADO workshops demonstrating the use of the interface.

Dyadic has recently announced the availability of the LAPACK and FFTW
dynamic link libraries which have been customised for the Dyalog APL N4
interface.

LAPACK is a subroutine library for solving the most commonly occurting
problems in numerical linear algebra. It is public-domain software, and can be
used freely.

FFTW (Fast Fourier Transform for Windows) is free software, released under the
GNU General Public License (GPL).
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To complement these DLLs, Dyadic supplies a MATH workspace that provides a
high-level interface to the underlying C functions which are generally
acknowledged to be among the fastest available for Windows.

Other recent enhancements, provided to DSS (Dyadic Support Service)
subscribers, include a number of Improvements to the Grid object and additional
features for the Tracer (debugger).

Dyadic is nearing completion of Dyalog APL Version 8.2 for UNIX (APL/ M) on
Sun Solaris and TBM AIX and expects to announce a Linux implementation in
early 2000. Version 8.2 for UNEX and Linux is almost completely compatible with
Version 8.2 for the PC and workspaces developed on a PC may simply be loaded
and run under UNIX.

Causeway Graphical Systems Ltd

New product releases now available ...

+ CousewayPro for Dyalog 8.2 adds support for the Calendar, Splitter and
ToolControl objects. Causeway treats the new toolbars as one-sided splitter
bars, and will automatically move or resize any other objects which are
affected when the bar changes size. There are many small improvements in
the Designer (you can now set common properties on multiple objects, copy
and paste properties and so on), and there is a new namespace to help edit
bitmap artwork for toolbars and imagelists.

* RainPro adds support for mapped images (GIF or PNG format) to allow fully
interactive graphics on your web site, All charts now have the option of high-
colour, using the ‘#FF" notation commen to the web, Markers and fill patterns
are now easy to define, and there is automatic support for trellis layouts to
show slices through multi-dimensicnal data.

* Newleaf also supports high-colour, as well as background colour in table cells.
Tables generated using Spread now have a ‘fit to page’ option which scales the
output to fit to n pages wide, or to fit entirely on 1 page.

Users with licence numbers after 98041 may upgrade free; please download the
software from the web site and contact us for the passwords and updated
manuals.

We are delighted to welcome Jonathan Manktelow to Causeway; he has worked
with the Causeway software for nearly 2 years, as well as being a highly
professional Delphi and C++ developer. One of his first jobs will be to implement
a good working subset of RainPro on Sharp APL for Linux; this will be available
on the same terms as the interpreter.
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The Vector Product Guide

compiled by Gill Smith

VECTOR’s exclusive Product Guide aims to provide readers with useful
information about sources of APL hardware, software and services. We welcome
any comments readers may have 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 (‘poa’ indicates ‘price on application’}:

+ Complete Systems (Hardware & Software)
+ APL and ] Interpreters

+ APL-based Packages

« 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 oum 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, at Brook House, Gilling East, York, YO62 4]]. Tel: 01439-788385,
Email: apl383@compuserve.com
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COMPLETE APL SYSTEMS

COMPANY PRODUCT PRICES(£}
Dyadic IBM RS/BO0O0 MD320 11738
|BM RS/G000 MD320 13817

IBEM RS/E000 MD320 22,856
|BM RS/B002 MD520 37,114
IBM RS/6000 MD530 72,054
IBM RS/6000 MD540 122842
Cptima IBM Compatible poa
APL INTERPRETERS
COMPANY PRODUCT PRICES(£)
Beautiful Systems ~ Dyalog APL/W for Windows poa
Dyalog APL for Unix poa
The Bloomsbury Softwane Compan:
APL#+PC Version 11 250
APL+Win va.0 1350
Migratlon to APL+Win 1060
APLHD0S 1250
Migration to APL+DOS 760
APL Link 200
APL Link Pro 500
APL"PLUS It for LINIX poa
APL™PLUIS YMS poa
APL*PLUS Mainframe poa
Dincsoft Cy Dyalog APLMW for Windows poa
Dyalog APL far Unix poa

DETAILS

APL POWERstatlon (Greyscale} Z7.5 MIPS, 7.4 Millcps RISG
Procassor 8Mb RAM, 120Mb Disk

19" 1280x1024 Greyscale Graph Display AIX, OSF Motif, Dyalog
APL (1-user)

APL POWERSstation (Colour} 27.5 MIPS, 7.4 Mflops RISG
Processor BMb RAM, 120Mb Disk

167 1280x1024 Colour Graphics Display AlX, OSF Mo, Dyalog
APL (1-user)

Advanced APL POWERStallon 27.5 MIPS, 7.4 Mflops RISC
Procassor 16Mb RAM, 320Mb Disk. 150Mb Tape

15* 1280x1024 Colour Graphics Display AlX, OSF Motf, Dyalog
APL (1-user)

APL POWERSsystem (8-users) 27.6 MIPS, 7.4 Mflops RISC
Processor 16Mb RAM, 320Mb Disk, 150Mb Tapa CD-ROM
Drive, 16 Ports

AlX, Dyalog APL (2-8 user licence)

APL POWERSsystem (16-usars) 34.6 MIPS, 10.9 Mflops RISC
Processor 32Mb RAM, 1.34Gb Disk, 2.3Gb Tape CD-ROM
Drive, 16 Ports

AIX, Dyalog APL (8+ user licence)

APL POWERSsystom (32-users) 41 MIPS, 13 Milops RISC
Processor 64Mb RAM, 1.7Gb Disk, 2.3Gb Tape CD-ROM Drive,
32 Ports

AIX, Dyalog APL (8+ user licence)

Complate networked or stand-alone solutions including
eenfiguration installation, maintenance and commissioning.

DETAILS
US Distributor of Dyalog APL products from Dyadic,
See Dyadic lsting for preduct details,

Upgrade to version 11 gives fres runtime (2120 from any
versian)

A 32-bit Windows-hosted interpreter that runs under all Windews
platforms Including Windows 85. Note: Upgrade for £350 from
verslon 1.8 or 2, £920 from version 1.0

fram APL*PLUS/PC APL*PLUS/DOS any varsion.
from eariler varslons of APL*PLUS Il

APL*PLUS I DOS Is renamed to APL+DOS.

from APL*PLUS/PC

Database Access

APL2000's 2nd generatian APL for all major Sparc and Risc Unix
workstations.

2nd generation APL1or DEC VAX computers under VMS.

Enhances VS APL with many high performanca, high
productivity features. For VMICMS and MVS/TS0O offers simple
upgrada from VS APL.

Finalsh distributor of Dyalog APL products.
See Dyadle's lIsting fof product details,
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Dyadle

DynArray

IAC{Rurman Interfaces

FAPL Lid

1BM APL Products

Insight Systems

Iverson Software Inc.

Dyalog APL for DOS/385 995

Dyalog APL/W far Windows 6958

Dyalog APL for Unix §55-12,000

CICE for Windows poa

-APL/Mac 13
I-APL/PC or clones a
I-APLYBBC Master a
APL/Archimedes ]
TryAPL2 frea
APL2 PG (US Verslon) $630

APLZ PC (Eurcpean Version)  £343
APL2 for OS2 Entry Editton £185

APL2 for OS2 Advancad Edition $650

APL2 for Windows verslon 1.0 $1500
APL2 Runtime environment $250

Secand generation AP, for £OS.Runs in 32-blt mode, supports
very large workspaces. Unigque “window-based” APL
Develepment Environment and Screen Mdnager. Requires
386/406 based PC or PS/2, at least 2Mb RAM, EGA or VGA,
DQOS 3.3 or later.

As above, plus object-based GUI development tools. Requires
Windows 3.0 or later.

Second generaticn APL for Linix systems. Avallable for Altos,
Apollo, Bull, Dec, HP, IBM 6150, IBM R5{6000, Masscomp,
Pyramid, NCR, Sun and Unisys machinss, and for PCs and
PC/2s running Xenix or AlX. Oracle Interface available for IBM,
Sun and Xenlx versions.

Soltwere developmeant kit which includes an APL Interpreter as a
DLL and the ability to run and link existing and new APL code to
nen APL code such as VB, T/C++, Java and Integration with
various Windows software applications and database packages
such as MS Office.

Magcintosh version of I-APL

IS0 conforming interpreter. Supplied only with manual (see
*Qther Preducts’ for accompanying books},

Az above

As abova

APL2 for educational or demenstration use. Write, fax or Email to
APL Products; specify disk size desired,

Product No. 5789-PGG. PRPQ Number RJ0411.
Order from 1-800-iBM-CALL

Product No, 5604-260. Part number 38F1753.
Fram all I1BM dealers, including MicroAPL.

Part No B9G1556,

Part No 8931637, Contains all facilitles of the Entry Edition plus:
B2 Interface; co-operative pracessing TCP/IP Interface; tocls
for writing APs; TIME fadility

Product No. 5639-d48, part number 4229558,

Part No. 35L8419 - Packager and runtime CDs. Cne additonal
runtime install $200, 5 additionals $900, 10 $1,500.

Praduct No. 5648-065,
Product No. 5765012,
Product No. 5683-228. Full APL2 system for 8/370 and 5330
Product No, 5683-229. Runtime environment for APL2 packages
APL systems marketed and supported ...

from: Dyadic, Manugistics, IBM

under; Windows, G52 and Unlx

APL2 for Sun Solaris $1500
APL2Z for AlIX 6000 poa
APL2 Version 2 poa
APL2 Application Envt Vn2 poa
APL*PLUSPC poa
Dyalog APL poa
APL2 poa
J on the Web online regfstration ...
J Educational Edition %95
J Standard Edition $295
J Professtonal $895
Baoks and accessaries (discounts far reg users)
J Dictlonary $50
J User Manual $50
J Phrasas $50
J Primer $50
Concrete Math 340
Exploring Math 50
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J User Conference Proceedings $35
Mugs, T-shirts, Mousepads $10 each

J Austria J poa
Dyalog APL poa
Causeway Products poa

Structural Analysls Software poa

Lescasse Consuling APL+PC poa
APL+Unix poa
APL+DOS poa
APL+Win poa
Dyalog APLW poa
MasterwWaork Software Manugistics Products and ISt poa
MicroAPL APLE8000 Level | 2000
APL.68000 Level || 2500
APL.BB00OIX 1500-6000
APL.G8000 Lavel |
Mag, ST, Amiga 87
Mae, Amiga 260
APL.68000 Leval I
5T 170
Amiga 260
Mac 820
APL*PLUS Rel 10 450
APL*PLUS Il V4.0 1355
Oasls Dyalog APL poa
APLPLUS poa
APL.68000 poa
APL2 poa
Omeoga Zero poa
OCptima Dyalog APLIW 965
RE Time Tracker Oy APL+PC (APL"PLUS/PC) poa

APL+DOS (APL*PLUS 1I)
APL+WIn (APL*PLUS 11f), APL+Link

APL+UNIX
APL*PLUS Sharefite

Soliton Assoclates  SHARP APL for 05/390 poa
SHARP APL for Unix poa

Distributor for Austria and Switzerland
Cistributor
Distibutor

Complete package by IG Zenkner&Handel 1o perform structural
analysisfengineering calculations. Alse suitable for dynamlc
problems, e.g. earthquake simutation,

Lescasse Consulling Is the exclusive APL2000 distributor In
France and also

distributes in Switzerand and Belglum, Call for price quotes.

French distributor for Dyalog
New Zealand distributor

First generaticn APL. with numerous enhancements. Multi-user
version (Unix, Mirags, MCS},

Second generation APL, Nested arrays, user defined aperatars,
selective spedification ete, Mub-user version (Unlx, Mirage,
MCS)

Second-generation APL. Nested arrays, usar defined operators,
selectlve spacification, etc. Multi-usar AIX verslon with full
QSF/Matit support.

First generation APL Single user, full windowing interface,
software floating palnt support.

First generation APL. Single user, full windawing interface,
hardwara flcating polnt.

Second generation APL. Full windawling interface, scftware
flzating point support.

Second genaration APL. Full windowing Intarface Hardware and
software floating peint support,

Sacond generation APL. Full windowing Interface.Hardware and
softwara fioating point suppart.

Dyadlc Systems

Manugistics

MicroAPL Ltd

1BM

A "small simple and fast® altemative 1o APL

Fully fladged Windows development environment.

Complete APL+ and Statgraphics product range and links to
various 3rd party products.

for |IBM OS/390 mainframes
for IBM AlX and Sun Solaris
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SHARP AFL for Linux poa
Strand Software Canada
All APL*PLUS Products poa
Dyadic and iS1 products poa
usa
Dyadic and I5] products. poa
APL PACKAGES
COMPANY PRODUCT PRICES(E)
ADAPTA Soltware  MPS poa
FB5 poa
DRP poa
Adaptable Systems  FLAIR poa
Adaytum Software  Adaytum Planning poa
APL Group (see Eventra)
APL Software\Services
APL Utiliies poa
Boautiful Systems  ASF_FILE $338
NAT_FILE $209
DEF_FILE $259
SF_READ poa
The Blocmsbury Saftware Company
(for VSAPL) Enhancements & Sharafile poa
Compller poa
{for APL2) Sharetlle/AP poa
Causeway CausswayFro for Dyalog/W  400/$600
RainPro Business Graphics 250
NewLoaf tor Dyalog and +Win 400
Clhatea AB ORCHART 250

for intel Unux

All APL*PLUS products including upgrades and educational.

DETAILS

Master Production Scheduling
Forecasting and Budgeting System
Dlstribution Requirements Planning

Flnits loader and Interactive rascheduler, Customisabla full-
function scheduling system. (Avallable outside Australia by
special arrangement enhy.)

Full-featurad Budgeting and Financlal Planning system for
medlum to large enterprises.

Software: mastly .AWS for DOS, utilides for mest APL
Inerpreters, Public domaln APL*Plus v10 with on-scraen
documentation and Interactive tutorials, APL Conlerence
Sofware, Books: APL user manuals for STSC, IBM, and Sharp.
Regquest emall catalog from dick.holt@juna.com.

Dyalog APUW auxillary processor for access 10 APL'PLUS/PC
AFPL component tllas (~.ASF).

Dyalog APLVY auxiiiary processor which emulates the
APL*PLUS/PC quad-N native file subsystam for access to the
DQS fila systam.

Dyalog APL{W auxlllary processar fer efficiant block made
access to dBASE format files. Designed to get large amourts of
data in and out of IBASE. Not sulted for random accass to small
amounts of data (it does not handle keys).

Dyaleg APL/W functions to read APL*PLUS data abjects of any
type ar stuciure from ".SF style componenttiles created by
APL*PLUS Il or 1.

Component files, quad-functions & nested amays for VSAPL
under VM/CMS & MVB/TSO

The First APL complier!

STSC's shared access coimponent flla system for APL2.
Comparable te all APL*PLUS flia systems: multl-usar storage of
APL2 arrays with efficlent disk usage.

Causaway application developrent platform for Dyaleg APLIW.

The ulimate graphics toclkit for tha APL developer. Adds 3D
charting capability, Web publishing and clipboard support to the
shareware product. Charts can be Included In NewLeaf reports.
Functionally compatible across Cyalog/¥y and APL+Win.

Frame-based reponing tool with comprehensive table-genaration
and taxt-flow suppart. Offers multipla master-page capabillty,
bltmap wrap-around and on-screan praview with fran and zoom.
Fully supparted on Dyalog/W and APL+Win (1.8 and above}

Organization chart package for IBM APL2/PC, Full & heavily
commanted sourca cods Included - free Integration Into other
applicatons, NB: ASCIl cutput with line-crawing (semi-graphic)
characters for boxes.
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CODEWORK HELM poa
DynAmay DynaWeb Server poa
DynaHarmy poa
Dynatink poa
Eventra Qualed| $1500-4000
HMW. 4XTRA poa
Arblirage poa
Basket poa
Menu-Bar poa
IAC/Human InterfacasSPARKS poa
EPIDEMIC poa
COINS poa
FIBONA poa
-APL Ltd Educational workspaces 5
IBMAPL Products A Graphical Statistical System  $250
(AGSS) $500
$2600
INFOSTROY APL"PLUS/Xbase Interace
{17388 Version 2) $198
(DLL Verslon 1) $198
insight Systems IUTILSfXP 20-95
AS) a5
WinCom 95
52D,22D0.X2% poa
SQAPL Cllent poa
SQAPL Server poa
JAD Software JAD SMS poa
Lescassa Cansulting

APL+Win Monthly Training Program$600

Decislon Support System for lop management. Handles large
mutt-dimenslonal tables, data analys!s, EIS prasentations,
generates HTML and Latex output, Flatforms; MS-DOS, LAN,
Windows 3.1/95/NT. Ideal for APL customisation (APL*PLUS |t
and Dyalog APL); more than 150 installed.

A web server providing web based access to applications
running on the DICE interpreter from DynAsmray, or on an IBM
malnframe running APL2.

A DSS system which offers the next generation capabilities for
current APLEI, IC/E and IC/1 users. It comes with ROLAP
capakilites, multisystem access to a wide varlaty of dalabases
and data warehouses.

An ODBC cllent interface for DICE and IBM APLZ programs.

Electronic Data Interchange (EDI) translation software for the
PG, with strict compllance checking.

Front-end Forelgn Exchange deallng { pos keaplng

Arbitrage modalling

Basket currency modelling

pulldown menu for APL*PLUS/PC

Educational simulation of alactric circult {for Apple Mac.)
Educational simulation of spreading infacticn (for Appla Mag.)

Educational simulation {KS3) of coln-tessing experiment with
simple stats {for Apple Mac.)}

Educational simulation of Fibonacc's rabbits {for Apple Mac.}

PC tormat disks with the examples from: Thomson, Esplnasse
{Kits 1-4}, Kromberg, Jizba & FINRAPL. All the examplas to save

your fingers!

for DOS, Product Number 5764009

for Workstations (QS/2, Alx, Solarls), Product Number 6764-092
for CMS, Produet Number 5764-011

Complete package written In C. Comparable with the data, index
& memo files of FoxPrg, dBASE, & Clipper. Multi-usar suppart.
No DBMS licenss required,

Tha same In a DLL form! Gives your Windows applications all
advantages of DLLs.

Cross-platform utility lbrary induding simple OS calis {DIR,
COFY, DEL, RENAME) and DATE funcions. For APL*PLUS I,
APL2 and Dyalog APL under Windaws, OS/2 and Unix.

APL Spreadsheat Interface. "Device-Independent” spreadshest
driver supporting Excal, 123 and Quattro-Pro for Dyalog ARPLW

Asynchronous comms package for Dyalog APLW

Advanced APL. syntax analysls and converslen packages from
Shatp and APL2 to Pyalog, and batween any two APLs

Interface freim APL*PLUS I, APLZ and Dyalog (Windows, QS/2
ar Unix} to most SQL databases over most networks.

Makes APL"PLUS i, APL2 or Dyalog APL {Link} avallable as
Sequelink servers, Can be called fram SQAPL cliants or cther
applications such as Excel, G++, Smalltalk, Visual Baslc,

Softwara management system for Dyalog APL {7.2 or later)
based on hierarchical databasas; Includes gul Interface and
stand-alone functions. Pricing will ba per-usar, Available fall
1993

Download 50+ page document about APL» programming esach
month. You alse get one of more workspacas full of re-usable
APL code and sometimes additional files or products.
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Lingo Allegro

RE Timea Tracker Oy

Sollton Assoclates

Warwick Unlversity

Advancad Windows Programming ...$95

DLL parser for APL

Delphl Forms Trans!ator

APLALInk Pre
SCAPL Pro
RainPro

NewlLeat
GraphX and ChartFX
Farmula One and Dyaleg APL

FRESCO Buslness Graphlcs
AP126/{FC

AP1ZTIPC

AP119/PG

FAGS

ISAP

umw

AJGRAPH

ECCO PR with APL

NEWT TCP/IP SDK with APL
0B+
LOGOS

VIEWPGINT
BATS

FAB
APL Tutor (PC)

APL Tutor (MF}
Zark ACE

$250

$165

poa

$95

poa
poa

$R8E 3

E

poa

poa

poa

poa
poa
250

free

$299

$5000

$9g

APL Advanced Tachnlques..., $59.95

Communications

$200 pe, $500 mf

200-page book pius companien disk on interfacing APL and
Delphi. Cantains full coveraga of Delphi-2, +Win and Dyslog.

Parse any Visual Baslc DLL declaration flle Into a set of quadNA
dafinitions. Turn constants and structures Intc APL variables.
Available for APL+WIn and Dyalog/W.

Design forms with Delphl and turn them automatically Into APL
programs which recreate the same form (+Win and Dyalog/W).

ODEBC Interface for APL+WIn
QDBC Interface tor Dyaiog APL/W

Highly customisable 20 and 3D publication graphics for
APL+Win and Dyalog APL/W

Page fayout and printing tools for APL+Win and Dyalog
High-quality business graphics for APL+Win

100-page book + companion disk on how to use the Formula
One VBX with Dyalog APL/W

Fastand aasy businass graphics DLL

GDDM Intarface for Dyalog APLW

QDBGC interfaca lor Dyalog APLW

TCP/IP interfacea for Dyalog APL/W

EMMA-like Interface to DB2 or ODBC databases

MS Windows DLL for calfing Dyalog APL/W from web pages via
MS Intemmat Information Server. Visit www.lingo.com for a dema.

Comprehensive high-lavel Windows User Interface library for
APL+Win and +ll v 5.1. Comprehensive spreadshests, replicated
flelds, spacial fleld types, etc. 16 and 32 bit versions avallable.

Graphpak-¢ompatible 2D graphlcs packege for +Win and +DCS.
Inciudas mult-window support, print and metafile suppart, No
DLLs required,

Leading group end personal informaticn managament systam
with comprehensive customising. Supplied with sampla +wWin
workspace o interfaca to ECCO databasas via DOE.

Lead TCP/IP SDK with interfaces to all protocols. Supplled on 3
CD ROMS together with a sample +¥Win workspace.

Database interface for APL+DOS under Windaws, Allows
combining character-based APL applications with OPBC-
compliant databases such as Oracie and SQL-satver..

Application Development Environment
Report generator with Interfaces to DBZ and CS390 data

Menu driven system for ime serjes analysis and forecasting
using Bayeslan Dynamic medalling. Price |s reducad to £35 for
academic Institutions,

Training program for the above.

APL computar-based fraining. Available for APL'PLUS PC &
APL*PLUS Il. Demo disk $10,

Maintrame varsion.

APL continuing education. APL tutor news and hotline phona
suppert

488pp, back, (ISBN 0-9615067-07) Including 2-disk set of utlity
functions (APL*PLUS PC formay).

Move workspacas or flles between APL envirenments.
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APL CONSULTANCY AND DEVELOPMENT

COMPANY PRODUCT PRICES(E) DETAILS

Adfee Consultancy poa Development, maintenance, conversion, migration,
documentation, of APL preducts in all APL environments

Ajay Askoolum Consultancy poa APL+WIn development and migration of actuarial, linanclal,
mathematical applications.

Andrews Consulancy poa APL programming and analysis, Year-2000 legacy systems,
algorithms, tree-processing.

APL Solutions Ine Coensultancy poa APL systems design, developmaent, maintenanca,
documentatlon, testing and fralning. Providing APL solutions
sinca 1969,

AUSCAN Software  Consultancy poa APL software cevelopment, training

Bloomsbury Software Consultancy 300-750+VAT

Camacho Consuftancy poa Manuals; feaslbllity reports and estimates; analysis and

programming; APL and MS Windows applications; Sharp, I1S]
APL, APL*PLUS, APL2/PC and other APLs spaken. Fixed price

systemns a spaclallty
Ray Cannen Consultancy poa APL, C, Assembler, Windows, Grephics: PC and malnframe
Causeway Consultancy and Trainlng poa On-shte training for Causeway, RalnPro and Newleal,

Customisation and ephancement to meet local needs, Cada
raview and pre-mplementation check of Causeway applications.

Paul Chapman Consultancy 250-500 24-hour programmer; AFL, Smalitalk, C; Windows frent end
design a spediallty,

CODEWCRK Consultancy poa, Development, malntenance, migration, documentation ot APL
applications. Spedality: Info systems for top executives, intamst
applications.

DPinasoft Oy Censultancy poa Speclalised In very largo databases,

Dyadic Censultancy poa APL anc Unlx system deslgn, consultancy, programming and
raining.

SynAmay Caonsultancy poa DynArray offers consulting in the areas of DSS, Y2K and APL
programs upgradefconverston to modem Web enablad
plattorms.

Evesiic AB Consultancy pea Excellent track record from 15+ yoars of APL applications in

kanking. insurance, and education services. All dialacts,
plattorms and project phases. SQL expertise.

First Gerivative
Analytics Lid, Consultancy pea Analysls, design, protolyping, development & testing of APL
(especially financial) applications: Sharp, Dyalog APL/W,

General Software Consulancy from 200 Over 20 years axperience with every version of APL, larga
malnframe systems and small PC based programmes.

Godin: London Inc Software Cevalopment poa Wa have applications in the food manufacturing fleld, travel
agency and alriine bookings field and In product lsase
management.

HMW. Caonsultancy poa System design consultancy, programming. HMW speclalize in
banking and prototyping work,

Hoekstra Systems Lid Consultancy poa APL consullancy, programming, ete. Alse UNIX system
adminlstration

Michael Hughes Consultancy poa Consultant with 10+ years experience with various APL,
Interpreters and G.

|AC/Human |nterfacesConsultancy poa APL and ergonomics consultancy sarvices.

Documentation 100-200 On-line assistance, product damas & mock-ups, manual writing;
foreigr [anguage software localization.

Training poa Using 1-APL for courseware & distance leaming materials; Mac
programming In C, APL & HyparCard,

INFOSTRQY Consultancy poa Moving applications betwean platforms, Client/server

developmant. Multilnguai usar Interface.
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Insight Systems Consultancy
JAD Software Consultancy
Phil Last Consultancy

Lascasse Consulting Consultancy

Linge Ailegro Consultancy

George MacLeod Gonsultancy

Mackay Kinfoch Ltd  Consultancy

MicrcAPL Consultancy
Millnta inc Consultancy
Ellis Morgan Consultancy
Qasis Consutlancy

Object Crientad Ltd  Consultancy
Omega Computing  Consultancy
Optima Cansultancy
RadSys Technologies Consuhancy

RE Tlme Tracker Oy Consultancy

Rax Swain Consultancy

RAochester Group Consultancy

Shepp & Asscclates  Consultancy

Snake |sland Research inc

Consultancy
SovAPL Censultancy
Strand Software Consultancy

poa

poa

poa

poa

poa

{rom €£40¢hr

poa

250-600

poa

poa

poa

poa

poa

poa

poa

poa

poa

poa

poa

Experts in APL canverslons between any comblnation of:
APL"PLUS, APL2, Dyalog APL and Sharp APL. Wa are also
experienced right-sizers, comfortable with netwerks and
relational databases (that also means when NOT to use SQL)
and cllent/server development in APL, C and Visuzl Basic,

Systems deslgn and development, project management,
tachnical manuais, financial and actuarial expertise in APL.

APL consultancy, modelling and programming.

A range of consultants, experts In Windows programming, with
APL+Win and Dyalog APL/W. More than 100 major APL
applications already developed. We all have addltional expertise
In Formula One and Delphl.

General APL consulting, intermat wabsite development, migration
and downsizing, performance tuning, educaticn and training.

Deslgn and programming of new APL appiications. Enhancing
anc maintalning existing APL applications, Porting exising APL
applications from ane APL system fo another, Supporting users
of APL applications. Experianced on bath malnframe, UNIX and
PC APL Interpreters.

Design, analysis and programming (or banking, Insurance and
pensions, financial planning and modelling, corporate
performance and leget reporting

Technical & applicatens consuliancy.

Deslgn, davelopment, malntenance, conversion, documentation
In alt APLs, most APs and some $peclfic Sharp products
(LOGOS, ViewPoint, Retrlave), Exparlence In multi-user, mult-
task systems, databases, Y2K, Windows programming.

Business Forecasting & AFL Systems.

Expertise in APL system design, Project management,
conversion, migration, uning; for all APL versicns
{10+ years experianca)

General APL consulting, code recycling — malnframe to PC,
performanca tuning.

APL consultancy, programming, etc.

A ranga of consultants speciallsing In all areas of
pharmaceutical, Industriaf and financlal systems with 5-15 yrs
axperlenca on both PC and mainframe.

Areas of expertse: linanclal systems, risk analysis systems,
healthcare systams,

APL appllcation conversions, APL Windows Intarfaces, AFL to
APl-lavel Intarfacing 12 any system under Windows, TCP{IP
network and database connactlvity.

Independent consultant, 2¢ years axperlence. Custom software
development & tralning, PC andfor mainframe.

Specialise in MIS using Sharp APL

APL applications developrant and consulting, aspecially in the
travel industry, especlally on small computars. 25 years
experience In APL programming.

APL interpreter and compller anhancemants, Intrinsic functions,
performanca consulting. APL paralle! compller APEX Is glving
very goad Initia! perfermance tests with convelution somewhat
faster than FORTRAN.

Oftshore APL davalopmant servica.

Advice on migrating te and from all flaveurs of APL and
hardware platforms. Full-screen Interface Implementation, APL
utilities, benchmarking, efflclency analysls, actuarial software,
system development toals, valuation, pricing and modeliing
systems.
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Sykes Systems Inc  Consultancy

Stephen Wynn Consultancy

OTHER PRODUCTS

COMPANY PRODUCT
Adfes Employment
APL-385 Typefacas
Bloomsbury Software Training
Comiog Comic-Logger
HMW Employment
-APL Lid Books
Oasig Tralning
Aenaissance
Data Systems Bocoksellers
Soliton Associates  MVSLINK
SSaL

Complete APL services speclalising in audit, optimisaton and
cohverslon of AFL systems. Excellant design skil's. Al dlalacts
and platferms, 17-23 years expefiance.

poa

Most experience of financial planning, and mathematical areas;

poa
cparational resaarch, quality control, experimental design.

PETAILS

Contractors and permanent employses

Varlants of the APL2741 typeface available to specification.
Contact the company for details,

PRICES(E)
poa
poa
poa

$25.95+p&p APL*PLUS |l comlc-book inventary system. Sharawara versian

available on America Onbline.
Contractors end permanent employees placed.

L-APL stocks books written to go with the -APL interpreter and
some APL Prass books. For a lIst write to 11 Auburn Road,
Bristol BSS 6LS, ring 0117 973 0038 or email

1006121057 @compusernve.com,

poa
poa

Introductory coursaes In APL
Advancad courses tor different APL versions

The widest range of APL books avaifable anywhere. See Vector
advertisements.

Interface from Sharp APL (Linlx & MVS) to non-APL data and
software in the MVS environmant.

High-performance DB2 Intarfaca for Sharp AFL (Unix and MVS),

poa

poa

OVERSEAS ASSOCIATIONS

GROUP LOCATION
ACM SigAPL Intematicnal

APL Bay Area USA N. Callfomnla
APL Ciub Austra  Austria

APL Club Germany Germany

Ass, Francophonse pour
la promotion d'APL Franca

BACUS Befgium

Capital PCUG Washington, D.C.
Darnlsh SIG Dsnmark

Dutch APL Assce.  Holtand
FinnAPL Helsinkl, Finlang
Japan APL Assoc  Tokya

NY SigAPL New York, USA
Rome/ltaly SIG Roma, ltaly

SE APL Users Grp  Aflanta, Georgla
SovAPL Moscow, Aussia
SwedAPL Sweden
SWAPL Taxas, USA
Swiss APL (SAUG) Bemn

Tarento SiG Toranto, Canada

JOURNAL OTHER SERVICES

APL QuoteQuad  Conferences; AP), white pages; web site
APLBUG Monthly Mestings {2nd Monday)

- Cuarterly Mestings

APL Jeurnal

Ann.Sub.
$30
£20

200AS(indiv), 1000AS(corp)

Seml-annual mestings DMB0

Les Nouvelles d'APL FF350 (privata} FF2800 (Company)

APL-CAM Coenferences & Seminars £18 {$30)
Menitor Monthly meetings, occasional classes free
Veclor provided Minl-congrass, APL ShareWare Initiative

FInnAPL Newslstter Seminars on APL 100F{M(private), 30{studant), 1000 {Co}

APL Joumal Menthly mestings (4th Sat) 10,000yen 1o Jelr
Blg Apple APL, Monthly meetings $35/$25[ACM)
SEAPL Newslatter Quarterly meetings 10
- Saminars and Annual Meeting

SwedAPL Nyft Semi-annual meatings, seminars SEK 75
SWAPL $18
Part of Qtly Sl-Info SFEO {SI) + SF20 (SAUG)
Gimma Arrays! Manthly Maetings, APL skills databass, J SIG, Toronte Toalkit 25
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ADDRESSES

ORGANISATION
ACM SigAPL

ADAPTA Soltware GmbH

Adaptabla Systems.

Adaytum Software
Adfee

Andraws
APL-385

APL Bay Area APLBUG
APL Club Austria

APL Club Germany

APL Group (sea Eventa)

APL Software\Services
AFL Selutions Inc

Alay Askoolum

CONTACT

David Siegel
Michael Baas

Lols & Richard Hiil

Douglas Rowlay
Bernard Smoor

Dr Anne D Wilsan
Adrian Smith

Curtls Jones (Sec)
Harald F. Nelsan

Dieter Lattermann

Dick Holt
Eric Landau

Ajay Askoolum

Assoclation Francophone pour

Ta premotion d°APL
AUSCAN Software Lid

BACUS
Beautiful Systams, Inc.

Bleomsbury Software

Camacho
Ray Canncn

Causeway Graphical
Systams Ltd

Paul Chapman
Cinerea AB
CODEWORK
Comlog Soltware
CPCUG

Danlsh User Group
Dinasolt Oy

Duich APL Assoclation

Ludmiia Lemagnen
Richard Procter

Joseph De Kert
Jim Goff

Petar Day

Anthony Camacha

Adrian Smith

Rolf Kornemark
Maura Guazzo
Jeff Pedneau
Lynne Sturtz

Per Gjerlav
Pertti Kafiojard

Barnard Smoar (Sec)

ADDRESS, TELEPHONE, FAX, EMAIL etc.

ACM, 1515 Broadway, 17th Floor, New York, NY 10038, USA (Subs only)

Marienhoehe BS, 25451 Quickborn, Germany. Tel: +49 4106 60977
Fax; +49 4106 £§7868 Email: info@adapta,.da

49 First Streat, Black Rock 3193, Australla,
Tal: +61 3 9569 5578 Fax: +81 3 9589 3220 Emall: adsys@.bm.nst

13 Great George Street, BRISTOL BS1 5RR, UK. Tel: 0117-921 5555

Dorpsstraat 50, 4128 BZ Lexmond, Netherlands.

Tal +31 347 342 337 Fax: +31 347 342 242 Emall: adies @ concepts.nl
12 Thomy Hllls, Kendal, Cumbria LA9 7AL, UK. Tel: 01539-731205
Brock House, Gllling East, York YO62 4JJ, UK, Tel: 01438-788385
Email: 100331.644@compuserve.com

228 Seuth 15th Streat, San Josa, CA 95112-2150, USA

Tel: +1 (408) 292.4060 Email: jonesca@vnetibm.oom

cfo N-TECH, Slebenbrunnenfeldg. 4-5, A-1050 Wien, Austria.

Tel: +43 1 5458063 Fax: +43 1 5458063-17

RheinstraBa 23, D-69150 Walldorf, Germany.
Tel; +49 622763463 Compuserve: 100332,1461

3802 N Richmend St, Sufte 271, Arlington, VA 22207 USA
Tal: +1 {703) 528-7624; Fax: +1 (703) §28-7617; Emall: dick.ho{t@|unc.org

4107 Dala Drive, Silver Spring, MD 20910-1607 USA
Tel: +1 {301) 585-4621 Fax: +1 (301} 589-4518 Email; elandau @cais.com

42 Hanwaorth Road, Redhill, Surrey RH1 5HT
Tel: 01737-771643 Emall: 1061733347 @compusarve.com

474 Boulavard de Charcnne, F-75020 Parls, FRANCE

Emalf: lemagnen@acl.com

PO Box 38, Mansfield, Cntario LON 1MO Canada

Tal: +1-705-434-1239 Email: rip@interiag.com

Rooinberg 72, B-2570 Dutfel, Belgium. Tel: +32 15 31 47 24

308 Ok York Road, Sulte 5, Jenkintown, PA 19046, USA

Tel: +1 (215) 886-2636; Fax: +1 (215) 886-4888

Bloomshury House, 74-77 Great Russall St,, Lopdon WC1B 304, UK.
“Tal; 0171-438 9481 Fax: 0171-436 0524

Emaill: pd @ Hoomsbury-software.co.uk

11 Auburn Road, Redland, Bristol BS6 6LS, UK. Tel: 0117-973 0036.
emall: 100812, 1057 @compuserve.com

21 Woodbrldge Rd, Blackwater, Camberey, Surray GU17 0BS, UK.
Tel: 01252-874897 Emall: 100430.740 @ compuserve.com

The Maitings, Gastiegate, MALTON, North Yorks YO17 70P, UK,
Tel: 016563-698760 Fax: D1663-697719

Emall: causeway @compuserve.com

51B Lambs Conduit Strast, London WG1N 3NB, UK,

Tel: 0171-404 5401, Compuserva; 100343,3210

Box 61, 5-193 00 Sigtuna, Sweden.

TelfFax: +48 B538 255 421 Email ralf @cfnerea.se

Corsa Calroli 32, 10123 Toring, ialy.
Tal: +39 11 885168 Fax: +39 11 812 2652 Emall: codework @Inrate.it

18728 Bloomfield Road, Clney, MD 20832 USA
Tel: +1 (301) 260-1435 Email: jefi@ soltmed.com

Capllal PC User Group, 51 Monros Sirest, Sulte PE-Z, Reckville,
Maryland 20850-2421, USA. Tel: +1 {301) 762-3372 Fax; (301) 762-9375,

Emai% gjerov@&ibm.net

Lannroll 21C, 00120 HelsinK, FINLAND,
Tel: +358°9 70028920 Fax: +358 ¢ 70028824 Emall: dinoset@ dinosoft.fi

Pestbus 1341, 3430BH Nieuwegeln, Netherlands.
Tel: +31 347 342 337 Fax: +31 347 342 342
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Dyadic Systems Lid. Peter Donnelly

DynArray Carporation Dr James Brown

Eventra Stuart Sawatini
Evastic AB Clls Evero
FinnAPL Clll Paavola
First Cerivative Ken Chakahwala
Analytics Ld.

General Software Ltd M.E. Martin

Gedin London Incorperated Gaétan Godin

H.M.W.Trading Systams Ltd

Hoekstra Systems Ltd Bob Hoeksira
Michasl Hughes

IAC{Human Interfaces lan A. Clark

1-APL Ltd Anthony Camacho
IBM AFL Products Nangy Wheeler
INFCSTROY Alexel Miroshnlkey
Insight Systems ApS Morten Kromberg
Iversan Software Inc. Eric lverson

JAD Software David Crossley
Japan APL Assoc Toshio Nishtkawa
J Austria Joachlm Holfmann
Phl Last Ltd Phil Last
Lescasse Cansulting Erc Lescasse

Lingo Allegre USA, inc Sieven J Halasz

Mackay Kinloch Ltd Alastair Kinloch
George Macleod Gewge MacLeod
Merela Softwere Ltd, Gareth Brentnall
MicroAPL Lid. Richard Nabavi
Miiinta Inc. Dan Barcnat

Riverside View, Basing Road, Old Basing, Basingstoke,
Hants RG24 CAL, UK. Tel: 01256-811125 Fax: 091256-81113C

163692 Monterey Rd, Suite 260, Morgan Hill, CA 95037, USA

Tel: +1 (408)-782-6648 Fax: +1 {408)-782-6627 Emalt:Info @ DynArray.com
Memitt Crossing, 440 Wheelers Farms Road, Milford, CT 06460, USA,

Tel: +1(203) 882-9988. Fax: +1 (203) B92.9948

Emall: ssawabini@ eventra.com; eshaw@eventra.com

Bartellusvagen 12A, 5-146 38 Tullinge, Sweden

Tel&Fax: +46 778 4410 Emall; olle.evero @maithax.swipnet.se

Suomen APL-Yhdistys RY, FInnAPL RF, PL 1006, 00101 Helsink! 10,
Finland Email; olll.paavola@pyr.f

114 Lemsiord Lane, Welwyn Garden Clty, Herts ALB 6YP, UK

TelfFax: 01767-339620. Emall: KenChakahwata® compuserve.com

Litte Wester House, Westerhlll Read, LINTON, Kent ME17 4BS

Tal: 01622 749328 Fax: 01622 749365

E-mail: martin@gsaft.freeserva,co.uk

12 Gerrard St, London, Ontatlo, Canada N6C 4C5

Tel: +1 {519) 579-8290 Fax: +1 (519) 438-6381 Email: Info@godin.on.ca
Hamilton House, 1 Temple Avenus, Victora Embankment,

London EC4Y OHA, UK. Tel: 0471-353 8900; Fax; 0171-353 3325;
Emalf:100020.2632@ compuserve.com

Dominlque, Salisbury Road, Woking, Surrey, GU22 7UR, UK.

Tel: ©1483-771028 Emall: bob.heekstra@khamsin.demon.co.uk

28 Rushton Road, Wilkarston, Market Harbereugh, Leics. LE16 8QIL, UK,
Tek 01536-770998 Email: Michasl @ Hughes.uk.com

FAC Human Interfaces, Unit R21, Auckland New Business Gantre,

St. Halen Auckland, Bishop Aucitand, County Durham, DL14 STX, LIK,
Tal: 01388-606544. Email; 100021,3073@ catrpuserve.com

11 Aubum Road, Redland, Bristol BSE 6LS, UK,

Tel: 0117-873 00356. Emall: 100612.1057 @ compusarve.com

APL Products, IBM Santa Teresa, Oept MA6/D12, 555 Balley Avenus,

San Jose CA 95141, USA, Tel: +1 (408) 463-APL2 (=2752)

Fax: +1 (408) 463-4488 Emalt: APL2@vnat.lbm.com Cserve: GO IBMAPL2
3 8, Tulenin Lane, St Pelersburg 181186 Russla.

Tel+7 812 312-2673 Fax:+7 812 311-2184 Emall:alm@Infostroy,spb.su
Nordre Strandvef 119C, DK-3150 Hellebeek, Denmark

Tel:+45 4976 20 20 Fax: +45 49 76 20 30 Emall: info@insight.dk

33 Majer Street, Toronte, Ontarle, Canada M5S 2K9. Tal; +1 (416} 925-
60886, Fax: +1 (416) 488-7559 Emall: Info@jsoftware.com

175 East B6th St., Apt. 17G, New York, NY 10128 County: USA

Tel: +1 (212) 369-6713 Fax: +1 {212) 7610124

1-8-13 Masujima Buld.6F Higashl Golanda Shinagawa-ku, Tokye Japan
141-0022. Tel: +81 (03) 32800411 Fax: +81 (03) 3280-0418

Emall; KYY00361@niftyserve.or.Jp

Bramiley, Oldstead, YORK YO81 4BL. Tel: 01347-858121,

Emall: JoHo & ping.at ‘
146 Crossbrook Strest, Cheshunt, Herts, ENB BJY, UK.

Tel: 01992-633807 Fax: 0121-359 0375 Emall: phil_|ast@compuserve.com
18 rus de la Bello Feullle, 9210C Baulogne, France. Tal; +33.1.48.05.10.78
Fax: +33.1.46.04.60.23 Emall: ec@Ilescasse.com

1106 Chicage Avenue, Sults 155, Oak Park, JL 60302, USA.

Tel:+1 BOD 546 4621-1 Email: sjhalasz @Interaccass.com

519 Webster's Land, Edinburgh EH1 2RX, Scofiand, UK.

Tel; +44 (0)131 228 5235 Emall: akinkch @globalnet.ca,uk

37 Newhouse Rd, Bovingdon, Herts, HP3 OEJ, UK. Tel: 01442-834015
Email=macleod @ entropy-group. freeserve.oa.uk

Helt Caunt Nerth, Heneage Street Wast, Aston Sclence Park, Birmingham |
B7 4AX, UK. Tel: 0121-359 5088, Pax; ¢121-359 0375

South Bank Technopark, 90 Londan Road, LONDON SE1 6LN, UK,

Tel: 0171.922 8866 Fax: 0171-928 1006 .
Emall: MicreAPL® microapl.deman.co.uk

4215 St-Andre, Montreal, CANADA HZ2! 2Z3, Tel: +1 (514) 529-1434
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Ellts Mergan

NY Siy

Casis b.v.

Cbject Oriented Ltd
COmega Computing Ine

Optima Systems Ltd

Ellis Morgan
David Siegel
Theo Zwart, Louls Rljkse

Walter G. Fit

Myrde Farm, Winchester Road, Stroud, Peterstield, Hants GU32 3PE, UK.
Tek 01730-263843 Emall: Ellis @ mrtfrm,.demon.co.uk

PO Box 2697; New York, NY10183-2697, USA.

Emall: NYSIGAPL@ACM.CRG

tokstraat 4, 3433 ZB Nieuwegeln, Holland, Tek +31 30 60 68 338

Fax: +31 30 60 65 844 Emall: info@ casla.nt or rilkse@oasls.nl

Am Grendel 2, CH-6004 Luzem, Switzertand. Tel: 41 41 41870 70

Fax: 4141 41870 77 Emall: Info@object-oriented.com

Alan Graham, Andrew Chou3 Columbus Avenua, Edison, NJ 08817, USA.

Paul Grosvenar

RadSys Technologies AB  Randolph Schrab

Roenalssance Data Systams Ed Shaw

RE Time Tracker Oy

Richard Eller

The Rochaster Group Inc.  Robert Miltar

Romefltaly SIG

&E APL Users Group

Shepp & Associates LLC

Mario Sacco
Jehn Manges

Andrew Shepp

Snake Island Research in¢ Bob Bamecky

SOCAL (South California)  Roy Sykes Jr

Soliton Assoclates

SovAPL

Laurla Howard

Russlan Chapter of SIGAPL Alexander Skemorokhov

Strand Software Inc
Rax Swain

SwodAPL

Swiss APL User Group
Sykas Systemns Inc
Toronto SIG

Stephen Wynn

Zark Incorporated

FTP SITES
1BM APL2
Waterloo Archive
APL-to-ASCIl

Anne Faust
Rex Swaln

Christer Ulfhlelm

Roy Sykes Jr

Richard Proctes

Gary A. Bergquist

Tel; +1 (732) 985 9519 Emall: alangraham@mincspring.com

115 Brighton Road, Purlay, Surray CRS8 4HE, UK.

Tel: 0181-763 2490 Fax: 0181-763 2491

Lovsangarv. 18, S-756 §2 Uppsala, Swaden, Tel: +48 18 32 41 63

Fax: +46 708 1998 11 Email: randolph.schrab@radsys.se

P.Q. Box 313, Newtown, CT 05470, USA. Tel: +1 (203) 270-9729
Emall; rendata @aplbooks.cnchost.com or orders @aplibooks.cnchast.com
Mikonkatu 8 A, 2.krs, PL 363, 00101 Helsinkl, Finland.

Tal: +358 9-621 3300 Fax: +358 9-621 3378 Emall: re @ rettti

600 Park Avenue, Rochester, Y 14607-2926, USA.

Tal; +1 (716) 271-1110. Fax: +1 (716) 271-1230

Casella Postale 14343, 00100-Roma Trullo, ltaly

Emal: marsac@vnatibm.com

413 Comanche Trall, Lawrencevlle, GA 30044, LISA

Tel: +1 (770) 972-3755 Emall: seapidoc@acl.com

1312 Washington Avenue, 6th Floor St. Louis MO 63103, USA

Tal: +1 (314) 621-3272 Fax: +1 (314) 6214267

UK Address: Claridge House, 29 Bamas High St, London SW13 9LW
Tel: 0181 8768556 Fax: 0181 87685850 Emall: ashepp @compuserve.com
18 Flfth Street, Ward's Island, Toronte, Ontario M5J 2B9 Canada

Tal: +1 (416) 203-0854 Fax: +1 (416) 203-6999

Email: bemecky @ eecg.toronta.edu

Sykas Systams Inc, 4649 Willens Ave, Woodland Hills,

CA 94564-3812 USA. Tel: +1 (818) 222-2759 Fax; +1 (818} 222-9250
Sollton Associates Lid, Groot Elankenberg 53,

1082 AT Amsterdam, Netherlands

Tal: +#31 20 646 4475 Fax; +31 20 644 1208 Emall:sales@ solltsn.com

PO Box 5061, Obninsk-5, Kaluga Regicn 249020, Russia
Tol: +7{08439)31463 Fax: +1 (530} 5048194 Emall.askom@<bailnsk com

19235 Covington Court, Shorewaod MN 55331 USA
Tal; +1 (612) 470-7345 Emall: amfaust@aal.com

& South Street, Washingtan, CT 06793 USA, Tel: +1 (860} 868-0131
Fax: +1 (B50) 868-9970 Emall: rex@rexswaln.com

Novator Gonsuling Group AB, Svérdvigen 11G, S-182 33 Danderyd
Swedan. Tel: +46 8 622 83 50 Fax: +48 8 622 63 51 CServe: 100341,404

Swiss APL User Group, CH-3001, Barn 1, Switzerfand
Emall: 5| ®@¥fl.unizh.ch

4549 Wlllens Ava., Woodland Hills, CA 81384, USA

Tel: +1 (318) 222.2759 Fax: +1 (818) 222-9250

PO Box 55, Adalalde St Post Cffice, Toronto Onmario MEC 2H8, Canada
Email; Info @torantoapl.org

8 Clarance Gardens, Brighton, Sussex BN1 2EG, UK,
Tel: 01273-327238 Emall: centre @cweom.nat

23 Ketchbrook Lane, Ellington CT 06029, USA. Tel: +1 (860) §72-7608

ps.boulder.ibm.com/ps/ptoducts/apl2f
archive,uwaterloo.cafftparchflanguages/ap!
archive.uwaterloo.caflanguagesfapliworkspacesfaplascii
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WORLD WIDE WEB SITES

ACM SigAPL

Adapta Software
Adaytum Software
AFAPL

APL2000

APL-385

APL Joumal, Germany
AUSCAN

Eke van Batenburg
Capital PC User Group
Causeway
CODEWORK

COSY (Bob Armstrong)
Dinosoft Oy

DMOZ - Opan Directory
Crvadic Systems Ltd
DynArray

Eventra

FinnAPL

Godin London Inc
Hoekstra Systems

IBM APL2

Infostroy

Insight Systems ApS
lverson Software Inc
Japan APL Association
Lescasse Consulling
Lingo Allegro USA Inc
Mackay Kinloch
MicroAPL Ltd

Oasis b.v.
Renaissance Data

RE Time Tracker Qy
The Rochester Group Inc.
Ehepp & Associates
SigAPL

Soliton

Strand Software Inc.
Rex Swain

Toronto SIG {tor Toolkit)
Jim Weigang

www.acm,orgfsigapl/

www.adapta.def

www,adaytum.com/
www,.ensmp.fr/~schererflanglel/ (Journal available on line)
www.APL2000.com/
www.demon.co.uk/apl385f
www.rhombos.defrbfapljourn.htm
www.Interlog.com/~ripfauscan/
wwwhbio,LeidenUniv.nl/~Batenburgfindex.html
http:ffcpeug.orgf

WWw.causeway.co.ukf
www.inete.it/cdwk/eng/homes.htm!
www.cosy.com/

www.dinosofL.fif
hitp:fidmoz.org/Computars/Programming/Languages/APL}
www.dyadic.com/

www.dynarray.com/

www.eventra.com/

www.pyr.fifapl/

www.godin.comf

www khamsin,demon.co.ukfabouhsl/noframe.htm|
www.torolab.ibm.comfapfaplfapl2 htm!
www.insight.dkfinfostroyf

www.insight.dk/

www.jsoftware.com/f
www.naska.co,jp/JAPLAS

www lescasse.comf

www.lingo.com/
www.users.globalnet.co.uk/~akinlochfakinloch.htm
www.microapl.co.uk/

www . casis.nlf

www.aplbooks.cnchest.com/

www.rett.fif

www.rechgrp,com/

www digitravel.com/

www.acm.org/sigaplf

www.soliton.com/

www.jsoftware.com/f

whw.rexswain.comf

www . lorontoapl.org/

www.chilton.com/~jimw/
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Zark Newsletter Extracts
Introduced by Jon Sandles

A few Vectors back we asked you to write FNTREE which displays a tree diagram
of function calls. Following Anne Wilson's letter concerning the recommended
solution to the FNTREE problem, and in particular the use of recursive calls, 1
asked her to send through a looping solution:

v RC«TEST

[1] RELATIONS«12 2p1 7 1 1 1011 2 2 2 2 4 23 2% 256586738485
[z] RELATIONS«RELATIONS,[119 2p8 5 7 4 7 6 7 8 7 5 7 3 9 10 1 11 11 4
[al RELATIONS«RELATIONS,[1]w Zp11 12 1 13 2 4% 2 5

4] NAMES+8 6p'EMPLS SELECTCINPOTIF MSG UNLESSADDEMPNINFPUT!'

(5] NAMES+NAMES,{1]5 6p'CATEMPRCAT DELEMOSQIZEMFLSTEMP'

(6] RC+RELATIONS DOING NAMES
v

vDOINGY
v RC+RLTNS DOING NAMES;BOX;FIRST:;I;J;L;LEV;NGI;PC;RCY;5:5H;5UB;T;TERM;
USED;Y0;¥1;XPND

[1] a Anne D Wilson June 1999

[2] A

[3] a First order nodes into correct printing order

(] a Use their LEVEL to convey infromaticn

[5] RC+0

(6] USED+{14pRLTNS)pO a To keep track of nodes already processed
[7] LEV-1pl . a Start with reet node's data already there

[: PO+1p1 n or wherever the node's parent is in the name list
[9] L+1 a Find nodes at level L+1

[10] #&10:

[11] NCT+«RLTNS[;11e{LEV=L)/PC a NGI - indices of Next Generation
[12] NGI+NGIA~USED

(131 USED+USEDvNGI a Only expand subtrees once

[14%)  NGI<NGI/1pNGI
{151  NGCI<NGI[APC:RLTNSINGI;11]
{16]  I«{tpPC),PCrRETNSINGI;1] o I+I[4I] o XPND+I="140,]
{171  LEV<XPND\LEY o LEV+LEV+(~XPND}=xL+1 a Set up level numbers
{18]  PC<KPND\PC o PC+PC+(~XPND)\RLTNSLNGI;2]
s Must slot in the correct order
[L19} L+l+1

[20] =((pPC)<1+1+pRLTNS}/ 610 w Loop until all input processed
[21] A

[22] TERM«LEV21+LEV,0 n Terminal nodes

[23] FIRST«(LPC PC)=10PC a First occurrence of nodes

[241] a

[25] a Picture - Boxes t+ lines

[26] BOX<t 14

[27] RC«4¢(((pPC) ,BOX[2]-"14pNAMES)p " | -] "), [2INAMESLEC;]

[28] RCX«((pPC),BOX[2])pBOX[2]4" |-------- |t
[29] I+({TERMA~FIRSTY/1pTERM o RCLI;BOX[2]+71 0)«((pI),2)p'-+"'
f30] I+«(FIRSTA-TERM)/1oTERM o RC[I;BOX([21+71 ¢J«{((pI),2)p*--"
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[311 RC«((BOX[13=pPC),BOX[2])pRCX,RC,RCX, ((pPC),BOX{2]1)p" '
[321 I+pRC+(-BOX[2)xBOX(11/LEV-1)$((BOX[2]1«&/LEV}+BOX[2]1p1)%[2]RC
[33] a VYertical lines
[3u] SHepS« ({{+/LEV),(pLEV))pLEV) ¢ S+, (5-8($SH)pra/LEV)
[3s] I+, 9 SHp {1=5) < (SUB++%0=58) n J has positions of children le lev+i
fs6] Vi+Jiis/d a Foungest
i37] Vi+SHT(V1ispJ)/V1 A of many
[38]  Vi(2;]«(SAL21+1)-V1l2;]
{39} Vi«SHiV1
[u0] VO+SHYSH[2]1+S0UR1SURB[V1])
(811 Viea+(SHTV1-1}[2;]
[52]  S«{1+BOX[11»V0[2;:]1-1)+(14pRCY="2+B0X[2]xV0[1:]
[43] T+i+4xVi-¥o[2;]
[4ul ST /E-T140,4\T o S+S+1p5
[45] RC+,QRC o RC[S1+'|"' o RC+0 24u(dI)pRC
v

In this following extract we build on FNTREE to produce a genuinely useful
utility.

LIMBERING UP
Identifiers Within Functions

(The purpose of this column is to work some flab off your APL midsection. Like
muscles, your APL skills can atrophy if not exercised with adequate frequency
and variety. This column presents a task for you to perform. Set aside a few
minutes from your busy schedule and work the task. Mail in your solution and
stay tuned for the results.)

In last issues’s LIMBERING UP column, we introduced a utility function name
FNTREE that displays a tree diagram of the subfunctions (and their subfunctions)
called by a specified function in the workspace. The right argument of F¥TREE is
the name of the function to be diagrammed:

FNTREE 'EMPLS!

The result is a character matrix of the tree diagram. (See the UTILITY CORNER
column in this issue for an illustration.) Last issue, you were assigned the task of
writing the logic to construct the tree diagram. This issue, you'll be given the task
of analysing a function to spot the names of the subfunctions called by that
function. Next issue, we'll ask you to put it all together and finally write the
FNTREE function,

The problem of determining the subfunctions call by a specified function is not as
simple as it might first appear.
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Consider this function:

v IND<CHOICES SELECT PROMPT;R

[1] a Ask for choice:

[2] ASK:R«CINPUT PROMPT

[3] r Search choices for ist char of response:

[u] IND«~CHOICES114R

51 n Ask again if not a valid choice:

[&] +ASK IF(IND>pCHOICESIMSG'INVALID CHOICE.'
v

What are the subfunctions of SELECT?
The subfunctions are CINPUT, I'F, and ¥56. How do you know?

Your eyes scan the lines of the function, starting with line 1. Any name within
comments is ignored (e.g. 4sk for choice). Any name within quotes is ignored
(e.g. INVALID CHOICE). Any labelis ignored {e.g. ASK:). Any name that is local is
ignored (e.g. IND or PROMPT). Incidentally, a name is considered local if it's the
result variable (e.g. IND), an argument variable (e.g. CHOICES or PROMPT), a
localised variable (e.g. R), or a label {e.g. A3K).

Any name remaining after all of this ignoring may be a subfunction. It may also be
a global variable. To find out for sure, you need to look at the names of the other
functions in the workspace to see if there’s a match.

Sounds simple? Not really.

Here's your task: Write a function named ANALYSE that accepts a character vector
function name and analyses the identifiers within the function specified. (The
term “Identifier” is the fancy word for any variable name, function name, or label
name.) In particular, the ANALYSE function should create six global variables,
named FNS, RESULT, ARGS, LOCALS, LABELS, and IDS.

No, we haven’t forgotten our resolve to avoid using global variables. The
ANALYSE function is not a utility function we're going to save for posterity. It's
just a temporary repository for algorithms you'll be needing next issue. Don’t

worry. Be happy.

Each of the six global variables are character matrices with one name per row.
Short names are leftjustified, i.e. padded to the right with blanks.
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The variables contain the following names:

FNS

. RESULT
ARGS
LoCALS
LABELS

Ips

the names of the functions in the workspace

the name of the result variable (0 rows if none)

the names of the argument variables (0, 1 or 2 Tows)

the names of the variables localised in the header, i.e. preceded by *;*
the names of the labels, i.e. the names beginning a function line and
followed immediately by *:"

the names of all identifiers within the body of the function (all lines

but the header), ignoring names within comments or quotes; you may
include or ignore label names, at your whim.

All six character matrices must have the same number of columns, namely as
many as the longest name in F¥S. Any longer name should be omitted, since it

. couldn’t possibly by the name of a subfunction. Names that begin with the 01

symbol, such as 010 or OP¥, should be omitted. You don't want to include system
variables or system functions in the list of subfunctions.

Here’s an illustration of the AFALYSE funcHon:

JENS

ANALYSE SELECT

}VARS

ANALYSE SELECT

JVARS

No variables

ARGS FKS IDS LABELS LOCALS RESULT

ARCS
CHOICES
PROMPT

F¥s
ANALYSE
SELECT

D8
ASK
R
CINPUT
EROMPT
IND
CHOICES
E
ASK
IF
IND
CHOICES
MsC

LABELS
ASK
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LOCALS
K

RESULT
IND

The write the ANALYSE function, you need to know about a few system functions,
namely OCR and B¥Z. The system function 0¢R {(Canonical Representation) takes a
character vector function name as its right argument and returns a character
matrix of the function’s contents, less line numbers, dels (v), and cosmetic
indenting:

OCR'SELECT!
IND«CHOICES SELECT PROMPT:R
a Ask for chojce:
ASK:R~CINPUT PROMFT
a Search choices for 1st char of response:
IND+CHOICES11tR
a Ask again 1f not a valid cholice:
+ASK IF{IND>pCHOICESIMSG'INVALID CHOICE !

Reprinted with kind permission from Zark APL Tutor News, a quarterly publication of Zark
Incorporated, 23 Ketchbrook Lane, Ellington, CT06029, USA

Vector Back Numbers

Back numbers of Vector are available from:

British APL Association,
¢/o Gill Smith,

Brook House, Gilling East,
YORK Y062 4]]

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

from Vector 16.1
I 2 3 4 3 6 7 2 9 o
{14]<]|o0 Al o]l viA]l>]1]0
11 2 13
My+ |+ | \N]| 8 6/ | B 1| e
14 15
A > |0 Bt a = |V
13 17 18
L5 x|p 21=18 Bl =
19 20 21 22
= Al x| 1}l +1X 5 -
23 24 25 26 27 28
V]x |V p | A e | M| T |1
2% 30 31 3z
YIS YI{M|BlO|IL| S p / ¥
a 34 33
/ v /|~ Z A4y Z { | 7
36 37
1 )le | B| =0 Vs |+ 9
38 39
+ I M N . E|l9 |+ M| 9
40 41 42 43 44
p | X A IR O ) | | M
45
L Al Ly |p M| +]|V
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Crossword
1 F 3 4 5 3 7 8 9
10 1 2
3 4 15
16 17
18 19 20
7 22 23 24
3|26 7
28 % 30 31
3 |33 34 35
36 37 38 39
3 . 4 42
43 +
Across
1. Are all elements of the vector A negative or greater than 10?7
11. The running balance, given the starting balance M and the vector 5 of
deposits and withdrawals.
12. Expand the matrix B by repeating each column six times
13. Any
14. All positive
15. B=V for vectors B and V
16. Haif the length of
17. ~2=5
18. Bisn't
19. The value of A in one year at annual interest rate K (e.g. 0.07)
23, V&2
26. The number of dimensions of A
27. The natural log of M, but avoid a negative result or an error message
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29,
3z
33.
34,
36.
37.
38.
39.

40.
42.
44,
45,

How many variable, function or label names have been used?
3p'p’ Q2 2pT /N4

Are any of Z false?

(20p0 © 1 0)/' (MATX+Z)»-(TAB:K)="a"

Does the vector B contain any nonzeros? (Compare to 20 Down)
1:Vax2

A good variable name for a matrix of whole numbers

Extract the rows from matrix M9 correspending to Is in bit vector ES, and precede each
row by the scalar N

The length of the vector X
2¢67347p " p/\I (!
The magnitude of M

Flag the rows of the matrix M that do not match the vector V (padded with blanks or
truncated to conform with M)

Down

1.

RRESS

ERER

oW wew
= o NOR

R I I NI

The indices in the matrix M of the rows that match the vector V (but omit the ninth
symbol from the expression)

. The first step to round A

1¢d'>+axt
0if A is numeric, blank if character.

. What )SAVE, )SI, and ) SYMBOLS have in common

+5+3
Are any of the elements of the vector B not the constant K?

. The product of Booleans AB and 5
. 0=B-11
. Does the sorted vector V, which does not contain 799, contain duplicates?

The integer AL, incremented twice

- Does the vector B contain any nonzeros (Compare to 36 Across)
- The first element in the array OZ
. The denominator, with redundant parentheses, of the expression that scales the values of

the matrix M so each column adds to 1 (given SH<p#}.

. 520, for nonnegative S

. Return bit vector Bl if VY=0, or all 1s if VY=1

. The largest reciprocal in the vector VM

. 6pd' (AxB)Y/M'~' (AB)!

- What to do often when power failures are common
. The remainder of M Z59

tix4-1[20101,,7,

. N/1 for scalar N
. The cist eliminates APL demons
. The square root of one-third the sum of A and B (The first two symbols)
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J-ottings 22:
... and now something for our very
youngest readers

by Norman Thomson

The other day I came on my four year old grandson at play with ] — no, not
checking out Gene McDonnell, that would be having too many of the good
things in life too early ~ what I mean is that while playing with large plastic
letters of the alphabet, [ found him busy fitting and refitting ] into a square frame
by turning it round through right angles, picking it up, turning it over and so on.
So we got together and while he reflected with J, T too reflected with J. The
grandfatherly view of J, by the way, is

Jd=.4 4 &° * * K * xwl

We started by turning J around its horizontal middle line:

{(X=:1.)4d
*x
x x

*

*

X means reflect in the x axis. In J vocabulary |. is called reverse, which is just
what happened, that is a stack of four character vectors was reversed.

Next we turned J about the North-west/South-east axis:

* kK
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Now what would happen if we did an X and then a q, (or as Grandad says a @
withan x) ?

{S=:Q&X)}J

*

LE & 4
... or for that matter a @ and then an X :

(R=:XaQ)J

LR R

W
*

(At this point ] noticed that grandson had turned ] within the frame by 90
degrees, first clockwise, and then anti-clockwise.) Only a few more tricks left:

((Y=:X&.Q)*{P=:Q&.X))}/. J

L

o I

*
*

Just two things left now to complete the repertoire. First a half turn, for which
either R or 5 could be applied twice (e.g. H=: Ra: 2), or X and Q can be continued
with as atomic items

{(H=:X&.Q&X}J
* %
*
*
*

. and secondly a “do nothing” operation 1=: [or 1=:7,

There are many alternative ways of defining these eight verbs. For example,
using the rank conjunction, reverse “at rank 1” means at vector level so that each
member of the stack of four vectors is separately reversed instead of the stack as
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a whole, which results in a Y reflection. The full set of eight transformations are
given in the table below with some of the many possible variants which include
the equivalence of & and @ in this context.

alternative meaning algebra
I=: [ NB. 2 identity
H=: X&.Q&X  NB. X"ie@x half-turn H=YX=XY
X=1 {. NB. refln in Ox X=Q5=YH
Y=: X&.4Q NB, X"1 refln in Oy Y=QR=XH
5=: Q&X NB. X"i1eQ rotn pi%2 clockvwise S=QX=YQ
R=: XaQ NB. Qex"1i rotn pi%2 a-clockvwise R=XQ=QY
P=; Q&.X NB. X&R rotn in x=y P=X5=TR
qA=: |: NB. rotn in x=-y Q=Y5=XK

The column headed “algebra” contains some equivalences in which the
conjunction & has been elided. A full composition table for the conjunction &
applied to the eight verbs is

IRHSXPYRQ
I IRHSXPYAQ
R RHSIPYQX
H HSIRYQXFP
5 STRHQXPY
X XQYPISHR
P PXQYRIGSH
Y YPXQHRTIS
< QYPXSHRI

At this point I left grandson experimenting with other fascinating objects such as
A and K, while I perused the above composition table for inherent structures.

First it is an example of something which mathematicians call a group, or more
fully a group of order eight since the body of the table contains just the basic
eight distinct elements (this is called “closure”). But let's cut the technicalities
and look for structures within the structure. To start with, the first four rows and
columns themselves form a group of order four, which is structurally identical
(isomorphic) to the addition table for addition in arithmetic modulo 4 (clock
arithmetic to those of you youngsters who aren’t in bed yet!). This table is:

c=:] +/~@1. NB. Cyclic group of order y.

c U
0123
1230
2 301
3012
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which can be transcribed into subsets of the 8 by 8 table by

(c 4)&{ each '"IRHS'; 'XPYQ!

IRHS XPYQ
RHSI PYQX
HSIR YQXFP
SIRH QXPY

The first of these is a subgroup of the full table but the second is not a subgroup
because it has no identity element (that is an element with the property that
Ia = al = a for all elements of the subgroup). The two bottom quadrants have row
shifts which go in the opposite direction to ¢ 4 . A general algorithm for this
uses the “minus” table for i. n, two hooks, and modulo n arithmetic:

ac=: | (+-/~@i.) NB. Apti-cyclic table of order y.
c 4

W N RO

a
3 2
0 3
10
2 1

[=J - I Vi

{ac 4){'XPYQ' gives the bottom left hand quadrant of the table, and
(ac G){'IRHS' gives the bottom right hand quadrant. These two expressions
can be merged as (y+ac ©){'IRHSXPYQ' , and the indices in the string
'IRHSXPYQ' of the cells in the four quadrants are, in clockwise order, (¢ u},
(4+c 4), (ac 4) and (4+c 4} . These define the non-symmetric group which is
known as the dihedral group of order 4. An adverb based on a hook which adds
the “tally” of a matrix to itself (“tally” for a matrix is simply the number of rows)
leads to the following general definition of dihedral groups:

azn=: {+#)Q NB. adverb : adding 2 to the pover n
di=: (c,.c¢ azn},((ac a2n),.ac) NB. Dihedral group of order n
di o

012 345¢67

1230568674

230167435

30127 4585®6

b 78650321

54761032

6 547 2103

7 6543210

and (di %){'IRHSXPYQ' generates the 8 by 8 composition table given above.
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The table of 1, H, X and Y rotations only is simply the dihedral group of order 2
(D2).

{(di 2} {'IBXY'
IHXY
HIYX
XYIH
YXHI

and the set of all possible subgroups is exhibited in the following lattice diagram
in which a connecting line indicates that the lower node is a subgroup of the
higher one.

{LRHSX.PY,Q}
LHXY}  {LRHS} (LH,PQ}
wyy  {xp {LH IR (1O}

{1

In general the dihedral group Dn describes the symmetries of an n-sided regular
polygon. For example

i3

M FWwR o
CUFE SN A
Fwwop s
N o FE @
Mo RO W R
G NwE N

gives the non-symmetrical group of symmetries of the equilateral triangle. 01
and 2 correspond to rotations by 0, n/3 and 2n/3, and 3,4 and 5 to reflections in
the three perpendicular bisectors of the sides.
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Relationships exist between the grade operations, /: and \: applied to
permutation vectors and the transformations IHXYRSPQ.

To demonstrate this here are two verbs which convert permutation vectors to
matrices and vice versa:

pmfrom=: =/~ 1.@# NB. Transforms permutation vector to matrix
pmfrom 1 3 2 0
[ I

[=J= 1 ]
= Qo O
oo
L= = =]

pvirom=:+/ .»~{.@# NB. Transforms permutation matrix to vector
pvfrom pmfrom 1 3 2 o
1320

A dihedral composition table for grade verbs can be constructed with names for
the operations on permutation vectors matching exactly the one for the
analogous matrix transformations, that is if pv is a permutation vector then q pv
is equivalent to pvfrom Q pmfrom pv, and similarly for the other seven verb
pairs. It turns out that it is s and q which are primitives under this scheme, and
also for permutation vectors, y is equivalent to |. .

vith some
grade verhbs alternatives

i=: [ NB.

h=: sa:2 NB. AREAY yax

X=: q&s NB. /e E\: X&h

y=: sB&qQ NB. N\t &/ 1.

s=: \: NB. \: yY&q

r=: s&.q NB. \:E\: &\: qay

p=: g&.s NB. IAEATEAY S&y

g=: /: NB. /: ¥&s

I trust that | have managed to affirm my belief that Vector should be committed
to including something for even the youngest reader. And now it's off to
Mothercare to buy a set of these plastic letters ....
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Array Based Naive Bayesian Machine
Learning Program: A ] Implementation

by Andrew Charman-Williams (A.CharmanWilliams@utas.edu.au)

Description of Problem

Machine Learning

The data to be processed within a machine learning program consists, normally,
of several tables of values. This potentially lends itself to array based processing
rather than the more common incremental appreach. The naive Bayesian
approach used has been found to be quite effective within certain domains. The
particular implementation handles nominal domains with the nominal values of
attributes and classes assumed to be consecutive integers from 0.

Naive Bayesian Learning

The naive Bayesian approach to machine learning is based on the extension to
classical probability made by Thomas Bayes in the 18th Century. The aim is to
use the class with the highest probability given a particular instance. This is
represented as P(Cill) where C represents the possible classes and I is the
instanice being classified. Bayes theorem gives us the formula P(Ci|T) = P(CY)
P(I|Ci)/P(I). As P(I} is the same for all possible classes this does not need to be
calculated as the relative size of probabilities is sufficient for classification
purposes. In order to calculate P(I|Ci) the naive Bayes approach assumes
independence of attributes. Although this simplificationt may be based on invalid
assumptions for some datasets it simplifies the process for the calculation of
P(1|Ci). This allows us to use the product of the probabilities that I is of the class
Ci given the value vj in order to calculate the probability P(I| Ci).

Thus the approach used calculates the probability of class C given instance [ as
being:

P(Ci | D=PCI TjP(vj ) Ci)

This leaves the problem of obtaining the values for P(Ci) and P(vj | Ci). In order to
calculate these this particular implementation uses a Laplace measure to estimate
the probabilities with a numerator correction of 1 and a denominator correction as
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the number of alternative values. Thus to determine the probability of the class
we use:

P(C) = number of records of class C + 1/ total records plus number of classes

and for the probability of attribute j having a specific value x given class C we
use:

P{vj| C) = number of items of class C with attribute j of value x + 1/number of
items with class C + number of alternative values of j.

These estimated probabilities from the Laplace measures are inserted into the
naive Bayes equation in order to find P(Ci|I). The instance is classified as the
class with the highest probability rating,

The Laplace Measure

The Laplace measure is utilised in the calculation of the attribute and class
probabilities. The Laplace measure consists of adding one to the numerator and
the number of values to the denominator (in this case either the number of
different classes or the number of attributes).

Overview of Algorithm
Learning
The learning phase consists of several steps:

* Read in the learning and description files and convert them to appropriate
formats.

* Get overall information {(number of records, number of attributes etc.) from
learning and description files,

* Count the number of occurrences of each class in the learning data.

* Calculate the base probabilities of the occurrence of each class using the
Laplace measure as detailed above. NB These are only relative probabilities as
noted earlier.

* Count the number of occurrenices of each value of each attribute for each class.

* Calculate the probabilities of the occurrence of each value of each attribute
given each class using the Laplace measure.
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Testing
The steps for the checking of the test data are:

= TFor each record of the test data the probabilities for the values of each attribute
are obtained for each possible class.

» The Bayesian equation is applied to each record to find the class with the
greatest relative probability.

e Each record is classified according to the best value from the equation.

« The classification of each record is compared with the actual class value
recorded in the test data and the subsequent accuracy percentage is evaluated.

Classification

The classification procedure is the same as the initial steps of the testing
procedure. The only difference in this phase is that no comparison is made with
actual class values (as they do not exist in the classification data).

A J Implementation

Assumptions & File Format Requirements

Like most Machine Learning implementations fairly strict assumptions are made
regarding the format and existence of the necessary data.

Filebase

The filebase (the base name and location of the files) are given in the command
line when running the program. This filebase must be exactly the same for all
required fjles. The filebase should include information regarding which drive and
folder in a format suited to the operating system. (e.g. ‘Macintosh HD:waves’ for
MacOS or ‘a:\waves’ for DOS/Windows)

Description file (filebase.des)

This file consists of one line for each attribute and a final line for the class. Each
line contains the numbers (consecutive integers from 0) of the possible values for
each attribute or class. These are separated by a comma. Unlike other similar
machine learning programs the lines are not to begin with a name or type of
attribute/ class.
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Learning data (filebase.dat)

The leaming data file consists of each record on one line with the values
separated by commas, The order of these should match fhe order in the
description file. The last item on each line is assumed to be the class value.

Test data (filebase.tst)
The format for the test data is exactly the same as that of the learning data,

Classification data (filebase.cls)

The formal for the classification data is the same as that for the learning and tesi
data except that it will not contain a class value (therefore each line will have one
less value than the other two files).

The leamming, testing and classification data can contain differing numbers of
records. The maximum number of records is limited by memory requirements
due to the potential size of arrays with large number of attributes, classes and
records.

J Implementation

Basic and Common functions
Firstly some basic functions that are used at various Places in the program are
defined,

NB. Check readme file for required files
NB. and main function calls
NE. Basic or commor functions

read is used to load the four sets of data.

sum gives the sum over the array at rank 1.

get is used to strip the frets from the incoming file and open the data as a string
table (this is then converted at different times to an table of integers).

fromis used to extract values from a table or array at rank 1.

grd is used to obtain the index (as 0) of the highest probability from the possible
classes,
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NB, Basic leading function
read=:1!: 1@«
NB. Sum array at rank 1

sum =: +/ "1
NB, strip frets and open as string array
get =: > @ «<;.._2

NB. ¥From at rank 1

froms: ("1

NB. Get grades of array {(index of sorted array)
grd =: { i. ~/:~)

The Learning Phase
The first of the major sections of the program is to learn from the learning data.
This section consists of four subsections.

NB. The first major section is the learning from data

The first subsection consists of loading the learning data, converting it to a
numeric array and extracting some basic information from the array.

1rnfile adds the appropriate extension (.dat) to the filebase.

1rndata loads the learning data using the read function, strips the frets using
the get function, opens it to a string table and then converts the string table to a
numeric table.

swapped swaps the dimensions of the table in preparation for further processing.
class extracts the line containing the class information from the learning array.
atts then removes the class data from the leamning array.

recno obtains the number of records (instances) in the leamning data.

inclrndata increments the values in the learning array. This is necessary
because when the array is converted to a 3 dimensional array, separated on
classes, the array is padded by zeros. This avoids the problem of class 0 matching
on non-existent records.

irnclsdta extracts the class data from the incremented learning array ready for
later matching,.

NB. Read learning data, get basic information
NB. and prepare for processing
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NB. Add file extension to filebase

lrnfile=: ,&'.dat!

KB. Load learning data, strip frets and convert to array
lrndata =: ", @ get @ read €@ lrnfile

NB. swap dimensions of array of learning data

swapped =: {: @ lrndata

NB. extract class data from learning array

class =: {: @ swapped

NB. remove class data from learning array

NB. leaving attribute data for processing

atts =: }: @ swapped

NB. Nuwber of records in learning data

recno=: # @ lrndata

NB. Increment data to remove problem of zero values
inclrndata=:>: @ lrndata

NB. Extract incremented class data from learning data
lrnelsdta=: attno from inclrndata

The second subsection consists of loading the description data, converting it to a
numeric array and extracting some basic information from the array.

descfile adds the appropriate extension {.des) to the filebase.

getdesc loads the description data using the read function, strips the frets and
opens it to a string array. Unlike the learning data this can not be immediately
converted to a numeric array as the class information needs to be removed first to
prevent possible corruption of values extracted from the data.

classdesc extracts the class description information from the description table.
classno obtains the number of different classes.
attno obtains the number of different attributes.

attvals removes the class information and converts the attribute information to
a numeric table.

maxvals obtains the largest number of values for an attribute.

KB. Read description data, get basic informatien
NB. and prepare for processing
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NB. Add file extension for description file
descfile=: , & '.des!

NB. load description file into array

getdesc =: get @ read @ descfile

NB. extract class descripticn from description array
classdesc=: ". @ {: @ getdesc

KB. Get number of different classes

classno=:# @ classdesc

KB. get number of different attributes

attno=: <: B # @ getdesc

NB. get maximum number of values in attributes
attvals=: ". @ }: @ getdesc

maxvals=:# "2 @ |: @ attvals

The third subsection processes the learning data with the information gained
from the learning and data files in order to obtain the base class probabilities.

NB. Process learning and description data
NB. to get class probabilities

classct obtains a list of the number of occurrences of each class in the learning
data.

classprobi increments the count of the number of occurrences of each class.
This is the numerator correcton of the Laplace measure.

classprob2 adds the number of different classes to the number of instances in
the learning data. This is the denominator correction of the Laplace measure.

classprob calculates the base (relative) probabilities of the occurrence of each
class from the learning data,

NB, Get count of number of occurrences of each class

NB. in learning data

clagsct=:s8um @ (classdesc =/ classg)}

NB, Calculate base class probabilities from learning data

classprobi=: >: @ classct
classprob2=: recno + classno
classprob=: classprobil % classprob2

The fourth subsection processes the learning data with the information gained
from the learning and data files in order to obtain the attribute probabilities,

NB. Process learning and description data
NB, to get attribute probabilities
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attvalno finds the placement of highest value for each of the attributes by
grading down and matching on zero (the highest element).

attvalnoz takes the list from attvalno and, by multiplying against the
attribute value information, obtains the highest value for each attribute.

attvalnod sums over attvalno? to convert it back from a table to a list and
then increments to obtain the number of different values for each attribute.

lrnclsatts matches the class values for each instance.

lrnclsatts? uses the matching from lrnclsatts to convert the table of
attribute data to a 3 dimensional array (of class, instances and attributes) divided
according to class values and removes the class data leaving only attribute data.

attprep gives a binary match of each element against the maximum number of
different atiribute values.

attcounts sums the information from attprep giving a 3 dimensional array (of
value, class and attribute) containing the number of occurrences of each value for
each attribute and class.

attprobsi provides the sum of the number of values for each attribute with the
number of occurrences of each class. This is the denominator correction of the
Laplace measure.

learn, which is the first of the primary function calls, calculates the relative
Bayesian probabilities, using an increment for the Laplace numerator correction.
The array of attribute probabilities needs to have its dimensions rearranged to
allow for calculation at the appropriate rank.

KB, Get number of values for each attribute
attvalno=:106= @\: "1 & attvals

attvalno? =: attivals * attvalne

attvalnod =: >: "0 B sum @ attvalno?

NB. Divide attributes according to class
lrnclsatts=: »>:@ classdesc =/ lrnclsdta
lrnelsattsz=: inclrndata }:"1 @ #~ lrnclsatts

NB. Count number of occurrences of each attribute
KB. within each class

attprep=: »:@i.@maxvals =/ lrnclsattsz
attcounts=:+/"2 & attprep
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NB. Calculate Bayesian probabilities using Laplace measure
attprobsi=:attvalnod +/ classct
learn=: [(»>:@ attcounts) %"2 (}: @ attprobsi)

The Testing phase

The second major section of the program is to check the accuracy of classification
of the test data. This section consists of three subsections.

NB., The second major section is the testing of data.

The first subsection consists of loading the test data, converting it to a numeric
table and extracting the class data from the table.

NB. Read testing data, get basic information
NB. and prepare for processing

testfile adds the appropriate extension (.tst) to the filebase.

tstdata loads the test data using the tead function, strips the frets using the
get function, opens it to a string table and then converts the string table to a
rameric table.

testclass extracts the class data from the table in preparation for checking the
accuracy of classification.

tstdata2 removes the class data from the table leaving only attribute data.
tstdata3 swaps the dimensions of the table ready for processing.

attprobs3 rearranges the dimensions of the array of attribute probabilities
ready for extracting the matching probabilities.

NB. Add file extension to filebase

testfile=: ,&'.tst!
NB. Load test data, strip frets and convert to array
tstdata =: “. @ get & read ¢ testfile

NB. Extract class data from array of test data
testclass=: {3 "1 @ tstdata

NB. Remove class data from array of test data
tstdataz=:}: "1@ tstdata

KB. swap dimensions of array of test data
tstdatad=: }: gtstdata?

NB. swap dimensions of array of attribute probabilities
attprobs3=:|: @ learn
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The second subsection consists of extracting the matching probabilities and
classifying each instance according to the most likely class.

NB. Process testing data with learning probability data
NB. to get attribute probabilities and then classification

tstdtamtch extracts the probabilities from the aitribute probability array that
match the values of each instance.

tstdatamtchprod gives the naive element of the Bayesian equation by giving
the product of the probabilities of a particular value for each possible class.

tstdtaprobs finishes the Bayesian equation by the product of the class
probabilities with the instance probability calculated in tstdatamtchprod. This
results in a table (class and instances) of relative probabilities.

tstdtaprobsgrd grades the relative probabilities per class.
tstprobsbst matches the highest relative probability with the appropriate class.

tstclassifyi converis the matches of most probable class to the appropriate
class values.

test, the second of the primary function calls, converts the table from
tstclassify1 back to a list by summing the table. This gives a list of the class
that each instance has been classified as by the program.

NB. extract matching probabilities
tstdatamtch=: tstdata3 from attprobs3

NB. Sum of matching attribute probabilities
tstdatamtchprod=:+/ @ tstdatamtch

NB. Apply Bayesian equation

tstdtaprobs =: classprob « tstdatamtchprod
NB. Grade probabilities for each class and record
tstdtaprobsgrd=: grd "1 @ }: @ tstdtaprobs

NB. Get highest (most likely) class for each record
tstdtaprobsbst =: (<: @ classno) ="¢ tstdtaprobsgrd
tstclassifyi=:classdesc + "1 tstdtaprobsbst

test=: sum @ tstclassifyi

The third subsection checks the accuracy of the classification of the test data.

NB. Check accuracy of classification of test data

check1 obtains the match of the classification of the instances with the classes
recorded with the instances in the test data.
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check2 obtaing the number of instances where the classification matches the
recorded classes.

tstno obtains the number of instances in the test data.

accuracy, the third major function call, obtains the percentage accuracy of the
classification of test data against the recorded values.

NB. Kumber of records correctly classified

checkil=: testclass = test

check?2 =: +/ @ checki

NB, Number of records in test data
tstno =: # @ testclass

NB. Get percentage accuracy
accuracy=: check2 100 & » @ % tstno

The Classification Phase

The final major section of the program is the classification of new instances from
the classification data file, This is the same as the testing phase except that no
checking of accuracy is done. This section consists of two subsections.

NB. The firal major section is the classification of new data

The first subsection consists of loading the classification data and converting it to
a numeric table.

NB. Read classification data, get basic information
NB., and prepare for processing

clsfile adds the appropriate extension (.cls) to the filebase.

clsdata loads the classification data using the read function, strips the frets
using the get function, opens it to a string table and then converts the string table
to a numeric table,

clsdata2 swaps the dimensions of the table ready for processing.

attprobs3 rearranges the dimensions of the array of attribute probabilities
ready for extracting the matching probabilities.
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KB. Add file extension to filebase
clsfile=: ,&'.cls’ .
NB. Load classification data, strip frets and convert to array

clsdata =: ". @ get @ read @ clsfile
NB. Swap dimensions of array
clsdataz=: {: @clsdata

The second subsection consists of extracting the matching probabilities and
classifying each instance according to the most likely class.

NB. Process clasgification data with learning probability data
NB., to get attribute probabilities and then classification

clsdatamtch extracts the probabilities from the attribute probability array that
match the values of each instance.

clsdatamtchprod gives the naive element of the Bayesian equation by giving
the product of the probabilities of a particular value for each possible class,

clsdtaprobs finishes the Bayesian equation by the product of the class
probabilities with the instance probability calculated in ¢lsdatamtehprod. This
results in a table {class and instances) of relative probabilities.

clsdtaprobsgrd grades the relative probabilities per class.
clsprobsbst matches the highest relative probability with the appropriate class.

clsclassifyi converts the matches of most probable class to the appropriate
class values.

classify, the last of the primary function calls, converts the table from
clsclassifyt back to a list by summing the table. This gives a list of the class
that each instance has been classified as by the program.

KB, eXtract matching probabilities

clsdatamtch=: clsdata? from attprobs3

NB. Sum of matching attribute preobabilities
clsdatamtchprod=: +/ @ clsdatamtch

NB. Apply Bayesian equation

clsdtaprobs =: classprob * clsdatamtchprod

NB. Grade probabilities for each class and record
clsdtaprebsgrd=: grd "1 @ |: @ clsdtaprobs

NB. Get highest (most likely) class for each record
clsdtaprobshst =: («: B classno) ="0 clsdtaprobsgrd
clsclassifyl=:classdesc » "1 clsdtaprobshst
classify=: sum @ clsclassify:
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Primary Calls & Usage
The following are the primary calls and their function:

learn 'filebase’

This call will learn the data and will display the attribute probabilities calculated
from the learning data. Requires filebase.dat and filebase.des.

test 'filebase!

This call will learn and test the data and will display the classification of the test
data. Requires filebase.dat, filebase.des and filebase.tst.

accuracy ‘filebase!

This call will learn and test the data and will display the accuracy of classification
of the test data. Requires filebase.dat, filebase.des and filebase.tst,

classify 'filebase’

This call will learn, test and classify the data and will display the classification of
the test data. Requires filebase.dat, filebase.des, filebase.tst and filebase.cls.

In addition to the four primary calls, some other calls may prove useful in certain
situations. One function that may prove of particular interest is:

classprobs 'filebase’

This call will learn the data and display the class probabilities calculated from the
learning data. Requires filebase.dat and filebase.des.

Limitations & Evaluation

The performance of this program is obviously dependent on the computer being
used and the size and complexity of the data files. The two sets of files used for
testing consisted of: wave & 21 attributes, each of seven values, with three
possible class values and 200 instances in each of the three data files; and led 6
seven binary attributes, with ten possible class values and 200 instances in each of
the three data files. On a PowerMatc G3 running J version 4 the performance was
acceptable for the two sets of files tested (approximately 2 - 3 seconds for any of
the calls). On a 68040 based Macintosh running J version 4 the performance was
considerably less acceptable (30 - 40 seconds for any of the calls).
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The performance of the program may be less suited for particularly complex
domains due to the size of some of the intermediary arrays. Refining of the
implementation may improve some of these performance concerns.

The program does allow for a good degree of flexibility in its usage. As well as
the four primary function calls some of the other function calls (which would not
normally be directly available in an implementation of this algorithm) could
prove potentially useful in the analysis of the classification accuracy of data.

Further Work
A variety of further development work would be worthwhile on this program.

* Refining the program with performance considerations specifically in mind.

* Meodifying the program to handle numeric rather than nominal attributes,
which would require an approach based on the probability density function
for the normal distribution. Particularly in the case of allowing for a mixture of
nominal and numeric domains at least a slightly mere incremental, or
alternatively recursive, approach would be necessary. This is due to the
necessity of processing the attributes separately for at least part of the time. An
overall array based approach (with the necessary incremental or recursive
modifications) would be possible with the use of gerunds.
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RECENT MEETINGS
APL99 AT SCRANTON

This section of Vector documents APL gatherings worldwide. If you would like
to act as a Vector “Roving Reporter”, please contact any member of the working
group to check what is required. Vector will pay all agreed reasonable expenses
incurred in attending and reporting the meeting.

Thanks to Ray Cannon for the notes and pictures from Scranton.
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APL 99 — On Track to the 21st Century

A personal review of the Annual Conference of ACM/SIGAPL held at
Scranton, Pennsylvania, USA, August 10th to 14th 1999, by Ray Cannon,

Preamble

There is no way that I can condense a four plus day experience, involving over
one hundred and thirty APLers from 13 countries, 15 papers, 4 vendor forums,
several evening seminars, satisfactorily into the space available within Vector, so
here is a flavour derived from some hastily taken notes, and a blurred memory.

Disclaimer. All quotes (attributed and un-attributed) are subject to errors, and are
at best my hazy recollection of what I thought I heard someone say. 1 will
therefore apologise in advance for any misquotes, or mis-attributed, and further,
to save time (and space in the next edition of Vector), here retract any/every thing
that follows.

Scranton: “The Historic Jewel of the Pocono Mountain Region”
and the original “Electric City”

¢

The City of Scranton is
located to the North
East of Pennsylvania, a
3-hour bus ride from
New York City. For
over 100 vyears, it
supplied the US with
its  most important
source  of  energy
(anthracite coal), and
was a steel and
locomotive producer.

With the demise of
these former industries, Scranton is no longer a growing city, nor can it still boast
of having the highest per capita income in the USA. However, it's not suffering
from “inner city decline”, and possesses a friendly “small town America” feel
along with some very beautiful houses and civic buildings. Scranton seemed to be
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very good at “recycling” its buildings, that is changing their use without tearing
them down.

As part of our APL99 handout, there was a “Restaurant Guide” which included 9
“Downtown” venues, and 4 others within walking distance from the conference.
The number one restaurant was billed as “Coney Island - Texas Weiners (a
Depression Era Hot Dog Stand). Alan Graham and I had a quick and enjoyable
lunch there. 1 also enjoyed breakfast at “Abe’s Delicatessen” where I had “Kosher
bacon” with my eggs. (That should be good for at least one free Weiner and a
bagel if I am ever back in Scranton. :-) )

Scranton University Campus is located between downtown Scranton, the railway
line and “The Hill” (where all the former railroad and mining barons built their
houses and mansions). The University is not large (taking up about seven by two
“blocks”), but appeared well equipped, and made a very pleasant venue.

Electric City? Well Scranton was the very first city to electrify its streets and to
have electric powered trams. Sadly the trams have all deserted the streets and can
now only be found in the Tram Museum.
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The Reception

On the Wednesday evening, Dyadic Systems Ltd. and The Carlisle Group
sponsored a delightful reception up on “The Hill”. The location was actually the
veranda of Paul Mansour’s beautiful house. Yes 1 did say the veranda; it was large
enough to fit the whole conference without too much overflow onto the steps
leading up to the house. It was here that 1 was first introduced to Alan Graham’s
Zero — see What's New below.,

The Banquet

The Banquet was held on Thursday night at the Lackawanna Station. (Let me
explain, Scranton is the main city in Lackawanna County. Its railway station was
built in the grand style and has recently been refurbished to its former glory and
converted into a very opulent hotel, the “Lackawanna Station Hotel”.)

In addition to the initial reception in the splendour of the marble-lined main hall,
we were treated to a 3(4?) course dinner.

Then we were entertained by the excellent “Steamtunes Barbershop Quartet” (one
of whose members is Steve Mansour, the APL99 Conference Chairman).
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This was followed by the presentations of the SigAPL Outstanding Achievement
Award, to Roy Sykes (1998) and Bill Rutiser (1999).

APL Berlin 2000

We were then invited to “APL Berlin
2000” which is being hosted at the
Technical University of Berlin between
24th-27th July 2000, with Dieter
Lattermann as the Conference
Chairman.

i

Finally Walt Niehoff spoke to us about

o A . one of the passions of his life, the
@B\:ﬂdi “Switch Back Gravity Railroad”, an 18-
lr',,_ ; :

TR

mile roller-coaster.

The Tours

Three tours were organised as part of the conference.

A walking tour of Scranton

This tour took us from the Lackawanna Station to the Reception (see above).
Highlights included the Courthouse Square, the Public Library, the Woolworth
Building and Scranton’s unique “Hill section”.

Lackawanna Coal Mine Tour

Qur journey took us 300 feet beneath the earth where we experienced the cold,
dark caverns where “ordinary men (and boys) laboured under extraordinary
conditions.”
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Steamtown National Historic Site/Steam train excursion
A nostalgic trip through beautiful countryside to Moscow and back.

What's New: 2 new APLs

In the Unix world, when a new implementation of an existing application is
released, it is often given a bland name like YACC, short for Yet Another
Compiler Compiler. Hence Soliton’s newest APL might have been called YAAI
(Yet Another APL Interpreter) but instead they announced it as SAX for Linux. (I
still think “SEX for Linux” would have a wider appeal.)

How long before APL2000 and Dyadic respond with their own APL for Linux?

The other new addition to the APL family announced at APL99 was Alan
Graham’s “0” (that's a zero not “Oh” ). It is still “vapour ware” but a
demonstration version, running as a Dyalog workspace, was shown at APL99,
and should be available from the Vector web site by the time this edition of Vector
is distributed.

(Vector hopes to have full reviews of both of these APLs in the next edition.)
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Featured Speaker: Professor Shiu-Kai Chin

Professor Shiu-Kai Chin of Syracuse University gave an excellent talk on “High-
Confidence Design for Security”.

Quotes:

“The only time I was able to get a program to work first time, ... was when I built
a theorem prover, I did it in a modular fashion, and I used APL. I have never
duplicated that experience in my life, and that was 25 years ago! Of course I was
naive at the time thinking ‘This is great, just think how much better it will get!" ”

“The half life of knowledge engineering is about 5 years.”

He briefly described some of the methods that establish the confidence that a
system (both in design and implementation) will behave securely.

A HCS (High Confidence System) must withstand both internal and external
threats, both natural and intentional {e.g. malicious).

Properties of security include:

Privacy — Who can read.
Integrity — Detect corruption of information.

Authentication — Know the identity of the principle or source of the
information.

Access control — read / write / delete...

Non-repudiation ~ Can't deny a transaction.

Avaitability of service — A system must be available for use when its users
require it.

Mechanisms of security:

Encryption — Hiding information in a reversible way.

Hash functions — Map arbitrary size information into a fixed size, One way
only.

Digital signature

Certification — You know who [ am from my driving licence because the “state”
knows who I am and issued me with the licence, and you trust the state.

Authorisation - The ability to grant (or pass on) permission to do something.

Chin described several forms of encryption (Symmetric, Asymmetric, Public and
Private Key) and went on to show some of the problems in implementing them
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over the Internet. For example, how do you associate Keys with Principles? “Who
do you trust?” “How do you know?”

After the talk, 1 asked Professor Chin if he personally trusted the Internet enough
to buy things over it with his credit card. His reply was very interesting. Basically
“Yes”, but he first checked with his credit card company on his ability to deny a
transaction: does the burden of proof lie on the supplier, or with the purchaser.
This may vary with credit card companies, but in Professor Chin's case, it lay on
the supplier. This was later borne out when 6 months after ordering, paying for
and receiving a book over the internet (NOT through Amazon.com), he was then
re-invoiced for a second copy of the same book. He had no problems from his
credit card company when he denied the second transaction,

Featured Speaker: Professor Doug Lea

Professor Doug Lea of The State University of New York at Oswego. His talk was
billed as “Object-Oriented Concurrent, Parallel, and Distributed Programming in
Java”, but the talk given was “Exploiting Java”.

Rather than me misrepresenting Doug Lea’s interesting talk, can 1 point you to the
excellent slides he illustrated his talk with, available (as at5 September '99) from

http://gee.cs.oswego.edu/dl/ cpjslides/exploiting. pdf

(They require an Acrobat Reader version 3.0 or higher. Version 2.1 will not display
them.)

I'will however include a few of his many “one-liners”.

“If you put a gun to my head, and gave me like a couple of days, I could probably
figure out how to get the standard deviation of a vector of numbers in APL. I'm
assuming that if I put a gun to your head, you could probably write a Java
program that did something. ”

“When in doubt, make a thread, then think twice, then 3 times about such
discussions.”

“No Microsoft products were involved in the production of any of the
software...”

“Your toaster-oven with a Java VM in it is a multi-threaded device.”

Talking about a QUAKE server with 5000 open socket connections:
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“Having 5000 threads handling 5000 connections, probably just won't work. It
can be done, but it can’t be done very fast.”

During questions, Doug was asked: “What overhead was incurred, when you
applied these multi-tasking techniques of ‘divide and conquer” between multi cpu
on a uni-processor device?”

His answer I found quite astounding, “Can be NONE". This, he explained,
apphcd to a uni-processor with a lot of memory. The divide and conquer
technique produces very good “memory locality”, which in turn actually reduces
system overheads far more than the cpu-cycles incurred by the extra code.

Plenary Session — The ZARK Library of Utility Functions
by Gary Bergquist

i

Although originally submitted and
accepted as a paper, this was was
upgraded into a Plenary session
and a Panel Response (with the
audience as the “panel”). Gary
then proceeded to give a talk on
“The 14 Myths of APL” rather than
present the paper (published in the
proceedings).

Gary started out by declaring that
he is a self-confessed APL fanatic.

The 14 myths of APL:

1. Ken lverson invented APL

Was Calculus invented by Newton
, or was it always there and just
| discovered by him?

Gary then listed 10 things that
defined APL for him:

i) Immediate execution mode;

ii) Scalar extension;
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iit) Dynamic allocation of memory;

iv) Simplicity of function: e.g. Order of execution (Right to Left rather than
Muitiplication before Addition);

v) Function syntax in user functions;
vi) Operators;
vii) Consistent treatment of “empties”;
viii) Localisation of variables;
ix) Reliability after errors and breakpoints;

x) User defined functions have the same syntax as primitives, hence you can
extend the language.

“1 believe when the Aliens come down to land, and exit their little spacecraft,
they will have calculus, they will know that EEMC2, and they will have APL,
_ They might not call it APL, but we don’t either.”

2. APL is Dying
"AFL is not dying, calculus is not dying, you can't kill something that was never
born. APL has always been there, APL will always be there.”

3. APL is Easy

4. APL is Hard

APL is not easy or hard. APL is ABSTRACT. If you find abstraction easy then APL
is easy, if not it will be hard.

“I tried to teach my wife APL, Tcould've learnt it’ she said, ‘but I really have to
wash my hair tonight”, Some people can not learn APL, and it is because it’s so
abstract.”

. 5. APL is Unreadable

“You know what, Russian is unreadable, 1 don’t know Russian, so it's
unreadable. If you don’t know it, it's unreadable.”

6. APL is Unmaintainable
Because APL is unreadable, it’s a write-only language, hence is unmaintainable.
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7. Programming is a Skill not a Profession
Programming is a profession.
“You can't be an actuary and a programmer, you can’t be an engineer and a

programmer, you can't be a doctor and a lawyer, well you can but I don’t want
you operating on me, and I don’t want you representing me in court!”

8. The job of a programmer is to make sure that a computer system behaves
properly and gives the right answers

That's just a quarter of it. The job of a programmer is to build an application that
you can live with and can be maintained.

APL systems written by non-professionals may not be maintainable. It works, it
may give the right answer and has some value, but when you need to change it,
its value is zero.

9, Each year computers become more important

Computers are becoming cheaper and less important. The use of computers is
becoming more important. Programmer time is important.

10. You can program 10 times faster in APL than any other language
“This is only partly true. There are other factors involved.”

The Bergquist Equation of Productivity:
LxExU=P

P is Productivity. Zero productivity is being catatonic. 1000 is producing it in the
time it takes to specify it. (For example, a court stenographer stops typing as the
speaker pauses for breath.)

L is Language factor, 0.1 for Cobol, 1 for C, 10 for APL.

(APL gets a 10 only if you use it right, if you use it like Fortran you only get a 2;
the average for APL is about 8.)

E is Experience. This is not knowing the language. This is you have learnt from
your mistakes. For a 10 “if you take your shirt off, your back’s covered in scars,
you have made every mistake there is, you have designed the application wrong,
and been burned, tried it again and been burned. You have learnt what is wrong.”
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U is Utilities. Utilities are extensions to the language.

“i you don’t have these utilities you are dead. The more utilities you have the
more productive you can be.”

“APL is the beautiful glue that ties all the utilities together.”

The average C programmer has a good set of utilities so gets a 6. The average
(non-professional) APLer gets 2. Gary gave himself a 5 for his utilities.

L E U r

Average APL 8 4 2 64
C 1 7 6 42
Gary 9 8 5 360

APL is more productive than other languages, but not 10 times.

The easiest way for a professional APL programmer to improve his/her
productivity, is to improve the utilities. Hence the ZARK Utility library.

Gary feels that he could sell us his utiliies, but that won't improve his
productivity, the market’s not big enough, and APLers are all cheap anyhow,

What Gary really wants are our utilities. (See ZARK Utility Library notes below.)

11. Avoided re-inventing the wheel

“If we did not re-invent the wheel this would be a Cobol conference, we would
have leeches all over our bodies, we would be using 8-track tapes.”

You should always be re-examining the wheel.

12. You can be a programmer or a manager but not both
Gary got us to say the creed:

“lam a programmer, I am a professional, like any other professional, and 1
demand the proper respect. Like any doctor, lawyer, architect or engineer I work
for myself. Any manager | have, will be an office manager, existing only to serve
me, not to evaluate me.”

13. APL is a good tool for certain applications

“This is a myth. APL is the perfect tool for all applications, all you need is to find
the applications, which is not easy.”
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Go out and find an application, offer to maintain it for the owner, and convert it to
APL, for a percentage.

APL has got about 10 years before other languages start catching up with it.

14. We need to promote the success stories of APL
This is a myth. We need to be thankful that APL is such a well kept secret.

We need to improve our productivity, and need to clobber the competition.

ZarkLib — The ZARK Utility Library

Gary is offering his current utility library to anyone who can pay for it by
- supplying him with a utility to be included in the library. This new (or modified)
utility must improve the library. (The library is defined to be improved if other
APLers want the library more because of the change.)

You have to add to the library to get the latest copy. Gary envisages that
programmers will keep coming back for the latest version, and pay for that
version by adding yet more utilities.

This should induce a cascade effect of improvements as is common with a
“positive (but regulated) feed-back loop”. The better it gets, the more
programmers want it, the more they have to add to it, the better it gets.

Please contact Gary (gabergquist@snetnet) for a copy of the ZarkLib Licence
Agreement.

Tutorials

Paul Mansour (The Carlisle Group)

“Windows, Models and Management MDJ, SDI, work spaces, work books, and
namespaces.”

The morning after the Reception at Paul Mansour’s house, he hosted this tutorial.
Being a bit hung-over at the time, my notes are sketchy so I'll just give you a few
(mis)quotes:

“If you over-design a system you have lost.”

“Be the master of YOUR domain, let the end users be the masters of their
domain.”
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“God invented Economists to give Weather Forecasters a good name.”

Paul also introduced us to a book called “A Pattern Language” by Christopher
Alexander, Oxford University Press. 1977 (YAMAPL - Yet another meaning of
APL.) A recommended read for all APLers. Available from Amazon.com where it
has been reviewed by 19 people with a star rating of 5. Note: This book is about
architecture, not APL.

John Scholes (Dyadic Systems Ltd.)
“Dynamic Functions Master Class”

John described dynamic functions as “an alternative low calorie wrapper for
APL”. They are faster, sometimes spectacularly so, but never slower.

(For some examples download the FINAPL idiom list, which has been updated in
the form of dynamic functions, from Dyadic’s site at www.dyadic.com. It now
contains about 800 idioms including a 30-character expression for the “Meaning of
Life”.)

John, as usual, both taught and entertained us. In addition to introducing dynamic
functions {DFPns) to us, he demonstrated how to implement most of the control
structures, and covered Dynamic Operators, and explained how recursive calls to
DFns can take advantage of “tail end recursion”.

For example, the :For i:In 1ii .... :EndFor structure becomes
{oennn Y7 1ii andisvery fast as it is special cased.

While talking about their speed, John mentioned a “3.6 mega bloop machine”,
which 1 feel is like a 3 mega flop machine but not quite as disastrous :-).

Vendor Forums

Soliton Associates Ltd., Dyadic Systems Ltd., IBM, and APL2000 all hosted vendor
forums.

Soliton

Soliton have produced a more portable SAX, and using this new code base have
produced new versions for IBM, RISC and LINUX.

SAX for Linux will be royalty-free for personal use and cost $2500 +$1000pa for a
production system. (Please check these prices with Soliton.) Beta version available
October 1999.
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They also have a Beta version of a Java APL

Dyadic

Peter Donnelly gave the “Not the Dyadic Vendor Forum”, as there were:
No Announcements; No Promises; and No Ducks.

What it did contain was an overview of the current version 8.2.2 (upgrade from
8.2.1 via the Internet if you subscribe to DSS) as described at the BAA vendor
forum earlier this year.

We were then given a glimpse of version 9.0.0’s new function editor which allows
MDI (multiple document interface) tiling.

IBM

(In my notes, I have a sketch of a large shark swimming just below the surface of
the water through which a pair of webbed (duck?) feet are sticking....)

Nancy Wheeler told us about all the recent releases (including the TCP/IP update
for APL2 TSO/CMS).
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She also talked about the APL2 for Windows “RUNTIME” . The developer’s
package runs under NT, producing a DLL which then runs under Windows
95/98/NT.

Dave Liebtag then showed us some of the things he has been working on, in
particular “Processor 12” — Files as arrays. This processor (available 4th quarter
1999) has 3 flavours: APL files as arbitrary arrays, Flat files (vector of text vectors
+<er><1f>) and “card image” flat files with fixed length records.

APL2000
“COGNOS bought APL2000 because of the speed of the applications”

Eric Baelen gave a similar presentation to the one he gave at the BAA vendor
forum. He also told us about the web site http:/ /www .openhere.com with many
excellent APL links.

Again the ducks were targeted (and finally wiped out) by Eric’s video game.

(Eric has this computer game, written in APL2000, that allows the player to
defend his bunnies by hitting the ducks originating in the UK who are bent on
conquering the world.)
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Workshops

[ was unable to attend all the workshops 1 would have liked, partly due to my late
booking and partly due to multiple streaming. Several of the more popular
workshops were repeated, which helped a lot.

John Daintree — Dyalog APL and Active Data Objects (ADO)

ADO are an object oriented approach
to data access and provide a
consistent interface via OLDDB to
ODBC, SQL Servers etc. They allow
you fast access to other data (such as
email or text files). Microsoft's ADO
has been around for 12 months or so.
ADO ships with Windows 2000 and
is available as an add-on for
Windows 95/98 and NT4.

John gave a good introduction to
ADO, but I got lost in the workshop,
which required us first to build up
an empty MS Access database for a
“Music Collection”. Since many of us
were not MS Access users this
- wasted a lot of time (particularly if
~ your spelling is not up to scratch).

I felt John should have provided us with the database already built; we were not
here to learn how to use MS Access,

Once we had created the database we then had to fill it from Dyalog APL via
ADQ. This I failed to do because I had taken too long to build the database, and
had saved it in the wrong place, so the instructions on the workshop notes did not
match what | had on the computer.

Tip to future workshop presenters: keep to the core of the workshop, do not allow
the attendees to waste time processing non-core activities.

All was not lost though, John's workshop notes are excellent and 1 will be able to
try it again from home, once I have downloaded ADO for Win98.
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Papers

At conferences, I often do not attend many papers, I feel that I can always read
them in the proceedings, and that I might miss something else that is not so well
documented. However I did attend two:

“When Bears are Blue and Bulls are Red” presented by Linda Alvord and Tama
Traberman.

A very interesting paper which used two techniques to provide additional
information from a graph at a glance. They used data from the NY stock exchange
(where a rising price is a “Bull” market and a fall a “Bear” market).

Linda and Tama, in standard curve fitting exercises, plotted the approximating
curve with either an icon of a bull (well it looked like a moose to me) or a bear,
depending on the angle of the tangent at the point being plotted. In addition they
used colour intensity to indicate the angle of the slope.

So when the price is falling rapidly you end up with a dark blue bear, when it is
rising rapidly a bright red bull, and somewhere in the middle you get either a
“polar bear “or a “little white bull”,

This technique of highlighting both the the direction and intensity of a trend in a
market is very appealing to me.

“Sparse Arrays in J" presented by Roger K. W. Hui.

Roger’s paper showed how he
had implemented a method of
representing sparse data as a
new data type in |J.

The technique he uses is to
convert the sparse array into a
2-element vector. The first ele-
ment is an integer matrix, one
row for each non-zero element
of the array, and a column for
each dimension in the array.
The values of a row of this
matrix define the indices of the
non-zero element.
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The second element is a vector containing the values of the non-zero elements.
Sparse arrays may contain data of type boolean, integer, floating point, complex,
literal, or boxed.

The internal structure is more complex than this, actually consisting of 6 parts, the
shape, the axes of which are a vector of the sorted sparse (indexed) axes, the
sparse element (usually zero) which is also the fill character, the indices, the
values, and various bit flags.

Although not a J user, I found the talk appealing since I have seen a similar
technique for compressing sparse data used at British Airways within an APL
database system called CHIEF (designed by Dave Crossley? in the 1980s), and 1
have also used operators for processing sparse data. However, having a built-in
sparse data structure in | must be much faster and more convenient.

Postscript

9
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Steve, George and Lisa Mansour

As a veteran of over a dozen international conferences, I find the personal side the
most important. Meeting friends becomes more important than the papers and
talks. In this respect, Scranton was as good as it gets. However, | missed quite a
few old friends. “APL conference Eclipsed by the Sun” was one title I had thought
of calling this article, but that would have been totally unfair. 1 did see many old
friends, and perhaps more importantly, [ made several new friends. Old and new,
I hope to see them all at “APL Berlin 2000” (July 24-27). Why not join me?
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A Flavour of APL99

I (-

Jim Lucas with
Alan Graham

Alan Sykes, bravely
standing in for Causeway

Chris Lincoln with the
Llama Book (PERL for
APLers?)
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(GENERAL ARTICLES

This section of Vector is intended for general readers who have a working
knowledge of APL or J. Authors are encouraged to submit articles which
illustrate effective APL applications.
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The Dance of the Quirk

by Sylvia Camacho
Email: 100612.1057 @ compuserve.com

The Christmas 1997/1998 Royal Institution Lectures were given by lan Stewart,
Professor of Mathematics. For Vector readers not based in the U.K,, I should say
that these lectures are broadcast every year over 5 days during the Christmas
holiday. They are superbly presented by BBC TV incorporating many demon-
strations with much audience participation to a packed lecture theatre of eager
children. During one of these lectures my atlention was caught by Professor
Stewarl’s demonstration of a cellular automaton of extreme simplicity and totally
unexpected behaviour. Having asked a child to make a few moves using a
manually operated model, Professor Stewart turmed to a computer and
demonstrated the result of running for over 10,000 generations. Naturally this
whetted my appetite to set the model up for myself. This is the sort of plaything
for which APL is an ideal tool. | hope Vector readers, if asked, ‘What is APL good
for? will turn to this example and answer, ‘Very good for having fur’,

The model has two parts: a two-dimensional array of cells and a ‘Something’
which in lan Stewart’s case was a plastic beetle but I have decided to call my
virtual something a ‘Quirk’. Chambers Dictionary defines ‘quirk’ as ’... a trick or
peculiarity of action ... to turn sharply ...". The Quirk has a head and tail and it
may point (and move in the direction it is pointing) in one of the four orthogonal
directions of the matrix of cells, it moves one cell for each generation. After each
move it rotates 90 degrees clockwise or anticlockwise. Fach cell of the array may
be in one of two states, let us say colour zero or colour one. All cells are zero to
begin with and Quirk is placed somewhere about the middle of the array. ] began
my experiment with a 100x100 matrix but 76x76 will suffice. The rules for moving
Quirk are:

* 1. Move Quirk one cell in the direction in which it is facing,.

* 2. Turn Quirk 90 degrees anticlockwise if the cell to which it moves is colour
Zero or 90 degrees clockwise if it is colour one.

= 3. Change the colour of the cell which Quirk has just left.

One expects to see zero-coloured cells changing to colour one and some reverting
to zero as Quirk twists its way around its Universe, How far from its starting
point will Quirk wander in a given number of generations? I arranged for the
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limits of its travel after each 100 generations to be reported as the reult of my
function DANCE.

I am using an old version of APL*PLUS in a DOS window under Windows 95. For
this reason I use quadWPUT to display the array. This has the disadvantage that
the screen is only 25x80 characters and I found I needed approximately 70x50 to
reproduce Professor Stewart’s display. My decidedly jury-rigged solution to this
problem is contained in the function REHASH. Vector readers who command
powerful GUI Tea-Clippers or East Indiamen will be able to explore the model
without this inelegant lash-up. If any reader sets up a version with exciting bells
and whistles (or should I say ‘dressed overall’} I am sure the Editor will be happy
to publish it.

I suppose the best known cellular automaton is LIFE, invented by John Horton
Conway long before we played with computers on our desks. He was challenged
to devise rules which would give rise o a self-reproducing pattern and his
invention acquired a cult following as people explored the characteristics of
various starting patterns. (Some years ago Paul Chapman wrote a superb
implementation of LIFE for the Archimedes and the PC but not unfortunately for
SVGA monitors.) The reason that Professor Stewart’s model took my eye is the
extreme simplicity of his rules and the unexpectedness of the sudden change of
behaviour after about 10,300 unremarkable generations. On seeing this the first
thought that came into my head was “How about that for a phase change?’. The
next was ‘a track-laying vehicle steered by its tracks’, which I have always
admired as a nice definition for a tank. However Quirk lays its track after it has
moved forward, so it is only on the second time of moving to a cell that it is
steered by its track previously laid. On the other hand, of course, we could change
the rules so that Quirk changes the colour of the cell immediately before moving
mnto it.

There are two aspects of this automaton that I think are notable. The first is that
the change to a repeating pattern dancing inexorably towards the edge of the
universe can be described as ‘emergent’ behaviour. The second is that the
progress of Quirk is the result of an interaction with the environment and thus is
an example of feedback. It leads me to wonder what change of the rules would be
needed to handle more than one Quirk and how about modifying Quirk twists
after two visits to the same cell - perhaps marking its passage with a cycle of
colour changes.

For those of you with the energy to key it in here are my two functions and a
picture of the screen after 11,000 generations. Have fun!
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(1]
(2]
[3]
[&]
[s]
[61]
[7]
{8l
{9l

v RES+DANCE GEN;[IO0; AREA;C;COL;FINNWSE;0BJ R

n display the Dance of the Quirk: SMC

(QI0+0 o RES+ O U poO
U+ 76 76 p0 ¢ AREA+ 35 22 35 22 n § is global
A controls movement of Quirk North, West, South, East

NWSE< 2

4 p

1010090

R+35 o (<22 o FIN«O
L1:~(FIN=GEN)+END
n record minimum and maximum row/column visited by Quirk

AREA~{AREA[O :1lR,C),AREA[L2 31LR,C

101

2 March 1999

[10] a change the colour of the cell currently occupied by Quirk
ULR:C1+~U[R;C]
A move Quirk one cell
ReR+NWSE[0;0] o C+C+NWSE[1;0]

[111]
[12]
[13]
[14]
[15]

A go to END if edge of Universe reached
+((R<0)v(R=78)v(C<Q)vC=76)+END

[16] n record the colour of the new cell and rotate Quirk accordingly
COL+G{R;C] o NWSE«{ 1xCOL)$NWSE ¢ NWSE«{0-COL}4NWSE
OBJ+REHASH&RU n jury-rig character matrix to fit the screen

+(0=100[FIN)+L3 n record area covered after every 100 moves

[17]

[18]

[19] FPIN+«FIN+1
[20]

[24] RES<RESTAREA
[22] 53

f23) END:

[1]

[2] OI0+0 ¢ RES+ 0 b p0 o A+35 ¢ B+25
[a] U+ 76 76 p0 ¢ AREA+ 35 25 35 25
[uv]

[5]

(&l

[7}] NWSE+« 2 4 p "1 01 0 0

[a]

[9) A Re39 o C«32 o FIN+O

[10] a Re39 o C«31 o FIN+O

f11] a R+3B o C+31 o FIN+{

[12} a R+«38 o C+27 o FIN+D

[13] A R+36 o C+27 o FIN+0

[14] Li:+(FIN=GEN}+END

[15]

[16]

[17] +((R<D)V(R=76)v{C<0)vC=76)4END
[18]

[19} OBJ+REHASHRU ¢ FIN«FIN+1

[20] -+(0=50IFIN)+L3

[2t] RES+RESTAREA

f22] La:

(28] END:

v

0 0 24 BO [WPUT 24 80 +('Move Number ',¥FIN)COVER OBJ o ~IL1

¥ RES+PLAYGOD GEN;[IO:;A;AREA;B;C3COL;FIN;NWSE;OBJsR
A provoke repetitive pattern by pre-setting Universe: SMC 2 March 1999

v

n play God by giving Quirk a favourable environment
ULA+0;B+3]+L o U[A+13B+ 2 3 4]+t o U[A+2;B+ 5 611
ULA+3:B+6]+1 o BLA+4;B+ 6 7]l o U[A+5:B+ 7 81+1 o U[A+63;8+7]1+1

L2:AREA+({AREA[O0 11[R,C),AREA[2 3]LlR,C

101

R3O o C+33 o FIN+«0 n any of these starting points will serve

ULR;C1+~U[R;C) o R+R+NWSE[03;0] o C+C+NWSE[1:0]

COL+ULR;C] o NWSE+("1xCOL)GNWSE o NWSE«{0=COL)$¢NWSE

0 0 24 8¢ OWPUT 24 80 +('Move Number ',¥FIN)COVER OBJ o +L1
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v R+REHASH U;(0IC;N;ROW
[1) @ returns decode of global Universe as block characters: SMC 2 March 199
[2]1 ~ argument U is a flip of global Universe so that rows convert to column
[3] n take rows of U In pairs & convaert to [JAV block chars
[ul  DIo+o
[s1 ROW«0
[&6] U+ 48 76 ¢U a screen limits
(71 N+ 24 76 p0 & convert in pairs to give 24 screen rows
[8) Li:+{2u=ROW)+END
[a] NIROW:]+2:0[0,13]
[10] ROW<ROW+1 ¢ Ov 2 0 +IF o +L1
[11] END:R+(0AYL[32 220 223 2198]1)[N] n decoded version of U
v

Move Number 11900

The function COVER is included in my article in Vector 15.3, ‘Forty Years On’.
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This graph is what I made of the result from DANCE 11000 but those of you with
four-mast GUIs with no barnacles and a spinnaker set will be able to make a plot
ship-shape and Bristol fashion.
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Sharp APL vs. APL2 coding style

by Dan Baronet (danb@dsuper.net)

Introduction

Following Soliton’s announcement to unleash their APL into the Linux
community I decided to review the differences between Sharp APL and APL2
style APLs (IBM’s APL2, Dyalog, APL+Win). I have divided the report into
several articles, each with a different topic.

This article is the first of the series. It should be read before any of the others.

Not having a current version of IBM’s APL2 on hand I have been making my
observations based on Dyalog’s APL using [m =2, which, like APL+Win, follows
APL2 closely.

When reading this text keep in mind the date it was written (September 1999} as
languages change and may render this information incorrect in the future.

Conventions

In the text italicized words have a special meaning and often precede their
definition.

SAPL refers to Sharp APL, including SAM which is SAPL under MVS and 5AX
which is SAPL under Unix. SAX is the one also running under Linux and
compared to APL2 here.

Variables and workspace names are enclosed in ‘quotes’. Functions and files are
enclosed in <angle brackets>.

The term atom refers to a numeric or character scalar only. The term item refers to
any scalar.

Whenever possible [ will show examples in SAPL and APL2 side by side.

A bit of history

Sharp APL (SAPL) used to be a mainframe product only until a PC version
appeared in 1984 (release V17 of SAM and rel V20 later om). It remained pretty
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much so as the PC version never took off. The PC version ran under DOS and
lacked many features, Because it was emulating the 5/370 it was also very slow.

SAPL really is a product as opposed to a language. There are various components
including a batch scheduler, a file system, many shared variable processors,
sorting utilities, etc. More importantly, SAPL tasks may spawn and control other
APL tasks with system functions, something no other APL has ever achieved.
Very large secure systems can be {and have been) written in SAPL.

By contrast, in IBM's APL2’, everything but the language is external and only
available through auxiliary processors (APs). There are no quad functions, for
example, to perform file operations.

There are pros and cons for using each APL and the purpose of this article is not
to take sides but rather to show the differences between them as objectively as
possible.

SAX came to life in the early 90's and is a more flexible version of SAM. It is based
on “the Dictionary of APL"” by Ken Iverson, It extends SAM V21, It more closely
resembles J. (Think of ] on APL char set.) The Linux version is the same as the
Unix version.

At some point there was a shift in philosophy using the first versus the last axis in
function operations {ex: / vs. #) and some newer functions were defined in terms
of the latter. APL2 has remaixned pretty much a “last axis favoured” language.

Enclosed Arrays

In SAPL the term “enclosed array” is used. In APL2 the term used is “nested
array”. They are, practically, the same thing. The term “boxed array” (SAX} is also
sometimes seen but won't be used here.

Let’s assume we have the following variables on hand:
a<'text'o be«l 2 3 o ¢+2 3pa o d+2 4 3p133
The simplest way to create an enclosed item is to use the expression

SAX APL2

x+<anyvalue x+canyvalue

1 Dyalog and APL+Win do include system functions for APL files operations.
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In SAPL there is no maximum level (depth) of enclosure. Thus <<<a is ‘a’
enclosed 3 times. In IBM’s APL2 there is a limit.

Items must be gpened before applying a function to them. If x«<2 3 4 then
+/»x +/>x
will result in the sum of the values in “x’.

To create a list (vector) of enclosed items we can use the usual cafenate function

G

x+{<a), (<h), <«c x+~(<a),{<h),cc

This will ALWAYS work in all interpreters 1 know. But there is an easier
(incompatible) way to do this:

x+a>boc x+a b c

Which brings us to the way things are presented to the interpreter,

Notation

APL2 uses what is known as sfrand notation. Using this notation, arrays are
created by putting items together side by side, without using catenate (',") as in
the example above. Sometimes it is handier than using ’,". SAX does not support
that notation and requires the use of functions *," to catenate items together or ‘>’
to link them if they are to be enclosed.

Link
Link is a specific SAPL function to ‘enclose. and catenate” with a twist. To
understand its use let’s look at the monadic case first:

Monadic ‘link’ _
This is another function specific to SAPL. The formal definition is: ‘enclose the

argument IF it does NOT contain already enclosed item(s)’. Sort of a conditional
enclose. In fact eonditional enclose is its real name, See its usage:

X+3var t(1<¢|=x+var®)/ ' x+cvar’

2 The | is necessary only in Dyalog where w can be negative if the structure doesn’t have a constant depth.
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Determining if an array is enclosed
An application of this is to determine whether we are dealing with an enclosed
array or not:

X=oX 1<|ex

will return 1 if ‘X" is enclosed. There is no depfit function in SAPL.

Dyadic ‘link”
a=b will enclose ‘a” and catenate it to the enclosure of ‘b’ if ‘b’ does NOT contain
enclosed elements. Formally,

a»b isthesameas (<a),=b

Why not use (<a), <b? The reason is to avoid enclosing a list repeatedly. Imagine
what would happen if it were to always enclose the right argument in the
expression asb>c. This would result in (<a), <(<b), <c, a two-element list. This
is not what we want. A consequence of this is that one must explicitly code the
enclosure of the last item [F the last value MUST be enclosed, as in x+a=b=<m
(with m+2 3p<a), to get a three-element list.

On the other hand, if we want to, say, catenate <a before each row of ‘m’ then a=m
will do whereas {ca),m is required in APL2.

Heterogeneous arrays

Both APLs support arrays containing a mixture of items of different data types,
namely characters, numbers and enclosures although they must be explicitly
catenated in SAX:

x+1,'s! X1 'gt
x+1,'s',<'sa! x+1 t'gs' 'ga!
x+i,'s','sat=2 3 x+1 's' 'sa'(2 3}

Disclosing multiple items at a time

Entire arrays can be disclosed in one fell swoop with only space and maximum
rank (127) restrictions:

2 3 = p>1a'dsa’ 2 3 8 pa1'dsa’

In Dyalog there is a “same rank” restriction®. Not in SAX:

31do not know what IBM’s APL2 and APL+Win do here.
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4 2 & bmp>asbacsd (RANK ERROR in Dyalog and APL+PLUS IT)

Disclosing an array results in another array of the shape of the array disclosed,
followed by the largest of the shapes of ALL items disclosed with proper fill
elements to fill where necessary.

Atom enclosure/disclosure

A major difference between SAPL and APL2 is in the handling of atoms (simple
scalars) upon enclosing them, In SAPL enclosing ANYTHING adds a level of
enclosure. Not so in APL2 where an atom can NEVER be enclosed. Thus:

—2=<? 2ec?
This has several implications as we shall see in a later article.

The disclosure of an atom is permissible in both APLs. Thus

2=>2 2=2

Operations on arrays

SAPL offers a few operators to work with (enclosed) arrays. [ will discuss only the
basics in this article. The next article will cover the subject in more depth (ne pun
intended).

With, Under, Each ()

Although Under is the official name under SAX, people often refer to it as With.
APL2 uses the term Each.

With ‘/” this is the most used operator in ALL APLs. It is probably best explained
starting with an example:

0" x o

Here we wish to return the shape of each item by first disclosing {each) cell of ‘x’,
getting its shape and re-enclosing it, ending with a result of the same shape as the

original argument.
In SAPL * is dyadic, allowing for a different right function. The people at APL2
probably felt that since disclosefenclose is used most of the time it was better to

make * monadic and include these functions implicitly whereas at LP.Sharp
{where SAPL came from) people tried to be more general.
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Some interesting combinations can be made with 2 functions and ** although
99% of the time disclose (>) is used.

An example is multiplication:
AxB I8 +(®4)+{eB) or A+ eB
The real APL2 definition is: “for each cell:
+ disclose the cell
= apply the (ambivalent) function of **
¢ enclose the cell”
The real SAPL definition is: “for each cell:
* apply the right function of ~ (usually »)
* apply the left (ambivalent) function of
* apply the inverse of the right function of " (usually <)”
Or, given f g y, for each cell: “g™ £ gy[jl”.

This, of course, implies that someone in the interpreter department goes over all
the suitable right hand argument functions and determines an inverse for each
one of them. And it was done. For example, < and > are inverses of each other. §
is its own inverse.

Dyadic With reviewed

This is the same operator except that f (the left function) is used dyadically?. In
more complicated terms, x f g y is, for each corresponding cell:

“gt (g «liD) f (gyliD".

Where ‘X" is the left argnment,

Examples:
proisg pe’ g {reshape each)
E1,"'>E2 t1,”" tez (catenate each)

# this adverb can’l be found in the English dictionary. Yet.
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Scalar functions

In APL2, the use of the eacht operator is assumed for scalar functions (like +) and
derived functions, enclosed or not. There is no need to specify it. Ex:

X+ >y X+y

Moreover, the function is applied recursively so long as the lengths are respected
at each (nested) level. This is not possible in SAX.

The reason is that since disclose is implied and that an afom can NEVER be
enclosed in APL2 then the each specification CAN be omitted. Structural functions
like tuke MUST use eacl to remove ambiguities.

This is also why +/x and +/”x mean two different things in APL2. In SAX those
would be coded as +>/x and +/ 7> x respectively.

On (7)
This operator is similar to wiflt except that the result of each cell is not modified
by the inverse of g.

“and 5 are called composition operators, The only difference between them is in
the absence of inverse for the right argument function of =. For example, using
fé> y is the same as doing

>y of y

This may seem trivial but I will show in a subsequent article, along with another
operator, the implications of using this operator.

Other differences -

SAPL supports the use of alpha (o) and omega («) as APL identifiers for variables,
functions and labels. These were introduced when the a/w “direct definition”
notation was popular (late seventies). The wisdom of their usage in code is
debatable but they are available. Also SAPL literature often refers to the left
argument as alpha and the right argument as omega. Something to keep in mind.

Complex numbers
These are not available in SAX yet.
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Control structures

These are not APL2 but are worth a mention anyway. They do not exist in SAX. In
a subsequent article I will show how to emulate them in a control version system
that Soliton provides.

Defined operators
SAPL does not allow you to define your own operators.

Error frapping

Similar to Dyalog APL. Even the event numbers are almost the same. A notable
difference: the ability to trap value errors “in line” and resume after solving the
error, This allows you to easily do “demand paging” of objects.

File operations

In SAPL those are more like APL+Win. System functions don’t start with an ‘F
(OREAD, not OFREAD). All file operations return a result, that is val [replace
tc returmns ¢ 0p0. This allows someone to use them with operators.

Format by example

SAX allows the usage of a character left argument to the format primitive . This
is the same as IBM’s APL2 (not found in Dyalog or APL+Win).

Multiple assignments

It is possible, in both APLs, to “assign with disclose” several values to several
variables by using quotes around the variables:

'a b'+2 5>5'cxz! (a b)«(2 5)'czx**

There is a peculiarity using this technique where the number of variables is 1:

‘a b c'+131 231 2 3 (c'is123)
'th ¢l'+1 221 2 3 (again, 'c'is 12 3)
Tclen1 2 3 (now'c'is <1 2 3, NOT123)

This behaviour is found on ALL APLs (also in J!).

5 In Dyalog the parentheses are not necessary around the variables leading to potential conflicts.
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Personally, I think this is inconsistent. If there are no quotes (or parentheses) it
should be a direct assignment. If there are some it should ALWAYS remove one
level of nesting before assigning the value(s).

From

From is an alternative to bracket indexing. The beauty with from is that since it ISa
function it does not suffer bracket syntax problems and can be used with
operators.

From selects elements along the first dimension. Used with list arguments it
selects individual items:

n{list n>"clist

Pick (dyadic > in APL2) and First (monadic +) are not available under SAX. You
can still use > with brackets [x] or use from ({}:

x+>atom{list x+atom=1list

Note that fron: is Dio independent. It uses an offsef instead of an origin dependent
position (index). from also allows you to select items from the end of the array by
supplying negative offsets. Ex:

't'=3{a ver=(3+01i0)>a

YE'a,.=0 3{a teta,=al1 4] (in Qie 1)

txt="2{a 'x'=allie+(pa)+ 23
Prototyping

In APL2 prototypes are used to fill holes created by \ or +. Ex: 2 2=p40pc2
2p5. SAPL has no prototype. If X’ is an item, the expression “0\x" always returns
either 0 for a number, blank for a character or <10 for an enclosed object.

Reduce N-wise

IBM's APL2 allows you to reduce along an axis in sections of length N (N £/ x).
Not in SAPL.

Stop, Trace

Those are set using Ostop and Ot race system functions as in Dyalog APL. IBM's
APL2 uses ‘t 4" and ‘s 4’ special name prefixes to do the same.
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Take and drop

In SAX these functions work on the leading axis of an array without having to
specify them all. Ex (?=p pm):

24m (2,14pm)+nm
2+m ({(1Tppm)t2}+m

IBM’s APL2 allows you to use fake with one axis as in
3+m 3+[11m
Scattered indexing
When the argument has a rank higher than 1 then indices should be enclosed:

(<1 23{d (e1 2)= d
{1 220 1){d (1 2){(0 1)=d (Qio0)

But you can pick an entire row (or first dimension elements) by supplying the
offset only:

23 =p 13 {4 3pr12

Swap

This operator merely swaps the arguments to a function. Dyalog uses % for that.
For ex:

2=7-cg

Unique features in SAX

Here is a list of fealures not found in any other APL.

Index (iota underbar)

This function returns the index of the first occurrence using epsilon underbar
(¢)as primary function:

2 3=(4 Spr20)12 2 p 8 9 13 14 (Qio1)

Jot

o is a constant whose value is <10. This is the constant used for overtake and \
with enclosed or heterogeneous arrays.
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Nub {(monadic take)
This one is not unique to SAX (Dyalog's equivalent is v) but it handles higher
rank arrays:

5 2 =+ 989 p 5§ 2
(+m[7p13;) } = m«3 4 p 'johnmarypaul'

Nubin (monadic =) , nubsieve (monadic #)
=x is the equivalent of (+x)e.=x for vectors

# returns a boolean indicating where each element is first encountered. This is the
equivalentof ((viv)=1pv) for vectors. Works on matrices too such that

101010 =8 =2 24 m

Output redirection
It is possible to send all input/output to a file using Jout 0,tie.

Packages

Packages are unique to SAPL and are very useful. A series of system functions
can be used with them, all of which start with Op as in Opack, Opdef, etc. For
example, to define variable ‘x’ with objects (variables, functions) ‘a’ and <f> (for
exantiple to be stored on file) you would do

x+0pack 'a !

Think of them as static namespaces (found only in Dyalog). You cannot “enter” a
package and run something from within it. For example, if you wish to use its
contents in a local environment you must first localize the names. For example,
this function <execin> will execute an expression using a package’s contents:

vr«~exp execin pack;f
{1]s0fx>(f1,,' ;" ,Opnames pack)>'lpdef pack ¢ r+',exp
v

Pass, Stop

These two functions are probably the simplest ever conceived yet very useful.
Stop:

-0dl 5 ¢ opldl s
X+2-y+5 y+5 o x+2
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Pass:
FX+l 2 3 Ovx+1 2 3

This last function is more useful than it looks. For example, if space is important
and you do not want the interpreter to keep a copy of the argument to a function
vou could do

myfn (Qex 'x')rx

This effectively erases the variable AFTER passing it as an argument to <myfn>,
The interpreter is then able to free up the memory space, should the need arise
later on (for example after you reassign the argument within <myfn>). I don’t
know of any other general way to do this with any other interpreter.

I-beam funcHons

These are a leftover from the 60's. If you think you know what they are you
probably weren't there. They are kept for compatibility reasons with SAM (many
are no-ops) and will not be explained here,

Less
This one is not unique to SAPL (most APLs handle the vector case} but it accepts
higher rank arrays:

12 7 a1l 7 12 5 - 16
'johr' = ,m-ml2 3;]

Raze
This is an interesting monadic function (in terms of raison d'étre). Its formal
definition is

T

In other words, “working from the first dimension: catenate on the first dimension
all items”.

My guess is that this came from a requirement to create in SAPL a function
reminiscent of APL2’s monadic € which puts everything in ravel order regardless
of structural depthé. Before raze programmers would often need to get text (or
numbers) from enclosed lists together, sort of >, ">/ but SAM wouldn't allow it

6The design of raze had nothing to do with monadic epsilon in APL2. It is much superior, as it preserves lower-
level structure, Some consider the design of monadic epsilon to be largely useless in real applications.
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resulting in expressions like “,¥x” (plus (i if numeric) being used resulting in
high CPU costs. Hence raze was created. Plus it can be useful.

Shared variables

Usvs returns the status of a variable

Osc is used to wait on ANY shared variable event. It can also be assigned a
“maximum wait time".

Dsvn is used to uniquely identify your task when multi-tasking.

System commands
SAX commands are similar to other APLs.

)copy allows the copying of system variables.
)load and )clear allow you to specify initial Owa. Ex:
Jclear 200000000 will give you a workspace of 200M if you have the room!

System functions

Workspace reporting
Various workspace elements (name, stack) can be found using [Ows.

Function definition

{ifd can be used to manipulate function representations (similar to Odef, Gvr in
APL+Win).

Of course ISO standard functions like [Jor and Ofx also exist.
System variables
[Ops controls the formatting of enclosed arrays. It is a four-elements integer list of

1 where to position each item in its own box (" 1=left, 0=centre, 1=right)
2 where to position each item in its own box (" 1=up, (=centre, 1=down}
3 horizontal spacing between items

4 wvertical spacing between items
The default "1 ~1 0 1 fits most cases.

[sp is used to store values. It stays the same between ) lcads. Probably one of
the most valuable system variables ever created.
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10{0av is the character used as line delimiter. Not 13 {[0av. One should exercise
caution with this.

Table {monadic comma bar, ;)
This function restructures any structure into a matrix, something like

(2+(pt),1 1)pt

Table turns a scalar into a 1 by 1, a vector into a 1 column table, anything else into
a table.

Task spawning
This is possible in SAX and will be the subject of another article.

Conclusion

SAPL and APL2 are quite different in many respects but each (1) has its own
merits. For anyone wishing to delve into the APL/Linux world there is, right
now, little chaice but to examine SAFPI.. Personally 1 am comfortable with both, I
found SAPL to be fast, reliable and, with the tools Soliton is providing, a serious
product.

The next article will deal with special SAPL operators (hoof, rank, cut, numeric
with, }). Another one will deal with multi-task operations. If time permits, another
one will talk about intrinsic functions and one of Soliton’s products, logos.

Please direct questions/remarks to danb@dsuper.net.
Dan Baronet

Montreal
Canada
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Time Space Tradeoffs in Vector
Algorithms for APL Functions

Timothy A. Budd (budd@cs.orst.edu)

Abstract

When considering algorithms which will run on processors in which large vectors
of values can be manipulated in time which is independent of the length of the
vector, many issues of time versus space arise which are not important, or of less
importance, on more conventional machines. This paper explores various
alternative techniques which might be used in an implementation of APL on such
a machine, and considers some of these time/space tradeoffs.

Keywords: code generafion, vector machines, APL, time/space tradeoff.

Introduction

An observed characteristic of many APL expressions is what might be called a
“bulging middle”. That is, they may start out with relatively small inputs, which
are then transformed (by an inner or outer product, for example), into large
intermediate values. These intermediate results are then compacted, for example
by reduction or compression, into relatively small outputs. The classic idiom for
generating a boolean vector representing the primes less than n [Perlis & Rugaber
1979] is a good example:

2=+4£0=(1n)e. !0

Here the inputs are scalar and the output is a vector of length r, but in between an
array of size #? is both constructed and reduced. Many APL programmers have
had the annoying experience of writing a function which works fine on small test
cases, but then runs out of memory on larger data because the system could not
accommodate these intermediate results.

Some APL implementations [Budd 1988] have attempted to circumvent this
problem by means of a lazy evaluation approach which produces’ elements on
demand. Using these techniques the large intermediate results are never
generated all in one place, but rather are produced element by element as needed.
In this manner memory requirements can be kept to a minimum. However little
or no time savings are produced using these algorithms, except in the cases such
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as compression where portions of the computation which do not contribute to the
result can be eliminated altogether.

This situation changes when one starts to consider algorithms which might be
used to implement various APL functions on parallel architectures, stich as vector
machines. In this paper we will present examples illustrating some of the
time/space tradeoffs which can occur. This is not to say there are not time/space
tradeoffs which can be made in scalar implementations of APL. Indeed, for some
functions, such as membership (dyadic 1) the alternatives are dramatic [Budd
1981]. However, for most functions, and certainly for the most commonly
occurring functions, the cheices are straightforward. This is not true for vector
implementations.

The model we will use for describing the vector algorithms is that used by Hillis
and Steele [Hillis & Steele 1986] to describe the Connection Machine [Hillis 1985].
Our notation for algorithms will be Algol-like, with the addition of an instruction:

for all k to » in parallel do 5 od

which will execute the statement s in parallel 17 times, each instance of s having
access to a unique value k. The total time for this computation will be assumed to
be the same as the time necessary for a single execution of s, assuming 1 does not
exceed some maximum vector length (on the Connection Machine, this limit is the
number of processors). For larger values of n , the vector is divided into equal
components each of the maximum size, and an implicit loop is made around the
statement s. Our notation differs from Hillis and Stecle in that it explicitly
provides the upper bound .

Reduction and Quter Product

Saal and Weis reported [Saal & Weis 1975] that reduction and outer product were
among the most commonly used APL functions, These two frequently alse occur
in combinabdon. A somewhat contrived example, but similar to many real
sitnations (such as the primes expression of the last section), will illustrate a few
of the possible tradeoffs that can be made. Our example expression will simply
take a scalar value #, produce an n2 array using outer product, then reduce this
twice lo once more produce a scalar result.

+/+£(in)e . +1n

The naive and straightforward algorithm for this example would evaluate the
expression from inside out, forming an entire intermediate value before
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considering the next outermost function. In this example this is not only the most
straightforward algorithm, it is also the most Hme efficient. All 12 elements of the
outer product can be generated in one step, as follows:

for all k to n*n in parallel do
t[k] = (((x-1) mod n) + 1) + ({(k-1) div n) + 1)

od

The innermost reduction can then be performed using a variation of Hillis" and
Steele’s array summing algorithm [Hillis & Steele 1986], which works in O(log, #)
time:

fori:=1to ceil{log, n} do
for all j to #n*n in parallel do
if {(-1) div #) mod 2!= 0 then
if (-1} div 1) + 21 < s then
f] = f]j] + j + (21 )]
od
od

And the outermost reduction in a similar fashion. Thus we can produce the
answer using O(log, 1) time and O(1?) space.

Supposing n is large, and we would prefer not to generate the 72 intermediate
values. Using demand-drivenn techniques [Budd 1988], we could combine
elements of the outer product with the reductions. Since the nested reduction is
computing column-sums, one approach would be to use a slightly less efficient
algorithm for the reduction, but combine the summing of the reduction with the
generation of rows for the outer product:

for all i to n in parallel do
tffi]:=0

od

fori=1tondo
for all j to i in parallel do

Hil = 1) + G + )

od

od

Here we use O(n) time, but only O(n) space. The outermost reduction can be
accomplished, as before, using an O(log; #) summation to produce the final scalar
result.
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But even this can been viewed as being space inefficient, since the final outpul is
simply a scalar. The final possibility is to ignore vector instructions altogether,
producing instead single values from the outer product on demand.

t=0
fori:=1tondo
forj:=1tondo
t=it+(i+))
od
od

So we have a sequence of possible algorithms to implement the functionality of
this expression:

algorithm time space
simple algorithm logy n n?
combined reduction and outer product n n
fully demand driven reductions n? 1

Which is the “correct” approach? The answer, of course, is that under various
circumstances any one of them might be the correct technique to use, depending
upon the amount of memory available and how quickly the user wants the
answer produced. One problem is that while it is easy to optimize for time (the
naive first algorithm, which simply produces intermediate results from the inside
out}, it is much more difficult for a system to make compromises with time and
space, since these involve the interaction of adjacent functions.

It should be noted that matrix multiplication (inner product in APL terms) is in
many ways similar to the reduction of an outer product. It should come as no
surprise, therefore, that there are several possible choices in matrix multiplication
algorithms of a vector nature, from O(log, #) time and O(r%) space, to O#) time
and O(n?) space, for complete results. If only partial results are desired (for
demand driven evaluation), there exist O(r) time and O(n) space algorithms, and
a O(7?) time and O(1) space version.

Why would an implementation choose to use a less time efficient algorithm? In
our model, if the size of a vector operation exceeds the maximum permitted size
the vector is simply divided into equal portions and a loop is made around the
separate pieces. If n? is close to this maximum length, then a O(log, ) operaton
on a vector of size 1® will still take O(n log, 1) steps. Thus one of the more space
efficient algorithms would be likely preferable, despite their asympotically worse
performance,
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A Searching Example

Our second example again exhibits a time/space tradeoff, and also ilkustrates
some of the non-obvious algorithms which can be considered when vector
instructions are available that work in constant time.

The APL function “index of” (dyadic 1) takes two arguments, the first of which
must be a vector. It returns a result of the same size and shape as the right
argument, only containing, for each element in the right argument, the position of
the first occurrence of the element in the vector left argument. The length of the
vector left argument plus one is returned for values which do not occur. For
example 27 323217 + 1217273219yields 541 25.

To describe the possible algorithms which might be used to implement this
function, let us suppose the left argument, call it g, is a vector of length # and the
right argument, b, a vector of length m . Furthermore assume we want to place the
answer into a vector of length m called ¢

The naive algorithm is simply a double loop, which iterates over the values of b,
checking each against the successive values of a.

fori:=1tondo
cil=m+1
for j :=m downto 1 do
if a[i] = b[f} then
cil ==j
od
od

Using this algorithm takes O(n * i) operations to produce the 1 result values.

It has long been known [Bernecky 1973], that execution of this function can be
speeded considerably by preprocessing the left argument, producing an array of
length 1 containing the positions of the elements in sorted order. (This is, in fact,
what is produced by the APL sorting function grade-up). For example if a is the
vector 17 32 12 97, the temporary variable containing the sorted positions would
be 3 1 2 4, indicating the fact that the smallest value occurs in position 3, the next
largest in position 1, and so in. Using this temporary variable and three additional
variables one can then use a binary search to find the position of the arguments
from the right argument. Let us assume this temporary sorted value has already
been generated and placed in the variable t.
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The algorithm to produce the i output values is therefore as follows:

fori==1tomdo
high =m
low:=1
for j := 1 to ceil(log, #1) do
mid := (high + low) div 2
if a[H{mid]] < b[{] then low = mid
else high == mid
od
if b[i] = a[t{mid]] then c[i] = {[mid]
else cfi} == m+ 1
od

Using this technique the time necessary to produce the results has been reduced
to O(n log, ) for sorting the left argument, and O(m log, #) for performing the m
binary searches, at the cost of an additional O{r) space that would not otherwise
be necessary (the variable #). Simply by changing the implementation of the
membership algorithm in this fashion, execution time of one example expression
was observed to drop from 34.2 seconds down to 2.0 seconds [Budd 1981].

When one considers the possibility of implementing the membership function on
a vector machine, it is tempting to assume that the preprocessing of the left
argument is no longer necessary. Instead, in one vector step it is possible to
discover whether any position matches a given element in the left argument; for
example as in the following (which assumes no elements in the left argument are
repeated):

for all i to # in parallel do
cfil=m~+1

od
fori:=1tondo
for all j to i in parallel do
if a[f] = b[f] then c[f] ==
od
od

The answer is produced in O(n) steps and requires no additional space. In work-
ing with vector algorithms, however, one quickly learns to be suspicious of linear
time algorithms. And indeed, by once more preprocessing the left argument
{(which now can be done in Olog, ) vector steps [Hillis & Steele 1986]), we can
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perform all »# binary searches in paralle], producing the answer in Olog,n) time.
{But with a cost of four size # temporary variables.)

for all i to n in parallel do
highli] = m
Iow[i] =1
od
for j =1 to ceil{log, ) do
for all i to n in parallel do
mid[i] = (righ{d] + lowli]) div 2
if a[t[mid[i]]] < b[i] then low(i] := mid]{]
else high[i] := midli]
od
od
for all i to n in parallel do
if b[i] = a[t[mid[i]]] then c[i] == {{mid[{]]
elsecli]=m+1
od

Conclusions

In moving from an environment in which values are produced one at a time on a
scalar processor to one in which entire vectors can be manipulated in constant
time, not only do many of our conventional views and opinions about algorithms
become invalid, but choices and alternatives arise which are not present, or not as
critical, in the scalar world. In particular there are time versus space tradeoffs
which become much more pronounced in the vector environment than they were
in the scalar case. Of course, from a theoretical point of view we should not be
surprised at all that we can trade polynomial time and constant space (as in the
reduction example) for logarithmic time and polynomial space [Parberry 1986].
The question is not whether such tradeoffs are possible, but under what
drcumstances the choice should be made.

In this paper we have presented a number of alternative schemes for
implementing several operations in the language APL. Further work will be
necessary to develop heuristics to help the language implementor in selecting the
most appropriate technique.

Timothy A. Budd
Department of Computer Science
Oregon State University

Corvallis, Oregon
97331 September 20 1994
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TECHNICAL SECTION

This section of VECTOR is aimed principally at those of our readers who already
know APL. It will contain items to interest people with differing degrees of

fluency in APL.
Contents
Hacker's Corner: Making Waves in Win32 Adrian Smith 110
APIL+Internet Explorer Alexander Balako 113
Data Demains Phil Chastney 121
A Very Simple Structure Compiler for ] Martin Neitzel 129
From Horadam to Atanosov Joseph De Kerf 135

We apologise to readers looking for “At Play With J” which has been held over to Vector
16.3.
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Hackers’ Corner: Making Waves in WIN32

by Adrian Smith (adrian@cgsl.demon.co.uk)

The one piece of luggage I invariably forget to pack is some kind of travelling
alarm clock. This habit came home to roost in Austria on our eclipse-spotting
outing, when we needed to be up early to catch the morning coach for a cross-
border raid on the Czech Republic. Of course [ had a computer with me, but Delia
{being nearly 4 years old) has no sound card, so I regret to say I wrote my wake-
up call in APL*PLUS/PC using [JSOUND. However this reminded me that several
people had been having trouble getting WAV files to play properly on
Windows95, and that I had never updated my little workspace that plays sounds
from memory, I rather expected this to be easy, but good ol Microsoft had gone
out of their corporate way to make things awkward, as usual ....

Playing WAYV Files in Windows95
Here is a simple translation of the old 16-bit code ...

v {r}+~{flg}Play snd;sps
[1] A Play a WAV file (synchronous by default)
[2] R flg+~+/0{synch) i{(asynch) 2{no deflt) 8(repeat) 16(nostop)
[3] snd+snd, (~'."esnd)/ "' .WAV"'
[4] 'sps'[JNA'U winmm.C32|sndPLaySoundA <0T U’
[5] +{0=[INC'fLg')/ ' Flg+0"
fe] r+sps snd flg
v

Of course they changed the name of the DLL and you need to add an ‘A’ to the
function name, but so far so good. It makes a noise. However when you call it
with a 1 as the optional left argument, silence. This is a real nuisance if you want
sound effects in games, as you really want the noise to keep playing after control
has returned to APL. Stef provided the answer to this one ...

v {r}«{flLg}PLay snd
[1] A Play a WAV file (asynchronous by default)
[2] A flg++/0(synch) 1(asynch) 2{no deflt) 8{repeat) 16(nostop)
[3] snd+snd, {~"'."'esnd)/"' .WAV"
Tu] 'sps'ONA'U winmm,.C32|sndPLaySeundA <OT U'
(5] £(0=0NC' flg' )}/  Flg=D'
[&] r+sps snd flg
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Spot the difference! That's right, the boot’s bigger [1]. Well actually the header
line is smaller, by 4 characters - when the [INA call goes out of scope the sound
dies, so you must not localise it. First problem solved, but Adrian just a little
peeved.

Playing Sounds from Memory

This is the real he-man stuff. The 16-bit code made heavy use of HMEMCPY to
move bytes into a block of allocated, locked memory. Attempts to make the
obvious translation to 32-bit calls met with nothing but VALUE ERROR as [ tried
kernel32, user32 and so on. Having nearly given up, I dug into the Windows
documentation on the CD and found no trace of HMEMCPY in the Win32 APL
However I did get some hits in Windows.H, but as a #DEFINE to something like
RTLCopyMemeory. OK, let’s look for this ... once again no joy so back to the
header file to discover that a little further down, this is itself defined as
RtlMoveMemory, with exactly the same syntax as before. Actually, it copies, and
the significance of the Ril is that the rightmost bytes are copied first which can
matter if your memory blocks overlap. So, to play a sound from memory:

¥ PlaySound sound;GlobalAlloc;Globallock;GlobalUnLock;
GlobalFrees;handle;pointer;sink;RtLMoveMemory;sndPlaySoundA
[1] A Add header structure to sound and play from memory image.
[2] sound+AddHdr sound
[3] ONA'U kernel32.C32|GlobalAlloc U U'
[4] ONA'U kernel32.C32|GLoballock U'
[5] ONA'U kernel32,€32|Globallnlock U*
[6] ONA'U kernel32.C32|Globalfree U'
[7] [NA'kerneld2.C32 |[RtLMoveMemory U <U1[] U’
{8] ONA'U winmm.C32|sndPlaySoundA U U’
[9] handle~GLobalAlLloc O{psound)
[10] pointer+~Globallock handle
[11] sink+~RtLMoveMemory pointer sound(psound)
[12] A The <4> is the flag to play from memory at <pcinter>
[13] sink+sndPlaySoundA pointer &
[14] na Don't forgat to free the memoryl!
[15] sink+~GlobalUnlock handle
[16] sink+~GlobalFree handle
v

Wow! Let's try it ...

v MakeTSF
[1] A Make Tonic Sol Fah as variables
[2] {doh re mi Fah soh Lah ti dohtop)«{100,<440x(2*+12)x+/wtd 2 2
1222 1}"8

v
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doh re mi
LhQ 100 493,.8833013 100 554,365262 100

v {r}+Square arg;[0I0;sam:freq;ampl;dur;datassize;dieavay;vol
[tl freq vol«arg ¢ dur+<2|400+freq ¢ [JIO«0 o sam«=iL567
[21 size«|durxsam
[3] dieaway~freq+1000000
[4] ampl+i1000x*x-dieawayxisize
[5] data~lamplxsizeploo2x(freqgxdur)x(1size)+size
[&] A Add random noise to Leading edge (percussive effect)
[7] (200tdata)++?200p1000
[&] data+~|dataxvol+0.1%[/|data
[5] data+({ampl>2)/data
{10] data+25510f f28+data
[11] r+data
v

pSquare doh
13242

v Scale
[1] {PlaySound Square w}"doh re mi fah soh Lah ti dohtop
v

v r+AddHdr snd;hdrisam;size;JIO
[1] A Add header structure to sound, assuming standard sampling rate.
[2] A R I F F {size} W AV E f m t bL ... etc
[3] hdr+82 73 70 70 6 192 0 0 B7 65 86 &% 102 109 116 32 16 0 0 0 1 0 1 0 17 %3
001733 001080 100 97 116 97 226 191 0 0
4] OI0+0 ¢ sam+1%567 ¢ slize+=psnd
[s]
[&] hdr[24 25 28 29]+4p$256 25&Tsam
[7] hdrfed 40+eh]«B8pP256 256 256 2567size
(8]
[%] A Return completed structure, ready to be played ...
[10] rehdr,snd
v

OK, it sounds terrible, as the lower notes take a little longer to compute than the
high ones! However for making happy beeping noises at the end of a long process
- the sort of thing we always used JSOUND for - it works rather well.

References
[1] Jeremy Clarkson, BBC Top Gear, on the new Mazda MX-5.
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APL+Internet Explorer

by Alexandr Balako (abalako @ infostroy.ru)

Introduction

Using OLE Automations (OLE and ActiveX) extends the features of common
applications. In this article I want to describe the possibility of using the
“Microsoft Web Browser” ActiveX in APL. This OLE Automation is a part of
Internet Explorer 4 (IE) or higher. The simple workspace is described too.

Object Model

Here [ try to describe an object model of the “Microsoft Web Browser” (MWB).
The MWB is a tool that allows access to different URLs (Uniform Resource
Locators). It identifies the full path of a document, graphic, or other file on the
Internet or an intranet. The MWB has a complex structure. That's why I show the
objects, properties, methods and events of the part that is used in the simple WS.

Main object
Figure 1 shows the model of the main object:

Proplist EventList MithodList

Figure 1
Properties of the main object:

« Document: represents the content of the page that is currently navigated by the
MWB;

* LocationURL: is a string that reports the path and name of the page;

s LocationName: is a string that reports the header of the page.
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Methods that are used:
* Navigate: a command to read the page from a specified URL;

* GoHome: a command to navigate to the home URL (specified by the user as
his home page);

* GoBack, GoForward: commands to navigate to the previous or next page;
* GoSearch: go to the search URL;
* Refresh: re-read the page from the current URL.
Just one Event was used:
* DocumentComplete: this event is reported by the MWB after reading the page.

After using the Navigate method it is possible to access a Document object. There
are two types of Document that were used in the simple WS: HTML page and
Folder. The Document as HTML page is shown in Figure 2 and as Folder in Figure
3.

Document (HTML)

When the MWB has navigated to an HTML (Hypertext Markup Language) page,
the Document object contains a property ‘body". It can be used to access the page:

ProplList

Proplist

Figure 2

When the page contains frames it is possible to access the frame code through the
frames property (I don’t examine this case here).

The properties InnerHTML and InnerText produce strings with the HTML code
and the text of the page respectively.
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Document (Folder)

When the MWB has navigated to a folder, for example URL="C:\WINDOWS', the
document is represented by other objects, as it does not contain a ‘body’ property.
Instead it has a ‘Folder’ property that represents objects through the items
method. Each Item is a folder or file or URL.

ProplList

MethodlList

Methodl ist

Figure 3

Now we are ready to start with an example.

Building a Simple Application

To build a demonstration WS we need set (ML«0, 0I0«1 and create two
functions. The first one is the main function that will run the simple application
and is listed below:

[0]WebBrowser;08JName;0BIPref;tmp;MicrosoftWebBrowser;F_MicrosoftWebBrowser;

OTRAP

[1] A This function Creates web browser

[2] O8IMame='MicresoftWebBrowser'

[3] 0BJPref«'F_MicrosoftWebBrowser.'

[4] A Create OCXClass

[5] OBIName [WC'OCXCLass' 'Microsoft Web Browser'

[6] A Create form

[7] (T1408IPref)WC'Form' 'APL+Microsoft Web Browser'('Size"' 480 640)
("Coord' ‘Pixel’)

[8] A Placing ActiveX to Form

[9] (OBJPref,OBIName)(WC OBJIName('Size' 430 640)('Posn’ 50 0)
('Attach' 'Top' 'Left' 'Bottom” ‘Right')

[10] A Detecting Event DocumentComplete from WebBrowser

[11] (OBIPref,08IName)OWS 'Event' ‘'DocumentComplete’ 'DocumentComplete’

[12] m Prepare decorate toolbar
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[13] (OBIPref, 'TBO'}WC'ToolBar‘('Size' 1 640)

[14] A Prepare toolbar for controls

[15] {OBIPref, 'T81')OWC'ToolBar ' ('Size’' 2% 64%0)

[16] A Stop butten

[17] tmp«'s3 [(NQ(OBJIPref,'‘'MicrosoftWebBrowser'')' 'Stop**’

(18] (OBIPref,'TB1.B1')(WC'Button' ‘Stop’('Event' 'Select'tmp)

[19] A Go Home Button '

[20] tmp+'s3 ONQ(OBJIPref,''MicrosoftWebBrowser'')' 'GoHome''"

[21] (0BIPref, TB1.B2')OWC Button’ 'Go Home'('Event' ‘Select’ tmp)

{22] m Go back Buttoen

£23] tmp+«'+3 ONQ{OBJPref,’'MicraosoftWebBrowser'')’ ‘GoBack''"’

[24] {oBIPref,'TB1.B3')(WC'Button’ 'Go Back'('Event' 'Select’ tmp)

[25] & Go forward button

[26] tmp+"+3 ONQ{OBJPref,' 'MicrosoftWebBrowser'')" 'GoFarward*""

[273 (0BIPref,'7TB1.B4')0WC'Button’ 'Go Forward'('Event’' ‘Select' tmp)

[28] n Refresh button

[29] tmp+«'s3 ONQ(OBJIPref,'‘MicrosoftWebBrowser'')''Refresh''’

[30] (OBJPref,'7TBL1.B5'}OWC'Button’' ‘Refresh'('Event’ 'Select’ tmp)

[31] A Go Serch button

£32] tmp+'s3 [NQ(OBIPref,'*MicrosoftWebBrowser'')'‘GoSerch'"'"’

£33] (OBIPref,’'TB1.86')[WC'Button' ‘Go Serch'{'Event’' 'Select 'tmp)

[34] & Tool bar for edit field to type address

[35] (OBJPref,'TB2')(WC'ToolBar'('Size’ 2% &40)

{3¢] A Button to react on Enter key

[37] tmp~'10 0p3 [ONQ(OBIPref,' 'MicrosoftWebBrowser' ') ''"Mavigate'®
((CBIPref, ''TBZ.ED'')OWG''Text'') 0 0 ¢ 0°

{38] (OBJPref, 'T62.B1')[MC'Button' "'"('Size' 0 O}('Default’ 1)
("Event' ‘Setect' tmp)

[39] (0BJPref, 'TB2.ED')IMWC'Edit'('Size’ (24 630))

[40] [INQ(OBJPref,’'TB1.B2'}'Select’

{413 OTRAP=-11 ‘g’ '-{LC*

[42] FIoQ ~140BIPref

[%3] A End
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The second one is the DocumentComplete function and it will detect the
DocumentComplete event.

[0] DocumentComplete MSG;TMP;OTRAP;IT;Ind;:TMP1

[1] (OBIPref,'TB2.ED') [OWS'Text'((0BJIPref,CBIName)[ WG 'LocationURL')

[2] :1If 9=0ONC OBJPref,'H'

[3] (OBIPref, 'H')IWC'FORM' 'HTML code’('Posn’' 0 0)('Size'200 300)

[+] (OBIPref,'H.E'"IWC'EDIT'{'Style' 'Multi'){'Posn' O 0}{'Size’' 200 300)
{'Vseroll' T1)

[5] :End

[6] :If 9=[(NC OBJPref,'T'

[7] (OBIPref,'T') OWC'FCRM' 'Text of page'('Posn’ 0 310)('Size' 200 30Q)

[8] (OBJPref,'T.E'}OWC'EDIT'({'Style' 'Multi'){'Posn’0 0) ('Size’ 200 300}
{'Vscroll' ~1)

[9] :End

[10] :If 9=[INC OBIPref,'F"

[11] (OBIPref,’F')OWC'FORM' 'Items'{'Posn’'0 620}{'Size'200 300}

[12] (OBIPref,'F.E'MIWC'EDIT'('Style’ ‘'Multi'){'Posn'0 Q) ('Size' 200 300)
('¥scroll' ~1)

[13] :End

[14] (OBIPref,'H.E')0WS 'Text' "'

[15) (OBJPref,'T.E')(WS'Text' "'

[L6] (OBIPref,’'F.E')[WS' 'Text' ''

[17] OTRAP+~D 'E* '-0'

[48) 'TMP'OWC(1>MSG)[WG ' Document’

[49) :If x{ONC'TMP.body'

[20] (08JPref, TB2.ED'}OWS'Text'({OBIPref,0BIName}IWG ‘LocationURL')

[21] 'TMP'OWC' THP ‘WG body'

[22] (OBJPref, 'H.E')OWS 'Text'{ TMP'[IWG innerHTML")

[23] (OBIPref, 'T.E")OWS'Text'('TMP'OWG’innerText")

[24] :ElseXf =[ONC'TMP.Folder’

[25] "TMP OWC'TMP'DWG'Folder'

[26] 'TMP'WC TMP.Items

[27] I1T+""
{28) :For Ind :In ~1+1'TMP'[OWG'Count’
[29] :Trap O

[30] 'TMP1'[WC TMP.Item Ind

[31] 1T7.+<TMP1.Name

[32] :End

[33] :End

[3%] IT+tIT

{35} (OBIPref,'F.E')WS'Text'(IT)
[36] :End
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Now try to start the WebBrowser in the WS. The first screen is shown in Figure 4.

22 APL+Microsolt Web Browser

Figure 4

201 APL+Microsoft Web Browser =] r
I |
St | [ | T
—_— e e
httu;/z‘www‘ infostioy.n/

N

/ e~ :

Cnauan?ﬂ

T

Figure 5

Try to type ‘www.infostroy.ru’ in the edit field and if you are connected to the
Internet it shows the screen in Figure 5.
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If you are not connected to the Internet type ‘c:\WINDOWS’ in the edit field and
you will see the screen in Figure 6.

Addlns aimgs AllUsers Application
Data
: Config Cookies Corel Cpqdiag Cursois .
! Modifying the cantents %“4
S

of this folder may
cause your pragrams
to stop working
correctly.

Forms

Diwatson ESLags
Selact an item to view
its desoription,

Figure 6

Accessing Page Contents

While you are trying to explore different pages, at the top of your screen 3 little
forms are created (they are created by the ‘DocumentComplete’ function). The
first is a form with HTML code (see lines 18-23 of ‘DocumentComplete):

H code

¢|-webbot bote'THechzde' tag="BODY™
winclude="_private/logo.him" startspan --¥

{|<DiV align=center>

<CENTER>

< TABLE border=0 width="38%">

<T20DY>

<TR>

<7D nowrap valign=tap>

| <P align=left><FONT color=#O0B000 face=Ajial
size=7><EM><STRONG><T T>Wrpo</TT></STRONG>

JEM></FONT><FONT color=H000090 face=Asial

Hsize=7><EM><S TRONG><T T>Crpoit¢/TT></STRONG> &

| </EM><5UP><5UP><SUP><EM><TT>@<ITT>GEM><!;é%

Eoss
¥

Figure 7
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The second one contains the text of the page:

i
I’ nasHas aanava naHHOT CEpBEpa - DataKOMAEHAR
{{Hatwmx NETEHUWRANEHBN KAHEHTOB C a4
HNPOAYLTaMI. YSAUT AR, M KOHBNHY NooARDHKE HALLMK
HMHOrQUHCABHHEIM KNkeHT O3,

IKpoive Toro cepeep HononkayeTes B Kavettee
[{noAMroKa LAA HALLIKK HOBLIX MA2H B o6NacTH
fofcnyrsanin HaLMK NonbaaBaTenei ¢
cnons3osaHiem Intemet TexHDABMIAL

Play with the MWB

Now try to type in the edit field the path to an existing Office document. For
example it could be ‘c:\My Documents\Documenti.doc’ or ‘e\My Document\
Bookl.xls". I think that you have never seen it before in APL. If you have Office
installed it is possible to edit files there!!! This Part of the article was edited in the
WebBrowser WS,

Conclusion

So we can power an application by Internet without creating an APL Java machine
or APL HTML interpreter. It is possible to use this ActiveX as a tool to access Web
sites, download files, copy, move and rename them without using low-level
programming with the Windows APL
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Data Domains
by Phil Chastney

1. Towards a Definition
The domain of real numbers is denoted by R.

It is unlikely that anyone would have a problem accepting this statement,
although it is quite loaded. The use of the word “denoted” implies a Platonic (as
opposed to a formalist) standpoint: even the use of the definite article as the first
word reveals an assumption that (i) the domain of real numbers exists, and (ii) it is
unique.

The really interesting word, however, is “domain”. It is used in mediaeval history
{where we were taught to spell it “demesne”), and also in permanent magnetism
{a subject which still defies comprehension). The word crops up again in real
analysis, where the “domain” and “range” of a function are matters of primary
interest.

Data modelling makes much use of the term, and usage is increasing. Be warned,
however, that the word is not used consistently. It has been used as a synonym for
a column of a table in a relational database (i.e., all the actual values}, for the set of
actual values (i.e., after dropping out duplicates), and for the set of possible values
which may occur in a column or columns. Sometimes the term is, implicitly or
explicitly, restricted to “simple” domains (sometimes also called “primitive” or
“atomic” domains}, but most often, nowadays, it is used for “compound” or
“structured” domains. (It used to be known as “designing the record layout”;
nowadays it is known as “domain modelling” — only the name has been changed,
to baffle the innocent.)

In formal semantics, a domain is something more than a set. Each element of a
domain is deemed to be “tagged”, so as to identify its original primitive domain.
In set-theoretic terms, then, a domain is a set of ordered pairs — the first element
being the tag, the second the “value”. This models the situation inside the
machine quite nicely, since the language processor will normally have some way
of knowing the physical storage type of a variable, so that, for instance, 2 and
2. 0 are distinguishable,

That serves the purposes of formal semantics very well, but for our purposes we
shall use the simpler definitions:
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* the domain of a variable is the set of all possible values that it is permitted to
take;

* the domain of a function is the set of all inputs for which it is defined.

Implicit in the above is the restriction that we shall only be considering data
domains.

2. The Primitive Data Domains

The primitive data domains are remarkably similar in all language.: in APL, they
are as follows.

21 M- characters and literals

The memory of Hermann Hollerith lives on! To be precise, in APL, this domain
contains the character scalars: character vectors (strings) are not a primitive
domain. APL seems to be alone in taking this stance: most other languages define
strings as the primitive domain. It might be argued that a language which comes
equipped both with strings and utilities for extracting individual characters is,
implicitly, using characters rather than strings as the primitive domain, but this
argument is really only valid if the language in question actually recognises single
characters as qualitatively different from strings ~ most do not.

2.2 2-thelogical values, 0 and 1

The spirit of Paul Halmos lives on! The rather convenient device of using a bold
or double-struck 2 to denote the set <0,1> can be found in his Lectures on
Boolean Algebras.

Some languages {e.g. C and APL) allow the logical values to be used in arithmetic,
some (e.g. Basic and Pascal} do not.

23 N -thenatural numbers
Surely everybody knows the natural numbers: 0, 1, 2, etc, ete, ad infinitum?

24  Z-the integers
The sequence of integers is 0, 1, -1, 2, -2, etc. etc. ad infinitum.

(We could not possibly define the sequence by starting at “negative infinity”,
because (i) we have not yet established that this undefined “infinity” has a
negative counterpart, and (ii) the sequence of natural numbers never actually
reaches infinity, so we do not know how to count back from an infinite to a finite
number.}
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2.5 R-the real hnumbers

This is the familiar “real number line”. Obviously, with a finite machine, there are
upper and lower limits to the numbers we can actually represent, and with a finite
word size we are further restricted to a small set of rational numbers between
those limits. These are only physical limits, however, and do not affect our
considerations here.

2.6 C-the complex numbers

Not all langitages support complex numbers. No matter: they are not necessary
for the purposes of this discussion.

3. Operations on Domains

3.1 membership

Perhaps the most fundamental operation we can perform using a domain is a test
of membership:

XeR
or not, as the case may be:
X¢R

which have the usual semantics.

3.2 domain sum

New domains may be obtained by combining existing demains in various ways.
The simplest of these is the domain sum, written

ABB

which contains all the elements from domain A and alf the elements from domain
B. An element X is a member of the domain A®B ,if

(XeA)v(XeB).

3.3 domain product

A more powerful way of combining domains is the domain preduct (or cross
product, or Cartesian preduct), written

A®B

whose elements are ordered pairs, the first element of each pair being drawn from
domain 2, the second element being drawn from domain B.
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The domain product is a new construct: it is not merely iterated application of
domain sum. It differs, in this respect, from the foundations of mathematics,
where multiplication is introduced as a syntactically convenient way of
representing repeated addition, and addition itself is only a syntactically
convenient way of representing repeated application of the successor function.

There are many similarities between arithmetic addition and multiplication, on
the one hand, and domain sum and domain product on the other: 26B and B&A
are identical, for instance. A®B and B®A , however, are not. The order in the
elements of A®B means that the results of the two expressions are isomorphic,
but not identical, so domain product is not commutative, so the two algebras are
not identical. The symbols for the domain operations are (for the time being)
enclosed in circles, to remind us of that fact.

34 ftuples

The domain R®R consists of all possible ordered pairs of real numbers.

The domain R®R®R consists of all possible ordered triples of real numbers.

We shall use the notation R*K (called domain repetition) as a syntactically
convenient way to denote all possible k-tuples of real numbers: that is to say, all
real vectors of length k.

(The enclosing circle has been dropped at this point because the circle-star
combination has already been appropriated for other uses. The chances of
confusion are (hopefully) reduced by the use of the asterisk, which floats above
the line, as opposed to the APL exponentiation symbol, which is vertically
centred.)

3.5 simple vectors

We can generalise the notation a little, by allowing the exponent to be a set, with
the following definition:

A*K = 3 (A*k) .
kek

With this definition, we can see that

A*N = {A*0) the (unique) empty vector
& (A*1) all unit-length vectors
@& (A*2) all vectors of length 2
& (A*K)} all vectors of length k
efc., ete,, ...
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and A*N therefore denotes the domain consisting of all vectors of whatever
length, whose elements are drawn from A,

3.6 simple arrays

We can generalise further. Each of the terms in the above infinite series has a
single-element exponent, and is therefore a vector. We can re-express the
definition of vectors, as follows:

R*N*1 all real-valued vectors
and extend the definition thus:
R*N*2 all real-valued matrices
R*N*3 all 3-dimensional real-valued objects
R*N*K all k-dimensional real-valued objects

etc, ete, and in particular:
R*N*0 all real-valued scalars
which leads inevitably into

R*H*N all real-valued rectangular arrays .

4. Function Domains

41 Let us now consider functions - in particular, those functions which take an
input and produce a result, without any side-effects. If the input is chosen from
domain X and the result comes from domain A, we say that the function maps the
domain A into domain X, which is written thus:

Xead

and this expression is known as the function mapping. {A function mapping is still
a domain, of course, but we already have the domain of the left argument and the
domain of the right argument to consider, and we need something distinctive in
the way of terminology here.)

4.2 A function such as “negation” will return a real result when supplied with a
real argument.

The same fruth can be variously expressed as:

“negaton” maps reals into reals;
“negation” is a member of the set of functions which map reals into reals;
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the function mapping of “negation” eR<R .

Some more primitive monadic functions and their mappings are as follows:

plus-reduce: R<R*N
plus-scan: {R*N)<R*N

iota: {(N*N)«N (although (N*N)<«NoN*1 is normal practice)
rho: (N*N)<« (H*N*N)& (R*N*N)
ravel: ((H*N)<«H*N*N)®( (R*N)<«R*N*N)

Note that the functions’ mappings are expressed for their simplest non-trivial
arguments.

43  The domain of monadic ravel (strictly speaking, the domain of its right
argument) is

(K*N*N) & (R*N*N) ,
while its range is
(H*N)e& (R*N) .

We could therefore specify its function mapping as
({H*N)8R*N)«(H*N*N) & (R*N*N)

but this is less precise than the expression given in the preceding paragraph,

because the earlier definition expresses the fact that the elements of the result of

monadic ravel come from the same primitive domain as the elements of the right

argument.

44  We might want to extend this idea, to make it is clear that an integer
argument produces an integer result. The notation for this would be

((H*N)«H*N*N) @ { (N*N) «N*N*N) @ ( (R*N) «R*N*N)

and this could be extended to do the same for boolean arguments. It could be
extended - but it won’t be. The stance taken here is that integer vs. real is a
question of internal representation, and representation is a matter of
implementation not semantics. We ask only that the implementation can
distinguish the elements of the each primitive domain: precisely how it
distinguishes these domains is an implementation concern, and can therefore be
airily dismissed as irrelevant to this discussion. The domain of an object is not
necessarily the same as its physical type.

Noting that, because we are using “untagged” domains, 2cN, NcZ, ZcR and
RCC, a corollary of this stance is that the interpreter is assumed to be capable of
“promoting” a boolean to integer, say, where the context requires an integer, and
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of “demoting” a real to an integer if the context requires an integer and the real
value satisfies the appropriate integrality constraints.

45 More difficult to dismiss is the objection that the present syntax does not
permit the expression of other important relationships, such as the fact that the
result of plus-scan has the same shape as its argument, or that the length of the
result of monadic iota is determined by its argument. This could be done: the
conventional notation would be something like:

plus-scan: Ak: (R*k)<«R*keN
jota: Ak: (N*k)<keN

but, for the time being, let us simply admit it as a shortcoming of the present
notation and accept it as such.

4.6  Dyadic functions require extensions to the notation.

4.7  Conformability and scalar extension and suchlike are a separate matter.

5. Three Special Domains

51 @ -the empty domain

Cleatly, the empty domain contains no elements. It is, however, still a domain: it is
not a null entity.

52 D -the domain of domains
The domain of domains is denoted by D. An object is an element of D if and only
if:

{i) itis a primitive data domain, or

(ii) it can be constructed from members of D using the operations of domain sum,
domain product, domain repetition and function mapping.

Testing whether an object X is a domain then becomes a simple matter of testing
whether

XeD.

53 U - theuniversal domain

Nested arrays require extensions to the notation, but a given first generation APL
implementation may have an overall data space described by

{(H*N*N)e (R*N*N)

or
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(H*N*N)®& (C*N*N)
or
(HoR ) *N*N.
It is convenient to represent the overall data space by U, known as the universal

data domain (commonly, if inaccurately, abbreviated to the universal domain), a
term which has the advantage of being implementation-independent.

The function mapping for menadic rho can then be simplified (and generalised)
to:

(N*N)«U.

6. Summary

For very little work, we have developed a powerful and attractive notation, which
helps us to describe some of the characteristics of functons, in a clear,
unambiguous and concise manner, by describing the data domains of the
functions’ inputs and outputs.
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A Very Simple Structure Compiler for J

by Martin Neitzel (neitzel@gaertner.de)

Motivation

] programmers can use external libraries written in any language. Simple scalar
values are easy to pass between ] and the external function. The DLL interface
knows about a handful of simple data types and does both a bit of conformance
checking as well as all the necessary conversion work.

However, very often one has to deal with more complex data types such as C
structures. This article describes one possible approach to analyse such structures
conveniently.

The need to solve this problem came up when I wanted to write some J code to
control 2 MIDI soundcard. More on this in another article [in Vector 16.3 - Ed.].
The first step was very easy:

<session trace>=
require 'dLL’
midiOutGetNumDevs =:'mmsystem midiOutGetNumDevs n' & cd
midiOutGetNumDevs "'

+=+

fal

-+

OK, so there are 3 MIDI devices on this machine, numbered 0, 1, and 2.
But which is which? The Windows Multimedia APl provides the function
midiOutGetDevCapsA to identify them and get information on their capabilities.
Its C prototype is:

int midioutGetDevCapsA (int deviceNumber, MIDIQUTCAPSA sbuf, int bufien};

After reading the MIDIOUTCAPSA type definition and arriving at a rough ball-
park figure that 100 bytes would be on the safe side to hold the entire data, we
could do the following to check out MIDI device number (:
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<session trace>+=

midiOutGetDevCapsA =: 'winmm midiCutGetDevCapsA i i *c 1' & cd
r=.midiQutGetDevCapsA 0 ; (100#' ') ; 100
b 25 % a. §. caps =. > 2 {r
L& g % 0 L 4 0 0 69 83
83 32 77 80 85 45 52 48 49 O
{68 139 0 O 132 235 109 0 108 12
Q 0o 7 0 0 0 128 15 0 0
1 o 0 0 0 0 255 255 0 0
0 032 32 32 32 32 32 32 32
32 32 32 32 32 32 32 32 32 32
32 32 32 32 32 3z 32 32 32 32
32 32 32 32 32 3z 32 32 32 32
32 32 32 32 32 32 32 32 32 32

Well, more complex data types such as structures or arrays require a bit more
work, obviously, The ] DLL interface and memr/memw treat such structures only
as character vectors. It remains for us to deal with those bytes properly.

To do so, one has to take care of the exact offsets and field lengths, and after
extraction of the relevant bytes, some conversion into a J data type is usually
wanted. For example, the 4 bytes encoding a signed or unsigned integer should be
properly converted to a single } number, Likewise, null-terminated C strings in
fixed-size character arrays are only interesting up to the null character - nobody
would usually be interested in the trailing garbage.

Rather than doing these things manually over and over again, it is much more
converient (and safer!) to let J do the extraction of a structure’s fields. The
following code demonstrates one approach based on type declarations specifying
the conversion of a C structure to a boxed ] table. In fact, we are not really
focussed on the C language here. If you are concerned with, say, Delphi record
types, this method will help you, too.

Two different kinds of declarations are used:
1. a global table of base types and associated converters
2. one table for each structure type declaring all the fields

Here is the original type definition of this example’s structure. It is the C
declaration from the Microsoft Windows' multimedia AP! describing MIDI
output devices:
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<c?j-data.1js>=

N&. typedef struct tagMIDIOUTCAPSA {

NB. WORD wMid; /* manufacturer 1D »/

NB. WORD wPid; /* product ID »/

NE. MMVERSION vOriverVersion: /* version of the driver »/

N3, CHAR szPrname [MAXPNAMELEN]; /» product name (NULL terminated string) =/
N8, WORD wTechnologys /» type of device »/

N8B, WORD w¥olces; /* # of volces (internal synth only} =/

NB. WORD wNotes; /* max # of notes (internal synth only) =/
NB. WORD wChannelMask; /+ channels used (iInternal synth only) »/f
N8, DWORD  dwSupport; /» functionality supported by driver =/

NB. } MIDIQUTCAPSA

Adapting Foreign Structure Types to ]

Different C base types should show up differently in J, too. Our type declarations
will associate a converter expression with each C type. Here are some auxiliary
converter verbs. They all take a series of bytes (i.e., a ] character list) as input.

<c2j-data.ijs>+=

char=:{. NB. character (singleton to scalar)}
ctot =: 3 ¢ '266 #. a. i. [. y.' NB. C bytes to J integer.
NUL=.0{a. zerocut =: {.~ i.8NUL NB. C string to J string.

Now our type declarations. The first, TypeTable, is an initial table of Type Con-
verters for the base types as used in C. Each row of the table is a boxed triple of

1. the name of the type (a string)

2, the memory usage for a single value of this type in bytes (a number)

3. the name of a converter from memory bytes to a ] value (suitable to be
evoked later)

A full table would of course contain many more rows,

Structure Declarations define the fields of a structure we are interested in. They
have the the following three columns:

1. the type name of the field (referring to a TypeTable entry)

2. repeat count (for arrays}

3. name of the field
Both tables are written as plain text nouns using tabs(l) and newlines to delimit

rows and columns. The cutting of the fields happens on-the-ily, as does the text to
number version of the middle fields.
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<c2j-data.ijs>+=

NB. (I wish I knew a more elegant mapping than the complicated Amend here:)
middlLenum =. ".&.>@(18{)@] 1:']}~ "1

NB. Type definitions for:
HB. short word, Long word, charactar, null-terminated string, versijon type
TypeTable =: middlenum <;._1 ;._2 noun define

W 2 ctoi
W t ctod
c 1 char
s 1 zerocut
¥ 4 ctei

NB, Description cerresponding to MIDIOUTCAPSA:
MOCAPS_SD =: middlenum <;._1 ;._2 noun define

W i wMid

w 1 wPid

v i vDriverVersion
s 32 szPname

w 1 wTechnology

w i wVoices

W 1 wNotes

" 1 wChannelMask

W 1 dwSupport

)

The definition MOCAPS_SD contains all it is necessary to know to define a
structure, provided you also have the knowledge about the base type as encoded
in TypeTable. The utility expand_structure will interpolate this information
and pre-compute some additional information such as the individual offset and
size of each field. An Expanded Structure Definition compiled in this way has
seven columns altogether:

* basetype
* arraycnt
* name

* typelen

¢ conv

» length
* offset
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<c2j-data.ijs>+=

expand_field =: monad define "1
i=,{{."1 TypeTable) i. {. y.
¥. » }. i { TypeTable

expand_structure =: monad define
y. =. expand_field y.
stzes =. /"1 > 1 3 { "1 vy,
offsets =. 0, }: +/\ sizes
Y. ,. <"0 sizes ,. offsets

)

The cutter utlity finally takes the memory and one or more rows of the
Expanded Structure Description (one row for each field you are interested in). It
extracts the data from the byte vector, passes it to the appropriate converter, and
associates it with the field name. One would typically use the entire ESD and get
a nice association table.

<c2j-data.ijs>+=

cutter =: dyad define "t 1
'basetype arrayent name typelen conv btength offset' =. x.
datachars =, (offset + i. Length) { vy.
name ; conv~ datachars

)

Now, we can have a proper look at our cryptic structure:

<session trace>+=

] MOCAPS_ESD =. expand_structure MOCAPS_SD

dopmmpmmm———————— e ———— ER TR )
[wlf |wMid |2lctoi 12 10 1
B ettt dodmmm e +-—t——+
lwll IwPid |2|ctod |2 |2 |
Bl T P P b —— +
Ivlt ivDriverVersion|tlctoi Ik Ik |
Fmdu s mmm———————— todmmm—m——t e +m—t
|s132|szPname lilzerccut|32IB |
B T fofmmmmmmm e L
|w|i{ [wTechnology f2letod |2 |40I
R T e B it Tt el +
Iwli |wVaices l2letod [2 |42|
4t m e A m—m P
|wi{i |wNotes |2|ctoi 12 [un]
4opmmfummmmm—mm————— fmmmm———— tmmb
|wld lwChannelMask |2]ctoi [2 |46|
L it C L e et e +
IWl1 |dwSupport I4lctai iu Iual
bmpmmdmm e —————— e ——— B s
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MOCAPS_ESD cutter caps

mmmmmmmm—————— dmmmm———— +
jwMid LY |
Hmmmmmm e dmmmmm————am +
jwPid 19 |
Fmmmmmmmama———— dmmm———————— +
|vDrivervVersion{1028 [
S tmmm———————— +
|szPname lESS MPU-404]
B T B +
|wTechnology j1 |
terrere e ———— bmmmmm—————— +
|w¥oices [0 |
Hmmmmm— e T T p— +
|wNotes |0 |
D ettt T L +
|wChannelMask |65535 |
B ettt P ] +
{dwSuppoert 10 ]
trmm——————————— bmmm—————— +

Possible and Necessary Extensions
Enter derived types into the TypeTable, along the lines of

TypeTable=:TypeTable, 'MOCAPS';(sizeof MOCAPS_ESD); 'MOCAPS_ESDEcutter’

The expand_structure compiler should automatically take alignment into
account as appropriate for the machine. If you have a structure declared as
struct {char c¢; int 1i;}, the C standard will require that the memory
layout has ¢ and 1 in this order, but the hardware architecture may require one or
even more byles of padding between them to align i properly.

A marriage with the standard ] fields.ijs utility.

Code to wrife structures/fields, probably based on just associating proper
obverses with each converter.
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From Horadam to Atanassov
by Joseph De Kerf

Abstract

In a previous paper, the generalization of the Fibonacci sequence to what we
called the Horadam sequences was investigated. In this paper we treat the so-
called generalization introduced by Atanassov, in fact not a generalization but a
new concept as the recursive formula is multiplicative instead of linear. APL
defined functions for generating these sequences are given. Benchmarks confirm
that explicit calculation is much more efficient in CPU time than the calculation
based on recursion.

Horadam Sequences

In a previous paper [1] the generalization of the Fibonacci sequence to what we
called Horadam sequences [2]:

Hy=p
Hy=q
Hp=tH, y+sH, 4 n>2)

was investigated. APL defined functions for calculating those sequences, by
applying the recursion formula ({OR1 and HOR2) or by explicit calculation from
the auxiliary calculation (HOR3) were given. Benchmarks confirmed explicit
calculation from the auxiliary calculation is more efficient in CPU time than the
calculation based on recursion. In this paper we investigate the so-called
generalization, introduced by X.T. Antanassov [3].

Antanassov Sequences

Antanassov sequences may be defined by the recursion formula:

Ti=p

T,=¢q

Trl = TII-Z bl Tn—] (n > 2)
= pEz-.‘Z % qpn-l
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Fo=F +F 4 {n>2)

the sequence F,...F, being the Fibonacci sequence, but the domain of the
parameters being the set of real numbers.

In fact, the Antanassov sequence is not a generalization of the Fibonacci or
Horadam sequences: the recursion formula for the Fibonacci and Horadam
sequences is linear, while the recursion formula for the Antanassov sequence is
multiplicative.

Even for small values of p and g, the absolute value of T, may increase very
rapidly. With p = 2 and q = 3 for instance, we get for n = 1(1)15:

n T,

1 2
2 3
3 6
L 18
5 108
6 isuy
7 209952
8 LoBiLEESBS
g 8.56912134LFE13
10 3.4974584096E22
i1 2.997014624EF36
12 1.048193426E59
13 3.141451027E95
14 3.2928uU8314E154
15 1.034432172E250

such that for #=16, the value of T, would be 3.406228233F404, generating a
domain error report when the implementation conforms to the ANSI/IEEE
Standard 754-1985 [4].

This may be intercepted by calculating the logarithm of the absolute value of T,
instead of the value of T, itself:

log|Ty| = loglp|
log|T;| =log]q|
log|T,,| = log|T;,_,| + log|T;, 4| (n>2)

= F,plog|p|+F,_; log|q|
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giving a Horadam sequence H, with parameters log|p|, log |g|, r=1and s =1.
With p =2 and g =3 for instance, taking the common logarithm, we get:

log|T,| = 0.3010299957
log|T,] =0.4771212547
log|Ts} =0.7781512504

log|Ti00| =1.78152198E208

The auxiliary equation of H, =log|T,|=1og|T,_,|+log|T, 4|, is W -h-1=0, such
that [5]:
H, =log[T,|=ca™ 1 +db™1  with A=45
a=(1+A)/2
b=(1-4)/2
c=(log|q|-b.log{p))/ A
d= (a.log|p|—log|q|)/A
fc=0 a5 |b| <1, the sequence H, = log|T,| converges to 0. The calculated
value of ¢ however, may be slighily different from 0 and, as |a]| > 1, the

calculated sequence of H, = log | T, | converges to & «, Correction may be done by
setting c= 0 when log|g|=b.log|p|.1f d =0, no correction is needed as |b| < 1.

Examples:
p=10 q=10° (c=0)
p=10° g=01 {c=0)

Defined Functions

APL defined functions for calculating the sequence log|Ty|...Jog|T,| based on
implicit recursion (ATA1), programming a recursive loop (4T42), the linear
transformation formula log|T,|=F,.,log|pl+F,_;log|g| (4T743), and the explicit
calculation from the auxiliary equation of log{T,|=1log!T, 5|+ log|T;, s (ATAY) are
given below. In line 3 of AT4Y, C is set to 0 when P[21=P[ 1 ]xb (P containing
the logarithms of the absolute values of the parameters p and g).

[o] Z+P ATAL N

[1] +{N<2)/0,Z«(2{N)p10s|P
f21 Z+P ATA1 N-1

ral Z+Z,+/7242
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[o] I+P ATAZ N
(11 +{N<2)/0,Z«(2|N)pl0e|P
(2] END:»(N>pZ«Z,+/ 24L)}/EXD

(el I+«F ATA3 N;F;R

[1] > (N<2)/0,Z+(2|N)pP+10e|P

[2] Fe{0.5+(+R)*x(0.5%x1+R+5+0,5}*x1N-1
[3] Z+Z, (PL11x 1+4F)+P[2]1x14F

[o] Z+P ATAu N;A;B:C;D;a

[11] +{N<2)/0,Z«(2|N)pP<10a|P

[z] B+1-A+0,5x1+A+«5%0.5

[3] C+(P[21#P[11xB}=x(P[2]-P[1]1xB)+a
fu] De((P[313Ix4)-P[2])+a

[51 Z+Z, (CxAxN}+DxBxN«141N-1

Common logarithms are used. The left argument is a two-element vector
containing the parameters p and 4. If P[11=0 (p=0) and/or P{2]1=0 (5= 0), an
error report is generated. The right argument ¥ is the non-negative integer scalar
or one-element vector specifying the number of terms of the sequence requested.
The explicit result Z is a vector containing those terms. If ¥ is 0, the empty
numeric vector is returned. If ¥ is a negative integer or not an integer, an error
report is generated. Results are not rounded off as in general the logarithms of the
absolute values of p and g are not inlegers {(even if the domain of p and 4 is
restricted to the set of integers).

Finally, if the value of log | T,,| is requested for only one specific value of n, when
applying recursion, the entire sequence log|T;|...Jog|T,| must be calculated.
When applying explicit calculation from the auxiliary calculation however,
log| T, | must only be calculated for that specific value of n. A modified form
AT45 of the defined function AT'A4, that only calculates log | T, | for a given non-
negative scalar or one-element vector is given below.

[o] Z+P ATAS N;A;B;C;Dja

[11 +{N<2)/0,Z+(P+1Ce|P)Y[2LN]

[z] B+1-4+0.5x1+4«5%0.5

[3] C+(P[2)#P[1]1xB)x(P[2]-P[1]1xB)+4A
[u] D+((P[11=x4)-P[2])+a

[51 Z+(CxA*N-1)+DxB+N-1

Examples:

2 3 ATA1 3
0.3010299957 0.4771212547 0.,7781512504
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Z 3 ATAz 3
0.3010799957 0.b4771212547 0.7781512504L

2 3 ATAs 3
0.3016299957 0.4771212547 Q.778151250L

2 3 ATAy 3
0.301029%9%957 0.47712126L47 O.77B15125604

2 3 ATAS 3
0.7781512504

2 3 ATAS 1000
1.78152198F208

Note: Applying recursion (AT41 and AT42) as well as linear transformation of
the Fibonacci sequence (4TA3), gives erroneous results for the special case
described above (=0). Results for the examples are compared with the exact
solutions as returned by ATAY4 in the accompanying Appendix. It would be a
challenge to incorporate the corrections needed such as is done in the defined
functions ATA4 and ATA5 (if possible!).

Benchmarks

Banchmarks have been done for N = 250(250)1000 in order to compare the
effectiveness in CPU time for the functions defined. Results are given below
{(in ms}:

N 250 500 750 1000

ATAL 100.0 220.0 362.7 532.9
ATA2 52.2 121.7 211.6 317.7
ATA3 3.91 5.96 g.18 10.47
ATAY 3.64 5.93 8.36 10.85
ATAS 1.54 1.84 1.54 1.84

Depending on N, the CPU times are from 48% to 40% lower for A742 than for
ATA1, The CPU times for ATA3 and ATA4 are approximately equal and
depending on N, the efficiency factor in CPU time versus ATA2 is from 14 to 30,
Depending on N, the efficiency factor in CPU time of ATAS versus AT42 is from
34 to 206. Figures conform grosso modo to those reported for the defined functions
for calculating the Horadam sequence. Of course, those figures depend on the
hardware and software used.
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Functions defined conform to the standard ISO APL [6]. Programming,
debugging, illustrations and benchmarks have been done on a MicroLine Pentium
8-100, with mathematical co-processor, using Dyalog APL/W Version 7.1.2, under
Windows 3.11 [7]. Comparison Tolerance was set to 1E 13, the default value
being 1E 14. Benchmarks have been done using the system function
QdMONITOR.

The Signum Function

Calculating log | T,,| instead of T, the signum of T, remains unknown. Signum of
T, depends on the signum of the parameters p and q. An overview of possible
combinations is given below:

r q signum sequence

o o o ¢ 0 0 o 0 0 0
o+ o 1 o 0 ) 0 0 0
o - o 71 0 0 o 0 0 0
+ 0 1 0 o 0 0 0 0 ¢
-0 "1 0 6 0 0 o 0 0
+ ot 1 1 1 1 1 1 1 1
- - | A T t 71 71
+ - 1 71 71 71 71 1071
- 4 ! 1071 71 S 1

I the signum of p and/or the signum of g is 0, the subsequent signums are 0. If
neither the signum of p nor the signum of g is 0, the signum sequence is periodic,
the period being the three-element vector containing in that order, the signum of
p. the signum of ¢, and the signum of pg.

APL defined functions returning the corresponding sequence of signums of the
sequence Tq...T, ($IGNUM1) and the signum of the nth term T, (SIGNUMZ) are
for instance:

[o] Z+P SIGNUM1 N

[11 +{N<2)/0,Z2«(2|N)pP+xP
[2] +{0=x/P)/C,Z+P,(N-2)p0
[a] Z+NpP,x/P

[o] Z+P STGNUM?Z2 N

[1] +{N£2)/0,Z«(P+xP)[2LN]
[2] +{0=x/P)/0,Z+0

[al Z+{(1i 2 0=3|N)/P,x/P
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Benchmarks have been done for ¥=250(250)1000, for pg =0 and for pg = 0
respectively. Results are {in ms):

N 250 500 750 1000
SIGNUML (pg=0) 1.23 1.40 1.57 1.75
SIGNUM1 (pg=0) 1.09 1.12 1.15 1.18
SIGNUM2 (pg=0) 0.96 0.96 0.96 0.96
SIGNUM2 (pg=0) 1.08 1.08 1.08 1.08

The difference in CPU time for SIGNUM1 and SIGNUM2 is rather small. So, in
practice, it is more simple to implement SIGNUM1 as SIGNUM and, if only the
signum for the nth term is requested, to use the expression "1+P SIGNUM N.
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Appendix

Results for the special cases described in the text, returned by ATA1/A4TA2/

ATA3, are compared with the exact solutions returned by ATAu.

Pe1C (1040.5x1~-840,3)

Ri+754 ATA1 1002
R2+75+ ATA2 1002
R3+TE5+ ATA3 3002
Ru«"5+ ATAw 1002

{("5tt1002),R1,R2,

R3,{1,5]1Ru

998 T5.5739272B6E191 T5.573927286F151 T1.1406101545192 T4 ,.358355692E°209
899 79.018803800F191 T9.05i8603B00F181 T1.140610154E192 ?.693611953E7209
1000 T1.459273105E192 T1,459273109F192 T2.281220309F192 1.664743739E7209
1001 T2.361153489£192 T2.361153%89FE192 T4 ,562440618F192 1.028868213E°209
1002 73,820426597F192 T3.820426597E192 9.12u8B1235E192 T6.35B755258E7210

P+ (10%0,521+520.58) 0,1

R1i+75+ ATA1 1002

R2+785+ ATA2 1002

R3+«75+ ATA3 1002

Ru+"E+ ATA4 1002

{75ti11002),R1,R2,R3,[1,51Rw
998 2.672501190F192 2,622901190F192 2,281220309F192 ~7.051967644E7 208
999 4.2439L327LEL192 4.243943274E192 4.562uL0618F152 4.235B355692E°208
1000 6.866844464E192 6.8566BULLELEL92 4,.5624L40618F192 ~2.693611953E° 208
1001 2,111078774E193 1.11107877uF193 9.124881235K192 1.664743739E7 209
1002 1.797763220F193 1,797763220F193 4.562440618FK193 ~1.02886B213E7 208

Results returned by AT41/ATA2/ATA3 converge to = o and are erroneous.
Results returned by AT44 converge to 0 and are correct.

Joseph De Kerf
Rooienberg 72
B-2570 Duffel
Belgium

142




VECTOR Vol.16 No.2
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All queries regarding advertising in VECTOR should be made to Gill Smith,
at 01439-788385, Email: apl385@compuserve.com,

Submitting Material to Vector

The Vector working group meets towards the end of the month in which Vector
appears; we review material for issue n+1 and discuss themes for issues n+2
onwards. Please send the text of submitted articles (hardcopy with diskette as
appropriate} to the Vector Working Group via:

Vector Administration, ¢ /o Gill Smith
Brook House

Gilling East

YORK, YO62 4]]

Tel: +44 (0) 1439-788385

Email: api385@compuserve.com

Authors wishing to use Word for Windows should contact Vector Production for
a copy of the APL2741 TrueType font, and a suitable Winword template. These
may also be downloaded from the Vector web site at www.vector.org.uk

Camera-ready artwork (e.g. advertisements) and diskettes of ‘standard’ material
(e.g. sustaining members’ news) should be sent to Vector Production, Brook
House, Gilling East, YORK YO62 4]]. Flease also copy us with all electronically
submitted material so that we have early warning of possible problems.
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Subscribing to Vector

Your Vector subscription includes membership of the British APL Association,
which is open to anyone interested in APL or related languages. The
membership year normally runs from 1st May to 30th April. The British APL
Association is a special interest group of the BCS, Reg. Charity No. 292,786

Name:
Address:

Postcode / Country:
Telephone Number:
Email Address:

Category (please tick box) to run from: 1st May Q August J Novd Feb O

UK private membership .. ...................... £12 Q
Overseas private membership . . ... ... . ... .. ...... £14 d

Airmail supplement {not needed for Europe) .. ........ £4 Q
UK Corporate membership ... .................. £100 &
Corporate membershipoverseas . .. ... ............ £135 Q
Sustaining membership . ... ... .. .. .. ... .. .. .. £430 Q
Non-voting UK member (student/OAP/unemployed only) £6 a

PAYMENT - in Sterling or by Visa/Mastercard/JCB only

Payment should be enclosed with membership applications in the form of a UK
Sterling cheque to “The British APL Association”, or you may quote your
Mastercard, Visa or JCB number.

T authorise you to debit my Visa/Mastercard/JCB account

Number: o v 1y e v v va o Expirydate: cu | i
for the membership category indicated above,
Dala Protection Act:
i - H The information supplied may be
n annually', at the p.rex_ralhng rate, until further notice on computor -
one year's subscription only 0 acoordance with the registration
of the British Computer Society.
(please tick the required option above)
Signature: Send the completed form to:

BAA, ¢/o Rowena Small, 12 Cambridge Road, Waterbeach, Cambridge CB3 9N, UK
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