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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
atticles are welcome on any topic of interest to the APL community. These do not need to be limited to APL themes,
nor must they be supportive of the language. Articles should be accompanied by as much visual material as possible
(bjw or colour prints welcome), Unless otherwise specified, cach item will be considered for publication as a petsonal
statement by the author. The Editor accepts no responsibility for the contents of sustaining members® news, or
advertising.

Please supply as much material as possible in machine-teadable fortn, ideally as a simple ASCII text file on an [BM
PC compatible diskette: (any format). APL code can be accepted as camera-ready copy, in workspaces from I-APL,
APL*PLUS/PC, APL*PLUS I, IBM APL2/PC or Dyalog APL/W, or in docutncnts from Windows Write (use the
Vector TracType font, available free from Vector Production).

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

Membership Rates 1993-94

Category Fee Yectors Passes
UK Private £12 1 1
Overscas Private £20 1 1
(Supplement for Airmail, not needed for Burope) £8

UK Corporate Membership £100 10 5
Overseas Corporate £155 10

Sustaining £430 50 5
Non-voting Member (Student, OAP, unemployed) £6 1 !

The membetship year runs from Ist May to 30th April. Applications for membership should be made to the
Administrator using the form on the inside back page of VECTOR. Passes are required for entry to some association
events, and for voting at the Annual General Meeting. Applications for student membership will be accepted on a
recommendation from the course supervigor. Overseas membership tates cover VECTOR sutface mail, and may be
paid in sterling, or by Visa or Mastercard at the prevailing exchange rate,

Corporate motmbership is offered to organisations where APL is in professional use. Cotpomate members receive 10
copies of VECTOR, and are offered group attendance at association meetings, A contact person must be identificd for
all communications.

Sustaining membership is offered to companies trading in APL products; this is scen as a method of promoting the
growth of APL intetest and activity. As well as rcceiving public acknawledgement for their sponsorship, sustaining
members reecive bulk copies of VECTOR, and are offered news listings in each jssue,

Advertising

Advertisements in VECTOR should be submitted in typeset cameta-ready format (A4 or AS) with a 20mmn blank
botder after reduction. [lustrations should be photographs (bfw ot colour prints) or line drawings. Rates age £250 per
full page, £125 for half-page or less (there is a £75 surcharge per advertisement Iif spot colour is required),

Deadlines for bookings and copy are given under the Quick-reference Diary. Advertisements should be booked with,
and sent to: Gill Smith, Brook House, Gilling East, YORK YO6 41J, Tel: 04393-385.




VECTOR Yol.10 No.1

CONTENTS

Page
Editorial: APL in Business Anthony Camacho 3
APL NEWS
Quick Reference Diary 5
General Correspondence 9
British APL Association News:
BAA-GUI Worksho Duncan Pearson 11
“APL in Business” gonference Prospectus 12
Annual Accounts Nichelas Small 14
AGM Report David Eastwood 15
News from Sustaining Members Gill Smith 19
The Education Vector Alan Mayer 25
REVIEWS SECTION
APL Product Guide Gill Smith 41
The Sharp APL Reference Manual Jonathan Barman 53
Update on ISl APLIWIN Jonathan Barman 5h
Dyalog APL: Programming for Windows Jonathan Barman 59
RECENT MEETINGS:
Business Graphics — A Second Look George MacLeod 70
GENERAL ARTICLES
K Arthur Whitney 74
Windows BMP Bitmap Files and APL Ray Cannen . 80
Coast-to-Coast: Managing with Objects Adrian Smith 97
TECHNICAL SECTION
Technical Correspondence 114
A Standard Font Dialogue
Box from Dyalog APL/W using [JNA Duncan Pearson 117
The MAGIC goes away — Opening the Boxes Mike Day 125
The Fractal MAGIC Universe Gérard Langlet 137
Index to Advertisers 143




APL Preferences V

APL.68000

— Platforms Versions
B RISC System/6000 O Levell
B4 Apple Macintosh @® Levell
B Commodore Amiga
QA Atari ST

APL for GUIs

MicroAPL Ltd., South Bank Technopark, 80 London Road,
LONDON SE1 6LN, UK

Tel: 071 922 8866 Fax: 071 928 1006
Applelink: microapl Internet: microapl@applelink.apple.com




VECTOR Vol.10 No.1

Editorial: APL in Business
by Anthony Camacho

Swansea University is host to the conference APL in Business (18-22 July 1994)
which is to be sponsored by the European Business Management School with the
support of the British APL Association and the British Computer Society.

What are we Trying to Do?

We discussed at length how best to organise and sell a conference. The miracle at
St Petersburg; APL 92 and the superlative programme for APL 93 are hard acts
to follow. Nevertheless these are our suggestions:

- Improved value for companies sending staff and for vendors
+ Promote good uses of APL more effectively

+ Make profits to give strength to APL organisations for years ahead.

Value for Money

Too many advertisements for conferences begin with the attractions of the
location, with the tours and with the entertainment. Anyone would think that the
most important people to attract were the accompanying persons. It is
overwhelmingly companies who send people to conferences. A few people will
come to every conference they can afford at private expense, but not many. It is
companies we have to persuade that they will get value for money by sending
their staff, If it looks like a holiday then only generous companies who want to
reward their staff may send people — only may.

An APL conference is not a holiday camp and should not look like one. Persuade
the employers that APL conferences are harder work than any course and will
improve their programmers’ performance better than any course and we will be
able to raise the price and have to turn away the late-comers. Conferences must
be good value for the vendors too. It is ridiculous to prohibit sales at conferences.
Vendors should be encouraged to sell books, disks, programs, workspaces of
utilities, interpreters, interfaces between different flavours of APL and the major
spreadsheets, databases, word processors and other packages. Why not persuade
companies that there will be products on sale that they cannot afford to be
without?
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Promoting Good Use of APL

A conference which promises to teach its delegates how to use APL well starts
off on the right foot. A conference which promises to teach techniques which
other disciplines can use with advantage will also spread the word about APL.
We ought to offer to teach people who use a technique how they can do it easier
with APL than any other way. There are many technigques where APL has much
to offer. Hard-headed people choose APL and some are willing to say why. The
best way to promote something is to show it to the people who would benefit
from it. We are surrounded by examples of APL’s advantages and we scarcely
use them.

Making a Profit

To make a profit from running a conference we must persuade people to come.
The best way is to make it irresistible to the people who spend company training
budgets. To stand a credible chance of delivering what we promise the
conference program should be planned. Only part of the conference should
depend on what papers arrive in the post unasked for. The plenary speakers
should be acknowledged experts in their fields with reputations as excellent
teachers, commissioned to produce the material required.

The atmosphere should be of work too. More sessions should be spent sitting at a
computer per delegate. There should be competitions and workshops. Sessions
should be long enough for something to be learned. Many sessions are too short
for the presenter to do more that tell the audience what a wonderful product he
has to sell. Good planning of the accommodation and conference facilities is the
other secret. The conference should break even with a pessimist’s view of the
number of delegates and should have as much headroom as possible where
every additional delegate adds ninety percent of his fee to the profit and ten
percent of it to the costs.

APL is Still a Success

The whole thing depends on the continued success of APL. There are more
APlLers in the world today than ever. APL innovation is far from dead. There are
now at least four GUI APLs. You can now write Windows applications in APL as
well as, but faster than you can in Visual Basic. You can link APL to other
systems and share data, and with Object Linking and Embedding the data can be
updated dynamically by APL running in the background. APL still delivers
working systems faster; they are still more reliable and they look as good as
those produced any other way.
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Quick Reference Diary 1993

Date Venue Event
August 15-19 1993 Torento, Canada APLS3

17 Sept IEE, London Vendor Forum. Come and see all the newly
announced APL systems from APL93!

26 November To be announced BAA-GUI Workshop:
(near London)
This will be an all-day event (lunch is
included) - please use the booking torm on
page 51 to reserve your place.

March 6-8 1994 Phoenix, Arizona Symposium on Applied Computing
APL-Track Chair: Chris Lee {Manugistics)
Papers and panel proposals by Sept 1st 93
Contact Chris Lee at (301) 984-5117

British APL Association meetings are normally held in the IEE, Savoy Place.
Nearest tube outlets: Temple or Embankment.

APL Training Courses for 1994

If you would like to have your courses or seminars listed in Vector, please
contact Gill Smith with the details.

Dates for Future Issues of VECTOR

Vol.10 Vol.10 Vol.10

No.2 No3 No4
Copy date 10th Sept 93 3rd Dec 93 4th March 94
Ad booking 17th Sept 93 10th Dec 93 11th March 94
Ad Copy 24th Sept 93 17th Dec 93 18th March 94
Distribution October 93 January 94 April 94




The British APL Association
presents ...

Climb the
Gui Learning Curve

Meet the Developers
Learn the Tricks

Collect the Freebies!

London, November 26th




=7
Learn from the Developers iﬁ

Speakers from each supplier will tell you how
they meant their products to be used.

Manugistics: we have asked
Patrick Parks, who designed the
APL*PLUS il Gui

Peter Donnelly (Dyadic Systems)
David Eastwood (MicroAPL)

Influence the Designers

Discuss your gripes (or bright ideas) with the designers
of the next release. They really value your opinions!

Get Hands-On Experience

Use the machines (one for every
two delegates) to build your own
systems, and try what you see.

See how Major UK Sites are Managing

Developing large-scale Gut systems presents new and
different problems. David Piper (Eagle Star) and

Adrian Smith (Nestlé) will explain what problems they had,
and how they overcame them,

Take away the FREE progams!

Every delegate gets a disk with many of the tools and
utilities used during the day.
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The Need for Training

The latest release of Dyadic Systems' APL/W has introduced an APL that can be
used fo build Windows applications without having to buy the Windows Developer's
Toolkit and without having to give up APL and use a language like Basic or C.

Unfortunately that is not the end of the matter. To benefit from the facilities provided
by the GUI inferface and, at the same time, be able to manage the effects that are
created, requires knowledge. Dyalog provides access to 31 objects, each having
some of 78 different properties and generating some of 31 different events.
Learning how to deal with these objects, properties and events takes time and
effart. This time and effort can be considerably reduced by attending a three day
Greymantle Training Class on your own site.

George MacLeod, of Greymantie Associates, has been working continucusly with
Dyalog APL/W since its original release and has worked with one alpha and several
beta test releases of the current Release 6.3. The purpose of the three day class is
to transfer the knowledge acquired.

Class Toplcs.

The Objects, Properties and Events provided by Dyalog APL/W
The use of DDQ and OINQ to control event handling.

An outline of the Customer User Interface (the standard to which
Windows applications should be built).

Introduction to ONA for accessing Dynamic Link Libraries (DDLs).

Introduction to the use of Direct Data Exchange (DDE) to enable
Windows applications to share data.

Introduction to Working with a Windows Help Compiler and the
Windows Help Engine,

Class Style

The class is a mixture of lectures using overhead projector foils and hands on
practical sessions with a PC. Part of each practical session is involved in the
building of the student's first Windows application. At the end of the three days the
application will be complete, will use many of the GUI objects with their properties
and events, and will be a well-behaved Windows application, (The content will of
course be small.)

Summary
To benefit from the class the student should be proficient in APL.

The class is charged for at consulting rates plus expenses and materials, so a
¢lass can be as small as one student. The maximum number for a class is six.

Telephone, or write, to Greymantle Associates Limited for more details.
Bartrum House, Ravens Lane, Berkhamsted, Herts, HP4 2DY Tel. 0442 878065
All trade marks acknowisdged. |
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(GENERAL
CORRESPONDENCE

Review of APL*PLUSII v4.0

From: James G Wheeler 1 February 1993

We at Manugistics appreciate the effort lavished by Ray Cannon in preparing his
review of the MS Window interface in version 4 of APL*PLUS TI for Vector 9.3.
The article contains useful technical information and insights on Windows
programming. The issues that he raises about the performance and ease of using
our first Windows interface are fair, and we have been working very hard for the
past fourteen months to address them.

We believe that we succeeded on this front when we completed version 5 in
November 1992, and the praise we have been receiving from version 5 users
seems to bear this out. As Vector 9.3 arrived in the U.S., we had nearly completed
version 5.1, a signifcant improvement on 5.0 with important new features.

In this context, it came as a bit of a disappointment to be reading of shortcomings
of version 4 that are long forgotten here. I recognize the difficulties of a quarterly
publication in keeping pace with rapidly evolving software. But if there is any
way the we can assist Vector in providing more up-to-the-minute information,
we will do our best to oblige.

James G Wheeler
Manugistics, Inc.

2115 East Jefferson Street
Rockville MD 20852
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From: Martin Gfeller

1 do think a new, refereed APL Journal will be more harmful than beneficial to

A Comment on “Announcing The APL

Review”

the APL community, for the following reasons:

There are some good APL newsletters such as Quote Quad, Vector and local
publications that need material of high quality. Since the APL community is
not growing, introducing yet another journal would lower the quantity and
quality of material available to the established publications.

Quote Quad, being an ACM SIG newsletter, has the largest visibility outside
the APL community. To strengthen the outreach of APL into the computer
community at-large, we need to strengthen Quote Quad.,

More reports on applications of APL should be directed to non-APLers, in
publications that are not specific to APL. The yearly APL conferences suffice
to report APL stories to APLers; but we need to tell more about our
applications to application users and to the software community at large.

Formal papers about the APL language and system could reach a wider
audience by publication in other ACM newsletters and journals, such as
SIGFLAN Notices, LOPLAS, or TOPLAS. These communilies hardly know
that APL is alive and evolving; yet they have a great decision power in
education and industry.

The quality of APL specific material geared to APL users could as well be
enhanced by introducing a reviewing process for APL journals such as Vector;
many articles could be edited and condensed to serve the readers better. 1
know and appreciate that the work of volunteers cannot maich the
professionalism and resources of major trade publications such as Byte; but
this would presumably be the case for a new journal as well.

In publications, as in APL coding, less can be more!

Martin Gfeller

Reuters S5A Risk Management Software
Kleinstrasse 6 CH-8008

Ziirich Switzerland
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British APL Assoéiaﬁon News

BAA-GUI Workshop: November 26th 1993

In order to learn effectively to program for a graphical user interface, with APL
or any other language, you need to have a certain level of knowledge and
experience, to say nothing of confidence. The November meeting of the BAA will
be an ali day workshop designed to give you that experience and confidence.
You will learn enough about GUI programming to go away and develop an
application yourself. You will then be able to work more quickly at solving
application problems without getting bogged down in irrelevant technical
details.

Part of the ‘hump’ that most users have to get over is the change from controlling
the user to being controlled by him. This has significant implications for system
and program design. The UK users will be showing what those implications are
and explaining how they have adapted to them.

The major interpreters for personal computers will be covered. There will be
parallel streams coveting APL*Plus 1I v5/6, Dyalog APL/W and APL.68000
with:

- Patrick Parkes (the man who wrote the GUI interface for APL*Plus I v5) or an
alternative speaker from Manugistics.

- Peter Donnelly. A director of Dyadic and a designer of Dyalog APL/W.

+ David Eastwood. Managing director of MicroAPL, and an experienced teacher
of APL programming techniques.

To show how the interfaces actually are being used and to give some examples
from real systems we will have:

. David Piper from Eagle Star. David is a regular contributor {o Vector on
system design topics.

+ Adrian Smith from Nestlé. Adrian is the author of *APL, A Design Handbook
for Commercial Systems’ and has worked hard over the years to better
understand the relationship between people and computers.

The workshop will be based on tutorials in which the speaker will present
methods to the workshop and then the delegates will try them out on their
computers. Hach session will be about three hours long, broken at convenient
times by coffee or tea breaks. Lunch will be provided and there will be ample

11
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opportunity for the delegates to mingle and discuss any aspects of the work with
each other and with the speakers.

The venue is not yet fixed but will be within striking distance of central London.
There will be a charge of £75 per head to cover the cost of machine hire and
catering. In order to plan effectively we need to know the number of people who
intend to come, and the streams in which they are interested. Please use the
booking form on page 51.

APL in Business
18-22 July 1994
University College of Swansea

The European Business Management School in conjunction with the British APL
Association is to host an international conference in Swansea next year. The title
‘APL in Business’ is an umbrella term to signify the inter-related themes of
Finance, Operational Research and Statistics which can work together with the
aid of modern computing power to enable more effective management. The
future for APL lies in an effective synthesis of technical expertise applied by
means of APL in co-operation with other software. The conference aims to bring
these application areas into contact with the technical developments in operating
systems, managing technologies and hardware.

Consequently we would like to take this opportunity to encourage participation
from as many of our readers as possible in the following areas:

Finance. Trading systems, actuarial methods, credit scoring.

Operational Research. Rule-based systems, scheduling and rostering,
management information and control systems, genetic algorithms.

Statistics. Statistical modelling in general, experimental design and Taguchi
methods. Forecasting techniques, Economelrics, Bayesian methods, Reliability
analysis.

Technical. Designing fully-functional Windows applications covering the GUI
objects, the Windows DLL’s and the Windows Help engine, Working with
messages, co-operative processing (using APL as one eleinent in a suite of co-
operating applications.

12
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All papers presented at the conference will be published in a conference
proceedings. In addition, selected papers will collectively form the first volume
of The APL Review, a new international refereed journal to be launched by the
British APL Association.

Sessions will take place in the Swansea Conference Centre based on the Taliesin
Arts Centre, which houses a 350-seat auditorium, an art gallery, bookshop and
bank. All the facilities of the European Business Management School will be
available to conference members throughout. The College has its own sports
centre including squash, badminton and tennis courts and a heated indoor
swimming pool adjacent to the campus, making the college a most attractive
conference centre. The organizers are committed to making this a most enjoyable
and fruitful conference — all you have to do is to commit yourself to come and
participate!

Further details will shortly be available in a ‘Call for Papers’. If you would like to
help with the organization of the conference please contact one of us as soon as
possible.

Adrian Smith
Brook House, Gilling East, YORK YO6 4]] Tel: 04393-385

Alan Sykes,

European Business Management School,
Singleton Park, Swansea SA2 8PP

Tel: 0792-295296, Fax: 0792-295626.

13
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British APL Association - Summary of
Annual Accounts 1992/93

Summary of income and expenditure/receipts and payments:

1992/%3 1992/93 1991/92

{R&P) (1&E) {ILE}
£ E £
Income/Receipts
Subscriptions 14710 14979 15303
BCS services 1152 1152 596
Bank interest G584 4584 7583
Vectoer advertising (incl. VAT) 031 4056 5935
Software and publications 1285 1285 372
Total receipts 25762 26056 29789
Expenditure/Payments
Meetings 2598 2526 2774
Administration 2077 2959 / 3982
BCS services 1152 1152 ‘ 596
Qutstanding Achievement Award 500 500 500
APL Statistical Library - - 2155
Vector production and despatch 11259 13815 14549
Education Vector supplement 2658 3396 anay
Conferences and seminars - - di28
Projects 921 1023 4937
Other 1299 1173 1537
Total payments 22463 26544 35972
Assets summary:
Bank and other balances TH072 70773
Debtors 5510 5100
Crediters (6393) {2196)
Net assets 73188 73677

Notes
1. Pence figures have been omitted, so columns may not add exactly.

2. The value of stocks of Vector and the Software Library have not been assessed,
nor has the value of the Association’s computing hardware and software.

14
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Minutes of the Annual General Meeting
at the IEE on the 11th June 1993

The meeting began at 14:06. The minutes of the 1992 AGM were approved.

Election of Officers

The chairman reported that, as one of the two candidates for the only contested
post, that of recruitment, had decided instead to stand for the vacant post of
activities officer, there was no need for a ballet. He therefore presented the new
committee to the meeting,

Peter Donnelly is standing down as activities officer due to the pressure of his
work and the chairman expressed the thanks of the BAA for the work he has
done on the committee over the past five years. Peter Branson is also unable to
continue in the post of recruitment officer. Thanks were extended to him for his
valuable service, both as recruitment and as activities officer before that.
Jonathan Barman having been the editor of Vector for three years is to become
the technical officer. It was noted that during his time as editor Vector had been
interesting, timely and professionally produced. Anthony Camacho was moving
after three years as secretary to be the new editor of Vector and is replaced as
secretary by Duncan Pearson. The new activities officer is Richard Weber, a
lecturer at Doncaster College of Further Education, and the new recruitment
Officer is Mark Harris of Kestrel Consulting. Other officers continuing in their
posts are David Eastwood — Chairman, Nicholas Small — Treasurer, Misha
Jovanovic — Publicity and George MacLeod — Projects.

Treasurer’s Report

For 1992/93, figures are shown both as income and expenditure, ie. revenues
strictly relating to the activities of that year, and as receipts and payments, i.e.
what goes in and out of our bank account. The comparitive figures for 1991/92
relate to income and expenditure (which are as presented at the AGM last year,
being a revised version of what was published in Vector 9.1).

The three main net adjustments made to the receipts and payments figures to
arrive at those for income and expenditure related to the cost of producing and
distribuling Vector 9.4, the associated Education Vector, and late claims for
expenses by committee members.

15
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Chairman’s Report

The chairman reported that the year 1992/3 had seen the bid to hold APL94 in
York rejected by the board of SIGAPL in favour of a conference in Antwerp. It
was thought that this was not due to any demerits of the bid but rather that there
had been two major APL conferences in the UK in the [ast decade.

The BAA had given financial support (£1000) to a project by lan Clarke on the Apple
Mackintosh 1o write and market an educational software building tool using I-APL as a
scripting language. This tool, APLomb, received its UK launch at the meeting which
followed the AGM. The organisers of APL93 in Toronto have set up a fund to finance
the travel to Toronto of Russian APLers who would otherwise find it impossible to
attend. The BAA have contributed £1000 to this fund. '

In the coming year the Chairman highlighted the proposed change in the format of
meetings with the all-day GUI workshop in November and with support for the
business and statistics conference to be held by the European Business Management
School at Swansea from the 18th to the 22nd July 1994. The BAA is also launching The
APL Review, an academic refereed APL journal about which the chairman hoped he
would have some more news at the next annual general meeting.

Audit Arrangements

The audit arrangements were approved.

Outstanding Achievement Award

The award was presented to Roger Hui, represented in his absence by Paul Chapman,
for his work on the implementation of ]. Paul read the following short message of
thanks from Roger, “I am honored and gratified to receive the award. Thank you.”

The meeting closed at 14:20.

APL93 Russian Fund — Further Funding

Anthony Camacho read a letter from Robert Bernecky and Benjamin Best of the APL93
organising committee saying that the Russian Fund had grown to nearly US$3,000 by
the end of February but that there had been no further contributions by the end of
April, and explaining the aims of the fund. Part of the letter is reproduced below. The
sum did not include the £1000 from the BAA. He then proposed two alternative means
for supporting the fund further, that had been discussed by the committee.

1. That the letter below be sent to all members of the BAA with payment details
to enable them to contribute personally.

2. That the BAA make a further contribution of £500.
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He pointed out that the expenses involved in the first option (postage and
exchange costs on individual payments) might exceed £400. The committee had
discussed the two opltions and was in favour of the second. Anthony took a vote
to gauge the feelings of those members present at the meeting. The second
option was preferred by a large majority.

Fart of the letter from Robert Bernecky and Benjamin Best follows.

The APL93 Program Chair has now accepted papers from four Russians for
the APL93 Proceedings, three of whom cannot attend APL93 without financial
support {the fourth is living and working in the United States). The first
priority of the APL93 Russian Fund is to bring these three contributors, plus
one of the APL92 organisers, to Toronto. Another group of Russians have
written an expert system in APL, which they would like to demonstrate. It
would also be nice to bring some of the SovAPL founders as well as APLers
from the other former Soviet Republics. We would like to bring 8 to 10 if
possible. But this would mean much more money — perhaps U5$20,000 —
and fairly soon since the getting of Visas can be time-consuming.

The average Russian income is about US$25, but Russia is not just another
Third Werld country. It is a country of many highly educated people and very
many skilled scientists, In a country where chess is the national sport and
computers must be adapted to a different alphabetic system, APL has a chance
to grow and flourish. By helping Russian APLers to be a part of our
community, they can acquire the resources to promote the use of APL as part
of their new, emerging society.

Some people question why there should be a fund for Russians specifically,
rather than for Eastern Europeans, students, APLers from other poor
countries, or APLers under economic hardship. This fund was an act of
gratitude for the APL92 conference in Russia — and for the groundbreaking
efforts to make that conference a reality. The fund is a recognition that the new
connections have been made and should not be lost.

The original objectives of the APL93 Russian Fund were modest. In fact there
were moments in the Fall of 1992 when one of us (Ben Best) had fears that he
would have to top the fund with money from his own pocket io pay for even
one Russian to attend APL93 (after having already spent hundreds of dollars
on postage). If this fund is successful, however, it can be the precedent for a
“World APL Conference Attendance Fund”. It may be that we have colleagues
in Eastern Europe, India, China, South America etc. who would submit papers
and attend our conferences if they were not subject to such severe economic
constraints.
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We just couldn't
leave well enough
alone!

Graphlest

(= APL*PLUS 1l Version 5.1

Announcing: APL*PLUS Il
Version 5.1

-Toolbarsl—————,

witl; 3-d Coﬁ..trﬁlsl! [; |Icunls.!- |E

Pluss

: X, Windows Common Dialog Boxes
X} Instant Start-up Windows!

lngPLlTrueTwe Font

[jiFast Form Designl
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APL*PLUS® II for DOS and
Windows™ just got better! It's now even
easier (and a lot faster!) to build
applications using all of the features of
Windows 3.1. There's even a Software
Developer's Kit that shows you how to
easily add third-party custom controls!

And den't forget that APL*PLUS I is
the only APL system that provides you
with a fully-integrated Debugger,
Paradox Interface, fill DDE access, Lotus

and dBase Import/Export, optimized
Assembler functions, the User Command
Processor, a Numeric Data Editor and the
mest powerful session manager available
anywhere!

Get GUIng today! In the UK, phone
Cocking & Drury at 071-436-9481,
Elsewhere, call your local dealer or
contact Manugistics, Inc. in the U.S. at
(301) 984-5412, Fax (301) 984-5094 [or
the name of & dealer near you.

APL*PLUS is a registered trademark of Manugistics, Inc., 2115 E. Jefferson Street, Rockville MD 20852,
Other trademarks are the property of their respective owners.
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News from Sustaining Members
Compiled by Gill Smith

Kestrel Consulting

Our recruiting side is very active; handling both permanent and contract
placements. We are always pleased to hear from people with strong technical
APL skills, particularly when they are combined with sound business awareness
and a grasp of the broader technical context within which APL exists. At the
present moment we would be particularly interested to hear from people with
up to five years of solid APL2; we are also placing people in areas other than
APL, particularly the SAF package.

Consulting activities during the last quarter have included participation in a
large-scale audit of APL use at a major British insurance company (more than
2000 workspaces on the mainframe). We have also been evaluating a
comprehensive Decision Support System written in APL, and would be happy to
discuss requirements with anyone having a particular interest in this sort of
software.

The Kestrel Software Library was announced in the last issue and we have been
(slowly) collecting software; anyone out there with APL tools and utilities which
they would like to see distributed at low cost please contact us. Once again — the
idea here is virtually a shareware one with Kestrel acting only as a central
library. We are happy to distribute full-fledged commercial software as well of
course, on a fully professional basis quite distinct from the Software Library..

Manugistics Inc

Manugistics has had a busy few months since the release of APL*PLUS I1/386
Version 5.0 and APL*PLUS PC Version 11.

APL*PLUS 11 /386 Version 5.1 is now available and is generating a great deal of
enthusiasm. Reviews and articles on application building have already started
appearing in the US. Our customers are telling us that the improved developer
tools and dramatic speedups are just what the doctor ordered.

On the UNIX front, Version 5 development is proceeding apace and we expect to
be shipping well before the next issue of Vector reaches you. This release
emphasizes code compatibility with APL*PLUS I1/386, including the User
Command Processor and the APL2-style language model.
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Patrick Parks has certainly had a busy time recently. Not satisfied with being the
chief developer of Version 5.1, he found time to make two trips to Europe. On
the first one he presented a seminar to almost 200 people in Paris on APL*PLUS
as a development language, emphasizing GUI and DDE. The next day offered an
APLGUI internals class to a smaller, more technical audience. Less than a month
later he was back, demonstrating the power of APLGUI to groups in Finland,
Germany and the Netherlands. Chris Lee also made a similar presentation in
Toronto, Canada in May.

As the APL*PLUS II release work quietens down, more and more of our
attention is being devoted to the design and development of “INCA". We have
just finished a week of intensive design meetings which have given the
developers plenty to do over the coming months. The most exciting thing about
INCA is the frequent realization that programmers won’t have to resort to a lot
of the convoluted ceding tricks they had to use in a pure APL environment. The
incessant chanting by the non-APL community is going to fade away once and
for all!

As well as participating in APL93, Manugistics is holding its own User
Conference here in Rockville. The conference will be on September 20th and 21st
and features presentations, workshops and panels hosted by Manugistics
developers and APL programmers as well as a special presentation by Dr Ben
Shneiderman, a leading authority on User Design Interface Design. We hope to
see some of you there. Immediately following the conference will be a three-day
training course on building professional applications with APLGUI and
APLDDE.

Something else we're really excited about — the first APL*PLUS PC SE (Special
Edition) book has been published. If you didn’t know, we introduced the SE as a
way for authors and educators to provide a fully working version of APL*PLUS
PC with their book or course work at no charge. Maurice Delois of Montreal,
Canada has published “Infroduction to APL*PLUS PC” which is available from
EducAPL Inc., 1120 av du Parc, Quebec, Canada G1S 2W7. The price is $30 for 1-
5 copies and $20 each for more than 5 (plus shipping). Each copy includes a disk
with tutorial materials and a fully working copy of APL*PLUS PC. This has to
provide the best available way for newcomers to learn APL. We invite others to
take advantage of the SE program. Please contact us if you are interested.

MicroAPL Ltd

We are currently finishing off work on an upgrade to APL.68000, which should
be complete by the time this issue of Vector appears. The upgrade is mainly
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devoted to removing those few bugs that have been reported in our Level II
product — either in the original 68000-based version or some that were
generated by the port to the RISC System/6000. Full details of the upgrade will
be issued directly to registered users.

Our applications consultancy work continues to be almost entirely non-APL and,
as mentioned in the last issue of Vector, we held a seminar in London at the end
of April entitled ‘Developing Windows Applications’. This was held jointly with
Maddox Ford Ltd and the principal speakers were Richard Nabavi of MicroAPL
and Brian Drury of Maddox Ford.,

Richard Nabavi opened the seminar by discussing the convergence of Client-
Server computing with Graphical User Interfaces and outlined the various types
of GUI development tools that are available — ranging from end-user enquiry
applications through to simple tools like Visual BASIC and then on to the
professional programming tools such as PowerBuilder. He illustrated his talk
with various case studies that MicroAPL and Maddox Ford had been involved
with. Brian Drury addressed the issue of managing GUI development projects
and the lack of fully thought-out methodologies for GUI development.

The seminar concluded with the presentation of a checklist for the selection of
GUI development products.

Dyadic Systems Ltd

Dyadic is delighted to announce excellent progress with the new Motif version of
Dyalog APL (ingeniously code-named Dyalog APL/M) which, together with the
latest release of Dyalog APL/W for MS-Windows will be the focus of the
company’s exhibit at APL93 in Toronto. As many of you know, this “news” is
written far ahead of publication date, so it is difficult to say how much of the
port will be completed by August. However, by mid-June many of the GUI
objects (FORMS, BUTTONS, ete. and even some graphical objects) were working.
When complete, Dyalog APL/W workspaces developed under Windows on a
PC will run unchanged under Motif on a UNIX workstation, such as the IBM
RS/6000. This cross-platform portability will appeal to software developers
wishing to market products to a wide cross-section of end-users.

At APL93, Dyadic will for the first time be hosting a number of third-party
products developed for Dyalog APL/W. There will be several complete
applications on show. The first of these is FREGI, an extremely powerful multi-
dimensional planning and control system from Kunzle Planning Systems. The
second application is JERRY, a decision-support system similar in concept to
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AD], developed by Adviseurs in France. Finally, Dyadic will show an early
version of a business graphics application produced by Greymantle Associates
which aims to provide very high-quality hard-copy output in addition to the
usual attractive screen presentation. All these products take full advantage of the
Dyalog APL GUI support and are excellent examples of professional APL
applications.

There will also be several add-on products that will appeal to the Dyalog APL
developer community. GDDME from Lingo Allegro is a complete emulation of
GDDM for Dyalog APL/W including full text and graphics support. It runs as a
separate invisible task and is driven from APL by shared variables, just like
AP126. This product enables you to port mainframe AP126 applications to
Dyalog, APL/W with only a few minor changes to the screen driving code.
SQAPL is an extremely exciting product developed by Insight Systems in
Denmark. It provides the mechanism for Dyalog APL applications to function as
both clients and servers using SequeLink Client/Server Middleware from
TechGnosis. In practical terms this allows your APL/W application to talk to
most SQL databases running on any computer system to which your PC is
networked. SQAPL also provided the capability for APL/W workspaces to
offload computational and/or data retrieval tasks to Dyalog APL running on a
more powerful UNIX server. In short — true client/server computing for APL.
Finally, Dyadic will be demonstrating Adrian Smith’s superb presentation
graphics package which has already been adopted for a Dyalog APL/W
Executive Information System developed in Finland.

If you will not have the opportunity to view these products yourself at APL93,
please call Dyadic for details.

Dyadic is also pleased to announce an implementation of Dyalog APL for the
DEC Alpha AXP running OSF/1. With a SPECmark92 rating of up to 160 (Inte]
claims 64.5 for a 66MHz Pentiumn) the DEC Alpha promises to push the level of
performance of an APL workstation even further towards mainframe capability,
and perhaps even beyond.

Soliton Associates Limited

Soliton Associates Limited is a newly established software company which has
acquired assets related to the APL software business from Reuters Information
Services (Canada) Limited. Soliton Associates now owns the right to develop,
market, sell and support SHARP AFPL and the application software products:
VIEWPOINT, an end-user reporting facility; MAILBOX, an electronic mail
system; and LOGOS, a development environment for APL applications.
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SHARP APL was originally developed in the 1970s by L.P. Sharp Associates. It is
both a powerful computer language and a high-performance computing
environment, supperting high-availability, multi-user, shared-data applications
on mainframes and workstations using client-server technology.

Soliton Associates supplies its products and services worldwide and has
assumed full responsibility for existing international SHARP APL customers,
which include Reuters. President, Clarke Bruce, says “Soliton Associates is
focused on continued development of SHARP APL and on the development of
new products and new markets that will allow it to become a more broadly
based software company.”

Soliton Associates employees represent collectively over 250 years of SHARP
APL business and technical experience. Clarke Bruce says “The company is
committed to continuing the heritage of quality products and services from
Reuters and LP. Sharp Associates.” The Soliton Associates managetnert team
managed the APL business within Reuters, and includes: President, Clarke
Bruce; Marketing and Sales, Nancy Lamb; Research and Development, Mike
Symes; Software Manufacturing and Support, Margot Tate; and Finance and
Accounting, Robert Duncan. The company is headquartered in Toronto, Canada,
with offices in Rochester, USA; Coventry, England; and Amsterdam, the
Netherlands.

Product announcements from Soliton Associates for the 3rd and 4th quarters
1993 include new releases of SHARP APL for UNIX, MVS-to-UNIX connectivity
products and interfaces for the MVS and UNIX environments. SHARP APL
Version 21 for MVS is scheduled for general distribution in the 1st quarter 1994.

APL93, the 1993 International Conference on APL, will be held in Toronto on
August 15-19, 1993. Soliton Associates is active in the organisation of the
conference, with Elena Anzalone as Proceedings Editor, Kirk Iverson as Software
Exchange Coordinator, and Larry Moore as Conference Chairman. Don’t miss
Soliton Associates’ booth and forum at APL93.

The Soliton Associates head office will relocate in Toronto in July 1993. New
telephone numbers were not available at the time of writing. Mainframe
development activities were recently relocated from the Reuters Toronto Data
Centre to a new site in the Toronto area.

For information about Soliton Associates products and services contact Laurie
Howard, Soliton Associates Ltd, Amsterdam, Tel +31 20 570 8733, Fax +31 20 570
8758, or Nancy Lamb, Soliton Associates Incorporated, Rochester, USA, Tel +1
716 256 6466, Fax +1 716 256 6469,
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Editorial

Welcome to the APL93 edition of Education Vector. This year’s International
Conference on APL is at the University of Toronto, Ontario, Canada, August 15-
19, 1993. The British APL Association Journal, Vector (which includes Education
Vector), will be available at the Conference, and the Association will be well
represented both by speakers and by other delegates. Members of the
Association will already have seen in the last edition of Vector the list of
Abstracts of Accepted Papers, covering a very large selection of topics, and
showing that APL is alive and well throughout the world.

The Guide to Low-Cost APLs in the last edition produced quite a lively response
from various readers. If there is sufficient interest, I shall try to compile some of
the ideas into a follow-up article. Dick Holt, who wrote the original Guide, now
has a new address: HRH Systems, 3802 N.Richmond St, Arlington VA 22207,
USA. Also the BBS telephone number, from which APL*PLUS demo and
TryAPL2 can be downloaded, is now 703-528-7617 (prefixed by US code). To use
this line, set your communications package to 2400 baud, no parity, 8 data bits, 1
stop bit and full duplex.

An addition to the “low cost” list is a new 300-page tutorial “Introduction to
APL*PLUS PC” by Maurice Dalois of Quebec. The book costs $30 and is
accompanied by a disk with an “educational” version of APL*PLUS called
APLSE which appears to be an almost complete APL*PLUS version 10. As I write
this, I have just received a copy, which I shall review for the next edition. It is
available from EducAPL Ing, 1120 av du Parc, Quebec, Que, Canada G15 2W7.

In this edition we have another contribution from Ted Emms, taking an APLer's
look at the well-known Chess Queens problem, with a challenge to readers at the
end. 1 have added a note about the game of Cows and Bulls, which ! hope may
tempt someone to write another solution program — programming the games
themselves is a lot easier than programming the solutions!

As always, we are keen to hear from anyone who has new ideas in APL and
would like to tell us about their latest projects. We are also looking for new
members for the British APL Association.

Application forms are available from Rowena Small, 8 Cardigan Road, London,
E3 5HU. Tel: 081-980 7870. UK subscription is currently £12 (students £6).
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Step by Step Analysis of Variance

by Alan Mayer

The statistical procedure called Analysis of Variance {or ANOVA for short) was
designed by statisticians with the specific purpose of striking terror into the
hearts of all who dare to practise the Black Art (hereafter called Stats, or, for our
friends over The Pond, Stat) without consulting the gurus. Tt is full of terms like
Error Sum of Squares, Adjustment for the Mean, Degrees of Freedom... Of
course, lots of people do their Stats these days with the help of big Statistics
Software Packages, which do their best to hide the complicated bits and present
neat little tables of results. This is very satisfactory for the Average Person — but
we're not Average Persons, we're APLers and we want to find out what's going
on inside the packages! And with a little bit of APL that's exactly what we'll do.

First let's have a lock at a typical ANOVA problem. Suppose a gardener has four
propagators, with six plants in each propagator, and he wants to try out four
fertilisers, A, B, C and D. On a certain day, he treats all the plants in the first
propagator with fertiliser A, all the plants in the second propagator with
fertiliser B, and so on. After a week he measures the growth of each plant in mm.
His results may look something like this:

Growvth {(mm}

Fertillser A ] 6 6 H i 7
Fertiliser B 2 3 3 1 7 5
Fertiliser ¢ 5 3 1 g o 3
Fertiliser D 7 7 A5 7 11 a

The sort of question we might want to ask now is “Have the different fertilisers
caused different amounts of growth?” Let's get the data into APL and
experiment a bit.

Enter the data into a table:

TAB+4 6p8 6 6 5 4 7 2 3 317 553144377 157 11 8

TAB
B6 &5 47
23 31 75
53 148 43
7 7 157 11 8
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Are the rows different? Let's try adding them up:

+/TAB
36 21 20 55

Certainly the totals seem to be different — Fertiliser D has produced a total
growth of 55 mm, while fertilisers B and C have produced only 21 and 20
respectively. But does this mean that fertiliser D is better than the others? After
all, we would be most surprised if the totals were all exactly the same, so some
sort of difference is to be expected. How big does the difference have to be for us
to consider it meaningful or, as statisticians say, significant?

The answer to this problem depends on the amount of variation in each of the
rows of figures. If all the values in the first row (i.e. the plants in the first
propagator, treated with fertiliser A) are close to the average value of 3636 =
gmm, and all the values in the second row are close to 2146 = 3, 5mm and so
on, then these differences will be significant. On the other hand, if the figures
vary a lot, the differences may be put down to “random variation”. This is where
the idea of Analysis of Variance comes in.

We need a different approach — one in which we measure how much variation
there is in the figures altogether, and then measure how much of that variation
can be explained by the differences between the averages of the rows, and how
much of it is due to the variation inside the rows themselves.

We will start by working out the Grand Mean (the average of all the figures) and
subtracting it from the whole table:

GM+(+/,TAB)+p ,TAB
GM
5.5

So the average growth over all the plants is 5.5 mm.

TAB2+TAB-GM
TAB2

With the removal of the mean, we are left with a table representing the total
variation about that mean, but what is needed is a single measure.
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Let us experiment:

+/,TAB2
0

Of course, adding the values together achieves nothing, as the positive numbers
cancel out the negative ones,

+/,|TAR?
57

Our second attempt, adding together the absolute values of the entries in the
table is more hopeful. In fact, for mathematical reasons, a more suitable measure
is obtained by summing the squares of the entries:

POTSS++/ , TAB2#2
Torss
230

This value, the Total Sum of Squares, is the quantity which must be apportioned
between the two causes previously described (between-row variation and
within-row variation).

Next we turn our attention to the means of the four rows:

+/TAB2
3 T12 T13 22

These are the row totals, which now sum to 0. The means may be found by
dividing each row total by 6 (i.e. (pTAB2) [21):

RONMEAN+(+/TAB2)+{pTAB2}[2]
ROWMEAN
0.5 "2 T2.166666667 3,666666667

To isolate that part of TOFSS which is attributable to the difference between
these row means, we must subtract 0. 5 from the first row of T482, ~ 2 from the
second row, and so on.
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To do this we create a matrix by reshaping ROVMEAN:

OFPFP+&

& 4pROWMEAN
0.5 "2 T2.16667 3.66667
0.5 T2 "2.16667 3.66667
0.5 T2 "2.16667 3.66567
0.5 "2 T2.i6667 3,666B7
0.5 72 "2,16867 3.66667
6.5 "2 T2,16667 3.66667

This first effort is in fact the transpose of the required matrix:

®6 UpROWMEAN

0.5 0.5 0.5 0,5 0.5 0.5
~2 ~z 2 ~2 ~2 ~2
~2.16667 ~2.16667 ~2,16667 ~2.16667 ~2.16667 ~2.16667
3.66667 3.66667 3.666G67 3.66667 3.G6E6B7 3.6B667

So our third table is obtained by

TAB3«TABZ-%6 UpROWNMEAN

TAB3

2 0 0 1 ~2 1
1.5 ~0.5 ~0.5 2.5 3.5 1.5
1.66667 ~0.333333 ~2.33333 O0.666667 O0.666667 ~0.333333
~2.16687 T2.16667 5.83333 2.16667 1.83333 ~1.16687

This rather cumbersome method of creating the matrix of row means can be
avoided by use of the more powerful (and perhaps more APL-like) dyadic
transpose. Consider the three-dimensional matrix TAB2e.-ROWMEAN. To
produce the (ij)th component of TAB3 we need the (ijjth component of TAB2
minus the ith component of ROVMEAN. In other words, the (i,j,i)th component of
TAB2 o . ~ROWMEAN. Hence the required left argument for the dyadic transpose
is1 2 1:

1 2 1%PABZ<.-ROWMEAN

2 0 0 1 2 1
1.5 6.5 T0.5 2.5 3.5 1.5
1.66667 ~0,.333333 ~2.33333 0.666667 0.6G66667 T0.333333
T2.16667 ~2.16667 5.83333 ~2.16667 1.83333 ~1,1€667

TAB3 represents the variation which cannot be explained in terms of the
differences between the row means.
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The corresponding sum of squares is therefore called the Error Sum of Squares:

ESS«+/,TAB3Ix2
ESS
95,6667

Of the original Total Sum of Squares (230), we have therefore attributed all but the
remaining Error Sum of Squares (95.6667) to the effect of the different fertilisers.
This amount of variation explained by the effects of the particular treatments
given to the different plants is called the Treatment Sum of Squares:

PSS«{+/,TAB2x2}-+/ ,TAB3*2
T58
134,333

Rather more than half of the original variation has been accounted for — but is
this enough for us to decide that the differences between the fertilisers is
significant? To complete our task, we must now perform a statistical test called
an F-test. This involves dividing the Treatment and Error Sums of Squares by
magic numbers called Degrees of Freedom, which are very simple to calculate, but
much less simple to justify.

If there are R rows (in our case 4) and & grand total of N observations (our N is 24)
then the Treatment Sum of Squares will have B-1 degrees of freedom, and the
Error Sum of Squares will have ¥-R. Our values are respectively 3 and 20. Using
these values, we work out the Mean Square values by dividing the degrees of
freedom into the sums of squares. So the Mean Square for Treatment is

M5T+T55+3
MST
44,7776

And the Mean Square Error is

MSE+ESS+20
MSE
4.78338

The F statistic is simply the ratio between these two values:

FP+MST+MSE
F
9.36121
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This is the ratio that really matters — not so much the fact that “rather more than
half of the original variation has been accounted for”. We now ask whether this
is the sort of F-value we might expect if all the variations between the row means
were due to chance (not to the effect of different fertilisers). To check this, we can
either turn to a book of statistical tables, and lock up the relevant critical value
(with 3 and 20 degrees of freedom} or we can use APL.

The function FTAIL, listed at the end of this article, calculates the probability
that we would observe a value as extreme as ¥ if there were really no differences
between the fertilisers. The left argument is a vector containing the two degrees
of freedom. If this probability is small (less than 0.05 say) then we can conclude
that the fertilisers are really different.

3 20 FTAIL F
0.000452101

In this case, we have a probability of about 0.00045. In other words, there is less
than one chance in 2000 that these results could happen by chance. It is
reasonable to deduce that there are significant differences between at least some
of the fertilisers.

This particular version of FTATL loops until a sufficiently accurate value has
been achieved. The algorithm is good, and produces accurate results, but the
looping approach is not really in the best traditions of APL. Perhaps some of our
readers would like to offer something better. We will publish anything that
works!

[o] B+X FTAIL Y;X;P;Q:PQ;PP;QQ;:CX;TM;A:5;R;TP;I;G;XX
[11 X+K[2]+K[2]+K[11 =Y

£z2] P+X[2]3%0.5

[a] Q+X[13x0.5

[4] PR+P+Q

[5] +(P<PQxX) /51

[6] XX+X
[71] PP+P
£el QQ«Q
9] CX«i-X
[10] ~+CT
[11] S1:XX«1-X
[12] C€CX+X
[13] PP+Q
[1%] QQ«P
(151 CT:TM«1
161 A+i
173 B+1

[18] S+LQQ+CXxPQ
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[19]
[20]
[21]
[22]
[23]
(zu]
£25]
r26]
[27]
[28]
[29]
[20]
[31]
[323
[3a]
f3u]
[35]
[36]
[37]
[as]
[a9]
[ucd

Note that FTAIL calls the function LOGGAMMA, listed below:

[ol
[1]
[23
£al
4]
[51
[6]
£7]
£s]

R+XX+CX
ST0:TP+QQ-4
+(S20)/CT2

R+XX

CT2 : TM+«TH=TPxR+FPP+A
B+B+TM

TP« \TM
+((TPs0.00000C1)A{TP<Bx0,0000001))/5EC
A+A+1

S«5-1

>(S=20) /870

TP+PQ

PQ+PQ+1

+>07r2
SEQ:G+LOGGAMMA +/K
G+G-LOGGAMMA K[1]
G+G-LOGGAMMA K[2]
B+Bna (G+{PPxeXX)+(QQ-1}xeCX)
B«B+PP
+(P<XxP+Q}/CT3
B+i-B

CT3:8+1-B

S+«LOGGAMMA K+ II
S«

I«K

+{Ks2) /57
LB:I+I-2
S+«5+eIx0,5
+{I>2)/LB
Sr:+(0=2|K}/0
5+5+0.57236494
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Backtracking, Queens and Permutations!
by Ted Emms

We are all familiar with the concept of backtracking in everyday life. When
presented with a choice we make a selection, and pursue that until we are
successful in our aim, or we reach an impasse. If we ‘get stuck’ we retrace our
chosen path and select one of the other alternatives. If this process is carried out
in a methodical fashion, we will (if it is possible) achieve our aim.

A classic recreational problem is to place 8 queens on an 8x8 chessboard so that
no queen attacks any other queen. A queen attacks any piece which is in the
same row or column or on one of the diagonals through its square. Backtracking
provides a methodical way of solving such a problem. We will choose the
simpler problem of placing 4 queens on a 4x4 board to explain the method.

In Figure 1a we have placed a queen on the first row (R=1) and the first column
(C=1). We cannot place another queen in that row so we consider row 2. We
consider column 1 (€=1) but a queen at that square would violate the conditions.
Similarly for C=2, but we can place a queen at €=3 (Figure 1b). We now move to
row 3. We try C=1 through 4 but in every case the conditions are violated. We
are ‘stuck’. So we backtrack. We return to row 2 to find the queen at €=3, We try
the square to the right (C=4} and this is acceptable (Figure 1c). We now move
once again to R=3 and this time we find that it is possible to place a queen at
C=2 (Figure 1d). On to row 4, but once again trying C=1, 2, 3, 4 we get stuck.

Backtrack to row 3 and try moving the queen at C=2 to the right. It is not
possible, so we continue to backtrack to row 2 (Figure le). We cannot move the
queen at =& to the right, so we backtrack to R=1 (Figure 1f). At last! We can
move the queen at =1 to C=2 (Figure 1g). We can fit in a queen at C4 in row 2
(Figure 1h), then a queen at C=1 in R=3 (Figure 1i}, and finally a queen at C=3 in
row 4. Success!

We have a solution (Figure 1j). But we haven’t finished, because we can
backtrack again to find further solutions. Figure 1k through to Figure 1o take us
to a further solution at Figure lo. If we again carry out the backtracking routine
we find eventually that we are trying to place a queen in row 0 (R=0) which does
not exist, so we must have found all solutions (2 in this case).
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Figure 1
(a) {b} (c) (d}
R e o o -—
S RN NN DN TN [ RS DUV SNV UG o PR PRI PR, B | RO D PR PR
PSR SN N R TR T AN DU JMNN NN o RO DR PR P e I
P3N NN RN DU DU T NN VRN - T U o RN SN P (A | Y U U PO A
PO YN TN Y DY Y U DN DG oy RN DU T JR RO P |
c 1 2 3 & 1 2 3 4 i+ 2 & & 1 2 3 &
(e} {1} (q) (h}
R - _— e ~ —_— —
il [ DU DY (R | [N DY MY T NN DO AU DN o NG PN RSN puony |
2 | SRR RN RN NN AU Y DOV oy D N DUNS VY USSR PRV RSO S
F I Y U SN N WY | (Y R N (NS RS NN PR o PR ORI PR B By
A O N NN U T - NN MU NN T NS T DU oy UV Oy RSN PR
¢ 3 2 3 4§ + 2 3 & & z 8 & 1 2z & 4
(%9 (S B] (x) (1)
R — — — —_ [
P R Y DO VNN PR SN - VNN e U N R R RS R SN puy
P - N DR (NN NN O YN NN N O TN NN DU DUy RN VSRS RSy PR
S DS A VR Y00 T R N U 0 T NN VRN RN o S . ORI NN PR pEL
(YO S % Y O N DO Y NS O e NG - RO DN o PR L. DRSS P
c 1 2 3 L3 1 2 3 L] 1 2 3 4 1 Ky 3 4
{m} (n) (a)
R e e
P YO Y NN DN RO S N NNV UMDY DU (o UV DO A DU puy
2 o)} SN PR PRV [ RSN RN DY PO |
YN IR Y PN NN o - Y N NN RNV [ - PN PO SO |
YO N NN T NG T N PRV - NN o P SR O S
c 1 2 3 & 1 2z 3 4 1z 3 &

We now have to use this methodology in writing a program in I-APL to find
solutions. Experience suggests that we can break the problem up into four
routines:

.(1) A routine for placing queens moving up the board (R increasing). This we
shall call U P.

(2) A routine for removing queens and moving down the board (R decreasing).
This we shall call §D¥.

(@) A routine which acts as the master, calling QUF and QDN as necessary. This
routine can also contain any initialization routines, We shall call it QMAIN.

(4) A routine which prints out the results in a desired form. This is called @PR.

We can represent the state of the board by a vector 4 which describes how the
seens are placed. Thus A+2 & 1 3 would represent the position in Figure 1j.
An empiy row may have a zero so that the position in Figure 1n would be 4+3
100
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(o]
[1]
(2]
3]
(4]
[53
[&]
[7]
rsl
£91
103
[11]
f12]
[13]
[14]

QMAIN N;A;B;Z;R;C;:55
A+Npo

B+(2xN}p' 3"

'Solutions as vectors {0) or as a board {1})'
Z+[

R+1

c+0

58+0
LOOP:QUP

+(R=0)/CVER

s {(R={N+1})}/'QER"

QDN

+LOOP
OVER:'ALL DORE'

'Total Solutfons = !',¥55

The size of the board is N. B is a vector used in QPR. Z records the choice of
display. §§ is the score of solutions, The main loop is contained in lines [9]-[12].
This repeatedly calls QUP and QDN. If a solution is reached line [10] recognises
this and calls the print routine §PR. Line [9] detects when all solutions have been

obtained.
[o] QUP: Y LM
[1] LPO:C+C+1
[2] +{C>N}/O0UPUP
[a] ¥+0
fu] LP1:Y+Y+1
{5] M« |{C=ALY])
[6] L+R-Y
[7] +{M=0}/LP0
[&3 +(M=L)/LF0
(el +(¥<N)/LPa
[18] A[R]~C
(11] ¢+0
(123 R+R+1
[13] =LPO
[14] OoUTUP:

Line [2] detects if we are ‘stuck’. Lines [4]-[9] form a loop which tests whether
placing a queen at C, R violates the conditions. This test is carried out for each
queen already placed. M is the difference in column numbers. If the absolute
value of ¥ equals R-Y then the two queens being examined are on the same
diagonal. If the conditions are violated, lines [7] or [8] return us te ZPO and we
try the next column. If the conditions are not violated a queen is placed (line {10])
and we move to the next row in order to try to place another queen.
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[e] QDN

£1] R+R-1

[2] +(R=0)}/0UTDN
L3l C+A[R]

[4] A[R3+0

(5] OUTDN:

In this routine we go back a row. Line [2] detects whether R has got to zero.
Otherwise the column number of the last queen place is recovered in line [3] and
the queen is removed by line [4].

[o] QPR;D;E YV
[1] S5+55+1
[2] +{Z=1)/0N1
[31 'Soln. NFo: ",(¥85),'..... 'LFA
[u] +0UTPR

[5] ONi:V+N+1
{61 LP2:V+V-1
7] D+B

[8] E«A[V]

[9] DL2xE}«'Q!
fi0] D

113 +{¥=1})}/LP2
[12] (2=xN)p'x'
[131 OUTER:

The printout routine uses the value of Z to give either a vector output {line [3]) or
a board (lines {6]-[11]). The routine inserts a ‘Q’ in the row vector B set up in
QMAIN.

The program is set in motion by the call QMAIN N where N is an integer
representing the number of queens to be placed. I suggest you keep ¥ reasonably
small until you are sure you have the program working.

The relationship between backtracking and recursion is very close. Some would
say that backtracking is just one form of recursion. The standard way for a
program to find factorial 1, for example, by recursion is for the program to call
itself repeatedly whilst 2 is decremented down to a value where the result is
known (! 1) and then retrace its path (backtrack?) upwards till the value of n! is
calculated.

Let us now consider the problem of placing 5 different articles (we will call them
A, B, C, D and E) in 5 ordered boxes. We could impose conditions (such as A
must not be adjacent to B) but we will not do so. The first solution will be
ABCDE. Using our backtrack technique, we will get ABCED for the next
solution. Tt is rather surprising to realise that we have a method for getting all the
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permutations of the 5 items! Writing the program in four routines following the
ideas already given we have PAMAIN, PAUP, PADN and PAPR.

It is slightly simpler than the Queens program as it is not necessary to have an
RR array. The rest follows the same pattern as the Queens program. The program
is set in motion by the call PAMAIN N where ¥ is the number of items to be
permuted. Again, try it with small ¥ to begin with.

[o] PAMAIN N;L;U;A;X:R:55
[1] L+654+{65+N)+04V

[21 U«Npo
£33 A+Q/' Q!
[4] X+0

[5] R+1

[&6] §5+0

[7] LOOP:PAUFP
[s] +(R=0)/0VER
£9] ¢ (R>N} /' PAPR"

(101 FADN
(121 =+Lgor
(12] OVER:'ALL DORE.!
(i3] ‘'Number of permutaticns = ',¥85
[0] PAUP [o] PADN; Q
(1] LFo:X+X+1 £aj R+R-1
(2] ~{(X=N})/ 0UTuP [2] +{R=0)/0UTDN
[3] +(ULCX1=1)}/LPO L3l Q+AL[R]
[43 VLX1+1 4] X+L1Q
[5] A+«4 ,L[X] £s] ULX1+o
[&] R«R+1 [6] A«("1+pd)p4
[7] X+0 [7] OUTDAN:
[8] +LPo
{9l oUrTUP:
ol PAPR
[13 S5+55+1
[21 4

It is an interesting challenge to modify the program so that it will permute a
number of articles where some are identical, The permutations of the word
APPLE would be less in number than the permutations of the word AMPLE.

[Ted Emms has provided a solution to this challenge, to be printed next issue. Any other
offers? - Ed ]
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Cows and Bulls
by Alan Mayer

This game has appeared in many different forms under many different names
for more years than I care to remember. The computer chooses a random
selection of letters, and the player takes a guess at what the list may be. The
computer then reports the number of bulls (correct letters in correct places) and
the number of cows (correct letters in incorrect places). The idea is to get the
correct solution in as few attempts as possible.

In my version, you can choose how many distinct letters can be chosen, and how
long the list should be. For example if the game is initiated by the command
4 COWBULL 5 a vector of five letters will be selected from A,B,CD (i.e. there
must be at least one double). On the other hand § COWBULL 4 will select four
letters from A,B,C,D,E.

[o] M COWBULL W;BULLS;COWS;ENTRY;I:INDEX;S0URCE;TARG2; TARGET
[i1 « # IS FO.OF LETTERS ALLOWED, N IS NUMBER OF VALUES IN TARGET
C2] SOURCE+M} ' ABCDEFGEIJKLMNOPQRSTUVHXYZ' o Derine avallable letters

€3] TARGET+SOURCEL?NpM] n Ceperate target string

4] I+t n Initialise attempt number

[5] LODP:'ATTEMPT '.,7vI a Start lgop: prompt for entry
[6] ENTRY+ a Enter attempt

[71 +( (pENTRY)»pTARGET) [ERROR an Check length of entry

-2 +{M<[SOURCE\ENI'RY } /ERROR2 n Check valldity of entry letters

f9l TARG2+TARGET

[10] BYLLS++/TARG2=ENTRY ¢ount number of bulls
C11] ~{BULLS=K)/ERD s Stop If entry is correct
[i2] IKDEX+TARG2=ENTRY

E 3

[131 TARG2+INDEX/TARG2 a Remove bulls from target
{14]) ENTRY~INDEX/ENTRY n Remove bulls from entry
[15] TARG2++/SQURCEs.=,TARG2 a Freg., of letters ln TARG2
[16]1 ENTRY++/SOURCEe«.=,ENTRY s Freg. of letters In ENTRY
[17]1 CONS++/TARG2ZLENIRY s Calculate no. of cows

[18) (vBULLSY,' BULLS, ',{¥COWS},' COWS.' n Print no. of bulls and covs
[19] T+I+1 n Increment attempt pumber
[20] =+LCOP n End of loop

[21] ERRCR:'WRONG NUMBER OF LETTERS! n Error: wrong length entry
[223 ~LOOP

23] ERROR2:'INVALID LETTER(S)' n Error: wrong letters entered
[24] -+LooP

[25] END:'CCRRECT! YOU TOOK ',(¥I},! ATTEMPTS.' a Successrful completion

Error messages are produced (a) if the length of any attempt is not equal to the
length of the target (specified by the right argument) and (b} if any letters are
used which are not in the allowed list (specified by the left argument).
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Let’s see how the game is played.

4 COWBULL 4
ATTEMPT 1
ABCD
& BULLS, 3 COWS.

ATTEMPT 2
BABC
2 BULLS, O CoWS,

ATTEMPT 3 DAAC
3 BULLS, 0 COWS.

ATTEMPT 4 DADC
CORRECT! YOU TOOK 4 ATTEMPTS.

Our choice of 4 COWBULL 4 produces a vector of four letters chosen from
AB,C,D. Our first attempt, ABCD, produced 0 bulls and 3 cows. In other words,
three of the letters are correct, but all are in the wrong place. Clearly one letter
must be dropped, and another must be doubled up to take its place.

Our second effort, BABC, is consistent with what we know so far. We have tried
dropping D and doubling up on B. The result is very useful - 2 bulls and 0 cows.
B was the wrong one to double; there must be at least one D.

The third attempt, DAAC, is consistent with the previous results, and produces 3
bulls and 0 cows. The D must now be in the right place, as must the first A and
the C. The only possible solution is now DADC,

If you find this logic a bit trivial, and you have a few hours to spare, try 10
COWBULL 10 oreven 26 COWBULL 26.

Finally, for all you programmers, I've done the easy bit. With my program you
can play the game and the computer keeps score. Now it's your turn - how about
a program in which the computer decides the strategy?

APL Health Warning: the game CONBULL can be addictive!
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APL Product Guide

Compiled by Gill Smith

VECTOR's exclusive APL 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 do depend on the alacrity of suppliers to keep us informed about their
products so that we can update the Guide for each issue of VECTOR. Any
suppliers who are not included in the Guide should contact me to get their free
entry — see address below.

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 APL Systems (Hardware & Software)
- APL Interpreters

- APL-based Packages

+ APL Consultancy

» Other Products

» Overseas Associations

» Vendor Addresses

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.

All contributions and updates to the APL Product Guide should be sent to Gill
Smith, at Brook House, Gilling East, York, YOG6 4]]. Tel: 04393-385
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COMPLETE APL SYSTEMS
COMPANY PRODUCT PRICES(£}
Active Workspace  AWL486 1,950
Dyadic 18M RS/5000 MD320 11,736
18M RSIE000 ME320 13,817
IBM RS/5000 MD320 22,656
I8M RS/6000 MES20 a7, 114
IBM RS/8000 MD530 72,054
IBM RS/5000 MD540 122,842
Interprocess
Systems APL2 Dev't Workstation posa
MieroAPL 1BM RS/6000 12,000+
Aurera 20,000+
Optima 1BM Compatible poa
APL INTERPRETERS
GCOMPANY PRODUCT PRICES(E)
Active Workspace  DYALOG APL DOS 386 pea
APL Software APL*Plus/PC Releass 10 450
Run-time poa
APL*Plus I 1,385
Run-time poa
Dyalog APL 1000-10,000
APLZIPC poa
Cocking/Drury APL"PLUS PC Rel 10 410

APL"PLUS PC Run-Time  175for 5

DETAILS

488 based 33MHz PC, 140MB Disk, 4MB RAM, VGA Colour,
(inc. 1 year on site malntenanca.)

APL POWERSstatlon (Greyscele) 27.5 MIPS, 7.4 Milops RISC
Processor BMb RAM, 120Mb Bisk

19" 128021024 Greyscale Graph Display AlX, OSF Motf, Dyalog
APL {t-user)

APL POWEHRSstation (Colour) 27.5 MIPS, 7.4 Mllops RISC
Procassor 8Mb RAM, 120Mb Disk

15" 1280x1024 Golour Graphics Display AIX, OSF Motf, Dyalog
APL (1-user)

Advanced APL POWERstation 27.5 MIPS, 7.4 Mllops RISC
Processor 16Mb RAM, 320Mb Disk, 150Mb Tape

16" 1280x1024 Colour Grephica Display AIX, OSF Mott, Dyalog
APL (1-user)

APL POWERSystem (8-users) 27.5 MIPS, 7.4 Mllops RISC
Processor 16Mb RAM, 320Mb Disk, 150Mb Tape CD-ROM
Drive, 16 Ports

AlX, Dyalog APL (2-8 user licance)

APL PCWEHRsystem (16-users) 34,5 MIPS, 10.6 Mflops RISG
Processor 32Mb RAM, 1.34Gb Disk, 2.3Gb Tapa CD-ROM
Drive, 18 Pans

AlX, Dyalog APL (8+ user licence)

APL POWERSsystem (32-users) 41 MIPS, 13 Milops RISC
Processor S4Mb RAM, 1.7GY Disk, 2.3Gb Tape CD-ROM Drive,
32 Ports

AlX, Dyalog APL (8+ user licence) !

Malnirame APL2 supported on a PS/2 via a co-processer ¢ard
with 16Mb of memaory running VMIESA (370 mode). A complate
systam includes a PS{2, a P/370 co-processor card, and
softwara licenses for VM/ESA, APL2, GDDM and the full line of
Interprecess APL2 enhancaments.

POWER rarge of RISC systems running AlX. Dumb terminal or
grephical Interface,

Mutti-user APL computer using 63020 CPLL Std. sonfiguration
2Mb RAM, 16 RS232 ports, 68 Mb hard disc, 720K disketta

Complete PC-based station, APL interpraters & ali suppert eqtt

DETAILS
Dyadic's PC 386 APL interpreter,

ST5C's APL for IBM PCs & compatibles.Upgrades from earflar
releases also available.

Closed version of APL*Plus/PC which prevents user exposure to
APL.

All the features of mainframe APL*Plus for your 388PG!

2nd generation APL for Unix systems
IBM's APL 2 for the PG,

STSC's [ull featured APL for {BM's and compatibles - Version 10
Includes the Quad-NA facility to interfaca to nen-APL softwara,
support for Microsott Windows and mouse devices, The User-
cotninand processer has baen bullt in to the Interpreter.

Closad verslon of the interpreter for developars, prevents usar
exposure to APL.
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APL"PLUS PC Developer System 950

APL*PLUS |l System 1200

AFPL*PLUS Il Developer System 3200

APLPLUS Il for UNIX poa
APLU*'PLUS VMS poa
APL*PLUS Melntrame poa
Dyadic Dyaley APL for DOS{A86 o955
Dyalog APL/W for Windows. 205
Dyalog APL fer Unix 995-12,000

IAC{Human Intarfaces
I-APL/Mac 13

I-APL L2d |-APL/PC or clones g-11
|-APL/BBC Master 8
|-APYfArchimedes 1
|-AP\{Macintosh 13
Ivarson Software Preducts

IBM (APL Products} AFL Verslon 2 Release 1 pea

APL2 Application Env't Ver2 Rell poa

APL2 tor the RISC System/.6000 poa
APL2 for the |BM PC (US versian)$4s5

APL2 for [8M PC (European vers) poa

TryARL2 free
1BM UK IBM PC APL2 348
Iverson Seoltware Inc. APLI388 £30
APLIPC 530
APLIWIN $30
APL Refarence Manual $30
J System Kit 824
J Source Code $90
MicroAPL APL.88000 Level | 2000

Glves rights 1o distribute an ualimited number of coples of Run-
Time application,

High pewered APL Intarpreter for the 80386 chip.
Price includes one year's maintenance and free Upgradas -
volume discounts

Unlimitec distribution of APL*PLUS It Run-Time eppllcations!

STSC's 2nd generation APL for all major Sparc and Alsc Unix
workstatiens.

2nd generation APL for DEC VAX computers under VMS,

Enhances VS APL with many high performanca, high
productivity features, For VM/CMS and MVS/TSO offers simple
upgrade from V5 APL

Second generation APL for DOS.Runs in 32-bit moda, supports
very large workspaces, Linique “window-based® APL
Devalopment Envircnment and Screen Managar, Requires
3B5/456 based PC or PS/2, al least 2Mb RAM, EGA or VGA,
DOS 3.3 or later.

As Bhave, plus ablect-based GUI development losls. Requires
Windows 3.C of latet.

Sevond generation APL for Unix systems. Avallable for Altos,
Apollo, Bull, Dac, HP, 1B 8150, tBM RS{6000, Masscomp,
Pyramid, NCR, Sun and Unisys machines, and for PCs and
PC/2s running Xenlx or ADX. Oracle Interface avaliable for IBM,
Sun and Xenix versions.

Macintosh version of |-APL.

1S0 conforming Interpreter. Supplled enly with manual (sea
‘Cther Products’ for acsompanying books),

As abovo

Az above

As abave

1-APL Is the UK agent for ALL fverson Softwars products,
Including: Sharp APL+ anhancaments to the ISi-APL standard
Verslons of J {(and the assoclatad texts) for PC, Mac, Arc, Alarl.
Please call for prica list ano order form. Flpase hote there s a
£3 packing charge on afl orders,

Full APL2 System for IBM 370 and 390, Product No. $688-228,
Ses your IBM Branch Offlce.

Run-tme Environmeant for APL2 Packages (IBM 370 and 390).
Product No. 5688-229. Sea your 1BM Branch Cffice

Product No. 5765012, See your IBM Branch Cffica,

Praduct No, 57$8-PGG. Part No. 6242936, PRPQ No. RJB411
(In HONE, RJ0411). {from IBM Direct, order by Pait Number;
from your 1BM Branch Gifica, order by PRPG Numbar)

Product No. 5604-260, Part No. 38F1753

Fres APLZ for educational/demonstraion use. Write to APL
Preducts, specifying diskette size desired.

APL2 for the [BM PC. From all IBM dealers, Including MicroAPL

Sharp APL Relsase 20 for PG 386, 486 with graphics, and abllity
1o operate under Windaws.

For PC under DOS

For 36G/PC under Windows 3.1

Documentation for all the abave.

J 6.2 diskette with manual "J:Introduction and Dictionary®
Full € source code plus 100-page bock

Flrst generatkan APL with numerous enhancemants. Multi-usar
versian (Unix, Mirege, MCS}.
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APL.G80O00 Level Il 2500 Sscond generation APL. Nested arrays, user definad cparators,
seleciive specification e1c. Mult-user verslon {Unlx, Mirage,
MCS)
APLBBGD0MX 15008000 Second-genaration APL. Masted arrays, user defined operators,
selective spacification, ete, Multhuser AIX version with full
GSF{Motif support.
APL.68000 Level |
Mag, ST, Amiga, 87 First generationt APL. Single user, full windowing Interface,
software floating point support.
Mac, Amiga 260 First generation APL. Single wser, full windowing Interfase,
herdwars floating point.
APLGBO0C Eevel [
ST 170 Second generation APL Full windowing Interface, software
tioating polnt support.
Amiga 266 Second generation APL. Full windowing interface.Hardware and
sojtwarg floating pelrt support,
Mac 520 Secand generation APL, Full windowing Interface Hardware and
software floating peint support.
APL*PLUS Rei 10 450
APL'PLUS IV 4.0 1395
Optima APL*PLUS/PC 369
APL"PLUS I 450
APL"PLUS [ PC Developers KIt  poa
Dyelog APL 999
Scliton Assoclates  SHARP APL for MVS poa for IBM MVS malntrames
SHARP APL for Unix pea for IEM AS/6000 and Sun SPARC
Uniwara APL*PLUS/PC 435 STSC's tull feature APL for iBM PC/XTJAT, Compag, Olivetd.
Aun-Time call Closed verslon of APL"PLUS/PC which prevents user exposura
to APL
APLAPLUS/UNX call STSC's tuli feature APL for UNIX based computers
APL*ELUS I call STSC's full feature APL for 386 machines,
APL PACKAGES
COMPANY PRODUCT PRICES(£) DETAILS
Activa Workspaca Ltd
Syndicate Manager poa ELloyd's managing agent's syndicate { company accounting
system. Siamp & Parsonal accounts {inc. Run offs)
APL-3B5 APL-385 BO(PC), $25{mf) Including ...
FSM-385 Screen develcpment
DRAW-385 Screen design
DB-336 Relational W.S.
GEN-385 Miscellaneous Litites
The APL Group Qualedi $1500-4000 Elecironic Data interchange (EDI} ranslation software fof the
PC, with strict compllance checking.
APL Software L1d
{mainframa) RDS poa Relation Data Base System
IPLS poa Project Managemant Systam
REGGPAK poa Regrassion Analysls Package
{microcomputsr)
PCWERTOOLS 205 Assembler written replacement function for commenly used
CPLcensuming APL functions, Indudes & Forms Processor.
REGGPAK poa Regresslon Analysls Package
RDS 990 Aedational Dalabase System
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Cocking/Drury
{for VSAPL) E'MENTS & SHAREFILE poa
COMPILER poa
FILEPRINT poa
FILECONVERT poa
FILEMANAGER pea
TOOLS + UTILITIES pea
DATAPCRT poa
{for APL2) SHAREFILE/AP poa
FMT poa
WwSDOC poa
FILEMANAGER poa
{for PC’s)
APL"PLUS PC Tools 275
IRMA Module ]
FIN & STAT, LUBRARY 250
SPREADSHEET MGR 150
CODEWORK Helm poa
CYBEX AB APL GraffPC 290
APL Grat [JPC 390
Utliity Functions APL2 1900
Utility Functions 1I/PC 130
H.M.W. 4XTRA poa
Arbitrage poa
Baskal poa
Menu-Bar poa
HAHR Systems APL Utlties poa
APL"PLUS Utlites
IAC{Human Interlaces| AC/Gral 1%
JACHVax 15
-APL Ud Educational workspaces 5
impetus Lid Impetus poa
INFOSTROY APL*PLUS/Xbase Interface
{11{386 Version 2} $198
{PC Varsion 2) $o8
(DLL Version 1) §198

Componant files, quad-funclions & nested arrays for VSAPL
under VM/CMS & MVS/TSC

Tha First APL complier!

Print APL component files

Converts non-APL fles 10 APL

Extends APL primitives to databass management
APL Software development tools

Information Centre spreadsheet incorporating data exchange
batween AFL, FOCUS, IFPS, SAS, APL{DI, ADRSII, Lolus123,
Visicake, Multiplan & DIF

STSC's shared access companent fils system for APL2.
Gomparable 1o all APL"PLUS flle systems: multi-user storage ol
APL2 arrays with efficlent disk usage

Fuli featured FMT for APL2
Workspace documentation utillties
Extends APL primitives to databass management

Utilities Including; AAM disk, full screen data enfry, menu input,
report genaration, excepion handling and games.

327 IRMA supporl.
Finandal & Statlstical reutines

APL-based spreadsheet for APL*PLUS/PC. Call arithmetic;
ransfers 1o ASCIl & Lotus

Declslon Suppert system for top management. Developed In [taly
over 7 years, Requires APL mainframe or APL™PLUSHIT

Presentation graphics for APL"PLUSIPG (CGI)
Presentation graphles for APL™PLUS IJPC (CGI).
Fof APL malnlrame; Ined, a very fast search.
Same package for APL*PLUS II/PC.

Front-end Forelgn Exchange dealing / pes keeping
Arbitrage modelling

Basket curency modelling

pull-cown menu for APL"PLUS{PC

Softwars to transter workspaces between APL'PLUS and Sharp,
and betwsen APL*PLUS and I-APL Software to [mport [BM .ATF
fitas to APL*PLUS.

Public domaln softwara, untock kxcked fas, a userfriandly
altarnative to locking, ins of mathematical physics, manus, and
others.

Graph plotting for -APL/Mac
Spoken APL characters for |-APLjMac

PC tormat disks with the examples from: Thomson. Espinasse
{Ki1s 1-4), Kromberg, Jizba & FinnAPL. Ali the examples to save
your fingers!

Corporate Modelling and Reparting System.

Complste package written In C. Comparable with the data, index
& memo flles of FoxPro, dBASE, & Clipper. Multi-zser support.
No DBMS licensa required.

As above for APL*PLUS{PC,

The same I a OLL forml Gives your Windows applications all
edvantages of Dtls.
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Interprocass Systems ECIT

{mainframe)

(PS)

Mercia

MicroARL

Soliton Assoclates

UNIWARE
{for malnframa)

(for APL*PLUS/PC)

(for APL™PLUS 11)

$3000-5000

AOC poa
AFM $5500-15300
AFM $175
Enhanced Format $2575
PowerCoda $2000
GALLIAP $4700
WSORG poa
LOGOL 92 poa
TWIGS pom
MIeroTASK 250
MicraFILE 250
MleroPLGT 250
MicrotINK 250
MicreFORM 250
MicroSPAN 250
MlcroPLOT/PG 250
MicroSPANPC 250
STATGRAPHICS Rel 5 590
LOGOS poa
MAILBOX poa
VIEWPCINT poa
STSC's ENHANCEMENTS poa
STSC's SHAREFILE poa
TOOLS & UTILITIES poa
EXECUCALC poa
APL Debugger 2.1 FF1860
FF9750

WMenus 3.0 FF2450
Frizzso

ETATGEN 2.0 FF1950
FFe750

UNITAB 20 FF4550
FF22750

UNIASM 3.0 (sita licensa) FF4950
UNISTAT 5.1 FF2500
UNIWARE Tooikitbl 4.1 FF39000
APL Debugger 11 2.1 FF2350
FF14750

Menuz It 4.0 FF3950
FF19750

Full serean APL2 editor with immedlate APL execution, and full-
sereon debugger

APL2 Optmizing Compller, translates APL2 functlons to
FORTRAN programs.

High performance component and keyed file system (VS APL
and APL2)

Single user component and keyed files for APL2/PC.
A QuadFMT cala formatter for VS APL and APL2
Extarnal functions for APL2

For calling nan-APL programs (VS APL and APL2)
Fuli-screen Woerkspaca Organlzer for APLZ,

Loglstics management systern for 386/488 & RISC computers,
Sales Forecasting, Inventory Management, Master Scheduling,
Distribution Requiraments Planning, Sales & Operations
Planning.

A modular (ibrary of tools to teach and explore state-al-tha-art
materials management concapts. Devaloped by RLG. Brown,

Product development elds

File utiiites and database

Graphics for HP plotters et

General device communlcatons

Full screen forms design
Comprshensiva APL tutor

Fer APL*PLUS/PC product

APL self Instruction for APL*PLUS/PC

Application Davelopment Environment
Electranic Mail
Report generator with Interfaces 1 OB2 and MVS data

CGuad-unctions & nested amays for IBM VSAPL
cemponent tiles for IBM VSAPL and for IBM APL2

Including FILEPRINT, FILESORT, FILECONVERT
FILEMANAGER(EMMA} STSC's database package

Mainframe spreadsheet compatible with VISIGALC and part of
LOTUS 1-2-3 under VSAPL{VM or TSO}

A visual APL debugger te help develop appllcations
(sie license)

Complete sat of hlerarchical menu utilities
{site icensa}

Page layout report generator
(site ticanse)

An APL*PLUS spreadsheet-lke data entry and validation system
{sle licensa}

Assembler utlliies to speed up APL"PLUS/PC applications
Data analysis add-on medule for Statgraphlcs

(she Fcense only). Aelallonal databasa systemn and compieta set
of wtilities for APL"PLUS (| development

A visual APL dabugger to help davelop applications

(site llcensa)

Gomplets set of hlerarchical mouse-driven menu utiiities
(site llcanse)
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ETATGEN 12,0 FF2950 Page layout repart generator
FF14750 (slta license)
UNITAB3I 2.0 FFE950 An APL"PLUS spreadshest-Ike data entry and validation system
FF34750 {sita licensa)
UNISTAT Plus 5.2 FF4300 Data analysis add-on module for Statgraphics
Warwick University BATS 250 Menu driven system for tme serles analysis and forecasting
using Bayasian Dynamlc modelling. Prica is reduced to £35 for
academic institutions.
FAB frea Tralnlng program for the above.
Zark APL Tuter (PC) $209 APL computer-based training, Avallable for APL*PLUS PC &
APL*PLUS II. Demo disk $10.
APL Tutor {MF) $5000 Malnframe version.
Zark ACE $99 APL continuing education. APL ttor news and hetiine phone

APL Advanced Techsniques.... $59.95

Communleations

APL CONSULTANGCY

COMPANY PRODUCT
Active Workspace  Consultancy
Atfes Consultancy
APL People Consultancy
Camacho Consultancy
Ray Cannan Consultancy
Cocking/Crury Consultancy
Daﬂd Crossley Consultancy
Patar Cyriax Consultancy
Oyadle Consultancy
E&S Gonsultancy
General Soltware Consultancy
Greymante Assoc btdConsuling
HMW. Consultancy
Michaad Hughes Consultancy

JAC/Human InterfecesCensulancy

$200 pe, $500 mf

PRICES(E)

poa

poa

poa

poa
176-276
275-350
0450
400-500
450-750

poa
100150
120-200
160-300

poa

poa

from 125

poa

suppor,

488pp. book, (ISBN 0-9619067-07) induding 2-disk set of utlity
functions (APL*PLUS PC lormat).

Move workspaces or {iles between APL envirenments.

DETAILS

PC Based APL system deslgn, programming and
Implementation.

Development, maintenance, conversion, migration,
documentation, of APL products In ali APL enviranments

Consultants avallable at all lavels, Expertise in APL $ystem
deslgn, preject management, prototyping, financlal applications,
decision support systems, MIS, links to non-APL systemns,
documentation, etc.

Speclalising In programming & manual writng.
APL, C, Assambler, Windows, Graphlcs: PC and malntrame

Junlor consultant
Consultant

Senlor consultant
Princlpal Censulant
Managing consultant

Broad experience I many APL envircnments

Junlor Consuttant
Consuttant
Senler Consultant

APL and Unlx system design, consultancy, programming and
tralning.

Systam protatyping: all types of information system, englnasring
software, graphlcs and dectslon suppert systems APL*PLUS/PC,
APLZ, Dyslog APL

Company reporing, buslnasa graphics, Windows applications
with Dyaleg APL/W.

System design consultancy, programming. HMW speciallze In
banking and prototyping wark.

Consultant with 10+ years experience with various APL
interpreters and C,

APl on Macintosh & PC. HCI design. VDU ergonomica:
EC{Health & Safaty compllance.
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Documentation 100-200
Tralning poa
INFOSTROY Consultancy poa
Intelligent Programs ~ Gansuitancy poa
Documentation poa
Training pca
Kestrel Consuftancy poa
Lingo Allegro USA  Consultancy poa
MicroAPL Consultancy poa
Eliis Morgan Caonsultancy 250-800
Optima, Consultancy poa
Paraliax Systems Inc Consultancy 750
QB On-Line Consultancy 350
Rochester Group Consultancy poa
Rax Swaln Caonsultancy poa
Unfware GConsultancy {Senior) FFiday 5000
Consultancy {Senior} FFfday 7500
Tralning FF10000
Wickilite Computer ~ Censultancy poa
OTHER PRODUCTS
COMPANY PRODUCT PRICES(E)
Acfos Employment poa
APL Peopla Employment Agency poa
HMW Employment poa
HRH Systems APL lassons
The BBSWAPL: $24p.a,
[-APL Lid An APL Tutoriat 3
An Encyclopaedia of APL (2d Ed) 6
APL In Sodial Studles 3
I-APL Instruction Manual (24 Ed) 3
APL Programs for the Mathemaltics
Classroom (Springer-Varlag) 15
J Dletionary 16
Programming In J 10
Arithmetc 12
An Introduction to J a
Tangibla math a

Sharp APL Reference Manual 18

APL Press Books

On-line assistance, product demos & mock-ups, manual writlhg;
fereign language software locallzation,

Using I-APL for courseware & distance learning materials; Mac
programming in G, APL & HyperCard,

APL™PLUS & Windows consultancy. Porting of sottware wiitien
In C into APL"PLUS,

Systems development, enhancements, support.
Preparation of new manuals, rewriting of existing materlals.
Training for APL experts through to non-technical Syslarm users.

All APLs, all environments. Design, analysls, coding,
malntenanca, documentation, tralning, interfacing.

Genaral APL consuliancy specializing In Prototyping, Migration,
Maintrame to PC Downslzing, Performance Analysls,
Troubleshooting, ang Graphics.

Techplcal & applications consultancy.

Buslness Forecasting & APL Systems.

A range of consultants with 3-16 yrs APL PG and mi experience.
Intreductory APL, APL for End-user & Advanced Toplcs in APL
Speclalising v Banking, Financlal & Planning Systems.
Speciallsa in MIS using Sharp APL

Independent eonsultant, 15 years experience. Custom software
developmant & training, PC andfor malnframe,

Caonsultancy trom paople with at laast 8 years APL experience.
Advice and tralning i Windows pregramming with APL*PLUS |
S-day class on Windows programming with PLUS [ version 4.8

System design, consultancy, pregrarmming and documentation,
Espedlally profect menagement and decislan suppert systems

DETAILS

Contractors and permanent employees
Employeas placed at all levels,

Centractors and permanent employees placed,

On-serean interactiva APL lessons for APL*PLUS, TryAPL2,
Sharp and I-APL — In English or French.

703-528-7617, 1200-14400b, N-B-1, 24 hours, APL educationat
material Is dewnloadable free. An additonat 30 megs of APL
software for APL*PLUS, PLUS II, [BM, Sharp & -APL is
avallable to subscribers (cost Is $24/yr). Selection available on
disk for $16 post-pald, Free cn-disk catalogue,

45pp by Alvord & Thomson
228pp by Helzer

36pp by Traberman

55pp by Camacho & Zlemann

185pp by Thomsen

by Ken Iverson

75pp by Ken lvarson

118pp by Ken Iverson

47pp by Ken Iversen

36pp by Ken lverson

349pp by Barry

A comprehensive salection of early APL literature

poa
Fipasa nota thers Is a packing chargae of £3 por order
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1BM (APL Froducts) APL2 Keycaps poa Keyeaps for tha PC and PSf2 {USA and UK standard}. Product
Numnber SX80-0270.
APL2 Keyboard Stickers poa Product Number SC33-06804.
verson Software Ins. Frogramming In J $15 7Epp.
Tangivle Math $12 34pp.
Arithmetic $18 123pp.
Kastrel Employmen? poa Permanert and contract, home and abroad. From individual
placement 1o supply of complate project teams.
Software Library poa Low-cost software distribution service; call for detalls.
Renalssanca
Data Systems Booksellers The widast range of APL books avallatie anywhera, See Vector
advertisements,
Soliton Assoclates MVSLINK poa Intertace from Sharp APL {Unix & MVS} to non-APL data and
soitware In the MVS environment.
S5AL poa High-performance DB2 Intertace for Sharp APL {Unix and MVS).
OVERSEAS ASSOCIATIONS
GROUP LOCATION JOURNAL OTHER SERVICES Ann.Sub.
ACM/SIGAPL USA Cuote Quad
APL Bay Area USA N. California  APLBUG Monthly Meetings (2nd Monday) $15
APL Club Austria  Austria - Quarterly Maetings 200AS(indiv), 100CAS(corp)
APL Club Germany Germany APL Journat Semi-annual meetings DMB0
Ass, Francophona pour
la promotion d'APL France Les Nouvelles d'APL
BACUS Belgium APL-CAM Conlerences & Seminars £18 ($30)
CPC UG APL 8IG  Washington, D.C.  Capital #C Manthly meetings,
{Capital PCUG) Monltor occasianal classes tree
Putch APL Assoc, Halland - Minl-congress, APL ShareWare Inltative
FinnAPL Helsinkl, Finfand  FinnAPL Newsletter Seminars on APL 100FIM{private), 30(student}, 1000 (Co)
SwedAPL Swaden SweadAPL Nyt Samlannual meetings, seminars SEK75
SWAPL Texas, USA SWAPL $18
Swiss APL (SAUG) Bern Part of Gty St-Infc SF80 (8l)+ SF20 (SALG)
Sydney APLUG Sydney, Australla  Epsllon Monthly Maetings
VENDOR ADDRESSES
COMPANY CONTACT ADDRESS & TELEPHONE No.,
ACMISIGAPL AUM, 1515 Broadway, New York, NY 10038 USA Tel (212) 826-0811

Activa Workspaca Lid Rosa B Aanson

Adfes Barnard Smoor
APL-385 Adran Smith
APLBUG {awls H. Robinscn
APL Club Austria Erich Gal!

APL Club Germany Diater Lattermann

Moulsham Mill Canira, Parkway, Chelmesford, Essex, CM2 7PX.
Tol: {0245)-406847; Fax: 0245496648,

Corpastraat 50, 4128 BZ Lexmend, Netherlands,
Tel: 31-3474-2337, Fac 51-3474-2342

Brook House, Gllling East, York. Tel 04393-385

1100 Gough SI, Apt 14A, San Frandisco, CA 84109, USA
Tel: (415) 028-2058

1BM Gstermelch, Obere Danaustrasse 95, A-1G20 Wien, Austia

{BM Gemnany, Wilckenssrasse 1a, D-6900 Heldelberg, Germany.
Tel: (49) 8221-404-243

49




Vector Product Guide

Vol.10 No.1

The APL Group Inc

APL Pacple { Scftware

Stan Sawabinl

Jill Moss

Assoclation Francophone pour

la promotion d'APL
BACUS

Antheny Camacho
Ray Cannon

Paul Chapman
Cocking & Drury Lzd.

CODEWORK
CPC UG

Bavid Crossley
CYBEX AB

Peter Cyrlax Systems
Datatrade [4d.

Dutch APL Association
Dyadic Systems Lid,

E & S Assoclates
FinnAPL

General Saftware Lid
Greymantle Assoclates

H.M.W. Trading Systems

HRH Systems
Michzel Hughes
JAC/Human Interfaces

FAPL Lid

(BM {APL Products)
Impetus Lid

INFGSTRCY

Interpracess Systems Inc.

Inteligent Programa |.td
Iverson Software Inc.

Kestrel Consulting
Ungo Allegro USA Inc.

Mercla Software Lid.

Dr. Gérard Langlet
Joseph de Ker!

Romilty Cocking

Maure Guazzo
Lynna Startz

Lars Wantzel

Pater Cyriax
lan Tomiln

Barnard Smoor (Sec}
Pater Dennelly

Frank Evans

M.E. Martin
George Maclecd

Stan Wilkinson

Dick Holt

lan A. Clark
Anthony Camache

(for querias, order forms)
J C Business Sarvices

(for pre-pald orders only)
Nancy Wheeler

Cedric Heddle

Alaxel MlroshnTkov
Stella Chamberlaln

Mike Bucknall
Eri Iversan

Mark Hamrls
Steven .. Halasz

Gareth Brentnall

644 Danbury Aoad, WILTCN, CT 06857 USA.
Tel: (203) 762-3933 Fax: (203) 762-2108

The Old Malthouss, Clarence St, BATH, BA1 5NS. Tel: 0225-462602

SCM, C.E. Saclay, F-51191.Gif sur Yvetts, France. Fax: {33) 1 690879 63
Rocinberg 72, B-2570 Dutfel, Beiglum.
11 Auburn Read, Rediand, Bristol BSE 8LS. Tal: 0272-730038.

21 Woodbridge Rd, Blackwatar, Cambertay, Surrey GU17 0BS
Tel: 0252-874697

41 Lamba Cendyit Streat, London WCN 3NG, Tel: 071-831-3762.

180 Tottenham Cour: Aoad, LONDON, W1P &LE
Tel: 071436 9481 Fax: 071-436 0524

Corso Calroll 32, 10123 Torlno, Italy, Tel: 011 885 168 Fax: 011 8122-652

Capital PG User Group, 51 Monroa Street, Sulte PE-2, Rockville,
Meryland 20850, USA, Tel; 301-782-9372.

187 Le Tour du Pont, Quartier Le Moure, 84210 ST DID{ER, France
Tel: 90-66-08-87

Gruvgatan 35B, 5-421 30 V. Friunda, Sweden.
Tel: (46) 31-45 37 40, Fax: (46) 31-45 24 23,

22 Heroford Road, London W2 4AA, Tel: 071-229-5344

1 & 2 Sterllng Business Park, Salthousa Road, Brackmills, Northampton,
NN4 0EX, Tel: 0604-760241

Postbus 1341, 3430BH Nieuwegeln. Tal: 03474.2337

Riversice View, Basing Road, Old Basing, Basingstoke, Hants RG24 DAL,
Tel: 0256-811125 Fax: 0256-81113¢

19 Homesdale Road, Orpington, Kent BRS 135, Tel: 0689-82474+%
SUOMEN APL-YHDISTYS RY, FirnAPL A¥, PL 1005, 00101 Helsink
22 Russell Road, Northholt, Middx, UBS AGS. Tel: 081-884-9537

Bartrum House, Ravans Lane, Berkhamsted, Herts, HP24 2DY
Tel; 0442878085

Hamiltan Houss, 1 Temple Avenue, Victorla Embankmant,
London ECAY OHA. Tel: 074-353-4212; Fax: 071-353-3325

3802 N Richmend St, Sulta 271, Alingten, VA 22207 Tel: (703) 528 7624
Intermet: dick holt@acm.org

28 Rushton Road, Wibarston, Markat Harborough, Leles., LE16 8QL
Tel 0534-770968

9 Hill End, Frosteriay, Bishop Auckland, Ca. Durham DL13 28X
Tel: 0388-527190. Email: clark.i@ applelink.apple.com

11 Auburrs Road, Redland, Bristel BSE 6LS. Tel: 0272-760036
58 The Crescent, Milton, Weston-super-Mare, Avan, BS22 8DU

APL Products (M4BVIDE2}, [BM Santa Teresa, PO Box 45023, 555 Balley
Avenue, San Jose CA 95181-9024, USA, Tel: 1-408-483-APL2

Rusper, Sandy Lane, lvy Hatch, SEVENOAKS, Kent TN15 OPD
Tel: 0732885126

3 S. Tulenin Lene, St Petersburg 191186 Russia.
Tel:+7 812-3111611 Fec+7 812-3153321 Emall:alm & Infostroy.spb.su

11660 Alpharatta Highway, Suite 455, Rasweil, Geergla 30078, USA
Tal: (404) 410-1700. Fax: (404) 410-1773

§ Gun Whar!, 130 Wapping High St, Londan E1 §NH Ted: 071-285-1120

33 Major Street, Toronto, Ontario, Canada M5S 2K9 Tel:(416) 925-6096
Fax: (416) 498-7559

Businass & Technology Centre, Bessemer Drive, Stevanage, Hers
SG1 2DX Tel04358-310155 Feo:0438-310131 Ekestrol@apl.demon.co.uk

263 North LaSalle St, Suite 2100, Chicago IL 60601 USA
Tel (312) 556-1342 Fex; (312) 345-9603

Holt Court North, Heneage Strest Wast, Aston Sclence Park, Bimingham
BT 4AX, Tel: 021-355-5098, Fax; 021-359-0375
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MicroAPL Ltd.
Ellis Morgan
Optima Systems Ltd

QB On-Line Systems

David Eastwood

Paul Grosvenor

Phlllp Bulmer

Renaissance Data Systemns Ed Shaw

The Rechaster Group Inc,
Shandell Systems Ltd.
Saliton Assoclates

Aax Swaln

SWAPL

SwedAPL

Swisg APL User Group
Sydney APLUG
Uniwars

Wickliffe Computer Lid
Warwick University

Zark Incorparated

Robert Puliman
Maurkce Shanahan

Laurie Howard

Stuan Yarus
Glan Medrl

Rob Hodgkinsan
Erlc Lescasse

Nick Telfar
Prof. Jetf Harrson

Gary A. Bargquist

South Bank Technopark, 90 London Road, LONDON SE1 6LN
Tel: 071-522 8866 Fax: 071-628 1006

Myrtia Farm, Winchester Read, Stroud, Petarsfield, Hants.
Tel: 0730-263843

Alrport Housa, Puriey Way, Groydon, Surrey CRO 0XY Tal: 081 781-1812
Fax; 081 7811999

§ Surrey House, Portsmeuth Rd., Camberley, Surmay, GU15 1LB.
Tel: 0276-20789, Fax: 0276-883427, Mobile: 0831-307548

P.0, Box 20023, Park West Finance Station, New York, NY 10028-1510,
U,S.A. Tel; {212)-854-3078

50 5.Unfon St., Rochester NY 145071828, US.A,
Tel: 716-454-4360, Fax;718-454-5430

Chlltern House, High Street, Chalfont St Giles, Bucks., HP8 4QH.
Tal: 02407.2027. Fax: 02407-3118

Scliton Assaciates Lid, Groot Blankenberg £3, 1082 AC Amsterdem,
Netherlands Tel: +31 20 570 8733 Fax; +31 20 570 8758

8 South Street, Washington, CT 08793, U.S.A. Tel: 203-868-0131
PO Box 210387, Bedford, Texas 76095, USA Tal; {817) 577 0165
Box 15181, 5.103 24 Stockholm, Sweden Tel:+48 (B) 56 05 47
Swiss APL Uset Greup, CH-3001, Bem 1, Switzarand

GPO Box 1425, Sydnay, NSW 2001, Australia

15 Rue Erlanger, 75016 Parls, Franca,
Tal: (1) 45-27-20-61. Fmx (1) 45-27-20-71. Telex: 648343F UNIWARE

76 Victorla Rd., Whitehaven, Cumbrla, CA28 6D, Tel; 0948-692588

Dept of Statstics, University of Warwick, Coventry, G4 7AL
Tel; 0203-5233689

53 Shenipsit St, Vamon CT 08068, USA. Tel: (203) 872-7808

BAA-GUI: Advance Booking Form

Due to the interactive nature of the workshop it will be necessary to restrict the number
of delegates in each stream. We are therefore giving an opportunity to reserve places.

Name:
Address:

Telephone N umber:

Subject to demand we plan to run parallel streams in each of the main inlerpreters with
a graphical user interface on the PC or Apple Macintosh. Please indicate below how
many places you wish to reserve on each stream.

APL*PLUST

Dyalog APL/W

APL.68000

APLIWIN/JWIN

Please return the completed form to:
Duncan Pearson
143 Hull Road
YORK YO1 3JX
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Providing customers worldwide
L] . » A ! ':3
with business solutions through -
S N
SHARP APL (v
SHARP APL is now available for MVS
i and UNIX with communication software
] connecting environments.
‘-\"“‘-&;‘;r__ . - .
E
£
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. e W 4 3 B
I I‘j% l‘l ;
Learn more about our new company and our <
products at APL93 August 15-19 in Toronto, Canada ==,
[ -
SOLITON ASSOCIATES LIMITED § . _4,""’
2 First Canadian Place, Suite 1900 st
Toronlo, Ontario, Carada M5X 1E3
In Eumpe Tel: (416) 364-5361 Fax: (4T6) 364-2910 In the LL.S,
Saliton Assoclates Limiled of Canada Scliton Assaciates Incorparated
Groot Blankenberg 53 1100 University Avenue, Svite 111
1082 AC Amsierdam, The Netherlands Rochester, New York, USA 14607
Tel: 431 20570 8733 Fax: +31 20 570 8758 Tel: {716) 256-6466 Fax: (716) 256-6469
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Sharp APL Reference Manual
Published by Iverson Software Inc

reviewed by Jonathan Barman

I thoroughly enjoyed reading this manual. In fact I read it all, from cover to
cover, on the train to work over a period of about a week. The description of each
APL feature is a delight. There are plenty of diagrams to guide you through the
more arcane aspects of APL, and each feature is carefully and clearly explained.

It is many years since I have used Sharp APL, so I was particularly interested in
all the new features that have been added to the language. My main experience
with nested arrays has been in APL2 and APL*PLUS, and T have only read the
papers presented at conferences about the rather different approach to nested
arrays taken by Sharp APL. Having all the details put together in the reference
manual enabled me to see the overall effect of the changes.

There are 13 sections, starting with an overview of AFL and ending with details
of messages and interrupt event numbers. The majority of the text is taken up
with the description of APL primitive functions and operators. The pages are
numbered within each section, and there is no overall page numbering; which I
dislike. However, the really heinous crime is, in my view, the lack of an index. A
true reference manual has to have an index to enable you to refer to the topic of
your choice. In order to find a topic you have to scan the Contents, which is a full
listing of all subheadings going down 4 levels. If you already know APL this is
quite easy, but I am not sure how the tyro APLer would manage.

The manual is not a beginners’ text. The Overview starts with a small example of
an APL session which is used to define the terms nouns, pronouns, verbs, adverbs,
etc. 1 enjoyed the terse and exact descriptions of the terms, but would not want to
start an APL course that way.

The second section explains the APL Grammar in considerable detail — in so
much detail that 1 felt it became a little long-winded. However, the paragraphs
on precedence, which explain how adverbs and conjunctions {operators) are
evaluated before verbs (functions), are excellent. If T had read this description
years ago it would have saved quite a bit of aggravation and unnecessary
experimentation. Bracket indexing is dismissed as an anomaly in the grammar,
and J is cited as the new dialect of APL where new, more convenient,
mechanisms are provided to replace the bad old ways!
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The next two sections cover Nouns and Pronouns and the naming of Nouns and
Verbs. The scene is set for the Rank Conjunction with a detailed explanation of
how arrays may be partitioned into cells. The sections also include details of the
characters in [Gav, how nouns are displayed, the interface nouns which are 0 and
M input, localisation of names, and indexed assignment. A bit of a hotchpotch,
but all these topics have to go somewhere and the grouping is not unreasonable.
This js exactly the situation where an index would be invaluable. For example,
the detailed explanation of Oav in Section 11 makes no mention that the
character set is listed in Section 3.

Section 5 is the longest and details the verbs with outstanding clarity. Dyadic
transpose (&) is always difficult to explain, and I was very pleased to see that two
highly visual methods were used, one suitable for three-dimensional arrays
using pictures of bricks, and a more general method depicting the switching of
axes which is easier to visualise when dealing with arrays of 4 or more
dimensions. It was also good to see the relationship between 4 and the left
argument to & explained. There were many examples of other verbs which gave
me a new insight on the workings of APL. I had not fully appreciated the
subtleties of the collating sequence given in the left argument to 4. Also, as ]
have never used complex numbers in an application, I found the exposition of
the way in which each primitive has been applied to complex numbers quite
fascinating.

Adverbs and Conjunctions are covered in Section 6. The examples in Section 5
make liberal use of the Rank Conjunction so that on reading through the manual
the rather technical explanation seems easy and obvious. Not having used = and
& before, I felt that the manual has given me an excellent grounding in how to
use them properly. When I need to use 1SI APL for real 1 will review this section
before T do anything else.

The next sections cover editing verbs, branching, and event handling using
Otrap; all covered equally well.

After all this excellent material the manual seems to peter out. The section on
APL Component files is a mere 4 pages, and the description of the System
Nouns, Verbs and Commands is equally brief. Packages get mentioned, but there
are few examples.

The manual is published by Iverson Software Inc. and has fverson APL Reference
Manual on the front cover and Sharp APL Reference Manual on the top of each
page. The ISI sales literature states that this is a reprint of the second edition of
the Sharp APL Reference Manual, and that by reducing the font size and
removing material not relevant to the PC they were able to print it in a single
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volume with their standard wire binding. The result is a very handy reference
booklet. It is printed on A5 paper and the wire binding enables it to lie flat when
opened.

There are 362 pages, which is just about the maximum that a wire binding can
cope with easily. The font size is very small, The print in my review copy was
slightly smudged so that @ was just a blob and in some cases it was only possible
to distinguish + from + by the context. This is a relatively minor quibble as
normal text was quite clear enough to read easily.

I would recommend this manual to anyone who is interested in APL, whether or
not they intend to use Sharp APL or any of the products from ISI. Even someone
dedicated to the other brands of nested arrays would find the descriptions of the
primitives that share a common definition invaluable.

Update on ISI APLIWIN

by Jonathan Barman

I received review copies of ISI's latest offering of APLIWIN and JWIN just before
the copy deadline for Vector, so this is a very brief update on the new facilities.

Session Manager

The Session Manager (version 2.0} has been greatly improved. There is a
standard Windows menu with the normal entries of File Edit and Help together
with a Font option. The menu cannot be accessed by the normal accelerator keys
as ISI have commandeered all the Alt key combinations for the entry of APL
characters. Alt+F, for exarnple, gives a ¢, so this cannot be used to access the File
menu entry. However, the Alt key on its own highlights the first menu item as is
usual in Windows.

The File entry just contains an Exit option, so you still have to use the normal
Y1ik and }load for workspaces. The Edit option contains the standard cut and
paste entries, and shows that the standard accelerator keys of Ctrl+C, etc, can be
used, including Ctrl+Z for undo.
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The Font option allows you to change the size of the APL font, or to switch to
any other font of your choice. The APL font can be changed to italic, and/or
bold. Switching to a non-APL font might be useful as a temporary measure when
running old DOS-based applications. If APL characters are on the screen the
results are quite horrid!

Help now includes a really compact keyboard layout which you can pop up with
Ctrl+F1. The window is quite small and is very clear. It stays on top of the APL
session window, but disappears behind other windows when you switch
applications.

The boxed entry area at the bottom of the screen has been removed, but the input
area is still at the bottom of the session. The input line is the only line on which
you can execute an APL expression. If you place your cursor on any other line on
the screen and press the Enter key the text is automatically transferred to the
input area and you then have to press the Enter key again to execute it. The fext
on the screen can be altered in any way you like. Cut and paste are character
otiented, so that you can clean up the output if you need to.

There is now a scroll bar along the bottom of the window so that if [JPW issetto a
large value you can easily scroll to the right hand portion of the output.

The JWIN session manager is identical except that the APL keyboard is missing.
You can switch to any font, but anything other than the standard font wreaks
havoc on the J display of verbs and boxed nouns.

1 was pleased to see these changes, particularly as they are CUA compliant. The
overall effect makes for an easy environment in which to work. T particularly
liked the pop-up keyboard layout.

Windows Interface

The major additions to the Windows interface are the DDE and OLE interfaces.
The list of Windows features is considerably longer, but I have not had time to
investigate what they all do. One of the problems with the AFLIWIN and JWIN
Windows interface is that the only documentation is in the Help file which is
decidedly terse. At least ISI have now provided the whole of the Help as a file in
Write format so one does not have to go through the help screens printing them
out.

The OLE demonstration workspace takes one through some simple but stunning
examples of OLE. Linking with Microsoft Graph, which is included with Word
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for Windows, allows one to produce graphs from APL and ] with the minimum
of effort. There is a lot of power here which is waiting to be exploited.

I do not have Excel, so could not run the DDE demonstration directly. I spent a
few minutes trying to do the equivalent job with Quattro Pro for Windows, but
found that I needed to study the manuals and get better acquainted with DDE
before I could proceed. The IS] documentation recommends that you start by
linking data between two APL or ] applications to get the feel of the thing, As
Adrian showed in his article in on Shared Variables and DDE, in Vector 9.2 page
128, the DDE interface is a powerful way of exchanging data between
applications. I look forward to playing with the ISI version of DDE.

There is a new picture class of object which allows one to display bitmap files
{.BMP), Windows metafiles (WMF) or icon files (ICO). I was able to display
.BMP files easily, but Ray Cannon’s sample bridge picture came out in black and
white in a little box. More investigation is needed to see if ] can get it to display
in the full 256 colours at its proper size.

A whole bunch of commands has been added. I noticed that one can now invoke
the standard Windows font selection dialog box. A rectangle with rounded
corners can be drawn in a graphics window. Colours can be set in a dialog box.
There is more control over events that will end wait commands.

All these new features are beginning to look as though one will be able to create
some reasonable Windows applications with APLIWIN and JWIN.

Conclusion

For a total of $70 (US or Canadian) you can get APLTWIN and the APL reference
manual, which is an unbeatable price. This is definitely the best buy APL which
is ideal for production systems as well as for home use. On a 486 the APL
performs at a perfectly adequate speed, and you have the tools to build quite
respectable Windows applications.
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Dyalog APL Version 6.3

reviewed by Jonathan Barman

Summary

I am most impressed with Dyalog APL. It is full of ingenious and useful features
and extensions to APL, and is one of the best implementations of APL on the
market. However, whilst preparing this review it was quite difficull to aveid
harping on those relatively minor aspects that I found annoying. The main
annoyance was the manual, which is reasonably well written but is very poorly
presented and is therefore difficult to use. Also, T would dearly like a CUA
interface so that I did not have to learn Dyadic’s quirky key assignments for cut
and paste, etc.

New Features

Dyadic have gone down the road of providing specific Windows facilities that
are embedded into APL, sc that one does not have to learn C or the Windows
System Development Kit (SDK). Version 6.3 of Dyalog APL completes the
process of providing the Windows facilities that can be called through System
Functions. The number and range of Windows functions provided is impressive,
Windows applications can now be written with full control over the use of
bitmaps, fonts, line drawing, the clipboard, printing, drag and drop — more than
enough to enable you to create fancy Windows applications. A few things are not
included, the major omission being the ability to create Multiple Document
Interface (MDI} applications.

A new System Function {N4 allows you to call Windows Dynamic Link
Libraries (DLLs) from APL. This makes it possible to call those Windows
functions that are not available in Dyalog APL to be accessed from the DLLs
supplied with Windows or from DLLs that you have written yourself. However,
this means that you need to become familiar with the Windows SDK and
programming in C. [ONA is also a useful tool to access other Windows
applications that are programmed using DLLs.

There are numerous workspaces, starting with simple tutorials on how to use the
new facilities, and going up to a full blown application to help you design a
Windows application.
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There is so much material that it is impossible to do justice to it in a single article
in Vector. This review will give a brief overview of the facilities, and further
articles will be needed to describe specific aspects in more detail.

Getting Started

Installation was, initially, very simple. A glance at the User Manual showed that
one did the normal thing for a Windows product, that is, poke the first disk into
my A: drive, go into Program Manager and run a: setup, After a few minutes |
got an odd little message asking me to edit the QUADCMD.PIF file to show the
actual directory I had specified. Looking in the index of the User Manual drew a
blank, as did running the thing, which just launched me into a DOS session.
Later on 1 found the section in the manual that explains that the PIF file is
required for the [JCMD processor, and the last thing I should have done was to
run it from File Manager. The index has an entry for DOS Command, but not
OCHD or QUADCMD.

Firing up APL looked as though it was a success, but the character mapping was
all over the place. Trying to type } OFF resulted in an undignified search for the
) which was finally located next to the backspace key. Back to the manuals for a
look at the character mappings, which are simple and very flexible. I was able to
use my favourite Unified keyboard, except that the APL quote is different from
the ASCIl quote, which caused a great deal of confusion as I kept getting
SYNTAX ERROR when entering an apparently valid character variable. The
Ctr+K key produces the APL quote and the normal key preduces the ASCII
quote. George MacLeod suggested that I reversed the mapping of the two keys,
and since then everything has been very easy.

1had some difficulty getting started with the Windows features of Dyalog APL.
There are several reasons for this. First, 1 have not had the opportunity to use
Dyalog APL before, so some time was spent getting to grips with the
environment, such as how to cut and paste in the editor, how to edit variables,
and all the little things that one takes for granted after using a product for a
while. Secondly, 1 started by trying to implement a relatively complex Windows
application that required a substantial amount of programming and I found that
this was too much to handle all at once. I should have spent more of my time
studying the supplied workspaces. Lastly, Dyadic have not supplied a quick
reference card for the Windows facilities, and the layout of the manuals makes
them difficult to use as quick reference material. Adrian Smith sent me his own
‘home-brew’ quick reference guide, which proved to be invaluable.
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Bitmap Manipulation

Ray Cannon’s article Windows BMP bitmap files and APL is an excellent
introducton to bitmaps. Ray has done amazing things with Pocket APL to
manipulate the bitmaps, but if he had had Dyalog APL he would have found life
much easier. For example, reading a bitmap can be carried out with the simplest
of functions:

V r+~gelbmp a;bm
[1] R Get the bitmap from file <a>.BMP
[2] 'Im'(WC'BITMAP ' a
(3] r«'bm'[JHG'BITS"' 'CMAP!

v

Reading the bits and palette into the workspace is then just a matter of typing &
c+getbmp 'bridge’.

A short explanation of the function will be useful for those who have not seen
the Dyalog APL facilities before. OF¢ on line [2] creates a Window, WC standing
for Window Create. The left argument gives the name of the window and the
right argument is a nested vector of properties. The first element of the right
argument specifies the type of object. In this case 'BITMAP' specifies that a
bitmap object is to be created, which is invisible.

Each object type has a different set of properties which can be specified as the
remaining elements of the nested array. In this case the name of the bitmap file is
given in the variable a. The properties can be specified in the correct sequence or
by name. For example I could have given the file name first and then specified
that this is a bitmap object with ('FILE'a}('TYPE' ‘'BITMAP').
Specifying the properties in the default sequence means that I can omit the
property names. Notice that the name of the window object, bm, is a specified as
a local variable. This is necessary as W creates bm as a new class of object in the
workspace, Windows objects have the equivalent status of a variable, but do not
appear in the ) VARS list, and their existence can only be displayed with ONL 9.

Line [3] reads the contents of the bitmap file with OWG (Window Get) which
works in much the same way as OWC except that you always have to specify the
names of the values of the properties required. The function specifies the
properties BITS and CMAP, which are returned as a nested vector in the
sequence specified.

When processing Ray’s article for Vector 1 used the bitmap facilities of Dyalog
APL to get the images into a form that would fit nicely onto the page. For
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example, putting several transformations side by side on the page was carried
out by the following little function:

v newv combine 1ist;b;c;i;n;s;50;b13c0;:c1;:bmx:0I0
[1] a Comblne BMP fliles 1ln <list> into <pew>
21 Oro+e

T3] neplist p 1+0

[u] b0 cO+getimp Directory,i>list a Read tirst Dbitmap

£s) s+({=2pb0),10}p " 1+5pcC A 10 pixel space using last plte row
(&1 c+20+180[Ln+=10+1+pb0 n Indices of portion to display

7 bhebol;ie] n First image in result

[a] 1++1 o +L2/%nsi n Loop for remaining images

[R-}] Li:b1 ciegetbmp Directory,islist n Read ith bitmap

[10] a{coacyi)its! n Crash If different palettes

[11] E+b,s,b10;c] n Catenate selected portion of image
[12] 1++1 ¢ +L1/3p>1 a Continue loop while images left
[133 IL2:'bmx'OWC'BITMAP! (Directory.new)d co0 n Create form with nev bitmap
[1u] 1 ONQ'Dbmx' 91 A Generate event to vrite to rile

v

All this function does is to Icop around getting in each bitmap and concatenating
a selected portion of them together. A properly constructed function would need
to allow the preferred portion of the picture and the width between pictures to
be specified as arguments, rather than the program constants of 10 20 and 80
which are hard-coded into the function. The global variable Directory
contains the path to Ray’s bitmap files.

I put together a number of little utilities to view bitmaps, to copy bitmaps from
and to the clipboard, and to write variables and functions to the clipboard so that
I could paste them into this article. It was all very quick and easy to do, and
made the job of writing the review easy.

1 also had fun changing the colours of the pack of cards in the Solitaire patience
game distributed with Windows. A colleague at work is colour-blind and finds
red difficult to distinguish from black, which makes playing Solitaire rather
difficult. Using a resource editor I copied the red cards to the clipboard and then
used APL to convert the reds to other colours. Playing Solitaire where hearts and
diamonds are deep blue is incredibly difficult and gives one a good idea of what
it must be like to be colour blind!

Workspaces

There are several introductory workspaces. FINTRO is an introduction to the
Windows facilities with 45 simple lessons taking you through the main features
of GUI programming in APL. FTUTOR is a more elaborate introduction where
there are several lessons for each Windows facility. CALC is a demonstration of
an implementation of a caleulator. BYED is a simple bitmap editor for creating
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small objects such as buttons. BUDGET is an example of a spreadsheet using the
(08K faciliies combined with Windows. GRAPHS contains a very full
demonstration of many types of graphs and should give you a flying start in the
production of graphics applications. QUADNA gives some examples of using ¥4
to access standard Windows facilities.

There are two complete application workspaces. WDESIGN is a sophisticated tool
for designing Windows applications. ARACHANID is a game of patience using
bitmaps with drag and drop.

Workspace VDESTGN

Dyadic have put a considerable amount of effort into their WDESIGN
workspace, and the result is a excellent example of what can be achieved with
the new facilities.

On loading the workspace three new windows pop up on your screen, a Control
Panel, a Tool Bar, and a Form. As there is no MDI facility included with Dyalog
APL these windows float freely on the screen and appear to be unconnected. 1
fact they are connected. If you press Ctrl+Esc or Alt+Tab to switch between
applications only one entry is displayed for the group of windows. In the
following example I have moved the three windows together to allow them to fit
on the page and to remove the extraneous rubbish which I happened to have on
my screen at the time. I used the Dyalog APL facilities to create the image.

&

e T <. WDESIGN 2.1 Control Panel -
File Select Edit Run Options

Name FORM1

{CAPTION FORMT

= Yook ] [= Ta
El]A
o|e|s
= il [
E $
53 i) [

. B
ZE 6
0] Y IS
7] | ]

63



VECTOR Vol.10 No,1

Everything in the picture has been created in Dyalog APL. The Tool Bar is a set
of bitrnaps which are held in a nested array in the workspace. The Control Panel
is created by a fairly lengthy function which specifies the menu and the child
controls. The Form is the first Windows object which you are about to define in
your application. The only thing that you could not have created directly in
Dyalog AFL is the help text, where you would have needed a help compiler to
create the standard Windows help file that has been provided. The help
provided is excellent and quite extensive, running to about 8 pages when printed
out.

The objective of the workspace is to enrable you to design the forms for your
Windows application and, if required, to define the main functions to create the
objects and the call-back functions to process the events. The names of the 412
functions and variables in the workspace all start with the letters ¥d, so you have
to be careful not to use these starting letters for any objects in your own code.

Before you start using ¥DESIGN you should design the way in which your
application is going to work. It is hopeless to expect to use this design tool, or
any other design tool, without a clear idea of what it is you are about to produce.
To get used to the facilities available it is probably best to copy the example from
the user guide, or to implement the example Duncan Pearson gave in his review
of Dyalog APL/W in Vector 9.2, on page 55.

The functions produced have text hard coded where I would normally have
variables, and need editing before they can be used. For example, adding a
default list box to the default form shown above results in the following
functions being defined:

¥ MAIN
[1] n Main Functicn
£2] apQ'.!

v

¥ MAKE

[1] MAKE_ROCT
f2] MAKE_FORM1

v
¥V MAKE_FORM1
[1] 'FORM1'DNC'FORM' (' CAPTION' 'FORMA')}('POSN' (27
16 .25))('SIZE' {65 60)}
[2] 'FORM1.LISTA'OHC*LIST! {'ITEMS {'0One* 'Two' 'Three' 'Four'

‘Five! '8Six' 'Seven' 'Eight' 'Nine' 'Ten')){'POSN'(18
16})('SELITEMS'(0 0 ¢ 0 0 0 0 0 0 0)){'SIZE'(42,05128098 17.96875))
v
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v MAKE_ROQT
[1] a ROOT object has default properties
v

All the functions are exactly as produced by the minimal use of the WDESIGN
process. The function MAIN is presented for editing so that one can include the
MAKE function and other code which would be essential for your application, but
I have not altered the supplied default. Normally, an application would have a
number of MAKE_x functions which would be called by MAKE.

Line [2] of MAKE _FORM1 contains the list of items that are needed when creating
a list box as a vector of text strings. T would expect to use a variable for the
contents of a list box, as elements are usually things that can be added or deleted
elsewhere in an application. If matrix Mat is to be used to specify the contents,
then T would probably edit line [2] as follows:

[21 | FORM1.LIST1'OWC'LIST' (' ITEMS (+Mat)) (' POSK' (18 16})
(*SELITEMS' {Dp~opMat}}('STZE' {42 18))

At some later stage I might need to change the position and size of the list box,
probably in conjunction with the position and size of ali the other objects in order
to make room for something else. To do this I would have to run the MAKE
function to create the Windows objects, } COPY WDESI GN, run Wd and then
drag the objects to the desired positions. However, if I request that the objects are
to be saved as functions, then I lose my original definitions. In the following
example I had defined Mat+'M'ONL 3 and then dragged and resized the list
box. On saving the object in functions, line [2] is redefined with the current
contents of the object in the workspace:

£2] "FORM4.LIST1'OWC'LIST* (' ITEMS" ' ('MATN ' VMAKE !
\MAKE_FORMi' 'MAKE_ROOT '}){'POSKN'(10 14)){'SELITEMS'(0 © O
0))({'SIZE'(58 38))

In order to avoid this 1 have to save the object in the workspace, and then to
extract the new positions using 'FORM1.LIST1'OWG' POSN! "SIZE'. The
results would then have to be used to edit the numbers in the functions. This
would drive me into keeping the positions and sizes in variables and writing a
little function to update the variables after using ¥d.

Another, but minor, annoyance was that the WDESIGN cover function, Wd,
checks to make sure that you are working in 16 colours, and exits if any other
number is found. I like using 256 colours, so had to switch to 16 colours and
restart Windows before loading the workspace. 1 could not find a reason in the
manuals for this restriction.
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Once mastered, WDESIGN will enable you to create complex applications
without having to look at the manuals. The help is excellent, and it is easy to
select the properties required from lists of the properties available for each
object.

Adrian Smith’s Window Designer

Adrian is currently experimenting with a completely different design approach.
He has programmed a low-level set of cover functions with a different function
for every type of Windows object that Dyalog APL supports. These functions are
used by the design process and also by the application. All functions have the
same syntax, with the left argument being the object name and the right
argument a 5 element nested vector which specifies a standard set of properties,

There are some problems in implementing this design. Dyadic have specifically
designed the interface so that the frequency of use of the properties of an object
defines the default sequence. This means that in majority of cases you do not
have to specify the property names when creating a function with the properties
defined as program constants. Also, each object has its own list of properties, for
example the FILE property is used for a bitmap object but will cause a DOMAIN
ERROR if applied to a combo box. All objects, though, may have a DATA
property in which one can store any APL variable. Adrian has used this to store
parameters which are special to the various objects.

Typing Gui_dbx 'test' presents the following screen:

Design Toeolkit

caie [ Svap=1 | bk

To add a control you click on the Make button and a menu of controls appears,
When the control is on the form you can click on it and add the properties and
APL expressions for the contents of list boxes, etc. The process is much the same
as with WDESIGN, but without the fancy toolbar. (Having seen how the toolbar
is created in WDESIGN it would be easy to add an equivalent facility.)
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1 added a Combo Box in my test and specified A1ist as the contents and
1+2palist as the selection, and then clicked the OK button, which exits from
the function. The variable test is defined as a 2-element nested array, with the
first clement specifying the form and the second element the combo box.
DISPLAY+test shows the structure of the beast:
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' 1
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|
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Prior to displaying the variable 1 changed the form title using
(1 2otest)+'Test’,so that the display would fit on the page.

Running Gui_db test produced the following window:

Adrian has added a sunken look to the combo box, and uses a grey background
rather than the default colour that is specified in the Windows control panel.

The different design approach taken by Adrian is most interesting. I feel that
holding the specifications in an array it is much more in line with the spirit of
APL as an array language. The Dyadic approach results in lengthy functions
with calls to IWC on every line. Adrian’s code does, of course, have to have the
same number of calls to (JWC, it is just that they are not so visible. I will probably
use a combination of both methods when implementing an application.
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Dyadic have used arrays to some extent in their WDESIGN workspace, The
bitmaps for the toolbar and some other objects are held in an arrays. The function
that creates the toolbar tacks on the properties required to the basic bitmap
arrays and then calls OWC" to create the toolbar in one go. A similar approach
has been used in several places in the ARACHNID patience game.

Workspace GRAPHS

The GRAPHS demonstration workspace contains the sort of functions that I
would write to produce a graphics application. There are a couple of reasonably
well generalised functions. GRAPH produces a graph from a nested array right
argument which specifies most of the parameters required. AXES writes the axes
using a number of global variables. If I was going to write a specialised graphics
utility, rather than rely on the facilities available in other Windows preducts, I
would start by using this workspace as a basis for development. No doubt by the
time I had finished the functions would be entirely different, but at least I would
have had a basis on which to start work.

I think Dyadic spoilt their demo by using some system fonts which are visually
unattractive on the screen, with jagged edges when displayed in large font sizes.
Dor’t be put off by this, the demo shows you how to use fonts, and it is a simple
matter to replace the system fonts with True Type fonts which look much
smarter.

Needless to say Adrian Smith has an entirely different approach in converting
his existing graphics code. He sent me a workspace with some impressive
demonstrations. His foundation APL code is based on converting PostScript
instructions into Dyalog APL graphics. Adrian has been doing a Iot of work with
PostSeript, and basing the core graphics engine on PostScript means that he can
lift applications from one version of APL graphics to another by just writing a
new set of basic functions. I would have to learn PostScript to be able to use
Adrian’s workspace, so for the moment I prefer to stick with Dyadic’s method.

Manuals

I must get my beef about the manuals over first. All text is printed in a single
typewriter-style font, so none of the normal methods of using different fonts for
distinguishing different definitions are available. The font also makes the
manuals physically much larger that they would have been with a proper
proportionally spaced font. The User Guide does not have a Contents; each
chapter starts with a Contents but there is no overall Contents. The User Guide
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and Reference Manual have indexes, but there are few entries and they have not
been constructed properly, so they are virtually useless.

It is a shame that the manuals are so poorly produced because they are actually
quite well written. The description of each feature is clear, and the grouping of
subjects is sensible.

Dyadic should buy themselves a decent word processor and get some
professional help to make their manuals more attractive.

Problems

When writing this article I found it convenient to have Dyalog APL in one
window and Microsoft Word for Windows in another. I found that I had to start
Dyalog APL on entry to Windows otherwise it complained that there was not
enough memory on my machine. It was no good starting Word for Windows and
then closing it, I just got the same message. I can only assume that Dyalog APL
requires a contiguous area of memory, and loading any other application causes
memory to become fragmented.

Dyalog APL crashed four or five times whilst writing the review. It was most
aggravating that | was unable to recreate the problems, so I was not able to tell
Dyadic how to recreate the errors. Dyadic were most amdous to correct any
errors before the final release of the product, and they tell me that several bugs
have been found and corrected in the month that I have had the review copy
prior to final release.

Conclusion

Dyalog APL have created an excellent environment for the development of
Windows applications. Every feature that I could wish for has been included,
and once I had got over the initial learning curve I found programming easy. The
ability to access DLLs will, I am sure, prove to be an invaluable tool in linking
APL with other applications, which I am looking forward to exploring further.
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Business Graphics — A Second Look

by George MacLeod

This is a summary of the presentation given by George MacLeod at the BAA
meeting in March 1993,

The presentation discussed MacLeod's views on business graphics, how his ideas
had been implemented in the graphics part of the Impetus product and how these
ideas had been further developed by prototyping a new business graphics
package (code named Trellis) which will run under Windows and is being
implemented in Dyalog APL/W. It is hoped to provide similar facilities under
APL*PLUSIT in the future.

The underlying principles of Impetus Graphics are threefold.
1. It must be easy to produce simple graphs.
2. It must be possible to produce elaborate graphs when needed.
3. The graphs when printed should be of a high quality.

The third item is based on the belief that most graphics programs concentrate on
the presentation on the screen rather than on the printed graph. Although many
executives use Personal Computers there is still a need to produce regular high
quality printed graphical output for distribution to senior management.

There were considerable difficulties in implementing these aims in Impetus as the
(:SS graphics drivers supplied with most DOS-based APLs were not bug-free.
This was particularly true when use was made of variable-pitch fonts. This
resulted in graphs which could take several hours to print, and which were still
incomplete. A paper on this implementation was presented to the BAA in 1991.
Since that time there have been new releases of the graphics drivers and the
problems are now resolved.

In the Windows world there is a wide variety of graphics applications programs,
but most of them are really drawing programs that also have some ability to
produce business graphics. The modern spreadsheet offers graphs tightly
integrated into the spreadsheet data, and it is possible to produce graphs of
considerable elaboration — although many of the features of a good business
graphics system are not available.
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Trellis graphics has the same underlying aims as did the earlier Impetus graphics
but is intended to offer a more complete range of graph types and to take
advantage of the Windows Graphical User Interface. As with Impetus graphics,
the data and the graph properties are kept separate. Fundamentally Trellis works
on three variables. The first is the Graphics Description which is a complicated
nested variable containing many properties. The data is contained in a simpler
nested variable known as the Data Source.

A Data Source may be used with more than one Graphics description, and more
importantly, a Graphics Description can be used with more than one Data
Source,

The third variable is the Script. This is an editable variable which is equivalent to
a batch file in DOS, It uses a very simple and limited language, and facilitates the
production of regular batches of graphs.

MacLeod’s own introduction to business graphics came via the use of the Boeing
Executive Information Services (EIS) product in the late 1970s. Boeing EIS runs
on an IBM mainframe and has extensive business graphics facilities. The user has
great control over the graphs that are produced, but the syntax of the command
structure is complex and has to be learned and would be totally unacceptable on
a modern PC.

At the heart of Boeing EIS is the recognition that most business and
manufacturing data is time-related. For example, salaries may be paid monthly,
VAT may be paid quarterly and rent every six months. A capital purchase is
made at a point in time. We call this data “Time Spread” data and Trellis will
support daily, weekly, monthly, quarterly, semni-annual and annual time spread
data. Such data is defined by three properties. The periodicity (monthly, weekly,
etc.), the start date (day, month and year) and a simple vector of values.

Time-spread data has a number of advantages. Firstly you do not have to
provide the labels for the time dimension on a graph — the labelling is inherent
in the data. Secondly the total duration of the data is clearly defined, for
example, there is no ambiguity about any data before the start date. Thirdly it is
possible to plot a graph of data with different periodicities, for example, monthly
data can be plotted with quarterly data by automatically summing the months
into quarters. Cumulated data is readily available to produce cumulative graphs,
and finally it is possible to have a time window set to limit the data that will
appear in a particular graph.
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The underlying architecture of a Graphics Description is as follows:

Page Level Properties
Graph Level Properties (Graph 1)
Plot Properties (Plot 1)
Plot Properties (Plot 2)
Plot Properties (Plot 3)
etc.
Graph Level Properties (Graph 2)
Plot Properties {Plot %)
Flot Properties (Plot 2)
Plot Properties (Plot 3)
etc.
ete.

Page level properties are concerned with such things as should there be a box
around the page, should there be a time stamp, what is the background
colour, etc.

Graph level properties relate to matters such as graph type, description of the
axes, grids, ete. These properties can be specified for each graph on a page.

Most graphs have more than one plot. For example a Line Graph will often show
more than one line of Plot. Plot properties relate to such matters as line types, bar
patterns, where the data comes from, etc. As it require a large number of
properties to draw a graph it is important that most properties take default
values and are only changed when the user wishes to change them. Trellis will
be delivered with a complete set of defaults for all of the graph types. When a
Graphics Project is first created a complete set of the system defaults will be
placed in it.

The concept of heredity will be used in much the same way as with Object
Oriented Systems. A Plot is the child of 2 Graph, which in turn is the child of a
Page which is the child of a Project. For example, if we are producing a line graph
and we are about to draw the first line Trellis will look for the properties of the
line at the Plot Level. If it finds nothing it will look at the Graph level, if it again
finds nothing then it looks at the Page level and if nothing is specified there then
it looks at the Project level, where everything is specified.

This means that properties for the first line to be drawn in a line graph may be
found at a number of levels. Not all properties can be treated in this way. For
example the location of a graph on the page has to be specified at the graph level.
If it was specified at the page level then all graphs on a page would be
superimposed. (It may be useful to define the size and aspect of a graph at the
page level so that several graphs on a page will have the same size and aspect.)
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Trellis will use the facilities of the Windows GUI to provide users with interactive
facilities to enter data and to organise the “look” of a page of graphs. Provision
will be made for the actual display and printing of graphs to be driven using
Dynamic Data Exchange (DDE) from other Windows applications.

Most Trellis users will be unaware that Trellis is written in APL and most users
will not have heard of APL! However, Trellis will be especially convenient for
users writing application programs in Dyalog APL/W. They will be able to
produce a Data Source in their program and then share this with Trellis. A
definition of the structure of a Data Source will be available together with code
that can be used to check that a Data Source produced by an application program
is structurally correct.

Addendum: Getting that 3D Look

George showed the results of a number of experiments he had been making with
the look and feel of the Windows GUI interface. One effect that was surprisingly
effective, yet very easy to achieve was the generation of three dimensicnal
effects in a window with a grey background. The example above shows a pairs of
raised and recessed effects created by drawing white and dark grey lines on the
light grey background.
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K

by Arthur Whitney

Introduction

K is the executable notation at the heart of a high performance programming
platform. 1t is designed for analyzing massive amounts of real-tme and
historical data — ideal for financial modelling.

K is fast, comprehensive, accessible and productive. It gets its speed from an
incremental compiler and well-designed memory management, data types and
primitives. It gets its universality by combining easily with other products and
including high-performance built-in spreadsheet, graphics and database
management. The productivity and accessibility come from the design of the
core language.

This paper gives some examples written in K and a brief summary of the
language. This work came about because of my experience in using C and
Fortran and my work designing, implementing and using several different
programming environments including LISPs, object-oriented systems and APLs.
In particular, ] learned a lot from designing, implementing and using the very
successful A+ at Morgan Stanley. 1 am convinced that the best possible
programming environment, at least for finance, is one that is based on high-
performance list processing with APL-like primitives. This gives the best
combination of productivity and performance.

Examples:

K has a small and powerful vocabulary. Every primitive operation is a single
ASCIl symbol. For example,

p: 1.5 1.6 p gets 1.5 and 1.6
g: 3 4 ¢ gets 3 and 4
p* p times q

4.5 6.4

0 ;/p*q plus OVER p times g

The basic atoms of the language are characters, numbers, symbels and lambda-
expressions. Lists are made up of items. Each item is a list or an atom. A table is a
list of equal length lists. In mathematics instead of atom, list and table we say
scalar, vector and matrix. For example,
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s: 3 a scalar, i.e. an atom.
v: 3 4 a vector, i.e. a list of 2 atoms.
m: (2 3 4 a matrix, i.e. a list of 2 lists of 23 atoms.
56 7}
Then,
/v plus OVER items of v, l.e. 3 + b,
7
+/m plus OVER items of m, i.e. 2 3 4 + 5 6 7.
7 9 11
+/'m plus OVER EACH item of m, i.e. (+/2 3 4;+/5 6 7).
9 18
+\v plus SCAN items of v, i.e. {3;3+4).
v

+ and + are binary atomic functions. / \ and ' are operators. Operators, which
are spelled in capitals in the commentary, take functions as arguments and
derive related functions as results, E.g. + is plus and +/ is sum. In general,

1/ x applies f successively OVER the items of x.
Y x applies f successively SCANming the items
of x from beginning to end.
" ox applies f to EACH of the items of x in
parallel.
Also,
vty v plus EACH v, i.e. (3+3;4+4).
6 8
velyv v less-than EACHLEFT v, i.e. (3<3 4;4<3 4).
o1
00
ve/v v less-than EACHRIGHT v, (3 4<3;3 4<4),
o0
10

The binary cases of the functions derived from / \ and ' are all parallel
operations. In general,

x 'y applies f to EACH pair of the items of x and y.
x I\ ¥ applies f to EACH of the items on the
LEFT(x) while keeping y fixed.
x I/ y applies f to EACH of the items on the
RIGHT(y) while keeping x fixed.
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A function f is atomic if and only if f is equivalent to £, For example,

{Vv+v) ~ vty v plus v is-equivalent-to v plus EACH v,
Note,

V*m vtimesm,ie. (3*234;4*56 7).

6 9 12

20 24 28

+/vxm plus OVER v times m, i.e. 6 9 12+ 20 24 28,
26 33 40

Composition arises from the juxtaposition of functions. For example,

~= not equal.
=< not less than, i.e. more than or equal.
> not more than, i.e. less than or equal.
+/* plus OVER times — generalized dot
product.
(+/%)\ (ptus OVER times) EACHLEFT — matrix
product.
In general, for functions f and g;
((f g)x) ~f gx (f compose g) of x is equivalent to f of g of x.
{(x{f g)y) ~fxgy x(f compose gy is equivalenttofof x g y.
((x £)y) ~x ry (x with f)of y is equivalent to x f y.

For example, from linear algebra we know that:

sw is a linear transform from R to R.

m+/#)\ is a linear transform from R2 to R3.

Of course these lists do not have to be rectangular nor of uniform type. Therefore
lists are a simple yet powerful extension to the rectangular homogeneous arrays
of the original APL. There is no need for enclose or disclose. Moreover, the
parallel operators / \ and ! simplify and generalize, and thus obviate, inner and

outer products as well as the bracket-axis operator.

76




VECTOR Vol.10 No.1

Another important generalization is making expressions first-class data objects
and allowing them any number of arguments. The application of an expression
to its arguments is done with brackets. For example, the fundamental calculation
in finance is present value, i.e. price.

Given a list of cashflows ¢ that come at corresponding times t with a prevailing
discount rate d, then ...

pv:{le;t;dl+/cadat) pv gets: sum of cashflow imesd to the power t.

The discount rate is the reciprocal of 1 plus the interest rate, for example, a
discount rate of 0.9 corresponds to approximately 11%, and means that 1 dollar
one year from now is worth 90 cents today.

Tor example, a 3-year bond issued with an annual 10% coupon would have:

c: 0.1 0.1 1.1 cashflow is coupon, coupon and
principal+coupon
t: 1 2 3 atyears12and 3.
Then,
pvlc:t;0.9] present value of the bond at 0.9 annual discount
0.9729 is approximately 97 cents.

This formula is well-known and widely used. Unfortunately it is also inexact. It
assumes a constant interest rate over the life of the bond. The right way to make
this calculation is to use the current prices of all relevant financial instruments to
derive a discount function d[t] (read d of t). d[t} is the present value of a dollar at
all times t. So now the formula is:

pv:{le;t:dl+/c~d[t]} pv gets: sum of cashflow times discounts at times t.

pvlc;t; {[t) 0.9at}] call pv with¢, t and lambda-expression ford.
0.9729

Instead of storing a function as an expression we could store the actual mapping
itself. This can be much more efficient, e.g. in this case,
d: t 0.9 0.81 0,728  d gets discount for years 0,1,2 and 3.

pvic:t;dl ... and once again ...
0.97249
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Note the pv definition didn’t change. Function call and indexing use the same
notation, i.e. if the left argument is a list then index — if it is an atomic lambda-
expression then execute. This is a powerful idea. A list v is often a very effective
representation of a function from 01 2 ... to v[0] v[1] v[2] ... . For example,

vii 2 3 4 5 define a list v, i.e. the range of v.

l#v enumerate count v, i.e. the domain of v.
12 34

v[3] vat3d

4

f:{[x]1+x} define a functional superset of v.

t[3l fat3
iy

It is possible to fix some arguments to a function just as it is possible to specify
just some axes in indexing, In the following example m and f both implement +
— ml and f1 both implement 1+.

m:n+\n:l4 m gets n plus EACHLEFT n gets enumerate 4,
i.e. mis defined to be the 4 by 4 addition table,

m
0123
1234
2345
3456
T {[x:ylx+y) f is defined to be addition.

m(1;2] matli2
3

t01;2] fat12

3

mi:m{1] m1l gets m at row 1.

mi
1234

f1:f[1] f1 gets f with x fixed at 1.

mif2] ml at2
3

1102] flat2
3

The [ and ] are for convenience. The underlying primitive is @,
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Summary

K stands for “keys to the kingdom”. The keys to expressiveness include:

0.

1.
2,
3.
4,
5.
6.

simple and general atom and list data types.

simple and general atomic and list primitives.

a single ASCII symbol for each primitive.

the identification of list indexing with function call evaluation.
symbolic indexing {not described here).

Jambda-expressions with any number of arguments.

function composition.

The keys to performance include:

R

constant time access, i.e. indexing.

. constant time searching, i.e. hashing.

. constant time append, ie. clever memory management.

linear time sorting,.
parallel functions and operators.
in general, having primitives that can express the important algorithms.

ineremental compiler.

In summary, what is K? It is a powerful programming language. Why use K? For
productivity and performance. What is new, different and exciting?

R N

. The lists of K are a simple superset of the rectangular arrays of APL.

. Bvery primitive is a single ASCII symbol — no non-standard characters.

User-defined functions can have any number of arguments.
Indexing has cross-sectional, scatter and symbolic access.
Lambda-expressions are an atomic data type.

There is no branching — control is through iteration and parallel operators.

. Bracket axis, inner producl and outer product are all superseded by EACH.

Conclusion

K can run on any architecture but runs especially well on high-bandwidth RISC
and parallel RISC. This is because of its emphasis on arrays and parallel
operations on the arrays. The natural tendency in X to write parallel solutions to
problems helps make K an ideal language for distributed and parallel processing
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Windows BMP Bitmap Files and APL

by Ray Cannon

Introduction

I have been playing around with bitmap files and found that APL was an ideal
vehicle for gaining an insight into the way bitmaps can be manipulated. One of
the problems with the books and documentation about bitmaps is that they
assume that you are going to use C, so the explanations and general thought
process is limited by that language. Bitmaps are just matrices of numbers, so the
power of APL array handling is a great help in understanding how to carry out
any required transformations.

This article starts with an outline of the way in which Microsoft Windows
device-independent bitmap files (BMP) are constructed, along with some colour-
model theory. This is followed by examples of APL functions for image
enhancement and manipulation including grey scaling, noise reduction, and
edge detection.

Bitmaps

The term bitmap {according to the Windows User Guide) is “An image stored as
an array of bits.” Microsoft defined a standard for PC files containing device-
independent bitmaps (DIB) in version 3.0 of Windows and has not changed for
version 3.1. OS/2 bitmaps are very similar, and in fact many Windows
applications can read either format. Files containing Device-Independent
Bitmaps, including OS/2 files, normally have an extension of BMP or DIB. For
example, the Windows file CHESS.BMP contains the famous flying chess pieces
bitmap.

Previous versions of Windows defined only device-dependent bitmaps, and
although it is possible, it is now not usual to store them in files.

Microsoft’s BMP files are not the only bitmap graphic file standards. Others
include ZSoft’s Paintbrush (PCX), CompuServe’s Graphics Interchange Format
(GIF), Tagged Image File Format (TIFF), Truevision’s TARGA Format (TGA),
GEM image format (IMG) and the MacPaint format (PIC).
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Device Support and Graphics

Windows is a graphics environment. The primary output device (the computer
monitor) must be able to support graphics with at least 16 colours, or grey scales.

There are two main types of cutput graphic devices: those that draw pictures dot
by dot are “raster devices” (laser printers, dot matrix printers, CRT displays and
printing presses), and those that draw an image as a series of lines are “vector
devices” (pen plotters and “etch-a-sketch” toys). In Windows, only devices with
raster capabilities support bitmaps. Devices without raster capabilities do not
support bitmaps. Some non-graphic devices, such as Daisy-wheel and Golf-ball
printers, can in theory support raster graphics, via repeated use of the “.”
character, but I don’t recommend trying it!

Windows does however support graphics output on vector devices via Metafiles.
A Metafile contains the commands to draw an image, rather than a
representation of the image itself. This is rather like Turtle graphic commands in
LOGO. Metafiles are also supported on raster devices.

As a generalisation, bitmaps tend to be fast and big (require a lot of memory for
storage) while Metafiles are small and slow. Bitmaps do not “scale” as well as
Metafiles. A 45 degree diagonal line in a bitmap will become a staircase when
enlarged, while a Metafiles line will remain a line. It is quite simple to convert a
Metafile into a bitmap and this can be a quite useful technique in some instances.
However, the reverse process, conversion from bitmap to Metafile, is “not
trivial”, “Not trivial” is a euphemism for “I don’t know how do it"1)

An alternative to bitmap graphics and Metafiles are “Block Graphics”. Block
graphics are produced by special graphic characters in text modes such as those
used on TeleText and also mode 7 on the BBC micro computer. Block graphics
are not in general supported by Windows.

A Little about Colour Models

A little background about eyes and colour models might come in handy here. In
the retina, there are two types of light sensitive cells: rods and cones.

Rods are very sensitive to light, but do not distinguish colour. Cones on the other
hand are far less sensitive, but can distinguish colours. Hence, under low light
conditions when only the rods are active, objects appear as black, white or grey.

The cones occur in 3 types (red, green, and blue} each of which has a maximum
response to a different wavelength (colour) of visible light. The colour you
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perceive depends on the relative response of each type of cone to the wavelength
of light received by it. For example, yellow light stimulates both the red and
green cones. By the same process, a red and a green light together will appear as
yellow. This is an additive process.

However the normal eye’s colour response is not linear; its strongest response is
to green (59%}) then red (30%) and lowest to blue (11%). Short wavelengths are
blue (or viclet) and long wavelengths are oranges and reds. Black is the absence
of any wavelength in the visible spectrum. An even mix of the spectrum colours
is perceived as white light. White light can also be produced by mixing 3
primary colours such as Red, Green and Blue (RGB) or Cyan, Magenta and
Yellow, (CMY} or two complementary cofours such as Red and Cyan, or Green
and Magenta, or Blue and Yellow.

To an artist using pigments, the three primary colours are red, blue and yellow,
which when mixed together in equal proportions produce black. This is because
pigments work by light absorption, and only reflect the colours they do not
absorb. This is a “subtractive” process, black being the result because all the
colours are absorbed.

Modern colour printing tends to use a four-pigment process, often Cyan,
Magenta, Yellow and Black (CMYK; “K” stands for key, a printing term for
black). The black is required due to practical limitations in ink pigmentations
rather than on theoretical grounds. White, on the other hand, is reproduced by
not putting any pigment on the surface medium, white paper.

Just as a pixel’s colour can be adjusted by varying the mixture of primary colours
used to make it up, the apparent colour of an area covering a group of pixels can
be simulated by making the group up of a mixture of different colours. This
process is known as dithering, and is widely used in Windows. To work,
dithering depends on the eye’s inability to resolve the individual dots.

Colours possess Luminosity, Hue and Safuration. Luminosity is the brightness (or
intensity) of the light. Hue is the wavelength of the light. Saturation is degree to
which the colour departs from a pure spectral colour and approaches white. A
pure continuous spectrum shows a continuous variation of saturated hues. When
a hue is diluted with white light, the colour is classified as a tint, thus Pink is a
tint.

Grey can be regarded as a tint when the hue being diluted has zero intensity.
Grey is in effect low intensity white. You can’t have a “grey light”, but white
pigments can look grey in low light conditions.
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Windows stores colours via a RGB maodel, with the intensity of each primary
colour in the range 0 to 255. Thus a colour requires 24 bits to define it, and the
model supports 256x256x256 (about 16.7 million) colours. Actually, the standard
VGA device can only resolve 64 intensity levels of any one RGB colour.

Device-Independent Bitmaps

Microsoft's Windows bitmaps exist in 2 distinct forms, Device-Compatible
bitmaps, and Device-Independent bitmaps (DIB). Since device-compatible
bitmaps of the same image will vary from one device to another, they are not
very suitable for program manipulation via general utility code. A different
utility would be needed for each device. The rest of this article, therefore, will
deal with DIBs only.

The simplest form of the bitmap is the monochrome bitmap, where each pixel is
represented by a single bit. Coloured bitmaps require multiple bits per pixel. The
most common Windows bitmaps are its icons. The famous arrow and hourglass
cursors are also modified forms of bitmap. Icons and cursors differ from
standard bitmaps because they can contain transparent areas.

The Windows 3.0/3.1 Device-Independent Bitmap (DIB) format
Windows supports 4 different levels of colour in its DIB format:

« 2 colours, The so-called “monochrome” being 1 colour bit per pixel;
+ 16 colours. 4 bits per pixel;

+ 256 colours. 8 bits per pixel; 16.7 million colours. 24 bits per pixel, that is 8 bits
for each of Red, Green and Blue.

The colour leve! defines how many colours can be selected from the 16.7 million
possible colours. For example, a 256-colour bitmap of a rain forest might use 200
different green tones. The set of colours used in a bitmap are called its colour
palette.

The format of a BMP file consists of 4 distinct parts, the file header, the bitmap
header, the colour palette and the bitmap bits:
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1. The bitmap file header

Ofs Size Microsoftname  Description

0 2 bfType The character BM for bitmap

2 4 bfSize The total size of the file

6 4 bfReservedl/2 Reserved, must be set to zero

10 4 bfOf{Bits The offset to the bitmap bits from the
beginning of the file.

2. The bitmap information header

Ofs Size Microsoftname  Description

0 4 biSize The size of this structure in bytes

4 4 biWidth The width of the bitmap in pixels

8 4 biHeight The height of the bitmap in pixels

2 2 biPlanes Number of colour planes, setto1

14 2 biBitCount Colour bits per pixel. 148 or 24

l6 4 biCompression *Code for the compression scheme

20 4 biSizelmage *Size of the bitmap bits in bytes

24 4 biXPelsPerMeter  *Horizontal resolution in pixels per meter
28 4 biYPelsPerMeter  *Vertical resolution in pixels per meter

32 4 biClrUsed *Number of colours defined in the palette
36 4 biCllmportant *Number of important colours in the image.

The biSize is 40 for Windows DIBs and 12 for OS/2 DIBs and provides the
simplest way of distinguishing them. The colour level is defined by the
biBitCount value.

[tems marked with a * are not mandatory and may often be set to zero,
meaning that the default value applies.

3. The RGB palette (not used in 24-bit DIBs) starts at file offset 14+biSize and
consists of 2 or more RBGQuad entries each of which consists of a &-byte

entry:

Ofs Size Microsoft name  Description

0 1 rgbBlue 1st Blue intensity in the range 0-255

1 1 rgbGreen 1st Green intensity in the range 0-255
2 1 rgbRed 1st Red intensity in the range 0-255

3 1 rgbReserved Setto 0

A Windows DIB may have fewer colours defined in the palette than the
maximum number suggested by the biBitCount; if so biClrUsed must define
the number of entries.

0S/2 DIBs use an RGB triplet, a 3-byte entry for each palette colour.
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4. The bitmap bits start at file offset bfOffBits. The bits (1, 4, 8 or 24 per pixel)
form an array, starting at the bottom row of pixels, each row beginning with
the leftmost pixel. Within each byte, the most significant bits are used before
the least significant bits. Each row of the bitmap uses a multiple of 4 bytes,
and may be padded to the right to ensure this. 05/2 and Windows share the
same bitmap bits format.

With all but the 24-bit colour bitmaps, the bits making up the image do not
actually define the colour of the pixel, but are an index into the palette of 24~
bit RGB colours.

Bitmaps take up a lot of space, but can often be compressed by encoding
repeated information. Some encoding algorithms are very complex, for example
the JPEG algorithm, therefore they are slow to unpack, but take up much less
space and require less disk 1/O. DIBs support a much simpler form of run-length
encoding. Since compression and expansion of bitmaps is best carried out in a
compiled language, it is not discussed further.

How you get your bitmap information into and out of APL will depend on the
APL you are using. The following example functions were written using STSC
Pocket APL.

To allow easy cross-reference between elements of APL variables and elements
of Windows structures, the function DEFINE sets up many globals with
Microsoft type names.

v DEFINE;0IC
[t3 » DEFINE GLOBAL CONSTANIS
[22 gre+o
[3] n ALL INDEX VALUES ASSUME OIOQ<0
[4]l a BIT MAP FILE HEADER VECTUR BF
L5l BFSIZE+0 o BFRESERVED+1 ¢ BFQFFRITS+2
[6] a SIT MAD INFO EEADER VECTOR BI
£71 BISIZE+D o BINIDTH+1 ¢ BIREIGHT+2 ¢ BIPLANES+3 ¢ BIBITCOUNT+4
[el BICOMPRESSION+5 ¢ BISIZEIMAGE+6 ¢ BIXPELSFERMETER+T ¢ BIYPELSPERMETER+g
£s] BICLRUSED+9 & BICLRITMPUORTANT+10
[10] s PALETTE RBG QUAD BF
[11] BPBLUE+~Q ¢ BPGREEN+2 o BFRED+2
[12] » OUTPUT GRAY PALETTE LOOXUP
(131 PALETTEOUT+ 256 4 pO
[i4} PALETTEOUTE;0]+1256 n CLRUSED=258&
[151 PALETTEOUTLC:11+4/164 a CLRUSED=G%
E16) PALETTEQUTL;2]1+16/116 a CLRUSED=16
[17) PALETTECUT[;23l+128/12 n CLRUSED=2
(18] A OTHER SIZES
[19] FILEEEADSIZE+1Y4 o INFOBEADSIZE+4Q
[20] n MONO GRAY SCALE
[21] MONO+GRAYZ

v
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Separate functions are used for reading and writing the various components of
the bitmap using global variables. If nested arrays were available then more
elegant functions would be possible.

[13
[23
L3l
[4]

[1]
[2]
[al
[4]

{1]
£2]
€3]
(%]
€51

(13
(23
[3
(42

(1]
L2}
L3}
[43
(53
L6
[7)
[a2
[93
[10]
[11]
[i2)
[13]
[14]

[1]
£23
%)
]
[5]
[6]

V READBITMAPHEADER TIN
R READ A BIT MAP FILE HEADER, INFC HEADER, AND PALETTE
BF+READBITHAPFILEHFADER TIN
BI+READBITMAPIFRFOHEADER TIN
BP+READBITMAPPALETTE TIN
v

v WRITEBITMAPREADER TQUT
n HRITE A BIT MAP FILE HEADER, INFQ HEADER AND PALETTE
OBF WRITEBITMAPFILEEEADER TQUT
OBI WRITEBITMAPINFOREADER TOUT
OBP WRITEBITMAPFALEITE TOUT
v

¥V R+READBYTMAPFILENEADER TIE;BUFFER;0IQ
ARFAD THE FILE HAEADER PART OF A BIT MAP, RETURNS
aro«~o
BUFFER+{INREAD TIE, 02 FILEHEADSIZE, O
OERRCR(~na/'BM'=2+BUFFER)/'NOT A BIT MAP FILE'
R+256104V1%¢ 3 4 p24BUFFER

v

¥ BF WRITEBITMAFFILEHEADER TIB;BUFFER:0IC
ANRITE OUT A BITMAP FILE HEADER BF
0IC+0
BUFFER+'EM', ,¢0AV[y 256 256 256 256 THF)
BUFFER [NAPPEND TIE

v

¥ R+READBITMAPINFOEFADER TIE;BUFFER;P;0IC
AREAD THE OM INFQ HEADER, RETURN VECTOR OF VALUES.
O10+o
BUFFER+~[JNREAD TIE,82,TFFOBEADSIIE FILEHEADSIZE
o EXFPAND 'WORD' VALURS To 'DWORD' (BIPLANES ARD BIBITCOUNT)
P+(12p1), 11 0 0 110 0 ,24p1
BUFFER+P\BUFFER
BUFFER[IL 15 18 18]+AV{0]
a CONVERT EACH 4 CHARS INTQ AN INTEGER VALUF
R+256180AV1$ 11 4 pBUFFER
OFRROR(RIBISIZIFI«INFOHEADSIZE) f"SQRRY, 05/2 BIT BITMAP NOT SUPPORTED'
OERROR(R(BIBITCOUNT)=24}/'50RRY, 24 BIT BITMAP KOT SUFPPORTED'
OERROR(RLBICOMPRESSION]#0)/ ' SORRY, COMPRESSED BITMAP NOT SUPPORTED'
m» SET UP GLOBAL DEFINING THE LENGTH OF A BITMAP RON
LINELEFGTH+4x [ (RCBINIDTHEI »R[BIBITCOURNT] }+32

v

v BI WRITEBITMAPINFOHEADER TIE;OIQ;BUFFER
# WRITE OUTr BIT MAP INFO HEADER BI T0 FILE TIFD I0 TIF
0Io+o
BUFFER+,40AV[% 256 256 256 256 TBI]
BG+(i2p1), 1 1 0 0 1 1 ¢ O ,24p1
BUFFER+BO/BUFFER
BUFFER ORAPPEND TIE
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V R+«READBITMAPPALETTE TIE;NOC;MAX:DATA;0IC
[1]) RRETURN THE PALETTE READ FOM BM FILE TIED, USE BI-GLOBALS
£zl Oro+o
(3l R+« 0 0 p0
[ul +{BI[BIBITCQUNT]=24}/0 A 2% BIT COLOURS, DONT USE FALETTE
[51 Noo«2xBI[RIBITCOUNT]
[6] MAX« L /NOC, (BILBICLRUSED] 20} /BICBYCLRUSED]
[71 DATAINREAD TIE,82, (MAXx4),BI[BISIZE]+FILEREADSIZIE
ral R+(NOC, U}t (MAX,4)p0AVVDATA
v

¥ BP WRITEBITMAPPALETTE TIE:[I0:BUFFER
[1]1 =~ WRITE QUr PALETTE BP T0 rIED FILF
£2] 0Ig+o
£3l BUFFER+,0AV(255LBF]
4] BUFFER [JNAPPEND TIE

v

Pocket APL has a very limited workspace size so I have arranged for each line of
the bitmap to be read in and processed separately.

¥ R+«N READBITMAPLINE rIE:DIC
[t] ~READ LINE RUMBER ¥ FROM BITMAF FILE TIED It fIE
[2] aro+o
{3l R+HINREAD TIE,B2 LINELENGIH,BF{BFOFFBITS]+LINELENGTH=N-1
[4] R+BI[BIBITCOUNTIUNPACK OAViR
£5] R+BP[R;ul m» RETURF GRAY CGLOUR VALUE
v

¥ LINE WRITEBITMAPLINE TIE
[1] eWRITE A SCAN LINE OUT T0 TIED FILE
[2] LINE+CLRUSED PACKLIRE LINE
[3] LINE GFAPZEND TIE

v

¥ R+BC UNPACK DATA:0IC
[1]1 = UNPACK MULTIPLE PIXELS PER BYTE IF DATA IS PACKED
%3] +(BC= 1 4 a)/L1,Ly, L3
[3] OIc+o
[4] Li:Re,% 2 2 2 2 2 2 2 2 TDATA o +0
[5] L4:R+.,% 16 16 TDATA ¢ ~0
[6] La:R+DATA
v

¥ R+CLRS PACKXLINE LIKE;DI0
[1} w~ PACK MULTIPLE PIXELS PER BYTE
{2] QIO+o
[£31  +('M'=14TYPE)/L1
[4]  LINE«PALETTEQUT[O[255LLINE;CLRCOL)
[5] +(CLRS= 2 16 64 256)/L2,L16,L64,L256
(6] OERROR(¥CLRS}.' COLOURS NOT SUPPORTED'
£7]1 Li:R+~161&(({pLINE)+2},2)}pLINE ¢ +ALL
(8] Lz:R+21%(((pLIKNE}+8),8)pLINE o +ALL
[9] CL16:R+«16.%8({(pLINE}+2),2)pLINE ¢ +4LL
[10] I64:
[11] L256:R<«LINE
[12] ALL:R«CILIRELENGTH+OAY[R, 0 © 0]

v
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Grey Scaling

The hardware in the standard VGA card can convert coloured images using a
process known as “sum to grey” for display on a monochrome screen, However
when sending an image to an ordinary printer, there is no hardware which is
equivalent to the VGA card. Windows has to perform this task for us, which it
does via the printer device driver.

Under some circumstances, it may be useful for us to do our own conversion to
grey scales; for instance, processing a grey image requires one third of the work
that processing a full colour image would require.

Converting a set of RGB intensities into a grey scale has to take into account the
fact that the human eye’s colour response is not linear. Each colour component
must be multiplied by a weight before being added together to produce the
appropriate grey level. This colour weighting I have stored in the global
RGBRATIO.

The function PALEFTE2GRAY (below) will do this task. Note that with 2, 16 and
256-colour bitmaps, only the palette needs to be converted. With 24-bit bitmaps,
each pixel in the bitmap requires conversion.

V¥ R«PALETTE2GRAY 0LD;NOC;0IC
{13 w CONVERT QLD COLOUR PALETTE TO GRAY PALETTE
[2] 0Io+o
[3] OLD+{256 3 LpOLD}+0OLD n 410 CONTRAST OLD
[u] OLD+CONTRAST ADJCONTRAST OLD
[5] NOC+1+4pOLD n NUMBER OF PALETE ENTRIES (COLOURS}
{6l R«10.54++/0LD=%(pOLD)pRGBRATIO
£71 R+«(pOLD}+{(NOC,3)}p(NOCPp3)}/R
v

A pretty coloured picture of a bridge at dusk can be copied from a disk
distributed with “The Programmer’s Introduction to Windows 3.1" by Brian Myers
and Chris Doner (Sybex Inc 1992). The 256 colours in the palette consist of a
series of sepia tones ranging from dark brown to sunset reds. This DIB will be
used as the source image in many of the examples that follow.,

Printing the original bitmap on an HP LaserJet direct from Windows Paintbrush,
and printing the bitmap after PALETTE2GRAY conversion produced an
apparently identical result.
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Simplifying Over-complex Images

It may be necessary to simplify overly complex images to help the problem of
edge detection, for example when converting an image into a map. Also, bitmaps
using “hard coded” dithered colours do not scale well, and it can help to replace
dithered colours by absolute colours.

Data averaging is the easiest simplifying method. This normally involves
replacing a point with the weighted average of the point in the surrounding area
(often 3x3). The weights are given in a 3x3 mask, and a variety of masks can be
used to gain different effects.

In the function RUN, the function PROCESSLINE performs the process one scan
line at a time. For an environment with large workspaces the whole bitmap could
be processed in one go.

Bitmaps AV(0.BMP, AV1.BMP, AV4.BMP, AV8.BMP use 3x3 reshape of masks
111101111,111111111,111141]1],and1111811llrespectively.
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Low and High Pass Filters

The more complex “Low pass filter mask” 1212421 21 is said to produce a
good approximation of “two-dimensional Gaussian weighting”. This is very
useful for “noise smoothing and interpolation of missing or damaged data
elements”.

The “High pass filter mask” -1 -2 -1 -212 -2 -1 -2 -1 has the opposite effect and
might be used for enhancing contrast and detecting edges. In the example I have
also inverted the image.

There are several other high pass filter masks which are worth trying, for
example-1-2-1-216-2-1-2-1and -2-3-2-320-3-2-3 -2,

Converting Images to Maps

The process of transforming an image into a map is primarily one of edge
detection. Adrian Smith used this process in building a TrueType APL font, see
Vector 9.4 page 138.
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One technique for edge detection is similar to the above filter, but rather than
using one symmetrical mask, 4 highly directional masks are used, and the results
are then combined, as shown in PROCESSMAP. The final image is converted into
a monochrome bitmap, using function CTOM, by comparing the result of the
transformation against the original value, rather than comparing against an
absolute value.

V R+«PROCESSMAP MAP:01IO0
[1] AaFIND BOUNDIRES
[2] 0I0«1

(3l R+~0 PROCESSLINE MAP[1 2 3 4 5 6 7 8 9]

[4] R+R[0 PROCESSLINE MAP[4 1 2 7 5 3 8 9 6]
[5] R+R[0 PROCESSLINE MAP[7 4 1 8 5 2 9 6 3]
(6] R+R[0 PROCESSLINE MAP[8 7 4 9 5 1 6 3 2]

£71 R+LTHIS CTOM R
v

The following examples show the effects of two transformation masks.
SMOOTH.BMP was produced with the mask-1-1-10001 1 1, and SOBEL.BMP
with-1-2-1000121.

Both transformations have lost the right hand side of the bridge. If you look back
at GRAY.BMP, you can see why; the river and road are almost the same grey in
this area. In an attempt to recover this information, | then tried running the
“smooth” mask on individual colour components to produce the bitmaps
RED.BMP, GREEN.BMP and BLUE.BMP. This involved resetting the global
RGBRATIO. BLUE.BMP picks up this edge the best.
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An alternative mapping algorithm (the Isotropic transform) uses a similar set of
masks to the SOBEL, but with the 2 replaced by the square root of 2. However
since floating-point operations are so slow compared to integer ones, integer
masks with 1 replaced by 128 and the square root of 2 by 181 can be used with
the final result divided by 128.

Finally I've included the Laplace transformation. Unlike the Smooth, Sobel and
Isotropic, this uses a single symmetrical mask of the form0-10-14-10-10, or
1-1-1-18-1-1-1-1,0r1-21-24-21-21. Note that the mask’s values sum to
zero, unlike the High pass filter, which it resembles. The transformation is said to
be good at outlining areas of constant intensity in photographs. The example
LAPLACE.BMP uses the 2nd of these masks.

Grey Scales to Monochrome

Some printers do not support grey-scale well, so it may be necessary to convert
the image to monochrome. A 16 grey-scale bitmap can be converted into a
monochrome image, with each grey pixel in the original replaced by a 4x4
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matrix (cell) of bits in the output. By varying the ratio of black dots to white dots
in each cell, the grey scale can be reproduced, albeit in a much larger bitmap.

The spatial resolution of a graphics printer is normally much higher than that of
a monitor. For example, a 14-inch screen is approximately 10 by 6 inches with
640 by 480 pixels in standard VGA. On a 300 dots per inch printer this results in
an image of 2.1 by 1.6 inches. Thus it follows that a 16 grey-scale 640 by 480
bitmap could be converted into a monochrome 2560 by 1920 image and printed,
resulting in an 8.5 by 6.4 inch picture.

Two new process are involved here, first generating a set of grey masks, and
second repacking the expanded bits into a monochrome bitmap.

Now comes the question: how do you select the black dots for each level of grey?
Selecting the bits in a too-regular fashion may produce unintended patterns.
Most systems use hard-coded patterns. 1 feel that an algorithm could be written
to produce an expansion mask suitable for the resolution and aspect ratio of any
printer, on demand.

The function GRAYSCALE was my first attempt at producing such a
monochrome expansion mask, and its results can be seen in the conversion of
AUTHOR.BMP into GRAYME.BMP.

This algorithm is not entirely satisfactory, and I am sure that there are better
methods. One possibility might be to use the famous N-Queens problem as a
pattern to be used in spreading out the dots, but | have not yet had time to
investigate this.
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Graham Parkhouse in his article “APL Graphics — First Principles” (Vector Vol.7
No.4 page 83) describes a method to produce a 64-level greyscale via an 8x8
mask of the values 1 to 64. DOUBLE is a function that can be used to reproduce
equivalent masks for 4, 16, 64, 256, 1024 ... levels of grey:

[1]
[2]
£3]
[4]
(5]
[6]

£ -

2 |
13
4
16

1
49
13
61

y
52
16
6BUy

v
a

N oW

9
5
12
B

33
17
45
29
36
20
48
3z

R<+<DOUBLE MASKi;ROWS;COLS

Expand MASK by factor of 2
ROWS+2x14pMASK

COLS+2x" 14pMASK

R+«(COLSp 1 0)\(ROWSp 1 0)XMASK
R«R+ 1e  1¢R+(R=0)x[/,R
R+~R+(ROWSp ~1 1)¢R+(R=0)xT/,R

DOUBLE 1 1p1

DOUBLE DOUBLE 1 1p1
3 11
15 7
2 10
14 6

DOUBLE DOUBLE DOUBLE 1 1p1
9 41 3 35 11 43
57 25 51 19 59 27
5 37 15 47 7 39
58 21 €3 31 55 23
12 44% 2 34 10 42
60 28 50 18 58 26
8 40 14 46 6 38
56 24 62 30 54 22

The resulting 16-level greyscale has been used in producing the image

MONO.BMP.
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Brightness and Contrast

With 16 and 256 colour bitmaps, the brightness and colour contrast can be easily
adjusted by varying the colour palette. The brightness of an image can be
increased by increasing the palette colour values. The ratio of red to green to blue
in any one colour should remain the same. Colour contrast on the other hand can
be changed by varying the ratios of red, green and blue in each RGB quad entry
to emphasise the predominant primary colour.

V R«PC ADJCONTRAST RGB;RGBMIN;RGBMAX
[1] ~nAAdjust colour contrast in palette RGB by PC percent
[2] R+RGB
[3] +{(PC=0)/0 a Exit if zero adjustment requested
[u] RGB+(256 3 LpRGB)+tRGB
[s1 PC+|0,5+PC*xRGB+100
(6] RGBMIN«PCxRGB=(pRGB)p3/|/RGB+256%RGB=0
[7] RGBMAX+PCxRGB=(pRGB)p3/[/RGB+256*xRGB=0
[8] R«(pR)%0[255  RGB+RGBMAX-RGBMIN
v

Due to images in VECTOR articles being printed in grey, I am a bit restricted in
showing examples; however compare bitmaps BLUE.BMP and
CONTRAST.BMP. They differ only in that in CONTRAST.BMP a 15% contrast
has been applied to the incoming bitmap.

Notes on the APL

The code was written using STSC Pocket APL but should run on almost any APL
if the workspace size is big enough. The native file quad-functions will need to
be replaced with the equivalent functions which can read and write ordinary
DOS files. The code does not need to run under Windows, but a bitmap viewer is
required to see the results.
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A function GO was written to test the code and produce all the bitmaps shown in
this article, and is not meant to be an “end user” function. With Pocket APL on a
20MHz 386, GO takes about 40 minutes to run. In the text I have talked about and
shown 3x3 masks, but in the code I have actually used the masks in the ravelled
form as a nine-element vector.

Although not used for the examples above, the function ROTATE will rotate a
SQUARE matrix through multiples of 45 degrees. ROTATE is a bit of an over-kill
for rotating a 3x3 mask, but more advanced processes require 5x5, 7x7 or even
larger masks to be rotated. Applying ROTATE on the bits of a square bitmap can
also produce interesting effects.

Y R+T' ROTATE MAT N;I;MAX;N1;5
[1] rRROTATE SQUARE MATRIX BY T=u45 DEGREES
[2] R+MAT
(3] N+(pMAT) [1]
[4] +(N<3)/0
[5] Ni+eN-1
[6] S+-10.5xK1
[7] Mu+{G N)pMAT(1;] MATL; N1, (dMATIN;]) ,$MATL; 1]
[&] My« 0 1 +Mu
[9] Muy+{4,F1)p(SxT)d, My
[10) Mu+{"1$(¢Mu}E;11),M4
[113 RC1:;]+Mul1;]
(121 R{;N¥]+Mu[2;]
[13] R{N;]+~¢Mu[3;]
[14] REsil<¢Mulu;]
[15] S+141N1
[16] RL[5;5]1«T ROTATE RLS5:5}
v

ROTATE is quite crude compared with Morten Kromberg's winning entry from
the APL86 matrix rotation competition, which was published in Vector 3.2 page
100. This solution did 90-degree rotations on square and non-square matrices,
and each shell could be rotated by different amounts and in different directions! 1
have not yet tried to amend this to suit my requirement for 45-degree rotations
on a square matrix, but I feel sure that it should be possible. Can anyone help?

Conclusion

Un-compressed Microsoft device-independent bitmaps are relatively simple and
can be usefully and easily manipulated within APL workspaces. AFL’s
interactive environment offers an excellent platform which allows the
programmer to experiment with different image-enhancement algorithms.
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Coast-to-Coast — Designing with Objects
by Adrian Smith

Historical Note

Once upon a time when the world was young, I shared a house with a mad
computer programmer called Dai Lowe. Dai was (among other things} a games
fanatic, and had once come across a board game called ‘“Terminator’; this was no
longer obtainable in the shops, but we made ourselves a set and had a good deal
of fun trying to understand the strategy and tactics.

1lost touch with Dai some 10 years ago, but never totally forgot the principles of
the game ... accordingly when I was looking for something ‘a little different’ to
test out the more obscure comners of the Dyaleg APL GUI, I re-activated some
long-dormant brain cells and quickly sketched out the basic design:

}Ei }Ed{ s
F==a

As you can see, the game is played on a 10-by-10 board (although other variants
would be just as good, and clearly with Windows a “soft’ desigh would be
preferable} with a set of tiles, each of which has drawn on it a “path’ linking one
or more edges. Again, the number of tiles could be varied, although the piece
distribution shown here seems to give a nicely balanced game.

The game is for two players, one of whom plays North-South and the other East-
West. The winner is the first to complete a continuous path joining his two
opposite edges — of course once a piece is played the path on it counts for both
players! Games can be drawn, as you could easily complete your opponent’s
path in the very act of completing your own.




VECTOR Vol.10 No.1

Prologue

I am getting increasingly bothered by the growing conflict between the existing
APL design paradigm (based firmly on the Workspace, containing functions and
arrays) and the newer object models (as partially implemented in Visual Basic,
PowerBuilder, and the Dyalog #¥DESIGN workspace). I instinctively shy away
from anything which buries code where it is hard to find it, and which makes the
‘structure’ of the application less than cbvious to anyene other than the
developer. The great advantage of the APL workspace is that everything you
need to know about the application is there ... and if you can’t find it quickly you
can write yourself some utilities which can!

Under the Visual Basic design paradigm, code is attached to objects and the
application structure is implied by the events which trigger that code. As Duncan
Pearson put it in Vector 9.4 “How do you, as a developer starting to maintain
someone else’s broken system, know what the hell does what, with what,
when?”, 1 like my application structure explicit, my code where I can find it, and
1 want my events logged where I can see who fired them, with what, when!
Applying the first rule of amateur astronomy:

"It takes less time to grind a 3" mirror, then a 6" mirror, than it takes to grind a 6"
mirror”

... I started work on a 3" mirror. The game described above seemed ideal as:

- it clearly lends itself well to an object-based design (each tile is an object, with
certain obvious properties such as its rotation, topology etc.).

- the whole problem is well-bounded, and could produce an interesting end-
product in a short space of time.

- I'wanted to have some fun with the visual design — for example I was keen to
make a nice 3D board with etched grooves, and | wanted to make the tiles
stand wel, snap nicely into place, and show the partially completed path as
clearly as possible.

- there is just enough complexity to make it a worthwhile test of my (at this
point very sketchy) ideas for managing objects within the traditional APL
workspace.

I hope that along the way I can leave behind some useful code which may help
you to:

- make nice 3D bitmaps ‘on the fly’ without the need to draw them by hand in
Paintbrush, and waste vast amounts of workspace storing them as bit-
patterns.
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- manage the Dyalog “DATA’ property in a simple and transparent way.

- manage and trace the relationship between objects, events and code in a
highly visible and effective way.

All suggestions and comments welcome ... it is my intention to get this code ‘up
to scratch” in time for the November BAA meeting, and any input from the
Windows APL community will be of enormous help to me in achieving this.

The Basics — Setting up the Board

On the time-honoured principle of “here is one T prepared earlier”, here is a
sample game with a few pieces in play:

Coast to Coast Footpath

et next o play

The top-level function is so trivial as to be hardly worth showing you:
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v start
[1] R Set up and play game
[2] tbog'OWNCYBITMAP  aboard
[3] 'ssf'OWNC'FONT' 'MS Sans Serir' 8
Y| init_board
[5] init_icons
(6] Init_game
[7] set_events
) apgt .t

v

Abovard+'c:\windows\marble' R Or some such

So to the playing surface, set up by init_board as follows:

vV ipit_beoard;hgrd;vgrd;ttl
[13 A Set up playlng area ...
f2] tti+'Coast to Coast Footpath!'
[al '"BO'OWC'FORM't£1{50 20)(400 HOQ)}
{('COORD' '"PIXEL')}{'SIZEABLE* 0)('MAXBUTTON' 0}
('BCOL' 0 G4 &4}

4] {BD'plinth{u0 u0){320 320)4
£s] 'BD.bdr'OWC'RECT' {140 40){320 320)
('FCOL' 255 255 255)('FSTYLE' ‘beg')
[&] 'BD.msg'OWC'TEXTY ' (370 Lo){& 320}('FONT' 'ss5f'}

('FCOL' 255 255 255)
[73 A Horizontal grid ...,
[e] hgrd+(18p1 0)ec(1]1(2/40+32%19),[1.5]18p40 360
[9] 'BD.gi'OWC' POLY ' igrd('FCOL " {<0 0 0})}
[10¢] =~ Vertical grid ....
[11] vgrd+{i8p1 0)e[1J(18puc 360),[1.5](2/40+32x%19)

[12] 'BD.g3'OWC' POLY'vgrd{('FCOL'{c0 0 0}}

[13] hgrd«hgrd+c2 2p1 0 1 ©

[14] 'BD.g2'OWC'POLY hgrd('FOOL' {255 255 255})

[15] vgrd+vgrd+ e2 200 1 ¢ 1

[16] 'BD.gu'OWC' POLY 'vgrd('FCOL' (<255 255 255))
v

The one non-obvious trick worth pointing out is the use of a partitioned enclose
on lines [8] and [11} to make each grid line into a separate 2-by-2 array; note also
the requirement to enclose the colour specification when drawing multiple
objects in the same OWC call. In passing, it is worth noting just how effective this
simple trick — drawing a black line cne pixel above a white line — really is.
Incidentally in the world as defined by Microsoft, the sun is always shining from
the top left!
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Now for some tiles ...

[1]

[2]

[3]

[u]

[s]

[6]

[71

ra]

rs]

f10]
[11]
[121
[13]
f1ul
[15]
[16]
[17]
[18]
F19]
£20]
[21]
[22]
[23]
[24]
[25]
[26]
[271
[28]
[29]
[30]
[a1]
faz]
[aa]
L3u4]
[35]
[36]
[a7l
[38]
[39]
Lue]
41l
[u2]
fual
[uy]
[45]

Vv Ifnit_icons;cm;bmp;map

R Make tile icons
cm+Acmap

A Since derault colour map is suspect!

n make_xxx requires orientation on left, colour on right.
& DATA is (rotation)(function to make ope)}(bits map)

bmp map+2 make_term 3
V"EttmEk'OWC'BITMAP' ''bmp cm
‘titmk'set_data('ctn' 2}{‘Irn!

bmp map+3 make_term 1
'ttor'OWFC'BITHMAP' ''bmp om
‘ttmr'set_datal{'rtn' 3}('fn!t

bmp map+3 make_line 23
PEEIX'ONC'BITMARY ' 'Dmp ce
'¢tlk'set_data('ctnt 3)('rm

bmp map+2 make_line i
V¢tIo'OWCtBITMAP' ' 'bmp cm

‘ttir'set_data('rtn' 2){'rn’
bmp map+2 make_tee 3
'ttek'ONC'BITMAP' ''bmp cm

‘ttek'set_data('rtn' 2)('rn!

bmp map+«3 make_tee 1
'tter'OWC'BITMAP' ''‘bmp cm
‘tter'set_data('rtr' 3}('rn'

bmp map+2 make_cross 3
'tocrk'\ONC' BITHAP' ' 'bmp cm
‘terk'set_data(‘rta' 2){('fn!

bmp map+3 make_cross 1
‘terrtOWC'BITMAP' ''hmp cm
vterrtset_data('rtn' 3)('fn!

bmp map+2 make_corner 3
‘tenk'\OWC'BITHAPY ''bmp cm
‘tcnk'set_data{'rtn' 2)}('Ifn'

bmp map+3 make_corner 1

‘tonr'OWNCYBITMAPY V'bmp cm
‘tenrt'set_data(‘ren' 3)y('rn'
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It really doesn’t matter very much which make_ function we look at ... so Jet’s go
withmake_tee as the most complex example:
V tm+orient make_tee clr;msk;bm;cen;rtn;bc;lic;map
[1] n Sel up new tee tile from plain bitmap
[2] bm«init_tile Atile ¢ msk+~bm=3 ¢ bm+(mskxclr)+bm=~msk
[3] lec+Aline ¢ tm+bm o cen+bm{1+130;1+130] o be+cen(2;2]
¢ map+3 3p0
(4] cen[ti%;15 16}+«ic ¢ map[1 2;2]+1
(5] cen[15 16:]+ic ¢ mapl2;]1+1
[6] cen map+orient spin cen map
[73 cen+shade_3D cen
D] R Drop it back on top of full tile ...
{9l tm[{1+130;1+t30]+cen
[10] tm~tm map
v
v tile+init_tile sz
{1] n Make a plalin square tile of the right size
[23 tile+vsz sZp3
L3l n Bagic 3D efrfect ...
[4] tilel[1;]+15 ¢ tilel[;1]+«15
sl tilelfAtptile;]«0 o tilel;1¢ptilel+~0
v

The globals atile and Aline just give the standard tile size (32 by 32) and
footpath colour (10 = bright green works well). Note from the hefty function

above that

not all the tiles start in the same orientation (the West-East player

naturally prefers his ‘straights’ to start horizontally), so we need a little utility to
rotate square bitmaps ...

v

[1] A
[2] [
{3l

(4]
v

new+orient spin mat;rtn

Bitmap rlipper to orient correctly

See 'dance of rounds' ..., Benkbard 1991
rtn+{orient+1)=" totey! tad' ¢y
t'new+!' rtn,'mat!

... for convenience the function which makes the visible tile also records the
topology in the most convenient way I could think of ... as a 3 by 3 boolean:

map

@ o
[rraye)
oo
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... which will come in really handy when checking if the player has dropped his
tile on the board so that all boundaries match! Finally, a look at the tricks needed
to give that nice 3D effect:

VY new+shade_3D cen;msk

C1] n Now the tricky bit ... shade it 3-D ...
£2] n Uses lc and bc from make_... ete
3] msk+{(lc=1ecen)acen=bc ¢ cen+{7xmsk)+cenx~msk R Shadow
[4] msk+{"lecen=lc)nacen=bec ¢ cen+{Bxmsk}+cenx~msk n Highlight
[5] msk+«(idcen=Ic)ncen=bc ¢ cen+{7xmsk}+cenx~msk n Shadow
[6l msk<«("i¢cen=Ic)acen=bc o cen+(8xmsk}+cenx~msk n Highlight
[7] an Tidy edges (leave where line colour}
[&] msk+blinezcenli 30:3 ¢ cen{l 30;]«(mskxy30 2p8 O}+

cen{i 30;]1x~msk
[9] msk+sline#cen(;1 303 ¢ cen(;1 30]+(msk=30 2p8 0})+

cenl(:;1 30]x-msk
[i0] new+cen
v

This applies only to the middle of the tile (the edges being already accounted for)
and uses colours 7 and 8 (the light and dark greys} rather than black and white,
which are much too stark for this job. Ignore the fussy bit about the edges; the
essential trick is well illustrated by lines [3] — [6] where the bitmap is shifted
and compared with itself to find the boundaries. Anyway, enough of these gritty
details ... now for something seriously useful ....

Managing Object Data

Here is a wholly unexplained line of code from init_icons ..

[9] ‘ttmk'set_datal('rtn' 2)('fn' 'make_term 3'}('map'map}

This is where you need to think hard about your design, in particular you need
to be very clear about what data is logically associated with particular objects. It
makes obvious sense to keep all the data about an object with that object (which
is where the Dyalog ‘DATA’ property comes in so handy), but the last thing an
application should need to know is anything about the internal structure of the
DATA (which can after all be any APL array).

In the above example, we want to record: how the bitmap was rotated (so that
when a player asks to rotate it we know where it is starting from); what code we
used to make it (so we can quickly make another one); what its topology is {for
edge checking). The set_data utility is intended to take the pain out of
managing the data property, and to insulate the application entirely from its

103



VECTOR

Vol.10 No.1

internals: essentially it implements a simple named component file system on
each object (rather like APL2/PC’s AP 211):

[1]
[2]
£al
4]
£5)
[6]
7]
[s]
(9]
[10]
f11]
(123
[13]
[14]
[15]
[16]
[171]
[18]
[19]
[20]
[213
[22]
[23]
r24]
[25]
[26]

Vv obj set_data arg;prop;inx;dt;prp
A Set data property sub-element prop(i] to prop[2]
R Add property to table if pew, else update Inplace
R e.g, 'ff' set_data 'usage' (12p0)
A May be used to set multiple properties like OWC ...
Aoe.g. {'pi' 12}('p2' ‘hello')('p3' ('Hi' 1 2 3})
1

dt+obj OWG'data'
+{Cepdt)+Exists
n Initialise a new list as (dir){contents) ...

dit+2pct
Exists:~(0 1 2 3 4=u4l|=arg)/0 0 Encl Next ©
R Only one palr ... so0 enclose it to loop round!

Encliarg+caryg
A Fipnd 'item! in property list
Next:prop+sarg

R Must be 2 elements .., so fix (‘prop' 2 3 4)
+(2=p,prop)+Fixed

prop<~{(=prop)}{1+prop}

Fixed:prp+>dt ¢ inx+prpiproplil
+{inxspprp}+Fnd

A Add new property ...
dt+dt,ec"prop ¢ +~Done
Fnd:{{2,inx}>dt}+2>prop
Done:arg+liarg o +(parg)tiext
a Finally replace the updated DATA ...
obj OWS'data'dt
v

Simply to be able to associate named properties with each and any GUI object,
and to retrieve and remove them by name, seems to me to be a huge step
forward in design, and it fits so well with all the APL style we already know. To
illustrate the point, here is the function to rotate a tile (well actually all it rotates
is the bitmap) on its starting block:

[1]
£23
[3]
(4]
£s]
[6]
[71
K:N]
(93

V r+rotate_tile msg;tile;bmp;rin;rn;nev;map
R Rotate tile on starting block ...

A

tiles«iomsg ¢ bmp<tile (NG 'BITMAP'

rtn fa+bmp get_data'rtn' 'fn!'

ritn+uji+rtn

new map+s(v¥rin),' '.fn

bmp OWS'BITS'new

bmp set_data('rtn'rtn){'map'map}

r+1
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This gets fired when a player clicks on the tile, so it gets the whole event message
as left argument ... it throws away everything except the tile name and uses this
to find out which bitmap was stuck on it. Now we can simply ask the bitmap
what its rotation was, and how it was made:

[u] rtn rp+<bmp get_data'rtnt ‘fn!

.. and a suitably trivial piece of APL spins it around, and then records the new
information where it belongs ... back with the bitmap! Back to the game ....

¥ start
[1] A Set up and play game
[2] 'beg' OGWC' BITMAP tboard
[3] 'ssfOWC'FONT! 'MS Sans Serif' 8
I init_board
£5] init_icons
[e]l init_game
[71 set_events
[8] opg: .
v

... we have drawn the board and made lots of handy bitmaps ... now to generate
the starting position and let the players get going:

Vv init_game
[1] r Set up game
[2] A Record starting state and some useful diagnostics
[a] 'BD'set_data'Next' 1 A Next available tile
[ul Amap+10 10pc® f Coppections map
(5] a Now make Initial tile collection ....
[6] n Right arg is (bitmap name)} (number in pot)

[7] 56 2 make_tile'tcrk' 8
&8l 2 56 make_tile'terr' 3
[9]

[10] 120 2 make_tile'‘ttek' 5

[11] 2 120 make_tile'tter' 5

[12]

[13] 186 2 make_tile'ttmk' 1

fa4] 2 186 make_tile'ttmr' 1

£15]

[16] 248 2 make_tile'ttlk' 5

[17] 2 248 make_tile'ttir' 5

[18}

[19] 312 2 make_tile'tcnk' 10
[20] 2 312 make_tile'tcnr' 10

[21]

[22] =& Next free tile number should be 11!

23]

Cz2u] 'BD'set_data'ToPlay! 'WN! A Either player!
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V pos make_tile arg;bmp;rm;nxt;nm
[2] A Use given bitmap <bmp> to make tile at <pos>

[2] A Gets next available tile name (held at board)

[a3] bmp rm+arg

] nxt+'BD'getl_data'Next' ¢ nm+'BD.t',¥nxt

(51 nm (OWC'IMAGE'pos{'DRAGABLE' 1)({'BITMAP'bmp}

£6] nm (OWS('EVENT' 5 'rotate_tile')

[7] nm set_data'rm'rm

[8] A Label it with no, of tiles remaining in set <rms> ...
[el pos+pos+{'r'="1+bmp)$36 0

[10] ('Bb.1',vynxt}ONC' TEXP (¥1rm) pos
('FCOL' 255 255 255){'FONT' ‘'ssf')
[11] ~n Click tile counter om 1 ...
[i2] '‘BD'set_data'Next'(nxt+1)
v

Surprisingly little data is relevant at the board level ... it is a handy place to
record the next free tile name, and who is next to play. This is recovered from the
objects by get_data as follows:

V prp+ebj gel_data prop;inx;dt;prp
[1] A Get data property sub-element propli1] from obj
fz] A e.g. 'fr' get_data 'propi!’

{3l # or ‘fr' get_data 'pi' ‘'‘p2' ... ‘pn!
[4] prp+odt+obj OWG'data' ¢ +{(p,propi+0 o +{Depdt}+0
[5] n Check ir only one item, and enclose if so ...

[&] +{2>|=prop)/'propscprop’
[71 prp+=>dt ¢ inx«prpiprop
[8] A Weed out apny mishits ...
[9] Inx«(inxspprp)/inx ¢ prp+'' ¢ ~(pinx}+0
f10]  prp+«{2, iax)="edt
(11] ~n Strip outer case irf only one element ...
[123 s {i=pprp}/'prp«>prp!'
v

When I get around to finishing the program, 1 will probably store Amap with the
board as well — but while I am trying to work out nifty ways of detecting
winning lines (and maybe of getting the computer to play the game) it is much
handier to leave this in the workspace as a global. The only ebvious tile property
is the number of siblings remaining in the pot; this is used when a player ‘clones’
a tile by dragging it and letting go:

V pos clone_tile bmp;txt:nxt;nm;bits;cm
[13 r Repeat tile using bitmap <bmp» on board at «<poss
{21 A Uses next available tile name (at board level)
£3] nxt<«'BD'get_data'Next' ¢ nm+'BD.t',vnxt
[ul n Make a newv bitmap, Iin case the parent is rotated ...
(53 bits cm«bmp OWG'BIDS' 'CMAP!
(6l bmp<nm, 'x"'
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[7] bmp OWC'BITMAP' ''kits cm
[al nm OWC'IMAGE'pos('BITMAP'bmp}
[9] r Click tile counter on 1 ...
[10] 'BD'set_data'Next!'(nxt+1}

v

.. and also to update the label (and maybe kill the tile altogether) when a new
instance is made:

v replace_tile msg;tileilbl;rc;pos;bmp;rm;nxt;map
[1] a Drop tile on board (snapped to grid} ...
[23 a Reject drop If tile is dropped illegally
[3] A Otherwise make a new tile at the correct spot
£s] n and reject the event anyway!

£5] r+0 o tile+«3omsg ¢ rc<i6+msgiy 5]

[e] R Spap to nearest sgquare apd check it ...

(71 ro+41+32x[32:2rc-40

(8l +{v/{rc<b0}v{re>46+10%32)}40

K| pas+c1+132+5re-41 o +(2=pppos-imapltInuse

[10] ~w Position fs 0k ... check legal neighbcurs ...

[113 bmp+tile OWG'BITMAP!'

[12] r Are ve trying to play out of turn?

[13] nxt+'kr'{'HN'1'BD'get_data'ToPlay']

[18] +{({Titbmp)enxt)+OutosfTurn

[151 map+bmp get_data'map'

[16) a map can be checked for edge rit with adjacent maps
[17] +(chk_rit map pos}+Illegal

[18] § ===uacsase=s=== g)] 0K =====ssss==s==z=a=s===

[£19] rm«tile get_data'rm'

{z20] tile set_data'rm'(rm-1)

[21] « Redo label (and possibly kill tile if pome left} ...
[22] label_tile tile

[23] n Update diagnostic data

[2&] {pos=Amap}+map

[25] & Copy parent tile to right place on board ...

[263] rc clone_tile bmp

[z7] nxt+>('North' 'West')[1+'r'="14+bmp]

28] tBDtset_data'YoPlay'(>nxt)

[z9] log'OK ... ',mxt,' is next to play'

[a0] *Q

[a1] A Scomswsss==u===gozc= LI 0[5 SS-s=-=S=Magc=Em=====83C

[32]) Inuse;log'Silly billy' ¢ +0
[33] Illegal:log'Piece must match on all boundaries! ¢ +0
[34] OutofTurn:log'It's not your turn!il' ¢ »0¢

v

v label tile tile;rm
[1] A Update tile label with number remaining
[2z] ra~tile gat_data'rm'
£3] ibi+tile o 1bI[4d«tLt o Ibl OWS'text'(yrm)
4] A Count remaining tiles; kill parent if none ...
(s +{(rm>0)+0 ¢ (EX"tile 1bl
v
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So far, 1 have never needed to remove data from an object, but just for
completeness:

V obj rmv_data prop;inx;dt;prp;msk
1] # Remove named data property rrom obj
[2] noe.g. ‘1Y rmy_data ‘usage!
[3] R May be used to kill multiple properties ..,
[4] Aoe.g. "' rmv_data 'pi! 'p2!
(5] R
(6] dt+obj OFG'data' ¢ +{Depdt)+0
71 2(2>|=prop)/'prop+cprop'
[el A Find 'items' in property list
[9] prp+odt o inx+prpiprop
f10] Inx+(inxspprp}/inx
(11] wr Kill em from catalogue and value list
[12] msk+{(1pprpleinx
[13] dt+{msk/prp){msk/2=dt}
[14] obj OWS'data'dt
v

All that is needed to run the finished game (in human vs human) mode is a
couple of extra events and a D¢ ...

vV set_events

[1] A Set up event table

(2] 'BO'(WS'EVERT' 11 'place_tile’

[3] 'BD.msg'OWS'EVENT! 1001 'show_msg!
v

... the strategy for displaying messages is quite novel:

V log txt
[1] n Send message to message area to get txt displayed
[23 ONQ'BD.msg' 1001 txt

v
vV show_msg nsg

[1] 'BD.msg'ONS'text' {3omsg)
v

Rather than allowing functions to update the message text directly, I have
defined 1001 as a “message’ event and sent it to the “message object’ along with
the appropriate text. Comments please — this is’ getting a little too “object-
oriented” for my taste.
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Tracking Events

By now, the astute reader will have noticed that the code totally fails to achieve
the other objective I set myself ... making visible the relationship between objects,
events and the blocks of code which they fire. As always, I wrote the workspace
first and only later did I realise the problems 1 was setting for myself in
debugging and maintaining it. What 1 think I need is something like this:

DISP jevent

BD 11 | place_tile msg |Basic drag-drop of tile on boardf BD INDEX ERROR

BD, t» 5 rotate_tile smsg|Double-click spins tile on base |BD.t23|VALUE ERROR

BD.zsg|1001| show_msy domsg |Our ovn message to show captien

... and a little function to maintain it (why should I have to remember that event
11 is a ‘drag-drop’ ?)...

Y obj set_event action;pos;enc

{11 A Update event table pevent with new action

[2] A  Mopadic call initialises table ...

[3] A {obj) (eno}(action){comment}(who){what happened}
[u] n Null right arg kills all events for that object
[s] n Null action kills specific event only.

[e] A

[7] +{0=0NC'obj'}+Update ¢ Aevent+0d 6p¢ ¢ +0

[al A Map text event mnemonics to dyalog event numbers

g9l Update:+(paction}tSet

L10] pos+~tevent[;1lecobj

{121 Set:s({2>|=action}/'action+,caction’

[13] eno+5 11 1001 9999['declk' ‘drdp' 'msg'iactionl1]]

[au] pos+((gevent[;z]:eno)n(geventE:ijecobj))lzapéevent

[158] +{ane=999%}+0 ¢ +{1=paction)+Xill

[16] +{ppos)+tReplace

[1713 pevents+c@® o pos+zpievent

[18] Replace:ievent{pos;]l+cbj eno,(2titaction},2p<é ¢ +0
v

1BD' set_event 'drdp' 'place_tile msg' 'etc!

.. obviously to do this for real you need a global table of event names and
internal codes to replace the subset required for line[13]. I have been wondering
about inheritance (should the function that searches this table check the parent if
it fails to find an event defined on a given object?) and provisionally come to the
view that wild-cards are more useful — and a lot less dangerous! Accordingly:
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[11
[23
[a]
[u]
[5]
[e]
[7]
f8]
(5]

V relist awem tgti;hits

A Wild Card Match of <tgt> to vord list

n '?' is don't care about this char.

R 'sx! is forget anything to the right of me.

A

Aoe.g. 'fred' 'teds' 'bill?' wem T'teddy' 'billy’

R matcehes 010 0 0 1

tgt+tgt,'t* a ensure no ralse hits on leading part!
list+{ptgt)+ Iist," 11"
hits«(list="7"})viist=ctgt

[10] r+a/"(T1+listt"'»' )+ nits

v

and to manage the whole complex web of objects and events, I think that all 1
need is a ‘standard’ event which fires on all interesting events on any object:

[1]
[2]
[3]
[u]
[5]
[&1
7]
[&]
[9]
[1o
[11

vV Afire msg;tgt;ex;result;0TRAP
A Field all tracked events and fire assoclated
f code from global event table Aevent.
n N.B. vild card matches on objects are alloved.
n Updates event table to log whe rired it, and when.
tgt+iopaevent
tgte{aeventl;2]=msg(2]1)/tgt o »(ptgl)+0
R KHe are interested, so check the cbject ...
tgt+(sevent;1lavcmemsg)/tgt ¢ +{ptgf)+0
a If more than one hit, just fire the higher ...
1 tgtestgt
1 n Extract code and rup it ...

[12] ex+tgtopevent[; 3]

[13] OTRAP+¢ 'C' '+Event_Error'
[1u] result+tok' o rex o +Log
{15] Event_Error:0TRAP+0p[TRAP

[1€

] result+o(DM

(17) n Log success or trapped failure in event table
[18] devent[tgt;5 6]+{=omsg)}result

v

In this rather simple case, with only three interesting classes of object, there is no
real problem, but I get the strong feeling that T am going to need something like
the above very badly indeed when I start to work on anything at all
heavyweight. The advantages are fairly obvious:

because all events are sent through the same funnel, it is very easy indeed to
build in a ‘debug’ mode which tracks ‘who fired what' in a little window out
to one side.

you can attach any executable AP expression to an event, not just a single
function which gets force-fed the event message as one argument!

this should be the only place you need an error trap, and again it can be a lot
more sophisticated, for example it might dump a lot of useful diagnostics to
file when a triggered event fails.
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- the bane of the product-support technician is the un-reproducible bug — and
under Windows the situation is a hundred times worse than in an old-style
menu-driven system. Al least with a global event log, he can ask to see exactly
what events were triggered, and get some clue what the results were!

All of which had better be left for the next Vector!

Appendix — Just for the Record

Vv fin plinth arg;re;hw;lw;offictord
f1] R Make a plinth around rectangle defined by arg

C2] A ... White top lert, dark ifower right

[3] rc hv lw«arg o ci+1

[u] Loop:+{ct>lw)+Tl

£s] off+ct

[s] crd+«3 2p{re+{hwlil+orr),-orff),{rc-orry,
(re+{-off),pw(2]+0rr)

7] {fm,'.pi1' ,vet)OWC'POLY ' crd( ' FCOL' 192 192 192)

[&] crd+«3 2p{rc+{hvli)+orr-1),~orff),(re+thw+ofr-1j},
(re+(-ofr}, bwizl+cfr-1}

[39] {(fm,'.pi2!',vct)OWC'POLY' 'crd('FCOLY 128 128 128)

[103 ct++1 ¢ +Loop
[14) =~ Mitre top corner nicely ...
[12] 7Ti:(fm,'.pl3')OWC'POLY' (2 2prc,ro-ct)('FCOL' 255 255 255}
[13] (fm,'.ptu! }ONC'BOLY' (2 2p(rothw),re+hwtet-1)
('FCOL' 192 182 192)
v

V ok+chk_rit arg;map;pos;nesw:rit;chk
[13 fn Check for rit with neighbours.
[2] an <map> iIs the square Lo be verirfied, placed at <pos»

fal map pos<arg ¢ ok+«l1

[4] nesw<("1 03(0 1){1 0)(0 "1)+"pos

[5] L£it+((1 23(3 2)33{(2 3)(2 133((3 2)(1 2)})((2 1)(2 3})
[61 chk+(n/"nesw>0)ana/"neswell

[71 nesw+~chk/neswv ¢ rit+«chk/rit

rel chk+2=5epep smap[nesw] ¢ nesw+chk/nesw o rit<«chk/rit

o *+(prit)+0
£93 # pow check each adjacent map from Amap
f10] chk+stmaplneswv]
f11] ok+«n/rit mat_edge  chk
v

¥ ok«rit mat_edge chk
[1] rn check each required edge (uses map from calling In)
[2] ok+(fit[1]omapl=rit[2Jachk

v

If that isn’t all the code, I'm sorry. As usual with APL-385 experiments, the
workspace is ‘free to good home’, but please wait until November for the
finished version. If anyone has any bright ideas about a computable strategy for
actually playing the damn’ game, I should be delighted to hear from them.
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ROWFIND

For. APL2 (Mainframe)

Do you have performance problems with
your search routines in APL2 mainframe?

No? Are you sure? Look at these figures:

CPU time in ms

1=A 1=A 1=A

r=B r=A r=C
x+—{c[2]11) 1 {(cl[2]x) 35 337 6
X 1l A MMI r 150 1880 1.5 | fromAPE?
X ¢« 1 GRADETIOTA r 33 66 27 sort method
X <1 ILOCKUP r 19 224 0.4 | Interpiocess
X ¢ 1 ROWFIND r 2.4 5 0.8
Arguments
A - character matrix 1155 17 rows sorted
B - character matrix 100 17 random rows from A
C - character vector 17 random row from A

(or matrix 1 17)

Note that ROWFIND is very good for almost ALL sizes of the
arguments.

This routine alone saves £ 50,000 a year in one big APL2
system at YVolvo Car Corporation. Can YOU afford not to use it?

ROWFIND for APL2 mainframe is very similar to ROWFIND
in APL*PLUS II/PC. ROWFIND from CYBEX comes with a
general package of utility functions. The price is £ 1,900

Gruvgatan 358, 421 30 V Frélunda, Sweden
X CYBEX AB Phone +46 31453740, Fax +46 31452423
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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
Technical Correspondence
A Standard Font Dialogue Box
from Dyalog APL/W using [I¥4 Duncan Pearson
The MAGIC goes away - Opening the Boxes Mike Day
The Fractal MAGIC Universe Gérard Langlet
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125
137
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TECHNICAL
CORRESPONDENCE

A Windows GOTCHER for APLIWIN

From: Anthony Camacho 15 May 1993

I have been using APLIWIN to provide a customer with a PC version of a system
originally written in Sharp APL in 1977. 1 have been very impressed with
APLIWIN even though my stupidity and the lack of a system manual for this
specific implementation has caused me some head-banging (for example it took
me ages before 1 found out how to fill a combo box with 20 lines of alternatives).

This letter is being written in WinWord. I have been using WinWord to make
notes on the conversion for colleagues and have been delighted to be able to cut
functions from the workspace and paste them into WinWord (or Write) and then
by selecting the pasted section and changing font to ISIAPL’s TrueType font the
correct APL characters are both displayed and printed. Marvellous.

The other evening I had some work to do which required a PostScript font. I set
WinWord to use the PostScript printer, did the job (printing to file and using
GoScript to emulate the printer) and thought no more about it. 1 little realised
what | had done.

The next time 1 did a cut and paste from ISIAPL to WinWord the characters were
displayed in some default font or other. The ISIAPL font was there in the font list
and could be applied to selected text but it appeared not to work: the text
obstinately refused to turn into APL.

So of course I tried all the obvious things; I deleted and re-installed the font; I did
something which I had intended to do ever since I mistakenly allowed
CorelDraw to install hundreds of rarely needed fonts - I deleted about a hundred
fonts; I edited WINL.INI to remove the section which specified font substitutions;
I rang the Microsoft help line (a mistake - see below); | even bought a bock
Windows 3.1 Insider (£24.001) which had a large section on fonts.
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The Microsoft help line was worse than useless. An authoritative man told me to
do this and that and the other and, like a fool, I did what he said. When we had
got as far as to ‘remove’ all fonts and then “add’ all fonts I realised that my
adviser knew less than I did. The effort of selecting a hundred fonts to delete and
waiting for the Windows longwinded deletion process was undone. Then he said
he was going to delete and re-install all my drivers and 1said that plainly he was
unable to see what was wrong and that I might as well re-install windows from
scratch as it would take less time than his diagnosis.

The GOTCHER is the shibboleth WYSTWYG [What You See Is What You Get].
Microsoft have programmed WinWord and Write so that if a printer is selected
that cannot print TrueType the display will not show TrueType. They could
easily have indicated that the TrueType fonts were not available or disabled by
removing them from the list of fonts or by some warning or other. But they
didn’t; you can select from all the fonts and the substitution is automatic and
outside your control and you are not told it is being done to you.

The Insider book (and, to be fair, the Microsoft help line) told me that the printer
driver determined what could be displayed. The Microsoft help line did not tell
me to check what printer was selected. They didn't realise the significance of this.
They didn’t suggest I tried selecting other printers. All Thad to do to recover the
ability to cut and paste APL was to select the DeskJet or Epson or any printer
that can do TrueType.

Try it! Put something on the screen in an out-of-the-way font. Set up a PostScript
printer (you don’t need to have one) or a plotter or daisywheel and select it; the
screen miraculously changes its display to the nearest default font. Select a dot
matrix printer that can do TrueType and the screen changes back to show the
font as you expected.

T have written to Microsoft saying that I think they have made a mistake. If my
text will not print as I intend, please warn me but don’t in the name of
WYSIWYG convert my intentions to something else. And don’t call it a printer
driver if it is really a display and printer driver. Write the message loud and clear
WHAT IS SHOWN ON THE SCREEN IS LIMITED TO WHAT YOUR FRINTER
CAN PRINT.

Apart from the waste of effort it does make me feel so stupid.

Anthony Camacho
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Errors in “Integrating with Insight”
From: John R. Clark June 1993

The article “Integrating with Insight” by Norman Thomson, pages 113 to 116 of
Vector Vol.9 No.2 Jan 1993, has some typographical errors and one logical error.

Logical Error:

Page 115 line [2] of METHOD should end with 1 L+Qx[L+¢. For Simpson the
number of subdivisions must be even.

Typographical errors:
Page 113.1/4096 should be £ /4095

Page 115. Line [4] of ROMBERG. EPSL is an undefined variable,
Page 115. Line {3] of ADAPT. EPSn is an undefined variable.

I'am not sure what the undefined variables should be. If the I of ESPL is <|
then ROMBERG works. If the 7 of ESPR is = | then ADAPT works, Perhaps you
have a problem with your typesetting software. I believe you need magnitude in
both tests.

I receive my copy of Vector through membership in Los Angeles SOCAL
SIGAFPL and Roy Sykes of Sykes Systems — I do enjoy your publication.

As a past algorithm editor of QuoteQuad I am aware errors do creep into
publications.

Keep up the good work

John R Clark
P.O.Box 821
Lowell Ar 72745
usa

Ed: I created a translate table to convert Norman Thomson’s original text from APL2
0A4Y into APL*PLUS/PC DAY, which is used for typesetting. Unfortunately | omitted <
and = from the translate table, hence the EPSL and EPSn.
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A Standard Font Dialogue Box from Dyalog
APL/W using INA

by Duncan Pearson

The following is a description of the use from Dyalog APL/W of the common
dialogue box for choosing fonts within Windows 3.1. Dyalog APL/W does not
provide a means of doing this within its GUI interface, but with ON4 it is
possible to call any function in a dynamic link library. The sets of functions
which drive Windows are all located in DLLs and so with access to the Software
Developer’s Kit manuals, or their equivalent, we can use parts of the Windows
GUI that Dyadic did not include in Dyalog APL, perhaps for reasons of
compatibility with Motif under UNIX.

The process of using a standard font dialogue box is in five parts:

1) Get a block of memory in which to put the current font definition. We use the
GlobalAlloe function to get the memory and the GlobalLock function to
lock it into place and tell us where it is.

2) Put the current font data into the block using the kmemecpy function that
copies data from one location to another.

3) Pass the address of the block to the ChooseFont function as part of 2
complicated data structure.

4) Read the changed data from the block into APL using the same hmemepy
function that we used to copy it into the block.

5) Free the memory for use by other applications, using the GlabalFree
function which takes the identifier (returned by GlobalAlloc) and returns
the memory to the pool.

All the functions used are in the KERNEL.EXE dynamic link library except
¢hooseFont which is in COMMDLG.DLL. Both of these DLLs are part of
Windows.

The font data structure, in which the font specification is passed to and from the
¢hooseFont function, is listed in the appendix but it is basically five integers
{two bytes each) followed by eight single byte values followed by a null
terminated string. The first and last of the integers are the size and weight of the
font, the first three of the byte values, if they are non-zero, indicate bold,
underline and strikeout and the null terminated string is the font name.
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The way that we use these C functions is to ‘associate’ them with function names
in the workspace. We use the (N4 function which associates a name in the APL
workspace (the left argument) with a function in a DLL, specified in the right
argument. That name becomes of class 3 (a function) and whenever we use that
name in an APL expression the function in the DLL is called.

The way that the arguments to the APL function are translated into the
arguments of the DLL function and that the result of the DLL function is
translated into an APL object is determined by the first and last parts of the right
argument to (INA.

Memory Allocation

For example:

'alloc'(ONA'U2 kernel.exe.Pi6|GlobalAlloc U2 Uu!

associates the name ‘alloc¢’ in the workspace with the DLL function
Globalalloc. If we call alloc with two integer arguments

handle+alloc 0 50

the first will be converted into a two-byte unsigned number (the memory type)
and the second into a four-byte unsigned number (how many bytes we want).
The two-byte result from GlobalAlloc will be converted back into a positive
integer.

The effect of the function is to reserve 50 contiguous bytes of global memory for
our use, the returned result being an identifier for that memory. We need to fix
the location of that memory so that we can write data into it. GlobalLeck is the
Windows function that fixes memory and it returns the address at which it has
fixed it. We pass the two-byte positive integer identifier and get back a four-byte
integer pointer.

'lock'ONA'I4 kernel.exe.Pl6|GlobalLock U2'

ptr+~lock handle

Copying the Font Data

To read from and write to our little block we use a function called hmemcpy. It is
a very simple function but it is very versatile. It takes two pointers, a source and
a destination, and a number of bytes to copy. It copies the specified number of
bytes from the source to the destination. The versatility comes in the way we
associate the function.
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Here we will copy the integers to the memory area.

\putints'0ONA Vkernel.exe.Pi16 | imemcpy I4 <I2[31 I4!
putipts ptr{~36 0 0 0 400)10

The arguments to the function are, from left to right, the destination pointer, the
source pointer and the number of bytes to copy. In the first association the source
is defined as an input array of two byte integers. On execution the interpreter
will take the integer vector passed, create a C array of two-byte integers and pass
a pointer to that array to the DLL function. The third argument should be twice
the length of the vector, as that is the actual number of bytes. The negative
number given as the size is a value in points.

Then we copy the byte values:

'puthytes'ONA 'kernel.exe.P16|hmemcpy I4 <U1L1 IWw
putbytes(ptr+10)(1 1 ¢ 0 ¢ 0 0 0) 8

Here we are saying that the second element of the argument, the source data,
should be translated as an array of bytes. In APL parlance they are indices into
04V. Notice that when we call the function we pass not the address of the
memory but the address of the eleventh byte of the memory, where we want it to
put the byte values.

Lastly we insert the name of the font:

\putstring'0OFA ‘kernel.exe.P16|hmemcpy I% <0T IN!
putstring(ptr+is)'rimes New Roman' 32

The interesting feature of this association is the <0T which specifies a translated
‘null terminated string. When the function is called we pass a text vector which is
translated from the OAV to the normal ASCII character set and copied at the
pointer. After the last character of the string the interpreter places a (. This is
included in the number of bytes to copy so our name must be no more than 31
characters long,.

Running the ChooseFont function

We are now ready to call the ChooseFont function, well, nearly ready. All we
need to do is associate the function and run it. Unfortunately, while the function
only takes one argument, it is a pointer to a horrendous C data structure, one
part of which is the pointer to our font data. However, if we define the structure
when we associate the function, we can pass a nested array corresponding to it.
As with the simple arrays, the interpreter will pass a pointer to it. The official
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structure definition is part of the appendix but the line below defines it well
enough for the association.

choose_struct+'{X4 I2 T2 T4 I2 T4 U1[u] Tu Iy I4 T2 T4y U2 Iz 12})!
‘changeront '0NA'U commdig.dll!.P16|ChooseFont =! choose_struct

Things to note are that the U1[4] is an array of red, green and blue intensities for
the display, the second 14 is the pointer to our font data and the third 14 is the
combination of some Beolean values to tell the function what fonts to allow and
whether there is meaningful data in the font structure. The “=" before the font
structure in the association is an indication to the interpreter that when the
function has run we would like to see what it has done to the data in the
structure. We are most interested here in the colour part.

The definition of the individual bits is included in the appendix as a set of
“#define CF_ww» 0x00xa” statements that are pretty self-explanatory. We are
going to use CF_SCREENFONTS, CF_INITTOLOGFONTSTRUCT and CF_EFFECTS, the
last of these to enable the user to choose underline and colour.

flags+2.11 0 1 0 0 0 ¢ @ 1

The first element of the structure is its length in bytes and everything else in it
that ] haven’t mentioned can be set to 0. Thus the function call looks like this.

changefontcl5 46 0 0 ptr 0 flags(0 128 128 0)

We get a dialogue box that looks like this:

[

Font:

Times New Romanl

. Symbol
System
Terminal

i €3

S SR

. Wingdings

[ suikeout

X Undesline A a B bY‘VZZ

Color;
| Teal [+

l’ Effects Sample
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and the result:

1 46 0 0 137822208 360 321 128 0 128 ¢ 0 0 ¢ O O 8452 O O

Because we specified one of the arguments as “=" the data for that argument is
returned with the result of the function in a nested array, the first element being
the result of the function and the second, the contents of the structure. The result
of the function is non-zero, indicating that the user pressed OK, and the seventh
element of the structure is 128 0 128 0, indicating that he changed the colour
from ‘teal’ to ‘purple’ (takes all sorts to make a world). We can use this indication
to set the colour of any text associated with this font.

Retrieving the Font Data

We now need to query the font structure to find what font attributes the user has
changed. To get data out of our block of memory we use the same function that
we used to get data in. This time we specify an array as the destination (first
argument) and the pointer to the memory block as the source (second argument).

‘getints'ONA 'kernel.exe.Pi6|hmemcpy >I2[] Iw I4!
‘getbytes'ONA 'kernel.exe,Pi6|hmemcpy >U1[l It I4!
‘getstring'0NA 'kernel.exe.P16|hmemcpy >0T I4 I4!

Instead of <I2[ ] (corresponding to an integer vector argument) which means

- take a vector

- turn it into integers

- pass its address to the function
- then forget it

we have >12[ ] (corresponding to an integer argument) which means

- allocate space for the specified number of integers

. - pass its address to the function
- convert what the function leaves there into an int. vector, 2 bytes per number
- return the vector

What we pass as this argument is the expected length of the result.

getints 5 ptr 10
48 D O 0 700

In the case of the integers we expected five integers (first argument) which meant
that it had to copy ten bytes (third argument). The first integer is the new point
size and the fifth is the weight.

121




VECTOR Yol.10 No.1

We then get the attributes. We can only set the underline and italic but we might
want to know if the user has set strikeout in order to warn him that it will not be
implemented.

getbytes 3(plr+1o)3
00 2

Finally we get the name:

getstring 32{ptr+is}az2
Courier New

Cleaning Up

It is good practice to give the memory back to Windows even if it is only 50
bytes, and for this we use the GlobalFree function.

‘free'(0NA' U2 kernel,exe,Pi16|GlcbalFree 02!
I'ree hanpdie
4}

As you can see it takes a memory identifier and returns ¢ if it managed to free
the memory. If it had failed it would have returned the handle.

So that was easy wasn’t it? You would be surprised what you can do with the
DLL functions. You can be serious and write a low-level interface to Oracle using
the functions in the ORA6WIN.DLL supplied with EXCEL or you can be flippant
and start writing raw graphics all over other applications’ windows, whatever
flips your switch.

Font Sizes

A short note about font sizes. You pass a point size to the font structure and get a
point size out. Font sizes in Dyalog APL/W are specified in pixels. There are 72
poaints to the inch and you can calculate the number of pixels to the inch from the
DEVCAPS property of the root object. This is unfortunately not all. For some
reason, best known to the morons at Microsoft, when you specify 36 point in the
font structure it shows the font in 36 point (according to the above definition) but
says that it is in 27 point. Likewise, if the user chooses 36 peint in the box, the
number in the font structure is 48 and the user sees 48 point. Don't ask me to
explain it.
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Appendix
The full APL session transcript:

valloc'DNA'U2 kernel.exe.Pi6|GlobalAlloc U2 Uy!

handie<alloc 0 50
1lock'ONA'IY Xernel.exe.Pi6|GlobalLlock U2!
ptr+lock handle

tputints'UNA 'Xermel.exe.Pi6|hmemcpy I4 <T20] IW!

putints ptr{~36 0 0 0 400)}10

‘putbytes!ONA 'kermel.exe.P16|Amemcpy It <U10] I4!

putbytes(ptr+10}{(1 1 0 0 ¢ 0 0 0} 8

'putstring ¥4 'kerpel,exe,Pi6|hmemcpy I4 <0I I4'

putstring{ptr+is}'Times Newv Roman' 32

choose_struct<'{Iu Yz Iz I4 I2 I4 UsC4] Is I Iy J2 Iu U2 I2 I2}!
tchangefont'ONFA'U commdlg.dll.Pi6|ChooseFont =',choose_struct

rlags+2:1 0 1 0 0 C 0 Q1

changefontci5 46 0 ¢ ptr ¢ flags(o 128 128 0)

1 46 0 0O 137822208 360 321 128 0 128 0 0 0 O O O 8452 0 O
tgetints'ONA 'kernel.exe.Pi6|hmemcpy »I2(1 Iu IW!
tgetbytes'ONA 'kernel.exe.P16|hmemcpy >UL1[1 Ik I4)
'getstring'ONA 'kernel.exe.P16|hmemcpy »0T It T4!

getints 5 ptr 10
“tE 0 0 O 700
getbytes 3(ptr+10)3
001
getstring 32(ptr+18)32
Courier Nev
tfree'[QFA'U2 kernel,exe.Pi6|GlobalFree U2!'
free handie
4]

The font data structure — from WINDOWS.H

/» Loglical Font =/
#define LF_FACESIZIES32
typedef struct tagLOGFONT
{

int 1{Helight;

int 1tWidth;

int 1fEscapement;

fnt 1f0rientation;
int 1fWeight;

BYTE 1fItalle;

BYTE 1fUnderline;

BYTE 1fStrikeQut;

BYTE 1fCharset;

BYTE liouttrecision;
BYTE 1fClipPrecision;
BYTE 1fQuality;

BYTE 1fPitchAndFamily;
char }fFaceName [LF_FACESIZE];

} LOGFONT;
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The data structure to pass to the ChooseFont function — from COMMDLG.H

typedef siruct tagCHOOSEFONT
{

DWORD
HWND
HDC

LOGFONT FARs

int
font =/
DWORD

COLORREF

LPARAM
UIRT

LPCSTR

HINSTANCE

LESTR

UINT
EnumFonts

FONTTYPE_

int
fnt

IStructSize; fe nf

hvndOwner; /= caller's windov handle »/

hDC; /= printer DC/IC or NULL w/
lpLogFont; /* ptr. to a LOGFONT struct =/

1Pointsize; /* 16 « size in points of selected

Flags; /= enum. type flags */

rgbColors; /* returned text color »/
I1Custhata; /» data pasged to hook fn. «/

{CALLBACKw lpfnHook)(HWND, UINT, WPARAM, LPARAM);
/* ptr. to hook function w/

IpTemplateName; /» custom template name =/

hinstance; /= instance handle of .EXE that

* contalns cust. dlg. template

»

/
lpezstyle; /» return the style field here

» must be LF_FACESIZE or bigger =/
nFontType; /» game value reported to the

» call back with the extra

» blts added »/

nsizeMing /* minimum pt size allowed & »/
nSizeMax; /* max pt slze allowed {f 174
/* CF_LIMITSIZE i3 used »/

} CHOGSEFONT;

The settings for the flags in the CHOOSEFONT structure - from COMMDLG.H

#define
#define
#define
#define
#define
#define
#define
#define
#deline
#define
#define
#define
#define
#define
#define
#delfine
#define
#define

CF_SCREENFONTS
CF_PRINTERFONTS
CF_BOTH
CF_SHOWHELP
CF_ENABLEHOOK
CF_ENABLETEMPLATE

CF_ENABLETEMPLATEHANDLE
CF_INITTOLOGFONTSTRUCT

CF_USESTYLE
CF_EFFECTS
CF_APPLY
CF_ANSIONLY
CF_NOVECTORFONTS
CF_NOOEMFONTS
CF_NOSIMULATIONS
CF_LIMITSIZE
CF_FIXEDPITCHONLY
CF_WYSIVYQ

CF_SCREENFONTS

#define
#define
#define
#define
#def ine
#define

CF_FORCEFONTEXIST
CF_SCALABLEONLY
CF_TTONLY
CF_NOFACESEL
CF_NOSTYLESEL
CF_NOSIZESEL

ox0oQ00001
oxooono002

{CF_SCREENFONTS

0x00000004L
Gxooooo0CaL
oxpooco010L
0x00000020L
0x0Q00C04OL
0x0QC0Q080L
ox00000100L
0x00000200L
0x00000L00L
0x00000800],

CF_NOYECTORFONTS

exo0000100CL
DxQC002000L
Gx00004000L

CF_PRINTERFONTS)

ox00008C00L /+ must also have

* & CF_PRINTERFONTS «/

Ox00010000L
0x00020000L

oxooc40000L
Ox00080000L
0x001C0000L
0x002C00000L
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The MAGIC goes away - Opening
the Boxes

by Mike Day

Introduction

A year ago Bill McLean brought the game of MAGIC to the pages of Education
Vector, Vector Vol.9, No.l (pp.25-29). In the next issue, 9.2, Dave Ziemann
discussed the game, and presented a method for solution and a set of APL*PLUS
1I functions to do the job. It was a quite brilliant treatment, but as Dave said, “1
am left with the feeling that there’s probably a very simple way of knowing what
key to press from any given state, but it eludes me for the moment.” Here is one
way of doing just that. I want to share it with you because it throws light on
some aspects of A-level-ish Mathematics. The APL is quite neat as well.

In case you don't remember, in MAGIC you are given a starting 3x3 matrix or
“box” of random 0s and 1s. You are asked to pick one or more of nine given
standard boxes — I'll call them MagicBoxes — to complement the starting box
to achieve the target box, which we call win.

Bill's article described a program to interact with the player, presenting the
random starting box and showing the current position. Dave responded to his
invitation to readers to provide solution algorithms.

Like Dave Ziemann, I've developed my solution mostly in terms of direct
definition, but using first generation APL*PLUS version 8. I've also developed an
analogous solution in J{4.1) rather to my surprise.

Representation

As in Dave’s treatment, I take a global zerc index origin. I don't want to rewrite
all those parts of Dave’s article that apply here as well, He showed that it's useful
to be able to enumerate the 512 different possible states in a natural way as either
decimal numbers 0 to 511 or as binary numbers 0 to 111111111 using some
simple functions.
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T've cribbed his functions DB and BD ;

DB:1={9p2)T w
BD:21 w

BD ¢ 0D1111011
123

DB 123
001111011

The functions SHOWBool and SHONDec show states as 3% 3 boxes:

sym +« '41) ¢ blk + ' !

SHOWBool: 3 © tbhlk:0ex/p w tSym[3 3 pk & 1,b1K,SHONBool 0 1 + w
SAORDec:5H0NBocl DB, w

SHoWBool 9 1 p 0 0 1 1110 11 a F¥ expects a matrix argument
001
TS
01t

SHOWDec 123
001
111
| 011

But I'm more interested in the method of solution than in presentation.

Why use McLean’s MagicBoxes?
The specified set of building blocks or MagicBoxes is

SH0NBool MagicBoxes
110 111 011 100 010 001 000 GOOQ 00D
119 000 011 10¢ 211 001 110 000 011
0G0 000 000 10¢ 010 001 110 111 0412

Dave Ziemann presents a “short MAGIC game”. Firstly, the function Set Vvars
sets the scene, including choosing which boxes to play with — in this case
MagicBoxes.

126




VECTOR Vol.10 No.1

SetVars: key+BDsboxes+w ¢ sym+'0i',blk+~' 'o win<igs
¢ w+0+0EX'BaseToKey'

SetVars 'MagicBoxes! o 32 SHOWPATH win
4 L &

iio 001 000
110 001 110
000 001 110

000 110 2111 111
100 010 011 101
000 000 001 111

BaseBoxes

But suppose we had a different set of boxes; one 1 call BaseBoxes:

SAG0NBool BaseBoxas
100 010 001 OGO 000 OO0 OO0 000 OO0
000 000 000 100 010 001 000 000 000
000 000 00Q ©0OQ 000 000 100 010 001

We can easily see that the same problem can be solved — in more steps in this
case:

Setvars ‘'BaseBoxes' ¢ 32 SHOWPATHE win
o 1 2 5 6 7 8

100 010 o001 00O 000 000 O0OC
000 000 0O0C 001 000 00O 000
000 000 ©CO 000 100 010 OO

000 100 110 2111 1141 111 111 111
100 100 100 100 104 101 1031 101
000 000 000 000 000 100 110 111

It is pretty obvious with this set of building blocks that we never need use more
than nine moves. You can probably see quite easily that there is only one starting
state for which nine is the minimum number of boxes, namely the complement
ofwin,
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SetVars ‘'BaseBoxes' ¢ 16 SHOWPATH win
o i 2 3 L 5 ] 7 8

100 010 001 000 000 000 0OGOC QOO0 0QO
000 000 ©COO 100 010 001 000 000 000
000 000 000 GO0 000 0OO 100 010 001

006 100 140 111 111 111 111 111 il 111
0i¢ 010 010 010 1106 100 101 101 101 1901
0Q0 000 0O0C 000 000 Q0O 000 100 110 111

We can use more than the minimum number of moves for any solution, but only
by adding some box 2 or 4 or 6 or any positive even number of times more than
necessary.

Solution with BaseBoxes
The solution is intuitively obvious when we use BaseBoxes to provide the
building blocks. We can also express it mathematically.

Given:

BD START « 000 100000
a2z

BD WIN «+ 111101111
495

+BD (O« DIFF + ADD START, [0.5]) WIN
111001111
463
where

ADD: = [ w

S50 we can easily solve a MAGIC puzzle using the unofficial set called
BaseBoxes. But how do we solve a real puzzle with Bill McLean's set,
MagicBoxes?
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Plus and Times for Boolean Numbers

We can think of # for “Booleans” as equivalent to + (and # as well) for ordinary
decimal numbers, since (for <=> read 'is equivalent to”):

X 2 7 <=> Ix
X

2 +
<= 2 -

Y
Y
The dyadic operation = is the “sum” for the “Vector Space” to which the Binary
representations of puzzle states belong.

It is obvious with either BaseBoxes or the original MagicBoxes that you can
add them together any number of times, but that all even numbers are
equivalent to doing nothing, while all odd numbers are just the same as only
adding once. So we are discovering a system for “scaling” Boolean vectors x with
integer numbers k such that

X+ ky <=>Xx ir o
<=> ¥ # ¥y If 1

noi
NN
o

Suppose we know x and k and that
X <=» k z

What is z?

Ifkisodd,ie.1 <=> 2 | X, then
Zz <=> X

However, if k is even, both x and z must be null vectors. k cannot be even for
non-zero x. This is not quite the same as when

X = 0 Z implies that Z is infinite unless X = 0.

We can in fact extend our system of scalar multipliers to include “rational
numbers” of the form (p/q) where p and q are integers. If p/q is reduced to its
lowest terms, p/q <=> 1 if both p and q are odd, <=> infinity if either is even,

129




VECTOR Vol.10 No.1

Using BaseBoxes as a Basis

Let’'s now return to our two sets of boxes. When we don’t use the SHOWBool
function they appear as two 9x9 Boolean matrices:

(¥MagicBoxes),(9 10p' '),¥BaseBoxes
110100000 i 000 0C0CO0OO0OCO0Q
111020000 0 10000000
01100100090 00100600 O0O0
100110100 000¢1060C0O00
101010101 000010000
001011001 00DDDO1COOOD
0¢C 01004110 0 000O0O0I1TC00¢0
000Q1O0111 0 o00DO0O0O0CO0CI1IOC0
000010112 00000 O0CO0O01

Consider the third column of MagicBoxes

SHOWBool 9 1p O +« MagicBoxes(:2]
¢11011000
011
011
ooo

This Boolean vector may be seen as signifying that the third Magic Box consists
of the following elements of BaseBoxes;

011011000/ 19
12 45

SHOWBool 9 1p # / BaseBoxes [:; 1 2 4 5]
011
011
000

So we now know — trivially really — how to express MagicBoxes in terms of
sums of BaseBoxes. And if we have a number of MagicBoxes —eg 0 5 6
as in Dave's first example game — we can take their sum

# [/ MagicBoxes [; 0 5 &)
11431001111
It is equivalent to the sum of BaseBoxes numbers 01 25 6 7 8 as we saw earlier:

/ BaseBoxes [; 0 1 2 5 6 7 &]
0

2
111 01111

130




VECTOR Vol.10 No.1

Using MagicBoxes as a Basis

We now need to be able to INVERT the process. Instead of expressing
combinations of MagicBoxes in terms of BaseBoxes, we need to express
BaseBoxes in terms of MagicBoxes. For example, starting from the
knowledge that theset0 1 2 5 & 7 8 of BaseBoxes solves a problem,
how can we deduce thattheset 0 5 6 of MagicBoxes does the same job?

Well, the 9x9 matrix MagicBoxes is really a transformation matrix from a
representation with respect to the basis MagicBoxes to one in terms of
BaseBoxes, For example, the vector

m+ 100001100 <=> take MagicBoxes 0 5 &

is transformed to the vector

b+ 11100411411 R <=> take BaseBoxes 0 1 2 56 7 8

using a Boolean Matrix multiplication function MULT

MagicBoxes MULT m
111001111

We can define MULT either by

MULT: o« = . A w A Using Boolean cperations

or by

MULT: 2 | @« + ., x w A using numeric add and multiply

Boolean Matrix Inversion

So let's find a Matrix Inverse for the array MagicBoxes — the usual APL B
almost does the trick, but not quite.

The second form of definition for MUL T suggests that if
x=My, for Boolean x and y and using Boolean matrix multiplication

then X=MY, for numeric X,Y, 2 | X <=>x,2 | Y <=> y and ordinary matrix
multiplication, (+. x}.

If there is a Boolean inverse IM for M, then Y =IM X
so  y=2| (IM M)y + 2W) for some integer W
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ie. y+2Z=(IMM)y+2W) for some integer Z.

Butif I¥ = B ¥ then this condition is met as (IM M) is an identity matrix.
However I¥ can contain non-integer rationals:

+IM « B M < MagicBoxes
“¢.2 0.4 T0.2 0.4 O.4% 0,6 0.2 0,6 0.8
6.6 "0.2 0.6 0.2 T0.2 0,2 0,4 0.8 "0.4
6.2 0.4 T0.2 "0.6 0.4 0.4 0.8 0.6 0.2
0.6 "0.2 T0.4 0.2 0.2 0.8 0.6 "0.2 0.4
“g.2 0.4% T0.2 0.4 0,6 O.4 T0.2 0,4 TOD.2
0.4 T0.2 0.6 0.8 T0.2 T0,2 T0.4 T0.2 0.6
0.2 0.6 0.8 0.4% 0.4 0.6 TQ.2 0.4 0.2
“¢.4 0.8 T0.4 T0.2 "0.2 "0.2 0.6 0.2 0.6
¢.8 0.6 0.2 0.6 0.4 0.8 T0.2 0.4 T0.2

We now recall that any odd scalar multiple of a Boolean vector is equivalent to
the vector itself in our nine-dimensional vector space. The same applies to
matrices:

Let:

+IM1 + B MagicBoxes + 5

1 0271 2 2737173 4
371 371717172 4 72
Y4 27173 2 2 4 73"1
371727171 4 37172
1 2 71 2 "3 271 2 71
271 03 4% 7171727103
1 73 4 2 273 "1 271
T2 o4 T2 717171 371 3
4 T3 "1 73 2 271 2z 71

The divisor 5 is in fact the determinant of the matrix MagicBoxes!

111001111

2 | IMi +.%x b n which just happens Lo be Lhe same as
1¢0001100

m A !
1000041100

Unfortunately I've cheated. While we could in general take the ordinary inverse
and try different odd integer scalars untl we light on the right one, we strictly
ought to calculate either the determinant of MagicBoxes:
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5

DET MaglcBoxes

(It is interesting that the J 4.1 determinant (-/ . #) threatens to take over four
hours on a portable PC {Toshiba 1850) for this problem.)

... or to gain perhaps even more insight by using a special-purpose function

[ . R e S e =

PO RRMORORO

BINV MagicBoxes

10601
1111
110090
G i1l1¢0
i010
1011
0001
0111
1100

1

PR RELORRGO

1

QR OO PO

0

PR RRRORO

1 cobbled BINV together from Keith Smillie’s T¥ ¥ function in STATPACK2

fol
[11
£2]
[3]
[}
(53
[63
7]
[al
£9]
[10]
C11]
£12]
[£13]
{14]
[15]
[16]
[17]
[18]
[19]
[201
[21]
[223
L2332

VBIRYIOIV

b+BINY a:k;s;pil:is;L:u;0I0

n JNVERT a SQUARE BIRARY MATRIX...
NB REAL ADPD/MINUS BUTH BECOME =

REAL TIMES BECOMES A

REAL DIVIDE SHOULDN'T BE NECESSARY AS DIVISOR Is & OR 1

R
L]
]
L]
]
L]
R

AFTER XKW SMILLIE's STATPACK2

AN ALTERNATIVE METHOD Is TG TAKE 2 | (DETERMINANT a) » H a
BUT THAT NEEDS a DETERMINANT FUNCTION OF SIMILAR COMPLEXITI

OIO+1 ¢ +{(x/x/h=a+2|bva)a(2=ppa)ra/pa)/0K a CHECK a Is 0K

NOINY:'NO INVERSE!' o +=b+i

OK;p+is+is+x+l/fpa ¢ a+valip,1]

LooPial;1+51+2>is ¢ i«t\[/t+al1k;1] n FIND NEXT ROW
plt+1,il+pCusi,1] ¢ alt;Is)+alu;is] n SHAP ROWS
+(o=al1;1]1}/¥0INV n SINGULAR MATRIX

n DONT WNEED ,., ali;l+al1;1+al13;1] DIYISOR ALWAYS UNITI IF REACH HERE
a+ar(al;1]1n1<ig)A.nali:] n WAS a - (al;1] x 1 < is)a,x ali;]
a+alt+1+s|is;1+15,0] ¢ p«plt) n SHIFT ROWS AND COLUMKS

+(0<k+k-1)/LOOP n
b+al:p115]1 » REGRDER FOR ANSHER

Tt is of course very similar to Smillie’s original, just replacing all “x’ by “A* and
both ‘+’ and ‘-’ by ‘#’. Note that I disabled the line involving division by the
pivot cell, since we have seen that Boolean “division” yields either no change or
an infinity — and we expect the argument to be non-singular as we are dealing

with basis representations.
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Solution

It just remains to fit the various elements together. The function PATH does the
job.

PATH: (KEY ADD DB w , a )/1pkey

The arguments o and w« are the decimal representations of the start and target
boxes. ADD DB w , a finds the solution in terms of BaseBoxes.

ApD pB win, 32
111001111

The funcion XEY multiplies this by the Boolean Inverse of MagicBoxes,
BaseToKey, calculating it in the function BaseRepToKeyRep if it does not
exist. {(We see now why SetVars expunges BaseloKey — it is in case a new
set of MagicBoxes is invoked as the building blocks.)

BaseRepToXeyRep:BaseToKey: 0=[INC'BaseToKey' :BaseToKey+BINV
DB key

KEY:BaseRepToKeyRep MULT w

Set¥ars 'MagicBoxes' o +m « KEY ADD DB win, 32
100001100

Finally, the resulting Boolean vector is used to select the MagicBoxes,

m/ipkey
g 56

32 PATH win
¢t 5 6

The remaining functions are just utilities or display routines.

Conclusions

The game of MAGIC as presented confuses the issue (probably intentionally!) in
being apparently a two-dimensional problem with 512 states. However, as Dave
Ziemann showed, we really have a 9-dimensional set of Boolean vectors, The
decimal representation is helpful to my mind only to make the notation more
concise, It does not add to our understanding of the transitions as Dave found. I
suspect that instructive analogies might be drawn with other systems.

For example, theoretical physicists describe representations of microscopic
space-time in terms of multiple (117} dimensional strings embedded in 4 “real”
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dimensions. A Boolean number is a numerical realisation of the smallest possible
non-trivial commutative “group” of order 2, so that our MAGIC game problem is
a little like a simple physics with 9 different quantum properties, each with 2
alternative states. I gather that elementary particle theory teems with interacting
“symmetry” groups, mostly built up from simple subgroups of order 2 or 3.

Casting aside speculation, we have found a concise, quick method of solution for
MAGIC puzzles. There are symmetries which 1 have not pursued — the two-
dimensional view may after all be useful! — e.g. the solutions for decimal 1, 4, 64
and 256 are all identical apart from rotation. (There are four corner boxes and
four edge boxes and one middle. Various symmetry groups — order four and
order two — relate corners together and edges together) It's possible that
consideration of these symmetries might lead to an improvement in performance
of Dave’s algorithm, but my method is so quick and simple that I haven't
followed up this particular line.

Duncan Pearson wondered if a similar vector space treatment involving
inversion of a transformation matrix could be applied to the N-Queens problem.
I don't think so — at least T haven't found it — the reason probably being that
you can't realise a presumably N-dimensional basis corresponding to the
operation of “adding” a Queen,

However, the ubiquitous not-equal scan does make an appearance, even if not
providing as much of the solution as Gérard Langlet's views on the power of this
construction would lead us to believe (e.g. Vector 9, No 3).

APL Functions

Here is a listing of all the APL functions involved. It’s only those few listed under
“SelutionFunctions” that actually find the answer. The others are to do with
setting up the problem (SetVars) and displaying one or more states
{SHOWBool and SHOWDec) or the whole problem (SHOWNPATH).

My version of Direct Definition — it's not part of APL*PLUS as supplied —
allows local variables, x, y and 2, in addition to the arguments w (and o if the
function is dyadic). The direct definition interpreter expects its functions to
produce results,

Utility Functions

LAM: o ,[0I0-0.5] w A LAMINATE IN NEW 15T DIMENSION

SetvVars: key+BD & koxes+w © sym+'0l1l',Blk+' ' o win+i95 o w «04[EX
'BaseToKey!
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SolutionFunctions

ADD:2/) w
BaseRepToKeyRep:BaseToKey:0=[NC 'BaseToKey':BaseToKey+BINV DB key

BD:2t w
DB:1={(9p2}T w

KEY:BaseRepToKeyRep MULT w
MULT: a 2.8 @
PATH: {KEY ADD DB w , a )/ipkey

Display Functions

KEYPath:(0, w }JLAM o ,key[w +« o PATH w ]

SHOWBool: 3 0 +bhlk:0=x/p w :sym{3 3 p§ w J,bl1k,S5HONBool 0 1 + w
SHOWDec :SHOWBool DB, w

SHOWPATH: (SHPO w {1 1 p0I0;]1)}7SHP1{w + o XEYPath w )T1+0I0:]
SHPO:1¢[1+0T012¢(- 0 2 4 4p w }+ w + 4 0 ¥ 0 0 1 + w

SEP1:((3 4 pblk),SHOWBoo! DB,i4 w )LAM SHOWBool scandADD DB w
scanADD:#\ w

YOETCOIV
[6] 2zZ+DET m:;i:jin:a;b:0I0
[31] n FIND THE DETERMINANT OF m
(2] o A METHOD THAT WORKS ..., NOP OPTIMAL BUT =»> TRAN RECURSION!
£3] e DET m EQUIV DET m' WHERE m'[i;] = m[i;] - &k *x m(j;]
[u] r TRIES TO GET ZERO'S IN LOWER TRIANGLE (OFF DIAGONAL)
[5]
[6] n DET OF A TRIANGULAR MATRIX IS JUST THE PRODUCT OF THE
[73 n DIAGONAL ELEMERTS
[e]
[9] +{a/n/m=m+.x&m}/ENDI,0I0+1
[10] di+(o,n+"1%pm)} 1]
[113 LOOPI:»{n<i+i+1}/ENDI
[42] j+i+wvm[1]
[23] ~+(1E 20z|m[i;i])/ZERO
(18] mli;3«mif;l-mla;lxm[j;b3+mla«i+b;b+-nl1]pi]
{15] ~LOOPT
[16] ZERO:+{a/b<«0=i4m[;1])/LO0FPT
€171 mCi;3+mli;]+, (<\~B)/[1](1,0}+m
[18] I+i=-1
[19] -+LOOPI
[20] ENDI:
[21] n m SHOULD BE IN UPPER TRIANGULAR FORM
[22] z+x/ 1 1 §m
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The Fractal MAGIC Universe

by Gérard Langlet

This is an extended version of the puzzle which has been called "MAGIC” in
VECTOR (cf. [1], [2]); recently, a shozt paper by ].]. Girardot [3] also proposed an
APL90 version of the 3x3 magic game, which was given as an exercise to
students in computer science at the Ecole des Mines in St. Etfenne, to make them
progress with APL array capability.

7 13456 13 15

I !l I* u

"! la l.\

Ei i

3 GOAL |

qﬁﬁrmmm
il

The "Fractalissime" (¢} G. Langlet *the fastest APL game in the world®

The goal of the present paper is to bring an ultimate solution to this class of
puzzles; then, if one thinks of very complex ones, such as Queens and even chess
games, a new conjecture will emerge: #\ would be able to solve ALL puzzles
which have a unique solution... (and physical problems ARE indeed such
puzzles for physicists). So, a game is not for fun only; like Cellular Automata
(e.g. Conway’s Life Game), deep game study may enlighten “General Problem
Solving”.

Here is a screendump of a PC at the end of a computer demo (which is available
in a small WS which also plays classical “Magic” and may be casily extended to
play — and teach — much more complex puzzles).
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A randomly chosen binary 4-by-4 matrix (among 2*16 different possibilities) is
named “GOAL” and displayed, enlarged, on the right of the screen. 1s appear as
black squares on the paper, 0s as grey squares (on the screen, 1s appear as a
bright foreground, in colour, on a darker background of 0s).

Another 4-by-4 matrix, different from GOAL, is also randomly chosen and is
displayed as the initial configuration (on the Figure it is labelled “Start”}. The
computer also displays in the top left hand corner of the screen a kind of menu
with 16 different masks, numbered from 0 to 15.

When a player clicks one of the masks, the bits of the current configuration in
correspondence with the 1-bits of the masks are inverted, i.e. negated: 1 becomes
0 while 0 becomes 1. The rule is to determine the shortest sequence of masks
which must be successively applied to the initial configuration (Start) in order to
reach the GOAL.

In this demo, the computer plays by itself. At the same time it displays a new
GOAL and a new Start configuration; it also tells the user what it has found as
the shortest way, i.e. the exact solution. For more complex puzzles (which may
also be based on frames, i.e. matrices with any shape, even irregular),
instantaneous solving of the “best-path” problem by the computer is possible; so,
when YOU play against the computer (or, rather, against the APL program), and
ignore that the computer has found the best path, you will lose, although you
play first — as the computer’s guest — after having made just ONE mistake, i.e.
one bad choice from the menu.

In the present case, 7 masks are necessary to go from “Start” to “GOAL”. These
are numbers: 1 3 4 5 6 13 15. The computer has just “won”, using mask 15 after
six other displays of its clever approach, on the same frame in the bottom right
corner (there is not much room on the PC screen) ... with semi-graphics.

What is the Reason for the “Fractal” Qualifier?

Indeed, all games are fractals. If this does not immediately appear in your mind,
it comes from the fact that fractality is somehow hidden under the rules (very
often, rules are numeric), but appears again as scon as one examines these rules
with a binary approach.

In the present example, please ravel (unwind) every mask into a 16-bit vector,
and form matrix ¥ which will contain one mask per row. Plot ¥ in the same way
as masks, i.e. using semi-graphic characters on the PC (see also [4]). You will
obtain:
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This is a Sierpinski matrix, a
¢-mirrored “geniton” (cf. {4] to
(9]). The corresponding binary
matrix M, now considered no
more as a Boolean, but rather as a
numeric matrix in modulo-2
algebra, an algebra in which all
“numbers” € {0,1},0 meaning
“nothing”, 1 meaning “every-
thing”, has a nice magic
property.

M is its own matrix inverse, so
that 2 | M+.xM or, using logical
functions, M=.AM returns a
unitary mattix, i.e. a matrix with the same shape as ¥, and in which only the
main (or first) diagonal contains 1s. The property is very general, e.g. 9 9 + M
is also its own matrix inverse in modulo-2 algebra. With any number instead of 9
in order to take the same number of first rows and columns of the “infinite ¢-
mirrored (or #-mirrored) geniton”, the property will hold.

So, the rules of this puzzle were chosen so that matrix inversion becomes
unnecessary (although classical Magic involves 3-by-3 matrices, the Fractal-
Magic puzzles, even extended to huge arrays, are simpler ... ).

If the GOAL matrix is ravelled into vector G, and if the St art matrix is ravelled
into vector 5, so that D is the binary difference G#5 or §#@G, then:

D modulo-2-matrix-divided-by M

will solve a pretty linear system of (here 16) equations, producing X, a modulo-2
vector € {0,1} which is THE MASK of the (unknown?) necessary
transformations. In the example, mask X is:

X
0101111000000 4101

X/pX A In O-origin
1345 6 13 15 R 7=+/X

APL has no “modulo-2 matrix divide”. There are several solutions which could
fill the gap made by the lack of such a (useful?) extension:

1. write the modulo-2-matrix divide using the domino;
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2. wrile the modulo-2-matrix divide NOT using the domino;
3. do nothing but thinking,

The best way is to choose as a rule a self-inverse mafrix so that the missing
function becomes useless; hence the use of the ¢-mirrored geniton coming from
the APL-Theory of Everything [4].

If ¥ is such a matrix, the same mask X will be the result of
Dz, A Morof 2| D +.%x M
which is very fast, at least for “small” matrices.

Mask inversion in APL is also performed by #, the difference primitive, which
corresponds to PLUS modulo-2 and to MINUS modulo-2 in modulo-2 algebra at
the same time. The expression

C+2XDs XM

will produce successive rows in a row-"difference-scanned” matrix (successive
Current Configurations), so that, if ¥is ~1¢ 4 4 , 1+ +/ Xthen:

(NpG@)zNpC

will return the successive current 4-by-4 matrices which display the path from
Start to Goal (including both).

The conjecture that # alone or in association with “scan” could model everything
else (i.e. all clever computing viz. Nature's) is reinforced by the fact that the result
of the binary matrix product of a binary vector by a conforming ¢-mirrored
geniton, i.e. result X,

a. is one of the Fast Fourier Transforms in modulo-2 algebra (named “helix
transform” in [4] to [7]), then bound to the properties of information in helices,
the clue to future understanding of DNA genetic patrimony;

b. can also be obtained as ¢ V, the vector of the successive defined integrals of
K+bD by iteration of V+¥, ~1+X+z\K 16 times in the example, starting
from an empty vector;

¢. can be computed using a fast algorithm in which only # is used (the AND A
primitive of the matrix product disappears in the holes of the Gruyere cheese
of the fractal matrix!y — ¢f [5], [8] and refs therein,
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Sclving the original Magic this way can now be undertaken by pure thinking on
the symmetry of the problem: the 9 matrices which ARE the rules for Magic have
to respect the symmetry of the square, ie. a 4-fold symmetry; then, the 9-by-9
matrix ¥ in which each row is the ravelled bit-sequence of each 3-by-3 square
transformer, has to be, in modulo-2 algebra, a 4th root of the conforming unitary
matrix U (readers may easily verify this property, even with a free version of
APL such as I-APL or TRYAPL2):

U=HM=z.rMz.ArMz2.0rH
The same expression may be re-written as:
U = Mz, a(Mz,aM=, M)

in order to show (although parentheses have no other utility within this APL
identity), that T+M# . AM# , AM HAS TO BE the modulo-2 matrix-inverse of M.
I can be pre-computed ONCE and memorised as 81 bits (less than 11 bytes).

Then, the short APL expression (in which / [0I0] \[0I0J and , {0IC]
may replace # % and 7 respectively in APL):

CexeXx D XAT

produces the successive Configurations for Magic as well, at the speed of light,
given any difference vector D as S2G (Start and Goal ravelled vectors with
shape 9).

Then, the 9 matrices of Magic may be replaced by any linear combination of
themselves in order to form a coherent system of rules, so that the number of
NEW puzzles even for shape 3 3 will become quite large...

And the APL comtmunity ean now become a puzzle generator:

Given a thick book with 1024 pages, with an image on each page as a 1024 1024
pixel binary matrix, such a book will become the “Puzzle Solver/User's Manual”;
then, on a high-definition screen, with a 1024 by 1024 image, an initial Start
configuration will appear with 1 kilopixel size, as well as the Goal, e.g. in another
colour if the screen allows RGB output; the user will have to choose a minimum
of successive transforms from the atlas-book; even for billions of pixels and
images in a collection of video-discs, the same magic formula (a tiny APL line)
will hold... , as it WILL for the giant Sierpinski puzzle of our fractal universe of
which any problem is a sub-problem, even tomorrow’s weather forecasting...
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#\ is the absolute integrator at the quantum level. Many of its properties were
found and proven using APL. Now, natural shapes are deduced from =\
algorithms [10].

Then, is there STILL a reason why most physicists ignore Iverson’s powerful
notation for mathematics and programming, although parity and symmetry are
their most basic concepts, while integration, Fourier transforms, spinors or
twistors (matrix theory) are their favourite mathematical tools, and in spite of the
fact that they are trying to understand what hides under the fashionable
keyword fractal coined by Benoit Mandelbrot, which will NEVER be explained

by continuity?
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All queries regarding advertising in VECTOR should be made to Gill Smith, at
04393-385.

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+l and discuss themes for issues n+2
onwards. Please send the text of submitted articles (with diskette as appropriate)
to the Editor:

Anthony Camacheo,

11 Auburn Road, Redland,
BRISTOL, BS6 615

Tel: 0272-730036

Authors wishing to use Windows Write should contact Vector Production for a
copy of the Vector APL TrueType font and Vector APL typebox.

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. Tel: 04393-385 (any time).
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BAA: Membership Application Form

Membership of the British APL Association is open to anyone interested in APL.
The membership year runs from 1st May to 30th April.

Name:

Address Line 1:

Address Line 2:

Address Line 3:

Post or zip code:

Country:

Telephone Number:

Membership category (please tick box): ... ......... 93/94

{these rates also apply to renewals}

UKprivate membership . .. ..................... £12 Q

Overseas private membership .. .................. £20 a
Airmail supplement {not needed for Europe) ... ....... £8 Q

Corporatemembership ........................ £100 a

Corporate membership overseas . . ................ £155 Q

Sustaining membership .. ... ... ... ... . oL £430 a

Nen-voting UK member (student/ QAP /unemployed only) £6 |

PAYMENT — in Sterling only

Payment should be enclosed with membership applieations in the form of a UK
Sterling cheque to “The British APL Association”, or you may quote your
Mastercard or Visa number.

T authorise you to debit my Visa/Mastercard account

Number: Expirydate: __ |
for the membership category indicated above,
Dala Protection Act
e ; s The information supplied may be
8 annually, at the p.rev"alhng rate, until further notice | ored on computor el
one year’s subscription only i accordance with the registration
of the British Computer Sociely.
(please tick the required option above)
Signature: Send the completed form to:

British APL Association, ¢/ o Rowena Small, § Cardigan Road, LONDON, E3 5HU
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of officers who ate elected by a postat ballot of Association members prior to the Annual General Meeting. Working
groups arc also established in areas such as activity planning and journal production, Offers of assistance and
involvement with any Association matters are weleomed and should be addressed in the first instance to the Sceretary.

Secretary:

Treasuret:

Joumal Editor:

Activities:

Education:

Technical:

Projects:

Publicity:

Recruitinent:

Administration;

Editor:
Production:
Advertising:
Support Team:

1993/94 Committee
David Eastwood MicroAPL Ltd.,
071-922 8866 South Bank Technopark,

Dutican Pearson
0904-603510

Nicholas Small
081-980 7870

Anthony Camacho
0272-730036
Richatd Weber
0302-539761

Dr Alan Maycr
0792-295296

Jonathan Barman
0488-648575

George Macleod
0442-878065

Misha Jovanovic
0753-853141

Mark Harris
0438-310155

Rowena Small
081-980 7870

90 London Road, LONDON SE1 6LN
143 Hull Road, YORK. YO1 3JX

8 Cardigan Road,
LONDON E3 SHU

11 Aubum Road, Redland,
BRISTOL,
BS6 6LS

10 Hakehill Close, Bessacarr,
DONCASTER, DN4 7TEY

European Business Matagement School,
Swansea University,
Singleton Park, SWANSEA SAZ PP

Hill Top House,
East Garston,
NEWBURY, Betks RG16 7HD

Greymantle Associates Lid,, Bartrum House,
Ravens Lane, BERKHAMSTED, Herts HP4 2DY

99 Oxford Road,
WINDSOR, Berks SL4 SDX

Kestrel Consuiting, Business & Techuology Centre,
Bessemer Drive, STEVENAGE, Herts SG12DX

8 Cardigan Road,
LONDON E3 5HU

Journal Working Group
Anthony Camacho 0272-730036
Adrian & Gill $mith Brook House, Gilling East, YORK. (04393-385)

Gill Smith

Brook House, Gilling Fast, YORK. (04393385}

Jonathan & Bridget Barman (0488648-575), Ray Cannon (0252-874697T),
Richard Weber, Sylvia Camacho, Duncan Pearson,
John Searle, David Ziemann (071-267 8032), Jon Sandles

Typeset by APL-385 with MS Word 5.0 and GoScript
Printed in England by Short-Run Press Ltd, Exeter
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