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Editorial

by Duncan Pearson

This issue of Vector will be distributed to the delegates to the first annual world
APL conference that is not organised under the auspices of the ACM SIGAPL.

Due mainly to the lack of volunteer support SIGAPL has converted to a
publications-only SIG. The lack of support has been in evidence for some time
with Mike Kent having taken an increasing share of the organisational burden on
his broad shoulders over the last two years. He deserves high praise and thanks
for having done so. Anyway the first visible result of this change has been the
appearance simultaneously of the conference proceedings for APL96 and the
next issue of Quote-Quad. It is good to see Quote-Quad back on the stands and
the latest issue is excellent. I am looking forward to more of the same.

SIGAPL is not the only volunteer organisation to suffer from the lack of support.
The annual election to the committee of the British APL Association is rarely
much more than a reshuffling of posts among an increasingly disillusioned band
of stalwarts. The réle of the Association is unclear with little support from among
the membership for the few meetings that are organised and an increasing
proportion of the membership from overseas. The opening of the Vector web
pages has been a clear success and the work on finding practical ways to publish
APL on the web is clearly of benefit to the entire community and to APL itself.
Also the printed magazine continues to be read, judging from the feedback, not
all positive, that we recejve.

It is in the area of meetings however that the real challenge lies. The Toronto 51G
are taking a fair risk in the organisation of APLY7. They will be free of many of
the restrictions that ACM imposed on previous conferences and the content and
structure seems as a result to be more market led than before. There are many
who see the annual conference as a means of gaining valuable experience of
other fields of endeavour within the APL world and increasingly to do this one
must have interactive sessions with participation enhancing the learning process,
There are many APL organisations in the world with sufficient funds, if pooled,
that we could ensure that this kind of event continued. Is this a better use of our
time and resources than national meetings? Is it now time for greater
international co-operation or should we contract and concentrate on the
publications just as SIGAPL have done?
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Quick Reference Diary 1997
Date Venue Event
August 17-20 University of 1997 International Contference on APL
Toronto “Share Knowledge, Share Success”
November 3-5 QOriando, APL2000 User Conference
Florida

Conference News

The 1997 AFL2000 Conference will be held Monday November 3, 1957 through
Wednesday November 5, 1997 at the Sheraton Woild Resort in Orlando Florida.
Presentation and Training schedules will be posted as soon as they are available.

Dates for Future Issues of VECTOR
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No.2
Copy date 5th Seplember
Ad booking 12th September
Ad Copy 19th September
Distribution Qclober 87

Vol14
Ne3
&th December
12th December
19th December
January 98
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6th March
13th March
20th March
April 98
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CORRESPONDENCE

Optimizing the Antecedent
Precipitation Index
From: Norman Thomson 12 May 1997

Am I missing something, or is Bob Bernecky unaware of decode (see Vector
Vol.13 Nod pp.7-11)? This solves the above problem in six characters, viz:
x17,\y and incidentally runs about four times as fast on APL2/PC as either of
Bob's apil or api3. 1 described the analogous J version, namely »8(#, &, ><\)
. In Vector Vol.13 No.3 p. 12.

[Ed - see also Andrei Buzin's note on page 140]

APL and the rank operator
From: Norman Thomson 12 May 1997

Chris Burke in his article APL and J(4) : Function Application and the Axis Operator
does APL an injustice when he dismisses the axis operator as a “patchwork of
special cases”. He says that the APL interpreter gets the error messages wrong —
he does not say which interpreter he is talking about — IBM interpreters correctly
give AXIS ERROR for the two “wrong” messages he cites for transpose and
rotate. He also says that “we would expect that {p, [€14)+>(pAd},1". Thisis
precisely what happens in APL2, thatis (p, [10]4)+(p4),1.

While it is true that the rank operator is a unifying concept, and that the APL axis
notation has always been something of an inconsistency, it is unfair to condemn
the APL syntax for transpose and rotate which were standardised long before the
rank operator was conceived. In both cases, the values necessary to differentiate
the various possible cases can be provided with total adequacy as function
parameters, and there is logically no reason why such definitions should be
altered to an operator form just because this route has been chosen in J.

As a historical footnote, Chris says of dyadic APL functions that “In theory... a
semi-colon could be used to delimit the ranks of left and right axes”. The first
experimental version of the IBM APL2 interpreter did just that, but the idea was
abandoned.
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The Enclose of an Empty Array
From: Joseph De Kerf 1 May 1997

150 APL and the proposed standard for Extended APL define an empty array 4
as an array, the count of which is 0, the count being the product of the shape list
of the array (x/p4). APL books and manuals translate this by defining an empty
array as an array of rank 1 or more with at least one length of its axes being 0.

So, empty scalars do not exist. The basic idea seems to be that, as a scalar has no
dimensions, it cannot be empty. But what about the enclose of an empty array,
for instance the enclose of the empty numeric vector (<1 0) or the enclose of the
empty character vector (= ' ')? It's a scalar: its rank is 0. On the other hand, it has
no value. Should we call such a scalar a ‘psendo empty scalar’ or a ‘non-valued
scalar’?

Joseph De Kerf
Rooienberg 72
B-2570 Duffel
Belgium

Year 2000 — why the Consternation?
From: Bob Brown 23 March 1997

There have been several articles in the press about major problems with
computers dealing with the year “00”. T haven’t paid much attention because the
way | have designed my applications during the past 40 years means that I know
that “00” means 2000, not 1900 (or even 1800) and “01” means 2001.

Apparently more fuel has been added to the fire by 1SO9000 “century compliant”
standards. So I spent something under an hour modifying a couple of standard
utiliies that are prevalent in my application.

Internal representation

CALJUL takes any date and returns an internal representation based on the days
since 31 December 1900. CALJUL 32597 32599 32501 yields 35149 35879
36609. The internal representation is not something that a person can read and
make any sense of, but it does make it very easy to figure out how many days are
between any pair of calendar dates.

With a bit of modification CALJUL 3251997 3251999 3252001 gives the
same internal representation. Incidentally this function is in the application
because back in the mid 60s (1960s that is) 1 was about to leave to make a
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presentation in England and suddenly realized that I wanted to be able to read
and write dates as dd/mm/yy as well as mm/dd/yy. The user can set a switch
to determine which way makes dates more familiar in his environment.

External representation

The other function DTFMT takes any internal representation and generates a -
formatted date, with two- or four-digit years.

DTFMT 35149 35879 36609 generates
3/25/4997 3/25/1999 3/25/2001.

The user can flip a switch so that the result comes out 25/3/1997
25/8/1999 25/3/2001. It obviously doesn’t matter to the output how the
internal representation was generated. Since it took so little time to medify two
very simple utility functions that always deal with all dates throughout the
application, why are consultants making so much money addressing this
consternation?

Vector Back Numbers

Back numbers of Vector are available from:

British APL Association,
¢/o Gill Smith,

Brook House, Gilling East,
YORK YO6 4]]

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

Minutes of Committee Meeting
Held before the AGM Friday 23 May 1997

The Agenda was as follows:

(TR TN I - S

. Apologies

Financial Report

. Membership Report

Management Committee for 1997 /8 (possible amalgamation of roles with the
Vector Working Group)

. Meetings: Vendor Forum, Internet cafe, speakers for BCS Southampton

. Education Vector

Veclor content: articles on J ete

. Insurance/future of BAA portable computer
. Subscription Rate
. AOB

Ray Cannon and Duncan Pearson sent apologies. Those present were Alan
Mayer {Chair), Nicholas Small (Treasurer), Sylvia Camacho (Secretary), lan
Clark, Marc Griffiths, Ajay Askoolum, Anthony Camacho, Jon Sandles,
Adrian Smith (late).

Nicholas's accounts show a small loss of about £3,000 shortfall of receipts over
outgoings. It was agreed that this is sustainable for the near future and thal a
large part of the difference would be avoided if the Education Vector mailing
was ended. (see item 6)

The number of Vectors mailed was 709 as against 750 last year. The loss of
members is from the UK. There was the usual discussion about the call for
APL expertise. The difference this year is that there is a requirement for APL
programmers to vet old code for the millenium problem.

It was agreed that the difficulty of filling Committee posts might be answered
by asking all recipients of this e-mail to be prepared to be co-opted to do jobs
as the need arises and to be prepared to discuss general management business
that could not be settled over the net, if necessary, at a Vector planning
meeting. Therefore only four management posts would be specifically
assigned, Chairman, Treasurer, Secretary and Editor. It was agreed to drop the
title of Education Officer (see 6 below).

11
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5. Itwas agreed that meelings had proved difficult to organise and had attracted
fewer punters each year. If a Vendor Forum was to be held this must be at the
instigation of the Vendors themselves. The Internet cafe had aroused interest
but not many people joined in on the night. BCS Southampton group had
suggested thal we provide “Introduction to APL Speakers” for the benefit of
their members (and ours). This matter was deferred for consideration later.

6. The card included in the last issue of Education Vector, asking people to
return it to confirm their continuing interest, has resulted in only about 100
returns so far. This does not justify the print or postage of Education Vector.

It was thought preferable to send copies of Vector itself for the rest of the year
with the suggestion thal a regular subscription should be taken thereafter.

This matter will be referred to Duncan as Vector Editor. Jan Clark endorsed
this position, pointing out that he is no longer involved in the education world
and that he has detected no enthusiasm to learn new skills among teachers
because they are under too much pressure in other directions.

7. The balance of material in Vector was discussed with respect to the space
given to papers of interest to professional APL programmers, enthusiasts for ]
and general more philosophical material such as Langlet articles tended to be.

1t was agreed that the Editor should be careful not to overload the journal
with minority interest material. It was recognised that he depends in part
upon the balance of the material sent to be considered for publication

At this point, the time being close to 3.30, the meeting was joined by four
members answering the invitation to be present at the AGM. Items 8§ & 9 were
therefore not taken.

Minutes of Annual General Meeting
1. The Minutes of the AGM of 17 May 1996 were agreed.

2. The Chairman reported on the year. Only one Committee meeting was held
(19 July 1996), There was one Vendor Forum after the 1996 AGM and the
Internet cafe event. The Conference held at Lancaster had been successful and
had made a profit. It was supported to a small extent by the British APL
Association but nof run by them and they received none of the profit. The
Proceedings have not yet been published. It is hoped that Quote Quad, at least,
will survive.

3. The Treasurer highlighted the interesting aspects of the accounts. This did not
give rise to any queries.

4. The Accounts were circulated. Nicholas pointed out that they had not yet been
audited.

12
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5. Two officers were required to be replaced, having served 3 years. Anthony
Camacho was elected Chairman (proposed Alan Mayer, seconded lan Clark).
Ajay Askoolum was elected Secretary (proposed Alan Mayer, seconded
Anthony Camacho). Alan Mayer agreed to take on Anthony’s previous role as
Publicity and Projects Officer. All other Committee members expressed their
willingness to continue serving,.

6. The Treasurer confirmed that John Sullivan is willing to continue as Auditor
and his appointment was agreed.

At this point there was a brief pause for coffee. The new Chairman then
reconvened the mecting, welcoming the members attending the AGM.

7. There was some discussion of job advertisements. Could they go on the
Website? What makes a credible APL programmer? Several suggestions for
initiatives were made. It was agreed that APL interpreters are not “user
friendly” to new, inexperienced programmers. Adrian suggested that some
form of front end could be devised, and was asked to put this forward as a
possible project.

8. No decision was made on whether the BAA portable should be insured.

9. It was agreed that, as we would be spending about £3,000 less next year by not
mailing Education Vector, there was no urgent reason to increase the
subscription.

Sylvia Camacho

Summary of Annual Accounts 1996/97

Notes to the Accounts.

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

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.

For 1996/97, 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 earlier
years relate to income and expenditure.

Nicholas Small
Hon. Treasurer

13




VECTOR Vol.14 No.1

Summary of income and expenditure/receipts and payments:

1996/97 1996/97 1995/96
(R&P) (I&E) (1&E)
£ £ £
IncomefReceipts
Subscriptions 10592 11364 1871
BCS senvices 106 106 317
Bank interest apz2 3022 2900
Vector advertising {incl. VAT) 4149 4605 3240
Cther 381 351 200
Total receipts 18250 19448 18529
Expenditure/Payments
Meetings 358 358 1086
Administration 1483 2135 2340
BCS services 106 106 37
Vector preduction and despaich 15053 15315 15458
Education Vector supplement aun 34486 462
Projects 1048 117 729
Cther 589 670 488
Total payment 20149 23148 23880
Assets summary:
Bank and other bafarices 52021 55771
Debtors 2188 1217
Creditors (6151) (5230)
Written off {250
Net assets 48059 51759

14
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News from Sustaining Members
Compiled by Gill Smith

Insight Systems / Adaytum Software

Now available: APL Pipes ActiveX Client

For two years, APL Pipes has been used by customers across the world to
connect APL systems together across TCP networks. APL Pipes has made it
possible for APL systems from APL2000, Dyadic, IBM and Soliton to share data
and make remote function calls to each other under Windows, OS/2 and Unix.

Now, we have added an ActiveX client to the family. This means that Visual
Basic, Delphi, C++, Powerbuilder or just about any Windows development
environment can join the party and be a client of APL-based servers. For
example, the new Excel interface for our budgeting and planning application,
Adaytum Planning, will use the ActiveX to make function calls to the Adaytum
Planning engine.

The functionality of the APL Pipes ActiveX is similar to the DLL and OCX
interfaces which are available for J and other APL products directly from the
respective vendors. The difference is that the APL Pipes ActiveX works over the
network without requiring Network OLE, and will support Unix, O5/2 or even
Windows 3.1 servers in addition to Windows 95 and NT.

The APL Pipes ActiveX Client has been developed as a joint project between
Insight Systems and Causeway Graphical Systems. In addition to the ActiveX, a
simpler DLL version is also available. Both interfaces are available in 16- and 32-
bit versions. At the time of sending this article to Vector, the ActiveX is in Beta
Test; we expect it to be generally available in time for APL97.

Under Development: SQAPL Client Version 2.1

After numerous postponements, we have started work on a new version of the
SQAPL or APL Link PRO Client. The list of features has not been set in concrete,
but we expect that important new features will be support for a number of new
ODBC calls: “ExecDirect”, “GetInfo”, “Putlnfo” and “BrowseConnect”. For
advanced users, we will make the Environment, Connection and Statement
handles available so that you can extend the product from APL by making direct
DLL calls. We are also working on support for Bulk Input, but do not know yet
that this can be included in version 2.1.

15
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Adaytum Software

Picking up the theme for APL97, we are happy to share some success: The
financial year 1996/1997 looks as if it will be another year of rapid growth for
Adaytum. We are now established in the USA and our office in Minneapolis has
grown to about 15 people in the first year. There are now more than 300
customers world wide. We have signed our first OEM agreement with a
Canadian Data Warehouse vendor, and expect to open up several additional
channels for distribution of our products during 1997. We expect to be recruiting
a number of new developers, technical writers, designers and testers during the
next year. If you have a knowledge of APL and C, and are willing to relocate to
Denmark, please contact mkrom@adaytum.dk or check our Web site:
www.adaytum.dk.

During the summer, we will release version 2.1 of our Windows product, which
amongst other things contains support for text cells, annotation, audit trail, and
support for larger models. Qur Excel interface will make it possible to use our
modelling engine from within the world’s most popular entry-level budgetting
environment: the spreadsheet, A Lotus 1-2-3 interface is likely before year end, as
is the release of our own Web server product.

Causeway Graphical Systems Ltd

Firstly, we would like to welcome Mare Griffiths to Causeway. As our NewLeaf
users will know, Marc helped us out with the tutorial secton of the manual, but
they may not be aware of the number of small flaws and inconsistencies that he
turned up (and got fixed) before the product went live. Marc has come to us with
a long and successful history of APL development work on major systems, but
he also brings a deep knowledge of HCI (Human-Computer Interaction)
principles, and an exireme thoroughness when it comes to the specification and
testing of new software.

His arrival brings us close to our long-term goals in terms of team strength and
skills base; we now have the ability to turn out professional code in all flavours
of APL (including J), C++, Visual Basic for Applications and Java. We also have
unparalleled experience in interface design, and Marc will continue his
involvement in the world HCI community to ensure we stay with the leading
edge, wherever it goes.

We are also delighted to announce that we have a begun a long-term
development agreement with Adaytum KPS to provide them with development
resource and design expertise. This was announced by their managing director
in his keynote speech at this year's Adayium User Conference, as was the Excel

16
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interface to Adaytum Planning which was demonstrated in prototype form to
considerable acclaim. This work is under the technical direction of Morten
Kromberg, and we expect to work increasingly closely alongside Insight
Systems, sharing expertise and development rescurce as the need arises.

We now have an immediate and urgent need for CausewayPro, as we are about to
begin conversion of a very complex sales-forecasting application from
mainframe APL*PLUS to Dyalog/W. As reported in the last Vector, the ‘engine
room’ of CausewayPro is proving fast and reliable; the current task is completing
the conversion of the class-library and subjecting the converted classes to the
kind of comprehensive QA checks that they never had in the first place! Marc has
already been a great help here, and we shall be mailing the first beta set to all our
potential users at the end of the first week of July. If you want to know more
about the ‘inside story” of the way CPro works with Dyalog namespaces, you can
read Duncan Pearson’s detailed technical description on page 94 in this Vector.

It is good to report that only very minor modifications were needed to allow our
RainPro and NewLeaf namespaces to run on Dyalog/M on the Sun and RS/6000
platforms. This opens up the Unix market for us, but probably a better way of
Iooking at it would be to say that it opens up the possibility of producing high-
quality charts and reports to a very large base of existing Dyalog/M customers.
As most of these sites already rely on PostScript printers, they will get the
maximum benefit from Causeway’s PostSeript approach with no change to their
hardware or network setup. In order to check and support our software on the
Unix platform, we will shortly be taking delivery of an RS/6000 machine
running Dyalog/M.

We have recently issued an interim ‘bug fix’ release to both RainPro and
NewLeaf which is posted on the web site as 4 passworded ZIP files. The RainPro
release adds chart subheadings and multi-line X-Axis captions; the NewLeaf
release simply consolidates all the fixes posted on the web site since September
1996. If you haven't already updated your copy, you may download the new
version (updated help file is included) and contact us for the password. If you
don’t have internet access, mail or fax us and we will mail you a diskette free of
charge.
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{tams to choose . |

Varlable 31 nested

Funct fon names+name Captlon... 26/5/199
Function #.Class . {r}eob..: -
Funet ion name*Creates dein 30767199

Functlon namesDesign defn 30/6/199%"
Functian B.Clase . Dextro...

A Development Toolkit
for the APL Professional

e full integration with the Dyalog Explorer
* zero name-pollution (guaranteed)

Available only for Dyalog APL/W and APL/M

Price £400 ($600) includes on-line help, printed
User’s Manual, and one year’s telephone support.

Causeway Graphical Systems Ltd. Tel: +44(0)1653 696760
The Maltings, Castlegate Fax: +44(0)1653697719
MALTON, North Yorkshire Web: www.causeway.co.uk

YO17 0DP causeway @ compuserve.com
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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 reserve the right to edit material supplied for reasons of space ot 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

« World Wide Web and FTP Sites

Every effort has been made to avoid errors in these listings but no responsibility
can be taken by the working group for mistakes or omissions.

We also welcome information on APL ¢lubs 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, YO6 4]]. Tel: 01439-78%385, Email:
100331.644@Compuserve.com
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COMPLETE APL SYSTEMS

COMPANY PRODUCT PRICES(E}

Dyadic IEM RS{5000 MO325% 11,736
IBM RSf6000 MD320 13817
1BM RS/5000 MD320 22,656
IBM RS/6000 MD520 37144
IBM RS/E000 MDS530 72,084
IBM RS/B000 MDEA0 122,842

Optima 1BM Gempatible poa

APL INTERPRETERS

COMPANY PRODUCT PRICES(E)

APL Softwere APL*Plus{PC Release 10 430
Run-ime poa
APL"Plus It 1,365
Run-tme poa
Dyalog APL 1005-10,000
APL2/PC poa

Baautiful Systems  Dyalog APL/W for Windows poa
Dyalog APL for Unb poa

The Bloomsbury Software Company
APL+PC Varsion 11 280
APL+WIn v1.8 1350
Upgrada to Version 1.8 540
Migration 10 APL+Win 620

750

APL+DOS 1300
Migratien ts APL+DOS 820350

DETAILS

APL POWERSstation {Greyscale) 27.8 MIFS, 7.4 Milops RISC
Processor BMb RAM, 120Mb Cisk

19" 12680x1024 Greyscale Graph Display AlX, OSF Motif, Dyalog
APL (4-user)

APL POWERstation (Colour) 27.5 MIPS, 7.4 Milcps RISC
Processor 8Mb RAM, 120Mb Disk

16" 1280x1024 Celour Graphics Display AlX, OSF Motf, Dyalog
APL (1-user)

Advanced APL POWERstation 27.5 MIPS, 7.4 Mftops RISC
Processor 16Mb AAM, 320Mb Disk, 150Mb Tape

16" 1280x1024 Colour Graphies Display AlX, OSF Motif, Dyalog
APL (1-user}

APL POWERSsystem (8-users) 27.5 MLPS, 7.4 Mllops RISC
Processor 16Mi RAM, 320Mb Disk, 156Mb Tape CO-ROM
Drive, 16 Poris

AlX, Dyalog APL (2-8 user licance)

APL POWERSsystern (18-users) 34.5 MIPS, 10.9 Mficps RISC
Processor 32Mb RAM, 1.34Gb Disk, 2.3Gb Tape CD-ROM
Drive, 18 Ports

AlX, Dyaleg APL (8+ user licence)

APL POWERsystern (32-usars) 41 MIPS, 13 Mliops RISC
Processor 84Mb RAM, 1.7Ghb Disk, 2.3Gb Tepa CD-RCM Drive,
32 Poris

AlX, Dyalog APL (8+ user licence)

Complate netwarked or stand-alone soludons Including
configuration installation, maintenance and commissioning.

DETAILS

STSC's APL for IBM PCs & compatibles.Upgrades from sarlier
relonses also avaliable.

Closad verslon of APL*Plus/PC which prevents user expasure to
APL.

All the features of mainframes APL"Plus for your 386PCl

2nd genaration APL for Unix systems

IBM's APL 2 for tha PC.

US Distributer of Oryaleg APL preducts from Dyadic.
Sea Dyadic listing for product detalls.

Ungrede to varsion 11 gives free runtime (2120 rom any
verslon)

A 32-blt Windows-hosted Interpreter that runs upder all Windows
platforms inciuding Windows 95, Note: Any user purchasing
APL+WIn during 1996 will recaive free updates to Vn 1.8 and Vnt
2.0 (user to pay carlaga)

From earller versions of APL+Win. Free update to Version 2.0
(user to pay carrlage)

fram APL*PLUS |l versions 45, Free update to Version 2.0 (user
to pay carrlage)

trom earlier versions of APL*PLUSII
APL*PLUS i DOS i3 renarned to APL+DOS,
from APL*PLUS/PC or ARL*PLUS 1|
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Oinosoft Oy

Dyadic

APL*PLUS !l for UNIX poa
APL"PLUS VM5 poa
APL*PLUS Maintrame poa
Cyalog APL/W for Windows poa
Cyalog APL for Unix poa
Dyalog APL for DOS/385 995

Dyalog APL/WY for Windows 995

IAC/Human tntertaces

-APL Ltd

IBM APL Products

insight Systems

Dyalog APL for Unix 985-12,000
I-APL/Mag 13
I-APLPC or clones 8
-APL{BBC Master B
l-APLArchimedas 8
Strand Soltware Inc

TryAPL2 free
APL2 PC (US Version) $630
APL2 PC (European Version}  £348

APL2 for OS2 Entry Edifion $185
APL2 for OS/2 Advanced Editien $550

APL2000's 2nd generadon APL for all major Spare and Rise Unix
workstations.

2nd generation APL tor DEC VAX computars under VMS.

Enhances VS APL with many high performance, high
productivity faatures. For VM/CMS and MVS{TSO offers simpla
upgrade from VS APL.

Finnish distributor of Dyalog APL. products.
See Dyadle's listing for preduct detalls,

Second generation APL for DOS.Runs In 32-bit mode, supports
very large workspaces. Unique "window-based" APL,
Development Environment and Screen Manager. Requires
3867486 based PG or PS/2, at loast 2Mb RAM, EGA or VGA,
POS 3.3 ¢r later,

As above, plus cbject-based GUI development tools, Aequires
Windows 3.0 or later.

Second generation APL for Unix systems. Availzble for Altos,
Apailo, Bull, Dec, HP, IBM 8150, |BM RS/6000, Masscomp,
Pyramid, NCR, Sun and Unisys machines, and for PCs and
PC{2s rupning Xenlx or AlX, Oracle Interface availabla for IBM,
Sun and Xenix versions,

Macintosh verslon of FAPL

IS0 conforming interpreter. Supplied only with manual (see
'Other Predugts’ for accompanying boaks).

As above

As abave

Strand Software Inc bas the sole sellfing rights to lverson
Software Inc products. FAPL stocks a few of thesa {malnly
APLIWIN and the personal J preducts and books), butis no
longer an egent.

APL2 for educational or demaonstration use. Wrile, fax or Emall to
APL Products; specify disk size deslred.

Product No. 5799-PGG. PRPQ Number RJ0411.
Order from 1-B00-IEM-CALL

Product No. 5604-260. Par; number 38F 1753,
From zall IBM dealers, lncluding MicroAPL,

Part No 85Gi1556.

Part No B9G1697, Contalng all faciities of the Entry Edition plus:
DB2 interface; co-operative processing TCP/IP Interface; tools
for writing APs; TIME fadiity

Product No. 5649-065.
Product No. 5765-012.
Product No. 6688-228, Full APL2 systemn for Sf370 and S/390
Product No. 5888-229. Runtime envlrenment for APL2 packages
APL systems markated and supported ...

from: Dyadic, Manugistics, IBM

uncter: Windows, OS2 and Unix

APL2 for Sun Sclarls $1500
APL2 for AlX 6000 poa
APL2 Verslon 2 poa
APL2 Application Envt Vn2 poa
APL'PLUSIPC poa
Dyalog APL poa
APL2 poa
Iverson Software Inc. J on the Web online registration ...
J Educational Edition $50
J Standard Editlon $150
J Prefessional $325
Books and acoessctles (discounts for reg users)
o Dictionary $50
J User Manuaf $50
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J Phrases $40
J Primer £40
Sat of the abova 4 bocks $160
Conerete Math $40
Fractals, Visualization & J $50
Explorng Math $50

J User Conference Proceedings $35
Mugs, T-shins, Mousepads $10 aach

APLIWIN

J Austria J
Dyalog APL
Causeway Products

$70
poa
poa

poa

Structural Analysls Sofiwara poa

Lescasse Consulting APL+PC poa
APL+Unix poa
APL+DOS poa
APL+Win poa
Dyalog APL/W poa
MWasterWork Software Manuglstics Products and (S ma
MicroAPL APL.68000 Level | 2000
APLEB000 Level Il 2500
APLE8000/X 1500-6000
APLBE000 Level |
Mec, ST, Amiga 87
Mac, Amiga 260
APL.BE00C Level (|
ST 170
Amiga 280
Mac 520
APL*PLUS Rel 10 450
APL'PLUS I V4.0 1395
Qasls Systams Dyalog APL poa
APL*PLUS poa
APL.65000 poa
APLZ poa
Oplima Dyalog APLIW 985
RE Time Tracker Gy APL+PC (APL*PLUS/PC) poa

Far 386/PC under Windows 3.1
Distributar for Austria and Switzesand
Distributor

Distributor

Complete packagae by IG Zenkner&Handel to parform structural
analysisfenglneeting calculations. Also suitable for dynamic
problems, .g. earthquake simulation.

Lescasse Consuling is the exclusive APL2000 distributar in
France and also

distributes in Switzerland and Belgium. Call for price quotes.

French distribuicr fer Dyalog
New Zealand distributor

First generation APL with numerous enhancements. Multi-user
verslon (Unix, Mirage, MCS).

Second generation APL. Nasted arrays, user defined operators,
selective specification etc. Multi-user version {Unix, Mirage,
MCS)

Sacond-generation APL. Nested arrays, user defined operalors,
solective specification, etc. Multi-user ArX verslon: with full
QOSF/Motil suppert.

First gensration APL. Single user, full windowing Interface,
scftware foating point support,

First ganeration APL. Singla user, full windowling Interface,
hardware floating point

Second generation APL, Full windowing Interface, software
fleating point support.

Second generation APL. Full windowing Interface.Hardware and
soltware Moating polnt support,

Second generation APL. Full windowing interface. Hardware and
sohiware floating point support.

Dyadic Systems

Manugistics

MicroAPL Lid

IBM

Fully fledged Windows devaloprent environment.

Complete APL+ and Statgraphics product range and links to
varlous 3rd party products,
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Soliton Assoclates

Strand Software

APL+DOS (APL"PLUS II)

APL+Win (APL*PLUS ), APL+LInk

APL PACKAGES

COMPANY
ADAFTA Software

Adaptable Systems

Adaytum Software
The APL Greup

APL Software Lid
(malnframa)

{mlcrocomputer)

Beautiiul Systems

APL+UNIX
APL*PLUS Sharetile
SHARP APL for MVS poa
SHARP APL for Unix poa
Canada
All APL*PLUS Products poa
Dyadic and 15| products poa
USA
Dyadic and 15! products poa
PRODUCT PRICES(E)

MPS - Master Production Schedulingpos
FBS - Forecasting and Budgeting System
DFP - Distrivution Requirements Planning

FLAIR

Adaytum Planning
Gualedi
RDS

IPLS
REGGPAK

POWERTOOLS

AEGGPAK
RDS
ASF_FILE

NAT_FILE

DEF_FILE

SF_READ

The Bioomsbury Software Company

(for VSAPL)

Enhancements & Sharefils

Campiler

poa

paa

$1500-4000

$399

5209

$299

poa

poa

far IBM MV'S maintrames
for IBM RS/600C and Sur SFARC

All APL*PLUS produsts Including upgrades end educational,

DETAILS

Finite loader and Interacive rescheduler, Gustemisable full-
kunction scheduling system, (Available outside Australia by
spedlal arrangement only.}

Full-featured Budgeting and Finandial Planning system for
medium fo large enterprises.

Electronk Data nterchange (EDI) translation softwere for the
PC, with strlct compilance checklng.

Relation Data Base System
Project Management System
Regression Analysis Package

Assembler written replacement function for commonly used
CPU-consuming APL functions, Indudes a Forms Procassor,

Regressken Analysis Package
Relational Database System

Dyalog APLW auxifiary processar for access to APL*"PLUSIPC
APL component flles {*.ASF).

Dyalog APL/W auxiiary processar which emulates the
APL"PLUS{PC quad-N native flia subsystem for access to the
DOS tlle system.

Dyalog APL/W auxiilary processor fer efficient block mode
access o tBASE farmat flles. Deslgned to get large amounts of
data In and out of dBASE. Not sulted lor random access to small
amaounts of data (it dees nat handle keys).

Dyalog APL/W functlons to read APL*PLUS data objacts of any
type or structure from *.SF style componant files created by
APL*"PLUS Il or lIl.

Componentlles, quadfunctions & nested arrays for VSAPL
under VIJCMS & MVS/TSO

The Flrst APL compller!
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{for APL2} SharefilefAF

Causeway Causeway for Dyalog/WV

Rain Graphics (shareware)

poa

35150

35/$50

RainPro Graphlcs (professional) 250

Newleal {or Dyalog and +Win
Cinerea AB CRCHART
CODEWORK HELM
HMW. 4XTRA
Anbltrage
Basket
Menu-Bar
HAH Systems APL Utilites

APL*PLUS Utllides

IAC{Human Interfaces SPARKS
EFIDEMIC
COINS

FIBONA

I-APL Lid Educaticna! workspaces

400

250

poa

poa

poa

EE

poa

{BM APL Products A Graphical Statistical System  $250

(AGSS)

INFOSTROY APL*PLUS/Xbase [nterface

(IIf386 Version 2}

{PC Version 2}
{DLL Verslon 1}

Insight Systems IUTILS/XP

$500
$2500

$198

STSC's shared access component fila system for APL2,
Comparable 1o all APL*PLUS fife systems: multi-user storage of
APL2 arrays with efficient disk usage.

Registration for the Causeway platform supplled with Dyalog
APLIW as shareware.

Annual reglstration covers ful! on-line documentation (Windows
Help) and handy-reference for the Rain graphics workspace
supplied with Dyaleg/W,

The ultimate graphics toolkit for the APL developer, Adds 3D
charting capabllity, Web publishing and clipboard suppart to the
shareware product. Charts can be included In Newleaf reports.
Funetionally compatible acress Dyaleg/W and APL+Win.

Frama-based raperting toe! with comprehensive table-generaticn
and text-flow support. Cffers multiple master-page capabllity,
bitmap wrap-around and on-screen preview with pan and zoom.
Fully supparted on Dyalog/W and APL+Win (1.8 and abave)

Organtzation chart package for IBM APL2/PC, Full & heavily
commented sourca coda Included - free Integration into other
applications. N8: ASCI! output with line-drawing (semi-graphic)
charagtars for boxes,

Declsian Support system for top management. Handles large
multi-gimensional tables, data analysis, EIS presentallons;
generates HTML and Latex cutput, Platforms: DOS, APL+II,
Windaws 3.1/95 for Dyalog APL, LAN suppert, Ideal for APL
customisation, more than 100 installed,

Front-and Ferelgn Exchange dealing / pos keeping
Arbitrage modelling

Basket curtency medelling

pull-down menu for APL*PLUS/PC

Scltware to transfer workspaces between AFL*PLUS and Sharp,
and between APL*PLUS and |-APL. Softwara to impon IBM .ATF
flles to APL*PLUS,

Public domain softwane, unlock ocked tns, a usar-friandly
alternative to locking, Ins of mathematical physics, menus, and
cthers.

Educational simutation: of electric circuit {for Appls Mac.)
Educational simulation of spreading infection {for Apple Mac.)

Educational simulation (XS3) ¢f coln-tossing experiment with
simple stats (for Apple Mac.)

Educational simulation of Flbonacei's rabbits {for Apple Mac)

PC tormat disks with the examples from: Thomson, Espinasse
(Klts 1-4), Kromberg, Jizba & FInnAPL All the examples to save
your fingersl

for £OS, Product Number 5764-005
for Workslations {052, Aix, Solars}, Product Number 6764-092
for CMS, Product Number 5764-011

Complste package written in C. Comparable with the data, index
& meme files of FoxPro, dBASE, & Clippef. Multi-user support,
No DBMS license requlrec.

As abova for APL*PLUSIPC.

The samae In a DLL form! Glves your Windows applications alf
advaniages of CLLs,

Cross-pladorm utility libeary Including simple OS calls (DIR,
COPY, DEL, RENAME) and DATE functlons. For APL*PLUS II,
APLZ and Dyalog APL under Windows, 0S/2 and Unix.
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JAD Software

Lescasse Cansuiting

RE Time Tracker Oy

Soliton Associatas

Warwick University

AS!

WinCom
s20,220,x2%

SQAPL Client

SQAFL Server

JAD SMS

APL+Win Monthly Tralning Program$600

Advanced Windows Programming ...$95

DLL parser for +Win

Delphl Forms Transfator

APL+LInk Pro
SQAPL Pro
RalnPro

NewLeal
GraphX and ChartFXx
Formula One and Dyalog APL

Ui

AJGRAPH

ECCO PRO with APL

NEWT TCP/fIP SDK with APL
DB+

LoGCS

MAILBOX

VIEWPQINT
BATS

FAB
APL Tutor (PC)

APL Tuter (MF)

85

85

poa
poa

poa

150-500

$250

%185

poa
poa

poa

poa
poa
$85

pea

paa

poa

poa

250

209

$5000

APL Spreadsheat Interfaca, “Devicadndependent” spreadsheet
drivar supperting Excel, 123 and Quattro-Pro for Dyalog APL/W

Asynchronous comms package for Dyatog APL/W

Advanced APL syntax analys!s and conversian packages from
Sharp and APL2 to Dyakg, and between any two APLs

Intertace from APL*PLUS (I, APL2 and Dyalog (Windows, OSy2
or Unlx) 1o most SGL databases aver most networks.

Makes APL*PLUS [|, APL2 or Dyalog APL {Unlx) available as
Sequellnk sarvers. Can be called rom SQAPL cllents or other
applications such a5 Excel, G++, Smalitalk, Visual Basfc.

Software managament system for APL"PLUS B based on
higrarchical catabases; Indudes full-seraen Interface and stand-
alone functions. Prica depends on number of users,

Download 50+ page document abeut APL+ programming each
maonth, You alse got ene or mere workspaces fult of re-usable
AP, code and sometimes additional flles or praducts.

200-page book plus companlon disk en Intertacing APL and
Daiphl. Contains full covarage of Delphl-2, +Win and Dyalcg.

Parse any Visual Basic DLL declaration flla Into a sat of quadNA
deliniions. Turn constants and structures Into APL variables,
Avallable for APL+Win and Cyalog/W.

Deslign forms with Delphi and tum them automatically Into APL
programs which recreate the same form (+¥¥in and Dyalog/W).

ODBC Interface for APL+Win
ODBC Interfaza for Dyalog APLIWY

Highly customisable 2D and 30 publication graphics for
APL+Win and Dyelog APL/W

Page layout and printing tocls for APL+Win and Dyalog
High-quality business graphics for APL+Win

100-page bock + companion disk on how to use the Fermula
One VBX with Dyalog APL/WY

Camprehensiva high-level Windows Usar Interface library for
APL+Win and +I| v 5.1, Comprehensive spraadsheets, replicated
fields, speclal fleld types, eic. 16 and 32 bit versions avallabla.

Graphpak-compatibls 2D graphics package for +Win and +DOS,
Includes mult-window support, print and metafile support. No
DLLs required.

Leading group and perscnal information management system
with comprehenslve customising. Supplied with sampla +Win
workspace to interlace to ECCO databases via DDE,

Lead TCFfIP SDK with Intartaces to all protocals. Supplled on 3
CD ROMS together with a sample +Win workspace.

Database Interface for APL+DOS under Windows, Allows
combining character-based APL applications with ODBC-
compllant databases such as Oracle and SQL-server..

Application Development Enviretument
Electranie Mall
Report generator with interfaces 1o DB2 and MVS data

Menu driven. system for ime serles analysis and torecasting
uslng Bayesian Dynamic modelling. Price Is reduced to £35 for
azademic Institutions,

Ttalnlng program for the above,

APL computer-based trainlng. Availabie for APL*PLUS PC &
APL'PLUS II. Demo disk $10.

Mainframe versicn,
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Zark ACE

$99

APL Atvanced Techniques.... $59.95

Communications.

$200 pc, $500 mf

APL continuing education. APL tutor news and hotline phana
SUppoIt.

488pp. bock, {|ISEN 0-9419067-07) including 2-disk set of utlity
{unctions {APL*PLUS PC lormat}.

Move workspacas o filas batween APL anvirenments.

APL CONSULTANCY AND DEVELOPMENT

COMPANY
Adlea

Andrews
APL Solutions Inc
AUSCAN Software

Bloomsbury Software
Camacho

Ray Cannon

Causeway

Paul Chapman

CODEWORK

Dinoscit Oy
Dyadic

Evestic AB

General Software
Godin London inc

Entropy Scftware Lid

H.M.W.

Hogksira Systems Ltd Consultancy

Michael Hughes

IAC/Human InterfacasConsultancy

PRODUCT PRICES(E)
Consultancy poa
Cansultancy poa
Consultancy poa
Consultancy poa
Consultancy 300-750+VAT
Consultancy poa
Consultancy poa
Consuliancy and Trelnlng poa
Consultancy 280-500
Consultancy poa
Censultancy poa
Consultancy poa
Consultancy poa
Consultancy from 120
Software Davelopment poa
Coensulting poa
Consultancy poa

poa
Consultancy poa

poa
Documentation 100-200
Tralning pea

DETAILS

Devslopment, maintenanca, conversion, migraten,
doctmentation, of APL products in all APL envirenments

APL programming and analysis, speciallses In tree-processing
algordthms,

APL systems design, development, malntenance,
documentation, 1asting and training. Providing APL seiutions
since 1869,

APL soltwars development, training

Manuals; feasibllity reports and estimates; analysis and
programming; APL and MS Windows epplications; Sharp, ISt
APL, APL*PLUS, APL2JPC and ather APLs spoken. Fixed price
systems a speclality

APL, C, Assemblar, YWindows, Graphics: PC and mainframe

On-site tralning for Causeway, RainPra and NewlLeal.
Custemisation and enrhancement to mast local needs, Coda
review and predmplemen‘tation check of Causeway applications.

24-hour programmer: APL, Smalltalk, C; Windows front end
design a speciallty.

Development, malntenance, migration, documentation of APL
applications. Speciallty: infe systems fer top executives, Intamet
applicatons.

Speclalised In very large databases.

APL and Unlx syslem deslgn, consultancy, programming and
tralning.

Excellent track record from 15+ years of APL applications In
banking, Insurance, and education sarvices. All dialacts,
platforms and project phasas, SQL expertise.

We hove applicatons In the food manufacturing field, travel
agency and airline bookings fleld and In product lease
management.

Company reporting, business graphles, Windows applications
with Dyaiog APLIW.

System design consultancy, programming. HMYY speciallze in
banking and protetyping work.

APL consultancy, programming, etc. Alsa UNIX system
administration

Consultant with 10+ years experlence with various APL
Interpreters and C.

APL an Macintosh & PC. HCI design. VDU ergonomics:
£C/Health & Safaty compliance,

On-lne assistance, product demos & mock-ups, manual writing;
foreign language software localization.

Uslng FAPL for coursewere & distance leaming materials; Mac
programming In C, APL & HyperCard.
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INFOSTROY Consuitancy
Insight Systams Consultancy
JAD Software Consultancy
Phif Last Consultancy

Lescasse Consulting Consultancy

Mackay Kinloch Ltd  Censultancy

MicreAPL Consultancy
Ellis Morgan Consultancy
OCasis Systams Consultancy

ObjJect Oriented Lid  Consultancy

Optima Consultancy

RE Tima Tracker Gy Cesnsuliancy

Rex Swain Consultancy

Rochester Group Consultancy
Shepp & Assoclates  Consultansy

Snake Island Research Inc
Consultancy

Strand Software Consultancy

Sykes Systems Inc  Consultancy

Stephan Wynn Consultancy

OTHER PRODUCTS

COMPANY PRODUCT

Adlee Employment
APL-385 Typelaces
Bloemsbury Software Tralning

poa

poa

poa

200-400

poa
250-500

poa

poa

poa

poa

poa

poa

poa

pea

peca

poa

PRICES()

poa
poa

poa

Moving applications between platforms. Glienyserver
development. Mulliingual user interfaca.

Experis In APL conversions between any combination af;
APL*PLUS, APL2, Dyalog APL and Sharp APL. We are also
wxperienced right-sizers, comforiable with networks and
relaticnal databases (that alsa means when NOT 1o use SQL)
anhd dientfserver devalopment In APL, C and Visual Basle,

Systems design and davelopment, project management,
technical manuals, linanclal and actuarial expertise in APL.

A range of censultants, experts In Windows programming, with
APL+Win and Dyaleg AFL/W. Mora than 100 major APL
applications already developed. We all have addltional expertise
In Fermuta Cne and Delphi.

Deslgn, analysis and programming for banking, insuranca,
financlal plapning and modelling, corporate performance and
legal reparting

Technical & applications consultancy,
Busl Fe ing & APL Syst

Expertise in APL system deslign, Project management,
conversien, migration, tuning; for all APL verslens
{10+ years experience)

General APL consulting, code recycling — malnirame to PC,
perormance twning.

A range of consultants specialising In all areas of
pharmaceutical, industral and financial systems with 5-15 yrs
experienca on both PG and mainframea.

APL application cenverslons, APL Windows Interfaces, APL o
APl-level interfacing to any system under Windows, TCP/IP
netwerk and database connactivity.

Independent consultant, 20 years experiance. Cusiom software
development & tralning, PC andfor mainframe.

Specialise in MIS using Sharp APL

APL appiicaticns development and consulting, especially in the
travel industry, especially on smali computers, 25 years
experience in APL programming.

APL interpreter and compiler enhangaments, intrinsic unctions,
performance consuling. APL parallel compiler APEX Is glving
very good inital performance tests with convolution somewhat
taster than FORTRAN.

Agvice on migrating to and from all flavewrs of APL and
hardware plaforms. Full-screen interfece Implemantation, APL
utlittes, banchmarking, efflidlency analysls, actuarial soltware,
syslem development tools, valuation, pricing and medalling
systams.

Complate APL services speclallsing in audit, optimisation and
conversian of APL systems. Excellent dasign skills. All diatects
and platorms, 17-23 years experience.

Most experiance of finangial planning, and mathematical areas:
oparational research, quality conlral, experimental deslgn,

DETAILS

Coenlracters and pemanent employees

Varlants of the APL2741 typeface available to spedlicaton.
Conlact the company for details,
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Comlog Comic-Logger $25.65+p&p APL*PLUS |l comic-book Inventory system. Shareware version
avallable on America Cnillna.

HMW Employment poa Conltractors and permanent employess placed.

HRH Systems APL |lessons On-screen Interactive APL lessons for APL*PLUS, TryAPLZ,
Sharp and -APL — In English or French.

The BBS\APL: $24pa, 703-628-7617, 1200-14400b, N-B-1, 24 hours, APL educational
materiat is downloadabila free. An addiienal 30 megs of APL
software for APL*PLUS, PLUS I, IBM, Sharmp & |-APL Is
avallable to subseribers (cost is $24fyr). Salaction avallable on
disk fer $15 post-paid. Frea on-disk catalogue.

I-APL Lid An APL Tutorlal 3 45pp by Alvord & Thomson

An Encyclopaediaof APL (2d Ed) 6 228pp by Helzer

APL in Seclal Studles 3 36pp by Traberman

I-APL Instruction Manual {2d Ed) ] 55pp by Camachc & Ziemann

APL Programs for the Mathematlcs

Classroom {Springer-Varlag) 16 185pp by Thomson

Programming In J 10 75pp by Ken Iverson

Arthmetic 12 118pp by Ken Iverson

Tangible math -] 36pp by Ken Iverson

Sharp APL Reference Manual 42 349pp by Berry

APL Press Books poa A comprehensive selection of sarly APL jiterature

Flaase note there is a packing charge of £3 per order

Oasls Bystams Tealning poa Introductory coursas In APL
Advanced courses for ditferant APL varsicns

Aenalssance

Data Systermns Booksellars The widest range of APL books available anywhere, See Vactor
advettisements,

Seliton Associates  MVSLINK poa Interface from Sharp APL (Unix & MVS) to non-APL data and
software in the MVS environment.

SSQL poa High-pedarmance DBZ Interfacs for Shamp APL (Unix and MVS).

CVERSEAS ASSOCIATIONS

GRGUP LOGATION JOURNAL OTHER SERVICES Ann.Sub.
AFL Bay Araa USAN. Calfomia APLBUG Monthly Meetings (2nG Monday) $16
APLGlub Austrla.  Austra . Cuartetly Meetings 200AS(indlv), 1000AS (corp}
APL Club Gemany Gemmany APL Journal Semi-annual meatings DMBO

Ass, Francophong pour

la promotion ’APL France

BACUS

Capital PCUG
Danish SIG

Dutch APL Assoc,
FinnAPL
Rome/ltaly SIG
RusAPL

SE APL Users Grp
SovAPL
SwedAPL
SWAPL

Swiss APL (SAUG) Bem

Sydney APLUG
Toronto SIG

Belgium APL-CAM
Washington, 0.C.  Moniter
Denmark

Holland .

Helsinki, Finland

Les Nouvelles d'APL

FinnAPL Newsletter Seminars on APL

FF350 (private) FF2800 (Company)
£18 ($30}
Monthly meetings, occasional classes free

Conlerences & Seminars

Minl<onhgress, APL ShareWare Injt4tive
100FIM(private), 20(student), 1000 (Co)

Homa, Italy

Moscow, Aussia  APL Club Seminars and Annual Meseting 100,000R (students 20,000)
Alianta, Georgia  SEAPL Newsletter Guarterly meetings $i0
Qbninsk, Russla

Sweden SwedAPL Nyt Semi-annual mestings, seminars SEK75
Texas, USA SWAPL $18

Sydney, Australia  Epsilon
Toronto, Canada  Glmme Arrays|

Part of Qtly Sl-info

SFBO (S1) + SF20 (SAUG)
Monthly Meetngs
Manthly Meetings, APL skllls catabase, J $IG, Toronte Toolkit $25
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ADDRESSES
ORGANISATION

ADAPTA Software GmbH

Adaptable Systems

Adayum Software
Adfee

Andraws
APL-285

APL Bay Area APLBUG
APL Club Austrla

APL Club Germany
Tha APL Group Inc

APL Solutions Inc

CONTACT
Michael Baas

Lols & Richard HIlI

Douglas Rowley
Bemard Smeor

Dr Anne D Wilson
Adrian Smith

Lewis H. Robinson {Sec}
Harald F. Nelson

Dister Lattermann
Stuart Sawablni

Erle Lancau

Assoclation Francophone pour

ta premoticn d'APL
AUSCAN Software L1d
BACUS

Beautiful Systemns, Inc.
Bloomsbury Schware
Camacho

Ray Cannon

Paul Chapman
Causeway Graphical
Systems Lid

Cingrea AB
CODEWORK Italia srl

Comlog Software
CPCUG

Danlsh User Group
Cinosoft Oy

Cuteh APL Assoclalion
Dyadic Systems Ltd,
Entropy Software Ltd

Evestic AB

Ludmila Lemagnen

Richard Procter

Joseph De Kerf

Jim Goff

Petet Day

Anthony Camacho

Adrlan Smith

Aelt Komemark
Maure Guazze

Jeff Pedneau
Lynne Startz

Per Gjerlav
Pertt Kalllojdrvi

Bernard Smoor {Sec}
Peter Donnelly
Googe Macleod

Clls Evero

ADDRESS, TELEPHONE, FAX, EMAIL etc.
Marienhoshe 86, 25451 Quickbem, Germarny Tel: +43 4106 60977
Fax: +49 4106 67868 Emall: 101523,1757 & compuserve.com

49 First Streat, Black Rock 3153, Australia.
Tel: +61 3 9588 5578 Fax: +61 .3 6589 3220 Emait adsys@Ibm.net

13 Great George Street, BRISTOL BS1 5RR UK Tel: 0117-821 5555

Dorpsstraat 50, 4128 BZ Lexmond, Netherlands.
Tel +31 347 342 337 Fax: +31 347 342 342 Email: aclea @concepts.ni

23, The Grean, Acomb, YORK YOR2 511, UK Ted: 01904792670

Brook House, Gllling East, York YOG 4J) UK. Tel: 01439.788385
Fax: 01438-788184 Email: 100331,644@ compuserve.com

1100 Gough St, Apt 14A, San Francsco, CA 84109, USA
Tel: +1 (415) 928-2058 Emall: frgp21a @ prodigy.com

cfo N-TECH, Slebenbrunnenfeldg. 4-6, A-1050 Wien, Austria.
Tel: +43 1 5468063 Fax: +43 1 545508317

RheinstraBe 23, D-65190 Walidod, Germany.
Tel: +49 6227-63469 Compuserve: 1003321461

644 Danbury Read, WILTON, CT 66897 USA. Tei; +1 (203) 762-3933
Fax: +1 (203) 762-2108 Email: ssawablnl @ acl.com, eshaw @aplgroup.com

1107 Dale Drive, Sitver Spring, MD 20910-1807 USA
Tel: +1 (301) 589-4621 Fax; +1 (301) 589-4618 Email; elandau@cals.com

174 Boulevard da Charonne, F-75020 Paris, FRANCE
Email: lemagnen@ aocl.com

8 Springmount Ave, Torente, Ontare MEH 2Y4 Canada
Tel: +1-418-651-4037 Emall: rip@lInterlog.com

Webs: hitp:ffwww.inlerlog.comy=ripfauscan!

Reolnberg 72, B-2570 Duffel, Belgium, Tel +32 15 31 47 24

308 Old York Road, Sulte 5, Jenkintown, PA 16048, USA
Tal; +1 (215) BI8-2636; Fax: +1 (215) 8964888

3-6 Altred Place, Bloomsbury, London WC1E 7E8 UK.
Tel: 0171-436 9481, Fax: 0171-436 0524; CompuServe: 100010,1467

11 Aubumn Road, Redland, Bristel BS6 6LS UK. Tel: 0117-9730038,
emall: acamacho @ cx.compulink.co.uk  Reuterne? (Sharp): ACAM

21 Woodbridge Rd, Blackwatar, Camberey, Surrey GU17 0BS LK
Tal: 01252-674097 Emall; 190430,740 & compusarve.com

518 Lambs Condult Street, London WCiN INE UK.
Tel: 0171404 5401. Compuserve: 100343,3210

§ The Maltings, Castlegata, MALTON, North Yorks YQ17 0DP UK
Tel: 016853696760 Fax; 01653697719 Compuserve: 100255,1564

Skyttegatan 25, 5.183 00 Sigtuna, Sweden.

Carso Cairoll 32, 10123 Torina, laly,
Tel: +39 11 885168 Fax: +39 11 812 2852 Emall: codework @inrete,it

PO Box 5570, Derwood, MD 20855 USA
Tel: +1 (301) 990-7063 Email: Jell @ softmed.com

Capital PC User Group, 51 Monroe Stree?, Sulte PE-2, Rockville,
Maryland 20850-2421, USA. Tel: +1 (301) 762-6372 Fax: (301) 792-9375.

Emall: gjerov@Ibm.net

Lanrrotinkatu 21C, 00120 Helsink, FINLAND.
Tel: +358 9 70028820 Feux: +358 9 70028624 Emall: dinosolt@dinosoitfi

Posthus 1341, 3430BH Nleuwegein, Netherlands,
Teal; +31 347 342 337 Fax: +31 347 342 342

Riverside View, Basing Foad, Old Basing, Basingstoke,
Hants RG24 DAL UK. Tel: 01256-811125 Fax: 01256811130

Bartrum Houss, Ravens Lane, Berkhamsted, Herts, HP24 20Y UK
Yel: 01442-878065 Emall; gml@simcorp.ca.uk

Bertoliusvagen 12A, S-148 38 Tullinge, Sweden
Tel&Feax: +46 778 4410 Email: olle.overc@mallbox,swipnet.sa
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FinnAPL

General Software Lid

M.E. Martin

Godin London Incorporated Gaétan Godin

H.M.W.Trading Systems Lid

Hoekstra Systems Ltd
HRH Systems
Michaet Hughes
[AC/Human Intedfaces

-APL Lid

IBM APL Products

INFOSTROY

Insight Systems ApS
Iverson Software Inc.
J Austra

JAD Software

Phil Last
Lescasse Consulting

Mackay Kinloch Lid

Mercia Software Lid.

MicroAPL Lid.

Ellls Morgan
Casls Systemns B.V.
Object Oriented Ltd

Cptima Systems Lid

Bob Hoekstra

Diek Holt

tan A. Clark
Anthony Camacho

{for gueries, order forms)

J C Business Services
{for pre-paid orcters only)

Nancy Wheeler
Alexel Miroshnikov
Morten Kromberg

Erlc Iverson

Joachim Holfmann

David Crossley

Phil Last
Eric Lescasse

Alastair Kinloch

Gareth Brentnall

Richard Nabavl

Ellis Morgan
Theo Zwart, Louis Rijkse
Welter G, Fit

Paul Grosvenor

Renalssanca Data Systems Ed Shaw

RE Time Tracker Oy

The Rochaster Group Inc.

Romeflaly SIG

Richard Eller

Aobert Pullman

Matic Sacco

Suomen APL-Yhdistys RY, FinnAPL RF, PL 1005, 00101 Helsink 10,
Finland

22 Russell Read, Northhalt, Middx, UB6 4Q5 UK. Telifax: 0101-B64 9537

12 Gerrard St, London, Ontaro, Canada NEC 4C5
Tel: +1 (519) 675-8290 Fax: +1 (519) 438-8381 Email: info@godin.on.ca

Hamilton House, 1 Templa Avenue, Victorla Embankment,

Lendon EC4Y OHA UK, Tel: 0171-353 8900; Fax: §171-363 3325,
Emall:100020.2632@ compuserve.com

& Thorsden Court, Gulldford Road, Woking, Surrey, GU22 7G5 UK

Tel: D1483-771028 Emall: beb@khamsin.demon.co.uk

3802 N Richmond St, Suite 271, Ardington, VA 22207 USA

Tel: +1 (703) 528.7624; Email: dick. holt@acm.org

28 Rushton Road, Wilbarsion, Market Harborough, Lelcs. LE16 8QL UK.
Tel: 01536-770698 Emall: 101740.1203 @ compuserva,com

4 Hill End, Frosterley, Blshop Auckland, Co. Durham DL13 28X UK
Tel: 01388-526803. Compuserve: 100021,3073

11 Auburn Read, Rediand, Bristel BS6 6LS UK, Tel: 0117-9760026
emall: acamacho@cit.compullnk.co.uk  Reuternet (Sharp): ACAM

53 Tha Crescent, Miltan, Weston-super-Mara, Avon, BS22 80U UK
Tel: 01934-625181

APL Products, |BM Santa Teresa, Dept M48/D12, 555 Balley Avenue,
San Josa CA 95141, USA, Tel: +1 (408) 463-APL2 (=2752)

Fax: +1 {408) 453-4488 Email: APL2@wnelibm.com Cserver GO IEMAPL2
3 5, Tulenln Lane, St Petersburg 191186 Russla.

Tel+7 812 312-2673 Fax:+7 812 311-2184 Emall:alm@Infsstroy.spb,su
Nerdre Strandve] 119C, DK-3150 Helleback, Denmark

Tel+45 49 76 20 20 Fax: +45 48 76 20 30 Emall: info@insight.dk

33 Major Streat, Toronte, Ontario, Canada M5S 2K9 Tel: +1 (416} 925
6096, Fax: +1 (416) 488-7559 Emall: Infe @jscitware.com
Miinzgrabenstr. 68, A-B010 Graz, Austria. Tel; +43 (0)316 814529

Fax; +43 {0)316 816688 Emall: JoHo@ ping.at

580 Eyer Drive, #8% Pickering, Ontario, Canada L1W 387

Tel: +1 (905) 837.1895 Fax: +1 (905) 831-5172

148 Crossbrook Street, Cheshunt, Hens, ENS 8JY UK, Tel: 01992 6333807

18 rue de la Belle Feuille, 82100 Boulogne, France Tel: +33.1.46.05.10.76
Fax: +33.1.46.04.60.23 Email: erc@lescasse.com

519 Webster's Land, Edinburgh EH1 2RX, Scotland, UK
TelfFex/Answerphone: 01134 228 3580 Pager/Voicemall: 01426 58 3858
Email: Atastalr_Kinloch@compuserve.com

Helt Court North, Heneage Street Waest, Aston Science Park, Birmingham
B7 4AX UK, Tek ¢121-359 5096, Fax: 0121-359 0375

South Bank Technopark, 90 London Road, LONDON SE1 8LN UK

Tel: 0171-922 8866 Fax: 0171-928 1006

Email: MicroAPL@microapl.deman.co.uk

Myrtla Farm, Winchester Road, Stroud, Petersfleld, Hants GU32 3PE UK.
_Tel: 01730-263843 Emall: Ellis @ mriitrm demen.ca.uk

Lekstraat 4, 3433 ZB Nleuwegeln, Holland Tel: +31 30 60 66 336

Fax: +31 30 60 65 844 Email: oasisbv@pl.net or zwart@oasis.nl

Am Grandel 2, CH-6004 Luzem, Switzerland, Tel; 41 41 418 70 70
Fax: 41 41 418 70 77 Emall: Info@object-otlented.com

115 Brighton Road, Purley, Surmey CR8 4HE UK
Tel: 0181-763 2400 Fax: 0181-763 2481
Email: 100551.1401 @ compuserva.com

PQ Box 421, Georgetown, CT 06382, USA. Tel: +1 (203) 270-8729

Mikonkatu 8 A, 2.krs, PL 383, 00101 Helsinki, Finfand.
Tel: +358 9-621 3300 Fax: +359 §-621 3378 Emall: re@rettfi

50 5.Unlan St,, Aochestor NY 14607-1828, USA,
Tel: not known. Fax: +1 {716) 2711230

Casolla Postale 14343, 00100-Roma Trullo, ltafy
Emall: tnarsac @ vnetibm.com
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RusAPL
SE APL Users Group

Shepp & Associates LLC

Snake Island Research Inc

SOCAL (South Californle)

Solion Associates

SovAPL

Strand Scftware Inc
Rex Swain

SwedAPL

Swiss APL User Graup
Sydney APLUG

Sykes Systems Inc
Toronte SIG

Stephen Wynn

Zark incorporated

Borls Makeev
John Manges

Andrew Shepp

Bob Bemmecky

Roy Sykes Jr

Laurte Howard

Alexancer Skomorokhov
Anne Faust
Rex Swain

Christer Ulthielm

Bob Bykerk

Roy Sykas Jr

Richard Procter

Gary A. Bergquist

box 871 {for Makeev), Dmitravskoa Sh., 2, 127434, Moscow, Russia
Telfax; +7 65 210-77B3 Email: makeev@atom.al. x-atom.nel

413 Comanche Trail, Lawrenceville, GA 30244, USA
Tel: +1 (770) 972-3755 Emall: seapldoc@acl.com

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

Tek +1 (314) 621-3272 Fax: +1 (314) 621-4267

UK Addrass: Claridge House, 29 Barpes High St, London SW13 9LwW
Tel: 0181 B768666 Fax: 0181 8756650

18 Fifth Street, Ward's Island, Taronte, Ontario M5. 2B3 Canada

Tel: +1 (416) 203-0854 Fax: +1 (416) 203-6920

Emall: bemecky @ eacq.taronto.edu

Sykes Systemns Inc, 464% Wiilens Ave, Woodland Hills,
CA91364-3812 USA Tel: +1 (B18) 222-2759 Fax: +1 (818) 222-9250

Sollton Associates Ltd, Groot Blankenberg 53,
1082 AC Amstardam, Netherands
Tel: +31 20 646 4475 Fax: +31 20 644 1208 Email:sales@ seliton.com

PO Bax 5061, Cbninsk-5, Kaluga Reglon, Russia
Tel: +7{08439)31483 Emall:askom? @kaluga.rosmall.com

19235 Covington Court, Shorewaod MN 55331 USA
Tel: +1 (812) 470-7345 Email: amfaust@aol.com

8 South Street, Washington, CT 06793 USA, Tel: +1 (960} 858-0131
Fax; +1 (860) 868-9970 Email: rhswaln @acm,org

Novator Consuling Group AB, Svirdvéigen 11C, S-182 33 Danderyd
Sweden Tel: +4G 6 62263 50 Fax: +46 8 622 63 51 CServe: 100341,404

Swiss APL User Group, CH-3001, Bem 1, Switzerland
Email; sl@ifl.unizh.ch

Bob Bykerk, 100 Lamrock Ava, Bondi, NSW 2026, Australla
Tel:+61 2 9365 2520

4549 Willeps Ave., Woodland Hils, CA 91364, USA
Tel: +1 (818) 222-2750 Fax; +1 (318) 2229250

PO Box 55, Adslaide Si. Post Office, Torento Crtario M5C 2HB, Canada
Email: fjp @Interlog.com www.sigapl.minlake.comysigapliwelcome.html

8 Clarence Gardans, Brighton, Sussex BN1 2EG
Tel: 01273-327238 Emall: centre @ mistral.co.uk

23 Ketchbrook Lane, Elington CT 08029, USA. Tei: +1 (860} 872-7806
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WORLD WIDE WEB SITES

ORGANISATION
AFAPL

APL2000

APL-385

The APL Greup Inc
AUSCAN

Capital PC User Group
Causeway
CODEWORK

COSY (Bob Armstrong)
Dinosoft Oy

Dyadic Systems Ltd
FinnAPL

Godin kenden Ine
IBM APL2

infostroy

Insight Systems ApS
Iverson Scftware Inc
Lescassa Caonsuiting
Mackey Kinloch Ltd
MicroAPL Ltd

RE Time Tracker Oy
Shepp & Asscclates
SlgAPL

Rex Swaln

The APL Group Inc
Toronto SIG

Jim Welgang

FTP SITES

ORGANISATION
IBM APL2

Toronta toolklt
Waterioo Archive
APL-c-ASCII

URL

vraw.ensmp.fi/~schererflanglelf (Jeumnal available on line)
www. APLZ000.com
www.demon.co,ukfapl38s

www.apigreup.com
www.Interlog.com/~rjpfauscan

htp:ffepeug.crg

Www.calseway.co.uk

www.codework.de

WWW,COSY.COM
hitp:ffyritys.kolumbus.fifdinosoft
wew.dyadlc.com

http:ffpersenal.eunet fifppfap!

www.godincom

www _torolab. ibm.comfapfaplfapl2.himi
www_insight dkfinfostroy

ww.insightdk

wiww jsof tware.com

www,lescasse.com

ourworkl campuserve.camfhomepages/Alastair_Kinloch
www.micreapl.co.uk

www.rettfl

ww . digitravel.com

www.acm.org/sigapt
www.penat.comy~thswaln

www.aplgreup.com

www. sigapl.minlake.com/sigapl/welcomea.html
weww. chilton .comy-jimw

DOMAIN NAME

ps.boulder.ibm.com/ps/products/apt2}

sea Teronto SIG home page
archive.uwalterioo.catiparchilanguapes/apl
archive,uwaterioo.caflanguapesfapliworkspaces/aplascll
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THE EDUCATION
VECTOR

J-ottings 13

by Norman Thomson

Howard Peelle recently gave alternative algorithms for the verbs which
appeared in J-ottings 9 to obtain best rational approximations to any given
fraction. I propose to show here that there is still lots of mileage in rational
numbers! This article, following a section in the encyclopaedic volume “Concrete
Muathematics” by Graham, Knuth and Patashnik [1], describes how all positive
rational fractions can be generated by a scheme called the Stern-Brocot tree,
named after the two mathematicians (French and German respectively) who
discovered it. Stern-Brocot trees can be described in a remarkably concise way
which nevertheless embraces a large number of } features.

Rational fractions are represented by a two-item vector of co-prime integers,
representing numerator and denominator in that order, so that, for example, 1.5
is represented by a 2. The algorithm starts with the two-item vector of fractions
0 131 o, which represent zero and infinity. At every step a new fraction is
inserted between every pair of fractions currently in the list, the new fraction
consisting of the sums of the neighbouring numerators and denominators. Thus
after one step, the result sequenceis 0 1; 1 1; 1 o, and after two steps itis 0
1; 1. 2; 11, 2 1; 1 0,

This is an algorithm which has a succinct realisation in J. The first subproblem is
to compute the inserted vector of fractions at any stage, that is to add the values
of all neighbours — the familiar 2+/ of APL2 which becomes 2&(+/\} in a tacit ]
expression. The new layer so generated is

lyr=.<"18(2&{+/\}B: >} NB. generate next layer of Stern-Brocot tree

lyc v=,0 1;1 1;1 0

22 o
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The @: is worthy of comment. If @ were used, the verb 2a({+\) would be applied
to each of the three rank 0 items of v individually to produce the three-item
vector 1 2 3, with each item boxed. The leftmost <"1 is to ensure that the result
is a list of fractions and not a matrix.

The new layer is then merged with the old:

malt=./:@,5(1.e#){, NB. merge x. and y., alternate elements from each

v malt lyr v

Il 2]1 2'1 1]2 1|1 OI

A single step of the algorithm is then
sh=.nalt lyr NB. single Stern-Brocot step
no

sb mo

DR

At this point the power of power comes into play. A tree n layers deep is
generated by sba: n, for example

sbar i mo

liili uliqz 5I1 2|3 5|2 3|3 4]1 ].l’-l 3[3 2l5 3[2 1|5 2|3 1I'+ lli Ol

There are never any fractions requiring cancellation, and by generating sufficient
layers, any predetermined rational fraction will ultimately be generated.

The above may remind readers of a somewhat better known pattern of the
rational fractions called the Farey series. The principle of this is to generate
rational fractions as the lower triangular part of the table t%/t=. 1+i. n which, in
rational arithmetic, looks like

1/1

1/2 2/2

1/3 2/3 3/3

1/4 2/4 3/4 4/4

1/5 2/5 3/5 4/5 5/5

1/6 2/6 3/6 4/6 576 6/6
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Again all the rational fractions will eventually appear, but this tfime cancellation
has to be performed, and duplicates eliminated, for example, there is only one
distinct item on the diagonal.

Remarkably, Farey series are obtained by two small adjustments to the Stern-
Brocot tree, one being to use a new start value which ensures that only one half
of the tree, namely the fractional half, is used, and the other a step to eliminate
denominators which exceed the chosen size for the Farey square. Cancellation
and removal of duplicates has already been achieved at the Stern-Brocot stage,
Another fork is called for, this time with copy as the central prong. All the
numerators in a Stern-Brocot tree are found by 14{&. >, and the copy vector is
found by the hook >: ».

mi=.0 131 1 NB. start vector for fractions half of 5«B tree
fy=.(>: >8(1&{6.>))#] NB. n fy sbha:(n~1) mi Is Farey nos, n=max denom

6 fy sha:5 mi

|0 1I1 8

1 5|1 u|1 3|2 5|1 2|3 5|2 3[3 H|4 S|5 6|1 1|

A Stern-Brocot sequence, thought of as a tree, is a strict binary tree, and so is
traversed from its root by alternate left and right branches. The value at any node
can be found very simply by associating left and right branching with the two
matrices 1 and r given below, and applying the ordinary matrix multiplication
rule:

Ip=.+/ .» NB. inner product for matrices

I=,2 251 1 0 1 BB, I and r = left and right search matrices for ..
r=.2 2%1 ¢ 1 1 NB. .. a S5~B tree; use e.g. +/>(ip&.>»)/1l;rir;l

The fraction to be found by following the branches left, right, right, left is:

+/>{ip&a.>)/1l;r:r;1
5 7

Given a number, rational or not, it is interesting to obtain its two closest bounds
within any given Stern-Brocot tree. This is easily achieved by first converting the
tree to its numeric values:

nvs=, >»3{%/&>) NB, Numerical Values of items in S5-Brocot tree
nys sba:3 mo
0 9.3333333 0,5 0.6666667 1 1.5 2 3

35




VECTOR Vol.14 No.1

and then finding the indexes of the lowest fraction in the tree which exceeds it in
value, and the greatest fraction which does not.

nbrg=.+5_1 o@{+/@(>nvsy){] NB. x. nbrs y. is best approx toc x. in tree y.
k=. a1

k nbrs sba:3 md

It is not a requirement that a Stern-Brocot tree start with the “natural” vector pair
0 1:1 © — any pair of nodes which exist in the tree can be taken as argument.
This means that successive rational approximations can be made using nodes
further and further down the tree. For example, a succession of approximations
to p1 can be obtained by observing that the values 3 1 and 7 2 occur in the
primary tree sba; 5 mo.

Execute
p=.sbat5 (3 1;7 2)
and observe that the familiar approximation 22 7 appears in p.

(<22 7)e., p
1

Now try repeatedly

p=.(0.1) nbrs sbha:5 p

and obtain at every step closer and closer rational approximations to pi.
Alternatively the left and right branch technique described above can be used to
write a verb which obtains the first rational approximation to achieve a given
degree of accuracy.

approx=.3 10
p=.Y.nbrs sba:s mo
while. X.<<./|y.-nvs p do.
p=.Y. nbrs sba:5 p end.
=3 {t=<,ft=. |¥.-nVE pPI#p
)

0,00001 approx o.1

355 113
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Here in conclusion is the complete set of the nouns and verbs used:

malt=,(/:@,&(i.en»)){, NB, merge x. and y., alternate elements from each
lyr=.<"18(2&(+/\}8:>) NB. generate next layetr of Stern-Brocot tree

mo=,0 1;1 0 NB. start vector for full S-Brocot tree

sb=.malt lyr B, sbain mo is Stern-Brocot tree n deep

mi=.0 1:1 1 NB. start vector for fractions half of 5-B tree
fy=.{(>: >@{i6{&.>)}#] NB. n fy sba:(n-1} m1 I{s Farey nos, n=max denom
nvs=.>8(%/&>) KB, Numerical Values of items In 5-Brocot tree
nbrs=.+5_1 0€(+/@(>nvs)){] NB. x. nbrs y.=best approxns to x. in tree y.
I=.2 281101 NB. I and r =left and right search matrices for..
r=.2 2%1 0 1 1 NB, .. & 5-B tree; use e.g. +/>{Ips.>)/1:r1751
[p=.t/ % NB, Matrix Inner Product

Quite a small amount of J to achieve all possible rational numbers!

Reference:

[1] Concrete Mathematics - A Foundation for Computer Science: R.L. Graham, D.E.
Knuth, O. Patashnik. Addison-Wesley 1989.

Technical Note

From: Norman Thomson April 1997

Chris Burke has asked me to point out that my attribution to him of the ] Phrase
book is misleading (see Vector 13 No.3 p.117). The principal author of the }
Phrase Book is Roger Hui; Ken Iverson and Eugene McDonnell were also major
contributors, and other contributions were made by Chris Burke and Donald
Meclntyre. Also Roger is revising the Phrase Book to correct known errors, and to
accommodate language changes in J3.03.

Chris would also like me to point out that & propos the article on windows
programming in J-ottings 12, the windows driver was completely revised in 13,
and is now much simpler. In particular vd 'wait' is unnecessary, and not
recommended.

37




VECTOR Vol.14 No.1

DNA Fingerprinting in APL

by lan Clark

Symbolic Modelling

I'm sure I'm not the only one who subscribes to lots of werthy periedicals which
pile up unread. But two which get scanned from cover to cover (besides VECTOR
of course) are New Scientist and School Science Review. What T like about the latter
are the short practical articles which bring mysterious fashionable subjects to life
with classroom demonstrations a four-year old could understand. Like Groucho
Marx I miss having a four-year-old on standby, so School Scierice Review is the next
best thing.

A recent issue contained a marvellous exposition of DNA Fingerprinting by
Elizabeth Burns [1]. This sparked an idea of my own. Burns clearly explains the
‘caokery’ of the whole business. With its intricate procedures it's like the early
days of photography, but the simple principle shines through the author’s
account.

But how do you explain this principle to a class if you’ve not got the apparatus for
agarose gel electrophoresis, the expensive enzymes, the radioactive tracers and
the Xeray film? You could use charts and diagrams, but these really serve to
mystify the whole thing. By that I don't mean they make it hard for the class to
understand, but they move it out of the real world into the fairy world of
coloured shapes and arrows.

Or you could use a computer running APL. For some people that's just another
fairy world, but others appreciate having an “abstraction’ that's concrete enough
to play with. There’s not one but three or four mdependent bodies of literature
dealing with this sort of thing, but I'm deliberately not using the terminology of
any of them. Back in the 70s there were people who called it Simulation and
Gaming, but that’s not serious enough for today. What should we call it? The
mathemalics of genetic engineering? Mathematical modelling? Too frightening.
It's not really mathematics, more like numerical engineering. The numbers aren’t
really important either. So it's symbolic engineering. Perhaps there’s nothing
wrong with Gaming after all. So here’s my DNA fingerprinting game.
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Junk DNA

Everyone knows that DNA is the machine-code for a wet computer. The Human
Genome is written in DNA, It codes for all our proteins, notably enzymes, little
molecular nuts, bolts and spanners which build us up from basic nutrients and
keep us ticking over.

But during your lifetime and mine, perhaps only 10% of it ever gets used to create
proteins, or expressed. What does the remaining 90% do? Nothing (not, at least,
during an individual’s lifetime), except to take part in chromosome replication
and slow down cell-division so that we don’t grow up too fast. But replication
isn't a perfect process and since it doesn’t do anything it soon gets in a mess. Just
like some of my APL workspaces! In fact unlike the 10% of functional ‘genes’, or
exons (which have to be replicated dead right, or you're dead in the water before
you start) the 90% of “junk DNA’, or introns, are highly variable and particular to
you, the individual, like your fingerprints. That's why DNA fingerprinting works.
Only identical twins have the same DNA fingerprint. Non-identical twins show
up quite different patterns.

We now know almost everything about the DINA ‘wet computer’, but only at the
machine code level. It's as if aliens get hold of the complete works of Shakespeare.
They quickly discover the punctuation and the letters of the alphabet, and
recognise all the permissible combinations of characters into words and sentences.
They classify the Bard's complete vocabulary of 10,000 or so words, and discern
the correct usage of verbs, nouns and prepositions. But the remorseless tragedy of
Romeo and Juliet, or why Hamlet does the weird things he does, completely
escapes them. “What does it all mean?’ they’ll ask. But until they can observe real
people going about their lives and connect it in detail with their syntactic
knowledge of Shakespeare’s works they’ll be none the wiser.

Sample data

Consider the following characler matrix, taken from the workspace DNAFING
whose functions are listed in the appendix:
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[1]

[2]

(3]

(4]

[51

[6]

[71

[8]

[s]

[10]
[11]
f12]
[13]
[14]
[15]
[16]
[£7]
[181
[19]
[z0]
[21]
f22]
[23]
(24]
{25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[a8]
[37}
f3s)]
fag]
{401

Karning to Children
by Robert Graves

Children, if you dare to think

Of the yreatness, rareness, muchness,
Fewness of this preclous only
Endless world in which you say

You live, you think of things llke this:
Blocks of slate enclosing dappled
Red and green, enclosing tawny
Yellow nets, enclosing white

And black acres of dominoes,

Where a neat brown paper parcel
Tempts you to untie the string.

In the parcel a small island,

On the island a large tree,

on the tree a husky fruile.

Strip the husk and pare the rind off:
In the kernel you will see

Blocks of slate encloged by dappled
Red and green, enclosed by tawny
tellow nets, enclosed by white

And black acres of dominoas,

Where the same brown paper parcel -
Children, leave the string alone!

For who dares undo the parcel

Fipds himself at once inside 1it,

On the island, in the fruit,

Blocks of slate ahkout his kead,

Finds himself enclosed by dappled
Green and red, enclosed by yellow
Tawny nets, enclosed by black

And white acres of dominoes,

With the same brown paper parcel
Still uptied upon his knee.

And if ke then should dare to think
0f the fewness, muchness, rareness,
Greatness of this endless only
Precious world in which he says

He lives - ke then unties the string.

I reproduce Robert Graves’ poem [2] in full because it sums up the whole DNA
business for me, on a variety of levels. The level which matters here is that we're

going to use it in a ‘symbolic model” of DNA fingerprinting.

Three blocks of text, lines [9] to [14], [20] to [25], [29] to [35], are repetitions, right?
Wrong. There are significant differences. Let's construct char vectors s1 §2 and
53 out of them like this;
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51

blocks of slate encleosing dappled/red and green, enclosing tawny/yellow nets
, enclosing white/and black acres of dominoes,/where a neat brown pape
r parcel/tempts you to untie the string./
&2

blocks of slate enclosed by dappled/red and green, enclosed by tawny/yellow
nets, enclosed by whitefand black acres of doeminoes,/where the same br
own paper parcel -/children, leave the string alone!/
53

blocks of slate about his head,/finds himself enclosed by dappled/green and
red, enclosed by yellow/tawny nets, enclosed by black/and white acres
of dominoes,/with the same brown paper parcel/still untied upon his &n
ee./

Let’s imagine they are DNA samples taken from 3 suspects. Now what about the
scene-of-crime sample, sx? Run the function: secret (see Appendix) to select sx
from one of 51 52 53 at random. Now the deed is done! (Don’t peep).

Burns [1] describes the chemistry of digesting a blood clot and precipitating the
DNA. A series of restricfion endonucleases (or restriction enzymes) are then added.
Each restriction enzyme is able to find its own special short sequence of DNA
codons and attach itself to the DNA strand at that position, whereupon it actually
snips the strand there. A codon is a ‘letter’ in the DNA ‘alphabel’. There are
precisely 64 possible distinct codons. Remarkably this is the same order of
magnitude as most human language alphabets. Using poetic verses for strands,
and letters for codons, we can illustrate this process by applying the function:
restricttosi ..

g1 restrict 'In'

blocks of slate enclosinsg dappled/red and green, enclosin=g tawny/yellow ne
ts, enclosinsg white/and black acres of domin»oes,/where a neat brown
paper parcel/ftempts you to untle the strinrg./

The arg; 'in' models a particular restriction enzyme which searches out all
occurrences of the substring: 'in ' and snips the strand immediately after it. Only
we don't snip z physically. Instead we insert an asterisk at the snipping site. The
function: do applies a series of such restrictions to its argument z (representing
the DNA strand) so that more and more asterisks appear:
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z+z restricttin!
2«2z restrict'the’
z+z restrict'os’
z+z restricttofl’
2+z restrict'you!
z
blocks of+ slate enclossin»g dappled/red and green, enclossinsg tawny/yellow
nets, enclos=in»y white/and black acres ofs dominsoes,/where a neat b
rown paper parcel/tempts yous to untie thex strinsg./

Function: do now models the chopping of the strand by counting the number of
characters between successive asterisks...

I«(z="x")/1pz apositions of '+!
I+i-0,71+i nlengths of chopped strings
i
10 14 3 32 3 28 5 27 7 48 14 7
Each number in i represents a chopped strand of a particular length. Thus there
are strands of 3 codons, 7 codons, 10, 14, etc.

Now electrophoresis simply applies an electrostatic field which drags the DNA
strands along a ribbon of gel from the cathode (-) a little pool of DNA at one end,
towards the anode (+). After a set time interval each strand has travelled a
distance which depends on its length. Simple as that.

However, because DNA itself is not coloured, and there’s so little of it in the gel
anyway, a complex process using X-ray film and a radioactive probe which sticks
preferentially to DNA is now used to ‘develop’ the chromatogram, as it were, and
“print’ it onto a piece of nylon fabric. This process, called Seuthern blotting, shows
up each clump of chopped strands of a given length as a dark band. To minimise
calibration problems, samples to be compared with each other are processed in
parallel on the same gel plate.

The function: do models the ribbon of gel (the chromatogram) as a string (z
againjof w periods ', *. Then it sets z[ 1] to a fat blobby character to represent the
dark bands caused by pieces of length 1 [1] if{2] etc.

Zewpt, T athe fregsh chromatogram strip
z[il+tO" nadd the dark bands
z
P o R 1 Y I Y o (R LR [ P P I

We have grossly simplified things. You have to imagine the pool of DNA to be at
the right hand end of z, not the left, because shorter strands diffuse further
through the gel in a given time. The physical mechanism is complex. DNA
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strands are negatively charged, but shorter strands happen to have a greater
charge/mass ratio, which is what basically determines the distance they travel.
But at the level of our model, this doesn’t matter.

Here is a sample forensic analysis, sx being the scene-of-crime sample and s1 52
53 taken from suspects, We first ‘do’” sx by itself, then in comparison with each
suspect sample in turn...

do sx

...... S S 1 P 1 I P 1 N 5
do 51 o do s5x

PR & PR R 3 PR 1 015 1 P Oevevnnrnaronananannas

...... S o R 5 1 1 1 PN
do 52 o do sx

...... S I O O I I & R T

...... P 1 1 P e
do 53 o do sx

...... 5 3 e 1 1 L R I

...... | 6 O 5| PR PO I

from which we see that the best match with the unknown sample sx is s2.

Interestingly the scene-of-crime sample need only be a partial strand of the
culprit’s DNA. Try chopping a length off the front and back of sx:

Sx+10+71545%
do s1 o do sx

[ RV 6 Y I R I D [ PP N

...... 0 P N e | P e 1 P
do s2 ¢ do sx

...... 0..0...00, . eeeeeee e 000 0 e e e e s B

...... | Y I N e I P e 1
do 53 o do sx

...... 6 e e

...... O I T I O I 1

Sample s2 still gives the best match with sx, with 6 of the 7 sx bands lining up,
as opposed to 2 coinciding bands with s1 and 4 with s3. In a real example, there
would of course be many more bands and a few more coincidences. The court
evidence (if it was going to be disputed} would be presented in much the same
way as with a traditional scene-of-crime fingerprint.

Burns concludes her article by revealing that DINA fingerprinting is not only a
forensic tool in criminal investigation, but is also useful in setiling paternity
disputes and tracing patierns of migration and evolutionary trees in biology, due
to the DNA becoming more similar the closer two individuals are related. Or even
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two species. Few animals carry so much junk DNA in their chromosomes as we
do, so the DNA from different but related species is not that dissimilar. Studies
like this are revising considerably our view of the living world based on 19th
century taxonomy.

However a computer programmer may see other possibiliies in the do
procedure. It avoids the labour of comparing two sequences of symbols (bytes) for
{long) common substrings by systematic search. Yes, it still does string-search, but
only using 2- to 4-byte strings, so the whole process needn’t take much longer
than calculating a check-total. How about trying it with the object code of
different release levels of a given program? How about using it on a memory
dump to detect the presence of a given code-section by its characteristic bands,
maybe a computer virus? -

As a class exercise, try generating a random string of characters and apply do to
see its pattern of bands, or ‘fingerprint’. Experiment with different ‘restriction
enzymes’. Build a ‘family tree” by swapping a pair of adjacent characters chosen
at random to form a ‘child’ from a ‘parent’ string. Now mix the samples up and
see if the class can reconstitute the family tree, or at least the degree of kinship,
from the do-fingerprints.

References

(] Burns, E., DNA fingerprinting: a detective story. School Science Review, 77 (279),
Dec. 1995, 29-35. ISSN 0036-68911

[2] Graves, R,, Warning to Children. The Pengnin Book of Contentporary Verse, 1962,
128. Penguin Books Lid.

Appendix

These fns are written for Dyalog APL, but will translate without trouble into an
ISO standard APL (e. g- IFAPL), except for the “string-search’ function, ss. Dyalog
APL has an auxiliary processor XUTILS for useful service functions, ss being one
of them. If you don’t want to use i, a replacement ss is offered below. I-APL
users will have to write their own which does not use Find (). It's easy if you
limit yourself to 2-char args of: restrict. Contact the author in case of difficulty,
from whom workspace DNAFING is available free of charge for Dyalog APL.
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[1]
[2]
[31
[4]

[1]
[2]

f1]
[2]
[a3]
[u]
[s1]
[6]
[71
[81
[91]
[10]
[11]
[12]
[133
[1u]
[15]

[1]
[2]
[31
[yl
[5]

[1]
[2]
[a]
[u4]
[51]
[6}
[71
[8]
[9}

v secret

nassigns sx at random lo one of: s1 2 53
sx+a'5%,¥23

me..,.optional partial sample...

AR SX+10+71548x

v

¥ zZ+Z

restrict str

nrestriction enzyme, splits after segq: str
z+55 2 str{str,'s")

¥ z+do zZ3liw
nanalyse sample: 2z
w+(PH nlergth of chromatogram
adpply the following restriction enzymes
«{These put '»' after their target sequence)

z+z restrict'in?

z+2Z restrict'the’

Z+z restrict'os?

z+z restrict'of?

z+z restrict'you!

nNow model the chopping of the string at each '«'...
i+«{z="+')/1pz Apositions of "'

i+vi-0,714] nlengths of chopped strings
fewll alimit I to max length of strip
Z+wp'" athe fresh chromatogram strip
z[1]+'00" nadd the dark bands

¥V Z+SS5 U3Xi¥iV
nstring rearch/replace (c/f Dyadic XUTILS auxproc)

z x y+3+u astring, target,replacement
+0+levexez aquft if target is absent
v+ 1t+vit ndisplacement to target
z+{vtz),y,s55{{(v+tpx)+z)x y npatch in the replacement
v
¥ go
secret
'scene of crime..."!
do sx

'suspect 51 vs sx...'
do s1 ¢ do sx
'suspect 52 ¥5 SX...!
do 52 o do sx
'suspect s3 v5 SX...'
do 53 ¢ do sx
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Do APL2 and ] Come up to Scratch?

by Norman Thomson

There are now two broadly comparable array languages which are widely
available to ad hoc problem-solvers.

Chris Burke, on p.119 of part (3) of his series explaining the ] way of thinking [1],
states that “..in APL it would be unusual to define new operators to solve
problems”. If this is really the case, I find it regrettable, In the pages immediately
preceding his article [2], I demonstrated how operator programming in APL
provides elegant means of programming general routines for numeric
integration -— more elegant in my view than theit analogues in ] — and further, a
substantial part of “APL2 in Depth’ 3] (for which modesty forbids me to make an
explicit recommendation) is devoted to illustrations of how operator
programming in quite ordinary applications can help to exploit APL2 to good
advantage,

The present article builds up to a further demonstration of how operator
programming in APL matches the use of adverbs in }, and makes explicit
comparisons between the two languages in the context of their relative suitability
for solving a pragmatic problem of the sort in which they have, historically
speaking, excelled other high level languages. The intention is not to exto! one
over the other, but rather to articulate features arising in ad hoc programming
which incline the problem solver towards ane or other, or in the case of 1,
towards one or other of the two programming styles which it supports, namely
tacit versus explicit programming,

The problem chosen concerns a motor manufacturer who has decided to commit
part of the advertising budget for a new mede! to the distribution of a scratch
cards containing names of drivers éceupying various places in a race. The aim is
that the average sum per card given away by way of prize money should be £5.
Four schemes have been proposed, as follows:

A. Each card has four positions; if the customer reveals the winning driver's
name, he wins £20.

B. As for A, except thal if he reveals the winning driver he wins £15, and if he
reveals the runner-up driver he wins £5.

C. Each card has two rows of two positions. The customer reveals one name from
each row; if the first row choice is ahead of the second, the customer wins £10.
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D. Each card has three rows of two sections. If the first row selection is ahead of
both of those in the other two, the customer wins £15.

In each case, 14,400 cards are to be printed, and these will in equal proportions of
possible cards, there being 41=24 possibilities for A, B and C, and 6!=720 for D.
The programming objective is to simulate the distribution of cards under each
scheme, and find which are most/least likely to overrun budget.

The first stage is to simulate customer behaviour, and the second to evaluate
means and standard deviations as comparative measures of the results.

To begin with scheme A, the function PLAYA R simulates the scratching of R
cards and calculation of the cost in prize money distributed.

[0] Z<«PLAYA R
[1] Z++/20x1=?Rp4

As stated above, ] offers the choice of writing in either of two styles, facif, which
is strongly associated with function composition, and explicit, in which explicit
references are made to the left and right arguments x. and y., thereby broadly
mirroring APL. In ], verbs model functions in the mathematical sense of
transformations of data, and a train of J verbs models a single function which is a
composition of the functions correspending to its component verbs. The explicit
approach in J applied to PLAYA results in an almost literal transliteration of the
APL2 function:

playa=,3 :"+/20+0=7y.#4"

which is strongly reminiscent of what was known at one time in APL circles as
“direct definition”.

It is instructive to write a tacit form of playa :
+/B(206%B{0=7@(UG(#~})))

and then to ask why this has so much less appeal than the explicit form. First the
algorithm is bestrewn with constants, 26,0,4, and secondly things happen in
sequence, as indicated by the two @ conjunctions, that is n random integers
between 0 and 3 are generated, THEN each is compared with 0, THEN
multiplication by 20 takes place, THEN everything is summed. This leads to the
following two general observations:

1. Constants militate against tacit programming.
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2. Actions in sequence mililate against tacit programming,.

Now consider scheme B, and compare an APL2 version and a ] version (header
lines in the former will be omitted, because these are identical apart from the
function name):

[1] Z++/el15 5x1 2="c7RpY

playb=.3 :'+/,15 5%0 1=/2y.#y"

In the APL2 form explicit enclosure arises because two objects, one in APL2 and
one in ], which are of identical appearance in display, for example:

187
369
may be far from identical in structure. The former is an array of scalars, the latter

a stack of two rank 1 objects. This Jeads to the observation, which was also made
in[1]:

3. Explicit enclosure in APL2 may correspond lo using objects of non-scalar rank
in].

Now compare ] and APL? alternatives for scheme C.
(1] Z++/10%0>-/"(Rp2) 774
playc=.3 :'+/10x(>/"1)27y. #u°
Scheme D in APL is

[1] Z++/15xFN"37 Rps
FN : (4R)=L/R

The function FN suggests strongly the fork construction in J. There is a core
function “equals”, to which preliminary transformations have to be applied,
namely “first” ({.) to form the left side of the comparison, and “take minimum
value” (<. /) to form the right. The composite verb is {. =<. /, which need not be
explicitly named — bracketing the characters {.=<./ is sufficent both to define
it, and embed it in an explicit or tacit program. This unnamed verb must be
applied at rank 1 level to each of the “three-out-of-six” selections without
repetition, followed by the usual computation of prize money:

playd=.3 :'+/15+(({.=<./}"1)3?y,#6"
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The fork is an instance of more general ] function compositions, defined by e.g.
atop, with, and under, which leads to the generalisatior:

4. ] function compositions do not need to be explicitly named.

Mean and standard deviation are described as

MEAN : (+/R}+pR
SD 1 (+/(R-MEAN R)*2}%0.,5

in APL2, and as

sd=.mean&, *: @-mean=, +/%¥

inJ, mean is defined in the style of APL in-line assumption, which leads to a
further generalisation:

5. Function (that is verb) definitions can be made in-line in ], which is not
possible in APL2.

The formula

mean‘sd/.>playa &>100#1u44

can be repeated in turn for each of the four “play” verbs, which suggests
defining an adverb:

msd=,1 : 'mean‘sd/.>X.5>100#14y!

The use of the gerund along with the conjunction “oblique” (/.) allows two
functions to be composed in the sense that the results of the composition is the
join of both applied separately. In APL2 this requires two calls followed by an
explicit join. This leads to a further generalisation:

6. Gerunds can join verbs at the function level where an explicit join at the result
level is required in APL2.

Another way of expressing this is to say that J provides the facility to model
function arrays. As an aside, the verb playa msd is an instance of a niladic J
verb, since the argument is effectively hidden within the adverb.

The entire experiment is now described as:
»playa msd;playb msd;playe msd:playd msd

In APL2, the analogue of an adverb is an operator:
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[0] Z+(P STATS)R
[1] Z<«(MEAN %),5D Z+P'R

leading to the matching experiment as:

(PLAYA STATS T)(PLAYB STATS I){PLAYC STAIS T)(PLAYD STATS T+100piiy)

The display of results has been suppressed, so as not to spoil the excitement in
advance for any readers who want to try out the experiment for themselves!

The correspending generalisation as suggested at the start is:
7. Adverbs in ] often correspond to operators in APL2.

The simulations described above were run on ] for Windows under Windows 95,
and on two available APL2 systems, namely APL2 for Windows 95 and
APL2/PC. Execution times of course depend on the size of the data, but are
consistently in the ratios 3:2:1. Presumably there is a message that if speed is
important, avoid the paraphernalia of Windows

References
[1] APL and ] (3): Operaters — Reduce, Scan, Outer Product, Chris J. Burke, Vectior
13.3 January 1997, pp.118-126

i2] ]Jand APL Operators — Reduce, Norman Thomson, Vector 13.3 January 1997,
pp-112-118

3] APL2in Depth, Norman D. Thomson and Raymeond P. Polivka, Springer-
Verlag, 1995

Typesetter's Note

In Dyalog APL 7.3 you can get very close indeed to the ] syntax with:
HEAN+<{(+/w}+pw}

SD+{ (+/(w-MEAN w)»2)%0.5}
STATS«{(MEAN res),SD res+aa”w} n Adrian Smith 29/6/97
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The UK National Lottery

by Alan Wilson

Background

The UK National Lottery draw holds the atiention of most ticket holders for the
few moments the actual draw takes. For APL programmers this fascination can
last a little longer. The draw picks six numbers plus a bonus number from all
numbers in the range 1 to 49 inclusive and allocates prizes. The number of
winning tickets assuming that each of the possible combinations is bought once is
shown below.

Tickets Matching Winning Tickets | Prize Allocated
All six numbers 1 First prize
Any five numbers plus the bonus 6 Second Prize
number
Any five numbers 258 Third Prize
Any four numbers 13545 Fourth Prize
Any three numbers 246820 £10 prize per

ticket. *

* There is a provision for reducing this prize but in the 115 draws to 25 January
1997 it has not been and is unlikely to be in future.

Each tickel costs £1.00 and has six numbers. Should there be no tickets claiming
the first prize (a roll-over draw), the prize is accumulated with the following
draw’s prize money.

The number of winning tickets, assuming only unique combinations are sold, is
arrived at as follows:

$ u+(6l49) = ODDSE

v R+0DDSE
[1] an Probability of picking n matching numbers in 6i49
(2]  Re(x\1,$t6)x{dx\1,937+16)x((0,16)!6)+x/L3+16

v
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The mumber for five numbers plus the bonus number, i.e. 6 reflects the fact that
the one winning line of 6 can have each of the 6 numbers replaced by the bonus
number.

In practice any combination can be sold any number of times, including not being
sold at all.

Some Lottery Statistics To 25/01/1997

Number of roll-over draws 19
Largest first prize per ticket £22,590,829
Smallest first prize per ticket £122,510

Further statistics are available on the internet at http:// lohery.mergeyworld.com

i}

Lottery Arithmetic

The probabilities of choosing the 7 numbers drawn are:

1 Z 3 4 S &

TrLH (=M1, 916 (x\1,$37+18)x{(0,16)16)+x/43+16 ¢ n [IC is 1

0.4130195 0.1323780 0.0176504 0.0009686 0.0000184 0.0000001

The odds on winning a prize are;

3 4 5 &

LO.5++ 14 (x\1,416)x(dx\1,937+16}x((0,16)!6)+x/43+16 o n QIO i5s 1

57 103z 53201 13983816

This confirms the quoted odds: 57:1 for the smallest prize, 14m:1 for the first
prize.
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Which Combination?

If all combinations are sorted in ascending order,
1 2 3 4 5 6 is combination number 1
4 45 46 47 48 49 is combination number 13,983,816
What about7 9 11 13 15 17?

The function COMBNUMBER can compute the cardinal order of any combination.
Its left hand argument (LHA) is the specific combination and the right hand
argument (RHA) is the maximum possible value, for example 49. This function
will work with any combination in the form n ! m, for example 6 from 49, 4 from
60 etc.

7 9 11 13 15 17 COMBNUMBER u9
7938474

v Z+% COMBNUMBER R;a;N:bi!l:TO0T
[1] A Return combination corresponding to a cardinal number (range 1,5149)
[2] aspLl o N+0 ¢ b+R o ]+L
[3] IoT+(0,+\d(a-1)1(a~-2)+11+{b-a))[1[1]]
[4] LO:a+a-1 o N+N+:
[s5] TOT+TOT+ (0, + \d(a-1)!{a-2)+r1t+{b-a)-JLNIILILN+11-10[N]]
[6] +{a>1})/Lo
{71 Z+T0T+1
v

Is there a link between combinations, their cardinal number and the number of
winners? Here is a sample to investigate:

Combinations Number Of Date

Winners
20 12 19 28 38| 48 57 | 16/03/19%
7 17| 23 32 38| 42 133 | 14/01/1995
5({ 23| 25 30 33| 37 0(20/01/1996
2 29| 31 32 341 48 0]13/01/19%
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The reverse problem: given 149, that is, 13,983,816 combinations, what is the
10,000,000th?

The function NUMBERCOME will find the answer. The LHA is the length of the
combination (6), the RHA is the maximum possible value (49} and the cardinal
number of a combination{10,000,000).

6 NUMBERCOMB 149,10000000C
9 19 32 34 35 L5

v Z+L NUMBERCOMB R;a;b;NUM;STORE1;COMBS;STORE?
[1] n Return the cardinal number of a combination
(2] a+L ¢ b+R[1] ¢ NUM+R[2]
[3] STOREi++\d(a-1)!{a-2)+11+(b-a)
fy] COMBS+0,1++/NUM>STOREL
[5] LO:STORE1++\d(a-1)!{a-2)+11+(b-a)-"1+ 1+COMBS
(6] g+a-1
f7] STOREZ++\d(a-1)!(a-2)+11+(b-a)~"1+COMBS
f'sl NUM+NUM-(0,S5TORE1)}[ (T 14COMBS)-"14"1+C0OMBS]
[a] COMBS+COMBS , 1+ (" 1+COMBS)++/NUM>STORE?Z
[10] +(L2pCOMBS)/LO
[11] Z+1+COMBS

v

All 6 ! 49 Combinations

Generating all 6 ! 49 combinations can be problematic for two reasecns: it can take
too long and, more than likely, it will create WS FULL error. If the sum of the
first combination (123 4 5 6 ) is 21 and that of the last (44 45 46 47 48 49) is 279,
how many combinations add up to the numbers between 21 and 279 inclusive?

The brilliant COXB function (Gilman & Rose p159) fails to compute 6 COMB 49,
generating WS FULL.

v Z+«L COMB R
{1] a Return combinations of L numbers from all numbers tc R
f2] a See Gilman & Rose page 15%
(3] +(L=1,R)Y/L0,L1
41 Z+1+{0,(L-1)COMB R-1),[1]L COMB R-1 ¢ =0
[5] Lo:Z+«{1R)e.x11 o =0
[6] LT1:Z+{11)e.x1R
v

An altemative strategy is called for, one which deals with the 6!49 combinations
in manageable chunks. This can be done as follows:
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1. Create the combinations 3 COMB 49.

2. For every n between 3 and 46 determine

a) every combination given by 3 COMB 49 ending withn
(call this the first half, )

b) every combination givenby 3 CCMB 49 whose first entry is n+1 or
higher (call this the second half $H)

3, Combine all of a) with all of b). This is done by the function EVERY.

Vv R+«L EVERY R
[1] n Replicate every row of L with all rows of R, both rank
2 or less
2] R+("241 1,pR)pR
[3] I+(72+1 1,pL)plL
{u] Re((14pR}AL),({{1+pE)=x1+pR),01pR)pR
v

This third process may well overflow a typical workspace.

However, the two sub combinations, FH and SH can be used to obtain
information about the full set of combinations & COMB 49 without using
EVERY. By using ¢.= and +.x, the functon TOTALS will produce the sum
of all 6149 combinations which range between 21 (+/1 2 3 4 5 6) and 279
(+/44 45 46 47 L8 L39).

Vv Z+TOTALS;N;COMB349;FH;n1;t1;SH;N1;T1;TT;NN
[11] a Return fregquency of sum of each row of 6149
[2] N+3 o Z+279p0 o COMB3L9+«3 COMB 49
[3] LO:FH+COMB349[ WHERE N=COMB3u49([;3];]
[4] ni++/l11(+/FH)es.=1144% o L1+WHERE ni ¢ ni+ni-0
5] SH«COMB3us[WHERE COMBaug{;11:N;]
[&] Ni++/[11(+/8H)o.=1144 o Ti+WHERE N1 o Ni+N1~0
[71] PT+(,tle +T1)o .= ([/T1}+[/t1 & NN+, ,nle.xN1
[8] Z+Z+2794NN+.xTT
[a] +(LE2N«N+1)/L0O

v

The function TOTALS takes 25 seconds on a Pentium 133mhz Pc. The functon
WHERE makes TOTALS more readable.

Vv R+«WHERE R

[1] A Return indices of R where elements are non zero
(2] R+,R
[3] R+(R=0)/1pR

v
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The number of combinations for each sum 21 to 279 would appear to be normally
distributed.

Distribution of Combinations

L, 200000
- =
S £ 150000
-
-E 'g 100000
=
50000
=3
0
1 42 83 124165 206 247
Sum Of Combinations
A Guaranteed Lottery Win?

How many combinations are needed to guarantee at least three numbers in any
draw?

My correspondence with the magazine The Actuary prompted some discussion
on this point. The minimum number of tickets to guarantee 3 numbers (£10) is not
more than 174. The method for generating these numbers is as follows,

“Group A consists of 22 numbers consisting of 18 in sub-group D and 4 in sub-
group E.

Group B consists of 22 numbers.

Group C consists of the remaining 5 numbers.

The lines are set out in 4 sections:

Section 1 consists of 77 lines using only the numbers in Group A.
Section 2 consists of 77 lines using only the numbers in Group B.

Section 3 consists of 18 lines with each containing all 5 numbers from Group C
plus 1 of the numbers from sub-group D.

Section 4 consists of 2 lines with each containing the 4 numbers from sub-
group E plus 2 of the numbers from Group C.
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If any of groups A,B or C contains 3 or more selected numbers then a winning
line will arise in section 1,2 or 3. If all 3 groups contain 2 of the selected
numbers then section 3 will give a wining line if any of the 18 numbers from
sub-group D were selected.

The only other possibility is that the 4 numbers in sub-group E include 2
numbers. These 4 numbers are used in both lines in section 4. Since the 2 lines
in section 4 bebween them use 4 of the numbers from group C, we must have
used at least 1 of the selected numbers from group C in section 4 and so would
have a winning line.”

The Actuary pages 33/34, January/February 1996.

The function ALLATHREES produces the required 77 lines. It is not robust. The
second group of 77 lines just need 22 to be added to each entry in the first group.
This can be used to verify that 3 numbers can be matched from any draw.

Vv ReALLATHREES;niMAT3A22 ;LAST;NEXT;FH;S5H
(11
[2] R+1 6p16 © n«l o MAT3A22+3 COMB 22
[3] Lo: LAST+"1 6+R
ful NEXT+WHERE , (LAST[ ;131 & MAT3a22 Y[:1]
[&8] L1:NEXT+NEXT+1 ¢ {3 € (,MAT3a22[NEXT;]) +.e 8R)+LI1
{61 L2:FH+ ,MAT3422[NEXT;]
[71 L3:SH+ , MAT3822 [ NEXT«NEXT+1;]
: 3] +(1eFHeSHY/L3
(9] -((FH,SH) TEST R)/L3
[10] R+R,[1]FH,SH
[11] +(77>1+pR)/LO
v

Unfortunately, £174 to win £10 means I won't be giving up my day time job just
yet.

Finally, a one-liner — how does an APLer check his winnings.
WL shape 6, the winning numbers
CARD  shape n 6, the weekly selection
CARD+, eWL

Gooed Luck!
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OpenGL Graphics and ]

by Chris Burke

OpenGL is an industry-standard 3D} graphics and modelling library eriginally
developed by Silicon Graphics for its high-end graphics workstations, and used
for applications such as CAD, medical imaging, and film special effects.

The CpenGL Libraries have been ported to Windows 95/NT and are now included
with the Windows distribution. With a fast PC and graphics adapter, you can
have exactly the same facilities that were once available only on expensive
workstations.

] Release 3.04 provides a complete interface to the OpenGL API allowing us to
create high quality 3D graphics that were simply not possible with the standard
Windows GDI. To see examples of this, download J3.04 for Win%5/NT from

www.jsoftware.com and run menu item Extras/Demos../cpengl.

Why Bother?

] and APL are great languages for specifying graphics outpui, and OpenGL
provides us with a high quality 3D graphics facility for the first time on PCs.

An immediate use for OpenGL will be for the Flot system, which currently uses
the Windows GDI. Flot has not yet been fully converted, but we intend to have
this ready in time for APL97.

Another use is for the visualization of mathematical curves and surfaces, for
which several examples are given in the [3.04 OpenGL demo. One of these
examples can be seen in our ad in this Vector, showing a surface with a wood-
grain texture.

Why OpenGL?

OpenGL is widely used and supported, and available on a variety of platforms. It
is one of only two such languages that can be called directly by Windows
programs. The other is Microsoft’s DirectX (a.k.a. Direct3D), which has been
devised specifically for game developers, but this is only available on PCs.
Microsoft has its feet firmly planted in both camps, much to the annoyance of
OpenGL zealots.
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For us, OpenGL seems clearly the better choice - for example, we could port our
interface to UNIX - but of course there is nothing to prevent us supporting any
other graphics API in future.

OpenGL System

The system is provided by various DLLs (e.g. OPENGL32.DLL, GLU32.DLL) that
are included in Windows NT 3.5, and in recent Windows 95 distributions. For
those with earlier versions of Windows 95, the DLLs are freely available from
www.microsoft.com.

OpenGL has a library of core functions for 3D graphics operations. These basic
functions are used to manage object shape description, matrix transformation,
lighting, coloring, texture, clipping, bitmaps, fog, and antialiasing. The names for
these core functions have a gl prefix.

Another library (GLU) has utilities to manage texture support, coordinate
transformation, polygon tessellation, rendering spheres, cylinders and disks,
NURBS curves and surfaces, and error handling. These functions have a glu
prefix.

] Interface

The ] interface consists of a set of foreign conjunctions that allow direct calls to the
underlying APL

The names used match the OpenGL names, except that many of the OpenGL
commands have several variants differing in the number and type of their
parameters, which are typically replaced by a single J function. For example, there
are 30-odd OpenGL functions of the form glColor3f (specify colour, using 3
floating-point parameters), giColor4ui (use 4 unsigned integers), etc. ~ and one
corresponding ] function glColer, that takes care of all parameter and storage
type conversions. Also, some OpenGL commands have a parameter that is a
pointer to data, in which case the corresponding ] parameter is given as a boxed
data item.

The close correspondence between the underlying OpenGL command and the
equivalent J function means that OpenGL examples, which are invariably
provided in C, can be keyed directly into J. In fact the implementation was largely
tested by keying in examples from the OpenGL Progranuning Guide.
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All the OpenGL verbs (in fact, all windows verbs) in ] have rank 1. For example,
this means you can give a matrix argument to any verb, and have it evaluate each
row in turn. This considerably reduces the amount of looping needed for drawing
graphics.

As well as the standard gl and gqi1u functions, there are an additional set of

ulilities prefixed gla, which provide facilities needed by the ] programmer, but -
which are not part of standard OpenGL. For example, the function giaRC creates

a render context for drawing into an isigraph window. These utilities, and the

underlying ] system, take care of most of the tedious details of creating and

writing to a graphics window that have to be provided by the C programmer.

As well as the direct API facilities, the ] system includes supporting utility scripts,
tutorials and demos.

Efficiency

An interesting aspect of OpenGL is that using ] is almost as efficient as using C.
This is because all the compute-intensive work such as lighting and hidden-
surface elimination is done by the APL Moreover, OpenGL can store commands
in an internal form, called Display Lists, which once created, can be reused to
draw a graphic. I have compared exactly the same graphics created in ] and in C,
and found no discernible difference in the speed of the initial display or any
subsequent redrawing. '

Nevertheless, the speed of OpenGL on today’s hardware can be a little
disappointing. Films Iike The Lost World give the impression that detailed praphics
can be created and animated at high speed, but in practice a few seconds of film
make have taken several hours to produce, even on the fastest machines.

Suppose, for example, that you draw a cube of a single colour, and switch on
lighting so that its faces are properly visible (without lighting, you can only see
the outline of the cube, and nol distinguish each face). If the cube is displayed in a
window occupying a quarter of the screen, it will appear to rotate smoothly when
pressing and holding down a key that gives it a 5-degree turmn. Now, maximize
the window to full screen, and the cube rotation is noticeably slower and jerky. To
get a smooth rotation you have to reduce the degrees turmed in each key press,
and therefore slow down the display even more. The bottleneck here seems to be
the graphics card. The good news is that 3D graphics hardware is improving
rapidly, largely in response to the availability of 31 graphics APIs for the PC.
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Display Lists

Typically, you draw a graphic by creating several Display Lists. For example, the
first basic OpenGL demo creates a graphic showing a dodecahedron in a box,
with the program:

demo=: 3 : ¢

stdlistt?

drawviewbox makenewlist RED
drawdodecahedron makenewlist '
)

(Here, the box is coloured red, while the dodecahedron is colored at random,
since no colours were given.)

This code creates six Display Lists, the first four created by stdiist, which:
 initialize the viewing area
s specify the viewpoint (where the observer is)
» specify the translation amounts {(movements away from the origin)
» specify rotation angles {rotations around local axes)
o draw the box '

¢ draw the dodecahedron
You then display the graphic by running the OpenGL command glcallLists.

Now suppose you want to rotate the graphic. All you have to do is to redefine the
Display List that specifies the rotation angles and call glcallLists again. This is
a trivial operation for ], and is completely independent of the complexity of the
graphic.

The ] utilities include a paint event handler that invokes glcalllists. This
means that the graphic is drawn automatically when the window is first painted
or needs repainting.

Double Buffering

OpenGL supports double buffering which allows you to draw a graphic to one
buffer, while displaying the other. Then a swap command displays the new
graphic instantly. This means that complex graphics are displayed at one go, and
animations appear much smoother. The paint event handler therefore swaps the
buffers after calling the Display Lists.
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Plot and OpenGL

OpenGL allows us to solve display problems that became apparent when creating
3D plots in our current Plot system, which uses the Windows GDL

Actually, it {s amazing what you can do with the GDI, given its primitive drawing
functions. Practically all the plots in the Plot demo use only straight lines and
polygons (which in Plot are always 4-sided). You can draw 3D surfaces by
tessellating them into polygons, colouring by height, and then drawing the
polygons in order of their distance from the observer, to allow for hidden surface
elimination. Here is an example from the Plot demo {the polygons are brightly
coloured by height):

Graphics of this type are typical of PC
graphics systems. However, there are
a number of problems with it.

In practice, surfaces are not covered
with a wire mesh, but if you try to
remove it (Plot command mesh 0),
the surface looks blotchy.

Also, surfaces are not in general
coloured by height, in fact are usually
of a single colour. However, if you
draw the plot using a single colour (e.g. Plot command color green), you lose
all sense of shape.

Notice the axes are drawn in a box around the graphic. This is done for good
reasons. Quite apart from making it easy to show the axis labels, if you tried to
draw axes through the origin, it would be almost impossible to get hidden surface
elimination correct. You would either see too much of the axes, or too little.

While the simple hidden surface elimination algorithm used in Plot works well
for a smooth surface such as the one shown, it can go wrong and show sides that
should be hidden. To do it properly, you need to examine each pixel in the
display. The graphic makes no recognition of lighting. It would be very hard to
set up a light source and shade the graphic accordingly.

If you wanted to rotate the graphic, then on each movement the graphic would
have to be drawn in place, and the movements would be very jerky.

With OpenGL, all these problems disappear. Here is an OpenGL version, using a
single colour, with lighting, and with the axes drawn through the origin.
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NURBS

The OpenGL graphic was drawn by providing a
mesh of control points, then using 2D-spline
interpolation to create the smooth surface. The
interpolation routines are called NURBS (Non-
Uniform Rational B-5plines} and are provided as
part of the GLU utilities. You can adjust the
interpolation by specifying the order of the
spline, and the knot values that determine the
influence each control point has on the surface.
In practice, the default values work pretty well.

Interestingly, NURBS typically requires much

fewer control points than Plot. In the examples

shown, both graphics were based on a 31 x 31
matrix of control points. Plot typically needs a matrix of at least this size in order
that the surface appear smooth. If instead, a 16 x 16 matrix were used, the surface
wotld appear noticeably chunkier, and at 6 x 6, the surface loses its characteristic
shape. Using NURBS, there is essentially no difference when reducing to 16 x 16,
while the graphic looks good even at 6 x 6, though there is some crinkling of the
surface where the curvature is greatest.

OpenGL for APL

While we have implemented an OpenGL interface in J, it could just as well be
done in APLW or APL+WIN. An enterprising programmer could probably create
the interface from APL using DLL calls, though I suspect a great deal of work
would be involved.

References

The official reference is the OpenGL Reference Manual (Second Edition), and the
official learning guide is the OpenGL Programming Guide (Second Edition); both
published by Addison-Wesley. The second editions of both were released this
year. The Programming Guide is highly recommended, and largely dispenses
with the need for the Reference Manual. Also, the contents of the reference
manual ate available online, with a great deal of other OpenGL material from the
SGl web page wuww.sgi.com/Technology/openGL, and the OpenGL web page
www.opengl.org. There is an Internet newsgroup: comp.graphics.api.opengl.
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Emulation of IBM APL2 Auxiliary Processor
AP207 in Dyalog APL

by Alexander Skomorokhov and Alexander Kornilovsky
(askom@apl.obninsk.ru, askom2@kaluga.rosmail.com)

Background

What did we miss most of all on starting to use Dyalog APL after years of APL2?
Not AP124 of course.

The clear Dyalog approach to GUI based on the object-property-event triangle
helps one to forget AP124 easily. The real loss was Universal Graphic Auxiliary
Processor AP207. Its easy and powerful syntax seems to us more convenient for
creating scientific or business charts than thinking of a line as an object. If you
need something in APL you look around or do the thing you need yourself. That
is why we implemented an AP207 emulator for Dyalog APL. The goals of
development were:

Easy migration of AFL2 graphic applications to the Windows environment;
Giving APL2 programmers the ability to use AP207 syntax in Dyalog APL;

Developing a powerful and easy-to-use set of raw graphic functions for using
with Dyalog APL.

Begin from the End

Let us have a look at the whole thing to start with. Table 1 shows two APL
sessions which illustrate working with graphic auxiliary processor AP207, well
known to APL2 users on any platform. The left side of the table represents APL2
for O5/2 session. You may get almost the same results running AP207 in the beta
version of APL2 for Windows, but it is not fully implemented yet. The right hand
side is a Dyalog APL session. We run Dyalog 8.0 under Windows NT (of course
you will get exactly the same running it under Windows 95, or running Dyalog
APL 7.2 for Windows 3.xx).

The sessions start AP207, open the graphic window, draw simple graphic objects
like lines, markers and ellipses, define different fonts and write texts. The sessions
look just the same except for the strange pairs “0SV0,ASV0” and “«,is”. The
results are shown in Figures 1-2 as copies of graphic windows made in O5/2 and
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Windows respectively. You may distinguish them by window control buttons in
the left upper comer and menu bars. How does it look in raw GUI? Here is part of
the session up to drawing the ellipse:

'@ AWC 'Form' 'AP247' ('Posn' 0 0){('Size' 480 Bu4O0)({'Coord' 'Pixel'}
('Bcal' (255 255 255))

‘@' OWS ('Coordt 'User')('Xrange' 0 100)('Yraage' 100 0)

'G.P' OWC 'Poly' ('Points' {{0 50)(0 50)))

'G.A'OWCTEllipse' ('Points' 10 §0)('Size' 40 40){'Start' ©0)
(*End' 360)('Fstylet 3)

In general the difference from AP207 syntax is not significant. Why does AP207
seem better in our opinion?

It gets rid of many object names. Doing scientific or business charts we usually
do not want to give a name to each line or sector.

AP207 syntax looks more compact and more natural for plotling charts. And,
minor detail, but X should be the first, when we specify point coordinates
(remember your college).

IBM APL2 Dyalog APL
207 [Sv0 '@ 247 ASVC G
1 1
gsvo ‘a1 ASVO ‘6!
2 2
G+'OPEN' © G is "OPEN' ©
G+'"WINDOW' (0 D €39 4?79 Q Q0 100 G ls 'WINDOW' (0 0 300 3850 C O
180) 100 100)
G+1DRAN' (50 50) & 1s 'DREW' (50 50)
G+'PATTERN' 3 G 1s "PATTERN' 3
G+1BEGAREA" '! G is "BEGAREA' 7
G+TARC' (B0 30 20 20 0 360) G fs 'ARC' (80 30 20 20 0 369)
G+ TENDAREAY ' G is 'ENDAREA' '!
G+'MOYE! (50 50) ¢ iz "MOVE' (55 5¢Q)
G+'WRITE' 'I like AP207! G Is '"WRITE' 'I like APzO7!
G+ ! FONTDEF ' ( "ROMAN! G is 'FONTDEF'! ('FR' 'TIMES
"ROMSIM AVF') NEW ROMAK')
G+'FONT' ('ROMAN' 2} G 1s 'FONT' ('FR' 18)
G+"MOVE' {50 60) G 1s 'MOVE' (50 60)
G+'WRITE'™ 'I like AP20%1' G is '"WRITE*' 'I like AP207'
G+'FONT' ('ROMAN' 3) ¢ 1s 'FORT' ('FR' 38)
G+'MOVE' (50 70) G 1g '"MOVE' (50 70)
G+'WRITE' 'I like AP207° G 1g '"WRITE' 'I like AP207!
G+'FONT' ('ROMAN' 2 90) G is '"FONT' ('FR' 26 %0)
G+'MOVE*® (10 20) G is YMOVE' (10 20)
G+'WRITE® 'I Iike it even G is *WRITE' 'I like it even
rotated! rotated?
G+'MARKER' 3 & 1s "MARKER' 3
G+ 1MARKER' (3 2210 8¢ 30 80 15 G ls "MARKER' (3 2pl0 BO 30 80
90) 15 90)
X+8¢ 80+[21730 2p20 X«({pX)p8C 80)+X+?30 2p20
G+ 'DRAW' X G 15 'DRAW' X

Table 1. Two sample APL sessions
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Figure 1. APL2 for OS8/2 graphic window

0 AP207
Be ER Toom
w]
a ]
I like AP207
g 1 tike AP207
g
g tike 47207
g
3
=
&

Figure 2. Dyalog APL graphic window

How it Works

The AP207 emulator is implemented as a single namespace and two interface
functions. Each AP207 command is implemented as a separate Dyalog APL
function (sometimes with subfunctions) placed in namespace AP207. Utility
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function ASVO creates the “shared” variable to pass AP207 calls to namespace
functions and utility function “is” translates AP207 calls to call the appropriate
Dyalog APL function and provides a given argument for it. More details follow.

Giving you the AP207 feeling

To start “real” AP207 you use system function SV 0 (Shared Variable Offer). The
purpose is to establish an interface {shared) variable to communicate to an
external program (AP207.COM for APL2/PC, for instance). We follow this
approach to give a feeling of working in “real” AP207, keep the syntax and
simplify migration. But in our case utility function a5v3 establishes an interface
variable to communicate to functions stored in the AP207 namespace, The
function is as follows:

{0] Z+«{(LYASVO SHV:OML

[1] a Replacement for (I8V0 in AP207 emulator

[2] [ML+3

[31 Z+1 n Initlal degree of coupling

{u]  2+((0=0NC'L')A2=[INC SHV)/'2+2 ¢ »0! n Final degree of coupling
[5] +(0=[NC'L')/0 n Exit if was check of degree of coupling

[&] gcst4rzo7! a Change to AP207 namespace

[7] NAME+SHY n Remember name of "shared" variable
[a] APNAME+«+' 'DWG'PrintList' a Default printer

[9] dcsr# n Change to root namespace

[10] Z+a28HV,'+p! n Create “shared" variable

It just assigns the “shared” variable name to global variable FAME in namespace
AP207, gets the name of the default printer, and assigns an appropriate return
code to the shared variable,

To follow AP207 syntax and to communicate to functions in namespace AP207 we
had to replace normal APL assignment by utility function “is”. This functon
checks if the AP207 call is valid, calls the appropriate function from namespace
AP207 with given argument and assigns a return code to the shared variable:

[o] 1 is rit;res;k;OML

(1) n Replacement for assign {(left arrow) in AP207 emulator
[2] [(ML+3

{31 s{2fpr)/'t+«383 ¢ +EXIT' n AP207 length error

[u] w(~v/? 3e=r)ftres+32 o »EXIT' n AP207 domain error

[5] Ocst#.',t+VAF207! n Change to AP207 namespace
[&] I+NAME o res+'"' r Gel name of "shared" variable
[7] LOOPi1k+24r n Get command name and arguments

[8] 2e(~ev/ALTSTek[1]1)/'res+31 o +EXIT' A AP207 invalid command
[9]1 a Call APL function pamed as command (k[1]) with args k[2]
[10]) res,+se't ', k[1],' 4k(2]' n and get AP207 return code
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[11] =s{0xpr+z+r)/L00P n Continue if multiple-call seguence
[12]) EXIT:0Ocst#* A Change to root namespace
[13] o1, %+res’ n Return result to “"shared" variable

The core is line {10], where the AP207 function is executed.

Do real work

The real work of drawing is done by functions stored in namespace 4P207. Each
command function checks if the argument is valid and produces the needed
graphic result using raw GUIL If the argument is invalid the function returns a
numeric error code the same way as AP207 does. Here we show as examples a
couple of command functions from namespace 42207. Some of them are trivial,
as function ¥OVE below, which changes or reports the current cursor position:

[0] Z+MO¥YE R

[1] n AP207 'MOVE' command to ask or set cursor position

[2] n R - empty vector (ask), or 2 items numeric vector [(set}
fa) +(~AFLAG)/0xZ+51 n Device was not opened

[4] +{0=pR)/REPORT s Report current cursor positlon

[s] +{1#ppR)/0xZ+34 @A Shared variable rank error

[6] +(1xwR}/OxZ+32 A Shared varlable domain error

[7] +(2#pR)/0xZ+33 n Shared variable length error

[8l ACURR+R A Set new cursor position

[9] REPORT:Z+0,caCURR n Return code

Global variable ACURR is used for cursor position reference. Another function
QWRITE is a query of text size and position, useful before actually writing on the
screen. This function uses the Dyalog APL system function OWS to get the GUI
object properties.

[0}  Z«QWRITE R

[1] a AP207 'WRITE' command - query posifion and size of string
[2] w returns x,y ccordinates of the lower-left, upper-left and
[8] = lower-right corners of the string R

[43 +(~AFLAG)/0xZ+51 a Device was not opened

[s] +{1emR}/0xZ+32 a Shared variable domalh error

[s6] +{1<ppR}/0=Z+34% a Shared variable rank error

[7]1 =~ Set coordinates for parent object

[8]  ADESTINATION 0WS'COORD' 'PIXEL!

[9] n Get text slZe in pixels

[10] I+ADESTINATION [OWGe'TEXTSIZE'(R)AFNAME

[11] a Restore coordinates for parent object

[12] ADESTINATION [OWS'COORD' 'PROP'

[13])] a Calculate result

[14] Z+0,ce(ACURR), (ACURR+1{1oL)=x2AY),ACHRR+(+AX aY)=dL
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Global variable ADESTINATION keeps the name of the parent object for graphics.
Other functions may be larger. For instance functions DRAW and MARKER have
about 60 lines, but in general it is quite simple stuff,

Sample PLOT Functions

Let us illustrate using AP207 syntax in programming chart functions in Dyalog
ATL. We created a set of basic charts. Here we show the function PLOT to
illustrate X,¥ dependencies. Lines, which draws axes, is omitted to simplify
illustration.

o] {L}YPLOT X¥;X;¥;C

(11 » Simple functior for various XY plots (axis stuff is omitted)

[2] 2{1==XY)/"'Xe,cipXY o Y+,cXY! a ¥ ¥s 1pY

[3] 2(2==XY)/'X+("1+pXY¥)pctXY o Y+1+X¥' n (Y1 Vs X} and (¥2 Vs X) and...
4] s(3==X ${3=2XY)/"X+1"XY o Y+237XY" =& (F1 Vs X1) and (Y2 ¥s X2) and...
(5] $(0=ONC 'LV }/ "L+ (pY)p1" A Default are lines

[6] +{2=0NC' 44P207" )/ SKIP n Skip if already shared

[7] AAP207+207 ASVO'aAP207' a Start AP207

el sAP207 is'OPEN' O n Open graphic window

{9] SKIP:aAP207 is'CLEAR' 0 n Clear previous draw

(10] o Define window and viewport

[11] AAP207 is'WINDOW'{0 0 100 100,{L/"e”"X ¥),[/"e"X ¥}

[12] C+'BLACK' 'BLACK' 'BLUE' 'RED' 'GREEN' 'BROWN'

[13] LOOP:aAP207 Is'COLOR'(+C+14C) n Color for first XY pair

[14]  #(1=+L)/" aAP207 Js''DRAW''{&ot"X ¥}!' a Line if E=1

[15]1 2(0=+L)/' A4P207 I1s''MARKER''(%>3+" X Y)' n Markers if L=0

[16] (L X D)+1+"L X ¥ a Drop first XY pair

[17] ~+(0<pY)/LOGP

The function looks quite simple {and it isf). But it supports powerful argument
types. It may be used to draw one or more dependent variables vs the same
independent variable, or a set of pairs of dependent variables vs its independent
variable. Each pair may be drawn as points or lines. We used this argument
convention for years and found that it serves everyday needs very well,

69




VECTOR Vol.14 No.1

The details of possible arguments in call I PLOT R are presented in the table
below:

L=1 Draw lines

L=0 Draw markers

L - logical | Item L[I} defines line (L[T]=1) or marker (L{I]=0)

vector style to draw Y[I]
L1 |11 LiL2..LN |LIL2...LN
R X XY X Y1 (X1 YD{(X2 Y2)..(XN
Y2..YN YN)
=R 1 2 2 3

Below we illustrate using the function PLOT for regression models analysis.

Regression models

Let us create sample variables in accordance with the model ¥ =4, +a,x +a,x*:

X+16
Y+«1 7.2 .3+.x8X0,.x0 1 2

And add noise (Normal distribution with mean 0 and variance 1) to the
dependent variable.

Yi+Y+(pY) RAND 'N' 0 1
The goal is to estimate {using the Least Squares Method) coefficients of models:
¥y=5
y=a,+ax
¥ =, +ax +a,x°
y=a,+ax +a,3" +a,x°

and draw sets of real and predicted data, Estimnation was made using points 1-4
(learning subset) to keep points 5,6 {testing subset) for models verification,

Here is the Least Square Estimation for all models at once:
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A< (cUAf1)E " (ctaX)o s "1+l
We calculate predicted values for 60 points to smooth polynomial drawing.
YoeA+.x " § T (c.1x160)e .+ "1+ 1 (U

Now assign axis labels:

XLABEL+'Independent variable X'
YLABEL+'Dependent variable '

And call the function to draw the original 6 points of data as markers and 4
regression model predictions (with 60 points) as lines:

0 1.1 1 1t PLOT (eX ¥Y1),(=c.1%160), € Ip

The resulting plot is shown in Figure 3.
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Figure 3. Regression models

Time series

In addition to the function PLOT we wrote function PLOTN to present N
dependent variables vs the same independent variable; each is a separate window
and viewport. This function is especially useful for joint analysis of time series.
We illustrate using this function with data of power and control rod positions in a
nuclear reactor during special measurements:
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XLABEL«'Time'
YLABEL+'Caontrol rod 1°'
PLOTN TIME AP1 AP2? W

'"Control rod 2!

The resull is shown in Figure 4.
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Figure 4. Time series plot
Another Look at the Stuff

Functions ASV0 and “1s” AP207 calls via “shared” variables are good if you
want to migrate APL2 graphic functions directly. But if you write applications in
Dyalog APL you probably do not want to play “auxiliary processor” and “shared
variable” games. Look at namespace 4P207 as a source of useful and universal
graphic utilities. Call them directly as AP207 .FUNCTION, but keep AP207
conventions for arguments. Just bring the clear and powerful syntax to drawing

charts in Dyalog APL.

Here is an illustration. Let us start from a piece of “normal” GUI to create a main

form and 4 containers (Static objects) for charts:

'G!' OWC 'Form' 'Multiple Plots'(0 0)(80 80)
'¢.P1Y [OWC 'Static'(o 0)(50 50)

'G.P2' OWC ‘'Static'(0 50)(50 50)

'¢.P3' OWC 'Static'(50 0)(59 50)

'¢.PY' OWC tStatic!'(50 50)(50 50)
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Now back to namespace 4P207. The first part is a simple chart:

AP207 ,USE'G.PL"
CHART 110

Function USE is the AP207 command to select an output device and CHART is a
sample function, written in AP207 as function PLOT above. An example pie chart
follows:

AP207 . USE'G.P2!
PIE 10 20 30 4O

Select the third static object and draw a histogram of random digits with Normal
distribution and Gaussian curve:

AP207 USE'G.PI!
X+1000 RAND 'N' 0 1
21 HIST X

Now let us show a piece of raw AP207:

AP20% .USE 'G.P4'!

AP207 .WINDOW {0 0 100 100 O ~1 300 1)
X+31300

Y+ {4 (+90000)xX+2)x10,3%X

We defined a viewport suitable for a sine-curve modulated by a parabola
function. Then draw this data:

AP207 .DRAW (X,[1.51F)
AP207 .DRAW (X,[{1.519(<90000)xX%2)
APz07 .DRAW (X,[1.51 14 (+90000)xXx2)

Now define the font and write text with angle 45

AP207 ,FONTDEF ('FAR' ' Times New Roman')
AP207 .FONT('FAR' 18 45}

AP207.COLOR T"BLACK'

AP207.MOVE (200 .5}

AP207 .WRITE "Sample plot!
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The final result is shown in Figure 5.
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Figure 5. Sample multiple plots

Easy Migration

How to migrate AP207 code from APL2 to Dyalog APL with the AP207 emulator?
You should:

1. Find in any function string “207 [15v0” and replace it by string “207 45v0 "
2. Extract name of variable in string “207 [0svo suv”
3. Find in all functions all strings “5Hv+" and replace them by “SHV 1s ”

Function MIGRATE does that for you.
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Function MIGRATE

YMIGRATE[G]v
[a] MIGRATE;F;C;R;D; 8HV
{1] a Migrate APL? AP207 code to Dyalog APL
[2] ~ Find function with AP207 offer
i3] F+(1e”(<'207 OSVO')e OCRR)/R+{(<c[2]0NL 3)~"1 1)=c"MIGRATE"
[u] +{0=peF)/0 a There is no share with AP207
[S] = Replace {207 [svO 'SHV'} by {207 ASVO 'SHV'}
fsl C+('207 OSVO' )eF+(JVR+F
£7] C+C11
[8] SHY«12(~1""1=D}cD+(C+8)+F A Get name of shared variable
[e] FLo+4leta"
[16] a Replace {(0SV0 'SHV'} by {ASVO 'SHV'} if exlists

[11] C+('0SV0 """ ,SHV,' 11" )eF
[12] #{1eC)}/'FIC12]l+"1pt "
{13] Ofrx F

[14] n Find assignments to shared variable
[18] F+(i1e (cSHY,'+')e " OCR R}+#R

[16] L1 :R«OVRtF n Replace {SH¥Y+} by {SHV is}
{171 (({~pSHY)$(SHV,'+«')eR)/R}+c" ig '

[18] [OFXeR

[19] +{0<pF+1+F)/I1

Bring in the content of a migrated APL2 workspace using the Dyalog APL utility
workspace APL2IN. Then copy and run MIGRATE .Then copy the namespace
AP207 and that works.

GRAFPHPAK

What is GRAPHPAK? It is a well known powerful graphics package. It is 156
functions and 66 variables. It is 153 pages of manual. It is a good example to test
how migration works. Figures 6 and 7 are two examples taken from GRAPHPAK
DEMO. Many people first saw these figures in mainframe times. Now you may
see them in Dyalog APL for Windows.
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[l Edt Zoom

INTRNSITY IM WavECUIOE

Figure 6. GRAPHPAK DEMO Waveguide

Fle Edt Zoom

1D SPIRAL WRITH PROJECPIONS

Figure 7. GRAPHPAK DEMO Spiral

AP207 Tutorial

For those who never used AP207 before we wrote a tutorial workspace. The
organization idea is taken from the GUI Tutorial workspace in Dyalog APL. You
may read an explanation, execute sample code by pressing a button and see the
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graphics in a separate window. The starting window of the tutorial is shown in
Figure 8.

JFjAP207 tor Dyalog APL Tutanial : Lesson 1

Helcome to AP207 emulator for Dyalog!

First, you must 'share' you variable
to AP207 @

==> 207 a5UD ‘G’

and then create APZ207 window:

G is 'DPEN' O

Figure 8. AP207 Tutorial window

Conclusion

We didn’t measure the performance in any way, but we feel ourselves quite
comfortable using the AP207 emulator. No slowness in comparison to “real”
AP207 under APL2 for DOS or O5/2 is felt.

Every Dyalog APL user knows the RAIN product of Causeway Graphical
Systems. To say in one word it is fine. Why use the AP207 emulator? There are
two reasons. First, it gives you lower level tools and thus the freedom to create
any special plot output you like. Second is the direct action of AP207 commands.
We mean that RAIN functions create PostScript code. It's very good for high
quality printing output. But not so good for on-line charts, for instance.

In some ways the AP207 emulator is “a better than real prototype”. We mean the
use of Windows facilities. It was easy to implement zooming, copy the content of
the graphic window to clipboard, save it as bitmap file, select a printer and print.
Pay attention to the menu bar of windows shown in the figures.
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The IML Matrix Language:
A Belated Introduction

by Donald B. Pittenger (dbpitt@msn.com)

This is an introduction to yet another array-processing language. Why even
bother? Because it is one that might be acceptable to Information Systems
bureaucrats, and this could affect your work situation, perhaps your career.

Let me explain by using my own experience as an example. My own business is
creating and selling international demographic and household income
projections, mainly to car makers. The main systems are written in APL, though
my new county/province system is in J. In order to have more predictable
income to pay for my children’s extravagant lifestyles at university, T also create
demographic systems for a government agency: this is where the trouble starts.

Information Systems (IS) bureaucrats are fairly tolerant of researchers in my
group ‘doing their own thing’ with respect to personal productivity software.
However, software relating to agency missions is expected to be written in
languages that can, in principle, be supported by IS staff. This is reasonable. if I
did all my work in APL and got hit by the proverbial truck, no one could carry
on what [ had been doing. {(Actually, if T were in charge of my unit, [ would start
doing everything in ] — mostly because it costs less than the major APLs — and
then cross-train a couple of people to get the required redundancy.) At any rate, 1
began by writing ‘prototype’ systems in APL and using the results for some
agency products, but eventually the law was laid down and I had to commit
myself to rewriting the systems in something acceptable.

Tll skip over a nasty experience with Visual Basic. Eventually, it was decided that
I should try writing in the Interactive Matrix Language (IML) component of the
SAS database/statistics system; SAS is widely used, and about five people in the
research group use it heavily. There is even a State SAS users’ group that attracts
30 or so people to its monthly meetings. Clearly, SAS is not a trivial factor in the
data analysis world.

I have just completed a system written in IML. My bosses should be happy
because I am using SAS. T am not totally unhappy, because 1 didn’t have to do it
in Visual Basic. But the ironic thing is that, even though I ‘did it in SAS’, I'm the
only one in the research section who understands IML. If that truck hits me, the
agency will still be up the creek!
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The point of this introduction is that there are acceptable array-language fall-
back options for APL programmers. As will be explained below, IML is a mere
shadow of APL. But it can be learned quickly, and perhaps you can buy some
time to convince management that J, say, is just like IML but a lot more powerful,
etc,, etc.

IML Overview

IML dates back to the late 1970s, not long after SAS Institute set up shop. In 1979,
1 briefly used an earlier version (known as Matrix Language, I believe) to write a
simple population projection system. That was before I had heard of APL. In fact,
1 tried APL because it didn’t need all those loop statements — just like Matrix
Language! Actually, SAS documentation admits that IML is actually based on
APL. This means that it is not hard for an APL programmer to do useful work in
IML within a few days; the obstacle is that a certain amount of basic SAS needs
to be learned first.

SAS itself allows users to access data from a variety of formats from a variety of
computer platforms. My SAS-fan co-workers, who have to dig into pretty large
databases, think this is great because the same code they write on their PC can be
used to process data on a VAX or an IBM mainframe. Furthermore, SAS Institute
takes great pains to keep core language features consistent and compatible over
time. Non-core features such as windowing environments are kept up to speed
with host systems; for example, the Windows 95 version has the Microsoft
approval seal, just like Dyadic’s APL.

IML is sort of an oddball in the SAS scheme. It can work with SAS data sets (the
‘data set’ — a grouping of fields and records — is the core of SAS), yet it can also
deal with outside files directly and do other tasks that can be handled in SAS. In
other words, it is semi-independent: a sort of APL, I suppose.

1don’t pretend to be an IML expert. I've only worked with it a month or so and 1
had no experienced user or SAS Institute tech rep to consult. Therefore, some of
the methods I used are likely to be sub-optimal or even frowned upon. My only
other excuse is that | was under deadline pressure and had to get something
working. Bottom line: take what I say with a little salt, though the gist of it is
probably sound.

The first thing you have to do is get data into IML. This can be done at the
keyboard, but if you want to do back-of-the-envelope caleulating, fire up APL or
] instead. For more serious work, you can either read files directly using IML or
else read the files with SAS and then pass the data to IML. I used the latter
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approach. Why? According to my IML manual (published in 1990), ML can read
comma-delimited, but not tab-delimited files. SAS for sure can read either, and
over the past few years I've been standardizing on tab-delimited files for
communication with the non-APL/] world. (Specifically, I use the *. txt format
that can be created by Excel. T often key in data in Excel and save the results both
in spreadsheet and text format — the latter can easily be used by J with its
clipunfmt function.)

The way my system works — it sounds a little screwy, but nothing else I tried
seemed to do — is to have a SAS ‘Main’ program $include (this is using the SAS
Macro Language — yet another tool) both SAS data read-in programs and IML
scripts. The $include causes the called program to execute. The data programs
cause files to be opened and SAS data sets to be created. The other programs are
a little odd: they invoke IML, define an IML module (in IML jargon, a program is
called a module) and then store that module in a temporary file before exiting
IML. When all this has been done, the main program calls IML, loads all the
modules from the temporary files, and then runs the main IML module which, in
turn, can run other modules.

To move data from SAS data sets to IML takes only a few lines of code, and it
takes even fewer to transform IML data objects into SAS data sets. You can get
fancier, plucking or placing subsets on either side of the wall, but 1 haven't
needed to do that yet. In any case, we are now in IML and we have our data to
chew on. What is IML really like?

IML Up Close

The M in IML pretty much tells you the whole story: it relentlessly deals with
matrices. As nearly as I can tell, a one-number IML variable is a one-row, one-
column matrix. The corollary is that you are stuck in two dimensions. What
might be a three- or four-dimension array in APL has to be flattened into two
dimensions,” and this means that the programmer has to do a lot of careful
indexing work. Clearly, you are in good shape to the extent that your data
objects have fixed coordinates — you aren’t doing a Iot of reshaping, even
though reshaping is permitted.

Here is an example from my demographic system. In APL and J, I use three- or
four-dimensional arrays deal with population data. The dimensions are sex, age,
time, and (sometimes) areas: the system being discussed uses the first three.
Therefore, the design decision is whether to create a single in-memory matrix for
data caching or make two matrices. The two-matrix option would have an age-
time matrix for males and another for females. The one-matrix alternative has
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males by age as rows, followed by females by age as more rows, with time as
columns. Because I tend to dislike variable clutter, T opted for the cne-matrix
alternative, even though it slightly complicates data indexing, 1 call the matrix

poply.

Now let's say I'm in the midst of the process of moving a population from one
year to the next. I want to extract the start-year population and do something
with it, so T write

poptl=shape (poply[,yrent],2,86);

SAS is case-insensitive, and names cannot be more than eight characters long.
shape is an IML function that does about what the APL rho and the ] $ do. Note
that all the action is specified within the parentheses. The first-position item
indicates the data being used. Here, it is the column of poply called yrent,
which is a year counter; square brackets enclose matrix position information
which are in row, column order with a comma separating the specifications. The
next two items — the numbers 2 and 86 — are the row and column dimensions
of the new matrix: in this case, two sexes and 86 ages (0, 1, 2, ... , 84, 85+). The
final semicolon is IML’s end-of-statement marker. So IML creates a 2-row, 86-
column matrix and places the 172 numbers from a column of pop1iy into it.

Now I need to age the population. This entails adding the two highest age
groups and moving all the rest one notch older. My IML code does it this way:

agedpop=shape (0,2, 86) ;
agedpop [,2:85] =popt1[,1:84];
agedpop [, 861 = (poptl [+, {85 86}])";

Since I am creating a new variable, the first item in the shape expression is 0; I'm
filling the matrix with zeros for starters. Then I drop in the data from the first 84
columns of popti, but beginning at the second column of agedpop. As you
might have guessed, the colon serves as an indexer — the number to the left is
the start position, the number to the right is the end position. The final line adds
the last two columns in popt1l and places the result in the last column of
agedpop. Note the difference in indexing: columns 85 and 86 are designated by
curly brackets. The plus sign to the left of the comma indicates addition within
rows. Also note that all this is surrounded by parentheses. This was done
because I needed to rotate the result (now one row by two columns) into two
rows by one column — the rotation operator is the front-quote mark to the right,
just before the semicolon.
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1 ought to mention that IML does not use the right-to-left precedence scheme
used in APL and J; it basically follows conventional precedence practice. This
caused me some trouble because IML is just enough like APL to let me drop my
guard. Worse, the calculations executed, but some results were odd. These had to
be detected and the cause corrected.

Another irksome IML shortcoming is its string handling. Here is code T used to
take a column of years, convert the numbers to characters, and place the letter Y’
in front of each in order to create a set of labels. I hope I simply overlooked some
documentation on the easy way to do this; at any rate, this illustrates what you
might have to deal with:

use Script var {endvear};

read all var _num into years;
mXyrs=nrow(years) ;

tmpl=cshape ('Y’ ,mxyrs,1,1);
tmp2=char (years,4);
tmp2=cshape (tmp2, mxyrs,d,1);
tmp3=tmpl| | tmp2;
yearcols=rowcat (tmp3) ;

The first two lines bring a column of data (from the forecast ‘script’ file) into IML
from the SAS data set Script. Next, I use the IML function nrow to get the
number of rows in the fetched column. tmp1 is a 1-column matrix of “Y’s; note
that, since I am using character data, I must use function cshape rather than
shape to create the matrix. The following line uses char to transform the years
into characters with a maximum of four. Now things get ‘interesting’. I cshape
the cmpz matrix into a matrix of mxyrs rows and four columns of one character
width! (IML, unlike APL, does not seem to like treating character data as a big
slab; you deal with columns that contain a specified number of characters each.)

Next, I use the horizontal concatenation operator, | |, to mate the "Y’s matrix to
the years matrix; now our matrix has five columns. The final step collapses the
five columns-into a single column of fivecharacter data using: the-function -
rowcat. I really hope all of the above is a huge mistake — on my part, not SAS's.

I think this gives you the flavour of IML. You manipulate matrices using either
operators or keyword functions as appropriate. Compared to APL and }, IML
seems crippled, but it is stlll a lot nicer than, say, Visual Basic for number
handling. I will scon be writing a ] version of the system to validate results and
will be able to make comments on execution speed once both are running.
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HTML Basics for APLers — Tables

by Adrian Smith (Causeway @compuserve.comn)

Background to Part 11

The code that forms much of this second article was begun on the plane on the
way over to the Frankfurt GSE meeting in spring 1996. It was shown to a few
more people at Orlando, and hastily tidied up, completed (and partially tested) as
it became clear that several people really needed something like this. The
workspace {for APL+Win) and equivalent namespace (for Dyalog 7.2/8) are
available ‘as is” on the Causeway web site (as wuww.causeway.co.uk/itmi.zip), and
may be freely downloaded, improved and distributed. All the illustrative code is
from the APL+Win version.

It assumes that you have already read (or have easy access to) the first article on
this subject [1] which covers the basic structuring rules of HTML and nums
through to the point where you can format a simple page of text with some
subheadings and rules. If you want to revise the basics from another source, use
f2] as your initial reference point, and if you want to extend what 1 have done to
include some of the more modern tags (which will not work on old browsers} I
suggest reading [3].

This article is almost entirely about tables, and all the examples should work in
Netscape (from 1.22 upwards) and Explorer. As before, the message is to keep it
simple, and to test your output on a wide variety of browsers (including some
very old ones) before you go public. For an excellent example of a web site
constructed almost entirely along these lines, point your browser (as they say) at
wurw.devplan.com/gkw/renvill which currently has some 20 pages of mostly tabular
data created directly from APL*PLUS component files.

Worked Example: Formatting a Simple Report

Let’s assume you have an APL system as the access point for a large component
file of timeseries data. Rather than typing directly into an APL session, or filling
in an AP124-based form, your users now submit a query to you from their web
browser over the corporate network. This specifies a product, a range of years,
and requests tabulation by region. You want to return a stream of text which
Netscape will form as a subheading, the product description as a wrapped
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paragraph, and a table of sales data with two columns {units and value) for each
year. Something like this in fact ...

E3 Annual Statistics far Widget 8005 [ 1O] %]
‘De E& Viw Go Favotes Heb

”"'

Product Description
Widget #005

Some complete thubarb about this wonderful product. Some complete rhubarb about this
wonderfill product. Some complete rhubarb about this wonderfil product. Some complete
rhubarb about this wonderful product. Some complete rhubarb about this wonderfil product.

i Europe USA | Restofthe World |
| Year ! | Sestolpe Tord 1
! Units Value Units Value‘ Units[ Value '
BT Y} 828 s s4| 78| 840

g 1988 s 43 e 51@] ass | 14
1985 402 931 468 379 { ' 513] T 8

| 1990 900 986 137 459 | 690 | 280

| 1991 410 740 | 32| 304 | 193 | 814
1992 275 718 409 | 786 | 723 | 578 | ! ]
| 1993 633 799 | 1] 628 | 347 | 472
Notes

More useless information to read here, More useless information to read here. More useless w

Note the product id in the window title, and repeated below the subheading. The
table has various column alignments, and shows that it is possible to make tree-
structured headings by spanning cells across more than one row or column. Apart
from this, the presentation is entirely decided by the browser, which in this case is
Netscape 1.22 - as good a generic model as you can find.

Here is the APL code which generated it:

v r+Vector;mat;sink
[1] a HATML example for Vector 1iu4.1
[2] mat+(1986+17),27 Bpl00D
[3] a Page title and product info ...
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[u] 'Annual Statistics for Widget #005'htmUse!'!

[s] 'Subhead'htmPlace 'Product Degcription' 'Widget #0051

[5] htmFlow eSpc'Some complete rhubarb about this wonderful product. '

[7] =~ Tables are the real challenge ...

[8] sink+htmtTiiles 'Year' 'Furope' 'Uniis' 'Value' "USA' 'Units' 'Value!
'Rest of the World' 'Units' 'Value'

(91 sink+htmtTDepth 0,5p 0 1 1

[101] sink<htmtTAlign (<'Cen'),9p'Cen' 'right' '‘right!
[11]  sink+htmtAlign 1 &/'centre' 'right!

[121]

[13] =» Use pixel widths for the columns

[141] sink<htmtCellWidths 72,9596

[15] Btmtlist mat

{181

[17] n Now a rule off and that's all folks

[18] ‘'Subkead'htmPlace'Notes!

[19] hRtmFlow e€9pc'More useless information to read here. !
[20] ERtmRule 2

[21] htwPlace'a Widgets Internatlonal Inc' ‘April 1996°
[22]

f23] PG+htmClose

[24] r«'"*'vector.htm'' himPut PG & to see it In Netscape'
f25]

Making Tables in HTML

Tables are quite a late runner in the HTMI. world, so Netscape and Microsoft
have been falling over each other to add bells and whistles to the format. The
result is that you have a surprisingly large amount of fine control over the output,
even down to giving pixel widths for columms:

sink+~htmtTitles 'Year' 'Furope' 'Units' '‘Value' 'USA' 'Units' '¥alue' 'Rest
of the World' 'Onits' 'Value!

sink«htmtTDepth 0,9p 0 1 1

sink+«htmtTAlign (<'Cen'),9p'Cen' 'right' 'right!

sink+hEtmtilign 1 6/'centre' ‘right!'

A Use pixel widths for the columns

sinkvhtmtCellwidths 72,9p86

himtList mat

The column-title strategy is a straight lift from NewLeaf [4], and uses the same
approach as Dyalog APL in setting up hierarchical grid titles. It may help to turn
the table on its side and view the titles ‘File Manager’ style:
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Year
Eurcpe
|
Fm————— +inits
+¥alue
US4
|
tm————= +inits etc.

If you look at the AtmtInit function, you will see that this sets a collection of
table properties to sensible defaults. Each of the remaining table “methods’ called
here makes some simple checks on its argument, and resets the property,
returning the previous value:

v htmtInit
[1] n Set all values to saved defaults for HTML table
[2] htmtaallgnment+,0
[3] htmtavalignment+,1

(u] hitmtagridwalls+g

[5] htmtagridlines+1

[&] htmtacoltitles«!'!
v

v rehtmtlitles vty
[1] a Set celumn headings for table

[2] n Argument may give just a vtv of title text or
[3l a a nested vector of (multi-line tltle)( etc)
[u] a typically {'Name' 'dge' ('Current' ‘'Salary'))
[s] A Regets title-depth to 'flat!'

[&3 r+ftmtacoltitles

{71 +(' ‘A, =, ¥VEV)tNull

[8] +(Qepvtv)+Encl ¢ +(1<|=viv)+Encl ¢ viveec,viv

3] Encl:htmtacoltitlesvviv o Atmistdepthe{pviv)p0 o himtatalign«(pviv)pl o =0
[10] A Default case - set alignment to 'Centre' for all columns
[11] KNull:htmtacoltitles«'' o himtatdepth+® o htmtatalign+e

v r+htmtTDepth nv
1] m_Set title depth as tree level (frem o) =
[21 a Ensure this matches the number—of tltle  text "elementst """
[3] r+htmtatdepth o nv«{phtmiacoltitles)pnv
[4] htmtatdepthenv

=1

r+htmtTAlign str

[1} n Setfquery title alignment in table (vector result)

21 r+('Left' 'Centre!' 'Rigbt')[1+htmtatalign] ¢ +{0epstr)+o
[2] +{1<|=gtr)+Encl ¢ strec, str

ful s Ensure the allgnments match the headings

[s] Enclistr+,0 1t 2 01 2 o[(<'LCRIcr" )t "+ 7 str]

[&6] htmtatalign+{phtmtacoltitles)pstr
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(1]
[2]
[3]
[u]
[s]
(6]
[71

[1l
(2]
[el
£u]

v r+~htmtdlign str
a Set/query cell alignment in table (vecior result)
n Decimal alignment not yet available in html
r+('Left' 'Centre' 'Right' 'Decimal')[i+lhtmtaalignment]
+{0epstrito

»{1<|ngtr)+0LC+1 o str+<,str
htmtaalignment+, (0 1 2 3 0 1 2 3 0)[(c"LCRDIcrd' )1t str]

v

v r+htmtCellWidths cells
n Define cells within table. Arg gives reqd widths in points.
A User can give "1 for any cell width which divides spare
a frame width equally after taking off the others.
r+~htmtagridwalls o himtagridwalls+,cells

v

Again, some NewLeaf properties are left in, for example decimal alignment, in the
hope that the HTML 3.0 proposals may eventually catch up with reality and get
implemented. Now that we have defined all the required properties, it is time to
explore the main workhorse which formats our data and adds all those table tags
forus ...

mat+(1986+17),77 6p1000
htmtlist mat
htm_PC
<HIML><HEAD>
«Title>Arnual Statistics for Widget #00E</title»

< /HEAD>

<BODY text="#0040ug" bgcolor="#FFFFFF"»
<h2>Product Description<br>Widget #005</h2>

<TABLE border cellpadding=2»>

<TH rowspan=2 align=center width=72»>Year</TH>

<TH volspan=2 align=centersEurope</TH»

«TH colspan=2 align=center>USA</TH>

<IH colspanx2 align=center>Rest of the World</TH»

<TR>

<TH align=
«TH align=
<TH align=
<TH align=
<TH align=
«TPH align=

<TR>

«TD align=
<I'D align=

right width=96>Units</TH>
right width=96>Yalue</TH>
right width=96>Units</TH>
right width=95>value</TH>
right width=496>Units</TH>
right width=96>Value</TH>

center vallgn=middle>1987</TD>
right valign=middle>19</7D> v... ahd 50 on

.. a5 you can see, this suddenly got a great deal harder. My feeling on basic
HTML is that Notepad is one of the best editing tocls you can find, and if you get
serious then Kenn Nesbitt’'s WebEdif is fine. Both these are simple text editors -
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you just type in the tags as you go along. However as soon as you hit tables, you
need help, and what better tool to keep track of all that tedious tagging than APL!

Here is the code which did it ...

[1]
[21

[1]
(2]
[31
{s]
(5]
[6]
[7]
[8]
[a]
[10]
[11]
[12]
[13]
[147]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[z2]
[23]
[24]
[25]
[28]
[27]
[28]
[2¢]

[a0]
[31]
[32]
[aa]
[34]
[35]
[26]
[37]

v hitmtList mat
n Dummy as Netscape wraps regardless
htmtSpread mat

¥ htmtSpread mat;blhk;wallssalnidplicwicociowsleriéxtihtmivaln;tmb

A HTML table format of nested matrix. Simple vectors just get enclosed
»{{1«<)=mat)v2=ppmat)+Shaped o mat+c,mat
Shaped:mat«~{~2+1 1,pmat)pmat
htm_grid+htmtagridwalis
a Worry about frame width later (probably VG4 say 450)
cw+("trpmat}+him_grid
A Repeat alignments for each column {no decimal support here)
aln+( Ltemat)phtmtaalignment o aln+2llain
valp+("1+pmat)phtmtavalignment
htm+'<P><TABLE!
:if Qxthtmtagridlines ¢ htmehtm,' border cellpadding=4' o :end
:if Ov.>htmtagridwalls ¢ htmehtm,' width=100%' ¢ :end
htm_cat htm,'>!
A Run headings for chosen coliumns
him_titiegrid cw
A ============== ROWS
NextRow:+(Oepmat}+Exit o blkemat[1;:]
A = COLUMNS ==s=======sc======
cc+l ¢ +(cc» 14pmat)+tEndCols
NextCol:lcr+{1+ccoalnl)>'"' '"center' 'right!
tmb+(1l4+ccavaln)o'top' '' ‘bottom’
:If 1<[=cecablk
txt+"44t, f{coablk), "< <BR>!
:Else
txt+,veesblk ;
<End . - f— -
» Leave out attributes where defaults taken
txt+'<rD", {(0<plcr)/' align=',lcr),
((O<ptmb)/' valign=",tmb),'»"1,txt, ' </TD>"
htm_cat txt
co+cc+l o +{ccs"itpmat)tNextCol
EndCols:htm_cat "<TR>"'
mat+1 C+mat o +NextRow
a Closing paragraph tag required for Explorer, harmless in Netscape!
Exit:htm_cat "</TABLE><fP>' !
v
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Note that we can take out ‘align’ where it is ‘left’ and ‘valign’ where it is ‘middle’
- every byte counts when you are on the end of a slow modem line. Hopefully the
code is simple enough to read with no further explanation, so onward to the titles:

[1]

(2]

[3]

[u]

[s]

[el

[7]

[e]

[2]

f10]
[11]
[12]
[13)
(18]
[15]
[16]
[17]
[18]
[139]
[z0]
[211
[z21
[23]
[zu]
[25]
[26]
[27]
[28]
f29]
[30]
[31]
[3z]
[33]
[au]
[35]
[3s]
[37]
[38]
fag]
[uo]
[u1]
[u2]
{u3)
[uy]
[us]
[us]
{u7]
(48]
[49)

v htm_titlegrid cwigrid:td;grid;chstxt;cell;lab;lwirs;csstdslnitazhtm;seg;tr:fmt

n HTML Table headers if provided
n W1ll take a tree specification to make multi-layered headings
~{Cephtmtacoltictles)+0

n Assume everything is at level zero 1if stdepth not given
txt+htmtaccltitles o tdehtmtatdepth o ta+htmtatalign ¢ ~{0v.=td}+Deep

n Reshape titles to match cells in this grid (simple case)
txt+(pcwiptxt o td-{ptxt)pl ¢ ta~(ptxt)pta o +Parse

a Count leaf nedes, and trim/fextend to match <cw>
Deep:ln+14+(0,td)22d,0 o ~({pcw)=+/1n)+Parse
txt+txt,95pc+dtxt o td«td,59p"11td o ta~ta,33p0 ¢ In«14(0,td)2td,0
In+InA(+\InYspow o txt+In/txt o td+ln/td o ta+in/ta

Parse:grid+htm parsetree td
s Sort out -ve cell widths (must be % values)
1f Oov.aow
((ew»0)/cwlel ¢ CW+|CW
cwe {1y owx100s+/ow), 1LY
relse
[ A
rend

a Sort rells into Netscape-preferred order {(row-col)
seg+hgrid(;2z]

a Detect row ends
tr+1+(gridiseg;2),99)20,grid{seg;2]

rn Now fit the captions into the correct cells (alignment regd)
tFor cell :1n seq
ftme? «TH'
rew-/gridicell;y 2) o :1f rs>1 o htmehtm,' rowspan=',{vrs) ¢ :end
csv-/gridlcell:3 1] ¢ :if c5>1 ¢ htmehtm,' colspan=',{vcs) ¢ send
htmehtm,' align=',(1+cellsta)a'left’ '‘center' 'right'’
n leaf cells can set the column width up
11f cellisln
htmefitm," width=',cell=ln\cw
end
1If i<|mcellxtxt
fot+"use, flcellotxt), et <BR>"
:Else
fot+,vycellatxt
1 Eod
htm_cat htm,'>* , fmt,'</TH>"
n If cell spans to last column we need a new title row!
1if trisegicell]
htm_cat "<TR>"'
rend
1End

All I can say about the logic of this is that it seems to work! I have tried it on some
very complex heading structures and Netscape always makes sense of the output.
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The only little detail which still needs explaining is the conversion from the
hierarchy of headings to the ‘rowspan’ and ‘colspan’ specification required by
Netscape (try doing this by hand some day!). This was one of those apparently
recursive problems (like the Hanoi Tower puzzle) where you are sure that there
has to be a ‘straight-through’ boolean solution if only you can see it

When I find myself faced by such a problem, I do one of two things: I take the dog
for a very long walk; or I ask Duncan. Unfortunately we do not currently have a
dog, and taking the wife for a long walk is nowhere near as effective, so I asked
Duncan. He went very quiet for about 90 minutes and came up with this:

v bxs«+htm_parsetree tree;depth;leaf;top;left;bottom;lm;simiright ;0I0
[1] A Take a depth vector and return xyxy matrix to draw it as headings
[2] a Test with: htm_parsetree 9 1 2 3 2 3 3 4 2 2312320122123
[3] A KB This function contains no user-servicable components
[4] treevtree ,[010+0

[51 depthe1+[/tree

[&] leaf+treexidtree
[7] top+tree

fal left+"1++\"1dleaf
[3] bottoms+i1dtop

[10] (leaf/bottom)+~depth

[11] Ime{-tree)e(ptree)/(depth,1)pdepthts

[12] simeviIm

[131] right+1+(,%1m}/,8lpsimip (,simIN{id,51lm)/, (psim)pleft
[1u] bxs+§0 “i4nleft top right bottom

htm parsetree 0 0 1 1 0 1 1

0012 o 1 2 3 u 5
10231 0 4-———t-—m—dmmmmdomo ot
1122 I I I |
2132 1+ R P Ly
3051 | [ | | | |
31 4 2 2 bmmmmbmmomdom—do—mdo—o-y
5152

«. 1 added the comunents. The result gives the (x,y) co-crdinates {on a zero-origin
chessboard) of the corners of each heading cell. Now we can find the rowspan and
colspan trivially, simply by subtracting adjacent elements (lines[32]-[33] of
htm_titlegrid).
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Remaining Odds and Ends
Here are all the other functions which I haven’t found time to illustrate:

v alt htmBitmap pic
[11 a Insert plicture (.@IF) ir line

[2] 1if 0=Onc 'ait" ¢ alt+pic ¢ :1end

[31 pic+pic,(=~'."¢ pic)/ .GIF!

[4] htm_cat ‘<img src="',pic, '" alt="[',alt,11">!'
v

-

alt htmBitmapLeft pic
[1] a Insert picture (.GIF) at left margin

[z1 11f 0=[(nc 'talt' o alt+pic ¢ :end

[3] pic+pic,(~'.'e pic)/'.GIF!

(4] htm_cat '<img src=“‘,pic, '" align=left hspace=6 alt="["',alt,"]"s'
v

-

hktmBump pts
[11 A Add verticael space. Do what we can here!
[2] htm_cat(4x[ptss12)pt<brs?

¢ sty AtmFlow txt
[1] n Simple text flow, taking account of style

f21 EtmUseDfit « htmStyle'Body'
[31 +{0=0OFC sty }tDeflt
[u4] ktmStyle sty

[51 a Ensure correct enclosure

[6] Defit:»(2=|=txt)tEncd o txiwc,tixt

[73 Encl:txt+~(,/'<',"htmatag,”'>"), txe,”, flct</"), " (dhtmatag), ">
(8] hRtm_cat txt

v himRule wt
[1] n Rule across (for parameters see NetScape extensions)
{21 a The default is a 2-pixel 'shaded' rule.
[33 htm_cat '<HR noshade size="%,(wvwt},'>!

v

That is as far as [ have got to date. Numbered and bulleted lists would seem to be
an obvious next step, then we should look at simple input forms. You can include
input elements (such as text fields and drop lists) within tables, so it is interesting
to contemplate an AP124 Jook-alike which might add a few years to the life-
expectancy of a number of old mainframe systems, which would suddenly come

out smelling strongly of Nelscape.
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Namespaces in Causeway

by Duncan Pearson (causeway@compuserve.com)

Causeway is an application development environment for Dyalog APL that has
been described in other articles in Vector and demonstrated at various
conferences, The latest version which is in beta test is wholly integrated with the
Dyalog APL namespace extensions, taking advantage of them in its own internal
organisation and being sensibly tolerant of namespace changes within application
code developed in Causeway. This article introduces the concepts upon which
Causeway is based and describes how it is used in application development. It
then describes the réle of namespaces in the internal organisation of Causeway
and the way in which the use of different namespaces in application code affects
the behaviour of Causeway.

Overview of Causeway

Causeway is a tool for generating Windows interfaces for APL applications. The
basic unit of interface is a form, represented by a window on the screen. It contains
confrols with which the user may interact. Controls can do two main things,
display application data such as the content of edit fields, and allow the user to
trigger actions in the application such as on the pressing of butlons. Of the
controls which display data some will allow the user to change the data.

Data

Each control may have more than one aspect of its visual appearance. For a list
box one aspect might be the names in the list, another might be the selection,
those items that have been highlighted. These aspects are called properties. The
_principal concept behind Causeway is that a property of a control may be linked
to data in the application, typically a variable. When the user changes the
property of the control then the variable is updated. When the application
changes the variable the control is updated to reflect the new data. Both aspects of
this interchange occur automatically, managed by Causeway.

The data in the application need not be just a variable. For properties of a control
that the user cannot change, the data can be defined by any APL expression that
returns an array of the correct type for the property. If the user can change the
property then that change must be passed to the data. The way that Causeway
does this is to surround the expression supplying the data with parentheses and

94




i

VECTOR Vol.14 No.1

use the resulting phrase to the left of an assignment. Thus any variable, list of
variables, indexed variable or selective specification of a variable can be used.

Each expression providing data for a property will depend on a number of
variables. The developer needs to specify these variables as they cannot be
derived reliably from the expression, for instance when the indices of an indexed
variable are provided by a function that calls ancther function etc.

Events

In general the developer can define for a control a set of APL expressions to
execute on each event that can occur to a control. A typical event for a button
might be being pressed, for a form being resized, for an edit field a key press.

If the APL expression changes application data then it is a good idea for the
developer to tell Causeway that this has happened. This is the only way that
Causeway can know that the data has changed. It needs to know so that all
controls with properties dependent upon those variables can be updated. When
specifying the expression to run on an event there is space for putting just this
information,

Controls as Classes

Hach control on a form is an example or “instance” of a particular “class” of
control. It has appearance, behaviour and properties that are defined by the class
of which it is an instance. Dyalog APL itself has control classes such as EDIT and
BUTTON. In Causeway the need to link conirols to data and to extend or modify
the functionality of the Dyalog classes has encouraged us to define our own
classes. Each control on a Causeway form is an instance of one of these Causeway
classes. In the version of Causeway distributed with Dyalog APL the definitions
of the classes together with all the functions managing the behavicur were held in
a single global variable called Aclasstab. In the new version each class is
! defined by the functions and variables in a namespace of the name of the class.

Form Definitions

The definition of a form and its controls in Causeway is held in a five-column
APL matrix. The first row defines the form and each subsequent row defines one
control. The first element of each row is always the control’s class. The next three
are caption, position and size and the final element is itself a two-column matrix
of property-value pairs.

95




VECTOR Vol.14 No.1

The form is created by running a Causeway function, passing in the definition
variable. There are two functions that do this. Call creates the form, waits while
the user interacts with it and returns when the user closes it. Make creates the
form and returns immediately leaving the form on the screen for the user to
interact with at his leisure.

In the previous version of Causeway the functionality of Make and Call were provided
by Gui_make and Gui_call. The Gui_ prefix is no longer necessary as the
functions are in a separate namespace and the initial letier is capitalised to indicate that
they are functions. Similarly Gui_reject is now Reject and Gui_return is
Re turn. The conversion routine for form definitions makes these and other replacements
in property and action expressions. A routine is provided to make the replacemenis in
application functions.

Namespace Dependence

The evaluation of application expressions and resolution of application variable
names is central to the work that Causeway does. Traditionally the functons
Gui_make and Gui_call lived in #, the root namespace, and thus all names
were resolved relative to # and all expressions were evaluated there also.

If the Causeway functions were placed in a different namespace, e.g, #.Gu 1, then
names and expressions would be resolved and evaluated in that namespace. If
this approach was adopted then all variable names, in dependence lists for
properties or in lists of changed variables for actions, would need to be fully
qualified (beginning with # . ). Furthermore all names in all expressions, whether
they be for properties or actions, would need also to be fully qualified.

It seemed to us when designing the new version that the most desirable
namespace in which to resolve names and evaluate expressions would be the
namespace from which Make or Call was called. Thus Hake (which is a sub-
function of CalI) picks the first namespace in ONSI which differs from its own
and marks that as being the namespace for that instance of the form. All names
are taken as relative to that namespace and all expressions are evaluated there.

The way in which this is achieved is explained below in Name Resolution and in
Expression Evaluation.
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Expression Evaluation

In order to execute the developer’s code in the namespace from which the form
was called, Causeway collects all the expressions, whether they be property
expressions or event actions, and fixes them in a function the first line of which
changes into the relevant namespace. The following line branches to the line to be
execuled. If there is more than one exf)ression to be evaluated it does them in the
same call, visiting each required line in turn. The list of lines to visit is held in a
local variable in the calling function, for reasons that will become apparent. After
each line has been executed the list is beheaded and branched to. In the simple
case 0 is appended to the list before the first branch, so that the final branch exits
the function. This is complicated if the form has local variables, about which more
later, but the simple case is illustrated below. The function executes the

expressions for form 1 of which there are two, on lines 15 and 19 below.

¥ Execiliclicks

[1] #.CPro._dummy clicks+1,#,CPro,loc_valll}I0+01]

[z] 0cs #.CPro._lci=-#.CPro.lcl_spc

[31 :If 1<p#.CPro._fns

[4] 2(I0=>#%.CPro, _fns+i14#.CPro._fIns

[s] :EndIf

[6] +#.CPro._next+#.,CPro._next,8pLC+1

[z71 #.CPro.lec_val(f]JIg+0]«141 clicks

[8] i Return

{91 A Set #,CPro._obj to the contrel name and refresk controls

[10] #.CPro._ref+0 2p0 o #,CPro._obj+{{(lI0+1)>#,CPro.ctl_name
111 +#.CPro._next+1+#.CPro._next

[12] 1If 0<ltp#.CPro._ref o #.CPro._ref #.Class.FM.Refresh #.CPro._obj o :EndIf

[13] +#.CPro._next+1+#,CPro,_pnext
[14] a Execute action expressions
[15] +If ~#,CPro,_rej o clicks+clicks+l o #.CPro.Touch 1 o :Endif
[1&] +#.CPro._next+1+#.CPro._next
[17]1 & Evaluate property expressions
[18] #.CPro._rej+0
[18] +If ~#.CPro._rej o :AndIf
#.CPro._forcev({[0I0+0)>#.CPro.prp_val)i#,CPro,_val+(vclicks),' clicks so far' o
((0I0+0}=#.CPro.prp_val)«#.CPro._val ¢ #.CPro._refs+'Data'#.CPro._val o :EndIf
[20] +#.0Pro,_next+1+#,CPro._next
(211 » Read propertlies and execute property agsignment expressions
v

The first five lines and also the seventh implement variables local to forms as
described below. Lines 6, 11, 13, 16 and 20 implement the branching mechanism
and the remaining lines do various bits of housekeeping. The many references to
#,CPro. in the body of the function are to avoid name pollution in the execution
namespace.
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Name Pollution

Ore of the problems with all application development tools is name pollution, a
problem that namespaces are supposed to solve. You wish to import some
functions of your own but the names clash with some functions in your
development tool. The method of placing all the form’s application code in special
functions that execute in the application’s space removes all the Causeway
management code and working variables from the application namespace.
However when a Dyalog function changes space all the local names are taken into
the new space. Local names include not only local variables but also labels,
arguments and the result. Therefore the execution function must neither have
locals, arguments nor return a result. Thus the list of lines to execute must be
global to the function and in the Causeway namespace. In the assembly of the
function the v character is used in place of a direct path to the Causeway
namespace. In the fixing of the function all vs that occur in the executable code
are replaced by the absolute path of the Causeway namespace. The function
above started life looking marginally more readable as the vector of text vectors:

Execiijclicks
v_dummy clicks +1,vloc_vallQio+0]

Oex v _Iclavlcl_spe

:if 1<pV_Ifns

s[Jiooy_fns+1+9_fns

rendif

+y_next«v_next,apllc+l
vioc_valllioc+0l+1+1 clicks

ireturn
a Set o to the control name and refresh controls
v_ref+0 2p0 o a+{Jiot+1)ovcti_name
+V_next+iiv_next
1if O<1ltpV_ref o 9_ref #.Class.FM,Refresh o o :endif
»y_next+il+v_next
n Execute action expressions
1if ~v_rej o clicks+clicks+l ¢ 9Touch 1 ¢ :endif
+¥_next<i+v_next
n Evaluate property expressions
V_'rej'-D o e
tif ~y_rej o :andif v_forcev{([Jiec+0)>vprp_val)iv_val«{sclicks),' clicks so
far' o ((Qio+C)>vprp_val)«v_val o v_ref;+«'Data' v_val o :endif
+¥_next+1+v_next
n Read properties and execute property assignmeni expressions

This substitution has the side effect that any v in the application expressions will
automatically refer to Causeway. Thus in a form definition a reference to
#.CPro.Make could be replaced by v#ake which would be converted on form
creation to #.CPro.Make. If at a later stage in the development of the
application the Causeway namespace was moved or renamed (e.g. to
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#,Causeway) then code in form definitions need not be changed as the vs
would then automatically be converted to # . Causeway ..

Local Variables

A Causeway form can contain local variables. Each instance of the form will have
its own data associated with the local names so that if a form definition is used
more than once to create separate forms, each can have its own copy of certain
variables invisible to the other instances. The names of the variables are given as
the “Locals” property of the form and any references to those names in any data
expressions or event actions of the form or its controls will resolve to data specific
to the form. The values of the variables are actually held in a table in the
Causeway namespace and on execution of the application code they are assigned
to local names in the execution function. At the end of the execution then the
values of all local variables must be placed back in the appropriate places in the
value table. This is done on the seventh line of the function, after which the
function ends. Thus on the sixth line 7 is added to the end of the list of lines to
execute. Effectively the function is a header followed by a set of subroutines and
v_next is the list of subroutines to execute.

If a Causeway form is created from an action on another form then that form is its
parent. If the parent form has any locals then these are visible to all actions on the
child form, except of course those that the child form has shadowed with Jocals of
its own. This is very similar to the way in which a called function inherits the
locals of its calling function. Causeway needs to match this behaviour. The easiest
way to do this is to have a function in the stack for each parent form, each
function localising, setting and finally saving the locals for that form. This is what
lines 3to 5 of Exec1 are doing.

For each form we hold its context which is the list of those forms in its list of
parents that contain local variables. When we need to execute an action on a form
we execute in turn each line of the function for each form in the context. They
each set up their local variables, execute the next function in the list and then save
the values of their local variables. Because we are implementing form locals with
functions then everything that is true of function locals, with respect to changes of
space, is also true of form locals, Thus, if in an action on a form I change space,
then my form locals are still available in the new space.
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The function that executes the context functions for a form is ExecL ines which
takes a set of lines to execute and a form index.

v _Icl Ixeclines _next;stack;_fns;_dummy

[1] a Execute the lines «<_next> in the locale <_Icl»

[2] n <_dummy> is used in the assignment of locals in the ExecNN functions
{3l n <_stack> is the Iist of environment functions currently on the stack
[4]

[51 A Save the value of «<_stack»>

(63 stack+_stack

(7]

(8] A Create the environment function 1llst

[a] _fns+{c(0C8' "), . Fos,Exec'), ¥ (_lclalci _ctx)v_lcl

(10]

[11]1 s Remove any already running

[12] _fns—+_stack

[13]

[14] n Add the number of new functions toc <_stack»
[15] Stack,«_Ins

[16]

[17] «a Execute the new functions

[1a] 2+_fns

{19]
{20] ~ Restore <_stack» to its previous value
[21] _stack+stack

v

Name Resolution

When a name occurs in a list of dependence for a property or of variables changed
by an action it must be matched against the dependence lists for each property,
not only on that form but on any form. The name in the list is both relative to the
namespace in which the form runs and also the localisation affecting the form. In
order to avoid confusion all dependence between variables and properties is held
in Causeway as a correspondence between indices into a properties table and
indices into a name list. Each fully qualified global name appears in this list once
and each local variable appears once per instance fully qualified by the
namespace of the form of which it is the local.

When a name is given as being relative 1o a form it goes through a two-stage
process. First it is qualified by the function Quali fy.

v r+space Qualify names;dots;spaces
[11] a Fully qualify <names> given relative fo the namespace <space>
[2] +If . 'eenames

[3] dots+1e' . 'od names

(4] spaces+(~1+dots}+ "names

[5] names+(-dots)+ names

[6] spaces+spaces ((CS''), ' . spacess eV Jegttrirririn
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[71 r+spaces,”'.', "names
[8] :Else
[9] re{cspaces'Ocst 1), "1, "names

[10] tEndIf
v

If the name contains no dots then the space name is prefixed to it. If it has a dot in
it then it has a path part and a name part. These are separated and the phrase [ICS
' 1is run in the space named in the path part. 0CS ' 'will always return the
shortest full path to the space in which it is run. So even if the same variable is
referred to using two different paths they will resolve to the same entry.

Next the qualified name is compared to local names for the form and then to
known global names. Any new global names are added to the list of known global
names,

v vids<locale Resolve names;unames;locals;lvids;linx;globaliginxinew

[1] n Resolve <names> relative <locale» into name Indices
[2]

[3] rn Ensure names are fully gqualified

[4] names+2+~ (locale=lcl_spc)Qualify names

[s1]

[&] A Work on the unigue set

[71 Uname s+ names

[e]

[9] A Set up the result

[10] vids+(punames)p 1

[11]

[12] =~ Retrieve the set of name indlices for the

[13] o locals of the context of <locale>»

(14] locals+elcl_locs(dlocaleslicl_ctx)

{151 lvids+loc_vid[locals]

[16]

[17] a Look for <names»> in the list of local names
[18B] linx+vid name{lvidsliunames

f191

[20] w If not local, & name is global

[z1] global+linx=tplocals

[22]

[23] =n Place irdices for local names into the result
[24] ({~global)/vids)+ivids[(~global)/linx]

[25]

[26] n Loock for the remaining names In the known global names
f27] ginx+vid_namelglb_vidliglobal/unames

[28]

{29] =& Any not found are new

[30] newsginx=tpglb_vid

[31]

[32] ~n Place indices of found names In the resultl
[33] ((~new)/global/vids)+glb_vid[ (~new)/ginx]

[3%]

[35] n If there are any new global names then add them to
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[36] a the name list and the global list, placing the new
[37] & {ndices in the result.
[a8] :If v/new
[39] (new/global/vids)«glb_vid,+~Addvids new/global/unames
[uo] :Endif
£3 9] vids~vids[unamestnames]

v

The resulting index distinctly identifies either a global name in a namespace or a
local variable on an instance of a form.

Control Library

One of the main criticisms of the previous version from the point of view of
advanced users was that it was difficult to add a new control class or to change
the behaviour of an existing one. The class definitions were held in a deeply
nested matrix in the global environment. The functions that implemented the
behaviour of a control were held within this matrix as JORs and it needed a set of
special maintenance tools to edit these functions. The structure of the matrix was
not readily accessible and this reflected the fact that nearly all class development
was done by either Adrian or myself, both of whom have a deep understanding of
the internal workings of Causeway.

Another disadvantage of the single control definition matrix was that if a new
version of a control class was sent out inclusion of it would override any changes
to the class that had been made by the developer. These disadvantages are
catalogued in admirable detail in Jon Sandles” article {in Vector 12.3 p.51) and it is
mostly due to his experience that we have avoided many of the pitfalls in the new
version.

In the new Causeway a control class is implemented by a namespace of the same
name which contains a specification, which also documents the class, some
required variables and functions and any other functions or variables used by the
class. The required variables and functions and the reasons for the requirement
are given later. The individual control class namespaces are held in a parent
namespace that can contain common code for dealing with e.g. bitmaps and icons
or QN4 calls.

In my test version my parent namespace is called #.Class and the control
classes are #.Class.AC, #.Class,TM etc. However the parent namespace
could be called anything and indeed there could be more than one class parent
namespace. The variable Aclasspath in the Causeway namespace is a list of
namespaces in which can be found control classes. The initialisation of Causeway
traverses this path and collects a list of all the classes found therein. If a class of
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the same name appears in two places on the path then Causeway will use the first
and ignore all subsequent occurrences. Thus the class developer can have two or
more versions of the same class and determine which is used by the erder of the
search path.

The main advantage of the namespace approach is in the accessibility of the class
to the developer. The Diyalog namespace explorer can be used to browse the class
tree and to show and edit the components of a particular class. The session space
can also be set to the class. If while an application is running an error occurs in a
class function then the session will suspend in the class and the error can be fixed.
The application can be restarted and the bug will be fixed not only for the instance
in which the error had occurred but also in any other active instances of the same
class. This makes for much more dynamic application development, something to
which APL has made us accustomed.

Class requirements

A control class namespace must contain a number of varjables and functions
without which Causeway will fail. These are for the management of instances of
the class. Causeway must manage the instances but from the simplest (the label)
to the most complex (the text grid) it knows nothing of the internal workings. It
needs to be able to create and destroy instances, to pass data for the control to
display, to know when the control has changed and to read new data from the
control. To do each of these tasks there must be a function in the class with a set
name that the Causeway engine can call to perform these actions.

When a new form is run from a definition variable each row defines a control
{instance of a class). For each row Causeway runs the Create function in the
class passing it the remainder of the row which contains the name of the parent,
the position and size and caption and a table of other properties that are needed
for the creation (e.g. colour, hint, caption position). The Create function will
create the instance, normally but not always as a child of the parent, and return
the actual name of the new instance, In all subsequent dealings with the class
regarding the control, that name will be given for identification of the specific
instance. As the data which the control is displaying changes, Causeway will run
the Refresh function in the class, passing the name of the instance to be
refreshed and the new data. The task of presenting the data to the user in the
instance is given to the class.

The class specification, a variable in the class namespace, contains a list of the
events that will be triggered if the application user changed any aspect of the data
of the instance (property). If one of these events occurs then Causeway is alerted
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and it calls the Read function in the class with the name of the property that has
changed and the message reporting the event, which contains the name of the
instance. The Read function returns an APL array corresponding to the changed
property, which Causeway assigns to the expression associated with the property
in the form definition. Thus the class knows how to represent data in and retrieve
data from the control, but not the application expression giving that data nor the
namespace in which it is run. Conversely the Causeway engine knows how and
where to get and put the application data, but not how it is represented in the
control.

Finally when the user closes the form Causeway must call the Destroy function
in the class of each control on the form. It cannot simply expunge the control
because associated with the instance, and created by the Create and Refresh
functions, there could be other resources that might then remain.

As each of the above functions is called, the current namespace changes to the
class namespace for the duration of the call. This is normal (and unavoidable) in
calling functions in Dyalog namespaces. Thus any other utility functions and
variables needed by the main functions are there ready to be used, Classes that
use ¥4 functions need only associate them once and they will then be available
for use by all instances. Bitmaps, such as the VCR button faces and the tick box
for the Yes/No control, can be shared between instances, thus saving space and
reducing instance creation time. As mentioned above, utility functions can be
shared between classes by including them in the parent namespace. The class
functions need only refer to them e.g. as ## .Label or ##.Uppercase,

Instances as Namespaces

The fact that all Dyalog GUI objects are themselves namespaces is not used by
Causeway. It is possible for class functions to use the instance as a namespace but
the decision is that of the implementor of the class.

An alternative approach is to copy the class functions into the instance namespace
on creation of the instance, or to create the instance from the QOR of a previously
created “proto-instance”. This has the advantage that any data relevant to the
instance is immediately available to the class functions. I have not taken this
approach for a number of reasons.

Firstly, as mentioned above, if each instance uses the class functions directly then
fixing a bug in a class function will fix it for all instances of the class. If the
functions are copied into the instance or appear there from a (JOR then, although
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all the instances of the function begin identical, they are in fact separate and a
change in the source will not affect the instances.

Also mentioned above is the sharing of data or resources between inslances of a
class. Although this is possible with functions existing and executing in the
instance, by recording in the instance the Jocation of the class definition and
keeping the shared data there, it is easier using functions in the class namespace
which have direct access to the data.

The third objection is that of space efficiency. Due to the mutable nature of
Dyalog namespaces each one must carry its own symbol table, and all functions
defined in the namespace must have their internal symbols matched against the
symbols of the namespace. Thus when a function is copied from one namespace
to another, although Dyalog APL is able to share the memory for the actual
function itself, it must allocate memory for the correspondence of the function’s
symbols to those of the namespace. Furthermore any of the function’s local
symbals that are not already in the symbol table of the namespace must be added
to it. This is entirely due to the dynamic nature of the namespace. In C++ a class
definition is static for the running of the application, as it must be for a compiled
language. Thus an instance of a class only takes enough memory for the data of its
members. In a language as flexible as APL some added overhead is unavoidable.

Conclusion

1t is clear that for the writer of an application development tocl, namespaces are a
two-edged sword. On the one hand they allow great simplification of the class
management code and the structure of the class definitions. On the other hand to
give this same flexibility to the user more work needs to be done before executing
the application code.

There is no doubting however the benefits to the application developer. He can
organise his application in the way that suits him. He can start a Causeway form
from anywhere in the namespace tree and it will behave sensibly. He can change
namespace willy nilly in the actions of a form: any new forms will run from the
new namespace, but will still see local variables from their parent form.
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Object Oriented Programming with
APL+Win (Part I)

by Eric Lescasse (eric@lescasse.com)

Twant to thank Chiris Lee from Softmed who inspired me
with his UDC (User Defined Classes) concept.

Introduction

This long article, to be published in Vector in 2 parts, is extracted from the
Monthly APL+Win Training Program available on the Internet from the Lescasse
Consulting Web site at www.lescasse.com. It represents one of 3 chapters
included in the APL+Win Training for May 97.

The article will show how a few simple APL utilities can be created to allow real
Object Oriented Programming in APL+Win. It will both demonstrate how these
utiliies can be progressively built and introduce various Object Oriented
cancepts like Encapsulation, Inheritance, Polymorphism, Methods Overloading, etc. Tt
will also show how you can create new classes of objects which inherit from the
standard AP1+Win Windows Interface objects or can inherit from each other,
allowing you to build a complete hierarchy of new objects.

Object Oriented Programming with APL can be quite pure and much simpler
than you may think. Read on.

The Source Idea

The original idea is as follows: APL+Win offers us a limited set of built-in objects
which we programmers can easily manipulate with one system function: OWI.
With [JWI, we can query or set object properties, event handlers and invoke object
methods.

If we create our own new objects for use in APL+Win, we will not be able to use
the OWI system function to manipulate them since they will not be known to the
APL+Win system jtself, However, we can create a utility which would behave
exactly like WI and would allow us to work with our own objects “as if” they
were built into the APL+Win system. A good name for this utility would be Qw3 .
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This being so, using Qwi we can resolutely adopt a pure Object Oriented style of
programuming and benefit from encapsulation, inheritance, polymorphism and
methods overloading!

But, first let’s think a little more about what exactly is an object.

Objects

An object is something which exists and has a particular set of properties and
behaviour. An APL+Win object is something which exists and has a particular set
of properties and methods. A car for example is a real-life object: it has a colour, a
weight, a size, 2 maximum speed and average mileage per gallon which all are
properties. It also knows how to start its engine when you turn the ignition key.

An APL+Win button is an APL+Win object: it has a colour, a size, a caption which
all are properties; it also knows how to hide itself when you invoke its Hide
method. A car has a Start method: somebody has built some mechanism within
the car so that it understands the Start method (=turning the ignition key on) and
reacts to it by starting the engine.

The APL+Win button has a Hide method: somebody has built some computer
code within the button so that it understands the Hide method and reacts to it by
hiding itself. The important thing to understand is the following:

* as a car user, you are not concerned about how mechanics work inside the car
to start the engine when you turn the ignition key on: all you need to know is
that it works the way you expect and also that it always reacts in the exact
same way in the future

» as an APL+Win application user, you are not concerned about the C code
which hides the button when you invoke its Hide method: all you need to
know is that it works the way you expect and that it will always do so.

In other words, objects are “black boxes” with a well defined consistent built-in
behaviour. Once the cbject has been made and is tested, you will never need to
look inside it again: it will always behave according to the laws built into it. From
the outside, all you can do, at any time, is:

» change some of its properties (you can repaint the car another colour)

« invoke any of its methods {turn the ignition key for example)

The key point is that a well-defined and well-built object will faithfully serve us
forever (or almost: as you know it's not really the case as far as cars are concerned,
unfortunately!).
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On top of all this, we will programming in such a way that an APL+Win object
will really be an APL+Win function {when you think about it, any software object
always ultimately ends up being computer code anyway!). Functions are one of
the easiest things to manipulate in APL and you may be surprised to see how
easy it is to use Object Orjented Programming in APL+Win.

The Rewards of Creating New APL+Win Objects

In this chapter we will be extending the power of APL+Win by creating several
new APL+Win objects — and we will be able to use and reuse these objects
forever! Through these few examples, you will quickly see how some very simple
new objects can save us a lot of tme and effort, as well as make our programs
much more secure and our applications much more consistent.

The rewards can be tremendous! But of course we have to pay a price for it
(nothing is ever freel). It will cost us quile a lot of thinking and design to build
our objects, perfect as we want them. They have to be totally secure so we will
need to test them thoroughly. It will also cost us a small performance
degradation. This is because we will not be able to avoid adding an APL code
layer above OWI in order to work with our own object properties and methods.
But we will try to keep this code layer as minimal as possible.

The First Building Block: the Qwi Function

The key to our new Object Oriented approach to APL+Win programming is the
Qwi utility. We want it to accept any of the following possible syntax:

Qwself+'object_namel Qwi 'New" ‘'class_name’
Owself«'object_rame' Qwi 'New' 'class_name' {'propi' valuel) ... (‘'propk'
valueN)
res+~ ['object_name'] Qwi 'prop'
[tobject_name'] Qwi 'prop' value
. ['object_pame'] Qwi ('propi' valuei)...('propk' valueN)
res+~ [‘object_name') Qwl 'Get_Method' [arguments] T
['object_name'] Qwil 'Set_Method' [arguments]

where:
object_name is a user defined object name
class_name is the new object class name
prop, propt, ... . propk are object property names
value, valuei, ... , valueN are property values (character or numeric)
Get_Method is a method which returns some values
Set_Method is a method which sets some values
arguments is a single argument or a nested vector of arguments
{1 denote optional elements
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As you can see the Qw1 syntax is very similar to the OWI syntax. You choose the
class name of the new class you want to create: new class names can be identical
to existing APL+Win built-in class names. gwi will distinguish between the two:

tffY Qwi 'New' ‘Form!'

But, since this new Form class is yours, you can make it work as you want. Let's
take an example and we will explain the Qw1 utility later in this chapter.

The Second Building Block: the Class Function

What will our new class of objects be represented by? As already mentioned, it
will indeed and not surprisingly be represented by an APL function. This APL
function name will also be the class name of our new class of objects. That's why I
am calling it the class function.

Here is a very simple function which can serve as a model for building new
objects for APL+Win. I have voluntarily simplified the first version to make
things clearer. We will complement it Jater on.

v 4 QwiKewClass B;C;DiRiclass;[io
[11 n¥ A QwiNewClass B -- Template class function
[2] AY A <« object name
[a] A% B ++ c'property!
[4] AV or ‘'property' value
[51] RY  or c'Method'
[6] Ay or 'Method' argumentl ... argumentiN
[71 Avy Regulires: (F) QwiReglister
[al A% Copyright (¢) 1997 Eric lLescasse [Bmar97]

(]

[16] [Oio+t A environment

[11] C++B A property or method

[12]1  D+14B A arguments or value

[13]

[14] rselect C

[15]

[16] :case 'New?! A constructor

(17} n Add code here to create an instance of the class

[18] a Fxample:

[1s] n R+d Owi 'New! ‘Form' 'Hide' a create a Form object
{z0] "#0witawres' R n result returned in awres propercty
[21] QwiRegister A r reglster new class hame
f2z]

(23] :case 'Close! n close object

[2u4] :

[25] rcase 'Destroy’ s destructor

(28]

[27] zend
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The function comments describe the function arguments.
On line 11 the property or method name is extracted from the right argument.

On line 12 the property value or the method argument(s) if any, are retrieved
from the right argument into D.

Then a simple : select :case :case :end control structure allows us to
branch to various parts of the program depending on the property or method
name used.

Note that all new objects will have a New method which we call the
constructor method and that they will often have a Close method
and a Destroy method which we call the destructor method:
that’s why we have already hard coded these special cases into our
template new object function.

Note also that you should never remove the class local variable
from a class function, even if it is not used in the function code.
This local variable will help the QwiClasses utility find all user
defined objects in the workspace: we will see that later in this
chapter.

Finally, there is one subroutine called on line 21: gwiRegister, whose roleis to
register the new class of objects, We will comment on it later, but let's simply
know for now that registering the new class consists of saving the object class
name in the object Ac lass user-defined data property.

When defining a new _object we will:

¢+ edit the QwiNewClass function
* change its name to some meaningful object class name

+ write custom code for the New and possibly for the Close and Destroy
methods

¢ add other properties or methods

Now that you have been quickly introduced to the basic blocks, let's take an
example.
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A New Class of APL+Win Fonhs

When you make some trials in your APL session, building forms with [JWI, you
might be tired of having to first delete an existing form before you can recreate it.

Example (assuming you already have an £ f form object):

YFEY Owi 'New' 'Form?
(OWI OBJECT ERROR: Object already exists
‘' Jwi 'New' 'Form'
N
1ff' Owi 'Delete!
tFFY [Owi 'New' 'Form!'

ff

So, let’s create a new APL+Win Form object, which will know how to delete itself
before it is recreated.

Here is a first attempt at this new Form1 class:

[1]
[2]
[2]
[4]
(5]
-3
[71
(8]
[9]
[10]
{11]
[12]
[13]
[14]
[15]
[16]
[17]
(18}
{19]
(201

v A Forml B;C;R;class
AY 4 Formi B -- User Defined Ferml Class

Av 4
av B
Ay
Ay
AY

+r
—
or
or
or

chject name
‘property!
'property' value
'Method!

"Mathod' argumentl ...

av Requlres: (F) QwlRegister
av Copyright (c)} 1997 Eric Lescasse [Bmar97]

C+tB

sselect €

icase 'New?
4 Owi'Delete’
F+4 Owi 'New' 'Form'

send
v

"#'0wi'awres! R
QwiRegister A

argumenti

A

D » D b D

property or method

constructor

delete existing form

create form

result returned in Awres property
register class name

The above Formi function represents our new Formi class of objects. These
objects distinguish themselves from standard APL+Win forms by being able to
first destroy themselves before being recreated. The Form1 function is a modified
copy of the QwiNewClass template funcion where we have removed all
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unnecessary code. Our first example, the Form1 class is a very simple new class.
But it can already save us a lot of keystrokes every day.

Let’s use this new class:

'"ff' Qwi 'New' 'Formi'
ff

3 =13

Well! Let’s try to recreate the form:

'£fY Qwi 'New' 'Formi!
£f

ff - [ x]

As you see this works well, without producing the traditional OWI 0OBJECT
ERROR: Object already exists error message.

If you look at the Form1 function you see that our new Formi class is the same
as a standard APL+Win form class (R«<4 [Owi'New' 'Form' on line 16) except




VECTOR Vol.14 No.1

that its ¥ew method has been overloaded with an additional instruction
{4 Owi'Delete’ on line15).

OK, I am sure you already have some ideas on how to improve our new user
defined Formi class.

Improving Our New Form1 Class

My own preference with forms, is always to work with pixel coordinates
('scale' 5).So why not build that property in, by default. I would also like to
have a nicer default caption, of APL+Win form. And be sure always to use the
same default font of “M$ Sans Serif’ in size .8. Let’s make these changes to our
Form1 class and rename it Form?2. Here is what we get:

v 4 Form2 B:CyD;jRiclass;i[io
[11 ¥ A Form2 B -- User Defined Formz Class
[2] a¥ A ++ object name
[3] A% B +» 'property’
[%] A¥  or ‘property' value
{s] av or "Method!'
[6] Av or 'Method' argumenti ,.., argumenti
[71 »? Requires: (F) QwiRegister
(s8] RY Copyright {c) 1997 Fric Lescasse [Bmar97]

[2]

[10] QOio+1 s environment

[11] C+tB n property name or method name

{121 bD+1+B # property value or method arguments
[13]

[14] :select ¢

[1s5]

[161 1case 'New! n constructer

[17] 4 (wi'Delete’ rn delete existing form

f18] R+4 Ow: 'Few' 'Form! R create form

[19] ‘#'0Owi 'awres' R n resylt returned in Awres property
[z0] 4 0wt "caption' 'APL+Wip Form! n defawlt caption

{211 4 Owi 'font' 'MS Sans Serif' .8 » defauit font

[z2] A Qw! 'scale' s » pixel coordinates

(23] QwiRegister £ n register class name

[au]

[25] :end

Lines 10 and 12 are not necessary for now, but will be later in this paragraph.

Let's try this new class:
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'ff' Qwi 'New' ‘'Form2'
ff

APL+Wmn Form

Of course, since our new form class is built
over the standard APL+Win form class, we
can use the standard OWI system function to
query or set form properties afterwards:

VEf' [Owi 'scalet
5 0 0 353 504

Y£fY Owi 'font!
MS Sans Serif 0.8 0 ansi

However, if we wanted to use our Qwi function to retrieve standard form
properties, we can see that no values are returned:

'ffY Qwi 'font!

or more exactly the Qw1 function retums an empty matrix.

p'fF" Qwi 'font'
¢ 0

This is because our Form2 class function does not attempt to process right
arguments other than those starting ' New .

We can easily fix this problem by adding an :else clause to the :select
control structure of our Form?2 function and renaming it Form3, as follows:

v 4 Form3 B;C;DiRjclass;01o

[1] av A Form3 B -- User Defined Formd Class
[z ¥ A «= object name

{31 a¥ 8 == 'property

fu] a¥ or 'property' value

[s] a%  or 'Method'

[6] ay or 'Method' argumenti .,. argumenti

[7] ¥ Reguires: (F) QwiRegister

il s¥ Copyright (c) 1997 Eric lLescasse [8mars7]

{9l

[10] [io«1 o environment
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{311 C=-+B s property name or method name

{12] D«14B « property value or method arguments
[:£3]

[14] :select C

[15]

[16) :case 'New' n ceonstructor

[17] A4 Owirpelete! n delete existing form

[18] R+4 Owi "New' 'Form' o create form

f19] T#'0wi "Tawres' R n regult returned in awres property
[20] A Owi fcapticn' 'APL+Win Form' n default caption

[21] A [wi 'font' 'MS Sans Serif' .8 « default font

[z2] A Ow:t 'scale' s n pixel coordinates

[23] QwiRegister A a reglster class name

[2u]

[2z5] :else an process all other props/methods
[26] :if (=C)ed Owi'properties’ a If a standard property ...

[27] torif (cCled Ow:'methods! a or a standard methed

[28] tif Oepd A when no value or arguments passed
[29] '#10wi'awres' {4 Owi C) s return current value

[30] :else n else..,

[31] 4 Owr (eC),D n apply value or arguments

[3az2] send

[az] :end

[3u}

[35]1 :end

Now, we can also use Qwi to get or set standard APL+Win form properties as
well as invoke standard APL+Win form methods:

Vff' Qwi 'New' 'Form3'
ff

VEfY Qwi 'font?
M5 Sans Serif ¢.8 0 ansi

TFEY Qwi 'font' 'Arial' 4

VEfC Owl 'font!
Arial 1 0 ansi

YEf' Qwi font!
Arial 1 0 ansi

(rff Owi "font')='ff' Qwi 'font'

Therefore, please add the same :else clause to our QwiNewClass templale
function so that it now reads as follows:
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[1]
[z]
[31
4]
[s]
I8}
{71
rai
[s3
[10]
f121]
[12]
[13]
[i4]
[15])
[ts]
{17]
(18]
[19]
[20]
[21]
[22]
[23}
[2u]
[25]
(28]
[271
[z8]
[28]
(a0]
[311]
[3z]
[EER
[au]
[3s]
{3s]
-(a7]

v A QwiNewClass B;C;D;R;class;illic

¥ A QwiNewClass B -- Template class functlon
a¥ A ++ object name

a¥ B <~ c'property'

Y or 'property® value

av or c'!Method!

av or 'Method*® argumenti ... argument¥

a¥ Requires: (F) QwiReglister

ay Copyright {c) 1997 Eric Lescasse [Bmarav]

Oio«t & environment

C+t8 n property name or method name

Deis+B A property value or method arquments
:select €

icase 'New' A constructor

n Add cede here to create an 1nstance of the class
n Example:

n R+d w2 'New' 'Form' 'Hide’
tatllwtawrest R

create & Form object
result returned 1n awres property

™

k]

QwiRegister A

£

register new class name

icase 'Cloge’ close object

rcase 'Destroy! destructor

£

zelse s precess all other properties/methods
:2f (eC}eA [w2'propertiest n 1f a standard property ...
rorif (=C)ed {wi'tmethods! s or a standard method
11f Oepl r when no value or arguments passed
r#t0witavrest (4 0wz €) = return current value
telse r else
4 Owi (=C).D a apply value or arguments
vend
rend
1end .

Adding a Property to a User Defined Class

Let’s add a new property to our Form3 class and make it the Form4 class. The
new property will be called ontop. Just as for any standard APL+Win object
property, you must use only lower case characters for property names.

The ontop property will be either 0 or 1. If it is set to 1, then the created instance
of the Form4 class will stay on top of all other forms.
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We have already seen how to make a form “on top” of all other forms (see code
starting at line 63 in the SystemMenu function described in Chapter 8 pp. 65-
66).

Here is how we can implement the ontop property:

[25] :case 'ontop! n ontop property

f26l :1f Cepd s 1f not property value
[27] g [wi 'awres' (4 Ow: 'sontop') a guery property

[28] :else n else

(28] S+(i+i=t+D)>'Awnd_notopmost' ‘awnd_topmost® s windows constant to use
[30] S+«85 0 0 0 0 'swp_nomeve swp_nosize' n other arguments

[31] S~0wcall'SetWindowPos' (4 Owi'awnd®),S r call SetWindowPos

[az] 4 Owi 'aontop' (1=tD) n register property value
[33] rend

Let's comment the above lines of code. First, whenever you implement a
property, you need to process 2 kinds of cases:

» the property is queried
s the property is set

That's why we havean : if ... :else ... :end clause above.

The key point to understand and the cleverness here is to use user-
defined data properties to save our property values into the object itself.
So we are using a aontop user defined data property to store our
boolean antop property value.

When we query the ontop property, the code is as simple as retrieving the current
value of the aontop user-defined data property (line 27) and to return it as a
result.

When we set the ontop property (lines 2% to 32), we need to perform 2 different
actions:
+ do the required job (lines 29 to 31)

* save the new value of the onlop property in the sontop user-defined data
property (line 32)

As you see it is pretlty simple to implement a new property in a user-defined
object. You just havetoadd a : case 'property' clause to your class function
with the right cade to query and set the property.
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Let’s test our new class:

YEfY Qwi 'New' 'Formu' ('ontop' 1)
ff

-APL+win Form [ X

Now click into the APL session, outside the
APL+Win form: as you see the APL+Win
Form stays on top!

We can query the ontop property of the form:

V£ Qwi 'ontop!
1

Of course, if we tried to do it using OWI we would get an error since the
APL+Win system does not know about the ontop property for an APL+Win Form
object:
PffY Owi 'ontop!
OWI ACTION ERROR: Action "ontop” not found
‘ff' Owi 'entop!

Change the APL+Win form ontop property to 0:
'ff' Qwi ‘ontop' O

Now click into the APL session outside the APL+Win Form: this time the
APL+Win form is sent to the back.

Let’s now see how we can implement a new method for our form.
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Adding a Method to a User Defined Class

Let’s create a new Forms class starting with the Form4 class, by adding a new
method to the class. We would like to be able to easily move our form out of our
way so that it is moved to the top right of the screen (or to the botlom right or
bottom left or top left of the screen). Likewise it would be good if this new
method knew how to centre the form on the screen.

Whenever you add a new property or method to an object, you have to think
carefully about the design so that the method will be simple for the developer to
use. Al methods should start with an uppercase letter, as do all standard
APL+Win methods. Let’s call our new method Move. This method will accept 2
arguments. Fach of them can be a character vector or an integer.

The 1st argument describes the vertical position of the form: it can be ‘top’
‘bottom’ or ‘center’ or an integer denoting the percent of the vertical size of the
screen where the form will be located

The 2nd argument describes the horizontal position of the form : it can be ‘left’
‘right’ or ‘center’ or an integer denoting the percent of the horizontal size of the
screen where the form will be located

S0 we would like to use such expressions as:

tff' Qwi 'Move' 'top' 'right’
TFFY Qwi 'Move' 'bottom' 'left!
tEfY Qwi 'Move' 0 0

TFEY Qwi 'Move! ‘'center' 10
'ffY Qwi 'Move' 50 50

We will also design the Move method so that it returns the old form position in
pixels. Here are the lines of code you should add to function Formt (which we
rename at the same time as Form5) in order to implement the Move method:

[25] :rase 'Move!

[256] i2f 2#pD o ireturn o :end a exit 1f not ? arguments
[z7] {E F)=D n get method arguments

[28] Gw(1+82=(dr E)sE 0 AR G 1s 0 1f 15t arg char
[29] He{1+82=(dr F)aF ¢ A H is 9 1f 2nd arg char
[30] (I J)+"#'Owitsize’ a get screen dimensions

[az1] {K L M N)+A Owi'where' n get form position E size
[az] e i0wstavrest (K Lx2p'#{Jwiunits?) a return old form position
[a3] Ke{.01x0 50 100 G=I-M)['top’' 'center' 'hottom'icE] n new vert form pos
[3u] L+(.01%0 50 100 ¥xJ-N)['left' 'center' '‘right'icF] a nev horz form pos
[as] A Dwitwhere' X L M N n move form
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This method is pretty simple to understand.

First, if the Move method did not receive exactly 2 arguments, we do nothing and
exit (line 26).

If 2 arguments were passed to Move, as expected, we retrieve them in variables E
and F (line 27),

On lines 28 and 29, we transform E and F to 0, only if they are character vectors:
if £ and/or F were numeric, we do not change their values. We store the new
values in variables ¢ and H.

Then we need to retrieve the screen dimension in row /col coordinates {line 30).

Then we retrieve the current form position in variables X and L and the current
form size in variables ¥ and ¥ on line 31.

On line 32 we save the current form position in the awres property (the result of
our Move method).

The new form vertical position is easily calculated on line 33 and the new
horizontal form position is easily calculated on line 34, which each handle all
cases of arguments in just one simple instruction. A much longer alternative way
of writing line 33 would for example be:

iselect E
rcase 'top!
K+0
icage 'center!
K+ .5xT-M
:case "bottom!
K+T-M
:else
K+ 01xE.
rend

Finally the form is moved by changing its where property with the OVT system
function, on line 35.

Let's try our new class:

'Ef' Qwi 'New' 'FormS' ('ontop' 1)
ff

"FfY Qwi 'Move' ‘'bottom' 'right'
12 32
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resulting in the following screen where I have increased the APL font size so that
you can read it better .

LR v

‘ElpgiLt

Mia
1l

Note that we could have specified everything in just one expression:

TFFY Qwl "New! ‘FormS' ('ontop' 1) ('Move' 'bottom' 'right')
192 256

but please note that in such a case, Qwi always returns the result of the rightmost
method in the phrase,

So, after addition of the Move method, the Form5 class function is as follows:

T A FormS BiCiDiE;FiG;H: T J:K:L:iMiNiR5:class;[zo
[11 n? 4 FormS B -- User Defipned Forms Class
(2] aV 4 ++ object name
[3] A? B += 'property'
{u] Y or 'property* value
[5] Av or 'Method!
{61 a9 or 'Method! argumenti ,,, argument¥
[71 n? Requires: (F) QwilRegister
[s8} a? Copyright (c) 1897 Eric Lescasse [Bmaraz]

[9]
[10] DOio+1 A environment
[14] C~4B A property name or method name
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[12] D+1+8 n property value or method arguments
[13]

[14] igelect €

[15]

{16] tcase 'New! n constructor

[17] A {wi'Delete!’ n delete existing form

[18] R+A Owr 'New' 'Form! n create form

[19] '#'0wi 'awres' R n result returned In awres property
[20] 4 Owi 'caption' 'AFL+Win Form' rn default caption

[21] A Owr 'font' 'MS Sans Serif' .8 n default font

[22] A Owi 'scale' s s pixel coordinates

[23] QwiRegister 4 a register c¢lass name

[2%]

[25]1 icase "Move'

[z6] :1f 2zpD ¢ :return ¢ :end s oexit if not 2 arguments
[27] (E F)+D a get methoed arguments
[z8] G~(1+82=[)dr E)>E 0 m G 15 0 If ist arg char
[29] H+(1+82=[0dr F)=F 0 n H is 0 if 2nd arg char
[301] (I J)+«'#'Owi‘size? s ger screen dimensions
[31] (R L M ¥)+A Dwi'where' a get form position & sjze
faz] "W0witawrest (K Lx2p'#'Owitunits’) n return old form position
[33] K+(.01x0 50 100 GuI-M)}['top' 'center' 'bottom'icE] n new vert! form pos
[34] L+~{.01x0 50 100 HxJ-N)['Jeft' ‘'‘center' 'right'icF] a new horz form pos
[35] A Owt'where' ¥ L M ¥ n meve form

[36]

[37] :case 'ontop' A ontop property

[38] :1f CepD n 1f not property value
fas] t#' Owr tawres' (4 [w1 'aontop') n query property

[40] relge n else

fu1l SelitiwtD)o'hwnd_notopmost' 'hwnd_topmost' e windows constant to Use
[u2] S+5 0 0 0 0 'swp_nomove swp_nosize’ n other arguments

[43] S+lwcall'SetWindovPos!' {4 Owi'thwnd'),S n call SetHindowPos

[4u] A Owi 'acntop' {(1=1D} n register property value
[u4s] send

[36]

[u7] else n process all other properties/methads
[481] t1f (cC)ed Owi'propecties' w }f a standard property ..,

[u9] rorif (eC)ed Owitpethods! # or a standard methoq

[sc] +1f DeplD n when ne value or arguments ﬁéssed
[51] v (witawres' (4 0wl C} n return current value

[52] :else a else...

[531] A Owi (eC),D n apply value or arguments

[5u] zend

[s51] rend

[s8)

[57] :end
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Simplest Form of the @w I Function

Qw1 is the very chore of our Object Oriented approach to APL+Win development.
Here is a simple first version of Qw.i which is sufficient to run the examples we

have shown before:

«t

(1]
(2]
[3]
[4]
(5]
(6]
{71
[&]
9]
[101
[11]
(12]
[13]
[1z]
[15]
(16]
[17]
[18]
[13]
[z0]
[21]
[22]
[23]
[24]
[25]

On line 11, we set the left argument 4 to OWSELF if it has been omitted. Then,
from line 12 to line 20 we normalize the right argument B so that it has a

R+4
RY
Av
Ry
Ay
av
RY
Ry
ag
ny

s1f
12 f
:1r

el

ren

s1f
Be2

Qwii B;C;E;T

R+Ad Qwil B -- (QWI emulator

Owself+'chfect_name' Qwzl

Dwself+tobject_name' Qwii

res+ [Tobfect_nawe'] Qwia
('chfect_name'] Qwiil
[*object_name'] Qwil

res+ [('cbject_name'] Qwii
[ebfect_nzme*] Gwid

2adnctA' o A+{wself ¢

1=%8 ¢ B+,cB o :end
"New'!n+H

C+208

B+{c'New' C),24B
seif 0xpd Qwirselsf
C++4 [Jwi'aclass’
d

2=28 o Be,cB & end
>2"B o (E/E)~c"E/B

rend

Be,B o '#'Owi'awres' (0 0p0)

:fo

an
Re

r I :1n pH
+'4 ',C," IaB'

d

#'0witawres’

'New' 'class_name'

'New' ‘class_name'('propi’ valuvei),...
'prop!

tprop' value

{'propl! valuei)...{'propk' valueX)
tGet_Method' ([arguments)

'Set_Method' (arguments]

Copyright {c) 1997 Eric Lescasse [Bmar9?]

]
L]
L]
|

bl

-

°

OWSELF if no left arg

be sure B 15 nested

1f method 15 'New'

get specified class name
rebuild argument

else if chfect 4 exists
get registered class name

ensure B depth 15 2 3

ensure each element is of depth 2
define defauylt result

for each element- 1n argument
execute the class function

return result saved in aswres

normalized depth 3 structure, For example, arguments such as:

-
lontop|
1

ldisplay "ontop!

.o,c'ontop!
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while arguments such as:

ldisplay ‘ontop' 1

[

l
||antop| 1|
|

are changed to:
ldisplay ,<'ontop' 1
SR
. bt

E-mmmmm——— L)
Emmmmm e r
and finally arguments such as:
ldisplay 'New' 'Formus'('ontop' 1)'SetDefaultColor!

P e i et e it
I N e R et

| 1 ¥ew| |Formu| | ,+----. IISetDefaultCalorll
| ' ot e ‘IIDntopl b e '
| tmmm-- | |
| lgmmm e m ' )
L e ey 1]

are changed to:

ldisplay ('New! 'Form4'){'ontop' 1)(c'Se:DefathColor )

e TR I JUS

LI . Ve

=
m
i
’q
(5]
1
3
;
R
o
g
.
-
o
il
bad
o
(U]
)
]
e
—
iad
a
g
[
2]
A

Finally, arguments such as:

]display (‘ontop! 1) {'Move' 10 10)

x|
]
<
o
[
o
=
o

already have the right structure and are left unchanged.

Lines 12 to 20 have a second role: they also are used to find out what is the object
class name.

124




VECTOR ) Vol.14 No.1

If we are constructing an instance of a new object (i.e. if the New method was
invoked in the Qwi1 right argument), then the second element of the Qwi1 right
argument is the class name (line 14).

If method New was not invoked, that means we are attempting to work on an
existing instance of the class and in that case, the class name has been saved in
this instance ac lass user-defined data property (line 17).

On line 20 we set the system object awres user-defined data property to a
default empty matrix value. This property will get any result that the class
function needs to return.

Then a simple : for loop allows us to process each element of the normalized
Qw11 right argument, one at a ime,

For example, if we called:
'ff' Qwit '"New'! 'Form5' (‘ontop' 1)

the right argument is first normalized to be:
('New' 'Form5') ('omtop' 1) and the : for loop is performed twice.

The 1st time it executes the following expression:
A Forms 'New' 'Forms'

and the second Hime it executes:
A FormS 'ontop' 1

where Forms is our class function.

Finally on line 25, any value saved in the swres system object property is
retrieved and returned by Qwi1. Since each call of Forms might have saved a
result value into awres, Qwil only returns the last one saved in Awres,

This should not be a limitation since you can always decide to cut your Qwi1
instruction into several Qw11 instructions in order to get all results.

For example:

PEEY Qwil 'New' 'Form4' ('Move' 10 10)
192 256

and we get only the result of the Move method, losing the result of the New
method. If we needed both results, we could always write:
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VFFY Qwil ‘New' 'Formu!
ff

VFFY Qwil "Move! 10 10
192 256

Adding Error Handling to Qwii

If you do a lot of trials from the APL session and make typos you may mis-spell
the class name when creating a new instance of an object.

In that case you may have seen that you get the following error:

Vff'Y Qwil '"New' 'Test!
VALUE ERROR
gwii(2?4] ¢« A ATest I>R
A

It would be much nicer to exit cleanly from Qw1 1, signalling an error to the user,
as ine

VFfY Qwil 'New' 'Test!
Unknown class: Test
Y Qwii 'New'! 'Test!
A

There are 2 ways we could achieve this:

» first, we could add an APL test just before the : for loep to check if we do
have a class function of the right name (here Tes t) available in the workspace

» second, we could rely on error handling to trap a VALJE ERROR on line 23

I am choosing to show you the second approach, since you all know how to
perform the first, since the second approach has faster execution, and finally since
it is another opportunity to use the remarkable HANDLERFOR utility which we
already introduced in Chapter 9 (Error Handling).

In order to add error handling to our Qwi1 function, we need to do 3 things:

* localize JELX
o set[JELX to '+ HANDLERFOR [IDM' at the beginning of our Qwi1 function

» add an error handling comment on the line which could fail with VALUE
ERROR (line 23)
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Line 23 should become:
[2u] 274 ',0,' I>B' aV{VALUE:Oerror'lnknown class: ',C}

If no error occurs when line 23 executes, our error handling comment will
consume no CPU time. But if a VALUE ERROR occurs, the expression following
the colon in our error handler will automatically execute and an error will cleanly
be signalled to the calling environment,

BExample:

VFFY Qwil 'New' 'Test!
Unknown class: Test
VffY Qwil 'New'! 'Test!

A

To finish with error handling, we could add a couple of other tests to signal errors
to the calling environment. The Qwil function, dressed with error handling is
renamed Qwi 2 is:

v R+4 Qwiz B;C;E;I;0elx
[11] a? R+4 Qwiz B -- [OWI emulator
[z] 49 Dwself«'chbject_name' Qwi2 'New' 'class_name'
[3] k9 Owself+'object_name' Qwi2 'New' 'tlass _name'('propi’ valuel)..
[4] AY res+ ['ohject_name'] Qwi2 'prop'

[5] Ay {‘ebject_name'] Qw12 'prop' value

[&] v [‘obfect_name'] Qwi2 ('propi' valuei).,.{'propN' valueN)
[7] av res+ {'object _name'] Qwi2 'Get_Method' [arguments]

[e] av [robfect_name'] Qwiz 'Set_Method' [arguments]

[s3 RY Cepyright (c) 1997 Eric Lescasse [Bmar9z]

[10]

[1t] (elx+'aHANDLERFOR DoM'

[12] :1f 2=0nc'4' ¢ A+[wself < rend = [WSELF if no left arg
[13] +1f 1==B o H=,cHB o :end s be sure B Is nested
[14] :1f 'New'w=+H n 1f method is 'New'
[15] C+3228 n get specified class name
{18] B+({c"New' C),248 a rebutld argument
[17] :elseif o=pd Owi'self’ r else i1f object A4 exists
[18] tIf 0=C+~td Owr'aclass® n get registered class name
[15] Qerror'tse OWI instead of Qw22' n 1f none signal error
[20] rend
[21] :else a 1f not 'New' & not an object
[22] Berror'Unknown object: ',A » signal error
(23] :end
{24l :1f 2==8F & B+,cE o :end n ensure & depth is z 3
[25} E+2>="8 o [E/B)+<"E/B n ensure each element 1s of depth 2
[26] B+,B ¢ "#'[IW1'awres'{0 0pC) n define defauit result
(27])] :for I :inm 1pB » for each element in argument
[z8] +'4 ', €0,V Iam? a¥{VALUE:Jerror'Unknown class: ',C}
f29] end
[50] Re'#'[Owi'awres! a return result saved fn awres
v
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Here are a few examples showing the new Qw1 2 behaviour:

First example: trying to set a property with Qwi2 on an object not created with
Qwiz

Igg] DWi "New! "Form'
99
'gg' Qwiz 'font' ‘Arial' 1
Use [IWI instead of Qwi2
'gg' Qwiz "foni' 'Arial' 1
A

Second example: trying to use a method or set a property with gwiZz on a non-
existent object:

"hh' Qwi2 ‘ontop' 1
Unknown object: hh
"hh' Qwi2 'ontep' 1
A

More information about the Monthly APL+Win Training Program can be
obtained from the Lescasse Consulting's Web site at www.lescasse.com.

Please note: | have created a new company called “Lescasse Consulting”: Unfware has
transferred its whole APL business to Lescasse Consulting, The Monthly APL+Win Training
Program is now distributed worldwide by Lescasse Consulting, except in the USA and Finland
where we have local distributors,

Eric Lescasse

Lescasse Consulting (SARL)

18 Rue de la Belle Feuille
92100 Boulogne, France.

Tel: (33) 1.46.05.10.76; fax: (33) 1.46.04.60.23
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APL and J (5): Operators - Inner Product,
Each, Commute, Compose

by Chris Butke

This series of articles entitled APL and | will try to explain the ] way of thinking,
by contrasting APL and ] coding examples. The term APL will be used generically
to refer to facilities found in most commercial implementations of APL.

To conclude the discussion of APL's operators, we now look at inner product, each,
and two operators found only in Dyalog APL: commute and contpose.

Housekeeping

As usual, we use the letters ¥, ¥, and 4 for vectors, matrices and arrays of any
dimension, optionally followed by numbers to denote their shape. Thus ¥ for any
vector, V5 for a vector of length 5, ¥4 5 for a 4-by-5 matrix, 424§ for a 2-by-4-by-5
array. Where actual values are required, V5 will be defined as 15, M45 as
4 5p120,

APL terminology will be used, except where J terminology is required for clarity.
Here, 0Jio+1 is assumed throughout.

Inner Product

Inner product in APL is called dot product in ], and both are denoted by the dot
symbol, f . g for functions £ and g. As may be expected, f is applied with reduce
in APL, but not in J, where it must be given explicitly if required. Thus the
following are equivalent:

V3 +.x Mau AFPL
38 44 50 56

V3 +/ . = M3y ]
38 4u 50 56

(Note that in J, a space is required before the dot - since otherwise the dot would
be read as part of the previous symbol.)

Does £, g in APL always give the same result as £/ . g in J? Yes - if we look at
typical APL uses of inner product, such as +. x or 4. =. However, the definitions
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are quite different, and nicely illustrate the two approaches to array operations. }
also allows more possibilities, though I have yet to use a dot product in J that
could not be writlen in APL.

In the following discussion, we apply dot product as: X f.g ¥ where the
shapes of X and ¥ are 5X and 57.

In APL, “145X must match 1+S8¥, and the computation is made by splitting X
into vectors along the last axis, and splitting ¥ into vectors along the first axis, and
applying g followed by f/ to each combination of vectors from X and ¥, and
enclosing the individual results.

Since the individual results are enclosed, they do not contribute to the result
shape, which must therefore be { “1+5X), 1+57. The computation for each pair
of vectors x from X and y from 7 is:

c f/ x g’y

Forexample, M22 +.x M23 is evaluated as:

{e+/ 1 227 1 4) (¢ 4/ 12 x" 25) (c+/ 12 x" 3 6)
(e #/ 34 x7 1 4) (e +/ 34 27 2 5) {4/ 3 u =" 3 6)

and assembled into the matrix:

9 12 15
12 26 33

In ], the right argument ¥ is not split up at all, while the left argument X is split up
into cells of rank 1 plus the left rank of g (you can think of fiss of left argument
cells). The number of items in the left argument cells must match the number of
items in Y. Therefore, in the common case where the left rank of g i5 0 (e.g. where
gis» or =), X is split up into vectors along the last axis just as in APL.

Forexample, M22 +/ . + M23 is evaluated as:
(+/ 1 2 » M23) (+/ 3 4 » M23)
which is:

(g 12 15) (19 26 a3)
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which is then assembled into the matrix:

9 12 15
19 26 33

Note that this makes use of ]s ability to multiply a vector by a matrix or arbitrary
array, using prefix agreement.

The shape of the result of dot product in J is the shape of the frame of X (i.e. X
less the shape of the cells used in the dot product), catenated with the shape of the
result cells. In the following example, let £=. (i.10)"_ be the function that
returns the list i. 10, and g=. 0" 2 has left rank 2, then:

$ (2 345 6%'a') £, gk s $'bT
2 3 10

The key changes ] makes are: the right argument Y is not split up at all; the left
argument X is split up according to the left rank of g; and the results of each
computation are not enclosed, but follow normal assembly rules.

Determinant and Permanent

In ], the dot product can be used monadically, when it is the determinant function,
thus:

-/ . x 22 %107 1 3
23

If + is used instead of -, the function is the permanent. Any other verb could be
used in place of - or +, but I dorn’t know of a useful example!

Each

The APL expression f™ (f each) means apply f to each scalar in an array,
opening each scalar before applying the function, and enclosing the result. Since
each result is enclosed, it must be that {p F"X)=pX.

] has no built-in equivalent to the APL each operator. However, one can be
constructed as a special case of the under conjunction &. , and this is defined in
the | standard library. Given verbs u and v where the inverse v is defined, then
w4, v is equivalent to v' u v.
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Now, if v is the verb > (open), then its inverse is < (box), so that f&, > means
open, apply f, then box, which is exactly the same as APL’s £, for example:

n=. 'winston';{i.3 u):10 20

$ &.> n
tot==—4-+
1713 w29
B e}

So if we define each to be &, > , then this is an adverb whose definition and
behaviour is exactly like APL’s each operator:

each=, &.»

% each n
R T aepy
1713 42|
dedbm——f—

J's rank operator * and APL’s each operator " are notationally similar, and should
not be confused. For further discussion, see the first article in this series (Vector
13.1 pp. 96-101, July 1996).

Commute

In Dyalog APL, the commute operator ~ creates a new function which reverses its
arguments, so that X f=~ Y isequivalentto¥ f X, for example:

5§ -2 7
2

The corresponding operator in ] is ~ , which reverses the arguments when the
resulting function is used dyadically:

5 -~ 7
2

Where the resulting function is used monadically, the argument is used as both
left and right argument, so thatu~ y is y u vy, for example:

#-5
55 5565
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Why bother with such a trivial operator? For one thing because it simplifies
expressions by reducing the need for parentheses, and for another because it is
useful in constructing tacit definitions, for example:

firstword=. {.~ i.&"' !
firstword 'In the beginning'
In

Compose

In Dyalog APL, the compose operator o takes two arguments which are either a
function and one of its arguments; or both functions.

In the first case, an argument is bound to a dyadic function, creating a new
monadic function:

findblank+ 1 o *

findblank 'one two three'
4

The ] equivalent is & , for example:

findblank=, i, & * !

Joining a function with one of its arguments lo create a new function is called
currying in honour of Haskell Curry.

In the second case, two functions are composed, creating a new function f = ¢
which applies first ¢, then f. The function g is used monadically, while £ may be
monadic or dyadic.

Where f is monadic, f ¢ g Xisequivalentto f g X, for example:

f+v +/ ¢ 1

£ 100
5050
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The J equivalent for the monadic case is given by e or & (either will do), e.g.

int=. 1: + i, origin-1 integers
f=, +/ @ int

f 100
5050

Where fisdyadic, X £ o g Y isequivalenttoX f g 7, for example:

f+ = a0

10 f 5
10 20 30 4o 50

This composition is the same as J's hook:

f=, « int

10 £ 5
10 20 3C 49 50

This example makes it clear that a hook could have been constructed as a normal
operator, rather than a train of 2 verbs. The reason for making it a train is that it
complements the fork, which is a train of 3 verbs, allowing resolution of trains of

any length.

Note that where f is dyadic, then f o gisnotthesameas)sf @ gorf & g.In
these cases:

is f Xgy¥

Xfegy¥y
Xfagtx is (g X} £ (g 1)

Reference

erson, K.E. | Introduction and Dictionary, Iverson Software, 1996
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At Play With J:
Oh, No, Not Eigenvalues Again!

by Eugene McDonnell (eemcd@aol.com)

T can’t explain why it is that I keep running into problems associated with
eigenvalues. I don't seek them out, and have no interest in them, but there it is —
they keep cropping up before me and I have somehow to find a way to drive a
stake through their hearts before I can go on to something else.

When the eigenvalue problem last loomed before me, I found that [ had to go
back to basics in order to come to terms with it. In the course of doing so, 1
happened upon a technique in ] for finding eigenvalues which is eminently
satisfying pedagogically, since it can be used for small matrices to show all the
theory of eigenvalues, even though it is staggeringly inefficient, becoming
dreadfully slow for matrices of size 5 or 6 or larger. It is its pedagogical merit
that I commend to you.

The basics are simple. If A is a square numeric matrix, we replace each diagonal
atom a; with the two-atom list a; .1. What we are doing is replacing the
problem of evaluating the determinant of a numeric matrix with that of
evaluating the determinant of a matrix of polynomials. Of course, the non-
diagonal terms are the simplest of polynomials, that is, constants, but the
diagonal terms are all linear polynomials. Qur problem is to evaluate the
determinant of this polynomial matrix. In ] we evaluate the determinant of a
numeric matrix with the monad of the dot conjunction:

det =: -/ . =* NB, (1}
For example,

m=:2 3,:5 8
m
2 3
5 8
det m
1

The verb det is not directly suited to our purpose, but with a few manoeuvres
we'll get where we want to go. First, let's take a suitable matrix for our example
(the example and much of the approach 1 have borrowed from Cornelius
Lanczos’s book, Applied Analysis, Prentice-Hall, 1956, chapter IT):
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JA =: 33 16 72 , _24 _i0 _57 .: _8 _4 _17
3a 16 72
_24% _10 _57
8 _& _1i7

We can obtain the diagonal atoms of A using the monad d [JP 3.B.m4, meaning
phrase m4 from section B of chapter 3 of the book J Phrases].

Jag =: d A
33 .10 _a17

We append .1 to each of these using J's stitch {, . ):

Jal =: a0 ,. _1
33 _1
~10 _1i
.17 _1

In order to be able to work with a matrix in which a single number is replaced by
a list of two numbers, it will be necessary to box the rows of the 2-column matrix
above, using monad B1 [JP 1.C.m12]

Jaz =: Bl ail

IS& _1]_10 _1|_17 -1

In order to amend the diagonal atoms of 4, we'll box the atoms of matrix A first,
using monad Bo [JP 1.C.m11]:

Ja3 =: BO A

33 |16 |72
~24)_10|_57
-8 [_u |_17

The amend adverb in ] needs the indices of the places to be amended. We obtain
these using the monad d again, medified by the adverb 1R [JP 3,B.a3].

Jau =: (d IR) A
04 8

We can use amend now to obtain the matrix we want:
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Jas =: a2 as } a3

33 _1|1s6 72
246 -1¢c _i|_§&§7
-8 b -17 _1

For use later, we'll collect the steps taken so far to form the verb db:

db =: Bie{d ,. _1:) d IR } BO

Now we are in position to evaluate the determinant of this matrix. We can’t use
the det verb from above, since it can only deal with matrices whose atoms are
simple numbers. My first thought was to use the definition of the Determinant
conjuncton u . v from the [ Introduction and Dictionary:

u=; -/ [, v=: =%
DET=: v/@,'({."1 u .v$:0minors)@. (16<@{:8%)"2
minors=: }."10(1&([\.))

replacing the definitions of u and v by polynomial difference and polynomial
product, dyads dif and ppr [JP 9.C.d1 and 9.C.d2], However, | hadn’t proceeded
far when I suddenly realized that, since DET was the definition of the monadic
form of the dot conjunction, 1 ought to be able to use dot itself directly, and not
mess with its sybilline definition. The first thing I did was to provide myself with
medified forms of di f and ppr, ones which operated on boxed atoms:

difb
pprb

dife.>
ppré.>

Taking, this tack, I could now write, in direct analogy with (1),
detp =: difbk/ . pprb

and then apply this to matrix as:

detp a5
& _11 B _i|

I wanted an open, not a boxed result, so modified the definition of detp:

detp=:>@(difb/ . pprb)
Jag =: detp a5
6 _11 &6 _1
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This looked promising, but was it indeed the characteristic polynomial of my
matrix? One way to find out was to use the Cayley-Hamilton theorem, which
says that a matrix satisfies its own characteristic equation. To see whether this
was 50, I found the first four powers of A, using the monad 1 [JP 9.A.m0] to form
the Oth power of the matrix, that is, the identity matrix:

Ja7=:Asipa: {1.@>:@#"]) I A

1 Y] 0
0 i 4
¢} 0 1

33 16 72
24 _10 _57
_8B U

129 80 240
96 _56 _189
_32 _2¢ _s9

417 304 eys

-312 _220 _507
_i04  _76 _1B1

then multiplied these by the supposed coefficients of the characteristic equation:

Jag =: a6 * a7
6 o) 0
0 B 0
] 0 &

-363 _176 _792
264 110 627
B8 Ly 187

77% 480 1440 -
_576 _336 _1134
~192 _120 _354

_417 _304 _6us

a1z 220 507
104 76 161

and lastly, summed a8, trusting that the result would be the zero matrix:

+ /a8

(=2 =B =]
o oo
o o o
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From here it was a short step to the eigenvalues: they are the toots of this
polynomial, so I could use J's polynomial primitive (p. ):

p. detp ab

=1(3 2 1

The result I wanted was the open (») of the tail ({:) of this one, so I made another
modification:

a9 =: >@{:08p,G6detp a6
321

The parts can now be assembled to give the eigenvalue finder cm:

cm =: > 6 {: @ p, @ detp @ db
cm A
3 2

=

If these are the eigenvalues, their product should be equal to the determinant of
the matrix.

*/ cm A
[

det A
[

So far, so good. Furthermore, if these are the eigenvalues, if any one of them is
subtracted from the diagonals of A, the determinant of the result should be zero.
Is this the case?

det A - 3~ 1A

o

det A - 2 » 1 A
o

det A - 1= 1A
0
Yes it is.

The verb cm is a model of the monad of the c. primitive described in the |
Introduction and Dictionary. 1t differs in that the roots are given in order of
descending magnitude, which is how the polynomial (p.} primitive provides
them, rather than the ascending order prescribed in the Dictionary. Since c. has
not yet been implemented, it’s anyone’s guess how p. and ¢. will be reconciled.
T've brought this matter to the attention of the proper authorities, so they do at
least know that the problem exists.
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APl Problem as a Particular
Recurrence Problem

by Andrei Buzin (buzin@ext1.ccas.ru)

The problem discussed in Robert Bernecky’s letter in Vector 13.4 p.7 concerns the
inconvenience of programming recurrence and iteration algorithms in APL. This
problem is eritical for APL for the following reason: a major advantage of APL is
its conciseness, but the better part of recurrence and iteration algorithms musf be
coded in FORTRAN style, e.g. by loops. You must do this not on account of
impossibility in principle, but because the concise APL expressions process the
work extremely slowly or are extremely expansive in memory usage.

For example, you can solve the AP] problem, mentioned in the last three Vectors,
with the following APL expressions (in Dyalog APL):

£ 1" (pp)+Tep
or
k" \p

where & is 0.5 and p is 1 23 4 in Roger Stokes’ example, but they are only quasi-
solutions, because they give WS FULL or work too slowly if p is rather long.

I have faced this problem in teaching computational methods to students of
applied mathematics. On the one hand APL is convenient for showing the
essence of some method, to code it rapidly and to make experiments with it. On
the other hand, if we use loops, the program runs slowly. And very often we can
program the method in APL style, without loops, by using “each” or “scan”;

For example, the Euler solution of differential equations can be programmed in
modern APL as Euler\N/x0, where N is the number of points in the solution,
X0 is the initial point (it can be a vector) and Euler is a simple function, which
describes one step of the solution, This solution works, but is extremely slow! (As
well as Robert Bernecky I had made some timing experiments for optimal loop
organization; really the best is using the “pre-allocation” practice — this result
was distressing for me}.
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Moreover, 1 have seen that all recurrent problems of type
X; =f(x.-_1, x{_z,...,x,-_k), i”k+1,k+2,...,N (1)

can be solved by the scan operator FAN/cx1 X2 ... xk (even in the case
when X is an arbitrary array)! Function F depends on function f and has dummy
left argument. But unfortunately, in practice the expression F\X is calculated as
F/ ™" x except in the cases when F is a associative primitive function. You can see
that in the case where the function F is associative, the resulting elements of F\
can be calculated recurrently. The other case is where the function F does not
depend on the left argument. But in the general case the resulting elements
cannot be calculated recurrently because of APL conventions about the sequence
of calculations and the Scan Operator.

A more general form of recurrent (and iteration) calculations is
X =fla, i) Xpy XigrerXin) ?)

where a is the set of parameters, i is the index {or multi-index). The APl problem
is one example; in the API problem k=1 and a =k p (here k and k differ). What is
very important, is that almost all classical computational methods can be represented in
such form (x can be a nested array).

The problem that is discussed in Vector is that we can not avoid loops in some
recurrence problems and that loops work slowly in APL, Robert Bernecky says
that “It is time for APLers to admit that iteration has its place in a programmer’s
toolkit”. I don’t think so.

Really, why is looping not usual for APLers? The reason is that many cycles are
hidden into assembler codes automatically by the interpreter. The history of APL
is the history of cycle-hiding (at first reduction, scan, inner and outer product,
then each). Why must we make an exception for recurrence? It is inconsistent to
have the eclectic mixture of styles in APL, And it is quite impossible to expect
that any sober-minded person will credit that he must solve the recurrence
(iteration) problem with APL.

If the function £ in (2) is “compilable” (that is if it can be represented as an
executive module}), then the recurrent cycle, which calculates the recurrent
sequence can also be written in computer codes — it is quite a simple cycle (it is
the nested cycle if f is multi-index). Robert Bernecky proposes to make it in three
steps: at first you write cycle in APL, then APEX translates the APL code into C,
then compile it into an executive module. I think this procedure should be
automated. My proposition is to introduce into APL a new operator — the
recurrence operator.
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1 published this proposition in our Russian-language journal ” APL"” Club” in
January 1997 and Thope to report it in Toronto. The main idea is to introduce a
new primitive operator, for example, with the name “recurrence” (I suppose
it can be a new symbol “ |-” like 1 swinging 90 degrees clockwise), with operand
f- The arguments of the derived function are 4, x,,%,,....x;. The structure of these
arguments characterises the dependence or independence of 1. Such an operator,
not primitive but defined, is presented in my paper. It contains the cyclic
analogues to Robert Bernecky’s “api 3”, but in general form. Note that my
recurrence operator is ideologically close to Norman Thomson’s operators for
iterative computations (see, for example, APL Quote Quad 25.1).

The solution of the API problem would be the following;
(ck p} Api{recurrence}{1+p){pp)

where Api is defined as follows:

r<par Apl a;k;p:i

n One step of API calculation
k p i+par

r+pl{il+k=a

When I use my defined operator RecIt instead of “recurrence”, the time of
solution is 19 seconds for 10000 elements of p {(on my 486/DX2-66). If the
recurrence operator were realized internally we should solve the API problem
(and all other recurrence/iteration problems) in APL-style and with a speed no
slower than in FORTRAN.

Andrei Buzin

RusAPL
Calculating Centre of Russian AcSc.
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British APL Association: Membership Form

Membership is open to anyone interested in APL. The membership year
normally runs from 1st May to 30th April, but new members may join from 1st
August, November or February if preferred. The British APL Association is a
special interest group of the British Computer Society, Reg. Charity No. 292,786

Name;
Address:

Postcode / Country:
Telephone Number:
Email Address:

Category (please tick box) to run from: 1st May (1 August 0 Nov O Feb O

UKprivatemembership ... .. ................. .. £12 Q
Overseas private membership . .. ... ... ... ... ... .. £14 g

Airmail supplement (not needed for Europe) .......... £4 a
UK Corporate membership . .. ................., £100 a
Corporate membership overseas .., . .............. £135 U
Sustaining membership .. ......... ... ... ........ £430 8

Non-voting UK member (student/OAF/unemployed only) £6

PAYMENT — in Sterling or by Visa/Mastercard/JCB only

Payment should be enclosed with membership applications in the form of a UK
Sterling cheque to “The British APL Association”, or you may quote your
Mastercard, Visa or JCB number.

I authorise you to debit my Visa/Mastercard/JCB account

Number:lllslllllllslul|1|||Expirydate:L_l__ll_u
for the membership category indicated above,
Dala Protection Act
on : H Tha information supplied may be
a annually', at the p're\‘ralhng rate, until further notice | wred on computer and provessed
one year's subscription only in acooroiance with the registation
of the British Computer Socicty.
(please tick the required option above)
Signature: Send the completed form to:

British APL Association, ¢/ 0 Rowena Small, 8 Cardigan Road, LONDON E3 5HU, UK
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