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Editorial
by Duncan Pearson

This issue of Vector will be distributed to the delegatesto the first annual world
APLconference 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 Kenthaving 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. Anywaythefirst 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. 1 am looking forward to more of the same.
SIGAPLisnot 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 amongan increasingly disillusioned band
of stalwarts. Theréle 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 onfinding practical ways to publish
APL on the webisclearly of benefit to the entire community and to APLitself.
Also the printed magazine continues to be read, judging from the feedback, not
all positive, that wereceive.
It is in the area of meetings howeverthatthereal challengelies. The Toronto SIG
are taking a fair risk in the organisation of APL97. 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
whosee the annual conference as a means of gaining valuable experience of
otherfields of endeavour within the APL world andincreasingly to do this one
must haveinteractive sessions with participation enhancingthe learning process.
There are many APLorganisations in the world with sufficient funds, if pooled,
that we could ensurethat 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 1997International Conference on APL.
Toronto “Share Knowledge, Share Success”

November3-5 Orlando, APL2000 User Conference
Florida

Conference News
The 1997 APL2000 Conference will be held Monday November3, 1997 through
Wednesday November 5, 1997at the Sheraton World Resort in Orlando Florida.
Presentation and Training schedules will be posted as soon asthey areavailable.

 

Dates for Future Issues of VECTOR
Vol.14
No.2

Copydate 5th September
Adbooking 12th September
Ad Copy 19th September
Distribution October 97

Vol.14
No.3

5th December
12th December
19th December
January 98

Vol.14
No4

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 No.4 pp.7-11)? This solves the above problem in six characters, viz:
xi”, \y and incidentally runs about four times as fast on APL2/PCaseither of
Bob’s apii or api3.1 described the analogousJ version, namely >@(#.&.><\)
,in Vector Vol.13 No.3 p. 12.
[Ed- see also Andrei Buzin’s note on page 140]

APLandthe 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 APLinterpreter gets the error messages wrong —
he does notsay which interpreter he is talking about — IBM interpreters correctly
give AXIS ERRORfor the two “wrong” messages hecites for transpose and
rotate. He also says that “we would expect that (p, [@]4)+>(p4),1”. This is
precisely what happens in APL2, thatis (9, (10]A)+>+(pA),1.
Whileit is true that the rank operatoris 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 necessaryto 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 choseninJ.
As a historical footnote, Chris says of dyadic APL functions that “In theory... a
semi-colon could be used to delimit the ranks ofleft and right axes’. Thefirst
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
ISO APL and the proposed standard for Extended APL define an empty array A
as an array, the count of whichis 0, the count being the productof the shapelist
of the array (x/4). APL books and manualstranslate this by defining an empty
array as an array of rank 1 or morewith at least one lengthofits axes being 0.
So, empty scalars do notexist. The basic idea seemsto 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 wecall such a scalar a ‘pseudo emptyscalar’ 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”. I haven’t paid muchattention because the
way I have designed myapplications during the past 40 years meansthat I know
that “00” means 2000, not 1900 (or even 1800) and “01” means 2001.
Apparently more fuel has been added to thefire by [509000 “century compliant”
standards. So I spent something under an hour modifying a couple of standard
utilities 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. Theinternal representation is not something that a person can read and
makeanysenseof, but it does makeit very easy to figure out how manydaysare
between anypair of calendardates.
With a bit of modification CAEJUL 3251997 3251999 3252001 gives the
same internal representation. Incidentally this function is in the application
because back in the mid 60s (1960s that is) I was about to leave to make a  



 

VECTOR Vol.14 No.i
 

presentation in England and suddenlyrealized that I wanted to beable 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 DIFM? takes any internal representation and generates a -
formatted date, with two- or four-digit years.
DIFMT 35149 35879 36609 generates
3/25/1997 3/25/1999 3/25/2001.
The user can flip a switch so that the result comes out 25/3/1997
25/3/1999 25/3/2001.It obviously doesn’t matter to the output how the
internal representation was generated. Since it took solittle time to modify two
very simple utility functions that always deal with all dates throughout the
application, why are consultants making so much money addressing this
consternation?
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British APL Association News
Minutes of Committee Meeting
Held before the AGM Friday 23 May 1997
The Agenda wasasfollows:

P
e
N
P

we
O
N
a
m

. Apologies
Financial Report

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

. Meetings: Vendor Forum,Internetcafe, speakers for BCS Southampton

. Education Vector
Vector content: articles on J ete

. Insurance/future of BAA portable computer

. Subscription Rate

. AOB
Ray Cannon and DuncanPearson sent apologies. Those present were Alan
Mayer(Chair), Nicholas Small (Treasurer), Sylvia Camacho(Secretary), lan
Clark, Mare 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 that a
large part of the difference would be avoided if the Education Vector mailing
wasended.(see item 6)
The numberof Vectors mailed was 709 as against 750 last year. Theloss of
membersis from the UK. There wasthe usual discussion aboutthe call for
APLexpertise. The difference this yearis that there is a requirementfor APL
programmersto vetold code for the millenium problem.
It was agreed that thedifficulty offilling Committee posts might be answered
byaskingall recipients of this e-mail to be prepared to be co-opted to do jobs
as the needarises and to be preparedto discuss general managementbusiness
that could notbe settled over the net, if necessary, at a Vector planning
meeting. Therefore only four managementposts would bespecifically
assigned, Chairman, Treasurer, Secretary and Editor. It was agreed to drop the
title of Education Officer (see 6 below).

1
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5. It was agreed that meetings had proved difficult to organise and had attracted
fewer punters eachyear.If a Vendor Forum wasto be held this must be at the
instigation of the Vendors themselves. The Internet cafe had aroused interest
but not many peoplejoined in on the night. BCS Southampton group had
suggested that we provide “Introduction to APL Speakers” for the benefit of
their members (and ours). This matter was deferred for considerationlater.

6. The card includedin thelast issue of Education Vector, asking people to
return it to confirm their continuing interest, has resulted in only about 100
returnssofar. This does notjustify the print or postage of Education Vector.
It was thought preferable to send copies of Vectoritself for the rest of the year
withthe suggestion that 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 longerinvolved in the education world
and that he has detected no enthusiasm to learn new skills among teachers
because they are under too muchpressure 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 forJ
and general more philosophical material such as Langletarticles tended to be.
It was agreed that the Editor should be careful not to overload the journal
with minority interest material. It was recognised that he dependsin 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 nottaken.

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 andthe
Internet cafe event. The Conference held at Lancaster had been successful and
had madea profit. It was supported to a small extent by the British APL
Association but not run by them and they received noneofthe profit. The
Proceedings have not yet been published.It is hoped that Quote Quad,atleast,
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



 

VECTOR Vol.14 No.1
 

5. Twoofficers were required to be replaced, having served 3 years. Anthony
Camachowaselected Chairman (proposed Alan Mayer, seconded Jan Clark).
Ajay Askoolum waselected Secretary (proposed Alan Mayer, seconded
Anthony Camacho). Alan Mayer agreed to take on Anthony’s previousrole as
Publicity and Projects Officer. All other Committee members expressed their
willingness to continue serving.

6. The Treasurerconfirmed that John Sullivanis willing to continue as Auditor
andhis appointment was agreed.
Atthis point there wasa brief pause for coffee. The new Chairman then
reconvened the meeting, welcoming the members attending the AGM.

7. There was somediscussion 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 offront end could be devised, and wasaskedto putthis forward as a
possible project.

8. No decision was made on whetherthe BAA portable should beinsured.
9. It was agreed that, as we would be spending about £3,000less 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.
Pencefigures have been omitted, so columns may notadd exactly.
The value of stocks of Vector and the Software Library have not been assessed,
norhasthe valueof the Association’s computing hardware and software.
For 1996/97, figures are shown both as income and expenditure, i.e. revenues
strictly relating to the activities of that year, and as receipts and payments,ie.
what goes in and out of our bank account. The comparitive figures for earlier
yearsrelate to income and expenditure.

Nicholas Small
Hon. Treasurer

13  
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Summary of income and expenditure/receipts and payments:

IncomejReceipts
Subscriptions
BCSservices
Bankinterest
Vector advertising (incl. VAT)
Other
Totalreceipts

Expenditure/Payments
Meetings
Administration
BCSservices
Vector production and despatch
Education Vector supplement
Projects
Other
Total payment

Assets summary:
Bank and other balances
Debtors
Creditors
Written off
Net assets

1996/97(R&P)£
10692

106
3022
4149
381

18250

358
1493
106

15053
3371
1049
569

20149

14

1996/97(IRE)£
11364

106
3022
4605
351

19448

358
2135
106

18315
1117
670

23148

52022188(6151)

48059

1995/96(18E)£
1871
a7

2900
3240
200

18529

1086
2340
317

15458
3462
729

23880

587711217(6280)(250)
51759
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Newsfrom Sustaining Members
Compiled by Gill Smith

Insight Systems/ Adaytum Software
Nowavailable: 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 andSoliton 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, andwill support Unix, OS/2 or even
Windows3.1 servers in addition to Windows95 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 DLLversionis 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 expectit 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
SQAPLor APL Link PRO Client. Thelist 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”, “PutInfo” and “BrowseConnect”. For
advanced users, we will make the Environment, Connection and Statement
handlesavailable so that you can extend the product from APL by makingdirect
DLLcalls. We are also working on support for Bulk Input, but do not know yet
thatthis can be includedin 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 1996/1997looks as if it will be another year of rapid growth for
Adaytum. Weare 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 numberof new developers, technical writers, designers and testers during the
next year. If you have a knowledge of APL and C, andare willing to relocate to
Denmark, please contact mkrom@adaytum.dk or check our Web site::
www.adaytum.dk.

During the summer, wewill release version 2.1 of our Windows product, which
amongst other things contains supportfor text cells, annotation, audit trail, and
support for larger models. Our 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 interfaceis likely before year end, as
is the release of our own Webserver product.

Causeway Graphical Systems Ltd
Firstly, we would like to welcome Marc Griffiths to Causeway. As our NewLeaf
users will know, Marc helped us out with the tutorial section of the manual, but
they may not be aware of the numberof small flaws and inconsistencies that he
turned up (and gotfixed) before the product wentlive. Mare 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 extreme thoroughness whenit comesto 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 codein all flavours
of APL(includingJ), C++, Visual Basic for Applications and Java. Wealso have
unparalleled experience in interface design, and Marc will continue his
involvementin the world HCI community to ensure we stay with the leading
edge, whereverit 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 speechat this year’s Adaytum 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 developmentresource as the needarises.
Wenowhave 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 reportedin the last Vector, the ‘engine
room’ of CausewayProis 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 thefirst place! Marc has
already been a great help here, and weshall be mailingthe first beta set to all our
potential users at the end of the first week of July. If you want to know more
aboutthe‘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 neededto allow our
RainPro and NewLeafnamespaces 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
looking at it would beto say that it opens up thepossibility 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 PostScript 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 passwordedZIP files. The RainPro
release adds chart subheadings and multi-line X-Axis captions; the NewLeaf
release simply consolidatesall the fixes posted on the web site since September
1996. If you haven't already updated your copy, you may download the new
version (updatedhelp file is included) and contact us for the password.If you
don’t haveinternet access, mail or fax us and wewill mail you a diskette free of
charge.
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A Development Toolkit
for the APL Professional

¢ 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 oneyear’s telephone support.
Causeway Graphical SystemsLtd. Tel: +44 (0) 1653 696760
The Maltings, Castlegate Fax: +44 (0) 1653697719
MALTON,North Yorkshire Web: www.causeway.co.uk
YO17 ODP 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.
Wereserve theright to edit material supplied for reasons of space or to ensure a
fair market coverage. The listings are not restricted to UK companies and
international suppliers are welcome to take advantageof these pages.
For convenience to readers, the productlist has been divided into the following
groups(‘poa’ indicates ‘price on application’):

+ Complete APL Systems (Hardware & Software)
+ APLInterpreters
+ APL-based Packages
+ APL Consultancy
+ Other Products
+ Overseas Associations
+ Vendor Addresses
+ World Wide Web andFTP Sites

Every effort has been madeto avoiderrorsin theselistings but no responsibility
can be taken by the working group for mistakes or omissions.
Wealso welcomeinformation on APL clubs and groups throughout the world.
All contributions and updates to the APL Product Guide should be sent to Gill
Smith, at Brook House, Gilling East, York, YO6 4JJ. Tel: 01439-788385, Email:
100331.644@Compuserve.com
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COMPLETE APL SYSTEMS
COMPANY PRODUCT PRICES(£)
Dyadic IBM RS/S000 M0320 11,736

IBM RS{6000 MD320 13,817

IBM RS/6000 MD320 22,656

IBM RSj6000 MD520 37,144

IBM RSY6000 MD530 72,084

{BM RS/6000 MD540 122,842

Optima IBM Compatible poa

APL INTERPRETERS
COMPANY PRODUCT PRICES(£)
APLSoftware. APL*Plus/PC Release 10 450

Runtime poa

APL*PlusIt 1,395
Run-time poa
Dyalog APL 1000-10,000
APL2/PC- poa.

Beautiful Systems  Dyalog APL/W for Windows poa
Dyalog APLfor Unix pea

The Bloomsbury Software CompanyAPL#PCVersion 11 280
APL+Win v1.8 1350

Upgrade to Version 1.8 540

Migration to APL+Win 620
TA

APL+D0S: 1300
Migration to APL+DOS 820/390

DETAILS
APL POWERstation (Greyscala) 27.5 MIPS, 7.4 Mflops RISCProcessor 8Mb RAM, 120Mb Disk19" 1280x1024 Greyscale GraphDisplay AIX, OSF Motif, DyalogAPL(f-user)
APL POWERstation (Colour)27.5 MIPS, 7.4 Mflops RISCProcessor 8Mb RAM, 120MbDisk46" 1280x1024 Colour Graphics Display AIX, OSF Motif, DyalogAPL. (1-user)
Advanced APL POWERstation 27.5 MIPS, 7.4 Mflops RISCProcessor 16Mb FAM, 320Mb Disk, 150Mb Tape18" 1280x1024 Colour Graphies Display AIX, OSF Motil, OyalogAPL(1-user)
APL POWEAsystem (8-users) 27.5 MIPS, 7.4 Mflops RISCProcessor 16Mb RAM, 320MbDisk, 150Mb Tape CD-ROMDrive, 16 PortsAIX, Dyalog APL (2-8 user licanca)
APL POWERsystem (18-users) 34.5 MIPS,10.9 Mflops RISCProcessor 22Mb FAM, 1.24Gb Disk, 2.9Gb Tape CD-ROMDrive,16 PortsAIX, Dyalog APL(8+ user licence)
APL POWERsystem (32-users) 41 MIPS, 13 Milops RISC
Procassor 64Mb RAM,1.7Gb Disk, 2.4Gb Taps CD-ROM Drive,
32 PortsAIX, Dyalog APL(8+ userlicence)
Complete networked or stand-atanesolutions Includingconfiguration installation, maintenance and commissioning.

DETAILS
STSC's APLfor IBM PCs & compatibles.Upgrades from earlier
releases also available.
Closed version of APL"Plus/PC which prevents user exposure to
APL.
All the features of mainframe APL*Plusfor your 386PC!

2nd generation APL for Unix systems
IBM's APL2 for tha PC.
USDistributor of Dyalog APL products from Dyadic.
‘Sea Dyadic listing for product details,
Upgrade to version 11 givesfree runtime (£120 from anyversion)
A 32-bit Windows-hosted Interpreter that runs under all Windowsplatforms Including Windows 95, Note: Any user purchasingAPL#Win during 1996 will recalve free updates to Vn 1.8 and Vn2.0 (user to pay cartage)
From earlier versions of APL+Win. Free update to Version 2.0(userto paycarriage)
from APL*PLUSII versions 4/5. Free update to Version 2.0 (user
to pay carlage)
from earlier versions of APL*PLUSII
APL*PLUSiI DOSis renamed to APL*#DOS,
from APL*PLUS/PC or APL*PLUSI]
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Dinosatt Oy
Dyadic

APL*PLUS II for UNIX poa APL2000's 2nd generation APLforall major Spare and Rise Unix
workstations.

APL'PLUS VMS poa 2nd generation APL for DEC VAX computers under VMS.
APL*PLUS Mainframe Poa Enhances VS APLwith manyhigh performance, highproductivity features. For VM/CMS and MVSJTSO offers simpleupgradefrom VS APL.
Oyalog APLIW for Windows poa Finnish distributor of Dyalog APLproducts.
Dyalog APL. for Unix poa See Dyadlc’s listing tor product details.
Oyalog APL for DOS/386 995 Second generation APL for DOS.Runs in 32-bit node, supportsvery large workspaces, Unique "window-based" APLDevelopmentEnvironment and Screen Manager. Requires386/486 based PC or PS/2, at least 2Mb RAM, EGA or VGA,DOS3.9 oF later.
Dyalog APLIW for Windows 995 As above,plus object-based GUI davelopmenttools, RequiresWindows 3.0or later.
Dyalog APLforUnix 995-12,000 Second generation APLfor Unix systems.Available for Altos,

Apoilo, Bull, Dac, HP, IBM 6150, 1BM RS/6000, Masscomp,Pyramid, NCR, Sun and Unisys machines, and for PCs and
PC/2s running Xenix or AIX, Oracle Interface available for (BM,
Sun and Xenix versions,

IAC/Humantntertaces

APL Ltd

IBM APL Products

Insight Systems

LAPYMas 13 Macintosh version of APL
I-APLIPG or clones 8 {SO conforming interpreter. Supplied only witn manual (see‘Other Products’ for accompanying books).|-APL/BBC Master 8B Asabove|APUArchimedas 8 AsaboveStrand Software Inc Strand Software Inc has the sole selfing rights fo IversonSoftware Inc products. |-APL stocks @ few of thes (mainlyAPLIWIN and the personal J products and books), but is nolonger an agent.
TryAPL2 free APL2 for educaticnal or demonstration use. Write, fax or Email toAPLProducts; specify disk size deslred,
APL2 PC (US Version) $690 Product No. 5799-PGG. PRPQ Number RJO411.

‘Ordertrom 1-800-IBM-CALL
APL2 PC (European Version} £348 Product No. §604-260. Part number 38F1753,

From all IBM dealers, Including MicroAPL.
APL2 tor OS/2 Entry Edition $185 Part No 89G1556,
APL2 for OS/2 Advanced Edition $550 Part No 691697. Contains all facilities of the Entry Edition plus:DB2 interface; co-operative processing TCP/IP Interface; toolsfor writing APs:TIME facility
APL2 for Sun Solaris $1500 Product No. 8648-085.
APL2 for AIX 6000 poa —_—Product No. 8768-012.
APL2 Version 2 poa Product No, 5888-228, Full APL2 system for 5/970 and S/390
APLZ Application Envt Viz poa —_—Product No. 5888-229. Runtime environment for APL2 packages
APL'PLUSJPC poa APL systems marketed and supported ...
Dyalog APL poa from: Oyadic, Manugistics, 12M
APL2 poa under: Windows, OS2 and Unix

Iverson Software Inc. J on the Wab online registration...
4 Educational Edition $50
J Standard Edition $150
J Professional $325
Books and actessorlas (discounts for reg users)
J Dictionary $50
J User Manuat $50
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J Phrases $40
J Primer $40

Setof the above 4 books $160
Concrete Math $40
Fractals, Visualization & J $50
Exploring Math $50
J User Conferenca Procesdings $35
Mugs, T-shirts, Mousepads $10 aach

APLIWIN $70
J Austria J poa

Dyalog APL poa
Causeway Products poa
Structural Analysis Software poa

Lescasse Consulting APL#PC poa
APL+UnIx pos
APL+DOS, poa
APLAWIn poa
Dyalog APLW poa

MasterWork Software Manugistics Products and [$1 poa
MicroAPL APL.68000 Level | 2000

APL.68000 Level II 2500

APL.6B000/K 1500-6000

APL68000 Level |Mae, ST, Amiga 87
Mac, Amiga 280
APL.68000 Level [IST 170
Amiga 260
Mac 520
APL*PLUSRel 10 450APL*PLUSII V4.0 1395

Oasis Systems Dyalog APL. poa
APL*PLUS, poa
APL.68000 poa
APL2 poa

Optima Dyalog APL. 995
RETime Tracker Gy APL+PC (APL*PLUS/PC) poa

For 386/PC under Windows 3.1
Distributorfor Austrla and Switzeriand
Distributor
Distributor
Complete package by IG Zenkner&Handel to perform structuralanalysis/engineering calculations. Also suitable for dynamicproblems, 9.9. earthquake simulation.
Lescasse Consultingis the exclusive APL2000 distributorIn
France and also
distributes in Switzerland and Belgium, Call tor price quotes.

French distributor tor Dyalog
New Zealanddistributor
First generation APL with numerous enhancements. Multi-userversion(Unix, Mirage, MCS).
‘Second generation APL. Nested arrays, userdefined operators,selective specification etc. Multi-user version (Unix, Mirage,MCS)
Second-generation APL. Nested arrays, user defined operators,selective specification, etc. Multi-user AIX version: with fullOSF/Motit support.
First generation APL. Single user,full windowing Interface,software floating point support.
First generation APL. Single user, full windowinginterface,hardware floating point
‘Second generation APL. Full windowing Interface, softwarefloating point support.
Second generation APL. Full windowing Interface.Hardware andsoftware floating point support.
Second generation APLFull windowing interface.Hardware andsoftware floating point support,

Dyadic Systems
Manugistics
MicroAPt Utd
'eM
Fully fledged Windows development environment.
Complete APL+ and Statgraphics product rangeandlinks tovarlous 3rd party products.
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APL+DOS (APL"PLUSII)
APL+Win (APL"PLUSIII), APL+LInk
APL+UNIX
APL*PLUSSharefila

Soliton Associates SHARP APL for MVS. poa
SHARPAPLfor Unix poa

Strand Software Canada
All APL*PLUS Products poa
Dyadic and 1S1products poa

USA
Dyadic and(St products poa

APL PACKAGES
COMPANY PRODUCT PRICES(£)
ADAPTA Software MPS- Master Production Schedulingpos

FBS - Forecasting and Budgeting System
DRP- Distribution Requirements Planning

Adaptable Systems FLAIR

Adaytum Software Adayturn Planning
‘The APL Group Qualedi
APLSoftware Lid(mainframe) RDS

IPLS
REGGPAK

{microcomputer}
POWERTOOLS:

REGGPAK
ROS:

Beautiful Systems ASF_FILE

NAT_FILE

D@F_FILE

SF_READ

Tha Bloomsbury Software Company(for VSAPL) Enhancements & Sharefite
Campiter

poa

poa
$1500-4000

f299

$299

poa

tor IBM MVS maintrames
for IBM RS/6000 and Sun SPARC

All APL*PLUS produets Including upgrades and educational.

DETAILS

Finita loader and interactive rescheduler. Customisable fullfunction scheduling system, (Avallable outside Austratia byspecial arrangementonly.}
Full-featured Budgeting and Financial Planning system formediumto targe enterprises.
Electronic Data Interchange (EDI) translation software for thePC,with strict compilance checking.
Relation Data Base System
Project Management System
Regression Analysis Package
Assombler written replacementfunction for commonly usedCPU-consuming APL functions, Includes a Forms Procassor.
Regression Analysis Package
Relational Database System
Dyalog APL/W auxiliary processor for access to APL*PLUS/PC.APL componentfiles (ASF).
Dyalog APLW auxiliary processor which emulates theAPL'PLUS/PC quad-Nnative fle subsystem for acooss to theDOS tlle system.
Dyalog APL auxiliary processor for efficient black modeaccess to dBASEformatfiles. Designed to get farge amounts ofdata In and out of (BASE, Notsulted for random accassto smallamounts of data (It does not handle keys),
Dyaleg APL/W functions to read APL*PLUSdata objects of anytype orstructure from *.SF style componentflies created byAPL*PLUSII oF il.
Componenttlles, quadunctions & nested arrays for VSAPLunder VMICMS & MVS/TSO
The First APL compiler!
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(lor APL2y

Causeway

Cinerea AB

CODEWORK

H.M.W.

HRH Systems

IAC/HumanInterfacesSPARKS

APLLid

{BM APL. Products

INFOSTROY

Insight Systems

‘SharefilefAP poa

Causeway for DyalogW 35/$50
Rain Graphics (shareware) 35/650

RainPro Graphics (professional) 250

NewLeatfor Dyalog and +Win 400

RCHART 250

HELM poa

4XTRA poa
Arbitrage poa
Basket poa
Menu-Bar poa
APLUtilities poa

APL*PLUS Utllities

poa
EPIDEMIC poa
COINS poa
FIBONA poa
Educational workspaces 5

AGraphicalStatistical System $250
(ass) $500

$2500
APL*PLUSYXbase Interface(1886 Version 2) sig

{PC Version 2} $98
{DLLVersion 1} $i98
IUTILSXP 20-95

STSC's shared access componentfila system for APL2,Comparableto all APL*PLUS file systems: multi-user storage of
APL2 arrays with efficient disk usage,
Registration for the Causewayplatform supplied with DyalogAPLIW as shareware.
Annual registration covers full on-line documentation (WindowsHelp) and handy-referance for the Rain graphics workspacesupplied with Dyalog/W.
The ultimate graphics toolkit for the APL developer, Adds 3Dcharting capabllity, Web publishing and clipboard support to theshareware product. Charts can ba included In NewLeaf reports.Functionally compatible across Dyalog/W and APL+Win,
Frame-based raporting tool with comprehensive table-generatlonand text-fiew support. Offers multiple master-page capability,bitmap wrap-aroundand on-screen preview with pan and zoom.Fully supported on Dyalog/W and APL+Win (1.8 and above)
‘Organization chart packagetor IBM APL2/PC.Full & heavily
commented source codeincluded- free Integration into other
applications. NB; ASCII outputwith line-drawing (semi-graphic)charactars for boxes,
Decision Support systemfor top management Handles largemult-dimenslonaltables, data analysis, EIS presentations;generates HTMLand Latex output, Platforms: DOS, APL#Il,Windows 8.14/95 for Dyalog APL, LAN support.ideal for APLcustomisation, more than 100 installed.
Front-end Foreign Exchange dealing / pos keeping
Arbitrage modelling
Basket currency modelling
pull-down menufor APL*PLUS/PC
‘Softwareto transfer workspaces between APL*PLUSand Sharp,
and between APL*PLUSand |-APL Software to import IBM .ATF
files to APL*PLUS,
Public domain software, unlock locked tns, a user-friendlyalternative to locking, ins of mathematical physles, manus, andothers.
Educationalsimutation of electric circuit (tor Apple Mac.)
Educational simulation of spreading infection (for Apple Mac.)
Educational simulation (KS3) of coln-tossing experiment withsimple stats (for Apple Mac.)
Educational simulation of Fibonace!’s rabbits (lor Apple Mac.)
PG tonmat disks with the examplesfrom: Thomson. Espinasse(Kits 4-4), Kromberg, Jizba & FinnAPL. All the examples ta saveyourfingers!
for DOS, Product Number 5764-009
for Workstations (OS/2,Aix, Solaris), Product Number 6764-092
for CMS,Product Number 5764-011

Complete package written in C. Comparable with the data,index& memo files of FoxPro, dBASE,& Clipper. Multi-user support.No DBMSlicense required.
As above for APL*PLUS/PC.
The same In a DLL form! Gives your Windowsapplications alladvantages of DLLs.
Cross-platform utllty library Including simple OScalls (DIR,COPY, DEL, RENAME)and DATE functions. For APL*PLUS Il,APLZ and Dyalog APL under Windows, OS/2 and Unix.
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JAD Software

Lescasse Consulting

RETime Tracker Oy

Soliton Associates

Warwick University

AS!

WinCom
$20,220,x2x

SQAPLClient

SQAPLServer

JAD SMS:

APL#Win Monthly Tralning Program$800

Advanced Windows Programming...$95

OLL parser for +Win

Delphi Forms Transiator
APL+LInk Pro
SQAPLPro
RalnPro

NewLeat
Graphx and ChartFx
Formula One and Dyalog APL

UT

AJGRAPH

ECCPRO with APL

NEWTTCPAP SOKwith APL

OB+

Locos
MAILBOX
VIEWPOINT
BATS:

FAB
APLTutor (PC)
APLTutor (MF)

95

95
poa
poa
poa

150-500,

$250

$195

poa
poa
poa
Poa
poa
$95
pea

poa

poa

Poa
poa

poa
poa

250

$299
$5000

APL SpreadsheatIntertaca, “DaviceIndependent spreadsheetdriver supporting Excel, 123 and Quattro-Pro for Dyalog APYW
Asynchronous comms package for Dyatog APLW
Advanced APLsyntax analysis and conversion packages fromSharp and APL2 to Dyalog, and betweenany two APLs
Interface from APL*PLUS [[, APL2 and Dyalog (Windows, OS/2
or Unix) to most SQLdatabases over most networks.
Makes APL*PLUS(1, APL2 or Dyalog APL. (Unix) available asSequelink servers. Can be called from SQAPLclients of otherapplications such as Excel, C++, Smalltalk, Visual Basic.
‘Software management systemfor APL*PLUS {} based onhierarchical databases:Includes full-screen Interface and stand-alonefunctions. Prica depends on numberof users,
Download 50+ page document about APL+ programming eachmonth, You also get one of more workspacesful afre-usableAPL code and sometimesadditionaltiles or products.
200-page book plus companion disk on intertacing APL andDelphi, Contains full coverageof Delphi-2, +Win and Dyalog.
Parse anyVisual! Basic DLL declarationfile Into a sat of quadNA.
definitions. Turn constants and structures Into APLvariables.Available for APL+Win and Dyalog/W.
Design forms with Delphi and tum them automatically Into APL.programs which recreate the same form (+Win and Dyalog¥).
ODBC Interface for APL+Win
ODBC Interface for Dyalog APL(W
Highly customisable 2D and3D publication graphics forAPL+Win and Dyalog APL/W
Pagelayout and printing tools for APL+Win and Dyalog
High-quality business graphics for APL+Win
100-page book + companion disk on how to use the FormulaOne VBX with Dyalog APLW
Comprehensive high-level Windows UserInterface library for
APL+Win and +l! v 5.1, Comprehensive spreadsheets,replicated
fields, specialfleld types, otc. 16 and 32bit versions available,
Graphpak-compatible 2D graphics packagefor +Win and +D0S.Includes mult-window support, print and metafile support. NoDLLs required.
Leading group and personalinformation management systemwith comprehensive customising, Supplied with sampla +Winworkspace to interlace to ECCO databases via DDE.
Lead TCP/AP SDKwith Intertacesto all protecals, Supplied on 3
CD ROMStogetherwith a sample +Win workspace.
Database Intarface for APL+DOSunder Windows, Allowscombining character-based APL applications with ODBC-compilant databases such as Oracle and SQL-server..
Application Development Environment
Electronic: Mall
Report generator with interfaces to DB2 and MVS data
Menudriven system for time serles analysis and forecasting
using Bayesian Dynamic modelling, Price Is reducad to £35 foracademic institutions,
Training program for the above,
APL computer-based training. Available for APL*PLLUS PG &APL*PLUSII. Demo disk $10.
Mainframe version,
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Zark ACE $99

APLAdvanced Techniques... $59.95

Communications $200 pe, $500 mf

APLcontinuing education. APL tutor news andhottie phonesupport,
488pp. book, {ISBN 0-9619067-07) including 2-disk satof utilityfunctions (APL"PLUS PC format).
Move workspacesorfiles between APL environments.

APL CONSULTANCY AND DEVELOPMENT
COMPANY PRODUCT PRICES(£)
Adteo Consultancy poa

Andrews Consultancy poa
APLSolutions Inc Consultancy poa
AUSCAN Software Consultancy poa
Bloomsbury Software Consultancy 900-750+VAT
Camacho Consultancy poa

Ray Cannon Consultancy poa
Causeway Consultancy and Tralning poa

Paul Chapman Consultancy 260-600
CODEWORK Consultancy poa

Dinosoft Oy Consultancy poa
Dyadic Consultancy poa
Evestic AB Consultancy poa
General Softwars Consultancy trom 120
Godin London tne Software Development poa

Entropy Software Ltd Consulting poa
HMW. Consultancy poa
Hoekstra SystemsLtd Consultancy poa
Michael Hughes Consultancy poa
\AC/Human IntefacesConsutancy poa

Documentation 100.200
Tralning poa

DETAILS
Development, maintenance, conversion,migration,
documentation, of APL products inall APL environments:
APL. programming andanalysis, specialises In tree-processingalgorithms,
APLsystems design, davelopment, maintenance,documentation, tasting and training. Providing APLsolutionssince 1969.
APLsoftware development, training

Manuals; feasibilty reports and estimates; analysis andprogramming; APL and MS Windows applications; Sharp,IStAPL, APL'PLUS, APL2/PC and other APLs spoken. Fixed pricesystems a speciality
APL, C,Assembiar, Windows, Graphics: PC and mainframe
On-site training for Gauseway, RainPro and NewLeal.Customisation and enhancement to mest local needs, Codereview and preimplementation check of Causewayapplications.
24-hour programmer: APL, Smalitalk, C; Windows front anddesign a speciallty.
Development, maintenance, migration, documentation of APLapplications. Specially: info systems for top executives, Intarnetapplications.
Specialised in vary largedatabases,
APLand Unix system design, consultancy, programming andtraining,
Excellenttrack record from 15+ years of APL applications Inbanking, Insuranes, and education services.All dlatacts,platforms and project phases, SQL expertise.
We have applicationsin the food manufacturing fiekd, travelagency and airline bookings fleld and In product leasemanagement.
Company reporting, business graphics, Windows applications
with Dyalog APLW.
System design consultancy, programming. HMW specialize inbanking andprotetyping work.
APLconsultancy, programming, atc, Also UNIX systemadministration
Consultant with 10+ years experience with various APLInterpreters and C.
APLon Macintosh & PC. HCI design. VDU ergonomics:
£C/Health & Safaty compllance.
Ondineassistance, product damos & mock-ups, manual writing;foreign languagesoftware localization.
Using |-APL. for courseware & distance teaming materials; Mac:programming In C, APL & HyperCard.
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INFOSTROY Gonsultaney poa
Insight Systems Consultancy poa

JAD Software Gonsultancy poa
Phif Last Consultancy poa
Leseasse Consulting Consultancy poa

Mackay Kinloch Ltd Consultancy 200-400

MictoAPL, Consultancy poa
Ellis Morgan, Consultancy 250-500.
Oasis Systems Consultancy Roa

Object Oriented Ltd Consultancy poa
Optima Consultancy poa

RE Time Tracker Oy Consultancy poa

Rex Swain Consultancy poa
Rochester Group Consultancy poa
Shepp & Assoclates Consultancy poa

SnakeIsland Research Inc
Consultancy poa

Strand Software Consultancy poa

Sykes Systems Inc Consullancy poa

‘Stephen Wynn Consultancy poa

OTHER PRODUCTS
COMPANY PRODUCT PRICES(£)
Adtes Employment poa
APL-385 Typetaces poa
Bloomsbury Software Training poa

Moving applications betweenplatforms. Clienyserverdevelopment, Multilingualuserinterface.
Experts In APL. conversions between any combination of:APL*PLUS,APL2,Dyalog APL and Sharp APL. We are alsoexperienced right-sizers, comfortable with networks andrelational databases(thatalsa means when NOTto use SQL)and client/server devalopmentin APL, C and Visual Basla,
Systemsdesign and development,project management,technical manuals, financlal and actuarial expertise in APL.

Atangeof consultants, experts In Windows programming, withAPL+Win and Dyalog APLW. More than 100 major APLapplicationsalready developed. We all have additional expertisein Formuta One and Delphi,
Design,analysis and programming for banking, insurance,financial planning and modelling, corporate performance andlegal reporting
Technical & applications consultancy.
Business Forecasting & APL Systems.
Expertise in APL system design, Project management,
conversion, migration, tuning;for all APL versions(10+ years experience)
General APLconsulting, code recycling — malntrameto PG,performance tuning,
Arrangeof consultants specialising In all areas ofpharmaceutical, industrial and financial systems with 5-16 yrsexperience on both PG and mainframe.
APLapplication conversions, APL Windows Interfaces, APL. toAPI-leve! interfacing to any system under Windows, TCP/IPnetwork and database connectivity.
Independentconsultant, 20 years axperlance, Custom softwaredevelopment & tralning, PG andjor mainframe.
Specialise in MIS using Sharp APL
APLappilcations development and consulting, especially in thetravel industry, especially on small computers, 25 yearsexperience in APL programming.
APLinterpreter and compiler enhancements,intrinsic functions,performance consulting. APL parallel compiler APEX Is glvingvery goodinitial performance tests with convolution somewhatfaster than FORTRAN.
Advice on migrating to and from all flavours of APL andhardware platforms, Full-screeninterface implementation, APLutlitfes, benchmarking,efficiency analysis, actuarial software,system developmenttools, valuation,pricing and modellingsystems.
Complete APLservices specialising in audit, optimisation andconversion of APL systems. Excellent dasignskills. All dialectsand platforms. 17-23 years experience.
Most experience offinancial planning, and mathematical areas:operational research, quality contral, experimental design.

DETAILS
Contractors and permanentemployees
Varlants of the APL2741 typeface available to specication.
Contact the companyfor details,
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ComLog Comic-Logger $25.95+pép
HMW Employment poa
HRH Systems APLlessons

The BBS\APL: $24pa,

FAPL Ltd An APLTutorlal 3An Encyclopaedia of APL {2d Ed) 6APLin Seclal Studles 3FAPLInstruction Manual (2d Ed) 3
APLProgramsfor the MathematicsClassroom (Springer-Verlag) 16Programming In J 40Arithmetic 12Tangible math 8‘Sharp APL Reference Manual 42
APL Press Books

APL*PLUSIi comic-bookInventory system. Shareware version
available on America OnLine.
Contractors and permanent employees placed,
On-screenInteractive APLlessonstor APL*PLUS,TryAPL2,
‘Sharp and |-APL— In English or French.
703-628-7617, 1200-14400b, N-8-1, 24 hours, APL educational
materlal is downloadable free. An additonal 30 megs of APLsoftware for APL*PLUS, PLUSIf, IBM, Sharp & APLIs
avallabla to subserlbers (costis $24/yr}. Selection available ondisk far $15 post-paid. Free on-disk catalogue.
45ppby Alvord & Thomson228pp by Helzer36ppbyTrabermanS5ppby Camacho & Ziemann
485ppby Thomson75ppby Ken Iverson4118pby Ken Iverson36ppby Ken Iverson349pp by BerryA comprehensive selection of early APL titeraturepoaPlease note there Is a packing charge of 3per order

Oasis Systems Training poa Introductory coursas In APLAdvanoed courses for different APL versions,
RenalssanceData Systems Booksellers Tha widest range of APL booksavailable anywhere, See Vectoradvertisements.
Soliton Associates MVSLINK poa —_Interface fram Sharp APL(Unix & MVS) to non-APLdata andsoftware In the MVS environment.

ssai poa High-performance DBzInterface for Sharp APL {Unix and MVS).

OVERSEAS ASSOCIATIONS
GROUP LOCATION JOURNAL OTHER SERVICES Ann.Sub,
APLBay Area: USAN.Califomla APLBUG. Monthly Meetings (2nd Monday) $15
APL Club Austria Austra : Quarterly Meetings 200AS\Indlv), 1000A8{corp}
APL Club Germany Germany APL Journal
Ass, Francophone pourla promotion @’APL. France Les Nouvelles d'APL_

Semi-annval meetings DM8O
FF350(private) FF2800 (Company)

BACUS Belgium APL-CAM Conferences & Seminars £18 ($30}
Capital PCUG Washington, 0.C. Monitor Monthly meetings, occasional classes free
Danish SIG Danmark
Dutch APL Assoc. Holland -

Rome/taly SIG Roma,Italy
Mini-congrass, APL ShareWare Initistive

FinnAPL Helsinki, Finland FinnAPL Newsletter Seminars on APL 100FIM(private), 30(student), 1000 (Co)

RusAPL Moscow, Aussia APL Club Seminars and Annual Meeting 100,000R(students 20,000)
SE APL Users Grp Atanta,Georgia SEAPL Newsletter Quarterly meetings $10
SovAPL Obninsk, Russia
‘SwedAPL. ‘Sweden SwedAPLNytt Sembannual meetings, seminars SEK 75
SWAPL Texas, USA SWAPL sig
Swiss APL (SAUG) Bern Part of Qty Sl-info
Sydney APLUG Sydney, Ausvalia Epsilon
Toronto SIG Toronto, Canada Gimme Arrays!

SF6O (Sl) + SF20 (SAUG)
Monthly Meetings
Monthly Meetings, APLskills database,J SIG, Toronto Toolkit $25
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ADDRESSES
ORGANISATION
ADAPTASoftware GmbH

Adaptable Systems
Adaytum Software
Adie
Andrews
APL-I85,

APL Bay Atea APLBUG
APLClub Austria
APLClub Germany
The APLGroup Inc
APLSolutions Ine

CONTACT
Michael Baas

Lols & Richard HIN

Douglas Rowley
Bemard Smoor
Dr Anne D Wilson
Adrian Smith

Lewis H. Robinson (Sec}
Harald F, Nelson
Dieter Lattermann
Stuart Sawablni
Eric Landau

Assoclation Francophone pourta promotion d'APL.
AUSCANSoftware Ltd
BACUSBeautiful Systems, inc.
Bloomsbury Software
Camacho
Ray Cannon
Paul Chapman
Causeway GraphicalSystems Lid
Cinerea AB
CODEWORKItalia srl

ComLog Software
cPCUG
Danish User GroupDinosott Oy
Dutch APL Association

Oyadie Systems Ltd.

Entropy Software Ltd
Evestic AB

Ludmila Lemagnen
Richard Procter
Joseph De KerfJim Gott
Peter Day
Anthony Camacho

Adrian Smith
Rolf Komemark
Mauro Guazzo

Jeff Pedneau
LynneSvsrtz
PorGjerlavPertti Kalllojéira
Berard Smoor {Sec}
Peter Donnelly

George MacLeod

Olle Evero

ADDRESS, TELEPHONE,FAX, EMAILetc.
Marlenhoshe 86, 25451 Quickbam, Germany Tel: +49 4106 60977Fax: +49 4106 67869 Email: 101523,1757@compuserve.com
49 First Street, Black Rock 3193, Australia.
Tel +61 3.9589 5578 Fax: +61 39589 3220 Email: adsys@lbm.net
13 Great George Street, BRISTOL BSt 5AR UK Tel: 0117-921 5555
Dorpsstraat 50, 4128 BZ Lexmond, Netherlands.
Tel +31 347 342 397 Fax: +31 347 342 342 Email: adtee @concepts.ni
23, The Green, Acamb, YORK YO2 SLL, UK Tel: 01904-792670
Brook House, Gilling East, York YOG4 UK.Tel: 01499-788385Fax: 01439-788184 Email: 100331,644@ compuserve.com
1100 Gough St, Apt 14A, San Francisco, CA 94109, USA
Tel: +1 (495) 928-2058 Email: frgp21a@ prodigy.com.
fo N-TECH,Slebenbrunnenfeldg. 4-6, A-1050 Wien, Austria.
Tel: +43 1 5458063 Fax: +43 1 5458063-17
RheinstraBe 23, D-69190 Walidort, Germany.
Tel: +49 6227-63469 Compuserve: 100392,1461
644 Danbury Road, WILTON, CT 06897 USA.Tel: +1 (203) 762-3933Fax: +t (203) 762-2108 Emall: ssawabin|@aol.com,eshaw@aplgroup.com
1107 Dale Drive, Silver Spring, MD 20910-1607 USA
Tel: +1 (301) 589-4621 Fax: +1 (301) 589-4618 Email; elandau @cais.com

174 Boulevard de Charonne, F-75020 Paris, FRANCEEmail: lemagnen@aol.com
8 Springmount Ave, Toronto, Ontario MBH 24 CanadaTel: +1-418-651-4037 Emall: rip@Interlog.comWeb:http:[Ayww.lnterlog.comy—rpfauscany
Roolnberg 72, B-2570 Duffel, Belgium, Tel: +32 16 31 47 24
308 Old York Road, Suite 5, Jenkintown, PA 19048, USATal: +1 (215) 886-2806; Fax: +1 (215) 886-4888
3-6 Alfred Place, Bloomsbury, London WC1E 7E8 UK.Tel: 0171-438 9481; Fax: 0171-438 0524; CompuServe: 100010,1467
11 Aubum Road,Redland, Bristol BS6 6LS UK,Tet: 0117-9730038,emalt: acamacho @cix.compulink.co.uk Reutemet (Sharp): ACAM
21 Woodbridge Rd, Blackwater, Camberley, Surray GU17 OBS UK
Tal: 01252-674697 Email: 100430.740 @compuserve.com
51B Lambs Condult Sreet, London WC1N 3NB UK.
Tel: 0171-404 5401. Compuserve: 100343,3210
5 The Maltings, Castlegate, MALTON,North Yorks YO17 ODP UKTel: 01653-696760 Fax; 01653-697719 Compuserve: 100265,1564
Skytegatan 25, S-198 00 Sigtuna, Sweden.
Corso Cairoll 32, 10123 Torino, Italy,
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: jeff@softmed.com
Capital PC User Group, 51 MonroeStreet, Sulte PE-2, Rockville,Maryland 20850-2421, USA.Tel: +1 (901) 762-9372 Fax: (301) 762-9375.
Emalt: gjerlov@Ibm.net
Lénnrotinkatu 21C, 00120 Halsink!, FINLAND.Tel: +358 9 70028820 Fax: +358 9 70028824 Email: dinosolt@dinosott.fi
Postbus 1341, 3430BH Nleuwegein, Netherlands,Tel; +34 347 342 337 Fax: +31 347 342 342
Riverside View, Basing Road, Old Basing, Basingstoke,
Hants RG24 OAL UK. Tel: 01256-11125 Fax: 01256-811130
Bartrum House, Ravens Lane, Berkhamsted, Herts, HP24 2DY UKTel: 01442-878065 Emall; gml@slmcorp.co.uk
Berteliusvagen 12A, S-146 38 Tullinge, Sweden
Tel&Fex: +46 778 4410 Email: olle.eveto@mallbox.swipnet.sa
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FinnAPL

General Software Ltd MLE. Martin
Godin LondonIncorporated Gaétan Godin

H.M.W.Trading Systems Ltd
Hoekstra Systems Lid Bob Hoekstra
HRH Systems Olek Holt
Michaet Hughes
fAC/Human Interfaces: tan A. Clark

APL Lid Anthony Camachofor queries, order forms)
J. Business Services(lot pre-pald orders only){BM APLProducts Nancy Wheeler

INFOSTROY Aloxel Miroshnikov
Insight Systems ApS Morten Kromberg
Iverson Software Inc. Eric Iverson
J Austra Joachim Holtmann
JAD Software David Crosstey
Phil Last Phil Last
Leseassa Consulting Eric Lescasse
Mackay Kinloch Lid Alastair Kinloch
Mercia Software Ltd. Gareth Brentnall
MicroAPL Lid. Richard Nabavt
Bills Morgan Ellis Morgan
Oasis Systems B.V. Theo Zwart, Louls Rilkse
Qbdject Oriented Ltd Walter G, Fit
Optima Systems Ltd Paul Grosvenor
Renaissance Data Systems Ed Shaw
RE Time Tracker Oy Richard Elter

The Rochester Group Inc. Robert Pullman

Romeyitaly SIG Mario Sacco:

Suomen APL-Yhdistys RY, FinnAPL RF, PL 1005, 00101 Helsinki 10,
Finland22 Russell Road, Northholt, Middx, UBS 4GS_UK.Telffax: 0181-864 9537
12 Gerrard St, London, Ontario, Canada N6C 4C5Tel: +4 (619) 679-8290 Fax: +1 (519) 498-6381 Email: info@godin.on.ca
Hamilton House, 1 Temple Avenue,Victoria Embankment,London EC4Y OHA UK, Tel: 0171-353 8900; Fax: 0171-359 3325;Emall:100020.2632@ compuserve.com5 Thorsden Court, Guildford Road, Woking, Surrey, GU22 7GS UKTel: 01483-71028 Emall; bob@khamsin.demon.co.uk
3802 N RichmondSt, Suite 271, Arlington, VA 22207 USATel: +1 (703) 528-7624; Emall; dick.holt@acm.org
28 Rushton Road, Wilbarston, Market Harborough, Leics. LE16 BQL UK.Tel: 01536-770988 Emall: 101740,1203@compuserve.com9 Hilt End, Frostarley, Bishop Auckland, Co. Durham 0113 25X UKTel: 01388-526803. Compuserve: 100021,307311 Aubum Road,Redland,Bristol BSE 6LS UK,Tel: 0117-9760036email: acamacho@cix.compullnk.ce.uk Feutemet (Sharp): ACAM56 The Crescant, Milton, Waston-super-Mare, Avon, 8S22 DU UKTol: 01994-625181APLProducts, IBM Santa Teresa, Dept M46/D12, 555 Ballay Avenue,San Jose CA 95441, USA, Tel: +1 (408) 463-APL2 (=2752)Fax: +1 (408) 483-4488 Email: APL2@vnetibm.com Cserve: GO IBMAPL2
3S, Tulenin Lane,St. Petersburg 191186 Russia.Tel:+7 812 312-2673 Fax:+7 812 311-2184 Emall:alm@Intostoy.spb.su
Nordre Strandvej 119C, DK-3150 Hellebsek, DenmarkTel:+45 48 76 20 20 Fax: +45 49 76 20 30 Emall: info@insightdk49 Major Street, Toronto, Ontario, Canada MSS 2K9 Tel: +1 (416) 925-6006; Fax: +1 (416) 488-7559 Emall: inlo@jsoftware.comManzgrabenstr. 68, A-8010 Graz, Ausufa. Tel; +43 (0)316 814529Fax: +43 (0)916 816683 Emall: JcHo@ping.at
580 Eyer Drive, #81 Pickering, Ontarlo, Canada L1W 3B7Tel: +4 (905) 837-1895 Fax: +1 (905) 831-5172148 CrossbrookStreet, Cheshunt, Herts, EN8 8UY UK.Tel: 01992 633807
18 rue de [a Belle Feullla, 92100 Boulogne, France Tel: +83.1.48.08.10.76Fax: +33.1.48.04.60.23 Email: eric@lescassa.com519 Webster's Land, Edinburgh EH1 2RX,Scotland, UXTel/Fax/Answerphone: 0194 228 3580 Pager/Voicemall: 01426 98 8858Email: Alastalt_Kinloch @compuserve.comHolt Court North, Heneags Street West, Aston Science Park, Birmingham87 4AX UK,Tel: 0121-359 5096. Fax: 0121-359 0375South Bank Technopark, 90 London Road, LONDON SE1 6LN UKTel: 0171-922 8886 Fax: 0171-928 1006Email: MicroAPL@microapl.deman.co.ukMyra Farm, Winchester Road, Stroud, Patersfleld, Hants GU32 3PE UK.Tel: 01730-263843. Emalk Ellis @mrttirm.demon.co.ukLokstraat 4, 3493. ZB Neuwogeln, Holland Tel: +31 30 60 66 336Fax: +31 306065 844 Email: oasisbv@pl.net or zwart@casis.nl
‘Am Grendel 2, GH-6004 Luzem, Switzerland,Tel: 41 41 418 70 70Fax: 44 41 418 70 77 Emall: info@object-orlented.com
115 Brighton Road, Purley, Surrey CR8 4HE UKTel: 0181-789 2400 Fax: 0181-763 2491Email: 100551 .1401 @compuserve.com
PO Box 424, Georgetown, CT 06982, USA. Tel: +1 (203) 270-9729Mikonkatu 8 A, 2.krs, PL 969, 00101 Helsinki, Finland.Tel: +358 9-621 9900 Fax+358 6-621 3378 Emall: re@rettfi
50 S.Union St., Rochester NY 14607-1828, USA.Tal: not known. Fax: +1 (716) 274-120Casalla Postale 14343, 00100-RomaTrullo, ltalyEmall: marsac@ vnetibm.com
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RusAPL Boris Makeev
SE APLUsers Group John Manges
‘Shepp & Associates LLC Andrew Shepp.

‘SnakeIsland Research inc Bob Bemecky

SOCAL(South Califomla) Roy Sykes Jr

Soliton Associates Laurie Howard
SovAPL Alexandar Skomorokhov
Strand Software Inc AnneFaust
Rex Swain Rex Swain
SwedAPL Christer Uithietm
Swiss APL User Group
Sydney APLUG Bob Bykerk
Sykes Systems Inc RoySykes Jr
Toronto SIG Richard Procter
Stephen Wynn
Zark incorporated Gary A. Bergquist

box 971 (for Makeev), Dmitrovskoe Sh.,2, 127484, Moscow, RussiaTelfax: +7 96 210-7783 Email: makeev@atom.al.x-atorn.net443 ComancheTrail, Lawrenceville, GA 30244, USATel: +1 (770) 972-3755 Email: seapldoc@acl.com
41912 Washington Avenue,6th Floor St. Louls MO 63103, USATel: +1 (814) 621-9272 Fax: +1 (314) 621-4267UKAddress: Claridge House, 29 Bames High St, London SW13 OLWTel: 0181 8768666 Fax: 0181 8768660
18 Fifth Street, Ward's Island, Toronto, Ontario M5J 289 CanadaTel: +1 (416) 209-0854 Fax: +1 (418) 203-6990Emall: bemecky@eacg.toronto.edu
Sykes SystemsInc, 4649 Willens Ave, Woodland Hills,CA 91364-3912 USA Tel: +1 (818) 222-2759 Fax: +1 (818) 222-9250
Sollton Assoclates Ltd, Groot Blankenberg 53,1082 AC Amsterdam, NetherlandsTel: +31 20 646 4475 Fax: +31 20 644 1206 Emall:sales@soliton.com
PO Box 6061, Obninsk-5, Kaluga Ragion, RussiaTel: +7(08439)31483 Emalaskom2@kaluga.rosmall.com19235 Covington Court, Shorewood MN 55331 USATel: +1 (612) 470-7345 Email: amfaust@aol.com
8 South Street, Washington, CT 06789 USA. Tel: +1 (860) 868-0431Fax: +1 (860) 868-9970 Emall: rhswain@acm.org
Novator Consulling Group AB, Svardvagen 11C, S-182 39 DanderydSwedenTel: +46 § 622.63 50 Fax: +46 8 622 63 51 CServe: 100341,404Swiss APL User Group, CH-3001, Bem 1, SwitzerlandEmail; sl @ifunizh.ch
BobBykerk, 100 Lamrock Ava, Bondi, NSW 2026, AustrallaTel:+61 2 9365 2520
4849 Willens Ave., Woodland Hills, GA 91964, USATel: +4 (818) 222-2759 Fax: +1 (818) 222-0280
PO Box55,Adslaide St. Post Office, Toronto Ontario MBC 2HB, CanadaEmail: ‘jp@Interlog.cam www.sigaplLmintake.com/sigap|/welcome.html8 Clarenca Gardens, Brighton, Sussex BN1 2EGTel: 01273-927298 Emall: centre@mistral.co,uk
23 Ketchbrook Lane,Ellington CT 06029, USA. Tel: +1 (860) 872-7806
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WORLD WIDE WEB SITES
ORGANISATION
AFAPL
‘APL2000
APL-385
The APL GroupIne
AUSCAN
Capital PC User Group
Causeway
CODEWORK
COSY(Bob Armstrong)
Dinosoft Oy
Dyadic Systems Lid
FinnAPL
Godin Lendon ine
IBM APL2
infostroy
Insight Systems ApS
fverson Software Inc
Loscasse Consulting
Mackay Kinloch Ltd
MicroAPL Lid
RETime Tracker Gy
Shepp & Associates
SIgAPL
Rex Swain.
The APL GroupInc
Toronto SIG
Jim Welgang

FTP SITES
ORGANISATION
IBM APL2
Toronto toolkit
Waterloo Archive
APL+to-ASCII

URL
wew.ensmp.fr/-schererflangley (Journal available online)
www.APL2000.com_
www.demon.co.ub/apisas
www.apigroup.com,
wwwInterlog.com/~rip/auscan
hitpufepeug.org
Www.calseway.co.uk
www.codework.de
WWW.Cosy.cOm
hitpy/yritys.kolumbus.fifdinosoft
www.dyadle.com
hittp:/personal.eunet.fi/pp/apt
wwrw.godin.com
wnw.torolab.ibm.com/ap/apljapl2.him
wwwinsightdkjintostroy
srwinsight.dk
wwwjsoftware.com
‘wwwlescasse.com
ourworld,compuserve.comhomepages/Alastair_Kinloch
www.microapl.co.uk
www.rett.fl
wwwdigitravel.com
www.ecm.org/sigapl
Wwww.penat.com/=thswain
www.apigroup.com
www.sigaplminiake.comysigapl/welcome.htm!
yeww.chilton.com/—jimw

DOMAIN NAME
ps.boulder.ibm.comips/products/apl2jsea Toronto SIG home page
archive.uwaterioo.caftiparchlanguages/ap!
archiveuwaterloo.ca/languages/aplworkspaces/apiasall

32  



 

VECTOR Vol.14 No.1
 

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
Mathematics” by Graham, Knuth and Patashnik [1], describes how all positive
rational fractions can be generated by a schemecalled the Stern-Brocottree,
named after the two mathematicians (French and German respectively) who
discoveredit. Stern-Brocot trees can be described in a remarkably concise way
which nevertheless embraces a large numberof J features.
Rational fractions are represented by a two-item vector of co-prime integers,
representing numerator and denominatorin that order, so that, for example, 1.5
is represented by 3 2. The algorithm starts with the two-item vectorof fractions
0 1;1 0, 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 onestep, the result sequence is 0 1; 41 1; 4 0, and after twostepsit is 0
1; 42; 14; 24; 10.

This is an algorithm which hasa succinctrealisation in J. The first subproblem is
to computethe inserted vectorof fractions at any stage, that is to add the values
of all neighbours — the familiar 2+ / of APL2 which becomes 28(+/\) ina tacit J
expression. The new layer so generated is

lyr=.<"18(28(+/\}@:>) NB. generate next layer of Stern-Brocot tree
lyr v=,0 41:1 4;1 0

23]
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The @: is worthy of comment.If @ were used, the verb 2(+\) 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 <"14 is to ensure that the result
is a list of fractions and not a matrix.
The new layeris then merged with the old:

malt=./:@,8(1.@#){, NB. merge x, and y., alternate elements from each
vmalt lyr vells

Asingle step of the algorithm is then
sb=,malt lyr NB. single Stern-Brocot step
mo

 

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

sba:4 mo
[o a]2 afsale sf [3 sz als ala AG ala fs ae ifs 2/3 AG AE 9}

There are never any fractions requiring cancellation, and by generating sufficient
layers, any predeterminedrationalfraction wil! 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 partof the table t%/t=. 1+i.n which,in
rationalarithmetic, looks like

vat1/2 2/21/3 2/3 3/31/4 2/4 3/4 4/41/5 2/5 3/5 4/5 5/51/6 2/6 3/6 4/6 5/6 6/6  
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Again all the rational fractions will eventually appear, but this time 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 vectoris
foundby the hook >: >.

miz.0 134 4 NB, start vector for fractions half of S-B tree
fy=. (>: >8(16{8.>))#] NB. n fy sba:(n-1) mi is Farey nos, n=max denom
6 fy sba:5 mi
 

[o Js 6  1 5[3 aa ale [a ala s|2 afa als s[s 6[2 1|
 

A Stern-Brocot sequence, thoughtof as a tree, is a strict binary tree, and so is
traversed fromits rootby alternateleft and right branches. The value at any node
can be found very simply by associatingleft and right branching with the two
matrices 1 and r given below, and applying the ordinary matrix multiplication
tule:

ip=.t/ «* NB. inner product for matrices

is,2 2$14 104 NB. 1 andr = left and right search matrices tor ..
r=.2 281 0114 NB. .. a SB tree; use e.g. +/>(ipé>)/licirst

Thefraction to be found by following the branchesleft, right, right, left is:
+/>(ipa.>)/lsrsrsl57

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

NVs=.>0(%/&>) NB. Numerical Values of items in S-Brocot tree
nys sba:3 mo

© 0.3393333 0,5 0,6666667 14.5 23 _
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and thenfinding the indexes of the lowestfraction in the tree which exceedsit in
value, and the greatest fraction which doesnot.

nbrs=.+6_1 0@(+/@(>nvs)){] NB. x. nbrs y. is best approx to x. in tree y.
ke.al
k nbrs sba:3 mo

 

It is not a requirementthat a Stern-Brocottree start with the “natural” vector pair
0 4:1 9 — anypair of nodes whichexist 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 pi can be obtained by observing that the values 3 1 and 7 2 occur in the
primary tree sba;5 m0.
Execute

pe.sba:5 (3 437 2)

andobservethat the familiar approximation 22 7 appears in p.
(<22 7)e. p1

Nowtry repeatedly
p=.(0.4) nbrs sba: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
degreeof accuracy.

approx=.3 :0
ps.y.nbrs sba:s mo
while, x,<<./ly.-nvs p do.
pe.y- nbrs sba;5 pend.
pe: (t=<./t=.]y.-nvs p)#p
) 0.00001 approx o.4
355 113
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Herein conclusionis the complete set of the nouns and verbs used:
malt=.(/:@,8(1.@#)){, NB. merge x. and y., alternate elements from each

1@(26(+/\)@:>) NB. generate next layer of Stern-Brocot tree

   

oO 1;1 0 NB. start vector for full S-Brocot tree
sb=.malt lyr NB. sba:n m0 is Stern-Brocot tree n deep
mis.0 134 1 NB. start vector for fractions half of S-B tree

(>: >@(46¢8,>))}#] NB. n fy sba:(n-1} mi is Farey nos, n=max denom
TVS=.>@(%/&>) NB. Numerical Values of items in 5-Brocot tree
nbrs=,+6_1 0€(+/@(>nvs)){] NB. x. nbrs y.=best approxns to x. in tree y.
I=.2 264 101 NB. I and r =left and right search matrices for..
Te.2 28101441 NB. 4. a@ S-B tree; use e.g, +/>(ipé.>)/liesrz]
ips.t/ .* NB. Matrix Inner Product

Quite a small amountofJ to achieveall possible rational numbers!

Reference:
[2] Concrete Mathematics - A Foundationfor Computer Science: R.L. Graham, D.E.

Knuth,O. Patashnik. Addison-Wesley 1989.

 

Technical Note
From: Norman Thomson April 1997
Chris Burke has asked meto point out that myattribution to him of the J Phrase
book is misleading (see Vector 13 No.3 p.117). The principal author of the J
Phrase Book is Roger Hui; Ken Iverson and Eugene McDonnell were also major
contributors, and other contributions were made by Chris Burke and Donald
Mcintyre. Also Rogeris revising the Phrase Book to correct knownerrors, and to
accommodate language changesin J3.03.
Chris would also like me to point out that 4 propos the article on windows
programmingin J-ottings 12, the windowsdriver was completely revised in J3,
and is now muchsimpler. In particular wd wait! is unnecessary, and not
recommended.
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DNAFingerprinting in APL
by Jan Clark

Symbolic Modelling
I’m sure I’m not the only one who subscribes to lots of worthy periodicals which
pile up unread. But two which get scanned from cover to cover (besides VECTOR
of course) are New Scientist and School Science Review. WhatI like aboutthe Jatter
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 Science 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
‘cookery’ 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 youexplain this principle to a class if you’ve notgot the apparatus for
agarose gel electrophoresis, the expensive enzymes, the radioactive tracers and
the X-ray film? You could use charts and diagrams, but these really serve to
mystify the whole thing. By that 1 don’t mean they makeit 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 independent 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 wecall it? The
mathematics 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 DNAfingerprinting game.
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Junk DNA
Everyone knowsthat DNAis the machine-code for a wet computer. The Human
Genomeis 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 usticking over.
But during your lifetime and mine, perhaps only 10% ofit 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 chromosomereplication
and slow down cell-division so that we don’t grow up too fast. But replication
isn’t a perfect process andsinceit 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 haveto be replicated dead right, or you’re dead in the water before
you start) the 90% of ‘Junk DNA’,or introns, are highly variable andparticular to
you, the individual, like your fingerprints. That’s why DNAfingerprinting works.
Only identical twins have the same DNAfingerprint. Non-identical twins show
up quite different patterns.
We now know almost everything about the DNA ‘wet computer’, but only at the
machinecodelevel.It’sasif aliens get hold of the complete works of Shakespeare.
They quickly discover the punctuation and the letters of the alphabet, and
recogniseall 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 doesit 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’Il be nonethe wiser.

Sample data
Consider the following character matrix, taken from the workspace DNAFING
whosefunctions are listed in the appendix:
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f1]
C2)
(a)
C4]
(51
Cel
C7]
Cal
Cs]
{10]
[a2]
C12]
[13]
C14]
C15]
c16]
(17)
[182
(19)
C20]
C24]
£22)
[23]
C24]
£25]
C26]
(27)
(z8]
(29)
[30]
(31)
[32]
33]
C347
35]
Cas]
a7}
(38)
E39]
C40]

Warning to Children
by Robert Graves

Children, if you dare to think
Of the greatness, rareness, muchness,
Fewness of this precious onlyEndless world in which you say
You live, you think of things like this:
Blocks of slate enclosing dappledRed 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 fruit.
Strip the husk and pare the rind off:In the kernel you will see
Blocks of slate enclosed by dappled
Red and green, enclosed by tawnyYellow nets, enclosed by white
And black acres of dominoes,
Where the same brown paper parcel ~
Children, leave the string alone!For who dares undo the parcel
Finds himself at once inside it,
On the island, in the fruit,
Blocks of slate about his head,
Finds himself enclosed by dappledGreen and red, enclosed by yellow
Tawny nets, enclosed by black
And white acres of dominoes,With the same brown paper parce!
Still untied upon his knee.
And if he then should dare to think
Of the fewness, muchness, rareness,Greatness of this endless only
Precious world in which he says
He lives - he 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'regoing to use it in a ‘symbolic model’ of DNAfingerprinting.
Three blocksoftext, lines [9] to [14], [20] to [25], [29] to [35], are repetitions, right?
Wrong. Thereare significant differences. Let’s construct char vectors si s2 and
s3 outof them like this:
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siblocks of slate enclosing dappled/red and green, enclosing tawny/yellow nets
» enclosing white/and black acres of dominoes,/where a neat brown pape
c parcel/tempts you to untie the string./
$2

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

blocks of slate about his head,/finds himseif enclosed by dappled/green andred, enclosed by yellow/tawny nets, enclosed by black/and white acresof 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 whataboutthe
scene-of-crime sample, sx? Run the function: secret (see Appendix)to select sx
from one of si s2 s3 at random. Nowthe deedis done! (Don’tpeep).
Burns {1] describes the chemistry of digesting a blood clot and precipitating the
DNA.A series of restriction endonucleases (or restriction enzymes) are then added.
Each restriction enzymeis able to find its own special short sequence of DNA
codons andattach itself to the DNA strand atthat position, whereuponit actually
snips the strand there. A codon is a ‘letter’ in the DNA ‘alphabet’. 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,
andletters for codons, we can illustrate this process by applying the function:
restrict tos1..

si restrict 'in‘blocks of slate enclosineg dappled/red and green, enclosineg tawny/yellow ne
ts, enclosinsg white/and black acres of dominxoes,/where a neat brown
paper parcel/tempts you to untie the strineg./

The arg: 'in' models a particular restriction enzyme which searches out all
occurrences of the substring: 'in' and snipsthe strand immediately after it. Only
wedon’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 DNAstrand) so that more and moreasterisks appear:
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zez restrict'int
2ez restrict'the!
2+z restrict'os'
zez restricttof!
gez restrict'you'
z

blocks of* slate enclossinsg dappled/red and green, enclos+insg tawny/yellow
nets, enclossinxg white/and black acres of» dominsoes,/where a neat b

rown paper parcel/tempts you» to untie the» strinsg./

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

ie(z=t«x')/ipz apositions of '«'
iti-0,71ti alengths of chopped strings
i

10 144 3°32 3 28 3 27 7:48 14 7

Each numberin i represents a chopped strandof a particular length. Thus there
are strands of 3 codons, 7 codons, 10, 14,etc.
Nowelectrophoresis simply applies an electrostatic field which drags the DNA
strands alonga 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 onits length. Simple as that.
However, because DNAitself 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 Southern blottin1g, 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 inparallel on the samegelplate.
The function: do models the ribbon of gel (the chromatogram) as a string (z
again)of w periods ' , '. Then it sets z[ 1] toa fat blobby character to represent the
dark bands caused bypieces of length i[1] if2] etc.

zewp' athe fresh chromatogram strip
zlil+'o" aadd the dark bands
z

oO..0.-0...Oe eee eee vee OO. Oe eee eee eee eee Docc eeeee ee rece eens

Wehave grossly simplified things. You have to imagine the pool of DNAto beat
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.
Hereis a sample forensic analysis, sx being the scene-of-crime sample and si s2
s3 taken from suspects. Wefirst ‘do’ sx by itself, then in comparison with each
suspect samplein turn...

 
from which wesee that the best match with the unknown sample sx is 52.
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 ofsx:

SxX+10471545X
do si o do sx

 

2-0. .0..0.. Oe... eeeOO...0..
teeeee Q..---0.0......-..-+-+--U0..

do s2 © do sx
teens Q..0...00....

.. O.0..
do s3 0 do sx

be eeee O..0...0...0...
wr eaee G.....0.0...............00...0..........0

      

  

Sample s2 still gives the best match with sx, with 6 of the 7 sx bands lining up,
as opposedto 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
wayas with traditional scene-of-crimefingerprint.
Burns concludes herarticle by revealing that DNA fingerprinting is not only a
forensic tool in criminal investigation, but is also useful in settling paternity
disputes andtracing patterns 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 DNAin 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 possibilities in the do
procedure.It avoids the labour of comparing two sequences of symbols (bytes) for
(long) commonsubstrings 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 computervirus? :
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
{1] Burns, E., DNA fingerprinting: a detective story. School Science Review, 7 (279),

Dec. 1995, 29-35. ISSN 0036-68911
[2] Graves, R., Warningto Children. The Penguin Book ofContemporary 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. I-APL), 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 wantto use it, a replacement ss is offered below. -APL
users will have to write their own which does notuse Find (e). It’s easy if you
limit yourself to 2-char args of: restrict. Contact the authorin caseof difficulty,
from whom workspace DNAFINGis available free of charge for Dyalog APL.
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(11
C2]
Cal
[9]

Ca]
C2]

{11
{21
f3]
C4)
C5]
C6]
C7]
C8]
C9]
C10]
(113
(12)
(13)
Cau]
C15]

(11
C2]
Ca]
C4]
(5)

C11
C2l
C3]
C4]
C5]
C6}
(7]
[a]
Cs]

v secret
aassigns sx at random to one of: st s2 s3
sxeats!, #23
an...optional partial sample...
AA SX+104-15+Sx

v

Vo z*z restrict str
arestriction enzyme, splits after seq: str
zgess z str(str,'s')

v z+do zsiswaanalyse sample: 2
weQ)PW alength of chromatogram
adpply the following restriction enzymes
a(fhese put ‘x! after their target sequence)
z+z restrict'in'
z*z restrict'the!
z+z restrict'ost
aez restricttof!
z+z restricttyou'

aNow model the chopping of the string at each '«'...
i+(z='#')/ipz apositions of '«*"
iei-0, 714i alengths of chopped strings
iewli ealimit i to max length of strip
zewpt,! athe fresh chromatogram strip
z{ij+'O!' aadd the dark bands

¥ mess u;xsyi¥
astring rearch/replace (c/f Dyadic XUTILS auxproc)

Zz x y+dtu astring, target ,replacement
04MLevexez aguit if target is absent
veTtevit adisplacement to targetze(vez),y,9s((vtpx)+z)x y apatch in the replacement

v

¥ go
secret
‘scene of crime...'
do sx
‘suspect si vs sx...‘
do silo do sx
‘suspect s2 vs sx...‘
do s2 0 do sx
‘suspect s3 vs sx...!
do s3 o do sx
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Do APL2 and J Comeupto 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 J 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 thantheir analogues in J — 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 J, and makes explicit
comparisons betweenthe two languagesin the contextoftheir 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 extol one
over the other, but rather to articulate features arising in ad hoc programming
which incline the problem solver towards one or other, or in the case of |.
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 commitpart of the advertising budget for a new modelto the distribution of a scratch
cards containing namesof drivers occtipying various places in a race, The aim is
that the average sum per card given away by wayof prize money shouldbe£5.
Four schemes have been proposed,asfollows:

A. Each card hasfourpositions; if the customerreveals the winning driver's
name, he wins £20.

B. Asfor A, exceptthatif he reveals the winning driver he wins £15, andif he
reveals the runner-up driver he wins £5.

C. Each card has two rowsoftwopositions. The customerreveals one name from
each row;if the first row choiceis 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 cardsare to be printed, and these will in equal proportions of
possible cards, there being 4!=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.
Thefirst stage is to simulate customer behaviour, and the second to evaluate
means and standard deviations as comparative measuresofthe results.
To begin with scheme A, the function PLAYA R simulates the scratching of R
cards and calculation of the cost in prize moneydistributed.

€0] Z+PLAYA R
[i] 2+4+/20x41=?Rp4

As stated above,J offers the choice of writing in either of twostyles, tacit, which
is strongly associated with function composition, and explicit, in which explicit
references are madeto the left and right arguments x. and y., thereby broadly
mirroring APL. In J, 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 corresponding to its component verbs. The explicit
approachin J applied to PLAYA results in an almostliteral transliteration of the
APL2function:

playa=.3 :'+/20«0=7y. #4!
which is strongly reminiscent of what was knownat one time in APL circles as
“direct definition”.
It is instructive to write a tacit form of playa:

+/G(206*G(0=70(4E(#~))))

and then to ask why this has so muchless appeal than the explicit form.First the
algorithm is bestrewn with constants, 20,0,4, 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.Thisleads to the
following two generalobservations:

1, Constants militate against tacit programming.
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2. Actions in sequence militate against tacit programming.
Now consider scheme B, and compare an APL2 version and a J version (header
lines in the former will be omitted, because these are identical apart from the
function name):

[i] Z++/e15 5x1 2="c7Rpu

playb=.3 :'4+/,15 5*0 1=/7y. #4"
In the APL2 form explicit enclosure arises because two objects, one in APL2 and
onein J, which areof identical appearancein display, for example:

437
369

maybe far from identical in structure. The formeris an arrayofscalars, the latter
a stack of two rank 1 objects. This leads to the observation, which was also made
in [1]:

3. Explicit enclosure in APL2 may correspond to using objects of non-scalar rank
inJ.

Now compareJ and APL2 alternatives for scheme C.
(ij Z++/10%0>-/" (Rp2) 2774
Playco=.3 :'+/10%(>/"4)27y.4uT

Scheme D in APLis
[1] Ze+/15*FN" 327°Rp6FN: (#R)=U/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 :'4/15*(({.=<./)"41)97y. #6!  
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The fork is an instance of more generalJ function compositions, defined by e.g.
atop, with, and under, whichleadsto the generalisation:

4. J function compositions do not need to be explicitly named.
Meanand standard deviation are described as
MEAN : (+/R)+pR
sD 3 (+/CR-HEAN R)*2)*0,5

in APL2, and as

sd=.mean&, *: @-mean=. +/%#

in J, 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 madein-line in J, which is not
possible in APL2.

The formula
mean‘sd/.>playa &>100#144

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

msd=.1 : 'mean‘sd/.>x.6>100#144!

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 twocalls followed by an
explicit join. This leads to a further generalisation:

6. Gerundscanjoin 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 } provides the facility to model
function arrays. As an aside, the verb playa msd is an instance of a niladic J
verb, since the argumentis effectively hidden within the adverb.
Theentire experimentis now described as:

>playa msd;playb msd;playe msd;playd msd
In APL2,the analogue of an adverbis an operator:
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[0] Z+(P STATS)R
[1] 2«(MEAN Z),SD 2+P"R

leading to the matching experiment as:
(PLAYA SPATS T)(PLAYB STATS T)(PLAYC STATS T)(PLAYD STATS T+id0pi14ug)

The display of results has been suppressed, so as notto spoil the excitement in
advancefor any readers who wantto try out the experimentfor themselves!
Thecorresponding generalisation as suggested at the startis:

7. Adverbsin J often correspond to operators in APL2.
The simulations described above were run on J for Windows under Windows95,
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 J (3): Operators — Reduce, Scan, Outer Product, Chris J. Burke, Vector

13.3 January 1997, pp.118-126
[2] J and APL Operators — Reduce, Norman Thomson, Vector 13.3 January 1997,pp-112-118
[3] APL2 in Depth, Norman D. Thomson and RaymondP.Polivka, Springer-

Verlag, 1995

 

Typesetter’s Note
In Dyalog APL7.3 you cangetvery close indeed to the J syntax with:
HEAN+{(+/w)+pa}
SD+{(+/(w-MEAN w)*2)*0.5}STATS+{ (MEAN res),SD res+aa”"w} a Adrian Smith 29/6/97
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The UK National Lottery
by Alan Wilson

Background
The UK National Lottery draw holds the attention of mostticket 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
winningtickets assuming that each of the possible combinations is bought onceis
shown below.
 

 

 

Tickets Matching Winning Tickets Prize Allocated
All six numbers 1 First prize
Anyfive numbersplus the bonus 6 Second Prize
number
 

 

  Anyfive numbers 258 Third Prize
Any four numbers 13545 Fourth Prize
Any three numbers 246820 £10prize per

ticket. *    

 
* There is a provision for reducing this prize but in the 115 draws to 25 January
1997it has not been andis unlikely to be in future.
Each ticket costs £1.00 and has six numbers. Should there be notickets claiming
the first prize (a roll-over draw), the prize is accumulated with the following
draw’sprize money.
The number of winningtickets, assuming only unique combinations are sold, is
arrivedat as follows:

o°44(6143) x ODDSE
v ReODDSE

(11 a Probability of picking n matching numbers in 6!49
C2] ReCa\4,626)xCb*\1, 6397416) x( (0,16) $6) ex/43406

v
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The numberfor five numbers plus the bonus number, i.e. 6 reflects the fact that
the one winningline of 6 can have each of the 6 numbers replaced by the bonus
number.
In practice any combination can be sold any numberoftimes, including not being
sold at all.

SomeLottery Statistics To 25/01/1997
 

 

  
Numberofroll-over draws 19
Largestfirst prize per ticket £22,590,829
Smallestfirst prize per ticket £122,510    
Furtherstatistics are available on the internetat http://lottery.merseyworld.com

Lottery Arithmetic
Theprobabilities of choosing the n numbers drawn are:
 

1 2 3 y 5 6
 

THLE CANT G26 x (Gx\1,637416)%((0,16)16)$x/43416 © a OO is 1
 

O.4130195 0.1323780 0.017650% 0.0009686 0.0000184 0.9000001
 

The odds on winning prizeare:
 

3 4 s 6
 

LO.Stt 14(nN1, 626) = (Ox\2, 637406)" ( (0,16) 16) tx/4at16 o a OO is 1
        Ss? 1032 S4¥204 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
44 45 46 47 48 49 is combination number 13,983,816

Whatabout 7 9 11 13 15 17?
The function COMBNUMBER can computethe cardinal order of any combination.
Its left hand argument (HA) 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 11:43 15 17 COMBNUMBER 49
7998474

¥ 2+L COMBNUMBER R3a;N;b;1;T0P
[1] @ Return combination corresponding to a cardinal number (range 1,6!49)
C2] arpL o N+ © beR o I+L
(3) Tor+(0O,+\o(a-1)! (a~2)4114(b-a) CII]
C4] Ld:aea-1 o N+Net
(s] TOr+rort+(0,+\o(a-1)!(a-2)41i+(b-a)-I0N] CL IC444 1-204)
[6] +(art)/Lo
{7] 2+TOT+i

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

 

 

 

     
Combinations Number Of Date

Winners

2) 12 19 28 38] 48 57 16/03/1996
7 7 23 32 38 42 133 14/01/1995

5{ 231 25] 30] 33] 37 0 20/01/1996
21 29 31 32 34 48 0 13/01/1996       53
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The reverse problem: given 6!49, that is, 13,983,816 combinations, what is the
10,000,000th?
The function NUMBERCOMB will find the answer. The LHA is the length of the
combination (6), the RHA is the maximum possible value (49) and the cardinal
mumberof a combination(10,000,000).

6 NUMBERCOMB 49,10000000
919 32 34 35 45

v Z+L NUMBERCOMB R;a;b;NUM;STORE1;COMBS;STORE2
[1] a Retucn the cardinal number of a combination
(2) ae o BeR[1] © NUM+R[2]
(3) STOREI++\$(a-1)!(a-2)+11+(b-a)
(uJ COMBS+0,14+/NUM>STOREL
[5] LO: STORE1++\o(a-1)!(a-2)+1it+(b-a}-"1t+ 14COMBS
[6] aca-4
[7] STORE2++\$(a-1)!(a-2)+11+(b-a)~+"1t+COMBS
[6] NUM*NUM-(0,STORE1)[ (~14+COMBS)-~14+71+COMBS]
[9] COMBS«COMBS ,1+(~ 1+COMBS)++/NUM>STORE2
[10] +(L2pCOMBS)/LO
(41]  2+1+COMBS

v

All 6 £49 Combinations
Generatingall 6!49 combinations can be problematic for two reasons: it can take
too long and, more than likely, it will create WS FULL error. If the sum of the
first combination (1 23 45 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?
Thebrilliant COMB function (Gilman & Rose p159) fails to compute 6 COMB 49,
generating WS FULL.

yY Z+L COMB R
{1] a Return combinations of L numbers from all numbers to R
f2] a See Gilman & Rose page 159
C3] +(L=4,R)/L0,L4
[4] Z+it+(0,(Z-1)COMB R-1),[i]£ COMB R-1 © +0
[5] LorZe(iR)o.x1i o 40
[6} Eis:Ze(itjeo.xikv

An alternative 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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. Create the combinations 3 COMB 49.

. For every n between 3 and 46 determine
a) every combination given by 3 COMB 49 ending withn

(call this the first half, FH)
b) every combination given by 3 COMB 49 whosefirst entry is n+1 or

higher(call this the second half SH)
3. Combineall of a) with all of b). This is done by the function EVERY.

Vv Re~L EVERY R
{1] a Replicate every row of I with all rows of R, both rank
2 or less
{2] Re("2ti 1,pR)pR
[3] Le(72ti 1,0L) pL
[4] Re((itpR}AL), (((1tpL)x14+9R),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 6 COMB 49 without using
EVERY. By using °.= and +.x, the function TOTALS will produce the sum
of all 6149 combinations which range between 21 (+/1 2 3 4 5 6) and 279
(+744 45 46 47 4a 49).

(1)
(2)
[3]
C4)
{5]
(6)
{7]
C8]
[9]

Vv Z+TOTALS;N;COMBA49;FH3;n1;t1;SH;N1;T1;TT;NN
a Return frequency of sum of each row of 6149N+3 0 227990 © COMB349+3 COMB 49
£0:FH+COMB349([WHERE N=COMB349(;31;]
niet+/(1](4+/FH)e.=1144 © b1+WHERE ni o ni+ni~d
SH+COMB343(WHERE COMBA49(;1]>N;]
Niet/C11(+/SH)0.=1144 © Ti«WHERE Ni o Ni+N1~0
TT+(,tto.+Pijo.si(f/T1)+0/t1 o WN+, nie. «NA
ZeZt+2794NN+.xTT
+(U62N+Nt1)/L0

v
The function TOTALS takes 25 seconds on a Pentium 133mhz Pc. The function
WHERE makes TOTALS morereadable.

C1][2]
[33

vV RWHERE R
a Return indices of R where elements are non zero
Re,R
R+(Re0)/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
., 200000

ti& € 150000Esa 5 100000
z 8 50000

9 f
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 numberof tickets to guarantee 3 numbers (£10) is not
more than 174. The methodfor 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 consists of 22 numbers.
GroupC consists of the remaining 5 numbers.
Thelines 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 plus2 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 winningline will arise in section 1,2 or3.If all 3 groups contain 2 of the selectednumbers thensection 3 will give a winingline if any of the 18 numbers fromsub-group D wereselected.
The only other possibility is that the 4 numbers in sub-groupE include 2numbers, These 4 numbersare usedin both lines in section 4, Since the 2 linesin section 4 between them use 4 of the numbers from group C, we must haveused atleast 1 of the selected numbers from groupC in section 4 and so wouldhave a winningline.”

The Actuary pages 33/34, January/February 1996.
The function ALLATHREES produces the required 77 lines. It is not robust. Thesecond groupof 77 lines just need 22 to be added to each entry in thefirst group.This can be used to verify that 3 numbers can be matched from any draw.

V ReALLATHREES ;n;MATIA22; LAST; NEXT; FH;SH(41
(2) Rei 6p16 © net o MAT3A22+3 COMB 22
C3] LO: LAST+"1 64R
(4) NEXT+WHERE ,(LAST{ 313] € MAT3A22 )[31][5] EA:NEXT+NEXT+1 © +(3 € (,MAT3A22(NEXT;]) +.€ QR)+E4t6] L2:FH+ ,MAT3622(NEXT; ]
[7] L3:SH+,MAT3a22(NEXT+NEXT+1;]
(8) +(ieFHeSH)/L3
C9] >((FH,SH) TEST R)/L3[10] ReR,(1]FH,SH
C1i] 4(77>14pR)/L0

v

Unfortunately, £174 to win £10 means I won't be giving up my day time job justyet.
Finally, a one-liner — how does an APLercheck his winnings.

WL shape 6, the winning numbers
CARD shape n6,the weekly selection
CARD+. éWL

Good Luck!
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OpenGL Graphics and J
by Chris Burke

OpenGL is an industry-standard 3D graphics and modelling library originally
developed by Silicon Graphics for its high-end graphics workstations, and used
for applications such as CAD, medical imaging, andfilm special effects.
The OpenGLlibraries have been ported to Windows95/NT and are now included
with the Windowsdistribution. With a fast PC and graphics adapter, you can
have exactly the same facilities that were once available only on expensive
workstations.
J 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 Win95/NT from
www.jsoftware.com and run menuitem Extras/Demos../opengl.

WhyBother?
J and APL are great languages for specifying graphics output, 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 Plot system, which currently uses
the Windows GDI. Plot 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 J3.04 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?
OpenGLis 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 hasits feet firmly planted in both camps, much to the annoyance of
OpenGLzealots.
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For us, OpenGL seems clearly the better choice - for example, we could port our
interface to UNIX - butof course there is nothing to prevent us supporting any
other graphics API in future.

OpenGLSystem
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 DLLsare freely available from
www.microsoft.com

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

J Interface
TheJ interface consists of a set of foreign conjunctions that allow direct calls to the
underlying API.
The names used match the OpenGL names, except that many of the OpenGLcommands have several variants differing in the number and type oftheirparameters, which are typically replaced by a single J function. For example, there
are 30-odd OpenGL functions of the form glColor3f (specify colour, using 3floating-point parameters), giColor4ui (use 4 unsigned integers), etc. ~ and one
corresponding J function glColor, that takes care of all parameter and storagetype conversions. Also, some OpenGL commands have a parameter that is a
pointer to data, in which case the corresponding J parameter is given as a boxeddata item.
The close correspondence between the underlying OpenGL command and theequivalent J] function means that OpenGL examples, which are invariably
providedin C, can be keyed directlyintoJ. In fact the implementation was largely
tested by keying in examples from the OpenGL Programming Guide.
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All the OpenGLverbs(in fact, all windowsverbs) in J have rank 1. For example,
this means you can give a matrix argumentto any verb, and haveit evaluate each
row in turn. This considerably reduces the amountof looping needed for drawing
graphics,
As well as the standard gl and giu functions, there are an additional set of
utilities prefixed gla, which provide facilities needed by the J programmer, but -
which are not part of standard OpenGL.For example, the function glaRc creates
a render context for drawing into an isigraph window. These utilities, and the
underlying J system, take care of most of the tedious details of creating and
writing to a graphics windowthathave to be provided by the C programmer.
Aswell as the direct API facilities, the J system includes supporting utility scripts,
tutorials and demos.

Efficiency
An interesting aspect of OpenGLis that using J is almost asefficient 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 J 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 like The Lost World give the impression that detailed graphics
can be created and animated at high speed, but in practice a few secondsof 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 thatits faces are properly visible (without lighting, you can only see
the outline of the cube, and notdistinguish 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 turn. Now, maximize
the windowtofull screen, and the cuberotation is noticeably slower and jerky. To
get a smooth rotation you have to reduce the degrees turned 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 3D 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 democreates a graphic showing a dodecahedron in a box,
with the program:

demo=: 3: 0
stdlist'?
drawviewbox makenewlist RED
drawdodecahedron makenewlist ''
J

(Here, the box is coloured red, while the dodecahedron is colored at random,
since no colours were given.)
This codecreates six Display Lists, the first four created by stdlist, which:

* initialize the viewing area
¢ specify the viewpoint (wherethe observeris)
* specify the translation amounts (movements awayfrom theorigin)
*® specify rotation angles (rotations aroundlocal axes)
¢ draw the box ,
¢ draw the dodecahedron

You then display the graphic by running the OpenGL command g1CallLists.
Now suppose you wantto rotate the graphic. All you have to dois to redefine the
Display List that specifies the rotation angles and call glcal1Lists again. This is
a trivial operation for J, and is completely independent of the complexity of the
graphic.
The J utilities include a paint event handler that invokes g1CaliLists. This
means that the graphic is drawn automatically when the window isfirst painted
or needsrepainting.

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
buffersafter calling the Display Lists.
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Plot and OpenGL
OpenGLallowsusto solve display problems that became apparent when creating
3D plots in our current Plot system, which uses the Windows GDL
Actually,it is amazing what you can do with the GDI, givenits 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 numberof problems withit.
In practice, surfaces are not covered
with a wire mesh, but if you try to
remove it (Plot command mesh 6),
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 theorigin, it would be almost impossible to get hidden surface
elimination correct. You would either see too much ofthe axes, ortoolittle.
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 wantedto rotate the graphic, then on each movementthe graphic would
have to be drawnin place, and the movements would be very jerky.
With OpenGL,all these problems disappear. Here is an OpenGLversion, using a
single colour, with lighting, and with the axes drawn throughtheorigin.
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NURBS
The OpenGL graphic was drawnby 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-Splines) 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 workpretty well.
Interestingly, NURBS typically requires much
fewercontrol 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
would appear noticeably chunkier, and at 6 x 6, the surface loses its characteristic
shape. Using NURBS,thereis 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.

OpenGLfor APL
While we have implemented an OpenGLinterfacein J, it could just as well bedone in APLW or APL+WIN. An enterprising programmer could probably createthe interface from APL using DLLcalls, though I suspect a great deal of workwouldbeinvolved.

References
The official reference is the OpenGL Reference Manual (Second Edition), and theofficial learning guide is the OpenGL Programming Guide (Second Edition); bothpublished by Addison-Wesley. The second editions of both were released thisyear. The Programming Guide is highly recommended, and largely dispenses
with the need for the Reference Manual. Also, the contents of the referencemanual are available online, with a great deal of other OpenGL material from theSGI web page www.sgi.com/Technology/openGL, and the OpenGL web pagewww.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 Kornilousky
(askom@apl.obninsk.ru, askom2@kaluga.rosmail.com)

Background
What did we miss mostof 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 APL2 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
knownto APL2 users on any platform. Theleft side of the table represents APL2
for OS/2 session. You may get almost the sameresults running AP207 in the beta
version of APL2 for Windows, butit is not fully implemented yet. The right hand
side is a Dyalog APL session, We run Dyalog 8.0 under WindowsNT (of course
you will get exactly the same running it under Windows95, or running Dyalog
APL 7.2 for Windows3,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 “Osvo,asvo” and “+,is”. The
results are shown in Figures 1-2 as copies of graphic windows made in OS/2 and
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Windowsrespectively. You may distinguish them by window control buttons in
the left upper corner and menu bars. How doesit look in raw GUI? Hereis part of
the session up to drawing theellipse:

'g! OW 'Form'’ *AP207' ('Posn’ 0 0)('Size' 480 640)('Coord' 'Pixel')
('Bcol' (255 255 255))

‘@' OWS ('Coord' 'User')('Xrange' 0 100){'¥range' 100 0)
‘e.p' DWC ‘Poly! ('Points' ((0 $0)(0 50)))'G. A'OWC'Ellipse'('Points' 10 60)('Size! 40 40)('Startt 0)

('End' 360)('Pstyle' 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 wantto give a name to eachline orsector.
AP207 syntax looks more compact and morenaturalfor plotting charts. And,
minor detail, but X should be thefirst, when we specify point coordinates

 

 

(rememberyourcollege).

IBM APL2 Dyalog APL207 (IS¥O 'G" 207 ASVO 'G*1 1Gsvo 'G ASVO 'G!2 2G+'OPEH' 0 G is 'OPEN' 6G+'WINDOW' (0 0 639 479 0 0 100 G 1s "WINDOW (0 0 300 350 0 0
100) 100 100)
G+'DRAW' (50 50) G is 'DRAW' (50 50)
G+! PATTERN' 3 G its 'PATTERN' 3
G+'BEGAREA' '! G is 'BEGAREA' ''
G+'tARC' (80 30 20 20 0 360) G ts 'ARC' (a0 30 20 20 0 360)
G+'ENDAREA' '' G is 'ENDAREA' ''
Ge'MOVE' (50 $0} G is 'MOVE' (S0 50)
Ge'WRITE' 'I like AP207' G is 'WRITE' 'I like AP207'
Ge! FONTDEF'('ROMAN' Gis 'FONTDEF! ('FR' ‘TIMES

"ROMSIM.AVF') NEW ROMAN'}
G+' FONT! ('ROMAN' 2) G is 'FONT' ('FR' 16)
Gr'MOVE' (50 60) G is ‘MOVE' (50 60)
Ge'WRITE' 'I like AP207' G is ‘WRITE’ 'I like AP207'
Ge'FONT' ('ROMAN' 3) G is 'FONT' ('FR' 36)
Ge'MOVE' (50 70) G is 'MOVE' (50 70)
Ge'WRITE' 'I like AP207' G is 'WRITE' 'I like AP207'
G+'FONT' ('ROMAN' 2 90) G is 'FONT' ('FR' 26 90)
Ge'MOVE' (10 20) G is 'MOVE't (10 20)
Ge'WRITE' 'I like it even G is 'WRITE' 'I like it even

rotated! rotated"
G+'MARKER' 3 @ is 'MARKER' 3
G+'MARKER'(3 2710 80 30 80 15 G is 'MARKER' (3 2p10 80 30 8090) 15 90)X+80 80+[21730 2p20 Xe((pX)p8O 8O)+X+730 2p20
G+'DRAW' X G ts 'DRAW' X    

Table 1. Two sample APL sessions
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Figure 1. APL2 for OS/2 graphic window
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Howit 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 AP207calls to call the appropriate
Dyalog APL function and provides a given argumentfor it. More details follow.

Giving you the AP207 feeling
Tostart “real” AP207 you use system function 0SV0 (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 caseutility function ASVO establishes an interface
variable to communicate to functions stored in the AP207 namespace. The
function is as follows:

[0]  Z+{L}asvo SHY;OME
[1] a Replacement for ()8VO in AP207 emulator
C2] OMLe3
[3] Z+1 « Initial degree of coupling
TH] 2 (COFONC'L')A2=DNC SHV)/'Z+2 © +0! a Final degree of coupling
Cs] +(oswe'z')/0 a Exit if was check of degree of coupling
C6] Ocs'ap207' a Change to AP207 namespace
(7) NAME+SHY a Remember name of “shared” variable
[8] APNAME++'.'QWG'PrintList' a Default printer
{9] Gest#: a Change to root namespace
(103 Z+2SHV,'+9! a Create “shared" variable

It just assigns the “shared” variable nameto global variable NAME in namespace
AP207, gets the name of the default printer, and assigns an appropriate return
codeto 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 function
checks if the AP207 call is valid, calls the appropriate function from namespace
AP207 with given argumentandassigns a return code to the shared variable:

C0] 4 is rit;res;k;0Mz
(1] a Replacement for assign (left arrow) in AP207 emulator
[2] OMI+3
(31 s(Z}er)/'te33 o +EXIT' a AP207 length error
[4] a(~v/2 3e=r)/'res+32 0 +EXIT' a AP207 domain error
{51 Oest#.',£+'4P207' a Change to AP207 namespace
[6} 4I+NAME 0 rase!! a Get name of "shared" variable
€7] LOOP: k+2t+r a Get command name and arguments
[al se(~ev/ALISTek[i])/tres+31 © +EXIT' a AP207 invalid command
(9] a Call APL function named as command (k{11) with args k{2]
[10] res,+ec's ',k(41],' +k(2]' a and get AP207 return code
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[11] +(oepre2er)/L00P a Continue if multiple-call seguence
(12) ExiT:Ocst#! a Change to root namespace(13) st, teres! a Return result to "shared" variable

The coreis 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 GUI. 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 AP207. Someof them aretrivial,
as function MOVE below, which changesor reports the current cursor position:

[0] Z+MOVE R
[1] a AP207 'MOVE' command to ask or set cursor position
[2] aR = empty vector (ask), or 2 {tems numeric vector (set)
Cal +(~AFLAG)/0*2+51 a Device was not opened
[4] +(0=pR)/REPORT © Report current cursor position
(5) +(17ppR)/0xZ+34 a Shared variable rank error
[6] +(1#"R)/0»2+32 a Shared variable domain error
[7] +(2%pR)/0xZ+33 a Shared variable length error
[8]  AcCURR+R a Set new cursor position
(9] REPORT:2+0,cACURR a Return code

Global variable aCURRis used for cursor position reference. Another function
QWRITEis a query oftext 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.

(ol Z«QWRITE R
[1] a AP207 'WRITE' command - query position and size of string
[2] «a returns x,y coordinates of the lower-left, upper-left and
[3] « lower-right corners of the string R
ica +(~AFLAG)/0*2+51 a Device was not opened
ts] +(LemR)/0x2+32 8 Shared variable domain error
fe] +(1<ppR)/0xZ+3u 9 Shared variable rank error[7] a Set coordinates for parent object
[8]  ADESTINATION (WS'COORD' 'PIXEL'
[9] a Get text size in pixels
(10] L*aDESTINATION OWGe' TEXTSIZE'(R)AFNAME
[11] a Restore coordinates for parent object
(121 ADESTINATION QWS‘COORD' ' PROP!
(19] a Calculate result
[44] 2+0,ce(ACURR), (ACURR+H1(1>L)xtaY), ACURR+(44X AY) xoL
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Global variable aDESTINATION keeps the nameof the parent object for graphics.
Other functions may be larger. For instance functions DRAW and MARKER have
about 60 lines, but in generalit is quite simple stuff.

Sample PLOT Functions
Let us illustrate using AP207 syntax in programming chart functions in Dyalog
APL. Wecreated a set of basic charts. Here we show the function PLOT to
illustrate X,Y dependencies. Lines, which draws axes, is omitted to simplify
illustration.

Co) ({E}PEOT XY;X;¥;C
(1] Simple function for various XY plots (axis stuff is omitted)
(2) s(125XY)/'Xe,crpx¥ o ¥+,cxy! a Y ¥s 1p¥
C3] BXY)/'Xe("14pXY)pcexY o YeisxX¥' a (Y¥1 Vs X) and (¥2 Vs X) and...
t4] X a (328XY) {1X09 XY © Ye2o°xXY' oa (¥1 Vs X1) and (¥2 Vs X2) and...
(5) 2(O=DNC'L'}/'L+(py)p1" a Default are lines
(6] +(2=DNC'sAP207')/SKIP a Skip if already shared
C74 BAP207+207 ASVO'AAP207' a Start AP207
[8] aAP207 is'OPEN' 0 a Open graphic window
{9} SKIP:a4P207 is'CLEAR' 0 a Clear previous draw
(10] 9 Define window and viewport
{11] sAP207 is'WINDOW'{O 0 100 100,(L/"e"X Y),f/"e"X ¥}
(12) C+'BLACK' ‘BLACK' 'BLUE' 'RED' 'GREEN' ‘BROWN!
[23] LOOP:aA4P207 is'COLOR'(+C+16C) a Color for first XY pair
[44] s(15+2)/' aAP207 is! 'DRAW''(ho4"X ¥) a Line if L=4
(415]  2(0=4+5)/' sAP207 is! 'MARKER''(kat"X ¥)' a Markers 1f L=0
C18) (2X Pyese"n XY a Drop first X¥ pair
[17] +(o<p¥)/LOOP

  

The function looks quite simple (and it is!). But it supports powerful argument
types. It may be used to draw one or more dependent variables vs the same
independentvariable, 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.
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The details of possible arguments in call L PLO? are presentedin the table
below:
 

L=1 Drawlines
 

L=0 Draw markers
 

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

 

 

 

vector style to draw Y[I]
L1 11 L1 L2...LN L1L2...LN

R X {xy [Xx Y1| (1 YINX2 Y2)...XN
Y2...YN YN)

eR 1 2 2 3       
Below weillustrate using the function PLOT for regression models analysis.

Regression models
Let us create sample variables in accordance with the model y =a, +4,x + 4,37:
Xi
Yel ~.2 .34.xeXo,*0 1 2

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

Yi+¥+(p¥) RAND 'N' O04

The goalis to estimate (using the Least Squares Method) coefficients of models:
Y=ayY =a) +4,x
= 2yra,ta,xta,x
= 2 3Yay +a,x +0,X" +4,x

and draw sets of real and predicted data. Estimation was madeusing points 1-4
(learning subset) to keep points 5,6 (testing subset) for models verification.
Here is the Least Square Estimationfor all models at once:
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As(ch4¥1)B (eb4X)o.e440714
Wecalculate predicted values for 60 points to smooth polynomial drawing.

YpeAt.x QR(c.1*160)o.e2H Ee
Nowassign axis labels:
XLABEL+'Independent variable xX"
YLABEL+'Dependent variable Y'

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 4.4 4 4 PLOT (eX ¥1),(ec.1%160),"e°Yp
Theresulting plot is shown in Figure 3.

wl CET
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a : 2 3 ‘ :Indapendent vanapia ®  
Figure 3. Regression models

Timeseries
In addition to the function PLOT we wrote function PLOTN to present N
dependentvariables vs the same independentvariable; each is a separate window
and viewport. This function is especially useful for joint analysis of time series.
Weillustrate using this function with data of power and control rod positions in a
nuclear reactor during special measurements:

71  



VECTOR Vol.14 No.1
 

XLABEL+'Time!'
YLABEL+'Control rod 1' 'Control rod 2' 'Power!
PLOTN TIME APi AP2 W

Theresult is shown in Figure4.
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Figure 4. Timeseries plot

Another Lookat the Stuff
Functions 4SVO and “is” AP207 calls via “shared” variables are good if youwant to migrate APL2 graphic functions directly. But if you write applications inDyalog APLyou probably do not wantto play “auxiliary processor” and “shared
variable” games. Look at namespace AP207 as a source of useful and universalgraphic utilities. Call them directly as AP207.FUNCTION, but keep AP207conventions for arguments.Just bring the clear and powerful syntax to drawing
charts in Dyalog APL.
Hereis an illustration. Let us start from a piece of “normal” GUIto create a main
form and 4 containers (Static objects) for charts:

'G'! OWC 'Form' ‘Multiple Plots'(0 0)(80 80)
'G.Pi' OWC 'Static'(0 0)(50 50)
'G.P2' QWC 'Static'(o0 50)(50 50)
'G.P3' OWC 'Static'(50 0)(50 50)
'G.P4' DWC 'Static'(50 50)(50 50)
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Now back to namespace 4P207. Thefirst part is a simple chart:
AP207.USE'G.P1'
CHART 110

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

AP207.USE'G,P2!'
PIE 10 20 30 40

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

AP207..USE'G.P3'
X+1000 RAND 'N' 01
21 HIST X

Nowlet us show a piece of raw AP207:
AP207.USE 'G.Py!
AP207.WINDOW (0 0 100 100 0 “41 300 1)
X#1300
Ye(>($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,[1.5]¥}
AP207.DRAW (X,(1.516(+90000)*X*2)
AP207.DRAW (X,(1.5171*6(490000)xxx2)

Nowdefinethe font and write text with angle 45°:
AP207,.FONTDEF ('FAR' ' Times New Roman')
AP207.FONT('FAR' 18 45)
AP207.COLOR 'BEACK'
AP207.MOVE (200 .5}
AP207.WRITE ‘Sample plot!
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Thefinal result is shownin 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 [1Svo” and replaceit by string “207 asvo”
2. Extract nameofvariable in string “207 Osvo suv”
3. Findinall functionsall strings “SHv~” and replace them by “SHV is ”

Function MIGRATE does thatfor you.
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Function MIGRATE
vMIGRATE(O]¥

fo] MIGRATE; F;C;R;D; SHV
{1] a Migrate APL2 AP207 code to Dyalog APL
[2] a” Find function with AP207 offer
[3] Fe(1e"(e'207 OSVO')eDORR)/R+((eL2]0NL 3)~"' ')-c'MIGRATE!
Cu] +(0=peF)/0 a Phere is no share with AP207
[s] a Replace (207 OS¥0 'SHV') by {207 ASYO 'SHV')
£6] C+('207 OSVO"' eF+OVRtF
£7] C+Cii[8] SHV¥#12(~1'''=D)eDe(C+8)4F a Get name of shared variable
C9] Flc+4]+tat
(10] a Replace (OSVO 'SHV'} by {aSVO 'SHV'} if exists
Cit] CH('(SVO ''',SHV, I er
C12] se(te@)/ FCs] tart
(13) OFx F
[14] a Find assignments to shared variable
[as] Fe(re(eSHy, + )e"OCRRIAR
[16] Li:R+D¥R+tF a Replace {SH¥+} by {SHV is}
£471 (((-pSHY)O(SHV,'+*')eR)/R}+ct is *
[18] OFx%eR
£19] +CO<pPet4P)/E1

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.

GRAPHPAK
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 exampleto 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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Figure 6. GRAPHPAK DEMO Waveguide
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Figure 7, GRAPHPAK DEMOSpiral

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

      
    

Helcome to AP207 emulator for Dyalag!

First, you must ‘share’ you variable
to AP207 :

==> 207 sSUD ‘6’
and then create AP207 window:

G is "DPEN' 0   

 

 

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 OS/2is felt.
Every Dyalog APL user knows the RAIN product of Causeway Graphical
Systems. To say in one wordit is fine. Why use the AP207 emulator? There are
tworeasons.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 emulatoris “a better than real prototype”. We mean the
use of Windowsfacilities. It was easy to implement zooming, copy the content of
the graphic windowto clipboard, save it as bitmapfile, 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 evenbother? Because it is one that might be acceptable to Information Systemsbureaucrats, and this could affect your work situation, perhaps yourcareer.
Let me explain by using my ownexperience as an example. My own business iscreating and selling international demographic and household incomeprojections, mainly to car makers. The main systems are written in APL, thoughmy new county/province system is in J. In order to have more predictableincometo pay for my children’s extravagantlifestyles at university, I also createdemographic systemsfor a government agency:this is wherethe troublestarts.
Information Systems (IS) bureaucrats are fairly tolerant of researchers in mygroup ‘doing their own thing’ with respect to personal productivity software.However, software relating to agency missions is expected to be written in
languagesthat can, in principle, be supported byIS staff. This is reasonable.Ifdid all my work in APL and gothit by the proverbial truck, no one could carry
on what I had been doing. (Actually, if I were in charge of my unit, I would startdoing everything in J — mostly becauseit costs less than the major APLs — andthen cross-train a couple of people to get the required redundancy.) At anyrate,Ibegan by writing ‘prototype’ systems in APL and using the results for someagency products, but eventually the law was laid down and | had to commitmyself to rewriting the systems in something acceptable.
Yll skip over a nasty experience with Visual Basic. Eventually, it was decided thatI should try writing in the Interactive Matrix Language (IML) componentof theSAS database/statistics system; SAS is widely used, and aboutfive people in theresearch groupuseit heavily. There is even a State SAS users’ group thatattracts30 or so people to its monthly meetings. Clearly, SAS is not a trivial factor in thedata analysis world.
I have just completed a system written in IML. My bosses should be happybecause I am using SAS. IT am not totally unhappy, because J didn’t have to doit
in Visual Basic. Butthe ironic thingis that, even thoughI ‘did it in SAS’, I’m theonly onein the research section who understands IML.If that truck hits me, theagency will still be up the creek!
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The point of this introduction is that there are acceptable array-languagefall-
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 managementthatJ, say,is just like IML buta lot more powerful,
etc., etc.

IML Overview
IML dates backto the late 1970s, not long after SAS Institute set up shop.In 1979,
I 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,
I 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 thatitis not hard for an APL programmerto do useful work in
IML within a few days; the obstacle is that a certain amount of basic SAS needs
to be learnedfirst.
SASitself allows users to access data from a variety of formats from a variety of
computer platforms. My SAS-fan co-workers, who haveto 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
approvalseal, 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 groupingof fields and records — is the core of SAS), yet it can also
deal with outsidefiles directly and doother tasks that can be handled in SAS. In
other words,it is semi-independent: a sort of APL, I suppose.
I don’t pretend to be an IML expert. I’ve only worked with it a month or so and I
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 little salt, though the gist ofit 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 wantto do back-of-the-envelopecalculating, fire up APL or
J instead. For more serious work, you caneither readfiles directly using IML or
else read the files with SAS and then pass the data to IML.I used thelatter
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approach. Why? According to my IML manual (published in 1990), IML 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/J world. (Specifically, ] use the *.txt format
that can be created by Excel. I 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 soundsa little screwy, but nothingelse I tried
seemed to do — is to have a SAS ‘Main’ program $include(this is using the SAS
Macro Language — yet anothertool) both SAS data read-in programs and IML
scripts. The Sinclude causesthe called program to execute. The data programs
causefiles to be opened and SAS data sets to be created. The other programsare
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. Whenall 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, andit
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 I haven't
needed to dothatyet. In any case, we are now in IML and wehaveour data to
chew on. Whatis IMLreally like?

IML Up Close
The M in IML pretty muchtells 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. Whatmight 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 lot of reshaping, even
though reshapingis permitted.
Hereis an example from my demographic system. In APL andJ, 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 whetherto create a single in-memory matrix fordata 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 ] tend to dislike variable clutter, I opted for the one-matrix
alternative, even thoughit slightly complicates data indexing. I call the matrix
poply.

Nowlet's say I’m in the midst of the process of moving a population from one
year to the next. ] want to extract the start-year population and do something
withit, so I write

popti=shape (poply[,yrent] ,2, 86);
SASis 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 J $ 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 commaseparatingthespecifications. 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 IMLcreates a 2-row, 86-
column matrix and places the 172 numbers from a column of popiyintoit.
Now I need to age the population. This entails adding the two highest age
groups and movingall the rest one notch older. My IML codedoesit this way:

agedpop=shape (0,2, 86);
agedpop[,2:85]=popti[,1:84];
agedpop [, 86] =(popti[+, {85 86}])’;

Since I am creating a new variable, thefirst item in the shape expressionis 0; I’m
filling the matrix with zeros for starters. Then I drop in the data from thefirst 84
columns of popti, but beginning at the second column of agedpop. As you
might have guessed, the colon serves as an indexer — the numberto theleft is
the start position, the numberto the right is the end position. The finalline adds
the last two columns in popt1 and places the result in the last column of
agedpop. Notethe difference in indexing: columns 85 and 86 are designated by
curly brackets. The plus sign to theleft of the commaindicates 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
rowsby one column — therotation operatoris the front-quote markto theright,
just before the semicolon.

81



VECTOR Vol.14 No.1
 

1 ought to mention that IML does not use the right-to-left precedence scheme
used in APL andJ; it basically follows conventional precedence practice. This
caused me some trouble because IMLis 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 shortcomingisits string handling. Here is code I used to
take a column of years, convert the numbers to characters, and placetheletter “Y’
in front of each in orderto create a set of labels. I hope I simply overlooked some
documentation on the easy wayto do this; at any rate, this illustrates what you
might have to deal with:

use Script var {endyear};
read all var _num_ into years;
mxyrs=nrow (years) ;
tmpl=cshape('Y’,mxyrs,1,1);
tmp2=char (years,4)};
tmp2=cshape (tmp2,mxyrs,4,1);
tmp3=tmp1 | | tmp2;
yearcols=rowcat (tmp3) ;

Thefirst 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
numberof rowsin 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 tmp2 matrix into a matrix of mxyrs rows and four columnsof 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 numberof 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. Thefinal step collapses the
five columns-into a single column of -five-character data using: the: function
rowcat.I really hopeall of the above is a huge mistake ~ on mypart, 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 J, IML
seems crippled, but it is still a lot nicer than, say, Visual Basic for number
handling. I will soon be writing a J 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.com)

Backgroundto Part II
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, andhastily 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 website (as www.causeway.co.ukfitml.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 accessto) thefirst article on
this subject [1] which covers the basic structuring rules of HTML and runs
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
[2] as your initial reference point, and if you want to extend what I 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
www.devplan.com/gkw/renvill which currently has some 20 pages of mostly tabular
data created directly from APL*PLUS componentfiles.

Worked Example: Formatting a Simple Report
Let’s assume you have an APL system as the access pointfor a large component
file of timeseries data. Rather than typing directly into an APLsession,orfilling
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 wantto return a stream of text which
Netscape will form as a subheading, the product description as a wrapped,
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paragraph,anda table of sales data with two columns (units and value) for each
year. Something like this in fact...

 

 

 

 

 

 

  
  

 

  

[SennRaten tlt Mile EG
Bie Edt View Go Favorites Help

Product Description
Widget #005
Some complete rhubarb aboutthis wonderful product. Some complete rhubarb about this
wonderful product. Some complete rhubarb aboutthis wonderful product. Some complete
thubarb aboutthis wonderfull product. Some complete rhubarb aboutthis wonderful product.

i Europe | USA | Rest of the World
| Year = s = = ‘| Units Value] Units| Value | Units Value |

1987 914 828 g71 | B14 | 798| 840
1988 449 643 | 694 | 316 | 469 | 194
| 1989 402 931 468 | 379 | 518 | 228
| 1990 900 986 137 | 459 | 690 | 286
| 1991 410 740| 32| 304 | 193| B14
| 1992 215 718/408 | 736| 723 | 578 |

1993 633 799 | i| 628 | 347 | 472
Notes
Moreuseless information to read here. Moreuseless information to read here. More useless ‘ef   
 

Note the productid in the windowtitle, and repeated below the subheading: The
table has various column alignments, and showsthat 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 generatedit:

vo reVector;mat;sink
(1) a HTML example for Yector 14,1
[2] mat+(1986+27),?7 6p1000
C3] 4 Page title and product info ...  
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C4] ‘Annual Statistics for Widget #005'htmUse'!
[5] ‘Subhead'htmPlace ‘Product Description' ‘Widget #005!
[6] htmFlow ¢Spc'Some complete rhubarb about this wonderful product. '
[7] a Tables are the real challenge ...
Ce] sinkehtmtTitles ‘Year’ '£urope’ 'Units' ‘¥alue' ‘USA' ‘Units' 'Valuet

"Rest of the Worid' ‘Units' ‘Value!
C9] sink+htmtTDepth 0,9p 011
{10] sink«htmtTAlign (¢'Cen'),9p'Cen’ ‘right! tright*
C11) sink+htmtAlign 1 6/'centre! 'right'
(121
£13] a Use pixel widths for the columns
C414) sink+«himtCellWidths 72,9p96
[15] RimtList mat
C16]
£17] «a Now a rule off and that’s all folks
[18] 'Subhead'htmPlace'Notes'
C19] htmFlow e9pc'More useless information to read here. ¢
[20] AtmRule 2
(21] &tmPlace'a Widgets International Inc' ‘April 1996¢
C22]
[23] PG+htmClose
C24] re'''vector.htm'' htmput PG a to see it in Netscape!
{25]

Making Tables in HTML
Tables are quite a late runner in the HTMLworld, so Netscape and Microsofthave been falling over each other to add bells and whistles to the format. The
result is that you have a surprisingly large amountof fine control over the output,
even down to giving pixel widths for columns:

sinkehtmtTities 'Year' ‘Europe’ ‘Units' ‘Value’ ‘USA’ ‘Units’ ‘Value’ ‘Restof the World’ ‘Units' ‘Value!sinkehtmtTDepth 0,9p 0 4 1
sinkehtmtTAlign (¢'Cen'),9p'Cen' tright' 'right!sinkehtmt4lign 1 6/'centre' ‘right!a Use pixel widths for the columnssinkethtmtCellWidths 72,9p96himtList mat

The column-title strategy is a straight lift from NewLeaf [4], and uses the same
approach as Dyalog APLin setting up hierarchical grid titles. It may help to tum
the table onits side and view thetitles ‘File Manager’ style:
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Year
Europe

I
peeeees +Units

+Value
USA

I
teoccce rUnits 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:

(1)
(2]
C3]
Cu]
CsI
C6]

C1]
C2]
{31
cu]
[s]
C6]
{7]
Cal
C3]
(10)
f11]

4]
€21
[3]
[4]

C1}
C2]
[3]
ca]
Cs]
[6]

v hemeInit
a Set all values to saved defaults for HTML table
Atmtaalignment+,0
Atmtavalignment+,1htmtagridwallseo
Atmtagridlines+1
Atmtacoltitles+'"

v
Vo rehtmePitles vty

a Set column headings for table
Argument may give just a vtv of title text or
a nested vector of (multi-line title)( etc)
typically ('Name' ‘Age’ ('Current’ 'Salary'))
Resets title-depth to 'flat'

rehtmtacoltities4(" “ae, yvev)+Null
+(Oepvivjtincl o +(1<l=vtv)tEncl o vtvec,viv
Encl:htmtacoltitiesevty o himtatdepth+(pvtv)p0 o Atmtatalign+(pvtv)p1 o +0
a Default case - set alignment to ‘Centre’ for all columns
Null:htmtacoltitlese'' o htmtatdepth+e o himtatalign+s

v
vo rehtmtTDepth nav
Set title depthas tree level(from0)0 .
a Ensure this matchesthe numberof title text elements? —————————
rehemtatdepth o nve({pAtmtacoltitles)pnv
Atmtatdepthenv

 

4 rehtmtTAlign str
a Set/query title alignment in table (vector result)
re(‘Left' "Centre! 'Right')[ithtmtatalign) o +(depstr}+0
w(i<l=str)tEncel o strec,str

a Ensure the alignments match the headings
Encl:str+,0 1 201 2 OL(<'LCRIert)14+"str]
Atmtataligne(phtmtacoltitles)pstr
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fa]
(21
[3]
{4}
Cs]
C6]
[7]

C1]
{2}
C3]
ts]

v rehtmtAlign str
a Set/query cell alignment in table (vector result)
a Decimal alignment not yet available in html
re('Left' ‘Centret 'Right' '‘Decimal')(i+Lhtmtaalignment]
+(Oepstr)to

w(1<Jastr)t0ic+1 o str+e,str
Atmtaalignment+,(0 1 2 3.01 2 3 O)[(e'LCRDIcrd')i"t str}

v
vy rehtmtCellWidths celisa Define cells within table. Arg gives reqd widths in points.

a User can give ~“t for any cell width which divides sparea frame width equally after taking off the others.rehtmtsgridwalls o htmtagridwalls+,cells
v

Again, some NewLeafpropertiesareleft 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 definedall the required properties,it is time to
explore the main workhorse which formats our data and addsall those table tags
for us...

mat+(1986+17),77 6p1000
RtmtList mat
Atm_PG

<HTML> <HEAD>
<fitle>Annual Statistics for Widget #005</title>
</HEAD>
<BODY text="#004040" bgcolor="#FFFFFF">
<h2>Product Description<br>Widget #005</h2>
<fABLE border cellpadding=2>
<?H rowspan=2 align=center width=72>Year</TH>
<fH colspan=2 align=center>Europe</TH>
<TH colspan=2 align=center>USA</TH>
<TH colspan=2 align=center>Rest of the World</TH>
<TR>
<fH align=right width=96>Units</TH>
«TH align=right width=96>Value</TH>«fH align=right width=96>Units</TH>
<TH align=right width=96>Value</TH>
<TH align=right width=96>Units</TH><?PH align=right width=96>Value</TH>
<TR>
<TD alignscenter valign=middie>1987</2PD>
«<fD align=right valign=middle>19</TD> e+e. and so on

as you can see, this suddenly got a great deal harder. My feeling on basic
HTML is that Notepadis oneof the best editing tools 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. Howeveras soon as youhit tables, you
need help, and whatbetter tool to keep track ofall that tedious tagging than APL!
Hereis the code which didit...

(1)
(21

(al
(23
C3}
ts)
(51
C6]
(7)
[8]
fa]
[10]
C11]
(12)
(131
C14]
C15]
(163
[17]
C18]
C19]
{20]
[2a]
[22]
[23]
C24]
[25]
£26]
C27]
(28)
(29)

(a0]
[31]
(32)
(33)
Ca4]
(35)
(363
37]

v AtmtList mat
a Dummy as Netscape wraps regardless
AtmtSpread mat

v¥ AtmtSpread mat;blk;walls;aln;dpl;cw;cc;cw;lerstxtshtm;vain; ¢mb

  
 

  

A HTML table format of nested matrix, Simple vectors just get enclosed
+((1<|=mat)v2=ppmat)+Shaped © matec,mat
Shaped:mat+«("2t1 1,pmat)pmat
Atm_grid+htmtagridwalis

a Worry about frame width later (probably VGA say 450)cwe("itpmat )+htm_grid
a Repeat alignments for each column (no decimal support here)
aln+("1tpmat)phtmtsalignment o aln+2\laln
valne(“itpmat)phtmtavalignment
Atm+'<P><TABLE'
rif O«thtmtagridlines o htmehtm,’ border cellpadding=4' 0 :end
sif Ov.>htmtagridwalls © himehtm,' width=100%' o :endAtm_cat htm,'>!

a Run headings for chosen columnshim_titlegrid cw
A = ROWS
NextRow:+(Oepmat }tExit o blk+mat[li;]
aS COLUMNS
co+i ¢ +(cc>itpmat)tEndCols

NextColilcre(itecezain)>'' ‘center’ ‘right!
tmbe(1t+ccovain)o'top' '' 'bottom'
sIf 1<fsccabik

texte444, /(ccoblk),“c'<BR>!
:Else
txt+, yec>bik1End - ae. - om =

a Leave out attributes where defaults taken
txte'<TD',((0<picr)/! align=',Icr),
((O<ptmb)/' valign=',tmb),'>',txt,'</PD>t

Atm_cat txt
cetcctl ¢ +(ccs itpmat)t+NextCol

EndCols:htm_cat '<TR>'

mat+1 O+mat © +NextRow

a Closing paragraph tag required for Explorer, harmless in Netscape!
Exitshtm_cat '</PABLE></P>' ¢'

v
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Note that we can take out‘align’ whereitis ‘left’ and ‘valign’ whereit is ‘middle’
- every byte counts when youare on the end of a slow modemline. Hopefully the
codeis simple enough to read with nofurther explanation, so onward to thetitles:

ft]
C2]
C3]
[4]
[s]
(63
(7]
fel
tg]
f10]
C414]
[12]
(13)
C14]
(a5)
(16)
f47]
(18)
(19)
[20]£21)
C22]
[23]
[24]
[2s]
C26]
(27)
(28]
{29]
[30}
Car]
(32)
£33]
C34]
(3s)
C36]
€37]
[3a]
f39]
(uo]
Cas]
Cua]
£43]
C44]
{4s]
Cus)
{471
Cua]
Cu)

v htm_titlegrid cwigeid:tdigrid;chstxt;cell;labsIw;rsscsitdsInitashtmseq;trifmt8 HTML Table headers if provided
a Will take a tree specification to make multi-layered headings
~(Ocphtmtacoltities)+0

a Assume everything is at level zero if atdepth not giventxtehtmtacoltitles 0 td+htmtatdepth © tathtmtatalign © +(0v.etd)+Deep® Reshape titles to match cells in this grid (simple case)txt+(pcw)ptxt o tde(ptxt)p0 o tar(ptxt)ota o +Parse
a Count leaf nodes, and trim/extend to match <cw>
Deep:ine1+(0,td)ztd,0 © +({pew)=+/In)tParseEXt+rExt , 99pergext 0 tdetd,a9p Attd o tata, 99p0 © Ineis(0,td)ztd,o
dneina(+\In}secw o txt+In/txt © td+In/td © ta+in/ta

Parse:grid-htmparsetree td
a Sort out -ve cell widths (must be % values)rif Ov.oow(Cewe0)/ew)+1 6 crelow

cwe (iv "ewx100s+/cw), 8%!:else
CweTCwrend

a Sort celis into Netscape-preferred order (row-col)
seqragrid(;2]a Detect row ends
trei¢(grid(seg;2],99)>0, grid(seg;2]}

a Wow fit the captions into the correct celis (alignment regd)'For cell tin segAtme! <TH!
rse-/grid{celi;4 2] © :if rs>4 o Atmehtm,' rowspan=',(¥rs) o send
ese-/grid(cell;3 1] © :if cs>i o btmehtm,' colspan=',(¥es) ¢ :endAtmehtm,' align=",(1+cellota)a'left! ‘center! 'right!a leaf celis can set the column width up:if celisinAtmehtm,' width=',celloin\owrendIf i¢(sceliatxtEmt+"ust,/(cellotxt), "ol <BR>!
:Elsefmt+,ycellatxt:EndAtm_cat htm,'>',fmt,'</TH>!s If cell spans to last column we need a new title row!

rif trlsegiceil]Atm_cat '<PR»"
rend1End

All! can say about the logic of this is that it seems to work! I havetried it on some
very complex headingstructures and Netscape always makes senseof 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
hasto be a ‘straight-through’ boolean solution if only you can seeit.
WhenI find myself faced by such a problem, I do one of twothings: 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 1 asked
Duncan. He went very quiet for about 90 minutes and came up with this:

vy bxsehtm_parsetree tree;depth;leaf;top;left;bottom;Im;sim;right;0r0
[1] « fake a depth vector and return xyxy matrix to draw it as headings
C2] a Test with: htm_parsetree0i12392493422312320122123
(33 & NB This function contains no user-servicable components
[4] treettree ,Or0+0
Cs] deptheit[/tree
(él leaf+treezitree
{71 top+tree
[a] deft+"1t++\"idleaf
(9) bottome1$top
(10] (leaf/bottom)+depth
[11] dim+(-tree)e(ptree)/(depth,1)pdeptht1
C12] simev\Im
(13) right+i+(,8lm)/,4(psim)p(,slm)\(id,sim)/,(psim)pleft
Cia] bxs«h0 “1+>left top right bottom

htmparsetreeO 0114011

0012 ° 1 2 3 4 5
103% 0 4----$----4----4----4---- +
1122 I I | |
2432 1+ poor nbc en penn n poo ne
3051 ( | i i l I
3442 2 terms tenn ntinn tenon tenn nt
4152

.. ladded the comments. The result gives the (x,y) co-ordinates (on a zero-origin
chessboard) of the corners of each heading cell. Now wecan 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
Hereare all the other functions which I haven't found timetoillustrate:

vo alt AtmBitmap pic
[1] a Insert picture (.GIF) in lineC2] if O-[nc ‘alt! © alt*pic o :end(31 picepic,(~'.'e pic)/*.GIFt[4] Atm_cat ‘<img sre="',pic, '" alt="(',alt,']">!

a alt htmBitmapLeft pic
(1) a Insert picture (,GIF) at left margin[2] :ff O=fnc talt' o alt*pic ¢ :end
[3] picepic,(~'.'e pic)/'.GIFr'C4] htm_cat ‘<img src="',pic, '" align=left hspace=6 alt="[',alt,']">!

« AtmBump pts
(11 a Add vertical space. Do what we can here!
[2] Atm_cat(4x[ptsti2)ptebro!

v sty AtmFlow txt
C1] a Simple text flow, taking account of style2] htmUseDfit o htmStyle'Body'U3} >(o=Owe'sty'}tDefltCa] htmStyle sty
C5} a Ensure correct enclosure
Cel Defit:+(2=|stxt)+Encl o txt*ec, txt(7) Enclitxt+(,/'<',htmatag,"'>'),"txt,",/(e'</"),(ohtmatag),">!
Cay htm_cat txt

v htmRule wt
C1] a Rule across (for parameters see NetScape extensions)
C2] « The default is a 2-pixel 'shaded' rule.
Ca} Atm_cat '<HR noshade size=',(ywt),'>'v

Thatis as far as I have got to date. Numbered and bulleted lists would seem to be
an obvious next step, then we should lookat simple input forms. You can include
input elements (such as text fields and droplists) within tables, so it is interesting
to contemplate an AP124 look-alike which might add a few years to thelife-
expectancy of a numberof old mainframe systems, which would suddenly come
out smelling strongly of Netscape.
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Namespaces in Causeway
by Duncan Pearson (causeway@compuserve.com)

Causewayis an application development environment for Dyalog APL that has
been described in other articles in Vector and demonstrated at various
conferences. The latest version whichis 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 whichthe use of different namespaces in application codeaffects
the behaviour of Causeway.

Overview of Causeway
Causewayis a tool for generating Windowsinterfaces for APL applications. The
basic unit of interface is a form, represented by a windowonthescreen. It contains
controls 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 buttons. Of the
controls which display data some will allow the user to change the data.

Data
Each control may have more than oneaspect of its visual appearance. Fora list
box one aspect might be the namesin the list, another might be the selection,
those items that have been highlighted. These aspects are called properties. The
principal concept behind Causewayis that a property of a control maybe 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
changesthevariable the contro]is updatedto reflect the new data. Both aspects of
this interchange occur automatically, managed by Causeway.
The data in the application need notbe 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
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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 another 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
Each 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 theclass
of which it is an instance. Dyalog APL itself has control classes such as EDIT and
BUTTON.In Causeway the need to link controls 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 instanceof 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 behaviour wereheld in
a single global variable called aclasstab. In the new version each class is
defined by the functions and variables in a namespaceof the nameofthe class.

Form Definitions
The definition of a form and its controls in Causeway is held in a five-column
APL matrix. Thefirst 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 elementis itself a two-column matrix
of property-valuepairs.
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The form is created by running a Causeway function, passing in the definition
variable. There are two functions that do this. Ca11 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 athis leisure.
In the previous version of Causeway the functionality ofMake 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 letter is capitalised to indicate that
they are functions. Similarly Gui_reject is now Reject and Gui_return is
Return, The conversion routineforform definitions makes these and other replacements
in property and action expressions. A routine is provided to make the replacements 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 functions
Gui_make and Gui_call lived in #, the root namespace, and thus all names
were resolved relative to # and all expressions were evaluatedthere also.
If the Causeway functions were placed in a different namespace, e.g. #.Gui, 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 #.). Furthermoreall namesin all expressions, whether
they be for properties or actions, would needalsoto 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 Cali wascalled. Thus Make (which is a sub-
function of Ca11) picks the first namespace in [NSI which differs from its own
and marks that as being the namespacefor that instance of the form. All names
are taken as relative to that namespace and all expressions are evaluatedthere.
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 thefirst line of which
changes into the relevant namespace. Thefollowing line branchesto the line to be
executed. If there is more than one expression to be evaluated it does them in the
samecall, visiting each required line in turn. Thelist 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 complicatedif the form has local variables, about which more
later, but the simple case is illustrated below. The function executes the
expressionsfor form 1 of which there are two, on lines 15 and 19 below.

v Execi;clicks
(11 #.CPro._dummy clicks+1,#,CPro,loc_val[Q10+0]
C2] Gcs #,cPro._icl2#,CPro.IcI_spc
(31 :If 1<p#.¢Pro._fns
ta} #0102#.¢Pro,_fnse1+#,CPro,_fns
5] :EndIf£
[6] ~#,CPro._next+#,CPro._next,@p0Lc+1
{71 #.CPro.ioc_val(Ql0+0]+1i+1 clicks
C8] rReturn
£91 a Set #.CPro._obj to the control name and refresh controls
([10] #.CPro._ref+0 2p0 0 #.CPro._obj+(QI0+1)2#,.CPro.ctl_name
{11] +#.CPro._next+i+#.CPro._next
[12] 1If O<ito#.CPro._ref o #.CPro._ref #.Class.FM.Refresh #.CPro._obj © :Endif
(131 +#.CPro._next+1+#,CPro,_next
(14] @ Execute action expressions
Cis] tIf ~#.CPro,_rej o clicks+clicks+1 o #.CPro.fouch 1 © :Endif
(16] +#.CPro,_next+i+#.CPro._next
[17] « Evaluate property expressions
(18] 9#.¢Pro,_rej+o
(19] :If ~#.CPro._rej © :AndIf
#.CPro._forcey((010+0)2#.CPro.prp_val)i#.CPro,_val+(¥clicks),' clicks so far'
((010+0)s#.CPro.prp_val)+#.CPro._val o #.CPro._refs+'Data'#.CPro._val © :Endif
(20] +#.CPro,_next*1+#,CPro._next
(21] 9 Read properties and execute property assignment expressions

v
Thefirst 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 remaininglines do variousbits of housekeeping. The manyreferences to
#.CPro, in the bodyof the function are to avoid namepollution in the execution
namespace.
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NamePollution
One of the problems with all application developmenttools is namepollution, 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
developmenttool. The methodof placingall the form’s application codein 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 changesspace all the local namesare 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
abovestarted life looking marginally more readable as the vectorof text vectors:

Execi;clicks
y_dummy clicks +1,¥loc_val[Uiot+o]
les v_Iclavicl_spe
rif i<pv_fns
sDiozv_fnas+1+V_fns
rendif
=V_next+yv_next,opQicti
vioc_val{Mio+0]+14#1 clicks
:return

a Set a to the control name and refresh controls
v_ref+0 2p0 o a+(Qioti)ovetl_name
>V_nexte1+v_next
rif O<1tp¥_ref o V_ref #.Class.FM.Refresh a o :endif
>v_nexte1+¥_next
a Execute action expressions
rif ~V_rej o clicks+clicks+i © VTouch 1 o :endif>¥_next<1+¥_next
# Evaluate property expressions
Virej+o — oa
:if ~v_rej o :andif v_forcev{([io+0)=vprp_val)av_val+(¥clicks),' clicks so
far' o ((Qioto)>vprp_val)+v¥_val o v_ref;+'Data' y_val o :endif
+0_next+1+9_next
8 Read properties and execute property assignment 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 bereplaced by vMake 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 (eg. 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 namesof the variables are given as
the “Locals” property of the form and any references to those names in any data
expressions or eventactions of the form orits 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
valuesof 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 thesixth 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 thelist of subroutines to execute.
If a Causewayform 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 thosethat the child form has shadowedwith locals of
its own. This is very similar to the way in which a called function inherits the
locals ofits calling function. Causeway needs to match this behaviour. Theeasiest
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 3 to 5 of Execare 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 thelist and then save
the values of their local variables. Because we are implementing form locals with
functions then everythingthat 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 localsarestill available in the new space.  
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The function that executes the context fictions for a form is ExecL ines which
takes a set of lines to execute and a form index.

9 _Icl ExecLines _next;stack;_fnss;_dummy
(1) a Execute the lines <_next> in the locale <_Icl>[2] a <_dummy> is used in the assignment of locals in the ExecNN functions(3] a <«_stack> is the list of environment functions currently on the stack
C4)
[5] a Save the value of <_stack>
Ce] stack+_stack
{71
Ca] a Create the environment function list
ts] fase(e(0CS'!),',.Fas.Exec!),0¥"(_Icloled_ctx)u_lel
(10]
f11] a Remove any already running
[12] -fns-+_stack
C13]
(14] a Add the number of new functions to <_stack>
[15] wStack,+_fns
(16]
(17] a Execute the new functions
(iaJ st_fns
fis]
[20] a Restore <_stack> to its previous value
[21] _stack+stack

v

NameResolution
When a nameoccursin list of dependencefor a property or of variables changed
by an action it must be matched against the dependencelists for each property,
not only on that form buton any form. The namein thelist is both relative to the
namespacein 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 namelist. Each fully qualified global name appearsin this list once
and each local variable appears once» per instance fully qualified by the
namespaceof the form of whichit is the local.
When a name is given as being relative to a form it goes through a two-stage
process.First it is qualified by the function Qualify.

Vv respace Qualify names;dots;spaces
{11 a Fully qualify <names> given relative to the namespace <space>
{2] rif '.'eenames
[3] dots+.e',e¢"names
C4] spaces+(-1+dots}+ “names
[5} names+(-dots)+ names
les spaces+spaces(0CS''),', spacese"e' "Jost i iirisees
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t7] respaces,"'.',"names
Ca) :Elset9] re(espaces'Uest''1"),"'.1, "names
C10] rEndIif

v

If the name contains no dots then the space nameis prefixedtoit. If it has a dot in
it then it has a path part and a namepart. These are separated and the phrase ICS
‘tis run in the space named in the path part. O¢S ''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 twodifferent paths they will resolve to the sameentry.
Next the qualified name is compared to local names for the form and then to
known global names. Any new global namesare added to thelist of known global
names,

¥ vids«locale Resolve names;unames;locals;lvids;linx;globaliginx;new[i] « Resolve <names> relative <locale> into name indices
(21[3] a Ensure names are fully qualified
Ca) names+2+"(locale>Icl_spc)Qualify names
Cs][6] a Work on the unique set
{7} unames+unames
Cal[9] a Set up the result
[10] vids+(punames)p~1
C11]
(i2} a Retrieve the set of name indices for the
(13] a Jocals of the context of <locale>
C14) locals+eicl_locs{blocalesic!_ctx]
(15]  ivids+loc_vid{ locals]
[18]
[17] a Look for <names> in the list of local names
[18] Jinx+vid_name(ivids]iunames
C19]
[20] «a If not local, a name is global
[21] global+linx=tplocals
C22]
(23] a Place indices for local names into the result
C24) ((~global)}/vids)+ivids[ (~global)/linx]
C25]
26] «a Look for the remaining names in the known global names{27]  ginx+vid_name[g1b_vid]iglobal/unames
(283
{29] a Any not found are new[30] neweginx=tpgib_vid
31]
{32] a Place indices of found names in the result
[33] ((-new)/global/vids)}+glb_vid[(~new)/ginx]
(341[35] a 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] a indices in the result.
(381 If v/new
[3s] (new/global/vids)+glb_vid,+AddVids new/global/unames(40] :Endif
C41} vids+vids{unamestnanes]

v

Theresulting 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 thatit 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 []0Rsand it needed set of
special maintenance tools to edit these functions. The structure of the matrix was
not readily accessible andthis reflected the fact that nearly all class development
was doneby 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 wassent outinclusion of it would override any changes
to the class that had been made by the developer. These disadvantages are
cataloguedin admirable detail in Jon Sandles’article (in Vector 12,3 p.51) andit is
mostly due to his experience that we have avoided manyofthepitfalls in the new
version.
In the new Causeway controlclass 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
namespacethat can contain commoncodefor dealing with e.g. bitmaps and icons
or OWA 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 list of
namespaces in which can be foundcontrol classes. Theinitialisation 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 Causewaywill use thefirst
and ignoreall subsequent occurrences. Thus the class developer can have two or
moreversions of the sameclass and determine which is used by the order of the
search path.
The main advantage of the namespace approach is in the accessibility of the class
to the developer. The Dyalog namespace explorer can be used to browsethe class
tree and to show and edit the components of a particular class. The session space
can also beset 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.
Theapplication can berestarted and the bug will be fixed notonly 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 variables and functions
without which Causeway will fail. These are for the managementof 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
namethat the Causeway enginecan call to perform theseactions.
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 passingit the remainder of the row which contains the nameof the parent,
the position and size and caption and 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.
Theclass specification, a variable in the class namespace, containsa list of the
eventsthat will be triggeredif the application user changed any aspectof the data
of the instance (property). If one of these events occurs then Causewayis alerted
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andit calls the Read function in the class with the nameof 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 Causewayassigns to the expression associated with the property
in the form definition. Thus the class knows how torepresent data in andretrieve
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 [VA 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 onlyrefer to them e.g, as ##. Label or ##,Uppercase.

Instances as Namespaces
Thefact 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 implementorofthe class.
An alternative approachis to copy the class functions into the instance namespace
on creation of the instance, or to create the instance from the DOR 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
approachfor a numberofreasons.
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 QOR then, although
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all the instances of the function begin identical, they are in fact separate and a
changein the source will notaffect the instances.
Also mentioned above is the sharing of data or resources between instances of a
class. Although this is possible with functions existing and executing in the
instance, by recording in the instance the location 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 musthavetheir 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
functionitself, it must allocate memory for the correspondenceof the function’s
symbols to those of the namespace. Furthermore any of the function's local
symbols thatare not already in the symboltable 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 runningof the application, as it must be for a compiled
language. Thusan instanceofa class only takes enough memory for the data ofits
members.In a languageas flexible as APL some addedoverheadis unavoidable.

Conclusion
It is clear that for the writer of an application development tool, namespaces are a
two-edged sword. On the one hand they allow great simplification of the class
management code andthe structureof the class definitions. On the other hand to
give this sameflexibility 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 anywherein the namespacetree andit 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)

I wantto thank Chris Leefrom 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 APLutilities can be created to allow real
Object Oriented Programming in APL+Win. It will both demonstrate how these
utilities can be progressively built and introduce various Object Oriented
concepts like Encapsulation, Inheritance, Polymorphism, Methods Overloading, etc. It
will also show how you can create new classes of objects which inherit from the
standard APL+Win WindowsInterface objects or can inherit from each other,
allowing you to build a complete hierarchy of new objects.
Object Oriented Programming with API. can be quite pure and much simpler
than you may think. Read on.

The Source Idea
Theoriginal idea is as follows: APL+Win offers usa limited set of built-in objects
which we programmers can easily manipulate with one system function: DWI.
With OWI, we can query orset object properties, event handlers and invoke object
methods.
Jf 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 itself. However, we can create a utility which would behave
exactly like DWI and would allow us to work with our own objects “as if” they
werebuilt into the APL+Win system. A good nameforthis utility would be Qwi.
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This being so, using Qwi we can resolutely adopt a pure Object Oriented style of
programming and benefit from encapsulation, inheritance, polymorphism and
methodsoverloading!
But, first let’s think a little more about whatexactly 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 particular set
of properties and methods. A car for exampleis a real-life object: it has a colour, a
weight, a size, a maximum speed and average mileage per gallon which all are
properties.It also knows howto start its engine when you turn theignition 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 understandsthe 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 andreacts to it by
hidingitself. The important thing to understandis the following:

* asacar user, you are not concerned about how mechanics work inside the car
to start the engine when you turntheignition key on: all you need to know is
that it works the way you expectand also thatit always reacts in the exact
same wayin the future

* as an APL+Win application user, you are not concerned aboutthe C code
which hides the button when you invokeits Hide method:all you need to
know is that it works the way you expectand thatit will always do so.

In other words, objects are “black boxes” with a well defined consistent built-in
behaviour. Once the object has been madeandis tested, you will never need to
look insideit again: it will always behave according to the lawsbuilt into it. From
the outside, all you can do,at any time, is:

* change someofits properties (you can repaint the car another colour)
¢ invoke any of its methods(turn the ignition key for example)

The key pointis that a well-defined and well-built object will faithfully serve us
forever (or almost: as you knowit’s notreally the case as far as cars are concerned,
unfortunately!).
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On top ofall this, we will programming in such a way that an APL+Win object
will really be an APL+Winfunction (when you think aboutit, 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 Oriented 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 time and effort, as well as make our programs
much moresecure and our applications much moreconsistent.
The rewards can be tremendous! But of course we have to pay a price for it
{nothing is ever free!), It will cost us quite 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.

TheFirst Building Block: the Qwi Function
The key to our new Object Oriented approach to APL+Win programmingis the
Qwi utility. We wantit to accept any of the following possible syntax:

Owself+'object_name'! Qwi 'New' ‘class_name’
Owself+'object_name' Qwi ‘New! 'class_name' ('propi' value1) ... ('propN!
valueN)
res* [‘object_name'] Qwi 'prop'[tobject_name'] Qwi ‘prop value['object_name'] Qwi (‘propi' value1)...('propN' value’)
res+ (tobject_name'] Qwi 'Get_Method' [arguments] oT(‘object_name'] Qwi 'Set_Method’ [arguments]

where:
object_name is a user defined object name
elass_name is the new object class name
prop, propi, ... , propN are object property names
value, valuet, ... , valueY are property values (character or numeric)
Get_Method is a method which returns somevalues
Set_Method is a method which sets some values
arguments is a single argumentor a nested vector of arguments{] denote optional elements
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As you can see the Qwi syntax is very similar to the DWI syntax. You choose the
class nameof the new class you wantto create: new class names can beidentical
to existing APL+Win built-in class names. Qwi will distinguish between the two:

'ff' 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 wewill explain the Qwi utility later in this chapter.

The Second Building Block: the Class Function
Whatwill 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 namewill also be the class nameof 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 complementit later on.

vA QviNewClass B;C;D;Riclass;fio
[1] av A QwiNewClass B -- Template class function
[2] ay A +> object name
C3] av B ++ c'property!
(4] av of ‘property’ value
[5] av or ¢'Method'
[6] av or ‘Method’ argumenti ... argumentN
(7] av Requires: (F) Qwikegister
Cal ay Copyright (c) 1997 Eric Lescasse [Bmar97]
C3)
[19] Oio+t a environment
[11] C+tB a property or method
C12] DetyB a arguments or value
(13)
C14] rselect C
[15][16] :case ‘New? a constructor
{17} a Add code here to create an instance of the class
C18] a Fxample:
Cis] a ReA Qwi ‘New! ‘Form’ 'Hide' a create a Form object
f20] '#'Owilawres’ RF aA result returned in awres property
[21] QwiRegister A a register new class name
(22)
C23] r¢ase 'Closet & close object
C241 :
C25] icase ‘Destroy' e destructor
[26]
C27) rend
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The function comments describe the function arguments.
On line 11 the property or method nameis extracted from the right argument.
On line 12 the property value or the method argument(s) if any, are retrieved
from the right argumentinto 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
nameused.
 Note thatall new objects will have a New method which wecall the
constructor method andthat they will often have a Close method
and a Destroy method which wecall 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 QviClasses 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: QwiRegister, whoserole is to
register the new class of objects. We will comment onit later, but let’s simply
know for now that registering the new class consists of saving the object class
namein the object 4c lass user-defined data property.
When defining anewobject wewill:

* edit the QwiNewC lassfunction
¢ changeits name to some meaningfulobject 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 Forms
When you make sometrials in your APL session, building forms with OWI, you
might betired of havingto first delete an existing form before youcan recreateit.
Example (assuming youalready have an ff form object):

‘ff! Owi 'New' 'Form!
OWI OBJECT ERROR: Object already exists

'ff' Owi 'New' 'Form'A
‘fft Dwi 'Delete'
'f£' Owi 'New' 'Form'

£f
So, let’s create a new APL+Win Form object, which will know how todeleteitself
before it is recreated.
Hereis a first attempt at this new Form1 class:

vA Form B;C;Rjclass
[1] av A Formi B -- User Defined Formi Class
[2] av 4 ++ object name
C3] av B ++ 'property'{4] av or ‘property! value
C5) ay or ‘Method'
te) av or 'Method' argumenti ... argumentN
C7] av Requires: (F) QwiRegister
[a] av Copyright (c) 1997 Eric Lescasse (8mar97]
[9]
C10] c++B a property or method
t11]
C12} sselect ¢
C13]
(14) :case 'New a constructor
[15] 4 Qwi'Delete' a delete existing form
(16) ReA Qwi ‘New! ‘Form! a create form
17] '#'Dwitawrest R a result returned in awres property
(1a) QwiRegister A a register class name
{19]
(201 :end

v

The above Form1 function represents our new Form1 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 QviNewClass template function where we have removed all
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unnecessary code. Our first example, the Form1class is a very simple new class.
Butit can already save usa lot of keystrokes everyday.
Let's use this new class:

 

‘£f"' Qwi 'New' ‘Form!
ff

ff 15] x!

Well! Let's try to recreate the form:
'£f" Qwi 'New' 'Formt'

ff

ff BEE

 

As you see this works well, without producing the traditional DWI OBJECT
ERROR: Object already exists error message.

If you look at the Form1 function you see that our new Formt classis the same
as a standard APL+Win form class (R«A Owi'New' ‘Form! on line 16) except
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that its New method has been overloaded with an additional instruction
(A Owi'Delete' online 15).
OK, | am sure you already have some ideas on how to improve our new user
defined Form1 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
havea nicer default caption, of APL+Win form. And be sure always to use the
same default font of ‘MS SansSerif’ in size .8. Let’s make these changes to our
Form1class and renameit Form2. Here is what weget:

vA Form? 830;D;R;class;D10
(11 «vA Form? B -- User Defined Form? Class
[2] av A ++ object name
[3] av B ++ "property!
C4] av or 'property' value
{sl av oor 'Method'
[6] av or ‘Method' argumenti ... argumentw
{71 ev Requires: (F) Qwikegister
C8] av Copyright (c) 1997 Eric Lescasse (8mar97]
[9]
[10} ioe 5 environment
[1a] CoeB n property name or method name{22] DeisB ® property value or method arguments
(13]
(i4] iselece ¢
{15]
[16] scase ‘Newt & constructor
[17] 4A Qwi'Delete! a delete existing form
(15) Rea Owt ‘New! 'Form! n create form
(19] ‘#'Owi 'awres' R a result returned in awres property
C20] A Qwi ‘caption' 'aPL+Win Form a default caption
t24] A Dwi ‘font! 'MS Sans Serif’ .8 A» default font
C22] A Qw1 ‘scale! § ® pixel coordinates
(23j QwiRegister A a register class name
C24]
[25] :end

Lines 10 and 12 are not necessary for now, but will belater in this paragraph.
Let’stry this new class:
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"ff" Qwi 'New' 'Form2'
ff

Of course, since our new form classis built
over the standard APL+Win form class, we
can use the standard WI system function to
queryor set form properties afterwards:

 

'ff' Qwi 'scale'
5 0 0 353 504

'f£f' wi ‘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:

'ff" Qwi ‘font!
or more exactly the Qwi function returns an empty matrix.

p'f£f" Qwi ‘font’
00

This is because our Form2 class function does not attempt to process right
arguments other than those starting ‘New’.
Wecan easily fix this problem by adding an :else clause to the :select
control structure of our Form2 function and renamingit Form3, as follows:

¥ A Form3 B;C;D;R;class;D10
(1) sv A Form3 B -- User Defined Form3 Class
(2) av A ++ object name
{3 av B ++ ‘property
C4) av or ‘property! value
(s] av or ‘Method!
ts] ev or ‘Method’ argumenti .,. argumentN
(7) av Requires: (F) QwiReguster
fej av Copyright (c) 1997 Eric Lescasse [8mar97]
(9)
(10) Qro+i ® environment
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{141
[12]
[43]
C14]
(1s]
(16)
(171
(18)
(191
[zo]
(21]
C22]
(23]
[2a]
C25)
(26)
[27]
[28]
C29]
[30]
[32]
[a2]
(a3]
(347
(381

Ca2B
Deis
rselect
roase ‘New!

4 (lwi'Delete!
ReA Owi ‘New’ 'Formt
‘#'Qwi tawres' R
A Qwi ‘caption' ‘APL+Win Form:
A (wi ‘font! ‘MS Sans Serif' .8
A Owr 'scale' 5
QwiRegister A

else
rif (eC)ea Qwi'properties!
sorif (eC)ed Owr' methods!

rif OepD
‘#'Owitawres'(A (wi C)

relse
A Dwr (cC),D

rend
rend

rend

>
°

»

Property name or method name
property value or method arguments

constructor
delete existing form
create form
result returned in awres property
default caption
default font
pixel coordinates
register class name
process all other props/methods
if a standard property ...or a standard method
when no value or arguments passed
return current valueelse...apply value or arguments

Now,wecan also use Qwi to get or set standard APL+Win form properties as
well as invoke standard APL+Win form methods:

ff

MS Sans Serif

Arial 10

Arial i 0

‘f£f' Qwi ‘New! 'Form3'

"ff" Qwi ‘font’
0.8 0 ansi

‘ff ‘font!Qui ‘Arial’ 4

‘ff Dwi
ansi

‘font!

YEE! Qui
ansi

‘font!

('fft Owi 'font')='ff! Qwi ‘font!

Therefore, please add the same :e1se clause to our QviNewClass template
function so that it now reads as follows:
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(1)
C2]
(31
C4]
(s}
te}
(7)
[a]
[93
(10)
(12)
C12]
[13]
Cau]
Cis]
C16]
(17)
C18]
(19)
C20]
(211
(22]
[za]
C24]
[25]
(26]
C27]
[za]
(291
(30)
[31]
(a23
(333
Ca4J
Cas]
{36]
(373

vA QuiNewClass B;C;D;R;class;(l10
av A QwiNewClass B -- Template class function
av A ++ object name
av B+ c'property'
av or 'property' value
av or c'Method'
av or 'Method' argument1 ... argumenty
av Requires: (F) Qwikegister
ay Copyright (c) 1997 Eric Lescasse [gmar37]

 

Bio+t a environment
CxtB n property name or method name
Det+e a property value or method arguments
rselect ¢

icase ‘New! a constructor
a Add code here to create an instance of the class
a Example:
a ReA (wi ‘New! 'Form' tHide’
'#Owttawrest RB
Qwikegister A

create @ Form object
result returned in awres property2

register new class name
scase ‘Close! close object
case ‘Destroy? destructor>

process all other properties/methods
f (eC)eA Dw2'propertiest af a standard property ...

rorif (cC)eA Qwitmethods' a or a standard method
relse

  >

rif OepD s when no value or arguments passed
'#*Qwitawres'(4 Owz C) # return current value

else ® else
4 Owi (cC),D a apply value or arguments

rend
send

rend

Adding a Property to a User Defined Class
Let’s add a new property to our Form3 class and makeit the Form4 class. The
new property will be called ontop. Just as for any standard APL+Win object
property, you must use only Jowercase 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 Formsclass will stay on top ofall other forms.

116  



 

VECTOR Vol.14 No.1
 

Wehave already seen how to make a form “on top” ofall 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! ontop propertyA
(261 tif CepD a if not property value
l27] ta! Qwi ‘awrest (4 Dwr ‘aontop') @ query property
28] else a else
[29] S+(iti=+D)>'Awnd_notopmost' ‘Awnd_topmost! a windows constant to use
[30] S*S 0 0 0 0 'swp_nomove swp_nosize’ a other arguments
31] S-Qweall'SetWindowPos' (A Qw2'thwnd'),S a call SetWindowPos
(321 A Qwi ‘aontop' (14D) A register property value
[33] rend

Let’s comment the above lines of code. First, whenever you implement a
property, you needto process 2 kindsof cases:

« the property is queried
¢ the property is set

That’s why we have an: 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 objectitself.
So we are using a aontop user defined data property to store our
boolean ontop property value.   

Whenwequery 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 weset the ontop property (lines 29 to 32), we need to perform 2 different
actions:

* dothe required job (lines 29 to 31)
* save the new value of the ontop property in the Aontop user-defined data

property (line 32)
As you see it is pretty simple to implement a new property in a user-defined
object. You just have toadda:case 'property' clauseto your class function
with the right code to query and set the property.
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Let's test our new class:
'ff£) Qwi 'New’ 'Formu' ('tontop' 1)

ff
 COeSeen [abd

Nowclick 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:

‘££ Qwi ‘ontop!
4

Of course, if we tried to do it using OWI we would get an error since the
APL+Win system does not know aboutthe ontop property for an APL+Win Form
object:

‘ff! Dwr 'ontop!
OWI ACTION ERROR: Action "ontop" not found

‘ff! Owi ‘ontop!A
Change the APL+Win form ontop property to 0:

'f££' Qwi tontop' 0
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 methodfor our form.
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Adding a Methodto a User Defined Class
Let's create a new Formsclass starting with the Form4 class, by adding a new
methodto 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 bottom right or
bottom left or top left of the screen). Likewise it would be good if this new
method knew howto 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. All 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. Each 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’
‘tight’ or ‘center’ or an integer denoting the percentof the horizontalsize of the
screen where the form will be located
So we wouldlike to use such expressionsas:

'ff£' Qwi 'Move' 'top' 'tright?
'f£' Qwi ‘Move’ 'bottom' 'left'
'ff' Qwi 'Move' 0 0
'f£f' Qwi 'Move' 'center' 10
'ff£' Qwi 'Move' 50 50

Wewill also design the Move method sothat it returns the old form position in
pixels. Here are the lines of code you should add to function Form4 (which we
rename at the same time as Form5)in order to implement the Move method:

(251 case ‘Move’
[26] saf 2#pD o :return o :end 8 exit If not 2 arguments
{271 (BE F)+D a get method arguments
(28) Ge(1+82e0dr E)SE 0 a @ is 0 if ist arg char
[z9} He(1+822Odr F)oF 0 a His 0 if 2nd arg char
[30] (7 J)+ta#'Dwitsizet a get screen dimensions
Cat] (K LM ¥)+A Qwi'where! ® get form position & size
[32] 'e'Owatavres'(K Lx2p'#'(wstunits') a return old form position
£33] Ke(.01%0 50 100 GxI-M)('top’ ‘center! 'bottom'icF] « new vert form pos
C34j E+(,01%0 $0 100 HeJ-N)['left! ‘center' ‘right'tcF] «a new horz form pos
tas] A Qwi'where' KL MN a move form
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This methodis 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 EF
and (line 27),
On lines 28 and 29, we transform £ and to 0, only if they are character vectors:
if E and/or F were numeric, we do not change their values. We store the new
values in variables G and H.
Then weneedto retrieve the screen dimension in row/col coordinates(line 30).
Then weretrieve the current form position in variables K and I and the current
form size in variables M and N online 31.
On line 32 we save the currentform 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 muchlongeralternative way
of writing line 33 would for examplebe:

sselect E
:case ‘top!

K+o0
scase ‘center!

K+ 5xI-M
:case 'bottom'

K+I-M
relse

K+ .041*£.
rend

Finally the form is moved by changing its where property with the OWI system
function, on line 35.
Let's try our newclass:

'£f' Qwi ‘New' 'FormS' ('ontop! 1)
ff

"ff! Qwi 'Move' 'bottom' ‘right!
12 32
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resulting in the following screen where I have increased the APL fontsize so that
you can read it better .

 

 

 

  
Note that we could have specified everythingin just one expression:

'£f" Qwi ‘New! ‘Forms! (‘ontop' 1) (‘Move ‘bottom! tright')
192 256

but please note that in such a case, Qwi alwaysreturns theresult of the rightmost
methodin the phrase.
So, after addition of the Move method, the Form5 class function is as follows:

VA Forms BsC;DsEsFiGpHsTidikXsLidiNsR3Siclass;(lo
C1} av A Forms B -- User Defined Forms Class
(2] av 4 ++ object name
[3] av B+» 'property'
{4] av or ‘property value
{(s]  a¥ or ‘Method!
{6] av or 'Method' argumenti ... argumenty
[7] av Requires: (F) Qwikegister
Cs] av Copyright (c) 1997 Eric Lescasse (8mar37]
Cs]
(10] Dio+1 a environment
[14] Cat ® property name or method name
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[12] Deis a property value or method arguments
13]
[14] :select ¢
(15)
{16] :case ‘Newt R constructor
ta7] A Qwi'Delete! « delete existing form
(18) ReA Ow 'New! ‘Form! A create form
{19] ‘#'Owl ‘awres' RF a result returned in awres property
{20] A Qwi ‘caption’ ‘APL+Win Form’ a default caption
(21) A Qwt 'font' 'MS Sans Serif’ .8 « default font
C22) A Qwi 'scale' § a pixel coordinates
[23] QwiRegister A a register class name
[24]
[25] :case 'Hove'
(76) rif 2#pD © :return 6 rend n exit if not 2 arguments
[27] (£ F)+D a get method arguments
[za] G-(1+82<[)dr E)2E 0 a @ 1s 0 if ist arg char
{29] He(iea2-Odr F)2F 0 a His 0 if 2nd arg char
[30] CF J)et#e'Owitsize! a get screen dimensions
tai] {K £4 ¥)+A Dwitwheret a get form position & size
[32] '#'Owitawres'(K Lx2p'#'Qwitunits') a return old form position
[33] Ke(.01x0 60 100 GxI-M}['top' ‘center! 'bottom':cE] a new vert form pos
[34] Le(.01x0 50 100 HxJ-N)('left' ‘center' 'right'tcF] «a new forz form pos
[35] A Qwitwhere' KLM NH a move form
(36)
[37] :case ‘ontop! a ontop property
[38] 12f OepD a if not property value
[39] ‘#' Twi tawrest (4 [wi 'aontop') nh guery property
C40] relse a else
foi] Se(itietD)>'hwad_notopmost’ ‘hwnd_topmost' a windows constant to use
(42) S+S 0 0 0 0 'Swp_nomove swp_nosize' a other arguments
[43] StOweall’SetWindowPos' (A Dwt'hwnd'),S a call SetWindowPos
Cau) A Qwi 'aontop' (i=tD} a register property value
{us) send
(46)
[47} :else ® process all other properties/methods
C4] rif (c@)eA Owt'properties' a ff a standard property ...
{usJ rorif.(eC)ed Qwi't methods! 4 or a standard method
(so) rif OepD a when no value or arguments passed
[51] ‘#'"Qwilawres'(A Qwi C) a ceturp current value
(52] relse a else...
[53] A Owi (©C},D « apply value or arguments
(54) rend
(ss] read
(56)
[s7] :end
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Simplest Form of the Qwi Function
Qwi is the very chore of our Object Oriented approach to APL+Win development.
Here is a simple first version of Qwi which is sufficient to run the examples we
have shown before:

C1]
C2]
[3]
C4]
(s]
Cs]
{7]
[a]
{91
(107
(111
C12]
[ial
C14]
[15]
(16]
Ci7]
C18]
[19]
(20)
C22}
[22]
C2a]
(24)
{2s]

2 ReA Qwit B:C;8;F
BY Red Qwii B -- OWI emulav Dwself+'object_name'

 

av Quself«'object_name!
av ress [tobject_name']
ay {'object_name']
ag Ctobject_name']
av rese (['object_name']
av Ctobject_name']

ator
Qwit
Qwit
wid
Qwit
Qwit
Qwil
Qwit

‘New! ‘class_name!
‘New! ‘class_name'('propi' valuei)..,‘prop!
‘prop’ value
('propi! valuei)...('prop¥' valueN)
'Get_Method' (arguments)
‘Set_Method' [arguments]

av Copyright (c) 1997 Eric Lescasse [8mar97]
tif 2#Onc'a' o A+Qwself o
taf 1=5B 0 Be,cB o :end
sif 'New!=+B

G+22B
Be(ctNew' @),24B

telseif OzpA Qwi'self!
C+t4 Qwi'aclass!

rend
tif 2==B 0 Be,cB © send
Ee2>a"B 0 (E/B)+c"E/B
Be,B o '#'(Jwilawres'(0 Op
tfor I :in ipB

ata ',0,!' IsBt
rend
Re # Owl avres?

send

0)

s (WSELF if no left arg
be sure B 1s nested
1f method is ‘Newt
get specified class name
rebuild argument
else if object 4 exists
get registered class name
ensure 5 depth ts x 3
ensure each element is of depth 2
define default result
for each element-in argument
execute the class function
return result saved in awres

On line 11, weset the left argument A to OWSELF if it has been omitted. Then,
from line 12 to line 20 we normalize the right argument 8 so that it has a
normalized depth 3 structure. For example, arguments suchas:

atone Idisplay ‘ontop!
lontop|

 

are changedto:  ldisplay ,c,c'ontop!
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while arguments such as:
Idisplay ‘ontop' 1

 

are changedto:
Idisplay ,c'ontop' 1  

and finally arguments such as:
]display 'New' 'Forms'('ontop' 1)'SetDefaultColor'!

wets

 

are changedto:
Jdisplay (‘New' 'Form4')(tontop' 1)(«'Se     

  

tDefaultColor')

Jontop] 1

Finally, arguments such as:
(‘ontop 1) (‘Move 10 10)

already have theright structure and areleft unchanged.

Vol.14 No.1

Lines 12 to 20 have a secondrole: they also are used to find out whatis the object
class name.
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If we are constructing an instance of a new object (Le. if the New method was
invoked in the Qwii right argument), then the second elementof the Qwii right
argumentis 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
Qwii right argument, one at a time.
For example,if we called:

'f£' Qwit 'New' 'Form5' ('ontop' 1)

the right argumentis first normalizedto be:
('New' 'Form5') ('tontop' 1) andthe: for loop is performed twice.
The 1st timeit executes the following expression:

A Form5S 'New' ‘Forms!

and the secondtimeit executes:
A FormS 'ontop' 14

where Form5is our class function.
Finally on line 25, any value saved in the awres system object property isretrieved and returned by Qwit. Since each call of Form5 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 Qwi1 instructions in orderto getall results.
For example:

‘ff! Qwil 'New' 'Form4' ('Move’ 10 10)
192 256

and weget 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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‘ff! Qwil ‘New' 'Formu'
ff

'£f' Qwit 'Move' 10 10
192 256

Adding Error Handling to QWwi1
If you do a lot oftrials from the APL session and make typos you may mis-spell
the class name whencreating a newinstance of an object.
In that case you may have seen that yougetthe following error:

‘f£f' Qwi1l 'New' ‘Test!
VALUE ERROR
Qwit(24] 2 A aTest IBA

It would be much nicerto exit cleanly from Qwi1, signalling an error to the user,
as in:

'f£f£' Qwit 'New' ‘Test!
Unknown class: Test

‘ff! Qwit ‘New! 'Test!
A

There are 2 ways we could achieve this:
« first, we could add an APLtest just before the : for loop to check if we do

have a class function of the right name (here Test) available in the workspace
* second, we could rely on error handling to trap a VALUE ERRORonline 23

T 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 orderto add error handling to our Qwi1 function, we needto do 3 things:

* localize DELX
e setQELX to 'sHANDLERFOR DM' at the beginning of our Qwi1 function
¢ add an error handling commenton the line which could fail with VALUEERROR(line 23)
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Line 23 should become:
(24) 2'4 ',C,' IDB! av{(VALUE:Derror'Unknown class: ',C}

If no error occurs when line 23 executes, our error handling comment will
consume no CPU time. But ifa 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.
Example:

'ff' Qwit 'New' ‘Test!
Unknown class: Test

‘ff! Qwit 'New' ‘Test!
A

To finish with error handling, we could add a couple of othertests to signal errors
to the calling environment. The Qwiit function, dressed with error handling is
renamed Qwi2 is:

 V Red Qwi2 BSCsE;T:Uelx
C1] av ReA Qw22 B -- OWE emulator
(2) av Dwself+'object_name' Qw12 'New' ‘class_name’
[3] av Owself+object_name' Qwi2 ‘New! ‘class_name'(‘propt’ valuet)..
C4] av res+ ['object_name'] Qwi2 ‘prop!

 

(s] Av C’object_name’] Qwiz 'prop* value
te] av ['object_name'] gviz (‘propi' value1)...(*propN' valueW)
[7] av rese (tobject_name'] Qwi2 ‘Get_Method' [arguments]
ts] av [tobfect_name'] Qwi2 'Set_Method' [arguments]
[3] av Copyright (c) 1997 Eric Lescasse [amar97]
C10]
(11] Qelx+'sHANDLERFOR ODM!

 

(12] sif 27Qncta' © A+Qwself o :end a OWSELF 1f no left arg
[13] :2f 1=8B o Be,cB o rend » be sure B is nested
Cin] osaf ‘Wewtate a if method is 'New'
[1s] C+23B aA get specified class name
{16] Be(c'New! C),248 a rebuild argument
(17] :elseif ozpA Owi'self? a else if object A exists
[18] rif O=C+tA Qwi'aciass' a get registered class name
[19] Qerror'#se QWI instead of Qw22' » 2f none signal error
(20] rend
[2i] :else n if not 'New' & not an object
[22] Derror'Unknown object: ',A 6 signal error
(231 send
{2u) sif 2 © Be,cH o rend a ensure B depth is x 3
[25] Ee2em BR o (E/B)+cE/B a ensure each element 1s of depth 2
[26] B+,B o '#'Owttawres' (0 apo) » define default result
(27) :for I sin 198 e for each element in argument
(281 2'A "0,1 Top? AV{VALUE:Qerror'Unknown class: ',€}
{29] send
(30] Re'#'Dwiawres! a return result saved in awres

v
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Hereare a few examples showing the new Qwi 2 behaviour:
First example: trying to set a property with Qwi2 on an object not created with
Qwi2

'gg' Dwi 'New' 'Form'
gg

'gg' Qwi2 ‘font’ ‘Arial’ 1
Use WI instead of Qwi2

‘gg’ Qwi2 'font' 'Arial' 1A
Second example: trying to use a method or set a property with Qwi2 on a non-
existent object:

"RA' Qwi2 ‘ontop’ 1
Unknown object: AA

‘RR! Qwi2 ‘ontop’ 1
A

More information about the Monthly APL+Win Training Program can be
obtained from the Lescasse Consulting's Website at www. lescasse.com.
Please note: I have created a new company called “Lescasse Consulting”: Uniware 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 dela Belle Feuille
92100 Boulogne, France.

Tel: (33) 1.46.05.10.76;fax: (33) 1.46.04.60,23
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APL andJ (5): Operators - Inner Product,
Each, Commute, Compose

by Chris Burke
This series of articles entitled APL and J will try to explain the J way of thinking,
by contrasting APL and J 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 twooperators found only in Dyalog APL: commute and compose.

Housekeeping
As usual, we use the letters V, M, and A for vectors, matrices and arrays of any
dimension,optionally followed by numbers to denote their shape. Thus V for any
vector, V5 for a vectorof length 5, M45 for a 4-by-5 matrix, A245 for a 2-by-4-by-5
array. Where actual values are required, V5 will be defined as 15, M45 as
4 Sp120.

APLterminology will be used, except where J terminology is required forclarity.
Here, Jio+1 is assumed throughout.

Inner Product
Inner product in APL is called dot product in J, and both are denoted by the dot
symbol, f .g for functions f 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:

va +.x Mau APL
38 44 50 56

V3 +/ . * M34 J
38 4u 50 56

(Notethatin J, a space is required before the dot - since otherwise the dot would
be read as part of the previous symbol.)
Does f.g in APL always give the sameresult as £/ . g in J? Yes - if we look at
typical APL usesof inner product, such as +. or 4, =. However, the definitions
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are quite different, and nicely illustrate the two approachesto array operations.Jalso allows morepossibilities, though I have yet to use a dot product in J thatcould not be written in APL.
In the following discussion, we apply dot product as: X f.g Y where theshapesof X and Y are SX and SY.
In APL, ~1+5X must match 1+SY, and the computation is made by splitting X
into vectors alongthelast axis, and splitting Y into vectors along the first axis, andapplying g followed by f/ to each combination of vectors from X and Y, andenclosing the individual results.
Since the individual results are enclosed, they do not contribute to the result
shape, which must therefore be (~1+5X) »14SY. The computation for each pair
of vectors x from X and y from ¥is:

ce f/ xg’ y
Forexample,M22 +. M23 is evaluated as:

Co 4/ 42 e" £4) (co #/ 42 «7 25) (eo t/ 1-2 x” BG)(co +#/ 34 x” 44) (oc +/ 94 x” 25) (2 +/ 3 4 x” 3 BG}
and assembledinto the matrix:

9 12 15
19 26 33

InJ, the right argument ¥ is notsplit up at all, while theleft argumentx is split upinto cells of rank 1 plus theleft rank of g (you can think oflists of left argumentcells), The numberof items in the left argument cells must match the numberofitems in Y. Therefore, in the common case wherethe left rank of g is 0 (e.g. wheregis» or =), X is split up into vectors along thelast axisjust as in APL.
For example, 422 +/ . + M23 is evaluated as:

(4/1 2 * M23) (+/ 3 4 » M23)
which is:

(912 45) (19 26 33)
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whichis then assembled into the matrix:

912 15
19 26 33

Notethat this makes useof J’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 (Le. SX
less the shapeofthecells used in the dot product), catenated with the shape of the
result cells. In the following example, let f=. (i.10)"_ be the function that
returns the list i. 10, and g=-. 0"2 hasleft rank 2, then:

$ (234 5 6$ta') fF. g 4 5 $'bT
2 3 10

The key changes J makesare: the right argument Y is not split up atall; the left
argumentX is split up according to the left rank of g; and the results of each
computation are not enclosed, but follow normal assemblyrules.

Determinant and Permanent
InJ, the dot product can be used monadically, whenit is the determinant function,
thus:

-/.%* 22410713
23

if + is used instead of -, the function is the permanent. Any other verb could be
used in place of ~ or +, but I don’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 £"X)=oX.
J 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 J standard library. Given verbs u and v where the inverse v™ is defined, then
ug. is equivalent to v" u v.
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Now,if v is the verb > (open), then its inverse is < (box), so that fa, > meansopen, apply £, then box, which is exactly the same as APL’s f””, for example:
ns, 'winston';(i.3 4);10 20

S$ G&>n
tatan-4-F
1743 4421
tn$a--$-4

So if we define each to be a.> , then this is an adverb whose definition andbehaviour is exactly like APL’s each operator:
eachs. &.>
$ each n

totem ntedt
1713 412]tote tet

J's rank operator " and APL’s each operator “ are notationally similar, and shouldnot be confused. For further discussion, see thefirst article in this series (Vector13.1 pp. 96-101, July 1996).
Commute
In Dyalog APL, the commute operator ~ creates a new function which reversesitsarguments, so that X f£~ ¥ isequivalenttoY f X, for example:

Ss -" 7
2

The corresponding operator in J is ~ , which reverses the arguments when theresulting function is used dyadically:
5 -~ 7

2

Wherethe resulting function is used monadically, the argumentis used as bothleft and right argument, so thatu~ y is y uy, for example:
#~5

55555
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Whybother with such a trivial operator? For one thing because it simplifies
expressions by reducing the need for parentheses, and for another becauseit is
useful in constructing tacit definitions, for example:

firstword=. {.~ i.&' '
firstword 'In the beginning!

In

Compose
In Dyalog APL, the compose operator » takes two arguments whichare either a
function and oneof its arguments; or both functions.
In the first case, an argument is bound to a dyadic function, creating a new
monadic function:

findblank+ 1° * 3
findblank ‘one two three'

4
The J equivalentis & , for example:

findblank=. i. &@ ' '!
Joining a function with oneof its arguments to 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 ° g
which applies first g, then £. The function g is used monadically, while £ may be
monadic or dyadic.
Where f is monadic, f » g X isequivalenttof g X, for example:

fe t/oot
f 100

5050
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TheJ equivalentfor the monadic case is given by @ or & (either will do), e.g.
ints. 1: 4 i, origin-1 integers
f=, +/ @ int
f 100

5050

Where f is dyadic,X f © g Y isequivalenttoX f g Y, for example:
fe x a i

io f 5
10 20 30 4O 50

This composition is the sameasJ’s hook:
fe, * int
ao f 5

10 20 30 49 50

This example makesit clear that a hook could have been constructed as a normal
operator, rather than a train of 2 verbs. The reason for makingit a train is that it
complements the fork, which is a train of 3 verbs, allowing resolution of trains of
any length.
Notethat wheref is dyadic, then f © g isnot thesameasJ’sf @ gorf & g.Inthese cases:

is fxg YXxXfe@egy
XfaegqgyY is (g X) £ (g Y)

Reference
Iverson, K.E. J Introduction and Dictionary, Iverson Software, 1996

134  



 

VECTOR Vol.14 No.1
 

At Play With J:
Oh, No, Not Eigenvalues Again!

by Eugene McDonnell (eemcd@aol.com)

I can’t explain why it is that I keep running into problems associated with
eigenvalues. I don’t seek them out, and havenointerest in them, but there it is —
they keep cropping up before me and I have somehowto find a way to drive a
stake throughtheir hearts before I can go on to somethingelse.
Whenthe eigenvalue problem last loomed before me, I found that I had to go
back to basics in order to come to terms with it. In the course of doing so, I
happened upon a technique in J for finding eigenvalues which is eminently
satisfying pedagogically, since it can be used for small matrices to showall 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 ay 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. Our problem is to evaluate the
determinant of this polynomial matrix. In J we evaluate the determinant of a
numeric matrix with the monadof the dot conjunction:

det =: -/.*# NB. (4)

For example,
m=:2 3,:5 8
m

23
5 8

det ™
1

The verb det is not directly suited to our purpose, but with a few manoeuvres
we'll get where we wantto go.First, let’s take a suitable matrix for our example
(the example and much of the approach I have borrowed from Cornelius
Lanczos‘s book, Applied Analysis, Prentice-Hall, 1956, chapterIT):
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JA =: 93 16 72 , _24 _10 157 .: _8 _4 _47
330416 72

~24 _10 _57
-8 4% _47

Wecan obtain the diagonal atomsof A using the monad d [JP 3.B.m4, meaning
phrase m4 from section B of chapter3 of the book J Phrases].

Jao =: dA
93.10 _17

Weappend -1 to each of these usingJ’s stitch (,.):
Jai =: ao ,. _1

33 1
-10 L4
~17 _1

In orderto be able to work with a matrix in which a single numberis replaced by
a list of two numbers,it will be necessary to box the rowsof the 2-column matrixabove, using monad B1 [JP 1.C.m12]

Ja2 =: Bl ai

 

 
In order to amend the diagonal atoms of A, we'll box the atomsof matrix

a

first,
using monadBo[JP 1.C.m11]:

 

 

 

Jag =: BOA
ga ]16 |72
~24] 10] _57
-8 |_4 |_47     

The amend adverbin J needsthe indices of the places to be amended. Weobtainthese using the monad d again, modified by the adverb 1k [JP 3.B.a3].
Jas =: (d IR) Ao4 8

Wecan use amend nowto obtain the matrix we want:
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JaS =: a2 as } a3
 

 

 

33 1/16 72
-24 -10 _i!]_57
8 -4 -17 _4     

For use later, we'll collect the steps taken so far to form the verb db:
db =: Bi@(d ,. _4:}) d IR } BO

Nowweare in position to evaluate the determinantof this matrix. We can’t use
the det verb from above, since it can only deal with matrices whose atoms are
simple numbers. Myfirst thought was to use the definition of the Determinant
conjunction u . v from the J Introduction and Dictionary:

us; -/ C. var *DET=: v/@,*({."41 U .Vv$: Ominors)@. (18<G{: GS) "2
minors=: }."1@(18(C\.))

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, I hadn't proceeded
far when I suddenlyrealized that, since DET was the definition of the monadic
form of the dot conjunction, I oughtto be able to use dotitself directly, and not
messwithits sybilline definition. The first thing I did was to provide myself with
modified forms of dif and ppr, ones which operated on boxed atoms:

difb
pprb

difa.>ppré.>
Taking this tack, I could now write, in direct analogy with (1),

detp =: difb/ . pprb
and then apply this to matrix a5:

detp a5
6 11 6 _4

I wanted an open, not a boxed result, so modified the definition of detp:

 

detp=:>@(difb/ . pprb)
Ja6 =: 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 whetherthis
wasso, I found thefirst four powersof A, using the monad I [JP 9.A.m0] to form
the Oth powerof the matrix, thatis, the identity matrix:

Ja7=:AGipa: (1.@>:@4°]) TA
1 0 0
Q i Q
0 0 1

33 16 72
~24 _10 _57
8 -4 47

129 80 246
-96 _56 _189
-382 20 _59

447° 304 648
312 _220 _507
-104 _76 _161

then multiplied these by the supposedcoefficients of the characteristic equation:
a8 =; a6 * a7

0
0
6gq

oa
u

o
n
o

-363 _176 _792
264 110 627
88 Hy 187

77% 480 A440 ~
-576 _336 _1134
A192 120 _354

-417 304 _648
912 220 507
410g 76 1614

andlastly, summedag, trusting that the result would bethe zero matrix:
+/as

o
o
o

o
o
o

o
o
o
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From here it was a short step to the eigenvalues: they are the roots of this
polynomial, so I could useJ’s polynomial primitive (p.):

p. detp a6
 

 -1/3 214   
The result I wanted wasthe open(»)of thetail ({:) of this one, so ] made another
modification:

aQ =: >@{:@p.@detp a6
324

Theparts can now beassembled to give the eigenvalue finder cm:
cm =: > @ {: @ p. @ detp @ db
cm A

324
If these are the eigenvalues, their product should be equal to the determinantof
the matrix.

*/ cm A
6

det A
6

So far, so good. Furthermore, if these are the eigenvalues, if any one of them is
subtracted from the diagonals of A, the determinantof the result should be zero.
Js this the case?

det A- 3* ITA
0

det A-2*IA40
det A-4i* 1A0

Yesit is.
The verb cm is a model of the monad of the c. primitive described in the J
Introduction and Dictionary. It 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 c. will be reconciled.
T've broughtthis matter to the attention of the proper authorities, so they do at
least know that the problem exists.
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API Problem as a Particular
Recurrence Problem

by Andrei Buzin (buzin@ext1.ccas.ru)

The problem discussed in Robert Bernecky’sletter in Vector 13.4 p.7 concerns the
inconvenience of programming recurrence anditeration algorithms in APL. This
problem is critical for APL for the following reason: a major advantage of APL is
its conciseness, but the better part of recurrenceanditeration algorithmsmust 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 API problem, mentioned in thelast three Vectors,
with the following APL expressions(in DyalogAPL):
AL” (ipp)t ep

or
kai",\p

where & is 0.5 and p is 123 4 in Roger Stokes’ example, but they are only quasi-
solutions, because they give WS FULLorworktooslowlyif 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 theessence of some method,to codeit rapidly and to make experiments with it. Onthe other hand, if we use loops, the program runsslowly. And very often we can
program the method in APLstyle, without loops, by using “each” or “scan”;
such solutions are elegant,but they work extremely ineffectively!
For example, the Euler solution of differential equations can be programmedin
modern APL as Fuler\N/x0, where N is the number of pointsin the solution,
X0 is the initial point(it can be a vector) and Euler is a simple function, whichdescribes onestep ofthe solution. This solution works, butis extremely slow! (As
well as Robert Bernecky I had made sometiming experiments for optimal loop
organization; really the best is using the “pre-allocation” practice — this resultwasdistressing for me).
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Moreover, I have seen thatall recurrent problems of type
5 =fits Keaieg)y PRAAA2,.4N @

can be solved by the scan operator F\N/cxX1 x2 ... xk (even in the case
whenx is an arbitrary array)! Function F depends on function £ and has dummy
left argument. But unfortunately, in practice the expression F\x is calculated as
F/”'x exceptin the cases whenF is a associative primitive function. You can see
that in the case wherethe function F is associative, the resulting elements of F\
can be calculated recurrently. The other case is where the function F does not
depend ontheleft argument. Butin the generalcase the resulting elements
cannotbe calculated recurrently because of APL conventions about the sequence
of calculations and the Scan Operator.
A more generalform of recurrent (anditeration) calculationsis

5 fa bs Xiay KiarXin) @)
wherea is the set of parameters, j is the index (or multi-index). The API problem
is one example; in the API problem k= and a =k p (here k andk differ). Whatis
very important, is that almostall classical computational methods can be represented in
such form (x can be a nestedarray).
The problem thatis discussed in Vectoris 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 admitthatiteration hasits place in a programmer's
toolkit”. I don’t think so.
Really, whyis looping not usual for APLers? The reason is that manycycles 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 mixtureof styles in APL. Andit is quite impossible to expect
that any sober-mindedpersonwill credit that he must solve the recurrence
(iteration) problem with APL.
If the function £ in (2) is “compilable”(thatis if it can be represented as an
executive module), then the recurrentcycle, which calculates the recurrent
sequencecanalso be written in computer codes — it is quite a simple cycle(it is
the nested cycle if i is multi-index). Robert Bernecky proposesto makeit in three
steps: atfirst you write cycle in APL, then APEXtranslates the APL codeinto C,
then compile it into an executive module. | think this procedure should be
automated. Myproposition is to introduce into APL a new operator — the
recurrence operator.
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I published this proposition in our Russian-language journal “APL”Club” in
January 1997 and I hopeto reportit in Toronto. The mainideais to introduce a
newprimitive 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 argumentsof the derived function are a, x1,Xy...,x,. The structure of these
arguments characterises the dependenceor independenceofi. Such an operator,
not primitive butdefined, is presented in my paper.It contains the cyclic
analogues to Robert Bernecky’s “ap i3”, but in general form. Note that my
recurrence operatoris ideologically close to Norman Thomson'soperators for
iterative computations(see, for example, APL Quote Quad 25.1).
The solution of the API problem would bethe following:

(ck p) Api{recurrence} (itp) (pp)

where Apiis defined as follows:
t+par Api a;k:p;i

a One step of API calculation
& p it+par
c+plij+kxa

WhenI use mydefined 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 AcSe.
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