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Editorial
by Anthony Camacho

The virtues of APL are that it is a complete replacement for conventional
mathematical and logical notations (in their algorithmic roles) and thatit is
superiorto those notations in the following respects:

Unambiguous Concise Consistent
Rich Manyuses Easily written and read
Low threshold Manylearning paths High ceiling

How does J compare? This issue of Vector is on the themeof J; that alone needs
justification when some of our members wish Vector contained less J (see the
report on the reader survey). Thereis a feast here for those who can see more to
APL and J than earning their daily bread. Thevirtuesof J are certainly worth a
moment's thought.
Jis as unambiguous as APL;it is more concise, more consistent, richer, has more
uses, is arguably easier to read and write as it has no special symbols, also has a
low beginners’ threshold — arguably not quite so low — has many learning
paths, has at least as high a ceiling. In J all the parts of speech are definable by
the user, which makes it much moreconcise. Although many symbols of APL are
rendered with two charactersin J, this loss of brevity is more than made up by
the extra power of each expression and thetacit form of programming. J has a
more consistent syntax than any version of APL; it is amazingly simple and the
only distinctions are between parts of speech. A part of speech you define ranks
in every way the equal of a primitive.J is richer and has moreuses. The richness
is obvious to a readerof the Dictionary of J especially if he holds the Dictionary
of APL in the other hand. It wouldbe a surpriseif the extra richness didn’t lead
to more uses, but on the other hand, APL could be used for everything and what
other uses are there?
The problems with J are with the learning curve and the upward path.It is not
that there is any obvious reason why J ought to be harder than APL but many of
us have found it so. There is not as wide a choice with J learning materials as
with APL, though Vector doesits bit to increase the variety, and some of the
material there is is tough. Professor Donald McIntyre deserved the SigAPL
Outstanding Achievement Award just for demonstrating that even a complete
APLdiehard (which he was, you know) canlearn J and get to love it. Donald has
provided the best way available to learn J in his many tutorials and articles.
Thereis a splendid examplefor youinside.



Notjust a pretty interface...
J has the capabilities you need for today's software. If you want the
benefit of advanced features other language vendors dream of, switch
your development efforts to the new release ofJ.
 Release 2 for Windows from Iverson Software combines

an incredibly powerful programming language with the
latest in Windows technology. J’s clean design and lack of
special requirements makes for a smooth fit with other

Windows software, providing the most flexible environment ever for
application development. Use VBX controls for graphics, spreadsheets
and a host of custom controls, ODBC drivers for database access, DDE,
OLE and DLLcalls for general purpose inter-program communication.
Whysettle for less?

   

J is packaged in a sophisticated Windows integrated development
environment, which features built-in script and forms editors and a
session manager with customizable menus, support for multiple script
and execution sessions, a simple yet effective interface to Windows,
and access to virtually any database. Core language features include
control structures and advanced support for locales and scripts.

The commerciallicense includes royalty-free runtime use. J Release 2
is also available for most other small systems, including DOS, OS/2,
Linux, Mac, and UNIX workstations, and in low-cost personal and
educational editions.

Discover how J can streamline your development efforts. Call
today for more information!
 

Nowavailable through Strand Software and authorized dealers. For more information, contact
Anne Faustat Strand Software - 19235 Covington Court - Shorewood - Minnesota - USA 55331
Tel (612) 553-9382 - Fax (612) 559-2320 - Email amfaust@aol.com
Windowsis a trademark of Microsoft Corporation. The J logo is a trademark of Iverson Software Inc.  
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Quick Reference Diary 1994-95
Date Venue Event

June 4th-8th 1995 San Antonio, Texas APL95

July 7th IEE, London BAAMeeting (see below)

At the Committee meeting of 10 February 1995 it was decided that there was
insufficient time and effort available to organize a Beginners Workshop for 25
March. Any such exercise cannot hope to succeed without considerable advance
publicity as it must attract support from outsidethe established APL community.
However, it was agreed that the Workshop held at the end of January 1995
should be repeated in October 1995. Please watchthis spacefor details.
Please note that we have been unable to obtain the usual venue for the meeting of 19th
May 1995 but speakers are being arranged for a replacement meeting on 7th July 1995.
Details will be mailed as usual.
There will be an AGM on 19th May 1995 as announced but, on this occasion,
without any following speakers. All members will have received a mailing of
venue and Agenda and are welcome to attend.
British APL Association meetings are normally held in the IEE, Savoy Place.
Nearest tube outlets: Temple or Embankment.

 

Dates for Future Issues of VECTOR
Vol12 Vol.12 Vol.12
No.1 No.2 No.3

Copy date 2nd June 95 ist Sept 95 ist Dec 95
Ad booking 9th June 95 8th Sept 95 8th Dec 95
Ad Copy 16th June 95 15th Sept 95 15th Dec 95
Distribution July 95 October 95 January 96
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+ Responsive support services
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For more information, telephone or FAX:
Soliton Associates Limited44 Victoria Street, Suite 2100Toronto, Ontario, Canada MSC TY¥2Tel: (416) 364-9355. PAX: (416) 364-6159
  

In Europe In the U.S.
Groot Blankenberg 53 951 President Street, #3F 1100 University Avenue, Suite 111
1082 AC Amsterdam Brooklyn RochesterThe Netherlands New York, USA 11275 New York, USA 14607Tel: + 31-20-646-4475 Tel: (718) 783-9330 Tel: (716) 256-6466FAX: + 31-20-644-1206 FAX: (718) 783-1612 FAX; (716) 256-6469

orvia Internet to: sales@soliton.com
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Correspondence
From: John Sullivan 8 March 1995
T really must complain about the heading on the top of page 50 of Vol.11 No.2.

Croesoe a Cymru
SYNTAX ERROR

Croesoe a CymruA

APLis very pernickety aboutits syntax. So should APLers be when dealing with
other languages. Welsh has somepeculiarities which I shall not go into here, but
suffice it to say that you cannot have a C onthestart of a word following the
word a, no matter which version of the word a youareusing(it will begin with G
or Ch). Assuming that we can mangle our syntax (or make a user-defined
function called a) we now getthe following:

Croesoe a Cymru
VALUE ERROR

Croesoe a Cymru
4“

because Welsh does not have a symbol called Croesoein its symbol table
(vocabulary).
Enoughofthis idiocy: you can see what I'm getting at. Let’s just say that I wish to
complain that everybodytries to get their English (of whatever variant) correct,
they try to get their APL (of whatevervariant) correct, they even try to get their
Russian correct. But nobodycares about getting their Welsh correct! This kind of
thing is typical of the non-Welsh contemptofall things Welsh, and for a journal
with delusions of academic excellenceit just isn’t good enough.
Thecorrect heading should,of course, be

Croeso i Gymru.
P.S. Maybe Vector ought to contact the Welsh Office in Cardiff and ask about the
availability of their Welsh languagespell-checker. It won't findall of yourerrors,
butit should find the ones I am complaining about here. Tel: 01222-488745.
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APL 95
Dates: June 4-8 1995

Venue: St. Anthony Hotel, San Antonio, Texas

 

Costs and Administration:
until 1 April thereafter

ACMor SIGAPL member $335 $435
Join-and-Register plan 390 490
Non-member 435 535
Accompanyingadult 100 125
Accompanying child 75 7
Full-time student 100 100
Single day 175 200
Extra banquetticket 65 65
Software Exchange, 3.5" disks 10 10

Payable by cheque in $US on a US bank, moneyorder in $US, Visa, MasterCard,
or American Express Card. Cheques and money orders should be made payable
to: ACM/SIGAPL95 Conference.
Mail(including cheques/M.O.s) to:

APL95 Conference
¢/o CM Planners
3700 Forums, Suite 201
Flower Mound,TX 75028 USA
Tel: +1 (214) 539 8298
Fax: +1 (214) 539 2850
e-mail: cmplan@unicomp.net

 

ACM SIGAPLis pleased to announce that the 1995 Kenneth E. Iverson Awardfor outstanding
contribution to APL will befullyfunded by an unconditional grantfrom Soliton Associates. The
grant consists of US$1,000for the cash awardto this year’s recipient(s) plus up to $500for
other expenses directly connected with the granting of the award. The SIGAPL Executive
Committee thanks Clarke Bruce, Nancy Lamb, and all the employees of Soliton Associatesfor
their support ofSIGAPL and ofour program for recognition ofexceptional achievement by
members of the APL community. Michael Kent, Secretary-Treasurer, ACM SIGAPL  
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Panels and Workshops:
Evolution of APL(90 mins)
Compiling array languages
(90 mins}
Objects and APL (90 mins)

Moderator: Kimmo Kekalainen
Moderator: not finalised
Panellists: Bob Bernecky, Wai-Mee Ching, others
Moderator: Mike Kent.
Panellists: Bob Brown, David Liebtag,
Bill Rutiser, John Scholes

APL Alternatives (3 hrs) Moderator: Martin Neitzel
Panellists: Bob Bernecky, John Feo,
Richard Gaylord, John Howland,ClintJeffery

Improving J (90 mins)
ASCItransliteration

Moderator: Harvey Davies
Moderator: Leroy J. Dickey

APL95 offers far more “professional development” opportunities to build
directly and immediately applicable skill than ever before.

Workshops:
Business Graphics (3 hrs)
Programmingfor Portability0 mins)
Elementary Calculus (3 hrs)

Leader: George MacLeod
Leader: Eke van Batenburg
Leaders: Walter Spunde, Richard Neidinger

Professional Development Seminars:
Programmingin J (6 hrs}
APL in Engineering (6 hrs)
Sharing and Associating (3 hrs)
Off the Couch, Onto the Highway @ hrs)
Nonlinear Constrained Optimization (6 hrs)
Genetic Machine Learning (3 hrs)
Neural Networks in APL and J (3 hrs)
Concrete Math (3 hrs)
Whatto do’til the Millenium Comes(3 hrs)
APLat Both Ends @ hrs)
Making Nested Arrays Work for You @hrs)
Application Developmentin J (90 mins)
Structured Programming in APL andj

Leader: Donald McIntyre
Leader: Scott Kimbrough
Leader: Ray Polivka
Leader: Jim Brown
Leader:Bill Koko
Leader: Andreas Geyer-Schulz
Leader: Ben Best
Leader: Ken Iverson
Leader: Mike Kent
Leader: Morten Kromberg
Leader: Phil Benkard
Leader: Chris Burke
Leaders:Bill Rutiser, Eric Iverson
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APL 95 Abstracts
Accepted Papers
ts APL2 a Good Programming Language?Nicholas
Beaumont. This paper evaluates APL2 in the context of
systems development,noting that a languageis not an
endinitself, but one of several tools used to create an
information system. Despite its many good features
APL2, when evaluated in that context, has some
disadvantages, especially the lack of control structures
and data typing. These omissions makefinding errors in
programsandtranslating system requirementsinto
programs harderthan necessary. These and other
disadvantages of APL2 (such asits lack of portability)
makeIts relative unpopularity explicable. Some
changesto APL2 are suggested.

The Role of Dynamic Programming & Controf
Structures in Performance. Robert Bernecky. Dynamic
programmingis used infrequently by APL programmers,
in spite ofits ability to reduce the computational effort
tequired to solve many problems, This paper usesthe‘String Shufile problem asthe basis for a comparison of
brute force,recursive, and dynamic programming
algorithms. Simple algorithms tor each of these
approachesare designed and evaluated, then
individually optimized and re-evaluated, to show the
benefits of dynamic programming.
‘The dynamic programmingalgorithm is then recastto
use flow control structures recently introduced into IS! J
and APL*PLUS4. Use of controt structuresin
conjunction with dynamic programming results in orders
of magnitude performance Improvementover brute
force and naive recursive algorithms. APL*PLUSIIt
control structures are shown to provide a performance
improvementof up to 30% over GOTO-based loops.

Recycling APL Code into Clien/ServerApplications.
Richard J, Busman, Walter G. Fil and Andrei V.
Kondrashev. This paper analyzesthe currentstate of
modem APL and deals with the authors’ experiences inrecycling and downsizing old APL applications and
transforming them into more open information systems
using clien¥servertechnology ondifferent hardware
and softwareplatforms.

Infinity Arithmetic, Comparisons and J. Harvey Davies.‘The principlesofinfinity arithmetic are explained, There
is a need to bring J arithmetic and comparisonsIntolinewith thase principles. Manyof theresults produced by J
are mathematically anomalous and do not comply with
the IEEE 754 Standardforfloating-pointarithmetic,
Someproposals to generalise the concept of
comparison tolerance are presented. There are also
sometentative proposals regardingsafety levels and
precision,
The paper is oriented towards J but manyof the
concepts are relevantto all diafects of APL.

10

Deploying Complex Decision Technologies with APL to
Solve the Daily Output Planning Problem: A Tale from
Twoofthe Lastof the Jedi Knights, Kenneth Fordyce,
Gerald (Gary) Sullivan. A key decision faced each day,
shift, or time period at a serniconductor manufacturing
facility is how manywafersorlots should it commit to
produce at each operation over a specified period of
time to meetimmediate demand andpositiontheline to
meettomorrow's demand. This paperwill describe anapproach which Integrates various decision
technologies using APL to generate a “dally output
plan” for low part number high volumewaterfabrication
lines. A related approach for high part numberlogic
lines using due dates is not described in this paper. The
ability of the “APL. Problem Solving environment’ to
easily handle vary different decision technologies wascritical to the devetopmentofthis approach.
Holland Classifier Systems. Andreas Geyet-Schulz. A
Holland classifier system Is an adaptive, general
purpose machine learning system which is designed to
operate In noisy environments with infrequent and often
incomplete feedback. Examplesof such environments
arefinancial markets, steck managementsystems, or
chemical processes.In financial markets, a Holland
classifier system would developtrading strategies, in a
stock management system order heuristics, and in a
chemicalplantit would perform process control. In this
paper we describe a Holland classifier system and
presentthe implementation ofits components, namely
the production system, the bucket brigade algorithm,
the genetic algorithm, andthe cover detector, cover
effector and triggered chaining operator. Finally, we
illustrate the working of a Holland classifier system bylearning to find a path with a high payoff in a simple
finite state wortd.
Boundedrationality and adaptive agents in economic
modeling. T. Grimm, J. MitlGhner, W. Schénfeldinger.
Traditional economic theory sees human economicdecisions as rational choices of action to achieve
maximum utility. However, economicreality shows thatpeople often behave in ways different from thatideal:
actions are not always determined rationally, often they
are influenced byatherfactors, such as chance and
tradition. In order to describe the behaviour of economic
agentsin the real world, we takeIrrationality and
adaptation into account: we present workin progress on
a market simulation that shows theeffects of partly
irrational and adaptive consumer buying decisions on
the course of action of entrepreneurs.

Translation of Nested APLto C++; Problems and
Approaches. Dmiti Gusev, igor Pospslov. This paper
discussesthe task of developing a nested APL compiler
and puts forward the project of such a compiler. The
proposed approach consistsof simulating the
semantics af APL by using the object-oriented C++
programming language.Different kinds of problems  
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ranging trom APL syntax ambiguity to the
implementation of nested arrays and the robusiness of
compiled code are considered and ditterent solutions
are proposed. We concludethatit is feasible to develop
arobust nested APL compiler, although the problem of
performance demands further research,

Modelling the Effects of Acid Leaching on Concrete.Kevin Hartzfeld. This paper describes a partial
differential equation model used to determine the
service life of buried concrete vaults exposed to acidic
ground water. A graphics package helped
immeasurably in debugging andtesting the algorithm.
The collocation program developed in APL can easily
be applied to solve other problems.

The Philosophyof Nothing and Everything. Neville
Holmes, Colin Hallam. Perhaps inspired by the IEEE
floating paintarithmetic standard’sintroduction of a
representation for aberrant numbers, such as the
reciprocal of zero,the J interpreter overtly deals withinfinities and indeterminacies.
This step gotrid of some domain error messages, but
broughtin a few newdifficulties, and exposed
inconsistenciesin the behaviour of elementary
arithmetic tunctions presumably as delivered by the C
compilers used for the J interpreters.
This paper proposesnotation that would allow the J
interpreter better to deal with failures of arithmetic. The
discussion should assist developmentofarithmetic forother interpreters and compilers.
Rank and Uniformity. Roger K.W.Hui. Rank is
elucidated through an executable model. Integrated
rank support for specific functions can be vastly mare
efficient than the general algorithm in computing ¥"'r,
and uniform verbs provide a way to extend the more
efficlent implementationto a large class of verbs.

Representations of Recursion. Roger K.W.Hui,
Kenneth E. Iverson. Recursive definitions are importanttools in mathematics and in programming. They can be
represented jn a variety of ways, andin this paper we
examinethe relations and translations between them,
using a range of examplesfor illustration. These
examples begin with recursive definitions expressed in
conventional mathematical notation, in SHARP APL,
and In APL2; most are drawn from published sources.

APL, Dynamic Programming, and the Optima! Control
of Electromagnetic Brake Retarders. Scott Kimbrough.
The basis of Dynamic ProgrammingIs described.It is a
method forfinding the best way to control a system
when that system can be controlled by its inputs. As an
example, the Optimal(or best) Control of an
electromagnetic brake retarderis derived.In this
example the currentto the brakeretarderIs the input
being controlled. APL is shown to be a convenient
language for writing a Dynamic Programming algorithm.
A setof APL subroutines Is provided for solving two-
dimensionat problemswith one input. Adept APL.
programmers may enjoy the challenge of generallzing
this code to probiemsofarbitrary dimensions.

Regression Analysis with Fuzzy Knowledge
Representation. Inna N. Louneva, Sergei M. Obraztsov,
Alexander L. Shimkevich. An algorithm for fuzzy non-
linear estimation and an APL implementationafthis
algorithm are discussed. The algorithm is based onusing probability distributions for experimentaldata. The
parametersofthedistributions are givenaslinguistic
variables by an expert.

The Role of Composition in Computer Programming.
Donald B. Mcintyre. Iverson hasgreatly enlarged the
mathematical notion of function composition and made
it available to computer programmers. This paper
explains the concept, and usespractical examplesto
show howconcise, powerful programscan be written
and read. Alternative forms are given, and ways of
overcominginitialdifficulties are explained.
Thesystematic use of composition extends the well-
known advantages of APL; namely conciseness,
consistency, and generality.

Computing Multivarlable Taylor Seriesto Arbitrary
Order. Richard D. Neidinger. Automatic differentiation,
manipulating numerical vectors of coefficients,is the
efficient way to compute multivariable Taylor series.
This does not require symbolic differentiation or
numerical approximation but uses exact formulas
applied to numerical arrays. Arrays of Taylor series
coeffidents of any elementary function can be built-up,
as the artay for each component (combination or
function) is a combination ofits argumentarrays. The
functions TIMES and EXPdisplay the algorithmic ideas
that enableall of the other standard functions. We study
the interesting recursive formulas for these
combinations,the resulting algorithms, and theImplementation in APL. To handle all coefficients In n
variables up to order m, the arrays are hyper-pyramid
data structures, considered conceptually as
n-dimensional but implemented as one-dimensionalarrays. Unlike previous work, this implementation does
not require huge arrays for binomial coeificlents and
Indirect referencing. This APL*PLUSIII implementation
loops through one nested reference array and takes
sub-arrays from anotherfor a practical solution to this
problem that can make tremendous demands ontime
and space.

Untying the Gordian Knot Agreementin J. Martin
Neitzel. The “Dictionary of J” is not written for the faint
of heart. Its numerousself-reterencas make it very
difficult to tackle. The author thinks thatsectionI1.B,
“Verbs”, Is one of the keys for getting a confidentgrip of
the language. This paper basically just repeats this
section using a tutorial style, somehistorical
background, and severalpictures. Hopefully,it will
enable people with analytical mindstofind their own
way through the Dictionary.It closes with a discussion
af possible language changesIn the contextof II.B.
AVCS: The APL Version Control System. Nikolat |.
Puntikov, Maxim A. Volodin, Alexei A. Kolesnikov. This
paper describes AVCS, which is an APL-oriented
version control system devised as a tool to track the
history of software projects and to contro! concurrent
access to project components. The basics of version

11
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contro] systems are explained, and specific aspects of
applying a version control system methodologyto
project developmentin APL environments are
considered, Particular attention is given to features
which differentiate the approach accepted In AVCS
from thatof available version control and project
management systems. Specification of AVCS's data
maintenance, programming and userIntertace is
presented to the extent required in order to explain how
the system works. In conclusion, the possible
application of AVCS to solving problemsof porting APL
projects across different environmentsIs outlined.

infix, Cut and Finite Automata. Clifford A. Reiter. Thebehaviourof one and two dimensional automata are
displayed in two and three dimensions and via
animations. Implementationsof finite automata in J
using “infix” and “cut” to distribute local definitions of
finite automata are compared. Abstract automata are
considered along with applicationsto image processing
and surtace plotting.

Early Bankruptcy Detection Using Neural Networks.
Gotttried Rudorfer. In 1993, Austria had the highest
numberof bankruptcies since 1945. Thetotal liabilities
came to approximately US$3 billion.
Powerfultools for early detection of companyrisks are
very importantto avoid high economiclosses.Artificial
neural networks (ANN)are suitable for many tasksin
pattern recognition and machine lsaming. In this paper
we present an ANNfor early detection of company
fallures using batance sheetratios. The network has
been successfully tested with real data of Austrian
private limited companies. The research activities
included the design of an APLapplication with a
graphicaluserinterface to find out the relevantinput
data and tune the ANN.
The developed APL workspace takes advantage of
moder windowingfeatures running on IBM-compatiblecomputers.
Fuzzy Control of Technological Processes in APL2.
Alexander O. Skomorokhov, K.-H. Reinhardt, G. Roche,
M.Tielemann. A fuzzy control system has been
developed to solve problems which are difficult or
impossible to control with a proportional integral
ditferential approach. According to system constraints,
the fuzzy controller changes the importance ofthe rules
andoffers suitable variable values. The fuzzy controllertestbed consists of simulator code to simulate the
process dynamics of a production anddistribution
system and the fuzzy controller itself. The results of our
tests confirm thatthis approach successtullyreflects the
experience gained from skilled manual operations, The
simulation and control software was developed in
APL2/2 running under OS/2. The benefits of this
product, especially multi-tasking and the ability to run
AP124 and AP207 windows concurrently, are also.
discussed,

Concrete multidimensionalstatistics in APL2. Bernhard
Strohmeler. This paper deals with problems whichoccurin discrete multi-dimensionalstatistics and shows
how they are solved using APL2. Especially the APL2
feature primitive function with axis proves to be very
helpful and allows smart solutions to the problems of
computing conditional probability tables and performing
theiterative proportional fitting procedure. The
implementation is done using theiterate APL2-style.

Namespaces: APL/W vs. APL2, Rextord H. Swain. This
paper describes andcontrasts the implementation of
namespacesIn two popular combinations of APL
dialects and platforms: IBM's APL2 (version 2 release.
2) running under VM/CMS,and Dyadic’s Dyalog APL{W
(version 7.0) running under Microsoft Windows.
In a traditional APL workspace,locallzatlon is the only
mechanism available to Isolate Identifier names and
values, andits extremely potent. While a function that
focalizes a given nameis executing,it is impossible to
reference any atherdellnition of the same name.
Namespacesarea significant addition to an APL
system. Thay provide a way to "package” a collection of
objects (variables, defined functions, etc.), and insulate
them from the traditional workspace. A namespace co-
exists with the workspace, yetits object names and
definitions are completely independentofthe
workspace. Namespacescan help to organize and hide
complexity in workspaces, avoid nameconflicts, and
share code among applications.
IBM hasoffered namespaces In APL2 since 1987,
whereas Dyadic just recently introduced their facility.
Both implementations provide encapsulation and name
isolation within a workspace. But they use quite
difterent methods to access objects In a namespace
andstore thelrinitial definitions, The merits of each
approach are discussed. An example is provided to
illustrate how namespaces may be used to simplify the
implementation and Improvethefunctionality of
workspace andfunction analysis tools.
Doing ANOVA Calculations on the Computer. Alan M
‘Sykes. This paper presents an approach to providing
educational software for students in Management
Science and Statistics which aidsthe calculations and
understanding required for the analysis of experimental
design data.
AnAPL implementation ofthe Club of Rome's Work!
Model. Clare Townsend.This paper discusses an
application which models world population dynamics
usinginitial value differential equations. The program
providesthe user with a simple interface that anyone
with any level of experience with APL can use to
generatedifferent scenarios. In addition, the discoveries
and difficulties encountered by a student using APL. tor
thefirst time are explored.  
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Invited Talks
APLis important at USAA. Rhonda K.Aikens, United
Services Automobile Association (USAA),is a leading
providerof insurance andfinancial services. Automabile
insurance represents the highest percentage of USAA’s
multi-billion dollar operations. Rate-making applications,
written in APL, constitute the caresetof tools used bythe Automobile Actuary Pricing Unit. This presentationprovides an overview of the APL rate-makingtools, howthey interact, and whythey are crucialin establishing
accurate, equitable, and competitive rates.

A New Approachfor Developing Applications using
Asynchronous AP144 and Synchronous AP207.Y. Akiyama,T. Itoh. This paper describes an approach
to designing and implementing an application that uses
asynchronously executed auxiliary processors such as
AP144 (or AP145) and synchronously executedauxiliary processors such as AP207,for the user
interface in the AIX Motif (or OS/2 PM)style.
AP207offers very good and useful graphical functions.
The window AP] (AP144 or AP145) commandsemphasize dientfserver asynchronous execution ofthe
API commandsto display and updatethe screen, while
the AP207 API commands are executed synchronously.
Adifficulty comes in designing an application systemwhen we wantto implement an X Windows System or
Presentation Manager (PM)style single-userinterface
using both types of auxiliary processor APIs.

 

The APL95 Software Exchange
from Dick Holt
I wantthree things from you:

+ I want neworrecently updated material for the APL95 Software Exchange.
Any flavorof APL,J, or related software, in English or other languages, is
welcome. Send yourdisk, by 5 May 1995, to 3802 N. RichmondSt. Arlington
VA 22207. Include a brief ASCIIfile describing what the software does,

+ What wedo:I want your suggestions about how SIGAPLcan improve the
quality, timeliness, and relevance of the Software Exchange. We’ve never
asked APLers whatthey wantor need. We dump20 megsofstuff on thetable
once a year and a few peoplepickit up.

+ How wedoit: 1 want your suggestions about how SIGAPLcanusethis asset
better. Here’s the problem: once a year wecollect a huge amountof software
(APL93 was9 disks). It’s readily available one week peryear to conference
attenders (they constitute 2% of the APL community), and notso readily
available to the other 98% for the rest of the year.It’s like a python eating a pig
-- one huge gulp followed by a long sleep. Electronic distribution helps, but
the BBS\APL andFTP sites can’t always get Software Exchange material
easily or on time.

Help us out. Send your suggestions to Dick Holt at the above mail address orto
sigapl_bd@acm.org.
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Newsfrom Sustaining Members
Compiled by Gill Smith

Causeway Graphical Systems Ltd
Adrian Smith and Duncan Pearson have set up Causeway to enable them to
workfull time on Causeway application development. The companyis based in
Malton, North Yorkshire, and has twoclear aims:

+ to use Causeway (under Dyalog/W or APL*PLUSIII as appropriate) to build
high-quality decision-support tools with a true Windows‘look and feel’.

+ to offer a professionallevel of support andtraining for the Causewayplatform
to APL sites needing aneffective, reliable and future-proof environment for
in-house development under Windows.

Over the first two or three years, we shall spend at least 60% of our time
developing configuration and decision-support tools for the German software
company SAP. Thefirst of these will be included with release 3.0 of their R/3
productlater this year. At APL95 we will provide Causeway for APL*PLUSIII,
and also for Dyalog APL/W version 7.1 (fully exploiting namespaces and other
7.1 features).
The Causeway architecture will remain in the public domain, and the new version of
Causewayfor Dyalog/W will be bundledfree ofcharge with the interpreter.

MicroAPL Limited
Our last major upgrade to the Macintosh versions of APL.68000 Level II was
released last summer when we announced support for the new Power Macintosh
computersand also addeda significant numberof new features to the product.
Weare now testing a further upgrade to our Macintosh versions of APL.68000
Level Tl and customers will shortly be receiving full details of the upgrade. This
upgrade combines some features found in our RISC/System 6000 version of
APL.68000 together with some additional enhancements to the OWI system
function.
We have added the family of native file systems functions that are already
available on our APL.68000/X product for the RISC/System 6000. These
functions include ONCREATE, ONERASE, OWLOCK, QONNAMES, ONNUMS,
OWNREAD, ONREPLACE, ONTIE, ONUNTIE, ONWRITE.
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Our APL componentfiles on the Mac are now automatically multi-user, with
users able to change their user ID via a preference dialog. We havealso allowed
users to specify the namefor the APL componentfile and HELPfile.
The OWT interface has been enhanced in a number of ways - we have added a
new read-only property - class (the class of an object). The delete method is
tolerated for non-existent objects (for better APL*Plus compatibility and ease of
programming). A new Printer object allows control of the printer using OWI.
This include ‘methods’ for printing text, putting up a page dialog and a job
dialog, plus properties for font, page size etc. We have added multi-selectlist
boxes and multi-column list boxes. The new ‘System’ object will allow DWI
access informationsuch asscreen size.
Finally we have added official support for Auxiliary Processors written in C.
This last feature has been available for some time on an ‘as required’ basis but is
now included with theinterpreter.
In addition,all bugs reported to us have now been fixed.

Manugistics Inc
One of the comments that Manugistics hears a lot from its customers is “How
can we promote the use of APL more?” It seems that while some of us have
found the valuein this language, many othersarestill using less powerful tools.
In talking with many of the APL special interest groups, webelieve that with the
support of these groups and a good shareware version of APL wecouldall
spread the word to more people. In order to support this effort, Manugistics
plans on making available a shareware version of its APL*PLUS PC product. We
intend to begin the distribution of this product through the APL special interest
gtoups. Wefeel that with the support of a local group of APLers, new APLers
can be found andtrained.
This shareware version is a fully functional APL*PLUSinterpreter with no
artificial limitations. It will run under DOS, Windows or OS/2 in the 640K of
RAM that DOS provides. There are 6 chapters of basic APL language
documentation included online; this documentation was written specifically to
address the needs of brand new users.
If you are interested in helping us to make this available to the community,
please stop by the Manugistics booth at APL95 in San Antonio, TX or contact us
directly at +1-301-984-5468, We hope to see you at APL95!
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Insight Systems
Bythe timethis is in print, we expect to be shippingthefirst copies of version 2.0
of our SQAPLServer for Unix. Version 2.0 will be based on the new SequeLink
“Link Engine”, which supports ODBC drivers under Microsoft Windows and on
the Macintosh. By the middle of 1995, version 2.0 will allow you to turn APL
databases or applications implemented using almost any APL interpreter
running under Unix, Windows NT or OS/2 into “black boxes”, which will
appearto other applications as industry-standard ODBC data sources,as if they
were Oracle database. Instead of moving APL data into relational structure,
losingflexibility and performance, we can now make data in APLfiles available
to other applications on their terms. We believe that this opens up a lot of new
opportunities for APL-based applications, which can be presented as open,
“mainstream” products.
For “pure” APL-to-APL distributed applications, we are introducing a new
product, which is already being tested by a few customers under the project
name “APL Pipes”. The APL Pipes product does not use SequeLink for transport,
but is based directly upon TCP/IP “sockets”. Asa result, it is available not only
under the server operating systems supported by SequeLink, but also under
plain Microsoft Windows. APL Pipes allows a single APL task or workspace
under Windows, Windows NT, OS/2 or Unix (if you need VM or MVSsupport,
please call) to support several clients simultaneously. APL Pipes supports
transfer of APL objects of any type, rank, shape (and almost any size) between
clients and servers which may be based on different APL interpreters. For
example, you could use the product to call an APL*PLUSserver to read (or
write) componentfiles from a Dyalog APL client application (and vice versa).
For developers wishing to use C or other compiled languages, we will also
supply a library which allows APL serversto be called from such environments,
effectively making any APLinterpreter available as a C library (or DLL under
Windows).

Dyadic Systems Limited
.» please turn to page 158
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Editorial
This Nonsense Has Got ToStop!
Hands up who never heard that from their old headmaster. A young
acquaintance of mine recently described morning assembly as “two hymnsand a
telling-off’, so things haven’t changed muchsince my schooldays.
So it’s a novelty to hear the good old message in the mouths of school governors,
but this time directed at central government. Now school governors,like local
authorities (who are inclined to forget it) are creatures of Parliament, with no
constitutionally independent rightto exist. It’s not as if the UK is a federation of
counties — it isn’t. Like Rutland, they can be madeto disappear and reappear at
will. If school governors embark on a campaign of mass disobedience(a distinct
likelihood at the time of writing), the government might understandably feel
aggrieved at having its hand bitten by the ones it has nurtured as a power
independentof the local education authority.
Butit’s one thingto be a creature of Parliament, and quite anotherthing to have a
school to run. Alarm and despondency is the inevitable result of having
inadequate resources (and nobody has actually attempted to defend their
adequacy) further squeezed by a national teachers’ pay settlement which central
governmentrefuses to fund. School governors mustbe feeling that their localised
poweris nothing more than the powerto take responsibility for a crisis not of
their making. They must be wondering whethertheir sole reason-to-be, indeed
the sole reason-to-be of any institution set up in the last twenty years by the
Mastersof the UK(till God wills) has been — notthe better achievementoftheir
nominated goals, but the fragmentation of non-ministerial power for no greater
purpose than to sap the power oflocal authorities, indeed of any public body
capable of effectively opposing the ministerial will. Meanwhile the ministry tells
all-and-sundry that there’s plenty of dead wood to chop in local government
administration before one needsto go sacking teachers.
Nowlet us viewthis lake of blood from the vantage pointof the very people this
governmenthas claimed to champion — thelittle guys of industry. Let us further
restrict the discussion to the industry of producing educational materials for
schools. Of all the victims of this sorry state-of-affairs, maybe they will be the
least lamented, butlike the canary downthe coalpit their demise may amountto
morethan onelittle bundle of feathers. It might point to something unfriendly in
the atmosphere. It’s no part of this publication to pamphleteer on the wider
aspects of social engineering, but to encourage diversity in educational
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computing, for much the same reasons as we'dall like to encourage biodiversity
in the environment. Monocultures mean mega-species mean mega-diseases.
To begin with, the innovation of letting schools manage their own budgets
seemed a godsend to suppliers. The bigger they were, the more of a godsendit
seemed, since promotion of their goods was henceforth going to rely on
marketing muscle rather than on pleasing a small number of discriminating
gatekeepers. Hitherto, like the NHS for drugs, there was effectively a single
customer — the network of LEA centres which did a good job of buying new
computer products for schools, encouraging the exploration of these products by
working teachers and publishing catalogues in whichthe little product got as
much space as the heavyweights. Thenall of a sudden a vast amount of money
wasputinto the handsof schools governing bodies, money which weare invited
to imagine was being squandered onlayers of administrators in County Hall, or
perhaps on painting buildings that were already the right colour, mending roofs
which it would have been cheaper to put a bucket under, or paying seniorstaff
over the odds, most of whose work could be done by a cheaper recruit from
today’s flexible labour market. New suppliers flocked to the marketplace, big as
well as small.
A stroll around the educational shows of the last two years showed a huge
investment in promoting basically pedestrian products. Pedagogically
pedestrian, but graphically gargantuan — but at the end of the day glitzy
graphics are only part of the packaging. We all ought to play more poker,
because then we’d understand whatis meant by “upping the ante” — makingit
more expensive for new players to buy into the game.:Now,withthis throttling
squeeze on school budgets weshall see educational products (whether books or
software) going the way of cornflakes. More and moreattractive packaging and
less and less nourishment in the contents, because nourishment comes from a
varied diet. Ultimately the innovatory suppliers will die out and a few big
players will spend huge sums on competing with each other for a shrinking
school budget with a dwindling library of rapidly obsolescent multimedia
products. On the home front, Sega and Nintendo will place fantastically
powerful hardwarein the hands of our youngsters, capable of deliveringall the
educationalprinciples past ages have had no endoftrouble imparting. All to be
used for — what? Making the blood and guts fly on even more convincing
trajectories? And still mathematics teachers appeal to me for a good
straightforward product to teach pupils how to balance brackets and multiply
out expressions.
It's not as if the moneyisn’t there. Why do school supplies have to compete with
a proper remuneration for the practitioners? Our public utilities have shown
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how it is possible to keep gas, water and electricity flowing into our homes, yet
still be flush with profits and able to pay their top men what they’re worth. How
about paying teachers what they’re worth? Is it beyond the wit of our lords and
masters at the same time to keep the educational supplies flowing into our
schools? Although we'd feel the pinch sooner, it would do us, the people of
Britain, far less harm in the long run to have our gas, water and electricity turned
off for a week than to screw down the supply of educational resources to our
children. Yet the former could pay for the latter many timesover.
This nonsense has got to stop. Otherwise creative British sources of educational
materials will dry up and we'll be left with wall-to-wall “Arthur's Teacher
Trouble’.

Errata
Weapologise for the following errors: In “More about Fractional Series” by John
Sutton (Education VECTOR, October 1994, pp30-31), on the right hand side of
equation 1 the ‘n’ should be in upper case. Mr Sutton’s address should also have
been shown as “16A Overland Road, Mumbles, Swansea, SA3 4LP”. In “The
Common Mean and APL” (Jan 95 pp21-23) the right-hand sideof the 8th equation
should read (x; + y)/2, and at the bottom of page 22 it should read 1/72.

Howto Get Holdof J
Vector, with its offspring Education Vector, has endeavoured to promote the J
language with ample coverage in this and past issues, since we feel it is an
important development of APL, However, some educational readers might not
be aware that they can get holdof the languagefree of charge:
J Release 2 is now a fully-fledged product and can be obtained running on a
number of platforms (IBM PC Windows and DOS) from I-APL Ltd., 56, The
Crescent, Milton, Weston-super-Mare, Avon, BS22 8DU. It costs £55 for this
“Personal Edition”, plus postage, quite a reasonable price for the professional
developmentsystem it has become.
However J Version 7 is still available as shareware, and we recommendthis to
educational newcomersto the language. Disks can be obtained from: I-APL Ltd.
for £5. Both PC and Macintosh versions are available. However, for copyright
reasons, manualsare no longer available for J Version 7. Instead we recommend
the articles in this and back issues of Education Vector to give an introductionto
the language. “Programming in J” by KE.Iversonis still available from -APL
Ltd. for £10.00 plus postage and packing.
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Jot-Dot-Min
an outer-product of rock-bottom APL matters

Robomaniacs of the Seventies used to delight in computerising out the Man-in-
the-Loop (meaning the Wiener feedback loop) as the most unreliable component.
This led to a proliferation of soul-destroying jobs where the Man wasonlythere
because the programmer couldn’t figure out how to do without him. Many
weapons systems had a man left in them solely for the purpose of having
someoneto court-martial if it went off by mistake. The celebrated cybernetician
Stafford Beer uttered a warning that the progress of computer systems, far from
increasing wealth, would rob vast numbers of the possibility of gainful
employment. Perhaps even a soul-destroyingjob is better than nojobatall.
Then the Human-Centred movementarose and turned the computing profession
on its head. Far from being a weaklink in a feedback loop, a sort of liveware
fuse, the human in the system (the campaign for inclusive language was
underwaytoo) wasits only reason for existence. Indeed all computers were only
person-to-person information pumps and a computer system nothing but a
communications medium or a personal amplifier. The US Federal Communi-
cations Commission (FCC) permitted Ma Bell to compete with Big Blue, thus
wiping out the legally enforced distinction between data processing and
electronic communication, ARPA fostered what becamethe Internet, and Apple
promotedtruly interactive computers for the rest-of-us.
What happened? A generation of users grew up oblivious of job control
languages, except in the twilight world of DOS batch language (the language
never even got a proper name and was deliberately crippled by a lack of
numerical variables or any sort of arithmetic). The soul-destroying job re-
emerged, as personal computerusers struggled to earn their crust by endlessly
repeating the same few menuselections and keystrokes again and again. People
rediscovered the first principle of computer use: if you ever succeed in doing
anything useful with a computer, you’re going to wantto doit again and again,
but with variations here and there, which you hope youcananticipate. Isn’t that
the whole of programming?
After trying to bolt-on interactive event recorders like MacroMaker in a vain
attempt to record and replay useful sequences, Apple has just reinvented JCL
(ob Control language) in the form of AppleScript, and appeals for all new
applications to be made‘scriptable’, i.e. programmable bya series oflines of text
in a ‘script’ (read: batch file) as well as executable by screen interactions.
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Windows,the great me-too, will go the same wayin due course. Ah, butscripts
can be generated by user interaction, they say. Yes, but nobody writes them that
way. They’re all writing programs again. And in a language that isn’t even as
advanced as BASIC.
In spite of Adrian Smith’s article on control structures in VECTOR 11.1, which
pondered the ins and outs of loops very nicely, perhaps it’s time for a few
musings on the subject of Branch (+). Since we're all beginners together, we
won't ask whether you should be using Branchat all, but consider some of the
funny things people do with it. And oneof these funny thingsis to write loops.
Fifty years of program language development(far, far longer if you go back to
Babbage and Countess Lovelace) and humansarestill writing loops!It’s like the
Buddhist Wheel of Becoming. Santayana — he say: one who forgets the past is
condemnedtoreliveit.
Oneofthe joys of APL programmingis to replace loops with bit-strings, which
you put together by Boolean operations.It’s just like rubber-stamping a pattern
instead of trying to knit it. Novices who don’t grasp that, erstwhile Fortranners
and Cobollers who make straight for the right-arrow and sigh — ah! intelligent
life! — are stuck in a Santayanan loop. Here’s how you write a loopif you're a C
programmer:

for(i=0; i<i0; i++) [
DoSomethingWith (i);

}
and you write it again and again until you can write it in your sleep (and
generally do). Becauseif there’s one thing that C programs doto the exclusion of
nearly all else, it’s step through a stream of characters, ‘filtering’ them. C arose
out of the efforts to implement UNIX, and UNIX reduces the whole world to
streams of characters which get piped throughfilters. So C is a language with a
lot of plumbingin it.
It loops ten times, of course, stepping i from 0 to 9. The widget: for( ; ; ) has
three slots separated by semicolons, these say whatto doat the start of the first
loop, the condition for another loop, and what to doat the end of each loop.If
you simply must copy this loop in APL, then APL lets you (because it's very
forgiving), and the right-arrow looks comforting. “Here, I’ll show you the way”,
it seems to say. And the way is? — back where you've comefrom. If you're
lucky.
Here’s the for-loop of C done into APL:  
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ied
OPENBRACE:+(10<i<i+1}/CLOSEBRACE
DoSomethingWith i
+OPENBRACE
CLOSEBRACE:

Looks uglier than it does in C, doesn’tit? In both cases, the code inside the loop
can be imagined to do something like: pass forward the i‘th characterif it’s not
blank. That’s how youfilter out blanks the C way.
Instead of knitting the output, character by character, the APL wayis to construct
a bit-string with onebit for each character in the input string(let's call it 5), a 0
bit if it’s blank, a 1 bit otherwise. The 0 bits mark the characters we wanttofilter
out.
Set

Putit into B like this: B+(S#' 1)
Thenthe followingis S with all the blanks squeezed out: B/S
You can putit all together in one expression: SS«(S#' ')/S
which avoidsintroducing B as a receptacleforthebit-string, using it
immediately it is formed.

Yes, but how far can youstretch that principle? You can do some pretty fancy
tests inside a loop, to decide whether you wantto pass forward the character or
not. Surely the bit-string approach only worksfor simple things?
No. The only limit to what you can do with bit-strings is your imagination (or
your commandof Boolean algebra, but you need that in C too). Suppose we
wantto throw out, notjust blanks, but periods too.
B marks the blanks with zero: B« (Sz! ')
¢ marksthe periods with zero: C«(S#'.')
so BvC (read: B or C)is the bit-string we need. Or puttingit all together as
before: SS«((S¥#¥' ')v(S#!'.'))/S8
In practice you'd use (~Se' .!') instead of (S#' ')v(S#'.') and you
could put further characters you might wantto expel between the quotes. Butit
serves toillustrate the principle. And if you'd like to throw out periods onlyif
they’re followed by blanks, then just shift B to the left and combine it with C:
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(14B,1)¥¢ which flags only those periods for which there is a blank to the
right of it. All together, now:

SSe( (is (Se! '),1)v(Se'.1))/5
You can doall yourfiltering this way. It would makea nice car-sticker:

“APL-ers DoIt With Bit-Strings”.
To quote David Diamond:

.fllas for me:
My programs map to binary.
No other reason need be sought
Whyhalfmy work comes out to naught.

As a beginnerI usedto feel edgy about composing the whole history, in advance,
of whatI expected a loop to do. Wasn'tit inefficient? Afterall, a loop only creates
the truth values it needs for the current cycle. However, APL bit-strings are
efficient. Very efficient. A typical C compiler will reserve a whole integer
(2 bytes, or 16 bits) for a Boolean value, even in an array, but APLliterally stores
bits in bits. So a 16-bit string would only occupy 2 bytes for its actual data. Of
course there's the workspace overheadfor a variable, or even a transient value,
but this is the same for a long bit-string as a short one. Furthermore, when you
combinetwobit-strings as in BvC, the ‘or’ operation isn’t done a bit at a time but
a word at a time. In 32-bit computers, that would combine 32 bits in a single
cycle, the net result of 32 loops the C way.
The more advanced the computer, the more you can expect APL to start
competing with in filtering tasks. APL is about to comeinto its own with the
adventof parallel computing.
Méanwhile there are occasions when you simply must have a loop. The
commonest is the outer loop or duty cycle in a program which waits for user
input, then acts on it. What in BASIC they usedto call the ‘input-execute-output’
cycle. Instead of the C-faithful example above, you're better off using a computed
branch backto the start of the cycle.

LOOP:
DoSomething+LOOP IF carryon

Computed branchesare the mischief. There’s a hundred and one waysthey can
go wrong, and whatevery program needslike a hole in the head is a branch to
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goodness knows where. Forthat reason alone, the right-arrow should be handledlike high explosive. -
In this example, carryOnis supposed to be a scalar Boolean (a 0 or a 1), orafunction (or expression) returning a scalar Boolean. Notice how we've used adyadic function IF to make the branch more readable and provide somereassuranceit isn’t going to blow up and go off on a wild branch. In I-APL you
can define IF in either of two ways:

VY ZcA IF B
(C1) Z+B/A

v

or: IF: w/a
The use of IF is effectively the same as the commoner: +(carry0n) /LOOPbecause in the expression: LOOP IF carry0On a takes the value: LOOP and w
takes the value: carryOn whenIFstarts to execute.
How does it work anyway? Well, 1/xxx is equivalent to xxx whatever xxx
happens to be, char or num, vector or scalar. On the other hand, 0/xxx isalways the empty vector. And right-arrow followed by the empty vectoris a
branch to nowhere — it doesjust nothing.
There’s more waysof collapsing a label to the empty vector than applying ‘/’ toit. You might come across: +(carry0n)+tZO0P which has much the same
effect. You can also use a down-arrow to mean “branchif carryOnis false”, i.e.
+(carry0On) +LOOP behaveslike: +(~carryOn)+LOOP.
Oneof the dreams of programmingis that whatever you write works first time.Buttake a looplikethe first example we gave. Doesit loop 9 times or 10? It could
be a matteroflife or death.
I heard about a US Armyconscript who was put to work on programming. Heinserted a line of code in a monthly runto print an analysis of his sergeant’s
parentage the day after his demob date. Unfortunately he got his < mixed up
with his < and spenthis last month in uniform behind bars. The moralis: if you
want something to branchreliably, always use tried andtested code.
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Thefollowing neverlets me down:
10 repeatsOf ‘HALLO! where:

vn repeatsof s
[1] #s
[2] +xnen~-1

v
but that’s because I never try to write down repeat sOf from memory, but
always copy it from a workspace of mypetutilities. That's the whole idea of
reusable code. If it's wrong, somebody’d know by now. Eat your heart out,
Formal Methodology!
Speed Test: how deesthis work? Quickly now, quick-quick-quick...

VLoopyLoop
[1] +carry0n,DoingSomething

v
That's right. The Boolean expression carry0n is supposed to return a 1 or a 0.
DoingSomething must return a numeric result, or else you have to split
LoopyLoopinto twolines. The catenationis a red herring, since Branch is only
going to look at carryOn.So we have a Brancheitherto [1](start over) or to [0]
(quit). And now you know how repeat s0£ workstoo.
That'sall just aversion therapy to make you love bitmaps. But using bitmapsfor
filtering really becomesinteresting at the classroom level when you apply them
to 2-dimensional arrays. How do you flag the neighbours of a random
assortment of elements in a 2D array? How can you use the result to build a
population model where individuals infect their neighbours at random with
given probability? How can you spot a Dover sole underwater? (Both the sandy
bottom and the sole are random bit-arrays.) All this in the next issue, plus the
rudest (uncommented) APL program ever published — Conway’s GameofLife
as a single-liner!
Ofcourse, if anyone wants to submit solutions to these problems to the Editor,
EV,in timefor the next issue, feel free! 1 shall publish acknowledgementsof the
best solutions along with my own. Or instead of my own. And rememberthis —
Binary Data is Fun Data, butfor real laughs use a Branch!

26  



The Education Vector Vol.11 No.4
 

J-ottings 5
by Norman Thomson

The way in which data is structured constitutes a major difference between APL
and J. At one time these differences were referred to as “floating” and
“grounded”systemsof nested arrays. Performingtheactivities of joining objects
in the two languagesis one of the best ways ofhighlighting these differences.
Fordefinitiveness, supposethat a general instruction is given bya clientto “join”
two objects, one of which is to be represented by a vector and the other by a
matrix. In J, there are eighteen potentially different ways in which a vector-
matrix join can be interpreted, which doubles if the order vector/matrix is
reversed. In other words there are no fewer than 35 ways in which theoriginal
loose specification can be misinterpreted!
To go back a step, one of the fundamental ways in which APL thinking must be
adjusted for J concerns the manner in which arrays are perceived. In APL, an
array is an arrangementof x/ppoa scalar items, whereasin] it is a sequence of items
each of rank oneless than the rank of a. The individual dimensions of an APL
array are of equal importance in the sense that they can all be used as axis
qualifiers. The dimensions of a J array however possess an inherent order of
importance. Specifically, an APL matrix is a two-way-ordered collection of scalar
items, a J matrix is a sequence of rows, a three-dimensionalJ array is a sequence
of matrices and so on. The scalar items in an array are called 0-cells. k-cells (k>0)
are counted from the insideout, so for a three-dimensional array, 1-cells are rows
and 2-cells are matrices, whereas if k<0, (-1)-cells are matrices and (-2)-cells are
rows.
These distinctions explain why J has two separate joining operations, namely
append items (,), and append (,.). The essence of “append items”is that it
raises the objects to be joined to a minimum common rank, if necessary using
itemize (monadic ,:). Itemize involves adding shape value items of 1, an
operation performed in APL by , [10]. For example if v=.i.3 and m=.1.3 4,
v,m requires that v be made into a matrix of rank 1 3, whose single 1-cell is
joined to the three 1-cells (rows) of m. If a=.i.3 2 4, v,a is obtained byfirst
making v intoa1 1 3 array, then paddingthis toa shape of 1 2 4 which is then
joined to the three 2-cells (matrices) of a, to give a result of shape 3 2 4.
“Append” on the other hand means join at the (-1)-cell level of the right
argument, so with the values of the previous paragraph, v, .m means join each
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item ofv to the corresponding row of m to obtain a matrix of shape 4 4. Similarly
v,.a requires each item of v to be matched with the corresponding (-1)-cell item
(that is matrix) of a to give a result of shape 3 3 4.
] provides a third joining primitive, namely laminate (,:). This works in a
similar, but less restrictive, manner than laminate in APL. As with the latter, the
effect on the shape vectoris, in general, to add a new item to the shape vector of
value 2.
Understanding how items canbe joined in J thus amounts to appreciation of the
three primitive operations, append items(,), append(, .), and laminate(, :). The
rank conjunction (") provides separate possibilities for the left and right ranks up
to the maximum ranks of the objects concerned. Suppose that the requirement
referred to initially is to join a vector v and a matrix m in that order. There are six
essentially different arguments for the rank conjunction, namely:
1 2 equivalentto omitting the rank conjunction altogether, which means apply

maximum rankfor both v and m.This is also equivalent to_ _ where _,
standingfor infinity, means “maximum rank”;

1 or equivalently 1 1, meaning join the vector to the 1-cells, that is rows, of the
matrix;

1 0 join the vector to the individualcells of the matrix;
© 2 join the individualcells of the vectorto the entire matrix;
0 or equivalently 0 0, meaningjoin cell to cell. This is valid only if v is “row-

compatible” with m, thatis the numberofitemsin v is equal to the numberof
rowsin I;

© 4 join thecells of v to the matching rows of m — this also requires row-
compatibility.

To exhibit the results of all the various possibilities in execution would require
an unjustifiably large amountof printed space.It is more useful and practicable
to give a table of APL2-equivalent expressions, in which, for consistency with J,
index origin 0 is assumed. As the table shows, disclose is used extensively to
provide the paddingwithfill items which occurs naturally with J.
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rank append items (,) append (,.) daminate (,:)

nil >(ev) «film A vm R 2a(ev)(cLl1Im)1 o(ev), “eLilm >e[0ly,""clolm ¢  a5"{cev),"e"eLilm
io a(ev), [0] "mn patev),[0.5]"m (cv), (70.5]"m
02 ov, CO]"em ov, "on ov, [70,5] "em° ov, 0,5] "cLilm R ev, [0.5)"c[t]m R  ,[i0]ev,f0.5)"efilm Ron vn R ev. [0.5]"«[i]m R >av,{-0.5]"ef1lm R

Notes: R requires row compatibilty
C requires column compatibility
A simplifies to v, [01m if APL row compatibility also present

It may be helpful to record in a matching 3 by 6 table the shape vectors which
result from executing the above expressionsfor the case v=.i.3 and m=.1.3 4.

12 ay 35 2341 37 n/a 324
10 344 3432 342302 a4 4 335 32340 34 2 342 3422a4 35 3.4 2 324

For row-compatible v and m, the last two rowsof the first table show that
v,"0 m, v,."0 m and v,."0 14 m are identical. None of these pairs of
expressions are equal in general for arguments of other ranks. Also “row
compatibility” has to be generalised to “(-k)-cell compatibility” for objects of
general rank where k is the smaller of the two object ranks. Thus to append a 3
by 4 matrix to a higher rank array (or vice versa) with rank conjunction 0,it is
necessary that the shape vectorof the array begins 3 4 1....
In APL2, variations on join are provided by using join with axis qualifier, and
enclose with and without axis qualifier. The next table turns things round, and
showsthe J equivalents of the various APL2alternatives:

m not enclosed m enclosed with axis m enclosed

¥ not ven Cc AO (<"0 v},<"4 [im AO
enclosed (<"0 v),<m

livym RAL {<"0 v),<"41 m AL
v (<v)},<"0 m AQ (<v),<"i [sm AO
enclosed {<v),<m

fi(ev),<"O frm AL (ev), <"10 AL
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Notes: R__ join along axis 0 _ requires APL row compatibility
C join along axis 1 (default) _ requires APL column compatibility
AO enclose along axis 0
Al enclose along axis 1 (default)

Laminateis a less rich operation in APL2 than in J, since objects for APL
Jamination must be both rank and shape compatible.In the case of two matrices
there are three possible laminations, for which the J equivalents are as follows:

mo,€-0.5]m1 mo,[0.5]m1 mo,{1.5j)m1
mo, zm mO,:"i ml mO,:&.|:ml

Althoughthe above tables cover only a subsetof the possible instances of join
(namely those for vectorleft/matrix right argument), the principles involved
apply equally to cases of other ranks, and in practice this way of working is
preferable to using general formulae involving shapes and ranks of the
arguments.

 

Fractnomials?
by J. R. Sutton

The polynomial
N-1Sek"ned

with coefficients
c, =1 foralln

is the sum
YX” =(x* -1)/(X-1)

which was discussed. previously (Clark, Education Vector 11.1 pp. 31-55) and
Sutton, Education Vector 11.2 pp. 30-31) for both integral and fractional N. A
polynomial of fractional degree should perhapsbecalled afractnomial.
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With the coefficients

«2TWN)
* T(N=n\(nt’

whichsatisfy
Cyt (N—-1—n)=—- ‘1Cy (n+1Y ®

with c, = 1, the polynomials are the Laguerre polynomials L,(X) whichsatisfy
the recurrence relation:

2N+1- x N
Fra)=aX)—3bva)

andthe differential equation:
XLZ(X)—(X— DL, (X) + NLy(X)=0

This differential equation can be integrated numerically for fractional (and
negative) as well as integer N. So the Laguerre polynomials for fractional N can be
definedas the solutionsto the differential equation for fractional N.
Butis this really a “fractnomial”? The polynomials for integer N can be regarded
as infinite series in which almostall the coefficients are zero (because of the factor
(N-N) in equation (1) when n = (N-1).In the case of non-integer N noneof the
coefficients are exactly zero,

J.R. Sutton
16A Overland Road
Mumbles
SWANSEA SA34LP
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Renaissance Data Systems
P.O. Box 421-V
Georgetown, CT 06829
(212) 864-3078     
 

Included are suchtitles as:
APLis EASY,

Renaissance Data Systems announces a changein its mailing address.
Please note that the telephone number remains the same.

If you a wouldlike a copyofourlatest catalog ofbooks on APL and
J andother curiositics of merit, please send usa self-addressed Icgal
sized envelope with onefirst class stamp(if in the U.S.).

APL.- An Interactive Approach,
APL2at a Glance,
APL - the Languageandits Actuarial Applications,
APLas a Tool of Thought proceedings,
APL publications and software,
Boolean Functions and Techniques,
The FinnAPL Idiom List,
The Toronto APL Toolkit,
Mathematical Experiments on the Computer,
Probability in APL,
APL- Stat: Doit yourself guide to computationalstatistics,
A Source Book in APL

Approximately 80 titles in all!
J publications:

Programmingin J,
An Implementation in J (structure and source code),
Arithmetic, and Calculus, and
J2.

Shareware and commercial APL interpreters andJ interpreters are available as well.
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The Definitive APL for Windows™
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Custom Control

Cs ers + Ot
‘Sales =e

Feb Mer May Jun Jul
663] 244] saz] ss7] 127
B33] 672] 392] w7z] 668
asz| 856] 371] 552/577
ssa] 595] 34] eat] asa
gay} 245] 554] 477] 128

Dyalog APL/W Version 7.1 includes a sophisticated built-in Grid object, with
numeric, currency, and date fields as well as combo boxesandbuttoncells. The
Grid also provides an undo feature, cut and paste facilities (which let you move
data quickly and easily between APL and your favourite spreadsheet), resizable
tows, columnsandtitles, and drag/drop editing. Dyalog APL/W supports Visual
Basic Custom Controls, ToolBar, StatusBar and TabBar objects, automatic Hints
and Tips, Metafiles, MDI, 3-D Formsand Controls, a fully customizable Session,
an ODBCinterface, namespaces for encapsulation, and a hostofother features;all
designed-to make it easy to develop fast, responsive and
attractive Windowsapplications.
That is why Dyalog APL/W remains the professional
choice. For further details, contact Dyadic or yourlocal
distributor today.

Dyadic Systems Limited, Riverside View, Basing Road, Old Basing, COMPATIBLE
Basingstoke, Hampshire, RG24 7AL, United Kingdom.
Tel:+44 1256 811125 Fax: +44 1256 811130 Email: sales@dyadic.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.
Pressure on space occasionally prevents us from printing the complete guide,
however updateswill alwaysbe listed. We do depend on thealacrity of vendors
to keep us informed about their products. Anyone whois not included in the
Guide should contact meto get their free entry — see address below.
Wereserve the right to edit material supplied for reasons of space or to ensure a
fair market coverage. The listings are not restricted to UK companies and
international suppliers are welcome to take advantage ofthese pages.
For convenience to readers, the productlist has been dividedinto the following
groups(poa’ indicates‘price on application’):

+ Complete APL Systems (Hardware & Software)
- APL Interpreters
+ APL-based Packages
+ APL Consultancy
+ Other Products
+ Overseas Associations
+ Vendor Addresses

Every effort has been madeto avoid errorsin 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 besentto Gill
Smith, at Brook House, Gilling East, York, YO6 4JJ. Tel: 01439-788385, Email:
100331.644@Compuserve.com f
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COMPLETE APL SYSTEMS
COMPANY PRODUCT PRICES(£)
Dyadic 1EM RSj6000 MDS20 41,796

'BM RS/6000 MD920 13,817

IBM RS/S000 MD320 22,656

1BM RS/6000 MD520 97,114

{8M sj6000 MDS30 72,054

IBM RS/6000 MD540 422,842

InterprocessSystems APL2 Dev't Workstation poa

MicroAPL, 18M RS/6000 12,000+
Aurora 20,000+

Optima 18M Compatible poa

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

Fun-time poa
APL*PlusIl 1,395
Run-time poaDyalog APL 1000-10,000
APL2/PC poa

Alanis Software Analytic Platform (K) poa
Beautiful Systems Dyalog APL/W for Windows poa

Dyalog APLfor Unix poa
TheBloomsbury Software CompanyAPLPLUS PCRel 11 250

DETAILS
APL POWERstation (Greyscale) 27.5 MIPS, 7.4 Mflops RISCProcessor 8Mb RAM, 120Mb Disk19" 1280x1024 Greyscala Graph Display AIX, OSF Moti, DyalogAPL(1-user)
APL POWERstation (Colour) 27.5 MIPS, 7.4 Mflops RISC
Processor 8Mb RAM, 120MbDisk16" 1280x1024 Colour Graphics Display AIX, OSF Motif, DyaiogAPL(1-user)
Advanced APL POWERstation 27.5 MIPS, 7.4 Mflops RISCProcessor 16Mb RAM, 320Mb Disk, 150Mb Tape18” 1280x1024 Colour Graphics Display AIX, OSF Motif, DyalogAPL(1-user)
APL POWERsystem(8-users) 27.5 MIPS, 7.4 Mflops RISCProcessor 16Mb RAM, 320MbDisk, 150Mb Tape CD-ROMDrive, 16 PortsAIX, Dyalog APL (2-8 userlicence)
APL POWERsystom (18-users) 34.5 MIPS,10,9 Mflops RISCProcessor 32Mb RAM, 1.34Gb Disk, 2.3Gb Tape CD-ROMDrive,18 PortsAIX, Dyalog APL (8+ user licence)
APL POWERsystem (92-users) 41 MIPS, 13 Mflops RISCProcessor 64Mb RAM, 1.7GbDisk, 2.3Gb Tape CD-ROMDrive,
32 PortsAIX, Dyalog APL(8+ userlicence)
Maintrame APL2 supported on @ PS/2via a co-processorcardwith 16Mb of memory running VM/ESA (370 mode). A completesystem includes a PS/2,a P/370 co-processor card, andsoftware licenses for VM/ESA, APL2, GDDMand the full line ofInterprocess APL2 enhancements.
POWERrangeof RISC systems running AIX, Dumbterminal orgraphicalInterface.
Multi-user APL computerusing 68020 CPU.Std. configuration2Mb RAM, 16 RS232 ports, 68 Mb hard disc, 720K dlsketta
Complete PC-based station, APL interpreters & all support eq't

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

2nd generation APL for Unlx systems
IBM's APL2 forthe PC.
Kis an APL-like tanguage
USDistributor of Dyalog APL products from Dyadic.
‘See Dyadic listing for product details.
‘STSC’s full featured APLfor IBMs and compatibles - Version 14glvesfree runtime.
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APL*PLUSIIT Windows 949

APL*PLUS II for DOS 750
APL*PLUS fl for UNIX poa
APL*PLUS VMS poa
APL'PLUS Mainframe poa

Dyadic Dyalog APL for DOS/386 995

Dyalog APLW far Windows 995
Dyalog APLfor Unix 995-12,000

IAC/HumanInterfaces
LAPL{Mac 13

APL Ud LAPL/PC or clones 8-411
(-APL/BBC Master 8LAPL/Archimedes 4LAPL/Macintosh 13
Wverson Software Inc

-APLISI APLIWIN 50
LAPLISI JWIN 55
{BM APL Products TryAPL2 free

APL2 PG (US Version} $630
APL2 PC (European Version) £348
APL2 for OS/2 Entry Edition $185
APL2 for OS/2 Advanced Edition $650

APL2 for SunSolaris, $1500
APL2 for AIX 6000 poa
APL2 Verslon 2 poa
APL2 Application Envt Vn2 poa

Insight Systems APL*PLUS/PG poa
Dyalog APL poa
APL2 poa

Iverson Software Ine. APLISE6 $30

 

‘The new 32-bit native Windows APL*PLUS. Develop InWindows,anddistribute APL applications with no runtime
charges. Reasonable migration charges from APL*PLUS/PC and
APL*PLUSII.
Nowthat APL*PLUSIt! for WindowsIs available,the facility forcreating Windows applications in PLUS (I has been removed,and the price reduced.
STSC's 2nd generation APiforall malor Spare and Risc Unixworkstations.
2nd generation APL for DEC VAX computers under VMS.
Enhances VS APL with manyhigh performance,highproductivity features. For VMICMS and MVS/TSO offers simpleupgradefrom VS APL.
‘Secondgeneration APL for DOS.Runsin 32-bit moda, supportsvery large workepaces. Unique “window-based* APLDevelopmentEnvironmentand Screen Manager, Requires386/486based PC or PS/2,at feast 2Mb RAM, EGAor VGA,DOS 3.3 orlater.
Asabove,plus object-based GUI developmenttoals, RequiresWindows3.0 oF later.
Second generation APL far Unix systems. Available for Altos,Apotlo, Bull, Dec, HP, IBM 6150, (BM RS/6000, Masscomp,
Pyramid, NCR, Sun and Unisys machines, and for PCs andPCj2s running Xenix or AIX. Oracleinterface avallable for |BM,
Sun and Xenix versions.

Macintoshversion of APL
ISO conformingInterpreter, Supplied only with manual (see‘Other Products’ for accompanying books).As above‘As aboveAs above
|-APLis the UK agentfor all tS! products,including APLIWIN and
JWIN for PC and many other machines.
‘Windows APLincluding manual
“Personal Edition", please call for detailsPlease note tha packing charge of £3 per order.
APL2 for educational or demonstrationuse.Write, fax or Emall toAPL. Products; specity disk size desired,
Product No. 5799-PGG. PRPQ Number RJO411.Orderfrom 1-800-IBM-CALL
Product No. 5804-260. Part number 38F1753.From alt [BM dealers, including MicroAPL.
Part No 89G1556,
Part No 89G1697, Contains all facilities of the Entry Edition plus:DB2 Interface: co-operative processing TCPYIP interface; toolsfor writing APs; TIMEfacility
Product No. 5648-085.
Product No. 5765-012.
Product No.5688-228. Full APL2 system for $/970 and S/320
Product No. 8888-229, Runtime environment for APL2 packages
APLsystems marketed and supported.,.

from:Dyadic, Manugistics, IBM
under: Windows, OS2 and Unix

Sharp APLRelease 20 for PC 386, 486 with graphics, and abliityto operate under Windows.
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APLIPG $30
APLIWIN $30
APL Reference Manual $30
J System Kit $24
J Source Code $90

MasterWork Software Manugistics Products and ISt paa
MlcroAPL. APL.68000 Level | 2000

APL.68000 Leveltl 2500

APL.68000/X 1500-6000

APL.68000 LeveltMae,ST, Amiga a7
Mac, Amiga 260
APL.68000 Level|isT 170
Amiga 260
Mac 5820
APL*PLUS Rel 10 450APLPLUS1! V4.0 1995

Optima APLYPLUS/PC 369APL*PLUS|] 960APL*PLUS II PC Developers Kit poaDyalog APL 399
RETime Tracker Oy APL*PLUS/PC poa

APL*PLUS|/DOS
APLPLUSIILWIN
APL*PLUS/UNIX

Soliton Associates SHARP APLfor MVS poa
SHARPAPLfor Unix poa

Uniware APL*PLUS/PC 495
Run-Time call
APL*PLUS/UNX call
APLIPLUSI call

APL PACKAGES
COMPANY PRODUCT PRICES(®)
Adaptable Systems FLAIR poa

APL-385 APL-385 for APL*PLUS/PC 50FSM-385DRAW-385

For PC under DOS
For 386/PC under Windows 9.1
Documentation forall tha above.
J6.2 diskette with manual 'J:Introduction and Dictionary"
Full C source code plus 100-page book
New Zealanddistributor
First ganeration APL. with numerous enhancements, Mult-userversion(Unix, Mirage, MCS).
Second generation APL, Nestad arrays, user definad aperators,selective specification etc, Multi-user version (Unix, Mirage,MCS)
‘Second-generation APL. Nested arrays, userdefined operators,selective specification, etc. Multi-userAIX version with fullOSF/Molif support.
First generation APL. Single user, full windowing Interface,software floating point support.
First generation APL.Singleuser, full windowing Intertaca,hardware floating point.
Second generation APL. Full windowing Interface, sofwarefloating point support.
Secondgeneration APL. Full windowing Interface.Hardware andsoftware floating point support.
Secondgeneration APL. Full windowing Interface. Hardware andsoftware floating point support.

Completa APL*PLUSand Statgraphics product range and usersupport for Fintand

for BM MVS mainframes
for IBM RS/6000 and Sun SPARC.
STSC's full feature APLfor 1BM PC/XT/AT, Compaq,Olivetti.
Closed version of APL*PLUS/PC which prevents user exposure
t0 APL.
STSC's full feature APLfor UNIX based computers
STSC’s full feature APLfor 386 machines,

DETAILS
Finite loader and interactive rescheduler. Customisable full-function scheduling system. (Available outside Australia byspecial arrangementonly.)
Including...‘Screen developmentScreendesign
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The APL Group
APLSoftware Lid(mainframe)

(microcomputer)

Beautiful Systems

The Bloomsbury Software Company(for VSAPL)

(for APL2)

Causeway

Cinerea AB

CODEWORK

CYBEX AB

H.M.W.

HRH Systems

08-385
GEN-385

Qualedi $1500-4000

ROS poa
IPLS poa
REGGPAK poa
POWERTOOLS 295
REGGPAK poa
ROS 990
ASF_FILE $399

NAT_FILE $299

DBF_FILE $299

Enhancements & Sharatile poa
Compiler poa
Sharefile/AP poa

Causeway for Dyalog/W $50
Causeway for APL*PLUS Ill $50
Rain Graphics Workspace $250
ORCHART 250

HELM poa

APL GralfPC 290
APLGrafIPC 390
Utility Functions APL2 1900
Utility Functions IWPC 130
XTRA poa
Arbitrage poa
Basket poa
Menu-Bar poa
APLUtiltias poa

Retatlonal W.S.
MiscellaneousUtilities
Electronic Data Interchange (ED) transiatlon software for thePC,with strict compliance checking.
Relation Data Base System
Project ManagementSystem
Regression Analysis Package
Assemblerwritten replacementfunction for commonly used
CPU-consuming APLfunctions,includes a Forms Processor.
Regression Analysis Package
Rolatlonal Database System
Dyalog APLW auxiliary processor for access to APL*PLUS/PC.APL componentfiles (“.ASF).
Dyalog APLIW auxillary processor which emulates theAPL*PLUSJPCquad-Nnativefile subsystemfor access to theDOSfile system.
Dyalog APLW auxiliary processorforefficient block modeaccass to dBASEformat files. Designed to get lange amounts ofdata in andout of BASE.Not suited for random access to smallamounts of data (it does not handle keys).
Componentfiles, quadtunctions & nested arrays for VSAPLunder VW/CMS & MVS/TSO
TheFirst APL compller!
STSC's shared access componentfile systam for APL2.Comparable toall APL*PLUSfle systems: multi-user storage ofAPLZ arrays with effletent disk usage.
Manuals and Class-management utllities for the Gausewayplatform supplied free with Dyalog APLW
Software, class-managementutlittes and printed documentationfor Causewayunder APL*PLUSIl
Full en-tine documentation (Windows Help) and handy-referencecard for the Rain businessandstatistical graphics workspacesupplied with Dyalog/W.
Organization chart package for IBM APL2/PC.Full & heavilycommentad soures code Included- free Integration into otherapplications. NB: ASC) outputwith tine-crawing (semt-graphic)characters for boxes.
Daelslon Support systemfor top management. Developed In Italyover 7 years, Requires APL mainframeor APL*PLUS/II. Optionalmodules: EIS, Exc! Interfaca, DTP output via LATEX, outaut onmap background,
Presentation graphics for APL*PLUS/PC (CGI)
Presentation graphics for APL*PLUSIPC (CGI).
For APL malnframa; Incl, a very fast search,
‘Same package for APL*PLUSIPC.
Front-end Forelgn Exchange dealing / pos keeping
Arbitrage modelling
Basket currency modelling
pull-down menufor APL*PLUS/PC
‘Software to transfer workspaces between APL*PLUS and Sharp,and between APL*PLUSand |-APL, Software to Import [BM .ATF
files to APL*PLUS.
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APL'PLUSUtilities

{AC/Human InterfacesiAC/Grat 15
1ACIVox 15

APLLid Educational workspaces 5

IBM APL Products A GraphicalStatistical System $250
(aass) $500

$2500
Impetus Ltd impetus poa
INFOSTROY APL"PLUS/XbaseInterface(886Version 2) $198

(PC Version 2) $98
(DLLVersion 1) $198

Insight Systems IUTILSXP 20-96

ASI 95
wincom 95
520,22D,x2x poa
SQAPLClient poa
SQAPLServer poa

Interprocess Systems APL2 Development Workstation poa
IEDIT $3000-5000

(mainframe) AFM $15300
Enhanced Format $2575
PowerCode $2000
WSORG $1500

JAD Software JAD SMS 150-500

LingoAllegro FRESCO Business Graphics $250
@DDME $1000
AP127 $250
FACS $1000
TOPA poa
Rumba Connection $250
IRMA Connection $260

Public domain software, unlock locked fns, a user-friendlyaltemative to locking, fns of mathematical physics, menus, andothers.
Graphplotting for }APL/Mac
‘Spoken APL characters for LAPLIMac
PC format disks with the examples from: Thomson. Espinasse{Kits 1-4), Kromberg, Jizba & FinnAPL. All the examples to saveyourfingers?
for DOS, Product Number 5764-009
for Workstations (OS/2,Alx, Solarls), Produet Number 6764-092
for CMS,Product Number 5764011
Corporate Modelling and Reporting System.
Complete packagewritten in C. Comparable with the data, index& meme files of FoxPro, dBASE, & Clipper. Multl-user support.No DBMSlicanserequired.
As abovefor APL*PLUS/PC.
The same in @ DLL form! Gives your Windowsapplicationsaltadvantages of DLLs.
Cross-plattorm uttllty library Including simple OScalls (DIR,COPY, DEL, RENAME)and DATE funetions. For APL"PLUSIl,APL2 and Dyalog APL undar Windows, OS/2 and Unix.
APLSpreadsheetinterface. "Device-Independent’ spreadsheetdriver supporting Excel, 123 and Quattro-Pro for Dyalog APLW
Asynchronous commspackage for Dyalog APLIW
Advanced APL syntax analysis and conversion packages fromSharp and APL2 ta Dyalog, and between anytwo APLs
Interface from APL*PLUS I}, APL2 and Dyalog (Windows, OS/2
oF Unix) to most SQL databases over most networks.
Makes APL*PLUSII, APL2 or Dyalog APL (Unix) avallabla as‘SequeLink servers. Can be called from SGAPLclients or other
appileations such as Excel, C++, Smailtalk, Visual Basic.

Full screen APLZ editor with Immediate APL execution, and full-screen debugger
High performance component and keyed file system (VS APL.and APL2)
A QuadFMTdata formatterfor VS APL and APL2
Externalfunctions for APL2
Full-screen Workspace Organizerfor APL2.
Software management system for APL*PLUSIt based onhierarchicaldatabases;includes full-screen Interface and stand-alone functions, Price depends on number of users.
Fast and Easy Business Graphics DLL.
AP126 GDDMgraphics emulation for Dyalog/W
ODBCinterface tor DyalogW
EMMA-Iike functions for SALtables
APL Codeand Application Managementfor Dyalog APLW
Connect Mainframe APLto Dyalog APL/W using Rumba
‘Connect Mainframe to Dyalog APLYW using Irma for Windows
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Mercia

MicroAPL

RE Time Tracker Oy

Sollton Associates

UNIWARE{for mainframe)

(for APL*PLUS/PC)

(for APL*PLUSII}

LOGOL 92

Twics
MicroTASK
MicroFiLE
MicroPLOT
MicroLiINK
MicroFORM
MicroSPAN
MicroPLOT/PC
MicroSPAN/PC
STATGRAPHICSRel 5
UIT

DB+

Logos
MAILBOX
VIEWPOINT

STSC's ENHANCEMENTS,
STSC's SHAREFILE
TOOLS & UTILITIES

EXECUCALC
APL Debugger 2.4
Menus 3.0
ETATGEN 20
UNITAB 2.0
UNIASM3.0(site lcense)
UNISTAT5.1
UNIWAREToolkit If 4.1
APL Dabugger[1 2.1

MenusIf 4.0

ETATGENIt 2.0

UNITAB I] 2.0

UNISTATPlus §.2

poa
250
250
250
250
250
250
260
250
590
poa

poa
poa

poa
poa
poa
poa
poa

FF1S50FF9760
FF2450FFI2250
FF1950
FF9750
FF4550,FF22750
FF4350
FF2900

FF39000
FF2950FF14750
FF3950FEA9750
FF2950

FF14750
FF6950FF34750
FF4300

Logistics managementsystem for 386/486 & RISC computers.Sales Forecasting, Inventory Management, Master Scheduling,Distribution Requirements Planning,Sales & OperationsPlanning.
A modularlibrary of tools to teach and explore state-of-the-artmaterials management concapts, Developedby R.G. Brown,
Product development alds
Fileutilities and database
Graphies for HP plotters ete
Genara! device communications
Full screenforms design
Comprehensive APLtutor
For APL*PLUS/PCproduct
APL self instruction for APL*PLUS/PC.
TMT-Team Oy's User interface Toolkit for APL*PLUSIl andPLUSlil under Windows. Comprehensive spreadsheets,replicatedfields, special field types,etc.
TMT-Team Oy's database Interface for APL*PLUSIl & PLUS fllunder Windows.Interfaces to almost twenty different databases,
Application Development Environment
Electronic Mall
Report generator with Intettaces to DB2 and MVS data
Quad-functions & nested arrays for IBM VSAPL
componentfiles for IBM VSAPLand for IBM APL2
Including FILEPRINT, FILESGRT, FILECONVERTFILEMANAGER(EMMA)STSC's database package
Mainframe spreadshast compatible with VISICALC and part ofLOTUS1-2-3 under VSAPL{VM or TSO}
A visual APL. debuggerte help develop appilcations{site licanse)
Complete setof hierarchical menu utilities(site lleansa)
Page layout report generator(site license)
An APL*PLUSspreadsheetike data entry and validation system(site license)
Assamblarutilities to speed up APL*PLUS/PC applications
Data analysis add-on module for Statgraphies
(site ficanse only), Relational database systam and complete setof utiles for APL*PLUS It davelopmentAvisual APLdebugger to help develap applications(site license)
Complete set of hierarchical mouse-driven menu utilities(sits license)
Pagelayout report generator(site lleansa)
An APL*PLUSspreadsheet-like data entry and validation system(site license)
Data analysis add-on module for Statgraphics
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Warwick University BATS 250

FAa tree
Zark APLTutor (PC) $299

APL Tutor (MF) $5000
Zark AGE $99
APL Advanced Techniques... $59.95
Communications $200 pe, $500 mf

APL CONSULTANCY
COMPANY PRODUCT PRICES(£)
Active Workspaca APL. Pragramming poa
Adfea Consultancy poa
Andrews Consultancy poa
APLPeople Consultancy poa

Bloomsbury Software Consultancy 300-750+VAT
Camacho Consultancy poa

Ray Cannan Consultancy poa
Causeway Consultancy andTraining poa

Paul Chapman Consultancy poa
David Crossley Consuttancy poa
Poter Gyriax Consuttancy 100-150120-200160-300
Dogen Research Consultancy poa

Dyadic Consultancy poa
E&S Consultancy poa

Evestic AB Consultancy poa

General Software Consultancy from 120
Greymantie Assoc” Consulting poa
KMLW. Consultancy poa

Menudriven system for time series analysis and forecasting
using Bayesian Dynamic modelling. Price fs reduced to £35 foracademic institutions,
‘Training pragram for the above.
APL computer-based training. Avallable for APL*PLUS PC &APL'PLUSII. Demodisk $10,
Mainframe verston.
APL continuing education. APL tutor news and hotline phonesupport.
488pp.book, (ISBN 0-9619087-07) Including 2-diskset of utltyfunctions (APL*PLUS PC format).
Move workspacesorfiles between APL environments,

DETAILS
Short or long-term consultant available.
Development, maintenance, conversion, migration,documentation, of APL products in all APL environments
APLprogramming and analysis, specialises In tree-processingalgorithms.
Consultants avallable atall tevels. Expertise In APL systemdesigh,project management, protatyping, financial applications,deciston support systems, MIS,links to non-APLsystems,
documentation,etc,

Manuals; feasibility reports and estimates; analysis andprogramming: APL and MS Windowsapplications; Sharp,181APL, APL*PLUS, APL2/PCand other APLs spoken.Fixed pricesystems a speciality
APL,G, Assembler, Windows, Graphics: PC and mainframe
Managementand upkeepof the Causeway developmentenvironmentfor individuals and large APLsites. On-site tralningfor Causeway/Dyalog and Causeway/Plus 1It
24-hr programmer: APL, C, Assembler, Graphics; PC, minl,mainframe and network.
Broad experience th many APL environments
Junior ConsultantConsultant‘Senlor Consultant
APLSystemsconsultancy, design,Implementation, support,documentation and maintenance.All dialects with specialamphasis on APL2 and Dyalog APLW.
APLand Unix system design, consultancy, programming andtraining,
‘System prototyping:all types of Information system, engineeringsoftware, graphics and declsion suppart systems APL*PLUS/PC,APL2, Dyalog APL.
Excellenttrack record from 10+ years of APL applications Inbanking, insurance, and education services.All dlalects,platformsand project phases. SQL expertise.
Companyreporting, business graphics, Windows applicationswith Dyalog APLW.
‘System design consultancy, programming. HMW specialize inbanking andprototyping work,
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Michael Hughes Consultancy
lac/Human InterfacesConsultancy

Documentation

Training
INFOSTROY Consultancy
Insight Systems Consultancy

Inteligent Programs Consultancy
Documentation
Training

JADSoftware Consultancy
Kestrel Consultancy
Lingo Allegro USA Consultancy
MasterWork Software Consultancy
MleroAPL Consultancy
Ells Morgan Consultancy
Optima Consuttancy
Parallax Systems Inc Consultancy
QB On-Line Consultancy
RE TimeTracker Oy Consultancy

Rex Swain Consultancy
Rochester Group Consultancy
Snake Island ResearchIncGonsultancy

Sykes Systems Inc Consultancy

Uniware Consultancy (Sentor)
Consultancy (Senior)
Training

Wickiie Computer Consultancy

poa
350

100-200

poa
poa
poa

poa

poa
poa.

250-500
poa,

$750
350
poa

poa

FFi/day 8000
FFiday 7500

FF10000
poa

Consultant with 10+ years experience with various APLinterpreters and.
APLon Macintosh & PC, HCt design. VDU ergonomics:EC/Health & Safety compliance.
On-line assistance, product demos & mock-ups, manual writing;foreign languagesoftwarelocalization.
Using -APL for courseware & distance learning materials, Macprogramming In C, APL & HyperCard.
APL*PLUS & Windowsconsultancy, Porting of software written.
In C Into APL*PLUS,
Experts In APL conversions between any combination of:APL*PLUS,APL2,Dyalog APL and Sharp APL. Waarealsoexperienced right-sizers, comfortable with networks andrefational databases (that also means when NOT to usa SQL)and cfient/server developmentIn APL,Cand Visual Basic.
‘Systems development,enhancements, support.
Preparation of new manuals, rewriting of axlsting materials,
Training for APL experts through to non-technical systemusers.
‘Systemsdesign and develapment, project management,technical manuals,financlal and actuarial expertise in APL.
All APLs,all environments. Design, analysis, coding,maintenance, documentation, training, interlacing,
General APLconsultancy specializing in Prototyping, Migration,Malnframe to PC Downsizing, PerformanceAnalysis,Troubleshooting, and Graphics.
Consultancy
Technical & applications consultancy.
Business Forecasting & APL Systems.
A rangeof consultants with 3-15 yrs APL. PC and mf experience.
Introductory APL, APLfor End-user & Advanced Topics in APL
Speclallsing in Banking, Financlal & Planning Systems.
Specialised In comprehensive APL WindawsusarInterfaces,APL Multimedia, APLto AP! level intertacing for Windows,Windows applications, DLLs & databases,Also franchisingconsultancy
Independentconsultant, 20 years experience. Custom software
development& training, PC and/or mainframe.
Specialise In MIS using Sharp APL

28 years APLexperlence.Language design and ImplementationPerformance consultingDatabase and other applications
Complete APL services specialisingin audit, optimisation and
conversion of APL systems. Excellent design skills. All dlalectsand platforms. 17-29 years experience.
Consultancy from people with at least 8 years APL experience.
Advice and training in Windowsprogramming with APL*PLUSIl
5-dayclass on Windowsprogramming with PLUSIl version 4.0
System design, consultancy, programming and documentation.Especially project managementand decision support systems
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OTHER PRODUCTS
COMPANY PRODUCT PRICES(£) DETAILS
Adfee Employment poa Contractors and permanentemployees
APLPeople Employment Agency poa Employeesplaced atall fevels.
Bloomsbury Software Training poa Contact the companyfor details.
HMW Employment poa Contractors and permanent employses placed.
HRH Systems APLlessons On-screeninteractive APL lessons for APL*PLUS, TryAPL2,Sharp and I-APL— In English or French.

The BBS\APL: $24p.a. 703-528-7617, 1200-14400b,N-8-1, 24 hours. APL educationalmatertal [s downloadable free. An additionat 30 megs of APLsoftware for APL'PLUS, PLUSIl, BM, Sharp & APL Isavailable to subscribers (cost Is $24/yr). Selection avallable ondisk tor $15 post-pald, Free on-disk catalogue.
LAPL Lid An APLTutorial 3 45pp by Alvord & ThomsonAn Encyclopaedia of APL(2d Ed) 6 228pp by HelzerAPLIn Social Studies 3 38pp by TrabermanL-APLInstruction Manual (2d Ed) 3. S5Spp by Camacho & ZiemannAPL Programs for the MathematicsClassroom (Springer-Veriag) 16 185pp by ThomsenJ Dictionary 46 by KenIversonProgramming In J 40 75pp by KanIversonArithmetic 42 (18pp by KenIversonAn Introduction to J 8 47pp by KenIversonTangible math 8 —_86pp by KenIversonSharp APLReference Manual 18 349ppby BerryAPLPress Books poa __A comprehensive selection ofearly APLtiteraturePlsase note there Is a packing charga of £3 parorder
lversonSoftware Inc. Programming In J $15 76pp.

Tangible Math $12 34pp.
Arithmetic $18 123pp.

Kestrel Employment poa Permanent and contract, home and abroad, From individualplacement to supply of complete project teams.
Software Library poa Low-cost software distribution service; call for datalls.

RenaissanceData Systems Booksellers Tha widast ranga of APL booksavallable anywhere. See Vectoradvertisemants.
Soliton Associates MVSLINK poz —_Interface trom Sharp APL(Unix & MVS) to non-APL data andsoftware In the MVS environment.

ssa poa High-performance DB2 Interface for Sharp APL. {Unix and MVS).

OVERSEAS ASSOCIATIONS
GROUP LOCATION JOURNAL OTHER SERVICES Ann.Sub.
ACM/SIGAPL International Quote Quad
APLBay Area USAN. Califomla_ APLBUG Monthly Meetings (2nd Monday) $15
APL Club Austria Austria - Quarterly Meetings 200AS(indiv), 1000AS(corp)
APLClub Germany Germany APLJournal SemJ-annual meatings DM60
APL Interest Group South Africa - -
Ass, Francophone poutfa promotion d'APL France Les Nouvelles d'APL
BACUS Belgium APL-GAM Contetances& Seminars £18 ($30)
Chicago SIG Chicago
Hanford Group Hartford, Connecticut, USA
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CPCUG APLSIG Washington, D.C.(Capltat PCUG} Monitor
Danish SIG Denmark
Dutch APL Assoc. Holland
FinnAPL, Helsinki, Finland FinnAPL Newsletter Seminars on APL
Japan APL Assoc. Tokyo, Japan
Melbourne APLUG Melboume, Australia
New York SIG New York, USA
Potomac SIG Washington DC, USA
Rochester APL Rochester, New York
Romefitaly SIG Roma,taly

Monthly meetings,occasional classes free

Minl-congress, APL ShareWareInitiative
100FiM(private), 30{student), 1000 (Co)

Quarterly meatings free
Free monthly meetings

SE APL Users Grp Atanta,Georgla SEAPL Newsletter
SOCAL Souther California
SovAPL ‘Obninsk, Russia
SwedAPL Sweden SwedAPL Nytt
SWAPL Texas, USA. SWAPL.
Swiss APL (SAUG) Bern
Sydney APLUG Sydney,Australia Epsion
Toronto SIG

VENDOR ADDRESSES
COMPANY CONTACT
ACM/SIGAPL DonnaBaglio
Active Workspace Ltd Ross D Ranson
Adaptable Systems Lois & Richard Hill
Adaytum SystemsAdtee Berard Smoor
Andrews Dr Anne D WilsonAPL.385 Adrlan Smith
APLBayArea Users GroupAPLBUG Lewis H. Robinson (See)
APLClub Austria Erich GaltAPLClub Germany Dieter Lattermann
The APL GroupInc. Stuart Sawabini

APL tnterest Group, South AfricaMike Montgomery
APL People/ Software Jill Moss
Association Francophone poura promotion d’APL Dr. Gérard LangletAtlantis Software Arthur WhitneyBACUS Joseph de Kert

Part of Qtly Sl-Info.

Toronto, Canada Gimme Arayst

Seminars $15 ($5 students)

‘Semfannual mestings, seminars SEK 75
$16

SF60 (SI) + SF20 (SAUG}
Monthly Meetings
Monthly Meetings, APLskills database, J SIG, Toronto Tealkit $25

ADDRESS & TELEPHONENo.
ACM, 1515 Broadway, New York, NY 10036 USA Tali+t (242) 626-0608Email; bagllo@acm.org
MoulshamMill Cente, Parkway, Chelmsford, Essex, CM2 7PX, UK.
Tel; 01245-496647; Fax: 01245-496645,
49 First Street, Black Rock 9193, Australia.
Tel: +613 589 5578 Fax: +61 3 589 3220
13 Great George Street, BRISTOL BS1 5RA UK Tel: 0117-921 5555
Dorpsstraat 50, 4128 BZ Lexmond, Netherlands.Tel +31-3474-2337, Fax; +31-3474-2942
23, The Green, Acomb, YORK YO2 5LL, UK Tel: 01904-792670
Brook House,Gilling East, York YO6 4.lJ UK. Tel: 01439-788385.
Fax: 01439-788194 Email: 100331.644@ compuserve.com
4100 GoughSt, Apt 14A, San Francisco, CA 94109, USATel: +1 (415) 928-2058 Email: trap21a @prodigy.com
(BM Osterreich, Obers Donaustrasse 95, A-1020 Wien, Austria
Rheinstrasse 23, D-69190 Walldorf, Germany.
Tel: +49 6227-63469 Compuserve: 100332,1461
644 Danbury Road, WILTON, CT 06897 USA.Tel: +1 (203) 762-3933 Fax: +1 (203) 762-2108

Private Bag X14, Rivonia 2128, South AfricaTel: +27 (11) 803-7200 Fax: +27 (11) 803-9134
Emait: mlkemont@spl.co.za.
The Old Malthouse, Clarence St, BATH, BA1 5NS UK,Tel: 01225-462602

SCM,C.E,Saclay, F-91191-Gif sur Yvette, France. Fax:+33 1 69-08-79-63
1105 Harker Avenue, Palo Alto, CA 94307 USA
Rootnberg 72, B-2570 Duffel, Belgium,Tal: +32 15 91 47 24
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Beautiful Systems, Inc. Jim Goff
The Bloomsbury Software Co LtdPeter Day
Camacho Anthony Camacho
Ray Cannon
Pau! Chapman
Causeway Graphical Systems LidAdrian Smith,Duncan Pearson
Chicago SIG Larry MyszCinerea AB Rolf KornemarkCODEWORK Mauro Guazzo
cPCUG Lynne Startz
David Crossley
CYBEX AB Lars Wentzel
Peter Cyriax Systems Peter CyriaxDanish User Group Per GlerlofDatatrade Ltd, fan Tomlin
Dogon Research Dick Bowman
Dutch APLAssociation Bernard Smwor (Sec)
Dyadic Systems Ltd. Peter Donnelly
E&S Associates Frank EvansEvestic AB Olle Evero
FinnaPL.
General Software Ltd MLE. MartinGreymantie Associates George MacLeod
Hartford CT Group Bob Pomeroy

H.M.W.Trading Systems Ltd Stan Wikinson
HRH Systems Dick Holt
Michael Hughes
tAC/Human interfaces fan A. Clark
LAPLLtd Anthony Camacho(for queties, order forms)JG Business Services(for pre-pald arders only)
IBM APL Products Nancy Wheeler

Impetus Ltd Cedric Heddle

908 Old York Road, Sulte 4, Jenkintown, PA 19048, USA.
Tel: +1 (215) 732-3735; Fax: +1 (215) 772-1929

3-6 Alfred Place, Bloomsbury, London WC1E7EB UK,Tel: 0171-436 9481; Fax: 0471-436 0524
11 Auburn Road, Redland,Bristol BS6 LS UK. Tel: 0117-9730036,
email: acamacho @cix.compulink.co.uk Reutemet (Sharp): ACAM
21 Woodbridge Rd, Blackwater, Camberley, Surrey GU17 OBS UK
Tel: 01252-874897
51B Lambs Condult Steet, London WC1N 3NB UK.
Tet: 0171-404 5401. Compuserve: 100343,3210

5 The Maitings, Castlegate, MALTON,North Yorks YO17 ODP UKTal: 01653-698760 Fax: 01653-697719 Compuserve: 100265,1564896 Hightand Drive, Chicago Helghts, 1L 60411 USA C'serve:73040,3032
Skyttegatan 25, S-193.00 Sigtuna, Sweden.
Corso Cairoli 32, 10123 Torino,Italy.Tel: +39 11 885168 Fax: +39 11 812 2652
Capital PC User Group, 51 Monroe Street, Suite PE-2, Rockville,
Maryland 20850, USA,Tel: +1 (301) 762-9372.
187 Le Tour du Pont, Quartier Le Mourre, 84210 ST DIDIER,France
Tel: +33 90-66-08-87
Gruvgatan 35B, S-421 30 V. Frolunda, Sweden.
Tel: +46 31-45 37 40. Fax: +46 31-45 24 23,
22 Hereford Road, London W2 4AA UK, Tel: 0171-229 5344
Email: glerper@Inet.uni-c.dk
41 &2 Sterling Business Park, Salthouse Read, Brackmills, Northampton,
NN4 EX UK,Tel: 01604-760241
2 Dean Gardens, London E17 3QP UK Tet: 0181-520 6334
Email:bowman @apt.demon.co.ukPostbus 1941, 8430BH Nieuwegein, Netherlands.Tel: +31 9474-2337Riverside View, Basing Road, Old Basing, Basingstoke,Hants RG24 OAL UK, Tel: 01256-811128 Fax 01256-811130
19 Homesdale Road, Orpington, Kent BRS 1US_ UK. Tel: 01689-824741Bertellusvagen 12A, S-146 38 Tullinge, Sweden Tel&Fax: +46 78 4410
Suomen APL-Yhdistys RY, FinnAPL RF, PL1005, 00404 Helsink! 10,Finland22 Russell Road, Northolt, Middx, UB5 4QS_ UK. Tel: 0181-864 9537Bartrum House, Ravens Lane,Berkhamsted,Herts, HP24 2DY UKTel: 01442-87065 Email: 100412,1305@compuserve.comMass MutualLife, 1295 State St, Malldrop F485, Springfield,MAO1111 USA Tel: +1 (413) 788-841 1x2838
Hamilton House, 1 Temple Avenue,Victorla Embankment,London EC4Y OHA UK. Tel: 0171-358 8900; Fax; 0171-953 3825;Email100020.2632@ compuserve.com3802 N RichmondSt, Sulte 271, Arlington, VA 22207 USATek +1 (703) 528-7624; Emall: dick.holt@acm.org28 Rushton Road,Wilbarston, Market Harborough, Leles. LE16 BQL UK.Tel: 01536-7709989 Hill End, Frosteriey, Bishop Auckland, Co. Durham DL13 28x UKTel: 01988-527190. Compuserve: 100021,3073
14 Aubum Road, Redland, Bristol BS6 6LS UK. Tel: 01 17-9760036email; acamacho@clx.compulink.co.uk Reuternet (Sharp): ACAM
56 The Crescent, Milton, Weston-super-Mare, Avon, BS22 BDU UK

APLProducts, IBM Santa Teresa, Dept M46/D12, 555 Bailey Avenue,
San Jose CA 95141, USA.Tel: +1 (408) 469-APL2 (=2752)Fax: +1 (408) 463-4488 Email: APL2@vnet.ibm.com Csarve: GO IBMAPL2
Rusper, Sandy Lane,Ivy Hatch, SEVENOAKS,Kent TN15 OPD UK
Tel: 01732-885126
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INFOSTROY
Insight Systems ApS
InteligentPrograms LtdInterprocess SystemsInc.
Iverson Software Inc.
JAD Software

Japan APLAssociation
Kestrel Consulting
LingoAllegro USA Inc.
MasterWork Software Ltd
Melbourne APL Group
Mercia Software Ltd.

MicroAPLLtd,
Ellis Morgan
New York SIG APL.Optima SystemsLtd
Potomac APL SIG

QB On-Line Systems

Alexel Miroshnikov
Morten Kromberg
Mike Bucknall
Stella Chamberlain

Eric Iverson
David Crossley

Mark Haris:
Walter G. Fil
Fraser Jackson
Harvey Davies
Gareth Brentnall
David Eastwood
Ellis Morgan
Nestor Nefson
Paul Grosvenor

John Martin
Philp Bulmer

Renaissance Data Systems Ed Shaw
RE Time Tracker OyRochester APL
‘The Rochester Group Inc.
Romefltaly SIG
SE APL Users Group
Shandell SystemsLtd.‘Snake Istand Research Inc
SOCAL{South California)
Soliton Associates

SovAPL
Rex Swain

SWAPL

SwedAPL

Richard Eller
Gary Dennis
Robert Pullman
Mario Sacco:

John Manges
Maurice ShanahanBob Bemecky
RoySykes Jr
Laurle Howard

Alexander Skomorakhov

Rex Swain

Stuart Yarus
Christer Ulfhielm

9S.Tulenin Lane, St, Petersburg 191186 Russia.Tet+7 812-3111611 Fax:+7 812-3153321 Emall:alm@ Infostroy.spb.su
Nordre Strandve) 119A, OK-3150 Hellebeek, DenmarkTel:+45 42 10 70 22 Fax: +45 42 10 75 74 Email; Insight@inetuni-c.dk
9 Gun Whart, 130 Wapping High St, London £4 SNH Tel: 0171-265 1120
11660 Alpharetta Highway, Suite 455, Roswell, Georgia 30076, USA.
Tel: +1 (404) 410-1700, Fax: +t (404) 410-1773 Cserve: 70373,267683 Major Street, Toronto, Ontario, Canada MSS 2K9Tal: +1 (416) 925-6096; Fax: +1 (416) 488-7559
580 EyerDrive, #81 Pickering, Ontario, Canada L1W 3B7‘Tel: +1 (905) 837-1895 Fax: +1 (905) 831-5172
23-2-302 Hiromichl, Adachl-ku, Tokyo 120, Japan
Business & Technology Centre, BessemerDrive, Stevenage,
Herts SG1 2DX UK,Tel: 01438-310155 Fax: 01438-310131
113 McHenry Road, Suite 161, Buffalo Grove, {L 60089 USA.Tel:+1 (912) 203-4926 Fax:+1 (708) 459-8501 Cserva: 71303,3224
PO Box 56-036, Tawa, Wellington, New Zealand.
Te! and Fax: +64 (4) 232-4440 Emalt: 100242.2535 @compuserve.com
CSIRO Div Atm Res,Private Bag No.1, Mordialloc, Victoria 3195, Austalla
Tet: +61 3 586 7574 Fax: +61 3586 7600 Email: hid@dar.csiro.au
Holt Court North, Heneage Street West, Aston Science Park, BirminghamB7 4AX UK.Tel: 0121-359 5096. Fax: 0121-359 0375
South Bank Technopark, 90 London Road, LONDON SE1 6LN UKTel: 0171-922 B868 Fax: 0171-928 1006
Myrtle Farm, Winchester Road, Stroud, Petersfield, Hants UK.
Tek: 01730-263843
PO Box 138, NY 10185-0002, USA
Airport House, Purley Way, Croydon, Surrey CRO OXY UK.Tet: 0181-781 1812 Fax: 081-781 1999
Computer Sciences Corp, 1100 West St, Laurel, Maryland 20707-3587 USTel: +1 (801) 497-2698 Fax: +1 (301) 498-8260 Emalljam@acm.org5 Surrey House, Portsmouth Rd., Camberley, Surrey, GU15 1LB UK.‘Tel: 01276-855880 Fax: 01278-855301PO Box421, Georgetown, CT 06982, USA. Tel: +1 (212) 864-3078PO Box363, FIN-00101 Helsinkd,Finland. Tel: +358-0-400 2777
Soliton Associates, 1100 University Avenue, Rochester, NY 14607 USAEmail: gsd@lpsalab.torsoliton.com50 S.UnlonSt., Rochester NY 14607-1828, USA.Tel: +1 (716) 454-4960, Fax: +1 (716) 484-5430Casella Postale 14343, 00100-RomaTrullo, ItalyEmail: marsac@vnetibm.com991 Creekdale Drive, Clarkston, GA80021 USA
Chiitem House, HighStreet, ChalfontSt. Giles, Bucks HP8 4QH UK.18 Fifth Street, Ward's Istand, Toronto, Ontario MBv 289 CanadaTel: +1 (416) 203-0854 Fax: +1 (416) 203-6999Email: bemecky@eecg.toronto.edu‘Sykes SystemsInc, 4649 Willens Ave, WoodlandHis,CA 91964-3812 USA Tel: +1 (818) 222-2759 Fax: +1 (818) 222-6250
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APLfor the Apple Macintosh  
Since 1985 MicroAPL has pioneered the use of APLin graphical environments.
Our latest version of APL.68000 LevelII for the Apple Macintosh is now available,
offering dramatically enhanced GUI programming facilities.
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APL.68000 LevelII for the Macintosh includes the folowing features:
. Runson all models of Apple Macintosh
. Native version for the Power Macintosh
. Conforms ciosely to the APL2 specification
° Uses the standard Macinterface
. Object-based GUI programming via OWI
. Full event handling via APL callbacks
. Free runtime version with application packager

 

    
  Accelerated for

Power Macintosh

MicroAPL Limited South Bank Technopark, 90 London Road,London, SE1 6LN, UK
Voice: 0171 922 8866
Fax: 0171 928 1006
Applelink: microapl

 
Internet: microap!@microapl.demon.co.uk
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Locales in J
by Chris Burke (Strand Software Systems Inc)

Introduction
This note describes thelocales facility in J Release 2.
Localesallow youto partition the namesin use. The main benefits are:

* name conflicts are avoided when loading two applications at the same time
» commonly-usedutility functions can be madeavailable without their names

cluttering up listings of work in progress
Similarfacilities are provided by Dyalog APL’s namespaces, though the designis
quite different.
Locales were introduced in J Version 7, and enhancedin Release 2 to allow for a
parent/child structure — a small change that provided a dramatic improvement
in functionality. The new definition is simple and very effective.
Locales are created and deleted automatically — you create a locale by defining
an objectin it, and delete a locale by deleting all objects init.
You can create any numberoflocales. There may only be one parentlocale, and
any numberofchild locales, for example:

Child locales: (base) j laserjet stats user
Parentlocale: z

The only difference between the parent andchild locales is in how J searchesfor
aname.If a nameis referencedin a child locale and not found,J then searches for
the namein the parentlocale. If then found, the definition in the parentlocale is
used, as if it had been found in the child locale; if not found, no further search is
made.
The base and z locales are treated specially.

TheBase Locale
The base locale is the default locale, i.e. if no specific locale reference is made,
namesare created and referenced in this locale, for example:

x=. 123
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defines x in the base locale (except where noted, these examples assumethereis
nothing on the stack). Typically, development work is done entirely in the base
locale, The base locale’s name is actually empty. In the diagram above, it is
shownas (base).
When you invoke a function in another locale, this temporarily switches the
default locale from baseto this locale; this is the only way of changing the default
locale. A keyfeature ofthe design is that the defaultlocale is a child locale — and not the
parentlocale.

The z Locale
Thez locale is the single parentlocale.It differs from child locales only in the
way J searches for a name. For example, consider:

res=. format 1.100
J will first search for format in the base locale, and if found, will executeit.
Otherwise it searches for format in the z locale, and if found, executes it in the
context of the base locale. In both cases, res will be defined in the baselocale.
If format is only defined in the z locale, it will not appear in namelists of the
base locale. Typically, the z locale is used to store utilities that will be available to
programsin any child locale, but whose names would not appear in namelists of
those locales.
Note that in the above examples, no locale reference was used. Clearly, this
would normally be the case when dealing with the base and z locales, butit is
also typical of the definition as a whole — in practice, you rarely need to make
locale references.

Locale References
Tospecifically reference a namein a locale, you appendto the name: underscore,
locale name, underscore. For example caic_def_ is the name calc in the locale
def (read as: calc in def); calc_z_ is therefore calc in z, and calc__is calc in
base. Youcreate a locale by creating objects in it. For example, assumethelocale
temp doesnotexist. Enter:

x_temp_=. 12 3
names_temp_ ''
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The first sentence creates the locale temp and the name x in it. The second
sentence executes the utility names in the context of the temp locale (names
formats namelists, andis read into the z locale with J’s standardprofile).
Locales have nameclass6:

nl 6

 

A function cale_def_ is executed in the context of the locale def, i.e. it
temporarily switches the default locale from base to def while the functionis
running. Therefore, names referenced by cale have locale def, unless their
locale is specifically given. The following definition assigns global names LEN in
locale def, and NDX in locale util:

 

calc_def_=. 3: 0 cale_def_=. 3: 0
LEN=: 10 equivalent to: LEN_def_=: 10
NDX_util_=: 5 NDX_util_=: 5
) }

Using Locales
Now let's look at a typical example of using locales, and examine why locale
namesare typically not referenced by the user.
One ofthe packages supplied with J is a set of functions to support printing with
a LaserJet. To load this system, you enter:

load 'laserjet!
This populates a laserjet locale with about50 utility programs, and reads 5
cover functions into the z locale. These cover functions call corresponding
functions defined in the laser jet locale, for example:

ljprint=. ljprint_laserjet_
In actual use, only the cover functions are invoked, and the user need not be
aware that the real work is being done in the laserjet locale, or that a large
numberof utility functions have been read in.
Now suppose some development work hasto be done on the system. Wouldit
not be inconvenient to have to keep referring to namesin the laserjet locale
with their full locale name, e.g. as 1jprint_laserjet_? The answeris no, since
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all development workin J is done on the source script files, which are defined
independently of the locales into which they may be read.
Finally, supposeoneofthe laserjet functions crashes and you want to view local
definitions in the suspended function. While the function is suspended, all local
names can be referenced without specifying the locale name, since invoking a
function in the laserjet locale temporarily switches contextto thatlocale.

Locale Design
Twofacilities that have been requested are a system function to change the
default locale, andtheability to arbitrarily nest locales.
In fact there seems no compelling reason to provide either facility, and should
one ever arise, the definition could be changed with a compatible extension.
However, they both seem more trouble than they are worth,
Consider the question of changing the default locale. It may be thought that
allowing this would makeit easier to reference objects in the new defaultlocale,
since its locale name would not have to be used. However, as already mentioned,
locale namesare rarely used anyway, so there is really no need to be able to
switch the default locale. In fact, an early prototype of locales in Release 2 did
contain a system function to change the default locale, but this was removed asit
became apparentthatit was oflittle use. On the other hand, if we allowed the
default locale to be changed, the user would haveto be constantly aware ofthe
current setting, and of course recover from errors that may occur becauseof the
wrongsetting.
Nowlet's look at the question of nested locales. If locales allow you to avoid
nameconflicts within the session as a whole, would not nested locales avoid
nameconflicts within a given locale? Yes, but the argument is much weaker.It
seems reasonable to insist that the code in a given locale have no nameconflicts,
andin the event a locale were so large that nameconflicts were likely, it would
be better to partition the locale into two or more separate locales rather than
create nestedlocales to resolve them. Again, nested locales seem likely to lead to
moreerrors.

Summary
Locales have a simple definition which is nevertheless quite adequate. The
facility works well in practice, and has provided a major improvementoverthe
flat workspaces of earlier versions of J and APL.
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J Release 2.05 for Windows
Reviewed by Dave Ziemann
dziemann@easynet.co,uk

Introduction
Release2.05 ofJ is a significant new version of the product. This review will focus
on the J environment, Windows programming, DDE and J runtime. It does not
cover the J language itself, the Open Database Connectivity (ODBC) interface
(which allows J to access data from a DBMS via SQL), or the J componentfiling
system.

ageI received release 2.04 of the Professional Edition ofJ via s-mail (the “s” standsfor
snail) from Strand Software Systems, the Canadian distributor. The package
consisted of two glue-bound manuals, and five diskettes. Needless to say, the
moment the package arrived, it was outof date. This gave me the opportunity to
try out my new fast modem, and I arranged with Eric Iverson to download the
latest release, 2.05 from his World Wide Webpage.This is a more straightforward
but less usual software distribution method than FTP, but it works just fine
providedthehost isn’t too heavily loaded, which is wasn’t at 7:30am UKtime.

The Documentation
There are two manuals. The “Introduction and Dictionary”, written by Ken Iverson,
will be familiar to J users. This is fundamentally a reference work, althoughit also
contains introductory tutorials. It has the J vocabulary printed right there on the
outside back coverof the manual, where you needit.
The “User Manual” is written by Chris Burke of Strand Software, and is in sharp
and welcome contrast to the Introduction and Dictionary. Although both weigh in
at 200 pages, the User Manual is informalin style, and contains explanatory text
and practical examples. It does not concern itself with the core language, but
concentrates on the environment, utilities, windows programming and database
access.
These topics are covered in chapters entitled Session Manager, Writing J
Programs, Application Development Environment, Standard Utilities, Window
Driver, DDE and OLE, VBX Controls, ODBC Data Driver, and Packages and
Examples.
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One appendix contains a complete listing of the commandsthatcan be used in the
Window Driver scripting language, the heart of windows programming in J.
Another appendix contains, perhaps surprisingly, a summary of the base ODBC
SQL language and function calls. As you can see, the emphasis here is on the
practical side of application development. I wish they had also printed the J
vocabulary on the backof the User Guide.

Installation
Installation is straightforward; the “J setup” disk is the main one, and the “VBX
and SQL ODBCSetup” disk is good for many of the User Manual examples. The
other two disks are for ODBC setup, and can be installed as and when needed.
The Professional Edition also includes a J Runtime Setup disk.
Installation results in a single Program Group icon. No uninstall icon is provided.
The idea of removing J from a machine may surprise some people, but | believe
that all professional Windows products should nowadays come with a
comprehensive uninstall facility.

J Application Development Environment
The J development environment is a tidy admixture of utilities, scripts and
locales, sitting underneath the J MDI session manager. The session manager has
been described in a previous product review, so 1 won’t dwell on it here, other
than to suggest that it could be improved by enabling right mouse-buttonclicks,
in particular for Windowscut, copy and paste operations.
Although the workspace appears to beinitially empty, objects defined in utility
script files inhabit the j and z locales, and are available for use. Locales are J’s
answerto the namespace problem so familiar to APL developers.
If a name cannot be resolved in the base local, where we normally work, the z
locale is searched. In this way you can treat common objects as system global,
even though they don’t impact the namespace of the base locale. For example, if
you gointo J and immediately type nl 3 you get an empty list. This is because
although the verb nl is defined in the z locale, you are running it in the base
locale, where there are no current definitions.
The z locale is populated with general purpose utilities and windows
programming tools. For example, it contains the wonderfully useful utility edit
which allows you to edit by name any definition that has been loaded in a J script
file. You can type:
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edit 'list'
and a window will open up onthe script file that contains the definition of the
verb list, with the definition scrolled to the top of the screen. This works
because J now keepsa recordofall the script files that have been loaded, and also
remembers the namesof the objects they defined.
In addition to useful utilities, there are a number of common nouns in the z locale,
such as CR, LF and TAR, as well as a host of convenient nouns for use in Windows
programming.

WindowsProgramming
If the authors of J were once language mavens, then the balance has been
redressed. The important application areas appear to be solidly covered,
particularly the Windows programming environment.So just how easy is it to do
Windows programming? You can start doing Windows programming as soon as
youload J. The core utility is the Window Driver verb wd which is already loaded
into the z locale.
To query the nameofthe active session window, you can use:

wd 'qsmact;'
 

xtype 10 result
 

*parent|sysresult
    «data e:\j205\temp\2.jx
 

This is not particularly interesting in itself; the purpose of the exampleis to show
that the result is a 2-column matrix. Column 1 contains identifiers, and column 2
the corresponding data. Typically there are several rows. The first indicates the
type of the response,in this case a Windowsresult. Often the most useful item is
the data corresponding to the «data identifier.
The verb wddata sucks this data outof the box, e.g.:

wddata 'qsmact;'
c:\j205\temp\2.jx

The universe of »type responses from wd (e.g. 10 result) can be shown by
using the qt commandin conjunction with the list utility:
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60 list wddata ‘qt;'
0? 1 error 2 nowait 3 fkey
4 menu 5 button 6 close 7 enter
8 cancel 9 break 10 result i1 ddepoke

12 ddeex 13 ddereq 14 ddeadvise 15 ddestart
16 smbreak 417 timer 418 vbxn

What you type inside the quotes must conform to the rules’ of ‘the Windows
scripting language developed by Eric Iverson.If the last commandis “wait” then
a result is only returned after the user has taken some action. Since several
windows maybe active at any time, the response may indicate an action in any of
these windows.For example:

wa t=.'pe mywinjpn "Test Window";!'
‘ t=.t,'cc pressme button;pshow;wait;'

wd t
creates a window mywin (pc=parent create) with
title “Test Window” (pn=parent name), and then
adds to it a push button called pressme (cc=child
create). The window is then displayed (pshow) and
a wait actioned.

 

In the absenceof sizing and positioning information appropriate assumptions are
made. The window remains active until explicitly closed by a wd'pclose;'
command. When you press the push button,J gets the result:
 

xtype 5 button 
*parent |mywin
 

wid pressme
 

apinfo |]1 0 0 200 200 192 173 B00 600     
Window Driver commandscan be used with the wd verb to build a simple file
viewer in a few lines of code. I saved the definition of a verb named view in a J
script file called c:\j205\temp\3js and then ran the script and the viewer as
follows:

O!:O<'c:\j205\temp\3.js'’ NB. run the script
view 'c:\j205\temp\3.js' NB. run the viewer
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     ATEAen a
 

pe viswerspn ydeving tenGS?“eyuh S 5 266 116
wd ‘co e@ edit oomuitiline ws_hscroll ws_vscroell ws_berder;’wd wdetext At: iXy.wd ‘cedrojcfoem;’wd jg, 26 128 48 12;ce OK button;wd ‘pas 5 Sipcenterspshaw;wait 57gnnty wd ’pelose;’

        

 

 

The argument y. is the file name. The 1!:1 verb reads thefile as a character
vector, and the utility wdctext constructs a ctext commandfromits argument.
The ctext command writes the text into the listbox child. The pas command.
adjusts the size of the parent window, pshow showsthe window and wait causes
the wait for user input. The empty verb merely discards the explicit result of the
pclose when the OKbuttonis pressed.
In general we want to set up a “message loop” where we wait for the user to do
something, respondto the resulting Windows message, take an appropriate action
and then re-issue the wait command.This is handled in J by using the standard
verb wdm1.
How do wecatch and respond to Windows events? You need to know three
things to do this: the «parent, «type and «id of the Windowsresult. The wdml
verb looks for a handler function whose name is formed from these three parts,
ie. a function of the form parent_type_id. The argumentto this functionis the
result from Windows. So if we wanted to handle the event resulting from
pressing the OK button in the above example, we must define a handler verb
viewer_button_oKk.
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I did this in the script that defined the view verb, and this is what happened when
I clicked the OK button:    

 

   

     

    

   

views: 3.7 @wd ‘pe yviewerspn "Uiewing ’-y..'" 5‘vd ?xywh 5 5 268 1163 :wd ‘co e@ edi 15omitiline ws_hserol] ws_vscroll ws_border;’ye

  

wd ’cedro;cfoenswd ’xywh 24 12@ 44 12;cc OK button:’wd ‘pas 5 Sspcenterjpshow;’yam L

viewer_buttan_OK=: 3°: @
wdinfo ‘you pressed OK?’gnpty wd *pelose;’

       
Jremoved the wait command and putin a call to wdm1. The button handler uses
the wdinfo utility to display a simple dialog box to test the approach, This is a
major improvementoverearlier versions of J, where a single handler verb was
used for each parent window,leaving you the work of identifying and actioning
each control event. Now the program codefor a single control event is expressed
within a single verb, the handler verb for the particular control event.

The Form Editor
No Windows-based product is nowadays complete without a window builder or
form editor to do the workof building windowsfor you. J’s answerto this is the
new “form editor”.
As a simple experiment, I thoughtI'd recreate the hand coded file viewer using
the form editor. ] opened a new script window and selected the “Form Edit”
option whichis installed as standard onJ's “Edit” menu. I was then prompted to
namethe form in my mini-application. As soon as I entered “viewer” and pressed
enter, the form editor immediately starting writing code, and putit into my new
script window. This code creates standard OK and Cancel buttons, and builds a
standard “File” menu option with “New”, “Open” and “Exit” options already
present. This is code that you would otherwise have to write by hand.It also
builds a stub verb which you can useto initialise the controls prior to the window
being opened.
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The system then runsthis code, which displays a skeleton form, and presents you
with the form editor Design window, from which the form construction processisdriven. This is whatI got:

 

 Edit View in Tools Window      

 

    
      

  
       

   

  

 

 NB. forminit.js -
UIEVER=: 8: @pe viewersmenupop "File";menu new “BNew"smenu open “&Open";menusep}menu exit “&Exit';menupopa 5 .xywh 136 8 34 12;cc ok butten scn “OK;xywh 136 23 34 12;ce cancel button jen “Cancelspas 6 63pcenterspc loseakipesceloses;pscale;zen form end;

 

     
Design - 9.js

 

wd UIEVERNB. initialize form herewd? pshow3?
 

 

       viewer_butten_cancel=: 3 :wa *psel vieweripelose;!>     
 

     

 

elp. press F]
 

You can then use the Design window to select from a list of Windows controls
and position them on the form. The grid of square buttons in the design window
is used for accurate positioning of controls in the form. The number in the middle
is the number of pixels the control moves with each click. It can be toggled
between 1 and 4.
By double-clicking a control in the form, you open up a window thatlets you edit
its attributes. For example, I selected a multi-line edit control, and specified thatit
should be read-only and permit horizontal and vertical scrolling. I also deleted
the Cancel button, becauseit’s not required for this simple viewer.
As you design the form, the underlying script is modified, building the code
which defines the layout you want. At any time you can test the form to see what
it looks like. Particularly useful is the ability to select a control in your form, and
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then godirectly to the script code which handlesthat control. So you can write the
code that handles a control event as soon as you putthe control on the screen.
The only coding I had to do myself was to pass the file name argumentfrom the
calling verb downintotheinitialisation verb, andto initialise the edit control with
the file contents. This is what I got when I ran it:

viewer_run'c:\j205\temp\10.js"

 

 

File
NB.forminitjs - default form for Form Edit 

VIEWER=: 0:0
pc viewer:
menupop “File”:menu new "&New":
menu open "&Open":
menusep :
menu exit "&Exit":
menupopz,;
xywh 2 119 34 12:cc ok button bs_defpushbutton:cn "OK";
xywh 0 0 277 115:cc em0 edit es_multiline ws_border ws_hscroll ws_vscroll e

    
   +L

 

CoETS Ih  
 

  

 

  
The form editor is simple to use and makes the process of window construction a
lot easier. This is not a sophisticated editor, for example it won't allow you to
define resizing rules for individual form controls, and it doesn’t let you drag-drop
controls. On the other hand, it does give you a lot of good strong functionality,
such as a VBX control, which you just define in your form like any other control,
double-click it, and hook into your favourite VBX.

... please turn to page 155
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RECENT MEETINGS
This section of Vector documents all British APL Association meetings, and any
other events of interest to the APL world. If you have recently attended any
gathering which you feel would be interesting to Vector readers, please let the
Editor have a brief note, and we will include it here.

 

61

 



 

VECTOR VoL11 No.4
 

APL in a Client-Server Environment
BAA Workshopnotes by Jon Sandles

Background
This year the BAA decidedto try to do somethinga bit different with its program
of events. The Friday afternoon talks were under-attended and often uninspiring
events — the highlight being the tea-break when you could meetold friends and
chat about current trends! The message coming through was that people were
desperate to find out how to build Windowsapplications quickly and how to take
advantage of the various nuts and bolts that the Windows operating system
provides.
The committee decided, after good results/feedback from the BAA-GUI
workshop a year and a half ago and the workshops at Swansea, that our
time/money was better spent running a series of one-day workshops through
1995. The first workshop was held at City University in January. Unfortunately
Duncan Pearson had to drop out due to work commitments, but thanks to Morten
Kromberg for coming over from Denmark and Adrian Smith for covering for
Duncan. Also thanks to Duncan for lending mehis notes - the majority of which
are reported below.

DLLs
DLLs are Dynamic Link Libraries. These are libraries of utility C-code on which
most of the Windows Operating System is dependent- but are madeavailable for
any program to call. To a C programmercalling these functions is simple and
analogous to using any other library of C functions. APL has had to come up with
new low-level quad functions to interface with these libraries. The two main
commercial PC/Windows APLs have come up with differing methodsof calling
these DLLs.
One of the most difficult things about DLLs even before you have worked out
how to call one from your APLis finding out whether a DLL exists for what you
wantto do and then finding out the arguments required to call that DLL. The best
place to start is the Microsoft Software Development Kit (SDK) and the associated
help file which comes bundled with lots of Windows development tools. DLLs
are documented using C Syntax and their arguments are therefore C datatypes
(e.g. int char structetc.). Many of these datatypes are defined in the header
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file of the library you are using or windows -h (e.g. LPCSTR UINT etc.) Hence,before you can even begin to call a DLL you need a reasonable knowledge of Cand the Windowsenvironment.
Once you've got to grips with someof this you'll wantto call one of these fromAPL. I’ll explain how to dothis in Dyalog first ~ because it teaches you moreabouthowtheinterface works. PLUSIII avoidsa lot of the tricky stuff - but as a
result hides what's really going on.
In Dyalog you must define the function (via Dna) you are about to call by
declaring the C datatypes you are about to pass to it. Dyalog is then able to
translate your APL arrays into C datatypes and successfully call the function
{aplfnname} [na 'returntype dilname.Pié|cfnname argtypei1 argtype2 ...'

P16 is the calling structure - Pascal 16 bit - most Windows 3.1 DLLs execute in
this mode.
Once defined you can call it like a normal function with APL variable arguments
(r+aplfnname argi arg2 ...). Dyalog converts your argumentsinto the
C data types that you defined for the function and then calls the C function with
these arguments.If you define an argumentincorrectly you will almostcertainly
find the function generates a General Protection Fault (GPF) when it is run orit
returnsjunk information. This can be very frustrating!
Dyalog uses a special syntax to map APL variables onto C datatypes - the
following table gives some common examples:

 

 

 

 

 

 

 

 

  
Argtype ‘Description Ctypedef Arg
<or ASCII string used by the function LPCSTR text vector
u unsigned integer UINT scalar integer
>or ASCIIstring returned by function LPSTR numberof bytes for buffer
=0r ASCI string both used and returned by the fn LPSTR text vector
zr signed inleger INT scalar integer
uy long (4 bytes unsigned) LONG scalar inleger

=I(n] array of n signed integers(in and out) INT i[n) n elementvectorofintegers
>If] array of ? signed integers (out only) INT * noof integers Lo be returned

>UE] array of ? unsigned integers (oul only) HUGE * no of unsignedints to be returned     
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Examples
Opening, Closing and Reading files - Windowsstyle! Although APL provides its
own nativefile handling we can also use the Windowsfile-tie and read utilities.
_lopenis the Windows equivalent to [FTIE.In the SDK documentation _lopen
takes two arguments - a filename(pointer to a null terminated string - thus we
declare it as <07) and a mode in which to open it (int - I) - it also returnsa file
handle (int - I). To run the function we must use DNA to associate the DLL
function/library with an APL function name. Thus:
OWA'I kKernel.P16|_lopen <o? I'

creates a function called _lopen (it defaults to the C function name if no left
argument is supplied to (1NA). The SDK documentation tells us that the open
modes are READ, READWRITE and WRITE - these are predefined C constants -
unfortunately we must use the real integer values of these constants and hence
look in the windows.h to find out what these constants really are in this
implementation of Windows (presumably its done this way for portability of
code) The value of READ is 0. Hence:
fh+_lopen 'c:\windows\system.ini' 0

gets us a read-only file handle. To read the file we need to find out howbigit is
first because wecan only read 64K bytesat a time and hence weare going to have
to loop if it’s bigger than that limit. The function _11seek moves a pointer
through file and wecan usethis to discoverthe size of the file. The SDKtells us
it takes three arguments - a file handle(int-I) - a numberof bytes to move (long-
u4) and a position to move from (int-I) andit returns the newoffset in bytes of
the pointer from the beginningofthe file (ong-U4) - thus:
OWA'U4 kKernel.P16|_llseek I Uu I'

associates the function and the SDKalso tells us the possible values for the
position to move from are 0,1 and 2. A 2 means that the position to move the
pointer from is the end of the file. A 0 means move the pointer from the
beginningof thefile. (A 1 is moveit from whereverit currently is), so:
size+_llseek fh 0 2
sink+_llseek fh 0 0

movesthe pointer 0 bytes from the endofthefile (i.e. to the end of thefile!) and
hence returnsthe size of the file. We thenstick the pointer back to the beginning
of the file which is where we wantto start reading from. As long as size is less
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than 64K wecan readthefile in one glob — we will assumeit was for simplicity!
Wecan nowreadthefile in.
_ireadis the function which the SDKtells us to use to read files and takes three
arguments — file handle (int-I) - an addressof a buffer to put the data in (huge*-
>U1C]) - and the numberof bytes to read (uint-/2). It returns the number of
bytes successfully read in (uint - U2)...
ONA'U4Y Kernel.P16|_lread I >Ui[] U2!
ct bytes+_lread fh size size

.. reads from thefile ff and puts the result in the variable by tes - the number
of bytes read is ct which in this case will be the same as size because we
checked how big it was first. Notice how Dyalog handles arrays which are
returned by the DLL. You simply pass the required size of the array (so Dyalog
can create a buffer the correct size) and it then appears as an extra result of the
function so that you can assign it into a variable. PLUS HII handles this differently
- [ will show howlater.
As in APL wehaveto free thefile-handle once we've finished with it. 1close
does this and takes just a file-handle as its argument and returns 0 or an error
code if unsuccessful:
DWA'T kernel.P16|_lclose I'
Done:sink+_lclose fh

That's all there is to it! (How many Windows SDK programmers doesit take to
change a light bulb?..... 1 to write GetBulbHand1e, 1 to write GetBulbContext,
1 to write GetBulbStatus,....... 1 to write FreeBulbHandle \........ etc.)
As I mentioned earlier the real problem with this stuff is not writing it but
knowing/ finding which functions to call or whether a function even exists for
what you want. For example when faced with deletinga file | immediately looked
in the SDK under D* but found nothing, then _I*, still nothing ~ finally I looked
for anything with File in it and found OpenFile. OpenFile’s 3rd argumentis a
mode, one of which is OF_DELETE (512) whichdeletes the file! Hence:
ONA'T kernel.Pi6é|OpenFile <of ={U1 U1 U Uit4] Tl128]} U
file«>OpenFile ‘'c:\autoexec.bak'(136 0 O{4p0){128t! '))512

deletes the file and returnsa file handle. The structureis for the file details and is
filled with information aboutthe file - we are probably notinterested in this if we
have just deleted it!
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Structures
In the previous example the 2nd argument of Openfile was a pointer to C-
structure which was both passed to the function and returned. This was
represented by ={*}. Wherethe * is the individual elementsof the structure. In
Dyalog’s current implementation of this you cannotnest the structures, ie. if a
structure contains a pointer to another structure, i.e. you can’t do {*{*}*}. This
means that you cannot call some of the DLLs in Dyalog. (You actually can call
them but you have to allocate your own memory and pass your own pointers as
Ius. This is probably beyond most mortal APLers.). Once again the PLUS Il
implementationgets aroundthis...

Calling DLLs from PLUSIE
Manugistics have a much more advanced interface to DLLs than Dyalog. As well
as supporting [WA they have an interface called Qwcall which gives you
immediate accessto all the more common Windows DLLs.So instead of spending
half your development time with your head buried in the SDK manual you just
have to know the function exists! For example:

Oweall '_lread fh size size’
would read file of size size (already opened with _lopen etc.), They achieve
this by defining the association of a DLL call in the aplw.adéf. All the common
calis have been pre-defined in this file and also you can add any new ones (you
have to map all the datatypes as in Dyalog and then recompile the .adf file) and
also documentall the calls - so if you forget the arguments you can query thecall,
andit will return the documented calling syntax. Also in the .adf you can define
notonly function calls but you can also define C structures and other derived data
types. These mappings can then be used by the function mappings themselves
and allow you to define functions which refer to nested structures etc., hence
overcoming the problem that Dyalog OWA has.
Owcall also has the benefit of handling output arrays in a slightly more
consistent manner. Rather than using Dyalog’s approachof havingto pass thesize
of the output array and then returning the result as an extra returned element,
PLUS IM requires you to create a variable of the right size and returns this
variable updated.
Not having a PLUSIII interpreter/ documentation this is as muchasI can tell you.
I’m sure that Vector readers would be very interested in reading an article that
describes the PLUS IH .adf in detail and how to add new definitions to it and also
how todefine structures, if there’s anyoneout there whocan write it - please do!
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CommonProblems Calling DLLs in Dyalog
The workshophighlighted some of the problems people have whentrying to call
DLLs from Dyalog. The exercise was to use WritePrivateProfileString to
create an ini file called “diltest.ini” in the windows directory with a section
“[User]” andan entry “name” with the value of someone’s name, for example:

[User]
name=jon sandles

Thefunction just takes four pointers to strings as arguments:
“wpps'QNA'T kernel.Pi16|WritePrivateProfileString <OTF <of <oT <of!

Most people at the workshop managed this quite quickly. A few got the <o7
confused with > 07 which defines OK when []4’d but gives a domain error when
called with the required arguments:

wpps ‘User’ 'name' 'jon sandles' 'diltest'
DOMAIN ERROR

wpps'User' 'tnamet ‘jon sandles' 'dlltest'
Because it was defined (incorrectly) as a >OT the interpreter returns a DOMAIN
ERROR becauseit is expecting a buffer size for the returned strings, hence:

wpps 0000
0 K16r
works fine - but returns 0 (for failure) and gobbledegook in the four null-
terminated strings. This illustrates two possible areas for confusion.

1. If you define the data mappingincorrectly — the DNA may wellstill work but
whenthe correct arguments are passed it givesa DOMAIN ERROR (or maybe
even GPFs).

2. If you define the data mappingincorrectly and pass the wrong arguments (that
match the incorrect mapping) the function runs andreturns data — but
probably gobbledegook. This situation can be very tricky to debug!

A typical occurrence of (2) is when defining the mappingof integer datatypes if
you get the defined length of the integer wrong (double, long, unsigned?) then the
results can be very confusing. As we have already seen the correct definition of
lreadis:
ONA'U4 kernel.P16|_lread IF >ui{] v2"
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Run correctly it returns (ff is a file handle tied to c: \windows \win . ini):
2>_lread fh 10 10

91 119 105 110 100 111 119 115 93 13
asc[1+91 119 105 110 100 141 119 115 93 13]

[windows]
Butif defined erroneously as (U2 rather than U1):

OWA'us kernel.P16|_lIread I >U2[] @2!
2>_lread fh 10 10

30555 28265 28516 29559 3421 30556 28265 26926 26990 0

you get data thatis far too large to be ASCII! This problem can also be very tricky
to debug. Of course to C programmers this probably all seems quite obvious — but
to an APLer who typically only has to distinguish between integers and
characters this can get most frustrating. A similar problem is when you define
datatypes incorrectly so that the memory they take up is not as large as the
function requires — the chances are the function will then write all over
unreserved memory and the program will GPF.
Hopefully Dyalog can learn from PLUSIl and provide a way of pre-defining the
more commoncalls. One approach mightbe a utility workspace, allowing you to
copy them in andlearn from them if you need to add your own.

Overall
Apologies to people who found the overhead projection equipment inadequate ~
next time we will make sure the presentation facilities are better - also apologies
to those who were expecting more on the DDEside- in the end wehadvery little
prepared on the topic - but we hope to cover it very thoroughly in the next
workshop. Well donetoall those who completedall the exercises!
Welearnta lot from the day and the Committee will be laying down guidelines
for events in the future. We need places with good PCfacilities and presentation
equipment; if anyone has any suggestions please let me know. We would be
particularly interested in facilities in the Birmingham area.
We have also received details about the BCS’s IDPM Continuous Professional
Development Programme. For a small overhead we could register our workshops
for you to gain points towards your own development. If anyoneis interested in
gaining IDPM credits by attending APL workshops, then please contact me (see
inside back coverfor address details).
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by Sylvia Camacho
In Chaotic Behaviour Revisited (see Vector 11.2 p82) Gérard Langlet refers to the
Verhulst or logistic equation which is commonly expressed:

Xpe1 = kx,(1-x,) where 0 <k <4
Note that Langlet only quotes the equation with k = 4.
If y = kx(1-x) is plotted for values of x between 0 and 1, the graph is a parabola of
a steepness determined by the value of k. If, on the other hand, one creates a
vector ofresults byiterating the calculation for a given valueof k and aninitial
value for x, between 0 and 1; the graph of the result vector will reduce to zero,
will oscillate with varying amplitude around an average or will be apparently
chaotic dependent upon the value of k. The force of Gérard’s paper is that
iterated results are unreliable because the precise value calculated when
multiplying the two fractional numbers x and 1-x will depend upon the number
of places to which the results are worked. Any x mayresult in a fraction which
cannot be represented in a finite number of digits but, more importantly, a
computer using JEEE standard floating point arithmetic will lose significance
after about the fiftieth iteration. As a consequence an expression which
mathematically always gives a result of 1, if iterated on a computer, may appear
chaotic and Gérard provides an example for calculating a determinant to
demonstratehis point.
Gérard does not makeexplicit the contribution that decimal to binary conversion
may maketo this problem butit is easy to demonstrate bysetting Quad PP to 17
(normally the maximum precision) and then entering:

7KO.5%0.2
O.5*7x0.2
0,2*7x0.5

which with Sharp (APLIWIN) gives three different answers. This seems to
suggest that, for Sharp, multiplication has ceased to be associative. With
APL*PLUS v8, on the other hand, all three answers are the same although
different from any given by APLIWIN. This, dare we call it peccadillo, of
APLIWIN makes a very convenient laboratory to test the consequences of a
difference in the 15th place after the point. I have set up functions to test this
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using k=4 and a starting value of x=0.51. The difference between the tworesult
vectors exceeds the default comparison tolerance after 6 iterations and has
reached 5% at iteration 50. Within 100 iterations there are examples where
function Logistic gives iteration[n] > iteration[n+1] but function logistic2
gives iteration[n] < iteration[n+1]. These discrepancies are completely eliminated
if the result of each iteration is rounded to 13 places after the point before
calculating the next generation.
Are we seeing here the spoor of a real dragon or is Gérardjust frightening us
with speculative doodles in the less well explored parts of the computer-world
map? Donald McIntyre has also crossed this territory and he reports feeling hot
dragon-breath (see The Perils of Subtraction in this issue). Donald shows that
iterations of 1-x will become unreliable earlier than Gérard suggests.

The Devil is in the Detail
Chaos Theory, and in particular the Mandelbrotset, by showingthatthe ‘image’
is enlargeable to an unlimited extent while remaining self-similar, shows the
absurdity of the continuum.It is plainly not true that the real world contains
objects with the complexity of, say, the Earth of a size 10-10.00 of the diameter of
an atom. If the continuum is an inadequate model of the real world and our
notation implies a continuum then our notation must be inadequate even though
it is marvellously convenient for practical purposes. Mathematicians and
physicists will have to re-appraise (and are already doing so) the limitations of
the concept of a space-time continuum andthe notation used to describe it. If
new models are required of a granular space-time then, as Penrose suggests,
integer arithmetic will be needed and with integer arithmetic it will be possible
to program computers to calculate everythingto full accuracy.

“The normalpicture that onehasis that between any twopoints one can find
others and that one can go on subdividingad infinitum........When you think of
it this is really an absurd idea.........So we have this complex continuum arising
in quantum mechanics and wehavethe real continuum arising in the structure
of space-tim: f we are going to get rid of it in the one place we haveto get
rid ofit in the other. So I tried to develop a theory where onebuilds up the idea
of space and of quantum mechanics simultaneously, starting from
combinatorial ideas — pure counting ideasto begin with. I always have had the
feeling that counting and other combinatorial concepts are more likely to lie at
the root of physics than concepts which depend onthe idea of the continuum.”

 

 

Roger Penrose in Buckley & Peat, “A Question ofPhysics” pp42 & 43, Routledge
& Kegan Paul 1979.
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Langlet, of course, wishes to take this argument much further and to use Integer
Modulo-2 Algebra (see Binary Algebra Workshop Foils in Vector 11.2). Gérard has
been developing this approach for well over a decade and is producing very
significant results, only a small part of which are seen by the APL community.
Donot be deceived by his mischievous bilingual puns; heis out there in strange
country trying to charm the dragons(see Vector 11.2 Editorial Monsieur Langlet’s
Enterprise).
The complacency with which mathematicians and physicists accept the
limitations of number representation ought to be a concern to anyone using
iterative algorithms. For instance, I have a textbook forfinal year and graduate
students published in 1992 by Cambridge UPentitled Nonlinear Systems by P G
Dazin. Not being a mathematician, I do not understand mostofits 300 pages but
I am disturbed by Chapter 3, Difference Equations, which has under the heading
Numerical and Computational Methods the following:

“Most computersare digital rather than analogue, using discrete rather than
continuousvariables. So nofixed orfloating point variable, however accurate
the computeris, can representa realvariable exactly. This leads to round-off
errors.”

This is followed by a few lines of BASIC to calculate and plot, ona y axis of 1000
ticks, successive values of x = a*x*(1-x). There is no codetoretain the values of x
calculated and thefirst 65 values are not plotted, although they are converted for
output to a loudspeaker (audible chaos?). Presumably the later values arefelt to
be more spectacularly chaotic. If Gérard and Donald McIntyreareright they are
anyway well beyond the reliably computable range. The suggestion that an
analogue might be preferable to a digital computer in order to avoid truncation
errors is evidence that the author assumes that an analogue computer,
constructed of non-infinitely-divisible materials, can emulate an infinitely
divisible space or time; ignoring the fact thatinfinite, infinitesimal and irrational
numbers are mathematical abstractions which cannot participate in any
algorithm which is required to produce a numerical value expressible in a finite
numberofdigits.
Teasingly, Langlet has chosen to present his paper as a paradox by introducing
the logistic equation as non-linear and then recasting it in a form which he
maintains is obviously linear. He often makes a play on wordsbutthis is a play
on mathematics. Consider the following definitions taken from James & James
Mathematics Dictionary, ed 5 1992, Van Nostrand Reinhold NY:

“LENEAR, adj. (1) Ina straightline. (2) Along or pertaining to a curve. (3)
Having only one dimension.”
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“linear equation or expression. An algebraic equation or expression whichis of
the first degree in its variable (or variables);”
“DIMENSION,n. Refers to those properties called length, area and volume...”

Well, well; this is a dragon of a different colour. None of the graphs or
expressions weare talking about are linear by definition (1). The graph of the
parabola is linear by definition (2) and, by definition (3) et al, the mathematical
expressions used for the logistic equation can slither (remember dragons used to
be called Worms) between linear and non-linear by a suitable application of
equivalences. Interestingly the textbook from which I took the quotation about
analogue computers also quotes the equivalences used by Langlet for the case of
k=4 andrefers to a paper by von Neumann wayback in 1951 wherehe points out
that the case k=4 is rather special because it enables us to ‘solve’ the difference
equation (Collected Works 5 (1961) ed A H Taub, pp768-70, Oxford: Pergamon).
However, for a much more penetrating analysis of the issues surrounding this
topic see the paper by Joseph Ford, Whatis chaos, that we should be mindfulofit? in
The New Physics ed Paul Davies, Cambridge University Press, 1989.
Thelogistic equation, wheniterated, is an example of feedback and the way that
this is affected by a constant multiplier. It is of interest because it demonstrates
that, at certain values of the multiplier, no equilibrium is established: there is an
attractor around which the values hunt but always in vain. To avoid the logical
problemsthat arise from loss of precision the equation ought to be studied in
integral form. 1-x must be expressible as an integer and so the result of kx(1-x)
must be rounded. The equation will only apply to non-continuous phenomena:
any result requiring that a woman give birth to 3.4 children is not acceptable;
maybe it was 3 maybe it was 4 but, as Gérard said at APL 94, “Nature always
decides”. The consequence is that the huntfor the attractor will be different for
every different population size as well as being sensitively dependent upon the
constant and the initial valueof x.
I can rememberas a child being impressed when I wastold, “a difference in size
maybe a difference in kind”. For instance a set of 22 people, if appropriatelyfit
and skilled, is compatible with a game of hockey. Three people are not. Any
large number of people is compatible with simultaneous games of hockey:
providing the number is a multiple of 22. All numbers have a unique
factorisation and for some purposesthat maybe a crucial quality.
Suppose we want to represent a no speed limit sign or a circle-bar with people.
Take our 22 players and arrange them in a circle. What numberof extra people
do we need to draw the barto the same ‘point-density’? Well now, what a nice
number 7 would be: for 22+7 is 3.142 andthatis as near to x as the numberin the
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player population will allow. In this case the problem is easily solved with very
little inaccuracy introduced by the integers. It is important to remember as we
play with the logistic equation and others connected with Chaos Theory that,
howeverseductive the patterns may be, someapplicationsof them are limited to
integers. For example predator-prey population studies. In Chaos Theory weare
investigating the qualities of numbers and only numbers.
The trouble with people is that they want to work in decimal notation and the
trouble with computers is that they are fundamentally binary. Both notations
lose precision when handling fractions and conversion between the notations
exacerbates the problems. That is why Gérard is drawn to a Boolean notation to
implement an algebraic calculus. That is why Integer Modulo-2 Algebra shows
such promise as a way to model, withoutlossof information, a world full of non-
continuous phenomena.

Dio+o0
Oipp+17
7xO0,5*0,2

0.69999999999999994

0,5*%7x0.2
0.699999999999399996

0.2*7*x0.5
0,69999999999999998

vilogistic{0lv
vV r+k logistic vec

[1] a vec is initial value, number of iterations
C2] re+,vec([o]
(3) ii:+(vec(tl=pr}to
C43 rer, Ex("aitr)xi-“ Ate
[53 alt

v

Viogistic2(Dlv
VY rek logistic2 vec

[1] a vec is initial value, number of iterations
C2] r+,vec[o]
[3] 21:+{vec([1j=pr)t0
C4] cer,("1tr)xkxi-"itr
[5] >it
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The above graph shows vector !ogm which was created using the function
logistic overlaid by vector Logn created using the function logistic2
both with k=4 andstarting value 0.51. Each vectoris catenated to 0,1 in order to
scale the vertical axis. The display function is APLIWIN utility function gfx ''.
Thefirst fifty or so values are sufficiently similar for the colour of the second
vector to overlay the first completely, thereafter there is a substantial
discrepancy.
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Teaching with Executable Notation
Chapter 1: Introduction

by Kenneth E. Iverson

This paper concernsthe use in teaching of a mathematical notation (or language)
thatis not only effective in analysis and exposition, butis also directly executable
on small computers. Because the language is executable, the computer can be
used to explore and elucidate topics with a clarity that can only be appreciated
from direct experienceofits use.
One markofan effective teacher of mathematics (or of the use of mathematics in
related fields) is a propensity to formulate any problem in mathematical
language, and to conductfurther analysis and exposition in that language. The
ability to do this requires mastery of the languageof an orderdifferent from that
required for passive reading, or even from writing (or developing procedures or
programs) in a specific topic.
Such mastery is gained from repeated attempts to use the languagein this way in
a variety of topics, and from digressions to explore the languageitself under the
stimulus of new problems. This suggests that anyone wishing to use a new
language in exposition might approach learning it in a manner different from
that appropriate to the more casual reader or writer.
This paper is an attempt to provide such an introduction to the executable
mathematical languageJ. It proceeds by developing some topic in the language;
then digresses to explore some new language entity encountered,using it in one
or more topics, and thereby returning again to the thread of some topic.
It is organized by sections that begin by using the language to explore some
thread, and includes series of exercises. The reader is urged to treat these
exercises in four passes:

1. Studythe given sentences and results.
2. Enter the sentences on the computer and experiment with related sentences

that might throw light on the matter.
3. Study the J dictionary [1] or other references suggested in the questions.
4, Read the answers anddiscussions provided in Appendix A.
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A. The Elementsof J
The examples in this section introduce all major aspects ofJ, that is, all of the
parts of speech:

1041.5
11.5

price=.10 NB. price is 10 (use of copula)
markup=. 1.5
price+markup NB. Verb with pronouns

11.5
prices=. 10 NB. Collective noun
Markups=. 1.5 1 3.75
p=. prices [ m=. markups
ptm NB. Convenience of short names

11.5 7 28.75
+/n

6.25
sums. +/
sun m

6.25pas
1000 216 15625

cube=., a&3
cube p

1000 216 15625
(1042)+(343) NB. Use of parentheses

127
x=, 01234
(1+(2*x)+(xA2)) = ((x+1)42) NB. Identity

lidaidnpis. 3.14159
A.1 Explain the use of the abbreviation NB.
A.2 The grammaticalterms(such as pronoun, verb, and part ofspeech) used here

are from English. State the corresponding terms usedin maths.
A.3 State the effect of the slash (as in +/m). Also state the namegiven to such an

entity in maths, and suggest a corresponding term suitabletoJ.
A4 Repeat Ex. A.3 for &
AS Repeat Ex. A.3 for the parentheses.
A.6 State the purpose of [ .
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B. Elementary Functions
The phrase elementary functions is commonly used to refer to a loosely-defined
collection of functions that includes at least the trigonometric functions, the
exponential, the square, and the squareroot. They are elementary in two senses:

They are rather easily defined (or approximated) in termsof addition,
multiplication, and integer powers.
Theyserve as “building blocks” to define a wide variety of functions and
computational procedures needed in applied mathematics.

These elementary functionsare all both monadic (applying to a single argument)
andscalar (applyingto a single element). We will extend the notion in two ways.
Firstly, because of the convenience provided by collectives (lists, tables, and
higher-rank arrays), we will includeverbs that generate and manipulate arrays:

az. i. 4 [ be. i. 34square=. A&2
sqrt=. a&0.5square a

oi4adsqrt b
a 11.41421 1.73205
2 2.23607 2.44949 2.64575

2.82843 3 3.16228 3.31662
exp=. 2.718288A
exp a

1 2.71828 7.38905 20.0855
sines., 180.
cos=. 2&0.
((square@sine) + (square@cos)) a

aiiaa
be Db
ft: Bb

B.1 Annotate the preceding sentences, stating clearly what each of the verbs do.
Notethatthe results of the last two sentences are not shown, but may be
obtained by entering all on a computer.

B.2 Experiment with other membersof the family of verbs obtained by bonding
left arguments (such as 0 through 7) to the dyad o. and state the function
performedby each. Also state the mnemonic schemeusedin assigning the
“codes” usedin the left arguments.

Secondly, we include dyadic functions (such as addition, subtraction,
multiplication, and division) that are also essential building blocks. Just as
addition and multiplication tables prove useful in displaying interesting
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properties of those functions in elementary arithmetic, so do corresponding verb
tables illuminate more general dyadic functions. In what follows, some of the
results are not shown, but can be obtained by using the computer:

as
a

235 Cbs. 01238/

°
a
a
n

c
a
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B.3 Annotate the preceding sentences.
B4 Enters=. ( i. 9) - 4 to obtain list of integers symmetric aboutzero,

anduseit instead of a and in the preceding sentencesto explore the
resulting verb tables.
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B.5 Use the formatfunction in expressions such as 8,3 ": b%/b to produce a
more readable division table.

A verb applied to two arguments is said to be dyadic or to have valence 2, and a
verb applied to a single argumentis monadic with valence 1. The minussign used
in mathematics is ambivalent, representing the dyad subtraction when supplied
with two arguments, and the monad negation when supplied with one.
In J such ambivalence is extended to all verbs, the applied valence of any verb
being determined by context. For example:

—3 2.5 2.33333
*y_ 4 0.5 0.333333
xAy

13 25 343
ay1 2.71828 7.38906 20.0855
+/y¥

a

Na
an

an
ew

& .
~
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RP
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°

a °
“

+
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79
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x<y

oo000
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{< 10 2 f: 1.2 3 4), (< [: 1.2 3 4)
oO 1 2 3] O 1212 13 14 15] 4 16

8 204 5 6 714617 18 19] 1 18
5 17

8 9 10 447 9 21
20 21 22 23     

B.6 Annotate the preceding sentences.
B.7 Explore relations between other monadsand dyads.

C. Tables and Rank
The verb tables of the preceding section are said to be of rank two, and to have
two axes. Each row ofsuch tableis a list (of rank 1), and each elementof thelist
is an atom (of rank 0). More generally, an array of higherrank (suchas the rank 4
array produced by i. 2 3 4 5) “contains”cells of lower rank.
The rank conjunction (denoted by ") constrains a verb to apply to eachcell of
specified rank, For example:

Jas. i. 234 +/a
Oo 1 2 3 12 14 16 18
4 5 6 7 20 22 24 26
8 9 10 11 28 30 32 34

12 13 14 15 +/"2 a
16 17 18 19 12 15 18 214
20 21 22 23 48 S51 S4 57

+/"1L a
6 22 38

54 70 86
mean=. +/ % #
mean 23 4 5
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(mean a);(mean"2 a);(mean"i a)
 

6 7 8 9} 4 5 6 7] 141.5 5.5 9.5
10 11 12 43/16 17 18 19/13.5 17.5 21.5
14 615 16 17      

Functionsof ranks 0 and 1 are also called scalar and vector functions, respectively.
C.1 Annotate the preceding sentences.
C.2 The monad, ravels its argument. Experiment with ravels of various ranks.
C3 Experiment with box (<) of various ranks.

The rank conjunction can be used to specify the ranks of each argumentof a
dyad. For example:

lb=. Ofa
2 3
6 7

10 44
345 *"0 1b

o 3 6 9
46 20 24 28
60 45 50 55
2357 «"t 1b

9 3 10 21
8 15 30 49

16 27 50 77
Jes. 3 4 $'abcdefghijkl'

abed
efghijkl

TABCT ,"O Lc
AabedBefghcijkl

a
r
o 1

s
9

C4 Annotate the preceding sentences.
C5 Consult the definition of the rank conjunction in the dictionary, and

experiment with further usesofit.

D. Writing
Anyone wishing to use a new language well should make early attempts at
writing on sometopic of interest. Becauseof limited knowledge of the language
this may prove frustrating and seemingly fruitless. Nevertheless, it should be
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attempted: even failed attempts will alert a studentto facilities in the language
whosesignificance would otherwise be missed.
For example, a student attempting to produce subtotals (partial sums) in a
treatmentof accounting might happen uponthe prefix adverb:

receipts=. 314276sum=. +/
sum receipts

23
sum \ receipts

3.4 8 10 17 23
scan=. \
maxs. >./
max scan receipts

3s44 7 7
< scan receipts
 

BE [3 1 BE 14 2[3 1427/3 14276
 

As a consequence the student would bealerted to, and perhaps explore, related
partitions such as \. and /.. Later attempts at treating polynomials might lead
to the table c«/d for the productof all pairs of elements of the coefficientlists c
and 4 asa first step in computingthe coefficients of the product polynomial, and.
finally, to the need for diagonal sumsofthe table:

c=. 124Ed=.13 314

 

Beginning attempts at writing should begin at the beginning of a topic, not in
medias res. Moreover, it is well to choose topics which themselves enjoy wide
application, For example:

Calculus Classification and sets
Difference Calculus Directed Graphs
Linear Functions Permutations
Polynomials
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Introductory treatments of these topics are presented in the Dictionary of J.
D.1 Annotate the J sentences in this section.

E. Properties of Functions
The terms distributivity, commutativity, and associativity are used in maths to
describe properties of scalar dyadic functions. We will use them in the same way,
but will extend the notion of distributivity to the distribution of a monadic
function over a dyad, and will introduce the terms uniformity and symmetry to
cover importantproperties of functionsof higher rank.
It is commonlysaid that the dyad « distributes over addition because:

(ax(b+e)) = ((asb)+(asc))
or, equivalently

((atb)*c} = ((axc)+(bec))

This relation might also be expressed by saying that the monad a&« (or the monad
*&c) distributes over addition:

(a&« (b+c)}}
(*8c (atb))}

((a&* b)+(a&s c))
((*8e a)t(*8c b))

In the case of a non-commutative dyad such as division (%), the statements in
terms of the monads a&% and %&c are to be preferred over a statement about the
dyad %, since one of them distributes over addition and the other does not.

El Enter
a=. 3424 EE be. 2357 EC ce. #3921
and experimentto determinethe distributivity over both addition and
subtraction of the following monads:
age «8a akK 8a
ag- -&a -: +3 *t Mt

E.2 Test the distributivity of the incrementation a&+ over maximum(> .) and the
distributivity of the minimum a&<. over maximum. The commuteor cross
adverb ~ reverses the senseof its verb argument. For example:

3% 5
0.6

S %- 3
0.6

into=.%~
5 into 3

0.6
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Consequently,a test for the commutativity of a function f may be written as
f=f~. For example:

34 5 (t=+~) 54 3
tii

3.4 5 (into=into~) 5 4 3
o10

E.3 State a characteristic common to the verb tables of all commutative functions.
E4 Enterthe following sentences, and commentonthe differing behaviours of the

function + (whichis associative), and ~ (whichis not):
b=. 1 0
x=. 12
b<;.1 x

Cb #/5.1 x}3C+/Dt/5-1 X)5 (+/x)esase
(b -/5.4 x); (-/b-/;.1 x)3(-/x)fe

A function f is uniform if the shape of its result agrees with the shapeofits
argument, ie, ifg=. $ -: $@f isa tautology (true for any argument).

otaitod
345678

 

A monadic vector function is said to be symmetricif it yields the same result
whenapplied to any permutation ofits argument. For example:

Jas. 3 A. b=. 235 7 11237115
(+/a)s(+/b)

(-/a);(-/b)

Thefinal result illustrates the fact that -/ (the alternating sum) is not symmetric.
A monad f/ is symmetric if and only if the dyad is both associative and
commutative.
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Chapter 2 of Arithmetic [2] provides discussion of further properties of verbs,
including inverses and identity elements. Make and experimentwith expressions
to illustrate these notions.

E.5 Enter the following sentences, and commenton the results:
b=. 1234

 

108s. inv
a&s inv
%. inv

E.7 Enter and comment upon:
+: Bb. 1

%eb. 1
Ge

+: b. 000%. b. 02_2

F. Proofs
Theresults of:

J odds=. 1+2*i.n=. 10
135 7 9 11 13 15 17 19

+/odds
100

NAZ
100

might suggest that the sum ofthefirst n odd numbers equals the squareof n, and
the following use of the prefix scan adverb would tend to confirm the conjecture:
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+/\odds
14 9 16 25 36 49 64 B81 100

(iti.n)a2
14 9 16 25 36 49 64 81 100

Insight into why the relation holds for any n can be provided by a sequence of
equivalentsentences that differ in simple steps:

+/odds
100

+/|.o0dds
100

+/(odds+}.odds)%2
100

+/(n # 2%n)%2
100

+/nén
100

nen
100

Such a sequence constitutes an informal proof that the last sentence is equivalent
to the first, a proof that can be made formal by annotations that state why each
sentenceis equivalent to the one that precedesit. For example:

+/odds
+/{.odds Summationis symmetric
+/(odds+].odds)%2 Sum ofequals divided by 2
+/(n # 2*n)%2 n copies of the sum 2*n
+/naén 2«n divided by 2 isn
nen Definition of times in terms of addition

Inductive proofs may be written similarly, by stating and using an inductive
hypothesis. For example:

(+/4142e1i.n)=(na2) Inductive hypothesis

The assumption that the hypothesis is true for some value of is first used to
prove that it must then be truefor n+1. Finally, it is shownto be true for some
value of n; in the present instance, when n=.1 the value of +/1 clearly equals
1a2. Thus:

+/1t2eisned
(4/14+2ei.n)+(1+2«n) Additionis associative
(na2)+(142«n) Induction hypothesis
(mA2)+(2anj+41 Addition is commutative
(n+1)a2 Expansion of square
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F.l Enter the following sentences and provetheidentity that they suggest:
a=. 235 [ b=. 3p=. 432 q=. 2
(ap) */ (b*q)
{ax/b) * (p*/q)

14.4
718

Weconclude with a somewhat longer proof of the associativity of the matrix
product. The matrix productis a collection of sums of products, and we begin
with its definition in terms of the dot conjunction (which provides a range of
useful “dot products” based on functions other than sum and product):

mp=. +/ . *
The dot conjunctionis itself defined (in [1]) as follows:

u_. vis defined by u@(v"(414+1v),_))
For the presentcase of ordinary matrix product on matrices, v is *, and (sinceits
left rank 1v is zero) this simplifies to u@(*"1 _), thus applying multiplication by
each row vectorofthe left argumentto theentire right argument. Theeffect is to
weight each row ofthe right argument by the corresponding elementof a given
row of the left argument before applying summation (u=. +/) over the weighted
result. For example:

te. "4
+/"2

qe. Str=. i. 2 2asre(q t r)s(s q t r);(q mp r)
5
?

   

 

& Oo 4f10 19/10 19
6 10 15/24 27j/14 27

Oo 6
14 24       

Wewill first illustrate the fact that mp is associative:
   4t+q
Psair;s((p mp q) mp r); (p mp (q mp r))

8 9/4 S/O 4/206 395/206 395
10 11/6 7/2 3/254 487/256 487

 

       
and then show a sequence of simple transitions from (p mp q) mp rtop mp
(q mp r), displaying the explicit results for only the first two sentences:
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Cpmp q) mp r206 395
254 487

(s p tq) mr
206 395
254 487
s(sptq)tr
ss (ptq)t
sspt (qtr)
spt(sqtr}
spt (q mp r)
P mp (q mp r)

F.2 Annotate the foregoing informal proof.

G.Plan of Study
This introduction should be supplemented by treatments of varioustopics in themannerillustrated forlinear functions in the succeeding chapter.
Because the main purposeis to learn to use executable notation in exposition, the
readeris urged to approacheach topic in the following steps:

+ Read the English language statementof the matter to be addressed.
+ Before reading further, attemptto treat the matter in whatever languageis
most congenial;if this is notJ, then translate your work to J and try it on the
computer;if it is J, first experiment with the result and then translate to
conventional mathsto better appreciate notational questions.

- Read the further text and associated exercises and answers, and compare them
with your own work.

[Ed: Chapter 2 tofollow in Vector 12.1.]  
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Appendix A: Answers to Chapter 1
Ad
A2

A3

Ad

AS

Ab

Theabbreviation NB. (nota bene) precedes a comment, whichis ignored in J.

In maths a pronounsuchasx is called a variable to emphasize thatina
sentence that expresses an identity or otherrelation the relation holds for any
value assignedto x, that is, when x changesor varies.
This terminology is used even whenit is clear that the name(such as pi in the
final sentence) is not expected to vary but to remain constant. The term
variableis particularly inappropriate for a name such as sum used as a
proverb.
In mathsthe termsfunction (from thepastparticiple of the Latinfungi,to
perform) and operatorare used in the sense that verb is used in J.

Since formal grammatical rules are not imposed on sentences in maths, there
appears to be no analogueto the phrase partofspeech.
Theslash applies to a verb (such as + or *) to producea related verb (such as
sumor productover), and thereforeacts like an adverb in English. In mathsit
wouldbecalled afunctionalor operator(a usage that conflicts with the use of
operator as a synonym forfunction).
The & is an example of a conjunction. In the phrase 83it “joins” the verb «
(power)to the right argument 3 to produce the verb to be called cube.
Ina phrase such as ~8} it acts like the copulative conjunction andin English
to define a verb as a sequenceof actions(as in run and hide), in this case
subtraction of the magnitudes of the arguments. Enter the following sentences
on the computer:

a=. 1123 4
be. _10 _20 30 40
Cla)-Cib)9 _18 _27 _36
a -&} b

9 _18 _27 _36
Parenthesesare used in J as they are in maths, to prescribe the order of
execution of a sentence; they are analogousto punctuation in English. See the
discussion of punctuation on page5 ofthe dictionary of J. Note particularly
the discussion of the fork, and experimentwithits use.
The verb denotedby theleft bracketis calledleft, and yieldsits left argument.
In its use aboveit serves to unite two sentencesin a single sentence and might
be pronounced asand, as in “p is prices and m is markups”.
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BAL

B.2

B.3

BA

BS

B.6

The verb i. produceslists, tables, and higher-rankarrays of successive
integers. The verb |. reverses the orderofthe items or majorcells of an array,
and |: (called transpose) reverses the orderof the axesofits argument. See
Section [LA ofthe dictionary.
Find thecircle function (denoted by 0.) in the vocabulary on the back cover ofthe dictionary, and use the indicated page numberto find thetable of circle
functions. Note that the odd functions(sine, tangent, hyperbolic sine, and
hyperbolic tangent) are encoded by odd integers, and the even functions by
evenintegers.If you are not familiar with the notion of odd and even
functions, find the conjunctions even and odd, and consult their definitions.
The verbs «/ and %/ provide multiplication and division tables. Note that the
entries for division by zeroare allinfinite (denoted by _).
Theoutoffunction ! yields binomial coefficients, and b1/h therefore yields
Pascal’s triangle, completed by meaningful zeros.
The functions by and over provide a more readabledisplay of verb tables.
Their definitions mustfirst be found (Look up by in the index of the
dictionary) and entered in the computer. They should be treated as utility
functions, for use rather than for immediate study.
Theutility adverb tba is defined in termsof the verbs by and over, as shown
on page 35 ofthe dictionary.
Notethe symmetry (or skew-symmetry)of someofthe tables resulting from
8, as wellasthe interesting division into quadrants. Noteparticularly the
results of 0A0 and 0%0 and O10.
Also note the useful extension of ! to negative arguments, an extension based
on the gammafunction.
Althoughthe result of the format function appears like a numeric table,it is
actually a table of characters. Confirm this by applying $ to determineits
shape, and by trying to apply an arithmetic function (such as*:) to it. Also
use do=. ". to produce a corresponding numerictable.
For mnemonicreasons, the monadic and dyadic cases of verbs are chosen so
thatthey are related in someway,orso that their functions are suggested by
the symbolused. Thus:

(-y) = (0-y)
(hy) = (i%y)
(ay) = (easy) NB. Where e=. a1 is Euler's number
+/y NB. plus over y
x+/y NB. plus over each pair
[-¥ NB. Reversal
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cl

E.2

E3
E4

ES

n

E.7

Fl

3yey NB. Rotation
<y NB. < squeezes into box
x<y NB. Narrow end to smaller

The items or majorcells of an arrayarethecells of rank oneless, and +/
“inserts” the function + between the items of the argument. Therefore +/ a
adds the two 3by4tables of a.
Since +/"2 applies to each of the rank 2 cells of a, it adds their items(thatis,
the rows) to produce a 2 by 4 result,
Similar remarks apply to the function mean.Since the semicolon boxesitsleft
argumentandcatenates it with the right argument(first boxingitif it is
simple)it can be usedasillustrated to provide a compactdisplay of several
results.
Use both positive and negative values for a and for the arguments of the
dyads.
They are symmetric aboutthe diagonal, thatis, t-: | :t.
-/b -/ 3 . 4 xisequivalentto (1-2-3) ~ (4-8) - (6-7-8) which
(because - is non-associative) does not equal -/x. Note that 1-2-3 is
1- (2-3). See Section IIE of the dictionary.
These expressionsillustrate the use of the powerconjunction to provide
repeated application ofits argument(orofits inverseif the right argumentof
the conjunction is negative). Thefirst two functions are uniform, but the
others are not.
Entry of a function alone (without an accompanying argument) displays the
functionitself, showingthat the inverse of +: (double) is -: (halve), and that
the inverse of a (exponential) is «. (natural log). See 91: 3 of Appendix E of
the dictionary for alternative formsofdisplay.
The adverb b. yields certain basic properties ofits argument, its inverse for
the argument_1 andits ranks (in the order monadic,left, right) for the
argument0.
See Section D of Chapter 5 of Arithmetic [2].
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Perils of Subtraction: a New Language
for an Old Algorithm

by Donald B. McIntyre

APLandthe Classical Method for Computing Pi
The symbolpi, x, was chosen in 1706 [12; 3] to represent the length of theperimeter of a circle with unit diameter. The classical way of obtaining its value
was given by Archimedes about 240Bc, making this one of the oldest known
algorithms[1; 2; 13; 16; 17; 18]. An inscribed hexagonhassix sides, each of length
one half; consequently piis greater than 3, whichis the perimeter of the hexagon.
A circumscribed hexagon provides an upper bound.
Doubling the numberof sides of the polygon gives a closer approximation, and
successive doublings, with a larger and larger number of smaller and smaller
sides, convergeson the true value for the perimeter of the circle. The length of a
new side, after doubling the number, is found by twoapplications of Pythagoras’
theorem, which waswell-knownto Archimedes.If the length of the old chord is
s, then the length of the new chordis given by:

¥(1/2(1-¥(1-s2))}
The side of the 12-sided figure resulting from doubling is given in APL as
follows:

ye 0.5 Side of the inscribed hexagon
(0.5 x 1 - (4 - ¥u2)*0.5)40.5

0.25889

Vv Z+ CH Y Function defining the new chord length
Ci] 2+ (0.5%1-(1-Y¥x2)%*0.5}40.5

v

CH CH 0.5 Length of the new side after 2 doublings
0.130526

With 8 doublings the approximationtopiis:
6 x(2x2x2x2K2x2x2x2)x CH CH CH CH CH CH CH CH 0.5

3.14159

Using APLnotation for exponentiation:
6 x(2*8} x CH CH CH CH CH CH CH CH 0.5
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We need an equivalent operation for repeated application of CH. Direct
Definition (introduced to APL in 1976 [9; 14]) is concise, and leads naturally to
Iverson's recent extension called J [10; 11; 15]. CH is written as follows. A colon
separates the nameof the function from the body, and reference to arguments is
by the symbols « and w:

CH: (0.5*1-(1-@*2)*0.5)*0.5

The recursive function ¢ applies CH to the right argumentthe numberof times
given by the left argument. The body, divided into three parts by two colons,
should be read execute the left-hand expression unless the proposition given in the
middle expression is true, in which case execute the right-hand expression:

C:(a-1) C CHw : a=0 : w
2 4.5

0.130526

After eight doublings the estimate ofpiis:
PI:6 * (240) x w € 45
PI 8

3.14159

From APLto J
To convert from APL to J, replace three APL symbols by ASCIT equivalents:

Y* 0.5 In APL
{0.5x1-(1-Y*2)*0.5)%0.5
y=. 0.5 In]
(0, 5*1-(1-ya2)a0.5)A0.5
%: O.5*1- %: 1-ya2 Rewrite withoutparentheses:

%: is square root
Soe 1- %: 1- «ty -: ishalfand -. is 1-  
Simi eine ky

Nowdefine a verb (function) to compute the length of a new chord:
chs. 3): '%r:-:-.%:-.*: ye!

This is an explicit definition, because y. represents the (right) argument. chis a
verb because 3 is the sum of possible valences (0 for a noun, 1 for an adverb, and
2 for a conjunction).

ch 0.5
0.258819
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Witha left argumentof 13 this automatically translatesto tacit definition:
y.!Cs -. «:

 

Theresultis a train of 11 verbs, parsed from right to left as a sequence offorks. Inthis case a tacit definition can also be written using the atop conjunction (@):
chs. %:@-:@-,@%:@-.@«;

One Verb Under Another
Before taking the next step, consider a simpler example. First of all straightexecution:

%: +/ *: 3 4 The squareroot of the sum of squares (Pythagoras).
5

Using names helps us generalize. The conjunction [. returnsits left argument
(a verb).

f=. %: E. g=. +/ [. he. *:
f@geh 3 4 Conjunctions compose a new verb

5
(] -: f@h) y=. i.4 These match; ie, f is the inverse of h.

1
g&.h 3 4 g under h; i.e. apply f to the result of g@h

5

Another example. Find the shapeof each boxed item (> opens a box and < closes
it):

(<@$@> -: $&.>) 12 3; 1.2 4 Match. Shape under open.
%: is the inverse of «:, so we rewrite ch as follows — the parentheses are not
needed

ch=, %: @(-;@-.@%:@-.)@ x:
ch=. (~:@-.@%:@-.)&.%:
chs, -:@(-.@%:@-.)&.«:

As -; is its own inverse, write:
ch=, -:@(%:8.-.)&.*: Parentheses are now required.
ch 0.5

0.258819
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The Power Conjunction with a Gerund: a New WayforIteration
An elegantfeature ofJ is that, just as we write (24y), so we can write (chazy);
thus:

piz. 3 : '6*(2ay.)*(chary.) 0.5!
pis

3.14159

The tacit form is more subtle: one verb (v1) gives the numberoftimes ch is to be
applied, while another (v2) gives the value of ch’s initial argument. The two are
tied together to form a gerund. In this case v2 alwaysreturns 0.5.

cha:(vitv2) y  +** cha:(vi y) (v2 y) The definition
g=. 3*(0.5"_) The rank conjunction converts a noun into a verb of given rank
pis. 6: * 2RA * cha:g
pivo 1.9 The rank conjunction applies pi to the rank-0 cells of 1.9

3 3.10583 3.19263 3.13935 3.14103 3.14145 3.14156 3.14158 3.14159

But Now for the Problem!
Unfortunately the results of further doublings now become worse and worse [15,
pp-563-564]. After 28 doublings — the number of sides is 1,610,612,736 — the
computedvalue ofpi is zero!

pi"o [ 24% 25 26 27 28
9.18198 3.3541 4.24264 6 0

To understand what goes so wrong, we must know how numbers are stored and
manipulated.

How Numbersare Stored in an IBM System/360
and its Descendants
Floating-point numbers have three parts: a normalized fraction; an exponent
(characteristic); and a sign. In the IBM System/360 and its descendants the
leftmost byte contains the sign (counting from theleft, this is bit 0) and the
exponent(bits 1-7).
Thefraction (3 bytes in short form and 7 in long) is expressed in hexadecimal
digits, each a groupof

4

bits (a nibble). The radix pointis to theleft of the fraction,
which is normalized by shifting it until the first significant hexadecimal digit
occupies bits 8-11. Because normalization is by hexadecimal digits, bits 8-10 may
all be zero.
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In a decimalfraction, the value assigned to a digit is determined by the place-
value of the digit’s position. Immediately to the right of a decimal point we have
tenths; so in a hexadecimalfraction that is where we have sixteenths. The value
corresponding to a digit represented by bits 8-11is illustrated by the following
examples:

bit 8 9 10 i1

0 oO 9 1 1/16
© 9 1 ° 2/16 1/8
o 1 ° 9 &/16 1/4
1 3 Q 0 8/16 1/2
1 1 4 1 15/16

Each time the fraction is shifted one hexadecimal digit right or left during
normalization, the exponent changes to record the shift. The exponentis a 7-bit
binary number.It is the power, n, to which the base (16) mustbe raised so that
the product of the fraction and 16" equals the absolute value of the number
represented.If the exponentis 0, the values of the fraction are multiplied by 16% =
1 and are unchanged. If the exponent is 1, the values of the fraction are
multiplied by 161 = 16 and become 1 2 4 8 and 15.If the exponentis 2, the values
of the fraction are multiplied by 16? = 256 and become 16 32 64 128 and 240.
In order to provide for negative exponents, 64 (binary 100 0000) is addedtoall
exponents. Thisis called excess-64 representation.

§1ic «+0100 0001 0001 1100 <> 16! (1/161+ 12/162) ++ 1.75
e2idsa +*1100 0010 0001 1101 0101 1010c2idsa +> (162) (1/16) + 13/162 +5/16#+10/164) ++ -29.3516
-(16a2)"(1 13 5 10 +/ .% 16A1 2 3 4) Executing in]

29.3516

Translate from hexadecimalfloating-point representation to decimal:
dfh=. '0123456789abcdef'&i. Decimal from hexadecimal
bfhe. €: , 2 2 2 2"_ #: dfh Binary from hexadecimalfs360=. _1: A {.@bfh Floating-point 360 sign

g=. #.@} .@bfh@(28(.)
fe360=. 16"_ a g - 64"_ Floating-point 360 exponentf=. 16"_ A >:@1.@#
f£360=. (+/ .% f)@dfh@(28}.} f. Floating-point 360 fraction (Hook)
fp360=. fs360 « feg6o « ff3a60

It is convenient to convert trailing blanks to zeros, zfb uses ifem amend to convert
any blanks to zeros, First laminate a row of 0s to make a table of two rows.Select
from row 1 unless there is a blank, in which case select from row 0. Parentheses
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are not needed; they merely draw thereader's attention to the verb to which the
adverb amend (} ) applies.

zfb=. C: (2:8! '@{:)} tore,: Zeros from blanks
dthseéo=. [: fp360 (: zfb 16&a{. Decimal from 360 hexadecimal

Becausethe blanksaretrailing, the fit conjunction (! .) can control the padding:
pad=. 168({.!.10'°) !. modifies {. by specifying thefill element
dths60=. fp3s0@pad
dfh360 tc2idsa!

29.3516

To deal with a list of hexadecimalstrings, append a blank characterto define the
fret and usethe cut conjunction(; .); for example:

<;._2 "428 424 c21idSa '

 

1;-2 '428 424 c2id5a '
428
gay
e21dsa

pad;._2@(,8' ')'428 424 ec21dsa'
4280000000000000
4240000000000000
c21d5a0000000000

Incorporate this in the verb df h360 (parentheses are required):
dfh36éo=. ,@(fp360"1@table@pad; ._2@(,2' '))
dfh3e0=. [: , [: fp360"1 pad;._2@(,8' ')
dfh360 *41c 414 4411 c1i 4Yiic c21idsa’

42 46 1 _1 4.75 _29.3516

How Numbersare Stored in a PC
Onthe PC,J uses the double extended form of 64bits: the sign is bit 0, the exponent
bits 1-11, and the fraction bits 12-63 [7]. Unlike 360 architecture, both exponent
and fraction are binary. Because normalized binary numbers always begin with a
1, there is no need to store it. As usual, the exponent keeps a record ofshifts
madeby the fraction, butin this case the countis binary. 1023 is addedto allow
for negative exponents.

<5 2A10 #:1023
4023 tiadgirzarrrid
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Evaluation of the 64-bit binary string is therefore:
(Liasign)*(2a(2#,exp}-1023)*1+(24. fr) % 2a# fr

s, e, and f extract sign, exponent, and fraction respectively from the binary
representation.  ss. » COC. e=. [: }. 1284. c. T=. 12"_ }. ]

28a A. - 1023" Note that the dyad #. is 284.
>: A. % 28a@#

(s * exp@e » fr@f) f. Decimal from binary: J on PC» dfbjebfh Decimal from hexadecimalrepresentation
dfhj 'soo921f9' Compare ir 0.1 below

3.14159

Internal representation is obtained by the foreign conjunction !:. When used as
31:3, the result is given in hexadecimal notation. BecauseJ, like APL, stores
information about the personality of data along with the values, we drop the
prefix (length is 4 + rank):

irs, 31:3 }.~ 4: + #@$ Internal representation
ir 0.25 Ty=. ir %1 24

00000000 00000000
oooodo3sf oooofosr

o000ac00
ir o.t ooocded3f

ie2duuse 00000000
fb210940 oooodogf

Each atom is now represented by a pair of rows. Isolate these with the infix
adverb (\) and then ravel them. Here are examples of howinfix works:

 

   
2 <\Y 2 NY00000000 00000000 00000000 oooocoooooooro3sTr

OOOOfOST OO0OeOSE OOOOdOSTE oocacoooooddedsT
ooooo0c000oodesT 

 

hx=. (22: ,\ ])@ir
bis. <"_1 Box items
bi 8 2$ , hx 0.25

Although this is how bytes are stored,it is convenientto reverse the order:
!. bi 8 2% , hx 0,25

[2*]20]20]00]00]00]20]00]
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reverse=. ;@|.@bi@(8 28$)@,"1
hex=. reverse@hx
hex % 12 4

3f£f0000000000000 > 1.0
3fe0000000000000 > 0.5
3fdaoooccco0000n —- 0,25

How Numbersare Subtracted Inside a PC
Floating-point representation has the advantagethat a great range of magnitudes
can be represented with the same numberofsignificant figures. When floating-
point numbers are multiplied or divided, the fractions and the exponents are
separately combined. When they are added or subtracted, however, the
fractional part of the smaller numberis shifted to the right until its increased
exponent matchesthatof the larger number.Becausethis happensina register of
fixed size, the smaller number losesits rightmost digits as they “drop off the
end”, If the shift is great enough,all precisionis lost!
Thecritical part of the algorithm is therefore the operation (1 - s?). As the square
of the new chord becomes smaller and smaller,it is shifted further and further to
the right to match the constant 1 (hex representation 3ff0). This is shown
dramatically by displaying the square of the next chord, in both hexadecimal and
decimal notation, at each iteration:

 

fmt=. C: 18": [: (37#10)8(#:1.0) 1e378*
»- 1.29 [ h=. hex *: ec Tc cha:(1.29) 0.5

fmt *: c [ pis. ": ,. pop 6x(2al.29)¥e
try. h,.t ',. cha,.' ',. pi  

BTdoodHNNDNNNDNS 25000 gnoOOODOOOOOOOOONNNDOOOOOOOOONND 3
3fb126145e9ecd57 O669872981077806900000000000000000000 3.10583
SL9A7Z2DBH7THOeHDD O17 037 086SS554E58400000000000000000000 3.13263
Sf71B55D94eSAIST OONZ7T7SCIZAZOIEBTBOOOOOODOONGONOCONNNOD 3.13935
3f51Ba29d563ba00 0010705383806982G02000000000000000000 3.14103
3f318bSda3b24800 0002677062618171577000000000000000000 3.14145
3f118baagIe9OTff 0000669910452190985100000000000000000 3.14156
3efisbbdd7a0frfrt 0000167330412998548420000000000000000 3.14158
Bedisbe2a71iffff 0000001832778246986258000000000000000 3.14159
BebisBbc3daf00000 0000010458205499386252000000000000000 3.14159

10 3e918beu27e00000 0000002614552058188835000000000000000 $.14159
44 3e716bC43b000001 0000000653638057013239500000000000000 3.14159
12 3e518bc440000001 0000000163409517028B67400000000000000 3.14159
13 3e2318bcUH0000001 0000000040852379257216850000000000000 3.414159
AH 3e118bc4H0000001 00000000102413096814305212000000000000 3.14159
15 3df18bc440000004 0000000002553273703576053000000000000 3.14159
16 3dd18bc500000000 0000000000638318842227647500000000000 3.149159
17 3db18be400000001 0600000000159579571779033B20000000000 3.14159
18 3d918bd000000000 0000000000039895309278392680000000000 3,14164
19 3d718bc000000000 0000000000009973688541720092000000000 3.14159
20 3dSisbff(ffrrrrfftf 0000000000002493560913308100000000000 3.14167
2i 3d3iesbfrirrrimrrreé 0000000000000623390228327025000000000 3.14167
22 3d11900000000001 0000000000000155986334959834520000000 3.14307

WO
Na

AN
Ew

WN
HE

e
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23 3cf1c00000000000 00000000000000394412917374193050000000 3.45984
24 acdifffrirrirtrr® 0000000000000009992007221626405000000 3.18198
25 3cb#000000000001 0000000000000002775557561562B891000000 3.3541
26 3cA0000000000001 0000000000000001110223024625156400000 4.24264
27 3090000000000000 0000000000000000555111512312578200000 6
28 GODKODDDODODNDOD ODD0DDDDODADAOONODONNDNOONNONNNONNNND 0

The apparent precision of numbers like 5,.551115123125782e_1 is very
misleading.

5.551115123125782e_17 «> dfhj 'aco!

The fraction has lost ALL significant figures, and the result comes from the
exponentalone. With 360 architecture the result would be zero, but the PC adds
an implied 1 to the fraction before multiplying by the decoded exponent. At the
nextiteration, however, the exponenttoois zero.

STSC APL*PLUSPC System 5.0
n *; next chord Pi

23 3.8857805861880482e15 3.13748
24 9.9920072216264070e_16 3.18198
25 2.2204460492509132e_16 3.00000
26 5.5511154231257832e_17 3.00000
27 ° °

3.8857805861880482e15 «> (16A_11)*1 18 +/ .% 1641 2 3
9.9920072216264070e_16 +> (164_12)* 4 8 +/ .% 16 At 2
2.2204460492503132e_16 ++ (16A_12)* 1* 16A_1
5.5511151231257832e17 <> (16A_13)* 44*16A_1

VS APL on an IBM 4341 Computer
(360 Architecture — includes a guard digit):

n *: next chord Hex Digits Pi
23 3.8927194800919541e15 351188 4 3.1403
24 9.7144514654701180e_16 344600 2 3.1375
25 2.3592239273284575e_16 341100 2 3.0923
26 5.5511151231257810e_17 334000 1 3.0000
27 1,.3877787807814456e_17 331000 1 3.0000
28 oO 000000 Qo Qo

3.8927194800919541e15
9.71445146547011800e16
2.3592239273284575e_16
§.5511151231257810e_17
1.3877787807814456e_17

(46A_11) 41 4 8 B+/ .%16A>:1.4(16A_12)44 6 +/ .% 1604 2(16A_12)41 1 4+/ .% 1601 2(16A_13}* 4%1604(16A_13)* 1%1604Tr
it
t
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Primes, Spirals and Coffee Tables
by Keith Smillie

smillie@cs.alberta.ca

Algorithms in J for generating prime numbers are discussed and then used to
construct square and rectangular spirals of primes which may be used in the
design ofa tiled top for a coffee table.

Primes
Prime numbers may be found by using a sieving method whichis attributed to
Eratosthenes, the Greek mathematician, astronomer and geographerof the third
century B.C. whoestimated the circumferenceof the earth and the distance from
the earth to the moon andthe sun.Tofindall primes less than or equal to 1000,
say, write downin order the positive integers from 2 to 1000, and then cross out
all multiples of 2, then all remaining multiples of 3, all remaining multiples of 5,
etc. until no more integers may be crossedout.(It is not necessary to use divisors
greater than 31 since the square root of 1000 is 31.6.) Those integers remaining
are the required primes. Two simple methods which exploit features of APL and
J for implementing this sieving process are due to Kenneth Iverson. Thefirst
method is based on the observation that the only two divisors of any prime
numberareitself and unity. The sieve may generatedby first finding the residue
table with a list of positive integers as each argument and then creating a list of
0s and 1s with the 1s corresponding to those columns of the table indicating
exactly two divisors. This sieve may be expressed in] as
ResidueSieve=. 2:=[: +/ 0:={|/~@pn
where
pn=. >:@i.
gives the positive integers, and, for example, Residue Sieve 10is0 110 1
o1000
A list of prime numbersis given by
Pris. ResidueSieve # pn
The secondsieve is
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ProductSieve=. -~-.@(j] e. [: , */-@])@(}.@pn)
since the primes do not occur in a multiplication table for the integers. A
corresponding verb for prime numbersis
Pr2=. ProductSieve # }.@pn
Approximate times using a 33-megahertz 486 to generateall primes less than or
equal to 750 were 9.2 seconds using Pr1 and 429 secondsusing Pr2.
The residue sieve may be made moreefficient by using as arguments in the
residue table a list from which all even integers greater than 2 have been
eliminated. Sucha list is given by
PN=. ((28= +. odd) # 1)@pn
where
odd=. 4: = 28}
and, for example, PN 10is41 2 3 5 7 9. Therefore, the sieveis:
Sieve=. 2:=[: +/ 0:=|/-@PN
andthe primesverbis
Primes=. Sieve # PN
The expression Primes 750 was executed in approximately 1.4 seconds.

Spirals
Some interesting problems, originating with the American mathematician
Stanislaw Ulam and described by Martin Gardner in Scientific American, are
suggested when the positive integers are arranged in a spiral and the primes
marked. It was found that the primes seemedto occurinseries of straightlines.
Ulam andhis colleagues at Los Alamosstudied these patterns extensively using
spirals of up to approximately the first 65000 positive integers. In this section,
however, weshall be concerned only with the description of a simple recursive
algorithm for the construction of square and rectangularspirals of integers.
A spiral of positive integers may be considered to bea list of integers equally
spaced alonga length ofstring that is to be wound onto a stick of zero width and
of a length determined by the difference between the length and width of the
completed spiral. The left side of the figure given at the end of the paper shows
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the step-by-step construction of a spiral of thefirstfifteen positive integers with
five rows and three columns. The verb
QtrTurns. [ ,"2 |.@}{:@]
is used to repeatedly rotate the partially completed table of integers counter-
clockwise through ninety degrees and append another row of integers on the
top. This method of constructing a spiral may be simply expressed by the
recursive verb
Wind=. {*(((rows@(i.]) Q@trTurn [) Wind rows@[}.J)@.(0:<#@])
where
rows=. 1: >. {.@($@])
gives the number of rowsin its table argument. Spirals of arbitrary dimension
are given by
Spiral=. (i. @ ((-/ @]) , 0:)) Wind pn@(*/)@)
andfor convenience square spirals by
SquareSpiral=. (1.@(0:,0:)) Wind pn@s:@]
The spiral of primes may be displayed by
SpiralofPrimes=. (Spiral@] e. Primes@(*/@]))

which gives a logical table in which the primes are represented by 1s. The figure
showstheuseof the last three verbs.

Coffee Tables
A spiral of primes gives a pleasing design for a tiled top of a coffee table with
tiles corresponding to prime integers in one colour, tiles corresponding to
composite integers in another colour, andthe tile correspondingto the integer 1
in a third colour. Since the tiles would be laid down row by row or column by
column beginning at one comer, it is convenient to have some guide to the
coordinatesofthe tiles and the corresponding integers. The verb
TopIntegers=. <"_2 @(>@AllCoords ,"_2 _2 ,:"0 @ Spiral)

where
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AllCoords=. <"1 @ (({ #: |.@i1.@])
gives the coordinates, displays the coordinates together with the corresponding
integers as a table oftriples. The verb
TopPrimes=. <"_2 @(>@Al!lCoords ,"_2 _2 ,:"0 @SpiralodfPrimes)

gives a similar display with the primes and composite integers shown as 1s and
0s, respectively. The figure gives examples of the use of these twoverbs.

Keith Smillie
Department of Computing Science,
University of Alberta, Edmonton,
Alberta T6G 2H1, Canada
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Stereogramsin J
by E.A. Clough

Introduction
This note wasinspired by a recentarticle by C.A.Reiter in Vector[1], by a “Low
Level’ note by M.Liardet in Personal Computer World [2], and by my desire to
learn how to program in J. I assume familiarity with Reiter’s article, which
describes the structure of bitmaps and gives J functions for handling them. My
approach to the production of‘stereograms’ — pictures which may be seen in
stereo — is a little different from that outlined by Liardet in that I form them
from the information in the separate imagesseen bytheleft and right eyes.
Programs have been developed in WindowsJ v7.0. 1 am grateful to Norman
Thomsonfor advice on tidying up the code and comments on presentation.

Geometry
A viewer sees images of two-dimensional objects which lie behind a planar
screen madeof pixels, The objects occupy planes parallel to the screen and the
viewer's eyes lie on a line which is parallel to the pixel rows. Considerations of
linearity then confirm what common sense suggests, viz. that, if there is an
unobstructed view of an object, the screen image seen by the right eye is
displaced to the right of that seen by the left eye but is otherwise geometrically
identical: in other words,the left-right displacement is the same for every point
onthe object.

 

Backdrop
i Object 1

al Wav Object 2
 Screen

 L Eyes
r

Figure 1: a Plan View
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Figure 1 shows a plan view of an arrangement, with a backdrop behind the
objects. From similar triangles, (xab,xIr) or (ybc,ylr):

left-right image displacement(ab or bc) = d/(1+q)
where d= distance between the eyes

q = ratio of the distances of eyes and theparticular object from the screen.
Thus the displacementis a function of the distance or depth of the object behind
the screen and it can be used as a key parameter in the development of a
program.

Scaling
Becauseofthe degrees of freedom in the system, scalingis notcritical. ] normally
work with arrays of 128*96 pixels, to keep stereogram production runs down to
about 5 minutes on my 486DX40 computer (8Mb RAM), but I print at 500%
magnification to produce a picture about 6.7 inches wide. Since my eyes are
about two and half inches apart, the distance between them @ above), at this
scaling, is:

128 * 2.5 / 6.7 = 48 pixels

If the backdropis at the same distance from the screen as the eyes,its q-valueis
unity and its displacement is 24 pixels. Images of objects may then have
displacements of 1 pixel upwards. (My code does not permit an object to occupy
a place on the screen,i.e. a displacementof zero.)
In practice I have obtained reasonableresults with a backdrop displacementof 18
pixels but I have not experimented to determine whetherthere is an optimum for
stereogram production.
Creation of a Stereo Image
In the formation of a stereo image, pixels only interact with others in the same
row, becausethe rowsare parallelto the line of the eyes.
In Figure 1, point ‘x’ would be visible to the operator's left and right eyes so the
twopixels ‘a’ and ‘U’, which the eyes see when lookingin that direction, must be
made the samecolour. Also, if the left eye looks in the direction of pixel ‘b’ it
would beableto see the point “y’, on object 1 and, since the right eye would also
be able to see point ‘Y, the pixel ‘c’ must be made the samecolour too. If,
however, this process is continued via pixel‘c’, the left eye would beableto see
point ‘z’ but the right eye would not, because object 2 would be in the way,
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terminating the sequence. The process may now berestarted at pixel (@+1) using
a different colour (provided ‘a+1’ has not already been coloured).
Another type of terminating event, not shownin Figure 1, occurs if the path of
the beam from the backdropor object to the right eye lies beyond the edge of the
screen.

Stereograms are produced by the function ‘stereo’ in Appendix 1, using a
filename argumentof the form ‘xxxNN’, where ‘xxx’ is the generic filename and
‘NN’ is the (two-digit) displacement integer for the backdrop. It applies the
above logic to two arrays representing left- and a right- eye pictures. Execution
of the program converts the right eye array into a stereo array indexing pixel
colours which the program uses from a palette of 100 colours put in a random
order. Thepalette array and the stereo array are then stored as a bitmap labelled
“xxxNN’ which maybe editedif necessary and magnified for printing.
The array retains its stereo characteristics even if re-saved as a monochrome
bitmap; sometimes it actually seems to be easier to see the stereo image in this
mode.

Creation of the Left- and Right-Eye Images
An image of the objects at one distance from the screen may be created in
Windows Paintbrush. A black image on a white background will have an
associated array, consisting of the numbers 0 and 255. UsingJ, another array may
be amendedso that those cells corresponding to the image cells hold the objects’
displacement value. The imagesof objects at other distances may then be added
to build up a composite image.
The function make in Appendix 1 producesleft- and right- eye pictures from
‘Cyclops’ images of the objects that make up the scene, that is, from images
which would be seen by a single central eye. The Cyclops images are held under
filenames ‘xxxnn’, where ‘xxx’ is the generic name and ‘nn’ is the displacement
value for the object. Function make is first called dyadically, with ‘xxx’ as left
argument and with a vector right argument, the vector consisting of the array
dimensions followed by the backdrop displacement value (or its negative if the
arrays have been part-created in an earlier session), The same function is then
called monadically with object displacement values as argument, starting with
the object furthest from the screen, to produce left- and right-eye bitmaps
labelled ‘boom’and ‘rxxxnn’. Figure 2 was produced from the following run:

te:\jwin\scripts\' gets 'stereo!'
'geom'make 96,128,18
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make"O wu=.15,12,9

 

     

  

6i:2'tstereo','''geomistt!263.7
Sas t sass Ste Swit Sid syie oie are He sur nr ws nor aeated aite aie att le aeSe he Ae Ae ae
Sotraeres rf ae feyeBEAAee pe a Se eeeee, :   

      oeSSESSs
Figure 2 - Geometry (Triangle and Half-Circle)

Two Notes on Scenes
There is inevitably some loss of sharpness at the boundaries of stereogram
images and this places a limit on the degree of complexity that can be achieved.
Figure 3 was produced, using 256x192arrays, by filling letters from the nameof
a well-knownjournal in Gill Sans MT Shadowfontat 72 point. Theletters are
somewhat ragged. Those with faster machines than mine may be able to do
better using larger arrays.

 
Figure 3 - The Nameof a Well-known Journal
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Because I work with imagesrather than objects, there is no automatic adjustment
for the effects of perspective on image size and location. (Objects nearer to the
screen will project larger images.) Great accuracy at the drawing stage will not
normally be important butit may be moresoif the 2-D objects are meantto serve
as slices though 3-D objects. Figure 4 is an attempt at such a scene. ] have no
doubt that a simple J function could be designed to be applied before make,
operating perhaps onoutline rather than filled drawings of objects to produce
the Cyclops images.

 

Figure 4 - Geometric Scene (Humps and Hollows)

E.A. Clough
Conifers
Leighton Beck Road
Slackhead, Beetham
Milnthorpe
Cumbria LA7 7AZ
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Appendix 1: The Script ‘stereo.js’
NB. Statement 2 of 'readbmps' and number 3 of ‘writebmps
NB. in Appendix i of reference 1 are each two statements.
NB. After making these and other minor corrections, the
NB. functions were filed as bmp8util.js

Ofss<'tc:\jwin\scripts\bmpéutil.js'

make=: 0 : 0
z2=:<.y.%2 ([ y=.list y. [ nam=._2},name

 

('p';'b')=:readbmpa 'c:\jwin\',nam,y,'.bmpt NB. read ‘Cyclops’
b=. B=0 NB. changes image-cells to 4 and background to 0
('l,',y} makes (-dimi){."1 b,"1 (dimo, (y.-22))$0 NB. Shift left
C'r,',y) makes dimi{."1 b,"i~ (dim0,z2)$0 NB. Shift right

do1=:dimosdim1 [dimo=:oty. [
nam Ke, (liste:":)2 [ zis.4t+z=.fzze.2{y.

   

“6: Ge 2z<0 NB, don't initialise if zz<o
44i.3 C an.(dimo,dimt) $ z C qs hue"O]2rax(i.m<:}21

{q3a) writebmp8 ‘c:\jwin\l',name,’.bmp’ NB. left background
{q;a@) writebmp8 'c:\jwin\r',name,'. bmp!’ NB. right backgroundqzett
)

makes=: 0 : 0
vt

xname=.(0{0{words),name [ words=.>;:X.
('q';'a')=.readbmps 'c:\jwin\',xname,*.bmp!
d=sdere(,ye}eiedor NB. d is vector of image-cell linear indices
a=.(".2{words) dia NB. adds image to left/right picture
{q;a)writebmpa tc:\jwin\’,xname,’.bmp’
)

stereo=: 0: 0
col=:cO [ci=:itceos:"._2{.y. Cnn=:100 NB.'cO is a 2-digit integer
('ppt;tal’ readbmpa 'c:\jwin\l',y.,'.bmp!

 

   
 

 

(’pp';tar')=:readbmpa tc:\jwin\r',y.,'.bmp’
pp=: ((c1,3)$0), (nn?nn) {hue"OJ2rs(i.%<:)nn
ix=#:i.X [Xl=:X-1 (€Xs;t{g$al
yloop"0 i.(0{$al)} NB. loops through pixel-row dim
(pp;ar)writebmps te:\jwin\',y.,’.bmp’
a
)
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Oo: 0
C Xy=:X«y.

yloop=:
yals:y.{al
y-& loop"o ix

 

£ col=:cl+nn}(col-co)
rh: @.x Xicx=.x+(z=.xtyal)

* zerx{yar

 

  
t=.'readbmps writebmps hue
SCRIPTNAMESS.t

r*it @.e cl>(x=.y.}{yar=.x.f{ar
C xs=.'7

C xs=.xs,X NB.

NB. resetting $.

make stereo"
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NB. loops through pixels within rows

NB.
NB.

NB,
NB.

in the last line avoids "WS FULL"

Is colour set?
change colour
beyond screen?
rt eye blocked?
change pixel colours
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TECHNICAL SECTION
This section of VECTORis aimed principally at those of our readers who already
know APL. It will contain items to interest people with differing degrees of
fluency in APL.
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Puzzle Corner: The Ageof the Vicar
The Solutionfrom Alan Sykes

The Problem (restated)
A vicarsaysto his curate:

“T havethree parishioners whose ages multiply together to equal 2450 and
whose ages sum to twice your age — whatare the ages of the parishioners?”

The curate thinks for a while and then tells the vicar that he does not have
enough information. “Quite right” replies the vicar “but if I] tell you an extra
piece of information you will have enough.” The extra piece of information is
that the vicaris older than any of his parishioners.
Yourtaskis to find the age of the vicar.

The Solution
Since 2450 equals 2x5*5%*7%7 you can work outa list of possible ages of the
parishioners, which in increasing, order of agesis:

25 49
35 35
10 49
14 35
7 50

10 «35
14 25N

N
N
O
O
N
N

The curate (naturally) knows his own age. These sets of numbers add up to 76 72
64 54 64 52 and 46 respectively, and so the curate’s age is 32 andthe possible sets
of ages are 5 10 49 or 7 7 50, as 64 is the only numberthatis repeated.
The curate is told that the knowledge that the vicar is older than any of his
parishioners is sufficient information for him to decide what the ages of the
parishioners are. This can only be the caseif the vicar is 50 — if he were 51 or
more, you would not be able to choose betweenthe twopossible sets of ages!
Hence the curate is 32, the parishioners are 5 10 and 49 andthevicaris 50!
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TECHNICAL
CORRESPONDENCE

Namespaces and USE
From: kimmoke@tie.metsa.fi 3rd March 1995
Concerning the Dyalog session-file, I seem to be adopting a minimalist approach!
I don’t use any named session.dse; whatI need I will load into a namespace
under OSE dynamically from setoflittle utility workspaces, that are saved and
maintained in a quite traditional manner. The functions in them don’t know a
thing about been run in a namespace. (Most of them can be used as well under
version 6.3.)
My APLloadsin at the start a little workspace consisting only of a Dix that
moves the most generally used fns & idiomlike stuff (those ROWFINDs) to DSE
to be always available. Among those is a two-line function WS2NS by which I’m
able to load dynamically whatever tool-ws to a namespace under [)SF or #. This
gives methe functionality, keeps my application workspaceclean and allows me
to get rid of the tool whenever space is needed, or if there is no use for it
anymore.
There is nothing very brilliant or clever in this, but to me it seems to work
perfectly, and brings me the advantages that I consider most relevant in the
namespace-concept.
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More on APL 2.5
From:I Phelphritt (nee Leigh) 1st April 1995
I wasthrilled to see your review of IBM’s APL2.5 in April’s Vector 6-4, and felt
moved to send youa further couple of examples. One consequence of the direct
definition of operators which may not be immediately obvious, is the ease with
which youcan define the inverse operator for monadic functions:

INV: we

INV producesa derived function whichreverses the effect of its operand:
AoOF INV FA

for any array A and any monadic function F. The following examples show the
powerof this operator.

74
0.25

+INV 0.25
4

4+\INV 13 6
123

In the case where the inverse is not simple, the system provides a ‘least squares’
solution:

+/INV 6
6

?INV &
7

and of course, INV maytake a system function as its operand,so:
OFX INV 1

Foo

... re-instates a previously expunged function, and:
2

ODL INV 2

.. produces the sameeffect as ]DL ~ 2 in Dyalog APL.
Weare only now beginning to appreciate the power of this new implementation,
butI’m sure that such exampleswill soon swell our idiom libraries.
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Understanding your File Timestamps
From: Ray Cannon Sth March 1995
[ have come across a “feature” of Dyalog APL/W which I thought other Vectorreaders might be interested in. This feature may not be restricted to DyalogAPL/W.
As each component in a componentfile is written or updated,its timestamp is
also written/updated. The 3rd element of the result of the system function
OFRDCI returns this information as “the time of the last update in 60ths of a
secondsince 1st January 1970”.
WhenI recently tried this out, the result returned (after conversion back to time
of day) appeared to be 5 hourslater than the time reported by the [78 function
at the time of the update.
it transpires that unless youtell it otherwise (see later for how) Dyalog APL/W
assumesthatyourclock is set to EST (Eastern standardtime).
What UFRDCT returns is elapsed time, with an adjustment for the difference
between GMT andlocal time. This allowsfiles to be transferred betweensites in
different time zones, and “component saved times” to be compared on an equal
basis.
OKthen, how do wetell Dyalog APL/W which time zone we are in? Answer:set
the DOS environment string TZ to specify the local time zone. (Note, PCs
connected to a network should already have TZ set.) In the UK, add the line
TZ+=GMTOBST into your AUTOEXEC.BATfile.
The standard library of time functions, relating to Local Time uses this variable
whether in UNIX, DOS or Windows, so this may also apply to other APLs
written in C. These time functions look for TZ and if they don’t find it, set the
time zone information to ESTS5EDT.
The following extract has been copied outof the Borland C++ on-line helpfile.
tzset <TIME.H>

UNIX time compatibility; sets daylight, timezone, and tzname
Declaration: void tzset(void);
Remarks:

tzset sets the global variables daylight, timezone, and tzname based on the
environment variable TZ.
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ftime and localtime use these variables to correct Greenvich mean time (GMT)
to the local time zone.

This is the format of the TZ environment string:
TZ = zzzC+/-JaCd}C11iy

Component What It Represents

Zzz Three-character string representing the name of the current
time zone. All three characters are required.

  

C+/-]d Cd] Required field containing an optionally signed number with
4 or more digits.
This number is the local time zone’s difference from GMT in
hours.
Positive numbers adjust westward from GMT.
Negative numbers adjust eastward from GMT.
This number is used in the calculation of timezone.

1h Optional three-character field that represents the local
time zone's daylight saving time.
If this field is present, daylight is set to non-zero.
If this field {s absent, daylight is set to 0.

if the TZ environment string isn't present or isn't in the specified form,
tzset presumes a default 12 = "ESTSEDT” for the purposes of assigning values
to daylight, timezone, and tzname.
Return Value: None
Portability:
DOs UNIX Windows
Yes Yes Yes

See Also:
asctime ctime ftime gmtime localtime stime time

So,if on your PC, the component time information does nottie in with your time
stamp, set yourtime zone.

122  



VECTOR Vol.11 No.4
 

From: Roger Hui March 1995
T read with interest Joseph De Kerf’s article “The Common Mean and APL” in the
January 1995 Education Vector. The various computations described therein
haveterse restatementsin J:
as. #% +/
g =. #%: */
hos. a&.%

The arithmetic meanis the numberof items divided into the sum; the geometric
meanis the n-th rootof the product (n is the numberof items); and the harmonic
meanis the arithmetic mean underreciprocal, i.e.h v * %a%v. All three verbs
work on arrays of numbers.

ai99 a1 10 10050 37gi99 g 1 10 1009.949874374 10h 199 h 1 10 1001.98 2.702702703
The common mean on a 2-element vectoris an iteration where at each step, the
elements are replaced by the geometric and arithmetic means. That is, at each
step, v is replaced by (g,a)v, and the common meanis thefirst element ofthe
limit (g,a)a3_

c=. {. @ ((g,a)az_)
q¢199

25.99812139

Since the power conjunction 4: accepts an array of powers, successiveiteration
values are producedreadily:

(g,aja:(1.6) 1 99
1 ag

9.949874371 50
22.30456721 29,97493719
25.85687532 26.1397522
25.99792902 25.99831376
25,99812139 25.99812139

Finally, the “ubiquitous constant U”, the common meanof1 andthe reciprocalof
the square rootof2,is:

Cc 1,%4:2
0.847213908479
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IBM pre-announcesthe Pentium... in 1977!
From: Bob Hoekstra recd 8th Feb 1995

In “The APL Handbook of Techniques” on page52,it says
B = 222333333344444445555555
C= 12345.67890123456789
So (B*C)/B=12345,678901234567889994910

Thereis only one way to get such inaccuracy, and how did IBM know aboutit 15
years ago?

 

Cut and Paste from Winword to APL
Phonecall from: Jan Karman 9th March 1995

Thecut and paste problem (Vector 11.3 page 142) cannot be reproduced in Word
for Windows version 6.0a. Perhaps Microsoft have fixed it! Can anyone else
confirm this? It would be good to standardise on Winword for code transfer if
the problem has gone away.
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Chaos — “computer error” not to blame.
From: Nicholas Small March 1995
As Gérard Langlet states at the beginning of his article in Vector 11.2 (p.82),
chaotic behaviour occurs when a small variation in initial conditions has far-
reaching effects on the development of a dynamical system. The essence of the
chaotic system is that there exists no solution whichis stable in the normal sense
— the smallest displacement grows without bound. Now, the definition of
“small” in this context is open to argument, but if one allows that it would be a
few orders of magnitude larger than one part in 1E15 (the typical precision of
64-bit floating point arithmetic), then any errors of computation (provided they
are not cumulative — see below) areinsignificant. In other words, if a system is
not chaotic, roundingerroris not of any consequence.

Accuracy in Arithmetic
In performing arithmetical computations, two common sources of loss of
accuracy are: taking the difference of two values that are nearly equal; and,
rounding repeatedly in the samedirection. The most severe form of thelatter is
what might be termed aniterative random walk, the recipe for which is: after
each new random step repeatall previous steps. As soon as two consecutive
random stepsare in approximately the samedirection, the process moves in that
direction at an exponentially increasingrate.
Thecase of repeatedly squaring a rotation matrix is an example of this. As soon
as the determinantdiffers significantly from unity, the discrepancy doubles at
each subsequent step. Typically, after about 45 squarings the value of the
determinantis about 1.01 or 0.99; by 70, either LIMIT ERROR orzerois reached.
A random walk moving much more slowly, but no less surely, away from the
starting point is obtained in the case of a biased random walk, in which the
random componenthasa tendency to a particular direction. Consider the series
that is the determinant of consecutive powers of a rotation matrix; there is
randomnessarising from the inaccuracy of each matrix multiplication, butif the
determinant of the base matrix is not unity (though it typically is) then there is
bias too. For moststarting values, the error in the determinant never exceeds
1E-15; in the worst case that I found, the error had grown to only 3E-12 after
50000 termsofthe series.
For many practical purposes, an error of one part in 1E15 — equivalentto less
than one hundredth ofan inch in measuring the distance from the earth to the
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sun — is of no consequence. However, there are occasions — for exampleif the
numberis to be the argument to a function such as sine, or in combinatorics —
when the exact values of, or the differences between, very large numbers are
required; in such circumstances, 64-bit floating point arithmetic is inappropriate.

The Logistic Equation
Contrast the discrepancies described in the previous section with the behaviour
of the logistic equation examples in the following table, where two different
starting values have been chosen with each of two valuesfor the scale parameter.
Light type shows where the figures for the secondstarting value differ from
thosefor thefirst.
x(n41]=3.3x[n] (1~xEn})} xCnt+ij=4x[n] (1-xfnJ)
n x{n] x{nJ] n x[n] x{n]
0 0.4 0.45 o 0.4 0.40001
4 0.792 0.81675 10.96 0.960007
2 :0.543628 0.493909 2 0.153600 0.153570
3 0.818718 0.824877 3°0.520028 0.519946
4 0.489781 0.476700 4 0.998395 0.998408
5 0.824655 0.823208 5 0.006407 0.006355
6 0.477176 0.480269 6 0.025466 0.025261
7 0.823280 0.823715 7 0.099272 0.098492
8 0.480125 9.479187 8 0.357670 0.355167
9 0.823695 0.823570 9 0.918969 0.916094

10 0.479230 0.479496 10 0.297859 0.307462
11 0.823576 0.823612 11 0.836557 0.851716
12 0.479484 0.479406 412 0.596916 0.505181
13 0.823611 0.823600 13 0.991195 0.999892
14 0.479410 0.479432 145 0,034908 0.000429
15 0.823601 0.823604 15 0.134764 0.001717

With parameter value 3.3, a relatively large difference in starting values has
almost disappeared after 15 iterations, whereas with parameter value 4, a
relatively small difference simply grows.

The “Non-Syllogistic Mathematical Proof”
I leave it as an exercise for the reader, firstly, to show how to extend the
technique used to prove that any given mathematical function is linear; secondly,
to consider the effect of a small perturbation in x{n] =2*N upon subsequentterms
in the doubling sequence, and the impact of this upon the derived series
sin(x[n]).
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Answersto J Problems from Vector 11.3
From: Norman Thomson February 25, 1995
Eugene McDonnell raises a numberofissues in “At Work and Play with J” (Vol11
No.3). The first is implicit in the casual remark that to exercise the verbs in the
later sections you “may wish to get your system upgraded to J8”. This fails to
recognise that J8 and beyond are commercial versions and thus outwith the
“shareware barrier”. I am personally happy that version 7 has stabilised as an
excellent piece of software with such immense possibilities for exploration at
work and play that commercial style add-ons seem almost an irrelevance.
Perhaps, however, Eugene might consider marking sections of his material with,
say, *** to indicate “For Rich Readers Only”. Poor readers such as myself can
then get on with moreinteresting matters such as the problems which Eugene
set. He asks for solutions by e-mail; being a very poor reader I have chosen to
reply by v-mail (v = Vector) which has the compensation that my reply may
reach a slightly wider audience.
Problem 1 asks for permutations of order n which, when repeatedly applied,
generate, in the sense described below,all 2!n combinations from i.n without
any repetitions. First, the word “permutation” has always created difficulties
becauseit is used to denote both a permutation vector, that is an arrangement of
the itemsof i.n, and also an operation, of which J commendably makesit easy to
make the distinction by defining a verb p=.&{. In what follows I shall use the
word “permutation” in the sense of the operation and “permutation vector” to
meandata. The permutation whichis represented by a permutation vector has to
be understood by constructing its cycle representation, conveniently obtained by
c., each item of which is a vector such as 4 0 2 1, which is to interpreted as a
sub-operation which moves item 0 to position 4, item 2 to position 0, item 1 to
position 2, and item 4 to position 1. Eugenetherefore seeks permutation vectors
which when cycled through the i.n-1 powers of the permutation which they
representfulfil the pairs criterion — I shall call such vectors qualifying vectors.
If n=6, one qualifying vector is 5 2 0 3 1 4 because when as a permutationit is
appliedto itself to the powers 0,1,2,3,4 it generates the permutation vectors

b
R
E
U
O

F
U
O
N
K

RF
MU
ON

a
w
a
ow

Qo
nr
er

O
n
P
E
W
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which read in sequence by rowsas unordered pairs of items produce each of the
fifteen pairs (0,1) (0,2),... (4,5) once and once only.
For n=6,the (n-1)-cycle requirementcan be metby fixing just one of the items in
i.6 (which happens to be 3 in the permutation vector above) and making a
derangement ofthe remaining (n-1). (A derangementis a permutation vector in
which no item occupies its original place). The fixed item canbe selected in n
ways. Supposethatin the general caseit is chosen to bethelast item n-1, so that
the problem becomesoneofselecting a derangementof i.n~4.If (n-1) is prime,
this is the only way in which Eugene’s cycling property can be achieved. Notall
derangements, however,satisfy the pairs property, for example the permutation
1 2 3 4 0 5 producesonlysix ofthe fifteen possible pairs.
The pairs property is derived by slicing the matrix of successive permutations
into pairs of columns. This is difficult to relate in a mathematical way to other
properties of permutations, but fortunately the J verb A. allows permutation
vectors to be assigned numbers uniquely,so that qualifying permutation vectors
can be found (all of them in the case that (n-1) is prime) by the following
procedure:

Use A. to progress through selected permutation vectors of n-1, selecting
only those which satisfy the derangementproperty. For these derangements,
generate the full (n~1)} cycle, append (n-1), and count the numberof
distinct rows in the 2!n-4 by 2 matrix ofpairs. If this is 2!n-1 then a single
qualifying vector has been found.

The permutation vectors obtained by cycling, although they represent different
permutations, should not be retained since they will eventually reappear as the
full set of derangements is searched.
The J code to achieve this is relatively mundane, butit is worth quoting on
account of its brevity (I have chosen to refrain from tacit programming
snobbery!):
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cycle=.'(y.8()ar(i.<i#y.)i. # yet a ti
NB. returns y. raised by the permutation y. to the powers 0..n-1b=. '(2lHy. )=#~./:-"1((2iHy.),2)$, cycle y.t it!
NB. returns 1 if all possible pairs arise in the matrix of cycles
d=.t-.t+,/y.si.#y.' ott
NB. returns 1 if perm vector is a derangement, otherwise 0

 

Si=.tis.ly. £ $.5.x.441 [ r=.(0,y.)$0!
s2=.tr=.r,((d«.(b@,8y.)v),y.)$v=.(i=.i-1) A. i.y.?
NB. si and s2 are the two lines of a dyadic verb f which searches
NB. the last x. permutation vectors of order y. and retains
NB. only those derangements which lead to qualifying vectors when
NB. y. is appended.
fe.t' =; (s1;82)

thus (6 f 3),.3 gives two of Eugene'sset of eight qualifying vectors of length
4. The remaining six arise by keeping 0, 1, and 2 in succession in their home
locations. The reason for looping downwards from ty. is that A. orders
permutation vectors in lexical order, which means thatthefirst 1i.y.-1 have
their leading numbers in their “home” positions, and so cannot be
derangements.
Turning to Eugene’s problem 2, that is how many qualifying vectors are there of
order n, unfortunately the number of derangements of n increases rapidly with
n, the first few values being

n:2345678910
no, of der’s : 12 9 44 265 1854 14833 133496 1334961

An “elegant” approach mightbe to obtain all derangementsof order y. by
der=.'(d"1 ty#t=.(i.ty.jasdteyet sot?

andthenselect those satisfying the pairs criterion by
ans=.'((b"1 t,.y.)#t=.der y.),-y-' : 1!

Unfortunately for those of us who,like myself, work and play at or below the
poverty line, this produces “ws full” for n=8 — hence the looping approach
given above. Even this rapidly runs up against a wall of patience and/or “ws
full” limitations as n increases.
For n=4, there are two fundamental permutation vectors corresponding to each
of the two derangements of order3. This is then is multiplied by four to account
for the fact that each of the items of i.4 can be placed in its “home”position.
Division by !4 showsthat one-third ofall possible permutation vectors qualify.
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In the case of n=6, there are 44 derangements of order 5 of which eight satisfy the
pairs condition. Multiply by n=6 to give 48 possible permutation vectors, a
qualifying rate of 48/720 = onein fifteen.
For n=8 and aboveI have resorted to sampling. By looping throughthefirst 500
derangements of order 7 using 500 f 7 I obtained 24 suitable ones leading to
192 qualifying vectors. Given that the search covered about one-eighth of the
possible derangements, this figure scales up to an estimated qualifying rate of
aboutonein 25.
For n=10, and again looping 500 times, ] obtained 6 derangements and hence 600
qualifying vectors, suggesting a rate of about one in 100. For n=12, 500 times
round the loop produced only one suitable derangement and thus 12
permutation vectors suggesting a rate of about one in 6000. As n increases there
are more and morequalifying vectors but they become progressively less dense.
If, for a largish n, the objective is to obtain just one qualifying vector — any one
— then an appropriate policy might be to repeatedly select a random left
argumentto A. from the range i. !n until the first qualifying vector is generated.
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ASCII Representation of APL Characters
From: Kenneth E, Iverson March 1995

Introduction
Because of the problems in printing non-standardcharacters and of transmitting
them on computer networks, there is a continuing concern with problems posed
by the APL characterset.
The situation at the time of designing the character set is described in the
following passage from [1]:

Spelling
In natural languages the many words used are commonly represented (or
spelled) in an alphabet of a small numberof characters. In programming
languages the wordsorprimitives of the languages (such assin and =:) are
commonly represented by an expanded alphabetthat includes a numberof
graphic characters such as + and =.
Whenwe cameto implement APL,the alphabet then widely available on
computers was extremely limited, and we decidedto exploit a feature of our
company’s newly-developed Selectric* typewriter, whose changeable typing
elementallowed us to design our own alphabetof 88 characters. By limiting
the English alphabetto one case (majuscules), and by using the backspace key
to produce composite characters, we were able to design a spelling schemethat
used only one-character words for primitives.

Because the characters of the underlying alphabet were distinct from the
composite characters, both could be used to represent primitives. However, the
restriction to one-character words had a cramping effect, leading to the diver-
gence of different systems as each chose to use different new composites, and
finally to the adoption of a “quad” prefix that led to a flood of multi-character
words for miscellaneousfacilities.
This is analogousto thesituation in Chinese, where new single-character words.
are seldom adopted, but where a radical may be appended to a word to denote a
new meaning, introducing, in effect, a multi-characterspelling of words.
Continuing the passage from [1]:

Moreover,the spelling scheme was quite mnemonic in an internationalsense,
relying on the appearance of the symbols rather than on namesoffunctionsin
anynational language. Thus the phrase K+x takes K elements from x, and +
denotes drop.
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The endurance of the character set through the many changes in the computing
environmentin the past thirty years is probably due primarily to the attraction of
the mnemonic properties remarked above. Again continuing from [1]:

Becausethe use of the APL alphabet wasrelatively limited, it was not
includedin the standard ASCII alphabet now widely adopted. Asa
consequence,it was not available on mostprinters, and the printing and
publication of APL material became onerous. Nevertheless, in spite of some
experiments with “reserved words” in the mannerof other programming
languages,the original APL alphabet has remained the standard for APL
systems.

Theset of graphics in ASCII is muchricher than the meagre setavailable
whenthe APL alphabetwas designed, andit can be used in spelling schemes
for APL primitivesthatstill avoid the adoptionof reserved words. Such a
schemeusing variable-length words waspresented in Reference 6 [Reference
2 in the present paper], and received limited use for communicating APL
programsusing standardprinters, but was never adopted in any commercial
implementation. A muchsimpler scheme using words of one or twoletters
was adoptedin J, in a mannerthatlargely retains, and sometimes enhances,
the mnemonic character of the APL words.

Namesof Variables and of Primitives
The discussion thus far has concerned only names for primitives, that is, names
whosereferents cannot be changed by the programmer. A programmer also
needsa class of so-called variable names whosereferents may be changedat will.
By using only letters from a native alphabet for variable names, and only names
that include special. graphic symbols for primitives, APL provides a clear
distinction between primitive and variable names, and avoidstheblurring of the
classes produced by declaring certain variable names to be reserved for
primitives.
This distinction carries through to national languages other than English,
provided only that all characters of the national alphabet(including accented
characters) be included in the underlying system and be permitted in variable
names. Unfortunately, the use of someletters from the Greek alphabet for APL
primitives prohibits their use in variable names.

Representations for APL Primitives
The universal adoption of the ASCII character set on computer systems makesit
possible to choosea clearly-defined class of names for APL primitives that do not
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conflict with national names for variables: denote each primitive by an ASCII
graphic or by one or more ASCII graphics appended to a (possibly empty)list of
nationalletters.
For example, the ASCII double-quote might be usedas follows:

i” for APL iota
av” for quadAV(the underlying alphabet)
/* for slash-bar
r" for rho (shape)

Tt would also be possible to introduce a second termination symbol, or to use two
occurrences of the same symbol. For example:

fhor{"" for grade-up
\% or \""" for grade-down

Although the accent grave is a National Use symbol in ASCII, it might well be
used in some languages asa less obtrusive terminalcharacter. For example:

/* for slash-bar
/** for grade-up
\ for backslash-bar
\** for grade-down

This scheme will be furtherillustrated for the special characters in the list on
pages 327-9 of Gilman and Rose[3]. It should be noted that * is not used alone in
ASCII because* is used (for power) in APL:
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s <> 2 >*z =
v + ~ ae
A * ~ aye
+ % x ** [?! Ed]
€ e* p re
+ take* + drop*
1 is
° o* o o-
> ro* ° rit
g tre ® ig*
r max’ L min*Ar yoL #° T #**
2 exe* ¥ fmt*
8 mi*
? /* \ As
+ is’ > goto*
Vv del* ¥ del**
A deita*
o quad* o qq*A . ° ae
SA stop* Ta trace’
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At Work andPlay with J
Cribbage 15s
by Eugene McDonnell

Sir John Suckling (1609-1642) lived to just the age of 33, as you can see. Heis
supposedto have taken poisonto avoid life of penury, during the Civil War,in
which he wasa cavalier, not a roundhead, He wasalso a poet with an entrancing
lyrical gift. He wrote:

Herlips were red, and one wasthin
Compared to what was next her chin
(Some bee had stung it newly);

More to the point, John Aubrey, in his Brief Lives, tells us that Suckling also
invented the gameof cribbage, developing it from an earlier game, called noddy.
I know nothing of noddy, but I was taught cribbage while I was in the army
(1944-6) by a fellow soldier named Goman, who came from Duluth, Minnesota
(named for a French explorer named Du Luth). According to Goman, Duluth
wasthe cribbage capital of the world. The reason for this was that Duluth is at
the very western end of the westernmost of the Great Lakes, Lake Superior, and
in the winter, when laketraffic has stopped, there is nothing for people to do but
go to their neighbourhood pub and play cribbage while drinking beer. They also
had the world’s championship cribbage match, to whichall of the best cribbage
players in the world came. Most of them didn’t have to come far, since many
were from Duluth. This may have changed overthelast 50 years.
Just recently, when our nightly double solitaire game palled, my wife and I
decided to play cribbage instead. I got out the cribbage board I had made, close
to fifty years ago, and, with the aid of some wooden matchesto use as pegs, we
began to play. My wife hadn’t played the gameas muchasI had,andit was clear
that she was missing some opportunities to score because she didn’t see some of
the card combinations that added to 15. Such scoresare a key part of the game.
To help her out, I decided to tabulate all the combinations of cards of length two
throughfive that added to 15. This was easy enough for length two andthree,
butit becamea little tedious and uncertain for greater lengths. I decidedto take a
few minutes longer andgetit right by doingit withJ.
Because I had been spending most of my time recently on studies involving Jane
Austen, I hadn't been doing much programming, and I wasa bit rusty. My first

135  



VECTOR Vol.11 No.4
 

attempt used a technique which generated all of the representations of 2, 3, 4,
and 5-digit decimal numbers, removed those which had more than four of any
digit, sorted the rows that were left (so that 4 1 became 1 4, for example),
removed duplicates, and removed rows that didn’t add to 15. This strategy
foundered because I ran outof space.
I took a few more minutes to think of a more space-efficient strategy, and
decided to use a program called ‘part’ that had been communicated to me
several years ago by Roger Hui, which allowed oneto generate all the length k
partitions of a positive integer n. For example,

2 part 7
16
25
343 part 6
1i4
123
222

Having this madeit almosttoo easy.
First I had to generatethe partitions of 15 having length 2, 3, 4, and 5.
Next, since in cribbage the card valuesare from 1 (for ace) to 10 (for 10, jack,
queen,or king), ] had to remove rows having elements greater than 10.
Next, for the 5-partitions, I had to removethelast row, since this would
consistof five threes (how did I know this?), and thus notbe valid (there are
only four threes in a deck of cards),
Last, I wantedto boxthe results so they could bejoined together.

To get rid of rows containing values beyond 10] wrote:
de.u./"1@(408>:) # J

This takes as argumenta tabie of numbers and producesa Booleanlist by taking
the and («.) over (/) the rows("1) of the conforming table having a 1 for values
for which 10 (10:) was greater than or equal(>:), and using this to copy (#) only
those rows from the argument(1).
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To getrid of the last row if the rows hadlength 5, I wrote:
m=.}; A; (5: = #@{.}

This curtails (}:) the table if (a:) 5 (5:) is equal to (=) the length (#) ofits first
({.) row.
Boxing is primitive, so the entire result could then be obtained by writing:

Jp=.2 3 4 5 <@m@i@part"(o0) 15
 

5 10/1 4 10 1 1
6 9/145 9
7 ef1 6 8

17 7
23 10 1
24 3
25 8
26 7
3.3 9
34 8
35 7
36 6
au 7
45 6
55 §

WO
ON

NN
NN

NY
NN

PP
PR

EE
R

BR
RB

BB
BE

FO
UF

EW
YU

ON
NN

NF
EF

YW
EN

NN
NN

EE
BE

P
FF
OR
UF
OM
FO
NH
EH
EW
OA
UN
EW
RA
U
EY

FU
MQ

UU
AN

TA
NB

EU
AA

NA
AI

YM
WO

NH
wW

S
RP

NN
NN

NE
PR

BE
BP

BP
PR
EP

PR
PR

BB
B
B
B
B

OW
NN

NN
NR

OW
NN

NN
NN

NB
E
BE
BE

EP
R
P
E

@
U
O
N
N
N
O
e
A
B
N
N
N
N
F
U
W
U
N
N
N
N
E
E
B
B
R
E

OF
OF
ON
EU
FE
OU

FU
NF

EO
EH

O
FU

EN
DU

EW
N

FR
UG
AN
EH
EI
DA

TA
ND
NA
MA
NA
ND
OT
NR
LO

      
To makethis a bit more useful, I copied it to my text editor (MacWrite Pro) and
changed 10 to T and 1 to A, adjusted widths a bit, and added a few header and
footerlines, giving:
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Functional Programmingin J for
Operations Research

by Richard L.W. Brownrlwbrown@mathstat.yorku.ca
reprinted by permissionfrom “Gimme Arrays’ Nov 1994

Whatis Functional Programming?
Functional programming is a style of computer programming which, in its
purest form, involves only functions. (For a short survey article on functional
programmingsee the August 1994 issue of Byte.) If x represents the input data of
the program, then the goal is to design a function f such that y = f (x) is the
desired output. Thus a program is a function. The function f is built by
combining various primitive functions that are provided by the functional
programming language.
This approach to programmingis quite different from the conventional approach
(exemplified by assembly language, FORTRAN,Pascal, C,etc.) which may be
called imperative programming because a program is a list of commands. In
imperative programming, data is stored in memory cells with symbolic
addresses and a list of commands is executed in order, usually with some
branchingor looping. This conventional approach is really a sugaring of machine
language for a von Neumann type of computer architecture with stored
program,stored data, and step-at-a-time execution of commands. The functional
approach is machine independent: functional programs do not have to be
rewritten for a different architecture, say, for a parallel machine.

Whatis J?
J is a programming language developed from A Programming Language (APL) by
Ken Iverson (father of APL) and Roger Hui. Unlike APL, which used a special
characterset, J uses only the ASCII characters, Primitive functions are denoted by
single characters like + or by following such characters with a period or colon as
in +. or +:, Like APL, J has primitive functions for operating on arrays without
using indexes or looping. For example, if A and B are two matrices of the same
shape then A+B computes the element-wise sum of A and B, and >. /A computes
the list of greatest elements of the columns ofA.
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WhyuseJ for Functional Programming?
J has a vastcollection of primitive functions to call upon andthese extend easily
to arrays. More importantly, J has a variety of ways of combining functions that
go beyond the usual composition of functions. One of the most important
combinations is called the fork. If f and g are monadic functions and h is dyadic
then fhg is a monadic function and its meaning is as follows: fhg(x) is
f(x)hg(x). This construction is familiar in mathematics where, for example, the
sum of two functionsf+ g is a function whose value on an argumentx is defined
to be f(x) + g(x). A standard exampleof a fork from the J tutorials illustrates the
idea. Suppose that x is a list of numbers and we want y = a(x) to be the
arithmetic mean. We write

sun Br +/
(read as ‘plus over’, see Appendix D for a dictionary of all the J primitive
functionsusedin this article) and then the fork

a =: sum % #

which reads as ‘sum divided by number’) is the desired arithmetic mean
function.
The assignmentstatements used in the sentence aboveare assignments of names
to functions (or programsorverbsasthey are called in J). No use has been made
of assignments of names to data (nouns in J). Moreover, the assignments made
above are permanent names. Contrast this with the traditional approach. The
codefor arithmetic mean in a conventional languageis a sequence of commands
with assignment statements of data to named memory cells (variables). The
sequenceof statements has control structures that produce loops. Somevariables
refer to memory cells whose contents change each time you go arounda loop.
Thus variables are transient things that are used in the program but have no
permanent meaning. (In functional programming, an assignment of the form
x=:x+1 makes no sense! In imperative programming such statements are
commonplace!)
In J, a dyadic fork is also defined. This definition is more general than normal
mathematical notation or the kind of compositions defined in other functional
programming languages. The fork +*~ is defined as follows: x(+*-)y means
(x+y) *(x-y). We will use the dyadic fork extensively below. A sequence of
three verbsis a fork. A sequence of two verbs in J is called a hook. Thefirst verb
must be dyadic and the second monadic. For example, x(+%)y means x + 4/y
and (+%)y means y + 1/y. Thus we can readthe hook +% as‘plus reciprocal’.
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Whatis Operations Research?
Most problemsin operations research involve optimizing an objective subject to
constraints. Typical examples are maximizing profit subject to resource
constraints or minimizing shipping costs subject to the constraints of a
transportation system. One of the most common types of problemshasa linear
objective function and linear constraints and such problems define a subject
called linear programming. (This is a quite different use of the word
‘programming’!) Here is a very small example:

maximize z= 2x + 3y
subject to 4x + y < 12 and 2x + 5y<15
with x 2 0 and y 20.

The simplex method was developed by G. Dantzig in the 1950s and has been the
standard method for solving linear programming problems since then. Only
recently has the simplex method been challenged by other methods and only in
large problems with thousands of variables and constraints. To apply the
simplex method, we convert the inequalities to equalities using slack variables:
4x + y +5 =12 and 2x + Sy + f= 15 with s 2 0 and ¢ 2 0. We write our problem as a
system oflinear equations:

1z-2x-3y+0s+0t = 0
02 + 4x + ly + 1s + OF
0z + 2x + Sy + Os + 1t

12
15

and study various feasible (Le. non-negative) solutions of this system. Notice that
the system is ‘solved’ for the variables z, s, and ¢ in terms of x and y. We canset
x= 0 and y = 0 and weget three equations in three unknowns with obvious
solution z = 0, s = 12, t= 15. This solution is feasible becauseall variables are non-
negative; but this solution does not have a very good value ofz. In the simplex
method, we move from solution to solution in such a way that z increases with
each moveuntil no further increase is possible.
If we divide an equation by a nonzero constantor if we add a multiple of one
equation to another equation, then we get a new system of equations that is
equivalent to the old system. On the computer, we do these operations on the
matrix of coefficients. We divide a row by a constant and add multiples of a row
to other rows.
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Below weshowtheoriginal coefficient matrix and beside it we show the result of
dividing the bottom row by 5 and then adding multiples of the new bottom row
to the rows aboveto create zerosin the rest of the y-column.

z x y st z x y 8 t4 -2 -3 © 0 oO 1 -0.8 0 0 0.6 9
o 4 1 1 0 12 --> 6 3.6 O 21 0.2 9
oO 2 5 o 1 15 o o.4 1 0 o.2 3

The new matrix represents a system of equations
1z-0.8x + Oy + Os + 0.6 =9
02 +3.6x + Oy + 1s-0.2t =9
Oz + 04x + ly + 0s + 0.2 =3

whichis solved forz, y, ands, If we set x = 0 and ¢ = 0 wegetthefeasible solution
z=9,s= 9, and y =3. The row operations abovearecalled a ‘pivot’ for geometric
reasons (the feasible set has been pivoted aroundso that a new pointofit is at
the origin). It turns outthat if we do another pivot that convertsthe 3.6 to 1 and
clears the rest of the x-column then weget a new feasible solution with x = 2.5,
y= 2,z= 11, Moreover, this turns out to be the optimalsolution.
The simplex method can be divided into two parts: (1) finding the location of the
pivot (including testing to see if the current solution is already optimal andto see
if the objective function is unbounded)and(2) the pivot operationitself.

Pivoting in J
Let M denote the original matrix of coefficients above, Let R denote the pivot row,
R=:0 2 5 0 1 15, let P denote the pivot, P =: § and let ¢ denote the pivot
column, ¢ =:_3 1 5. Then the row operations making up the pivot can be
summarized in one J expression:

M - (C-B)*/ (REP)
where B =: 0 0 4. This formula says that the pivoted matrix is the original
matrix M minus various multiples (the multiples are in the expression C-B) of the
row R divided by the pivot P. The B-term is necessary becausethe third row is
treated differently from the other rows; withoutthe B-term, the pivot row would
becomea row of zeros. Given this formula,it is clear how to write J code in non-
functional style for doing the pivot. (Gee Appendix C for the simplex method
written in J using a traditional approach.) But wewill show howto use a purely
functional approach based on the useof dyadic forks.
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Wewill define a function pat (‘pivotat’) that would be usedas follows to do the
abovepivot:

M pat 3 3
meaning ‘M pivotat row 3 and column3’. Note that weare indexing rows from 1
to 3 and columnsfrom to 6 (not 0 to 2 and 0 to 5 asis normally donein J). This
means that our functions must convert back and forth between mathematical
indexing (with origin 1) and J indexing (with origin 0).
According to Appendix D, the dyadic verb C givesits left argument. Therefore
the definition of pat is the dyadic fork

pat =: C - ext
where extis the dyadic function such thatM ext 3 3 computes (C-B)«/(R%&P).
If we now use me and mr (‘modified column’ and ‘modified row’) for the dyadic
functions computing (C-B) and (R%P) then the definition of ext is the fork

ext =: me */ mr

and it remains to define me and mr. Assume we have defined dyadic functions xe
and xr and xe (‘extract column’, ‘extract row’, ‘extract element’) that work as
follows:M xr 2 3 extracts the second row ofM (ignoring the columnindex) M xc
2 3 extracts the third column of M (ignoring the row index) and M xe 2 3
extracts the element in the second row andthird column. Also suppose bv is a
dyadic function such that M by 2 3 is © 1 0 (a basis vector with a 1 in the
second position, ignoring the columnindex 3). Then me and mr can be defined as
forks

xc - bv
7 xr % xe

Inc
mr

Nowwedefine xc, xr and xe. Recall that weare referring to the first row as row
1 not as row 0. Each verbis a fork with central verb ‘from’ (which is { in J, see
Appendix D). The right verb is [ which means‘left argument’. Theleft verb is a
composition (using @) of several verbs. The monadic verb «: is ‘decrement’ and
is used to change from mathematical indexingto J indexing. Refer to Appendix
D for other verbs.

 

xr (<:@{.@]) { C
xe (<:@(:@]) ("1 C
xe =: (<@<:@)) { c
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Actually we could makeshorter definitions using hook instead of fork and using,
the commute adverb ~ to swap the arguments of { .

 

 

xro=: {~ <:@{.
xe {~"41 <:@{:
xe =: {~ <@<:

Finally, we define by. We use a fork with central verb equals. The left verb takes
the left argument, finds the numberof items (rows) m, and thencreates an index
set 1; 2...,m. The right verb takes the right argument, takes the first entry
(which is the pivot row index) and decrementsit. Under equals, the result is a
vector of 0s and a single 1 where the index equals the pivot row index.

by =: (1.@#@[) = (<:@(.@])

This completes the definition of pat. It can be tested as shown in the examples
below.

The Simplex Methodin J
Tt remains to specify where to pivot and when to stop pivoting. The pivot
columnis selected as that column (excluding the last column) whosefirst row
has the most negative entry. In the example above, starting with the solution
x=0,4=0,2=0,s = 12, f= 15 one sees that z = 2x + 3y can be improved by
increasingeither x or y; but an increasein y is better. So the y-column is selected
as the pivot column.In the matrix, this choice correspondsto selecting the most
negative element in the top row. If none of these entries is negative then no
improvementin z is possible so no further pivot is required and the optimal
solution has been found. Once the pivot column has been selected, we need to
know how large to makethe variable (y in the example) thatis being increased.
Eachconstraint(that is, each row of the matrix below thefirst row) sets a limit on
the size of the variable being increased. Thelimit can be computed as a quotient
with numerator from the right border and denominator from the pivot column.
For example,thefirst constraint gives the limit ys12/1 and the second constraint
gives the limit ys15/5. All such constraints must besatisfied. If the smallest is
satisfied thenall will be satisfied; hence the pivot rowis selected to minimize the
quotients. However, thereis a catch: if the denominatoris zero or negative then
the constraint shouldbe ignored.
In teaching the simplex method, one finds that students have no problem doing
the simple calculationsthat find the pivot column and the pivot row asoutlined
in the previous paragraph. But the pivot operation involves tedious arithmetic.
Henceit is convenient for students, whoare learning about the simplex method,
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to find the pivot manually and then use the function pat defined aboveto do the
pivot.
It is, perhaps, surprising that, although finding the pivotis a trivial part of the
simplex method when done by hand, the computercode for finding the pivot is
rather tricky! First we need a function to find the location of the minimum
elementin list. Leastis “lesser over’ and is therefore <./ . The hook below can
be read as ‘index of least’

ml =; i. <./

Nowwecan write the function pc thatfinds the pivot column. We could take the
first row, drop thelast element, and find the minimum location. Then we could
incrementthis indexsothefirst row has index 1 (not 0) as mentioned above. This
can be accomplished as a composition (using @) of m1 with primitive functions:

pe =: >: @ ml @}:@ {.
However,this is not good enough! Recall that we also want to detect an optimal
matrix so we cantell the simplex method when to stop. Therefore, we adopt a
somewhat different approach. We take the first row, drop the last element,
appenda leading zero, and apply m1. If the row has a negative element then m1
will find the location of the most negative element and, because of the leading
zero, that index will already be incrementedinto the range 1 to n. If there is no
negative elementin the top row, then m1 will find the appendedleading zero at
location 0 and pe will return a zero result. This can be used to detect optimality
with the function opt.

pe =: mi @ (08,) @ }: @ ff.
opt =; 0&= @ J

To find the pivot row we need a new version of division. We want ordinary
division, else, if the denominatoris not positive, infinity. When such ‘quotients’
are searched by m1 for the location of the minimum, those whose denominators
are not positive will be ignored. In the code below,the function inf is a constant
function with value infinity. The function dnp (‘denominatornotpositive’) is 1 if
the denominatoris not positive and 0 otherwise. The new division operationis
dp which standsfor‘divide positive’.

  =: @.
=: :@ [

dnp =: 0&: @ ]
dp =: % else inf if dnp"0
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Wecan nowfind the pivot row with the dyadic function pr whoseleft argument
is the matrix and whose right argumentis the index of the pivot column.

pr =: >: @ml @ ((xc 0:) dp xc)

(The dirty trick in the aboveline is this: the hook (xc 0:) appears to extract
column zero but actually extracts the last column to be used as the list of
numerators! This is because xc includes a decrement function that reduces the 0
to -1. In J the index -1 meanslast.) Note that the function pr works onthe entire
columnsincluding thefirst row. The first row is not a constraint and therefore
should be ignored. Butthe first row will always give an infinite ‘quotient’ under
dp andsowill be ignored by m! asdesired.
Whathappensif all ‘quotients’ are infinite? In that case there is no limit on the
size of the variable being increased andthe objective function is unbounded. This
situation can be detected by the condition that pr selects the first row and
produces the result 1. The function unb detects an unbounded problem.

unb =: 18 @ {. @ ]
Wecreate a function cpat(‘conditional pivot at’) whichis ‘pivotat else infinity if
the problem is unbounded’.

cpat =: pat else inf if unb
Now wecreate a function pin (‘pivot in’) such that M pin 2 means ‘M pivotin
column 2’. The pivot row is found automatically by pr.

pin =: [C cpat pr,]

This train of five dyadic verbs is parsed by J as { cpat (pr,]) whichis a fork in
whichthe third verbis itself a fork.
Wecan now defineeither a recursiveor iterative version of the simplex method.
Therecursive versionis simplex:

simplex =: (simplex @ pin else [ if opt) pc
Fortheiterative version, we define ‘conditional pivotin’ and ‘pivot’

cpin
pivot

: pin else [ if opt
: cpin pe

Finally, the smp1x function iterates the pivot function‘to infinity’! This means the
matrix is pivoted until the same matrix occurs twice in succession (and hence no
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further change will occur). The result will be either the optimal matrix orinfinity
if the problem is unbounded.

smplx =: pivota:_
Note: As one might expect, there are many ways to write the simplex method in J using a
functional programming style. For a different approach, see Appendix B.

Examples
To solve the small problem posed above, we define the matrix

Me:1_2 3000 04440412 02504 45M=:3 6$M
M1 12 13 0 0 @o 4& 4 £ 0 12o 2 5 0 4 15

Then weapply eitherof the functions smp1x or simplex
smplx M

1 o 0 0.222222 0.555556 11
o 1 0 0.277778 _0.05S5556 2.5
0 O 4 _0,1114111 @,222222 2

and get the optimal matrix. As a system of equations,this is
dz + Ox + Oy + 0.2228 + 0.555= 11
Oz + 1x + Oy + 0.277s - 0.055t = 2.5
Oz + Ox + ly-0.111s + 0.222t = 2

it tells us that the optimalsolutionis z= 11, x = 2.5, y = 2. (And s = 0 and t= 0.)
One advantage of the functional approach is that we have developeda collection
of useful functions along the way. These can betested separately or used to show
students the steps of the simplex method. For example

pe M NB. Finds pivot column.
3

M pr 3 NB. Finds pivot row in third column.
3

Mi=:M pat 3 3 NB. Pivots at 3, 3.
Mi

1 _0.8 9 9 0.6 9
Oo 3.6 0 41 _0,.2 9
o o.4 41 0 0.2 3
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pe M1

M1 pr 2
Mi pat 2 21 0 0 0.222222 0.555556 11

0 1 0 0.277778 _0.055556 2.50 O 1 _0.412111 0.222222 2

Appendices
Appendix A: Functional Program Summary
The functions defined in this article are: pat ext mr me xr xe xe by ml pe
opt if else inf dnp dp pr unb cpat pin simplex cpin pivot smp1ix.
They can be entered in any order except that else and if must be entered before
they are referenced by another function. (That is because J parses an unknown
word as a verb; but else and if are conjunctions. To be parsed correctly, they
mustbeidentified as conjunctions before they are parsed.)
Note that it may be desirable to use J’s fix adverb to ‘compile’ some of these
functions into compositions of primitives, For example we can write

pat =: pat f.
and then wefind that instead ofthe original definition, pat is now defined as
C- (Ci-"1<:@{:) - (i.@#@[=<:@{.@]}) */ ((i~<:@{.) % (1~<@<:})

The new ‘compiled’ version runs a bit faster than the original. Moreover, we
could now erase someof the functions that were used to define pat if we have
no need for these functions and don’t want them cluttering up the symboltable.

erase =: (41:55)@;:
erase 'ext mr me xr xe by!’

1 i 2 4 1421

(The outputof 1s showsthatall six items were erased.)
Forreadability it may be desirable to present the functionsin a different format.
In whatfollows, we make use of the conjunction (. (which simply produces the
verb that is its left argument) to place several definitions on the same line. We
also eliminate the ext function by defining pat =: [ - me*/mr.
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NB. General Utility Functions

 

NB. The Simplex Method

 

  
   

 

  
  

  

  

|:Sateenetaitaaaa lated aeteteatetetelatatetatalabatatetatetatatatatatatatammatmanatataned
(simplex@pin else [ if opt) pc WHERE pin=:[epat pr,J AND;=@] AND pe=:ml@(08, )@):@{.

pat else inf if unb WHERE pat=:[-me«*/mr AND;
s@[ AND unb=:18=@{.@]

xr%xe WHERE xr: ~<:@{. AND xe=: (~<@<:
xc-bv WHERE xc: 1<:@{; AND bys: (1.@#@[)-(<:@{.@])}
@ml@:({xe 0:)dp xc) WHERE dp=:% else inf if dnp"0 AND;

mls:is<./ AND dnp=:08>:@]
NB. - a2 7oonnnnnnnnnnn nnncrnnrrrrrrrrrnnncnnnnnn
NB, Example
NB, -~----~------ +7 --9= += -22nnnnnnnnnnnananneeeeeeeeee

3000041401202 50 1 45   
1 0 °
9 4 1 21 0 #12
0 2 5 0 1 15

simplex M
1 0 0 0.222222 0.555556 12
o 1 0 0.277778 _©.0555556 2.5
9 O 4 _0.114141 0.222222 2

Appendix B: A ‘Higher Level’ Functional Version
Hereis a different approach to the simplex method. First we assumethepivotis
in the first row andfirst column. That allows us to define a monadic function piv
such that piv M will do the pivot operation on M. Moreover, we will give a new
way of doing this pivot. We handle the first row first (by dividingit by its first
element) and then do the lower rowsby subtracting a */ product.

froos: {.%{.@{.
Irs Fe = CCL. "1@).) 4/1.)
piv {{.,lrs)@(fr,}.)}

 

The dyadic function row is used as inM row 4 which takesthefirst 4 rows of M
and reversestheir order, thereby bringing the 4th row to the top. (Of course M
row 4 applied again will restore M to its original form.)

row =: (({.-@{.),}.}-
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Similarly, col does the samefor columns.
col =: row"1

Nowwedefine a conjunction at so thatM piv at row 4 will bring row to the
top, do the pivot and then put row 4 back whereit belongs.

at =: @:'].1]\
(Atthe endofthis appendix is an explanationof at.)
Wedefine a function pr that finds the pivot row of a matrix assumingthat the
pivot columnis the first column.Forthat, we use the functions if, else, dnp, dp,
m1 defined in the mainarticle above.

pr =: >:@ml@:(((:"i)dp({."1)}
Wealso use the samefunctions inf, unb, opt, and pce. Then weputit all together
as follows:

pin =: (piv at row else inf if unb pr) at col
simplex =: (simplex@pin else [ if opt) pc

This code is more sophisticated than that of the main article because it uses a
defined conjunction at which is a higher level function (its arguments are
functions).
To describe the conjunction at, it is best to introduce the explicit method of
defining functions, In J one may define functions in two ways:tacitly or using
explicit variables as parameters. We have used the tacit methodin this article.
For example, consider the dyadic function x f y which computes 10 + x + y.
Wecould define this tacitly by f =: (108+)@+ or by the fork f =: 10"_ + +.
Or wecould defineit explicitly using J’s parameters x. and y. by

Fos: 39 : '10+x.+y.?
(Here the ‘3’tells J to make a verb.For a conjunction, use ‘2’, for an adverb use ‘1’
and for a noun use ‘0’.) In this case, the function f will be stored by J in the
explicit form given and when called, as ins f 6, the values 5 and 6 will be
substituted for x. and y. respectively. It is also possible to ask J to convert an
explicit form to a tacit form. To dothis, we use ‘13’ insteadof‘3’. Thus

f =: 13 : '10+x.+y.!
causes J to producethe tacitverb f =: 10" + + .
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in our case, we wantto create a conjunction at that applies its right argument
(some verb, in our case row or col) first, then appliesits left argument (some
other verb, in our case piv) and then applies its right argument again. (Note:
This is similar to, but not exactly the sameas, the J primitive conjunction &..)
Thus wecan define at explicitly by writing

at =: 2: '(x@:y.jy.]'

Whengivenan instance like M piv at row 4 the conjunction at formsa fork
(piv@:row)row] which combines with the arguments M and 4 to give (piv(M
row &))row 4 whichis just what we want.
If, instead of the above, we ask J to create a tacit version by writing

at =: 12 : '(x@:y.)y.]'

then J producesthetacit definition at =: @:'}.1']\ given above. However, to
program this tacit conjunction directly (or even to untangle its curious grammar!)
one must go into much more detail on J than is appropriate in this short article.

Appendix C: J Program in Imperative Style
Here is the simplex method written in the traditional non-functional way ~
except that we define four functionsat the start! This illustrates the fact that one
may combine the functional programming style and the imperative
programmingstyle as oneseesfit to create an efficient and readable program.

 

The program is a sequenceofassignmentstatementsinvolving variables (nouns).
Weusethe =. assignmentinstead of =: because we wantthe nounsto belocalto
the function. Thatis, nounslike M and obj are special nounsthat exist only inside
the function simp1ex and do not conflict with other nouns of the same namethat
mayexist outside simplex.

simplex =: 3: 0obj =. }:{.M and indxs=.i.m where m =. #M and M =. y.
if, all obj >: 0 do. M else.

den =. }.C where C =. pe{"1 M and pe =. ml obj
if, all den <: 0 do. _ else.

quo=.(pos#num)%(pos#den) where pos=.den>0 and num=.}.{:"1 M
Ps.pr{€ and R=.pr{M where pr=,i1+(ml quo) {pos#{,indxs
simplex M-(C-BV)*/(R%P) where BV=.preindxs end. end.
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Appendix D: Primitive J Functions Used
Hereare the J primitive functions that were used above. For arithmetic we used
the four basic operations of addition, subtraction, multiplication, and division.

243 2-3 23 2%3
5 4 6 0, 66666666667

Note that the negative sign, which is part of a negative number, is the underbar.
An underbarbyitself is the ‘number’positive infinity and negative infinity is __.
Also note that division is % not / .

at+_ 1%0 _1%0

Primitive verbs in J are denoted by single characters like + or by such a character
followed by a period orcolon like +. or +:. Most primitive function symbols in J
have separate monadic and dyadic meanings. For example, the monadic
meaning of % is reciprocal. The monadic meaningof<. is ‘floor’ and the dyadic
meaningis ‘lesser’(i.e. ‘min’).

%2 <. 2.56 3 <. 2 2 <. 3
0.5 2 2 2

The obvious analogue statements are true about >. .
The monadic meaning of <: is ‘decrement’ and the dyadic meaningis ‘less than
or equals’,

<: 2.56 2<: 3 3 <: 2
1.56 1 o

There are monadic and dyadic constant functions and monadic and dyadic
identity functions:

Oo: 2 20: 3 313 21 3
0 5 3 3

(But note that 2[3 is 2 because is the identity function of its left argument,
ignoring the right.) Constant functions 0: to 9: are defined; to make more
general constant functions, the conjunction " may be used. Thus 10”0 is a
constant function that has value 10 on 0-cells. Applied to a matrix, it gives a
matrix of 10s. Or 10"4 has value 10 on arguments of rank 1. Applied to a matrix
it gives a 10 for each row of the matrix. And 10"_ applied to a matrix gives the
number10.
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Weused both the monadic and the dyadic versionsof the adverb /. The monadicversion applies its left argument (a dyadic verb) between the itemsofits right
argument.

24344 +/2 34 *f/2 a4 <./7396
9 9 24 3

The dyadic version gives a ‘multiplication table’ for the verb to the left
2 3 4 «f/f 7 8 9

44°16 «418
21 24 27
28 #32 36

The & symbolis a conjunction. One commonuseofit is to combine a dyadic verb
with an argument to make a monadic verb.

f=: 78+ g =: %84 £234 g234
9 #10 #41 0.5 0.75 1

Composition of functionsis represented by @ .
fq234 (f@g)2 34 7+(5+6) 5(f@+)6

7.5 7.75 8 7.5 7.75 8 18 18

For working with arrays (vectors, matrices and higher arrays) the following
operations are available.

o2 148 4 37 {1.8 347 {:8 34 7
8 3 7 8 7

¥.8 34 7 38 347 2{.8 347
3.04 7 8B 3 4 8 3

2}.8 34 7 i. 5 8347 4. 4
a 7 o1234 2

$8 34 7 #834 7 M =: 2 2$8 347
4 4

M $M #M
8 3 2 2 2
4 7

The last two functions show that M has the shapeof a two-by-two matrix and that
M has twoitems(eachitem is a row).
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The conjunction " is used to specify how a verb will act on an array. A matrix is a
2-cell, each ofits rowsis a 1-cell, and its elements are 0-cells.

9.M 9(,°2)M 9(,"41)M
9(,"0)M
9 9 9 9 9 8 3 9 8
8 3 8 3 g 4 7 9°¢3
4 7 4 7

9 4
$7

The power conjunction 4: is used to iterate a function.
(fa:3) 3 T+TH+T+3 (ga:3) 16 (ga:_} 16

24 24 0.25 Qo

If an iteration gives the same result as the previous case (to within a small
tolerance) then the iteration stops. Therefore limits of iterations can be
programmedby simply using the infinite power.
Gerunds are arrays of verbs that can be handled like nouns and then used as
verbs. For example

ger =: f'g
is a gerund with components f and g. On the one hand wecantreatit like a noun
by selecting its components or by shapingit into a matrix, etc. On the other hand
we can evokeit as a verb in a variety of ways. One wayis through theuseof @.
which is called ‘agenda’. The expression f'g@.v x applies the verb v to the
argumentx to geta result v(x) which should be aninteger, in this case either 0
or 1. The index v(x) is used to select f or g to act on x. Thusthefinal answerwill
be f(x) if v(x) is 0 or g(x) if v(x) is 1. In effect, we get the result f(x) else
g(x) if v(x) =4. Thus we make the code h=: f'!g@.v more readable by defining

 

else '
if : @.
h =: f else g if v

Richard Brown
Deptof Mathematics andStatistics
York University
4700 Keele Street, North York
Ontario, CANADA M3J 1P3

154



VECTOR Vol.11 No.4
 

J Release 2.05 for Windows
review by Dave Ziemann - concluded

Dynamic Data Exchange (DDE)
The depth of the window driver scripting language is impressive; I counted over
180 window driver commandsin the User Manual appendix, covering not only
window programmingcalls, but also graphics, Windows program execution and
DDEand OLE (not OLE yet). I could not find a way of making an arbitrary
Windows APIcall.
The User Manual describes how to do DDE cold and hot links, and there are
sample scripts to try, including hot and cold J to J links and cold Word for
Windowsto J links. The documentation did not make it clear that the WordBasic
macros are for Word for Windows6, and do not workfor version 2.
I decided to try a DDE example. What I wanted was something that would be
relevant to the preparation of this review. I got fed up alt-Tabbing out of my
Word session into J, where I would type in an expression, executeit, select the
expression andits result, copy them, alt-Tab back to Word, paste the text, and
then finally re-selectit all and set the appropriate ISIJ font and size.
Whatif I could get J and Word to do it for me? Thefirst step is to write a
WordBasic macro to take the currently selected text, push it into J via DDE, get
the result back from J, and insert it after the selected text, as a new paragraph
with the font set to 13 point ISIJ. WordBasic macros are very boring, but the
salient DDElines are:

cn = DDEInitiate("jserver", "mytopic”)
DDEPoke cn, "myitem", Selection$()
ans$ = DDERequest$(cn, "myitem")

The code assumesthat the J DDE serverwill establish a link with name “jserver”,
and that the DDE topic and items names are “mytopic’” and “myitem”’. The
variable cn holds the DDE channel number. In a cold link the client has to
explicitly request the data from the server, which is shown in thelast line above
The next step is to establish the DDE cold link between J and Microsoft Word for
Windows. I was able to modify an example J script to do this. The script
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establishes the DDE server name and then waits for the DDE client to do
something:

wd 'ddename jserver;'
wd'wait;'
 

type 11 ddepoke
 

*parent |sysddepoke
 

«topic |mytopic
 

siten myitem 
«data i.2 8     

This result is returned when the client macro executes. It contains the expression
to be executed alongside the »data identifier. The script then formats the result,
turnsit into a character vector and returns it to the client as follows:

wd 'ddereqd ',charvec,';'

The character vector appears as the ans$ variable in the WordBasic macro, which
then continues with code to insert, select and set the J font for the result text. The
final step was to add a “J” option to the bottom of my Word for Windows“Tools”
menu, which runs the stored J macro. The experiment seemed to work quite well,
although the cold link techniqueis timing sensitive, so that problemscan ariseif J
isn’t ready with the result when WordBasic asks forit. I only got one GPF during
the whole business, and I’m notat all sure J was to blame.

J Runtime
J Professional includes a runtime facility. Installing the separate runtime disk
creates a new directory containing the runtime J execution program jrt.exe. T then
used J] Windows Help to learn how to build my runtime. ] wanted to try and
runtimethe J server application ] had just built. Conveniently (but strangely) you
use the window driver to convert the application scriptfile into a special kind of
encoded runtimescriptfile, as follows:

wd 'makejr c:\jrt2\jsr.js jsr.jr;'
Then all you dothen is execute the runtime program jrt.exe with the jr file name
as its parameter. And it worked first time whenI tried it. Now I can just double-
click a Program Manager icon, and my J server starts up, ready to accept DDE
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requests from my Word session. Thejr file wasjust slightly larger than the source
scriptfile, about 4kb. Thejrt.exe andj387.dll files are about 360kb apiece.
For a really professional look you can package your runtimeapplication into a
tailored Windows Setup disk which contains everything you need to install the
application on another machine.

The J Product Set and Pricing
J release 2 is available in three forms; the Professional, Personal and Freeware
editions, The earlier shareware version is no longer distributed or supported. A
Professional licence is required for any work-related use of J, and includes
royalty-free runtime, which is not included in the Personal edition. The Freeware
edition of J is based on the J2.0 release, and is therefore slower and also lacks
DDE, ODBC and DLL support, most VBX support, the GUI form editor, the
componentfiling system, and language enhancementssince J2.0, In other respects
J Freeware is a full J/Windows system, and is ideal for learning and
demonstratingJ.
ISI have clearly been concentrating on J for Windows, although the core productis
now available on DOS, OS/2, Linux, Mac, RS/6000 and Sparc platforms. At the
time of writing (March) the application development environmentis not available
for these platforms, although new releases which includethis feature are expected
for the OS/2 and Macsystemslater this year.
J Professional is $495 (US Dollars). J Personal (and any system for which the
development environment is not available) costs $100. These systems are also
available unbundled,i.e. the disks cost $40 and the manuals are $35 apiece. With
the full text of both manuals now available as Windows Help, the paper copies
are no longer a necessity.
Teachers can install a single Personal system used as part of a course on all
computers in the lab, although students needing their own copies will have to
buy their own Personal system. The Professional system is available at a 60%
education discount.
J is distributed by Strand Software Systems, and authorised dealers. Many J
resources are available via anonymous FTP from watservl.waterloo.edu. J
Freeware can be foundin the directory languages/}j.
Thanks are due to Chris Burke and Eric Iverson for answering my questions
during the preparation of this review, and to Peter Biddlecombe for helping me
with WordBasic.
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Sustaining Members’ News: Dyadic Systems Limited
Thelatest addition to Dyalog APL/W is a new system function [CS (Change
Space), a significant enhancement to the namespace concept. Dyalog APL
namespaces allow you to organise your workspace in a similar manner to the
way you may organise yourdisk into different sub-directories. However,this is
not all that namespaces do and perhaps more importantly, namespaces provide
separate execution contexts in which your APL functions run.
For example, if you make a namespace called MODEL in which youinstall a
function called CALC, when you run MODEL. CALCthe function sees only the
other functions and variables within the MODEL namespaceand avoidspotential
name conflicts with other workspace objects. This is exactly right if MODEL
represents a self-contained sub-system, but what if MODEL represents a
particular scenario and you have several other namespaces; PLAN, ACTUALS,
FORECAST, and so forth, containing similar, but independentscenarios, that you
wantto analyse. Onething you do not wantto do is to maintain copies of CALC
and any sub-functions it calls throughout your namespaces, except where the
functionsdiffer. This is where [JCS comesin.
O¢s provides a mechanism for a function to switch its execution context. This
meansthat your CALC function can switch into the PLAN namespaceif you want
to analyse the PLAN scenario, or into the ACTUALS namespaceif you want to
use actual data. Functional differences between the way certain calculations are
performed can be handled by having different sub-functions within the different
namespaces. Functions that apply to all scenarios can be exported to the target
namespace (the one that [CS switches into) by specifying their namesin its
optionalleft argument.
This technique lets you implement a class of objects (in this case a planning
system) as a namespace (MODEL) which contains the base data variables
(properties) and functions (methods) that define the behaviour oftheclassitself.
Instances of the class are represented by other namespaces PLAN, ACTUALS,
FORECAST, whichcontain just the differences (different data and perhaps some
different calculation routines) between each scenario and the class itself. The
maincalculation routines exist only in the MODEL namespace. When you execute
MODEL. CALC, you supply the nameof the instance namespace in whichit is to
run. CALC then uses [CS to switch into the desired instance namespace, taking
with it any class data and sub-functionsthatit needs.
This technique is not the only way to solve problemsof this sort, but it adds yet
another powerful tool to your armoury andis a further step towardsthe goal of
object-oriented APL.
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British APL Association: Membership Form
Membership is open to anyone interested in APL, The membership year
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special interest groupof the British ComputerSociety, Reg. Charity No. 292,786
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Data Protection Act
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Q) one year’s subscription only Jn accordance with the registrationOf the British Computer Society
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British APL Association, c/o Rowena Small, 8 Cardigan Road, LONDON E3 5HU, UK
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