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Editorial:
Remembering Kenneth Iverson

by Stephen Taylor

For the best memorial, die while your
colleagues have energy to write. With this
issue, Vector at last commemoratesthelife
and work of Dr Kenneth E. Iverson. We had
hoped to publish a substantial review, by
colleagues and collaborators, of his life and
work. But Ken Iverson’s influence and long
workinglife covered so many decades,
countries and people thatthis larger project
must beleft to posterity.
KenIverson started developing his notation
at Harvard in the 1950s as a mathematical
codefor describing computations.It
blossomed through APLinto a family of
languages. Many handshave nourished
these languages; but Ken Iverson wasfather
to them all.

    Yi
Iverson Notation wasatthe centre of the young computerindustry. Ken was
lured from Harvard to become an IBM Fellow.At IBM his notation was used for
the first-ever formal description of an operating system. His Harvard teaching
assistant, Fred Brooks, managed the developmentofthis operating system,
OS/360, the heart of IBM’s breakthrough mainframe series. Brooks’ experiences
managing the project formed the basis of his classic The Mythical Man-Month:
Essays in Software Engineering. Brooks remembers a mentorhere.
The adagethatthe optimum size of a programming team is “fewer than six or
more than a hundred”nicely distinguishes two waysof developing software.
Industrial methods require large teams, disciplined administration and Big Design
Upfront; craft programmers workflexibly, alone or in small groups. To industrial
programmers, writing software looks like engineering; to the craftsmen,like
developing a movie. Craft programmersfind the use of powerful notations repays
the effort of mastering them; managersof industrial programmers shy from high  
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skill levels, and rely on development methods to which coding agility and
productivity havelittle to contribute.
There is not much to wonderatin anyofthis; it replicates a division found in
manyfields. In computing, the APLs remain an esoteric tradition, the province of
solo programmers and small teams; there is no reason to expectthis to change.
The more reason to heed Dr Iverson’s appealin his article “APL in the New
Millenium”, published herefor thefirst time. He writes: My hopeis to encourage
therelatively small APL family to mutetheir differences, and present a more
united face to the programming world.
Keith Smillie weighs in with a surveyofhis life as an array programmer.Professor
Smillie teaches at the University of Alberta, Roger Hui’s alma mater, in the home
province of both Ken Iverson and Arthur Whitney. (Perhaps the acronym should
denote the Albertan Prairie Languages.)
Love of music and mathematics frequently coincide. Ken Iverson shared them
with Norman Thomson, whohere uses J to reach new clarity in an exposition of
the mathematics of tempering. Expositionis the theme too of Paul Berry ’s memoir
of Expository Programmingat IBM in the 1960s, a subject thatis resurfacing these
days undertheless elegant name of Embedded Domain-Specific Languages.
Forhis tribute, Eugene McDonnell measures a quarter-century of progress by
comparing the numberof tokens used in solutions written in APL\360andin J.
Adrian Smith’s work has him frequently switching languages. Writing C# is
something you doto earn living; fooling around in an APL sessionis something
you can doof an evening, with Bach onthe radio, and a nice log fire at yourfeet.
(That music again.) He celebrates, by relaxing with a NewScientist puzzle and an
APLinterpreter.
Peter McDonnell’s caricatures of APL luminaries ornamentthis edition. We print
memories of Ken from Linda Alvord, Bob Bernecky, Jim Brown, Eugene
McDonnell and Joey Tuttle. Larry Breed recounts the implementation of
APL\1130. Gitte Christensen, Michel Dumontier and Richard Hill remember Ken
Iverson in Denmark, France and Australia. (English represents arrays too.) Roger
Hui, Donald McIntyre, and Keith Smillie write of their decadesof collaboration
with KEL And wefinish with Roger Hui's collection of quotations and
‘Kenecdotes’.

Stephen Taylor
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Quick Reference Diary

Date Venue Event

Oct 16-20 2006 Denmark Dyalog 2006 Conference.

The 4th Annual Dyalog User Group Conferencewill take place on 16-20 October 2006 at
LO-Skolen in Helsingar, Denmark - the same venueas last year. Due to popular
demand,this year there are twotraining days and a full day is dedicated to a general
“Array Language Conference”- attended by several other vendors of APL programming
products and other Array Languages.

Nov 6-9 2006 Naples, Florida APL2000 User's meeting

The Eleventh Annual APL User Conference will be held November6 - 9, 2006 at the
Naples Beach Hotel & Golf Club in Naples, Florida. The registration fee will cover
attendanceatall four days. Monday and Tuesdaywill focus on the APL productfor
-NET. Wednesday and Thursday will focus on the APL product for the Win32
environment.
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ARTICLES
APLin the New Millennium

by Kenneth E. Iverson
Since IBM’s APL\360 becameavailable in 1966 many dialects have beendeveloped, and competition has led to emphasis ontheir differences, an emphasisreflected in their distinctive names: APL\1130, APL\360, APLSV, APL2, SHARPAPL,Nial, Dyalog APL, A, APL2000,J, K, and others.
Although naturalto healthy competition, the emphasis on differences hasdiscouraged the sharingof ideas, andstill tendsto blind programmersto the easeof moving betweendialects, an ease not shared by programmers unschooled inthe core ideas of APL.
As emphasizedin [1], these core ideas were:

* The adoption from Tensor Analysis of a systematic treatment of arrays, inwhich every entity is an array, and differentranks lead to scalars, vectors (orlists), matrices (or tables), and higher-dimensional arrays (or reports).
+ Operators(in the sense introduced by Heaviside [2]), which apply to functionsto producerelated functions.

In this paperI will review developments in the APLdialects, emphasizingsimilarities and the ways in which competing ideas have been, and could be,shared and adapted to competing systems. My hopeis to encourage the relativelysmall APL family to mute their differences, and present a more united face to theprogramming world.

Alphabets
Althoughtheparticular alphabet, or even the font used,is a most superficialaspectof a language,it can make a dramatic assault on a beginning reader — asanyone whofirst met Germanin the Gothic fontcantestify. First encounters withthe unfamiliar alphabetof the earliest APL has certainly discouraged many,inspite of its highly-mnemoniccharacter.  
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Atthe timeofits design there was no adopted standard, and it seemed reasonable
to exploit the newly available IBM Selectric typewriter (with its easily-changed
typeball) to design our own alphabet, and to use the backspace ability of the
typewriter to produce composite (overstruck) characters.
The APL community was too small to influence the design of the now widely-
used ASCU alphabet, and ouruseofspecial characters led to a series of
unforeseen difficulties that have significantly inhibited the use of APL:

* Whenthe “glass terminal” provided by the cathode ray tube supplanted the
typewriter, it was incapable of backspacing to provide the composite characters
of APL.

* APL characters were not provided byearly printers, and there was a
considerable delay before specialized alphabets could be downloadedto them.

¢ Such difficulties have led somedialects (such as Nial) to adopt ordinary names
as reserved words, an approach thatthe special characters had allowed us to
avoid.

* Useofthe internet also poses problems, because APL characters are not
generally handled by browsers.

J and use only the ASCII alphabet, but yet avoid the use of reserved words. K
uses mainly single-character non-alphabetics, and J supplements these by a
scheme that uses a suffixed period or colon. For example, < denotesless-than, <.
denotes lesser-of (minimum), and =: denotes assignment.
It would, of course, be impractical for any APL system to switchto a rival
alphabet, andthis discussion is meantonly to suggest supplements based onrival
ideas. For example:

1. Many ASCII symbols (such as @, &, *, and %) go unused in most APL systems,
and could beused in various ways:
One or two might be used as suffixes, as in <@ or nub@ as namesfor primitives.
The « adopted for power in APL\360 has since become universally recognized
as the symbolfor multiplication, and mightbetter be replaced by the “, asfirst
proposed by De Morganin mathematics, and recently adopted in some non-
APLlanguages.

2. The percent symbol(which signifies “divided by 100”) has been adopted for
division by some non-APLsystems, and could be more widely adopted in APL.
After all, the APL symbol+ is no longerfamiliar as a symbolfor division.



VECTOR Vol.22 No.3
 

NumberRepresentation
APL\360 introducedthe useful representation of a negative numberdistinct fromthe negation function (-) that might produceit. This has been continuedin allAPLsin formsthat vary from the special overbar symbol used in APL\360.
Constrained to ASCII symbols, J uses the underbar, and K uses juxtaposition: -3
for a negative number,as contrasted with - 3 for negation.
APLsystems use the exponential notation adopted from Fortran, someusing the
uppercase E, and somethe lowercase. The notion has been extended to other
kinds of numbers, as in 2¢45 fora complex numberin polar representation(APL2); 344 for a complex number (SHARP APL); and 2r3 for rational
number(J).

Grammar
The grammar(parsing rules) of APL\360 were simple andrelatively uniform,with no precedence among functions, but with operators given precedence overfunctions.
In particular, the relative positions of functions and arguments werefixed; for
example, factorial n was written as !n, not n!. There are, however a few
characteristics that merit comment.

Name assignment
A left arrow was used to assign namesto arrays of numbers and characters, but aquite different mechanism wasusedfor assigning namesto functions, and there
wasno provisionfor defining operators.
In APL2, operatordefinition was introduced by extending the system for function
definition to allow further parameters. Most systems have adopted this scheme,
butJ usesa single copula(the =: mentionedearlier) forall three cases, and
Dyalog APL usesit for two.

Valence
APL\360 systematically adopted the double use of symbols from the scheme
suggested by subtraction (3-2) and negation (-2) in mathematics, calling the two
cases dyadic and monadic. For example, !n denotes the factorial, and m!n denotes
the related binomialcoefficients.
Most systems(with the exception of Nial) continued this ambivalent use of
primitives, but did not extenditto the derived functions produced by operators. In  
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J, all functions are ambivalent. For example, +/ y denotes sum over y,andx +/ y
denotes the addition table;thatis, the plus-outer-product denoted by x °.+ yin
APL\360 and APL2.

Indexing
Because of the need for multiple index arguments for a multi-dimensional array,
APL\360adapted from Fortran the notation 4(I;J:K1, departing from the
normal form for a dyadic function.In particular,it was not possible to assign a
nameto the complete index argument.
The introduction of nested arrays in APL2 made possiblethe treatmentofa set of
indices such as I; 7; asa single entity. However, with the exception of J, APL
systems did notfully exploit this to rationalize indexing.
APL\360introduced a further anomaly in indexing by providingeither 1-origin
or 0-origin indexing,set originally by a system command of the form ) 10, andlater
by a system variable DIo.
This choice of index origin has been maintained in most systems,butJ is restricted
to 0-origin. Since indexingin J is a normal dyadic function, an operator can be
used to modify it, as well as the related index generator analogousto the iota of
APL\360.
Therestriction to 0-origin has simplified the introduction of negative indexing, with
indices for n items running from negative n to n-1.
The indexed assignment ACI ;J]+M is a further convenient(though grammatically
anomalous) scheme introduced in APL\360.It is maintained in most systems,
althoughthethree essential arguments can be handled by an amend operator, such
as the } used inJ in the form:M ind } A.

Terminology
Coming from a commonbackgroundin math, wenaturally adopted mathematical
terminology in APL\360,in spite of the facts that:

¢ Theterm operator (used in the sense of Heaviside) conflicts with its commonuse
in elementary mathematics as a synonym for function.

© The term variable used for a nameassignedto a quantity suggests thatits
meaning might vary due to possible re-assignment. But the same possibility
exists for defined functions, and the terms variable andfunction do not
adequately reflect the possible cases.  
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‘Termsfrom English grammarcan providethe necessary distinctions, using theclose analogy betweenfunction and verb as denotingactions, together with the
nouns and (variable) pronouns on which theyact.
Moreover, adverbs are analogous to operators (such as /) that modify a single verb,andconjunctions (such as the copulative conjunction and in the phrase “run andhide”) are analogousto operators(such as the inner-product) that apply to twoverbs,
Finally, the familiar English termslist, table, and report are more commonlyunderstood (and are fully as accurate as) the terms vector, matrix, and higher-dimensionalarray.

Opportunities
Most APLsystemsshare unexploited cases that may be introduced without
conflict. We will illustrate these opportunities by three classes.
Complex arguments
Although complex numbersserve primarily in mathematical expressions, their
twoparts (real and imaginary) can be convenientin functions that require the
specification of two independent parameters.
For example, a formatfunction F might be defined so that 1233 F x formats x
with a width of 12 spaces and with 3 digits following the decimal point. A list of
such complex arguments could be used to specify each column ofthe format of a
table x.

Vector arguments
In APL\360, the expression 15 produceda list offive successive integers, but thedomain of 1 did notinclude a vector argument. A useful non-conflicting extension
could be defined to applyto a list of n integers to produce an array of successive
integers of rank n (asin J) or a nested array ofindices of an array of the same rank
(as in Dyalog APL).
Trains
In calculus, the expression £+g is sometimesused to define a function equivalent
to the sum of the functions f and g, and £*gis used for their product. Moreover,
such a train of three functionsis treated as an error in most APL systems, and
could therefore be introduced withoutconflict.  
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Any three functions maybe used. For example +/ divided-by § (the numberof
elements) defines the mean function, and f , g defines a function that catenates
results, asin+/,*/.

Moregenerally, a train of any odd numberof functions defines a function, the last
three defining a function as stated above, and this function enteringinto a similar
definition with the remainingtrain.
For example, the identity function followed by - (subtraction) followed by the
preceding three-elementtrain for the mean defines the function “centre on the
mean”.

Extensions
Functions and operators new to any system can of course be adapted from other
systems withoutconflict. In early systemsthe choice of symbols posed a problem,
soon solved in a general way by the adoptionofa class of “Cinames”; alphabetic
names preceded by the quad character. This solution appears to continue in
systemsthat adhereto the special APL characterset.
Wewill now discuss a few of the many functions and operators that are
candidates for adoption.

GCD and LCM
Thelogical or and and could be construed as special cases of maximum and
minimum (whenrestricted to the Boolean domain 0 and 1), or as special cases of
greatest common divisor (GCD)andleast common multiple (LCM).
E.£. McDonnell noted that only the latter functions possessed the same identity
elements as or and and, and he ensured thatthe logical functions were extended to
GCD and LCM in the SHARP APLsystem. The same extension could be made
without conflict in any APL system.

Repeatable random numbers
In debugginga program it is often useful to generate “random”arguments in a
repeatable manner. This can be doneby resetting the random seed.It is more
convenient to provide a random numbergenerator (denoted, perhaps, by ? .) that
resets the seed on each use.

10  
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Variants
APLSVused the system variable OC? to specify the comparison tolerance to be usedin relations such as < and =. Such control can be made more convenient bya
variant operator, as in = VAR 0 for exact comparison.
A moreinteresting opportunity for variants occursin the caseoftherising andfalling factorial functions, defined by «/x+s* tn, for s assigned the values 1 and
“4, respectively. Moreover, a zero value for s gives the function x to the power n,and these functions(including the useful case of non-integer values for s) can all
be treated as variants of the power function.
Ties
The sum a+b+c+d+e can be written as the reduction +/a,b,c,d,e. Moreover,
the continued fraction atb+c+dte mightlend itself to a similar reduction, except
thatit requires the two functions of addition and division.
Such a pair of functions (or any number) can be provided by a TIE operator, to be
used in the form +TIE+ / a,b,c,d,e.

Theresult of a tie can be used in other ways, as with a case operator, in which £
TIE g TIE h CASE usesthe index produced by the function i to select one
of the functions for execution. In particular, the tie of two functions can be used to
makea recursive definition.

Universalsorting
A strict ranking can be imposedonall arrays (including characters, real and
complex numbers, and open andnested arrays of any rank) so that sorting can be
applied to anything. An example of such ranking is provided in J, and could be
adapted to any system.

The Workspace
Whenfirst proposed by Adin Falkoff for APL\360, the (32K) workspace provided
a convenientand efficient organization of memory. However, thefixed size, and
other characteristics of the workspace, have cometo inhibit the use of APL.
In particular, the workspaceorganization did notfacilitate the exploitation of the
memory managementoffered by later machines and operating systems. Arthur
Whitney madethefirst step in employing thesefacilities in his A system, and used
text (script) files rather than workspaces.

ML  
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The advantagesoftext files are beginning to be recognized. In an item on page 59
of the April issue of Vector (Vol. 16 No. 4), Anssi Seppaila is quoted asfollows: “the
more I can work with textfiles, the easier it is — 1 am no longer a fan of the APL
workspace”.

Acknowledgment
Iam indebtedto Chris Burke for many helpful comments, particularly for his
suggestion to discuss the matter of the workspace versusscriptfiles.
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Discovering Array Languages
by Keith Smillie

APL?That's the language withall the funny symbols, isn’tit?” “J? What a funny
namefor a language!” “What's so special about APL[or J]? Why not use BASIC
[or C++ or Java or...]? We've all heard remarks such asthese, spoken with various
degrees of doubt, sarcasm oreven derision.In this paper weshall try to provide
answersto these questionsin a simple mannerin a way which might encourage
the readerto seek further information about APLorJ.
In addition to answering the sceptics, there is another reason why weshould take
the time to describe in simple language whatweare doing.I believe we have an
obligation to explain to people how wespendour professional lives. We owethis
to our family andfriends whom weon occasion may neglect when we become
preoccupied with our work. We also havean obligation to others who support us
directly and indirectly and who may often wonder whatthey are getting in return.
When weattemptto explain our workin simple non-technical language, we are in
excellent company. The physicist and Nobel laureate Erwin Schrédingerin a
series of public lectures which were publishedin the early 1950s as Science and
Humanismsaid that “If you cannot — in the long run tell everyone what you have
been doing, your doing has been worthless.”Another physicist and Nobel
laureate, Ernest Rutherford, expressed the same belief somewhat more prosaically
in his remark that “[Y]ou have not understood something unless you can explain
it in terms that can be understood by an English barmaid.”
Weshall begin with a simple metaphorforclassifying programming languages
and follow this with examples of programming a simple example in both a
hypothetical, but we hope representative, machine language and in BASIC which
wewill consider representative of a conventional programming language. We
shall then discuss the origins of APL andJ, illustrate their use with the same
example as previously used, discuss the acceptance of these languages in the
programming community, and discuss a few applications which maybe of
general interest and even of someutility. Then we compare the teaching of natural
languages andthe teaching of programminglanguages, and finally discuss the
importanceof keeping a historical perspective on one’s work. Two Appendices
give the J programs for the machine-language simulatorand the applications.

13  
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Selecting Apples — a Metaphor
Frederick Brooks, a colleague of Kenneth Iverson, whom weshall soon introduce
as the originator of APL andJ, has given a nice analogyofthe difference between
a conventional language such as BASIC andan array language such as APL orJ.
Suppose we have a boxof apples from which we wishtoselectall of the good
apples. Not wishing to do the task ourselves, we write a list of instructions to be
carried out by a helper. The instructions correspondingto a conventional
language would be something like the following:

Reserve a place for the good apples. Then select an apple from the box, andif it
is good putit in a reserved place. Select a second apple, andifit is good putit
too in the reservedplace.... Continue in this manner examining each apple in
turn until all of the good apples have been selected.

Onthe other hand theinstructions corresponding to an array language would be
simply

Selectall of the good apples from the box.
Of course, the apples wouldstill have to be examined individually but the apple-
by-apple details would beleft to the helper.
Based onthe above analogy we mayclassify programming languagesas follows:

¢ One-apple-at-a-time languages
Fortran, BASIC, Pascal, C++, ..., Java,...

¢ All-the-apples-at-once languages.
wor APL,wy J, os

¢ Other languages
Spreadsheets, application packages,...

Conventional Languages
A program for anyof the early computers had to be written in so-called machine
language — different for each model of computer — and consisting of a sequence of
instructions written in numerical form, each specifying the operation and the
addresses (locations) in memory of the numbersto be operated on and the
addressesof the result. For example, for the first computerI used, the National
Cash Register 102A,the instruction 35 2001 1025 1050 meant “Add the numberin
location 2001 to the numberin location 1025 and put the sum in location 1050.” As
another example,the instruction 33 0345 0656 0273 meant“If the number in
location 0345 is greater than the numberin location 0656, take the next instruction

14  
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from location 0273; otherwise take the nextinstruction in sequence.” A programconsisted of a sequenceof these numerical instructions, and was executed startingwith thefirst instruction and proceeding sequentially instruction-by-instructionunless the sequence was changed bya transfer-of-controlinstruction or a Stopinstruction was encountered. Programsfor real problemsoften consisted of
hundredsor thousandsoflines of such code, and might take weeks or evenmonths to write and debug.
Toillustrate a machine-language program weshall consider a hypotheticalcomputeralmostidentical to that given in Electronic Computers, Revised Edition byS. H. Hollingdale and G.C. Tootill (Penguin, 1971). The memory consists of anarbitrary numberless than or equalto 999 oflocations or “words” numbered
sequentially 000,001,002, ...,and an additional word of memory,called the“Accumulator” and represented by A, where arithmetic and logical operations areperformed.An instructionis a five-digit integer with the first two digits giving theoperation andthe last three the address. For example, the instruction 02025means subtract the numberin location 025 from the number in the Accumulator
andstore the result in the Accumulator, and the instruction 09176 meanstake thenextinstruction from location 176 if the number in the Accumulatoris negative.Data are considered input one numberat a time from papertape, and outputisprinted one numberat a time.
The complete order codeis as follows, where (xxx) and (A) represent the contentsof location xxx and A, respectively:

O1xxxA © A + (xxx) O6xxxPrint (xxx)
O2xxxA « A = (xxx) O7xxxxxx + (A)
O3xxxA © A x (xxx) O8xxx Read no. from tape into xxx
OLxXxxA « A % (xxx) O9xxx Nextinstr. from xxx if (A) < 0
OSxxxA + (xxx) 10000 Stop

11xxx Nextinstr. from xxx
Thelast instruction which transfers control unconditionally to the specified
address has been addedto the instruction set given in Hollingdale and Tootill.
As an examplethe following is a program for readinga list of non-negative
numbersoneat a time from papertape and calculating andprinting the maximumnumber:

5114 2114 7114 8115 5115 9112 7115 2114 9103 5115 7114 11103 6114 10000
The programis stored in memory locations 100,101, ..., 112. Executionof theprogram beginswith the instruction 05112 in location 100. The inputconsists of

15  
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a list of non-negative numbers appended with an arbitrary negative number
which servesasa flag to the program indicating thatall valid numbers have been
processed.
Since a program in this form is difficult if not impossible to read, programs are
written and annotated as shown below withthe location of an instruction being
giventoits left and an explanatory notetoits right:

100 05114 ) Set maximum no. Xmax to 0
104 02114 )
102 07114 )
103 O8415 Read no. X from tape
104 05115 Copy X to Accum.
105 09112 Is X < Q?
106 o7415 ) X - Xmax
107 02114 )
108 09103 Is X - Xmax <0?
109 05115 ) Replace X with Xmax
110 074114 )
Lit 11103 Next insruction from locn. 103
112 06114 Print Xmax
413 10000 Stop

This program is a “one-apple-at-a-time” program since each numberhasto be
compared in turn with the current maximum,setinitially to zero, which it
replacesifit is larger.
A breakthrough in programming camein the late 1950s with the developmentby
the International Business Machines Corporation of Fortran, for Formula
Translation, which allowed the programmerto write programs in an algebraic-
like language.Sinceits release in 1957 many versions of Fortran were developed
andthe language has had a profoundeffect on the the developmentof
programminglanguagesandtheir teaching. The appearance of Fortran made the
use of computersfeasible for people who did not wish to becomefull-time
programmersat the expense of their chosen professions.
In 1964 BASIC,for Beginner’s All Purpose Instruction Code, wasfirst released at
Dartmouth College, a liberal arts college in New Hampshire.It was designed asa
“pleasant andfriendly”alternative to Fortran for undergraduate students, most of
whom werein the social sciences and the humanities. The first BASIC program
‘wasrun successfully at 4:00 a.m. on May1, 1964, and performed thecalculation
(7 x 8) + 3. Since then there have been very many versions of BASIC and the
language has becomea /inguafranca in computing. The following is a BASIC
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program for the example problem offinding the maximum ofa list of positive
numbers:

REM Maximum of a list of numbers
DATA 19.11, 12.77, 21.31, 16.10, 12.19, 25.76, 17.49, -1
Max = 0
READ Number
WHILE Number >= 0

IF Number > Max THEN
Max = Number

END IF
READ Number
WEND
PRINT Max
STOP
END

This program,like the machine-language program givenearlier in the section,is
also a one-apple-at-a-time program since each number mustbe examinedin turn
and the current maximum updatedif necessary. However the BASIC program is
mucheasier to write and can probably be understood by a person withlittle or no
knowledgeof the language.

Array Languages - APL
APLhadits origins in work begun by Kenneth Iverson ~ a Canadian who was
born near Camrose, Alberta and who was a graduate of Queen’s University,
Kingston — while a graduate student at Harvardin the early 1950s. He became
dissatisfied with the inadequacies of conventional mathematical notation and
began to develop an alternative notation. After completing his doctorate, he
continued to develop his ideas while teaching in the newly established program in
Automatic Data Processing at Harvard.Its first applications were for the
description ofalgorithmsarising in problemsof sorting, searching and.
optimisation.
After leaving Harvard in 1960, Ken joined the IBM Research Division in Yorktown
Heights, New York where he continued this work. In 1962 he published a detailed
account in his book A Programming Language, the title being the source of the name
APL.Thefirst experimental computer implementation wasin 1965 and was used
in a batch mode by submitting decks of punched cards containing programs and
data. In November 1966 the APL\360 system running on an IBM/360 Model 50
wasproviding service to users in the IBM Research Division in Yorktown Heights
and could be usedinteractively from remote terminals. APL became publicly
available in 1968.
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Theprinciples underlying the design of APL have beensimplicity, brevity and
generality. While the conventions of mathematical notation have been respected,
these principles have always been given precedence. The data objects in APL are
one-dimensionallists, two-dimensionaltables, and in general rectangular arrays
of arbitrary dimension.In addition to the usual elementary arithmetical functions
of addition, subtraction, multiplication, division and raising to a power, there are
a large numberof additional functions whichare defined for arrays as well as for
individual numbers.
Asa first example considerthe data given in the previous BASIC program which
representthe totals of several grocery shopping trips. These amounts may be
defined by the simple APL statement

TOTALS + 19.24 12.77 21.31 16.1 12.19 25.76 17.49
The sum of these numbersis given by +/TOTALS which hasthe value 124.73.
The APL function +/ may be considered analogousto the familiar sigma symbol
of conventional mathematical notation, The only extension of this concept in
conventional notation is the symbol TI for product. However, in APL the operator
/ maybe applied to a large numberofarithmetic and logical functions. For
example, [ /TOTALSor 25.76 is the largest item of TOTALS, L/TOTALS or 12.77
is the smallest item, and pTOTALSor 7 is the numberof items. We note that the
expression

[/49.14 12.77 24.34 16.1 12.19 25.76 17.49
is equivalent to the machine-language and BASIC programsofthelastsection.
(The productis given by x/TOTALS althoughitis difficult to think of a
meaningful interpretation of this value for the present data.)
Asa further exampleof array operations in APL weshall consider the prices and
numberof units purchased for each of the items for the sixth shoppingtrip. A
single multiplication of thelist of prices by the list of quantities will givea list of
the total amountspent for each item, and one summationofthislist will give the
total amount spent. If the prices and units purchased are represented by PRICE
and QTY respectively, then these calculations may be expressed in APL as
follows:
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PRICE « 0.40 4.25 8.99 1.99 0.40 2.69
QTY + 3212141
PRICE x QTY

1.2 8.5 8.99 3.98 0.4 2.69
+/PRICE x QTY

25.76
TOTAL + +/PRICE x QTY
TOTAL

25.76 .
As APLisan interactive language, these expressions are immediately executed
and the results displayed when entered at the keyboard, where expressionsentered by the user are indented while responses by the APL system are not.
As an example of how APLfunctions and operations may be extended to arrays of
higher dimensions, consider finding the frequencies of occurrence ofeach of the
six faces when a dieis rolled a numberof times. Suppose

ROLLS «452144%24%3233333
is list of the results of rolling a die 15 times and FACES is thelist of thefirst 6
positive integers. Then the expression FACES ¢.= ROLLS givesthetable
gq00100000000000
Oo01001000100000
oo0c00c00001011111
1ooo0o1d0t110c000000
Oo10000000000000
Qo00000000000000

where the second row for example showsthat a 2 occurred onthe third, sixth and
tenth rolls.and +/FACES °.= ROLLS gives the rowsums 1 3 6 4 1 Oofthe
required frequencies. These expressions makeuse of the “outer product” °. ,a
generalization of the familiar addition table of elementary arithmetic, so that for
exampleif I is a list of the first twelve positive integers then Ie . +I is a twelve-
by-twelve additiontable.

Array Languages ~J
In 1980 Ken Iversonleft IBM and returned to Canadato workfor L. P. Sharp
Associates, a firm with headoffices in Toronto which wasusing APL to establish a
time-sharing service that became widely used in Canada,the United States and
Europe. In 1987 heretired from I. P. Sharp,or to use his words “WhenI retired
from paid employment...”, and turned his attention to the development and
promotion of a moderndialect of APLcalled simplyJ.
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Ken’s motivation for developing J was to provide a tool for writing about and
teaching a variety of mathematical topics that was availableeitherfree or for a
nominalcharge, could be easily printed, was implemented in a numberof
different computing environments, and maintained the simplicity and generality
of APL. J was first implemented in 1990 and has undergone continuous
developmentsincethen.Jt is now available on a wide range of computers and
operating systemsandutilizes the latest developmentsin software including
graphicaluser interfaces such as MS Windows.
The most obvious difference between APL andJ is the use of the ASCII character
set available on all keyboards. This removes the manydifficulties associated with
the APL characterset, difficulties only exacerbated by the increased use of text-
based email and the World Wide Web.As an illustration the followingare the J
equivalents of the three APL statements given earlier in the shopping example:

Prices: 0.40 4.25 8.99 1.99 0.40 2.69Qtye: 3212244
Total=: +/Price * Qty

The J equivalentof the APL expression in the dice-throwing example is
+/"1 Faces =/ Rolls where /is the adverb“table”.
Althoughthere are many differences between APL andJ that make J a simpler
and moresatisfying language to use, we shall mention only one, andthis is the
use of terminology from natural language rather than from computing
technology. For example, what are termed functionsin most languagesare called
verbsin J, operators are called adverbssince they modify verbs, and the variables
of almostall languagesare termed nounsin J. (There are even gerundsin J!) This
simple change gives a unity to the various elements in the structure of J and also
suggests that there maybe an affinity between programming languages and
natural languages. We shall return to this topic in a later section.

An Assessment of APL and J
After APL wasreleased outside of IBM,it soon gained many enthusiastic users in
business, industry and academia and wasused for a wide rangeof applications. |
Soon there wereseveral slightly differing versions of APLoriginating from
different organizations, and successive releases contained both enhancements to
the languageresulting from experience with its use and also improvements which
simplified its use on the computer. J had an enthusiastic reception both from users
of APL and from new users. However the design and implementationofJ has
been strictly controlled by Jsoftware Inc., a company of which Ken Iverson was
oneofthe original founders. |
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Both APLandJ have had, and continueto have, a large numberofcritics. Many
objected to the unusual character set in APL, and as we noted earlier wouldrefer
derisively to APL as “that languagewith all the funny symbols”. Manypersons,
with somejustification,criticized the tendency of many APL users to write
programsin as few statements as possible, the ideal being the “one-liner”. Some
critics, again with justification, termed APL a “write-only” language implying that
APLprogramscould not be read intelligibly even by those who had written them.
Similar criticisms could be, and undoubtedly have been, made aboutJ andits
supporters, except of course for the character set which is that used onall English-
language keyboards.
Thave always consideredoneofthe great virtues of APL andJ has been the
suppression ofthe detail required in almostall other programming languages.
The advantagesofa suitable notation have been long known in mathematics, and
have been admirably stated by the English mathematician A. N. Whitehead in An
Invitation to Mathematics whichfirst appeared in 1911 as follows: “Byrelieving the
brain of all unnecessary work, a good notationsets it free to concentrate on more
advanced problems,and in effect increases the mental powerof the race.” This
wasa favourite quotation of Ken Iverson’s, one which he used in introducing his
Turing Awardlecture “Notationasa tool of thought”. Another even broader
injunction for brevity is given in the apocryphalEcclesiasticus(c. xxxii, v. 8) where
weare instructed to “Let thy speech be short, signifying much in a few words.”
However[ also believe that neither APL norJ, or any single programming
language or system — andhere I include application packages and spreadsheets —
can be consideredasthe solutiontoall of one’s programming problems. A person
selects the language or system best suited for the application being considered
although onejustifiably has one’s favourites. Just as a gardenerhasa variety of
tools to serve his or her gardening needs, so does a programmer use the most
appropriate programmingtool for the problem at hand.
The next three sections give a few examples I have used in mystatistical work and
in classroom presentations. Although I have programmedalmostall of them at
varioustimesin several different languages, the results given here have been
obtained from programswrittenin J.

Analysing Data
In this section we shall considerbriefly a type of calculationthat is fundamentalto
a large class of statistical applications. The data have been taken from Principles
and Procedures of Statistics by R. G. D. Steel andJ. H. Torrie (McGraw-Hill, 1960). In
a single dimensionthe calculation involvesfinding the sum of data arranged
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simply asa list of numbers. In two dimensions withthe data arranged in rows and
columnsit is required to find the row and column sumsof the data. The
calculation may be generalized to three or more dimensions whereit is required to
find someorall of the so-called marginal sums.
As an example consider some data representing the yield in bushels peracre for
eachof twovarieties of oats and each ofthree different seed treatments with four
replications of each variety-treatment combination. To begin, consider the four
observations

62.3 58.5 44.6 50.3

for the first variety-treatment combination. There are the observations themselves
and also their sum 215.7 which is a measureofthe effectiveness ofthis
particular combination.
Now consider the three treatmentsforthe first variety which are given by the
two-dimensional array

62.3 58.5 44.6 50.3
63.4 50,4 45.0 46.7
64.5 46.1 62.6 50.3

with the rows representing treatments and the columnsrepresenting replications.
There are now fourdifferent quantities to calculate: the observations themselves,
the row sums

215.7 205.5 223.5

which give a measureofthe effectivenessof each of the three treatments, the
column sums

190.2 155 152.2 147.3

which measurethevariability between the replications, and the overall sum
644.7 which gives a measure of theyield ofthefirst variety of oats.
If we now considerthe second variety of oats, we have the data arranged in the
three-dimensional array which may be represented in two-dimensions as

62.3 58.5 44.6 50.3
63.4 50.4 45.0 46.7
64.5 46.1 62.6 50.3
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75.4 65.6 54.0 52.7
70.3 67.3 57.6 58.5
68.8 65.3 45.6 51.0

which has 2 levels each with 3 rows and 4 columnswith the levels representing
the varieties and the rows and columns representing treatments andreplications,
respectively. If we countthe array itself and the total overall of the data, there will
be 23 or 8 different marginal sums to compute. For example, the sum over the
levels

137.7 124.1 98.6 103.0
133.7 117.7 102.6 105.2
133.3 111.4 108.2 101.3

measures the yields of varieties for both treatments and replications, and the sum
over bothlevels and replications,

463.4 459.2 454.2

measures the treatments.If this experiment were repeated for two or more
methodsof cultivation, then the data wouldbe represented as a four-dimensional
array and there wouldbe a total of 24 or 16 different sumsthat could be
computed. The inclusionofa fifth factor, for example, the repetition of the
experimentat a different location wherethesoil was different, would give 32
marginal sums.
Weshall make only a very few remarks aboutthe use ofJ to find marginal sums.
If the four observationsforthe first variety-treatment combination are represented
by A1, then the marginal sumsgiving the total of these observationsis simply
+/A1, If A2representsthe three-by-four array for the three treatments and four
replicationsfor the first variety, then the treatmenttotals are the row sums
+/"1 At, the replication totals are the column sums +/A1, andthe grandtotal is
+/+/A4,
Oncethe marginal sums,or at least an appropriate selection of them depending
onthe experimental design, have been computed,it is relatively simple - and we
must emphasize the word “relatively” — to find the necessary components of the
total variation to test whateverstatistical hypothesesare ofinterest. The
calculations for the marginal sums have been incorporated into generalstatistical
programswritten in all three array languages discussed here and have proven to
be very useful.
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Rolling Dice and other Simulations
Therolling of dice, the tossing of coins, and the drawing ofballs randomly from
an urn have long been usedto provide examplesofstatistical distributions and
sampling procedures. Data could be generated by carrying out the experiments
with real dice, coins, balls or marked slips of paper. Alternatively the experiments
could be simulated using tables of random numbers, a common feature of
statistical tables for many years. For example, a sequenceof digits selected
arbitrarily from a random numbertable could represent a sequence ofcoin tosses
with an evendigit representing a head and an odddigit a tail. There were even
books oftables of random numbers, one being the RAND Corporation’s A Million
Random Digits with 100 000 Normal Deviates published in 1955 which was reviewed
with some disbelief in The New York Times. In this section we will mention a
couple of simulationsoften referredto in the statistical literature and give a few
examples of our own.
Possibly one of the best-known examplesin thestatisticalliterature is the work of
the English biologist W. F. R. Weldon (1860 — 1906) whichhecarried out to
illustrate some ofhis statistical arguments. In one experiment he tabulated the
results of rolling twelve dice 4096 times counting as a success the numberof
occurrences of a 4, 5 or 6 on each roll. Another set of dice data not as well known
as Weldon’s was generated by a Swiss scientist Rudolf Wolf who tabulated the
results of 100,000 rolls of a die. A fairly recent analysis of these latter results
showed that the die was certainly biased. The authorof this study remarked that
it is reasonable to assumethata die of poor quality such as would have been
manufacturedin the nineteenth century would have developed a bias when rolled
sucha large numberoftimes. He then remarked that dice now used in major
gambling houses are machined to tolerances of 1/2000 of an inch, are made from a
hard homogeneousmaterial andare rolled only a few hundredtimes before being
discarded. Using J a simulation of Weldon’s example took approximately 0.05
seconds and Wolf's approximately 0.13 seconds.

It is well known thatthe ratio of the numberof headsto
the total numberof tosses of an unbiased coin approaches
0.5 as the numberof tosses increases. An example is shown
in thefirst graph giving the results of one simulation of 300
tosses. However, the cumulative excess in headsovertails
tends to grow as the numberof tossesincreases. Thisis
shownin the second graph representing the same

simulation as thatin the first one. Thus if one wereto bet on the outcomeof heads
on eachtossit is not altogether certain that one would necessarily break even ina
long series of tosses since one’s capital, if modest, could be wiped out by a long
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run oftails. This is especially true if one were using a martingale system ofbetting
where one doubles one’sbet on eachloss and reverts only to the original bet on a
win.
A well-known example of a random processthatis
given in manystatistics texts is Buffon’s needle problem
for estimating the valueof x,the ratio of the
circumference ofa circle to its diameter. It was
proposed bythe Frenchnaturalist and biologist Comte
de Buffon in 1760. Suppose werule a series of parallel
lines ona flat surface such asa table top and repeatedly
drop at random on this surface a needle whose length is
less than the distance betweenadjacentlines. By counting the numberof timesthe
needlecrosses a line whenitfalls it is possible to estimate the value m. Onetrial of
this procedure in which a needle was dropped 5000 timesis reported to have
given an approximation to p of 3.15956. A discussionof the simulation of Buffon‘s
problem is given in Computer Approaches to Mathematical Problems Jurg Nievergelt,
J. Craig Farrar and Edward M.Reingold (Prentice-Hall, 1974). Five repetitionsof
this simulation for 5000 trials each gaveestimatesfor 7 of 3.13185, 3.11526,
3.13381, 3.11042 and 3.11042.

 

Random methodsofestimating 1 must be considered only a small footnote in the
long history of the endeavours — to some very interesting and to others completely
useless — to calculate p to an ever-increasing numberof digits. Two years ago a
team of Japanesescientists used 400 hours of supercomputer time to compute z to
1.24 trillion places. If printed, this number which begins
3.141592653589793238462643383279502884197169399375105820974944...
would extend for almost 20 million miles.

Collecting Coupons
One of my favourite statistical examples is one I metfirst as a graduate student
and have used manytimes both as a classroom example and as a programming
exercise. Indeed, about a dozen years ago I wrote a four-page brochure using it to
introducethe J language.It is knownas the couponcollector’s problem, and has
its application in the repeated purchase of some productsuch as breakfast cereal
until a complete set of prizes, contained onein each box, is obtained. We are
interested in knowing how manyboxesofcereal must be purchased on the
average until we haveall of the prizes.
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We maysimplify the problem by eliminating the cereal boxes — and the cost of
purchasing them and the botherof eating the cereal — by imagining that we have a
box containing a numberofslips of paper each with oneofthe integers1, 2,...
written onit, one slip for each different prize. For example,if there are five prizes
in the cereal boxes, then our simplified model would be a box withfive slips
bearingthe integers 1, 2, 3, 4 and 5. Instead of purchasing the cereal, we would
repeatedly drawa slip from the box, write down the numberonit, replace the slip
in the box, and continue until all of the five different numbers appearedin our list.
If there were six different prizes in the cereal boxes, we could use an even simpler
model than drawing numberedslips by rolling an unbiased die repeatedly until
all six different faces had appeared.
A statistician would call the above processes — whether the purchase of boxes of
cereal or drawing numbered slips of paper — random sampling with replacement.
Heor she would thenstate the general problem as follows: If we sample with
replacement from thefirst 1 positive integers, whatis the expected sample size
required to obtain all 7 integers in the sample? A little mathematics, which we
shall omit, showsthat the expected samplesize is simply

nx(1+1/2+1/3+..+1/n),
or in words“n times the sumofthe reciprocals of the first n positive integers”. For
example, if n = 5 correspondingto five different prizes, then the expected sample
size is

5x (L+4/24+1/3+1/4 41/5)
whichis equal to approximately 11.4. If n = 6 corresponding to the analogy of
rolling a die, then the expected sample size is

6% (141/24+1/3+1/441/5 +1/6)
or approximately 14.7. Finally if there were 100 different prizes, then the average
numberof purchases would be approximately 518.7.
The general formula gives reasonable results for limiting small valuesof n. If there
is only oneprize, then n = 1 and the expected samplesize is 1 x 1 or 1 which is
reasonablesince the single prize would be obtained on the first purchase.If there
are noprizes, then n = 0 and the expected samplesizeis 0 x 0 or 0 andthere
would be no purchases to make.
Thefollowingtable gives for a small range of values of numberofprizes in the
first row the expected sample sizes rounded to the nearest integer in the second
row:
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5 10 15 20 25 30 35 40 45 so 60 70 80 90 6100
i. 29 50 72 95 120 145 171 #198 225 281 338 397 457 519

So far we haveconsidered only the average number of purchases required to
collect a complete set of prizes. We might well ask what amountofvariation about
this average value may we expect. This question could be answered very simply
by using a computerto simulate the sampling process a numberof times and
recording the size of each sample. As an example, 20 simulationsfor 5 different
prizes gave samplesizes of

28 12 11 19 27 14 5 21106129 161217687614

with a minimum of 5, a maximum of 28, and an average of 13. Another 20
simulations gave a minimum and a maximum of 7 and 26, respectively, and again
an averageof 13.
I thought { would see what examples of the coupon collector’s problem could be
found with today’s cereals. Sadly the problem seemsto havefallen outof fashion.
Most brandsofcereal offered no free prizes although one offered a free watch and
another a “Free Inside Outside Camera”, a phrase which required someparsing to
makesense.Just as I was aboutto give up I found a box advertising on the front a
“Free Inside Kidz Counter” described on the back as follows: “Hey kids your
missionis to walk an extra 2000 steps a day for 2 weeks,that’s about 20 minutes
more activity a day,...”. The “kidz counter” was a pedometerthat measured the
numberof steps only and camein three different colours. Thusif one wanted to
collectall three colours the expected numberof packages of cereal to be purchased
could be found to be 3 x (1 +1/2 + 1/3) or approximately 5.5.

Teaching Languages
Mosttexts used in introductory computing coursesgiveeither an introductionto
whatever languageis currently in fashion or an overview of computingscience in
which programmingis treated somewhatbriefly. The programming examples and
exercises are carefully and often meticulously presented with the purpose of
illustrating the syntaxof the language. While manyof the problems may have
someintrinsic interest, when viewed together they present no continuous
narrative which the student can see developing. Unfortunately in some texts
manyof the examplesare artificial or even juvenile. An example in one C++ text
was a program that gave a promptfor the userto input a “favourite” number and
gave the response I think that [whatever number was input] is a
nice number. OneJavatext has as an example a program to print either ho-ho,
he-he or ha-ha which was then modified to print yuk-yuk. One programming
assignmentI haveseen required the studentto preparea table of n’ and 7" for a
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range ofvaluesof7, an exerciseof little interest and of doubtful application.
Examples such as these undoubtedly prompteda colleague to remark that most
introductory programming courses wereas interesting as courses in the
conjugation of verbs.
It is of interest to compare such approachesto teaching programming languages
with the teachingof natural languages. We shall give two examples, one in
teaching children to understand and read English, and the secondin teaching a
foreign languageto native speakersof English.
Onedelightful book intendedto introduce English to youngchildren is Richard
Scarry’s Storybook Dictionary (Paul Hamlyn, London, 1967), a book I purchased
years ago for my young daughter. I now havethe pleasure of readingit to her
children, much to their own delight as well as to mine. This large format book
introducesthe child to 2500 words by meansof 1000 pictures through the
adventuresof such colourful characters as Ali Cat, Dingo Dog, Gogo Goat,
Hannibal Elephant and Andy Anteater, In the Introduction weare told that “He
[presumablygirls are includedtoo] will not be given rules. Rather, he will be
shownby examples in contexts which completely catch his interest and hold his
attention.” If we would only teach programmingin the same way!
The second exampleis related to the teaching of Japanese, a language which I took
up shortly after retirement and which I have pursued doggedly for several years.
Myperiods of despair with Japanese — and there have been many — might best be
described bythe following paraphrase of the well-known epigram of Samuel
Johnson: “An elderly gentleman tryingto learn Japaneseis like a dog walking on
its hind legs. He does notlearn well, but one is surprised that he learns anything
at all.” Howeverthere have been many unexpected pleasuresresulting directly or
indirectly from my study of Japanese. I have met many interesting people both in
Canadaandin Japan; I have had severaldelightful trips to Japan; I have eaten a
very large number of most enjoyable Japanese meals; and I have gainedjusta little
understanding of the Japanese people and their history. Also I think that I just
mayhave a happier and fuller personallife.
Most of my Japanese texts teach the languageby thetelling of some continuing
story which although fictional is intended to berealistic. In myfirst text, Japanese
for Busy People I (Association for Japanese Language Teaching, Kodansha
International, 1984) a prominentfigure in mostof the reading exercises which
begin each chapter is Mr Smith (“Sumisu-san”in Japanese), a lawyer working in
Tokyo, and wesee him as he meets Japanese colleagues andvisits some of them in
their homes. In anotherlittle book, Conversational Japanese in 7 Days (Etsuko Tsujita
and Colin Lloyd, Passport Books, 1991) — thetitle is not to be believed — we are
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introduced to the Japanese language and culture as we accompany Dave and Kate
Williamsas they spend a week astourists in Japan.
Myfavourite text is Business Japanese by Michael Jenkins and Lynne Strugnell
(NTC Publishing Group, 1993) andis in the well-known English “Teach Yourself
Books”series. The story features the Wajima Trading Companyin Tokyo and the
British company DandoSports which wants to marketits sporting equipment and
clothing in Japan through Wajima. We are introduced to various members of the
staff at Wajima andlearn aboutthe company’s organization and how business
operates in Japan. Oneofthe main characters is a Mr Lloyd, marketing manager
for Dando, whovisits Japan on twooccasions. We follow Mr Lloyd as he works
with the company and meets someofthe staff both at work and socially. Each of
the twenty chapters has the same format: a summary ofthe story so far and
anotherinstalment of the story; a list of new vocabulary; grammatical notes;
exercises; a short reading exercise; and a one-pageessay in English on some
aspectof Japanese business. The Japanese hiragana and katakana syllabics are
introducedat the beginning and the kanji (Chinese) characters a few at a time
starting in Chapter 5, and blend well with the rémaji (Roman) characters which are
also used.
Ken Iverson was motivated, as was mentionedearlierin this article, to develop
APLand J because of his concern for the inadequacy of conventional
mathematical notation for teaching manyofthe topics arisng in computing. He
would return to this theme frequently in his writings, one example being given in
A personal view ofAPL where he writes that “Asstated at the outset, the initial
motive for developing APL, was to provide a tool for writing and teaching.
Although APL has been exploited mostly in commercial programming,I continue
to believe that its most use remainsto be exploited: as a simple, precise, executable
notation for the teaching of a wide rangeof subjects.”
Becauseof their terseness APL andJ are ideal tools for exposition, since much of
the detail required in conventional computing languages may be omitted. Of
course someintroduction, howeverbrief, must be given to either languageandits
interactive use before it may be used. However, such an introduction need not be
much more than given in this article with possibly a few remarks on programs
(whichare “functions”in APL and “verbs”in J). With this simple introduction
one can begin an exposition of the desired topic introducing additional features of
APLorJ as required.
Ken Iverson wrote andlectured unceasingly on the use offirst APL and then J for
the exposition of a variety of topics. Oneofhis earliest works was APLin
Exposition (IBM Philadelphia Scientific Center Technical Report No. 320-3010,
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1972), a very small technical report beginning with a short summaryofthe entire
languageand followed by short accounts of the use of APL in the teaching of
various topics such as elementary algebra, coordinate geometry,finite differences,
logic, sets, electrical circuits, and the computer. Thelast section in just 15 pages
presents the logic of a simple computerfor executing algebraic expressions, the
parsing and compilation of compoundexpressions, and a program forthis
computerto generate a sequence of Fibonacci numbers. A contemporary
publication was his ALGEBRA:An Algorithmic Treatment (APLPress, 1972) giving
a lengthy treatmentof variety of topics in algebra. Many publications followed
using first APL and thenJ in the exposition of various mathematical topics. He
also published in print andin releases of J and on the J Website at
www.jsoftware.com a numberof “J companions” intended to supplement well-
knowntexts. A typical one published initially in print form was Concrete Math
Companion intended to be read with Concrete Mathematics: A Foundationfor
Computer Science by R.L. Graham etal. (Addison-Wesley, 1988). One of his projects
at the time of his death (on October 19, 2004) was a companionto the
encyclopaedic Handbook ofMathematical Functions by M. Abramowitz and I. A.
Stegun.
Anothervery early publication on the use of APL as a notation rather than a
programming language was “The Architectural Elegance of Crystals Made Clear
by APL” by Donald McIntyre, then Professor of Geology at Pomona College in
Claremont, California (Proceedings ofan APL Users Conference, 1. P. Sharp
Associates, Toronto, Ontario, pp. 233 — 250, 1978) which examined the geometry of
the atomic structure of crystals using APL.In the Introduction the authorstates
that “... lintroduce notation only as needed for the work in hand, minimizing the
computer and machinecharacteristics. Indeed, 1 do not mention APLtostart with,
treating the primary functions as natural extensions andrevisionsof algebra, and I
use no APL text.”
Finally we should mention the extensive use of APL and J in the exposition of a
variety of topics in probability andstatistics and in the developmentofstatistical
packagesin these languages. The concisenessof either language andits interactive
implementation makeit ideal for the exposition ofstatistical concepts in the
classroom,further practice in the laboratory, and analysesarising in research.
Furthermorestatistical packages which may be used with verylittle knowledge of
APLor J may be developed with relativelylittle effort from the material prepared
for classroom andlaboratory use.
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Remembering our Past
There appearstobelittle opportunity now for our students to become acquaintedwith the history of computing. Few faculty appear to have much knowledgeof, or
interest in, the developmentof the subject. Also the historical consideration of ascientific discipline is probably not popular becauseit is not considered to be
marketable. Introductory computing texts usually have a small amountofhistorical material often presented in sidebars so as to notinterfere with thepresentation of topics considered to be morerelevant.
And whyshould we be concerned with our history? A cogent answer has been
given by the nineteenth-century Danish philosopher Seren Kierkegaard whosaid
that “Life mustbe lived forward but understood backward.” With computer
technology developingat an increasingly frantic and exciting pace we badly need
guidepostsforits intelligent and socially responsible application. Perhaps the
history of our subject may provide some of the answers.In this section I would
like to mentionjusta few of the books dealing with the history of computing
whichI have enjoyed.
Thefirst book on computersthat I bought was Faster than Thought which was
edited by B.V. Bowden(Pitman, 1953), and was subtitled “A Symposium on
Digital Computing Machines”. It is a collection of twenty-four papers written by
persons who were working in the newfield of digital computation, some of whom
are now consideredto be amongstthe great pioneers of computing. The book was
reprinted seven timesin thefirst fifteen yearsafter its publication andstill makes
enjoyable reading. Bowden contributed a preface and four chapters, the most
noteworthy in myopinion beingthefirst, “A Brief History of Computing”, which
mayberead for the pleasureofits literary style alone.
A little book which I enjoyed reading and which I used in my teaching and
research was Hollingdale and Tootill’s Electronic Computers already mentioned in
the discussion of machine-language programming. This book contains an
excellent accountofthe history of computing, a discussionofthe design of both
analogue and digital computers, a treatment of computer programming, and a
discussion of various applications of computers. Although much dated now,this
bookgives an excellent picture of computers and their use in the 1960s and early
1970s. The two chapters on thehistory of computingstill make an excellent but
brief intoduction to the subject. It is a pity that a modern versionofthis admirable
little bookis not available today. We might note that Professor Hollingdale
published Makers ofMathematics (Penguin, 1989) when he was 79 years of age. In
the preface he remarks thathefelt no need to include scholarly footnotes and that
the references were“limited, with a few exceptions, to sources from my own
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library which I consulted while writing this book”. A more pleasant way to spend
partof one’s retirementis difficult to imagine!
A scholarly but very readable accountofthe history of computing is A History of
Computing Technology by Michael Williamsof the University of Calgary (Prentice-
Hall, 1985; Second Edition, 1997) which describes the development of arithmetic
and calculation tools from ancient Egyptto the IBM/360. This is an excellent
introduction to the subject for the more serious reader. Finally I might mention a
very recent book,Electronic Brains: Storiesfrom the Dawn of the Computer Age by
Mike Hally (Granta Books, 2005). It is based on a BBC Radio Series which was
described by one British newspaperas an “... offbeat, informative series [that has]
captured the excitement of computing’s early days.” The bookis just as
entertaining.

Further Reading
The Web pages maintained byJsoftwareInc.at wwwjsoftware.com are an excellent
source of the currentstateof J listing several introductionsto J which may be
downloaded at no charge and information on others available through
booksellers. Of the many papers dealing with the developmentof APL and J the
followingthree,all of which have extensive bibliographies, are to be
recommended:

Kenneth E.Iverson, “Notation asa tool of thought”, Communicationsof the
ACM,vol. 23, no. 8, 1980, pp. 444 — 465.
K.E. Iverson, “A personal view of APL,” IBM Systems Journal, vol, 30, no. 4,1991, pp. 582 - 593.
D.B. Melntyre, “Languageasan intellectual too}: From hieroglyphics to APL”,
IBM Systems Journal, vol. 30, no. 4, 1991, pp. 554-581.

An earlier version of this paper with the title My Life with Array Languagesis
available on the Web at www.cs.ualberta.ca/~smillie/[page/Jpage.html.
Keith Smillie is Professor Emeritus of Computing Science at the University ofAlberta,
Edmonton, Alberta T6G 2E8. His email address is smillie@cs.ualberta.ca.
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Appendix 1.
Machine-language Simulator

InstrNames=: add! ;'sub';'mpy';'div';'get';’our';'str’; inp’; 'trn';'hlt'; jmp!
ht=: 3: 0whilst. -. HALT do

NB. Get instructionNB. Increment counter100 1000 #: IR NB. Decode instruction
> {<: OP) { InstrNames NB. Execute instruction‘add! do. A=: A+ ADDR } M
‘sub' do. A - ADDR } M
(mpy' do. : A * ADDR } M'div' do. A % ADDR } M
‘get’ do. : ADDR } M‘out! do, PRINTER=: PRINTER, ADDR } M
'str' do. M=: A ADDR } M
‘inp' do. TAPE=: }. TAPE [ ({. TAPE) ADDR } M‘tern! do. if. A < 0 do. CR=: ADDR end.‘hit! do :'jmp' do

end.empty ''
)
Clear=: 3: 0
empty M=: 1000$0
}
Load=: 3: 0
empty M=: y. (x.+i.#y.) } M
)

NB. Address of first instructionNB. Data tape
As: IR=: HALT=: 0 NB. Reset registers, etc.

 
NB. Maximum

 

ExLTapels:NB. Clear ''NB. 100 Load x1NB. 100 Run TapelNB. PRINTER

5114 2114 7114 8115 5115 9112 7115 2114
19.11 12.77 21.31 16.1 12.19 25.76 17.49 1

9103 5115 7114 11103 6114 10000

NB, Reset memoryNB. Load program in 100, 101, ...NB, Start execution in locn. 100
NB. Display maximum
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Appendix 2. J Verbs for Applications
NB. r=: x name y, where
NB. y is right argument,
NB. x is left argument if any, and
NB. ¢ is result.
NB. Suggested exampte calculations given in parentheses
NB. Marginal sumsmsum=: % 2 '#/ar(+/-.x.)(/tx.d tye!  NB, dimensions to be summed over
NB. array
NB. Marginal sum
NB. (A=: >:i. 12, and 1 1 msum A, 0 1 msum A, 1 0 msum A, O O msum A)
NB. Rolling dice

: &.>&>
fre: +/"1 @ (=/)
PolyDices: [: <"1 [: a: f: 717 $0
NB. Weldon's example
NB. (i. 23) fr +/ EACH (2.84 5 6 each) 6 PolyDice 12 4096
NB. Wolf's example
NB. +/"4 (>24.6)=/>:710000$6
NB. Tossing coins

 

     

NB, N=: 300
NB. TossNum=: >: i. N
NB. Head +/\IN$2
NB, Rati Heads % TossNum
NB. Diff=: TossNum - 2*Heads
NB. load ‘plot’
NB. plot TossNum;Ratio
NB. TossNums Diff
NB. Buffon's problem

(7% 1) @ ($8129)(2:*]) % [i +/ [s (</"4) rand ,. [: 1&0. 1,.5708&*@rand
y: Number of repetitions (Pi 5000)

NB. Coupon collector's problem
cea: * +/ @: %@: >: @ i.
NB. y: Number of coupons
NB. r: Expected sample size (cc 5)
ccsim=: 3: 0n=

 

   

  
while. n> #~, r do.

re.or, ?n
end,bor
)
NB, y: Number of coupons
NB. rt One simutation {ce 5)cess: (#@ccsim)"0 @ # :
NB. xt Number of simulations |
NB. Number of Coupons |
NB. rz: Sample sizes (10 ec 5) !
NB. Buffon's problemrand=: (7 % 1} @ ($&1e9)Piss (2:*)) % Ct +/ Cs (</"1) rand ,. [: 1&0, 1.5708&*@rand
NB. y+ Number of simulations (Pi 5000)
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J-ottings 45: MusicalJ-ers
by Norman Thomson

In the courseof the last year or two Ken and I had occasional internet chats on thesubject of temperamentin music, based on a bookcalled “Temperament~ the ideathat solved Music’s Greatest Riddle” by Stuart Isacoff. (The word “temperament”
wasfirst used in this context round about 1500, and means, according toChambers, “a system of compromise in tuning”). This is an excellent example of atechnical subject, whose understanding and expositionis greatly facilitated by J.
Putting this to the test, I scribbled down my thoughts from time to time with the
idea of their eventually maturing intoa J-ottings article, of which I think Ken
would have taken note. Whether he would havelikedit or not, alas I shall never
know. No doubt he would have doneit much better, but I hope that my attempts
here may countas a small tribute to Ken.

In the Beginning...
Pythagoras, he of the hypotenuse, also had strong ideas about music. Herealised
that a vibrating string when stoppedatits middle point producesa note
melodically identicalto the original, only, in modern terminology, an octave
higher. Call the melodic value of both these notes the tonic, so that advancing an
octaveis a way of “listening”to the fraction 1/2.If the string is now stoppedatits
2/3 pointthe result is another note called the dominant which, when sounded at
the sametimeas the tonic, produces a pleasant sound combination. From this
starting point two separate experiments proceed.

Simple Fractions Sound Nice
Thefirst experiment progresses by stoppinga string atother fractional points with
small integer numerators and denominators. Since the octave representsa full
melodiccircle which is repeated at 1/4 then 1/8 and so on,thereislittle point in
considering stops other than those whichlie between 1/2 and 1. The next
‘nteresting” stop is thus at 3/4, followed by others at 3/5, 4/5 and 5/6. Atthis
pointall fractions with componentsof6 or less have been exhausted, andin all
cases pleasing sound combinations with the tonic are obtained. This experiment
has thus provided a means of “hearing” the following rangeoffractions : 1/2 2/3
3/4 4/5 5/6 whichincidentally are defined by the hook

(%es)1 2345 NB. octave, fifth, fourth, third, minor third
0.5 0.667 0.75 0.8 0,833
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The interval names in the commentare descriptions of distances from the tonic.
The difference between intervals and notes is analogous that betweenthe gaps in
the fence as opposedto the fence posts themselves. The piano tunertwists strings,
and the organ tuner tweakspipes to producenotes,butthe listener primarily hears
intervals, thatis relatives rather than absolutes. Also, unlike violinists, say, for
whom stopping, and thus tuning, is dynamic in performance, keyboard players
mustin the nature of things complete each performance on an instrumenttuned
in advance.
Advancing to higherintegers in the above sequence, any fraction involving a 7,
that is 4/7, 5/7, 6/7 and 7/8 produces unpleasant sound combinations. Asfor 8s,
thereis just one ratio which hasnot been investigated, namely 5/8 which sounds
nice, and correspondsto theintervalcalled a minorsixth. Alll ofthe intervals 1/2
2/3 3/4 3/5 4/5 5/6 5/8 are “pure”in the sensethat they can be telated to
pleasant sounds whicharise from the physical properties of a bowedstring or a
resonatingpipe.

Calculating a Circle of Fifths
The second experiment concerns how several strings should be tuned in order to
produce pleasing combinations of sounds,andsoit is aboutintervals rather than
notes. Since local stopping on a single string produces a range of notes it makes
sense to think in termsof a larger intervalas a basic unit for between-string tuning
when introducing new strings. The dominantintervalis a natural choice for a
secondstring, as Pythagoras was aware, then the dominantof the dominantfor a
third string and so on. The stopping position for the dominantof the dominantis
clearly at 2/3 of 2/3 = 4/9, which is outside the range 1/2 to 1. However, the first
experiment showed that doubling the fraction lowers the note by an octave but
makes nodifference to its melodic quality of the note, in which termsit is
equivalentto a stopping position of 8/9. Next repeat the experimentto find the
dominantof the dominantof the dominantat 2/3 of 8/9 = 16/27 which doesnot
need doublingsinceit is already in the range 1/2 to 1. To continue this process,
use J to develop a compoundverb “multiply-by-2/3-and-double-if-outside-1 /2-
to-1”. To do this, observefirst that compressingan infinite set of numbers into a
finite rangeis already a familiar matter to anyone acquainted with scientific
notation. Using logarithms,the fine detail of a real number is compressed into the
range 1 (inclusive) to 10 (non-inclusive), while the exponentdefines the wider
territory within which the numberlies. Thus,if a numberis expressed as v e x
then
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x=.<.@(10&4.) NB. exponent
x 2999

3

v=. R10GA@x NB. value
v 2999

2.999
In pictorial terms v compresses numbers into the space

10° 10°
Nowreturn to the musical experimentwith its “special” multiplication in which
eg. (2/3) = 8/9, so that the result always remainsin the range 1/2 to 1. The
“compression region” can be drawn as

2+ 2°
Call the process “musicalarithmetic’, which helps write the analogous verbs

x2=.>,@(26,) NB. 2-exponent
x2 2r3

V2=.%2E4@x2 NB. value of fraction converted to range (0.5,1]v2 ir8 2r3 4r9
1 0.667 0.889

In musicalarithmetic the “nice” sounds as defined above, (or as Pythagoras
would have more grandiosely called them “celestial harmonies”) are inverses
according to the followingplan:

2/3: fifth 4/5: majorthird 3/5; majorsixth
1/(2/3)=3/4 fourth 1/(4/5)=5/8 minorsixth 1/(3/5)=5/6 minorthird

Nowapply the power adverbto the “musical multiplication” verb to continue the
progression offifths, and at the same time recording the notes whichare reached
form starting point of C:

v2 (2r3)a>24.12 NB. progression of fifths
0.667 0.889 0.593 0.79 0.527 0.702 0,936 0.624 0.832 0.555 0.74 0.987
G o A E 8 Fe Ce Gt o# At F Cc
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After twelve iterations, a value 0.987 is obtained which is not too far from 1
representing the tonic.
Given that the numerators are powersof 2 and the denominators are powersof3,
there can neverbe any question of solving (2/3)" = 1/2 exactly, andsoit is
reasonablysatisfying to getas close as 0.987/2 in twelve steps. The musical
interpretation is that progressing by intervals ofa fifth twelve times take us
througha cycle of notes which can then be madeto repeatitself after a small
adjustment to make the octave pure. This much was probably knownto the
Greeks of Pythagoras’ time, and the tuning system based onit is knownas
“Pythagorean tuning”. A natural place to make the adjustment necessary for a
pure octaveis at the final step, but it could be made at any intermediate step or
indeed spread acrossseveral steps.
The next question concerns what would happenif the above exercise was
repeated for 3/4 rather than 2/3. The primary intervalin this caseis the fourth,
and theresult is

v2 (3r4)a>ei.12 NB. progression of fourths
0.75 0,563 0.844 0.633 0.949 0.712 0.534 0,801 0.601 0.901 0.676 0.507
F Bb Eb Ab Ob Ft 8 E A DB G c

thatis, the same notes only in reverse order, some with different names, and
finishing round aboutthe high octave, value 1/2, rather than the low octaveat 1.
The greatriddle referred to in the opening sentence comesabout because, for
example,if the stoppedpositions on a string are obtained by Pythagorean tuning,
bythe time F comesroundits value will not be quite the “pure”value of 3/4 as
dictated by the physics of a single string. Likewise the secondlist showsthat
under tuning by successive fourths, G would be a shade impure.Similar
considerations apply to the other notes, which in turn meansthatthe intervals will
differ from the intervals identified in the first experiment. More importantly, the
adjustment noted above whichis needed to make the octave pureat the twelfth
andfinal step is called a “comma”, or morespecifically a “Pythagorean comma”.

The Problem of D
So far six of the eight notes of the diatonic scale (thatis the white notes on the
pianoin the scale of C) have beengiven placesin the “simple vulgarfractions”
schemeofthings, the two remaining being D and B. Since these are symmetrically
placedat either end of the octave, a discussion of oneis automatically a discussion
of the other, so focus on D. D is not consonantwith C, so there is no physical
“tight” fraction forit, rather there are two candidates. Thefirst comes from
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considering the fact that D is one whole tone awayfrom C, and thereis already a
whole tone represented, namely F — G, whoseratio is (2/3) / (6/4) = 8/9. The
second candidate arises from the fact that in order to make D - Aa purefifth D
mustbe set by solving (3/5)/x = 2/3, thatis, at (3/5) / (2/3) =9/10. (A
harpsichord with two such D keys wasin fact built in Holland in 1639, but did not
prove particularly popular for what would seem to be obvious reasons!) The
diagram below showsD setto 8/9, in which case solve (1/2)/x = 8/9 to obtain
9/16 as the symmetrically consistent choice for B.
 

12 916 35 58 23 34 4/8 516 8/9 1
c B A G# G F —E Eb oD c

octave 7 6° dime® 5" 4” 3% gim3 2

Symmetry and the Note in the Middle
A full octave in the chromatic scale (thatis including two tonics) has 13 notes, and
thus 12 intervals, and thus has a middle note, namely F#, analogousto the “six
o'clock” position on a clack face. Where doesit appear in the above table? The
answeris that it doesn’t, because “half-way” on a multiplicative scale means the
1¢2 position, so playing the interval C — F# on the pianois a way of “hearing” the
square root of 2! Musicianscall this the tritone, andit has also been called “the
devil in music” on accountofthe difficulty for singers of pitching this interval.
Further, the two progressionseries above show that under musical multiplication
both (2/3)* and (3/4)° are approximations to 1V2, one being about0.005 above and
the other the same amountbelow.Oneither side of “six o'clock”, the interval of a
fifth, C ~ G, consists of seven semi-tones, whereas a fourth, C — F, consists of five
semitones, in which respectfifths and fourths are mirror imagesof each other.
This also explains whythe two progression series above are, in note terms, each
the reverse of the other.

Adjusting the Scale
The following is another copy of the 1/2 to 1 region in which fractions are labelled
with interval namesrather than notes (dim standsfor “diminished”).
 

42 9/16 5 5/8 23 3/4 415 516 8/9
c B A Gt G F E Bb D c

octave 7 6” dime™ 5" a" 3° dim3™ 2%
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Underthis scheme the whole tones D — E and G — A havevalues (4/5) / (8/9) and
(3/5) / (2/3), both of which are equal to 9/10, which wasthe alternative candidate
for D. Also AB hasthe value 15/16. This meansthat there are different types of
whole tonein this scale, with theresult that, for example,the first three notes of
“Three Blind Mice” become a melodic progression having unequalsteps,e.g.
9/10, then 8/9, Also the ratios for the main consonantintervals, obtained in each
case by dividing the valueof the second note by thatofthefirst in musical
arithmetic, are

perfectfifths majorsixths major third
F-C G-D D-A A-E F-D G-E F-A
2/3 2/3 27/40 2/3 16/27, 3/5 4/5

The values of 2/3, 4/5 and 3/5 are consistent with those for the tonic C, but D
would need to be 9/10 to make D - Aa purefifth in which case G —D would be
27/40. Similarly in the key of G# the major third is G#-C,ratio 1 / (6/8) = 4/5
and the fifth is G# — Eb = (5/6) / (5/8) = 2/3 both of which are pure. However, in
the key of E the major third E-G#hastheratio (5/8) / (4/5) = 25/32 or 0.781
which is just a touch impure. And so one could go on. Oncea setofstrings, say,is
tuned for pure concordancesin key C, compromises must be made,not only for
melodies and harmoniesin the key ofC itself, but even more importantly for
melodies played in other keys. How best to make such compromises has engaged
the minds of musicianssince medievaltimes, which is the subject of the book
referenced at the headofthis article. The history of the debates on temperamentis
complex, but broadly speaking, the D problem gaverise to two solution streams,
onecalled just intonation which tolerated differences in whole tone valuesas a
price worth paying for purity of most majorthirds, the other called mean tone
temperament which is based on making whole tones uniform. “Just”in this
context should be thoughtofas being a derivative of “adjustment”. The notion of
making adjustments to organ pipesor strings on keyboards may well date as early
as the late 14", century.

Equal Temperament
In the mid 16” century the conceptof the equal-tempered scale emerged which
has dominated Western musicto this day. In equal temperamenteach of the
twelve semi-toneintervals are equal on a multiplicative scale. Such tuningsfirst
found favour amonglute players for whom other forms of tuning necessitated the
undesirable feature of having frets at unequaldistancesfor different strings.
Again,J can clarify and quantify what musicians and musical historians mean
whenthey discuss this topic. In an equal-tempered system (notto be confused
with the well-tempered system, whichis yet anotheringenious tuning scheme
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developedin the 17" century with similar objectives), the commonratio of the
series of semi-tone valuesis, as a consequenceofthe definition, the reciprocal of
the twelfth root of 2:

Je12=.%12%:2 NB. e12 is 1/12" root of 2, could also be 2a-%12
0.944

andso the stopping ratios required to go upthescale are given by
e12474.13 NB. welL-tempered stop positions

10.944 0.891 0.841 0.794 0.749 0.707 0.667 0.63 0.595 0.561
0.53 0.5

The followingseries is the corresponding ordered versionof the ratios under
Pythagorean tuning:

\i~ v2 (2r3)4i.13 NB. Pythagorean stopping positions
10.987 0.946 0.889 0.832 0.79 0.74 0.702 0.667 0.624 0.593 0.555 0.527

in which0 . 987 is the approximation to the pure octave value of 0.5 in the equal-
temperament system.
For ready comparisonof tuning systemsit is a near necessity to convert from a
multiplicative scale ranging from 1 to 1/2 to an additive one from, say, 0 to 1200 in
which each semitone interval is represented by 100 in an equal-temperament
system. This converts
the multiplicative scale {a/2, 2798/7), 9°92) yy
to the additive scale {1200, 600, 100, 0}
Musicianscall the unit which divides an octave into 1200 parts a “cent”, and J
readily provides the means of conversion

cent=.1200&*@(2&4, )@% NB, convert stop positions to cents
cent 412 4 3 2 1,.5%:2 NB. well tempered C# Eb F F# G#

100 300 400 600 800
cent e124,13

0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Pragmatically, only people with exceptionally sensitive hearing would beableto
detect a difference of 12 cents orless (that is about an eighth of a semi-tone), but
most people wouldfind differences of 20 cents or thereabouts harmonically
unpleasing, although melodically acceptable, that is fine when notesare heard in
sequence but not whentheyare played together.
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Theinverse adverb in J makes the above processreadily reversible, that is, given a
centvalue, the stop ratio is immediately available:

(cents: _1)cent e1241.43
1 0.944 0.891 0.841 0.79% 0.749 0.707 0.667 0.63 0.595 0.561
0.53 0.5

Thecent values of purefifths, major thirds and majorsixths are important
numbersto keep in mind, and are calculated respectively as:

cent v2 2r3 4r5 3r5 NB. cents for 5. maj 3”*, and maj 6”
702 386.3 884.4

Thus the equal-temperedscale fails to achieve purity forfifths, major thirds and
majorsixths by margins of approximately 2, 14 and 16 cents respectively. By
symmetrythe valuesof the three complementary intervals in the diatonic scale
(fourths, minor sixths and minorthirds) are simply 1200 minusthe abovevalues,
as confirmed by

cent v2 3r4 5r8 5r6 NB. cents for 4ths, min ards. 6ths.
498 813.7 315.6

Nextestablish the cent valuesofall twelve points on the Pythagorean chromatic
scale, that is tuning by successivefifths, and then arranging the notes in ascending
scale order (n.b. I have taken a few minorliberties in editing the J outputin the
interests of greater clarity):

/i~cent v2 (2r3)4i. conversion of Pyth tuning to cents
0 23.5 11% 208 318 noe B22 B12 702 816 906 1020 1110
c, C, C# O Eb E F FH G GH A 8b B

All of this can be embodied in a single verb ptune whichtakesasleft input a
fraction in the range (0.5 - 1) whichis usedto definea fifth, and as right inputthe
powersto whichthisis to be raised:

ptune=.cent@y2@r NB. x. defines a 5%; y. ts List of powers
Jpscale=.}./:~2r3 ptune i.13

23.5 114% 204 318 408 522 612 702 816 906 1020 1110oct are gw 6
In orderto avoid too muchclutter,it is best to focus on just the majorthirds,
fourths, sixths and octave:

2r3 ptuneG&>< £ 4 3 42 NB. Pythag'n tuning for various iterations
702 407.8 905.9 23.46 NB. cents for Sths(input),3rds,6ths,comma
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Increasing the input value of 2r3 means reducing the cent value of around 702
cents, or in musical terms, flattening thefifth. In particular flattening it to around697 cents (an imperceptible difference to mostlisteners) gives nearly pure thirds
and sixths at the cost of a severely impure octave :

(cents:(_1) 697) ptuneG>< 1 4% 3 12
697 388 891 1164

The value of 23.5 in pscaLe (in musical terms about a quarter of a semitone)represents the Pythagorean commaby which tuning by repeated purefifths
“misses” the octave whose purity in any tuning system is sacrosanct. “Comma”inmusic meansessentially discrepancy, and when used unqualified it means the
Pythagorean comma.Since is the secondlast note to be tuned in a Pythagoreansystem,this is roughly the interval by which the fourth C — F is impurewithin a
equal-tempered system. Whena piano tunertunesa setof twelvestrings, hischoice of techniquesis analogousto finding waysoffitting a set of brickslengthwise into a closed gap whoselength is not quite equal to the sum ofthe
lengthsof the bricks. The amountof excess or shortfall is the commaassociated
with the technique.
Ina Pythagorean scale the excessat the octave is 702-23.5 = 678.5 cents. Two
notes at this interval produce a discordant sound knownsince mediaeval timesas
the “wolf fifth”, presumably because of its supposed likeness to a wolf braying. Of
courseit is possible, in principleat least, to spread the corresponding comma
adjustmentthroughoutthe scale to provide a “smoothed”scale.
An octave canalso be considered as the sum of three major thirds andof four
minor thirds, views giving rise to discrepancies of 1200 — (3x386.3) = 41.1 below
and (4x315.6) - 1200 = 62.4 aboverespectively, which are also considered as
commas. Yet another type of commais motivated bythe fact that the major third
is in some sense a more “beautiful” consonance than the “fifth” (think of songs in
which soprano andalto voices proceedin a blendin parallel thirds). In
Pythagorean tuning the note E required for the intervalofa third is encountered
after four steps (C -G-D-A-~E), so in the same waythat 412%: 2 “equalises”
the octave into twelve semitones, so %44%:5 (the reciprocalof the fourth rootof
five) equalises the third into four equalfifths. The value of this quantity is 0.66874,
or in cent terms

cent e4=.44%:5
696.578

Flattening the fifth to this value produces increasing discrepancies from
Pythagorean tuning as follows:
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(2r3 ptune i.5)- e4 ptune i.5
0 5.38 10.8 16.1 21.5

By the time E is reached atthe fourth step there is a shortfall of 21.5 cents, which
musicianscall the syntonic comma, or sometimes the “commaof Didymus”
(didymos is the Greek wordfor a twin, presumably becausenotes a third apartare
in somesense like twins). Just as the Pythagorean commais the adjustment
needed to equalise the octave, so the syntonic commais the adjustment needed to
equalise the third. The effect of continuing this tuning procedure until the octave
is reached is a shortfall of 41 cents:

e4 ptune 12
1159

Another wayoflooking at pscate is to calculate intervals (differences) rather than
note values. An appropriate adjustment is made to accommodate an embracing
pure octave:

2-~/\0,(}.pscale),1200 NB. Pythagorean scale intervals
144 90 114 90 114 90 90 444 90 114 90 90

Cc D E F G A BoC

Every semitone here is worth one of two values, namely 90 cents or 114cents.If
now the two semitones in the diatonic scale (thatis the C scale without any black
notes) are equalised at 90 by interchanging the 114 and 90 between E and F#, then
the five whole tones in the diatonic scale are also equalised at 204 cents. (5x204) +
(2x90) = 1200, which confirms the purity of the octave. Thedifference of 24 cents
between some semitones and others is not generally objectionable in a melody,
and harmonically speakingall semitonesare discordant anyway!
Asan aside, the result of tuning by successive fourths is that each note is a comma
smaller than its counterpartin fifths tuning, so that thereis a shortfall of 23.5 cents
rather than an excess whenthe octave is reached:

cent \r~v2 3r4aji.t3
0 90.2 180 29% 384 498 588 678 792 882 996 1086.3 1177.5

Just Intonation
Just intonation systems are developments of the ideas of the preceding section.
Someof these ideas were knownin the time of Ptolemyin the second century
A.D., hence the occasionaluse of the term “Ptolemaic tuning” as a synonym. They
gave rise to vigorous debate amongst musical theorists as early as the fifteenth
century.
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Toillustrate, consider a schemeofintervals which accepts C ~ D as 204 cents as
above, corresponding to a harmonic value of 8/9, but make the next tone D - E
equalto 386 - 204 = 182 cents, a reduction of a comma. Reducing the interval G -
A by the same amountsimultaneously adjusts both the F- A and G - thirdsto
the pure valueof 386. This leaves the two diatonic semitonesto take up the slack
of 44 so each becomes 90 + 22 = 112. Now consider the chromatic notes. D - F# is
currently 182 + 112 + 114 = 408, in excess by a comma. Switching the semi-tone
values between F and G, and changing them slightly from 114/90 to 112/92
makes D — F# pure,as are also F# - A and G# - B. Thislittle bit of ingenuity leads
to the scheme

]just=.92 112390 925112392 112;92 90;112 923112te-o---- tecce- 4---4------tenntomccenFeet
192 112/90 92[112192 112192 90/112 92]112]
tenes+----- te--t------ beocee temeene+---+
c D E F G A B c

in which there are two types of whole tone, some 8/9 and others 9/10.It is now
possible to use J to observethe effects of this particular just tuning on the principal
intervals basedonall the different possible starting notes:

2+/N\i3$;3 just NB. whole tones
20% 202 182 204% 204 20% 204% 182 202 204 204% 204
c c# OD Eb E F F# G GH OA Bb B

7+/\18$; just NB. Fifths
702 702 680 702 702 702 702 702 700 702 702 702

4+/\15$; just NB. major thirds
386 406 386 408 408 386 406 386 406 408 408 406

9+/\20$;just NB. sixths
884 904 884% 906 906 906 904% 884 904 906 906 906

All butoneofthefifths remains pure, but mostof the major thirds and sixths are
sharp by 22 cents, that is, within rounding, a syntonic comma. As with
Pythagorean tuning there are considerable differences in size between some semi-
tones and others.
Othertheorists had different ways of getting around the “pure thirds” problem,
and becauseofthe ad hoc nature of such systems, just systems are sometimes
referredto as irregular temperaments.(It is no accident that the word
“temperament”shares the same Latin root as “tamper”). It is doubtful whether
such systems were muchappliedin practice to harmonised musicafter the
sixteenth century.
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Mean-tone Temperaments
Mean-tone systems were designed primarily for keyboard instruments, and
overcomethe objection ofdifferent cent values for the two whole tones in a major
third by replacing them with their average value, hence the name “mean-tone”.
Asalready noted, the pure third measures 386.3 cents, so that the two tones which
compriseit have a mean value of 193,15 cents (cf. 204 in the just system). This
meanis the size ofall the whole tonesin this system. Carryingout the sort of
accountancy in the previous paragraph meansthat the values of the semi-tones
intervals must be half of 1200 - (6«193.15) = 117 cents.
This in turn meansthat those semi-tones which are notpart of the diatonic scale
must have the value 193 - 177 = 76 (cf. 92 underthejust tuning described above)
leading to a cent scale

+------teeecee Foccteon-n- ton-n- tonne nae to--4+
(76 4171417 76]117176 117176 1171117 761117]to-----Fomeeee Faeederennn Fonnn-te------ tonn+
c D E F G A 8 c

in whichthere is nearly a quarter-tone difference in values between some semi-
tones and others. (n.b. the numbers in the abovelist total 1199 due to a small
roundingeffect.)
But we can go further than this. From the above

/:~2r3 ptune 1.13
23.5 144 204 318 408 522 612 702 816 906 1020 1110 1200
oct gra uth 5th ot

showsthatthe purity of the fifth is obtained at a quite considerable over-valuation
of 408 for thethird. Theeffect of flattening the fifth by lowering its cent value has
already been investigated. Another way to measure the effects of such flattening is
to express it as a fraction of the syntonic comma. A naturalfraction to use is 1/4
since that spreadstheeffect equally over the four Pythagorean steps needed to
reacha third.

/:~(centa:(_1)702-21.5%4)ptune 4.13
O 76,36 193.2 269.6 386.5 462.8 579.7 696.6 773 889.9 966.2 1083 1159

This time the octave is undershotat 1159, so that althoughthe third is nearly pure
at 386.5, the observed commaatthe octaveis 41. A whole range of possible
compromisescan betested by, for example
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C(centa:_1)&><702-1r3 2r7 tr4 2r9 irS 1ré 3ri4*21,.5)ptune&><1 4 3 12
NB. fraction of observed comma
NB. syntonic comma, at octave

694,8 379.3 884.5 1138 NB, 1r3 62
695.9 383.4 887.6 1150 NB. 2r7 50
696.6 386.5 889.9 1159 NB. irk 41
697.2 388.9 891.7 1167 NB. 2r9 33
697.7 390.8 893.1 1172 NB. irs 28
698.4 393.7 895.2 1184 NB. 1ré 19
697.4 389.6 892.2 1169 NB, arty 34

Thefirst three columns above representfifths, major thirds and sixths which
should be compared asbefore with the pure values of 702, 386.3 and 884.4respectively. The final column is subtracted from 1200 to give the observed comma
at the octave. The third row confirms the purest thirds at 1/4 comma, whereas thefirst row gives almostpuresixths at the expense of a big commaatthe octave.

Frequencies
In termsof frequencieslife is even simpler, since for Pythagorean tuningthe
relative frequencies of notesin the scale are now compressed into

2° 2?
fx=.<,@(2&4.) NB. exponent
fv=.22E4@f x NB. value

Using the verb fv of course requires some correction due to the commaeffect and
the practical requirement that successive octaves should have values 1 and2:

f/smfy 1.541,13
11.01% 1,068 1.125 1.201 1.266 1.352 1.424 1.5 1.602 1.688 1.802 1.898
c Cc CH o Eb E F F# G GH A Bb B

octave dim2n¢  2e¢  dim3rt gril 4th dim5t 5th diméth 6 dim 7th 7th

Under equal temperamentthe corresponding frequencies are
/i~(%et2)a4.12

1 1.059 1.122 1,189 1.26 1.335 1.444 1.498 1.587 1.682 1.782 1.888
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Comparison of Systems
The following table summarises in cents the values of the notes of the chromatic
scale of C in someof the systemsof tuning considered in detail above, prior to
comma adjustment to make the octave pure :

c c# D Eb E—E F FH G G# A Bb B c
eq-temp: 0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Pyth 0 11% 20% 318 408 522 612 702 816 906 1020 1110 1223
just : O 92 204 294 386 498 590 702 794 884 996 1088 1200
irk mean 0 76 193 270 386 463 580 697 773 890 966 1083 1159

Thereis nothingin the above which cannotbe found in, say, Encyclopedia
Brittanica, or Grove's Dictionary ofMusic and Musicians. However, the accounts
there are not altogether easy to understand,and exposition in ] would have
helped megreatly. Perhaps like so many others who have followed in Ken’s
footsteps, I am just temperamentally inclined towards J...
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At Play with J: Token Counting
by Eugene McDonnell

One measureofthe difference between APL\360 andJ is the number of tokens
needed in a function to do the same work.Ill discuss two examples, comparing
well-written, but rather old, APL solutions, to well-written J solutions.

Direct from Atomic
Thefirst APL exampleis a marvelous function written by Luther Woodrum,that
appears on page B.11 of the APL\360 User’s Manual of 1968. Luther is best known
to me by his design and implementationof the original upgrade and downgrade. His
function PERM, below,is given a left argument 4, the length of the permutation to
be constructed, and a right argument 8, the anagram indexof the permutation to
be constructed.[t uses an algorithm first discussed, I believe, by D. H. Lehmerof
the University of California in Berkeley. Hereit is:

v ZA PERM B;I3Y¥
[4] TepZ+1+ (ora) TB-4
{2] *Ox10SIeI-1
C3] Z0YJ+Z(Y]+ZUT1<Z[¥+I+1 4-1)
C4) +2

v

Disregarding the header, footer andline numbers, this has 55 tokens. What doesit
do? Let’s suppose that 4 is 9 and N is 288918. Then the result Z is

713264058
andthis is the 288918" permutation of order9.
Here I shouldtell you that much ofthe material that followsis taken from my Af
Play WithJ article in Vector 12.1 July 1995). This is not surprising, since it deals
with the subject of Luther’s function.
Thefirst step is to make a function that gives the factorial digits of permutations of
length 4. Luther’s function uses origin 1, and that obfuscatesthings, so I’ll use
the moresuitable 0-origin indigenousto J. To give you some idea of whatthe
factorial digits number system is like, here are the six factorial digits in the system
for three:
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fdb =: >: @ i. @ -
(fdb 3) #: 4. 1 3

N
N
R
E
R
O
O

rm
OM

Or
RD

e
o
0
0
0
0

You can see the regularity in the rows. Notice also that every row endsin zero.
This is true for all factorial digits systems.
In PERM,line 1 gives Z the factorial digits value for B.

fdb 9 NB. fdb n yields the radix digits of order 9
987654321

(fdb 9) #: 288918
7124314000

Lines 2 and 4 control the executions ofline 3, so that line 3 is executed only as long
as I is positive. Line 3 can be defined as function g :
g=: CE,J+t] er ff NB. Left , right + right >: Left

Here I'll haveto pause, and to point out that whatI’m doing with g is taking the
clutter out of PERM line 3. What we've doneso far reducesline 3 from 26 tokens to
7, yet it does precisely whatline 3 does. Perhapsif 1 show the successive usesof g
you'll get the idea:

0
oft

012
1023

31024
142035

2153046
13264057

713264058
Successive lines are formed this way: for example, given line
142035

the nextline is formed by beginning with the correspondingfactorial digit, in this
case 2, and following with the previousline in which each item greater than or
equal to 2 has 1 added toit.
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2153046
Notice that each line is a permutation.
The function g is made ofthree forks:

  

Thethreeforks are:
fz =: J >: [
fy J] + fz
fx =: [ , fy

Here’s aJ function, a functional duplicate of PERM:
sr NB. standard form from reduced

/:@/:@,/
ra NB. reduced form from atomic

([: fdb [) #: ]
sra =: sr@ra f. NB. standard from atomicsra

/:@/:@,/@(([: >:@i.@- [) #: ])

 

$+ sra NB. tokens of sra
Pre be tem beta t ete bata bentbet ent e tatetated
[/s1@l/:1@l 1 /fe@lcl Cis de: lll Il]!
Farm tebe betettn beta te nto baited ati tate tendo tit

#3: 5!:5 < sra NB. count of tokens in sra
20

Thefunction sr uses an identity I found March 9, 1970, when I was looking at
Luther’s PERM once more:
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N=: 7
Pe: 13264057
(/:/:N,P) -: (N,P+N<:P) NB. double upgrade matches addition

1
N,P+N<:P

713264058
7: /2N,P

743264058
So double-upgrade can take the place of Luther’s line 3, and sra squeezes PERM
downfrom 55 to 20 tokens.

Pyramigram
In APL Quote Quad 11.1, September, 1980, I asked for solutions to a problem posed
by Linda Alvord, of Scotch Plains Fanwood High Schoolin Scotch Plains, New
Jersey. Hereit is:

Write an APL function PG that takes a scalar integer argument from 1 to 26 and
producesa rectangular character matrix containing a pattern like this:

RQWE
QERTW

In each rowr there are r randomlyselected and randomly orderedletters,
separated by single spaces, arranged to form an equilateral triangle. The (n-1)
letters in row 1-1 are selected from the 77letters in row n.

This was oneof the most popular problems Id ever given, and there were a wide
variety of solutions, including ones by somefairly gifted programmers, but one
stood outfrom therest, from Roger Hui. It took me several hundred wordsto
describe whathis function did. Rogerrecently told me that he had written his
function without having access to an APL implementation. His function PG was
notwritten in the conventional way that a function was defined in APL\360.
Instead,it uses the alpha-omega form introduced by KenIverson, in which theleft
and right arguments are denoted by a and w. Hereis a J function which usesthe
samealgorithm as his from 1980:

P.Cr-])C1."0 19454" #70 10C LE /s CLEAN -
Cea. fees] #01. 6:42])V)+C2~Er23) (02. 00,7)£. CC ABCDEFGHIZKLMNOPQRSTUVWXYZ'"_{~]?26"_)

{.n[re.[rt2])$-], [+2 })$-1,)
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I won't dwell on this version other thanto say that(1) it has 103 tokens and(2)itis
in tacit form. Thedetails are discussed inthe cited issue of APL Quote Quad. Itis a
truth universally acknowledged that a good programming language, worked over
and pondered overfor a sufficiently long time by the same people who had
produced the original, may very well show advantages overthe original. Thus I
sent an email to the J Forum list, and messages to key people in the APL
community, for new solutions to the problem, I madeit clear that the degree of
improvementin expressiveness, as measured by token count, would be the
criterion used.I received new solutions from the J and the APL communities. The
shortest token count among the numerous APL solutions was 30, and there were
several that used upto 60 tokens. The shortest J solution, by Roger Hui, was 20
tokenslong,so I’ll discuss that oneonly. Thisisit:

h 42 #2 #
pyr i. & -@# |." _1(: 1431 @# @bHVNA

His h has 4 tokens, and pyr has 16,totalling 20.
The subfunction h is a hook. It randomizes its argument.Its first function is /:
andits second functionis the fork # ? # .

h ‘qwert’ertqw
The function pyr’s structure maybest be seen usingbox display:

 

toa-tot-41@] hl |lajtlelaly fl: |
cote |:

+—
——

+

+—
——
——

+
+—
——

+

 
Thethree outer boxes, A, B, and C,tell us that we have a fork. Box C yields the
object to be rotated, andis the most interesting part. It producesa right-triangle
versionofthe equilateralresult required.
Its copy function # is a dyad. By bonding( & ) it on the left with 141 we create a
monad that makes one copy ofits argumentitem andfollows this with onefill
item. A further function is made by using atop (@ ) between the aforesaid monad
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and h. One furtherstep is to apply the prefix adverb( \ ) to this combined
function to yield 141 & # @ h \.Onelast step supplies cap ( {: ) to theleft of
this and to the right, and wehavea function that randomizes the argument
‘qwert’, then randomizeseach prefix, and provides a spaceafter each item of the
prefix, like this:

({: 471 &# @h\ A) qwert

x
a
r
a

st
ar
1a
48
¢4

O
r
s q

rt

Rotation (box B) uses reversal, item rank (1. _t) so that scalar items from the
left argument(box A)rotate list arguments from the right argument(boxC).
Box A createstheleft argument. It makes good useof negative argumentsto i.
and of dual. Ordinarily i. y yields a descendinglist of positive integers, but
we wantto do rightrotations, which require a negative value. That's the reason
for using dual minus, (& - ).

i. 543210(i. & -) 54 3 2 10
Thus, the whole result is given by 20 tokens:

(4. & -@# 1. " _4 [: 141 & # @h \ hh) qwert’
e
re
reteqrt

rwqte
From 103 tokensin 1980 to 20 in 2005, and by the same author, is a huge
reduction.
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Enigma 1368 from NewScientist
attacked by Adrian Smith (adrian@apl385.com)

Background
The New Scientist magazine runs a regularseries of little combinatorial puzzles,
mostof which are clearly designed with computersolutions in mind. Sometimes
you just look at them and think “That lookslike a one-liner” and don’t actually
botherto code them up, and sometimes youget sufficiently interestedtoflip open
yourlaptop for some gentle fireside programming,This being the Ken Iverson
tribute edition of Vector, I thought I could make a small contribution by logging
myattack on oneof these puzzles in APL. WhydoI think this is appropriate?
Basically because without Ken’s work, I would never have used the computer to
have fun. Writing C# is something you doto earn a living; fooling around in an
APLsession is something you can do of an evening, with Bach on the radio and a
nice logfire at your feet. So much oftoday’s software leaves youfeeling
frustrated, angry and stressed; APL andits many descendants are doing theirlittle
bit to redress the balance, and Ken deserves all our thanksfor that.

The Puzzle
EEN, VIER and NEGENare Dutchfor 1,4,9. Replacing letters by numbers weget
three perfect squares (no numberstarts with zero). Whatis the value of the square
root of ( EEN x VIER * NEGEN )?

The Attack
This oneis interesting,in beinglargely just a logic puzzle rather than a huge
combinatoric.It is a nice example of where a ‘desk calculator’ APL can bereally
helpfulin expressing the tests you need to reducethelists of numbersto a
manageable size. No programming wasrequiredatall here, just typing.
Thefirst stage is obvious ~- how manyperfect squares are there with the pattern
EEN.| immediately thoughtof225, butlet’slist them to be sure:

(104131) «2
121 144 169 196 225 256 289 324 361 400 441 484 529 576 625 676 729

784 841 900 961
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Damn,forgot about 441. Howeverthere are only twoof these, so we have only
two choices for E and N.Let's go with E=2, N=5 and see how wefare. Here are
the candidates for NEGEN,created by copy/paste in the session:

23 52025 52125 52225 52325 52425 52525 92625 52725 $2825 52925 « 0.6
228.09 228.31 228,53 228.75 228.97 229.18 229.40 229.62 229.84 230,05

Nope, noneofthose look very integer. Let's try E=4, N=1 and play the same game:
2s 14Ob1 14461 14244 14341 14441 14541 14644 14744 14842 14941 * 0.5

118.49 118,92 119.9% 119.75 120.17 120.59 121.00 121,41 121.82 122,23

12142
14644

Gotit! Now wejust need a 4-digit perfect square with 4 asthe third digit. There
are only 9000 or so candidates, butat this point a bit of computerassistanceis
quite welcome!

qq~ (4={ 10 10 10 107 (19999)}E3:])/19999

paqq
1000

qq/=+qq>1000
eqq

900

qq/* {w=Lw} qqeo.51444 1849 3249 3844 5041 6244 7744 8649
Visual inspection (and the backspace key) can dothe rest. Anything with repeated
digits is outofit, for starters. Then we can removeanything with 1 or6 as these
are alreadyallocated otherletters. So the answeris..,

( 3249 * GHL « 44641 )*0.5
144B37

No,I didn’t win the £15 book token, but at least 1 could paste my entry directly
from the APL session to savea bit of typing in Outlook.It really was rather a
simple one, and they must havehadplenty of correct solutions.
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Obituary: Kenneth E. Iverson
from the Toronto Globe and Mail 22 October 2004

Noted Computer Scientist
Kenneth E.Iverson, a pioneerin the field of computerscience, died on Tuesday,
October 19th in Toronto, Canada. He was83. Heis survived by his wife of 58
years, Jean (née Nicholson); three sons, Eric (Suzann), Paul and Keith (Marcella);
daughter Janet Cramer (Kevin); foster-daughters Robin Dick and Sherry Matusky;
andfive grandchildren.
Born ona small farm in Camrose, Alberta in 1920, he served in the Canadian
military during World WarII. Dr. Iverson earned a B.A.in Mathematics and
Physics from Queen’s University and M.A. in Mathematics and Ph.D.in Applied
Mathematics from Harvard University. While on the faculty of Harvard, Dr.
Iversonhelpedestablish thefirst graduate course in computer science and also
developed a concise mathematical notation that formed the foundation for APL
(A Programming Language). Hethen joined IBM in 1960.
While at IBM, Dr. Iverson madean historic contribution to computerscience by
developing APLinto an interactive programming languagethat was used widely
in academic and commercial applications. An original thinker and noted scholar,
he was namedan IBM Fellowin 1971. For his efforts in mathematics and
computer science, Dr. Iverson received in 1979 the A.M. Turing Award given by
the Association for Computing Machinery, the most prestigious award in
computer science. He was awarded the Harry M. Goode Memorial Awardin 1975
in recognition for his conception and developmentof APL and named by the IEEE
Computer Society in 1981 as a Computer Pioneer Charter Recipientfor his efforts
in the creation and continuedvitality of the computer industry. In 1998, he
received from York University an honorary degree of Doctor of Science.
During his career Dr. Iverson worked in various IBM researchfacilities in the
northeastern United States before moving to Toronto, Canada in 1980 to join LP.
Sharp Associates, a timesharing computer system provider. In recent years Dr.
Iverson wasinvolved in the development and implementation of the “J”
programming language with JsoftwareInc. Dr. Iverson'slove of language and
teaching were significantfactors in hislifetime work of trying to impose a
grammaranddiscipline on the language of mathematics.
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Memories of Ken
From Linda Alvord
Meeting Ken Iverson could cause mental transformations. Your mental shardsof
ideas might experience changes much as your laundry doesin a washing
machine.First all your notions about a topic slosh aroundin your head, back and
forth in a washing cycle that confronts inconsistencies and redundancies. Then at
some moment, a spin cycle rearranges everything. Conflicting concepts and
incongruities confront each other in an endless swirl. A momentofabsolute
silence changes everything. Excess ideas are gone. And rinsecycle reveals
unifying concepts and unseen connections with amazingclarity. And thus, your
‘Tools of Thought’ are clean, refreshed, and ready for use.
Thankfully I had the opportunity to spend time with Ken and experience these
Kinds of changes.I also havehis legacy of APL andJ anda vast array of books,
articles andlabs to lead my thinking in new directions. Mostly,I treasure the
memories of his presence.

 

From Bob Bernecky
Tam goingto talk about a teacher.
In early 1971, I told a headhunter in Toronto that I
waslooking for a job where I could work my own
hours, work on compilers, wearjeans, and I didn’t
care about the pay. Hetold me: “There’s only one
place in townlike that.” I ended up talking with Ian
Sharp, whotold methat I’d “haveto talk with
Roger.”I found Roger Moorein the middle of
staring at a complex piece of code and,rather than
conducting an interview, he and I ended uptalking
for an hour orso aboutthe code, at which pointI
hadto goto another interview. I asked him about
the job interview, at which timehe said that I was
hired.

 Shortly thereafter, I took a 20% pay cutto join the
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development groupatI-P. Sharp Associates, working on ways to break the
IPSCOBOL compiler that was nearing completion. 1 used APL, a languageI had
seen before, but never used in practice, to generate and evaluatetest suites for the
large numberof cases required by COBOL’s numerousdata types — Packed
Roman Numerals to floating-point Aztec conversion and thelike.
I soon noticed that my evaluations weretaking inordinate amounts of computer
time, and eventually narrowed the problem down to poorperformanceof the
“indexof” primitive, aka “dyadic iota”, in the APL interpreter. WhenI pointed this
out to Roger, he said “Fix it”, at which time I became an APL implementor.
Sometimein next yearor so, I had the honor and great luck to meet Ken Iverson.
Atthe time, I had no idea how greatly Ken’s ideas would influence the course of
my thoughts, modest future achievements, and career.
Ken andI talked on manyoccasions, but it was only around 1980. when Kenleft
IBM andjoined my APL Design Group at Sharp, that we began to work closely
with one another on language design issues. We had daily blackboard[There are
those whocall these things chalkboards, but we know they are not made from
chalk.] discussions, whoselively nature was dampenedonly by less enthusiastic
colleagues asking us to stop shouting.
Terminology was a fundamental focus in our work, for didactic reasons as well as
for the great powerthat we,like the ancient sorcerers andsorceresses of yore,
knewarises from knowinga thing's true name. Often, merely changing the name
of a verb, adverb, or conjunction, as when “reduce” became “insert”, would give
us insight into simpler, more powerful concepts.
Our quest for, and delightin finding, the right word meant that we always had a
dictionary or thesaurus at hand. Wesharedthis delight with many others in the
community, including Larry Breed, Eugene McDonnell, Bob Smith, and Donald
McIntyre. Yet, Ken was adamant, in the sense that McIntyre would approve of,
about more than terminology: he viewed mathematical rigoras a vital force in
programming language design. However, that view was alwaystacit — I don’t
recall him ever saying it, yet, it was an eminence grise, omnipresent and powerful
in our design talks, but unmentioned.
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Around 1999,I tried to evoke that eminence, and wrote, ina papercalled“Ergonomics and Language Design,” these three design rules for human-centeredprogramming languages:
Few rules
Simplerules
Consistent rules

Theserules, first embodied in APL, then generalized andsimplified in J, comprisethe palette from which Kencreatedhis art. As with all greatart, simplicity
produces beauty andinsight.
Astime passed, I began to comprehend that beauty andinsight, and to recognize
the powerandbrilliance of Ken’s understandingof the need to design
programming languagesfor people, rather than for computers. His understanding
produced concepts that, like a carefully tended garden, have blossomed with time,
creating unexpected delights for people all over the earth,
Ken‘s mathematics will play a keyrole in taking programming frombeinga craft
to being an engineering discipline, by helpingusto create,at longlast, reliable
computer programs. The powerof array languages like APL and J have given us
the concepts we needto construct tools to analyze programs and make assertions
abouttheir behavior, much as mechanical engineers analyzestructures, for the
same reason.
KenIverson’s Tools of Thought comprise a wonderousgift thathe, like so many
other great teachers and mathematicians, bequeathedto all those who comeafter
him.
Ken taught us much and gave us much; I believe the world still has much more to
learn from histeachings.
 

Thisis a slightly cleaned-up version of whatI said at the Kenneth E. Iverson
Memorial at OISE Auditorium, Toronto, 2004-11-18
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From Eugene McDonnell
Ken at Harvard
Just todayI tried to remember the economist
that Ken worked for at Harvard — and a Google
search led me to the right man: Wassily Leontief
— the originatorof the input-output matrix for
the economyofnations. Leontief was on Ken's
PhD committee — and it must have stimulated

! his interest in matrices. Leontief won the 1973
Nobel Economics medal for this work.

 
In his (French) obituary Sylvain Baron
mentioned Ken’s PhD thesis (1954) “Machine
Solutionsof Differential Equations”, which

, topic ] imagine was suggested to him by
‘| Howard Aiken — the developerof three or four
Harvard relay computers during WWILI once

madean attemptto read this — to no avail. I had studied differential equations as
the last portion of Integral Calculus while I was in the Army (1945) — and could
solve differential equations with my army-issued K&Eloglog duplex decitrig
polyphaseslide rule - andthefinal test was three differential equations. I held up
my hand and asked Dr Downing if we could use our slide rules, and he said yes —
so I handed in my twice-checkedtest paper in ten minutes, while the rest of my
fellow soldiers sweated for two hours.

 

I rememberbeing told that
http: /www.cs.unc.edu/%7Ebrooks/brooks_cv.htmlFred Brooks was Ken’s
teaching assistant, andthis led to their partnership in writing “Automatic Data
Processing”, the first edition of which used the IBM 650 as the model machine —
and I think they had a formal description of the machinein the book.
And I think it was Brooks who,after he had left Harvard to work at IBM,
recruited Ken to come workthere too — after Ken didn’t get tenure at Harvard. In
his introduction to A Programming Language Ken mentions the large debts he owed
to Aiken and Brooks.
While at Harvard Ken wrote a report to Bell Labs which wasthe earliest
publication using his notational schemes. I rememberthatthe specification arrow
pointedto the right!
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Whilestill at Harvard, in 1960, Ken wrote “The Descriptionof Finite Sequential
Machines”, whichisthe first place in which the notationfor floor andceiling
appears. This was read by Mike Montalbano,then at Stanford, who had worked
with George Dantzig, the developerofthe simplex method for linear program-
mingat the National Bureau of Standards, in Washington,D.C.He writes

The page hadan illustration that, in a few shortlines, described George
Dantzig’s simplex algorithm simply andprecisely. That was the overwhelming,
crucial experience.In the previous thirteen years, I had participated in so many
murkydiscussions of what was here presented withcrystal clarity that I knew
that whatI was reading was of enormoussignificance to the future of
computing.

Thada fellowship at Harvard 1949-1951 andleft before Ken beganto studythere.
My major study there was Dante’s Divine Comedy- in Italian.

From Arthur Whitney
Theacts of great men deserve acts, not words, in their honour. SoIll keep this
short.
In the fall of 1950, at Harvard, a math professor came up to my dad, andsaid, with
typical American enthusiasm and shaky geography, “There’s anotherstudent
here from Saskatchewan!”
Well, they were both from Alberta. And they became very goodfriends. It’s well
knownthata lot of programming languages come from Alberta. Probably less
well knownis the fact that good languages,like APL, come from northern
Alberta. Javais from Calgary.
Ken and mydad had lot in common. They were both born in 1920 in small
townsin northern Alberta, served in the Royal Canadian Air Force during the
war, won scholarships to Harvard Graduate School. And they were both gifted
mathematicians.
It was very lucky for me that they were friends because when myfatherdied in
the Sixties I adopted Ken even though helived three thousand miles away. For the
last 35 years, every year or two we'vevisited, and I’ve really enjoyed his
friendship.
Ken was extremely gracious, dignified and intelligent. And he had a sense of
humour. One time I was complaining about an impertinent customer who was
making suggestions, and hesaid, “You know, Arthur when I workedat IBM,I
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learned that it’s importantto listen to your customers; and it’s even more
importantto disregard whatthey say, and dotheright thing.”
Another time when I wasconcerned aboutgetting credit for some idea I had, he
said, “Arthur,if it’s a really good idea, you're going to haveto shove it down
people's throats. Don’t be worried aboutgetting credit.” Or when I mentioned
“computerscience”, he said, “Anyfield of study that has the wordsciencein it
probably isn’t.” This is how mathematicians makefriends.
Ken was a wonderful combination of pragmatism andwit, and he had the
conversational style of Socrates. An evening with Ken wasvery exciting, and
could bea little stressful. Declarative statements were questioned and had to be
justified. “Compared to what?” was a commonrefrain. But somestatements are
easy; they require nojustification. APL andJ are elegant languages. And Ken was
a great man, and J will miss him.
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Expository Programming
from Paul Berry

Well, quite simply, meeting Ken Iverson
changed mylife. I’d been a psychologist, but
after I met Ken and Adin Falkoff in 1966, I knew
whatI’d rather do, and I’ve worked in
computing ever since, though I think I've
retained a psychologist’s sympathyfor the
humanuser.
When I joined IBM,the company was
enthusiastic about the prospects for using
computers in primary and secondary schools.
Iversontoo believed that the language he was

wy devising couldplay a hugerole in education;
i] butthe vision Ken had wasquite different from

what wasimagined by most of IBM and by
mostteachers and administrators in the ed biz. Iverson firmly believed that his
contribution, and the contribution of his APL language, was notation; a way of
writing clearly about mathematics and about mathematical models. Ken
conceived of APL first — first - as a medium for humansto read, write and
understand; a language for papers or blackboards,or the backs of envelopes. And
then, in 1966, Iverson’s language becamedirectly executable by machine. Thanks,
Larry.

   

With it, students would be able to read, write or discuss an algorithm and then,
with minimaleffort, type it at a machine, see its output, trace its execution,
experimentwith alternative arguments, try out alternative definitions.There was
an office of internal education at Yorktown Heights, which routinely asked
instructors to describe what they proposedto teach byreferring to list of
identified topics and skills. But when I was asked to teach there, they didn’t seem
to have anything that corresponded to Ken’s vision of programming. So we added
to the list a description of “didactic programming”. It was probably notthe best
name, butthat’s what wecalled it. Didactic programmingis the art of writing a
program that is both executable by machine, and makesclear to a human reader
whatit does and how it works.”
Nowthis wasaltogether different from the thrustof the then burgeoning
movementof computer-assisted instruction. CAI, of which there wasa large
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group at IBM then,sought to develop programs that would run autonomously,
and that by their behaviour, wouldgive the students experiences that would
cause them to learn. The student was not supposed to run the program, and
especially not supposed to look inside to see whatit did or how it did it. To
describe the quite different way he thought computers should be used, Ken
coined the phrase ‘open use’ of the computer. Oneof the papers we wrote at that
time wascalled “Using the computer to compute”, which you'd think wasa silly
title, except that it was not what everybody in CAI wasdoing.
WhenIBMItaly sent us three researchers to Yorktown Heights, to study CAI, Ken
successfully hijacked their mission and they became our collaborators not in CAI,
but in what they cametocall l’uso aperto del elaboratore, or something like that.
(Forgive myItalian.)
Ken made a great many appearances at schools and universities, to explain how
he thought students could and should make use of computers, andin particular,
howthey could start right away, using APL. At someofthese guest experiences,I
got to serveas his assistant, andI felt a bit like Robin getting to carry Batman’s
bag. Butlistening to Ken give those demonstrations, I marvelled at the
spontaneous and natural way he seemedtotalk. Especially I loved the way he
deftly handled questions from the audience. He seemed endlessly able to respond
to their queries with neat examples and appropriate jokes. Only after I had
listened to these presentations manytimes, did J begin to catch on to how he did
this. He carried aroundin his head a huge fund of examples, jokes, aphorisms,
stories, but he kept them in reserve. He didn’t offer them. He waited until a
listener’s question happenedto set up one of them, and then he sprangit forth.It
sounded just like something he’d thoughtof thatinstant in response to whatthe
questioner had asked.
Well, people weren't going to believe it was possible to write a program whose
listing is itself a readable explanation until there were some examplesof the genre.
So, when Iverson was made an IBM Fellow, IBM provided him funding to work
on projects of his own choosing. Instead of buildinga staff of his own, he used his
budgetto bring in visiting teachers and professors from a rangeof disciplines. The
idea wasto get them started writing APL programsthat would serve as
explanationsin their respective fields. He hoped they’d keep going when they
returnedto their homeinstitutions after they’d spent two or three months with
him. And indeed, a great numberof them did.
Myjob becamelooking for lower-level introductory examplesof thatsort of thing.
Ken encouraged meto collaborate with John Thorstensen, a graduate studentin
astronomy, on a program called STARMAP.Theidea wasto explain the
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movementofthe stars and planets across the sky andto doit by writing programs
thatclearly stated the simple formulasthat described their motion. Well, we did
this, it ran, we printedit, but people largely didn’t get the point that we were
trying to make. The program got widedistribution, but not as a way to show
students the formulas of planetary motion; instead, IBM gaveitlots of publicity as
a wayfor journalists to tell people wherein the sky to look for the comet
Kohoutec, which didn’t actually ever show up, and which we hadnot even
planned, when we were writing this program, to include. But there was worse.
Whenweasked for approval to publish this example of didactic programming we
got back from the publications review committee a messagethat said, “Permission
denied. This paper discloses proprietary algorithmsthat are the intellectual
property of IBM.”I sentin an appeal saying, as diplomatically as I could, Don’t be
silly. This is an APL restatementof Kepler’s function from about 1610. But then
wegot a newrejection. This timeit said, “Permission denied. This is not original
work.”
Ken believed passionately that brevity is essential to clarity. “Be concise!” he'd
say. For me, this made for endless tension. In my role as populariser, or explainer,
Inever got over mybelief that, in English, readability is mostly redundancy. Ken
would look at whatI'd drafted and say, “Long-winded. You can cut out two
thirds.”
He didn’t just admire reduction to a few words; he also wanted those few words
in a small space. He was very proud of his APL vade mecum, an entire APL
reference no bigger than a credit card.
Well, as youall know,very early in the developmentof APL,its enthusiasts found
it was so powerfulthat very often they could express an entire process in a single
statement. There were soon contests to see who couldfind a one-line version of an
algorithm previously thought to require many. Sometimesthis improvedclarity.
Sometimesit had the opposite effect, and brevity trumped readability. By
readable, [ mean that you feel comfortable reading it, not just that you are able
eventually to trace out whatit says. Whether a very concise statementis readable
depends very much on your background and experience. The same expression
that delights the old-timer can mystify, appal and repel a novice. Sadly, I have to
say that enthusiasts of APL,andofits later reincarnation asJ, have continued to
storm magnificent new heights but they no longer try very muchto address
novices. They have left behind the masses that we once soughtto address.
So, if I try to sum up,I’d celebrate my personal delight at having beenable to be
partof this marvellous project and at the sametime mypain thatthere’sstill a lot
left that wasn’t achieved,a lotleft to do.
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A few years ago I went to a computer convention at Moscone Centerin San
Francisco. From the head ofthe escalator I looked downinto the eager, busy
crowds. People ofall ages were excitedly swarming to examine the newest
products and hearthe latest wordsof Steve Jobs. I was stabbed with a sad
realisation that this was how I thought it was going to befor APL. | had beenfired up
by Ken Iverson’s dream that he would produce something to revolutionise
computing notjust for a minority of devotees and experts butforall the rest of us
as well. That part hasn't really happenedyet.
*A subsequentcheck in the old files shows that weactually called it ‘expository
programming’ rather than ‘didactic programming.’

 

How wegot to APL\1130
from Larry Breed

APL\1130 was implemented overnightin the
autumn of 1967, but it took years of effort to
makethatpossible. In 1965, Ken Iverson’s
group in Yorktown waswrestling with the
transition from Iverson Notation, a notation
suited for blackboards and printed pages, to a
machine-executable programming
environment. Iverson had already developed
a Selectric typeball and was writing a high-
school mathtextbook. By autumn 1965, Larry
Breed and Stanford grad studentPhilip
Abrams had written the first implementation
in 7090 Fortran (with batch execution). Eugene
McDonnell was looking for applications to run
on TSM,his project’s experimental time-
sharing system on a virtual-memory 7090.

With his help, Breed ported the Fortran code, added 1/O routines for the 1050
terminals, called the result IVSYS; and Iverson Notation wentinteractive.

 
Iverson, Breed and other associates now facedissues of input and output, function
definition, error handling, suspended execution, and workspaces. They also
struggled with both extending the notation to multidimensionalarrays and new
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primitives, and limiting it to what could reasonably be implemented. Whateverit
was, it wasn’t “APL”; that name camelater.
Iverson wasalso collaborating with John LawrenceofScience Research Associates
(SRA), an IBM subsidiary in Chicago aimed at educational markets. Lawrence had
been editor of the IBM Systems Journal whenit published the Iversonian four de
force “A Formal Description of System/360.” At SRA he was leading a project to
make Iverson's notation the heart ofa line of instructional materials, both books
and interactive computer applications.
SRA hopedto exploit a single-user workstation being developed at IBM’s Los
Gatos Laboratory. There, veteran 1401 designer Fran Underwoodandhis
colleague Ans Schellenberg were building a laboratory prototype of a computer
workstation that they called the PCT, or IBM 1570, or “Elsie,” for Little Computer.
Elsie comprised a processor, 512 bytes of core memory, a console typewriter, a
card reader(cards fed by hand, one at a time), and a disk. The disk, an early
version of what would becomethe floppy disk, held 32k 16-bit words. The
processorhadthearchitecture of a stripped-down 7090: one data register
(“Accumulator/MQ”) and three index registers, all simulated by low-memory
locations; a 16-bit data size and instruction size; and 64 opcodes.
SRA consultant Bill Worley (who, decadeslater, directed Hewlett Packard’s
computerarchitecture effort) considered the Elsie architecture outmoded. He,
Abramsand Breed proposed redesign that looked like a stripped-down
System/360: 16 general registers (actually low-memory locations), 16- and 32-bit
instruction lengths, immediate operands, and just 8 basic opcodes. The
arithmetic/logical capabilities were, in full, Add and Nor (each with the option to
complement one operand), and Rotate. Sample programsturned outto be
substantially shorter and faster, and Underwood waspersuaded to adopt the new
architecture and to expand the memoryto twokilobytes.
With the Fortran implementation behind them, Breed and Abramsturned to
assembly-coding a limited implementation for Elsie. How limited? Identifiers
were a single alphabetic character; 52 in all. Arrays were of rank two orless, with
dimension limited to 255. That particularlimit didn’t come into play, since total
data space was 350 words, or 175 data values; the only data type was 2-word
floating point. (Even for character data.) Worley produced a 7090 cross-assembler
and emulator, and arranged for Hirondo Kuki, mastermind of System/360’s
Fortran function library, to develop floating-pointarithmetic and math functions.
By spring 1966 Abrams, working at Stanford with occasional forays to Los Gatos,
producedan Elsie interpreter that worked but lacked manyfeatures. In Yorktown,
Breed wrote a specification thatforthe first time documented APL syntax,
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operators (notyetcalled “primitive functions”) and user interaction. The
documentbore the name “APL”, which Adin Falkoff had recently acronymized
from Iverson's pioneering book, “A Programming Language.” (The pronunciation
was notyetsettled. “Use Apple,” Falkoff said one day, “the language that has
appeal.”)
Then the Elsie effort slowed. Circuit boards and memory were scarce and
expensive, due to System/360 production demands. Only four prototypes were
ever built. Breed and Roger MooreofI. P. Sharp Associates Ltd. (IPSA) started
designing APL\360. They began in July 1966 andit went into service in
November, gaining immediate popularity and heavy use within IBM.
Seeking to counter the popularity of Dartmouth Basic (running on teletypes and a
remote GE computer)at the prestigious Hotchkiss School in Connecticut, IBM
V.P. Arthur K. Watson, who was a Hotchkiss trustee, had APL terminals and
access to the Yorktown APL\360 system installed for Hotchkiss students. The
students loved it, and carefully steered newbies to the Basic teletypes so as to
maximize their own APL time.
This last may be irrelevant, or it may be why IBM’s Hartford branch office knew
about APL andits appeal. In late 1967, the Hartford office asked Iverson’s group
to implement an APLfor the 1130, a machine for which sales had apparently been
flagging. Breed wasatfirst reluctant to divert resourcesinto this, but then thought
of the Elsie implementation. The Yorktown 7090 waslong gone, though, and with
it Worley’s cross-assembler and emulator.
Over a few days, Breedbuilt an Elsie assembler on APL\360 while Reve Carberry,
an 1130 programmer provided by the Hartford office, coded up an Elsie emulator.
Abrams’ assembler code, with sometinkering, was processed through; someone
typed “2+2”, and APL\1130 printed out

4
It was not fast. Of Elsie’s 2k memory, abouthalf — 1k bytes, 500 words — was
allocated to code space. Every operation required multiple overlays from the
floppy disk. “2+2” took about five seconds; “2*3” produced aboutforty-five
seconds ofdisk activity before printing

8.00001
Improvement waspossible, though. Elsie’s 2k memory limit could be expanded.
The emulator accepted one new I/O operation, “Escape to 1130.” One by one,
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high-usage routines were coded asnative 1130 instruction sequences, andAPL\1130 gotfaster andfaster.
There were other problems. The console keyboard was adapted from a Model 029keypunch, with only one alphabetic case; about thirty APL characters couldn’t be
entered. Charles Brenner found homesfor them by designing and implementing
supportfor the notorioustriple-shift keyboard. Brenner gradually took over the
APL\1130 developmenteffort, with help from summer student Alan Nemeth.
They improved execution times and implementedtherest of the primitive
functions,
APL\1130 wasreleased to the public late in 1968 ona self-loading card deck about
three inches thick. The Hartford office helped with this, providing Steve Raucher,
whocreated the documentation and jumped throughthe hoops necessary to
register APL\1130 as “TypeIII” software: available without charge,liability, or
support.

Demandwas immediate, and led to purchases of several 1130s. It wasn’t hard to
persuade IBM Marketing to fund developmentof Version 2, which added multi-
character identifiers and mostof the other APL\360 features. Paul Berry adapted
his informative and appealing APL\360 Primer to APL\1130. David Oldacre and
Eric Iverson of [PSA delivered Version 2 in 1969. This is the APL\1130 you
remember and may evenstill be using. It became the most popularfree software
in IBM history.
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The Language, the Mind and the Man
from Fred Brooks

Introduction
I was Ken’sfirst Ph.D. student, becausealthough Aiken wasofficially (and
actively) my thesis supervisor, Ken had moredefacto influence. 1 arrived at
Harvard for Fall term ‘53-54; Ken wasfinishing his dissertation that year. I'l
remark on the dissertation later, because it was an importantpiece of work in its
own right.
Every afternoonatfive o’clock if Aiken wasin town, everybodyin the Comp Lab
gathered in the machine room for coffee and conversation with and around the
Boss. Towards spring, the Boss turned to Ken, who wouldstart a faculty
appointmentin thefall: “I want youto puttogether a year-long course on the
business applications of computers.”
Well, nobody had ever taught a courselike that, anywhere in the world!
Immediately I said to Ken, “MayI be your teaching assistant?”, because I had
beenespecially interested in all kinds of primitive business machines before I ever
encountered computers. He said, “Yes.” The Comp Lab was a small place; Ken
and I were housed in the sameoffice starting that summer andfor the next two
years. Consequently mostof my professional development was guided by Ken.
So I wantto talk tonight about the language, the mind, and the man.

The APL Language
APL cameaboutin this way. We had taughtthe course the first year. When we
were getting ready to start the second year, wefelt that we really had it under
control and started writing course material which later became the book Automatic
Data Processing. Ken begantrying to analyze sorts. (This was long before Don
Knuth’sreally great work on sorts appeared.) In the process Ken,being a
mathematician, said he was going to use a mathematical notation for analyzing
sorting algorithms. He cameto the conclusion that there were many useful
different notations, but they were inconsistent. Ken set about then to unify the
mathematical notations.
He quickly encountered a problem. Whereas in ordinary algebra the variable
namesareletters and the values are numbers, in business data processing, the
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values are often characterstrings; and, in machines with numeric addresses, the
variable names are numbers. All of this had to be generalized andsolidified.
That’s how APLstarted: strictly, as Paul says, as a thinking language, a way of
getting your mind aroundthese applications and mathematizing what had
heretofore been done with words.
The Automatic Data Processing manuscript got fatter and fatter, and fatter and
fatter. We sentit off to John Wiley. They sentit out to reviewers, one of whom was
Bob Ashenhurst. Two of the reviewers, including Bob, came back recommending
to cut it into two books. So we did that; it became the A Programming Language’
book and the Automatic Data Processing” book.
Twoincidents in the developmentof APLare especially memorable. When Aiken
finished with coffee and went home, the graduate students and the juniorfaculty
would regularly resumereal work, and we went to supper considerablylater. One
night Ken and I were wrestling with the question of, “Which does onereally want:
a floor function ora ceiling function?” Each mathematical notation we found had
only oneof these; some had one and somehad the other. We kept encountering
cases where we neededfirst one and then the other in the same treatment. As the
night wore on wesaid, “Let's ask John Wiley to take the square brackets and cut
off one serif at the top and oneserif at the bottom to make us four new characters.
Originally we used them dyadically,[ ]and| J, to both bracket and round. Ken
recognized that this was inconsistent and switched to using them monadically.
The second vivid memory was how APLgotits name. One night we wrestled
with names. For probably two hours we wrestled with names. Finally we were
tired, we were hungry, and I don’t know which one ofus said, “Why don’t wejust
call it ‘A Programming Language’?” So that’s how APL came to be known as “A
Programming Language”. It was in desperation afterall the other nametries had
failed.
Some yearslater I asked Ken, probablyat the 1978 ACM History of Programming
Languages Conference, “Whatis the touchstone for making an elegant
programming language?” Hesaid, “The secretis it has to do what you expectit to
do.” If you stop and think about APL,if you think aboutJ, andif you think about
Ken’s work generally,it all has that high degree of consistency—the productof an
exceptionally clear mind.
It is also the productof a fierce determination not to invent any new constructs
until one hasto. I’m sure many of you engagedin one ofthe arguments when
someone wanted to put so-and-sointo the language. Ken wouldsay, “Yes that’s
aninteresting idea,” anda little while later he would say, “You can doit this way,
using the tools and components already at hand.” Again and again that was the
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solution: it’s already in the language,it’s just a question of beinga little more
ingeniousin one’s approach,
Myfinal story about the language is that Ken didn’t get tenure at Harvard. He did
his five years as an assistant professor, and the faculty decided not to put him up
for promotion. J asked him what went wrong,He said, “The Dean called me in
andhe said, ‘Thetrouble is you haven't published anything but onelittle book.”
The“onelittle book” Iater won the Turing Award. J think that says more about
academic process and Harvard than it does about Ken.

Ken’s Mind
Inever saw anybody whothoughtasclearly. Again and again, he would get
downto fundamentals. Again and again he would teach and explain, or even
wrestle verbally, until clarity emerged from his veryarticulation.
His dissertation was the development and application of a program for solving
the input-output model of Harvard economics professor Wassily Leontief. It used
floating-vectors, each of which had one exponent and then a whole set of
mantissas. This worked well on the Mark IV. It depended on the mathematical
fact that one is going to pivot one’s matrices anyway. Leontief’s matrices were big:
fifteen hundred by a thousand. Doing these on the Mark IV, which had 230 words
of core memory, 4000 words of drum data storage, and drum storage for 10,000
instructions, was an accomplishmentindeed. Leontief later received one of the
early Nobel Prizes in Economicsfor this work, for which Ken provided
computationaltools. The concepts were Leontief's, of course.
Theclarity and the consistency of Ken’s thinking were very impressive. For me
personally, his biggest contribution wasthat Ken taught me to write. He wanted
things very concise: “Whenin doubt,leave it out. Do not put runwaysfor your
prose to take offat the start or to land at the end of a chapter. When you're
finished, quit.”
As a matteroffact, the first chapter of Automatic Data Processing is far and away
the densest, because weedited it, and we edited it, and weeditedit.
Ken taught me somevery useful productions.“If it’s a clause, turn it into a phrase.
If it’s a phrase, turn it into an adjective or an adverb.If it’s an adjective or an
adverb, omit it. Apply these recursively.”
Oneof the things that hampered the adoption of Automatic Data Processing is that
the first chapter got over-concisified. Students found it very difficult to get
through the mathematical background, whichis expressed with greatclarity but
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also great concisenessin thatfirst chapter; and they nevergotto the easy
chapters.
Let me share with you one pageof pure Iversonian writing as an exampleof hisclarity and economy. This is from Chapter 8 on programming systems. The
chapter hasalready dealt with interpreters, assemblers, linkers and loaders,
generators, and now we cometo Section 8.6 on compilers:

The compileris the most generaltypeoftranslator.It differs from the assemblerinpossessing the followingfacilities to make the argumentlanguageeasier to use.
1. Each elementary operation of the argumentlanguage may correspondtoa

multi-statement program (a subroutine) in the function languagerather than to
a single elementary statement. This permits the definition and useof a virtually
arbitrary set of operationsin the argumentlanguage. Functions suchassin y
and log,,, for example, can be incorporated as the elementary operations SIN
and LOG.

2. The individual statements of the argument program may be compoundin the
elementary operations of the argument language. The programmer may use
directly a compoundalgebraic statement such as z¢ Cu(v+w*SIN(x+y)). The
burdenof analyzingthis into its elementary components is assumed bythe
compiler.

3. The representation used for the operandsis not constrainedto a single pattern
but may vary widely. Consequently, the argumentlanguage mustinclude
declarative statements or conventionsto specify the representationsof the
variables. Each imperative statementrefers to each operand by a single name—
the particulars of the representations are automatically considered in the
analysis of the statement. Furthermore, separation of the representation from
the processing descriptions permits easier modification of each.

4. The imperative statementsof the argument programsare not constrainedto be
independentor independently translatable. The type of interdependenceis
usually limited: certain control statements specify the sequenceof execution of
other statements, the valuesof certain of their parameters, or the formats of
their operands. The scope ofa control statement(i.e., the set of statements
controlled) mayincludeother control statements. Thisfacility simplifies the
writing of loops.

5. Since argument languages become more complex as they become more
powerful, compilerstypically include elaborate diagnostics which bring real or
apparentsyntactic and semantic mistakes to the programmer’sattention.

Now,just for sheerclarity, elegance, and generality, think about each ofthose
statements andall the casesthatit covers of the distinctions between a compiler
and an assembler.It showssuch a clean mind.
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The Man
I found him exceptionally unselfishly helpful and giving of himself. If a box
neededto be toted, he wasreadyto take oneendofit. If a car needed to be
started, “Let’s run out andstartit.”
He taught meto take a nap everydayafter lunch. We needed to put our heads
down onthe desk and zonk out.I’ve been doingthat eversince graduate school.
It’s one of the mostusefulthings anybodyever taught me.| just stretch out on the
rug in myoffice now. My secretary’s instructed to say “He's out.”, which is
accurate.
Ken’s mannerwasalways honest and straightforward. He also was very brave. In
World WarII he left the Home Guard andtransferred to the Royal Canadian Air
Force because he wanted to be nearerto the war, and the Home Guard could not
be assigned overseas.
Ken regularly stood up to Howard Aiken. Aikenstood six-foot-three and had
Spockeanears and pointed tufts of hair: When her’ared up and looked down at
you, you thought you were looking at the Devil. And when he growled at you,
you thoughtthattoo. If you stood up to Aiken, he respected that; and if you
didn’t, he just trod you underfoot. Ken stood up to him. Ken’s manner was always
argumentative, but argumentative with an effective expression: “Perhaps one
oughtto think aboutit this way...” This was in contrast with Aiken’s “Goddamit
it’s gotta be so-and-so,all right?” Ken wasfirm in his views but he was
reasonable. He satisfied the old Latin motto, Numaquamincertus, semper apertus—
never uncertain, always open.
These characteristics made him a very warm friend, a person one admired as a
mentor, a person from whom one learned so much, and the person for whom we
namedoureldest son. A very great mind, and we miss his conversations; a very
great man, and we miss his character.

References
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Ken at Yorktown Heights
from Jim Brown

Without question, the mostinfluential person in
myprofessionallife was Ken Iverson. You all
know his many accomplishments andI will not
restate them here. Rather, I'd like to give a more
personalhistory of my involvement with Ken.
Please forgive any factual errors in my
recollections.
I first heard of Ken Iversonshortly after I started
work with IBM in 1965. A colleague wastalking
in the hall about this person who “reduced the
design of the System 360 to a single symbol”. I
thoughtthis wasa bit of an outrageous claim (and
it probably was) butI decided to check uponit. 1
hadbeeninterested in symbolic notations fora
while and whenin college read muchof Alfred

North Whitehead, Bertrand Russell’s Principia Mathematica working outall the
proofs. I went out and got Ken’s book Applied Data Processing co-authored with
Fred Brooks. Then I got A formal description of SYSTEM/360 by Falkoff, Iverson,
and Sussenguth - an amazing piece of work which later became knownas the
grey manual. I thoroughly enjoyed time spenton this document and came to
appreciate that symbolic notation really can be used for describing real as well as
formalsystems.I didn’t find any fault with this documentbutI hope Larry Breed
correctly describes how he found an error and told Ken aboutit at lunchat
Stanford being careful to bring it up when Ken hadcake in this mouth.

 
Ken’s name next cameto myattention whena friend andI took our wives to a
dinner meeting of the local ACM chapter.I alwaysfelt there was no way to
impress a woman like an ACM meeting. In fact, we did go for a social evening
and didn’t even make note of the speaker who was someone I never heard of
anyway. It was Adin Falkoff with a portable (by some extended meaning of that
word) 2741 terminal which he dialed into Yorktown and showed us APL. He
carefully and patiently explained to the telephone operatorthat the phoneline
would be used to communicate with a computerandthe noises on the line were
normal. Nonetheless, the session was interrupted several times when the
connection wasterminated by the operator.

77  



VECTOR Vol.22 No.3
 

I was absolutely blown away by the whole presentation. Adin typed in “2 space 3
backspace backspace plus” and pressed return andit typed “5”. Hecalled it visual
fidelity. 1 recall our wives were not so impressedby this as they were apparently
able to work outthis result in their heads without use of a terminal and phone
line.
There was APLitself which I just found amazing but 1 was just as impressed by
the fact that Adin gave credit to the APL team — Larry Breed, Dick Lathwell, Roger
Moore,and (again that name) KenIverson.I had never in my career (now over 20
months in duration) heard an IBMpresentation that gave credit to real people.
IBM Owego had a 2741 terminal with a phone and J was able to sign onto the
Yorktown APL service from work. My manager wouldnot permitthis kind of
playing aroundso IJ could not continueto use it. When I heard that Syracuse
University needed someone to manage a new proposed APLinstallation,I left
JBM and went on Campusto dothat.
Six months later when the moneyran out, | applied to Yorktown Heights for
summer work but was turned down.I also applied directly to the APL group and
wasinvited for an interview.
Karen and I showed up at Yorktown Heights at the appointed timeonly to find
that the interview had been canceled. Because ofthe death of President
Eisenhower, the lab had beenclosed the previous day and a scheduled “APL
Machine” seminar had been moved one daylater. Thus, March 1969is the first
time I saw Ken - standing outside the IBM Research Auditorium, during a break
in the seminar, surrounded by people engaged in animated conversation.It turns
outthey had tried to reach meto cancel the interview but we had taken our
daughter to our parents to watch while we came to Yorktown. I don’t know why
they didn’t try mycell phone or send mail.
I cameback the next day for the interview and met Ken, Adin, Larry, Dick, and
the team for the first time. I got the job and spent the summeratthe lab with the
APLteam.I know nowthat Ken and Adinsort of took turns managing the group
butthe focus was alwayson the work not the management.I’ve told this story
manytimes before but I had assumed that Adin was my manager.It turns outthat
Larry Breed was actually my manager butI didn’t find out until the exit interview
at the end of the summer. Because of an administrative error, my summerjob was
notterminated and I continuedfor three years working remotely from Syracuse.
Not many people had the ability to work on computers remotely in those days.
Each summerI would go back to Yorktown for a few months.
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Ken and the team wealready thinking about extensions to APL andI left one of
those summers with the idea that there was no reasonthat arrays needed to be
entirely characteror entirely numeric and that they did not necessarily need to be
strictly rectangular — whynot ragged! I changed my PhDthesis topic at Syracuse
to deal with extensions to APL.
Thadlots of ideas for extending APLin those early days and manyof them were
really bad. One thing I remember about Ken washis willingnesstolisten to ideas.
No matter how bad the idea, he would listen, make some commentlike “sounds
interesting” andthen begin to carefully analyze the various aspects and find flaws
or suggest improvements.I think Ken was always the teacherandin this activity
he taught me a lot about how to approach proposals — how to analyze and take
thoughts to their natural conclusions.
I don’t think of Ken as a person whotold lotofjokes but whenhedid, there was
usually something morethan just a funny story — there was somethingto learn or
something to make youthink. One story he told stands out in my memory and
I've repeatedit manytimes because in addition to being a goodstory,it also
describesthe central fallacy of communism. What's wrong with “From everyone
accordingto their ability and to everyone accordingto their need”? And the
answeris that you’re dealing with people! Here’sthe story:

A farmeris being interviewed and he’s asked: “If you had two acresof land
and a friend had none, would you give him an acre of land?”
The farmerreplied: “If I had twoacresof land and friend had none, then for
the greater goodofthe state, I would give him an acre.”
“Tf you had two horses andyourfriend had none, would you give him one of
your horses?”
Thefarmerreplied: “If I had two horses and a friend had none, then for the
greater goodofthe state, I would give him a horse.”
Theinterviewercontinued: “If you had two cows and yourfriend had none,
would you give him oneof your cows?”
“No!” said the farmer.
“T don't understand, you would give him an acre and a horse, why not a cow?”
“Well,” the farmer explained, “I have two cows.”

After graduationfrom Syracuse, I joined the APL group at the Philadelphia
Scientific Center. My PhD Thesis “A generalization of APL” contained myideas of
howto extend APL. Myideasdid notline up exactly with the general thinking at
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the Center or with Trenchard More's ideas. Trenchard wasable to use my theory
to prove that‘1’ equals ‘2’ - an importantresult] thought.
Overthe next years, there were many private and spirited discussions on the right
way to extend APL between Ken and me and with others. Even though Ken and I
had somepretty fundamentaldifferences, these discussions, though heated, never
became unfriendly. (This was not alwaystrue in discussions with others.) My
ideas and my designs for a new APL were shaped by these discussions even
though I never came to completely embrace Ken’s position. Atall times, Ken was
the gentleman scholar. My most pleasurable times at IBM werethese stimulating
technical discussions.
The world will rememberthe work of this great man.
Perhapsthe onething of which I am mostproudis that I could call this great man
“friend”.
 

Written for the celebration of Kenneth Iverson's life and achievements, held at the
Computer History Museum, Mountain View, California, November30, 2004.
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Ken Iverson in Denmark
from Gitte Christensen (APL90 Chairman)

The Danish APL communityis glad to beable to contribute to this memorialfor
Ken, who has meant so muchtous during our lives.
Whenthe sad newsof Ken’s passing reached us, a few of us APLers in Denmarkstarted to collect material for an obituary and fortunately some of the APLers fromthe very early daysarestill around and wereable to share their memories.
Per Gjerlev, whois alifetime APLer, and who manyof you may know, had a lotto contribute. He was present when APL. cameto Europeinthelate sixties, and I
wouldlike to share his memories with you.
In July 1967 Hans Helmsarranged a summerschoolwiththetitle ProgrammingLanguages. It was a huge success with many prominent participants. Amongst
languages presented were Snobol, Lisp and Algol 98.
IBM sent a young mancalled Ken
Iverson, from the research labsin
Yorktown Heights. Iverson had
developed a mathematical notation
which was now executableon the system
360. Along with Ken Iverson came Dick
Lathwell with a magnetic tape
containing the system and the intention
was to doa live demonstration on a
typewriter terminal 2741, The dialog was
to be shown on TV camerasto the
audience.

 

Nowthatwasa tall order — typewriter
terminal sessions werenot very common
then — but Dick Lathwell and a young
engineer, Henrik Nyegaard, wentto the
University of Bergen (500 miles away,in
Norway!) where computertime could be
rented andinstalled the tape. ™

   
After a while, many members of the audience werestarting to suffer fromfatigue.
Several complicated languages had been talked about and demonstrated before
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Dr. Iverson appeared. A short wayinto his presentation Iverson performed a
numberof keystrokes including keying the number 2 and the plus sign explaining
that he would nowcreate the expression 2+2 - and magically the number 4 was
returned by the machine. Asked aboutdeclarations, Iverson explained that the
computer was smart enough to figure out that 2 wasan integerall byitself. The
audience was suddenly wide awake!
NowIBMSales heard aboutthis system. @K-data hadjust announced a
timesharing service based on a system from GeneralElectric using the language
BASIC. IBM did not have anythingin their portfolio to match this until APL
arrived, and in November 1967 it was decided to go with APL andafter a couple
of hectic months IBM wasable to offer an APL timesharing system on system 360
model 40. An impressive system capable of supporting 30 users simultaneously
with good response.
HansHelms wanted the system to be shown in Novemberat the yearly SEAS
meeting in Scheveningen, Holland - SEASbeing the European equivalentof the
American SHARE- user group meetings for large IBM customers. Again Henrik
Nyegaard wascharged with the task of providinga line to the APL system
running in Bergen. He managedthis for the second time, this time further
challenged bythe task of getting the connection safely through the manual
extension board at the hotel where the conference took place. Unfortunately this
bright young man wasquickly lost to the APL community; he embarked ona
managementcareer and ended up running IBM Denmark.
The demonstration wentwell and wasa great success and manylarge
corporations in Europestarted using APL, among them VOLVOwhoto this day
are still using APL for someof their planning applications. The centre in Denmark
was the first in Europe but soon many more came too.
Ken Iverson visited Denmark on several occasionsin the early days ~ specially
when the municipalities data centre started to offer the service to primary and
secondary schools. On one occasion Ken almostlost the attention of the audience
after the break. He hadfilled outtheleft side of the blackboard before the break
writing with his right hand. After the break he continuedfilling the right side —
now writing with his left hand not to obstruct the view of the audience. A heated
debate broke out amongstthe participants whether he had been right handed
before the break or not.
As most of you will know Ken wasleft handed but was ambidextrous with
respect to writing.
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in 1980 aroundthe time of what I would call the second wave of APL -— wheremany customers got the in-house APL systems on mainframes — Ken retired fromIBM andcameto workforI. P. Sharp Associates in Toronto, It was at about that
time that I wasrecruited to the Danish IP Sharpoffice.
Ken visited us now andagain and I rememberonceI was struggling with
translating his An Introduction to APL into Danish,I told Ken that I was completelyunable to come up with a goodtranslation for the APL function ravel, which had
previously suffered the prosaic name “makelist of” in Danish. “You should usethe word you use when you have knitted something and you then undothe
knitting - when you are removing the structure andareleft with the thread”.
Suddenly the term ravel madesense to me in a completely different way.
Nowthe mainframe environment becameverypolitical and strategic to many
companies, and the idea of end users havingaccess to the machineon their own
accord became deprecated.
The saving grace wasthe personal computer.It brought along the third wave of
APLand allowed manyof us to move off the mainframe and to continue to build
marvellous applications on the PC. Many commercially viable applications were
born using APL and many remain thereto this day.
Just last week Morten Kromberg and I were in Florida where the two main
vendors of APL systems for Windowshadtheir yearly user conferences back-to-
back and I can assureyouthatatleast half of the conference audience did not
have greyhair.
Manya tribute waspaid to Ken there — and surprisingly or maybe not - a good
partof them contained a thank youfor giving us the opportunity to have so much
joy and fun in our professionallives.
John Scholes, the main language designer at Dyalog Limited — a person perfectly
capableof discussing the foundations of APL with Kenas an equal - remembered
his last encounter with Kenlike this: “In Scranton in 1999 during one of the
sessions I wassitting next to Ken — andhe leaned overandsaid to me - in his
impish way — John, whatis an array? Now I knewbetter than to rush into an
answer to Ken. I guessI’m still working on my answersto that question.”
When Reuters took overIP. Sharp in 1987, Ken retired from IP. Sharp. But did he
rest? — Of course not!
Tn 1990 I was the Chairman of the annual APL conference - in Copenhagen.
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Not hampered by aninstalled user base anddesiring to get rid of the character set
problem, Ken had invented J - and submitted papers with the announcementto
the APL90 conference.
Well — nothing Keneverdid left people cold — butthe resulting discussion in the
program committee was probably the hottest I have ever experienced.Finally I
had to draw line seeing thatthe rest of the programme would not come into
existence if this debate was not stopped.
“We will not decline a paper from Ken Iverson — andit will go into the main
conference stream”.
Notthat a refusal to accept Ken’s paper at APL90 would have done anything to
slow him down,ofcourse...
Last year Morten and I had an opportunity to for thefirst time in our professional
lives to catch our breath a bit. We wentto see Jsoftwareto catch up on the
progress of J and we spent a wonderful week with Ken,Eric, Roger Hui and Kirk
Iverson, for which wewill be eternally grateful.
Oneof thelast things Ken said to us wasthat, although he could understand why
commercial software developers had been slower to adoptJ than the educational
world, he could not understand why APL vendors had not implemented some of
the elegant concepts introduced in J.
And Ken -I hope youarelistening in now — at the closing session of Dyalog
APL’s conference last week John Scholes announced that he would implement the
rank operator in Dyalog APL so the torch you handedusisstill being carried
forward. It might not sparkle as much andit might not shine as bright as when
youcarried it - but we will do our very best.
Gitte Christensen, November 2005.
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Hommage a Ken Iverson
by Michel Dumontier (mjdumontier@free.fr)

Anearlier version ofthis article appeared in Les Nouvelles d’APL, N°41;
this appears by kind permission of the AFAPL[Ed.]

AnIntroduction to APL -— and APLers
Although Ken Iverson andI both attended APL71in Paris (so far the onlyinternational APL conference in France) we did not meet until muchlater. Kenneth E. Iverson at an AFCET APL conferencein Paris, 1983 on

“Teaching, Computing and APL”, a subject always closeto his heart.
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Istarted with APL in 1969at the Centre de Calcul Scientifique de ’Armement
(CCSA)in Arcueil, at the Fort de Montrouge. There I met Gérard Lacourly and got
his book Informatique par téléphone (Computing by phone), written with Philip S.
Abrams.
After this meeting, at the annual SICOB show in La Défense, | was awe-struck by
the APL demonstrations, particularly oflinear algebra. I practised on the APL
service from Maryland University in digraph mode,andlater on a Sperry Univac
service with APL characters,firstly on a Tektronix terminal and then ona
timesharing APL terminal.
At thattime, Gilles Martin worked at the Centre Interarmées de Recherche
Opérationnelle (CIRO) quite close to the CCSA. Wewere both linear algebra
specialists and swapped Fortran programsin thisfield. We lost touch with each
other, then in 1974, I met Paul Braffort at the Centre de Réflexions sur le Futur in
Arc et Senans during a symposium.Paul told methat Gilles Martin wasalso using
APL...
Later I worked as expert on the international standard at the beginningin 1978 at
AENOR,the French standards association. Raymond Tisserand was then
presidentof the APL group of AFNOR.There I met Gérard Langlet, Jean-Jacques
Girardot and other membersof the group, and foundGilles Martin again. Thad
already met Raymond when he worked with Guy Varin and G.Fustier at the
National Research Institute in Computing and Automation (INRIA).
From 1982, I had the benefit of the IP Sharp Associates service, and was able to
exchange emails with the standards group there. One connected by typing
)LOAD 666 80X from a connection kindly provided by the Ecole Nationale
Supérieure des Minesat Saint Etienne, thanks to Jean-Jacques Girardot.

For a long time I wanted to attend APL conferences but could find no sponsor,
even though recommended by Raymond Tisserand at AFNORin 1984. (Given the
popularity of APL, no onewill be astonished!) So J went at my own expensetoall
14 of the conferences from 1985 to 2000.
Ken was not in Seattle at APL85. [had brought the alpha-omega notation
workspace I had written specially for the Ampére WS1.This was a portable
computer with an LCD screen. I had spent my holidays working onthis at the
SOFREMI society. The machine wasdedicated to APL it did nothingelse.
(japanese delegates also presented their own machine.)
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Meeting Ken Iverson
I did not meet Ken Iverson until APL86 in Manchester. He cameto ourfirst ISOAPL meeting on extensions. Until then, we had only corresponded. In 1985, TheAPLstandard was published, RaymondTisserand passed the torch, and LeroyDickey became the new convenorof the APL standards group. We had decided tocontinue the work of standardisation on extensionsto the language.
Kenwasan affable man. We agreed to speak each in our ownlanguage, andthat
worked well: we wantedto be sure to express ourideasclearly.
Hewasalways cordial with me; there are many examplesofthat. This oneis close
to my heart, on a subject on which we shared common ground, the J language.
Ken and Eugene McDonnell cameto Princeton for a meeting on extending the
APLstandard.I spokeofthe functionality I’d like to find in APL; withoutit lwashard put to express myself in mathematics. In APL then there were only 5
operators, which took primitive functions as arguments, from which to derive
new functions. I wished we could define our own operators, and that they would
modify defined as well as primitive functions. Complete freedom... This would
entitle APL to oneofits numerous acronyms, devised at Manchester in one ofthose famousconference games: the ‘Art to Program in Liberty’! (This may be true
comparedto Pascal, one of the mostrestrictive languages I knew atthat time - but
it’s all relative...)
Eight months later, in answerto one of myletters, Ken wrote to meofhis plans
since Princeton. He had not only met my demands, but gone muchfurther,
starting from his previous work “A Dictionary of APL”. He wasveryattached to
teaching APL,astheletter on the following page shows...
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Apt. 405
70 Erskine Avenue
Toronto, Ontario
Canada M4P 1Y2

April 20, 1990
Dear Michel:
Thanksfor yourletter of March 1. Your news aboutthe state of APL in France was
depressing but not surprising,since the same seems to be happeninghere.In particular,
LP. Sharp Associates (since being bought by Reuters) appears to be moving away from
the use of APL as quickly as possible, and most of the experienced APL people (such as
Bob Bernecky and myson Eric) have already left the company. Furthermore, the
situation of APL in educationis aboutas bad here as you sayit is in France.
However,I am not discouraged.Sinceretiring from Sharp, I have concentrated on
defining a simpler and more powerfulversion of the language, and developing an
implementation in C that can be ported to a widevariety of machines and be distributed
as Freeware. Moreover, the system uses a simple spelling schemethat uses only ASCII
characters, and avoidsall of the character-set problemsthat youpointed out in your
letter. By this means, I hope to make APL easily available to schools and, perhaps more
importantly,to get it into the hands of young people workingoutside of the school
system,
enclose a copy of a paper on these matters that will be presented at APL90 in
Copenhagen. I would be pleased to receive any comments that you have, and hopeto
see youat the conference.
Asto any help or advice on coming to Canada to work,I do notbelieve that I can offer
you anything useful. Sinceretiring from Sharp, I havenoaffiliations of* contacts that
could be useful. Moreover, as I said, the state of APL here seemsto be no better than in
France. However,if you can afford the time to work on treatments of mathematical
topics in APLfor use in schools or in independentstudy, I would bepleased to
collaborate in any way possible.
I wassorry to hear the newsof Gilles Martin. I do hopethat I will see you at APL90.
Yours truly,
Ken
*sic Ed.
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I need hardly say howgratified I wastoreceivethis letter, and myreply could notbut showmypleasureat his asking me for comments. Of course, | went to APL90.The paper he hadwritten ofis nothing but “APL\ ?”; the extension of APL toanything you want, nolimits. Thatis, of course, the J language.

 

Ken Iverson and Eugene McDonnell at the APL ISO
meeting at Princeton University in 1989

After the conference, I asked him why he namedit J, and proposed: is it becausethe | letter is placed betweenI and K (Ken Iverson) and thelanguage K already
exists? Moreover, the letters H, I, ] and K arein order — H for Roger Hui, who did
the developmentin C he mentioned. He answeredthat it was Roger whochose]
as the key we havethe best chanceof finding on the keyboard with closed eyes!
Moreover,it is has an embossed markfor theblind.
Searching systematically in the various SHARP APLlibraries, I founda library of
Ken's workspaces containing MODEL and further MODEL7051... The main
function was simply: APL.
T told him by email in January 1986 that | had discovered this workspace and used
it. [had read in APL Quote Quad (16.2, December 1985, page 35)ofhisvisit to
Finland in May 1985 and his two conferences, one on his paper “A Dictionaryofthe APL Language”,the other on teaching programmers how totake advantageofAPLin applied mathematics. | asked him if he would give methe texts of those
conferences.
In his new terminology each constantis a ‘noun’, each variable is a ‘pronoun’,
each functionis a ‘verb’, and each operatoris an ‘adverb’. Many ofthe ideas of DrIverson looked very promising as tendingto clarity, simplicity, and consistency.
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Comparing his new syntax and APL2 he made somevery critical remarks about
allowing so many exceptions and vague concepts in APL2.

 
Ken Iverson at APL97, Toronto

I should contrast this review with my memory, someyearslater, of the extension
of the APL standard heading “dangerously” towards APL2.I recall a lively
discussion on this topic at Hellerup during an APL ISO meetingjust after APL90.
E. McDonnell and I were of the same mind... as would Ken have been had he
been there!

90   



 

VECTOR Vol.22 No.3
 

Kenleft me only good memories. He always helped mewith information I wantedand always encouraged me. To quote a few examples, before it was sold, he gaveme all the J versions | needed andalso the SHARP APL version anddocumentation; he encouraged metogive the J tutorial at APL94 in Antwerp,where he gave methelatestJ version for Windows.(I had bought the previous
non-updated version). He kindly accepted the translations into French | made ofTangible Math and Programmingin J. He even wished mea retirement as happyashis!(I shall try!)
There have been manytales ofhis readyandsurprising wit on intellectual points.
One eveningin a restaurant(at Princeton,if | remember correctly) he was kindenoughtojoin us at what had become the French table. He wasfacing me, GérardLanglet was on myleft and Jean-Jacques Girardot was opposite Gérard. During
the discussion, weintroduced a poser an examiner hadset a candidate for the
Polytechnic School: to calculate the product (x-a)(x-b) ... (x-z).
Those without presence of mind begin the developmentat once. We were
astounded (and surprised!) by the immediate and absolutely exact answer he
wrote on a paper napkin; X+x @ Ata,b,c,..,z the product is Y+x/X-A.
In his turn, he was surprised when wetold himthat the result was 0 since the
series contains the factor (x-x). But bravo for the answer anyway— exact andfast!

 
Creating pictures in Cliff Reiter’s J workshop at APL97.

The authoris in the foreground,
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Ken Iverson and Roger Huiin Toronto at the J2000 conference, by kind
permission ofEllis Cave.

I last saw KenIverson in Toronto at APL97.
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Ken Iverson at the End of the World
from Richard Hill

Tam unawareof Iverson visiting Kerguelen, or even Perth, WA, so we can
consider his visit to Melbourne, Australia in November 1994the furthest he evergot from his origin in Alberta.
Melbourneis the capital of Victoria. The State of Victoria is the inverse of theProvince of Alberta (regally) which should appealto a J-ish sense of humour.Iverson came to Australia to run a workshopin J, sponsored by Walter Spunde ofthe University of Southern Queensland. After the workshop he came down toMelbourneto give a lecture at Melbourne University, sponsored by MosheSneidovich. I rememberthe lecture well. There were around 200 people presentand quite a vigorous exchange of viewsontacit and functional programming.After the lecture Iverson stayed overnightat ourplace in Black Rock.
Asa fairly simple engineer, I felt on quite a different plane to Ken Iverson and theonly specific saying of his that I rememberis “Engineers are distinguished, not somuchbytheir ignorance, as by their pride in it”. lasked him a question, “If youcompare J and APL,over a range of problems, what can you say aboutthenumber of tokens needed on average to program the solution?” He said that hethoughtthatJ needed abouthalf as many tokens as APL for the same problem.
This leads on to a humblesuggestion for a practical memorial to Ken Iverson. A
new APLprimitive to be called Nub.
Myownworkis supporting APL programswritten by various people, andinvolvesa lot of “data rummaging”. After meeting Iverson,I tried to read the Jdictionary and wrote a couple of small thingsin J, and I cameacrossJ’s primitive
“Nub”. Nubis trivially achieved in APL, being ((V{iota}V)={iota}{rho}V)/V.
But, I wrotea little APL utility called Nub, which also works with arrays, I foundit so handythatI realised whatIverson meantby “Notation as a Tool of Thought”.It is really true. Being able to type Nub and not haveto think aboutthe constructmeansthat you don’tlosethe ‘flow’ of thinking aboutthe problem at hand.
Ken Iverson wrote a couple of papers during the nineties about areas where therecould be some unification in the APL area. Nub is mentionedin atleast one ofthem, published in Quote Quad,I believe.It is respectfully suggested thatinmemory ofthe originator of APL, oneofhis later ideas be incorporated as a new
primitive ‘Nub’... in all flavours of APL.
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A Lifetime of Working with Ken
from Roger Hui

1am indebted to Chris Burke, Eric Iverson, Eugene McDonnell, Donald
McIntyre, Roland Pesch, Joey Tuttle, and Arthur Whitneyfor reading earlier
drafts of the paper.

0. Beginnings
I first met Ken Iverson early in 1981 in Toronto, when heinvited me to dinner,
along with Mrs.Jean Iverson, and Eugene McDonnell, Lib Gibson, David Keith,
and Jane Minettof LP. Sharp Associates.I believe the dinner happened because
Eugene mentioned me to Ken, mainly due to The N Queens Problem paper[0] | had
submitted to the Recreational APL column that he wrote and edited.
So now notonly wasI to meet the great KenIverson,inventor of APL, but I was
also to get a free dinner. Thelatter was a consideration:at the time I] was a
graduate studentat the University of Toronto. At the appointed hour I went up to
Ken’s apartmenton the 47th floor of the Manulife Center. I was so in aweofthe
great man that I took scant notice of the spectacular view —- from the apartment
one can see Niagara Falls, a 90 minute drive away — until Ken directed me to
do so.
Wethen wentfor dinnerat a restaurant on King Street. I don’t remember much
aboutthe dinner, except for the way Kenleft the tip. The change came back from
paying the dinnercheck, in the form ofthe dingiest lookingbills you ever saw.
Ken took out his wallet, extracted somecrisp clean bills, and crumpled them up
before leaving them on the tray.
In anothersense, I had “met” Ken Iverson years before, when I learned APL
during my undergraduatestudies at the University of Alberta, from reading the
APL\360 User’s Manual[1] and from workingat the computerterminal. Since I did
nothave direct access to Ken,J read his papers carefully, principally The Design of
APL[2], The Evolution ofAPL[3], and Notation as a Tool of Thought[4]. I also further
acquainted myself with APL during the summersof 1975 and 1976, when Lib
Gibson hired me to work as a summerstudentatI.P. Sharp in Calgary.
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1. From APL to J
Thelate 70’s and early 80’s were an exciting time for APL. APL was a commercialsuccess. APL wastaught in schools and universities. APL conferences were well-attended.(I attended myfirst APL conference in 1979 in Rochester, and myrecollected impression is that the parallel sessions at the conference each hadaudiencesof over a hundred.)
Ken had published his seminal paper Operators and Functions[5] in April 1978. Hewentfrom IBM to LP. Sharp in Toronto in 1980, andthere collaborated withArthur Whitney on Practical Uses ofa ModelofAPL[6] in 1981-82,leading toRationalized APL[7] in January 1983, multiple editions of A Dictionary of the APL
Language between 1984 and 1987, and A Dictionary ofAPL [8] in September 1987.Within LP. Sharp, the phrase “dictionary APL” cameinto use to denote the APLspecified by A Dictionary ofAPL,itself referred to as “the dictionary”.
Atthattime, the main APL vendors were IBM, STSC,and I.P. Sharp,andall wereactive in developing and extending the language. IBM had APL2, based on the
workof Trenchard More and Jim Brown [9], [10], [11]. Work on APL2 proceededintermittently for 15 years [12], with actual codingstarting in 1971 and APL2becomingavailable as an [UP in 1982. STSC hadan experimental APL implement-ation called NARS[13]. NARS and APL2 differed in fundamental respects fromdictionary APL(anddiffered from each other).
LP. Sharp implemented the new APLideasin stages, complex numbers, enclosed(boxed) arrays, match, and composition operators (on, over, under) in 1981 [14,15], determinantin 1982[16], and the rank operator,lev (left), dex (right), and link
in 1983 [17]. However, the domainsof operators wererestricted to the primitivefunctions or subsets thereof. I.P. Sharp also had SHARP APL/HP[18], principallythe work of Arthur Whitney with the assistance of Rob Hodgkinson.
An important stepping stone from APLto J was SAX [19], SHARP APL/Unix,written in C and based on an implementation by STSC.An alpha version of SAXbecameavailable within IP. Sharp around December 1986 or early 1987. From
thattime to August 1989, whenthefirst J source line waswritten, I had access to
SAX, andin the later part of that period used SAX on daily basis.
SAX implemented dictionary APLin part, and was upward-compatible withmainframe SHARP APLin orderto run applications ported from there.Itpermitted derived or user-defined functions as arguments to operators, and hadthe special APL characters, workspaces, and the del-form function definition.
However,it did not permit functions and operators to be namedusing theassignmentarrow,as in the phrase sum++/ , precluding whatlater cameto be
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called tacit definition. (The dictionary specified such assignment.)It also did not
have hooks and forks[20], for those were notyet invented. For Ken, an important
drawback to SAX wasthat it was not widely andfreely available.
From a personal perspective, another important stepping stone from APLto J was
the writing of my APL87 paper Some Usesof { and } [21]. At the time both Ken andI
were workingfor IP. Sharp in Toronto, and the ideas in the paper evolved over
manyconversations with Ken, Writing the paperrefined and sharpened my
understanding of dictionary APL.
Arthur Whitney, from collaborating with Ken on Practical Uses ofa Model ofAPL
[6] in 1981-82, inventing the rank operator while on the train ride to the APL82
conferencein Heidelberg in 1982 [22, 23], and implementing SHARP APL/HPin
1986 [18], went on to Morgan Stanley in 1988 andthere invented A [24]. Helater
invented k [25] in 1993 and q [26] in 2003. (Arthuris a classmate from the
University of Alberta; over the years our paths have crossed manytimes, and each
time ] had benefitted. Butthatis a story for anothertime.)
In the wider world, the PC revolution wasin full swing. It was now possible to
have a computer(for example, the AT&T 3B1 UNIX PCor the IBM PC/AT)at
homethat wasa reasonable platform for developing an APL system. Nottoo long
ago, such a platform would be underlock and key in a room with a raised floor,
inaccessible to mere mortals and not readily available for experimentation.
The conditions were ripe for...

23
The story of how J began hasbeentold in detail by Donald Mcintyre [27]. Ken
himself wrote in A Personal ViewofAPL [28]:

Work began in the summerof 1989 whenI first discussed my desires with
Arthur Whitney. He proposedthe use of C for implementation, and produced
(on one page andin one afternoon) a working fragmentthat provided only one
function (+), one operator (/), one-letter names, and arrays limited to ranks 0
and 1, but did provide for boxed arrays andfor the useof the copula for
assigning names to any entity.
1 showedthis fragmentto others in the hopeofinteresting someone competent
in both C and APLto take up the work, and soon recruited Roger Hui, who
wasattracted in part by the unusualstyle of C programming used by Arthur, a
style that made heavy use of preprocessingfacilities to permit writing further C
in a distinctly APLstyle.

96



 

VECTOR Vol.22 No.3
 

RogerandI then began collaboration on the design and implementation of adialect of APL (later named J by Roger), first deciding to roughly follow “A
Dictionary of APL” andto impose no requirement of compatibility with any
existing dialect. We wereassisted by suggestions from manysources,
particularly in the design ofthe spelling scheme (E.B. Iverson and A.T.
Whitney) andin the treatmentofcells,items, and formatting (A.T. Whitney,
based on his work on SHARP APL/HPand onthe dialect A reported at the
APL89 conference in New York).
E.E. McDonnell of Reuters provided C programsfor the mathematical
functions (which applied to complex numbersas wellas to real), D.L. Orth of
IBMported the system to the IBM RISC System/6000 in time for the APL90
conference, and L.J. Dickey of the University of Waterloo provided assistance
in porting the system to a number of other computers.

It’s funny, but my recollectionis thatat the time I thought I recruited Ken. Whoever
recruited whom, I wona great prize when Ken decided he and I should work
together.
Thefinal impetus that got J started was the one-page interpreter fragment that
Arthur wrote, recorded in Appendix A of An Implementation ofJ [29] and also
reproduced in Appendix A below. My immediate reaction on seeing the page was
recoil and puzzlement:it looked nothinglike any C code I hadever seen.(“Isit
even C?”) However, Ken counselled that I should reserve judgment. As recounted
in An ImplementationofJ, it then happenedthat:

I studied this interpreter for about a weekforits organization and
programmingstyle; and on Sunday, August 27, 1989, at about fouro’clock in
the afternoon, wrotethefirst line of code that becamethe implementation
described in this document.

The name “J” was chosen a few minutes later, when it became necessary to save
the interpreter sourcefile for the first time.
I consciously designed andbuilt the system around “Table 2: Parsing Process”in
A Dictionary ofAPL [8], which I had studied carefully and modelledatleast two
different ways between 1986 and 1989. The C data and program structures were
designed so that the parsetable in C corresponded as directly as possible to the
parsetable in the dictionary.I set as an objective of being able to show Kenthe C
source for the parser, and have him verify that the syntax being implemented was
correct. We never did carry outthe exercise (of Ken reading the C source), but I
reckon I met my objective, because eventually Ken replacedthe table in the
dictionary with the parsetable from the C source [30]. Other effects of trying to
meetthe objective were entirely beneficial.
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Yearsafter the initial implementation, I happened to re-read Ken’s APL87 paper
APL87 [31]. In retrospect, the paper, in five pages, prescribed all the essential steps
in writing an APL interpreter, in particular the sections on word formation and
parsing.
Ken and I had in mind to implement A Dictionary OfAPL [8] together with hooks
and forks (phrasal forms) [20]. For years, Ken had struggled to find a way to write
f+g asin calculus, from the “scalar operators” in Operators and Functions [5,
section 4], throughthe “til” operator in Practical Uses ofa Model ofAPL [6] and
Rationalized APL [7, p.18], and finally forks. Forks are defined as follows:

(f gh) y - (fF y) g (hy)
x (f gh) y - (x fF y) g (x hy)

Moreover, (f gp qr) - (f g (p qr)). Thustowrite f+g asin
calculus, one writes f+g inJ. Ken and Eugene McDonnell worked out the details
onthe long plane ride back from APL88 in Sydney, Australia, with Ken coming
up with theinitial idea on waking up from a nap.
Thechoice to implement forks was fortuitous and fortunate. Werealized only
later [32] that forks madetacit expressions (operator expressions) complete in the
following sense: any sentence involving one or two arguments that did notuseits
arguments as an argumentto an operator, can be written tacitly with fork and @:
(compose) and [ (left)and ] (right) and constant functions. If @: were
replaced by the equivalentspecial fork [: f g, thena sentence can be written
as an unbrokentrain (sequence of forks).
Becauseexplicit definition (the analogue ofdel-form definitions in APL) was
relatively complex, it was not implemented until some monthshad elapsed. As
well, the restriction in APL that only nouns(arrays) can be assigned never madeit
pastthefirst day, for there was no way other than by assignment to name verbs,
adverbs, and conjunctions(functions and operators). Therefore, for some months
all verbs weretacit; thatis, all functions were defined as operator expressions.
These circumstances forced us to explore tacit definition extensively.
Meanwhile, Ken was concerned about the usefulness of forks, and worked hard at
finding examples of forks beyond those in Phrasal Forms [20]. After a while,it
seemedthat everything was a fork. The explanationlies in the proof of complete-
ness fortacit definition [32]: if the root (last) function in a sentence is applied
dyadically, then a fork is required to write the sentencetacitly. Since we wrote
tacit definitions exclusively, it was no wonder that we ran into forks constantly.
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Aswell, we hadlittle trouble expressing computations tacitly becauseofthecompleteness.
Eric Iverson founded Iverson Software Inc. in February 1990 to provide animproved SHARP APL/PC product. It quickly became obvious that we hadshared interests and goals, and in May 1990 Ken andI joined Iverson Software Inc.The company soon becameJ only. The name was changedto JsoftwareInc.(wwwjsoftware.com)in April 2000.
Eric adapted the session manager from SHARP APL/PC for J in time for thefirstrelease. Overthe years, he was responsible for everything that was not theinterpreter proper — the integrated development environment, the Windows
interface, and all other interfaces —- and made contributions to the languageitself,
includinglocatives, control structures, and memory-mappedfiles. Eric alsohandled product packaging andrelease details. Chris Burke joined usin early1994 and wrote the applicationlibraries, in particular the plot package, the
debugger, the project manager, and the performance monitor.
Work proceeded rapidly from August 1989. Thefirst public presentation tookplace on 1990-02-26 when Ken andI gave a talk complete with a live demo to theToronto APLSIGat the Toronto Board of Trade. Thefirst release of the software
was at APL9Q [33] in Copenhagen in August 1990, when J was madeavailable assharewareto the Software Exchange. (Youcan still get this version from variousarchives.) Thefirst J conference was held on 1996-06-24 to -25 at the Koffler
Institute of the University of Toronto. There were 123 attendees and 12
contributed papers in the proceedings[34].
In working with Ken, I soon realized that Ken hada flexibility of mind thatis
breathtaking. Two examplesillustrate this point.
Example0: Forthe first few months, the special APL characters and the ASCII
spelling co-existed in the system.It was Ken whofirst suggested thatI should kill
off the special APL characters. I myself resisted for a few weeks longer, until thesituation became too confusing, for reasons describedin Jfor the APL Programmer[39, p.11].
Example 1: It came time to implement \ (“scan”). On that day(in thefirst half of
1990), during lunchat Josie’s Cafe on Yonge Street, asked Ken innocently, “Haveyou ever wanted to scan something other than reduction?” The question was not
even well-formed, because the APL paradigmis so powerful thatit usually
pushes aside alternative thoughts. Nevertheless, the discussion that then
proceeded was productive, and quickly led to the realization that[35, p-16]:
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Some APLexpressions apply reduction implicitly. For example, APL scan
appliesits left argument reduction to successive prefixes of the right argument.
Theuse of reduction ensured that computations such as sum scan can be
effected by primitive function argumentsto the operator, andthat the overall
result could be assembled in APL\360.
WithJ’s more permissive assembly rules (and the use of boxed arrays),
reduction is no longer necessary, and in manycases, inappropriate. Therefore
in J, if a reduction is required, it must be specified. Thus +/\ in J computes
sumscan and +/\. computessuffix suiscan. The following J example does
notuse reduction, andis therefore notreadily expressed using APL scan:

<\ 'abcdef’
obentenntoteenneteeeen- +
lalablabclabed| abedelabcdef |
poten toni toe en tenen-$o-----

Muchrecent work involved “recognizing” phrases and implementing them with
special code. The expressive poweroftacit expressions makesthis a fruitful
approach. For example, if f is a primitive proposition, then:

f i. O: first place where not x f y
f i. 4: first place where x f y
f i: QO:  lastplacewherenot x f y
f i: 4:  lastplacewhere x f y
+ /@:f number of places where x f y
+./@:f x f y anywhere?
*,/@:f x f y everywhere?
I. @:f indices where x f y

are supported by special code. A primitive propositionis one oftherelational
atomic verbs (scalar functions) = ~: < <: > >: ortheverbs E. or e.
(respectively, “substring match” and “memberof”; a legend of the J words used in
the text is available in Appendix B below.) For example:

"boustrophedonic' (e.i.1:) ‘aeiou' NB. index of first vowel
1

"poustrophedonic’ (e.i:1:) ‘aejou‘ NB, index of last vowel
4a
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If the target is found near the beginning ofthe search,the result is computed
instantaneously (andin time independentofthe lengths of the arguments for
atomic verbs f). Evenif the target is found only at the end of the search, theimprovementin timeis by a factor of two or more. In either case the space usedisconstant for atomic verbs .
Another recent developmentis a port to the Linux and Windows XP 64-bit
operating systems on the AMD64and Intel EM64T processors[36]. J64 has 64-bit
integers and a 64-bit address space.
Kenhadstarted to write a companionto the Abramowitz and Stegun classic,
Handbook ofMathematical Functions [37]. Such writing was the motivation behind
the extended-precision integer and rational numberfacilities; to the same end,
extended-precision floating-point numbers will be also added. The following
examplesillustrate extended-precision integers and rational numbers:

(+4)/\ 10 § 4
12 1.5 1,66667 1.6 1.625 1.61538 1.61905 1.61765
1.61818

(+%)/\ 10 $ 1x
12 3r2 5r3 8r5 13r8 21r13 34r21 55r34 89r55

Oj4O “: (+%)/ 100 $ 1x
1,6180339887498948482045868343656381177203

The hook x(+%)yis x plus the reciprocal of y , and so (+%)/ is the continued
fraction. Thefirst phrase computes convergents to the golden ratio phi in 64-bit
IEEEfloating-point numbers; the second computes rational convergentsto phi;
and the third computes phi to 40 decimalplaces.
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3. Remembering Ken
Thelast photograph of Ken Iverson, with
Rachel Hui, Jean Iverson, and Nicholas
Hui, on Sunday, 2004-09-05,at the roof-
top garden of the Manulife Center,
Toronto, Canada. [photo by Stella Hui]

¥ Ken and I worked on J in our homes in
Toronto, | in my apartmentin the High
Park area and Ken in his apartment on

y Erskine Avenue and subsequently in the
Manulife Center(a different apartment
from the one in 1981, with an even more
spectacular view). The arrangement
placed me uniquely under Ken's
influence.
Oftentimes | found myself at Ken’s house,
deliveringthe latest J version or working
on a computer, and many times Ken

' would invite me to stay for lunch or
dinner, explaining that “thoushalt not

, m =) muzzle the ox when he treadeth out the
corn”, Little did Limaginein 1981 that the dinnerI had with Ken and Jean then
wouldbe the first of many.

   
It is said that if you keep playing chess with a grandmaster, your skills can not
help but improve. | had beenin almost daily contact with the mastersincelate
1986, and the following are a fewofthe things I have learned.

Credit
When Ken wasat Harvard a fellowstudenthabitually stamped his papers
“Copyright” or “Confidential”. Howard Aiken, head of the Comp Lab and Ken’s
thesis supervisor, advised, “Don’t worry about people stealing your ideas.If it’s
any good, you'd have to ram it down their throats!” (A less picturesque version of
this story is foundin [38, p.240].)
Blame
Ken and I sometimes kidded each other about whose fault it was when something
went wrong. He complainedin jest that I as implementor had theattitude of “just
tell me whereto pour the concrete”. AndI, in turn, complainedin jest that he as
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designer had the attitude that he was never to blame:Ifit’s a mistake in the
implementation,thenit’s obviously my fault; andifit’s a mistake in the design,
well then I should have caughtit during the implementation.
In truth, lam profoundly grateful to Ken for not complainingin the times when I
failed him, even whenI failed him the same way more than once.I believethatif
necessary, he would have forgiven me for seventy times seven times(although
even I would probablycatch on before too long).
Secret to Success
In January 1992, I wasin the final struggles of writing my book An Implementation
of ] [29], having difficulty and under time pressure. Aroundthattime, Ken was
polishing off several books and papers, seemingly effortlessly. I asked him what
his secret was. His reply was,basically, “First, write 500 papers.”
(Ken subsequently gave me some more immediately useful advice about writing.)
Reading and Writing Carefully
In the early days I did not havedirect access to Ken, and therefore read his papers
carefully, Another example is Arthur Whitney’s “one page thing”, which wasthe
final thing I studied (for one week) before writing thefirst line of source code forJ.
Overthe years, I have benefitted enormously from such careful reading.
I later realized that Ken wrotecarefully, in the expectation that what he wrote
would beread carefully. An exemplar of such writingis the description of “cut” in
Rationalized APL [7, pp. 19-20]. It annoyed Ken to no end whenaccusedofbeing
“too terse”, for example as in “the dictionaryis too terse”, when “terse” means
“effectively concise”.

Words
As others have recounted, Ken was deeply interested in words, their use and their
etymology. He indeed did read the dictionary, and kept a copy of the American
Heritage Dictionary [39] (along with other dictionaries) by his easy chair for ready
reference. He especially encouraged meto consult the section on Indo-European
roots in the back of the AHD, which makes deep and uncommon connections
between words.
Manyof Ken’srelatives and friends received from him the AHD asa present.I
myself did not because I’d already owned one years before I met Ken.In fact, I
gave himthe third edition of the AHD as a present.
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I think nothing I had ever done impressed Ken quite as much as whenI foundthe
word “rhematic” (meaning, pertaining to the formation of words), a word he had
been searching for for sometime. Thus the phrase “rhematic rules ofJ” madeits
way into the J dictionary [30].

Books
Before long, Ken and I discovered that we shared a love of books. Weoften
recommendedreading material to each other. A sample of our recommendations:
I to Ken: The Language Instinct by Steven Pinker; Climbing Mount Improbable by
Richard Dawkins; Lincoln at Gettysburg by Garry Wills. Ken to me: From Dawnto
Decadence by Jacques Barzun; Calvin and Hobbes; The New York Reviewof Books.
And,of course, bothof us had read The BookofJ [40].

Politics
Unsurprisingly, Ken stood up for whathe believedin. He once spenta few hours
in jail after being arrested during a protest against the Vietnam War.In the same
cell was Garry Wills, the historian and author.

Respect for People
Kenliked to tell the story of the stoic service agent: at an airport counter an irate
traveller was berating the service agent over something or other, whichthe agent
took with stoic forbearance. After the traveller went on his way, the next person in
line told the agent, “I am amazed at how well you took that abuse.” The agent
smiled thinly and replied, “Oh, the gentleman is flying to Chicago, buthis luggage
is going to Moscow.”
Ken also suggested, “Be kind to someonetrying to make a living.”I try to
rememberthis every timea taxi or truck driver cuts meoff on the road.

A Questioning and Flexible Mind
Theflexibility of mind that Ken brought to his work (noted above) wasalso
demonstrated in his everydaylife. For example, it astounded me how often and
how thoroughly Ken rearranged the furniture in his home. His explanation was,
our needs have changed, and we rearranged our surroundings to meet those
needs.
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Appendix A. Incunabulum
From AnImplementation of] [29]
One summerweekendin 1989, Arthur Whitney visited Ken Iverson at Kiln Farm
and produced — on one page and in one afternoon — aninterpreter fragment on
the AT&T 3B1 computer.I studiedthis interpreter for about a weekforits
organization and programmingstyle; and on Sunday, August 27, 1989, at about
four o'clock in the afternoon, wrote thefirst line of code that became the
implementation described in this document.
Arthur's one-pageinterpreter fragmentis as follows:

typedef char C;typedef long I;
typedef struct a{I t,r,4[3],p([2];}*A;fdefine P printt#define R return#define V1(£) A £(w)A w;fdefine V2(f) A f{a,w)A a,w;define DO(n,x) {I i=0, n=(n);for(;itst,z->r=xr,mv(z->d,d,r); R z;}
Vi (iota) {I n=*w->p;A z=ga(0,1,&n) ;DO(n,2z->pfil=i};R z;}v2(plus) {I rew-sr,*d=w-sd,nstr(r,d) 7A z-ga(0,r,d);
DO(n,z->pli}]=a->plil+w->plil);R z;}V2 (from) {I r=w-pr-1, *d=ew->del,netr(r,d);
A zg=ga(w-at,r,d) ;mv(z->p,w->pt(n**a->p),n);R 2;}

Vi (box) {A zaga(1,0,0);*z->p=(I)w;R z;}
v2(cat) {I an=stxr(a->r,a->d) ,wn=tr(w->r,w->d) ,n=antwn;A z=ga(w->t,1,&n) ;mv(z->p,a->p,an) ;mv(z->p+an,w->p,wn);R 2;}
v2 (find) {}
V2 (rsh) {I rea-er?*a->d:l,n=tr(r,a->p) , wn=tr(w->r,w->d) ;
A z=ga(w->t,r,a->p};mv(z->p, W->p, m=n>wn?wn:n) ;if (n-=wn) mv (z->p+wn, z->p,n) ;R 27}Vi (sha) {A z=ga(0,1,6w->r) ;mv(z->p,W-ed,w-ar) 7R z;}

V1(id) {R w;}vl(size) {A z=ga(0,0,0) ;*z->p=w->r?*w->d:1;R 2;}
pi(i) {P(ted ",4);}nlO {P("\n") ;}
pr(w)A w;{I rew-sr,*d=w->d,nstr(r,d) ;DO(r,pi(d[i]))snlQ;
if(w->t)DO(n, P("< ");pr(w->pli]))else DO(n,pi(w-apli])) snl (Q;}

C ve[]="4{-<#,";
A(*vd[]} ()={0,plus, from, find,0,rsh,cat},
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(*vm[]) 0 ={0,id, size, iota, box, sha, 0};
I st(26]; gpla){R a>='a'&&ac='2';}qv(a){R acta’;}
A ex(e)I *e;{I a=te;
if(gpla)) {if(eli]==’=')R stla-'a']=ex(e+2) ;a= stl a-'a’l;}
R qv(a)? (*vm(a]) (ex(et+1)) se [1]? (*vdle [1] }) (a,ex(e+2)) : (Ala; }

noun(e) {A zif(e<'0'||c>'9')R O;z=ga(0,0,0);*z->p=c-"O';R z:}
verb(c) {I i=0;for(;vtlil;)if(vtlitt}==c)R i;R 0;}
I *wd(s}C *s;{I a,n=strlen(s),*e=ma(n+1);C oc;
DO(n,e [i] = (asnoun (c=s[i])) 2a: (a=verb(c)) ?a:c);e[n]=0;R e;}

main(}{C [99] ;while (gets (s))pr(ex(wd(s)));}

Appendix B. J Words Used In The Text
Full reference in J /ntroduction and Dictionary (30).

equal
box * less than
less than or equal
greater than

: greater than or equal
plus

. oF
» and

reciprocal
reshape

: not equal
insert (reduce)
prefix (scan)

. suffix
left (the left argument)
cap (special fork)
right(the right argument)
format(thorn)
at (compose)
memberofinterval (substring search mask)
member of
indices (from boolean)
index of
index oflast
constant function 0
constant function 1

e
e
N
L
A

HE
E
E
A
A

R
O

HO
mM
e®
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A Tribute to Ken Iverson
from Donald B. McIntyre

A progressionof great thinkers has moved the human race towardsthe adoption,first of an economical and efficient number system containing zero and based on
place value, and then of a universal algebra, APL, which operates on arrays ormultiple quantities, and is totally devoid of words.
There have also been those whoresisted the inevitable progress, who founditdifficult to adopt new and improved tools for thought. In our own time we hearappealsto revert from this high intellectual level and use English words, and tosubmitto the tyrannyofscalars, as if Sylvester‘s eloquence a century ago hadfallen on deaf ears.
Unlike its predecessors, APL is an executable notation. APL represents, inaphrase used by Babbage, the “triumph of symbols over words.” As so manyofour distinguished predecessors predicted, it makes reasoning easier. APL is the
result of brilliant insight, careful thought, and hard work throughatleast 5,000
years. Iversonis thelatest in a succession that includes Peano,Sylvester, Cayley,
De Morgan, Boole, Newton,Leibniz, Napier, Stevinus, Fibonacci, Diophantus, and
the unknown Egyptian whose work was copied by Ahmesthescribe.
In 1866 Sylvester proclaimed that: “Toattain clearness of conception,thefirst
condition is Ianguage,’ the second‘language’, Thethird ‘language’ — Protean
speech — the child and parentof thought.”
In reflecting on the significance of APL I have adopteda historical approach.
Having donesoI find that Sylvester had somethingto say on that subjectalso.
Theoccasion washis Presidential Address to the British Association in 1869 when
hesaid: “the relation of master and pupil is acknowledgedasa spiritual and
lifelong tie, connecting successive generations of great thinkers with each otherin
an unbroken chain.”
[Ken Iverson is our master and weare his pupils.] We think in a different way
because of APL.

The preceding paragraphs are from p.576 of my paper: Languageas an Intellectual Tool: From
Hieroglyphics to APL (IBM SystemsJournal Vol.30, No.4 1991, p.554-581). They are copyright
and are incorporated here with permission of IBM. The paper, which is referenced in the J
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Dictionary, is available on www.mcintyre.ne.uk. It was writtenin part to justify the change from
traditional APL symbolsto the new notation used in J. Thereferences to APLincludeJ, as was
stated explicitly by Ken Iversonin his important A Personal View of APLthe paperthat
immediately followed mine. {IBM Systems Journal Vol.30, No.4 1991, p.582-593)

 

An article in Datamation (May 1975, p.13) said “that the efficiency of APL todayis
dueto Iverson’s tight control of enhancementsandto his insistence on ‘bending
only to whatwasright, not what would sell.’ Associates talked of Iverson as a
‘highly moral and genuine person’ whoappealed to people’s sense of good taste,
and convincingly so.” Three decades on we echo that judgement.
Onlearning of Ken’s death, a former colleague at Pomona College — an economist
whose students use APL — reminded meof an APL course that I taught for
Faculty Members somethirty years ago. He recounts how,in that distantpast, a
colleague had commentedthat perhaps I could be likened to Paul in relation to
Ken’s Jesus! It was 7 April 1964 that I saw the light on the road to my Damascus.
Onthat day new doors opened when I attended the AnnouncementofIBM
System/360 andinitiated one ofthe first purchase-orders! Asa result I received a
copy ofthe IBM Systems Journal, Vol.3, Nos.2&3, 1964, containing Ken’s Aformal
description of System/360. Just as, when a stone is thrownin the air, you can
determineits position at any momentof time provided you knowits mass and
initial velocity — so the formal description,like a mathematical equation, answers
every question regarding System/360’s behaviour. To discoverthat such a
complex machine could be described in this way seemed miraculous.
For years I have pored over this remarkable document and shared my enthusiasm
with everyone who would listen. Moreover, theformal description sent me to Kens
A Programming Language (1962) - there was an unused copy in the Collegelibrary!
Being already familiar with the IBM 7090, I was delighted to find that this
computerfeatured as principal example.
PomonaCollege was, I believe,the first general customer site where System/360
wasinstalled. Although ordered on the day System /360 was unveiled, we waited
until October 1965 for delivery. For part of the time I had access to a System/360
at IBM’s Data Center in Los Angeles, and enjoyed informal tuition from IBM
system engineers. This helped me understand the machine’s architecture and
master System/360 Assembler Language. With Ken’s formal description at hand I
wasin a favouredposition.
Late in 1968, our IBM representative (Don Stanger), noticing A Programming
Language on my desk, told me that IBM had implemented Iverson Notation and
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called it APL. WJ.[Bill] Bergquist gave me a demonstration of APL at IBM in LosAngeles.In early 1969 two of my students, who had designed a small computer,
wrote a formal description using Iverson Notation. We rewrote this in APL, andDonStanger arrangedfor us to access the computer at Yorktown Heights and runa working model of the students’ projected computer! Whata thrill it was to see
that Ken Iverson wassigned onto the system wewereusing!
Ken, to whom sent a copy, was surprised that it came from the geologydepartmentof a smallliberal arts college! He was delighted and invited meto visithim at the ThomasJ. Watson Research Center— timingthevisit to attend the IstAPL Users Conference, The March on Armonk 1969, at Binghamton. Only one otherattended from California.
In this way an extraordinary relationship was born — so that nowI feel Ken’s
death as though [ hadlost an older brother whom I will always remember, respectand admire. From then on Ken wasa patient guide, alwayswilling to answer
questions and never showingirritation with a slow learner. Hereplied to mylast
questions on 15 October 2004 at 19:48. The following afternoon Ken suffered a
fatal stroke while preparinga J tutorial on his laptop.
In 1969 I was en route to Scotland for sabbatical leave. There, without access to an
APLsystem, I used an APLball on an IBMSelectric typewriter and wrote a paperon APL andthe study of Data Matrices. { presented the paper in Philadelphia at theGeological Society of America’s Annual Conference, using an acoustic couplerto
link to the APL system at the ThomasJ. Watson Center. Following the Conference
I gave the Matthew Vassarlecture — Hooked on APL! — at Vassar College, and
visited Ken and Adin Falkoff again at Yorktown.

McIntyre, Donald B., Introductionto the Study of Data Matrices, In: Models of Geologic Processes -
An introduction to Mathematical Geology, P. Fenner, Editor, Washington D.C.: American
Geological Institute. [Typed with an APL ball on an IBMSelectric typewriter] Invited speaker at
Short Course on Models of Geologic Processes, American Geological Institute, Philadelphia,
1969.

In 1971, when Ken had becomean IBM Fellow,he invited me to join him at the
IBM Scientific Center in Philadelphia. It was a wonderful summerexperience.
From then on, wherever we werein the world, we neverlost contact — in New
York, Toronto, California, or Scotland.

1978 McIntyre, Donald B. Experience with Direct Definition One-Liners in Writing APL Applications,
An APL Users Meeting. Toronto, September18, 19, 20, 1978., Proceedings,IP. Sharp Associates,
Ltd., p.281-297 [IPSA Users Conference 1978, 1980, 1982}
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1978 McIntyre, Donald B, The Architectural EleganceofCrystals Made Clear by APL, Toronto:
September 18, 19, 20, 1978. Proceedings, , .P. Sharp Associates, Ltd. [With Ken Iverson in the
Chair]
1983 Keynote speaker:Thefirst Tool of Thought Conference, Association for Computing
Machinery, New York.

1983 Banquet Address: International APL83 Conference, Washington, DC.

After my retirement Ken visited us twice in Scotland andon several occasions |
greatly enjoyed being Ken and Jean’s guestin Torontoandat the famous “Farm”
where J was born.
On May30, 1990, Ken sent methe original J system and the Dictionary of J. After
APL90 in Copenhagen,he cameto Scotlandto share his enthusiasm for J — his
new dialect of APL, brilliantly implemented and named by Roger Hui. Ken came
in orderto persuade meto write a paper entitled Mastering J - Ken provided the
title — for APL91 at Stanford. As the paper had to be submitted in the last days of
December,it was a hectic rush, but Eugene McDonnell saved the day by
shepherding the paperfor inclusion in the APL91 Proceedings. It was probably
the first paper on J written by a user rather than by a team member. There is a
copy on my website.
I took Ken to Edinburgh airport, let him off, and parked the car, but when I
rejoined him Ken broke the newsthat he had misreadtheticket — the flight had
left the previous day! We rushed to Glasgowairport for an alternative flight.
Ken’scredit card failed to register - fortunately mine worked. Although I was
very distressed, Ken’s philosophic response wascharacteristic: “It’s only money”
he remarked — a balancedattitude that more of us should espouse!
In 1992 I conducted a Tutorial Day: ] Workshop for the British APL Association,
London. As a result of the success of this workshop, Ken proposedthat J spread
the word by going on tour int North America. Of course I agreed and in less than
2 weeks | ran J workshopsin Toronto, The University of Waterloo, Lawrence KS,
Dallas TX, Phoenix AZ, Claremont CA, Palo Alto CA, Washington DC,and the
College of Wooster OH.I gave more J workshops in Toronto in 1993.
Ken had a genuineinterest in people. When he asked how you were,hereally
wanted to know. Healwaysinquired after our son, Ewen, whoselife is
complicated by cerebral palsy, and Ken wentoutof his way to ask questions when
he heard how Ewenis able to use a computer without a mouse. Ken and Jean have
always been generous and big-hearted. They opened their homeas a halfway
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house to troubled youths, with as manyas six living with their own four children.Somehaveremainedlife-long friends.
Thave always been struck how Ken never indulged in hero-worship, and I havecome to understandthatthis is consistent with his Norwegian heritage.Itis anational characteristic of Norwaythatthere is no place for heroes. Prince andcitizen are equal.
Ken had a profoundinterest in the use of language. Whentold something, Kenwasalwaysinterested in the speaker; he was honest, direct andstraightforward.If he were bored his body language would showit. Ken used wordsas a fenceruses a rapier! He would have made a fortune had hereceived a commission onthe countless copies of the American Heritage Dictionary’s Indo-European
Glossarythat he persuaded peopleto use!
For Ken, a sentenceis like a mathematical expression. He was laconic — using few
words — andreaders often complain ofhis terseness,as if this were a fault. [terse:
AHD,Brief andto the point. OED, Neatly concise.]
Ken wasgenerousin sharing unusual booksthat hadinterested him, and the useof words was a commonthread. Here are someof the books Ken sentor
recommended— all relate to words!

* Terrance Deacon: The Symbolic Species: The Co-Evolution of language and thehuman brain.
¢ KM.Elizabeth Murray: Caughtin the Web of Words: (The makingofthe
Oxford English Dictionary).

* R.E. Friedman: Who Wrote theBible.
¢ Simon Winchester: The Surgeon of Crowthorne: A Tale of Murder, Madness,
and the Love of Words.

* Steven Pinker: The LanguageInstinct: How the Mind Creates Language.
I was happyto contribute to Ken’s library: e,g, the Complete OED on CD, andVol.2 of Cajori’s History of Mathematical Notations ~ he already had Vol.1.
Ken hada fine sense of humour and often surprised with the pithy remark. I had
given Ken a Melvor [sonofIvor]tartan tie, and when the APL Group in
Philadelphia had a night out, and I was movedto give a spontaneousexpositionof the Scottish Enlightenment — demonstrating to my ownsatisfaction that most
good things (APL perhapsincluded?) were invented byScots. This explains why
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in August 2003 Ken sent me a copy of Howthe Scots invented the modern World
inscribed succinctly “For DBM @80 KEI”.
Ken’s great joy was to devise novel waysof introducing mathematicsto the
general public — usingthe spirit of his much admired Hogben’s Mathematicsfor the
Million coupled with his ownJ notation. While workingatthe frontier of
mathematical notation and computerlanguage, Ken devoted enormous thought
andenergyto devise ingenious waysof tutoring non-mathematicians. On mylast
visit I was fortunate to see Ken in operation at his Toronto homeas heled an on-
line session of Mathematicsfor the Layman forfive or six adults withlittle
backgroundin the subject.
Such a many-faceted person! It is no wonder weall miss him so much.
Wepaytribute also to Jean Iverson, whose dedicated supportthroughoutKen’s
professionallife made his splendid contributions possible. Ken acknowledged
Jean’s assistance in preparing the final draft of A Programming Language. Anyone
who has opened that book will recognise the magnitudeofher task! For a while
in the 1970s Jean also ran APL Press and produced an APL Newsletter. Jean
quietly and efficiently kept Ken andall the extended family afloat. We who
benefit fram Ken’s work owe her much gratitude.

30 November 2004
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Kenneth Iverson, APL andJ:
Some Personal Recollections

from Keith Smillie
The American Heritage Dictionary gives as a definition of epiphany the following:“A sudden manifestation of the essence or meaning of something.”Its etymology
is “Middle English epiphanie, from Old French, from Late Latin epiphania, from
Greek epiphaneia, manifestation, from epiphainesthai, to appear: epi-, forth; see EPI-
+ phainein, phan-, to show; see bha-1 in Appendix.” Oneofthe best known
epiphanies in Western culture is possibly that of Saul on the way to Damascus.
My ownepiphanyin programming languages was much less dramatic than
Saul’s, I was not going anywhere, there wasnoblinding light or voice from above,
nordidI fall down.It was in 1965 or 1966, and [ wassitting quietly in myoffice in
the Department of Computing Science at the University of Alberta thinking about
the commonly occurringstatistical problem ofclassifying a number of
observationsgiventheleft-hand endofthefirst frequencyclass, the class width
and the numberofclasses. This is a problem I had already handledin other
languagesbut now I wastrying to program it in a new languagecalled Iverson's
notation or APL.
Thadheard of Iverson’s notation in lecture just before I came to the University of
Alberta in 1963 and had evenreada little of A Programming Language. On arriving
at the University, I found that myfriend and colleague Bill Adams, whom I had
known forseveral years, had just completed an MScthesis in which he had used
it. However I promptly forgot aboutall of this workfor a couple of years while
establishing an academic career, which involved amongstother duties teaching a
coursein probability, statistics and numerical analysis and another in Fortran.
I first met Ken Iversonin the Departmentduring oneofhisvisits to his native
Alberta. I was soon caughtup in Ken’s enthusiasm which he had already
impartedto Bill, and we soon had an IBM 1050 terminal linked bya dial-up
connection to a computerin the IBM Research Center in Yorktown Heights. So Bill
and I were able, with the cooperation of an indulgent Department which paid the
telephonebills, to experiment with APLas an executable, rather than just a paper-
and-pencil, notation.

Nowto return to my own undramatic epiphany. After some work onthe
frequencyclassification problem,I realized I could expressthe algorithm in a one-
line APL function. Gone were the do- andif-then-else-statements andthe type

115

  



VECTOR Vol.22 No.3
 

and array declarationsof Fortran. I was so excited by this discovery that I
carefully wrote the “one-liner” on a smallstrip of cardboard whichI gluedto tie
clip. I’m not sure whether I ever woreit outside my office or Bill’s.
Andso from such inauspicious beginnings began myassociation with APL, and
my later association with J. Bill and I both used APL in courses, andin addition
Bill usedit in his work with computer architecture and ] in my work with
statistical algorithms. The technical details although important and exciting at the
time may be passed overbriefly: after the single 1050 there were one or two IBM
2741terminals located in a hallway and connected to the new IBM 360/67, then
one or two laboratories equipped with them, then a 2741 in the classroom with a
connection to the main computer, in the mid 1970s an IBM 5100 for both
classroom andoffice use, and of course from the early 1980s the personal
computer. Then there were the conferences, only a few of which we wentto,
starting with the 1969 conference in Binghamton, the celebrated “March on
Armonk”. Reading the conference Proceedings today gives a rare glimpse of the
beginnings of APL, and a look at how someof us appeared when we were 35
years younger.
Mysolution to the frequencydistribution problem which kindled my enthusiasm
for APL marked the beginning of manyyears of the use of array languagesin
statistical calculations. On looking overthe lectures notes for my first APL lectures
— given in about 1966 or 1967 and carefully handwritten in pencil on yellow paper
~Isee functions for mean, variance and standard deviation, frequency
distributionsin one, two and an arbitrary number of dimensions, contingency
tables, probability distributions, and also various calendar problems which would
dog mefor years. This work wouldresult in a package ofstatistical functions
named STATPACKwhich would keep appearing for manyyears in various
reincarnations with extensions into such areas as analysis of variance and non-
parametric methods, always carefully documented in technical reports with red
covers and black bindings and distributed by postal mail with a 5%4-inch floppy
disk included.
Apart from adapting this work to the personal computer, J set APL aside for most
of the 1980s while manyof us in academia grappled with the seemingly insatiable
demandfor courses in “computerliteracy”, whatever that term might have
meant. Fortunately this period was enlivened, even made bearable, by a close and
most enjoyable association with Trenchard Moreandhis Nested Interactive Array
Language Nial during which I wrote amongstother things a Nial equivalentof
STATPACK.
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In 1991, a year before retirement, I chanced upon J which Ken was thenintroducing as a modern dialect of APL.I forget the paper which drew myattentiontoJ. Myearliest work in J was a one-pagelisting of some 60J verbs forstatistical calculations which I can remember showing to Ken ona visit to Torontoin Augustof the same year. I continued my work with J throughoutthe 1990s andinto the early 2000s during which I had the pleasureofusingJ in its increasinglyconvenient implementations while enjoying the great luxury of retirement.
Duringall of my work with APL andJ, Ken Iverson was always ready, by precept
and godly example, to educate, encourage, correct, and even chastise as heconsidered necessary. [ believe that the most importantlesson I learned from Kenwas that programming languages should be learned and taught as we learnnatural languages,i-e., by using them in the real world to solve real problems andnot by studying the grammar.I can still remember Kensayingat the Binghamtonconference somethinglike “No more manuals!” Ken’s writings have influencedme very much and I would like to mention just a few of them.
The APL\360 User's Manual, which he wrote with Adin Falkoff,in its severaleditions was a constant companion and guide for manyyears. The technicalreport APLin Exposition was a source of splendid examples. I can still rememberKen asking me what I thoughtof the 15-page section “The Computer: A Devicefor the Automatic Execution of Algorithms” which he said washis “summary ofcomputer science”.(I loved it!) Then there washis landmark Turing AwardLecture “Notation as a Tool of Thought” which impressed upon methe vitalimportance of a goodnotation. Alfred North Whitehead’s remark quoted on thefirst page set the tone for the entire paper: “By relieving the brain ofall
unnecessary work, a good notationsets it free to concentrate on more advanced
problems,andin effect increases the mental powerofthe race.” The paperin the1991 IBM Systems Journal, “A personal view of APL” provided an excellenttransition from APLto J. One phrase which appearsonthefirst page, “When Iretired from paid employment, ...”, [have quoted manytimesto explain my
continued workafter retirement, much to the mystification of a few friends andcolleagues who consider work and moneyto be inseparable. And,finally, will Iever understandeverythingin the Introduction and Dictionary which Ken
considered the only necessary reference for J? No, never!
I deliberately began this paper with a definition from the American HeritageDictionary which wasa great favourite of Ken’s and which he introduced to
countless users of APL andJ. I find it indispensable in my reading and writing,and have four copies: on my computerdesk (oneofthree dictionaries there), inthe living room,in my study, and in my campusoffice. I know I don’trefer to the
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Indo-European roots as much as Ken would have liked, but I would belost
without the AHD withits definitions, etymology, Synonymsand Usagenotes.
Idolittle programming these days, and spend mostof my time on the history of
computing. From timeto timeI use J as a very convenient means to model, say, a
Turing machineor a simple machine-language computer. Then once again I
become entranced by the powerand beauty of the language as | develop,test and
polish my programs. | also think ofall the people I have met and worked with
during my association with array languages, and the influence they have had on
mylife and work.I cannot imagine what myprofessional career would have been
like without APL and J. I cannot imagine, either, how these languages would
have been developed withoutthe insight and perseveranceof a person like
KennethIverson. To him I am profoundly grateful.
Thank you, Ken.

Keith Smillie is Professor Emeritus of Computing Science at the University ofAlberta,
Edmonton, Alberta T6G 2E8. His email address is smillie@cs.ualberta.ca.
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What’s Wrong with my Programming?
from Joey Tuttle

Thefirst time I ever heard of APL or Ken
Iverson was during a lunchtime
discussion in Boulder, Colorado, when
my manager, Bob Weiss, asked me and
my co-worker, “What's APL?” And I
said, “In what context?”, and hesaid,
“It’s a programming language. I’m
taking this course in programming for
managers and the instructor keeps
talking aboutit. But he nevertells us any
more aboutit. He made one remark: he
said programmers whouseitlike it
better than their wives. So I think we
shouldfind out something aboutit.” On my wayback from lunch to my
office, I had to walk past the IBM
Library. Oneof the nice things about

; IBM in those days was they were very
careful to keep goodlibraries, a wonderful asset. I hope we don’tlose thoseto the
world by the Internet. There was a magazineonthe rack andit had a picture of
Kenneth Iverson and AdinFalkoff and this new language APL.It wasa tabloid-
size thing, and I wentin the library, sat down and readthearticle.

 
AndI said, “Wow,this pretty interesting!”
Atthe time we were working on analyzing patterns in data from magnetictapes.
The guy I workedfor hadthis patented idea for testing punchedcards, which he
transferred to tapes by damaging the data and looking at the patternsoffailures.
So wehadthesepatternsof data to look at and APL lookedperfect. You could
analyze huge chunksof dataall at once: I mean, up to sixteen thousand bytes,
because you had a 32,000-byte workspace.It was amazing!
limmediately started pestering Larry and other people in Yorktown to become a
userofthis fledgling system, even though I didn’t have an APLtype element and
hadtolearn to use it with a Correspondence Courier type element — which
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perhaps explains whyI didn’t completely stumble whenI transferred stuff to J
later on. (That's an in-joke, 1 guess.)
Vd been teaching some physics courses at IBM in their internal education andI felt
aneed to evangelise about APL.I started a course in Boulder and with the
studentsin this course quickly cameto realise that knowledgeofthis stuff had
changed ourlives. I wastalkingjust last night to one of those people. John
Armitage was a PhD physicist working onrotating optical storage devices at IBM
in Boulderin 1968, so this was pretty early workin thatfield. He said, “Yes,it
absolutely changed mylife.”
Another one wasa technician who cameto the course and said, “Well, I don’t
know any math.I’ve never had math.I trained as a tech in the Navy.” He was a
test technician whoread oscilloscopes and collected data. He cameto meshortly
after we wereall fledgling students, andsaid, “I’ve just figured out howto display
that data that we've beenstruggling with.It’s really very simple, just a collapsing
dyadic transposeof a four-dimensional matrix.” I thought: how many
mathematicians would be comfortable with a collapsing dyadic transpose of a
four-dimensional array? But he thought it was just commonsense. So it was that,
and that kind of experience, that caused metosay this is a different way of
thinking and that’s what became an important theme in APLfor me.
We were working withall this data and we wanted to read these tapes.
Unfortunately at that time the only way you could get data into APL other than
typing it was to punch papertape and read it on a 1050, which wasn'treally too
cool. (Although you could send very long messages to the operator because it had
separate line-feed and carriage-return controls, That was fun.) But I called and
complained aboutthis. And Ken said, “Well, we havethis newfacility called
shared variables which solves that problem.”I was immediately interested in that
andpestered them until at last we got the secondinstallation of such a system in
Boulder.
Anotherfellow there, Bob Shively [?], and I conspired to make a program which
could read data from a card reader, or a magnetic tapeofall things, or a disk
drive. We were tinkering with this and that got me and Bobinvited to
Philadelphia (where the APL group had moved from Yorktown) to show this to
Ken and Adin. Wedid that, and they were suitably impressed. But Bob hadcalled
this program APLIO,the nameonthefirst card of the assembly deck. Adin was
incensed by this and Ken wasn’t very happyeither. Hesaid, “This has nothing to
do with APL,this stuff, nothing to do with it.” So Bob Shively became very
agitated and wentoff and changed the nameof the program to EJEIO. Ken
thoughtthis wasfine, a pretty good description, but Adin still wasn’t very happy,
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and said in some exasperation, “Why don’t youcall it the TSIO— the Tuttle-
Shively Input Output?” We wentahead anddid that; the namestuck and and we
won some IBM awardsforit, which wasnice.
A couple ofyearslater, in 1972, my family movedto Philadelphia and I joined the
group there. It was great fun working with all these large amounts ofdata. But the
best thing aboutit was that every day at workif I had an idea or a question, even
if it was a stupid idea, I could walk into Ken’s office and say, “Ken, what about
this?” Lhadthegift of this easy interaction with someone whoclearly saw things
way way above whatI usually thought about. Andoccasionally he’d steal ideas
from me.
Isay I could dropin on him any time butnot... just any time. Because then, and
later, when Ken cameto work for me, one ofhis requirements in his office was to
have a couch,large enoughto take a good nap on. Which he did, with regularity.
Whenhefelt a little bit tired, the door was closed: don’t knock,I’m napping.
Those times weredefinitely offlimits.
That wasthe high pointof being around Ken, was you could just interact with
him, and you frequently gota listen and then a rebuke,ora ‘clarification on your
thinking’.
in 1973 or 1974 a manager at Kodakinvited Ken to come andtalk to Kodak
corporate programmers, whowereall required to work only in PL/1. Ken seized
this opportunity, as he always did, and said to me, “Come along with meandtell
them aboutall this new stuff you guys are doing.” We metin Rochester with
aboutforty programmersto talk about using APL, and whatit was. I sat and
listened to Kentalk. I hada list of things 1 was goingto talk about and each thing
that Ken said I markedit off mylist. I was just markingoff the last thing that I had
anything prepared to say about when Kensaid, “And nowhere’s Joey Tuttle.
He'll tell you aboutall the good stuff that’s in APL.” So I got up and said, “Well, I
don’t have very muchto say, but are there any questions that we can answer?” A
woman in the audience stood up,I think she wasa seniorstaff member, and said
“If Lunderstand what you people are saying, you're suggesting that we should
adopt a new wayof thinking.” Ken jumped up outofhis chair, and said, “Yes!
That’s exactly whatI’m saying. Yes, you needto do this. You know, there are very
great benefits from that.” And she said, “Butthat’s very scary. That’slike walking
into a dark room and not knowing what's there. Very scary.” He said, “Well, think
ofit this way. Walking into a dark room heightens your senses, and you'll get
benefits from that too.” I don’t think she was very convinced by this, and later as
wewereleavingthe lecture hall our host walking beside us said, “You know,of
all the people in that room, she could use a new wayofthinking.”
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By 1977 Ken’s group had moved backto Yorktown,so I was working in Yorktown
but living in Palo Alto. I left IBM andjoined LP. Sharp Associates.
In 1978 | attendeda lecture by Don Knuth at Stanford campus about TeX,his
typesetting system. Now Id never met Dr Knuth, butI wasinterested in the
typesetting and saw an announcementso I made sure to go. I was interested in
whathe had to say abouttypesetting, but towardsthe end ofhis talk he said,

You know,if you begin to use TeX, you'll be joining a sub-culture. People will
look at you and say ‘What are you doing? Whyare you usingthat strange
notation?’ And you'll try to explain how powerfulit is. They'll be very sceptical
andlook at you very strangely, muchas we do at people who use APL. We
don’t understand whatit is that APL users are doing butit’s obviously very
powerful.

So I wentup to him afterwards and we hada nice discussion, and we had more
over the years since then. Knuth gives credit to Ken for many things, concepts and
notations and so on,that he adopted from APL for his books. But, true to his
word, while he respects Iverson, APL, and the people who understandit, he has
no timefor learning anything aboutit. It’s not a part of his thought process. Many
yearslater ina social conversation with Ken I said, “You know,Ken, you're my
favourite language designer, and Don Knuthis my favourite programmer.” And
Ken said immediately, “What’s wrong with my programming?”
After I left IBM to join IP. Sharp Associates (IPSA), people asked me, “What's the
worst thing about the change?” And | alwaysreplied thatit was notbeing able to
drop in casually on Ken and have conversations with him.I was overjoyed to end
that whenKenretired from IBM to join IPSA in Toronto. Life was good.
By thattime he'd worked outpretty radical changes in APL and published a
paperin 1983 called “Rationalised APL”. The APL developmentgroupthere,
which was under my chargeat thattime, undertookretrofitting Ken’s new ideas
to the SHARP APLsystem.I was a strong advocate for those at the time.
In 1986 I was involvedin initiating a project called SAX, for “SHARP APL under
Unix". I didn’t invent the name, it was Paul Jackson in Palo Alto who chose the
cute name, butit was a Rationalised APL system. Kenliked that but was unhappy
it didn’t have widedistribution, so people couldseeit.
Ken wentfurtherin his thinking and in 1987 published “A Dictionary of APL”, a
partofthe thinking that a couple of yearslater led to the J programming language,
which Ken continued to nurture and developforthe restofhis life.
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Aboutthat sametime, IPSA was acquired by Reuters, the British news and dataservices company, and like many acquisitions, this one had a very dampeningeffect on the fun we wereall enjoying. As a senior managerin this new enterpriseit gave megreatsatisfaction to help shelter the efforts of Ken, Roger Hui, Eugene
McDonnell and others from the‘realities’ of the corporate world.Afterall, it was aperfect paybackfor the same shelter Ken provided mefifteen yearsearlier at IBM.
Tcan say without anyreservation that Ken Iverson wasthesingle biggestinfluence on my professionallife. [ have long considered him a mentor and he willbe sorely missed.
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ANECDOTES
Ken Iverson

Quotations and Anecdotes
compiled and edited by Roger Hui

 
¢ Ken’s ancestors came from Trondheim, Norway. He remarked on the serious

outlook of Norwegians by retelling a story he had heard on Garrison Keillor’s
radio show about Lake Wobegon.
The couple had just returned from their honeymoon.
“How was your honeymoon, Gullik?”
“Could have been worse,” replied young Gullik. On seeing the crestfallen
expressionofhis bride, he hastened to add, “Could havebeena lot worse.”

— Roger Hui and Eugene McDonnell
¢ Ken dropped outof school after Grade 9 becauseit was the height of the

Depression and there was workto do on the family farm, and because he
thoughtfurther schooling only led to becoming a schoolteacher and he had no
desire to become one.
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During World WarI, Kenfirst served in the Canadian armyand then in theR.C.A-F.asa flight engineer in PBY Catalina flying patrol boats. He finallylearnt aboutuniversities from his Air Force mates, many of whom planned toreturn to university, thanks to government supportfor servicemen. While inthe service he completed high school courses by correspondence. After the warhe graduated strina cumlaude with a B.A. from Queen’s University and theM.A. and Ph.D. degrees from Harvard.
— Roger Hui

* Ken didn’tget tenure at Harvard. Hedidhis 5 yearsasan assistant professorand the Faculty decided notto put him up for promotion. I asked him whatwent wrongand hesaid, well, the Deancalled me in and said,the troubleis,you haven’t published anything but the onelittle book.
Theonelittle booklater got the Turing Award.
I think thatis a conunenton the conventional mindset of promotion proceduresrather than a comment on Ken; it’s a comment on academic procedure and onHarvard.

— Fred Brooks, A Celebration of Kenneth Iverson, 2004-11-30

* Applied mathematicsis largely concerned with the design and analysis ofexplicit proceduresfor calculating the exact or approximate values of variousfunctions. Such explicit proceduresarecalled algorithmsor programs. Becausean effective notation for the description of programsexhibits considerable
syntactic structure,it is called a programming language.
Muchofapplied mathematics, particularly the more recent computer-relatedareas which cutacross the older disciplines, suffer from the lack of an adequateprogramminglanguage.It is the central thesis of this book thatthe descriptiveand analytic powerof an adequate programming language amply repaystheconsiderable effort required for its mastery. This thesis is developed byfirst
presenting the entire language and then applyingit in later chaptersto several
majortopics.

— overture of the Preface to A Programming Language, 1962
¢ Dijkstra: How would you represent a more complex operation, for example,

the sum ofall elements of a matrix A/ which are equal to the sum of the
corresponding row and column indices?

Iverson: + + /(AL = 29 3 ')//M
~ presentation of Formalism in Programming Languages, Working Conference on
Mechanical LanguageStructures, 1963
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[Editor's note: Ken’s one-liner is found on page 25 of A Source Book in APL.
According to the notation in A Programming Language, a valid solution would
be +/(Af = F(u(AN)) & 2 (v(AD)))/AM. (Twoslashes instead of onein front of
the final AJ would also work.) Dijkstra posed a simple problem,as any
conversant APL orJ user would attest. The printed version probably contains
clerical errors.]

¢ Myfirst acquaintance with the notation that has since become APL(for several
yearsit was either “Iverson Language”, “Iverson Notation”,or just plain
“Tverson”) started with an IBM Research Report by Kenneth Iversoncalled, The
DescriptionofFinite Sequential Processes.
I don’t have the paper handy at the momentso what I’m abouttotell you is all
memory; it may be mistaken in details but notin essence. I seem to remember
thatthe first page was mostly given over to heading material, possibly an
abstract, so that there were only two short columns of reading matter onit.
And, again memory,it took me several hours to understand what those two
short columns wereall about.
The author's approach wasso different from anythingI’d ever encountered
that I had a difficult time adjusting to his frameofreference. At the end ofthe
first page, a fair assessment of my state of mind would bethat I had
glimmerings but no hope.
The second page took about as much readingtimeasthefirst but, since it had
twice as much matter, I wasclearly improving. The glimmerings were now
fitful gleams. One thing haddefinitely changed, however. I had no doubts
about the value of what I wasreading. I was now virtually certain that the
author had something to say and thatI'dbetter find out what it was. Thethird
page hadanillustration that, in a few shortlines, described George Dantzig’s
simplex algorithm simply andprecisely.
That was the overwhelming, crucial experience.
In the previous thirteen years, I had participated in so many murky discussions
of what washere presented with crystal clarity that I knew that what I was
reading wasof enormoussignificance to the future of computing.

— Michael Montalbano,A Personal History ofAPL, 1982
* Before APL wascalled APL, it was called “Iverson notation”, Ken mused that

it should becalled simply “the notation”. After all, we don’t say “God's grass”,
just “the grass”.

- Paul Berry
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* Ixememberquite well the dayI first heard the name APL.It was the summerof 1966 and [ was working in the IBM Mohansic Laboratory, a small building inYorktown Heights, NY. The project I was working on was IBM’sfirst effort atdeveloping a commercial time-sharing system, one which wascalled TSS. Thesystem was showingsigns of becoming incomprehensible as more and morebells and whistles were addedto it. As an experiment in documentation, I hadhired three summerstudents and given them the job of transforming“development workbook”type of documentation wehadforcertain parts ofthe system into something moreformal, namely Iverson notation, which thethree students had learned while taking a course given by Ken Iverson at FoxLane High School in Mount Kisco, NY. One ofthe students was Eric Iverson,
Ken’s son.
As I walkedby theoffice the three students shared, I could hear soundsof an
argument going on. I poked my headin the door, and Eric asked me, “Isn't it
true that everyone knowsthe notation we'reusing is called APL?” I was sorry
to have to disappoint him by confessingthat I had never heardit called that.
Where had he gotthe idea it was well known? And whohaddecidedtocallit
that? Infact, why did it have to be called anything? Quite a while later I heard
how it was named. When the implementation effort started in Juneof 1966, the
documentation effort started, too. I suppose when they had to write about“it”,
Falkoff and Iversonrealized that they would haveto give “it” a name. There
were probably many suggestions madeatthe time, but I have heard of only
two. A groupin SRA in Chicago which wasdevelopinginstructional materials
using the notation wasin favor of the name “Mathlab”. This did notcatch on.
Another suggestion wasto call it “Iverson’s Better Math” and thenlet people
coin the appropriate acronym. This was deemed facetious.
Then one day Adin Falkoff walked into Ken‘s office and wrote “A
Programming Language”on the board, and underneathit the acronym “APL”.
Thus it was born.It wasjust a week orsoafter this that Eric Iverson asked me
his question, at a time when the name hadn'tyet foundits waythe thirteen
miles up the Taconic Parkway from IBM Research to IBM Mohansic.

— Eugene McDonnell, A Source Book in APL, 1981

* [Dlesign really should be concernedlargely, not so much with collecting a lot
of ideas, but with shaping them with a view of economyand balance.I think a
gooddesigner should make more use of Occam’s razorthan of the dustbag of a
vacuum cleaner, and I thought this was important enough thatit would be
worthwhile looking for somestriking examplesofsorts of overelaborate
design. I was surprised that I didn’t findit all that easy, except perhapsfor the
[designs] of programming languages and American automobiles.I think that
designers seem to havethis feeling, a gutfeeling of a need for parsimony.

— from of The Evolution ofAPL, HOPL Conference, 1978
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© [asked Ken, | think it may have been at the HOPL Conference, “Whatis the
touchstone to making, an elegant programming language?” He said, “Thesecret
is, it has to do whatyou expectit to do.”
If you stop and think about APL andif you stop andthink aboutJ andif you
think about Ken’s work generally,it is that high degree of consistency which is
the product of an exceptionally clean mind, anda fierce determination not to
invent any new constructs, until you haveto.

— Fred Brooks, A Celebration ofKenneth Iverson, 2004-11-30

© Algebra is the language of mathematics.It is therefore an essential topic for
anyone whowishesto continuethe study of mathematics. Moreover, enough
of the languageof algebra has creptinto the English language to make a
knowledge of some algebra useful to most non-mathematicians as well. This is
particularly true for people who do advanced workin any tradeordiscipline,
suchas insurance, engineering, accounting,orelectrical wiring. For example,
instructions for laying out a playing field mightincludethe sentence, “To
verify that the corners are square, note thatthe length of the diagonal must be
equalto the square root of the sum ofthe squaresof the length and the width
of the field”, or alternatively, “The length of the diagonal must be V P+ urs,
In either case (whether expressed in algebraic symbols or in the corresponding
English words), the comprehension of such a sentence depends ona
knowledgeof some algebra.
Becausealgebrais a language,it has many analogies with English. These
analogies can be helpful in learning algebra, and they will be noted and
explained as they occur. Forinstance, the integers or counting numbers(1, 2, 3,
4,5, 6, ...) in algebra correspondto the concrete nouns in English, since they are
the basic things we discuss, and perform operations upon. Furthermore,
functions in algebra (such as + (plus), - (subtract),and » (times))
correspondto the verbs in English, since they do something to the nouns. Thus,
2+3 means “add 2to3” and (2+3)*4 means “add 2 to 3 and then multiply
by 4”. In fact, the word “function”(as defined, for example, in the American
Heritage Dictionary), is descended from an older word meaning, “to execute”, or
“to perform”.

~ Algebra: An Algorithntic Treatment, 1972, Chapter 1
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* Theinclusion of too many simple exercises may bore the quick student, buttheir exclusion may leave unbridgeable gapsin the experience of some. Thestudent should therefore learn to use discretion in the doing of exercises,ranging ahead and skippingdetail, but being prepared to return to do earlierexercises whenever unintelligible difficulties arise in later ones. The mostserious difficulty most students find with this approach is psychological; onemustlearn to treat exercises as a potential sourceoflight and delight ratherthan as a capriciously imposed drudgery.
— Elementary Analysis, 1976, Chapter 1

* Theimportance of nomenctature, notation, and languageastools of thoughthaslong been recognized. In chemistry andin botany, for example, theestablishmentof systems of nomenclature by Lavoisier and Linnaeus did muchto stimulate and to channellater investigation. Concerning language, George
Boolein his Laws ofThought [p.24] asserted that “That languageis an
instrumentof human reason, and not merely a medium for the expression of
thought, is a truth generally admitted.”
Mathematical notation provides perhaps the best-knownand best-developed
example of language used consciously as a tool of thought. Recognition of the
importantrole of notation in mathematicsis clear from the quotations from
mathematicians given in Cajori’s A History ofMathematical Notations [pp. 332,
331]. They are well worth readingin full, but the following excerpts suggest the
tone:
By relieving the brain of all unnecessary work, a good notationsetsit free to
concentrate on more advanced problems, andin effect increases the mental
powerof the race.
A.N. Whitehead
The quantity of meaning compressed into small space by algebraic signs,is
anothercircumstancethatfacilitates the reasonings we are accustomed to carryon by their aid.
Charles Babbage

~ overture of Notation as a Tool of Thought,
Turing Award Lecture, 1979-10-29

* The practice offirst developinga clear andprecise definition of a process
without regardto efficiency, and then usingit as a guide anda test in exploring
equivalent processes possessing other characteristics, such as greaterefficency,
is very commonin mathematics. It is a very fruitful practice which should not
be blighted by premature emphasis onefficiency in computer execution.
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Measuresofefficiency are often unrealistic because they concern counts of
“substantive” functions such as multiplication and addition, and ignore the
housekeeping (indexing and otherselection processes) which is often greatly
increased byless straightforward algorithms. Moroever,realistic measures
dependstrongly on the current design of computers andof language
embodiments. For example, because functions on booleans (such as 4 /B and
v/B) are found to be heavily used in APL, implementers have provided
efficient execution of them.Finally, overemphasis ofefficiency leads to an
unfortunate circularity in design: for reasonsofefficiency early programming
languagesreflected the characteristics of the early computers, and each
generation of computersreflects the needsof the programming languages of
the preceding generation.

— finale of Notation as a Tool ofThought,
Turing Award Lecture, 1979-10-29

In 1973 or 1974 Ken and I gavea talk at Kodak in Rochester to a group of 40 to
50 programmers who were required to work in PL/IIn the question period a
seniorstaff member said, “If I understand what you peopleare saying, you are
suggesting that we should adopt a new way of thinking.”
And Ken jumpedup outof his chair and said, “Yes! That’s exactly what I am
saying!”

—Joey Tuttle, A Celebration ofKenneth Iverson, 2004-11-30

WhenI retired from paid employment, | turned myattention backto this
matter and soon concludedthat the essential tool required was a dialect of APL
that:

Is available as “shareware”, andis inexpensive enough to be acquired by
students as well as by schools
Canbe printed on standard printers
Runs on wide variety of computers
Provides the simplicity and generality of the latest thinking in APL
The result has beenJ, first reported in Reference 5.

Workbeganin the summerof 1989 whenI first discussed my desires with
Arthur Whitney. He proposedtheuse of C for implementation, and produced
(on one page andin one afternoon) a working fragmentthat provided only one
function (+), one operator (/), one-letter names, and arrays limited to ranks 0
and 1, butdid provide for boxed arrays andforthe useof the copula for
assigning names to any entity.
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I showedthis fragmentto othersin the hopeofinteresting someone competentin both C and APLto take up the work, and soon recruited Roger Hui, whowasattracted in part by the unusualstyle of C programmingused by Arthur, astyle that made heavy use of preprocessingfacilities to permit writing further Cina distinctly APLstyle.
~A Personal View ofAPL, 1991

* It’s funny, but myrecollectionis thatat the time I thoughtI recruited Ken.
Whoever recruited whom, I won a great prize when Ken decided he and I
should work together.
Thefinal impetus that gotJ started was the one-pageinterpreter fragmentthat
Arthur wrote, recorded in Appendix A of An ImplementationofJ and also
reproduced in Appendix A below. My immediatereaction on seeing the page
wasrecoil and puzzlement: it looked nothing like any C code I had ever seen.
(“Is it even C?”) However, Ken counselled that I should reserve judgment. As
recounted in AnImplententationofJ, it then happened that:

I studied this interpreter for about a weekforits organization and
programmingstyle; and on Sunday, August27, 1989, at about four
o’clock in the afternoon, wrote thefirst line of code that became the
implementation described in this document.
The name “J” was chosen a few minuteslater, when it became necessary
to save the interpreter sourcefile for thefirst time.

— Roger Hui, Remembering Ken Iverson, Vector, 2004

+ When Reuters took over LP. Sharp in 1987, Ken retired from LP. Sharp. But didhe rest? Of course not!
In 1990 I was the Chairman ofthe annual APL conference in Copenhagen.
Not hampered byaninstalled user base and desiring to get rid of the character
set problem, Ken had invented J, and submitted papers with the announcement
to the APL90 conference.
Well — nothing Ken everdid left people cold — butthe resulting discussion in
the program committee was probably the hottest I have ever experienced.
Finally [had to draw line, seeing thatthe rest of the programme would not
comeinto existenceif this debate was not stopped.
“Wewill not decline a paper from KenIverson,andit will go into the mainconference stream.”

131



 

VECTOR Vol.22 No.3
 

Notthata refusal to accept Ken’s paper at APL90 would have done anything to
slow him down,of course...

— Gitte Christensen, Ken Iverson in Denmark, Vector, 2006

* Myfirst namestarts with J and mylast namestarts with K,followed by APL.
So you know wereI stand.

— Joel Kaplan

* Implementers l: Usually it was Adin whopulled down onthe enthusiasm a
little bit. Very often it was the APL programmers, the APL implementers which
at that time were me and Dick Lathwell. We had I think an unfair advantage,
becauseif we liked an idea, it would showup in the implementation overnight;
andif we didn’tlike the idea, it might take a really long time to show up.
Atthe “March on Armonk”conference Kensaid this: “I wouldlike to address a
wordto the implementers: God bless them.I say God bless them with the same
mixture of admiration, appreciation, and exasperation as wesay to the ladies,
Godbless them.”
AndI recall what he snarled once when | was around, “Programmersarelike
women:you can’t live with them, and you can’t live without them.”
If that sounds inappropriate today,all I can sayis, this was a long time ago.

— Larry Breed, A Celebration ofKenneth Iverson, 2004-11-30

¢ ImplementersIl: Stephen Wolfram gave a plenary presentation on
Mathematica at the APL89 Conference in NYC,andsat at the sametable as Ken
in the banquetthat evening. Ken asked Wolfram whyit was that in
Mathematica propositions don’t have values 0 and 1 as in APLinstead of True
and False. Wolfram replied that he had noobjections, but the Mathematica
implementers wereagainstit.

— Roger Hui

¢ ImplementersIII: The trouble with you, Ken complained to mein jest, is that
you havetheattitude of “just tell me where to pour the concrete”.

— Roger Hui, Remenibering Ken Iverson, Vector, 2004

* Brothers Brian and Barry Silverman made a 360 hardware and host OS
emulator for the PC, runningthe original APL\360 source code. They
demonstrated their APL\360 emulator to the Toronto APLSIG on 1998-05-26.
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Ken and Roger Moore (and I) werein the audience. After seeing that Obackspace U backspace T worked, Roger asked to see F overstruck with L,getting an E. The Silvermans weresurprised by this last result.
~ Roger Hui

¢ John Lawrenceand Al Rose werereturning at JFK from a trip. John was
talking with the porter while waiting for Alto fetch the car. Hetried explainthat the twolarge suitcases held a 2741 computer terminal whichthe porterunderstood as a “computer”. Al arrived and the porter had somedifficultygetting the 2741 suitcases into the Ford Skyliner. Al asked the porter to waitwhile he putthe roof down.As the Skyliner relays did their magic with the
roof, the porter said: “Your son, he is a genius!”
Kenoften told this story which perhaps only makessense to those who have
seen a Skyliner roof operate.

— Roger Moore
« Irecall another story about Ken, witnessed firsthand, when he cameto the

National Security Agency, around1970,to give a lecture on APL to an
audience of several hundred people.
He wasintroduced by someone who gavequite a complete description of
Ken’s work and personalhistory. Then Ken got up to speak. He started by
saying that normally when hegivesa lecture the host approaches him a few
minutes beforethestartof the lecture and furtively scribbles a few notes about
where he wentto school, etc. Ken said he was quite surprised that no such
discussion occurredthis time, until he realized where he was! The audiencehad a greatlaugh.

~ Bob Smith

* Atthe AMS meetings in Washington DCin the late 1990’s, Ken wandered over
to the NSA booth.
Ken: I don’t suppose there's any point in asking you any questions, since youcan’t answer anyway.
NSA guy:SureI can. But then I'll have to kill you.

— Roger Hui
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* Later, Ken visited the Maple booth. He asked the young people staffing the
booth, “How do you find the numberof elements of a vector that are greater
than a hundred?”(Thatis, +/x>100 inJ or APL.) Heleft them a few minutes
later, still scratching theix heads.

— Roger Hui

¢ Ken interviewed a job applicant once and reported back, “I don’t think we
wanthim.I told him what we were doing and hedidn’t argue. Hejust
listened.”

—Larry Breed, A Celebration ofKenneth Iverson, 2004-11-30

* Onetime I was complaining aboutan impertinent customer who was making,
suggestions, and Ken said, “You know, Arthur, when I was workingat IBM,I
learntthatit’s very important, very importantto listen to your customers.It’s
even more important to disregard what they say and dothe right thing.”

— Arthur Whitney, A Celebration ofKenneth Iverson,
2004-11-30

* Ina social conversation with Ken,I said, “You know,Ken,you are myfavorite
language designer and Don Knuthis my favorite programmer.” And Ken said
immediately, “What's wrong with my programming?”

—Joey Tuttle, A Celebration ofKenneth Iverson, 2004-11-30

¢ The Judge’s Prize was awardedtotheisi entry, submitted by a team offive
from Iverson Software:

Chris Burke
Roger Hui
Eric Iverson
Ken Iverson
Kirk Iverson

Theisi entry was written in a language called J, Ken Iverson’s successorto
APL...
Congratulations to the isi team! Without a doubt, “a bunch of extremely cool
hackers” — and an extremely cool programming language.

— The Judges, ICFP Functional Prograniming Contest, 1998

¢ IndevelopingJ, Ken accepted that APL had shortcomings andit wastimeto
moveon. New features in J had to be supported ontheir own merits. “Because
itis in APL”was not a good argument. This ledto a rift between the J group
andthe traditional APL community, that Ken simply ignored.
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His careful writing meantthat, in turn, he was a good editor. Papers or labs
submitted to Ken for review provoked immediate, thorough, andcareful
responses.
He waswilling to discuss APL and J with anyone,treating them as an equal —
and often mistakenly assumingthat the person he was speaking to had thought
aboutthe matter as much as himself.
Hecould talk on almost any topic underthe sun.

— Chris Burke

Kenbelieved passionately that brevity is essentialto clarity. “Be concise,” he’d
say. For me,this madefor endless tension in my role as popularizer or
explainer. I never got over mybelief that in English, readability is mostly
redundancy. Ken would look at whatI have drafted and say, “Long-winded.
You can cut out two-thirds.”

— Paul Berry, A Celebration of Kenneth Iverson, 2004-11-30
For mepersonally, the biggest contribution in mylife was that Ken taught me
to write. Ken wanted things very concise. Whenin doubt, leave it out. Do not
put runways for your prose to take off or to land at the end of a chapter; when
you're finished, quit.
As a matteroffact, the first chapter of Automatic Data Processing was far and
awaythe very densest, because weedited it and weedited it and we editedit.
Ken taught me someuseful productions: If it’s a clause, turnit into a phrase. If
it's a phrase, turn it into an adjective or an adverb.If it’s an adjective or an
adverb, omit it. And you applythese recursively.

— Fred Brooks, A Celebration of Kenneth Iverson, 2004-11-30
Thesecret to writing well? “First, write 500 papers.”

~ Roger Hui, Remembering Ken Iverson, Vector, 2004

Onthefirst nightof the course that Ken Iverson was givingin his notation at
the IBM Watson Research Center, in 1962, I saw him writing on the chalkboard,
first with one hand,later with the other, and thus back and forth throughout
the evening.
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Manyyearslater Ken told methetale of his ambidexterity. He was naturally
left-handed, but when he wentto the grade schoolin the small town of
Camrose, in Alberta, his teacher made him learn to write right-handed, and,if 1
remembercorrectly, by tying hisleft arm behind him.He did this, and for
manyyears wrote with nothing buthis right hand.
While on the Harvard faculty, he saw that whena fellow teacher injured his
writing arm, he was unable to teach until it healed. Ken thought aboutthis,
and,for insurance,recalling his naturalleft-handedness, set about developing
writing skills with the left hand. Thereafter, he wrote with either hand, as he
felt inclined, one wayorthe other. I don’t recall which handhefavored, butit
was probably his right.

— Eugene McDonnell
* Irememberbeing surprisedatfinding the line “I sing of Olaf glad and big”in
some examples that Ken wrote in Phrases1.A (1996-8) (and J Version 7
Introduction & Dictionary, (1993), p. 32). 1 knew his source, since I wasinterested
in its poet — e.e. cummings — and my surprise was how Ken had ever run across
it. The poemtells of Olaf, a conscientious objector ~ presumably in WWI - and
the foul wayheis tortured by the military.
In Programming in J (1991) page 33 is: “Do you love me/ or do you not/ you
told me once/ butI forgot” is anonymous — maybe bya greeting card poet.
Also on page 40 is “With blackest moss”, “Mariana”, Tennyson.
In An Introductionto J (1992), 17, “Nobly, nobly, Cape St. Vincent”is from
Robert Browning’s “Home Thoughtsfrom the Sea”. This is also on p. 17 of J
Introduction & Dictionary (1993)
Another poem Kenliked was Clarence Day’s: “Wheneras die, their legacies /
Areleft to strange police. / Professors in New England guard / The glory that
was Greece.” This ison the ;: page of the J dictionary.
Hegreatly admired Robert W.Service, the Canadian poet, who wrote “A
bunchofthe boys were whoopingit up in the Malemute saloon” and many
other Yukon poems.

-- Eugene McDonnell

¢ Ken loved poetry and had a really good memoryforit. A poem thathe recited
from time to time, with laughterin his voice, was When Adam Day by Day by
A.E. Housman.
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When Adam day by day
Wokeupin paradise,
He always used to say
“Oh,this is very nice.”
But Eve from scenesofbliss
Transported him forlife.
The moreI think ofthis
The more I beat my wife.

— Roger Hui

¢ Idon’t think of Ken as a person whotold lot of jokes but when hedid,there
was usually something more than just a funny story — there was something to
learn or something to make youthink. Onestory he told stands out in my
memory and I’ve repeated it manytimes because in addition to being a good
story, it also describes the central fallacy of communism. What's wrong with
“From everyoneaccordingto their ability and to everyone accordingto their
need”? Andthe answeris that you're dealing with people! Here’s the story, a
conversation between an interviewer and a farmer:

I: If you had twoacres of land anda friend had none, would yougivehim an acreof land?
F: Lf I had two acres of land and friend had none,then for the greater

good ofthe state, | would give him an acre.
I: If you had twohorses and your friend had none, would you give

him one of your horses?
F: IfT had twohorses and a friend had none,then for the greater good

of the state, I would give him a horse.
I: Ifyou had two cowsandyourfriend had none, would you give him

one of your cows?
F: No!
i I don’t understand, you wouldgive him an acre and a horse, why

not a cow?
F; Well, I have two cows.

—Jim Brown, Remembering Ken Iverson, Vector, 2004
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¢ Thereis an 8-word Chinese phrase describing a well-ordered society, %
wherethecitizens are so goodthat they don’t pick up items on roadsthatwere droppedby accident, or need to lock their doors at night. BR AR
once described this phrase to Ken. He immediately responded that he Fa 48
probably wouldn't like the degree of control and coercion necessary for Pia
that kind of result. Human nature being whatitis, I think Ken wasright.

— Roger Hui

¢ Kenillustrated the importanceof treating people with respectbytelling the
following story: At an aixport counter an irate traveller was berating the service
agentover something or other, which the agent took with stoic forbearance.
After the traveller went on his way, the next person in line told the agent, “I am
amazedat how well you took that abuse.” The agent smiled thinly andreplied,
“Oh,the gentleman isflying to Chicago,buthis luggage is going to Moscow.”

— Roger Hui, Rementbering Ken Iverson, Vector, 2004

* Pascal’s Wageris an argumentthat one should believe in God:If thereis a
God, then you better believe in Him in orderto go to heaven;if there is no God,
then believing in Him does no harm.
Ken argued that there should be a special place in Hell for people who believe
for this reason.

— Roger Hui

¢ Ken aphorisms:
{Beware of anyone whosays,] let’s you and him fight.
Good fences make good neighbors.
Whogets upset depends on whoseoxis being gored.
Ask the question: Whobenefits?
Trying to ease the pain by carrying out an unpleasant procedurea bit at
a time,is like cutting off a dog’stail an inch at a time.
Nevergive morethan onereason for anything — thelast one is always
the real one. (recalled by Roland Pesch)

— Roger Hui

* Ken’s Erdés numberis at most 3, achieved in at least two different ways:
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Paul ErdosandJeffrey Shallit, New boundson the lengthoffinite Pierce and
Engel series, Séminaire de Théorie des Nombres de Bordeaux 3, 1991, pp.
43-53.
Eugene McDonnell andJeffrey Shallit, Extending APL to Infinity, Proc.
APL80 International Conf., North-Holland, 1980, pp. 123-132.
Roger Hui, Kenneth E. Iverson, Eugene McDonnell, and Arthur
Whitney, APL\?, APL90, 1990, pp. 192-200.
Paul Erdés, Nathan Linial, and Shlomo Moran, Extremal Problems on
Permutations under Cyclic Equivalence, Discrete Mathematics 64, 1987, pp-
1-11.
OscarIbarra, Shlomo Moran, and Roger Hui, A Generalization of the Fast
LUP Matrix Decomposition Algorithm and Applications, Journal of
Algorithms 3, 1982, pp. 45-56.
Roger Hui, Kenneth E. Iverson, Eugene McDonnell, and Arthur
Whitney, APL\?, APL90, 1990, pp. 192-200.

— Roger Hui
¢ The founder, Ken Iverson,inspired greatloyalty the old-fashioned way: he

earnedit.
— Bill Clinton, My Life, 2004, p. 321

* Iwas having dinner with KenandJean attheir house, and the story of grains
of rice on a chessboard cameupin the conversation. As a reward for some
outstanding service to the Emperor, a magician was granted any wish. He
asked the Emperorfor one grain of rice on thefirst square of an 8 by 8
chessboard, two grainson the next square, four grains on the next, and so on,
doubling on each square. The Emperor, once herealized how much rice was
involved, got so upset that he choppedoff the magician’s head.
The total was of course (2*64)-1 grains of rice. So how much rice was
that? [ guess Ken didn’t wantto think aboutit during dinner, because he
quickly said that it would covertheearth to a significant distance to the sun.
estimated that a grain of rice was roughly one-eighth of an inch oneach side,
remembered from grade schoolthatthe radiusof the earth was about 4000
miles, and so on, and while continuing to eat dinner, did some mental
calculations. After a while I wasable to tell Ken and Jean, “Thereare a lot of
cubic inches in a cubic mile; that amountof rice wouldn’t even coverthe earth.”

— Roger Hui
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* A“Kenecdote”is an item in this collection.
— Eugene McDonnell

* Inan early talk Ken wasexplaining the advantages of tolerant comparison. A
memberof the audience asked incredulously, “Surely you don’t mean that
when A=B and B=C, A may not equal C?” Without skipping a beat, Ken
replied, “Any carpenter knowsthat!” and wenton to the next question.

— Paul Berry

* The conjunction under f&.g inJ (fg in SHARP APL)is defined as
f&a.g y : gifgy
x Fag y- gi (g x) f (g y)

where gi is the inverse of g. “Under” elucidates the importantbutoften
mysterious conceptof duality in mathematics.
Kenliked to use the “under anaesthetics” example to introducethe idea.
Several steps were composed:

apply anaesthetics
cut open

do procedure
sew up

wake up from anaesthetics
The audienceneverfailed to see that the inverse steps were pretty important!
Kenalso used the “pipe laying” example: dig a trench, lay the pipe, cover the
trench.

— Roger Hui

¢ Irecall in the late 1980s a discussion with Ken, Arthur, and me around Ken's
kitchen table, querying new aspects of the composition operator in Sharp APL
and new variations we were contemplating in Sharp APL/HP (the composition
operator is analogous to &. inJ).
Kenresisted agreeing to new variations of composition, wanting to “keep it
simple”. As part of his explanation he asked me whereI have used a function
andits inverse in reallife ... | hesitated, pausing...
Heenlightened me:

Washingthe dishes:Fill the sink / wash the dishes / empty the sink
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Food from thefridge: Open the door/ get the food / close the door
Have dinner: Set the table / eat dinner / clean up the table
Goto work:Drive to work / workin the office / drive home
Rubbish bins: Put out bins / council collects rubbish / bring in bins
Filing: Find appropriatefile / update contents / restorefile in order

The aspects were endless, but underlined Ken’s desire to keep the
mathematical implementations as simpleas possible, pointing out that we need
to picture these in terms of our ownreal life experiences to better understand
them.
It was an interesting discussion and gave me someguidelines of where Ken
was coming from in so muchofhis languagedesign.

~— Rob Hodgkinson.
* InJ, an isolated sequence of verbs f g h derivesafork, defined as follows:

(Fgh)y - (fy) g (hy)
x (Fgh)y - (x fy) g (xh y)

In March 2005,I thoughtof an extension wherethe isolated sequence m g h
with m being a noun,previously an error, is defined to mean m"_ g h.
(m"_ isa constant verb producing m_ asits result.) Many verbs in J (and APL)
were designed so thatfixing the left argument of the dyad made a sensible
monad, and there is a commute adverb ~ where x f~ y - y fF xX.
Therefore, the new fork is very useful. Two examples:
0. Lower case from uppercase.

  
U a. {~ (i.26)+a.i.'A'
L a. {~ (i.26)+a.i.'a'
Lfus: (L,a.) {~ (U,a.) 4. J
Lfu 'PROTASIS apodosis'

protasis apadosis
1, An identity from mathematics.

sine: to. ]
costs:

 

(A@j.1144 cos + Oj1 * sin) 1 2 3 0.13_0.2
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The extension is “obvious”. Ken orI (or anyoneelse) could have thoughtofit
any time between 1989 and 2004, but we didn’t. Ofall the new workin J since
his passing, I wish I could tell Ken aboutthis one.I think it would have made
his day.

— Roger Hui

* ... one of [Howard Aiken’s] graduate students was becominga little paranoid
that somebody mightsteal oneofthe fantastic ideas from histhesis, and so he
was stamping every copy “Confidential”. Aikenjust shookhis head and said,
“Don’t worry about peoplestealing your ideas.If they’re any good, you'll have
to ram them down their throats!”

— presentation of The Evolution ofAPL,
HOPL Conference, 1978

* Once launched ona topicit’s very easy to forget to mention the contributions
of others, and although I have a very good memory,it is, in the wordsofoneof
my colleagues, very short, so I feel 1 must begin with acknowledgments,...

— presentation of The Evolution ofAPL,
HOPLConference, 1978
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Advertising in Vector
All queries regarding advertising in VECTOR should be made to Gill Smith,
at 01439-788385, Email: ap]385@compuserve.com.

Submitting Material to Vector
The Vector working group meets towards the end of the month in which Vector
appears; we review material for issue n+1 and discuss themesfor issues n+2
onwards. Please send the text of submittedarticles to the Vector Working Group
via the Editor:

The Editor, Vector
81 South Hill Park
London
NW328S
Email: editor@vector.org.uk

Please supply as much material as possible in machine-readable form. Our
preferred format is HTML,using simple markup - we apply Vector’s style sheet.
Source code can be tagged with <pre> or <code> tags as usual. You can further
distinguish language within these tags (which would be importantif, for example,
you were comparing J and APL expressions) with the class attribute. For example:
<code classs"J">MEAN=:+/%#</code> would be typical. Authors wishing to
use MS Wordshouldinstall a copy of the APL385 Unicode TrueType font and use
Unicode APL symbolsif their interpreter permits ‘copy as Unicode’ from the APL
session. Otherwise we can convert from Dyalog APL, APL+Win, APLX, and APL2
mappingsif necessary.
Camera-ready artwork (e.g. advertisements) and diskettes of ‘standard’ material
(e.g. sustaining members’ news) should be sent to Vector Production, Brook
House, Gilling East, YORK YO62 4JJ. Please also copy us with all electronically
submitted material so that we have early warningof possible problems.
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Subscribing to Vector
Your Vector subscription includes membership of the British APL Association,
which is open to anyone interested in APL orrelated languages. The membership
year runs from Ist May to 30th April. The British APL Association is a special
interest group of the British Computer Society, Reg. Charity No. 292,786
Name:
Address:
 

 

 

Postcode / Country:
Telephone Number:
Email Address:
 

 

 

 

UKprivate membership.......
Overseas private membership .
Airmail supplement(not needed for Europe) .
UK Corporate membership......
Corporate membership overseas
Sustaining membership «....cssescssscsrecssreeseeceseeeesseensseee
Non-voting UK member(student/OAP/unemployed).......
PAYMENT- in Sterling or by Visa/Mastercard only
Payment should be enclosed with membership applications in the form of a UK
Sterling cheque to “The British APL Association”, or you may quote your
Mastercard or Visa number.

 

  

 

  QO
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OD

 

lauthorise you to debit my Visa/Mastercard account

Number: tiii3 cr1ii rriti rere Expiry date: os 14
for the membership category indicated above,  

te . : Data Protection Act:Q annually,at the prevailing rate, until further notice the information supplied may be

   Q one year’s sub:scription only stored on computer and processedin
accordance with the registration of
the British ComputerSociety.Signature:

Send the completed form to:
BAA,c/o Rowena Small, 12 Cambridge Road, Waterbeach, CAMBRIDGE CB5 9NJ, UK
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The British APL Association
The British APL Association is a Specialist Group ofthe British Computer Society. It is administered by a Committeeofofficers who are elected by a postal ballot of Association members prior to the Annual General Meeting. Workinggroups are also established in areas such as activity planning and journal production, Offers of assistance andinvolvement with any Association matters are welcomed and should be addressedin the first instanceto the Secretary.
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