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The tool of thought for expert programming
Dyalog Version 11.0 is the first commercially available APL system to provide a complete
Object Oriented framework for APL. Object Orientation complements the functional and array
tools already provided by APL. With version 11.0, you can

Ea Provide APL components to developers using other languages with the same ease as
saving a workspace

Fa Use COM and Microsoft.Net tools as easily - and using the same syntax — as
components written in APL
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Since 1983, Dyalog Ltd. has developed a host of powerful language features and anunparalleled ability to interface with other software. This makes Dyalog the most powerfulAPL-based application development system available in the market today.
In addition to Object Orientation, Version 11.0 adds numerous enhancements to the APLlanguage. 64-bit versions remove workspacelimitations under Windows XP/64 and 64-bit Unixsystems.
Dyalog APLis available for Windows from 98 to XP/64 and PocketPC, and for Linux and Unix.Version 11.0 will be available in June 2006. For more information,visit www.dyalog.com.
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Editorial: Winter in Naples
The annual APL2000 conferencein Naples, Florida always producesinteresting
papers, and this winter has yielded a goodcrop. Your editor had his lifetime
quota of hot weather whenliving in Australia, butthe tireless Adrian Smith was
there with golf club, camera andlaptop, andfiled a report.
The big news in the APL world this yearis interpreter extensions to support
classes andinstances. Organising softwareinto objects is the best programming
paradigm devised for representing complex states that must respond to
unpredictable events. The paradigm appeared with the graphicaluser interfacesit
made possible. GUIs quickly made themselves indispensable, and object-oriented
programming becamethe standard wayto write software. Smalltalk-80, both
operating system and programming language for the Xerox Star, demonstrated
thatall programscanbe written as objects; programmers whostarted workafter
1990 could be forgiven for thinkingit is the only way.
Modern APLs support GUIs and provide object-oriented interfaces to them.
Programmers writing in the APLs have found OOPa useful paradigm for tackling
sometasks, and some have devised their own waysto implementtheclass-
instance relationship. But I am fond of quoting the J lab on OOP:

It is a mistake to think of OOPas an alternative to FP (functional
programming).
All languages,at the low level, have FP, and at a higher level, have OOP.

lam unsureof the truth of the last statement(is it true about Forth?), but have
foundit an excellent guide to designing applications.
Even without user-defined classes — arguably the heart of OOP — APL
programmers can write aboutarrays of objects in waysthat quicken the pulse. For
example, in Dyalog APL, to arrange six button objects, 81 to B6 in a grid anchored
at af fset with spacing between rowsand columns(of fset and spacing are
pairs):

(+(B1 B2 B3)(BY B5 B6)).Posn+offsete+spacingex12 3
Adding user-defined classes immensely extends this, blending two powerful
abstraction paradigms.In tackling this, the interpreter writers have had to address
problemslargely unknown to OOP; for example, whatis the prototype of an
object, that enables arrays of objects to be empty or overtaken? Just as when
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nested array systems were explored,the consequencesof alternative solutions are
hard to foresee. Our best wishes go to the implementers at Dyalog and APL2000.
In this issue, Bill Rutiser introduces the MOM object system in APL+Win, and
Morten Kromberg continueshis 3-part introduction to OOP. Muchoftheinterest
in OOParises from the needto interface to systems through object models. Adrian
Smith has done useful work finding out how to develop in APL and deploy in C#.
In Vector 21.2 Richard Smith described Rowan, an APL-like interpreter
constructed from .Net components; here Eric Lescasse previews APL+Santa Fe, a
similar project with larger ambitions for commercial use. MicroAPLhaslong
focused on spanning platforms and supporting important interfaces; Richard
Nabavi reviewsjust how far APLX can reach.
APL+Win hasrecently added try-catch exception handling, and Bill Rutiser
explains howit can be used to write more clearly. Clarity is also in Norman
Thomson’s thoughts, as he usesJ to explain internal rate of return calculationsin
text messages.
The small size of array-programming teams limits our experience of collaboration
tools suchaslibraries and source code managers (SCM). Often weareable to
write our own simple tools, well adapted to our lesser need. This was the
experience of SoftMed Systems, which is now migrating from its own SCM,
written in APL, to a commercial product, Perforce. Richard Renichtells the story.
Lastly, Sylvia Camacho writes about the work of the late Gérard Langlet, some of
it published in Vector, who used APL to question the mathematics underlying the
physics, chemistry and biology of perception.
Stephen Taylor
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Quick Reference Diary

Date Venue Event

Oct 16 2006 Denmark Dyalog 2006 Conference and
“All APLs Day” at LO-skolen

 

Dates for Future Issues of VECTOR
Vol22 Vol.22 Vol.23
No.3 No.4 No.1

Copy date in press in press 10th June
Ad booking in press in press 17th June
Ad Copy in press 25th May 24th June
Distribution May 2006 June 2006 July 2006
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Vector Back Numbers |
Back numbers of Vector are available from:

British APL Association,
c/o Gill Smith,
Brook House, Gilling East,YORK YO62 4JJ

Price in UK: £10 per complete volume(4 issues);
£12 (overseas); £16 (airmail) including postage. Please note that Vol.1 No.2 is now out ofstock,
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RESPONSES
Ajay Askoolum’s APL Idioms
from Steve Mansour(steve@carlislegroup.com)

All solutions are written using dynamic functions in Dyalog APL, Om1+«3. All are
origin independent.

Somenotes:
Ihave twosolutions to idiom #1, CE and CE1. CE] doesn't use the rho symbol or
the conuna symbol.

CE+{x/pw}

CE1+{+/ewsw}
Thave twosolutions to idiom #2, RA and RA1. Both require a 2-item vector on the
left as the range. RA requiresa scalar right argument. RA1 permits any array as
the right argumentand doesn’t use each. For more details on this solution, please
see my article “Arithmetic Boundary Checking’ in Vector Vol 21 No.2. Solution to
this particular problem is at the top of page 122.

RA#{+/xa-a }
RA1+{+/*wo,-o}

Idiom #3:
SNe{u[hl 102] 033}

Idiom #4:

LO+{{a}4a}
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Idiom #5: Curried left argument can be anysuitable value > 0, Domain error may
result if the base of the exponential function is not chosencorrectly.

LS+0.9°{aexfarw}

Idiom #6: Note - QD is equivalentto '0123456789':

CN+{101-fI0-QDiw}
Idiom #7:

ZM={0+/u}
Idiom #8:

FO+{2</0,w}
Idiom #9:

LO+{2>/w,0}
Idiom #10:
RE“{t$oatu-41}

 

More Solutions...
from Gianluigi Quario (giangiquario@hotmuil.com)

1. How manyelements does a given variable have?
Restriction: assumethat the keyboard does not have the comma(,) symbol.

CE+x/op a wA
2. Is a value within a given range?

Restriction: assumethat the keyboard does not have anyrelational operators.
C2+{+/xulAu]-a} A atDO w+D1 pu+2  
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3. Sort a numeric array of integers in ascending order of the numberofdigits.
Restriction: assumethat the keyboard doesnot have the format (+) or quad ({))
symbol.

SN+{wl4[ 100] (w+2x05w)4+xu3]} A wel2 (ispw)4
4. Return the element(s) of a numeric array indexedbyits first dimension.

Restriction: assumethat the keyboard doesnot have the shapeof (p) symbol.
NB.(GQR)the definition of this problem is not complete:
a) should return an array with a lesser rank ?
b)  ascalar has no “first dimension”, butit is required by the challenge:

LD 6++6

LO“{, [1, (0<=2+/~Oxw) /2]1t[1],0(O<2w) /1]}¢[e]ew}
A w+D (also scalar)

or

Lo_+{, [t, (O<+/~Oxw) /2]1¢(1}014[1],£1 278, [0]0,u}
A w+D (also scalar)

or

LDO__+{it[i]ew} A wD 3; w not scalar;
NB.result has same rank of

5. Return the sum of element(s) of a numeric array onits first dimension.
Restriction: assumethat the keyboard does not have the plus (+) symbol.
NB.(GQR)}a scalar has not a “first dimension”, butit is required by the
challenge:

LS 6++6

LS+{QML+2 © ¢°pee[(~Oeppw) /1] wp1}
RAPL2 Aw+D (also scalar)

6. Convert the string representation ofintegers to numbers.
Restriction: assume that the keyboard does not havethe execute (#) symbol.
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CN+{1012144[9T0]%11 QDR, [@]w} a w+Ci (also scalar)

CN_+{10121°44°11 DDRw} a w+Ci (also scatar)

CN__+{101(-[AV1t'0')+QAViw} aA w+C1 (also scalar)

CN___+{101(-GI0)+'0123456789'1w} aA weCi1 (also scalar)

7. Return a numericarray as zeros, increasing the last dimension by 1
Restriction: assume that the keyboard does not have the times(x), take (?),
minus (~), or comma(,) symbols andit does not end with p0.

Me{ (((("1+ppw)p0),1)+pw)pw=wtt} A wD
8. Return the first ones from a Boolean vector.

Restriction: assumethat the keyboard doesnot have the not (~) or rotate (4)
symbols.

FO+{wAt, (1dm)47 140} A wrBt
9. Return the last ones from a Boolean vector.

Restriction: assume that the keyboard does not have the not (~) or rotate (>)
symbols.

LO+{ur((itw)#71du),1} A weB1
10. Return the elements of a numeric array found at given coordinates.

Restrictions: assumethat a looping solution is not allowed nor one involving
semi-colon and thatindexorigin is 1.

RE+ {(,a) [1+ (pa) sQw-1}} A a+D2 3 wD 1
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More Solutions...
from Claude Henriod (chenriod@vtx.ch)

I present somesolutions to the problems posed by Ajay Askoolum in APL Idioms,
Vector 21:4, pp92-96.
The developmentis for a great part from mylibraries originated in the 198x years
on:
/APLSV IBM5110/APL68000 Wicaté&Ampére/later/IBMAPL2 PS+PC/IBMwinAPL2/
All are shown as DDFvalid I-APL. Tests are madein J-APL to be sure that the
code is OK.
But the function code is cloned in APL2 Unicode,for a better understanding.

LOAD VGL2104
VOL2164

FNS
CN: FO: LIM: LO: LOOPLIM LS: RE: SN:

LIM:
LIM: +/x(2ra)j.-wSN:
SN: (rw)r(,) [qIX+~xIX_p1O1LG+*~xLG_1,w]LS:
LS: ~cwxs(frujr(1t(rw),i)r1 “1CN:CN: ((ru)r10)uw_‘G123456789'iw : HI0_6 : 0FO:FO: w>"1k0,
LO: w>tkw, 0

RE:
RE: (,a)[#I0+Ruw-#IO] : v/O=(R_ra),rw_sw : id

= Requested functions APL2, valid with several interpreters.

10
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LIM: +/x(2pa)o.-w
SN: (pa)p(,w)[AIX+~xIX<f 10@LG+~xLGe]J
LS: -4wx(dpw)p(it(pw),i)pt -4
CN: ((pw)p101w+'0123456789' iw : DIO+0 : 0
FO: w>-1t0,w
LO: wettw,0
RE: (,o)[QI0+Riw-QI0) : v/O=(R<pa),pwekw : 10

= Functions which do not match prerequisite
CE: pi/w a Answer fail
LD: -1t[it(zppw),1)w ap is forbidden
2M: ~wto«w, 4d a, is forbidden

FOCIIOCOIIIITIIIIOIIKSOSA IA ITOK

“2. Is a value within a given range ?
ULIM

5109 15 20 25
eLIM

10 20
CLIM LOOPLIM ULIM21071 2
15 LOOPLIM ULIM220°2°2

3. Sort a numeric array of integers in ascending order . .
MSN1,SN MSN189 1

“78 89
1229 “7832003212900«1m1 12890232 12291 90232MSN2, SN NSN21334 825257? 6770 1334

91234 91234

11  
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5. Return the sum of element(s) . . . on its first dimension
(hLSD1),° = °,hLS LSDI

6:6
(hLsD2).° = *,hLS LsD2

98 878 332 2.3 44 = 1354.3Lsp33 340.98 22 3.4is Lsp39.98 25 7.4Lsp4

ou
s

oo
n

Sa
w

1
131415 1617 18 19 2021 22 23 24

Ls LsD4
14 16 18 20
22 24 26 2830 32 34 36LSD5_3 3 3r5Ls LSD51515 15
15 15 151515 15

6. Convert char-num integers to numbers
10 x #_ CN 898°

$98
8980

10 x #_ CN ‘707°
707
7o7a

10 x #_ CN ‘34’34340
8. Return the first ones from a boolean vector

FO #_ 21 #_OFI
88 68 4S G7 77 90 160 13 27 0
a@o111¢601190
@01e@000100FO #_OF2
TOT110T101
1eo109014001

9. Return the last ones from a boolean vector
LO #_ 21 #_OL1

88 68 45 6&7 77 98 100 13 27 O
60111801190
490016000180

LO #_OL2
1011101101
106001001901

12
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" 10. Return the elements found at given coordinatesRA7 90 22 2.343.9 92 12 6723 33 88 «9.34RB1324 RA RE RB22 67 #RL_ 75
#_ RC_ 2 5 Gré071000

930 885 814 346 1909 850
193 212 651 470 522 215
178 929 543 316 433 635
35 491 733 111 315 529

495 175 422 643 466 412
554 188 500 230 340 684
669 923 966 872 937 839
381 822 570 255 395 65
560 66 324 296 834 347
462 700 133 59 662 683

#_RD4_3 3 r RD1,RD2,RD3
45216

RC RE RD4
316 466 684

a

C. Henriod, retired IBM Advisory SE, chenriod@vtx.ch
December7, 2005.

13
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Reply to “Thoughts on the URN problem”
from Devon McCormick

In his response to myarticle on Bayesian statistics as used in dynamiclinear
modeling (in Vector Vol. 21 No. 2), E. A. Cloughraises an interesting point about
prior probabilities as they relate to “the urn problem”. This problem is to estimate,
given an urn known to contain only black and white balls, the probability that all
of the balls are white after a number of white and only white balls have been
drawn, with replacement.
In the originalarticle, I did not delve deeply into this problem as it was mostly
intendedto introducethe notion of probability as a distribution in contrast to the
naive notion of probability as a point estimate. The ubiquity of this naive notionis
evident by how frequently we see probability estimates quoted without any
mention of a measure of dispersion. A strength of the dynamic linear models that
were the focusofthe article is that they simultaneously estimate both means and
variances, so it’s important to understand probabilities as distributions.1
attemptedto give readers a picture of this by meansof the simple urn example.
The follow-upto the simple example with 5 balls in the urn is one with 200 balls in
order to give smoother curves when graphed, as we see below.

Effect of New Evidence on Prababilily Distribution Irom "Urn Problem"
ala mmsBrae |
abe

 

memEG BreLal

ul

a8

id

aea

8.63

 
8
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Expected Mean Number of White Bails In Ura

14
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This illustrates how wesee probabilities as distributions, not point estimates.It
also showshowtheshape and location of the curve changes with additional
evidence.
Inasmuchasthis was my aim,I paid scantattention to the notion of a “prior
probability” and how we mightderive one, thoughthis is an importantconceptin
Bayesian statistics. Much of Clough’s responseto thearticle focuses on deriving
the prior probability, or “prior”, assumed in my example. As hecorrectly derives,
myinitial prior for the distribution of whiteballs in the urn is 50%,
So, up to a certain point, we are in agreement. However, beyond this point, where
weget to the question of howtoestablish a prior, Clough misrepresentsthe valid
criteria for settling on one. Apparently the long-standing slur on Bayesian
methods as “subjective” continues to distort the discussion. This is evidentin the
assertion that begins “In general a person’s choice will depend on whether they
are optimistic ... or pessimistic....”
This is completely unwarranted. Myinitial assumptionofa distribution of 50%
whiteballs is based solely on the only piece of evidenceI have: there are only two
colorsof balls. Given this, absent any other evidence, the best prior assumptionis
that the distribution is evenly divided between black and white.
Thereis a theory, called “maximum entropy”, behindthis sort of simple
assumption.I refer anyoneinterested in further pursuing this or any other aspect
of Bayesian statistics to the excellent book byE.T. Jaynes “Probability Theory —
The Logic of Science” (Cambridge University Press, 2003). Jaynes’s work also used
to be available on the Web though I havenotlooked forit recently.

Flawed Assumptions not Unique to Bayesian Statistics
Mr. Clough makesa good pointthat priors are importantin Bayesian methods
and that a poor choiceof prior tends to undermine subsequent estimates.
However, conventionalstatistics, like any chain of reasoning, is subject to the
samesort of problem. Consideran article published in the New Scientist
magazine (3 September 2005, www.newscientist.com/channel/life/mg18725155.400) on
a re-analysis of an earlier study that estimated the numberof speciesof bacteria in
soil.
Theoriginal study,in the early 1990s, used a techniquecalled DNA re-association
to estimate the diversity of bacterial DNAin a soil sample. From this, researchers
inferred how manyspeciesof bacteria werein the sample. This indirect method
wasused becausedirect counting of unknownbacteriais difficult since only a few

15  
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species can be cultured in a lab. This study estimatedthat there are about 16,000
species per gram ofdirt.
However,the initial study assumed roughly equally-sized populations for the
different species. A recentre-analysis of the data, using a different assumption
aboutthe distribution of population sizes, estimated that the numberofspecies
per gram ofdirtis closer to one million.
So, while a Bayesian prior maybe flawed,this is no different from any of the
many assumptions we must makein statistical analysis. The important pointis
that, in all cases, assumptions should be based on evidence.

 

Sudoku Madness
from Neville Holmes (nholmes@leven.comp.utas.edu.au)

I just read your Sudoku message onthe J Forum. By a strange coincidence, one of
my students chose Sudokuforhis J assignment. He washaving a lot of trouble, so
I wrote the script below to give him start. He didn’t getall that far with writing
someplayer supportbutI'll be working with him after I come back from overseas.
BecauseI'm leaving early Friday for a week of meetings in the US I haven’t got
time to do much morethan send you thecode.Forit is that I’ve commentedit
fairly fully for the student’s sake, but againstitis that I left the assignments global
to makeit easy for him totestit.
Perhapsits interestis that I’ve generalised it way beyond the 3x3x3, whichis, I
think, a bit of a straightjacket. Also, you shouldbeable to jazz up the code
becauseI’m not an expert by any means, and the codeis just one evening’s work.

NB.
NB. General Sudoku Arrays
NB.
NB. Generate an array of numbers, for example, shape 2 3 4 5
NB. which is thought of as a 2x3 array of 4x5 rectangles,
NB. or a 2x% by 3x5 array of numbers, where
NB. (a) no number is repeated within
NB. O. any 4x§ subarray,
NB. 4. any 2x4 subarray, and
NB. 2. any 3x5 subarray,
NB. (b) the numbers are whole

16
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NB. from 1 to the maximum of 4x5, 2x4, and 3x5
NB.
NB. Final Functions : Osply fnl (try “Dsply Fnt 2 2 3 3” or "Dsply Fnt 3")
NB. Some Utility Functions

 

Dsply =: <"2 NS. Osply y +: boxes the 4x5 subarraysPnDy =: ,"2@(0 14]:)@:(,"2)@(0 28[:)
NB. PnOy y : converts to 8x10 array

InDy =: Dsply@(J$({.~ -@(*/)))~ >@(14{)
NB. x InDy y : constructs & displays intermediate array

Vidt =: 24>.@(4&$)@,@:
NB. Forces 4 integers greater than 1

>, /@(*/)@:((2 3$2 0 1 3 2 3)&{)
N8. Calculates the maximum of 4x5, 2x4, and 3x5

v

Mxmm

NB. Functions to set up running List of boxes

 

NB,
NB. O. The next index (starts as <: of 2x3x4x5)
NB. 1. The overall array as a list (starts as an empty List)
NB, 2, 2x3 table of Lists of numbers used so far far each 4x5 subarray
NB. 3. 3x5 ditto for each 2x4 subarray
NB. 4. 2x4 ditto far each 3x5 subarray

SSAry ($4a:)@:{ NB. sets up the subarray of empty boxes
Strt s@(*/) 3 (1.0)"_ 3 0 145SAry ; 1 3&SSAry 3; <@(O 2&SSAry

 

NB. Functions ta calculate the next number
NB
NB. Require shape as Left argument, running array as right
Ndx 1 #: >@{. NB. 4 element index to next numberUsdFS <@(2&{.)@Ndx >@{ >@(26&{)@}

 

NB. x UsdFS y : gets 4x5 used so far
UsdSS =: <@(1 3&{)@Ndx >@{ >@(34{)@]

NB. x UsdSS y : gets 2x4 used so far
UsdTS =: <@(O0 2&{)@Ndx >@{ >@(44{)e]NB. x UsdTS y : gets 3x5 used so far
UsdS =: UsdFS ~.@, UsdSS , UsdTS

NB. x UsdTS y : gets all numbers used so far
NxtNr =: >:@4).@Mxmm@[ (0: *({~7@#)@. (*@#})@:-. UsdS

NB. x NxtNr y : selects from numbers not yet used
AMNN =: (NxtNr <@, >@(1&{)@]) 1} ]NB. x AGNN y + puts the next number to List front
NB. Functions to put away the next number jin the three boxes
NB.
NB. Further updates the running array

NwN
NwFS

: {.@°@(18{)@] NB. picks out the new number(UsdFS <@, NwN)*(<@(26{. )@Ndx) * (>@(26{)@])}
NS. x NwFs y : updates the 4x§ subarray

NwSS =: (UsdSS <@, NwN)*(<@(1 34{)@Ndx)*(>@(3&{)@})}
NB. x NwFs y : updates the 2x4 subarray

NwTS =: (UsdTS <@, NwN)*(<@(0 24{)@Ndx)*(>@(46{)@])}
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NB. x NwFs y : updotes the 3x5 subarray
UdtRA =: <:@>@{.@] ; 14{@] , NwFS ; NwSS 3 <@NwTS

NB, x UdtRA y : updates the running array

NB. Functions to do all, and to clean up

 

NB.
NB. a =. Fol y : to get the array
NB. Osply a to see the boxed structure
NB. PnDy a : to see the 2D structure
Good =: -.@(OGe, )@>@(1&{)
Once =: ([ UdtRA AdNN}A: (Good@:])a:(*/@:[)

NB. (Once Strt) y + one attempt at the whole
Try =: ('No'"_‘InDy@. (Good@]) (Once Strt))@VLdt

NB. Try y : works for once
Cln =: Strt@[a:(-.@Good@:])

NB. (({ Cln Once) Strt) y :
Fnsh =: (([ Once Strt@[}*]@. (Good@])4:_ (Once Strt}NB. Fnsh y : repeated attempts at the whole
FnlL =: ($ >@(1&{)@Fnsh)@Vidt

NB. Fnl y : the structure extracted
NB, Osply Fnl y : to see the structure

 

18



 

VECTOR Vol.22 No.2
 

NEWS
British APL Association AGM 2006
to be held in the Council Chamberat

the RoyalStatistical Society
starting at 2 pm on Friday 19" May 2006

Agenda
1. Minutes of AGM 2005(as published in Vector)

Report from the Chairman (Paul Grosvenor)
Report from the Treasurer (Nicholas Small)
(including report from membership secretary)
Committee for 2006-2007
Appointment of Auditor
Questions
Anyotherbusiness(at least 24 hours notice, please.)

gy
N
Q
g
p

Anthony Camacho, Hon.Sec.
Nominationsfor the committee by 30 April, please. We welcome people who
would like to join the committee; details from any memberof the committee.

Nominations to 11 Auburn Rd., Bristol BS6 6LSorto acam@blueyonder.co.uk
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The Vector Product Guide
compiled by Gill Smith

VECTOR’s exclusive Product Guide aims to provide readers with useful
information about sources of APL hardware, software and services. We welcome
any comments readers may haveonits usefulness and any suggestions for
improvements.
Wereservetheright to edit material supplied for reasons of space or to ensure a
fair market coverage. Thelistings are notrestricted to UK companies and
international suppliers are welcometo take advantageof these pages.
For convenience to readers, the product list has been divided into the following
groups(‘poa’indicates ‘price on application’):

* Complete Systems (Hardware & Software)
* APL andJ Interpreters
« APL-based Packages
* Consultancy
¢ Other Products
* Overseas Associations
* Vendor Addresses
* World Wide Web and FTPSites

Every effort has been madeto avoid errorsin theselistings but no responsibility
can be taken by the working group for mistakes or omissions.
Wealso welcomeinformation on APL clubs and groups throughoutthe world.
 

Yourlisting here is absolutelyfree, will be updated on request, andis also
carried on the Vector website, with a hotlink to your ownsite. It is the most

complete and most used APL address book in the world.
Please help us keep it up to date!   

All contributions and updates to the Vector Product Guide should besentto:
Gill Smith, Brook House,Gilling East, York, YO624JJ. Tel: 01439-788385,
Email: apl1385@compuserve.com
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APL INTERPRETERS
COMPANY
ADVOCORPOy

APLBorealis nc.

APL Systems iDC SL

Beautiful Systems
Dinosoft Oy
Dittrich & Partner

Dyalog

DynArray

APL Lid
1BM APLProducts

Insight Systems

JSoftware Inc.

PRODUCT PRICES(£)
APL+Win, APL+Link, APL+Linux,APL+Unix, APL*Plus Sharefile poa
Dyalog APL. poa
‘APL2000 poa
APL2000 APLinterpreters and toolspoa

Dyalog APLW for Windows poa
Dyalog APLfor Unix poa
Dyalog APLIW for Windows poa
Dyalog APLfor Unix poa
APL4Win poa
Dyalog APL poa
IBM APL products poa
Dyalog APLfor DOS/386 995

Dyalog APLIW for Windows 995
Dyalog APL for Unix 995-12,000

DICE for Windows poa

|-APLIPCoF clones 8
TryAPL2 free
Workstation APL2 V2 31500
Version 2
APL2 Version 2 poa
APL2 Application Envt Vn2 poa
APL2000 poa
Dyalog Ltd. poa
IBM poa
Dyalog APL poa
Causeway Products poa
Structural Analysis Software oa
Jon the Webonlineregistration 

$8c5.
Free

J Professional(online reg.)
J Standard (online reg.)

DETAILS

Complete APL2000 and Statgraphics(StatPoint) product rangeandlinks to various third party products.
Distributor of Dyalog APL products from Dyadic
Distributor of APL2000 products
Distributor of APL2000 products for the UKConsulting and maintenance for APL applications
USDistributor of Dyatog APL. products from Dyadic.
See Dyadic listing for product details.
Finnish distributor of Dyalog APLproducts.
See Dyadic's listing for productdetails.
Cagnos/APL2000Inc products
Dyadic Systems Ltd, products
Second generation APL for DOS.RunsIn 32-bit mode, supportsvery large workspaces. Unique "window-based” APLDevelopment Environment and Screen Manager. Requires
386/486 based PC or PS/2,at least 2Mb RAM, EGA or VGA,DOS3.3 or later.
Asabove,plus object-based GUI developmenttools. Requires
Windows 3.0 orlater.
Second generation APLfor Unix systems. AvailableforAltos,
Apollo, Bull, Dec, HP, BM 6150, IBM RS/6000, Masscomp,Pyramid, NCR, Sun and Unisys machines, and for PCs and
PCi2s running Xenix or AIX. Oracleinterface available for IBM,
Sun and Xenix versions.
Software developmentkit which includes an APLinterpreter as aDLL and the ability to run andlink existing and new APL codetonon APLcode such as VB, C/C++, Java and integration withvarious Windows software applications and database packagessuch as MS Office.
180 conforminginterpreter. Supplied only with manual (see ‘OtherProducts’ for accompanying baoks).
APL2for educational or demonstration use. Download from IBM.
APL2ftp site or contact APL Products.
AUX,Linux, Solaris, Windows
Product 5724-B74
Product No, 5688-228. Full APL2 system for $/370 and S/390
Product No. 5688-229. Runtime environmentfor APL2 packages
Leadingdistributor of APL2000products in Denmark
Leading distributor of Dyalog APL products in Denmark
Leading distributor of IBM APL & GraphX products in Denmark
Distributor
Distributor
Complete package by IG Zenkner&Handel to parform structuralanalysis/engineering calculations. Also suitable for dynamicproblems, e.g. earthquake simulation.
includes manualset and one yearof updates
Free for download only
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Books and accessories
J Dictionary $50
J Phrases $50
J Primer $50
Fractals, Visualization and J $80
Concrete Math 340
Exploring Math $50

Lescasse Consulting APL+PC poa
APL+Unix poa
APL+DOS poa
APL+Win poa
Dyalog APLAV poa

MicroAPL APLX for Windows/MacOS 499

APLX ServerEdition poa
APLX for Linux (commercial 499

APLX for Linux (personal) Free
APL*PLUS poa
APL.68000 poa
APL2 poa

Soliton Associates SHARP APLfor OS/390 poa
SHARPAPLfor UNIX. poa
SHARPAPLfor Linux poa

Stand Software Canada
All APL*PLUSproducts poa
Dyalag and JSofware products poaUSA
Dyalog and JSoftware products poa

ubJL. GmbH Dyalog APL and(APLSoftware Team) Dyalog SystemsLtd. Products pea

APL PACKAGES
COMPANY PRODUCT PRICES(£)
Acadvent ARQUE poa
API, Software\Services

APLUtilities poa

Assured Systems FLAIR poa

Lescasse Consulting is the exclusive APL2000distributor inFrance andalso distributes in Switzerland and Belgium,Call for price quotes.

Frenchdistributorfor Dyalog
Cross-platform APL developmentenvironment with GUIprogrammingfacilities. Interpreter modelled on APL2. Availablefor Windows 95/98/ME/NT/2000/XP, Mac OS 9 and MacOS X.
For running large multi-user APL applications on x86 Linux,RS/6000 AIX, and Windows NT/2000.
Linux desktop edilion of APLX, compatible with Windows andMacOSversions,with full development environment and GUIprogrammingfacilities. Runs under RedHat, Debian, Mandrakeand SuSeLinux distributions.
Full version of APLX, can be downloaded free for personal use.
Manugistics
MicroAPL Ltd
18M
for 1BM OS/390 mainframes
for SunOS and IBM AIX
for Intel Linux
All APL*PLUSproducts including upgrades and educational.

DETAILS
Software for the quality assurance of university examinations.
Software: mostly AWSfor DOS.utilities for most APLinterpreters. Public domain APL*Plus v10 with on-screendocumentation and interactive tutorials. APL ConferenceSoftware. Books: APL user manuals for STSC, 8M, and Sharp.Request email catalog from dick_holt@email.com.
Finite loader and interactive rescheduler. Customisablefull-function scheduling system.(Available outside Australia byspecial arrangementonly.)
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Beautiful Systems

Causeway

Cinerea AB

Cosy

DynAray

Dynamic Logistics‘Systems GmbH
HMW

ASF_FILE $399
SF_READ poa

CausewayPro for DyalogW 400
RainPro Business Graphics 250

NewLeaf for Dyalog and Win 400

SharpPiot for Microsoft .Net 500

ORCHART. 250

K.Cosy $30 yr sub

DynaWebServer poa
DynaHany poa

DynaLink poa
MPS poaFBS poa
DRP poa
4XTRA poa

Inca poa

Maya poa

Dyalog APLIW auxiliary processor for access to APL*PLUS/PCAPL componentfiles (*.ASE),
Dyalog APL/W functionsto read APL*PLUSdata abjects of anytype orstructure from *.SF style component files created byAPL*PLUS {1 orIll.
Causeway application developmentplatform for Dyalog APLIW.
The ultimate graphics toolkit for the APL developer. Adds 3Dcharting capability, Web publishing andclipboard support to theshareware product, Charts can be included in NewLeafreports,Functionally compatible across Dyalog/W and APL+Win.
Frame-based reporting toolwith comprehensive table-generationand textflow support, Offers multiple master-page capability,bitmap wrap-around and on-screen preview with pan and zoom.Fully supported on DyalogW and APL+Win
RainPro rebuilt as a fully-managed .Net DLLfor use by APL andnon-APLapplications alike. May be an attractive alternative forDyalog 11 and Santa Feusers, as It has much improved image
‘support as well as running rather faster, and not cluttering yourworkspace with APL sourcecode.
Organization chart package for IBM APL2/PC. Full & heavilycommented source code included - free integration into otherapplications. NB: ASCI! output withline-drawing (semi-graphic)characters for boxes.
K.CoSyis a general purpose computing and programmingenvironment constructed,all in open code,in Arthur Whitney's.very high level, yet structurally transparent Amay ProgrammingLanguage, K , and itstightly coupled User Interface. K.CoSyis anextremely productive environment in one ofthe most powerful andfastest of APL's progeny,and therefore, likewise,of all languages.K,CoSyprovides a workspace-like interactive developmentenvironmentpreviously impossible in K. Because ofits uniqueopenconstruction within the language itself,this environmentis,clearly competitive In a large domain with the APLs from the othervendors. K.CaSy notepad nature, interactivity, and open K codevocabulary makelearning Arthur Whitney's K far less dauntingand far moreproductive thanits raw console, or any externalscripting method.If you are a client of Kx Systems , or areinvestigatingthe possibilities, Contact us. See CoSy/K/CoSy formoreinformation.
Aweb serverproviding web based access to apptications runningonthe DICE interpreter from Dynarray, or on an {BM mainframeTunning APL2.
A DSSsystem which offers the next generation capabilities forcurrent APLDI, IC/E and IC/1 users. It comes with ROLAPcapabilities, multisystem accessto a wide variety of databases
and data warehouses.
An ODBCclientinterface for DICE and IBM APL2 programs.
Master Production SchedulingForecasting and Budgeting System
Distribution Requirements Planning
Networked, Windows/Unix based Front End and Middle OfficeForeign Exchange and Money MarketDealing System. Scalablefrom 1 user to 120+.
Software Change Management System. Enablesthe user to co-ordinate developmentworkfrom several sources, resolveclashes, promote work items for testing and configure releases toa five environment.
APLcadefila manager. A comprehensive suite of tools giving amult-window IDEstyle interfaceto file based APL code,Offersfeatures such as copying from file to file, object comparison,string search,style formatting, hot-spoteditor for filed objects{including variables), otc.
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Insight Systems
LescasseConsutting

Lingo Allegro

Optima

Qualedi

Zark

Aztec

Olmec:

Nazca
Causeway

poa
pea

System shell for APL development. Manages real-time and batchapplications across multiple platlorms. Offers standardised errortrapping, job scheduling,task communication and recoveryirestartfeatures.
APLGUI environment, providing menu bar, tool bar, status area,navigation sidebar(with treeviews & listviews)and client area. Allare configured bysimple text files and require no programming.Client area has a “tab wizard" option to provide orderedtransaction processing
fast, flexible and reliable static database and editor.
Leadingdistributor of Causeway products in Denmark

All ourold products are now either OEM'd, in the public domain, aut ofdate, or all of the above. We'll be back?

APL#Win Monthly Training $600

Advanced Windows Programming $95
DLL parserfor APL. $250

Delphi FormsTranslator $195
APL+Link Pro poa
SQAPL Pro poa
RainPro poa
NewLeat poa
GraphX and ChartFX poa
Formula One and Dyalog APL $95
FACS poa
QwiNn poa
opBC/27 poa
ServiceLine poa

TravelLine poa

BPA poa

OBI poa

Qualedi $860-5,500
FAB frea
APLTutor (PC) $299
APLTutor (MF) $6000
Zark ACE 399

Download 50+ page decumient about APL+ programming eachmonth, You also get one or more workspacesfull of re-usableAPLcode and sometimes additionalfiles or products.
200-page book plus companion disk on interfacing APL andDelphi. Containsfull coverage of Delphl-2, +Win and Dyalog.
Parse any Visual Basic DLL declarationfile into a set of quadNAdefinitions, Turn constants and structures into APLvariables.Available for APL+Win and Dyalag/W.
Design forms with Delphi and turn them automatically into APLprogramswhich recreate the sameform (+Win and DyaloghW).
ODBCinterface for APL+Win
ODBCinterface for Dyalog APLAY
Highly customisable 2D and 3D publication graphics for APL+Winand Dyalog APLAY
Pagelayout and printing tools for APL+Win and Dyalog
High-quality business graphics for APL+Win
400-page book + companion disk on how to use the Formula OneVBX with Dyalog APLW
EMMAlikeinterface to DB2 or ODBCdatabases
Legacy DOS Windowing support for APL+Win
IBM AP127-like ODBCInterface for APL+Win and Dyalog APLW
A property managementsystem which keeps arecord of all outstandingtasks, produces an upto datelist of work to-do and Scheduled reminders plusautomatedstandard letters and basic financial control.
A system designed to control the workload allocation for
fleet of chauffeur vehicles plus a reminder systemfor fleet managementand Local Authority requirements.
"Brand Performance Analysis" allows for the modelling ofproduct/brand performanceovertime and comparison withcompetitor products.
“DatabaseInterrogator”allows for the non technical userto ask sensible questions of a large database such as aquestionaire andobtain results tables and graphs quickly,easily and accurately.
Electronic Data Interchange (EDI) translation software for the PC,with strict compliance checking.
Training program for the above.
APL computer-basedtraining. Available for APL*PLUS PC &APL*PLUSII, Demo disk $10.
Mainframe version.
APLcontinuing education. APL. tutor newsand hotline phonesupport.
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APL Advanced Techniques.... $69.95 488pp. book, (ISBN 0-9619067-07)including 2-disk setof utilityfunctions (APL"PLUS PC format).
Communications $200 pe, $500 mf Move workspacesorfiles between APL environments.

APL CONSULTANCY AND DEVELOPMENT
COMPANY PRODUCT PRICES(£) DETAILS
ADVOCORP Oy —_Consuttaney poa APL application conversions, APL Windows interfaces, APLtoAPI levelinterfacing to any system under Windows, TCP/IPnetwork and database connectivity, APL based financialclient/server applications, Cognos Planning and ReportNetconsultancy.
APLBorealis Inc. Support and Development poa APL Software Support and Development. Specialists since 1979in Sharp APL, APL*Plus, APL+Win, Dyalog APL
APLSolutions inc Consultancy poa APL systems design, development, maintenance, documentation,testing and training. Providing APL. solutionssince 1969.
Assured Systems Consultancy poa APL+Win andor J and/or VB custom systems development.Conwersion of APL+DOSto APL+Win a speciality.
AUSCANSoftware Consultancy and Training poa APLsoftware development, training
Ray Cannon Consultancy S00/day *VAT APL, C, G++, Assembler, Windows, Graphics on PC and IBMMainframe. Experiencein insurance, Chemical, and AirlineIndustries
Causeway Consultancy and Training poa ‘On-site training for Causeway, RainPro and NewLeaf.Customisation and enhancement to meet local needs. Codereview and pre-implementation check of Causewayapplications.
Cosy Consultancy poa  CoSy.com, Coherent Systems, provides rapid developmentin thetanguage and associated data base products, with a particularinterest in quantitative ( financial ) modelling.
David Crossley Consultancy poa Experiencedin large APL system developmentssince 1969 forPCor mainframe.
Dinosoft Oy Consultancy poa Specialised in very large databases.
Dittrich & Partner Consultancy poa APLprogramming andanalysis; APL workshops andtraining onthe job
Dyalog Consultancy poa APLand Unix system design, consultancy,programming andtraining.
DynArray Consultancy poa —_DynArray offers consulting in the areas of DSS, Y2K and APLprograms upgrade/conversion to modern Web enabledplatforms.
Evestic AB Consultancy poa Excellent track record from 15+ years of APLapplications inbanking, insurance, and education services.All dialects, platformsand project phases. SQL expertise.
First Derivatives plc Consultancy poa Financial trading software in Q, K and kdb+
First DerivativeAnalytics Ltd. Consultancy poa Analysis, design, prototyping, development & testing of APL(especially financial) applications: Sharp, Dyalog APLIW.
General Software Consultancy from 200 Over 20 years experience with every versionof APL,largemainframesystems and small PC based programmes.
HMW Consultancy poa System design consultancy, programming. HMW specialize inbanking and prototyping work. full members of DSDM consortiumand Agile Alliance.
Hoekstra Systems Consultancy poa APL consultancy, programming, etc. Also UNIX systemadministration
INFOSTROY Consultancy pea, competitive Broad experience in various APLplatforms. Special skills andknowledgein developing complex applicationsfor Investment,

financial and construction markets. Implementation of hybridsolutions based on APL, Delphi, C#, VBA, SQLservers.
Insight Systems Consultancy poa We haveexperience with just aboutevery APL system andplatform in commonuseduringthe last 20 years, from SHARP
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KJ Consultancy andsoftware development

Lambent Technolgy Consultancy
Phil Last Consultancy
Lescasse Consulting Consultancy

LingoAllegro Consultancy
Lucas Solutions Consultancy
Alastair Kintoch Consultancy

Milinta Inc Consultancy

Ellis Morgan Consultancy
Nussbaum gift Consultancy
Optima Consultancy, Training& Development

Orbien Consulting Inc,
Graeme Robertson Consultancy & Training

Skelton Consulting Consultancy
SnakeIsland Research Inc

Consuitancy

SovAPL Consultancy
Strand Software Consultancy

Rex Swain Consultancy

Sykes Systems Inc Consultancy

poa

poa
poa
poa

poa

poa

poa

poa

poa

poa
250-500

poa
Poa

poa

poa
poa

APL under MVS orLinux to APL+Winand in particular DyalogAPLunder Windows 9x. NT or 2000. If you have decisions to takeabout adapting your APLapplication to take advantage ofemerging technologies. or would tike yourstrategy reviewed, giveusa call. Wahaveextensive experience in all areas of APL.development. from legacy systems, up, down andsidewaysmigrations, to the developmentand support of shrink wrappedsolutions based on APL. Even if we don’t have time to dothework ourselves, we will know where to find someone who is an‘expert in your version of APL and your application area, on your
continent,

APL-based data management: conversions, ad hoc-analyzingtools, well-interlaced methodsfor defining. processing andbrowsing of multi-dimentional reports. Rapid custom softwaredevelopment based on proven modular toolset approach.
APLprogramming, consulting & training: web design and
construction.
APL. consultancy, modelling andprogramming
Arrange of consultants, experts in Windows programming,withAPL+Win and Dyalog APLIW. More than 100 major APLapplications already developed. Weall have additional expertisein Formula One and Delphi.
General APLconsulting,internet website development, migrationand downsizing,performancetuning, education and training.
Rates dependontask andlocation.
Design, analysis and programmingfor banking, insurance andpensions.financial planning and modelling, corporateperformanceandlegal reporting
Design, development, maintenance, conversion, documentation inall APLs, most APs and some specific Sharp products (LOGOS,ViewPoint, Retrieve). Experience in multi-user, multi-tasksystems, databases, Windows programming
Business Forecasting & APL Systems.
(TF Consultant with a strong focus on APL,

Wehavebeen In business since 1990 and have a team ofAPL, professionals with many years experience inpharmaceutical, industrialand financial systemson bothPC and Mainframe platforms. [n addition to pure APL wecan alsooffer assistance with network Integration, ACT! customisationand issues concerning the Internet and/or web design.
Consultancy
Design and write custom software, Maintain and upgrade APLsystems, Deliver customized APL training courses
K/Q Consultancy

APLinterpreter and compilar enhancements,intrinsic functions,performance consulting. APLparallel compiler APEX is givingvery goodinilial performance tests with convolutlan somewhatfaster than FORTRAN.
Offshore APL developmentservice.
Advice on migrating to and from all flavours of APL and hardwareplatforms, Full-screen interface implementation, APL utilities,benchmarking, efficiency analysis, actuarial software, systemdevelopmenttools, valuation, pricing and modelling systems
Independentconsultant, 25 years experience. Custom softwaredevelopment, PC and/or mainframe.
Complele APL. services specialising in audit, optimisation and
conversion of APL syslems. Excellent design skills. All dialectsandplatforms. 17-23 years experience.
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MACIns MACIns has been released.A suite of over 100 high-accuracy,high-speed assembler code utility functions for APL+Win andAPL+DOS, MACins has beenthoughtfully designed andimplemented for APLprogrammers.it Includes functionsforsegmentedstring manipulation, data restructuring,translation anddatatypeadjustment, and many numerical computations.Typicalspeedupsrange from 4-10 times, with reduced workspace usage,datatype conservation,identity detection, and greater numericalprecision amongstthe other benefits. Documentation of MAC{nsis extremely detailed and thorough.
ubJL GmbH(APL Software Team) poa Analyses, design and programming.
OTHER PRODUCTS
COMPANY PRODUCT PRICES(£) DETAILS
APL-385 Typefaces
APLBorealis Inc. APLTraining

poa Variants of the APL2741 typeface available to specification. APL
unicode fonts designed andbuilt for all flavours of APL.

poa Hands-oncoursesIn Introductory, Intermediate, Advanced andWindows APL. Courses are customized andflexible, and may be
delivered on-site, with strong emphasls on methodsforefficientand maintainable APL systems development.

ComLog Comic-Logger $26.95+p&p APL*PLUS {I comic-book inventory system. Shareware version
(APLLtd Books

Renaissance BooksellersData Systems

available on America OnLine.
poa —_-APLstocks books written to go with the APLInterpreter andsome APLPressbooks. For a list write to 11 Auburn Road,BristolBS66LS,ring 0117 973 0036or email acam@blueyonder.co.uk,

The widest range of APL booksavailable anywhere. See Vector
advertisements.

Right Seat Software Vox Proxy $199 (comm) Vox Proxy is authorware for PowerPoint(r) 2000 or 2002 whichallows the use of Microsoft Agent Technology (3D talkinganimated characters) within slide shows. VP appears onPowerPoint's main menu and provides editing side-by-side withslides. Automatedscriptwriting provides control of PowerPoint,allowing the use of charactersfor live presentationsor fully-automated tutorials, demos, or training programs. Optional CD
Prep program allows the user to create auto-starting CD's thatwillplay onany version of PowerPoint or without PowerPoint.$69.95 (edu) Vox Proxy for educationaluse.

OVERSEASASSOCIATIONS
GROUP LOCATION JOURNAL OTHER SERVICES Ann.Sub,
ACM SIgAPL International APL QuoteQuad Conferencas; APL white pages; web site $30
APLBay Area USAN.California. APLBUG Monthly Meetings (2nd Monday) $20
APL Germany 0.V. Germany APL Journal Semi-annual meetings
FinnAPL Helsinki, Finland FinnAPL NewsletterSeminars on APL 100FIM(private), 30(student), 1000 (Co)
Japan APL Assoc Tokyo APL Journal Monthly meetings (4th Sat) 40,000yen to join
Romelltaly SIG Roma,Italy
SE APL Users Grp Atlanta, Georgia The APLPlanet
SovAPL Moscow, Russia -
Toronto SIG Toronto, Ganada

ADDRESSES
ORGANISATION CONTACT
AcadventLtd. Dr AM Sykes

Material fee 5,000yen a year
Semi Annual meetings $13 (US), $25 (non-US)
Seminars and Annual Meeting
Occasional meetings, APL Skills Database, Toronto Toolkit

ADDRESS, TELEPHONE,FAX, EMAILetc.
171 Gower Road, Swansea SA2 QJH, UK. Tel: 01792-201776
Email: Alan.Sykes@which.net
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ACM SigAPL
ADVOCORP Oy
APL-385,

APLBay Area APLBUG
APLBorealis Inc.

APL Consultants Japan
APL GermanyeV.
APLItaliana S.p.A.
APL Software\Services.

APLSolutions Ine
Assured Systems
AUSCANSoftware Ltd
Beautiful Systems,Inc,

Ray Cannon
TheCarlisle GroupCauseway GraphicalSystems LtdCinerea AB
ComLog Software
CoSy.com
David Crossley
Danish User Group
Dinosoft Oy
Dittrich & PartnerConsulting GmbHDyalog Ltd.
Dynamic LogisticsSystems GmbH
DynArray Corporation
Evestic AB
FinnAPL.
First Derivatives ple

First DerivativeAnalytics Ltd.

Richard Eller

Adrian Smith
Curtis Jones (Sec)
Richard Procter
Kyosuke Saigusa
Dr. Reiner Nussbaum
Stefano Lanzavecchia
Dick Holt

Eric Landau

Lois & Richard Hilt
Richard Procter
Jim Goff

Ray Cannon
Paul Mansour
Adrian Smith

Rolf Kornemark
Jeff Pedneau

Bob Armstrong
David Crossley

Helene Boesen
Pertti Katliojarvi

Axel Holzmillfer

Morten Kromberg

Michael Baas
Dr James Brown
‘Olle Evero

‘Olli Paavola

Michael O'Neill

Ken Chakahwata

ACM, 1515 Broadway, 17th Floor, New York, NY 10036, USA (Subsonly)Mikonkatu 8 A,2.krs, PL 363, 00101 Helsinki, Finland.Tel: +358 9-621 3300 Fax: +368 9-621 3378 Email: re@rett.fiBrook House,Gilling East, York YO62 4JJ, UK.Tel: 01439-78885Email: adrian@apl385.com228South 15th Street, San Jose, CA 95112-2150, USATel: +1 (408) 282-4060 Email: curtis_jones@prodigy.net381 ManorRoadEast, Toronto, Ontario M48 187, Canada.Tel: (418) 457-7828. Fax: (618) 482-6582 Email: info@aplborealis.com
1507 shimomizo, sagamihara, kanagawa, Japan 2290015Tel+81-042-778-2127 Fax:+81-042-778-2205
Buchenerstrasse 78, D-68259 Mannheim, Germany.Email: reiner@nussbaum-gift.de
via Monferrato 1, 20144 Milano,Italy. Email: stt@apl.it
1570 Heather Field Lane, Earlysville VA 22936 USA.Tel: +1 434-973-4255email: dick_holt@email.com
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APL2000 Users’ Meeting
Naples Beach, Florida, November 2005

reported by Adrian Smith (adrian@apl385.com)

Location
A little knocked about by the passage of Wilma two weeksbefore, but the beach
wasstill there and the hotel was remarkably unscathed. Lots of palmfrondsall
over the minor roads, andthepractice netting on the driving range well-
shredded, but apartfrom that, Naples wasits usual welcomingself.

 
We had good weatherright through, with the temperature in the mid80s, but a
cooling breeze and clear air. Venus was spectacularin the sky after sunset, and on
two evenings wegotto see Mercurysetting overthe sea. For those who missedit,
youcan always get a replay at Causeway’s old Starmap server if you wantto
exercise some 1974 APL code one more time!
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Conference Highlights
In noparticular order (personalchoice, of course)...

¢ METSIM.This wasthe verylast talk on the “All APLs”day - it was
unscheduled and unprepared and frankly magnificent. John Bartlett is a
chemical engineer of genius who has single-handledly cornered the world
market in simulating miningprojects.It is all written in APL, and (the key)it
relies heavily on the ability to model anything from bacteria in ore heaps to
massive underwater dredges with simple APL expressions entered by the
modelbuilder. Wonderfulstuff.

* Bill Rutiser on Try/Catch.Bill takes time to think things through, and what he
implements tends to work‘right outof the box’ every time. This looks good
andsolid and useful.

¢ DNA and APL.Charles Brenneris making a namefor himself as an expert
witnessin all sorts of exotic paternity cases, identification challenges, and so
on. This was a superb introduction to a tough topic, and the softwareheuses is
in APL+DOS and worksjustfine.

Just for the record, there were 75 non-APL2000 delegates to the main conference
andover 40 stayed aroundfor the all APLs day. The theme colour was blue, and
the shirts were fine cotton turtle-necks. The Conference CDincluded manyof the
presentations,the latest beta of APL+Win and sample workspaces to accompany
Bill’s twotalks.

Day-1 Monday November7th
Welcomeand Introduction
Eric Baelen and Joe Blaze
Eric started by noticing the existence of the new Kids Programming Language from
Microsoft, and wonderedif we should call our favourite the Adult Programming
Language? Probably a great way to get banned from the internet! He handed over
to Joe Blaze (now president of APL2000) who gave us a quick run-downon the
new company structure. APLNow LLC was formed asa legalentity to receive the
assets of APL2000 from Cognos.It is now an employee-owned company with
ownership shared between manyofthe familiar names from previous
conferences. Eric will be on the board ofdirectors, and Joe thanked him for his
help in facilitating the new setup.

“As an employee-owned company with each person havinga really solid stake,
weare able to be a lot more responsive to our customers’ needs”
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Kermitthe Frog
Jon Capps of DataReference
OK,the frogs cameat the end(I have oneto proveit) but you can guess whatthis
talk will be remembered by! Jon’s company doesdata migrations,typically getting
data off old AS400 systems onto .Net servers. FINAC is an APL shop with a very
flexible ‘pull it here, pushit there’ application for moving data between databases
fast and reliably. Jon has simply wrappedthis as an ‘appliance’ which has an LED
panelonthefront(to set the network address) and apart from thatis entirely
configurable overthe intranet. Installation - slot into rack, set address, forget.
Apparently the first prototype wasbright green (hencethe frogs) but the shipping
build is a tasteful matt white. John wasactively looking for more systems which it
would be goodto deliverin this way, so if you havea killer app andit is only the
installation that is holding you back, give him call. The worst he can dois throw
a frog at youl

Try/Catch Exception-handling for APL+Win
Bill Rutiser
“It’s actually very hard to say anything deep aboutthis stuff” said Bill, in his usual
self-deprecating fashion. Basically, what he has doneis addedthe (almost
universally accepted) Try/Catch error-handler to APL in a way which should
have no impacton existing code. To makeit completely transparentto existing
programs (which probably have some wonderful ELXHand1er technology
already in place)Bill took the decision that the only code guarded bythe :Try
block was the code you could see as you typedit. It has noeffect on called
functions, andif the error is not fielded by the following :Catchlf or :CatchAll
blocks, normal! [JELX rules apply.

APL+Santa Fe - a Language Peer to C#
Fred Waid andJairo Lopez
Thefilibuster may be a well-established political technique, butthisis thefirst
time I have seen it used to such good effect in an APL conference. The audience
wasalreadyrestive, after Fred and Jairo had managed to spend the entire Sunday
‘training session’talking about .Net, showing PowerPointslides, and completely
failing to get to the interesting part — a demoofSanta Fe. This time,it got serious.
Fred made the mistake (with about 5 minutesto run) of asking the audience
whetherhe should sit down andletJairo run the demo. There was something
approachinga football-game chantofJairo, Jairo which Fred simply ignored, and
proceededto talk outthe time.
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All rather disturbing. This time last year, we seemedclose to having a beta copy of
Santa Fe ‘by Christmas’. This year, it seems that there wasn’t even a reliable demo
version on the developer’s hard-drive. Maybe there was someother reason Fred
wasso determined to make sure wedidn’t get timeto see it, but mostofthe
people I spoke to were deeply sceptical. When [asked why there was no Santa Fe
on the conference CD, the best answerI got was “I guess they tried, but they just
couldn’t get the vapour to condense” which maybea little unfair. There were
certainly some issues with the runtime release dates of Visual Studio 2005 which
probably screwed things up for them.I think they did getit going for the
Wednesday training day, but (in common with most delegates) [had Wednesday
downasa rest day and gavepriority to the beach. You can read Eric Lescasse’s
excellent notes after this report - to be fair to Fred and Jairo, Eric came away from
this second training day with a much morepositive impression.
As for whatthe Santa Fe languagereally is, ! am no closer than I waslast year. I
suggest checking chimera in wikipedia for the word thatfirst came to mind. Oh,
and I missed Warren’s talk which included a brief demonstration of Excel and
Santa Fe, but caught up with him in time to see what he was having to do to make
it work. He neededto write a ‘shim’ layer in C# to translate the Excel datatypes
inbound into Santa Fe, and then back again outbound. Hmmm- thisis just not a
first-class citizen of the .Net world until it can expose public methods with
properly typed arguments.If you read to the bottom ofEric’s notes, you will see
an exampleofcalling Santa Fe from C# which lookslike:

utils.Spread sp = new utils.Spread(); // the APL Santa Fe class
int[] total = new ine[] {100, 200, 300};
int[,] matrix = new int (3,3] {{110,220,330} , {110,220,330}, ... }
int[,] res = (int[,]) sp.SpreadTotal(total, matrix);

Note that the C# codeis casting the result to an integer matrix. WhatI think I need
to see is some running code wherethis casting is not required - that way you can
be surethatall the data-types are checkedoutat compile time and that you won't
get runtimeerrors in shipped applications.

Day-2 Tuesday November8th
NewFeatures in APL+Win Version 6
Eric Baelen
Eric summarized the recent work on APL+Win, much of which is on the
conference CD, and whichwill be released early next year as Version 6,

* Componentfiles now show up many moreuseful properties when poked in
WindowsExplorer
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¢ the right-mouse button nowfires a specific 'onContextMenu' event to simplify
application code which must respond to multiple mouse actions.

¢ Muchbetter integration for 0MOM- in particular the parsing of expressions
involving dotted names is nowhandled.

* Better control over implicit output(things that just spill to the session). This can
continue to behaveas now,but you have the optionto buryit,or totreat it as
an error.

¢ The newTry/Catcherror-handler
* MonadicOF TIE 1 will report information about a currently tiedfile
* The new ‘colossal files’ turn out to be 25-30%faster than componentfiles.
+ ODL really does ‘sleep’ andsoreleases other processes to run,
* Limited Unicode support with DUCS whichconverts between characters and

codepoints.
It is likely that support for the ZIP formatwill be in this build also, as well as
several grid-control enhancements.

DNAIdentification and APL
Charles Brenner

Often the most enjoyable talks at
these conferences are the onesthat
hardly mention APL, but instead
showyouhowit can be used to
really good effect to help to solve a
real-world problem. I didn’t learn
any APLatall here, but I now
knowanawfullot more about
DNA matching (and howto
combineprobabilities) than I knew
before.
“DNA,APL, Sexand Violence. This
is a 4-part talk - wewill be doing
the first 2 parts today.”
Youcan read Charles’ excellent
paperin full at http://dna-
view.com/DNAtechID.htm, so 1 will
just mention one or twoof the
‘user stories’ here rather than
trying to reproduce the   
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introduction to the DNA matching techniques. Helists his speciality as ‘forensic
mathematics’ whichgets him called as an expert witness onlots ofinteresting
court cases, as well as being asked to help out with the identification of victims of
disasters like the twin-towersattack.

I'm notgoingto talk about programming, as mostof you left me behind in 1988!
Ofcourseit helps a lot if you have DNA from bothof the people youare trying to
match up, but sometimesit is possible to work‘blind’just on the balance of
probabilities. The example he gave wasof the Hillblom case:

He enjoyed flying light planes, which he crashed 3 times, oncefatally. I guess that
must have beenthelastone...

Hillblom is someonethat no-onewill have heardof, until you see the H in DHL
which he almost wholly owned. As well as crashinglightaircraft, he enjoyed the
company of young Asian women,andafter his death children (called C1 to C4)
came out of the woodwork to claim a share in the very considerable fortune. For
variouslegal reasons,it was impossible to get a sample of Hillblom's DNA,but
the DNAfrom thepotential children was analysed and conclusively showed that
3 of them had the samefather, and the 4th was unrelated. This was enough to
prise open the doors of the hospital where Hillblom's DNAwasstored, and the
paternity was confirmed. A nice piece of detective work, and a goodstory!

The Ladyor the Tiger
Joe Blaze (of BlazeSSD)
Forthe story behind thetitle, refer to this lovely Russian folk tale, which you can
read in full at http://res.krasu.ru/paradignia/2/15.htm. One of the main parts of Joe’s
businessis helping end-usersfill out governmentforms on-line. This means he
hasto read the regulations‘like the Talmud’ andfollow them totheletter. Of
course his users don’t care what happensbehindthe scenes, and one ofJoe’s
objectives wasto have the system lookjust the same whetherlocally installed or
running off a web server. This led to Blaze working with APL2000 consultants to
build on top of the APL Web component and APL webservicesarchitectures.
In Joe’s words “this was an enormousculture-shock within the company, with
lots of new names and confusions”. The APL Web componentcould movethe
DWI parts (cleaned up)to JavaScript codeto run ontheclient side, but they
continued to maintain oneset of source code in APL and run it through the
converterto create the shipped versions.Joe notedthat this “was fairly hard, but
not as much of a culture-shock as moving to Santa Fe” which is probably a good
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summary. He also recommended Eric Lescasses’s web site as the only good source
of training material if you really want to use this stuff.

Q: Having been throughtheJScript conversion, do you have automated testing?
A: The helpline crew run scripts against the test server. Standard stuff and

‘reasonsfor update’tests. Butit's not that easy to deploy and update the APL
Webservices on their own kit. It's nof just another webservice!

Joe’s commentson the reasons for moving to .Net were very interesting. “I have
absolutely no interest in moving to .Net - 1 read the goverrunent regulationslike
the Talmud so I am being forced to moveto .Net. My object is to minimize the
disruption to our environment.” To get to .Net with the current set of running
code (much of it vanilla APL from 66,67,68) Blaze will paste it across into Santa Fe
and makethe few changesrequired to getit to run. Then theywill createa little
DLL(both as a .Net assembly and wrapped as COM)so thatthis ‘little piece’ can
be called from therest of the APL system as before. Of course the user-interface
will be harderto handle,so first to get the business rules moved over, then Blaze
will start to look at the applications as a whole.

All APLs Day Thursday November10th
This day wasa real success story with well over 40 attendees staying on. All the
speakers had good material, and showed genuinely newstuff. The talks are
mostly well backed up with written material, so 1 will just note a few of the
highlights here.

New Connections from APL2
David Liebtag, IBM
David showedthe interfaces to Java, and also the work onaccessing COM objects
from APL2 which wasfirst presented to APL Germanythis spring.

Going Native with .Net
Adrian and Jonathanfrom Causeway
As always, we ignored the written paper and just had somefun. The idea wasto
presenta little ‘story’ with Jonathan playing a C# programmerand Adrian
playing the ancient APLer.I think it worked outpretty well (it kept the audience
amused, and all the examples worked) and our little smoothing algorithm got a
round of applause! You can readthe full story on page 98.
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APLX goes 64-bit
Richard Nabavi, MicroAPL Ltd

 
Note the (highly undocumented) system call which you can use tosee the internal
representation of any array in memory. Yes, that bit at the endreally is a 64-bit
representation of 67 in hex notation! See Richard’s paper on page 91

APL and OO
Morten Kromberg, Dyalog Ltd
Anytakers on how to pronounce “OO”? Morten made a couple of suggestions, of
which “Uh Oh” wasprobably the most appreciated by the listeners. Again, I can
leave the details ofthis talk to Morten to write up, but it was a nice gentle walk-
through ofthe object-based ideas, from their origins in Simula (moreorless
contemporarywith the origins of APL) to the explosion of interest today.

METSIM for APL+Win
John Bartlett

This system is just amazing. METSIMisnotjust
the tool of choice at the world's major mining
companies,it is virtually mandatory. No wayis
someone going to dig a hugely expensive hole in
the ground unless METSIM showsthe
downstream processing to be economically
reasonable.
We haveto get a proper write-up on this one, even
if the only wayis to get Vector to send me to
Arizona for a weekto interview John!
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Hereis a typical screen-snapofa typical section of oneof John’s models:

 
Just one‘off the wall’ definition which I thought was great - conrninution is oneof
the many processes you can model, which John definedas “taking a lump of rock
andbeating the hell out of it”.

Wrap Up
A good trip, well worththe time. The absence of a Santa Fe demoin the main
conference session was a major disappointment, but there was plentyofother
interesting material on show. The company was(of course) as good as ever, andit
will be goodto see you all again in Denmark in September 2006.
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APL+Santa Fe
Previewed at the APL2000 User Conference by Eric Lescasse

Introduction
APL+SantaFe has been presentedin detail during the APL2000 2005 User
Conference. Put in a few words, APL+SantaFe is a 100% .Net version of APL+.
Here areits main characteristics:

* itis a completely new APLwritten for .Net
* itis a pure Net language (as VB.Net and C#)
* highly compatible with APL+Win,but about5 times faster and as fast as C#
* with a few changesto iron the weaknesses of APL
* with a LOTofextensions and improvements, new tools & new options
* usable from within Visual Studio 2005 with intellisense, VS debugger, &

everything available under Visual Studio 2005
* with still our so valuable Interactive APL Session
¢ with full access to Windows Formsandall .Net controls
* with syntax extensions to allow copy/pasting C# code and makingit run with

minimal changes
« with access to the whole .Net Framework 2.0
* with multi-processor, multi-thread, 64-bit processor & huge memory space

support
¢ with commonerror handling like C# and VB.Net
* producing 100% managed code
* producing APL .EXE and .DLL files which can be consumedby other .Net

languages
« allowing youto doreal Object Oriented programs (support for: namespaces,

classes, methods, properties, events, inheritance, polymorphism)
« many more enhancements

This article is a mixture of information taken from slides presented by APL2000at
the Conference and from notesI have written down while looking at the
APL+SantaFe demos.
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APL+SantaFe FAQ
1.

10.

11.

Whatare the requirementsto install APL+SantaFe?
You need the .Net Framework 2.0
In additionit is highly recommendedtoinstall and use Visual Studio 2005

. Whatreally is APL+SantaFe?Is it APL?
Yes

. Is it the old APL Interpreter?
No,it is a complete rewrite, but very similar

. Is it faster than APL+Win?
Yes, about5 timesfaster!

. But, is it REALLY APL?
Yes, it is really APL, from top to bottom.
It is APL for .Net, a pure .Net language
There are no compromises,notricks, just real APL for .Net
Asfast as C# and C++ for .Net

. Is C# or VB.Net involved?
Is this a Translator? No
Is VB.Net involved? No
Is C# code generated? No
APL+SantaFeis just a new.Net language, 100% .Net

. What do I use? Whatdo I create?
You create an APL -EXE or an APL .DLL. Porprietary workspaces no longer
exists.
Your APL programs,classes, etc. are stored in one or more.ap]textfiles

. Does it work with Microsoft Visual Studio?
Yes, it is entirely integrated to Visual Studio,just like C# or VB.Net

. Is there still an APL Interactive Session?
Yes, you can run APL Codein an Interactive Session, just like always
Can | use other .Net DLL's and EXE’s?
Yes, you can use any .Net DLL or .EXE in APL+SantaFe
Can other.Net language DLL's and EXE's use the DLL's and EXE's I produce
with APL+SantaFe?
Yes any other language can use the DLL's or EXE's I create with APL+SantaFe
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12. How aboutthe APL font?
APL+SantaFe comes with a new Unicode APL font. But any Unicode font
whichincludes APL characters would work. APL+SantaFe uses the MS
Standardfor alternate keyboards: this means theright Alt key (AltGr) creates
APL characters andtheleft Alt key accesses menus

Whatare the differences with APL+Win?
The function headeris treated differently: variables declared in the function
headerare global instead oflocal!
All variables used in the function are local by default!
Example:

Vv R+foo asbsc
[1] b+10 © c+100
[2] reaxbtcv

The APL = primitive has been replaced by an “approximately equal” primitive
noted= .
Thereasonis that with floating point numbers expressionslike: 1.1 - 0.1 are not
strictly equal to 1 but only “approximately equal” to 1 and that APL+SantaFe
needed the = symbolto represent assignment.
Example:

rif A=t
a do something

sendif
Owi is about 98% compatible with APL+Win Dwi
But Owi now uses WindowsFormsandis therefore 100% .Net managed code.
Example:

Qwself-'fm' Qwi ‘Create’ ‘Form'
Qwself<{lwi '.ed.Create’ ‘Edit’
Dwself+'fm.iv' Qwi ‘Create’ 'Listview'Owself<'fm.bn' Qwi ‘Create’ ‘Button'
Dwi ‘onClick’ ‘function’

Existing [wi required you to wait for new controls
Existing Owi did not revealall methods, properties and events
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Existing Owi provides methods, properties and events specific to APL
New (]wi exposes all new controls, methods, properties and events
New (]wi takestext strings to create object
New (wi can take XAMLto create objects

APL+SantaFe Enhancements

Accessto all of Windows Formsand .Net Controls
APL+SantaFecan use the Visual Studio User Interface WYSIWYGdesignerto
create forms
APL+SantaFe can use Data Binding (to connect controls to databases)
With APL+SantaFe you have accessto:

¢ Controls
¢ Themed Controls
¢ User Defined Controls
* Gradients
° FlowPanels
¢ TablePanels
¢ Transparencies
* All objects available to a C# or VB.Net programmer

Enhanced operators
All APL operators have been included in APL+SantaFe but some have been
enhanced.
Example:
31+/1234 56789 10 14 12

Complex numbers have been added to be compatible with APL2

New QucsSystem Function
A new system function has been added to return the Unicode index of APL
characters (and vice versa)
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Example:
Ques '~991"

175 57 57 9075

Qucs 175 57 57 9075
799%

Ducs'="
8776

Userscanstill use APL exactly as today, but they can also use new waysof doing
things.

Two waysfor defining APL functions
Note:in the following,a lot of the enhancements have been added to allow you to
copy/paste C# code examples you mayfind in Google and have them run in
APL+SantaFe with the least possible changes. Howeveronecanstill limit himself
to using only traditional APL constructs and not use these enhancements if he
does not wantto.
For example, they can define APL functionsin 2 different ways:

namespace Demoi{
public class Classi{

public f Classi(){
// Default constructor
re"Hello World"
e+10 ADD 20
cienADD(10, 20)

}
vorea ADD b

reatb
v

public f renADO(a,b){
reatb

}
}}

In this example, a function ADD is defined in the usual APL way, while a function
nADDis defined using the new C#like notation.
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Note the f symbol which is required when using the new Ci#-like notation. Note
also the way argumentsare defined in the nADD function and how the nADD
function is called in the Classi default constructor. This new notation allows for
passing more than 2 arguments to APL functions.
You must use the new C#like notation if you want other .Net programsto be able
to consume your APL+SantaFe programs.

New [Imonadic and [dyadic system functions
Two new System Functions have been addedto simplify testing for the presence
of a left function argument:

rif O=Qnc'a' © ... 9 tendif // time consuming
tif Dmonadic © ... 0 tendif // much faster
tif-Ldyadic o ... 0 rendif // also available

The return keyword
The new return keyword has been addedto return values from functions:

return 99 // may return a constant
return b // may return an variable
return 10+b // may return any APL expression

Support for default argumentvalues
Whenpassing arguments to functions,it is now possible to use default argument
values:

renAdd(a,b,c=100)
The nAdd function may now becalled with only 2 arguments:it will be asif 3
arguments will have been passed with the 3rd argumentequal to 100.

Function overloads are supported
You maydefine as many functions with the same name as you want, as long as
they vary by the numberof their arguments:

nAdd(a,b)
nAdd(a,b,c)
nAdd(a,b,c,d,e)
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a+ @'cs\program files\' + @'ap]2000\text.txt'
// don't want to use escape characters

a
ct\program files\ap12000\text. txt

Types
* APL+SantaFe supports ALL .Net types
* In addition APL+SantaFe supports true booleans (1 bit per element) while

other languages like C# treat booleansas integers
* In APL+SantaFeeverystring is used as Unicode

Control Structures
Youcanstill use all the APL+Wintraditional controlstructures. Remind yourself
that the = primitive has been replaced by the "approximately equal” primitive: ~

tifaed
relseif a= 2
ze} se “

sendif
However, you can also useall of the C# control structures (which will makeit
much easier to copy/paste C# code into your APL programs). Here are a few
examples:

if (ae 1) 4
} else if (a = 2) ¢
} else {

i=0a
while (i<a) {
i++ // added to APL so that we can copy/paste code from C#
} else { // in case while does not run even once (extension)

foreach i in «5 {
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tfor i sin 5
zendfor

for(i=0; i<as i++){ // the following also works!
}etse { // extension: if the for block never

// executes, then else block executes

// instead of i++ we can use an APL expression

i=o0
do { itt
} while (i<a)

Microsoft has Code examples everywhere in MSDN:most examples can be
copy/pasted to APL+SantaFe with minimum code changes.
There even is a Paste Special feature which automatically translates * (times in
C#/VB.Net) to = and / (divide in C#/VB.Net) to +

Logical ‘or’ and ‘and’
You can use the or and and keywords in APL expressions:

a+(be#c) orcwd // if bate is true then ced is not execute
d

a+(bec) ande wd // if bee is false then cxd is not execut
ed

Keywords
In orderto allow APL-+SantaFeto be able to use C#-like Control Structures and
more, APL+SantaFe recognizes 28 or so keywords. However youcan still use any
of these keywordsin your programsasvariable or function names. As soon as
you dothat, you can no longer use the given word as an APL+SantaFe keyword
any more in your program.
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Try ... Catch ... Finally
C# and VB.Netuse Try ... Catch... Finally constructs to allow writing better and
more secure code. The idea is: you Try a block of APLcode:if any error occurs in
the code, the Catch block is immediately executed and in anycasethe Finally
block of code is always executed. Moreover, APL+SantaFe recognizes and can use
ALLpredefined .Net exceptions.
Here is an example:

try {
rselect a
scase 1

Qerror'COMAIN' // cover to throwing errors
scase 2

Derror‘LENGTH'
tcase 3

Derror'SYNTAX'
tease 4

Derror 'MYERROR*
tcase 5

throw ApplicationException("SFERROR")
rendselect
b+ +/a
O + ‘no error’

} catch ('DOMAIN') { // partial match if DOMAIN in error msg
O+‘domain error caught’

} catch ('LENGTH') {
D+'length error caught’} catch ('SYNTAX') ¢
D+'syntax error caught’

} catch (Exception err) {
O-+err Message

} catch {
Q+'all other errors caught’

finally {
O+'finally always runs‘

~

}
Miscellaneous:
Lidef works in 2 ways:[def'v ... vior[def'f...'
Cdef supports Der and Dvr arguments.
The execute APL primitive (¢) works in APL+SantaFe as in APL+Win It is 100
timesfaster (precisely 103 times faster) than dynamicfunctions in .Net. Execute
now runsin the same domain. Execute works in the APL Session
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Ofmt extensions
¢ Supports all Net formatstrings
* Includes support for DateTimeformatstrings
¢ Support specifying column widths
¢ Supports formatstring for each element in a matrix
* Pattern formats supported
¢ Supports NumberFormatlInfo for culture or program specific settings

Onfi - Culture specific numberformatting.
nfi+{nfi
nfi.negativesign+'~' f/ or: nfi.negativesign«'-
// no need to reassign [nfi
// nfi setting is automatically respected by [fmt and =

Consuming APL+SantaFeclass from C# and reciprocally
A Solution can contain manyprojects. Each project may be in a different language
(C#, APL+SantaFe, VB.Net,...)
Example: A Visual Studio 2005 Solution may contain:

* an APL Santa Fe project
¢ aC# Class Library

or vice versa.
Assume we have written an APL+SantaFe DLL containing a Spreadclass ina
namespace called utils and that our Visual Studio Project called WinSpreadis
written in C#,
In orderto use the APL+SantaFe Spreadclass from C#, you need to:

add a Referenceto utils in the WinSpread C#project (right click References /
click Add / click the Browse tab and browsefor the APL+SantaFe DLLfile to
add)
add a using clause:

using utils; // to avoid typing utils.Spread and want to
// only type Spread to call the Spread method

Nowhere is how the C# class would for example use the APL Santa Fe Class:

54  



VECTOR Vol.22 No.2
 

utils.Spread sp = new utils.Spread(); // instantiate class
int[] total = new int(] {100, 200, 300};
intL,] matrix = new int{3,3] {{110,220,330},{110,220,390}, ... }
int[,] res = (int[,]) sp.SpreadTotal(tota}l, matrix); // call the

Here is how you would have defined the SpreadTotal function in APL+SantaFe:
public f R + SpreadTotal (total, matrix) {
R + (int) total ROUNDCOL total SPREAD matrix
}

ROUNDCOL and SPREADbeing private methods of the Spreadclass.
Note that, because we want C# to consumethe SpreadTotal method we need to
strong type the result by castingit to an (int).
The final compiled program is an EXE (or DLL): no one can tell if it was written in
C#, VB.Net, SantaFe, J#, C++ or a mixture of these languages!

WindowsForms
You can use 100% of Windows Formsand .Netcontrols in APL+SantaFe in
addition to Gwi. Hereis a short example:

myfm = Form()
mybt = Button()
myfm.Contrals.Add(mybt)
mybt.Text = ‘hello’
my fm. ShowDialog() // modal form
my fm. Show() // modeless form

Reminder: APL+SantaFegives access to 100% of the .Net 2.0 Framework Classes,
Methods, Properties!

Typed Arguments
¢ APL+SantaFefunctions now supports typed arguments
* fn(int a, long b) will be seen as a typedcall by other .Net language
¢ flong fn(inta, string b) will return a long to other .Net languages

Conclusion
This was just a compilation of my notes taken on the fly at the APL2000 2005 User
Conference. I hope you have enjoyed discovering this “soon to be released”
completely new version of APL. Morewill be posted to my Web Site as new
informationis released andas soon as | can try the Beta version.
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DISCOVER
Gérard Langlet: A Man of Distinction

by Sylvia Camacho
Wetakeas given the idea of distinction and the ideaofindication, and that we
cannot makean indication without drawinga distinction.

G. Spencer Brown, 1969
Gérard Langlet (1940-1996) wasa scientist by profession, a polymath by
inclination and an expert user of computers from necessity. He published only in
specialist French and English journals and died before he was sixty. Consequently
his ideas have beenlittle known anddifficult to access but the growthof the Web
has now offered his admirers an easy remedy. This paperis therefore addressed
to curious browsers who may happen uponit in a search among the manyfields
which captured Langlet’s imagination. Readers are warnedthat he was never
overawedby the authorities that he challenged and students would bewise to toe
the party line until their examinations are safely passed before exploring the
unconventional ramifications of his research.
Langlet questioned the mathematics which is used to underpin the sciences of
physics, chemistry and biology, particularly for description and analysis at the
smallestscale [2 p.119]:

Continuousfields (and their equations) are in fact an approximation, they would
have no meaning at quantum scale, since the simple idea of a quantum should
imply that noinfinitesimal quantity should ever been(sic) thoughtof, for any
plausible mathematical model in physics or biology.
It is impossible to understand a process such as vision withouttrying to
understand theaction of one quantum on another quantum.

He began his career as a chemicalengineer, but then moved into crystallography
and biochemistry and was married to and collaborated with a theoretical
microbiologist. The organisation for which he worked,nearParis, hasin its
extensive description, atomic energy, materials science, condensed state matter,
molecular chemistry and information research.In the nature of their business they
make wide use of computers and are well-informed aboutsoftware and Langlet
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took a close interest in both the architecture of the machinesand the various
programming languagesavailable for them. During the 1970s he wasintroduced
to the alternative mathematical notation invented by Kenneth Iversonin the late
1950s and 1960s and implementedas a computer language by IBM underthe
acronym APL (A Programming Language). It was Iverson's additions to the scope
of conventional mathematicalnotation that especially attracted Langlet’s
attention. Hesays that he had studied the impact it madeacross his widefield of
interest for over ten years before, in 1992, he made his major presentationto the
international APL conference in St Petersburg. Howeverit is quite unnecessaryto
have experience with APL as a programming languageto appreciate the aspects
of Iverson’‘s approach that suggested a resolution of Langlet’s mathematical
problems, which he frequently summarisedin this quotation:

Weonly perceive differences.
Christian Huygens, Traité de la Lumiére, 1678

Digital means for controlorcalculation were used well before the Twentieth
Century. Jacquard loomsandpianolasare hole/no-hole devices. Charles Babbage
called hisfirst calculator a Difference Engine and telegraph and telephones made
use of on/off relays. Valves, later to be replaced by transistors, cameinto their
own asfast switching devices only after the Second World War butfrom thattime
digital technology has becomeincreasingly favoured and when Iverson became
involved with the design of IBM computers no one doubted that they would be
fundamentally digital machines. This posed some problemsforscientists and
engineers for whom mathematics was almost synonymous with calculus and.
continuity. Circuit designers therefore turned to George Boole’s algebra for
concepts to match on/off switches. This explains how ‘or-gates’ and ‘and-gates’
became symbolsin the ‘logic-blueprints’ drawn up by manufacturers of pulse-
driven devices. However computers are primarily required to do mathematics,
not formallogic and a way hadto be foundto describe how they could achieveit,
starting from simple yes/no choices. Kenneth Iverson, although a mathematician,
had been closely involved with the design of digital computers as they were
becoming a commercial proposition in the UnitedStatesin the late 1950s and early
1960s. Herealised that conventional mathematical notation was nota suitable
medium in which to describe the fundamental operations of such machines and
over a few years he invented an alternative; different in three major respects.
Firstly, the rules for using any of the conventionalnotations he chose to
incorporate wererecastto a rigorous consistency suited to the unintelligent
rigidities of a machine. Secondly, the mathematical objects upon which the
notation operated were conceivedas arrays,ofarbitrary dimensions, with respect
to which a single numberorcharacteris merely an item. Thirdly, he subsumed in
his mathematical notation the arithmetic of George Boole’s algebra.
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Anyone whohasto incorporate mathematical expressions within documents
created on a modern computer can sympathise with the problems which Iverson
faced. In addition to its invented symbols and wide-ranging plunderof several
alphabets, conventional mathematical notation is not written along a line butis
disposed on a plane, making no attemptto respect font size. Addedto this are
obscure rules of precedencefor the order in which mathematical expressions
should be scannedandresolved andall had to be subject to constraints imposed
by the limited number of computer codesavailable for symbolassignment.
Iverson used non-alphanumericcharacters for the mathematical operations heneededto define and called them ‘primitive functions’. Thesefall into three
groups;first, those with conventional notation equivalents; second, newcharacters used in the manipulations of arrays; third, characters specific tocomputer implementation. Computers are imperative machines for which allinputs are commands demandinga response. With Iverson’s notation theresponse to any expression immediately follows the inputinstruction. This isknownasthe interactive approach andis characteristic of languages implementedby interpreted as opposed to compiled software.It is more expensive in computerresources butis ideal for teaching and for experiments in mathematics. Iversonwasaboveall a teacher who hada lifetimeinterest in naturallanguage anditsgrammaticalstructure and he considered mathematics to be a language open tothe sameanalysis. It is hoped that the following paragraphs will give some idea ofthe power and eleganceofhis notation althoughit is not in any sense acomprehensive description of APL, being only that small part needed to
appreciate Langlet’s thesis.
Forthe four arithmetic operations plus, minus, times and divide, Iverson accepted
the conventional symbols ‘+ - x +" but, to distinguish between a negative valueanda subtraction instruction, he used a high minus immediately preceding andforming part of the numberto be signed negative for, as Cornelius Lanczos says [3p.65]:

To use the minus sign with two different meaningsis obviously confusing anddamagingto the conceptual understanding of mathematics.
WhenIverson cameto add raise to a power and extract a root he madea significantsimplification. He used the asterisk ‘*’ for the primitive function, which takes twoarguments; to the left the value, to the right the power to whichit is to be raisedand thus 2*5 gives 16. What then should he use for V or roof? To Iverson the
answer was obvious;roots are fractional powersandtheasterisk will serve forboth: the valueis still the left argumentwith the requisite fraction to the right andthus 16*0.5 gives 4, the square root. Thefraction of course mightitself be a resultreturned by an expression on the right. Precedence must always be unambiguous
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andthis is achieved bya rule that the righthand argumentto anyfunctionis the
result of the entire expressionto its right. This makes unnecessary the
conventionalrules aboutthe order in which evaluations are made and greatly
reduces the need for parentheses, although these can be usedto force the
evaluation of expressions so enclosed, causing the result to be substituted for the
contents of the parentheses in the overall working. Functions requiring two
arguments hecalled ‘dyadic’ and then wenton to define ‘monadic’ uses: asterisk
‘x’ with only a right argumenthe defined as exponential so that *4, for instance,
returnse, the baseof the naturallogarithm. Iverson delighted in emphasising such
relationships by his choice of symbols. For example logarithm is a circle
surrounding an asterisk, the left argument beingthe base (10 for school
logarithms) butit defaults to e, the natural logarithm. APL has many such
elegancies but only selected examples can beillustrated here because many use
special symbols in fonts that may notbeeasily available to everyone. Fortunately
most of Langlet’s ideas can be explained using commonfonts. For curious
readers, sources of free APL interpreters are listed below.
Iverson generalised the idea of a variable to make the fundamentalconceptfor all
data thatof an array. Heleft to the code implementingthe interpreter the task of
recording the size and shapeofall data variables and for tracking any changes
ordered by the program,allocating andreleasing storage dynamically, thus
relieving the programmerofthe oneroustask of reserving appropriate memory
for each variable and releasingit for other uses when no longer needed. The
programmercan controlthis if he wishes, finding the shape of any array with
command‘p’ (Greek rho) to ask for the shape of the right argumentor, with

a

left
as well as right argument asin’2 4 5 p’, to reshapeit (here to two matrices of
four rows andfive columns).

Characterdatais distinguished by opening andclosing quotes. Numeric character
sequences enclosedin this way can be converted to computable numbers with the
function execute. Conversion the other way, from numeric to character form is
done with functionformat (the symbolsfor these are notin this font). Alphabetic
materialis thus easily handled and integrated with the mathematical
formalism.Thisflexibility required a large numberof primitive functions to be
devisedfor creating, changing, shaping and interrogating multi-dimensional
arrays, which can themselves be arguments to most of the primitive functions. We
shall onlyillustrate in this paper those needed to explain Langlet’s work. This
tookits inspiration from Iverson’s inclusion amonghis primitive functions, of
notation to operate with binary data, expressed using only the digits zero and one.
In propositional logic Boole’s formalism operates with valuestrue andfalse, the
valuesof propositions which,in his algebra, are combined using symbols ‘av~’
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for and, or, not. However, Boolean logic can also be understood as the arithmetic of
the set 0,1 where 0 replacesfalse and 1 replaces true. Iverson realised he could
enhance the mathematicalsignificance of Boole’s logical notation by including as
primitive functions the conventional symbols ‘=, #, >, 2, <, ’, which return the
true (1) orfalse (0) response accordingto the valuesoftheir left and right
arguments. This is an exceptionally powerful tool whenthe arguments to which
the tests are applied are arrays of any size and shape.
Iverson included four operators to modify the action of his functions. An operator
hasoneor twofunctions asits arguments and produces a modified function as a
result; the modified function then acts on the argumentor argumentsto the right(and maybealsoto theleft) of the operator expression. The operators are inner
product (.), outer product (° .), reduction (/) and scan (\). For exampletheplus dot
times inner product (written + . x) is conventional matrix multiplication. Iversonallowed an operator’s arguments to be any compatible primitive functions. The
argumentsof the expression containing the operator have to be compatible;since,
for instance, in matrix multiplication the values to be multiplied mustbein pairs,thefirst argument must have as manyvaluesin its columnsasthe right argumenthasin its rows and the numberof rowsin theleft argument must be the same asthe numberof columnsin the right argument.(If they do not the APL interpreterhalts with an error.)
The second operator, outer product ‘e .’ (° is called ‘jot’) takes a dyadic functionf toproduce a new dyadic function ° . f (jot dotf). For example, the following
expression producesa multiplication table:

123 45o°,x1234523 4 5
4 6 8 10
6 9 12 15
8 12 16 20

10 15 20 25A
F
w
n

The third operator‘reduction’ is monadic.Its single argumentis the function to itsleft andits effectis asif the function were repeated in between each pair ofelementsof the right argument. So +/ with a row of numbersasits argumentreturns the sum of the row.
47423945

15 (ie. 142434445)
Operators apply equally to Boolean primitive functions and Boolean arrays anditwasthis facility in particular thatattracted Langlet’sattention. As he played with
APL,he realised that, for his investigations, a particular expression was
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overwhelmingly significant. This concerned the fourth operator‘\’ called scan.
Scan, like the other operators can be used to modify any compatible function (so
x\ 5 9 6.4 100yields5 45 288 28800,the cumulative products). Langlet
wasfascinated by the uses of operators with Booleanlogic functions and
particularly #\ (not-equals scan). This, used on a row ofbinary digits, performs
modulo-2 parity propagation.Integers are said to have the sameparityif they are
either both odd or both even. As we have seen +\1 10 0 0 1 0 14 will return
1 222 2 3 3 4,thecumulativesum, but#\1 1 0 0 0 1 O 1 returns
10000 1 1 0,the cumulative parity or in other words, the 2-modulus of
the cumulative sum, a fundamental of binary arithmetic.
However, Langlet had in mind a more primitive conceptparticularly applicable to
the atomic level physics, chemistry and biology with which he was professionally
concerned. In his own words[2 p.120]:

#\ is the correct mathematical formulation ofthe least-action principle (expressed
in decision theory as well as in genetics). This mechanism neverintroduces noise
into the datait processes and operates on a constant volume(global shape,size)
of data, thereforeit represents the conjuction of an adiabatic system — which never
producesheati.e. entropy i.e.disorder — and of a system whoseevolution would
progressat constant volume in thermodynamics. Withthe usual criteria of
classical thermodynamics — which doesnottake information into accountas the
essentialfactor, but postulates continuity, simultaneity, numeric additivity of
actions together with some randomness, however modulated by mysterious
statistical distributions, the 2nd principle of thermodynamics cannot be
respected byliving organisms! #\ now brings a magnificent counter-example.

In 1991 he expressedhis ideas in a papercalled, Paritons and Cognitons Towards a
New Theory of Information [5] butit is perhapseasier to approachhis thinking from
a later paper (1993) which hecalled by a typically provocativetitle, The Axiom
Waltz or When 1+1 make 0 [4].
Langlet postulated a Principle of Conservation of Information analogousto the
conservation of momentum in mechanics. Information is only expressed in bits
and cannotbe either averaged or smoothed. Hedisplayed a typical joking slide at
a conference:

Déclaration des Droits du Bit
(Antwerp 1994)

0. All bits contain information,so they deserve respect.
1, Every small bit is a quantum of information.

Nobodyhasthe right to crunch it.
Nobodyhasthe right to smooth it
Nobodyhastherightto truncateit.
Nobodyhasthe right to averageit withit(s) neighbour(s).
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Nobodyhastheright to sum it, except modulo 2.
Only reversible processes conserveall the information contained in a given
system and, as this is what he wanted to do, he needed a Boolean modelcomparable with linear algebra.In his paperfirst published in 1993, he defined theaxiomsfor such a calculus. He favoured a matrix mathematics becausea self-inverse matrix without numeric approximation would bethe ideal operator fortransforminginformation. He intended to show how thisis possible for Booleanmatrices and he began with order2 as follows.
Conventional matrix multiplication is defined:
matrixab multiplied by matrix ab results in matrix a’+be ab+bded ed act+cd be+d?therefore to give a Boolean matrix of 1 0 the following equations musthold:

01
a'+be=1 (eq.1) ab+bd=0 (eq.2)
acted=0 (eq.3) be+d’=1 (eq.4)

Equations (1)&(4) imply: a’-d*=0 (eq.5)
therefore a’=d’ & either a=d or a=-d
A determinantequalto 1 is expressed: ad-be=1 (eq.6){eq.2)is resolved by either: b=0 or a=-d
(eq.3) is resolved by either: c=0 or a=-d
The solution a=dis only possible if b=0 & c=0
Thus, according to (eq.6) ad=1
Thus a & d are both equal to 1 or -1
Two matricesare therefore self-inverse: 0 and -10

1
1
0 0-1

Thus with a=-d (eq.6) becomes: -a*-be=1 (eq.7)
But adding (eq.7) to (eq.1) wouldforce the resolution 0 = 2
This result might seem absurd butin factit indicates that we are dealing with a
finite algebra in which these numbersare congruent modulo 2.
Langlet held that information can alwaysbe expressed by zeros and ones becauseour perceptionsrely upon differences for sensing our universe. Biological
receptors operate in discrete modejustas, at the fundamentallevel, computercomponents haveonly twostates. Therefore the most elementary operationis notaddition,it is # not-equal.
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Langlet’s conclusion is that physical properties and natural algebra are
isomorphicatthe level of parity whichis the logic of 0 and 1, the only elements of
the set Z/2Z, his abbreviation for modulo-2 integer algebra. This is expressed in
APLasO = 1 # 1 (the APL namefor = being match) whichtranslatedis,‘it is
false to say one does not equal one’. The equations(1), (2), (3), (4) can thus be
written in Z/2Z, for which sum is equivalent to # not-equal and productis
equivalentto « logical-and. So, as a=d and a=-d are the same, they must equal1 if
be is zero. By equation (6), b or c or both must then be zero. But ad=0 with a=d
also allows be=1 (b=1 and c=1). Thus in Z/2Z there are four matrices (G stands for
Geniton by analogy with Hamiltonian,a typical Langlet play on words!):

Identity/anti-id matrices horizontal Geniton vertical Geniton
@ (anti-1) (Gh) (Gv)
10 Ol 10 11
01 10 11 01

These are the only transformational matrices in Z/2Z thatare nottrivial (anti-I is
almosttrivial because its square anti-I #. 0 anti-I yields1).
Condition (6) ad-be=0 can be rewritten ad # be in binary algebra (for which
multiplication is 4, sob 4c = b=1 and c=1), This meansthat the productin Z/2Z
has becomethe function which only returns1 if both arguments are 1 and
otherwise returns zero (that is the meaningof4). This is equivalentto a return of
the minimumof its arguments. So ad=0 entails the other two possible matrices
which, while notinvertible, are reverses of each other.

They are:
(G) (Gd) for both of which asd=0. Eachis the rotation of the other
11 o1 aboutthe second (bottomleft to top right) diagonal
10 11

Together with the four matrices above,this set of six forms a multiplying group
for the matrix product in Z/2Z, as defined by Cornelius Lanczos [3 p.60}:

A... characteristic feature of a groupis that an operationis given which involves
two elements of the group. ... A fundamental conditionforthe existence of a
groupis thattheresult of this operation must again be an elementof the group.

The expression for matrix multiplication, matrix +. x matrix has as equivalent for
Z/2Z. matrix #.* matrix, (# being the equivalentof plus and * the equivalentof
times). For instance:

12
34 34 15 22 while
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(G) (G) returns (Gd)
11.4 11 01
10 10 11 and
(G) (Gd) returns (I)
112.4 O01 10
10 11 01 and likewise Gd #,* G returns ]

which is the identity (unit) matrix. So G and Gdare each a cubic root of J and as
transformational matrices they are analogousto j and j’, the complex cubic roots of1, In complex classical algebra this cannot be achieved without error generated by
approximation to e and mandi,
Langlet explainsthat he chose ‘G’ to stand for ‘Geniton’ becauseit can be used to
create matrices of higher orders [4 p.109]:

Are there any matricesin the samealgebra, that have the sameproperties as G
and Gd(the inverseof their square), Gh and Gv(self-inverse), and of which the
matrices of rank 2 are the sub-matrices, for every value of row R?

IfG,being order2, is renamed G2, we can then create a matrix of order 4 by
replacing the three ones in G2 by G2 and the zero by the order 2 zero matrix Z2:

G2 G2 1111
thus 1.0 1 0 which being order 4 we maycall G4

G2 Z2 1100
1000

Given that Gdis the inverse of G, whatis the inverse of G4?
G4#.*G4 gives 0 0 0 1 symmetrical with G4 about the second diagonal

0 0 1 1 This could be called Gd4
0101
1111

while G4 #.* Gd4 gives the order 4 unit matrix 12 Z2 10 0 0
222 0100

o0o10
0 0 0 1 asexpected.

This reasoning can be extended to a matrix of orderinfinity. Moreover theseproperties are preserved after removal of thelast line andfirst column of matrices
G4, G8, G16... etc. to give matrices of odd orders. Langlet’s conclusion from
these proceduresis [4 p.119]:
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Wewill have both a construction and a rigorous representation, from 2 to
infinity, of the rotation operators j and j” in a complex plane. Therewill be no
need to define, as is usual as a precondition, any numberother than 0 and 1. Nor
will it, aboveall, be necessary to definei, the imaginaryrootof ~1, which first
required the definition of negative numbers. (A well-organised head being
worth morethan a well-filled head, Montaigne.)

An outstanding example of the application of this reasoningis his analysis of the
hexagonal arrangementof the hundred million rods in the human retina[2].
The Axion Waltz paper formalised the research Langlet had presented two years
previously in Paritons and Cognitons. There he reminded his readers ofthe
traditional useofparity checking for computererror detection and went on to
demonstrate the intriguing object generated by appendingiterations of «\ parity
propagation onto a Booleanvectorof any length, creating a matrix [5 p.98]:

Let us define the PARITONas the Boolean MATRIXcontaining as rows, the
differing bit sequences of successive parity integrals of an original bit sequence.

For instance:
#\011000010111000001101100 gives
010000011010000001001000

and, of course, the result of not-equal reduce
#\ 011000010111000001101100
of the samevectorreturnsits parity, 0, the last item.
Langletis drawing an analogy between the use of nof-equals scanin his Z/2Z,
algebra andintegrals and differentials within conventional mathematics. He
points out that +\ plus scan can be used to plotthe integral of any functionif
computed atfrequentintervals in the discrete domain. Therefore #\, not-equals
scan, can be considereda parity integral. Moreoverit can be applied iteratively to
obtain theparity integral of the parity integral and this has some very interesting
consequences. In particular a periodicity will appear after a numberofiterations
and,if each iteration is held as a next row,the full cycle will result in a square
matrix whichhasthe characteristic that the entire matrix can beretrieved by
successiveiterations of any row. The numberofiterationsin the cycle will be that
powerof 2 greater than or equal to the length ofthe initial vector. Such a cyclic
matrix can be considered the topological equivalent of a cylinder in which case the
final column can be viewed, end on, as a polygonorcircle; to which Langlet gave
the namecogniton. It contains, of course, the cumulative parity of each row. The
inverseofparity integration,parity differentiation, is calculable from thislast
column or cogniton. The procedureis as follows:

65



 

VECTOR Vol.22 No.2
 

calculate the penultimate column using cogniton # a one-bit right rotation of
cogniton
from the penultimate calculate the ante-penultimate column by the same
procedure
iterate until the square matrix is complete.

Hepoints out that the periodicity of the left half of the matrix is one-half of the
whole andthatof the left quarter is one quarter of the whole, and so on. Thusthe
sequenceof thefirst 4 bits repeats at the 5th row,the sequenceof thefirst 8 bits
repeats at the 9th row,thefirst 16 at the 17th and soon.Thepariton resulting from
an initial sequence containing only Boolean onesgives rise to the fractal known as
Sierpinski’s Gasket. Thisis self-similar at all scales and has the interesting quality
that if each row is understood asthe base tworepresentation of a single number,
the set has no duplicates and its maxiowum value growswiththe size of the
matrix. Langlet noted, without drawing any conclusions, that these numbersif the
right-hand digit is taken as the most significant, are similar to the paroxistic series
which is exhibited by various natural phenomena[6 p.130]. For instance a 32-bit
matrix converts to:

135 15 17 51 85 255 257 771 1285 3855 4369 13107 21845 65535 65537 196611
327685 983055 1114129 3342387 5570645 16711935 16843009 50529027 84215045
252645135 286331153 858993459 1431655765 4294967295
Moregenerally, paritons, when encodedthis way,easily allow to mimic
observed spectra, especially EPR (electronic paramagnetic resonance) ones: some
specialists (physico-chemists, biologists), who did not know that the spectra
resulted from a short APL one-liner with no arithmetics .. .— were often able to
“identify” the chemical products which could have produced thespectra!

There is another property of the pariton, to which Langlet gave the namehelical
transform because a diagonal of the matrix, whenit is being viewedas a cylinder,
constitutes a helix. He touches briefly on some references connected with
characteristics of the main (bottom rightto top left) diagonal but is more
interested in the diagonal which runsbottomleft to top right. He finds [5 p.103):

In any pariton,ifany sequence I produces a diagonal D, a sequence equal to D produces
a diagonal whichcontains I.
So D will be named-I from now on(no confusion can arise from the minus sign
becausethe pariton involves noarithmetic).
If means that —Iis the helix inverse or helix transform ofD....
As a corollary, any row of the matrix has its corresponding helix inverse on the
cylinder.

Writing just two yearsbefore the successful decoding of the human genome,his
drawing attention to these helical mechanismsis no accident. Langlet was fully
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awareofthe tension betweenthetheories of physics and the apparently high
immunity to entropic degradationofliving systems. He points to the asymmetry
of the pariton and suggests [5 p108]:

Maxwell would havebeenfully satisfied to observe thatthe pariton does his
hypothetical demon’s work.A rapid glance at any pariton showsthat the
organisation of informationis‘nil’ on the left side and maximumontheright
side (the cyclic memory).
Thebinary integral mechanismis a self-associative auto-organiser.

Langletis referring to James Clerk Maxwell's thought experiment, in which he
imagined a demonselecting faster among slower molecules and so creating a hot
box from the contents of a cooler box in defiance of entropy. Maxwell’s demonis
generally thoughtto have been thwarted by the requirementthatit itself must
expend energy in obtainingits information aboutthe speedof particles butIlya
Prigogine pointed out that what may apply on averageto the universe as a whole
and over cosmologicaltimeis nottrue atall scales [7 p.175]:

Often biological orderis simply presented as an improbable physicalstate
created by enzymes resembling Maxwell’s demon, enzymesthat maintain
chemical differences in the system in the same wayas the demon maintains
temperature and pressure differences....

In the context of the physics of irreversible processes, the results of biology
obviously have a different meaning anddifferent implications. We know today
that both the biosphereas a whole as well as its components, living or dead,
exist in far-from-equilibrium conditions.In this contextlife, far from being
outside the natural order, appears as the supreme expressionoftheself-
organizing processesthat occur.

In parts of this early paper(first published in Belgium in 1991) Langlet hints at
applications of his calculus which he developed morefully over thefive yearsleft
to him. The APL Theory of Human Vision [2] which he presented in Antwerpin 1994
is a good example ofhis attempts to show how his mathematics could be applied
at the molecularlevel in biochemistry. The references below detail where this and
otherof Langlet’s work quoted here has been published.It is hoped in due course
to make everything that he wrote as easily available.
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LEARN
Object Oriented Programming in APL+Win

by William Rutiser, APL2000 (wru@apl2000.com)
Talk givenat the 2005 APL2000 Users’ Meeting

Introduction to the MOM Object System
Elevator description
The MOMobject system extends APL with simple basicfacilities for object
oriented programming, a predominantdesign and structuring paradigm for
modern programming languages. MOM objects are typeless, classless, and
inherently polymorphic. They provide syntactic and semantic foundationsfor
future elaboration guided by experience. Entirely internal to APL, MOM objects
are not related to OWI objects, COM objects, ActiveX objects, or any other family
of objects.
A MOMobjectis a simple container enclosing a set of named APL functions and
variables. Each MOM objectis distinct from every other MOM object. While MOM
objects themselves are unnamed,each is associated with a unique object-reference
value. Object-reference values join numbersand characters as a third fundamental
APLdatatype. Object-references,just like numbers and characters, can be formed
into arrays, assigned to variables, passed as parameters, and saved in workspaces.
Where meaningful, they are included in the domains ofprimitive APL functions.
Syntactically, object members are accessed as objref. memberwhere objrefis a
variable holding an object reference and memberis the name of the member within
the object. This use of the dot, “.”, is given very high parsing precedence so that
this compound namecan be used wherevera simple nameis allowed. This
characterretains its traditional meaning and precedence as the inner product
operator; the two usesare distinguished by the immediateleft context. A function,
including user defined functions, causes the dot to be interpreted as inner
product. A variable or undefined namewill cause the dot to be interpreted as part
of a compound name.
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Objects are created by the [MOM system function. Arguments to (MOMdescribe the
objectto be created;its result is a reference to the new object.
During the execution of a memberfunction, the system variable OMSELF is set to
the reference to the containing object. This gives the function access to the object's
other members.
Some system functions, such as [INL and LICR,are implicit membersof every
object; they refer only to an object's members.So,just as (INL 3 gives list of the
functionsin the workspace, MyThing.QNL 3 givesa list of the functions in the
object referred to by the variable MyThing.

Questions Answered
Whatis an object?
In the context of object oriented programming,an object is an encapsulation of
data and code with certain additional properties that very by language. The
importantproperties that distinguish objects from other programming constructs
are:

¢ Identity - Each object can be distinguished from all other objects including
otherwise identical objects.

* State — The data enclosedin the object. It may change with time and influence
the object’s behavior. A MOM object may contain named membersthatactjust
like ordinary APL variables; they can be assigned any APL value.

¢ Behaviour — Theeffects of invoking the object’s memberfunctions. These
effects may depend onthe current object’s state and may include changesto the
state. MOM objects may contain named membersthatactjust like ordinary
APLuserdefined functions. Also, some system functions are implicit members.

In general, an object is characterized by the combination ofits state and behavior.
Somesimple, but useful, objects may contain no variables or no functions; they
serve as containers. Their behavioris to preserve or their contents unchanged.

Whatis an object reference?
Classical APLis a value oriented language. Arrays are values. Function arguments
are values. Function results are values. These values are abstract and immutable.
They haveno identity of their own. APLvariables are named thingsthatare
temporarily boundto values. The assignment statementreplaces the value bound
to a namewith a different value. We often say that weare assigning somethingto
a variable but Ken Iversonoften referred to this as assigning a nametothe value.
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Most commonprogramming languages, particularly those thatare often taught as
first languages, arestorage oriented, The programmerthinksofbits, bytes and
words in memoryandsetting those bits to representations of numbers, characters,
and the like. Such languages often have an indirection mechanism thatallows a
program variableto refer to different pieces of memory at different times. In C,
the mechanismis called a pointer. In these languages, an objectis essentially just a
block of storage accessed via a pointer.
Object references are a valueoriented abstraction ofthe pointer. An object
references connectvariables and expressions with MOMobjects. An object
referenceis a value that identifies a particular object. When assignedto a variable,
an object reference value is used to access the membersofits object. It is important
to rememberthat the sameobject reference value can be assigned to several
variables at the same time. The reader mayfindit helpful to visualize an object
reference as a lengthofstring tied to a value at one end and anobjectat the other.

How can this be demonstrated?
Considerthe following code.It can be executed in a clear workspace.

First we create two empty objects.
x» DOMOM '' ''
y= OMOM '' ‘'
Their object references are different.
x
x
Put something into thefirst object.
x.data+ "This is data assigned thru x"
Look atit.
O- x.data ===> This is data assigned thru x
Put something into the second object.
y.data+ "data assigned thru y"

 

Displayit.
O+ y.data ===> data assigned thru y
The first object hasn't changed.
O+ x.data ===> This is data assigned thru x
Changeit.
x.data+ “New data assigned thru x"
Verify thatit changed.
O+ x,data ===> New data assigned thru x
Verify that the second object didn’t change.
O+ y.data ===> data assigned thru y
Copythe referenceto thefirst object.
ze x
Both x and z refer to the same abject.
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X =z 22> 4
D+ x.data => New data assigned thru x
U+ z.data > New data assigned thru x
And y still refers to the other object.
xX = y =2=> 0
D+ y.data ===> data assigned thru y
Switch the values assignedto x and y.
xe ¥
yr 2
See that the two variables have swappedobjects.
De x.data > data assigned thru y
D+ y.data ===> New data assigned thru x

   

 

Whatgoodis all this?
Object oriented ideas permeate modern programming. Most current languages
and systemsare built on objectsorat least the idea of objects. The traditional APL
language has no deliberate support for object oriented ideas. Simulation and
emulation of objects in APL, while possible, is tedious, awkward and at best
dubiously efficient. The MOM object system is a meansto experiment with OOP
in APL.The author expects benefits in several areas including:

* Organization oflarge programs. Objects provide a means to compartmentalize
functions and data in a workspace.

* Simplification of control flow. Object polymorphism andindirection of
reference can be used to reduceor eliminate many conditionaltests to
reestablish something that another part of the program has already learned.

* Clarification of design. Objects can be used to directly express the relation
between problem domain entities and their representation within an
application.

* Separation of concerns. An object can providea single pointof definition for a
design decision. Codeto access and construct data can be encapsulated with
the dataitself — need not be duplicated at every point in the program that uses
the data.

¢ Even rudimentary use of objects should help with increasingly complicated
interactions with non-APL programs and hostsystem facilities.

* The difficulty of importing commonlyavailable skills, tools, and literature into
the APL world maybe reduced.
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Are the current design and implementation of MOM complete?
Emphatically not. The design has reached a usefulplateau. We have basic objects,
means to access their members, and an incompletely implemented meansto create
them. The implementation ofthis design is definitely incomplete:

¢ While many APL functions handle object references as intended, manystill
give nonceerrors and somewill crashthe interpreter.

* Some functions and otherfacilities appear to work, but misbehave around the
edges — thingslike prototypes of empty arrays involving object references,
creation and manipulation of heterogeneousresults, and so forth. Display of
the state indicator anderror reports desperately need to include information
about memberfunctions.

* Sincethis partof the interpreterisstill experimental, many implementation
quality issues haven’t yet been addressed, including memory use and other
performance issues.

Does MOM’spresenceaffect the interpreter’s stability?
It’s not supposed to. Some of the slowness of progress can beattributed to the
effort of ensuring the existence of adequate test coveragefor existing code before
changingit to accommodate object references. This testing has revealed an
occasionalbug that had gone unreported since the dawnoftime; so it might be
claimed that MOM hasimprovedstability.
If your application doesn’t use objects, they should cause notrouble.

Can I safely use MOM objects in production code?
That depends ofyourdefinition of safely. If thorough testing of your application
showsno problems andthecostofa failure is only modest embarrassment, go
ahead.

Whatis polymorphism? Whyisit useful?
For our purposes, a group of polymorphic objects have common member names
butdifferent behavior. Consider an application that maintains recordsfor a fleet
of vehicles. Cars, buses, trucks, canoes, and airplanesare unlikely to require all
the same data items. However, all have an asset number and geographiclocation.
The application is to produce reports to describe the assets in particular locations,
ordered by asset numbers. A program thatloops thru each ofthe asset records,
examines variousfields to determine whichitems to print and how to format
them hasa good chance of degeneratinginto a large tangle of conditionally
executed statements. To add a new vehicle type, we risk breaking the reports for
existing types.
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Now suppose wearrangefor each asset to be represented by an object. The objects
for one type of vehicle will have just the data members needed forthat type.
However, each object will have function members that perform needed actions on
that data. For example there might be a FormatAssetReportEntry memberin each
object. In the truck objects, the member function is concerned only with truck
reports. Similarly, the canoe objects are concerned only with canoes. Such
functions can be simple straightline code.Allof the decisions were made once
andfor all when the object was constructed. The program’s main loop could look
somethinglike this:

swhile more_records
this_vehicle+ GetNextVehicleObject...
its_report_entry+ this_vehicle.FormatAsset

ReportEntry
file Append its_report_entry

tend
Whatabouttypes, classes, and inheritance?
Formal language support for such things is more usefulin statically typed
compiled languages where everything mustbe carefully declared sothat the
compiler will know what to do. The properties declared for a variable (or
function) constrain the waysthatthe variable can be used and the operations that
can be performed with it. Some constraints can be verified by the compiler,
turning a potential run-time error into a compile-time error.
Dynamically typed interpreted languages don’t benefit as much from declarative
complexity. At this stage of its evolution, MOMrelies entirely on duck typing.
Ducktyping considers the actual properties of an object to be its type. These
properties are not limited to those that can be declared in mainstream languages;
they can include aspects that are even difficult to express in natural language.If
an object doesn’t have suitable properties for the wayit’s used, the programis in
error. Perhaps the wrongobjectis being used correctly or the correct objectis
being used incorrectly. Exercising the code showstheconflict. Appropriate testing
should reveal a problem before it causes embarrassment or damage. APL
programmers have worked this wayfor forty years.
In the polymorphism example, the importantcharacteristics of a “vehicle” object
are thatit has a FomatAssetReportEntry memberandthat the memberdelivers an
appropriate rendition of the object'sstate.If it walks like a duck, talks like a duck,
and squawkslike a duck,it’s a duck.Forthe original definition, see
www.rubygarden.org/ruby?DuckTyping. MOM ducksthe typing issue entirely. Also
see en.wikipedia.org/wiki/Duck_typing.
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Reference
The OMOM System Function
This function is the sole means for object creation.Its result is a scalar object
reference.Its right argument, describes the object to be created. The left argument
and other formsof the right argumentare reserved for future extensions.
Used nomadically with a scalar zero argument, JMOMreturnsa reference to the
sole instance of the special NIL object. This object has nostate or behavior.It can
be used as a placeholderor sentinel value. All referencesto the null object match
each other, and do not match anyreference to other objects.
Whenthe right argumentis exactly a vector of character vectors, a new objectis
created. The character vectors in the argument mustbe the namesof currently
visible user defined functions and variables. Copies of the named functions and
variables becometheinitial members of the new object. The object's state is not
changed by subsequenterasure of the named functions andvariables.
Note wellthat the argument mustbe a vector of vectors. An un-nested character
vector or a character scalar won't be accepted. However, empty namesare
ignored. This statementcreates a new empty object.

a_new_thing+ OMOM ''
This onecreates an object with four members.

StrUtils« OMOM 'DLB' 'DE8' ‘OTB’ ‘CONTAINS'

Temporary limitation:
The namesin the argument maynot contain leading,trailing, or embedded
spaces.

The (IMSELF System Variable
This read-only variable returns the object reference for the most recent incomplete
invocation of a memberfunction. When nocall to a memberfunction is in
progress, [MSELF yields the special reference to the NIL object.
System Functions as Members
Several system functions are implicit members of every object. As member
functions they refer only to the object’s memberfunctions and variables. Their
argumentsare analogousto those of the similarly namedordinary system
function.
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Temporary limitation:
Only ICR and the monadicvariant of ONL are currently implemented.DF X is in
progress but not yet operational.

The Match Function
The APL match function ( = ) shows whether tworeference values refer to the
sameobject.

Some Simple Patterns
Thesepattern descriptions begin with a description of a situation where useof the
pattern may be appropriate. Thepatternitself is the prescription beginning with
the word “Therefore”. The prescription may be followed by examples and other
comments, sometimesincluding a critique of the resulting situation.
More interesting and complex patterns can be found in the literature. Try a google
search for “design pattern”.

Simple Collection Objects
You have an assortmentof unstructured and perhapsonly loosely related data.
Items are needed one ata timein different parts of your program.The data items
are stored in individual variables with carefully chosen names. Howeverthese
namestend to clutter the global environment andthe datais not readily handled
as a whole.
Therefore, maintain the data items as membersof a simple collection object. New
items can be added as needed andthe object represents the collectionitself.

height+17owidth+37>obrdrcolor="fuschia"...
win_props+ OMOM'height' ‘width’ ‘brdr_color'
handl e+ OpenNewWindow win_props

Simple collection objects behavea lotlike the hash objects in some other
languages.
At least with the current implementation, you may encounter performance and
memory use when the collection is large. Member namesshare the symboltable,
which hasa limited numberof slots, with ordinary functions and variables.

Function Collection Objects
You wouldlike to refactor a large and complicated function into a confederacy of
smaller functions with intention revealing names. You are concerned that the
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relation between the new functions will disappearin a multi-screen ) fns display.
Youalso need to avoid namecollisions with existing and future global functions
and wantto avoid relying on distracting naming conventions.
Therefore, make the new functions members of a single object.
You could also grouprelatedutility or other functions in the same way.
Parameter Objects
You wantto pass somestuff to a function, perhaps even another function. The
usual APL techniqueis to pass the stuff as items of a nested array. The nameof
the parametric function would be passed as a character vector with the called
function using the 4 (execute) primitive to actually call the function. Forthis to
work,the calling function and called function must agree on the indices of
particular items in the passedarray. If several functions are involved, each with
somewhatdifferent requirements, it may take someeffort to establish a consensus.
Also note that a numeric index has very little mnemonic value leadingto a need
for documentation which tends to get out of date when changes are made.
Therefore, keep the parametric data and functions in an object’s named members
and passthe object to the called function, which may return a complicatedresult
in the sameobject. The updated object may be passed on to otherfunctions.

Monikers
You wantto store an object reference in a context that does notallow object
referencessuch as a user defined property on a QWI or INI object. You can store
the nameof a global variable, the value of which is the object reference. However,
both the object references and the places for storage are created dynamically; and
there may be manyof them. The nameofthe globalvariableitself never needs to
be used directly.
Therefore, use a utility function, such as MonikerFor from the example
workspace, thatinvents a unique nameandcreates the global variable by
assigning the object referenceto the invented name.

some.name OWI '‘audp' (MonikerFor theObjectReference)
This property can then be used in a handler:

t+ "O(OWSELF OWE ‘audp') , '.method'"some.name DWI ‘onClick! t
A simple implementation mightcreate a new global variable for each use. A more
complicated implementation might seek to reuse namesorstore the object
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references in an array.In the later case Moni kerFor’s result might be something
like "MONIKERS [131] ".
Factory Functions and Objects
You wantto create multiple similar, but not identical, objects at several places in
your program. The necessary code to populate the membersis repetitive and
distracting.
Therefore, isolate this codein a function or object, the sole purpose of whichis to
create andset up a new object. Large objects, or those that use a numberofother
objects, may be more conveniently dealt with by several functions encapsulated in
an object. The OOP design pattern literature frequently calls these factory objects.
Notethat the objects created by a particular factory object are analogousto the
instancesof a class. With duck typing thefactory serves as the class definition.
Whenseveralfactory functions are used togetherin various combinations, we
have something like multiple-inheritance.
Delegation
You find that you have multiple objects that contain copies of the same member
functions. This duplication seems wasteful, but more importantly,if the common
function needsto be changed,it will need to be changed in manyplaces.
Furthermore, these functions are related and share a common purpose.
Therefore, create a single new object that containsthe sole copy of the functions.
Place an object reference to the new object in each of the original objects. Revise
the calls to the duplicated functionsto call the memberfunctions of the new
object. It may be useful to pass the value of JMSELF so that the now remote
functions can access membersin the calling object.
This delegation of responsibility to other objects is used as an alternative to
inheritance in someobject oriented languages.
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Static Exception Handling for APL+Win
by William Rutiser, APL2000 (wru@ap!2000.com)
Talk given at the 2005 APL2000 Users’ Meeting

Introduction
This paper introduces try-catch exception handling,a feature recently added to
APL+Win.
Early APL interpreters treated most exceptions by printing an error message and
then suspending in immediate execution mode. A branch statement entered from
the terminal caused execution to resume. Subsequentto the de facto
standardization of the core APL language, each interpreter vendor introduced
their ownfacility for dealing with errors. STSC, APL2000’s corporate ancestor,
added the JELX and ]DM system variables. In the eventof an error, the interpreter
sets DDM to the formerly printed diagnostic message, and then executes the current
latent expression assigned to [JELX. That expression may include a branch
statement to resume execution. Two decades of experience have shown this
simple facility to be sufficient for implementing both simple and complex
exception handlers.
There are two widely used patternsfor the design of JELX based handlers. One
pattern relies on application wide adherence to protocols for manipulating DELX.
Local error handlers are dynamically installed by changing DELX and removed by
restoring or reconstructing the previous handler. In the other pattern, [JELXis set
onceand forall to invoke a global exception handling function.This relatively
complicated function parses the code near the near thefailing statementto locate
and execute local handlers. In either case, effective exception handling code is
often difficult to write and maintain. And its very presence can conceal the intent
ofits surroundings.
Like control structures, this new static textually based exception handlingfacility
is intended to enable clearer and more reliable code.

Preliminary Notes
This paper makes no importantdistinction between exceptionsanderrors. Errors
are exceptions, andthe interpreter describes some exceptions as errors. Exceptions
may beusefully classified as anticipated or unanticipated. Anticipated exceptions
are fully understood, and are knowntoarise andare essential to handle during a
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program’s routine execution. Consider a FILE INDEX ERROR while sequentially
reading components.It is, or should be, an anticipated eventthat is usually
handled by terminating the reading loop andclosingthefile.
Contrast that error with the XFHOST ERROR.Its diagnostic message includes a 32
bit numeric code and a brief error description, both provided by the host
operating system. After days of research you may only havelearned that an
unknownbad thing happened in a previously unheard of cornerof the system.
This is an unanticipated exception. Unanticipated exceptions are unknown or
incompletely understood before they happen. Theyare often triggered by a defect
or error in the application program or its software and hardware environment.
This paper uses several formsof the verb “to raise” to refer to the APL
interpreter’sinitiation of an error report or exception. Whenpassivevoice is used,
the interpreter is often the intendedactor. In APL code, descriptionsin italic sans-
serif type replace overly specific and irrelevantdetails. Italic body text indicates both
emphasis and definition.

Overview of the Try-Catch Control Structure
The try-catch control structure extends the APL+Win control structure family.It is
designed to be compatible with andinteract with existing DELX handlers. Adding
a try-catch structure to an existing application should notinterfere with anything
outside the structure. The structure’s influence is confined to the statementsit
contains whereit always takes precedence over DELX. Thefollowingbrief
examplesillustrate its two basic forms.

Catching All Exceptions
:Try

A block ofstatements to try
:CatchaAll

A block ofstatements to handje any exception
:EndTry

Thefirst block of statements (the try-block) is executed.If an exception should
arise, it will be handled by the second block (a catch-block).

Catching Specific Exceptions
:Try

A block of statementsto try
:CatchIf ‘FILE' = 4 + DOM

A block of statements to handle just FILE errors
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sEnd
Thetry-block is executed. If an exception arises, the expression in the :CatchIf
statementis evaluated. Whenits valueis 1, the exception is handled by the second
block of statements. Otherwise, the exception is passed to the next surrounding
exception handler, which maybe anothertry-catch structure or JELX.

Try-Catch Details
Syntax
The try-catch structure consists of a sequence of several clauses terminated by an
end-statement. Each clause begins with a control statement which is optionally
followedbya blockof ordinary statements. These blocks may contain try-catch
and othercontrol structures which mustbecorrectly nested but are otherwise
unrestricted.
This skeleton structure showsall possible clauses:

:Try
Statements to try

:CatchIf first condition expression
Statements to handle exceptions satisfying thefirst condition

:CatchIf second condition expression
Statements to handle exceptions satisfying the second condition

:Catchall
Statements to handleall other exceptions

rEndTry
The structure always begins with a : Try clause and ends witha :Endtry
statement. As with other control structures, the keywordsare case insensitive. The
: End keyword maybeusedinstead of the : EndTry keyword.
There must be at least one :CatchIf or :CatchAll clause. There may be no
more than one :CatchAl1 clause. All :CatchIf clauses must precede the
:CatchAlTl clause.
The :CatchIf statementconsists of its keyword followed by an expression that
yields 1 or 0. The other controlstatements consist of only a keyword.
Each control statement except : EndTryis followed by a block of APL statements
(which may be empty). These blocks may contain additional try-catch and other
control structures, which must be correctly nested but are otherwise unrestricted.
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As with othercontrol structures, an incomplete or incorrect try-catch structure
will cause an OUTER SYNTAX ERROR.

Execution
Execution beginsatthe first statementin the try-block and continues from
statementto statementin the usual way. When controlreaches the end ofthe try-
block, control passes out of the try-catch structure. When an exception arises
within a try-block statement, the interpreter assigns the usual diagnostic message
to []DM. Control then passes, in turn, to each catch-statementuntil one accepts the
exception. Theinterpreter’s handling of an accepted exception is complete. If an
exceptionis not accepted by any of the catch-statements, the interpreter passes the
exception to a surrounding try-catch structure for handling. When no
surrounding structure is present, [JELX is activated.
The :CatchAl1 statement accepts any exception that reachesit.
The :CatchIF statement accepts an exception onlyif its condition expression
evaluates to 1. In most instances, the expression should depend on ODM.
When a :CatchIf or :CatchA?1 statementaccepts an exception,the following
block of statementsis executed, after which, control passes outof the try-catch
structure. Whenthe blockis empty, the exception is handled butotherwise
ignored,

Extent of the try-block
A try-catch structure handles only exceptions arising within:

* Statements fextually contained in the try-block.
¢ Statements contained in argumentsto the execute primitive (4) in statements

satisfying these criteria.
This recursive rule allows executes within executes.
A try-catch structure does not handle exceptions raised in functionscalled from its
try-block. These may be handledbya try-catchstructure in the function where the
exception wasraised or by its ambient JELX setting.
Exceptionsarising directly in immediate execution statements, event handlers, or
latent expressionsare never handled by try-catch structures.
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Exceptions in the try-catch structure itself
An exception arising in a catch-block or : CatchIf condition is immediately
passed to an enclosing try-catch statementor the ambient [JELX . [IDM is changed
to describe the new exception. The JDM message for the previous exceptionis lost.

Using the Try-Catch Control Structure
These examples are intendedtobeillustrative and suggestive rather than
complete. Some concludewith a discussion offailure modes, programmingstyle,
and other pragmatic matters. The author's suggestions are stated as imperative
prescriptions.

Handling a Single Specific Anticipated Error
v ProcessAl|lComponents ftn;i;eof

ict
eof+0
rwhile ~eof

ztry .ProcessOneComponent Ofread ftn i
ie G41

teatchif "FILE INDEX' = 10tOdmeof+1
send

rend
v

Here,a FILE INDEX erroris anticipated. A FILE TIE ERROR, probably a
consequence ofa coding error is not anticipated. Keep in mind that exceptions
directly raised in ProcessOneComponent will not be seen by this try-catch; they
may be handledbya try-catch in the called function or by its ambient DELX.

Handling Several Anticipated Errors
Applications involving trigonometry, coordinate geometry, or complex numbers
mayrequire the arc tangent of the quotientof a pair of numbers. This example
deals with one tricky part of the computation — computing a result when the
divisoris very small or zero. The theoretical quotient may be very largeor infinite.
Thedivision operation can go wrong in two ways:division by zero raises a
DOMAIN ERROR; division of an extremely large numberby an extremely small
numberraises a LIMIT ERROR.

viz x principal_arc_tan yiTry
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zw73 oy Fx
:CatchIf 'OOMAIN ERROR' = 12 + [JOM

zw oF 2
:CatchIf "LIMIT ERROR’ = 11 t+ ODM

w+ OF 2
:End

Vv

This fairly simple exampleillustratesa pitfall that must be consideredforall
exception handling code,in every language,using any exception handling
features. This example doescorrectly catch a DOMAIN or LIMIT ERRORraised in
the divide primitive, howeverthis try-catch structure would also catch the same
errors if raised by the circular functions primitive. The author is only “pretty sure”
that the codeis safe as written. But this is an example and notan extract froma
real application wherethe try-block could be much larger and more complicated
and consequently harder to analyze with any certainty.
Therefore, when handling specific exception possibilities make the try-block as
small and simple as practical to reduce the risk of errors in your analysis of
possible exceptions.
Thetext of DM contains unused information aboutthe exception’s source.It
would bepossible, with suitable supportutilities, to parse the entire message to
verify that the caret points to the divide operation.
Therefore, make the catch-if selections as specific as necessary to exclude
unanticipated exceptions.

Handling Unanticipated Errors in a Transaction
v AttemptOneTransaction details

:Try
Statements to do one transaction.

:Catchall
D+ "Something bad has happened!!!"
O+ "ODM is:"
O+ ODM
O+- “Abandoning this transaction and"
O+ "continuing with the next."
z+ "Failed":Return

tEndTryze "OK"
:Return
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Ignoring All Exceptions
This example is supposed to compute the valueofa function Foo with given
arguments. The codeto dothis raises one or more known exceptions for some
argument values. A specified default result valueis to be returned when such an
exception arises.

v Z~ default_result FindFooWithDefault args
Z~ default_result
tTry

Statements to compute and set Z to Foo(args)
>CatchaAll
rEndTry

Vv

The catchall-statementaccepts the exception butits empty handler does nothing,
leaving Zset to the desired default result.
Using a catch-all clause, empty or not, to handle anticipated exceptionsis
somewhatrisky unless youare certain that no unanticipated exceptions are
possible. Therefore, reduce the risk by handlinganticipated exceptions as
specifically as practical.
Notice that Z is set to the default result before the try-block is executed with the
expectations that the try-block will resetit to the correct computed value or leave
it unchanged otherwise. A programmercould easily and mistakenly use Z for an
intermediate result; afterall,it is always assigned a value a few lines (or pages)
downthe function. This mistake becomes morelikely as the try-block becomes
larger and the program is passed on to other maintainers. Moving the default
result assignmentto the catchall-block preventsthis particular mistake;it also
clarifies the assignment’s purpose.
A root causeof this programmingerroris that there are invisible control paths
leavingthe try-block. Overlooking such paths may invalidate any conclusion
based on examination downstream code.
Therefore, always rememberthat every primitive operation in the try-block
potentially contains an invisible branchto the catch-block. Practice defensive
programming wherepractical.

Handling Exceptions in Called Functions
This exampleillustrates a simple global handler for unanticipatederrors.It also
illustrates GELX andthe try-catch structure working together. Only twocalled
functions are shown here. Imagine that there are many others.
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v FooOne
Other stuff
FooTwo
More otherstuff

Vv

vy FooTwo
Even more otherstuff
"two" + 2
And more other stuff

Vv

Calling FooTwowill yield a DOMAIN ERROR. This examplejust displays the error
message and a simple trace-back.

v CatchDeepErrors;OELX
DELX+ " Derror '@ ' , [DM"
rTry

FooOne
:CatchIf ‘@' = t+ ODM

O+ 2(~ [OM = QTCNL) = OOM
:Catchall

ERROR "PANIC”
:End

Vv

Execution produces:
CatchDeepErrors

@ @ DOMAIN ERROR
FooTwo[??] “two” + 2A
FooOne[??] FooTwoA
CatchDeepErrors[3} FooOneA

At eachSIlevel, JELX handles an error by raising a new exception in the
preceding SI level. The “@” characters indicate the numberofstacklevels
traversed and distinguish exceptions raised in the try-block from those raised in
the called functions. Simple parsing of the accumulated diagnostic messages
provides the trace-back.
Some programming language designers have chosen “throw”as the keyword ina
statement that programmatically raises an exception. This example throws an
exception up (or down as the reader prefers) the call stack.
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Intercepting an Exception Being Thrown Upthe Stack
Suppose, in the preceding example, that FooOne normally takes someaction to
release a resource before returning.

v FooOne
Opena file
FooTwo
Close thefile

v

Whenan exception is thrown up from FooTwo,thefile will be left open, perhaps
causing trouble in an unrelated part of the application. We can fix this by
involving FooOnein the exception throwing.

v FooOne
iTry

Opena file
FooTwo

:CatchIf '@' = + ODM
Closethefile
& DELX

:End
Close thefile

v
FooOnehas been changed to catch the exception thatthe latent exception throws
from FooTwo. After closing the file, FooOne executes UELX to throw the exception
to the nextlevel.
In a real application, careful attention should be given to the possibility of
something else going wrong while closing thefile. This example does not handle
exceptionsraised while openingorclosingthefile.
Readers familiar with some other popular programming languageswill see this
example as one where a : F inal ly clause would behelpful. Such an
enhancementis under consideration.

Another Way to Emulate a : Finally Clause
In this example, we give the global MELX an additionalresponsibility. It must
execute the value of the variable AF INALLYateachlevel.
Change CatchDeepErrors to set [JELX with:
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DELX+ “ ® AFENALLY © [TJERROR '@ ' , [DM “
With this in place we can use it in FooOne.

v FooOne; AFINALLY
AFINALLY+ " Closethefile “
Opena file
FooTwo
& AFINALLY

v

Again we should think about problemsclosing thefile.
This idea can be extended and improved in a numberof ways. There is a potential
VALUE ERRORin the reference to AFINALLY.Sincethe variable will be empty in
functions that don’t needits effect, it would be only a small matter of
programming to make it optional. The magic variable could be replaced with a
magic label or private commentin the functionitself. Most of the DELX code
should be moved into a new function but the ERRORinvocation must remain in
the latent expression. There will be the usual issues with shadowedvariables to
resolve.

Suspending Execution in a Handler
This trick doesn’t really involve exception handling except that a catch-block is a
likely place to use it. While experimenting or debuggingit may be useful for a
program to programmatically suspend for immediate execution. This shows one
way to dothat. Whenactive, Code Walker will show the stop suspension. The
statementlabel gives, by convention, a convenient commonbranch target when
resuming execution.

v Suspend
:Try

x "do" "something" "wrong"
:Catchall
00 p (4 + t Ole) Dstop ‘Suspend’

GOON: 0 0 p “place to stop":End
v

Thestop could be set manually; however, it would needto be set manually
wheneverthe function is edited or otherwise redefined.
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Retrying After Correcting an Exception
Somesituations requirethatthe try-block beretried after somehow improving the
chances of success — perhapsby creating a missingfile or waiting for a shared
resource to becomeavailable.

v TryAndtTryAgain
:Try

RETRY:
Do something

:CatchI fsome condition
Fix the problem
:GOTO RETRY

sEndv
This use of the dreaded : GOTO statementformsa loop.It will never end unless the
problemis really fixed. Therefore, consider using a counter or timerto limit
retries.

v TrySeveralTimes retry_limitsretry_count
retry_count+ 0
tTry

RETRY:
Do something

:CatchIf retry_count = retry_limit
DERROR "Retry limit exceeded"

:CatchIf some condition
Fix the problem
retry_count+ retry_count + 1
GOTO RETRY

:End
v

Thefirst catch-if condition is unusual in that its condition doesn’trefer to [IDM.

General Advice
This section,like the suggestions after the examples above, expresses the author’s
advice, perhaps with more certainty than is really warranted.
Serious exception handling may be hard. This is particularly so for exceptions
initiated outside the APL interpreter. Correct handlers depend ondetailed
knowledgeof the source and causes of the exception to be handled. Sometimes,
such knowledgeis not available and may be obtained only through research and
experimentation,
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Therefore, carefully consider the costs before attempting to handle situations that
can’t be readily reproduced. Wherepossible,fix root causes instead of trying to
recover from their manifestations. Rememberthata clean terminationiis usually
better than continuingafter a bungled recovery.
Handlers for unanticipated exceptions should preserve evidence.
Handle unanticipated exceptions globally; handle anticipated exceptions locally.

Prospects
Prior to this conference andthis paper, the try-catch structure has had neither
documentation norsignificantuse in real programs. Reportsoftesting and
experiments by conferenceparticipants will help to improvetry-catch in its
production quality release. Experience and bug reports maybe sentto
support@apl2000.com. General comments, suggestions, andcriticism maybe sent to
the authorat wrs@ap!2000.com. (Cash bribes included in an email message
envelope are not guaranteedto reach the author.)
Some extensions being considered:

e A:Finally clause.

¢ A variantof catch-if with pattern matching capability.
¢ Enabling the use of : AndIF and :OrIf statements in catch-if clauses.

SomePlagiarized Wisdom
Everyone knowsthat debuggingis twice as hard as writing a programin thefirst
place. So if you're as clever as you can be when youwrite it, how will you ever
debugit? — Brian Kernighan
There are two waysof constructing a software design. One way is to make it so
simple that there are obviously no deficiencies. And the other way is to makeit so
complicated that there are no obvious deficiencies. — C.A.R. Hoare
Dead programstell nolies.
Don’t publish papers when you have no experience with the subject.
Pay noattention to the grumpy old programmerbehindthecurtain.
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Up, Down and Sideways:
Extending the Reach of APL

by Richard Nabavi Managing Director, MicroAPL Ltd
Talk given at the “All APLs Day” at Naples Beach

APLX, MicroAPL’scross-platform APLinterpreter and development
environment, wasintroduced in 2001, althoughits roots go back many years. One
of our goals in developing the productwasto extend the reach of APL by
providinga solution which would cover a wide rangeof users’ needs, and
overcome someof the obstacles which have prevented people using APL. Four
yearslater, it seems appropriate to review how weare doingin attaining this goal,
and to look at how weintend to respond to recent changes in the marketplace.

Extending sideways, by supporting all the major platforms
APLX waslaunched simultaneously on Windows and MacOS,and as a Server
Edition on AIX and Linux. Subsequently, a desktop edition under Linux was
introduced, so thatall the main desktop environments are supported.
Thekey point here is compatibility. APLX behaves virtually identically on all the
platforms. A workspaces saved on any platform can be ) LOADed onanyother -
and will run almost always without change, evenif it makes full use of the JWI
system function for programminguser-interface. Componentfiles can be shared
across different platforms. In addition, APL codecan beeasily ported from other
APLimplementations, especially APL2 and APL+Win,further extending the
reach of the product.
One importantplatform, however, was missing: Solaris. We are now announcing
that APLXwill be available on Solaris from the1" quarter of 2006, making APLX a
near-universal solution.

Extending sideways, by making the producteasy to use
APLhas always been a wonderful language for exploring data and experimenting
with algorithms. Perhaps, indeed, thatis its greatest strength. Theoriginal design
of APLX aimedat a user interface which would provide very powerful
developmentfacilities, without any distracting on-screen clutter.
In the recently-launched Version 3 of APLX, we added an importantfeature
which extended this still further: built-in charting. At its simplest, you can use a
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new ‘right-click’ menu item to bring up an instant chart of an APL variable. For
example, if you type:
WAVE+(200.25%2100)x*-0.05x1100

and then right-click on the variable name WAVE,there is now a new ‘Display as
Chart’ item in the pop-up menu.Selecting that item brings up a window
containing an instant graph of the data:

WAVE
 

 08

0. +i 2 aNA” ci 7 e0 $0 100| t : { ¢ 1| :
05

 

 

             
If the variable is a matrix, APLX will make an intelligent guess about which rowsor columnsare the Y values and which(if any) the X values, but you can use theChart menuto change these parameters, as well as selecting logarithmic scales or
changing the type of the graph (for example, to a Scatter or Bar chart). If the chart
is a nested matrix of strings and numeric values, the strings are used aslabels of abar chart. You can changethis to a pie chart using the menu. For example,if you
type:

SALES«2 4p'Apples‘' ‘Oranges’ ‘Bananas' ‘Plums‘' G45 223 564 101
and then use the pop-up menuitem Display As Chart, the default will be to draw
a Barchart.
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You can use the Chart menu to changethis to a pie chart:

SALES

Plums 101

     
  

Apples 445

Bananas 564

Granges 223

If you wantto take this a bit further, the new DICHARTsystem function allowsthe
APL programmerto produce quick charts with almost no programming. The
right argumentis the data, and optional left argumentallows you to specify how
the data should be displayed. If you do not specify, APLX makesan intelligent
choice for you. For example:

Drawa sine wave. Because no X valuesare specified, implicit X values of0, 1,
«99 are used:

{CHART 100.1x1100
Draw a sine wavewith the X values specified in degrees. We provide a two-
column matrix; APLX assumesthe second columnis the X axis, becauseit
increments regularly:
Q10+1
CICHART (10(10x0,136)x02+360) ,[1.5]0,10x136

| Draw bar chart:

X+2 4p'Apples' ‘Pears' ‘Oranges’ ‘Plums' 445 323 345 765
OCHART X
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Draw the same data asa pie chart:
*type=pie' [ICHART X

Draw some random data as two, namedseries, against implicit X values 0, 1,
2.5

‘xsimplicit' ‘seriesname=US' ‘serjesname=EU' FICHART ?2 8pi00
For the most control over the appearance of the graph, you can use a new [JWI
object class, the Chart. This is a control which can display a rangeof different
business,statistical and scientific graphs. The actual data which is displayed in the
graphis held in one or moreSeries objects.
Although you can customize manyaspects of the display of a Chart object,it is
designed sothatit automatically selects defaults which should give a good
appearance for the chart with minimal programming. For example,if a chartis re-
sized, by default the font sizes are adjusted appropriately, and reasonable values
for the chartscale, tick positions, and labels are automatically chosen.
Charts by default are displayed in color. You can select your own colorsforall the
major elements of a chart, or you can leave the Chart objectto select defaults. You
can also askfor the chart to be displayed in monochrome.
As well as being displayed within your QWI windows,charts can also be printed,
copied to the clipboard, and savedtofile in various formats. You can also
customize a chart by adding your own graphics elements using the Draw method.

Extending sideways, by interfacing to external programs
and data sources
To be useful, APL systems need to exchangedata and interface with other
software. APLX includes a comprehensive rangeof such interfaces, including
OCX/ActiveX controls, built-in networking through Sockets, E-mail Clients, an
HTTPClient, and a [WI Web Browsercontrol. All of these are very easy to use,
andall (except the Windows-specific OCX/ActiveX interface) work identically on
the different platforms.
Newin Version3 is the Osez system function. This provides a built-in, extensible,
cross-platform interface to standardrelational databases such as Oracle, SQL
Server, IBM DB2, MySQL,or PostgreSQL,using Structured Query Language
(SQL). It can also be used (via ODBC)to access data from spreadsheets, Microsoft
Access, db2 files, and many other data sources. You can useit to retrieve data

94  



 

 

VECTOR Vol.22 No.2
 

from relational databases as nested arrays in the workspace,or to update a
database directly from within APL.
In this sequence, weare using the sample database supplied with IBM’s DB2:
Connect to the database. The return code 0 0 0 0 meansnoerrors occurred:

OSQL 'Connect' ‘aptxodbe' ‘D82'
ga000

Retrieve the numberof rowsin the ‘emp_photo’table:
{RC ERRMSG DATA)+{]SQL ‘Do’ ‘select count(*)} from emp_photo'
RC

0000
DATA

12

Noerrors occurred, and the result was 12. We could retrieve all 12 rows
immediately using the ‘Do’ keyword, but instead we'll prepare a database
statement whichallows morecontrol overthe retrieval, as well as allowing us to
see the types and namesofthe columns:

OSQL 'PREPARE' ‘CS1' 'SELECT * FROM EMP_PHOTO'
q000

OSQL 'EXECUTE' ‘CS1'
ooo1 SQL_CURSH200C4

OSQL 'DESCRIBE' 'CS1'
0000 EMPNO PHOTO_FORMAT PICTURE

EMPNO PHOTO_FORMAT PICTURE
CHAR 6 VARCHAR 10 BLOB 102400

0 0 1
We'll fetch thefirst five rows ofthe result:

(RC ERRMSG DATA)+]SQL ‘Fetch’ 'CSi' 5pDATA
5 3

2 t[2]DATA
000130 bitmap
000130 gif
000130 xwd
000140 bitmap
000140 gif

Thethird column ofthe result contains binary data (pictures of the employees). At
this point, we could display the pictures using a Picture object in QWI.
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Close the statement, and disconnect from the database:

(RC ERRMSG DATA)+{SQL ‘Close’ 'CS1'
(RC ERRMSG DATA)+{]SQL 'Disconnect'

Extending downwards, by making the product easily available
Oneof the obstacles to the use of APL has beentherelatively high price of most
APLinterpreters. To help address this, we have kept the price of APLX
competitive. However, that is not enough; we also give awayan earlier (Version
1.1) Linux version of APLX,absolutely free of charge for personal use. This has
proved very popular, and now has many hundredsofusersall over the world.
Wealso makeavailable time-limited but fully-functional demonstration copiesof
our Windows and MacOS APLs. These can be downloaded from our website, and
operatefor slightly over a month. This has proved very popular.Indeed,it has
had an unexpected but very welcomeeffect; a numberof universities include an
introduction to APL in their undergraduate courses, and the students download
one of our demonstration APLs to get some familiarity with the language.

Extending upwards: The new 64-bit world is here!
The launch by AMD ofa 64-bit version of the x86 architecture, a couple of years
ago, has opened the way for low-cost, 64-bit systems in the mass market. Today,
you can buy a desktop machine- or even a laptop - with a 64-bit processor, for just
a few hundred dollars. Intel have now followed AMD with a binary-compatible
equivalent, and, over the next few months, we can expect 64-bit x86 systems to
become commonplace. Microsoft has a full 64-bit version of Windowsavailable to
run onthese systems, and Linux is of course also available. In addition, Apple has
sold 64-bit Macintoshes, based on the PowerPC architecture, for some time. 64-bit
Servers are, of course, well established.
Such machinescan address extraordinary amounts of memory. 32-bit systemsare
limited to at most 4GB of memory address space, and usually this is notall
available to user processes (Windows,for example, normally hasa limit of 2GB).
Today, XP Professional x64 Edition supports up to 128GB of RAM and 16
Terabytes of virtual memory.In the future, even more memorywill be usable.
Andthe cost of RAM hasfallen to such an extentthatit is already possible to
configure desktop machines with tens of gigabytes of memoryfor a couple of
thousand dollars.
APLtraditionally has been at the forefront of making full use of available
memory. Back in 1982, MicroAPL madea big splash with the 68000-based
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MicroAPL Spectrum computer, which could offer a 1MB workspace size or more,
at a time whennearly all micro-computers werelimited to just 64KB. Now weare
talking about memorysizes several thousand times bigger, but wesee the same
benefits: direct manipulation, in the APL workspace, of data which other
languages have to process piecemeal.
Of course,it is not just the size of workspace which matters;it is also the
maximumsize of arrays. 32-bit APL systems use 32-bit slots to hold array sizes
and dimensions. Thus, evenif the processor can address more than 32-bits, it does
notfollow that an application (such as an APLinterpreter) can handle arrays
whichwill take full advantage of this memory.
For this reason, we have decidedto introducea fully 64-bit version of APLX,
which will overcomeall limitations in workspace andarraysize for the
foreseeable future. APLX64is this new product.It is initially being madeavailable
for Linux and Windows, with a MacOSversion following. In APLX64,all array
dimensionsare 64-bit. In addition, integers are also 64-bit (otherwise you would
haveto use floating-point numbersto index arrays!). Booleans remain as onebit
per element, makingit possible to handle huge Boolean arrays withoutexcessive
memory requirements.
Webelieve this product extends the reach of APL upwardsto applications which
previously were beyondits reach. These include modelling and simulation using
huge data sets, and OLAPapplications for analysis and aggregation oflarge
volumesof transactional data. In this new world, you do not need to compromise:
youcan just load the entire database into your APL workspace(the USQL system
function will be handy here!). In some ways,this is taking APL backto the kinds
of application whereit used to be strong, but whereit lost ground because the
amountof data became too big to fit in the workspace.

Conclusion: Up, Down, and Sideways
Extending the reach of APL meansensuringthatit is appropriate to a whole range
of users anddifferent needs, from the student learning about APL ona low-cost
PC,to a retired Professor of Economics analysing stock-marketdata, to
commercial programmers writing cross-platform solutions, to big corporations
analysing huge volumes of commercial data.
Andthe beauty is, all of this can be done with the same product, using the core
languagespecification of APL2, with the same JWI-based user-interface
components, and running in the same way on a whole rangeof different
processors and operating systems.
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In Search of a Cool Smooth
by Adrian Smith and Jonathan Manktelow, Causeway
Talk given at the “All APLs Day”, Naples Beach, 2005

Outline
Rather than bore everyone with yet more PowerPointand chat, Jonathan and I
decided to act outa little scenario,illustrating one possible approach to mixing
traditional APL developmentwith the .Net future. I should point out that we
picked the example quite carefully; everything from the APL side translated easily
into C# and tripwires were avoided. The C# code was mostly written ahead of
time, but nothing was hidden, and everything we did was genuine enough on the
day. Just be aware thatit is not quite as easy as we made out!

Cast in Order of Appearance
Jonathan — the unfortunate C# programmerwith a particularlyirritating boss.
Jonathan’s boss (non-speaking part) - wholikesto think thata bit of bluster and
some arm-wavingare equivalentto a detailed specification.
Adrian — the mad boffin with the cranky old APL system tucked away below the
companyradar.

The Challenge
Jonathan’s bossis in chargeof a project to add an MPG summary tothe typicalin-
car computer system to go alongside the SatNav and all the other fancy toys. He
has collected some sample data, and given Jonathan the task of developing a nice
timeseries graphic so the car-ownercan see how things are progressing overtime.
Jonathan winds up the marvellous SharpPlot (aka RainPro) charting toolkit and
proudly showshis bossthe results.

public Metafile DrawChart ()
double{] data = new double[] {37.6,39.4,37.2, .... ,39.8,36.6,39.8};
SharpPlot.Heading = "A Simple Timeseries";SharpPlot . DrawLineGraph (data) ;return SharpPlot .RenderMetafile();}
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The datais quite genuine — and gives you a good pictureof the seasonal variations
in fuel usage, as well as the large random errors introduced by inconsistentfilling!
isa Prttala

 

A Simple Timeseries
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“Wow”saysthe boss, “You didall that coding in less that a day”.It actually took
Jonathan 10 minutes, so hetries not to look too smug.
“Whatwereally need” musesthe boss “is some kind of cool smooth”. He waves a
boss-like finger in an up and downkind ofwayat the data; “See what you can do
by this afternoon - I promised to showthis to a couple of customersat 3:00”.
Jonathan breaksoutin a cold sweat, and goes Googling for “cool smooth” which
doesn’t really help. Then he has a brainwave — maybe that APL nut whohidesout
on the 5th floor can help. He knowsaboutthissortof thing.

The APL Approach
The APL nutis quite used to users who have no idea what they want. Hestarts by
looking at the data, and mentally discarding concepts like 12+ as far too uncool.
Simple moving averages never make a tidy job of the ‘ends’ andtheir intrinsic
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‘top-hat’ shapeoftenleadstoall sorts of strange artifacts as the averaging period
‘beats’ with the data.
Howabouta simple Gaussian? That's pretty cool, and easy to do in APL.Let's
have a look...

wt+*-(xdxdieaway)*2
whewtt+fwt

... Will create a weighting thatfalls off in a pretty ‘bell-curve’ way depending only
on the absolute x-distance.It is nice, in that every pointin the series contributes
something to every point on the average, but nearer points count most. The
dieaway controls how wide a bell we use — it ranges from 0 (every point has equal
weight) to about 5 when the average sees very little other than the nearest point.It
lookslike a good candidate for a trackbarto let the user play with thesettings!
After a few minutes fooling around, the APLer has come up with this:

VY xy+dieaway flex vecsgxsetixdswtsmm
[1] a Generate Gaussian smooth from data array
(2]
[3] mm+t,pvec
[4] gxe+mm[1]+(0.0t*0,1100)x--/mm a 100 is hard-wired for now
{5] xyegx,£1.5]0 A Pre-allocate
{6]
t7] A May as well Toop here - outer product is a memory hog
[8] :for ct sin ipgx
(9] xd+] (tpvec)-gx[et]
[10] wtex-(xdxdieaway)} #2
C11] wtewts+fwt[t2} xy[ets2]+vect.xwt
[13] rend
[14]

v

1 flex4 5654
1 4, 291876722
1.04 4,.3109932t
1.08 %.331030772
1.12 4351994593

4.92 4.331030772
4.96 4,31099321
$ %.291876722

So we havea piece of working code, and somesimpletest-data. “Great” mutters
Jonathan, looking bemused. “How doI call this from C#?”.
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With one mighty bound, he wasfree...
It is Jonathan’s lucky day — Adrian has been playing around with a deceptively
simple C# conversiontool that can take APLutilities like this and spit them out as
compiled DLLsthat any .Net application can call. First, he must agree the
‘interface’ with Jonathan and then add a few extra comments to the APL code to
assist in the translation process.
They decide that the class will be called CoolSmooth (to conform with Microsoft
namingstyle) and thatit will have a methodcalled Flex. Rather than passing in
the dieawayas an extra argument, Jonathan decides it would be good to have a
Flexibility property, ranging from 10 to 100 (becauseuserslike percentages) with
a default value of 10. He is very uncomfortable with the idea of getting the result
as a matrix (C# programmers muchprefer arraysof arrays) so they agree that Flex
can return a 2-elementarray with the X and Y values neededto plot the smooth.
Here is what Adrian needed to code to makethis all work:

¥  CoalSmooth flex
[1] AAs Constructor for CoolSmooth taking optional flexibility (default 10)
[2] a:Constructor():this(10)
[3][4] Aflexibility+filex

v

vy SetFlex newvalue
[1] A Set the Flexibility adjuster (constrained 0-100)
[2] ArPSet Flexibility Set responsiveness of fitted Gaussian(3] a: int newvalue
[4}
(5) Aflexibility+100L0[newvalue

v

v value+GetFlex
(1) A Get the Flexibility adjuster
[2] Aa:PGet Flexibility Responsiveness of fitted Gaussian[3] a: int value(43
[5] value+aflexibility
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v flexed«Flex vec;dieawaysgxsxyictsxdswtsmm
C1] A Generate Gaussian smooth from data array
(2] & Creates 100 points spanning range of original data
[3] R Uses a gaussian curve weighted by the x-distance from each point.(4]  a:Public
(5) a: double[] vec[6] a: double[}£] flexed
(7]
[8] dieaway+0[0.0ixaflexibility A Default parameter = 16
[9]
(10) mn+1,pvec
[11] gx+mm[1]+(0.01*0,t100}*-~/mm a 100 is hard-wired for now
(12) xy+gx, (4.570 A Pre-altocate
(13)
[14] a May as well loop here ~ outer product is a memory hog
Cis) tfor ct sin wpgx
[16] xd«| (rpvec)-gx[ct](17] wtes-(xdxdieaway) #2
[18] wtewtt+ewt
(19] xy[ets2]+vect.xwt[20] :end
[21]
[22] Flexed+c[i]xy

v

Let’s lookat the F lex functionfirst, to see what changed from the original APL
code. Line[22] simply changes the result into an array of arrays, and line[8] uses a
globalvariable instead of a left argument. Thatleaveslines [4-6] which appearto
APL as comments, but are used by the code-conversion to give data-typesto the
argumentandresult. By default, all functions in a class are ‘private’ (and invisible
from outside) so we need a hintthatthis function is a public ‘method’oftheclass.
Hopefully, the two functions to Set and Get the Flexibility are simple enoughto be
self-evident. The converter looks for commentslike:

{2] a:PSet Flexibility
and usesthese to create Properties in the generated C# code. The property will be
available for Read/Write/Both depending on which functions are marked (the
actual function names do not matteratall).
In order to compile the converted APL code, we need a small amountof C#
boilerplate, which is saved in a simple text variable:
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csAflex
using System;
using AE=Causeway.SharpArrays;

namespace Causeway
{
!CoolSmooth=Fiex,SetFlex,GetFlex,CoolSmooth,aflexibility /doc

}
This mostly just passes straight to the generated source-code, exceptforlines
beginning !ClassNante which invoke the translator with list of function and
variable names. The /doc flag makesthe translator create the XML documentation
that Visual Studio uses for popup tips and auto-completion ofcode.
Hereis the complete C# source:

using System;
using AE=Causeway.SharpArrays;
namespace Causeway
{ public class Coolsmooth{ int _flexibility = 10;
  {/ = = Flex

// Generate Gaussian smooth from data array
// Creates 100 points spanning range of original data
// Uses a gaussian curve weighted by the x-distance from each point.
public double[][] Flex(double[] vec){ int [] mm;

double dieaway;
double[] gx, xd,wt;
double[,] xy;
dieaway = AE.Max(0,0.01 * flexibility); // Default parameter = 10
mm = AE,Join(1, vec. Length);
gx = AE.Plus(mm[0] ,AE.Times (AE.Times (0.01,AB.Join(0,AE.Range(100))},

-AE.MinusReduce(mm))); // 100 is hard-wired for now
xy = AE.Laminate(1.5,gx,0); // Pre-allocate
// May as well loop here - outer product is a memory hog
for {int ct = 1; ct <= gx.Length; ct++) {
xd = AE.Magnitude (AE.Minus (AE. Range (vec.Length) ,gx[ct-1]));
wt AE.Exponential (AE.Negate (AB. Power (AE.Times (xd, dieaway) ,2)));
wt = AE.Divide (wt, AH. PlusReduceFirst (wt)) ;
AE.IndexAssign(xy,ct,2,AE.SumTimes (vec, wt) );

}return AE,MatrixToRagged (AE.Transpose (xy) ) ;}
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‘/ = SetFlex// Set the Flexibility adjuster (constrained 0-100)  

void SetFlex(int newvalue}{ _flexibility = AE.Min(100,AE.Max(0,newvalue));}
// = GetFlex =// Get the Plexibility adjuster 

int GetPlex()( return _flexibility;
}

fi = CoolSmoeoth
public CoolSmooth():this(10}) {}
public Coolsmooth(int flex)
{
_flexibility = flex;}

A Properties of CoolSmooth =:
public int Flexibility {

set { SetFlex(value); }
get { return GetFlex(); }}

   

  

}}
And hereis the accompanying XML:

<?xml version="1.0"?>
<doc><assembly><name>flex</name></assembly>

<members>
«member name="M: Causeway. CoolSmooth. Flex (System.Double[]) ">
<summary>Generate Gaussian smooth from data array
</summary>

</member>
<member name:
<summary>
Constructor for CoolSmoeth taking optional flexibility (default 10)
</summary>

</member>
<member name="P:Causeway.CoolSmooth.Flexibility">
<summary>Responsiveness of fitted Gaussian</summary>

</member>
</members>

</doc>

 M: Causeway . CoolSmooth. #ctor (System. Int32) ">
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The source-code can be compiled from the command promptlike this:
D:\Tools\aplescsc /t:library /r:sharparrays.dll flex.cs
Microsoft (R) Visual C# .NET Compiler version 7.10.6001.4
for Microsoft (R) .NET Framework version 1.1.4322
Copyright (C) Microsoft Corporation 2001-2002. All rights reserved.

D:\Tools\aplesdir flex.*
30/01/2006 23:22 1,958 flex.cs
30/01/2006 23:25 4,096 flex.dll
30/01/2006 23:22 582 flex.xml

So Adrian copies flex.dil, flex.xml and sharparrays.dll (just under 500Kb)to his
handy APL2000 keydrive and handsit over to Jonathan to plugin to the finished
application. Yes, I’m sure Jonathan could have codedit up in C# in a couple of
days, butthis is a classic example of the APL modeof thoughtin action. Adrian
never sat down anddesignedthe algorithm — he just created some handytest data
and typed awayuntil the outputlooked right.

Happy Ending
Calling the new DLLfrom C#is a breeze:
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 i!q double[] data = new doublel} {37.6,39.4,37.2,39.7,38.2,37.2, 39.6, 40.2) 41.0, 49.1,39.9,40. 1,38

G14, 4h.2, 36.0, 44.0,99.2, 43, 0,41. 67 41,8, 36.9, 39,9, 40, 9,38, 440, 3, 37,9, 36.8, 386,99.3 37.2,30.9, 30.0, 40.4, 35.9, 60.6, 99,8, 39.8, 38.1,39.0,36,0,39.2,39. 1,40. 7,99. 742.Ke bl?rg 41.9,41.9, 42.4, 39.5,41,8, 41.7, 39.5, 41.3, 40.6, 38.6, 40.2, 39.2, 37.9, 37. 1,397.5, 38. 8,35.39.5, 30.9737. 6)39.2, 37,8, 2.5, 36.6, 37.2) 40. 7, 95.0, 38.4, 41,3, 98. 0,37. 9,399.9, 96. 6,39:

 

[>

SharpPlot.Heading = "A Simple Timeseries"sq SharpPlat.SetPanWidths(new double{] {1.2,3})sSharpPlot.Orawl (neGraph(data)s
GoolSmocth Smooth = new Coo! Smoath():: Smooth. Flexibility = 237
double{I[] SmoothedDeta = Smooth.Flex(date)s

a Goublelfl CootSmoathFiex doublet] vec]4 BharpPtot. Drawl ineGraph(Smoothedd at|Generate Geussiensmoothtrom data ana]
q return SharpPlot.RenderMetafite()s   4 = SET ah ORT ems po
i Cup |ap - 7 i RSasa I

 
 

       
Jonathan addedthe lines to create an instance of the CoolSmoothclass andset the
Flexibility to 23 — of course he could have passedthis as an argumentto the
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constructor. The screen-snap was taken with the mouse hovering over the Flex
method name— notice how the leading comment-line from the original APL
function has appeared as the secondlineofthe tip! This is why we made the XML
file to accompany the DLL.If you look carefully, you can see exactly where the
‘intellisense’ is coming from for the methods and properties.
Solet’s test it — hit that F5 key to compile and run .

   Ho Cree
A Simple Timeseries

 aeeo 5 0 1S 2 2 30 38 4 45 50 38 60 6S 7 75 80 88    
.. well, the audience thoughtit was cool! This has to be the first time a simple
dashedline got a spontaneous round of applause.

Summary
Myfeeling is that .Net is beginning to compete onlevel terms with APL as a
general-purposeapplication developmenttool. C# is a good language, the
Frameworkis an excellent utility library, and the Gui designer is reasonable.
When wehave Framework-2 and XAML for the Gui, then I think C# may be
ahead. What.Netis not(at least not yet) is an environment for mucking around
with ideas. For that you need a session and a workspace, and an environment
that lets you stop halfway througha function, play with the data, fix up the next
line and continue.
Thelittle scenario Jonathan and I playedoutillustrates a useful role for APL in
even the most conventional development shop.
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Objects for Dyalog APLers (Part 2 of3)
by Morten Kromberg

Chapter5. Properties
Thefirst four chapters of the Introduction to Object Oriented Programming For APL
Programmers were published in Vector 22.1. With luck, we are nowable to find our
way aroundsimple classes and instances, and are ready to explore the next piece
of OO functionality.
A Property is a member whichis used in the same wayasa field, but implemented as
a one or more functions: There is usually a pair of functions, which are commonly
referred to as the getter and thesetter.
To explore properties, we are going to modify our TimeSer ies class so that an
instance represents a year of monthly data. In case we do not have observations
for all the months, we wouldlike to be able to indicate which months we do have
data for:

:Class Monthly
tField Public Obs A Observed values
tField Public X A X values for observations (Months)
:Field Public Degree+3 A Grd degree polynomials by default
vo r+PolyFit x:coeffs

sAccess Public
a Use cubic fit of observed points to compute values at x
coef fs+ObshXe.*0, Degree €@ Find polynomial coeffs
r+coeffst+.x&xe,*0,1Degree a Compute fitted f(x)

 

v

Vv make args
Implements Constructor
A args: Obs [X]
argse,(¢*(1=2args) }args a Enclose if simple!
Obs X+2targs,cripsargs
‘Invalid Month Numbers' TSIGNAL (a/Xe1i2)441

v

sEndClass a Class Monthly

1 8 is the power operator, which takes a function(enclose) ontheleft, numberof applications (1 if simple,
else 0) on the right. When right operator argument is boolean, powercan be read “if”, in this case “enclose
if simple”.
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Bold text highlights the changes: We have added a newfield called X , which will
contain the X co-ordinates of our observations. The PolyF it function has been
enhancedto use X rather than (1pObs ) in constructingthe right argumentto
matrix division. The constructor make has been enhancedso thatit generates X if
it was not provided:

({DNEW Monthly (1 4 7 9 40)).X A Instance discarded at end of line
12a45

mi+DNEW Monthly ((1 4 7 9 10)(1 3.5 7 9))
mi.X

13579

Because we think we might extend our class to handle very long timeseriesat
some pointin the future, and since the matrix division algorithm only uses the
actual observations anyway, we have decided to use a “sparse” data structure: We
only store the points for which we havevalues.
Wewill experiment with defining a variety of properties which can presentthe
sparse data in ways which may be more convenientto the user.

:Property Simple
A reporting applicationis likely to wantto see the data as a 12-elementvector, so
it can be tabled with otherseries and easily summarized. We can supportthis
requirement using the following property:

Property Simple FullYear
rAccess Public

v reGet
r+(Obs,0)[Xz1t2]

v
:EndProperty

Simpleis the default type of property, so the keyword Simple is not actually
required above. Although Ful 1Year is implemented using a function,it looks,
tastes and feels? like a field (or a variable) to the user of the class:

tsi1+QINEW Monthly ((i 4 2.7 3) (1 237 8))
ts2<QINEW Monthly ((4 324 1) (135 7 9))
ts1.FullYear[2] a February

2 However,if the access function crashes,it will not smell like one.
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(tsi ts2).FullYear
1 2 oO 000
1 3 2 100co

os
c
o
n ts2 e

q 74 0
Q oO 0

ts1.FullYearet12
SYNTAX ERROR...

The last statement aboveillustrates that Ful 1Year is a read only property, which
is due to our not having written the corresponding Set function — we'll getto that
in a minute. APLis (of course!) able to perform indexing on the data returned by a
property, as can be seen in the expression where weextracted data for February.
However,the Get function did generateall 12 elements of data, which might have
been extremelyinefficient if we had moredata.
The :Access Public statement makes the property visible from outside the
instance, Withoutthis, the property could only be used by methodsbelonging to
the class.

:Property Numbered
Numbered properties are designed to allow APLto perform selections and
structural operations onthe property, delayingthe call to your get or set function
until APL has worked out which elements actually need to be retrieved or
changed:

:Property Numbered ObsByNum
sAccess Public

¥ reShape
r+l2

v
VoreGet args

r+(Obs,0)[Xtargs.Indexers]
v
¥v Set args;i

rIf (pX)<ieXtargs.Indexers B New X?X+X,args.Indexers © Obs«Obs,args.NewValue A Add it
rElse

Obs[i]+args.NewValue a Update
sEndIf

v
:€ndProperty

In order for APL to perform indexing andotherstructural operations, it needs to
know the Shapeofthe property. With this knowledge, APLis able to perform the
sameindexing and structural operations which would be allowed ontheleft side
of the assignmentarrow in selective specification expression. The getteris called
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when APL encounters a function which actually needs the data in order to
proceed.
To investigate how this works, edit the Get function for the property ObsB yNum
in the class Month1y from the workspace OO4APL \Month1y, so that it outputs
the contents of args. Indexers to the session on each call - and experiment with
different operations on the property — for example:

tst+{INEW Monthly ((1 4 2.7 3) (1 2.37 12))
tsi. ObsByNum[2]

Get: 2
4

T2ttsi.ObsByNum
Get: 11
Get: 142
a4

itetst .ObsByNum
Get: 12

ts1.ObsByNum
Get: 1
Get: 2
BtCm BoA L
Get: 12
142000700003

As can be seen above, the numberof function calls is equal to the number of
elements which are accessed. In a future release of Dyalog APL, it may become
possible to declare the rank of the getter and setter, so they can work on several
indices in a single call.
When APLcalls a getter or setter for a numbered property, the argumentis an
instance of type PropertyArguments, which will contain the following
variables:
 

Indexers An integer vector of the samelength asthe rank of the
property (as implied by the result of the Shape function).
 

Name The nameof the property, which is useful when one
function is handling several properties (we'll show how to
do thatlater).
 

NewValue Within setter, this is an array containing the new value
for the selected elementof the property.   
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Note that Indexers will always contain indices in the index origin of the class.
This meansthat the access functions do nof need to adapt to the indexorigin of the
calling environment - APL adjusts the indices as appropriate. Conversely, the
userofa class does not need to know the index origin used within the class. This
is a good example of encapsulation or information hiding, importantprinciples of
object orientation which makeit easier to share and use code without needing to
understanddetails of the implementation.

:Property Keyed
It is commonforobject oriented languages to allow indexing using names or other
keys, which are notnecessarily numeric indicesinto an array. For example, the
collection of sheets in an Excel workbook can be indexed by sheet name:

XLeQNEW ‘OleClient’ 'Excel.Application’
XL. ActiveWorkbook.Sheets.Item[s'Sheet2'].Index2

Note: To preserve compatibility, OleClient objects created using QOWC willstill
expose Item as a methodrather than a property:

'XLW' DWC ‘OleClient’ ‘Excel.Application'
XLW. ActiveWorkbook.Sheets.(Item 'Sheeti').Index

2

In version 11.0, keyed properties makeit possible to support indexing of properties
using arbitrary keys. If we create vector of month namesto use as keys:

Months*'Jan' 'Feb' 'Mar' ‘Apr’ ‘May'.. ‘Nov’ ‘Dec!

Alternatively,if we have the Microsoft.Net frameworkavailable on our machine,
we can extract the names from the environment:

Qusing~'System.Globalization' aA DotNet “Globalization Namespace”
Months+12t(DateTimeFormatinfo.New @).AbbreviatedMonthNames

This will define a 12-elementvector? of 3-letter month namesin the local
language. We can now define a property to do indexing using local month names:

3 DateTimelnfo.AbbreviatedMonthNameshas 13 elements,thelast element(whichis empty) is provided
for use in 13-month calendars.
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:Property Keyed ObsByName
rAccess Public

vVoreget args;i
OSIGNAL ((pMonths)v.<i+Monthst1oargs.Indexers}/3 A INDEX ERROR
r+(Obs,0)[X1i]

a

Vv Set argssism
SIGNAL ((pMonths)v.<i+Monthsit>°args.Indexers)/3 A INDEX ERROR
m«(pX)<i a New months?
X+X,m/i © Obs+Obs,m/args,NewValue A Add new monthsObs[X1i Jeargs..NewValue

v
:EndProperty

The Obs8yName property can be used as follows:
tsi.ObsByName[e’Jan’]
tst.ObsByName['Oct' "Nov' "Dec'J+4 5 6

The entire index and array of new values (when provided)is passed in a single
call to a keyed getter or setter. APL will verify that the shape of the sub-array
identified by the Indexers conformsto the shapeofthe result of get, and in the
case of set, the new values. This is why 'Jan' mustbe enclosedin thefirst
example above.
Unlike a field, a property does not map directly to an underlying array. The
property provides a “virtual” array, the elements of which can be generated on
demand ~ and created when updated. As an extreme example of this, the
following class presents the APLinterpreteras an infinitely large keyed property,
with all possible APL expressions as keys, and the results of the expressions as the
corresponding values:

:Class APL
:Property Keyed ValueOf
tAccess Public

Vo reGet args
reeioargs.Indexers

v
:EndProperty

sEndClass a APL

Allowing:
GAPL+{INEW APL
{APL.ValueOf['2+2' '+/15'}

4415
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Numeric Keyed Properties
Note that you can use keyed properties with integer indices, and use them in the
same wayas in a numbered property. You might dothis if you were worried that a
numbered property wouldbe inefficient due to the numberof calls to your access
functions, or if a simple property would cause too much data to be generated, The
drawbackof this approachis thatthe only direct selection operation whichis
possible on a keyed property is square bracket indexing, and - since APL passes
the indices unchanged — the indices will have to be provided in the indexorigin of
the class.
For readers familiar with the conceptof function rank,it is possible to think of a
numbered access function as having rank zero, while a keyed access function has -
infinite rank. Future versions of Dyalog APL mayallow you to controlthe rank of
youraccess functions.

Default Properties
The : Indexer keyword defines a default property fora class. If a class has a
default property, square bracket indexing can be applied directly to a ref to the
instance. If we edit the definition of the ObsB yNum property and replace
:Property and :EndPropertyby the keywords : Indexer and
: EndIndexer, we can apply indexing as follows:

tst+[NEW Monthly ((1 4 2.7.3) (1 2.3 7 8))
tsi1[2] A Short hand for the following expression

‘ ts1,ObsByNum[2] A Equivalent to the above4
ptst A But: tsi is a scalar

2tts1
DOMAIN ERROR

The last two expressions expose a problem with indexers: An instance(or rather: a
reference to an instance) is a scalar. The APL standard allows square bracket
indexing oninstance as a conforming extension, since indexing the instance would
give a RANK ERROR. However,all other selection orstructural operations will
view the instance as a scalar. For example, the expression (2tts1) should return
ts1 followed by a prototypical instance of the Monthy class, butfails because
nonehas been defined (we'll look at howto define class prototypes when we take
a closer look at constructors).
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Version 11.0 adds support for APL2’s “squad indexing”primitive, a dyadic
primitive function which provides a functional alternative to square bracket
indexing:

4] 'ABCD' rR 'ABCD' [4]
o

2 (4 2)0/2 2p'aBco' A (2 2p'ABCD')[251 2]
cD

In version 11.0, monadic ]] returnsthe entire right argument,asif the elided left
argumenthadselected everything along all dimensions.If the right argumentis
an instance, monadic[] returns the entire contents of the default property.

pItst
12

2tts1
14

Its1
442000730000

Notethatthe 2nd expression aboveonly called the numbered getter twice, once
for each element of the complete selection operation 2 []. If we had picked
ObsByNameas the : Indexer, we wouldbeableto index the instance using
month names:

tsi+(INEW TS2 ((1 4 27 3) (1 2.37 8))tst['Jan' ‘Jul']17
(Obviously), there can only be one default property.

Triggers
If you wantthe “lightweight” characteristics of afield, where APL handles data
accessdirectly without your having to write access functions, but you wouldlike
to be able to react to changestothe field, you can use a trigger. A trigger is a
function which is called when one or morefields (or other variables) are modified.
For example, we could update our Month1y class so thatit calculates the
coefficients when oneof the variables involved in the calculations change, rather
than doing it on everycall to PolyF it. PolyFit can be modified to use the pre-
calculated coefficients:
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v PreCale args
:Implements Trigger X,Obs,Degree
fl+'PreCale: ',args.Name
sIf OK+({pObs)=pX)aDegree<pObs

Coeffs+ObsHXe.*0,:Degree A Find polynomial coeffs
sEndIf

VorePolyFit x;coeffs
sAccess Public
A Fit polynomial to observed points to compute values at x‘Unable to Fit Polynomial’ [SIGNAL OKs5
reCoeffs+.xQxo,*0,tDegree a Compute fitted f(x}

v

PreCalc writes to the session whenitis called, so we can keep an eye on things:
tsi+[NEW Monthly ((1 4% 27 3) (1 237 8))

PreCalc: Obs
PreCale: X

fetst.PolyFit 1294
41.7 2.0 3.5 5.3

ts1.Degree+2PreCalc: Degreetetsi.PolyFit 123 41.0 2.7 4.0 4.8
ts1.X*1 237

Precale: X
detsi.PolyFit 12394

Unable to Fit Polynomial

The trigger mechanism in version 11.0 is not a purely object oriented feature. It
can be usedto track any variable in a workspace. For example:

¥ foo args
rImplements Trigger A‘A wtAl at’ 140ST{a,'[', Cow), ')'} DLC

v
¥ goo

At2
At'Hello'

v

If we now run goo,wewill see the following output:
A+ 2 at goo[2]
A+ Hello at
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Warning: Applications should not depend on the exact timing of, or the number
orcalls to, a trigger, beyond relying on each trigger function to be called at least
once following the completion of the primitive function (usually assignment)
whichset the trigger variable. As can be seen in the above example,the trigger
functions werecalled after the completion of the entire line of code containing the
trigger event. In the second case, goo was nolonger on the stack at the time when
foo wascalled.

Chapter 6. Constructors and Destructors
As wehaveseen, a constructor is a function which is called to initialize the
contents of an instance, immediately after the instance has been created — butbefore
it can be used. In the examples we have seen sofar, we have usedit to:

* Set an initial seed in our Random numbergenerator class
* Initialise data for a new instances of Monthly and TimeSeries

A constructoris used whenit makes sense to provideinitial valuesforfields, or
allocate external resources associated with the object. For example, a constructor
might open a componentfile, or connect to a database and execute a query.
A destructor is called whenthe instance is aboutto disappear. In a destructor, you
can close files and database connections, or free up any other resources which will
nolongerbe required. The followingis a simple class which provides access to
Excel Workbooks, using Excel as an OLE Server:

sClass Exce]lWorkBook
tField Public Application
tField Public Workbook
:Fietd Public Sheets
iField Private Opened+1 A Did we open it?
v make book;i;books

:Implements Constructor‘Application’ DWC ‘OleClient’ ‘Excel.Application’
sIf O#Application.Workbooks.Count a Currently apen books

books+Applicatton.Workbooks. (Item™tCount)
tAndIf (pbooks)zi+books.FullNametcbook A Already open?

Workbook+i2baoks
Opened+0 a No we did not

sElse
:1f books.=' ' @ No book named => Create one

Warkbook+Application.Workbooks.Add @
rElse A Open the requested bookVorkbook+Application.Workbooks Open book
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rEndIf
sEndIf

Sheets+Workbook.Sheets.,(Item™:Count) a [Workbook.Sheets
v

Vv close
iImplements Destructor
r1f Opened a Close it if we opened it

:Trap 0 @ If workbook somehow damaged
U+'Clased workbook ‘,Workbook.Ful]Name
Workbook. Saved+1
Workbook.Close @

sEndTrap
r€ndIf

v
sEndClass a Class ExcelWorkBook

The constructor takes the name of a workbook as its argument, and ensures that
the book is open.If the name is blank, a new workbookis created. The three
publicfields of this class are:
 

 

Application A handle to Excel.Application, so we can do things
like make Excel visible andtell it not to issue
prompts.

Workbook Handleto the Excel workbookinstance
corresponding to our workbook.
 

Sheets A vector containing all the sheets in the book,for
easy access.    

Thefollowing illustrates the use ofthe first twofields.
wbi+{INEW ExcelWorkBook 'c:\temp\booki.xls'
wot. Application. Visibleet
wbi.Workbook.Ful1]Name

C:\temp\Book1.x1s
The following examples show how wecan read data from the sheets, make a
change, save the workbook, andclose the object:

wb1,Sheets.Name
Sheeti Sheet2 Sheet3
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wb4.Sheets[i].(Name UsedRange.Value2)
Sheeti 1 2 39 & 5 6 7 8

910 11 12 13 14 15 16

wbi.Sheets[1].(Range 'Ai:B2').Value2+2 2p'Kilroy' ‘was’ ‘here’ '!'
wbt.Workbook.SaveAs ‘c:\temp\book2
lex ‘wb1'

Closed workbook: C:\temp\Booki.xls

Note that the destructoris called when the Jast reference to an instance disappears.
If you expunge a nameandthe destructoris notcalled as you expected,look for a
leaked local variable or a temporary global created by hand, containing a
reference that you had forgotten about.
The system function DINSTANCES will return list of refs to existing instances:

wbi+{JNEW ExcelWorkBook ‘c:\temp\booki.xts'
wb2+(INEW ExcelWorkBook ‘c:\temp\book2.xIs'
books+wbi wb2

Uinstances ExcelWorkBook#.[Instance of ExcelWorkBook] #.[Instance of ExcetWorkBaok]
(Dinstances ExcelWorkBook) .Workbook Name

Booki.xls Book2.x1s
Jerase wb1 wb2
pllinstances ExcetWorkBook

2

There arestill 2 instances.

Display Form
The function DF (Display Form) can be usedtoset the “display form”, of an
instance (or namespace) — which defines the result returned by monadic format
() of the instance. By default, the display form showsthe parent space and the
nameofthe class, as in:

#.[Instance of Monthly]
This tells us that we have an instance of Month1y which wascreated in the root
(#). DOF is often used in a constructor to set the display form to something which
helps to identify the particular instance. For example, if we added the following
line to the constructor of Monthly:

Dor +,£1.5]'(Timeseries]' (Months{X],‘=',[1.5]0bs)
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Then the display form would be somethinglike:
O+tsi+DNeW Monthly ((1 4 27 3) (1 237 8))

[Timeseries]
Jan t
Feb
Mar
Jui
Aug o

n
e

w
u
n

e

Wecould also updatethetrigger function to keep the display form up-to-date.

Niladic Constructors and the Class Prototype
All the constructor methods we have written so far have taken an argument which
has been usedto initialise each new instance. If the constructoris a niladic
function, this meansthatthe class does not need anyinstantiation parameters.It is
possible for a Dyalog APLclass to have twoconstructors: One which takes an
argument, and one which does not. A constructor with no argumentis known as
the default constructor. If DINEW is called with no parameters followingthe class, the
default constructorwill be called. For example, we could have defined a niladic
constructorfor the Randomclass, as an alternativeto testing whether the
argumentis zero in the monadic constructor:

Vo make args
z:Implements ConstructorInitialSeed+args
Reset

v

v maked
sImplements Constructor
make InitialSeed

v

Often, the default constructorwill simplycall the main constructor, supplying
default arguments. With the above constructors and the RL function from the
beginningof chapter 4, the Random class could be used as follows:

ri+(NEW Random a Nothing strange about this.Random Generator Initialised, Seed is 42
ri.RL 1234 a Change DRL to 1234 (returns old value)

42
(3tr1).RL 0 a Creates two instances using defauit constructor

Random Generator Initialised, Seed is 42
Random Generator Initialised, Seed jis 42
1234 42 42
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r0+0/ri A Keeping none causes creation of a prototype
Random Generator Initialised, Seed is 42

(1trO).RL O a 1t causes creation of a new prototype
Random Generator Initialised, Seed is 42
42

itro.RL O
0

In the last example, APL determines the type of the result by calling the function
RL onthe prototype and doing a Op ofthat result (42). 1+ on this gives the result.
Note: The exact timing of prototype creation during the execution of expressions
involving empty arrays may changebefore version 11.0 is generally available.

Chapter 7. Shared Members
Almostall the members we have used upto this point have been instance
members. An instanceficld has a distinct value for each instance. The code in
instance methods, or associated with instance properties, generally refer to instance
data. Shared fields have the samevaluein all instances. Shared methods and
property accessor functions access shared data.
The meaning of the terms public and private is the same for shared membersasitis
for instance members. Public membersare visible from outside, private members
can only be seen by code which is defined and runninginside the class.
The Months field, which contains abbreviated month names within the Monthly
class, is an example ofa field which mightas well be shared — it is going to be the
samein all instances. We can add:

:Field Shared Public Months

... to the beginning of our Month1y class, and subsequently verify that the
property is in fact shared:

tsi+{INEW Monthty ((1 2 3 4)(5 6 7 8})ts2+{INEW Monthly ((3 4 5 6)(5 6 7 B})
tsi.Months[a]+c'Mch*
ts2.Months

Jan Feb Mch Apr May Jun Jul Aug Sep Oct Nov Oec

Jerase tsi ts2
Monthly.Months

Jan Feb Mch Apr May Jun Jul Aug Sep Oct Nov Dec
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Asthelast expressionillustrates, public shared properties can be referenced
throughtheclassitself, without using an instance.In this case,it is probably a
goodidea to declare the field as “read only”:

:Field Public Shared ReadOnly Months~i2t
(DateTimeFormatInfo.New &).AbbreviatedMonthNames

Mostof the time, sharedfieldsare likely to be either read only or private — or
hidden behind some kindof property with careful validationin thesetter.
Shared membersare available to code which defines instance methods and
properties. As we have seen above, they can be usedasif they were members of
all instances. On the other hand,instance datais not visible to shared code, since
this would presumetheselection of a particular instance. Note that code which is
executed when thea class scriptis fixed, is shared code, executing within the
class. Thus, it will not be able to see the value of instance fields, exceptto define
default values for instance fields in :Field statements.

Shared Methods
Shared methodswill either be access methods which are used to manipulated
shared data, or methods which provide a service whichis related to the class but
does notrequire or apply to an instance. For example,if we extend our
Exce |WorkBook class with a method which lists the workbooksin a folder, we
could providethis as a shared method:

VoreList folder;DUSING
tAccess Public Shared
DUSING-'' a DotNet Search Path
:Trap 0

r«((System.10.DirectoryInfo.New folder).GetFiles'*.xls'}.Name
rElse 0 r+@
:EndTrap

v

This would allow usto find out which workbooks there are, whichis information
we might need before we open one:

ExcelWorkBook.List ‘c:\temp'
Booki.xls Book2.xIs Book3.x1s

121



VECTOR Vol.22 No.2
 

Chapter8. Inheritance
It is possible to define a class which extends — or inherits the features of — an
existing class. Inheritance is considered to be oneof the most important features of
Object Orientation, because inheritance provides a well-defined mechanism for
sharing code.
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Imagine that we wouldlike to create a simple budgeting and forecasting
application which uses Excel spreadsheetslike the above for data entry.
Departmental managerswillinitially enter budget and subsequentlyactual data
and sendtheir workbookstousat regular intervals for reporting and
consolidation. Our plan is to read data from workbooks in the above format, and
use code written in APL to calculate the variance to budget for those months
whereboth actual and budgetdatais available andfinally produce a Forecast.
Something along thelinesof:

v Calculate;real;ts
real++/v\bActual¥0 A # months of real data
Variance+12trealtActual-Budget a Compute VAR where we have data
tIf real>d

ts+[INEW Monthly(realtActual)
ts.Degree+i @ 3rd degree forecasts are a bit too exciting
Forecast«(realtActual),real+ts.PotyFitri2

rEndif
v
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Wewillcall this special type of workbook a “PlanBook”(there is an examplefile
called widgets.xls in the OO4APL folder). The P1lanBook class will extend
Exce ]WorkBook, providing additional properties called Actual, Budget,
Variance and Forecast, which access data via the Sheets field which
—Exce]lWorkBook makesavailable.
The constructor in our new P1anBook class will examinethe contents of the
workbook which has been opened and look for signs thatit is a well-formed
PlanBook. We might start with a class definition like the following:

:Class PlanBook : ExcelWorkBook
iField Private RowNames+‘Actual’ ‘Budget’ ‘Variance’ ‘Forecast’
rField Private Instance DataRange A Wil] point to Excel Data Range

 

¥ make book;z
sAccess Public Instance
:Implements Constructor :Base book
rif Sheets.Name=,c'Plan’
tAndIf 6 14a.<pz+-Sheets[i].UsedRange.Value2
tAndIf ((pRowNames) t2+z[31])=RowNamesDataRange+Sheets[{1].Range 'B3:M6‘
3Else

(book,' is not a valid Plan Workbook’ )OSIGNAL 11
rEndif

v
tEndClass aA Class Plan

A derived class is declared by following the class namewith a colon and the name
of the class which we wish to extend. The : Base keyword in the :Implements
Constructor causesa call to the base constructor, using the result of the
expression following :Base as the argument.In this case, the argumentto the
P 1anBook constructor, which will contain the name of the workbook,is passed
unmodified to the Exce |Work80ok constructor.
Once the workbookis open, make takes a look at the Sheets member, which we
have inherited from Exce 1Wor kBook,to verify that the workbookhasa single
sheet named “Plan”, that this has at least 6 rows and 14 columns, and that the
second column contains the four names which we expect.If all is well, we create a
private field called Dat aRange, which givesuseasy accessto the 4x12 range of
cells containing the data.
If the workbook does notlook right, we signal an error, which will be reported by
DNEW andpreventthe instance from being completely created.In this case, the
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base destructoris called as the instance disappears and the workbookis closed
again.

WHINEW PlanBook'’c:\temp\booki.xls’
es\temp\book1.xls is not a valid Plan Workbook

weQINEW PlanBook'e:\temp\bookt.x1s'
a

Closed workbook C:\temp\Bookt.xIs
wefINEW PlanBook'e:\temp\widgets.x1s'
w.Sheets.Name

Plan

All that remains to makeit possible for us to write Calculate in the way we
envisaged,is to providethe four “timeseries” as simple properties:

:Property Actual,Budget,Variance,Forecast
rAccess Public Instance

vo reget args
r+DataRange.Value2[RowNamestcargs.Name; ]

v
vo set args

DataRange.Value2[RowNamestcargs.Name; ]~args .NewValue
v

sEndProperty

Wecan now open the PlanBook and work with it:
weLINEW PlanBook'c!\temp\widgets.x1s*w. (tActual Budget)

iO 10 11 14% 0 000000010 41 12 13 14 15 16 17 48 19 20 24
w.Calculate
tw. (Variance Forecast)

o71 71 4 °0 0 0 0 0 o 0 0
10 10 41 14 14.5 15.8 17.41 18.4 19.7 21 22.3 23.6

And the spreadsheet has been updated. We can now:
w.Workbook.Save
Jerase w

Closed workbook C:\docs\sales\Widgets.x1s

And our workis done.
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Inherited Members
Wehaveseen that the Sheets member, inherited from Exce 1WorkBook,is
available as a public field of instances of P 1anBook. Public methodsare (of
course) also inherited by the derived class:

weList 'c:\docs\sales’
Booki.xIs Book2.xls .Widgets.x1s

However~ it might be more useful to have a more specific version of List, which
onlylists valid P 1 anBooks. We canuse the base methodto getthelist of
workbooks, and then validate them by opening each one as a P1 anBook:

voreList foldersmsiiz
tAccess Shared Public
a Extend ExcelWork80o0k,List to list only PlanBooks

reQ)BASE.List folder
m~(pr)p1For i :In tpr

:Trap 0 © z+{)NEW PlanBaok(folder,'\',iar)
sElse © (i5m)+0 © :EndTrap

sEndFor
rem/r

v

Which allows:
ExcelWorkBook.List 'c:\temp'

Booki.x1s Book2.x1s Widgets.xIs
PlanBook.List ‘e:\temp'

Closed workbook C:\temp\Booki.x1s
Closed workbook temp\Book2.xIs
Closed workbook C:\temp\Widgets.x1s
Widgets.xls

 

It is possible to access the Exce 1Work8ook version of a methodvia an instance of
PlanBook,by using a techniquecalled casting. Dyadic JCLASS allowsus to
access membersofthe baseclass by providing a view of the instanceasif it were
an instanceof that class. You can only cast to a class which is in the class hierarchy
for the instance:

(ExcelWorkB8ook [CLASS w).List 'c:\temp
Booki.xls Book2.xIs Widgets.x1s

Public membersof the base class become public membersof the derived class, and
are (of course) also accessible to the codein the derived class. We haveto refer to
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the baseclass version of List as UBASE.List becausethe derivedclass has
defined its own version of List. Note that OBASE is “special syntax” which
searchesthe class hierarchy for a particular member, andcan onlybe usedif it is
followed by a dot and a base member name. OBASE is not a function which can be
used to return a reference to the baseclass.
Private members ofthe baseclass remain hidden from the outside. As any other
user of Exce 1WorkBook,the implementor of P 1 anBook is insulated from private
changesto the implementation of the base class ~ which helps make it possible for
both implementorsto get a good nights’ sleep. Whichis even more importantif
you are the implementorof both.
Version 11.0 does not implement protected members, which are a kindof halfway
house — visible to code in derived classes, but invisible from the outside.

Benefits of Inheritance
If we needed to process a new type of workbook, we could create a second (third
and fourth) class deriving from Exce 1WorkBook. The benefits of working this
wayare:

° Easy reuseof the work donein writing the base class, without duplicating
code.

* Classes are easier to learn to use, due to shared features. For example, the List
methodis available in all classes which derive from Exce1WorkBook,

* Therules ofclass inheritance guarantee that, so long as the behaviour of public
members is not changed, future enhancementsto the baseclass will be
immediately available to the derived classes, unless they decide to implement
different behaviour.

The rules of class inheritance minimize the burdenof maintenance,training and
documentation — so long as we adhere to some simplerules. Of course, there are a
few rocks on the road.For one thing, the very attraction of the above benefits can
quickly lead to unnecessarily general base classes with a huge collection of
members, which can end upbeing bothinefficient and difficult to learn. Huge
quantities of documentation are not necessarily a good thingif only 5% ofit is
relevantto the job at hand.
As requirements change, deciding where in the hierarchy to add new
functionality may require much thought. The bad newsis that the design of
complex systems is always going to require insight into the problems which need
to be solved, today andin the future — regardless of the technology or paradigm
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used, The good newsis that OO provides excellent tools both for the redesign and
reimplementation of, and easy migrationto, a newset of classes. Given that the
public interface to a class is so well defined,it is possible to completely re-factor
the implementationat any levelin the hierarchy with a minimum ofeffort, and
continue to provide the sameinterface to those application components which
cannoteasily be rewritten.

Inheriting from Several Classes
In our P1anBook example, although we focused on extending the
Exce]WorkBook class, wealso used functionality from the TimeSeries class. In
this case, the choice to make P lanBookan extension of Exce1WorkBook was
fairly easy — but in many othersituations, it can be difficult to decide which class
to extend. Dyalog APL has followed C# in only allowing youto derive from one
otherclass. Some OOplatformsallow multiple inheritance, with rules for how
nameconflicts are resolved and constructors and destructors cascade.
Unfortunately, while all the OO features we have discussed sofar in this guide,
including single inheritance, are supported in much the same mannerin all OO
systems,there is less agreementonthe details of multiple inheritance. This is one
of the main reasons why C# has avoidedit, and we decided to follow suit.
Giventhe way classes work,it may be easier to work around not having multiple
inheritance than it would be to understand anyparticular flavour of it. We had no
great difficulty in using the TimeSer ies class from within Pl anBook.Evenif
inheritance wasnotavailable at all, we would have been able to provide the
important functionality of P}anBook quite easily:
The statement:

:Implements Constructor :Base book

Would haveto be replaced with:
:Implements Constructor
WorkBook+Q)NEW ExcelWorkBook book
Sheets+WorkBook. Sheets

In the List method, we would haveto replace:
r+QBASE.List folder

By:
r-ExcelWorkBook.List folder
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The big difference betweenthe result of doing this and the original P1anBook is
that the other public members of Exce ]WorkBook would not be exposed.
Extensions to Exce 1WorkBook would not be immediately available to users of
P1anBook. Whetherthis is a drawback ora simplification depends on your
requirements. In the long term, you might be better off with a class which only
exposed the specific P 1anBook functionality. If you subsequently decide to
exposeit, all you need to dois to expose the new WorkBook variable as a public
field, which would allow:

wHNEW PlanBook2 ‘c:\temp\widgets.xls'
w.WorkBook.List ‘c:\temp‘

Booki.xls book2.xls widgets.xls
w.WorkBook.Application.Version mR Excel Version Number

14.0

If we add the List method from P]anBook to Pl anBook2, then w.List would
call the P }anBook version of List, and w.WorkBook.List would allow access
to the Exce1WorkBook version, so both would beavailable.

Code Reuse with :Include
If you havea setofutility functions or methods which you wish to includeina
numberof classes, but these classes may bederiving from somethingelse,
: Include provides anotheralternative to multiple inheritance. For example,if
wedecide that the List and Delete methodsof our Exce ]WorkBook are
generally useful, we can create a namespace called Exce Tools and define the
functionsin it:

Jes ExcelTools
Dusing+'’

Vv Delete file
[4] zAccess Public Shared
{2] (System. I0.FileInfo.New file}.Deletev

Vorelist folder
[i] zAccess Public Shared
(2]
[3] iTrap 0
[4] r+((System.I0,DirectoryInfo.New folder) .GetFiles'*.xls').Name
[5] Else © r+@
[6] :€ndTrap

v
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If we remove List from PTanBook2 and addtheline:
rInclude #.ExcelTools

This will import the functions in Exce1Too1s, without using inheritance. The
difference between this and using inheritanceis that the : Inc luded functions
actually become methodsofthe class they are imported to, so they can reference
membersofthis class if required - which would notbe the caseif they were
inherited methodsofa base class.
Whetheryouuse inheritance or : Include,the source codeis not copied, so if you
trace into and modify a method,the change will be madein the original
namespaceorclass, and any instance or class which currently containsit will
immediately see the new version.

Summary of Chapters 5-8
Newfeatures of Dyalog APL version 11.0 which we haveintroduced while
discussing Properties, Constructors, Destructors, Shared members — and
Inheritance.
 

:Implements Trigger field The functionwill be called wheneverfield
is modified (upon completionofthe line).
 

Implements Constructor Thefunctionis used to initialize a new
instanceof the class.
 

 

 

 

 

:Implements Destructor Function used to clean up or de-allocate
resourcesan instant before the instance
disappears.

QINSTANCES Return instancesof [or derived from]
class(s)

Oor Set Display Form
indexflarray Squad indexing

linstance Return indexable part (indexer of an
instance, else return entire right argument)
  :Praperty [Simple] A property where getters and setters pass
:EndProperty the entire array at once.   
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:Property Numbered
:EndProperty

Getter and setter work on single item of
the property at a time, identified by
numeric indices along each dimension.
Requires Shape function.
 

Property Keyed Entire Indexer passedin a single call to
getter and setter. Square bracket indexing
 

:EndProperty only permitted.

: Indexer A property whichis referenced if square
:EndIndexer bracket indexing is performeddirectly on

the instance.
 

:Field .. Shared .. Fields, Properties and Methods which are

 

 

 

:Property .. Shared ... sharedbyall instances, and accessible
tAccess ... Shared .. through theclass.
Field .. ReadOnly Areadonlyfield.
:Base .. Following :Implements Constructor,

specifies a call to the base constructor.
OBASE.member A reference to a public member in the

closest class in the hierarchy which exposes
it
  :Class name : baseclass  Class name whichderivesfromor extends

baseclass.
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J-ottings 47:
RU14 txt msgs? pls 1!:1 on

by Norman Thomson

APLusedto be described byits deriders as a system of hieroglyphics. Then
around 1990 or so J was unveiled which used only ordinary keyboard symbols to
achieve an even greater degree of shorthand without hieroglyphics, making it
surely the earliest form of text messaging. Now thattext messagingis
commonplace, could J become more widespread if presented asa scientific text
messaging lingua franca?
Of course for the newcomer, the J vocabularyin its entirety is far too great to be
acceptedin a single bite, or even many great swallows.Butit could make senseto
think in termsofa basic acceptable subset, leading to a gradual infusion of more
advanced shorthands,
Thearithmetic and logical verbs

+= « KF aA Le > = >t Cs me

pose no great problemssince these symbols, or symbols like them,are already
widely usedin, say, e-mails, where no mathematical symbolsare possible. The
only unfamiliar form is monadic « meaning signum.
The symbols derived from the above for double, halve, square and square root,
together with increment and decrement, should be easily accommodated,viz.

eros ow: Bro <2 bs
as should the di-grams +/ and «/ for sum and productoflists (£ and TT in maths
terms).
Series, thatis lists, are an essential part of the discourse of mathematics, and
operationsto join (, ), tally (#) and reverse (| .) are a necessary elementof any
programming language which admits strings. Head/behead andtail/curtail are
desirable additionsto thebasicset, albeit a degree of memorisation/
indoctrination is required before it becomes ingrained that { means‘take one’, }
means‘take all but one’, dot means ‘first’ and colon means ‘last’.
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Intelligent texting requires some appreciation of the special parsing rules ofJ, in
particular the concepts of hook andfork, which lead to understanding why
(+/2%#)v is ‘mean of v’ and (*>:)n is n(n+1). Also @ denoting‘after’ is needed so
that (-:@(*>:))n means‘halve after 1 times (n+1)’. The rule in text messaging
termsis that @ stops on meetingthefirst verb to its right, so that (-:@*>:)n
means ‘semi-multiply n by +1’, giving the sameresult as before but by a subtly
different route. As another example *@+ /Z# means (*@+/)%#, thatis a single
fork articulated as‘(signum of sigma) divided by tally’, as opposed to *@(+/%#),
thatis ‘signum after mean’, which is not the same thing:

(*@+/Z#)1 23 NB. (signum of 1+2+3) divided by 3
0.333333

(*@(4+/%#))1 2 3 NB. signum of mean of 1 2 3
1

Of courseif a J interpreter is available grammarverification is always to hand!
These ideas can betested on the formula quoted in Gene MacDonnell’s article
“Metlov’s Triumph”in Vector Vol. 21 no. 4. The core problem involved counting
numbersoftriangles within triangles, which leads to the formula

x2 @e +
The rule that the right scope of @ is a single verb means that the unambiguous
interpretation, parenthesised forclarity, is the fork

» (-1 @ x) +
meaning ‘semi-multiply the sum by the product’. The same six symbols could be
written in a different order

“1 @e w+
meaning (-: @ *) » + that is ‘semi-product multiplied by sum’, a different
computation butleading to the sameresult.
A symbolfor ‘repeat’ is a valuable text messaging addition. Suppose that
‘joddling’, thatis ‘joining doublethelast’, turns up as an intermediate building
block in a bigger application.
This idea is expressed comprehensibly and unambiguously as
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jdl=.,+:@{: NB. the verb to joddlejdl 13 6
13 6 12

Theidea of the power conjunction as a shorthandfor ‘repeat’falls naturallyinto
place:

jdlss3(1 3 6) N NB. joddle three times
13 612 24 48

One of the most frequent waysin which lists turn up in mathematicsis as
coefficients of polynomials. #. is a convenient shorthandfor ‘polynomial
evaluation’, so

4 #.1 2 3 NB. coeffs. in descending power order
27

means evaluate the polynomial x’+ 2x +3 when x=4.
To convey the idea that a polynomialis a single entity which is represented by a
coefficientlist, ‘box’it (<), and use the reverse shorthand ‘open’(>) to bring the
boxed polynomial backto coefficientlist form. At the same time define &> asa
shorthand(or arguably a longhand!)for each — the intricacies of how it works do
notrequire explanation at the text messaging level. Thus

_1 01 2 #.each <i 23 NB. values of xA242x+3
236 11

The sum ofthefirst four values of the series u,= 1 + 2n + 3is then
+/1 23.4 #.each <1 2 3 NB. +/ is sigma

62

A more substantial exampleof using text messaging techniquesis to explain the
terms “internalrate of return” (IRR) and “annual percentage return” (APR). The
phenomenonof 5% compoundinterest growth can be described equivalently by
any one of four numbers namely5, 0.05, 1.05 and (1.05)". These differences are
expressible in J terms as:

p=.percentage rate (p>_100)
fractional rate so r=.0.01«p (r>_1)
multiplication factor so k=.>:r (k>0)

d=.discount factor so d=.%k or %>:0.01*p (d>0)  
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To be meaningful, values mustbe in the ranges indicated. Negative growth, thatis
decay, is indicated by p <0, r <0,k<1 andd >4.
Conversion from p to d is described above andis consolidated as

ptod=.%@>:@(0.01&*)
ptod 20

0.83333

The reverse operation d to p is given by dtop=.100&*@<:@% . Both ptod and
dtop require the use of the conjunction & to specify the particular multiplication
involved. The underlying conceptof IRR is based on the “worth”ofa project,
defined asthe final return reckoned in present money.This is expressed by

worth=.+/isxdai.#is
where is is an incomestream with valuesafter the first assumed positive, and d
stands for the discounted value of money. The IRRis obtained by taking worth =
zero, that is by solving the polynomial O=d #.is .Thus for a project with an
income stream _100 0 0 200,thatis an initial investment (outflow)of 100 in
year 0, with a return of 200 in year 3 andnointervening inflows,the initial
investmenthasincreased by a multiple of 2. The cube root of 2 (3%: in
shorthand)is 1.26, and so the IRR is 26%.
The significance of “internal”is that equating to zero creates a system in which
ultimate worth is neither increased nor decreased for the solved value of d, which
is therefore that rate of continuous moneydecline which would need to occur to
make the overall project do no more than breakeven.If the actual rate of money
decline exceeds the IRR, then it would have been better not to have undertaken
the project. IRRs should in general be used in a relative sense to compare
alternatives, rather than as absolute measures — the higher the IRR of a project
alternative, the moreflexibility thereis for its success compared with other
proposals. For valid comparisons, project proposals should have approximately
the sameinitial outlays and the same incomestream lengths.If these conditions
are not met further considerations concerning investment of surplus andrealised
funds should be taken into account.
Obtaining values for IRRs is a matter of solving polynomial equations for which
income streamsprovide thecoefficients. Now comes the coup de grace for those of
your text messaging friends or colleagues who have notalready been sweptoff
their feet. The din O=d #.is is merely a dummydenotingthe form of the
solution, the solution itself is supplied by just two keystrokes. Not only doesthis
convey the message, but, given J interpreter, the solution as well:
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is=._100 20 50 70 80 NB. an income stream
p.is

trate nnn -- ooeenn ene-~~eeenee +
]80[_1.2196 _0.20558j1.1462 _0.205583_1.1462 0.75579]
Hertannnennnn nnnneneeeene+

from which the d value of 0.75579 is extracted and converted to p form by
dtop 0.75579

32.312
to obtain an IRR of 32.3%, The coefficients in the argumentfor p. are in ascending
powerorder, while those for the polynomial evaluator #. are in descending order.
Thus the value of 0.75579 is confirmed by

0.75579 #.|.is
0,.00046177 NB. effectively zero

It is always nice to have a simple case confirmed, so using thefirst example above
p. _100 0 0 200terete oono-oonee===+

1200|0.7937 _0.396930.6874 _0.3969}_0.6874|
+ --+

 

from which 0.7937 leads to confirmation of the p form obtainedearlier.
dtop 0.7937

25.99
Extracting the d value aboveconsists of opening the second box resulting from p.

roots=.>@{:@p. NB. extract List of roots
and obtaining the single non-negative, non-complex value, the latter property
being tested for by comparison with conjugates as provided by + applied to
complex numbers. From tally it is one small step to #~ as shorthandfor‘select’,
whichleadsto two further building blocks

real=.#~ (= +) N8. select real values
pos=.#~ >&0 NB. select positive values

The process of obtaining the internal rate of return then consists of four steps in
sequence:

irr=.dtop@pos@real@roots NB. internal rate of rtn for an is
irr is

32.312
In words IRR is calculated as: convert to p form the positive real root of the
income stream regarded as polynomialcoefficients.
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IRR calculations mirror those for fair loan repaymentrates. The formula (rk")/(k"-1)
gives the fraction of an amountloaned which must be repaid in each of n periods
wheninterest p%is paid on the declining balance. The words “declining
balance”reflect the fact that IRR calculations make an implicit assumption that the
inflowsare reinvested at the calculated compoundinterest rate, which can
sometimeslead to a rosy-eyed picture of absolute IRR values. Using the input
stream is as an illustration, the precise progress of each flow asit is reinvested is
made evident by

k=.1.323121 NB. extra precision used
(20*kA3)+(50*kA2)+(70*kKAL) +80-(100*k44)

8.75549e_5
Sometimesit can be convenientto enter an arithmetic formula such as (rk)/(kn-1)
by entering it more orless directly in the style of traditional programming
languages. This option is readily available to text messagers through the words
‘monad’ and ‘dyad’thus:

PA=.dyad +: "(x.*(14+x.)Ay.)%_44+(14x. ay.
NB.P(ayment)% A(mount)

The PA fraction, and the consequent repayment amountfor a loan of 10000 are
given by

0.005 PA 12 NB. factor for monthly rate of 0.5%
0.086066

10000*0.086066 N8. monthly repayments
860.66

From the point of view of a lender the transaction is an income stream of _10000
followed by 12 monthly paymentsof 860.66 whose IRR is therefore

irr _10000, 12#860.66
0.49992 NB. i.e. monthly rate of 0.5%

illustrating that IRR matchesexactly the fair rate of loan interest paid by equal
instalments on a declining balance. ‘Matchesexactly’ is the monadic meaning of
the symbol -:, so in symbols

ro-t irr _1,n#(r PA n)
relates IRR succinctly to loan repaymentsrates. IRR is reducedif payments are
deferred, whereasif a loan is paid off early using the same proportionate
repayments, the IRR increases. These statements are confirmed by
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irr _10000, (11#860.664),0,860.664 NB. Last inflow delayed
0.49378
irr (10000, 6#2*860.664 NB. inflow rate doubled

0.92988

The related term APR takes into account that the equivalent annualrate is not
12*0.005, corresponding to 6%, but rather this rate compoundedoverthe 12
periods:

1.005412
1.06168 NB. APR is 6.17%

To describe APR, use the conversions to and from p tok:

ptok=.>:@(Z4100)
ktop=.100&*@<:
apr=.ktop@(ptok@irr * <:@#)
apr (10000, 12#860.66

6.168
Note on computational practicalities: irr mayfail if the incomestream is too
long,or if the data generates a pathological situation for p .’s underlying root
solver. In such circumstances, alternative numerical methods must be employed.
such as the Newton Raphson method, which can be expressedin the adverb

Newton=.4 :'J-x.%x.D.1'(4:_)("0)
Supposethat a loan of 1000 is repaid in 24 instalments of 45.27. The APRis
worked out by

ms=.(24$45.27), 1000 NB, money stream reversed
fn=.#.&ms NB. define a polynomial
dtop fn Newton 0.9 NB. guess d=0.9 and apply N-R

0.67447 NB. monthly rate of return =
O.6745%

1.0067447412 NB. convert to annual rate
1.084 NB. APR = 8.4%

By way of summary hereis the proposed basic mathematical text messaging
vocabulary:

+ - &* Zona doe > = vt Kt mt tf wf
troo-: oer Be zr o>r Ar {. {: }. Fs: @ &
» # |. # #. < > each=.& p. monad dyad

 

Txt msg OK for sums? LOL ©
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PROFIT
Source Code Management of APL Code

by Richard Renich, SoftMed Systems,Inc.
Talk given at the 2005 APL2000 Users’ Meeting

Abstract
This documentgives a quick introduction to source code management(SCM).It
identifies problems specific to using text based SCM tools to manage APL code.It’
suggests some solutions for those problems.

SCM Overview
Source code management means manythings to many people. The common
aspectis a system for recording andrecalling revisions of code. The basic notion is
that you can write some code, commit the code, make some changes, and submit
again. You can then return to the code as it wasat the previous commit. Each
commit (or submission) of code creates new revisions of anyfiles that have
changed. The code can berecalled by date or by an identifier assigned during a
commit. Most SCM systemshave the ability to assign a nameto specific revisions
offiles so that the code canbe recalled by nameas well,
A goodintroduction to source code managementcan be foundat Perforce’s
website www.perforce.com/perforce/technical.html, specifically High-Level SCM Best
Practices and Perforce Life-Cycle Modelling.
SoftMed currently uses componentfiles to manage APL code. All other codeis
managed by Perforce, a commercial SCM tool. We are in the process of converting
our APL code managementto Perforce.

Typical Use
Once you have loaded your workspace, you would normally sync up with the
SCM repository. That brings in changes that others have madesince yourlast
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sync. Then you would make code changes and commit those changes. How
frequently you sync and commit depends on a numberofthings,like how many
people are working on the code and whatquality of code you want committed.
Ina broader time-frame, you will make branchesof the trunk, which holdsall
your code, and merge the branches backto the trunk. The trunk is just a branch
from which mostother branches are taken, The manner in which you work with a
branch andthe trunk is analogousto the mannerin which you work with a
workspace and the SCM repository. You periodically bring changes from the
trunk into the branch and merge the changesof the branch backto the trunk,
Again,the frequencyof these activities depends on your environment.
It might seem that havingall these copies (branches andrevisions) of the code
would use a lot of disk space. Virtually all SCM systemsstore only the latest
revision of each file in a branch as a wholefile, anda list of lines to be removed
andinserted to produce an old revision from the next newer one. Some systems
use a similar technique even on binary files. Some systems keep onlya pointer to
the original for the first revision of each file in a branch, So using a third party
SCM tool can provide significant disk savings over a simple home grown system.

SCM Benefits
SCMsystemsare designed to allow multiple programmersto collaborate on the
sameset of source code. While they don't always prevent two people from editing
the samecodeat the same time, they identify when this happens before any work
is lost. Some SCM tools include utilities to help resolve such conflicts, and most
facilitate the use ofthird party tools for this. Some SCM systemsallow each
developer to indicate the files he is working on, which can help avoid these
problems in thefirst place.
SCM systems maintain a revision history that permits retrieving the source code
as it existed at various points in thepast.
SCM systems allow code to branch.Thatis, there can be multiple sets of source
codethat were derived from the same source. The branchescan then evolve
independently. Some changes can be propogated among the branches. A common
exampleofthis is a product that has been customizedfor a specific client. The
changesspecific to that client stay in that branch. Changes to the trunk can be
broughtinto the client branch Branches can also be used to experiment with a
newdesign or a new feature.

139



 

VECTOR Vol.22 No.2
 

By learning and using a professional SCM tool you take advantage of the work
and expertise of programmers familiar with SCM. Youalso don't need to maintain
as muchcodeto be able to use SCM.

Character Set
APLcodeusescharacters not in the ASCII characterset.If this is ignored then
somegraphic characters will be treated as control characters by the SCM tool. The
text that represents functions (UCR or OVR) could be converted to ANSI
characters. A better solutionis to use Unicode characters. Many modern
programs, including most SCM systems, work well with Unicode. Thereis a
function, UCS,available from APL Now'swebsite that can perform the
conversion.

Binary Source Data
Variables in the workspace can bea partof the finished product. Even when they
are not, if they aid in the developmentof the product they should be managed.If
they do not aid in developmentandarenotpartofthe finished product, they
should be erased. Soall variables should be managed. This reasoningholdsjust as
well for workspace dependant systemsvariables (110, OcT, OPP, OLX, DELX,DALX).
Prototypes of empty arrays needto be preserved. This must be donecorrectly
even for nested data.
There is a difference between AO © A+itA,1 0 1 0 0 1 © A [JNAPPEND
“£ and A+2 0 A+14A,4 0 1 0 0 1 6 A DNAPPEND “1. This makesit
important to pay attention to data-types as well as prototypes when working with
the text representation of variables. Otherwise there would be a problemif the
variable A werestored and recalled between the 2™ and 3” statements.
The solution is to use AATR. AATR isa suite of functions to convert between APL
and Text Representations.
The representations of many APL arrays whoseatomsareall character have been
designed to allow easy editing in a standardtext editor. The representation of a
function takes advantage ofthis. Care mustbe takento allow a character matrix to
retain its width even whenit hasnolines.
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Two Masters
The APL workspaceis one authority for the APL code.It is where changes are
made and saved. A localfile-system is another authority. It is where changes are
received from collaborators. If changes are madein both places, some of those
changes could getlost.
The solution is to keep a signatureof each object as it was last synchronized with
the file-system.If the signature in the WS has changed,it needs to be written to
the file-system.If the signature in the file-system has changed,it needs to be read
into the workspace. If both have changed, you have misused the system orthe
system is broken. To avaoid having a changein both places, the SCM system is
called only when the workspace andthefile-system are synchronized.

File System Names
It would notbe wise to try to use any of "DAA" asa part ofa filename. These
map to "+4~". These were chosen to work reasonably well in both DOS and
Linux,
APLobject namesarecase sensitive. DOSfile namesare not. This could lead to
problemsif you have two namesthat differ only in case, say VWHEREV and
where+. The solution is to append a suffix to the namethatis uniqueto the case
of the name. This is always doneso thatthere is no way to havetwofile-system
namesthat correspondto the same APL name.
For the same reason, variables and functions have the same extension (. atr).
Grouping objects and storing the group by its own name would cause similar
problems.

Many Workspaces to Many Objects
Codereuse is generally considered a good thing. Becauseofthis, the source code
for one object may be needed by multiple workspaces. Obviously a workspace
includes many objects. This results in a many to manyrelationship.
To avoid problems with two masters, wealready havea list of objects and their
signatures. To add the directory name wherethe object residesin thefile-system is
not much extra burden.This allowsobjects to be groupedintolibraries.
Thesignatures must not be managed. Theyare specific to an instance of the
workspace.Thelist of directory names for the objects does need to be managed.
So signatures and directory associations mustbe keptin separate variables.

141  



 

VECTOR Vol.22 No.2
 

Utility Clutter
Theutilities required to use SCM should not clutter the workspace under
development. The solution is to use a UCMDS file.

Ability to Reconstitute a Workspace
It is a prerequisite to be able to use the SCM toolto check outa directory hierarchy
that holdsall objects of a workspace. From that, it should be easy to reconstitute
any workspacestored there.

Subversion
At hitp://subversion.tigris.org. Subversion is “a compelling replacement for CVS”
written by the authors of CVS.It, like CVS,is free software.

Perforce
At www.perforce.com. Perforce is a commercial SCM tool.It is very similar to
Subversion. The main differences betweenthese can betracedto thelicensing.
Subversionis free software, so there is no license per user. Subversion has no need
to track users, so it scales well in this respect. Because Perforce uses a per seat
license, the numberof usersis limited. It has a centralized list of users.It takes
advantageof this to offer features not available in Subversion.
Perforce has a public interface in C++. We have used that to create an ActiveX
object to invoke Perforce.It has the ability to override the class used to represent
files. This allowsusto solve the problem of two mastersby intercepting reads and
writes to the file-system. We have not yet completed this code.

Credits
Jeff Pedneau wrote our current APL SCM system in APL.Jeff Pedneau,Joe
Hatfield, and I have been working toward using Perforce to manage our APL
code.
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Index to Advertisers
Dyadic Systems Ltd 2
Vector Back Numbers 5

All queries regarding advertising in VECTOR should be made to Gill Smith,
at 01439-788385, Email: apl1385@compuserve.com.

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

The Editor, Vector
81 South Hill Park
London
Nw328S
Tel: +44 (0) 1439-788385
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 class="J">MEAN=:+/%#</cade> would be typical. Authors wishing to
use MS Wordshouldinstall a copy of the APL385 Unicode TrueTypefont and use
Unicode APL symbols if their interpreter permits ‘copy as Unicode’ from the APL
session. Otherwise we can convert from Dyalog APL, APL+Win, APLX, and APL2
mappings if 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 ail electronically
submitted material so that we have early warning of 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 1st May to 30th April. The British APL Association is a special
interest groupof the British Computer Society, Reg. Charity No. 292,786
Name:
Address:  
 

 Postcode / Country:
Telephone Number:
Email Address:
 

 

 

UK private membership .....cscscssscssssesseressneesssectssteneenee
Overseas private membership 0...ccccseceseeeeeee
Airmail supplement(not needed for Europe)
UK Corporate membership
Corporate membership overseas..
Sustaining membership .............. “
Non-voting UK member (student/OAP/unemployed).......£10
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. .

 

   

 

OU
OO

OO
LO

I authorise you to debit my Visa/Mastercard account

Number: Lip Verity Leris Lees Expiry date:ris| 14
for the membership category indicated above,

 

ae . : Data Protection Act:QO annually, at the prevailing rate, until further notice The information supplied may beoneyear’s subscription only stored on computer andprocessed in
accordance with the registration of
the British Computer Society.   Signature:

Send the completed form to:
BAA,c/o Rowena Small, 12 Cambridge Road, Waterbeach, CAMBRIDGE CB5 9NJ, UK
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TheBritish APL Association

The British APL Association is a Specialist Group ofthe British Computer Society.It is administered by a Committee
ofofficers whoare elected by a postal ballot of Association membersprior to the Annual General Meeting. Working,
groups are also established in areas such as activity planning and journal production. Offers of assistance and
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