Learning APL with APLX

Version 5.0



Learning APL with APLX 2

Copyright © 198520 MicroAPL Ltd. All rights reserved worldwide.

APLX, APL.68000 and MicroAPL are trademarks of MicroAPL Ltd. All other trademarks
acknowledged.

APLX is a proprietaryproduct of MicroAPL Ltd, and its use is subject to the license agreement in
force. Unauthorized copying or use of APLX is illegal.

MicroAPL Ltd makes no warranties in respect of the suitability of APLX for any particular purpose,
and accepts no liabijitfor any loss arising out of the use of APLX or arising from the information
contained in this manual.

MicroAPL welcomes your comments and suggestions.

Please visit our website: http://www.microapl.co.uk/apl

Version5.0 July 2009



Learning APL with APLX 3

Contents

(O70] 0] (=] 0] 1= PP 3.
INEFOAUCTION 10 AP L.ttt a et emne e 11
OFIGINS OF APL ...ttt e e e e e e e e e e e e e e e e e e e e e e e e eeeeeaeeeeennennnnnnes 11
Some features Of the [ANQUAGE ...........ci i e e e e e 11
Entering APL SYMDOIS..........ociiiii e 15
The QUICKSYIY POP-UP ..ot 15
Using an extended Keyboard [aYOUL.............oooiiiiiiiieeice e eee e eeen s 15
Choosing and custoiing the keyboard 1ayOuL............ooouueiiii i 16
Customizing the Keyboard [ayQUL..............oooiiiiii e e ere e 16
BT O V1T S T oL 1.1 o RSP 17
Bringing up the QUICKSYM WINOQW..........ooiiiii e e e e e e et e e e e e aaan s 17
Using the keyboard with the QUICKSYM WINAOM . .........ccoiiiiiiiiiieie i e e e eeaeeaees 17
THE CONTEXTUAI MBI ...ttt e ettt 18
][] 1[N 11T =] o 21
THE INILAT APLX GISPIAY. ...ttt ettt bbbt e e e e e e e e e e e e e e e e e e as 21
Some arithmetiC fUNCHIONS..........ooiii e e e e 21
g o] 1Y =TT 7= Vo [T PP 22
USING the SESSION WINOOWL. ...t e e e e e e e e e e e 23
Arithmetic 0N lIStS Of NUMDEIS ... 24
Matching UpP NSt IEBNGINS. ... 24
(@0 [T g o] = (=T o1 U o] o F PP PP PP PPPUPPPPPPPPR 25
PAIEINTNESES ... 26
Negative NUMDErs and SUDLIACL. ........cooviiiiii e e e e e e e e e e enn e e e e e eeee 26
DUAHPUIPOSE FUNCLIONS. ...ttt e e e e et e e e e e e e e e et b s e e e bt e eeeeeeeesannnnns 26
(@< [ To =T To I [ To T i =T | ) I PP P PP PP 28

Y 11 = 2 30



Learning APL with APLX 4

PTAICTICE. ...t e e e e e e e e e e eas 30
PO NS e 30
F N RS £ F TP UPPTPPPRPRPPN 31
VAIADIES. ...ttt ettt h et e et n et nn e 33
F ST T[] 41T €3PSR 33
Variable MAMES ... .. e ettt et nnn e 34
ASSIgNING lIStS 10 VANADIES......ccoe e e 35
YY) (=] 1 O] 1.4 4= Lo £ PSR 35
(O o1 = Tod (= = FoTS T [L = 1 € 37
MUILIPIE @SSIGNMIENLS. .. ..ciieiiiiii e e e e et eee e e e et e e e e e e e e e ettt e e e e essata e e e eaeeeessannnnns 38
Displaying variables tOgether........ ... 39
8 Lo ] a1 T 1S3 €30 o o [ 1 T 39
Joining and merging variables.............ccccciiiiiiiie e eeenneeeeeeenenn A0
Simple and Nested VariabIles....... ..o 41
IMIXEA VAITADIES ...ttt e e ettt e e e e et e e e e e e e r et e e e e e e s eee e e 41
Y0010 =T PP PRRRPPY” 3
PTACHICE. ...t e a e e e e e e e as 42
[ 6] 0] [T 0 PSR v24
L= 10 5T T PSP PP R TPUPPRPPI 45
TRE? TUNCHION ... ettt e e e e e e e e e e et e e e e e e e 45
TRES TUNCHION ...ttt ettt ea ettt ettt et et e et e eaeeae et e et et et eseetesteeseensene s 46
SettNG UP tADIES ... e e e enniee e 4O
ATNMETIC ON TADIES. ... e e e e e e e e e e e e e e e e e e e eeeee 48
(O8> 1 (=T F= L1 [T 7= ] 50
Y= [=Tox 1] o J= 1T 0 41T ) £ PSP 51
D0 41T 0 E5] 0] I PP 53
Enquiring about the Size Of dala............oiiiiiiiii e e 54

LI o (ST o) e A= U= Tod (=] TP 55



Learning APL with APLX 5

IMIXEA TBDIES ...t e ettt et e ettt ettt ettt ettt et eeeteb bbb bbb bbb 57
NESTEA TADIES ... et e e et e e et e et e et et e e e et e e e e e e nen e 58
D=7 o] 1 o ST PP PP 58
Y011 0 0T= T TP 59
PTAICTICE. ...ttt et e e e e s nn e e e e e 60
PrOBIEIMS. ... et eeeee] 60
F Y 15T PP 62
WIHEING @ FUNCHION.......oiiiiicccc e amr e sr s 63
B I = A0 01T = Lo 63
USEI FUNCLIONS. ...ttt ettt et e oo ettt e e ettt e e e e e e e b e e e e e e e e e e aeeeeanas 64
WIIING @ FUNCHION. ... ettt e e e e e e et e e e e e e e e e e e e e e e eeeeeees 65
L T 1T o = T L T 110 o 67
o 1] To =T (U] o [od 10 o H PPN 68
L0 1T T = o 1o = 68
SAVING @ WOIPKSPACE. .. ..ceeiiiiiii i ettt e e e e e e e ettt eee e e e e e et et e e eeeeeeastta e e eeeessaaa s eeeeeeeeesseannaens 69
User funCtions WIth @rgUMENLS.........ooiiiii oo e e e e e 71
Functions Within fUNCONS...............ociiiiii 72
Overview Of the APL SYSIEML........ccocuiiiiii i 73
ST @ =Y o= o3 1 To> 1 1[0 o 73
TN I G [ (=14 o (= (= PSRN 73
THE WOTKSPACE. ....ceeeetiiiitiieeeee ettt e e oo e e e e e e e e e e e e e e e e e e e e e e aeeteeeeeeeeeeeseeeneseeeeeesmnnnnnnnns 73
D = PP PP 73
1Y oo =T USSP PSP PP P PP PP PPPPPPPPPPPN 74
R TUT T 0T g ea (o] g L=V [0 o) 01T = L] = 74
System fuNCLIONS aNd VANADLES...........coiii i e e e e e e e e 74
YV £ (= . oo 1 ] .4 = T T PP 75
Userdefined funNctions and OPEIratOLS..........ccieuuuiiiiiie e e e e et e e et e e e e e eenans 75

1 =TT 75



Learning APL with APLX 6

ErTOr NANAIING. et e e e e e e e e e e e e e e e e e e e e e e nnnnnnaaae 76
1= 76
I IR TAT 0T T o = Lo = SR 77
[ aTet i [o] ST @] 1= = o] £ T O = 1T = Y & 4
Yo ] o 1= (oL ] 4 = USRSy 4 4
MaNAGING the WOIKSPACE . ......eeiiieiiiiiitie ettt e e ettt e et e et ettt ettt et e et e nne bbb nnebnnnennnnes 78
Internal WOrkSpace COMMANTS. ... ...c.uuiiiiii e e e e e e e e e s e e et e e e e et s e e e eta s e s nnn e e eeennnaeeees 78
Loading and saving workspaces using the File MenU..............coovvviiie i, 79
Exernal WorkSpace COMMANAS........uui i e eeicee e ee e e e e et e e e e s ee e e et e e s eatn e eeeataeeesennneernneerennd 80
SYSIEM VANIADIES. ... ..o et e et e e 81
SYSTEIM TUNCHIONS. ... ettt ettt et e e e e e e ee et e bbb e e 82
D | T TSRO TP PRI 83
VAIADIES. .. ..t 83
N2 T [ T 83
QLN 012530 = L= SR 84
Size, SNAPE AN AEPLNL ... s 84
SettiNg UP data SHUCTUIES...... e e e e e e e e et e ena e e e e aa e e e eaeaees 85
Data Structure Versus datBRlUE...............oooiiiiiiiiii i e e 87
EMPLY dAta SITUCTUIES ... e e e e e e e et r e e e et e e e e e te e e et e e e eetan e eeeernnn s 88
(] T g a1 gty a1 {0 (=T 4T Vo RPN 88
a0 0= q] o o PP SPRTRTRRRRRIN 89
BUII-IN FUNCHIONS ...ttt ams et e et e e s e e e e e e ne et e es 93
F o[0T 0[] o £ PP UPPPPPTPPTRPIN 93
EXECULION OB ... e e e e e e e e e e e e e e e e e e e e e e et e ettt et e e e e e e e e e eeeeeennnnnne 93
NUMDEIS OF TEXE ... etttieeiiiiit ettt et e e e e e et e e e e e e e e bbbttt e e e e e e e nnenne s 94
Shape aNd SIZE OF GALAL.......uuiiiiii et 94
(€T (o 0] o T30 1] o 1o =N 94

F AN 11 =] 1o LU T3 €0 TN 95



Learning APL with APLX 7

LN (o] o] £= 1o (U] Tod i [o] 0 = PP 96
CompPAarative TUNCLIONS.........i i e et e e e e e e e et e e e et e e et e e e eetan e eeeannaeaees 97
(oo [[or= | {01 aTox i oo - ST 99
ManiPUIALIVE TUNCHIONS. ... ... e e et e e e e e e e e ettt e e e e e ee e e e e e eeeeeennnanns 100
Sorting and codiNG fFUNCHIONS ........coiiiiiie e e e e e e e e e e e s e e eaeeeenenes 102
Miscellaneous functions and other SYMDQIS.............uuiiiiiiiii e 103
YY) (=] I {0 L 70 TS 104
System functions (QUA FUNCLIONS)...........uiiii i e e s e enraeeees 105
System functions for manipulating data................oii i 105
System functions for reading and Writing fil@S...........cooiiiiiiiiiiicee e, 106
Some moe useful SYStEM fUNCLIONS.........cooiiiiii e 107
L0 1< > 0 PR 111
REAUCE @GN SCAN. ...t e e e e e e ee e 111
Compress and EXPaANG.........oou i rn e e at e e et aaae 112
O IN] (o= T aTo IT =T gl o] oo [F o3 £ PP UP 112
e T o PP 113
AAXIS. e e e e et 114
AXIS SPECITICALIONS. ... e e e e e e e e e e e e e e e e e e e e e e aaaaenes 116
Userdefined FUNCLIONS aNd OPEIatOrS. .......cooiiiiiiiiieeiiticeiee e eeie e e sttt e e e s e smatee e e e e et e e e e s eenneeeeeesamneees 117
ArgUMENTS AN FBELS.....ooiiiii e eee e e e e e et e e e e e e e e e e ettt e e e e e e taa e eeeeeeeessraaanns 117
QST o [ (T a=Te o] o1=] =10 ] £ W PP PPPPPPPPPP 118
[0 1T T i 18] o 1T £ 118
THhe fUNCHON NEATEL..... .o e e e e e e e 119
BN =0 01T = 1 (] g 4T T= T [ U 121
Local and global VariableS..........ccoeeeiiiiii e 121
B ANCIING. - 122
[0 T o1 T S 123

(2] o 1] £ TP 123



Learning APL with APLX 8

Ending execution Of @ fUNCLIQI...........oooiiiiiiee e e 124
Strudured CONLIOL KEYWOITS. ... ...ciiiii e e e e e e e e et e e e e et e e e emn e e e eaanaeeeee 124
COMMENES IN TUNCHIOMNS. ...ttt e e e e e e e e e e e e e e e e e e e e e eeeeeeeenassbsebanebbnnnnnnnene 125
LOCKEA FUNCHIONS. ...t ne e 125
L YOADEESYd 2N Wy2YERAOQ.. . F.dzy OO A2 Y A i, 125
COMPONENT FIIES.... ettt ettt ettt e ettt e e st e e b ene e e e st e et et e e asbe e e annn e e s rmatneean 127
1 2P RRRRTRRRTRRN 127
LOT0] 0 0] 0L0] 1= o £ 7S PP 128
[ R To {1 TSI 0] o 1= = Lo = 128
o) g = o ] 1 o TP 131
Errors in CalCUIATON MOTE.........oiiiiieiieeee e ettt ettt e et e et e et e e e e e enne bbb bneneannne 131
Errors in usedefined fuNCtioNS OF OPEIatOrS........ccveuiiiiei e e e 131
The DeBUG WINAOW. ...t a e e et et e e e e e e e e e e e e e e e eeeeees 131
=T (T 0 132
THE StAte INCICALAL. ... uueeeiiiie ettt e e e et e e e et e e e e e s e r e e e e e e e eas 132
Action after SUSPENAE EXECULION. ........iiiiiiiiiiiiiiiie e e e e e e e e e e e e e e e e e e e e e e e e e e eenannnees 133
Editing suspended and pendent fUNCHIONS .........c.uii i eee e e e e e e e 134
Error trappirg @nd traCiNG .......ooooi it 135
Errorrelated SyStem fUNCHIONS.......o.u e er e e e e e e et e e e e eeeeeenaneeeens 135
(@100 (=1 o108 T [ |1 o 7= o LSS 135
0T 4 F= L1 o TR PP PP PPPRPRPPPR 137
T T 1 = 111 Vo 137
UserDefined Classes iN APLX VEISIQN.A.........ouiiiiiiiiit ettt sttt amaseas 139
1o o [8 o1t [o] o NPT 139
BN =10 o o PP 139
(€= 1 1] To IS] r= L (=T o PRI 139
3£ (= 1. 11/ 1] 1 oo 143

[a] aT=T ] =T a o TR 143



Learning APL with APLX 9

Object References and Class REEIENCES .........uuiiiiiiiiiiieee et eeeeee 144
B I L= VLU ] Lo o = ox 145
TYPES O PrOPEITY. ..ottt e e e e e e e e e e e e e e e e e e e e e aeeeaaaeeees 145
Name scope, and Public versus Private members.............iiiii oo 146
Canonical Representation Of @ ClaSS........ciiiiiiiiiiiiiiieee e e e e e e e e e e e e eenene 147
1070 0153 1 £ [ox (o] = TP 149
Creating objects (INStAaNCES Of CIASSES).....cciiiiiiiiiiii e e 150
Creating instances of internal (UsBefined) ClaSSES. ... 150
Object references and 0bjecCt lIfetiMES.........ccvvuii i e 151
Using Classes WItNOUL INSTANCES..........couuvuii e e e e e e e e e e eees 152
DefiNiNg @ SEt OF CONSTANES. ... ... e e e e e e e ee bbb e e 152
Keeping NamMESPACES Y. ......civuiiii e e e e e e e e e e e e e e e e et e ee s e e e ataraeeearanas 152

(e ol 1 g o o101 1 4To ] {3 TP 153






Learning APL with APLX 11

Introduction to APL

Origins of APL

APL began life as a notation for expressing mathematical procedures. Its originator, Dr Kenneth
Iverson, published his notation in 1962 in a book called 'A Programming Language' from which
title the name APL derives.

Subse@uently Iverson's notation was implemented on various computers and did indeed become ‘a
programming language'.

The specification of the language was substantially enhanced during the 1980's, notably by Dr
James Brown in IBM's APL2, giving rise to the tegacond generation APL' to cover those
versions of APL that included the enhanced specifications.

The development of the APL language has continued in the 21st century. Whilst retaining
compatibility with APL2, APLX Version 4 adds objegtiented languagextensions, as well as a
large number of other facilities, to the language.

Some features of the language
Data handling

The ability to handle generalized array data without complicated programming is one of APL's
strongest points.

The language lets you filee and give a name to a single item of data, a list of items, or a table of
items, or indeed arrays of more dimensions. This means it's just as easy to write an instruction that
adds two tables as one that adds two numbers.

The extra work caused by suah instruction is handled by APL internally. It goes through the
named arrays of data, successively selecting and adding corresponding items, and it stops
automatically when it finds that the items are exhausted.

Consequently there's usually no need farrte, loops or any of the mechanisms traditionally used
to control such operations in other programming languages: the structure of the data effectively
does this for you.

Power
APL has a powerful repertoire @ifnctions(i.e. operations it can perform)h&se include a full
range of sophisticated mathematical functions and a range of data manipulative functions which

can do anything from a simple sort to a matrix inversion.

These functions can be combined so that on a single line you have a seriesafgunttracting
dynamically, one function's results forming the next function's data.
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APL also hasperatorswhich modify the way in which functions are applied. This gives you a
range of general purpose build#pcks which can easily be combined ineayvflexible and
consistent manner.

This flexibility combined with APL's ability to handle complicated data makes it a uniquely
powerful language.

APL Symbols

The syntax of most programming languages is restricted to the ASCII character set, which was
originally designed for use in commercial data processing with very limited hardware, and which
lacks even a basic multiply symbol. As a result, most programming languages resort to
compromises such as using the asterisk symbol for multiply, and compoundsgundioas <= to
mean 'lesgshanor-equal’ or ** to mean 'power'. APL is not limited to the ASCII characters;
instead, it uses a range of symbols to represent itsibdiinctions. This permits the APL user to
carry out a wide range of programming tagka very concise manner.

There are no reserved words in APL. The symbolic nature of APL gives it an international appeal
which transcends different national languages.

For many years, the use of special symbols by APL, and the special keyboards agdidigpés
associated with them, was seen by many people as a big disadvantage of the language. Nowadays,
with Unicode fonts and eadg-use input methods, the special symbols are no longer such an issue.

Modularity

Besides giving you functions that are Ibin to the language, APL lets you define your own. In
fact, what you might normally think of as a '‘program’ consists, in APL, of a collection ef user
written functions each of which does a part of the total task.

These functions can ‘call' each other ardhange data, but each is quite separate and self
contained. This has two very useful consequences.

First, debugging is much easier since each function can be tested separately and errors are easy to
isolate.

Second, it imposes a natural {dpwn structue on your programs.

APLX takes the traditional modularity of APL further by borrowing the concepts of 'ebject

oriented' programming from other languages. This allows you to define classes (collections of data
and related program logic), and to create asel instances of those classes (objects), in a natural
APL style. You can even use classes written in other languages such as C#, Visual Basic, Java, or
Ruby.

Convenience
APL is convenient to use for many reasons. In the first place, it's concise. Aevielinés of APL

can do a lot of work. Then it's an essentially interactive language. As you write each line or
function you can try it out and get immediate feedback. It's also adyigmiclanguage, which
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means that you do not have to specify in adeambat is valid for a given data item or function;
you can just use it immediately.

In addition, it has a very useful concept calledwloekspaceThis is basically a collection of the
data items, functions, and classes which you set up in the coursm@fedparticular job.

The workspace is in computer memory while you work, making everything you want immediately
accessible. It can be saved (i.e. copied on to a disc) in its entirety when you stop, and loaded back
into memory next time you want to use it

Ease of learning

APL is easy to learn in the sense that it's easy to get started. You'll be able to do simple things
almost immediately.

Once started you can explore the language, discovering the functions and techniques that are of
interest to you. APIsupports this way of learning: it's totally consistent and does not have many
arbitrary rules. And, as already said, it supplies immediate results and feedback.

What's more, because APL is different from conventional languages, it actually helps to be a
computer novice!

Some professional programmers find it difficult to accept that APL handles complicated data
without loops and counts. They're unused to the APL concept of a ‘workspace' in which data and
code rub shoulders. They fret about 'bgadety’ andhe fact that APL lets you do what you want.
The functions written by the user behave neither like programs nor subrcutthasare they?

If you haven't programmed before, none of these questions will bother you. You'll accept the way
APL does things asatural and convenient. For this reason, APL has traditionally been used by
people who are not primarily computer programmers, but who need to write quite sophisticated
programs in the course of their work or researattuaries, engineers, statisticiagb®logists,

financial analysts, market researchers, and so on.

Productivity

Unlike many programming languages, APL wasn't designed to match the ways in which a
computer works internally. It was intended to help people define procedures for solvingnsoble

This makes it efficient for people to use, though it may give the computer a little more work to do
in the process.

This is reflected in development times. You'll find you can produce a working prototype very
rapidly. Thanks to the modular approach@maged by the language, and the ease with which
modules can be tested, corrected and combined, it takes little extra time to turn this prototype into
the final, fully tested version.
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Entering APL Symbols

APL uses a variety of symbols to represent ititbn functions. Many of these are symbols that
do not exist on a standard keyboard. Some of these will be familiar (for exanfpielivide, and

J for greaterthanor-equal). Others are specific to APL (for examipker roundup or greatenof,
andi for finding out if two arrays are exactly the same in shape and contents). In order to use
APL, you need to be able to enter these symbols. Most versions of APLX provide you with twc
ways of doing this.

The QuickSym™ pop-up

If you are completely new to AR you will probably find it easiest, at least to start with, to use th
QuickSyni" feature of APLX. By pressing a single key (usually the 'Menu' key in Windows, or .
function key- by default F1- under MacOS), you can bring up a panel which display&Rie
symbols. This is described in the next section.

Using an extended keyboard layout

The traditional way of entering special APL symbols is to use one of the extended keyboard
layouts which APLX provides. You will probably want to use the 'unified’ layguch is selected
by default. This is configured as follows (the exact layout will vary according to the country in
which you live and the specific model of keyboard):

1 z|[@=|[# v||$ All% o|[A R|[& o[ * e[ ( ¥|[) al[_ ][+ B

172 |[3<]|/4=||D=|6=2|7>|8#[9V]0Aa|-x|== |

6 W alE<IR [T slVBIUEIT o8P <8l B .

Ilq? wWuwilee rpH ~[ly T{ludflir|loefp *||[ <]~
s 16 1F e THa KoL T
aw sI"dLll _Hgv hallje(k "[|10]; 2f[' w|[* ¢

T3]z J[x |fc v |[B [N M |[<<|[>=][? |

|\|— zc||x>3|lcn VU!bl ntiml|, A|.X% /7‘H

As you can see, each key is shown with up to four symbols. As with a conventional keyboard,
given character key generates a lower chsgacter and, when depressed in conjunction with the
Shift key, the corresponding upper case character. These are shown in black and red on the ¢
diagram, in the loweleft and uppeteft positions on each key.


../images/aplx_keyboard.jpg
../images/aplx_keyboard.jpg
../images/aplx_keyboard.jpg
../images/aplx_keyboard.jpg
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In order to enter the other symbolsuyase the AltGr key, which acts just like the Shift key in thai
it modifies the effect of another key. (In néL applications, AltGr is used to type various
different characters, primarily ones that are unusual for the locale of the keyboard layoag suct
foreign currency symbols and accented letters.) Using the AltGr key with another key produce
symbol displayed in green, on the lower right of each key in the diagram above. The remainin
symbols (shown in blue, on the top right of each key) ateret by pressing the AltGr and Shift
keys simultaneously. (Note: On a Macintosh keyboard, use the Alt or Option key instead of
AltGr).

For example, the key in the upper row of the keyboard, inscribed with the digit 4, produces the
following symbols:

If pressed by itself, the digit
If pressed with Shift, the dollar sign

If pressed with AltGr, the APL leghanor-equals symba]
If pressed with Shift and AltGr, the APL grade (sort) symbob

= =4 =4 =4

If you have problems with the keyboard (e.g. because your keyboard does not have an AltGr |
see: http//www.microapl.co.uk/apl/aplx_support.html#keyboard

Choosing and customizing the keyboard layout
APLX supports three keyboard layouts. These are:

1) TheUnified APL layout, as shown above. This is similar to an ordinary ASCII keyboard
layout for unshifted ash shifted keys. Special APL symbols are obtained by using AltGr o
Shift-AltGr combinations. If you are learning APL we recommend that you use this layo

2) TheStandard or Traditional APL layout. This is based on the traditional APL keyboard
where alphabet keys unshifted give upp@ase letters, shifted give APL symbols, and
with the Alt or AltGr key give lowerxase letters. It is recommended only for people who
are used to programming in APL using a special APL keyboard.

3) TheDefault non-APL layout. In ths mode, keyboard mapping is the same as irA®IQ
applications. For example, in the US it would usually be the ordinary US QWERTY
keyboard. In France it will usually be the French AZERTY keyboard.

You can select which layout you want to use by selettiad<eyboard Layout item in the Tools
menu of APLX's Session window. In addition, you can at any time swap between the Default r
APL layout and your preferred APL layout (Standard or Unified) by pressingdNGot CmdN on
the Macintosh). This is veryseful for entering comments and text in APL functions, especially if
you are using a language other than English

The current keyboard layout can be shown at any time by selecting the Keyboard Layout item
the Help menu. Under Windows, you can also disfiés by pressing CHfF1.

Customizing the keyboard layout

You can customize the keyboard layout using the Keyboard tab of the Preferences dialog. Thi
allows you to move specific characters around on the keyboard.


see:%20%20%20http://www.microapl.co.uk/apl/aplx_support.html#keyboard.
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The QuickSym popup

Bringing up the QuickSym window

The QuickSym" feature of APLX allows you to enter special APL symbols without using a
special keyboard layout. By pressing a single key (the 'Menu' key in Windows, which is usuall
the right of the space bar next to the Ctrl key, arrecfion key- by default F1- under MacOS),

you can bring up a panel which displays the APL symbols:

APLX Session 1: CLEAR WS

File Edit Debug Tools Window Help
APLX for Windows
Copyright (C) 2001-2007 MicroAPL Ltd
WS Size = 20.0MB, Version = 4.0.3
CLEAR WS
xx
F xS [L ] E
* @ 0O Ll T ~0 9 &
< S=2>% = €€
AvavBEBERE
tpeolviduwrs
TldodeR, snu
AXENwel ]
A oO0Ovw {}
«>8aa%€4rF

You can now enter one or more APL symbdmysusing the mouse to click on the corresponding
image in the QuickSym pepp window. To assist in selecting the character, hovering the mouse
over a symbol brings up a brief description of what it does (if it hasacgiement and two
argument forms whichave different functions, these will be shown on separate lines).

Using the keyboard with the QuickSym window

The QuickSym window is designed so that it is there when you need it, but gets out of the way
when you don't. Once you have displayed the Quick@&ymdow, the keyboard behaves as
follows:

1 Any key which produces a printing character behaves as normal. This means that you «
freely mix typing at the keyboard, and using the mouse to enter symbols from the
QuickSym window. For example, with the lineosim in the picture, the user has typed xx
and then brought up the QuickSym window. By using the mouse to select the assignme
arrowY (in the bottom left corner), and then typing 32, the line will read 82

1 Pressing Enter (or Return) closes the QuickSyndow. The keystroke is passed to the
underlying window. Thus, in the above example, if the user now presses Enter, the
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QuickSym window will disappear, and the line of APLYx82 will be executed.

1 Backspace and Delete act in the normal way, and do n& tleQuickSym window. This
means you can easily correct mistakes in the line you are entering.

1 The cursor movement keys (Cursor Left, Cursor Right, Cursor Up, Cursor Down, Page
Page Down, and if appropriate Home and End) allow you to navigate atwiQiickSym
window by using the keyboard rather than the mouse. The curssidlgted character will
be highlighted in the display. Pressing Eriter (CmdEnter on the Macintosh) inserts the
currentlyselected character in the line you are enterindyawit closing the QuickSym
window.

1 Pressing the Help key (F1 on Windows, &irbn Linux) brings up the APLX Help page
for the selected character.

1 The Escape key, or pressing the Menu or function key again, closes the QuickSypm pop
without having any otér effect.

1 Any other key closes the QuickSym window, and is ignored.

The contextual menu

Right-clicking on a character in the QuickSym Window (or claskd-hold on the Macintosh)
brings up a pojup menu:

APLX Session 1: CLEAR WS

File Edit Debug Tools Window Help
APLX for Windows
Copyright (C) 2001-2007 MicroAPL Ltd
WS Size = 20.0MB, Version = 4.0.3
CLEAR WS
xx ¢l
b= x [ ] 21
* @ 0 I T~ 03T o
< % Help on symbol...
A N Copy symbol to clipboard
1 f Show symbol on keyboard..
(- e
" XE e s T ]
oO0DOvw{}
-8 4a4a9%€A4rF

This offers the following options:

1 'Help on symbol' brings up the APLX Help page for the selected symbol (this is the samr
as pressing F1 under Windows, or the Help key under MacOS, when yosdlacted a
symbol with the cursor keys). If the symbol has more than one Help page, there will
normally be a link on the page which appears. If the symbol does not have a Help page
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option will be disabled.

1 'Copy symbol to clipboard’ puts the setgttharacter into the clipboard. This is useful if
you just want to copy an APL character to another application.

1 'Show symbol on keyboard' brings up the keyboard layout window, with the key on whic
the character appears highlighted. This is very uskfau are familiarising yourself with
the APL keyboard layout, or are used to a different APL layout:

Keyboard Layout - Unified APL
Tools Window Help

IR AR

[ e

[ ]
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Simple Arithmetic

This is the firspractical session. It consists mainly of examples for you to enter and comments
what happens when you do.

You'll be explicitly asked to type in the examples to begin with, but after a few pages it will be
assumed that to see an APL statement is toitypad the explicit instructions will be dropped.

To download a timdimited evaluation copy of APLX so you can try this, visit @ownload page

The initial APLX display

The exact method of launching the APLX applioatwill vary from system to system, and you
should check the relevant implementation notes for the details. When you enter APLX you will
the first APL display, the one which includes the copyright statement, the version number, the
workspace size antié message that the workspace currently in memory is called 'CLEAR WS'
The message should look like:

APLX for Windows

Copyright (C) 2001 - 2008 MicroAPL Ltd
WS Size = 20.0MB, Version = 4.1.6
CLEAR WS

(Exact details about the version number, WS size, etg vary)

APL starts in calculator mode which means that each statement you type is executed as soon
you press ENTER.

Some arithmetic functions
Type in this statement:

5+12 <enter>
17

Pressing ENTER caused the statement to be executed.

As you can se, what you type is quite easy to distinguish from APL's response. Your input is ir
by 6 spaces and if you are using a GUI version of APLX (Windows, Macintosh or Linux) it will
also be in a different colour.

Add is one of the 50 or so functions buiito APL. (A 'function’ is simply an operation, in this
case, an arithmetic operation). Other familiar arithmetic functions which you'll use in this sessi
are subtract-() multiply (x) and divide €).

Try a couple of divisions:

18+3 <enter>

108+11 <enter>
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9.818181818
Up to 10 digits are normally displayed in a result, though you can change this if you want.
Now type a multiplication:

4x7 <enter>
28

And another with some decimal points:

3.893x7.6 <enter>
29.5868

Subtraction too work as you would expect.

100- 95 <enter>
5

The normal minus always means subtract, as in the example you've just typed. The special 'hi
minus sign indicates a negative number, as in this example:

8-16 <enter>

8
Error Messages

Have you had angrror messages yet? You may have if you've made a typing mistake, or if yot
tried some of your own examples.

This example will produce an error message:

23+ <enter>
SYNTAX ERROR
23+

AN

The text of the message depends on the erroridrcéise you've broken the syntax rules: 'number
function number' makes sense to the APL interpreter. 'number function' does not.

The error markery) shows where the interpreter had got to in evaluating the statement when it
found the error. This may helwu identify the error, but obviously an error may not show up unt
something incompatible with it is found elsewhere. In such a case the error marker would be
pointing to the correct but incompatible part of the statement.

There's a list of error messagend their likely causes in the APLX Language Manual. But for the
time being don't worry too much about them. If an error message results from a typing mistake
simply retype the statement correctly. If it results from your own example and you cah# see t
cause, just try something else.

If you want to edit the last statement (rather than retype it) simply press Ctrl aAd &p (or
Command and U\rrow on the Macintosh, or on some systems Ctrl and R, or the ‘last line rece
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key) and the statement wdppear again with the cursor at its end.

You can try this now. Your screen at the moment should look like this:

23+ <enter>
SYNTAX ERROR
23+

AN

Now recall the line (Ctrl and Uprrow, or Command and UArrow on the Macintosh) and
completethe statement so that you have:

23+8 <enter>
31

Using the Session Window

If you are using a GUI version of APLX (Windows, Macintosh or Linux), APL commands are
entered in the Session window:

APLX Session 1: CLEAR WS SHEC] X
!' File Edit Debug Tocols Window Help
I[APLX for Windows
[[Copyright (C) 2001-2008 MicroAPL Ltd
WS Size = 20.0MB, Version = 4.1.6
‘ CLEAR WS
|
|
\
|| KB: Uni 4PL

Normally, any text you type is added to the end of the session. If however there is already son
text in the window which is exactly what you want to type in, or close to what you want, then tt
is no need to renter the text. You can select existing text on the screen, edit it, and then subm
the line to APL.

To do this, you can move the mouse anywhere on the session window and click it. The text cL
(flashing vertical bar) will move to theopition at which you clicked. You can now use the norma
editing features of APLX such as the Delete key or enter further text, and you can also use the
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menu for more sophisticated editing such as cutting and pasting text. You can continue thss pr
as much as you likeyou are actually editing texin the screen onlgt this stage.

When you press ENTER then the current lime. the line on which the cursor is flashingill be

re-displayed at the end of the session window, and submitted to RfLline you changed will be
returned to its former state.

Arithmetic on lists of numbers

Now we get on to something more interesting. Try this statement, making sure you include the
spaces between the numbers:

3+241175
5714108

The number o the left of the sign has been added in turn to each number on the right of the sig
Obviously, with lists of numbers, spaascount. There's a great deal of difference between:
1+23 4
and
1+234
as you'll have seen when you typed them lroth
The list can be on either side of the sign. Here it's on the left and the single number's on the ri

6381+3
96114

Now try some of the other arithmetic operations on lists. Here the divide function is used to di\
each number in a listy 15:

2.533.712 8+15
0.1666666667 2.246666667 0.8 0.5333333333

And here's an example using the multiply function:

9.811.217 1.2x1.175
11.51513.16 19.9751.41

In the last example you could be doing something useful such as multiplysigggdrices by
1.175 to give the prices including VAT (Value Added Tax) at 17.5%.

Matching up list lengths

So far the examples have involved a single number on one side of the arithmetic sign and a li
numbers on the other. But you can do arithmari¢wo lists of numbers:



Learning APL with APLX 25

123294x1352
1291458

The first number in the list on the left was multiplied by the first number in the list on the right,
second by the second and so on. But notice that the list on the left contained thers@ereohu
items as the list on the right.
Try this example to find out what happens if the lists don't conform in size:

35+415

As you see, you get an error message like this:

LENGTH ERROR
35+415

AN

Since there are two numbers in ors &nd three in the other, the system doesn't know which
number to add to which.

If a function operates on two lists they must both have the same number of elements. It's quite
order, though, to do an operation involving a single number and a list.

Order of execution

So far there's been no doubt about the order in which parts of a statement are executed becal
examples haven't contained more than one arithmetic function. Now here's a statement which
contains both multiply and subtract. Type it inf becide what the answer will be before you pres
ENTER:

3x3-1
Possibly you think the multiplication will be done first (either because it appears first in the line
because you expect multiplication to be done before addition or subtractitmt trase you think
the answer is 8.

Press ENTER and see.

3x3-1
6

In fact APL always works from right to left. So it first did1 giving 2. Then it did the
multiplication. (There's no hierarchy of operations in APL because there are too manynsiircti
the language for one to be practicabimagine trying to remember the order of precedence of
fifty different operations!)

Here's another example of execution order. Again see if you can predict the answer before pre
ENTER:

23148222
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The system first evaluates222 giving444 . Thenitdoef31+444 giving675 . Press
ENTER and confirm this:

231+8+222
675
Parentheses

If you want to force a particular execution order, you can do so by using parentheses. Please
the last example, using parentheses to force execution of the addition first:

(231+8)+222
55.54.5
Negative numbers and subtract

You saw earlier that the minus sign means 'subtract’ and the high minus sign indicates a nega
number. Here sukact is used:

1985 - 1066
919

Here is an example with negative numbers in two lists which are being added together:

37177+ 4712
17275
The minussign used to indicate negative numbers is known as thenhighs', and helps to make

clear the difference between a negative number and the subtraction operation. Fnarighs
usually found above the number '2' on the keyboard.

These two examples illustrate this:

2-3+5

6
2 3+5
72
In the first example, the sum ®fands was subtracted frora. In the second example3 was

interpreted as a negative number.2Sa@ was treated as a twelement list and each element was
added tc.

Next we're going to consider a feature which effectively doubles the number of functions at yo
disposal. Then we're going to round things off with two new functions.

Dual-purpose functions

The examples you've seen so far have taken the form:

number(sfunctionnumber(s)
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For example:

544 oOr 134 +316

Each number, or list afumbers, operated on by a function is said to be an argument, so all our
examples have shown a function operating on two arguments.

You may disagree, thinking perhaps of examples like #Rs:1

In fact each function in that example does have two argten€he subtract function has the
arguments andi1. The Multiply function has and the result of+1.

There is, however, an alternative to having an argument on either side of the function. You ca
any of the arithmetic functions in this format irede

functionnumber(s)

For example:
+12 Of x463 Or +1347
But when used in this way the functions have a different effect. Before reading any further plei

experiment with+ - x <, putting a number, or list of numbers, on thght-hand side only. See if
you can decide what (if anything!) each function appears to do.

kkkkkkkkk

What did you conclude? You probably weren't unduly impressedsiyce it appears to do
nothing. We'll find a use for it though in the next ptea. You'll have discovered that minus
effectively reversed the sign of everything to its right:

- 3684129
368 47129

The action of- may have puzzled you:

+12 410100
10.50.250.10.01

In fact+ used in this way yields the recimal of each number on its right (i.e. the result of
dividing 1 by that number).

To put it another way, you can think€f6 2 as being equivalenttz362 .
You may have concluded thasimply produced lists afs:

X2 66 8 2 13 109
111111

This example gives a clue to its real purpose:
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x80°3°704
1001101

It returns a value aof for each positive number1 for each negative number aador 0s.

Now it doesn't really matter whether you remember what each of these signs doesaden
this 'onesided' format you can always look at the APLX Language Manual if the need arises.
What does matter is that you appreciate that many APL functions are capable of two
interpretations. This flexibility effectively doubles APL's repertoire.

A small point before we move on.
When you typed the following expression earlier in this chapter you got an error message:

23+
SYNTAX ERROR
23+

AN

This is because though the pattern ‘funchamber(s)is recognised by the interpretemimber(s)
function' is not.

Ceiling and Floor (L andT)

To round things off we'll look at two functions that find maxima and minima. Thege(aseially
calledCeiling or Max) andr (usually called~loor or Min), and they are usually found above the
'S" and 'D' keys respectively.

We've had one or twexamples like this:

145+11
13.18181818

Examples, that is, that produced a lot of decimal places. Now the eight places following the pc
in this example may be essential, but if they aren't, it's easy to get rid of them.

Thet functionrounds up to the nearest whole number.
Ther functionrounds downto the nearest whole number.

L3503: 3: 3: 3:
14

[ 3503: 3: 3: 3:
13

They both work on lists as well as on single numbers:

£L342033"34054"87023"35074
121 13 66 14
|’..

.0 ;"340:4"3705; "6:0; 2
9912 1548
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Since these functions simply round up or down to the nearest whole number, in the first exam
120.11 is rounded up ta21 and, in the second9.99 is rounded down te9.

If you want greater accuracy in rounding, a simple piece of arithmvdtiachieve it:

£L342033"34054"87-028"35074"
1201265 14

Now 0.5 is subtracted from each number in the list before rounding up is carried out, thus
ensuring a truer result. Rounding down can be corrected in a similar way by addioghe
numbers to be rounded:

r;,;0;;"340:4"3705;"6:0;2"-"207
100 13 15 49

Possibly you've noticed that all the examples:fandr have taken the orgded form:

functionnumber(s)

Used with two arguments, these functions have a different meaning. Try out some statements
the fom:

number(sYunctionnumber(s)

and decide what the twargument versions afandr do.

*kkkkk

As you no doubt discovered selects the bigger of two numbers:

4" " 8
6

while I selects the smaller:

4" 1 "8
2

If L is used on lists of numbg the first number in list 1 is compared with the first number in list :
the second with the second and so on. The ‘winner' in each comparison is displayed as the re

g" .35 7"
689

The equivalent procedure occurs with

8" :"3"b95"
351
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Summary

We won't summarise everything: you can refer to the APLX Language Manual for definitions c
the functions we've covered so far-(x = L I').

There are, however, three points made in this chapter that are essential to your underdtanding
APL:

1) APL always works from right to left, passing intermediate results along the line to the left as
works them out.

2) A single number and a list can be involved in an operation, but if two lists are involved, they
must be the same size (i.e. balkie same number of elements).

3) Many functions can be used with either one or two arguments. The number of arguments
determines what the function does.

Practice

See what you can do with the functions covered so far. If you run out of ideas, why nap look

in the APLX Language Manual? It greatly increases the scope of the arithmetic (and other)
functions. It will, however, be covered in a later session so don't feel you have to master it nov
When you've tried things out to your satisfaction, dopitedlems on the next page.

When you want to end the session, type:

YOFF
Problems

Q1. Enter statements to:

a) Multiply each of the three numbesgss 2 by 8 and then add to the results of the
multiplication.

b) Add 15% to each number in the ligt 578 145

c) Add the difference betwean andg to 46127

d) Multiply the result ok times3 by the result oft timess and subtract from the total.
e) Reverse the signs in this list74 712 6

f) Compare these lists, selecting the larger numbeaah comparison:

27055 3311013
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Q2. Which of these statements cause error messages? Why?

a)12 x9

b) 3+72

C)19034+7287

d)578

Q3. You're gettinge200 worth of Dollars for yourself arel 80 ande230 worth respectively for
two friends. Enter a statement which calculates how many dollars each of you will get at 1.96
dollars to the pound.

Q4. Highest recorded temperatures for a week in August were:

79 84 83 78 74 69 70 (Fahrenheit)

Enter a statement to convert them into CentigrdOne method is to subtract 32 degrees and
multiply by 5/9.) Suppress decimal places in the result.

Q5. Enter a statement to find the difference in yards between 1500 metres and a mile. (1 yard
0.9144m and 1760 yards in a mile)

Answers
(Your results bBould be the same. Your APL may be different.)

Qla)

44362 x8
28 52 20

b)

14578 145x1.15
16.1 5.75 89.7 166.75

c)

46127+13 -8
9111712
d)

~5+(6x3)x4x8
571
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e)
- 3747126
341276
f)
4" 9" 2" 77"L"55"3" 32" 35
33 71055

Q2. The only one to cause an error message is:

c)
19034+7287
LENGTH ERROR
19034+7287

AN

(The lists aren't the same size))

578
578

APL thinks it's a tweelement list. If the intention was to subtract the valdi®m 5. the following
would have been more effective:

5-8

3

Q3.

200 180 230 x 1.96
392 352.8 450.8

Q4.

L"1207-*7E; +069; ":6":5329:"96"8; "92
26292826232121

(Work through it from right to left if it doesn't immediately make sense to you.)

Q5.

1500 - 1760x%.9144
7109.344



Learning APL with APLX 33

Variables

As in the last practical session, please type in the examplesiangounter them. If you don't,
you'll find parts of the session difficult to follow.

Assignments
This is an assignment:
C"§" 0397
A location or 'variable' called is set up in memory and the valae7s is assigned to it. An
assignment doesn't amtatically cause the value to be displayed, but it's there. If you want it

displayed, just type the variable's name:

A
0.175

Now A can be used in any expression in whodts could be used. Here are three examples:

200 x A
35
Ax30.5012 ,2560.30 15.00
5.3375 2.14375 10.5525 2.625
L"C"6"52072"34047"82052"37022
63113

Variables are convenient if you want to use the same value in a number of opeeafiens|ly if
it's a value that's a nuisance to key in, like this one:

E"§"06757; 459
The variablec now contains a conversidactor for converting pounds to kilograms. (1 Ib =
0.45359237 kg). You can usavhenever you want to do such a conversion; for example, to find

out how many kilos there are in 17 Ibs:

17xC
7.71107029

Or to calculate how many kilos there are insidnes and round up the answer:

LE6330636
70
Variables are also useful if you want to keep results. The result of the calculation you've just d
may still be on the screen, but it isn't preserved in the computer's memory. If you had wanted"
keep it you could have typed:

LQG" §X1LxE4
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The result is now saved d0OE. To see it type:

JOE
70

Variable names
That last example showed that names needn't be a single letter. See if you can deduce some

other rules about variable names by typing in the following statementseamdy which ones
produce error messages or unexpected results:

AAA § " 6

cd"g" 3

7D" g" 34
E;;:,;"g§"2
LQJP"UOKVJ" g" 322
LKNNGUOKVJ" g" 322
LcemaUokvj"g"322

One error was:

LQJP"UOKVJ" g" 322
VALUE ERROR

LQJP"UOKVJ" g" 322

N

That particular error occurred because of the space betwedandsmITH. APLX assigned the
value100 to SMITH (type it again and typsmITHto see) but got stumped by the naroeiN for
which there is no value set at the moment.

Another was:

7D" §g" 34
512

This time,B was given the valug2 and then the \ae ofB was displayed after the numizerThis
point is covered in more detail later in this chapter.

Names can't contain spaces or any other symbol except the §eltaderlined Deltad), the
underline (), or the high minus™). You will have foundhowever, that they can contain
numerals, though not as the first character. (If you want to check up on these rules at any time
you'll find them in full in the APLX Language Manual.)

It's possible to produce duplicate variable names in the same worksprespecial
circumstances, as you'll find out when you write aa&fmed function. But in calculator mode,
names have to be unique; if you assign a valuethen decide to set up another variable
containing something else, all you'll do is gitie briginala a new value.
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Assigning lists to variables

So far we've assigned single numbers to variables. This example puts a list of numbers into a
variable calledRICE:

RTKEG" §g"34067"7082"70; ;"9097

And this statement multiplies the number®RCE by the variable: (to which you earlier
assigned the value175 ) and puts the results \mT.

XCV" §g" RTKEG" 6" C
To see the contents of VAT type:

VAT
2.17875 0.98 1.04825 1.35625

Incidentally, in the last chapter we mentioned that theasgement version of did have a use.

It's a declarative, that is, it causes a value to be declared (i.e. displayed). In the previous exan
if you'd wanted to see the contents/afr without having to type its name, you could have put a
plus in front of it

+VAT §" RTKEGOC
2.17875 0.98 1.04825 1.35625

You've seen two ways of setting up a variable. One is to directly assign a value to it; the »arial
was set up in this way by the statementg " Q0. Ii9e7other is to assign a result to it: the variable
VATwas seup in this way by the statemextv" g" RTKEG" 6" C

What you can't do is use a variable name that hasn't had a value assigned to it. See what hap
you type:

A- BB
VALUE ERROR
A- BB

AN

No value has been assigned to varid@®éunless pu've usedBin your own examples). APL
therefore declares\aaLUE ERRORHoOw can you check on what variables do exist in your
workspace? This is a convenient point at which to introduce a couple of system commands.

System Commands

Loosely speaking, systecommands manage the environment in which you work rather than
doing calculations or manipulating data. You've already met one system command (don't type
unless you want to end the session!):

)OFF

The right parenthesis identifies system commalig®u useOFFor any other system command
without this parenthesis, it won't work: the interpreter thinks it's a variable name and (probably
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produces an error message.
Here's a system command which lists the names of the variables you've got in y@pacer

)VARS
A C JOE PRICE VAT

Your list may be different if you've set up all the examples and some other variables.
Now try this one;

)WSID
CLEAR WS

You've asked the identity of the workspace and the system has toldsycallétdCLEAR WS

The same command can be used to change the identity of the workspace. Here you're changi
name toNEW

)WSID NEW
WAS CLEAR WS

The system seems more concerned about the old name, but it has in fact carried out your req
you'll find if you type:

)WSID
NEW

Though the name has changed, the variables are still there as you'll see if you again type:

VARS
A C JOE PRICE VAT

We don't need to keep these variables, so we'll use another system comuoieadtte
workspace:

)CLEAR
CLEAR WS

The variables are no longer there, as you can confirm by typing:
)VARS
And the name of the workspace has revertezl 8AR WS as you'll find if you again type:

)WSID
CLEAR WS

We'll cover other systemommands in later sessions. For now we'll return to assignments.



Learning APL with APLX 37

Character assignments

You could be forgiven for thinking that APL deals only in numbers. But it isn't so. Try this
assignment, taking care to put the single quote mark round the pieaé of te

C"§")CRN"YKNN"RTQEGUU" VGZV)
Now check what's ina:

A
APL WILL PROCESS TEXT

The characters between the quotes have obviously been pat ihy@u omit the quotes, APL
thinks it's dealing with an undeclared variable:

E" 9" EJCTCEVGTU
VALUE ERROR
E"§g"EJCTCEVGTU

N

This time include the quotes, then check that the assignment has worked:

E"9g")EJCTCEVGTU)
C
CHARACTERS

In fact, APLX caters for the forgetful as far as quotes are concerned. If you put an open@g qu
type your text, then press ENTER without putting the closing quote, APL will insert it for you:

OQTCN"§g" ) YGNN" DGI WP" KU"JCNH" FQPG
MORAL
WELL BEGUN IS HALF DONE

This prevents succeeding lines being treated as one very long text string, lsecgse you've
forgotten to close a quote. You can use any characters on the keyboard in a character assigni
That includes space (which is a character, albeit an invisible one) and all the symbols. You ca
even include the single quote character ifgbthugh that requires some special action.

Try this assignment:

NAMEg" ) YJCV) U" KP" C"PCOGA")
As you probably expected, you got an error message. APL can't distinguish between the
apostrophe in the text and the single quote marks round the text. If you need to include an

apostrophe (i.e. a single quote) insert another sopgie beside it like this:

PCOG" §")YJCV))U"KP"C"PCOGA")
NAME
WHAT'S IN A NAME?

Alternatively, you can use double quote marks like this:
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PCOG"g"$YJCV)U"KP"C"PCOGA" $
NAME
WHAT'S IN A NAME?

APLX allows you to use single or double quatarks round the text. The opening and closing

guote marks must be of the same type; a quote mark of the other type doesn't end the text, as
example above shows.

Now let's set up a variable containing the charack&rs PRICE:
P"§g")PGV" RTKEG)

Obviously a variable containing characters can't be used in arithmetic, but try this all the same
Nx10

Well, as you saw you got a new kind of error:

Nx10
DOMAIN ERROR
Nx10

N

The domain of characters and the domain of numbers héigeedi rules and their members don't
mix. This applies even when characters look like numbers. Type this assignment, taking care
include the quotes:

QTYg" ) 452)

The fact thak30 is in quotes ensures it is treated as three characters with no more numerical
significance thamBcC You can prove this by trying to use it numerically:

QTY+5

DOMAIN ERROR
QTY+5
N

Multiple assignments

If you aregetting a bit tired of making all these individual assignment statements, APLX allows
you to set up several variables at the same time. Try typing:

*\CM" [ CM+" g" 7
then see what values have been assigngdiandYAK They both should have the valieEach
separate name inside the parentheses has been given the Vayjwel want to set up some other

variables with different values, try typing:

* GP" OCTM" DWEM+" §" 32" 42"52
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There you are, three at a single blow!
Displaying variables together

Though you can't use character and number variables together in arithmetic, they are prepare
appear together in displays.

N 10
NET PRICE 10

(If your version doesn't contain the same space bet®rR@&E and10, it's because you may have
left more orless space betwe®RICE and the closing quote when you made the assignmetit to

Here two character variables are displayed in tandem:

NAME C
WHAT'S IN A NAME? CHARACTERS

And this example shows two numeric variables displayed together (bytdiirstave to set them
up):

zZ" g" 3:

["g"5"3; :7
XY

18 31985

In this example we're mixing domains again:

NAME X C
WHAT'S IN A NAME? 18 CHARACTERS

That statement is true: the variatl@MEg does contain 18 characters, countingpéices
(including the one at the end). As you probably realise, any spaces you want have to be incluc
between the quotes. Inserting them between the variable names like this achieves nothing:

C C C
CHARACTERS CHARACTERS CHARACTERS

You can use characters in APL without putting them in a variable first. For example:

‘NET PRICE: ' 10
NET PRICE: 10

Joining lists together

The way we've been displaying lists together is more powerful than you may think. We've trea
it up till now as a means of displaying the contents of lists together. In fact it actually joins lists
that two single numbers form a tvedement list, or two character strings form one-glement
character object.
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So when you entered the statement to producehe displayis 3 1985 , you in fact produced a
two-element list which could be used in arithmetic. You can prove this now by typing:

1+X'Y
19 41986

If you wanted to use the list formed kandy more than once, you could assign it to a variable:

Vgt zZzt |
4
18 31985

This has the advantage thaandy exist independently as well as being components of the list
which formsz. So operations done rdon't affect them. The following example addsto z and
then displayg X andy to shav that onlyz has been affected:

Vgt - 32
Z
28 131995
X
18
Y
31985

Here's an example with characters for a change:

EPCOG" §") DCUKN")
UPCOG" §g" ) DTWUJ)
PCOG" §"EPCOG" UPCOG
NAME

BASIL BRUSH

This example is aatlly rather complicated, as the contentsi®fiEare actually onlywo

elements. The first element is a list which contains the charaztens and the second is a list
which contains the character IERUSH This is an example of a special type of able known as a
nestedvariable- we'll be discussing this later in more detail when we've covered more of the
basics £ was nested too). If you want a preview of a later section, try @gjoglledrho) in front

of some of these variables and see what it does.

Joining and merging variables

If we want to join the characters in the last example to form a single list, we have to use a new
symbol, (comma). The comma tells APL to merge the asttdts left and right. Let's try the last
example again:

PCOG" g" EPCOG. UPCOG
NAME
BASIL BRUSH

This timeNAMES a list of 11 characters. In the next chapter we'll be looking at how to use some
new symbols to tell the difference between thisgawariable and its nested variant. The comma
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is in fact a function in its own right, and the function is performs is caléehation

Simple and nested variables

So how does APL work out which variables or lists are lists of lists (which is anoth@fway
describing our nested variable) or just simple lists?

There are some easy rules to follow when typing in data.

Single numbers and characters are interpreted as making up simple lists. So here is a list of 4
numbers:

PERREg" 3" 4" 5" 6
and here is another list of five characters:
OKTGKNNG" ") HKNNG)

If some of the numbers are enclosed by parentheses they are treated as a single item in the
resulting list:

RKGTTG" g" *3" 4" 5+"*6"7"8" 9+
So herePlERRE is a list of two ligs, one of which is three long and one of which is four long. To
make a list of character lists, all you need to do is to use groups of characters, each of which ¢

enclosed by quotes. So to make up a list of three character lists:

HTCPEQKUG" g "JEWEGTFILLE'

Mixed variables

Just to complete the story, APLX allows a variable to have both character data and number ds
it. You won't be able to carry out arithmetic on the character part, but this is a useful way of st
characters and mbers that 'belong' together:

PHONESg " ) DKNN) " 799554" ) HTCPM) ": : 8553

PHONESWiIll be four elements long, and will be alternately character lists and single numbers.

Summary

The symboly assigns numbers or characters to a named variable. The right argument is the ve
to be assigned. The leftgument is the name of the variable.

Variable names are formed from any combination of the letters of the alphabet (in uppercase «
lowercase) and the numerals 0 to 9, together with the charge®erand™. They must start with a
letter orGor &

Any numeric value can be assigned to a variable. This includes a single number, a list of numl
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or the result of a calculation.
Any character on the keyboard can be assigned to a variable.

Character strings assigned to a variable are enclosed in single. Juoieslude a single quote in
a character string, type another single quote immediately beside it, or use double quotes.

Character variables can't be used in arithmetic.

More than one variable can be assigned at the same time.

The contents of variablestée displayed together merely by typing their names together.
Variables can contain a mixture of numbers and characters.

Variables are made up of single numbers or characters, in which case they are called simple
variables, or their elements can be likismselves, in which case they are called nested variable:

The comma performs the catenate function. Variables joined by it can be treated as a single
variable.

System commands manage the environment provided by the system. The following were
mentioned irthis chapter:

)VARS
)WSID
)CLEAR
)OFF

Practice

Please experiment with setting up and displaying character variables for a few minutes before
do the problems. Clear the workspace when you've finished,

Problems

Q1. Enter statemds which:

a) Assign the numbee= 2 2007 to three variables called respectively andy.

b) Assign the characteT®DAY'S DATE: to a variable calledATE

¢) Produce the displayoODAY'S DATE: 2222007  (Use the correct date if you prefer.)

Q2. Set up avariablecoNnwvhich contains a constant for converting pounds to kilos. (1 Ib = 0.45
kg and 14 Ib = 1 stone) Usi®NMVo convert your weight (to the nearest stone) into kilograms.
Reduce the result by 10%, round it down, and display it.

Q3. The cost pries of four items of stock ae8 6 12 4 respectively. The markup on these items i

100%. Three other items cost respectivelg 13 and 7. Their markup is 75%. Calculate the fully
inclusive price of each item (with VAT at 17.5%). Display the prices (roding@ with the
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caption:
'PRICE+VAT: '
Q4. TEST1 contains a student's exam marks for each of seven subjects (65 72 54 80 67 60 59)
TEST2 contains his marks for the same subjects gained at a different test (75 70 60 74 58 61 5
Produce a list condisg of his higher mark for each subject.
Q5. Which of the following will produce error messages? Why?
a) RATEg")509z5)"
b) 32-32")¢g43)

C) 100xRATE

d U[ ODQNU"g") 1 >i?3J)

e) 3+232
Answers
Ql.a)
F"g" 44
o" §" 4
{"g"4229
or

*E"O"[+"§" 44" 4" 42209
b)
FCVG" §") VQFC[)) U" FCVG<)
or
FCVG" §" $VQFC[) U"FCVG<$
c)

DATEDMY
TODAY'S DATE: 22 2 2007
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Q2.

EQPX" §" 0676
" 0: EQPX06350636
74

(the weight used in this calculation was 13 stone,)

Q3.

NKUV3" g"406: "8"34"6
NKUV4" §g"3097638"35"9
XCVRTKEG" g"L"3039706" NKUV3. NKUV4
'PRICE+VAT: 'VATPR ICE
PRICE+VAT: 19 1529 10 33 27 15

Q4.
VGUV3"g"87"94"76":2"89"8
VGUV4" g"97"92"82"96"7; "8

VGUV3"L"VGUV4
7572608067 61 59

Q5.

b) produces @OMAIN ERRORY0uU are trying to addo to the numbeto and also the characters
g 4 3ltis this last bit that doesn't work.

c) produces ®OMAIN ERROR RATEWwas defined as a string of characters in example (a) and you
can't multiply characters and numbers.

e) produces a0OMAIN ERRORYou cannot add numbers and characters.
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Tables

This is another practical session, so please continue to type the examples you see in the man

The general subject is tables, and the first topic in connection with tables is how to set them u
That's a topic that could involve you in a lot of keying. (Imadiyping in 50 different values to

fill a modest fiverow by tencolumn table!) To avoid such drudgery we'll look first at two
functions that will generate the numbers for you.

The ? function

The? function (usually calletRandom, Roll or Deal) generatesandom numbers. Here's an
example:

? 100
53

You asked for a random number in the range 1 to 100. You probably didn't get 53. That was tt
oneargument form of It returns a single number between 1 and the number you specify as the
right-hand argumet.

The twaargument form will be more useful for filling tables because it generates as many
numbers as you ask for:

50 7 100

On your screen you should have 50 numbers in the range 1 to 100. Look at your numbers car
and see how many duplicatgsu can count in 20 seconds.

*kkkkk

Given up? In fact you won't find any. Thdunction generates unique random numbers in the
given range. That's why this example produces an error message:

20?10
DOMAIN ERROR
20?10

AN

The danain of numbers in the range 1 to 10 can't supply 20 different whole numbers. You can
a variable as the rigittand argument of We'll set one up then use it :

TCPI G" g" 37
3 ? RANGE
1513

Equally, you can use a variable to specify how nramgom numbers you want:
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SV["¢g"9
QTY ? RANGE
5141011524
And you can assign the result to a variable too:

DKPI Q" ¢g" SV["A"TCPI G
BINGO
614923116

The S function
This is an example of thfunction ( calledota or Index and found above the 'I' key):
§322
Your screen should now be filled with the numbers from 1 to 100 in ascending order. We're us
the oneargument form o86. It generates the series of numbers from 1 to whatever number you
specify as its righhand agument.
Here's an example which puts the series from 1 to 10 in a variable xalled
z"g" S32
X
12345678910

Now we can safely tackle the topic of tables. But for clarity, we'll start by entering values
explicitly, rather than generatirigem randomly or producing them with teéunction.

Setting up tables

This statement will take the 12 numbers on the right of tmbol, and set them up as a fdyr
three table:

6"5"8§"32"42"52"62"72"82"92":2",;2"322"332"342
10 20 30
40 50 60
70 80 90
100 110 120

§ (calledRho, Shapeor Reshapeand found above the 'R’ key) is a function and like any other
function, it operates on arguments. We're using theangament form os.

(We'll see what the or@rgument form does later in the pher.)

43 § "102030405060 708090 100110120

The argument to the left specifies how many rows and columns are in the table. The argumen
the right specifies what data is to be put into the table.

Here again is the table produced by the éxstmple, this time with the rows and columns labelled
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coll col2 col3
rowl 10 20 30
row 2 40 50 60
row3 70 80 90
row4 100 110 120
You always specify the number of rows before the number of columns, and APL fills the table

row-by-row rather than columby-column. (This may seem a trivial point, but if APL first filled
column 1, then column 2 then column 3, the effect would be quite different).

The data to be put in the table can itself be in a variable. This next statement @utdda r
numbers in the range 1 to 100 into a variable calkenk

FCVC"§g"34"A"322
Now use the function again, but specifyAaTAas the righthand argument:

6"5"8§"FCVC
1557 30
515097
18 26 38
67 22 69

(Your numbers are unlikely to be the same

The next example looks doomed to failure because there are insufficient numbers on the right
fill a table of the specified dimensions. But try it anyway and see what APL does:

6"5"8§"3"4"5"6"7

As you saw, when the numbers ran out, APL went bactke first number and went through them
again, giving a table like this:

123
451
234
512

It follows that if you supply only one number, APL will use that to fill the whole table:

5"7"8§"3
11111
11111
11111

On the other hand, ifop supply too many numbers, APL uses what it needs to fill the table and
ignores the rest:
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123
456

Try setting up some tables before you read on. Remember that you canuaediddunctions.
Arithmetic on tables
Now please set up a®w 3-column table calledALES containing the numbers shown:

UCNGU" g"5"58§42"35":"52"65"6:"5"72"43
SALES

2013 8

304348

35021

Arithmetic onsALESwill automatically affect every number in the table. For example:

SALESx10
200130 80
300 430 480
30 500 210

Suppose you now set up another table called,rsagEgs, will you be able to do operations like
SALEStimesPRICES? Let's find out:

RTKEGU" g" 4"5"8§"43"4"34"69"55"3
SALESxXPRICES

The attempt caused arrer

LENGTH ERROR
SALESxPRICES

AN

A LENGTH ERRORNessage means that the arguments contain different numbers of elements. T
problem, obviously, is tha&ALESIs three rows by three columns, and therefore contains nine
numbers, whileeRICES is two rows by three columns, and therefore contains six numbers. How
could APL know which items you want multiplied by which? Since it doesn't, it gives an error
message.

Let's redefine theALEStable so that it too contains six items:

SALESg" 5" 4" 8" UCNGU
(We used the numbers alreadysiiLESas data. The effect of the statement is to take the first six
numbers in the oldALEStable and rearrange them as three rows and two columns to form the 1

SALEStable.)

Now thatSALES like PRICES, cortains six numbers, let's try the multiplication again:
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SALESxPRICES
LENGTH ERROR
SALESxPRICES

N

We're still getting an error message. If we look at both tables the problem will be apparent:

SALES
2013
8 30
43 48
PRICES
21 212
4733 1

The tables may now have the same number of items, but they're still a different 'shape’. It's
impossible to know, with any certainty, which itemsiaLES corresponds to which item FRICES.

We'll have to redefineALESagain so that it hakié same number of rows and columneRISES:
UCNGU" g" 4" 5" 8" UCNGU
(Again we've used the numbers alreadganeEsas data for the new version of the table.)

Now we'll check thasALESandPRICES are the same shape (i.e. have the same number of rows
and columns):

SALES
2013 8
3043 48
PRICES
21 212
4733 1

They now match exactly in shape and size, so we can try again.

SALESxPRICES
420 26 96
1410 1419 48

Success at last! The elements in the two tables now migtabr conform, ad arithmetic
involving both tables is possible. Let's check by trying another operation on them:

SALES - PRICES
11174
~17 10 47

That worked too. (Remember that the previous multiplication didn't change the contents of the
tables.)

Incidentally,you don't have to create every table explicitly. You can create one simply by
assigning a result to it. Here you're creating a table catiedL
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VQVCN" g" UCNGUOBRTKEGU
TOTAL

420 26 96

1410 1419 48

Before you read on, practice constructinigiéa and doing arithmetic on them. Make use of’the
ands functions to set the tables up. Don't forget about taedr functions. They work on tables
too.

Catenating tables
You can catenate tables just as you catenated other variables in the pressars se

SALES,PRICES
2013 821 212
3043484733 1

The tables being catenated must have the same number of rows, but don't have to have the s
number of columns.

This next example creates a tnaw two-column table calledITTLE filled with 1s, and a twerow
six-column table callesveDIUMilled with 5s. Then it catenates the tables and puts the result in
BIG:

w»

LITTLE g" 4" 4" §" 3
OGFKWO" g"4"8"§"7
DKI " g" NKVVNG. OGFKWO
LITTLE

11

11
MEDIUM

555555

555555
BIG

11555555

11555555

Again, notice that though the catenated tables have different numbers of columns, they both h
the same number of rows.

Catenation supplies one of many solutions to the problem of arithmetic being possible only on
tables of equal size. Suppose you wanted toLaddlE to MEDIUM

LITTLE+MEDIUM
LENGTH ERROR
LITTLE+MEDIUM

AN

You can'tbecause they're different sizes. They both have two rows|TIwe has two columns
while MEDIUMhaS Six:
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LITTLE
11
11

MEDIUM
555555
555555

The following example shows howrTLE can be catenated with a table of zeroes to paat itoo
the same size ageDIUMSO that the addition can take place:

"2

w»

\ GTQGU" g" 4" 6"
ZEROES

0000

0000
NKVVNG" §" NKVVNG. \ GTQGU
LITTLE

110000

110000
LITTLE+MEDIUM

665555

665555

The addition took place soessfully. Presumably we wanted the originafrLE to be added on to
the lefthand end oMEDIUM If we wanted it on the other side we should have specified (resetting
LITTLE first!):

NKVVNG" §g" 4" 48§83
NKVVNG" "\ GTQGU. NKVVNG
LITTLE+MEDIUM

555566

555566

It's because that kind of ambiguity exists that APL won't do arithmetic on data of unequal size.
Selecting elements
You may be wondering how you select single elements from tables.

First set up this table (using the numbers showmerahan the function), then we'll select
individual elements from it :

»
N

+TABLEg" 6" 5" § "34"37"6"33"9"3"38":"42"3;"
21215
411 7
116 8

2019 9
Remember that the table consists of four rows and three columns.
To select the in the bottom row, righimost column, type:

TABLE[4;3]
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You've used the row number <4>, and ttolumn number <3>, to identify which element of the
table you want. Before you read on, see if you can enter a statement which adds the number |
3 column 3, to the number in row 4 column 2. Make sure you use the square brackets and seyf
the rownumber from the column number with a semicolon.

*kkkkk

You should have entered:

TABLE[3;3] + TABLE[4:2]
27

Now see if you can replace the number in row 3, column 2 with the result of adding the numbe
row 1, column 2, and row 2, columni2ere's the table again with the numbers marked:

2 12 15
4 11 7
116 8
2019 9

*kkkkk

That shouldn't have been difficult as long as you counted the rows and columns correctly, and
remembered the semicolons. You no doubt typed:

TABLE[3;2] " VCDNG] 3=4_"-"VCDNG] 4=4 _
CheckTABLE make sure that row 3, column 2 now contains the sum of rows 1 and 2 column 2:

TABLE
2 12 15
4 11 7
123 8
2019 9

It's quite easy to select entire rows or columns. Here we select all three elements:in row 1

TABLE[1:1 2 3]
21215

As before, the number before the semicolon denotes the row while the number, or in this case
numbers, after the semicolon denote the column(s). There is, however, a shorthand way of
selecting whole rows or columns. The foliog statement does the same as the last, that is, it
selects all columns in row 1:

TABLE[1;]
21215

Using the same principle, see if you can replace the numbers in column 3 with the sum of the
numbers in columns 1 and 2.
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K*kkkkk

(In the cours of some of these operations you may be getting an error message saying that yc
made anNDEX ERROR The process of picking elements out of a table is called 'indexing'. A
mistake is therefore referred to as an 'index’ error.)

To add the first two caimns and put the result in column three you could have typed:

TABLE[1 2 3 4;3] g" VCDNG] 3"4"5"6=3_"-"VCDNG] 3"4"5"6=4
TABLE

21214

41115

12324

201939

Alternatively you could have used the shorthand way:

VCDNG] =5_"§g" VCDNG] =3 _"-"VCDNG] =4 _
You can, of course, select elements from two separate tables and do acittmtegm. If you still
have the tableSALESandPRICES in your workspace, the following statement will multiply the

number in row 1 column 1 gfALESby the number in row 2 column 3 PRICES.

SALES[1;1] x PRICES[2;3]
20

Incidentally, indexing caalso be used to pick single elements out of lists. With lists, of course,
only one number is needed to identify the element required:

LIST g":"3":2"6
LIST[2]

1

Dimensions

A quick digression about dimensions is in order before we tackle the next topic. APL regards ¢
as having dimensions.

A single number, or character is like a point in geometry. It exists but has no dimension

A list is like a line. It has one dimension, length.

The tables we've looked at are like rectangles. They have two dimensions, height and
length.

1 Threedimensional 'tables’, or ‘arrays’, as they are more often called, are like cubes. The
have depth, height ariength.

Arrays of up to sixty three dimensions are possible in APLX, but we won't attempt to represen
them!

The thought of thredimensional data may intrigue you, but in practice it's quite mundasi¢éhe
next example will reveal. Suppose the ordinarg-dimensional table you're about to create
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represents the number of each of four products sold by each of six salesmen:

UCNGU" g" 8" 6846 A72
SALES

53422 36

46 40 18 10

3923 441

5027 813

1242 9 3

19473035

The salesmen are the rowvitse different products are the columns:

product 1 product 2 product 3 product 4

salesmanl 5 34 22 36
salesman 2 46 40 18 10
salesman 3 39 23 4 41
salesman 4 50 27 8 13
salesman 5 12 42 9 3
salesman 6 19 a7 30 35

Now suppose i this table relates to one sales region and that there are three such regions
altogether. The following statement will create a thilgeensional array which represents this
situation:

+SALES " 5" 8" 6894A322

On your screen are (or should be) three blocks of numbers, each of six rows and four columns
These are the three planes, so to speakaidfs To createsALESYyou specified three dimensions
as the lefthand argument af (see above). To &t a particular element frosaLES you also

have to give three numbers:

SALES[2;5;4]
20

You specified that fronsALESyou wanted plane 2, row 5, column 4. In other words you wanted
know the quantity of product 4 sold by salesman 5 in area @v& mow seen what is meant by
threedimensional data, and are aware that APL treats data as having dimensions. But the key
understanding the next function is to remember that a single number or single character has n
dimensions.

Enquiring about the size of data
As you've seen, theefunction used with two arguments puts specified data into a specified num

of rows and columns. The same function used with one argument allows you to enquire about
size (or 'shape’) of existing tables and other et
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To remind yourself of the size sALES(the threedimensional data structure you recently
created), type:

SUCNGU
364

As you see, you've been given the size of each dimens@xLeE Now create a twalimensional
table and ask the size ¢ft:

VCDNG" ¢g" 7" 5" 8" 37" A" 42
SVCDNG
53

You've been given the size of each of the table's two dimensions. The height of the table is fiv
rows, the length is three columns.

Next create a variable containing a list of numbers and ask its size:
NKUV"§g"3"4"5"6"7"8
§NKUV

6

The list is six numbers long.

Finally put a single number into a variable and ask its size:
PWO" g" 456

§ PWO

The variableNuvhas neither length, height nor any other dimension. It is, as we've already said
the equivalent of a point. APL therefore gives an empty response. By the way, the item enquir
about doesn't have to be in a variable. Here we enquire about the size of a directly quoted nur
value:

§34"83"724"3"48"2"33
7

And here we ask for thaze of a string of characters:

§) UJCODQNKQUKU)
12

Before you read on, use the emgument form of theé function to enquire about the size of some
variables in your workspace. Remember that you're really asking about the size of each varial
dimensions.

Tables of characters

Characters can be arranged in rows and columns too:
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CNH" g"5"7"8§"") CDEFG)
ALF

ABCDE

ABCDE

ABCDE

But compare the effect of this next statement with the effect of the last:

PWO" g"5"7"8§" 34567
NUM

12345 123 45 12345 12345 12345

12345 12345 12345 12345 12345

12345 12345 12345 12345 12345

The fact is that2345 is onenumber, whileABCDE' is five characters. So each single character ir
the first table is equivalent to each occurrence2sds in the second tdé. Despite their different
appearances, both tables contain 15 elements. Notice, though, that while APL has no scruple:
about putting spaces between the occurrencessa$ in the numeric table, it doesn't insert space
in the alphabetic data. Since spas itself a character, it expects you to put in the spaces you
require.

Here are a few examples to give you some experience of the way alphabetic data behaves:

O[ PCOG" ") I QTUWEJ)

30[ PCOG
;
5" 9" &" O[ PCOG
GORSUCH
GORSUCH
GORSUCH

In the las example the seven charactersG0RSUCH' were arranged as three rows each of seven
columns.

In this example the same characters are arranged in three rows of 14 columngySinee
contains seven characters, this fits quite neatly, though a coluspacés between the present
columns seven and eight would be an improvement.

314 §" O[ PCOG
GORSUCHGORSUCH
GORSUCHGORSUCH
GORSUCHGORSUCH

In the next example, the characters fill a three by eighteercolumn table. This is not such a
neat fit:

5"3:"8§"0O[ PCOG
GORSUCHGORSUCHGORS
UCHGORSUCHGORSUCHG
ORSUCHGORSUCHGORSU

We'll try again.First we'll put a space at the end of the original character string, making it up to
eight characters. Then we'll define a table with sufficient columns for the eight characters to be
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printed in their entirety five times on each of three rows.

MYNAMES " ) | QTUWEJ ")

§0[ PCOG
8

5"6258" O PCOG
GORSUCH GORSUCH GORSUCH GORSUCH GORSUCH
GORSUCH GORSUCH GORSUCH GORSUCH GORSUCH
GORSUCH GORSUCH GORSUCH GORSUCH GORSUCH

In this final example, this is the result we want to achieve:

ADAMS
CHATER
PRENDERGAST
LEE

See if you can define a table which achieves that result before you look at the solution below.

*kkkkk

You want a table of four rows. The difficulty is working out the columns. The columns must
accommodate the longest name, whichRRENDERGASWith 11 characters. However, merely to
put the names into four rows of 11 columns won't achieve the desired result:

411 §" ) CFCOU"EJCVGT"RTGPFGTI CUV" NGG)
ADAMS CHATE
R PRENDERGA
ST LEEADAMS
CHATER PRE

The other names must he padded out with spaces so that each name plus following spaces e
fills 11 columns. (For clarity, each space is represented here by a dot.)

6"33"8§")CFCOUOOOOOOEJCVGTOOOOORTGPFGTI CUVNGGOO

There's some good news for you if you found that a tedious exercise. APLX has a special faci
calledT D Qwhich arranges data into rows and columnsytar without any of that bother. (It's a

system function and you can read about it in the APLX Language Manual). Doing the counting
yourself on this occasion has, however, given you a chance to see how character data behave

Mixed tables

You might remembethat, in the last chapter, we made up lists which contained both character:
and numbers. The examples that we have used so far in this chapter have been either charac
numbers. We can make up mixed tables in exactly the same way that we madsr tgotek.
Here's one:
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OKZVWTG"g"5"58§)C)"3")D)")E)"4")F)")G)"5")H)
MIXTURE

AlB

Cc2D

E3F

You can't, of course, carry out arithmetical operations on mixed tables, but you can reshape tt
with § and select elements just as you did with waditables. Try making up some mixed tables
yourself. APLX will try to display the contents of these tables in as neat a fashion as fitocan
easy matter when you have mixtures of characters and fractional numbers in the same columi
you want to invetigate these rules, have a look in the APLX Language Manual.

Nested tables

Just to complete the picture, we can make up tables that contain other tables or lists. Again wi
follow the rules we discussed earlier when making up nested lists. We will us¢heses and
guote marks as we did with lists. Here's an example:

PGUV" g"4"58*4" 45S6+"*S7+")C"PCOG)"*4"68S: +"45"
NEST

12 12345 ANAME

34

1234 23 NAME
5678 NAME
NAME

What isNESTmade up of? It's two rows deep and three columns wide. The first entry in the firs
row is a 2 row 2 column table made up of numbers, then we have a list of 5 numbers and a lis
characters. The second row starts with a numeric tél@deaws 4 columns, then has a single
number and ends with a 3 row 4 column table of characters. Just to check, let's see what the
of NESTIs:

SPGUV
23

Depth

In order to cope with the added complication of nested data, either tables or lists, we have to t
in a new function , calleddepth.

Depth gives an idea of the degree of nesting that can be found in a variable. This becomes
important when you bear in mind that we could make up another variable where some of the
elements are themselves nested variables and so on.

A single number or character has depth O

1 67
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and a list has depth 1

1 3"4"5
1

So does a table:

I 4" 4 8§55%6"

1

59

Lists and tables which are made up entirely of single numbers or characters will all have deptt
When at least one element of a list or table already has a depth of 1 (when it is itself a list or a

table), then the overall depth of the variabl 060 our sample variable has a depth of 2:

I PGUV
2

This idea extends when we make more complicated examples. If one element is of depth 2, tt
the overall depth of the object is 3. The depth of a variable is always set by the deepest amou

nesting found within it.

Try this:

BIG_NESV" ¢ "

SDKI aPGUV
2

I DKl aPGUYV
3

PGUV" PGUYV

BIG_NESTIis made up of variables that already have a depth of 2, so it has depth 3. In fact, it's |

up of the two objectsEsTforming a two element vector.

Summary

The functions introduced in this sessiwere?, S ands. (See APLX Language Manual for

definitions.)

Some points worth remembering are:

1. Tables are specified and filled in row order.

2. Tables involved in an arithmetic operation must have the same number of rows and columr

3. Catenate, () joins tables with equal numbers of rows.
4. Data has dimensions:
- a single number or character has no dimensions

- a list has one dimension, length
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- a table has two dimensions, height and length
- data in APLX can have ujp sixty-three dimensions.

5. The result returned by the easgument form of is the size of each dimension of the data you
enquired about (e.g. how long it is, or how deep and high).

6. In character tables, every character, including space, is one column.

7. Tables can be made up of a mixture of numbers and characters.

8. Tablescan be made up of lists and other tables.

9. Nested tables have depth.

Practice

The strength of APL is that almost any logical combination of functions is possible. This mean
(for example) that the result of an enquiry about a variable's size can be plasggethe line to

form the argument to the next function:

(§) CDE) . ) FGH) +"-"8) 1 JK)
9

Or to take another example, if you've defined a table like this:
VCDNG" g" 32" 32"8§322"A"322

and you now want to select the first nine numbers in row 1, there is an alternative to typing
laboriously:

TABLE[1;1234567 8 9]
You can instead let th&function generate the index for you:
VCDNG] 3=S;

These examples are not particularly significant in themselves. They merely indicate the variet)
possibilities that exists if you care to experiment. When you've &disfour experimentation, try
the problems provided.
Problems
Q1. Set up a fourow onecolumn table calleMILES containing:

300 42 25 140

And a similarly shaped table calledTEScontaining:

27515275275
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Multiply RATESby MILES, then muiiply the result by 0.01 to produce a table calle@ENSES

Q2. Change the number in column 1 row 3WiEES from 25 to 250. Again, multiplRATESby
MILES and the result by 0.01 to gi&XPENSESthen reformaEXPENSES0 produce a oreow

four-column tdle.

Q3. Definex as a thregow tencolumn table containing random numbers, @ a thregow
four-column table also containing random numbers. Adly, first taking whatever steps you
think necessary to enable the operation to take place.

Q4. UsingtableX created in problem 4, add the first and second rows and replace the third row
with the result of the addition.

Q5. Create a table which will look like this when displayed:

—To>»0X1T0O-Z

Q6. What wil be the result of each of thesetatements? Predict each result before you press
ENTER.

a) §") CDE" FGH)
b) §"6:2"2"304
C) VCDNG" g§"32"n2"8"322"§"3222"

SVCDNG

u»

d) ") T)
e) §")6:2"2"304
f) VCDNG" §"483328"8"n22"

SVCDNG™"
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Answers

Q1.
OKNGU" g" 6" 3"
TCVGU" g"6"3"
- GZRGPUGU" g"

N O W
N DO
w onN
O ON
< w b

82.5
6.3
6.875

38.5

Q2.
OKNGU] 5=3_"§g" 472

- GZRGPUGU" g" 3" 6" 8§" GZRGPUGU" §"202306TCVGUO OKNGU
82.56.368.75 38.5

Q3.

NN

3 5
"6"8§"34"A"3
8" 8§ +

Since the problem didn't say which columnxof were to be added to, you may have put the
zeroes on the other side:

Q4.
Q5.

" 3"3")OKETQCRN)

Q6. You saw the answers to this problem when you entered the statements.
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Writing a Function

The/ operator

You may already have looked this up in the APLX Language Manual as suggested at the end
session 1. But sircit's used in one of the functions you're going to write, we'll cover it briefly jus
in case/ is calledSlashor Reduce

Note that in the context in which we're describing it heiie,an operator not a function; it
modifies or extends the operatiohtiee functions it's used with. Here's an example of its use:

+/1634
14

What/ did was to extend the operation+o$o that the expression effectively became:
1+6+3+4
Here's an example using multiply:

x[1234
24

Multiply was used on eaafumber in the list like this:
1x2x3x4
Let's see how this works on a table:

VCDNG" g" 5"5"§8S;

TABLE
123
456
789

+/ TABLE
61524

It won't take you a moment to work out what APL has done to produce the three nartters
24.

Obviouslythey're the sum of the numbers in each row. (If you want to make thygeration
apply to columns instead of rows, this is easily done. It's explained under the eqtryAses, in
the APLX Language Manual.)

Remembering APL's rule of working from rigiut left, and the fact that one function's results are
data to the next function down the line, enter an expression that wikhiaine numbers in the
table.

*kkkkk
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This is one solution:

+/ +/ TABLE
45

We know that the result of the first (ie thght-hand) part of the statementsias 24 . So these
three numbers are the data for the-kefhd+/ . Their sum isi5.

You can add the numbers in just one column by the usual method of indexing.TBLEagain
followed by a statement which adds themers in the first column:

TABLE
123
456
789
+/ TABLE [;1]
12

Here's a useful combination: the functionsed withv selects the largest number from a list:

Lr197"94"9:";2"8; "99": 3"
90

While the equivalent statement naturally produces the smallest number:

r{4"97"94"9:";2"8; "99": 3"
69

In case it crossed your mind thaandr were being useth their oneargument forms in the last
two examples, remember that whaloes is to put the functionm,( or whatever) between each
element of the data it's applied to like this:

srv"L"94"p"9:"p";2"L"8;"L"o99" " 3" L"

Here's a final example of thes@ of/ for you to ponder before you go on to the topic of function
definition. What does this example do?

"5"e6"7

z" g
-1 4

“ogon
Z+E

(722305

User Functions

Hitherto your APL statements have worked their way up the screen and, when they reached tt
top, have disappeared without trace. You're about to learn how to preserve statements, or grol
statements, so that you can summon them back for execution or amendment at any time. In o
words you're going to find out how to write a function. A wvdefined function in APL is like a
program in another language. It has a name and consists of APL statements. When you quote
name, the statements are executed consecutively, or in whatever order you specified when yc
defined the function.
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Writing a Functi on

In most versions of APLX, there are two ways to create or edit a function.

The most commonly used way is to udelé-screen editor which allows you to edit the function
text very easily in an editor window. The editor is either invoked through fleaion's Edit
menu, or with theeDIT system command (or theG F system function), e.g.

)EDIT FUNK

Here is a snapshot of an editor window on a Windows system, showing a function called
DEMO_Taskbar being edited:

For backward compatibility with old APL systems, APLX also supports a primitivealiagdime
editor called théel editor. To enter definition mode drcreate a new function you typ€Del)
followed by the function name. If you type nothing else, you are defining a function that will tal
no arguments:

h HWP M

You will probably never need to learn the Del editor. If you do accidentally tysipgharacter to
enter definition modgust type anotheti to get back to calculator mode.


../images/aplx_editor.jpg
../images/aplx_editor.jpg
../images/aplx_editor.jpg
../images/aplx_editor.jpg









































































































































































































































































