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In troduction 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. 

Subsequently 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 term 'second 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 object-oriented language extensions, 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 define 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 such an 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 for counts, 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 of functions (i.e. operations it can perform). These 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 series of functions interacting 

dynamically, one function's results forming the next function's data. 
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APL also has operators which modify the way in which functions are applied. This gives you a 

range of general purpose building-blocks which can easily be combined in a very flexible 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 compound symbols such as <= to 

mean 'less-than-or-equal' or ** to mean 'power'. APL is not limited to the ASCII characters; 

instead, it uses a range of symbols to represent its built-in functions. This permits the APL user to 

carry out a wide range of programming tasks in a 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 and display devices 

associated with them, was seen by many people as a big disadvantage of the language. Nowadays, 

with Unicode fonts and easy-to-use input methods, the special symbols are no longer such an issue. 

Modularity  

Besides giving you functions that are built in 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 of user-

written functions each of which does a part of the total task. 

These functions can 'call' each other and exchange 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 top-down structure on your programs. 

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

oriented' programming from other languages. This allows you to define classes (collections of data 

and related program logic), and to create and use 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. A very few lines 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 a fully dynamic language, which 



Learning APL with APLX                                                                                                                                                       13 

means that you do not have to specify in advance what is valid for a given data item or function; 

you can just use it immediately. 

In addition, it has a very useful concept called the workspace. This is basically a collection of the 

data items, functions, and classes which you set up in the course of doing a particular 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. APL supports 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 'type-safety' and the fact that APL lets you do what you want. 

The functions written by the user behave neither like programs nor subroutines - what are they? 

If you haven't programmed before, none of these questions will bother you. You'll accept the way 

APL does things as natural 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 research - actuaries, engineers, statisticians, biologists, 

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 solving problems. 

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 encouraged 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 its built-in functions. Many of these are symbols that 

do not exist on a standard keyboard. Some of these will be familiar (for example, ÷ for divide, and 

Ĵ for greater-than-or-equal). Others are specific to APL (for example Ľ for round-up or greater-of, 

and ı 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 two 

ways of doing this. 

The QuickSymTM  pop-up 

If you are completely new to APL, you will probably find it easiest, at least to start with, to use the 

QuickSymTM feature of APLX. By pressing a single key (usually the 'Menu' key in Windows, or a 

function key - by default F1 - under MacOS), you can bring up a panel which displays the APL 

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' layout which 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): 

 

 

 

As you can see, each key is shown with up to four symbols. As with a conventional keyboard, a 

given character key generates a lower case character and, when depressed in conjunction with the 

Shift key, the corresponding upper case character. These are shown in black and red on the above 

diagram, in the lower-left and upper-left 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 symbols, you use the AltGr key, which acts just like the Shift key in that 

it modifies the effect of another key. (In non-APL applications, AltGr is used to type various 

different characters, primarily ones that are unusual for the locale of the keyboard layout, such as 

foreign currency symbols and accented letters.) Using the AltGr key with another key produces the 

symbol displayed in green, on the lower right of each key in the diagram above. The remaining 

symbols (shown in blue, on the top right of each key) are entered 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 4 

¶ If pressed with Shift, the dollar sign $ 

¶ If pressed with AltGr, the APL less-than-or-equals symbol ĳ 

¶ If pressed with Shift and AltGr, the APL grade-up (sort) symbol Ŋ 

If you have problems with the keyboard (e.g. because your keyboard does not have an AltGr key), 

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) The Unified APL layout, as shown above. This is similar to an ordinary ASCII keyboard 

layout for unshifted and shifted keys. Special APL symbols are obtained by using AltGr or 

Shift-AltGr combinations. If you are learning APL we recommend that you use this layout. 

2) The Standard or Traditional  APL layout. This is based on the traditional APL keyboard 

where alphabetic keys unshifted give upper-case letters, shifted give APL symbols, and 

with the Alt or AltGr key give lower-case letters. It is recommended only for people who 

are used to programming in APL using a special APL keyboard. 

3) The Default non-APL  layout. In this mode, keyboard mapping is the same as in non-APL 

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 selecting the Keyboard Layout item in the Tools 

menu of APLX's Session window. In addition, you can at any time swap between the Default non-

APL layout and your preferred APL layout (Standard or Unified) by pressing Ctrl-N (or Cmd-N on 

the Macintosh). This is very useful 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 in 

the Help menu. Under Windows, you can also display this by pressing Ctrl-F1. 

Customizing the keyboard layout 

You can customize the keyboard layout using the Keyboard tab of the Preferences dialog. This 

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 pop-up
 

Bringing up the QuickSym window 

The QuickSymTM 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 usually to 

the right of the space bar next to the Ctrl key, or a function key - by default F1 - under MacOS), 

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

 

You can now enter one or more APL symbols by using the mouse to click on the corresponding 

image in the QuickSym pop-up window. To assist in selecting the character, hovering the mouse 

over a symbol brings up a brief description of what it does (if it has one-argument and two-

argument forms which have 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 QuickSym window, the keyboard behaves as 

follows: 

¶ Any key which produces a printing character behaves as normal. This means that you can 

freely mix typing at the keyboard, and using the mouse to enter symbols from the 

QuickSym window. For example, with the line shown in the picture, the user has typed xx 

and then brought up the QuickSym window. By using the mouse to select the assignment 
arrow Ŷ (in the bottom left corner), and then typing 32, the line will read xxŶ32 

¶ Pressing Enter (or Return) closes the QuickSym window. 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 APL xxŶ32 will be executed. 

¶ Backspace and Delete act in the normal way, and do not close the QuickSym window. This 
means you can easily correct mistakes in the line you are entering. 

¶ The cursor movement keys (Cursor Left, Cursor Right, Cursor Up, Cursor Down, Page Up, 

Page Down, and if appropriate Home and End) allow you to navigate around the QuickSym 

window by using the keyboard rather than the mouse. The currently-selected character will 

be highlighted in the display. Pressing Ctrl-Enter (Cmd-Enter on the Macintosh) inserts the 

currently-selected character in the line you are entering, without closing the QuickSym 
window. 

¶ Pressing the Help key (F1 on Windows, Ctrl-H on Linux) brings up the APLX Help page 

for the selected character. 

¶ The Escape key, or pressing the Menu or function key again, closes the QuickSym pop-up, 

without having any other effect. 

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

 

The contextual menu 

Right-clicking on a character in the QuickSym Window (or click-and-hold on the Macintosh) 

brings up a pop-up menu: 

 

This offers the following options: 

¶ 'Help on symbol' brings up the APLX Help page for the selected symbol (this is the same 

as pressing F1 under Windows, or the Help key under MacOS, when you have selected 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, this 



Learning APL with APLX                                                                                                                                                       19 

option will be disabled. 

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

¶ 'Show symbol on keyboard' brings up the keyboard layout window, with the key on which 

the character appears highlighted. This is very useful if you are familiarising yourself with 
the APL keyboard layout, or are used to a different APL layout: 
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Simple Arithmetic
 

This is the first practical session. It consists mainly of examples for you to enter and comments on 

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 to type it, and the explicit instructions will be dropped. 

To download a time-limited evaluation copy of APLX so you can try this, visit our Download page 

The initial APLX display  

The exact method of launching the APLX application will vary from system to system, and you 

should check the relevant implementation notes for the details. When you enter APLX you will see 

the first APL display, the one which includes the copyright statement, the version number, the 

workspace size and the 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, etc, may vary) 

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

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 see, what you type is quite easy to distinguish from APL's response. Your input is inset 

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 built-into APL. (A 'function' is simply an operation, in this 

case, an arithmetic operation). Other familiar arithmetic functions which you'll use in this session 

are subtract (- ) multiply (×) and divide (÷). 

Try a couple of divisions: 

      18÷3  <enter>  
6 
      108÷11  <enter>  

aplx_downloads.html
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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: 

      4×7 <enter>  
28 

And another with some decimal points: 

      3.893×7.6  <enter>  
29.5868  

Subtraction too works as you would expect. 

      100 - 95 <enter>  
5 

The normal minus always means subtract, as in the example you've just typed. The special 'high' 

minus sign indicates a negative number, as in this example: 

      8- 16 <enter>  
¯8 

Error Messages 

Have you had any error messages yet? You may have if you've made a typing mistake, or if you've 

tried some of your own examples. 

This example will produce an error message: 

      23+ <enter>  
SYNTAX ERROR 
      23+ 
      ^  

The text of the message depends on the error. In this case you've broken the syntax rules: 'number 

function number' makes sense to the APL interpreter. 'number function' does not. 

The error marker (^ ) shows where the interpreter had got to in evaluating the statement when it 

found the error. This may help you identify the error, but obviously an error may not show up until 

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 messages and 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 can't see the 

cause, just try something else. 

If you want to edit the last statement (rather than retype it) simply press Ctrl and Up-Arrow (or 

Command and Up-Arrow on the Macintosh, or on some systems Ctrl and R, or the 'last line recall' 
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key) and the statement will appear 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+ 
      ^  

Now recall the line (Ctrl and Up-Arrow, or Command and Up-Arrow on the Macintosh) and 

complete the 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: 

 

Normally, any text you type is added to the end of the session. If however there is already some 

text in the window which is exactly what you want to type in, or close to what you want, then there 

is no need to re-enter the text. You can select existing text on the screen, edit it, and then submit 

the line to APL. 

To do this, you can move the mouse anywhere on the session window and click it. The text cursor 

(flashing vertical bar) will move to the position at which you clicked. You can now use the normal 

editing features of APLX such as the Delete key or enter further text, and you can also use the Edit 
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menu for more sophisticated editing such as cutting and pasting text. You can continue this process 

as much as you like - you are actually editing text on the screen only at this stage. 

When you press ENTER then the current line - i.e. the line on which the cursor is flashing - will be 

re-displayed at the end of the session window, and submitted to APL. The line 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+2 4 11 7 5  
5 7 14 10 8  

The number on the left of the sign has been added in turn to each number on the right of the sign. 

Obviously, with lists of numbers, spaces do count. There's a great deal of difference between: 

      1+2 3 4  

and 

      1+234  

as you'll have seen when you typed them both in. 

The list can be on either side of the sign. Here it's on the left and the single number's on the right: 

      6 3 8 1+3  
9 6 11 4  

Now try some of the other arithmetic operations on lists. Here the divide function is used to divide 

each number in a list by 15: 

      2.5 33.7 12 8÷15  
0.1666666667 2.246666667 0.8 0.5333333333  

And here's an example using the multiply function: 

      9.8 11.2 17 1.2×1.175  
11.515 13.16 19.975 1.41  

In the last example you could be doing something useful such as multiplying a list of prices 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 list of 

numbers on the other. But you can do arithmetic on two lists of numbers: 
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      12 3 29 4×1 3 5 2  
12 9 145 8  

The first number in the list on the left was multiplied by the first number in the list on the right, the 

second by the second and so on. But notice that the list on the left contained the same number of 

items as the list on the right. 

Try this example to find out what happens if the lists don't conform in size: 

      3 5+4 1 5  

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

LENGTH ERROR 
      3 5+4 1 5  
      ^  

Since there are two numbers in one list and 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 in 

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 because the 

examples haven't contained more than one arithmetic function. Now here's a statement which 

contains both multiply and subtract. Type it in, but decide what the answer will be before you press 

ENTER: 

      3x3 - 1 

Possibly you think the multiplication will be done first (either because it appears first in the line, or 

because you expect multiplication to be done before addition or subtraction). In that case you think 

the answer is 8. 

Press ENTER and see. 

      3×3- 1 
6 

In fact APL always works from right to left. So it first did 3- 1 giving 2. Then it did the 

multiplication. (There's no hierarchy of operations in APL because there are too many functions in 

the language for one to be practicable - imagine 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 pressing 

ENTER: 

      2 3 1+8÷2 2 2  
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The system first evaluates 8÷2 2 2  giving 4 4 4 . Then it does 2 3 1+4 4 4  giving 6 7 5 . Press 

ENTER and confirm this: 

      2 3 1+8÷2 2 2  
6 7 5  

Parentheses 

If you want to force a particular execution order, you can do so by using parentheses. Please retype 

the last example, using parentheses to force execution of the addition first: 

      (2 3 1+8)÷2 2 2  
5 5.5 4.5  

Negative numbers and subtract 

You saw earlier that the minus sign means 'subtract' and the high minus sign indicates a negative 

number. Here subtract is used: 

      1985 -  1066  
919  

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

      3 ¯1 ¯7 + ¯4 ¯1 2  
¯1 ¯2 ¯5  

The minus-sign used to indicate negative numbers is known as the 'high-minus', and helps to make 

clear the difference between a negative number and the subtraction operation. The 'high-minus' is 

usually found above the number '2' on the keyboard. 

These two examples illustrate this: 

      2- 3+5 
¯6 
      2 ¯3+5  
7 2  

In the first example, the sum of 3 and 5 was subtracted from 2. In the second example, ¯3 was 

interpreted as a negative number. So 2 ¯3  was treated as a two-element list and each element was 

added to 5. 

Next we're going to consider a feature which effectively doubles the number of functions at your 

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(s) function number(s) 
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For example: 

        5+4    or    1 3 4 +3 1 6  

Each number, or list of numbers, 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 this: 3x3+1  

In fact each function in that example does have two arguments. The subtract function has the 

arguments 3 and 1. The Multiply function has 3 and the result of 3+1 . 

There is, however, an alternative to having an argument on either side of the function. You can use 

any of the arithmetic functions in this format instead: 

        function number(s) 

For example: 

        +12   or    ×4 6 3     or    ÷13 4 7  

But when used in this way the functions have a different effect. Before reading any further please 

experiment with + -  × ÷, putting a number, or list of numbers, on the right-hand side only. See if 

you can decide what (if anything!) each function appears to do. 

        *********  

What did you conclude? You probably weren't unduly impressed by + since it appears to do 

nothing. We'll find a use for it though in the next chapter. You'll have discovered that minus 

effectively reversed the sign of everything to its right: 

      -  3 ¯6 ¯8 4 12 ¯9  
 ¯3 6 8 ¯4 ¯12 9  

The action of ÷ may have puzzled you: 

÷1 2 4 10 100  
1 0.5 0.25 0.1 0.01  

In fact ÷ used in this way yields the reciprocal of each number on its right (i.e. the result of 

dividing 1 by that number). 

To put it another way, you can think of ÷3 6 2  as being equivalent to 1÷3 6 2 . 

You may have concluded that × simply produced lists of 1s: 

      x2 66 8 2 13 109  
1 1 1 1 1 1  

This example gives a clue to its real purpose: 
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      x8 0 ¯3 ¯7 0 4  
1 0 ¯1 ¯1 0 1  

It returns a value of 1 for each positive number, ¯1 for each negative number and 0 for 0s. 

Now it doesn't really matter whether you remember what each of these signs does when used in 

this 'one-sided' 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+ 
      ^  

This is because though the pattern 'function number(s)' is recognised by the interpreter, 'number(s) 

function' is not. 

Ceiling and Floor (Ľ and ľ) 

To round things off we'll look at two functions that find maxima and minima. These are Ľ (usually 

called Ceiling or Max) and ľ (usually called Floor or Min ), and they are usually found above the 

'S' and 'D' keys respectively. 

We've had one or two examples like this: 

      145÷11  
13.18181818  

Examples, that is, that produced a lot of decimal places. Now the eight places following the point 

in this example may be essential, but if they aren't, it's easy to get rid of them. 

The Ľ function rounds up to the nearest whole number. 

The ľ function rounds down to the nearest whole number. 

      Ľ3503:3:3:3: 
14 
      ľ3503:3:3:3: 
13 

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

      Ľ342033"34054"87023"35074 
121 13 66 14  
      ľ;;0;;"340:4"3705;"6:0;2 
99 12 15 48  
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Since these functions simply round up or down to the nearest whole number, in the first example 

120.11  is rounded up to 121  and, in the second, 99.99  is rounded down to 99. 

If you want greater accuracy in rounding, a simple piece of arithmetic will achieve it: 

      Ľ342033"34054"87023"35074"-  0.5  
120 12 65 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 adding 0.5  to the 

numbers to be rounded: 

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

Possibly you've noticed that all the examples for Ľ and ľ have taken the one-sided form: 

function number(s) 

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

the form: 

number(s) function number(s) 

and decide what the two-argument versions of Ľ and ľ do. 

        ******  

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

      4"Ľ"8 
6 

while ľ selects the smaller: 

      4"ľ"8 
2 

If Ľ is used on lists of numbers, the first number in list 1 is compared with the first number in list 2, 

the second with the second and so on. The 'winner' in each comparison is displayed as the result: 

      8":"3"Ľ"5"7"; 
6 8 9  

The equivalent procedure occurs with ľ: 

      8":"3"ľ"5"5 9  
3 5 1  
 



Learning APL with APLX                                                                                                                                                       30 

Summary 

We won't summarise everything: you can refer to the APLX Language Manual for definitions of 

the functions we've covered so far (+ -  × ÷ Ľ ľ). 

There are, however, three points made in this chapter that are essential to your understanding of 

APL: 

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

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. have the 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 not look up '/ ' 

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 now. 

When you've tried things out to your satisfaction, do the problems on the next page. 

When you want to end the session, type: 

      )OFF 

Problems 

Q1. Enter statements to: 

a) Multiply each of the three numbers, 3 6 2  by 8 and then add 4 to the results of the 

multiplication. 

b) Add 15% to each number in the list 14 5 78 145 . 

c) Add the difference between 13 and 8 to 4 6 12 7 . 

d) Multiply the result of 6 times 3 by the result of 4 times 8 and subtract 5 from the total. 

e) Reverse the signs in this list: 3 ¯4 ¯12 6  

f) Compare these lists, selecting the larger number in each comparison: 

      2 7 0 55       33 1 10 13  
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Q2. Which of these statements cause error messages? Why? 

a) 12 x9  

b) 3+¯2  

c) 19 0 3 4÷7 2 87  

d) 5 ¯8  

Q3. You're getting £200 worth of Dollars for yourself and £180 and £230 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 Centigrade. (One 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 should be the same. Your APL may be different.) 

Q1 a) 

      4+3 6 2 × 8  
28 52 20  

b) 

      14 5 78 145×1.15  
16.1 5.75 89.7 166.75  

c) 

      4 6 12 7+13 - 8 
9 11 17 12  

d) 

      ¯5+(6×3)×4×8  
571  
 
 



Learning APL with APLX                                                                                                                                                       32 

e) 

      -  3 ¯4 ¯12 6  
¯3 4 12 ¯6  

f) 

      4"9"2"77"Ľ"55"3"32"35 
33 7 10 55  

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

c) 

      19 0 3 4÷7 2 87  
LENGTH ERROR 
      19 0 3 4÷7 2 87  
      ^  

(The lists aren't the same size.) d) 

      5 ¯8  
5 ¯8  

APL thinks it's a two-element list. If the intention was to subtract the value 8 from 5. the following 

would have been more effective: 

      5- 8 
¯3 

Q3. 

      200 180 230 x 1.96  
392 352.8 450.8  

Q4. 

      Ľ"Ì207-*7Ĕ;+ô9;":6":5"9:"96"8;"92- 32 
26 29 28 26 23 21 21  

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

Q5. 

      1500 - 1760×.9144  
¯109.344  

 
 



Learning APL with APLX                                                                                                                                                       33 

Variables
 

As in the last practical session, please type in the examples as you encounter them. If you don't, 

you'll find parts of the session difficult to follow. 

Assignments 

This is an assignment: 

      C"ģ"0397 

A location or 'variable' called A is set up in memory and the value 0.175  is assigned to it. An 

assignment doesn't automatically 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 which 0.175  could be used. Here are three examples: 

      200 × A  
35 
      A × 30.50 12 ,25 60.30 15.00  
5.3375 2.14375 10.5525 2.625  
      Ľ"C"ô"52072"34047"82052"37022 
6 3 11 3  

Variables are convenient if you want to use the same value in a number of operations, especially if 

it's a value that's a nuisance to key in, like this one: 

      E"ģ"06757;459 

The variable C now contains a conversion factor for converting pounds to kilograms. (1 lb = 

0.45359237 kg). You can use C whenever you want to do such a conversion; for example, to find 

out how many kilos there are in 17 lbs: 

      17 × C  
7.71107029  

Or to calculate how many kilos there are in 11 stones and round up the answer: 

      ĽEô33ô36 
70 

Variables are also useful if you want to keep results. The result of the calculation you've just done 

may still be on the screen, but it isn't preserved in the computer's memory. If you had wanted to 

keep it you could have typed: 

      LQG"ģ"ĽE×11×14  
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The result is now saved in JOE. 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 of the 

other rules about variable names by typing in the following statements and seeing which ones 

produce error messages or unexpected results: 

      AAA ģ"6 
      cd"ģ"3 
      7D"ģ"34 
      E;;;;"ģ"2 
      LQJP"UOKVJ"ģ"322 
      LKNNĢUOKVJ"ģ"322 
      LcemaUokvj"ģ"322 

One error was: 

      LQJP"UOKVJ"ģ"322 
VALUE ERROR 
      LQJP"UOKVJ"ģ"322 
      ^  

That particular error occurred because of the space between JOHN and SMITH. APLX assigned the 

value 100  to SMITH (type it again and type SMITH to see) but got stumped by the name JOHN, for 

which there is no value set at the moment. 

Another was: 

      7D"ģ"34 
5 12  

This time, B was given the value 12 and then the value of B was displayed after the number 5. This 

point is covered in more detail later in this chapter. 

Names can't contain spaces or any other symbol except the Delta (Ģ), underlined Delta (Ő), the 

underline (_), or the high minus (̄). You will have found, however, 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 workspace under special 

circumstances, as you'll find out when you write a user-defined function. But in calculator mode, 

names have to be unique; if you assign a value to A then decide to set up another variable A 

containing something else, all you'll do is give the original A 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 called PRICE: 

      RTKEG"ģ"34067"7082"70;;"9097 

And this statement multiplies the numbers in PRICE  by the variable A (to which you earlier 

assigned the value 0.175 ) and puts the results in VAT. 

      XCV"ģ"RTKEG"ô"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 the one-argument 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 example, 

if you'd wanted to see the contents of VAT without having to type its name, you could have put a 

plus in front of it: 

      +VAT ģ"RTKEGôC 
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 variable A 

was set up in this way by the statement C"ģ"Q0397. The other is to assign a result to it: the variable 

VAT was set up in this way by the statement XCV"ģ"RTKEG"ô"C. 

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

you type: 

      A- BB 
VALUE ERROR 
      A- BB 
        ^  

No value has been assigned to variable BB (unless you've used BB in your own examples). APL 

therefore declares a VALUE ERROR. How 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, system commands manage the environment in which you work rather than 

doing calculations or manipulating data. You've already met one system command (don't type it 

unless you want to end the session!): 

      )OFF 

The right parenthesis identifies system commands. If you use OFF or 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 your workspace: 

      )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 told you it's called CLEAR WS. 

The same command can be used to change the identity of the workspace. Here you're changing its 

name to NEW: 

      )WSID NEW 
WAS CLEAR WS 

The system seems more concerned about the old name, but it has in fact carried out your request as 

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 command to clear the 

workspace: 

      )CLEAR 
CLEAR WS 

The variables are no longer there, as you can confirm by typing: 

      )VARS 

And the name of the workspace has reverted to CLEAR WS, as you'll find if you again type: 

      )WSID 
CLEAR WS 

We'll cover other system commands in later sessions. For now we'll return to assignments. 
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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 piece of text: 

      C"ģ")CRN"YKNN"RTQEGUU"VGZV) 

Now check what's in A: 

      A 
APL WILL PROCESS TEXT  

The characters between the quotes have obviously been put into A. If you omit the quotes, APL 

thinks it's dealing with an undeclared variable: 

      E"ģ"EJCTCEVGTU 
VALUE ERROR 
      E"ģ"EJCTCEVGTU 
          ^  

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

      E"ģ")EJCTCEVGTU) 
      C 
CHARACTERS 

In fact, APLX caters for the forgetful as far as quotes are concerned. If you put an opening quote, 

type your text, then press ENTER without putting the closing quote, APL will insert it for you: 

      OQTCN"ģ")YGNN"DGIWP"KU"JCNH"FQPG 
      MORAL 
WELL BEGUN IS HALF DONE 

This prevents succeeding lines being treated as one very long text string, simply because you've 

forgotten to close a quote. You can use any characters on the keyboard in a character assignment. 

That includes space (which is a character, albeit an invisible one) and all the symbols. You can 

even include the single quote character itself, though that requires some special action. 

Try this assignment: 

      NAME ģ")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 single quote beside it like this: 

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

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

quote marks must be of the same type; a quote mark of the other type doesn't end the text, as the 

example above shows. 

 

Now let's set up a variable containing the characters, NET PRICE: 

      P"ģ")PGV"RTKEG) 

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

      N×10 

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

      N×10 
DOMAIN ERROR 
      N×10 
      ^  

The domain of characters and the domain of numbers have different rules and their members don't 

mix. This applies even when characters look like numbers. Type this assignment, taking care to 

include the quotes: 

      QTY ģ")452) 

The fact that 230  is in quotes ensures it is treated as three characters with no more numerical 

significance than ABC. You can prove this by trying to use it numerically: 

      QTY+5 
DOMAIN ERROR 
      QTY+5 
      ^  

Multiple assignments 

If you are getting 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+"ģ"7 

then see what values have been assigned to ZAK and YAK. They both should have the value 5. Each 

separate name inside the parentheses has been given the value 5. If you want to set up some other 

variables with different values, try typing: 

      *[GP"OCTM"DWEM+"ģ"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 prepared to 

appear together in displays. 

      N 10  
 NET PRICE 10  

(If your version doesn't contain the same space between PRICE and 10, it's because you may have 

left more or less space between PRICE and the closing quote when you made the assignment to N.) 

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 (but first you have to set them 

up): 

      Z"ģ"3: 
      ["ģ"5"3;:7 
      X Y  
 18  3 1985  

In this example we're mixing domains again: 

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

That statement is true: the variable, NAME, does contain 18 characters, counting all spaces 

(including the one at the end). As you probably realise, any spaces you want have to be included 

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 treated 

it up till now as a means of displaying the contents of lists together. In fact it actually joins lists so 

that two single numbers form a two-element list, or two character strings form one two-element 

character object. 
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So when you entered the statement X Y  to produce the display 18 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  4 1986  

If you wanted to use the list formed by X and Y more than once, you could assign it to a variable: 

      \"ģ"Z"[ 
      Z 
 18  3 1985  

This has the advantage that X and Y exist independently as well as being components of the list 

which forms Z. So operations done to Z don't affect them. The following example adds 10 to Z and 

then displays Z X  and Y to show that only Z has been affected: 

      \"ģ"\-32 
      Z 
 28  13 1995  
      X 
18 
      Y 
3 1985  

Here's an example with characters for a change: 

      EPCOG"ģ")DCUKN") 
      UPCOG"ģ")DTWUJ) 
      PCOG"ģ"EPCOG"UPCOG 
      NAME 
 BASIL BRUSH 

This example is actually rather complicated, as the contents of NAME are actually only two 

elements. The first element is a list which contains the characters BASIL  and the second is a list 

which contains the character list BRUSH. This is an example of a special type of variable known as a 

nested variable - we'll be discussing this later in more detail when we've covered more of the 

basics (Z was nested too). If you want a preview of a later section, try using ŝ (called rho) 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 data on its left and right. Let's try the last 

example again: 

      PCOG"ģ"EPCOG.UPCOG 
      NAME 
BASIL BRUSH 

This time NAME is 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 this simple variable 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 called catenation. 

Simple and nested variables 

So how does APL work out which variables or lists are lists of lists (which is another way of 

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: 

      PIERRE ģ"3"4"5"6 

and here is another list of five characters: 

      OKTGKNNG"ģ")HKNNG) 

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

resulting list: 

      RKGTTG"ģ"*3"4"5+"*6"7"8"9+ 

So here PIERRE is a list of two lists, 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 are 

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

      HTCPEQKUG"ģ")WPG)  'JEUNE'  'FILLE'  
 

Mixed variables 

Just to complete the story, APLX allows a variable to have both character data and number data in 

it. You won't be able to carry out arithmetic on the character part, but this is a useful way of storing 

characters and numbers that 'belong' together: 

      PHONES ģ")DKNN)"799554")HTCPM)"::8553 

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

Summary 

The symbol ģ assigns numbers or characters to a named variable. The right argument is the value 

to be assigned. The left argument is the name of the variable. 

Variable names are formed from any combination of the letters of the alphabet (in uppercase or 

lowercase) and the numerals 0 to 9, together with the characters Ģ Ő _ and ̄ . They must start with a 

letter or Ģ or Ő. 

Any numeric value can be assigned to a variable. This includes a single number, a list of numbers 
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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 quotes. To include 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 variables can be 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 lists themselves, in which case they are called nested variables. 

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 in this chapter: 

      )VARS 
      )WSID 
      )CLEAR 
      )OFF 

Practice 

Please experiment with setting up and displaying character variables for a few minutes before you 

do the problems. Clear the workspace when you've finished, 

Problems 

Q1. Enter statements which: 

a) Assign the numbers 22 2 2007  to three variables called respectively D M and Y. 

b) Assign the characters TODAY'S DATE:  to a variable called DATE. 

c) Produce the display: TODAY'S DATE: 22 2 2007  (Use the correct date if you prefer.) 

Q2. Set up a variable CONV which contains a constant for converting pounds to kilos. (1 lb = 0.454 

kg and 14 lb = 1 stone) Use CONV to convert your weight (to the nearest stone) into kilograms. 

Reduce the result by 10%, round it down, and display it. 

Q3. The cost prices of four items of stock are £8 6 12 4 respectively. The markup on these items is 

100%. Three other items cost respectively £16 13 and 7. Their markup is 75%. Calculate the fully 

inclusive price of each item (with VAT at 17.5%). Display the prices (rounded up) with the 



Learning APL with APLX                                                                                                                                                       43 

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 50). 

Produce a list consisting of his higher mark for each subject. 

Q5. Which of the following will produce error messages? Why? 

a)    RATE ģ")509z5)" 

b)    32-32")ģ43) 

c)    100×RATE 

d)    U[ODQNU"ģ")Ì>ĳ?Ĵ) 

e)    3+'232'  

 

Answers 

Q1. a) 

      F"ģ"44 
      O"ģ"4 
      {"ģ"4229 

        or 

      *F"O"[+"ģ"44"4"4229 

b) 

      FCVG"ģ")VQFC[))U"FCVG<) 

        or 

      FCVG"ģ"$VQFC[)U"FCVG<$ 

c) 

      DATE D M Y  
TODAY'S DATE: 22 2 2007  
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Q2. 

      EQPX"ģ"0676 
      ľ"0;ôEQPXô35ô36 
74 

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

Q3. 

      NKUV3"ģ"4ô:"8"34"6 
      NKUV4"ģ"3097ô38"35"9 
      XCVRTKEG"ģ"Ľ"30397ô"NKUV3.NKUV4 
      'PRICE+VAT: ' VATPR ICE  
PRICE+VAT: 19 15 29 10 33 27 15  

Q4. 

      VGUV3"ģ"87"94"76":2"89"82"7; 
      VGUV4"ģ"97"92"82"96"7;"83"72 
      VGUV3"Ľ"VGUV4 
75 72 60 80 67 61 59  

Q5. 

b) produces a DOMAIN ERROR. You are trying to add 10 to the number 10 and also the characters 

ģ43. It is this last bit that doesn't work. 

c) produces a DOMAIN ERROR - RATE was defined as a string of characters in example (a) and you 

can't multiply characters and numbers. 

e) produces a DOMAIN ERROR. You 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 manual. 

The general subject is tables, and the first topic in connection with tables is how to set them up. 

That's a topic that could involve you in a lot of keying. (Imagine typing in 50 different values to 

fill a modest five-row by ten-column table!) To avoid such drudgery we'll look first at two 

functions that will generate the numbers for you. 

The ? function 

The ? function ( usually called Random, Roll or Deal) generates random 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 the 

one-argument form of ? It returns a single number between 1 and the number you specify as the 

right-hand argument. 

The two-argument form will be more useful for filling tables because it generates as many 

numbers as you ask for: 

      50 ? 100  

On your screen you should have 50 numbers in the range 1 to 100. Look at your numbers carefully 

and see how many duplicates you can count in 20 seconds. 

        ******  

Given up? In fact you won't find any. The ? function generates unique random numbers in the 

given range. That's why this example produces an error message: 

      20 ? 10  
DOMAIN ERROR 
      20 ? 10  
      ^  

The domain of numbers in the range 1 to 10 can't supply 20 different whole numbers. You can use 

a variable as the right-hand argument of ? We'll set one up then use it : 

      TCPIG"ģ"37 
      3 ? RANGE  
1 5 13  

Equally, you can use a variable to specify how many random numbers you want: 
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      SV["ģ"9 
      QTY ? RANGE 
5 14 10 1 15 2 4  

And you can assign the result to a variable too: 

      DKPIQ"ģ"SV["A"TCPIG 
      BINGO 
6 14 9 2 3 11 6  
 

The Ŝ function 

This is an example of the Ŝ function ( called Iota or Index and found above the 'I' key): 

      Ŝ322 

Your screen should now be filled with the numbers from 1 to 100 in ascending order. We're using 

the one-argument form of Ŝ. It generates the series of numbers from 1 to whatever number you 

specify as its right-hand argument. 

Here's an example which puts the series from 1 to 10 in a variable called X: 

      Z"ģ"Ŝ32 
      X 
1 2 3 4 5 6 7 8 9 10  

Now we can safely tackle the topic of tables. But for clarity, we'll start by entering values 

explicitly, rather than generating them randomly or producing them with the Ŝ function. 

Setting up tables 

This statement will take the 12 numbers on the right of the ŝ symbol, and set them up as a four-by-

three table: 

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

ŝ (called Rho, Shape or Reshape and found above the 'R' key) is a function and like any other 

function, it operates on arguments. We're using the two-argument form of ŝ. 

(We'll see what the one-argument form does later in the chapter.) 

      4 3  ŝ"10 20 30 40 50 60 70 80 90 100 110 120  

The argument to the left specifies how many rows and columns are in the table. The argument to 

the right specifies what data is to be put into the table. 

Here again is the table produced by the last example, this time with the rows and columns labelled: 
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col 1   col 2   col 3   

row 1     10 20 30 

row 2  40 50 60 

row 3  70 80 90 

row 4  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 column-by-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 puts 12 random 

numbers in the range 1 to 100 into a variable called DATA: 

      FCVC"ģ"34"A"322 

Now use the ŝ function again, but specify DATA as the right-hand argument: 

      6"5"ŝ"FCVC 
15 57 30  
51 50 97  
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 to 

fill a table of the specified dimensions. But try it anyway and see what APL does: 

      6"5"ŝ"3"4"5"6"7 

As you saw, when the numbers ran out, APL went back to the first number and went through them 

again, giving a table like this: 

1 2 3  
4 5 1  
2 3 4  
5 1 2  

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

      5"7"ŝ"3 
1 1 1 1 1  
1 1 1 1 1  
1 1 1 1 1  

On the other hand, if you supply too many numbers, APL uses what it needs to fill the table and 

ignores the rest: 
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      4"5"ŝ"3"4"5"6"7"8"9":"; 
1 2 3  
4 5 6  

Try setting up some tables before you read on. Remember that you can use the ? and Ŝ functions. 

Arithmetic on tables 

Now please set up a 3-row 3-column table called SALES, containing the numbers shown: 

      UCNGU"ģ"5"5ŝ42"35":"52"65"6:"5"72"43 
      SALES 
20 13  8  
30 43 48  
 3 50 21  

Arithmetic on SALES will automatically affect every number in the table. For example: 

      SALES×10 
200 130  80  
300 430 480  
 30 500 210  

Suppose you now set up another table called, say, PRICES, will you be able to do operations like 

SALES times PRICES? Let's find out: 

      RTKEGU"ģ"4"5"ŝ"43"4"34"69"55"3 
      SALES×PRICES 

The attempt caused an error: 

LENGTH ERROR 
      SALES×PRICES 
      ^  

A LENGTH ERROR message means that the arguments contain different numbers of elements. The 

problem, obviously, is that SALES is three rows by three columns, and therefore contains nine 

numbers, while PRICES 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 the SALES table so that it too contains six items: 

      SALES ģ"5"4"ŝ"UCNGU 

(We used the numbers already in SALES as data. The effect of the statement is to take the first six 

numbers in the old SALES table and rearrange them as three rows and two columns to form the new 

SALES table.) 

Now that SALES, like PRICES, contains six numbers, let's try the multiplication again: 
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      SALES×PRICES 
LENGTH ERROR 
      SALES×PRICES 
      ^  

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

      SALES 
20 13  
 8 30  
43 48  
      PRICES 
21  2 12  
47 33  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 item in SALES corresponds to which item in PRICES. 

We'll have to redefine SALES again so that it has the same number of rows and columns as PRICES: 

      UCNGU"ģ"4"5"ŝ"UCNGU 

(Again we've used the numbers already in SALES as data for the new version of the table.) 

Now we'll check that SALES and PRICES are the same shape (i.e. have the same number of rows 

and columns): 

      SALES 
20 13  8  
30 43 48  
      PRICES 
21  2 12  
47 33  1  

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

      SALES×PRICES 
 420   26 96  
1410 1419 48  

Success at last! The elements in the two tables now match-up, or conform, and arithmetic 

involving both tables is possible. Let's check by trying another operation on them: 

      SALES -  PRICES 
 ¯1 11 ¯4  
¯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 called TOTAL. 
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      VQVCN"ģ"UCNGUôRTKEGU 
      TOTAL 
 420   26 96  
1410 1419 48  

Before you read on, practice constructing tables and doing arithmetic on them. Make use of the ? 

and Ŝ functions to set the tables up. Don't forget about the Ľ and ľ functions. They work on tables 

too. 

Catenating tables 

You can catenate tables just as you catenated other variables in the previous session: 

      SALES,PRICES 
20 13  8 21  2 12  
30 43 48 47 33  1  

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

number of columns. 

This next example creates a two-row two-column table called LITTLE  filled with 1s, and a two-row 

six-column table called MEDIUM filled with 5s. Then it catenates the tables and puts the result in 

BIG: 

      LITTLE ģ"4"4"ŝ"3 
      OGFKWO"ģ"4"8"ŝ"7 
      DKI"ģ"NKVVNG.OGFKWO 
      LITTLE  
1 1  
1 1  
      MEDIUM 
5 5 5 5 5 5  
5 5 5 5 5 5  
      BIG 
1 1 5 5 5 5 5 5  
1 1 5 5 5 5 5 5  

Again, notice that though the catenated tables have different numbers of columns, they both have 

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 to add LITTLE  to MEDIUM: 

      LITTLE+MEDIUM 
LENGTH ERROR 
      LITTLE+MEDIUM 
      ^  

You can't because they're different sizes. They both have two rows, but LITTLE  has two columns 

while MEDIUM has six: 
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      LITTLE  
1 1  
1 1  
      MEDIUM 
5 5 5 5 5 5  
5 5 5 5 5 5  

The following example shows how LITTLE  can be catenated with a table of zeroes to pad it out to 

the same size as MEDIUM so that the addition can take place: 

      \GTQGU"ģ"4"6"ŝ"2 
      ZEROES 
0 0 0 0  
0 0 0 0  
      NKVVNG"ģ"NKVVNG.\GTQGU 
      LITTLE  
1 1 0 0 0 0  
1 1 0 0 0 0  
      LITTLE+MEDIUM 
6 6 5 5 5 5  
6 6 5 5 5 5  

The addition took place successfully. Presumably we wanted the original LITTLE  to be added on to 

the left-hand end of MEDIUM. If we wanted it on the other side we should have specified (resetting 

LITTLE  first!): 

      NKVVNG"ģ"4"4ŝ3 
      NKVVNG"ģ"\GTQGU.NKVVNG 
      LITTLE+MEDIUM 
5 5 5 5 6 6  
5 5 5 5 6 6  

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 shown rather than the ? function), then we'll select 

individual elements from it : 

      +TABLE ģ"6"5"ŝ"4"34"37"6"33"9"3"38":"42"3;"; 
 2 12 15  
 4 11  7  
 1 16  8  
20 19  9  

Remember that the table consists of four rows and three columns. 

To select the 9 in the bottom row, right-most column, type: 

      TABLE[4;3]  
9 
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You've used the row number <4>, and the column 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 in row 

3 column 3, to the number in row 4 column 2. Make sure you use the square brackets and separate 

the row number from the column number with a semicolon. 

        ******  

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 numbers in 

row 1, column 2, and row 2, column 2. Here's the table again with the numbers marked: 

 2 12 15 
 4 11  7 
 1 16  8 
20 19  9  

        ******  

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 ] ģ"VCDNG]3=4_"-"VCDNG]4=4_ 

Check TABLE 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 
 1 23  8 
20 19  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]  
2 12 15  

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 following statement does the same as the last, that is, it 

selects all columns in row 1: 

      TABLE[1;]  
2 12 15  

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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        ******  

(In the course of some of these operations you may be getting an error message saying that you've 

made an INDEX 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 columns and put the result in column three you could have typed: 

      TABLE[1 2 3 4;3] ģ"VCDNG]3"4"5"6=3_"-"VCDNG]3"4"5"6=4_ 
      TABLE 
 2 12 14  
 4 11 15  
 1 23 24  
20 19 39  

Alternatively you could have used the shorthand way: 

      VCDNG]=5_"ģ"VCDNG]=3_"-"VCDNG]=4_ 

You can, of course, select elements from two separate tables and do arithmetic on them. If you still 

have the tables SALES and PRICES in your workspace, the following statement will multiply the 

number in row 1 column 1 of SALES by the number in row 2 column 3 of PRICES. 

      SALES[1;1] × PRICES[2;3]  
20 

Incidentally, indexing can also be used to pick single elements out of lists. With lists, of course, 

only one number is needed to identify the element required: 

      LIST ģ":"3";2"6 
      LIST[2]  
1 

Dimensions 

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

as having dimensions. 

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

¶ 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. 

¶ Three-dimensional 'tables', or 'arrays', as they are more often called, are like cubes. They 
have depth, height and length. 

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

them! 

The thought of three-dimensional data may intrigue you, but in practice it's quite mundane - as the 

next example will reveal. Suppose the ordinary two-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"ģ"8"6ŝ46A72 
      SALES 
 5 34 22 36  
46 40 18 10  
39 23  4 41  
50 27  8 13  
12 42  9  3  
19 47 30 35  

The salesmen are the rows, the different products are the columns: 

 
product 1     product 2     product 3     product 4     

salesman 1     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 47 30 35 

Now suppose that this table relates to one sales region and that there are three such regions 

altogether. The following statement will create a three-dimensional array which represents this 

situation: 

      +SALES ģ"5"8"6ŝ94A322 

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 speak, of SALES. To create SALES you specified three dimensions 

as the left-hand argument of ŝ (see above). To select a particular element from SALES, you also 

have to give three numbers: 

      SALES[2;5;4]  
20 

You specified that from SALES you wanted plane 2, row 5, column 4. In other words you wanted to 

know the quantity of product 4 sold by salesman 5 in area 2. You've now seen what is meant by 

three-dimensional data, and are aware that APL treats data as having dimensions. But the key to 

understanding the next function is to remember that a single number or single character has no 

dimensions. 

Enquiring about the size of data 

As you've seen, the ŝ function used with two arguments puts specified data into a specified number 

of rows and columns. The same function used with one argument allows you to enquire about the 

size (or 'shape') of existing tables and other variables. 
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To remind yourself of the size of SALES (the three-dimensional data structure you recently 

created), type: 

      ŝUCNGU 
3 6 4  

As you see, you've been given the size of each dimension of SALES. Now create a two-dimensional 

table and ask the size of that: 

      VCDNG"ģ"7"5"ŝ"37"A"42 
      ŝVCDNG 
5 3  

You've been given the size of each of the table's two dimensions. The height of the table is five 

rows, the length is three columns. 

Next create a variable containing a list of numbers and ask its size: 

      NKUV"ģ"3"4"5"6"7"8 
      ŝNKUV 
6 

The list is six numbers long. 

Finally put a single number into a variable and ask its size: 

      PWO"ģ"456 
      ŝPWO 
  

The variable NUM has 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 enquired 

about doesn't have to be in a variable. Here we enquire about the size of a directly quoted numeric 

value: 

      ŝ34"83"724"3"48"2"33 
7 

And here we ask for the size of a string of characters: 

      ŝ)UJCODQNKQUKU) 
12 

Before you read on, use the one-argument form of the ŝ function to enquire about the size of some 

variables in your workspace. Remember that you're really asking about the size of each variable's 

dimensions. 

Tables of characters 

Characters can be arranged in rows and columns too: 
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      CNH"ģ"5"7"ŝ"")CDEFG) 
      ALF 
ABCDE 
ABCDE 
ABCDE 

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

      PWO"ģ"5"7"ŝ"34567 
      NUM 
12345 123 45 12345 12345 12345  
12345 12345 12345 12345 12345  
12345 12345 12345 12345 12345  

The fact is that 12345  is one number, while 'ABCDE'  is five characters. So each single character in 

the first table is equivalent to each occurrence of 12345  in the second table. Despite their different 

appearances, both tables contain 15 elements. Notice, though, that while APL has no scruples 

about putting spaces between the occurrences of 12345  in the numeric table, it doesn't insert spaces 

in the alphabetic data. Since space is 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"ģ")IQTUWEJ) 
      ŝO[PCOG 
7 
      5"9"ŝ"O[PCOG 
GORSUCH 
GORSUCH 
GORSUCH 

In the last example the seven characters in 'GORSUCH' were arranged as three rows each of seven 

columns. 

In this example the same characters are arranged in three rows of 14 columns. Since MYNAME 

contains seven characters, this fits quite neatly, though a column of spaces between the present 

columns seven and eight would be an improvement. 

      3 14 ŝ"O[PCOG 
GORSUCHGORSUCH 
GORSUCHGORSUCH 
GORSUCHGORSUCH 

In the next example, the characters fill a three-row by eighteen-column table. This is not such a 

neat fit: 

      5"3:"ŝ"O[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. 

      MYNAME ģ")IQTUWEJ") 
      ŝO[PCOG 
8 
      5"62ŝ"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. 

        ******  

You want a table of four rows. The difficulty is working out the columns. The columns must 

accommodate the longest name, which is PRENDERGAST with 11 characters. However, merely to 

put the names into four rows of 11 columns won't achieve the desired result: 

      4 11 ŝ")CFCOU"EJCVGT"RTGPFGTICUV"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 exactly 

fills 11 columns. (For clarity, each space is represented here by a dot.) 

      6"33"ŝ")CFCOU000000EJCVGT00000RTGPFGTICUVNGG00000000) 
ADAMS......  
CHATER.....  
PRENDERGAST 
LEE........  

There's some good news for you if you found that a tedious exercise. APLX has a special facility 

called ŢDQZ which arranges data into rows and columns for you 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 behaves. 

Mixed tables 

You might remember that, in the last chapter, we made up lists which contained both characters 

and numbers. The examples that we have used so far in this chapter have been either characters or 

numbers. We can make up mixed tables in exactly the same way that we made up other tables. 

Here's one: 
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      OKZVWTG"ģ"5"5ŝ)C)"3")D)")E)"4")F)")G)"5")H) 
      MIXTURE 
A 1 B  
C 2 D  
E 3 F  

You can't, of course, carry out arithmetical operations on mixed tables, but you can reshape them 

with ŝ and select elements just as you did with unmixed tables. Try making up some mixed tables 

yourself. APLX will try to display the contents of these tables in as neat a fashion as it can - no 

easy matter when you have mixtures of characters and fractional numbers in the same columns. If 

you want to investigate 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 we 

follow the rules we discussed earlier when making up nested lists. We will use parentheses and 

quote marks as we did with lists. Here's an example: 

      PGUV"ģ"4"5ŝ*4"4ŝŜ6+"*Ŝ7+")C"PCOG)"*4"6ŝŜ:+"45"*5"6ŝ")PCOG)+ 
      NEST 
 1 2       1 2 3 4 5  A NAME  
 3 4  
   
 1 2 3 4          23  NAME  
 5 6 7 8              NAME  
                      NAME 

What is NEST made up of? It's two rows deep and three columns wide. The first entry in the first 

row is a 2 row 2 column table made up of numbers, then we have a list of 5 numbers and a list of 6 

characters. The second row starts with a numeric table of 2 rows 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 shape 

of NEST is: 

      ŝPGUV 
2 3  
 

Depth 

In order to cope with the added complication of nested data, either tables or lists, we have to bring 

in a new function ı, called depth. 

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 0 

      ı67 
0 
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and a list has depth 1: 

      ı3"4"5 
1 

So does a table: 

      ı4"4ŝ5"6"5 6  
1 

Lists and tables which are made up entirely of single numbers or characters will all have depth 1. 

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 variable of 2. So our sample variable has a depth of 2: 

      ıPGUV 
2 

This idea extends when we make more complicated examples. If one element is of depth 2, then 

the overall depth of the object is 3. The depth of a variable is always set by the deepest amount of 

nesting found within it. 

Try this: 

      BIG_NESV"ģ"PGUV"PGUV 
      ŝDKIaPGUV 
2 
      ıDKIaPGUV 
3 

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

up of the two objects NEST forming a two element vector. 

Summary 

The functions introduced in this session were ?, Ŝ and ŝ. (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 columns. 

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 up to sixty-three dimensions. 

5. The result returned by the one-argument form of ŝ 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. Tables can 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 means 

(for example) that the result of an enquiry about a variable's size can be passed along the line to 

form the argument to the next function: 

      ( ŝ)CDE).)FGH)+"-"ŝ)IJK) 
9 

Or to take another example, if you've defined a table like this: 

      VCDNG"ģ"32"32"ŝ322"A"322 

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

laboriously: 

      TABLE[1;1 2 3 4 5 6 7 8 9]  

You can instead let the Ŝ function generate the index for you: 

      VCDNG]3=Ŝ;_ 

These examples are not particularly significant in themselves. They merely indicate the variety of 

possibilities that exists if you care to experiment. When you've finished your experimentation, try 

the problems provided. 

Problems 

Q1. Set up a four-row one-column table called MILES containing: 

      300 42 25 140  

And a similarly shaped table called RATES containing: 

      27.5 15 27.5 27.5  
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Multiply RATES by MILES, then multiply the result by 0.01 to produce a table called EXPENSES. 

Q2. Change the number in column 1 row 3 of MILES from 25 to 250. Again, multiply RATES by 

MILES and the result by 0.01 to give EXPENSES, then reformat EXPENSES to produce a one-row 

four-column table. 

Q3. Define X as a three-row ten-column table containing random numbers, and Y as a three-row 

four-column table also containing random numbers. Add X to Y, first taking whatever steps you 

think necessary to enable the operation to take place. 

Q4. Using table X 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: 

      M 
      I  
      C 
      R 
      O 
      A 
      P 
      L 

Q6. What will be the result of each of these ŝ statements? Predict each result before you press 

ENTER. 

a)        ŝ")CDE"FGH) 

b)        ŝ"6:2"2"304 

c)        VCDNG"ģ"32"n2"ŝ"322"ŝ"3222" 

            ŝVCDNG 

d)        ŝ")T) 

e)        ŝ")6:2"2"304 

f)        VCDNG"ģ"4"32"5 ŝ"322"ŝ"n22" 

          ŝVCDNG" 
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Answers 

Q1. 

      OKNGU"ģ"6"3"ŝ"522"64"47"362 
      TCVGU"ģ"6"3"ŝ"4907"37"4907"4907 
      -GZRGPUGU"ģ"2023ôTCVGUôOKNGU 
82.5  
 6.3  
 6.875  
38.5  

Q2. 

      OKNGU]5=3_"ģ"472 
      -GZRGPUGU"ģ"3"6"ŝ"GZRGPUGU"ģ"2023ôTCVGUôOKNGU 
82.5 6.3 68.75 38.5  

Q3. 

      Z"ģ"5"32"ŝ"52"A"322 
      ["ģ"5"6"ŝ"34"A"322 
      Z-*"5"8"ŝ"2+".[ 

Since the problem didn't say which columns of X Y  were to be added to, you may have put the 

zeroes on the other side: 

      Z-[.5"8"ŝ"2 

Q4. 

      Z]5=_"ģ"Z]3=_+X[2;]  

Q5. 

      :"3"ŝ")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 of 

session 1. But since it's used in one of the functions you're going to write, we'll cover it briefly just 

in case. /  is called Slash or Reduce. 

Note that in the context in which we're describing it here, /  is an operator not a function; it 

modifies or extends the operation of the functions it's used with. Here's an example of its use: 

      +/ 1 6 3 4  
14 

What /  did was to extend the operation of + so that the expression effectively became: 

1+6+3+4  

Here's an example using multiply: 

      ×/ 1 2 3 4  
24 

Multiply was used on each number in the list like this: 

1×2×3×4  

Let's see how this works on a table: 

      VCDNG"ģ"5"5"ŝŜ; 
      TABLE 
1 2 3  
4 5 6  
7 8 9  
      +/ TABLE  
6 15 24  

It won't take you a moment to work out what APL has done to produce the three numbers 6 15 

24. 

Obviously they're the sum of the numbers in each row. (If you want to make the +/  operation 

apply to columns instead of rows, this is easily done. It's explained under the entry for [] , Axes, in 

the APLX Language Manual.) 

Remembering APL's rule of working from right to left, and the fact that one function's results are 

data to the next function down the line, enter an expression that will sum all the numbers in the 

table. 

******  
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This is one solution: 

      +/ +/ TABLE  
45 

We know that the result of the first (ie the right-hand) part of the statement is 6 15 24 . So these 

three numbers are the data for the left-hand +/ . Their sum is 45. 

You can add the numbers in just one column by the usual method of indexing. Here's TABLE again 

followed by a statement which adds the numbers in the first column: 

      TABLE 
1 2 3  
4 5 6  
7 8 9  
      +/ TABLE [;1]  
12 

Here's a useful combination: the function Ľ used with /  selects the largest number from a list: 

      Ľ197"94"9:";2"8;"99":3":: 
90 

While the equivalent ľ statement naturally produces the smallest number: 

      ľ1"97"94"9:";2"8;"99":3":: 
69 

In case it crossed your mind that Ľ and ľ were being used in their one-argument forms in the last 

two examples, remember that what /  does is to put the function (Ľ,ľ or whatever) between each 

element of the data it's applied to like this: 

      97"Ľ"94"Ľ"9:"Ľ";2"Ľ"8;"Ľ"99"Ľ":3"Ľ":: 

Here's a final example of the use of /  for you to ponder before you go on to the topic of function 

definition. What does this example do? 

      Z"ģ"3"4"5"6"7 
      *-1Z+ĔŝZ 
3 
 

User Functions 

Hitherto your APL statements have worked their way up the screen and, when they reached the 

top, have disappeared without trace. You're about to learn how to preserve statements, or groups of 

statements, so that you can summon them back for execution or amendment at any time. In other 

words you're going to find out how to write a function. A user-defined function in APL is like a 

program in another language. It has a name and consists of APL statements. When you quote the 

name, the statements are executed consecutively, or in whatever order you specified when you 

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 use a full -screen editor, which allows you to edit the function 

text very easily in an editor window. The editor is either invoked through the application's Edit 

menu, or with the )EDIT  system command (or the ŢGFKV 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 primitive line-at-a-time 

editor called the Del editor. To enter definition mode and create a new function you type ħ (Del) 

followed by the function name. If you type nothing else, you are defining a function that will take 

no arguments: 

      ħHWPM 

You will probably never need to learn the Del editor. If you do accidentally type a ħ character to 

enter definition mode, just type another ħ to get back to calculator mode. 
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