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Overview

An APL64 Developer version user may create programmer-defined function to perform a task repeatedly,
potentially with different input data, without having to retype the APL executable statements that are
needed for your task.

An APL64 programmer-defined function can be used like an APL64 primitive function or system
function. The APL64 programmer-defined function can be evaluated in immediate execution mode,
combined other APL functions in an executable statement or called from within another programmer-
defined function. If the APL64 programmer-defined function has an explicit result, the result can be
displayed in the history, used in an executable statement or assigned to an APL64 variable.

As an example, this chapter uses a programmer-defined function with name FEX:

Z<FEX T;Q1;Q2;1
(Q1Q21)¢«012

START:

- (T<I)/END

(Q1Q21) ¢ Q2 (Q1+Q2) (1+1)
- START

END:

Z < Q1+Q2

[vFex B X =
FREYd. AfAX &322 77 DB,

B Z-FEX T:;Q1;Q2;1
1:1(Q1 Q2 I) « 0 1 2
2 START:
3. = (T<I)/END
4 (Q1 Q2 I) « Q2 (Q1+Q2) (I+1)
5. =START
6. END:
7.1 « Q1+Q2

[0-0] |Comm|'t Changes| |{anmit & Close

The FEX function is monadic and returns an explicit result. These APL executable statements using FEX
are valid:

FEX 6
25+FEX 7
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[ J¢X<FEX 8
FEX FEX 3

{5 APLE4: C:\unk\UDF.wsb4 =] _ O %

File Edit Session Objects Tools Options Help

ERG8O0=9e%DaS ARR .
| |

e J

41
41
41

o} FEX 6

1.8

2 25+FEX 7

338

L O«X«FEX 8

5:21

6 FEX FEX 3

71
.8 |
aE |
| Ready | | |[Hist: Ln: 8 Col: 6| Ins |Classic]| | Mum | EN_US | |New!l

When evaluated, a programmer-defined function can have an effect on the current workspace state, even
if the function has no explicit result, because the function statements represent an algorithm which
process information within the current workspace.

Basic Concepts

Function Header
The function header specifies the function name, an optional result and optional left and right arguments.
The function header is line number zero in the function.

Present a Function Editor
To create the example function FEX, in the APL64 Developer version click the Objects | Function menu
item:
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' ES
5 APL64: CMunk\UDF.ws64 — — O %

File Edit Session | Objects | Tools Options Help

1 35 K= New.. Ctrl+N

0 Function...
Variable..,
Ope This menu itern will attempt to start a new function editor. 10
Fetch... Ctrl+G

Left Mouse Double Click: Open Object Named At Caret
Right Mouse Double Click: Open Object Mamed At Caret

Row Numbers

Tool Bars
Default Editor Type: | Function ™

Duplicate Editors
Mumber Of Spaces In Tab:

A function editor will be presented and the keyboard focus will be on line zero of the function editor:

v = X s
FRY_ AEXE0N =9 Xhn. i
[0-0] Commit Changes| |Commit & Close

Q — )
F o Jed v

|Ready | | [Hist: Ln: 1 col: 6] Ins |Classic|Cap | Num [ EN_US |

The function header is a function line that the system uses to obtain the optional result variable name,
the required function name and the optional left and right argument variable names.

Niladic Function

The minimum content of a function header line is the function name, in which case the function is niladic
without a result:
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VmyNiladic... 4 X =

FRY. AAXx/@5=9¢xDhm. i, |,
némyl\li ladicFunction

[0:17] Commit Changes| |Cc:mm|'t & Close

Monadic Function
If the function header has two names, separated by a space, the first name is the function name and the
second name is the right argument, in which case the function is monadic without a result:

VmyMonad... 4 X =

FRY_ AEAX@0TIT=(9C Y hm i,
n;_m'fl“lunadi cFunction rightArg

[0:26] Commit Changes| [Commit & Close

Dyadic Function

If the function header has three names, separated by spaces, the first name is the left argument, the
second name is the function name and the third name is the right argument, in which case the function is
dyadic without a result:

VmyDCyadic... 4 X ¥
FRY AUX@82 =9 Nho i i
mé_ls'F'l:Ar‘g }nyDyud‘icFunctinn rightArg

[C:8] |Eomm|'t Changes| |Cc:mm|'t & Close

Function with Explicit Result
If the function header begins with a name followed by the assignment glyph (&), the function has an
explicit result. A niladic, monadic or dyadic function can have an explicit result:
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VmyNiladic... 4 X

FREAD. A@{X @ =9 C¢tDhonE M

néexpLic’l tResult+myNiladicFunction

dl

41
41
41

[0:32] Commit Chang E5| |Cummit 8t Close

VmyMonad... 48 X

FREY. A\AX 882 N=?2C DR M
néexpLic’l tResul t*myMonadicFunction rightArg

dl

41

= 1=
- W

[0:15] Commit Chang E5| |Cummit 8t Close

VmyDyadic... 4 X

FRY . AUX88 =2 DaES ¢, i,
ngexpLic’l tResult+leftArg myDyadicFunction rightArg

4l

4l

[0-15] Commit Chang E5| |Cumm it & Close

Functions as Black Boxes

An important concept in APL programming is that the processing inside a function occurs in a protected
environment. The system uses any variable that appears in the header of a function only within that
function. When it finishes evaluating the function, it erases the variable without affecting anything else
in the workspace. If a variable with the same name is defined in the workspace, the processing within the
function does not affect it if that variable is also defined within the function.

The system accomplishes this with a process called localization. If variables named Z and T exist in the
workspace and the function has the header Z&FEX T, APL64 stores the workspace values of Z and T
temporarily. While APL64 evaluates the function, APL64 uses the input value of T specified in the header
as the local value of T and the result value of Z within the function. When the function evaluation is
completed, the local variables defined within the function are erased and the result prepared by the
function, if any, may be assigned to a workspace variable, depending on the syntax used when the function
execution was started:
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| & APL64: C:\Junk\UDFws64 =1 - o x

Eile Edit Session Objects Tools Options Help

FRU&800=92¢ Yy hoE AR A,
Z+=10¢T+20

~FEX 120

: Z T

10 20 A Z and T values not affected

I+«FEX 120

: Z T

'5.358359255E24 20 A affected, but T not affected

4l
4l
4l

- O N F W =D

|
HE |

| Ready | | [Hist: Ln: 7 col: &|Ins |Classic| | Num | EN_US | |Newll

Local and Global Variables
Variables can be assigned within a function. Specify a variable as local to the function by separating its
name at the end of the function header line with a semi-color (;) or space, so that it will be used only for
intermediate results while the function is evaluated. A local variables in a function does not affect the
same named variable in the workspace. In the definition of the example FEX function, the local variables
areQl,Q2 and I:

VFEX a2 X

FRY. AAX @82 ] (=02CXDOESN MR

WM z-FEX TQ1:Q2:17
1:1(Q1 Q2 I) « 0 1 2
2. START:
3. > (T<I)/END
b (Q1 Q2 I) +« Q2 (Q1+Q2) (I+1)
5. +START
6. END:
71 « Q1+Q2

dl

[0:15] Commit Changes| |Commit & Close

A variable defined in a function that is not specified as local in the function header, the value of that
variable will be retained in the workspace when the evaluation of the function is completed.
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Typically, variables like counters, | in the FEX function, or intermediate results, Q1 and Q1 in the FEX
function are specified as local variables in the function header, because they are only used within the
function and so that their values do not remain in the workspace when function evaluation is completed.

Assignment and Implicit Output Statements

Some statements in a function are simply APL expressions, which use number constants, variable values,
APL primitive symbols, and other functions to manipulate numeric and character data in arrays. When
the system executes the function, it executes these statements in sequence.

When an intermediate result in the function is calculated, its value can be assigned to a local or global
variable using the assignment glyph (€), so that its value is not displayed in the history. If an intermediate
result is not assigned to a local or global variable, its value will be displayed in the history when the
function is evaluated. To both assign an intermediate result and see it in the history, use the quad
function:

VFEX = X

FREY . AAX @82 1 1092 ¢LDaER AN

0:Z<FEX T;Q1:Q2;I
M09 2 1) < 0 1 2
2:START:
3. = (T<I)/END
ki (Q1 Q2 I) « Q2 (Q1+Q2) (I+1)

dl

-

5. =START
6:END:
[1:2] Commit Change5| |Cummit& Close
E APLGA CAJunOUDFws6d — : ] :

| File Edit Session Objects Tools Options Help

IERQE@OE=2C X DaFMAR. 000D
|

4l
Al
4l

¢ )
0 FEX 120
1012 AValues of intermediate variables within functieon
2/5.358359255E24 AExplicit result of functieon
3!

a= |

Ready | | |Hist: Ln: 0 Col: 13| Ins |Classic| | Num | EN_US | [New!l
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When a function with an explicit result is evaluated the result value is displayed in the history unless the
result is assigned. The result may be assigned and displayed in the history using the quad function:
VFEX a2 X =

0:Z«FEX T;Q1:Q2;I

Bl o2 1) < 0 1 2

2. START:

3. = (T<I)/END

ki (Q1 Q2 I) « Q2 (Q1+Q2) (I+1)

5. +START
6 END:
77 « Q1+Q2
[1:0] Commit Chang E5| |Cummit & Close
E7 APLG% CAUNOUDFws6d =] - oo

Eile Edit Session Objects Tools Options Help

FRAd & [E=2¢ X DS Man. it 0w :
| |

4l
Al
4l

{ )
0: FEX 120
i§5.358359255E2|+
2 [«z+FEX 120
. 3:5.358359255E2L
e
= |
Ready | | |Hist: Ln: & Col: &|Ins |Classic]| | Num | EN_US | [New!

Permitted Statements in a Function

Except for system and user commands, e.g. )... or ]..., all other APL statements may be used directly in a
function. Many system commands, e.g. )COPY, have system function analogues, e.g. ,[ JCOPY. User
command can be indirectly used as arguments to the [ JUCMD system function.

Using Statement Separators

Multiple statements may be placed on the same line of the function separating them with the APL
diamond glyph (¢) and executing the statements from left to right starting to the left of the first
diamond glyphs on the function line, e.g. stmt1estmt2o...
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Comment Statements

Function lines can be comment statements of can contain suffixed comment statements. A comment
statement begins with the APL lamp glyph ((3)). Any text which comes after the APL lamp glyph on the
function line is a comment which is not executed.

VFEX = x|

1l

0:Z«FEX T;Q1:Q2:I
B0 02 1) « 0 1 2 AlEniEial assignment|
2:START:
3. » (TsI)/END
b (Q1 Q2 I) « Q2 (Q1+Q2) (I+1)
5. =START
6 END:
7.7 « Q1+Q2

[1:38] Commit Changes| |Commit & Close

1l

VFEX = x|

0/ Z«FEX T;Q1:Q2;I

1;fl[Q1 Q2 I) « 01 2 pa Initial assignment
2. START:

3. » (TsI)/END

b (Q1 Q2 I) +« Q2 (Q1+Q2) (I+1)

5. +START

7 END:
81 « Q1+Q2

[6:15] [Commit Changes| |Commit & Close|

A comment within a text vector enclosed in single or double quotes, is treated as part of the text vector
and not a comment unless the text vector itself is executed:
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File Edit Session Objects Tools Options Help

HE T CIEEECESET Y T
Il |

4l
Al
4l

! 0 t+«'3+5A3+5"
1 t
2:3+5A3+5
3i 2t
48
5 |

| | |Hist: Ln: 5 Col: &|Ins |Classic]| | Num | EN_US | [New!

Branch Statement
A branch statement can alter the execution sequence of a function when it is evaluated. A branch
statement begins with the APL branch glyph (=) followed by:
e Aline number, e .g. 223
e Aline label, e.g. >Lablel
e An APL executable statement which results in a line#, line label or zilde (8), e.g. >(V=10)/Lablel
e Nothing after the branch glyph

If the branch points to a destination which is line number zero or a function line which does not exist, the
function evaluation ends, i.e. the function is exited.

If the branch occurs, the execution order of the APL statements in the function does not continue past
the branch statement, but instead starts from specified line number or line label.

The branch statement is placed on the function line where the conditional branch should occur.

Aline label is programmer-selected contiguous text followed by the colon glyph (:) placed at the beginning
of the specified line. Using a line label rather than a line number avoids potential problems is function
lines are subsequently inserted into the function. The line label is placed on the function line which is the
destination of the branch.

Zilde is shorthand for the numeric value 0p0. If the executable statement after the branch glyph results
in zilde, no branch occurs when the function is evaluated.

If the expression to the right of the branch arrow results in a vector, the system uses only the first element
of the vector, e.g. -labell,45,label2 will branch to labell without consideration of line number 45 or
label2.
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The branch statement can be used to select from multiple destinations in the function, e.g.

However, you can use a vector in the expression and calculate an index to that vector. This allows you to
branch to different line labels as easily as to different line numbers. For example: >K>Lablel Lable2 will
branch to Lablel or Lable2 depending on the value of K and the current value of the index origin ([ ]10).

If the branch has no APL statement after the branch glyph, a naked branch, all execution stops and the
system returns to immediate execution mode. If another function calls the function that uses the naked
branch, you cannot restart the calling function at the point of interruption.

Control Structures
Control structures are APL statements which change the execution order of statements in a function.
Control structures include key word APL statements such as :FOR ... :ENDFOR, :IF ... :ENDIF.

TOOLS WORKSPACES AND FUNCTIONS

When the APL64 developer version is installed, the Tools folder is deployed and contains several
workspaces each containing APL programmer-defined functions. If the default installation path is used,
find the Tools folder here: C:\Users\YourUserName\AppData\Roaming\APLNowLLC\APL64\tools.
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https://aplnow.com/APL64/UserDocumentation/APL64_CONTROL_STRUCTURE.pdf

(& APL64: C\unk\UDF.ws64 = — O *

| Eile Edit Session Objects Tools Options Help

IFREA & P5=2¢ X DaxMaEN. 0 WE R im
0 Owslib ‘'C:\Users\Joe\AppData\Roaming\APLNowLLC\APL64\tools'

1:ASMFNS.ws6k

2:COMPLEX.ws64

3 CONVERT.ws6k4

4. DATES.wsbk

5 DBASE.ws6k

6 DDEII.ws6k4

7.DTFN.ws64

8 EIGENVAL.ws6k

9 FFT.wsb6k4

10 FHOLD.ws64

11 FORMAT.ws6k

12 HANDLERS.ws6k

13/LFFN.ws6L

14 MFFNS.ws6k4

15 PCFILES.ws6k

16 RTFPRINT.ws6L

17 SLT.ws6k

18 UCMDUTIL.ws64

19 UTILITY.ws64

20,VT_VV.wsék

21 WFCARE.ws6k

22 WINAPI.ws6k4

23 WINDOWS.ws6k

24 WSCOMP . ws 6L

25,

a= |

Ready | | |Hist: Ln: 25 Col: &|Ins |Classic| | Mum | EN_US | [Mew!l

For example, the DATES.ws64 workspace contains these programmer-defined functions:
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T APLG4: CiUsers\Joe\AppData\RoamingAPLNowLLC\APLEM Tools\DATES wsb4 =] = a X

Eile Edit Session Objects Jools Options Help

IFR4gaZE DY DA MAER DL _ (momeet (0P E s i,
Opw+100
)XLoad C:\Users\Joe\AppData\Roaming\APLNowLLC\APL64\Tools\DATES.wsbl

"C:\Users\Joe\AppData\Roaming\APLNowLLC\APL64\Tools\DATES .ws64" LAST SAVED 7/28/2022 6:59:32 PM
Oidlist 1

DATEBASE

DATECHECK

DATEOQFFSET

DATEREP

DATESPELL

DAYOFWK

10:DAYOFYR

11iDAYSDIFF

12:DSPELL

13{FTIMEBASE

1L FTIMEFMT

15 FTIMEREP

16{HOURBASE

17:HOURREP

18 LEAPYR

19:MDYTOYMD

20!MINBASE

21iMINREP

22:SECBASE

23!SECREP

24 TIMEBASE

25 TIMEFMT

26! TIMEREP

27 WKDAYSDIFF

28 YMDTOMDY

WoOo-100FwWwRR—O

29
aE=] |
Ready | | |Hist: Ln: 29 col: 6| Ins |cClassic| | Num | EN_US |[Naw!
YWKDAYSDIFF = v o x

FREA. AAX&@[E=2CXDAES#Ma w A@ kil EE i
0iR«A WKDAYSDIFF B:;C:D:;E;F;0IO:0CT
10cT«[J10«0 ¢ E«(3v.#(T11F+pA), 11D«pBlp' "' ¢ E+x/F+« 14F ¢ D+« 14D Afu
2iA«(E,3)pA ¢ B«((x/D),3)pB
3iA«A,[0]B © [JERASE 'B'
LiR« 1 0 0 /A ¢ B« 2 T715933 ~715902 ~715874 T715843 T715813 T715782 T715752 T7157
5/C+400 |R«R+1900xR<100 0 R«B+A-(((100p 1 0 0 0),300p 0 0 0 0 ,96p 1 0 0 0)[C]*B<"7
6iA+FpR ¢ B«Dp(E,0)IR
JiR«(7|B)+7x7|A ¢ R« 0 5 4 32 10004 3210110432122 10%43233?:
£ »
[G:0]
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