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Basic Information
System functions are features that are available in any workspace. Their names begin with aguad (
symbol. The rest of the name is case insensitive.

System functions are an extended set of basic operations tha&@4yftbvides. They share many of the
properties of APL primitive functions. You can incorporate them into-disfined functions, and most
return an explicit result that you can use in subsequent operations.

System functions can be niladic (no arguments), monadic (one argument), dyadic (two arguments), or
ambivalent (monadic/dyadic). Typically, they:

1 provide information about the session, the active workspace, and the objects in it

1 manipulate functions, variables, and arrays
1 provide methods for handling workspaces and files
9 assist in debugging programs
1 provide an interface to the operating system or RARL programs.
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UCS UNIVErsal CRAraCter SEBL.........uuiiiiiiiie ittt 246
UL USEE LOBA. ...ttt et e e e et e e e e e e e e e e e 248
userid User IdentifiCAtIQN...........oiiiiiiiiiei oo e e e e e e e e 248
userpath Path to the QSpecific USer FOIARY..........ooooi e 248
valence Get Valence for Current FUNCHIQN...........cooiiiiiiiiiiiiie e e e 249
vget Get Variable Value with Specified SCOPEQ..........ccccooe i 249
vi Verification of Formatted INPUL.........euuueiiiiiiieeee e 250
vr Visual Representation Of @ FUNCUON............coiiiiiiiiiiie e 250
Wa WOrK Area AVAIIADIE. ..........oeiiiiii e 254
WatChpoint WaLCh POINT.........cooiiiiiiiiii e e 254
WCAIL WINAOWS Call.....ooiiiiiieiiieii ettt e e e e e e s e e 255
wgive Give (Yield) CPU t0 WINAOMS..........oooiiiiiii et e e e e e e e e e e e e e e 256
where Determine EIement INAICES.........uuiiiiiiiiiiiieee e 257
Wi WINAOWS INTEITACE ...t e e e e e e e et r e e e e e e aan 257
wordrepl Replace Words in Character VECIOK........coovviiiiiiiiiee e 259
wre Windows Runtime EXeCULADIE. ..........c..oiiiiiiiiiie e 259
WWRE NEW ACHIONL. ..ttt ettt ettt e ket e e e st e e e et e e e annn e e 260
WRE LOA ACHON. ......eieiiieeiiitie ettt ettt e e et e e e e e e e e e e e e st e e e e e e e nnnneeeeas 260
WRE CrEate ACHION. ... .ueiiiiiieiiiit et e e ettt e e e et et e e e e s e e e e e e bbb e e e e e e e annennes 260
WRE RUN ACHOML. ...t e ettt ettt e e e e et e e e e s n e e e e e e e annnn e e e e e e e anes 260
WRE SAVE ACHOIL......eieiiiieiiitiee ettt e e e e e e e e e e e e e e e e e e e e e e e nnnneeeas 260
WSC WOIKSPACE CONIENL.....eeiiiiiiiiiitiiiee e esitt ettt s s e e e e s st e e e e e e s bbb e e e e e e e e eanees 260
LAY ST O N ex 1 0] L PRSP PPPPT PP 261
LTS O 1Y PSSP 261
LTS O = PP 265
LAY AT O = PP RPPPPP 267
WWSC "Wttt h etk h e a e et e ke eat e et e e b et e nt e e beenbeennbeebe e 268
LAY o ] o= Lo =T =t T 11 = P 268
WSIiID WOrKSpace LiDrary LiSL.......oooooiiiiiiiiieee e e e e e e e e e e 269
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WSOWNETN WOIKSPACE OWNEL.....ceiiiiiieiiiieiee e ee et e e e e e e e e e e e aaaaaaaaaaeens 270

WSSIZE WOIKSPACE SIZE... ..o e e e et e e e e e e e e e e e e e e e e e s e e s s e e s s e aannanes 270
WSES WOrKSPACE TIMESTAMLPL....ceeeeiiiiiiieiee e e ettt e e e e et e e e e s e e e e e s r e e e e e e s annrnneeeeeeaanes 271
xfcreate Extended Create COmMPONENt FIle.........oooiiiiiiiiiiiiie e 271
xfdup Extended Duplicate Component File............oooivviiiiiiii e 273
xferase Extended Erase COMPONENtEIE..........uuiiiiiiiiiiiiiiiiiecc e 274
xfnames Names of Extended Tied Component FileS.........cccuvvviiiiiiiiiiiiiiiee e 275
xfnums Tie Numbers of Extended Tied Component.Files............ccoooiiiieiiiiiiiiiiiieiee e, 275
xfrename Extended Rename Component.Eile.. ... 275
xfstie Extended Share Tie a Component.Eile.........ccccciiiiiiiiiiiiiiiiee e, 276
xftie Extended Tie a Component File (EXCIUSIVE)...........ccoiiiiiiicciiinieereee e 277
xI Exchange data with Microsoft Excel WOrkSheet.............oevvveiiiiiiiiei e 278
XD EXtended LIDrary LISL..........ueeiiiiiiiiiiiee e e e e e e es 278
xload Load a Workspace, Bypass the Latent EXPressian.............evevevieeeeeeiieiiiiiiiieieeeeeeeeeeeenn 279
XMl Interface to .Net XML ODJECLS.....uuuuiiiiiiiiiiiiiiiee et e e 280
xncreate Extended Create Native File...........coovoiiiiiiiiiii e 280
xnerase Extended Erase NatiVe FilB..........ccuuiiiiiiiiiiiiiee e 280
xnnames Names of Extended Tied Native FileS............oooiiiiiii e 281
xnnums Tie Numbers of Extended Tied Native.Files...........cccccoiiiiiiiiiii e 281
xnrename Extended Rename Native File...........cuviiiiiiiiiiiiie e 282
xntie Extended Tie NtV File.........c.uii i 282
XSO EXCESS OULPUL. ...ttt ettt et et e e e e e e e e e e e e e e e e s e s s e s s e bbb bbb s bne e e e e eeeeeeas 284
zip Build and Manipulate File ArChIVES. .........ooiiiiiiii e 286
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a Roman Alphabet Upper Case Glyphs

Purpose
Returns the uppercase Roman alphabet characters (glyphs).

Syntax resultN a

Result
result is a character vector.

Example

a
ABCDEFGHIJKLMNOPQRSTUVWX)

acbd .Net AppContext.BaseDirectory

Purpose
Reports the path of the running executable file or the WRE dll file.

Syntax OA OO dbdN

Result
acbd returns the .Net AppContext.BaseDirectory path for the application.

Effect
For the APL64 developer version theachd value is the same as theexepath value.

For a WRE runtime application, theacbd value is the path of the running WRE dll file. Tlaebd
pathisgenerally 2 0 GKS f20FGA2y 2y GKS SyR dzZaSNRa ¢2NJ adl
installed.

w

e

(V)

(s}
< 7

 The acbdldr G K A& R
Wwdzy G AYS 9 ESOdzi
For example:

1 ClUser8user_NamgAppDataLocal Temp.net\app_Namé&GUID, where user_Name depends
on the workstation user, app_Name depends on the Widtutable file name and GUID is a
systemdetermined GUID.

NJ

[fl
|.

o U

N A Y
t b

- W

y
A

dza
[}

2

ND A
Sy

(L

[
uK

nw R
O »
Uy A

o) 1]
So aLw R

(0p))

A

aes AES Encryption and Decryption

Purpose: The AES system function supports the encryption and decryption of text usingERe
cryptographic algorithmimplemented in the Microsofbystem.Security. Cryptograptoolkit.

AES Actions

DecryptString
Decrypt a byte[] array usingreviously obtainedh\ES key and iv values using the AES algorithm.

Syntax: stringr  AESDecryptString' keyAndlv srcBytes

srcBytes is a byte[] array which was obtained by encrypting text using the AES algorithm
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string is the decrypted text as an APL64 scalar string. If desired, use the APL64 monadic > function to
convert the result string to a character vector.

EncryptString
Encrypt a string using previousiptained AES key and iv values using the AES algorithm.

Syntax: pte[] H  AESEncryptString' keyAndisrcText
srcText is an APL64 character scalar, character vector or scalar string value.
Bytes|[] is an array of bytes which represent the encrypted srcText

GetKeyAndlv
Obtain an AES key and iv values to encrypt and decrypt text using the AES algorithm. The key length is
256.

SyntaxkeyAndiw  AESGetKeyAndIv'
keyAndlv is a vector containing the generated key (byte[]) and iv (byte[]) values

To achieve appropriate security of the encrypted text, the AES key and iv values must be maintained in a
secure way.

Help
Obtain a summary of the AES documentation

Synonym: ?

Syntax/ K N& | @AES 'Help'

—

& APLB: CLEAR WS — O X
File Edit Session DObjects Tools Options Help
EFRAGSFON=92CY DA% an. R . i,
< 0 Oaes'?’

1:[JAES Documentation Summary

2istring < [AES 'DecryptString keyAndIv srcByte[]®

3ibyte[] +« [JAES 'EncryptString keyAndIv srcText'

Li(byte[] byte[]) « [JAES 'GetKeyAndIv'

5§CharMut < [JAES 'Help'

6:CharMat < [JAes '?'
Ready | | |[Hist: Ln: 7 col: &|Ins |Classic] | Num | EN_us
Examples

Example #1 Encrypt and decrypt some text
AO NEAU!'T A) ON AAO o' AO+AU!
AO NOOA" UOAON AAO o2%i AOUDBD(
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AO NOOOEIT CN AAO o23$AAOUDO3(
210, gtok OOOET C
dr 'APL64'
dr string
7 APLG4: CLEAR WS = - O X
File Edit Session Objects Tools Options Help
FRY & [E=9 ¢ % DS das b0 DR imm W,
< 0 Odr0«kevAndIv<[Jaes 'GetKeyAndIv'
1. yoI'é»haeB]izeaatEY"-p7= NiAx%)iu 7izp0+ie~@p="2'
2:326
<3 Odr0«srcBytes<[Jaes 'EncryptString' keyAndIv 'APL64'
4 <.NepeAE=0IhEALK
582
< 6 Odr0«string+«Jaes 'DecryptString’ keyAndIv srcBytes
7iAPL6Y
8164
<F 9 'APL64'=>string
101
<11 Odr 'APL6L'
12:82
<13 Odr string
14 164
m
Ready | | |Hist: Ln: 15 Col: &|Ins |Classic| | hum | EN_US

Example #2 Encrypt and decrypt an APL64 programuthefined function
RST U%u! RR#Mn - U U¥uwmn
)ednAdd10
keyAndlw  AES 'GetKeyAndIv'
Add10Enar AES 'EncryptString' keyAndlvyr 'Add10')
Add10Dear AES 'DecryptString' keyAndlv Add10Encr
Add10Decr< vr'Add10
Add10 100
)erase Add10
def Add10Decr
Add10 10
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[ &7 apL6a: CLEAR WS =] - O X

Eile Edit Session Objects Tools Options Help

HERY & DR =2y DhisE Man. 0000 EE im i,

|| VAdd10 2 X ¥

ERELD.AAX@80E=2CXbaES Madnc@e® | i,
W) z<Addi0 X

1i7+10+X
[2:0]
& J
<o Jed VAddi10
o1 keyAndIv<[JAES 'GetKeyAndIv'
o2 Add10Encr+[JAES 'EncryptString' keyAndIv (0vr 'Addi0')
(<P 3: Add10Decr+[JAES 'DecryptString' keyAndIv AddiOEncr
S Addi0Decr=<[Jvr 'Addio0’
5:1
F 6 Add10 100
7:110
<P g Jerase Addi0
P9l Odef AddiODecr
10:Add10
P11 Addi0 100
12:110
Ready | | |Hist: Ln: 13 col: 6 |Ins |Classic]| | hum | EN_US

Example #3 Encrypt and decrypt an APL64 variable value

Since encryption and decryption apply to text, the starmat text representation of the APL64 variable
is obtained using the APL64DR system function and then the xfofmat text is encrypted and
decrypted.

g Nk UBoOU o

GF N} Yt vyt g

)ed varXml

keyAndlw  AES 'GetKeyAndIv'

varXmlEnar AES 'EncryptString' keyAndlv varXml
varXmlDear AES 'DecryptString' keyAndlv varXmlEncr
(‘abc' 3)  H'unxml' dr varXmlDecr
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7 APL64: CLEAR WS = = @ x

File Edit Session Objects Jools Options Help
IFRA&PE=2CLDoE|#Maw.! RIS IO IR IR | [ (R i AR
EvarXml A X 5

§Edit _ Nemevantml _ P Nav|v |4 JinE R EEE‘H Text 827 pTent _
l1<?xml version="1.0" encoding="utf-8"?7>
li<Aval xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"” xmlns:xsd="http://www.w3.org/2001/XMLSchema">
2; <Type>Aval</Type>
i <Flags>HasNested</Flags>

3

4 <Nelm>2</Nelm>
5. <ArrayOfAval>
6
7
8

<Aval>
<Type>Zc</Type>
: <Flags>IsShared</Flags>

9 <Nelm>3</Nelm>
10: <ArrayOfChar>
i1 <char>97</char>
12! <char>98</char>
13 <char>99</char>
14 </ArrayOfChar>
15; <Shape>
16 <int>3</int>
17: </Shape>
18 </Aval>
19! <Aval>
20! <Type>Int</Type>
21: <Flags>None</Flags>
22; <Nelm>3</Nelm>
23! <ArrayOfInt>
24 <int>l</int>
25: <int>2</int>
26] <int>3</int>
27: </ArrayOfInt>
28: <Shape>
29 <int>3</int>
30: </Shape>
31 </Aval>

32, </ArrayOfAval>
33! <Shape>

34! <int>2</int>
35, </Shape>
36i</Aval>
01
<o var<'abc' (13)
<Hoo1: varXml<'xml' [Odr var
o2 Jed varXml
<3 keyAndIv+[JAES 'GetKeyAndIv'
¢yl varXmlEncr+«[JAES 'EncryptString’' keyAndIv varXml
f5: varXmlDecr+[JAES 'DecryptString' keyAndIv varXmlEncr
g 62 "abe' (13)='unxml' [Jdr varXmlDecr
7:1
Ready | | |#ist: Ln: 8 col: 6|Ins |Classic| | Hum | EN_US

ai Accounting Information

Purpose
Returns current accounting information.

Syntax OAOOI & N

Result

The result is a fouelement numeric vector containing:

[1] Your user number

[2] Number of seconds since the start of this APL session
[3] Reserved for future enhancement

[4] Reserved for future enhancement

ai relies on the operating system clock for time measureméiger number is 1 by default; you can
set it in the .INI file or override the default on the command line when you stati64
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Caution

ai, as described here, is specific to thRL64system. The length and definition of each item of result
may be different in other APL systems or in future releases of this syséémen writing your own
functions, do not rely on the result of ai being a foelement vector.

Example
The following expression provides the hours, minutes, and seconds since starting GZes@gdion:

06060U ai[2]
113 25.75

al Roman Alphabet Lower Case Glyphs
Purpose
Returns the lowercase Roman alphabet characters (glyphs).

Syntax resultN  al

Result
result is a character vector.

Example

al
abcdefghijklmnopgrstuvwxyz

arbin Arbitrary Input

Note: arbinhas been deprecated in APL64. Refer to the documentation scomfor a superior
option.

ask AskText Dialog
Purpose

ASK can be used to present a dialog with user defined text caption, text prompt and text default
value.

Syntax/ K N SO0 2NJ v ®¢ SE (ASK [aktdeZayit®/alueé SE (it NB Y LI

Result
CharVector is an APL64 character vector containing theaditad default value.

Remarks
ASK provides a replacement for Qu&ead input ( ) system function.

To learn more about ASK, in the APL64 Developer version gédtp | Developer Version GUIUsing
ASKx System Functions
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aslex Ask Text Dialog

Purpose
ASKEX can be used to present a dialog with user defined text caption, text prompt and text default
value.

Syntax+ I £ dz8 W ¢ SE G/ | LASKEX YektDefaSltvalue N2 Y LJi

Result
Value is a tweelement vector:

Element # | Element Description

1 Userentered text

2 Interpreter evaluation of useentered text
Remarks

ASKEX provides a replacement@arad input ( ) system function.
To learn more about ASKEX in the APL64 Developer version gdtelp | Developer Version GUI
Using ASKx System Functions

ask AskintegerDialog
Purpose
ASKIcan be used to present a dialog with user defined text caption, text prompt and text default
value.

SyntaxLY 6 SASNEI f dz§ w ¢ S BSKL NuméricZefadtVauedi A 2 y & A & G

Result
IntegerValudas an APL64 numeric value containing itgex (index origin zero) in the options list of the
userselected itemis a twoeelement vector

Remarks
To learn more about ASK, in the APL64 Developer version gdtelp | Developer Version GUI
Using ASKx System Functions

askn Ask Numeric Dialog

Purpose
ASIN can be used to present a dialog with user defined text caption, text prompt and text default
value.

Syntaxb dzZY SNRA O+ | £ dz§ w ¢ S EASKN NiinarizDefultabidtsh t N2 Y LJi

Result
NumericValuas an APL64ector (rank 1yalue containing the usexdited valug(s)

Remarks
ASKN can be used instead of quad inplien only numeric results are permitted
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To learn more about ASKN, in the APL64 Developer version dgaeip | Developer Version GUI
Using ASKx System Functions

at Attributes

Purpose
Returns attributes of workspace objects or the fix time for a function.

Syntax OAOOI O cdde  at'namelist’
O A O O[scOpdtode at 'namelist’
Arguments

namelist is a list of one or more identifiers; the argument can be a character matrix with one name per
row; if the argument is a vector or scalar, it is treated as aromematrix.

code is an integer of value 1 through 4; however, codes 3 and 4 are reserved.

scope is an optional numeric argument that specifies the scope at which names are interpreted, where
1 = local (default); and 0 = global.

Result
The explicit result is a matrix that has one row for each row of the argument.

If code is 1, each row of the result has three elements:

The first element is 1 if the object is a variable or a function with an explicit result; it is zero otherwise.
The second element is 1 if the object is a monadic function; it is 2 if the object is a dyadic or ambivalent
function; it is zero otherwise.

The third element is zero.

If code is 2, and the object is a function, result has the seven elements of the timestatsipihen the
function was last fixed by the function editor,def, defl, or fx. These elements are year, month,
day, hour, minute, second, and millisecorl seven elements are zero if the object is not a function.

av Atomic Vector

Purpose
Return a vector of all possible character values.

Syntax OAOOI & N

Result

The explicit result is a 25(ement vector of all character values
av represents all possible charactermsen those not directly available from the keyboakbu can

index the explicit result and store the result in variables; however, you cannot display the entire result of
av since several of its elements are terminal control characters.

Caution
Do not rely heavily on the order in which the character set is mapped onto the elementavn
because the order is not the same in all APL systems.
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Note: The new block comment glyphsand are not includedn AVdue to beindimited to 256
glyphs.
Example

In the example below, a translate table ALLCAPS is formed to translate character values from lowercase
to uppercase.

ET N
av 'ABC'
65 66 67
av[65 66 67]
ABC
/I, $NoAAAD
b, , #1 0o&aN
) 8 N26)+ av'a'
o O( ! Nl " #8%&' (
', , #1103 )8 NI O
%7 N #1a0@D]
NEW
ABC

y*+,-./01
(I

brotli Data Compression
Purpose:

Brotli is alossless data compression algoritld@veloped byGoogle It uses a combination of the
generatpurposelLZ77ossless compressialgorithm,Huffman coding@and 2ndorder context
modelling Brotli is primarily used byeb serverandcontent delivery network$o compress HTTP
content, making internet websites load faster. A successarz it is supported by all major web
browsers and has become increasingly popular, as it provides better compression than gzip.

The implementation of the Brotli algorithm in APL64 is an interface to the .Net System.|O.Compression
toolkit. The APL64 BROTLI system function provides the tools to compress and decompress byte[]
arrays. Itis up to the APL64 programmer to select applicapmtific byte[] arrays to be compressed

and decompressed. Any APL64 object which can be rendered as a bytefaariasy compressed and
decompressed using BROTLI.

SyntaxNB & dzf .Gwhi¢ [ L ! OGiA2y ¢SEG wl OdAz2y | NBdzySydaxe

Brotli Actions
Compress

{8yl EY pwliémwe W/ 2YLINBaad ANDooeiSwe0 O2YLINBAaA

src is an APL64 byte[] array variable witlbR type 82.

compressionLevel | Description

0 Optimal
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1 Fastest

2 No compression

3 Smallest size
Decompress

{eylGlEY NBadavkiope 1850802 wLINBaauy aNDooeiSws
src is the result of a BROTLI compression action.
result is the byte[] array which was compressed.

Documentation Summary
{eyGlFlEY OMhNIHTSE Wi St LUWRN) OKYKEITSE H

Result: A rard, character array containing a summary of th@ROTLI system function
documentation.

Brotli '?'
%7 APL64: CLEAR WS = - o X
IEiIe Edit Session Objects Tools Options Help
FRY8OF=9CXDas AEAR. | el MEHOIRICICITICIR S} DR 2

|qﬂ 0 OBrotli '?'
| 1i0BROTLI Documentation Summary
| 2ibyte[] < [0BROTLI ‘Decompress' src(byte[])
3ibyte[] « [IBROTLI ‘Compress' src(byte[]) compressionLevel(Int32)
n
5§compr‘ess‘|onLeveL: 0/Optimal, 1/Fastest, 2/No Compression, 3/Smallest Size

| Ready | | |Hist: Lnz 6 col: 6|Ins |Classic| | num | En_us

Brotli Examples

Compress Unicode Text
In this example the Unicode text includes code points not V.

d HaNOwU! oOmMHOG6HK K604

dr waND. & Slasrcy H

dr w# O Brotli '‘Compress' srcBytes 0 0/Optimal compression
dr # R# Brotli 'Decompress' ¢

dr HR{ NI H micdH
R{ NO &N
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& APLG4: CLEAR WS — [} X
:Eile Edit Session Objects Tools Options Help
FREA& [ E=2¢XDas AN iSRRI CNARTRONENEIEN | | =P
<t o Odr«src«'Abc12305Qne=0"
ﬁ 1:Abc12303Qn®
2:162
<P o3 Odr0d«srcBytes«82 [dr src
4iAbc123[2"&!Aed"[l
5:82
G Odr0«c<0Brotli 'Compress' srcBytes 0 A 0/Optimal compression
| 7iicCAbc123[2"&!AeA"[]
8i82
G OdrO0«<d«(0Brotli 'Decompress’' c
10iAbc123[a"& ! Aeh"[]
11:82
P12 Odrd«dSrc«162 Odr d
13/Abc12303Qne=@
14i162
P15 dSrc=src
16:1
Ready | | |Hist: Lnz 17 Col: & |Ins |Classic| | Num | EN_us

Compress an APL64 Function
In this example the VR of an APL64 programmeefined function is converted to a byte[] array which
is compressed and decompressed.

RST U¥%u! RRmMA !-04O MUHYDHEMYTHS - K
Add10 100

dr H & N+ WIAdd10'
dr Ha ND+ Nl & [dSsicwry H

dr w O Brotli '‘Compress' srcVrBytes 0
0/Optimal compression

dr w R+ Brotli'Decompress' ¢
dr R+ NW mdrd
R+ NJ a NO+ NJ

def dvr
Add10
Add10 100
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%} APLG4: CLEAR WS =l - O x

|Eile Edit Session Objects Tools Options Help

FERY& ==X baS MR N, RIS B CNETNNCIEEIR | [ HIvSw: S TRt S s N i
Bl ol Odef 'Z<Add10 X' 'Z<10+X' 'A Abc1230I0ne=0’

Add10
[<F

<

Add10 100

Odr0«srcVr<0vr 'Addi0'
I+Add10 X

[1]  Z<10+X

[2] A Abc123@3(On=@

0~ F W=
<

10162
<11 OdrO0+«srcVrBytes+82 [dr srcVr
12 " ZElAdd10 X
13 [1] zEl10+X
14 [2]  1# Abc123[="8!AeA"[]

<18 Odr0«c<[Brotli 'Compress' srcVrBytes 0 A 0/Optimal compression
19 i744R0+4807vE}e f¢[«i~é$i " oXWIT-E68VEEI0Ccc+O=208RAVOCI@=0] | AA$OEALY@d~TAjULV<r ~vG@9a
20.82
<H 21 Odr0«d«[Brotli 'Decompress' ¢
22 " ZE!Add10 X
23[1] zZE!10+X
24i[2]  1# Abci123[a"&!AeA"[

| 25 n
26
27:82
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Compress an APL64 Variable

In this example the jserepresentation of an APL64 programnagveloped variable is compressed and
decompressed. In APL64 the jsapresentation of an APL64 programrrdeveloped variable is a

byte[] array, even if the variable value contains Unicodeattars not in AV.
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call Call Machine Language Routine
Note: callhas been deprecated in APL64.

cfappend Append to @olossaComponent File

Purpose
Inserts a new component into a colossal component file.
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Syntax OAOOI O Nfappehd tidrbd
Arguments
value is a value you want to append to a file; it can have any rank, shape, or datatype

tieno is a positive integer file tie number for a currently tied.file
result is the number of the new component.

System Differences
This system writes the new component into the smallest, sufficiently large, available hole in the
file. Only if there is not a hole large enough to hold the new component is the size of the file increased.

cfcreate ColossaComponent File Create

Purpose
Creates a new colossal component file.

Syntax OAOOI O sfértate deBoA 8 A O o

OAOOI O N gfektate heBoladlds@e o

OAOOI O N sfdfate deRohadlds@ddirsize
Arguments
fileid is a character vector file identifier with no restrictions on characters or format within APL; you
must explicitly specify any file extensiolfi.the name does not pass the operating system conditions for
creating a file name, the system signalsearor.

tieno is a positive integer file tie number or zero, which allows the system to pick a valid tie number.

tablesize, optional, specifies the size of the hole table, which is a list of empty space available for
reuse. When this number is exceeded, the smallest hole in the table is overwritten with the next hole
and that space is lost until the file is compatt& he default value, which takes three pages in memory,
is 768. You can specify any number, but multiples of 256 may be more efficiéery large hole tables
may have a significant negative effect on performance and may also affect the number ¢&segnub

ties available on one machine, since memory is allocated for the hole table.

dirsize, optional, specifies the initial size of the component directéen this number isxceeded,
the directory is moved in the file and the size is doubl&te default value is 4096.

Result
result is the tie number.

Syntax Differences

You cannot specify a file size limit or a starting component number.

cfdrop Drop Components fromGolossaComponent File
Purpose
Drops components from either (virtual) end of a colossal component file.

Syntax cfdrop tieno n
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Arguments
tieno is a positive integer file tie number for a currently tied.file

n is the number of components you want to drolp.n is positive, the system zeroes the directory
entries of the n lowest numbered components; if megative,it deletes the(n) highest numbered
directory entries.

cfdup Duplicate &olossaComponent File

Purpose
Creates a copy of@olossatomponent file and, if possible, compacts it to occupy less disk space.

Syntax ‘fileid.ext' cfdup tieno
fileid.ext'  cfdup tieno tablesize

Arguments

fileid is a character vector file identifier with no restrictions on characters or format within APL; you
must explicitly specify any file extensiolf.the name does not pass the operating system conditions for
creating a file name, the system signalsearor.

tieno is a positive integer file tie number of a currently tied file.

tablesize, optional, specifies a new size for the hole table, which is the list of empty space available for
reuse.

Effect

cfdup creates a new file with the specified name (fileid.ext) and copies all the current data from the
file specified by tieno into itln the process, it recovers unused space created by replacing components,
which may allow the new file to occupy lesskdspace than the original fil&he old file remains
unchanged.You can use the same name as the file being duplicated for the new8iag the same
name replaces the file with the compacted versidrhe file must be exclusively tied to duplicét&ith
the same name.

Syntax Differences

You cannot specify a file size limit or a starting component number.

cferase Erase@olossaComponent F4

Purpose
Erases a colossal component file tied usingftie. The file must be exclusively tied.

Syntax ‘fileid.ext' cferase tieno

Arguments

fileid is a character vector file identifier with no restrictions on characters or format within APL; you
must explicitly specify any file extensiolf.the name does not pass the operating system conditions for
a file name, the system signals an error.

tieno is a positive integer file tie number for the currently tied file; it must match fileid.ext.
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cfflush Flush Colossal File

Purpose
Flush file buffers.

Syntax A &&I OOE OEAT I

Arguments
tieno is a positive integer file tie number

Effect
Clears buffers and causes any buffered data to be written to the file.

Example

| A£E£El O

cfthist ColossaComponent File History

Purpose
Provides historical information about an APL component file.

Syntax OA OOI1 dhisttieno

Arguments
tieno is a positive integer file tie number of a currently tied file.

Result
result is a threeeow matrix containing information about the history of the file.

Row 1 contains the user number of the file owner and the timestamp of the file's creation in packed
formand ts form.

Row 2 contains the user number and timestamp associated with the most recent change to the file.
Row 3 contains the user number and timestamp associated with component 0.

Note: See the description of cfrdci for detailed timestamp information.

cfhold HoldColossaFile(s)

Purpose
Coordinates file operations in shared colossal file systems.

Syntax cfhold tieno

Arguments
tieno is scalar or vector of positive integer file tie numbers of the files you wish to reserve for update.

Effect

Provides an interlock scheme by which multiple users can coordinate file updatdg.one user can
have the interlock at any one timéeach user who executescfhold waits in a queue for a turn to have
the interlock.
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Invoking cfhold does not lock files; this is a cooperative syst&ihile an interlock is set, the system
delays other users in turn from completing execution of theitfhold operations but not from
executing other file operationsThe file system itself locks files during a write operation, so that it
restricts conflicts.Thus, there is little point in using this function on a single filgou have multiple
filestied, and they are interdependent, you can hold a group of files to keep any of them from being
written by another cooperating user until you have completed your operations.

cfhold first releases any current interlocks that you have, and then, when it is your turn, sets an
interlock on each designated fil&.he system does not set any interlocks while another user has an
interlock set on any of the designated filescfhold execution waits until all such other interlocks have
been released.

The system releases all interlocks when the user who set them executes anotfieold, exitsAPL64
enters immediate execution mode, or signals a strong interrtfuiu can release the interlock on an
individual file without affecting other interlocks by untying or retying the fd@ empty vector releases

all interlocks and does not set anyhe sgtem does not release file interlocks when a program stops for
guad ( ) or quotequad ( ) input. Stopping for input when files are held can impose long delays on
other users and should be avoided except when necessary.

Because of limitations of the operating system, the order in which users with contending file holds are
granted access is not necessarily the same as the order in which they requested the file holds.

cfinfo ColossaComponent File Information

Purpose
Returns information about the state of a colossal component file.

Syntax OA OOI1 dinfotieno

Arguments
tieno is a positive integer file tie number for a currently tied.file

Result
The result is a ninelement floating point vector that contains the information shown below.

Element | Description

[1] Not used by APL64. (See Note 1)

[2] The version number of the tied file.

[3] The number of slots available for entries in the current component directory.
[4] The number of entries currently occupied.

[5] The number of slots available for entries in the hole table.

[6] The number of hole entries currently occupied.

[7] The address of the first locking byte available for application use.

[8] The number of application locking bytes available.

[9] The active write synchronization value for the tied file (seefsync for details).

Note: 1 The first element is notused by APL64 due to a security risk.
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cflock Lock Colossal File

Purpose
Lock or unlock a colossal file.

Syntax cflock tieno operation position length

Arguments
tieno is a positive integer file tie number

operation is a Boolean value: 1 for locking the file, O for unlocking the file

position is a 64it integer specifying the beginning of the range to lock (the value of this argument must
be equal to or greater than zero)

length is a 64it integer specifying the range to be locked (the value of this argument cannot be
negative)

Effect
Locking part of a file prevents other processes from reading from or writing to that part of the file.
Unlocking a file allows access by other processes to all or part of a file that was previously locked.

Examples
AEITAE ¢ p ¢t
AZEITAE ¢ m ¢t

cfnames Names of Ti€&blossaComponent Files

Purpose
Returns the file identifiers of all component files tied wittcftie or  cfstie.

Syntax OA OOI1 dnaries

Result

The result is a character matrix of file identifieEsach row of cfnames is a complete path name,
including drive letter and colon or UNC prefix, exactly as passed to the host operating system to open
the file at the time it was tiedThe rows of result have the same order asfnums.

cfnums Tie Numbers of Ti€blossaComponent Files

Purpose
Displays the tie numbers of all component files tied witleftie or  cfstie.

Syntax OA OO1 dnuriis

Result

The result is a numeric vector of file tie numbeTdhe tie numbers are in the same order as the file
names that cfnames reports; that is, the order in which they were tiédbte that cfnums does not
include the tie numbers assigned by either the traditional or extended component file functions.
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cfrdci ColossaComponent File Component Information

Purpose
Returns information about one component of a colossal component file.

Syntax OAOO1 & N cfrdci tieno compno
O A O O[setectdf] cfrdci tieno compno

Arguments

selector is the optional left argumetitat specifiesvhich elements of component information are to be
returned. This is 10 sensitive index of the element(s) to be returned. This argument may be omitted or
specified asminteger scalar or vector

tieno is a positive integer file tie number for a currently tied.file

compno is an integescalar or vector that contains the component numbéthe component about
which you want information.

Result
The result is a 8lement floating point vector:
The first element is the size of the component's value, in bytes.
The second element is the user number of the person who last replaced or appended the component.
The third element is the time that the component was last replaced or appended, in a packed
timestamp form given in microseconds since midnight 1 January 1900 ThEGnternal 64oit
calculations for this figure are accurate and will remain witlonrds for many lifetimes (to the year
30,000). Thefloating-point representation may lose some significance.
The remainder is the component timestamp in a see@ment unpacked form (year, month, date,
hour, minute, second, millisecond).

If the selector is omitted and theecondelement of the right argument is a scalar, the result isa 10
element floatingpoint vector. If thesecondelement of the right argument is a vector, then the result is
a 10column matrix with one row for each of the specified components.

If the selector is specified, its shape affects the shape of the result.

If the selector is a scalar and teecond é&ement of the right argument is a scalar, then the result will be
a scalar. If the selector is a scalar andgbeondelement of the right argument is a vector, then the
result will be a vector. If the selector is a vector andgbeondelement of the right argument is a

scalar, then the result will be a vector. If the selector is a vector andebendelement of the right
argument is a vector, then the result will be a matrix.

System Differences
The old system was based on local time; the new system uses Universal Time (Greenwich Mean
Time). The old system always had zero for the milliseconds.

cfread Read from @olossaComponent File

Purpose
Reads a component of a colossal component file.
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Syntax OA OOI1 dreal tieno compno skipmd5

Arguments
tieno is a positive integer file tie number for a currently tied.file

compno is a positive integer component number that you want to read, or zero for the special metadata
component

skipmd5 is a Boolean flag for skipping the md5 check during the rilatie: There is a risk involved in
doing this. If the component has been damaged orre&l, the MD5 sum protects against both data
corruption and system failure. Skipping this che@kas applications vulnerable to these issues. This
option should be used with care.

Result
result is the actual value of the component stored in the file.

cfrename Rename@olossaComponent File

Purpose
Changes the name of a colossal component fillee file must be exclusively tied.

Syntax ‘fileid.ext' cfrename tieno

Arguments

fileid.ext is a character vector file identifier with no restrictions on characters or format within APL; you
must explicitly specify any file extensioli.the name does not pass the operating system conditions for
a file name, the system signals an erro

tieno isthe file tie number for the currently tied file

System Differences
You cannot rename a file and change its size as you could with the traditidreshame function but
not the xfrename function.

cfreplace Replace a Component @@ossaComponent File

Purpose
Changes the value of an existing component of a colossal component file.

Syntax value cfreplace tieno compno

Arguments
value is the value you want to store; it can be any rank, shape, or datatype

tieno is a positive integer file tie number for a currently tied.file

compno is an integer component number of the component whose value you want to replace, or zero
for the special metadata component.

System Differences
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When the system writes a new value, it uses the smallest sufficiently large hole in the file, if there is
one. After it writes the entire value, it records the space where the old value was stored as a hole
available for reusePerforming a single replamf a component may increase the size of the file, but
performing repeated replaces of a component with slightly laigjeed values will not cause repeated
increases in file size (except under the most pathological conditions ehdjaicent component

replaces and perverse sizes).

cfsize ColossaComponent File Size Information

Purpose
Returns information about the size and contents of a colossal component file.

Syntax OA OOI1 dizéltieno

Arguments
tieno is a positive integer file tie number for a currently tied file.

Result
The result is a si@lement floating point vector that contains the information shown below.

Element Description

The number of the first component in the file.

The number of the next available component.

The physical storage (in bytes) that the file uses, including data and overhead.
Reserved for future use.

The amount of unused file space (gas) in the file.

The amount of unused file space lost by overwriting holes (hole table exceeded

||| W N

cfstie Extended Share Ti€alossaComponent File

Purpose
Ties a colossal component file for shared use.

Syntax OAOOI O N gidEEtleddEAB8ADB OO

Note: See the description of cftie for the arguments and additional information.

cfsync File Synchronization fo€alossaComponent File

Purpose
Requests the operating system to write pending data to the storage device, or sets the file
synchronization value for the specified files.

Syntax cfsync tieno
synchmode cfsync tieno

Arguments
tieno is a vector of positive integer file tie numbers for currently tied filegou invoke cfsync
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monadically, it requests the system to synchronize the specified files immedidtedyeffect is a
flushed buffer; on error, the operating system signals an error.

synchmode is a code that sets the active file synchronization code for all files listed in the right
argument. The possible values are:

Code | Description
0 No automatic file synchronizatiorSeeNote 1.
1 File synchronization call issued when file is unti€dis is the default value.
2 File synchronization call issued on completion affcreate, cfrename, cfappend,
cfreplace, cfdrop, and cfdup. Equivalent to traditional system.
3 File synchronization call issued on every "logical" file write operat8aeNote 2.
4 File synchronization call issued on every file write operati®aeNote 2.
Notes

1) If you use zero, the application must use monadicfsync or rely on the operating system to
synchronize the file.

2) Codes 3 and 4 are not currently implemented.

3) The value of the file synchronization code is returned as the 9th elementctiffo.

System Differences

In the traditional component file system, flushing file buffers on every file operation is autonhatilce
colossal component file system, flushing file buffers is automatic only on file clbseuser may
override this state with the dyadic form of cfsync, or invoke specific flushes at critical points in the
application using the monadic form.

cftie Extended Tie @olossaComponent File

Purpose
Ties a colossal component file.

Syntax OAOOI O N gffEEdNd EA8A B3O
fileid.ext' cftie tieno [openmode€
cftie tieno

Arguments

fileid.extis a character vector file identifier with no restrictions on characters or format within APL; you
must explicitly specify any file extensiolf.the name does not pass the operating system conditions for
a file name, the system signals an error.

tienois a positive integer file tie number or zero, which allows the system to pick a valid tie number.
result is the tie number.

openmodsds an optional valid integer DOS open mode

The open modeallows access toolossalfiles by multiple users or processes. The open mode values
consist of the sum of one code that indicates the type of access you want and a second code that
indicates the type of access you grant to others while you have the file tied. If another ssepdrzed
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the file first, the access you want must be compatible with the access granted by the other user, and the
access you grant must be compatible with the access that user requested.

If you specify open mode explicitly, tsapportedvalues aréd, 2, 16, 18, 32, 34, 6dr 66. Thus, if you
want to be able to read and write to a file but allow other users reaty access while you have the file
tied, you will specifg4for open mode.

Access Requested Access granted to other users

0 = read access 16 = no access allowed (exclusive)

2 = read and write access 32 =read access allowed, write access denied
64 =read and write access allowed

If a second user attempts to tie the file with an open mode that is incompatible with the open mode
specified by the first user, the system sigratserror. The question of compatibility involves both the
access requested value and the access granted value. If the first user inthidegen mode, then no
second user can tie the file. If the first user specii2sr 34, then the second user can request only
read access; any value that includa®sults in an errarlf the first user specifie4 or 66, the second
user can request reagndwrite access.

The second user must also specify an access granted value that is compatible with the first user's
requested access. If the first user requested both read and write access, the second user must include
64. A second user cannot successfully specify exclusive access.

If you specify one of the accessquested values, but do not specify an access granted value (that is,
open mode oD or 2, the effect for APL is the same as specifying exclusive access; another instance of
APL cannot tie the file. If you do not specify open mode at all, the default vdl8e is

Note that you can also trigger an error for access reasons unconnected with another user, for example,
requesting write access on a file which the operating system considers to bendad

Monadic cftie takes a tie number as the right argument and returns a-&lement integer vector
indicating the file tie stateThe value of the first element indicates what the current open mode of the
file is.The second element indicates if the tie was slldie or an exclusive tieSharel ties show a

value of 0, exclusive ties show a value of 1.

The optional left argument must be a valid colossal file identifier.
Note: The function does not support wrienly access.

Effect

The system tiea colossafile. By default, the file is exclusively tietllo other user can tie the file while

it remains exclusively tiedrile ties are "slippery;"” that is, if a file is already tied to one tie number, you
can tie that file to the same number or to another unusednienber without first untying the fileThe
argument designates the file tie number and, optionally, an open mode. The open mode allows multiple
users or processes access to colossal filé® open mode values consist of the sum of one code that
indicates the type of access you want and a selcoode that indicates the type of access you grant to
others while you have the file tiedf another user has opened the file first, the access you want must
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be compatible with the access granted by the other user, and the access you grant must be compatible
with the access that the user requested.

When the open mode is not specified, the function first attempts to open the file with read and write
access and denies access to others. Suppose the first attempt to open the file fails fetransont
reason, such as access being dengdetwork access being denied. In that case, the function will
attempt to open the fileagainwith readonly access and deny access to others

Note: When the open mode is specified, the function attesiat open the file with the specified access.
If the first attempt fails, the functiork 2 S & y Qdlaltedrat&read-only)accessr open the file again
Instead, he system signaln error. To erase a file that is tied with readly access, the file needs to be
tied again with the exclusive open mode.

Access
The file must exist, and the user must have the permission to tie the file. and the passnumber must
match an appropriate one in the access matithe access code for cftie is 2.

Examples

'PRIME NUMBERS.CF ' cftie 37
'CAAPLW FILES MYFILE.CF' cftie 2

cfuntie UntieColossaComponent Files

Purpose
Unties one or more colossal component files.

Syntax cfuntie tienol tieno2 tieno3 . . .tiena

Argument
tienol tieno2 tieno3 . . . tienoare file tie numbers of currently tied files you want to untie.

Note: This function works only on hew component files tied usingftie or  cfstie. It does not affect
any component files tied with either the traditional or extended file tie functions.

cfversion Version Number of timlossaComponent File System

Purpose
Displays the version number of the colossal component file system.

Syntax OA OO1 diversion

Result

The result is the version number of the current colossal component file system; that is, the system as
implemented in the version of APLNow32.exe that you are usiings is not necessarily the version of
any file you have tied.
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chdir Change Current Directory

Purpose
Reports or changes the default directory on a specified disk drive, or changes the default disk drive.

Syntax OAOOI O N chdir 'path’
OAOOI O N chdir 'drive’
OAOOI O N chdir"
OAOGOI O N chdinpath'

O A O O[drive] N chdir 'path’
O A O O[dride] N chdir 'drive'
O A O O[drive] N chdir "
Arguments
drive as the left argument is a single letter identifying the disk drive

drive as the right argument is a twedement vector comprising the disk drive letter, followed by a colon
().

path is a character vector that specifies the disk drive, followed by a colon () and a directory path name
or a UNC (Universal Naming Convention) path and direciame. If you omit the disk drive letter,
chdir applies to the current disk drive.

The optional left argument is a disk drive you want to make the default before performing the actions
specified by the right argumentt normally is the same as the disk drive specified in the right argument,
but it need not be.

If the right argument contains a disk drive letter followed by a colon () and a path nactelir
changes the default directory for that disk drive to the specified péitthe right argument is a disk
drive letter followed by a colon, the explicit result indicates the default directory for that disk drive.

If the right argument contains a UNC (Universal Naming Convention) path and directory name, an empty
left argument is required.

An empty right argument returns the current directory for the default disk drive.

Result

If chdir changes the current directory, the explicit result is the current directory before the change
was made.If the argument does not specify a new pathchdir returns the default directory for the
disk drive.

Effect

Monadic chdir performs the same function as the DOS commandIGihanges the working
directory for the specified disk drive, but does not affect the default disk didyadic chdir changes
the default disk drive.

Note: Unlike APL+Winhe current directorywill not changewvhen you perform certain actions, such as
loading a new workspacelhis is true whether you use a system command, a system function, or the
File menu.Additionally, thefSession]NavigateDirs parameter to control whether to load a workspace
without changing the current directory has been deprecated in APL64.
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Examples
Report the current directory on the default disk drive:

chdir "
CAWINNT

Change the default disk drive to D and report the current directory on drive C:

‘D' chdir'C!
CAWINNT

Report the current directory on the default disk drive:

chdir "
D\ APL
)wslib
DATETIME

Change the current directory on disk drive D:

chdir 'D:\ AP\ APLWIN'
DAAPL
)wslib
EXAMPLEMNP UGLY SPACE

Change the current directory to a UNC path and directory name:

chdir '\\ server\ share'
DAAPL APLWIN

cm Character Matrix

Purpose
Returns a usespecified delimited character matrix result.

Syntax O A O O|[séparstor] cm array

Argument
array is a nested vector of character vectors or scalars.

separator is the optional left argument to specify the line separator sequenbis. can be a character

scalar or a noempty character vectorFor example, comma and segolon.

The overall array and each item and subitem in the array is processed in ravel Budehis is not to

say it is the same as enlist. Each character matrix or higher rank item in the argument (including sub
items) gets an implicit newline for each row. Each nestediwurb gets at least one new row in the

result also (and if it contains nested sitibms or character matrix or gher rank items, those also get

newlines in the result).
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In addition to allowing tcnl as a line separator in the argumentcm (as well as fx and cv) also
recognize tclf or the two-character sequences (tcnl, tclf) and ( tclf, tcnl) to represent one

newline in the result.This means that the string "abc"tcnl, tcnl,"def" gives three lines in the result
(one of them blank between "abc" and "def'But the similar string "abc", tcnl, tclf,"def" will only
produce two lines in the result because thecnl, tclf sequence is considered a single newline in
argument. These rules make it easier to handle text files that may have originated in Windows, Linux,
Unix, OSX, etc, with equal ease.

Note:  cm will remove trailing blanks from lines.

Example

cm 'abc' (2 2 'DEFG’) ('hello’, tcnl,'world!")
abc
DE
FG
hello
world!
cm 'abc' (2 2 'DEFG") ('hi', tenl,'there")

55

Or even more complicated, we have the following:

cm 32 'abc' (2 2 'DEFG') (‘hello’, tcnl,'world!)
abc
DE
FG
hello
world!
abc
DE
FG
hello
world!
cm 32 'abc' (2 2 'DEFG') (‘hello’, tcnl,'world!")
106
"' cm'APL: IS, EASY"
APL
IS
EASY

cmd Execute DOS Command

Purpose
Executes the command given to it from the DOS environment with or without elevated Administrator
permissions and returns to resume APL execution in the workspace.

Syntax OAOOI O N cmd'command'
OAOBI O N crodAcbnimArd’
OAOGOI O N cmd”
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Arguments
command is a character singleton or vector of up to 8192 characters that represents the DOS command
you want to execute.

code is a numeric scalar in the range of that determines whether APL waits for DOS to complete and
whether DOS opens a visible window:

Values Description

APL continues

DOS executes the command; APL waits until DOS completes

APL continues without waiting; DOS executes with no window

DOS executes with no window; APL waits until DOS finishes

APL continues (elevated Administrator permission). See Note.

gl ]WIN|F]|O

DOS executes the command; APL waits until DOS completes (elevd
Administrator permissionSee Note.

6 APL continues without waiting; DOS executes with no window (elev
Administrator permissionSee Note.
7 DOS executes with no window; APL waits until DOS finishes (elevat

Administrator permissionSee Note.

Note: You should see the UAC prompt asking for permission to run the command with administrator
permissions provided UAC prompting isn't disabled in Windows' User Account Control Settings.

If the right argument to cmd is an empty vector (cmd "), the system loads a copy of the DOS
command interpreter and allows you to type any number of DOS commands from the keylfNatd.
that this is true regardless of the left argument you supplyo)return to APL, typeEXIT

Result
The explicit result; always 0 Q

Effect

cmd creates a command session in which DOS runs the command either with or without opening a
window. If a window is created, Windows destroys the window when the command termin#tédse
left argument is missing or odd (either 1 or 3), APL is blockeleg the operating system executes the
command. The system loads from disk the DOS command processor file that the environment variable
COMSPEC-= specifies; this is normally cmd.exe.

To set this environment variable, use the command SET from DOS before eAfLi&g You cannot
change the COMSPEC= parameter duringcend session, because such a session lasts only until you
return from DOS back to APL.

Before the system loads the DOS command interpreter, it forces all the file buffers for tied files to
disk. On return to APL, the system checks all tied files to ensure that they still hast.error occurs
during the execution of a DOS command undezmd, DOS reports the error and returns control to
APL64 The system does not record the DOS error idm.

©APLNow LLCAIl Rights Reservep202608-24 UTG Page:39



Warning
Never rename a file that is tied by the suspendd®l_64ession.Files on your disk will be damaged if
you write to a file that was tied bgPL64while being renamed within DOS.

Caution
This command may not work under future Windows operating systems, as Microsoft continues to
disavow DOS.

Examples
Enter the DOS command level until you type "exit":
cmd "

Create a directory file.
3 cmd 'DIR>TEMP.TXT'

cn Character Nested Array

Purpose
Normalizes any character array or scalar into a nested vector of character arrays.

Syntax O A O O|[séparstor] cn array

Arguments
array is any array afharacter arrays or scalars or strings

separator is the optional left argument to specify the line separator sequenkis. can be a character
scalar or a nofempty character vectorFor example, comma and sewgvlon.

Result
The result is a nested vector of character arrays.

Note: cn will remove trailing blanks from arrays.

Example
DISPLAY (M’ (R'C1' (3 3'ABCDEFGHI"J)¥abc’,O'def)

Ft +
[ F Rt + L
L ML FtF FRt+ L L Ft-+ L L
L - LFLCI IABA. L L abc LdeflL L L
L L- +-+LDEA. L L - - - 4 + L L
L L LGHIL L +J--memem- + L
L L - + L L
P + L
+J +

DISPLAY CN (M’ ('F',('C1' (3 3'ABCDEFGHI'Jabc’, O'def")
Ft +
L +t++t++t-++t--++t- ++t-- ++t-- ++t--+ L
L M. LFL LCIL LABQ. LDER. LGHIL Labcl Ldefl L
L
+

L -4+ -4+ -+ 4 4 - -+
+J
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DISPLAY ' cn'APL: IS, EASY"

F tte-mmem - +
L +t-—- ++t-—- ++t--— + L
L LAPLL L ISL I EASY, |
L o+ + 4 - o+ e + L
Iy PR — +

copy Copy from Saved Workspace
Purpose
Copies APL functions and variables from a saved workspace into the active workspace.
Syntax OAOOI O N copy ‘wsid'

OAOOI O N 9 icdby WsidE 009

Arguments
wsid is the workspace namghe system assumes the default extension (.\ws&4ju can use the file
extension.ws64to load anAPL64vorkspace You must use the file extension .w3 to load an APL+Win
workspace.When copying an APL+Win workspace file name that includes one or more spaces, you must
append a sermtolon to the long file name.

namelist is a character matrix of names of functions or variables with one name per row, or a character
vector with each name separated by one or more blanks.

Result

If you use copy without specifying namelist, then result is empty if the system successfully copied all
the functions and variables of wsidf. one or more functions in wsid are suspended or pendent in the
current workspace, result is a numeric vector containinggpropriate response code for each one that
the system did not copy.

If you specify namelist, result contains a response code for each name in namelist. The result is an
integer vector that represents the success or failufée possible response codes are:

ResponséCode Explanation
127 The name is a duplicate.
The system successfully copied a variable.
The system successfully copied a function.
The system did not find an object with the supplied name.
The object was too large to copy into the available free workspace.
The name is defined as a label; it cannot be chang8de Note.)
There is insufficient space in the symbol table to copy this object, and the workspace
is too full to expand the symbol table.
6 The amount of workspace available is too small to perform the copy.
7 The object was not copied due to an INTERFACE CONVERSION ERROR.

[
AR

Note: The system recognizes a label in the active workspace only when a function is pendent or
suspended.The system copies a label as a variable only if the function is pendent or suspended in the
source workspace and the name does not exist as a labgdémaent or suspended function in the

active workspace.
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If an unanticipated error occurs, the system does not return a result.

Effect

Copies functions and variables from the local environment of the specified workspace (wsid) into the
local environment of the active workspace replacing any objects by the same ridvigemeans that if

you invoke copy within a running function or in the session in the active workspace while a function is
suspended, and you copy a variable that is localized within that function, only the local value is created
or replaced.Similarly, if the specified workspace wses/ed while a function was suspended, and that
function localized the variable you copy, the local value is copied into the active workspace.

See the description of pcopy for a way to prevent replacement of existing obje@ee the system
command )copy for a way of copying from the global environment to the global environment.

Copying a function copies only its source form; the system discards all precompiled internal code and
clears stop and trace settings in the function.

Note: You cannot copy a workspace that was saved in APL+DOS.

Example
The example below shows that two of the four requested objects were successfully copied, and that the
value of MTRX changed.

)VARS
MTRX

MTRX
12
34

)Sl
SUSPENDED[3]*

'MTRX XXX DATA SUSPLABELtopy 'WS3'
20273
)VARS
DATA MTRX
MTRX
CAT
DOG
RAT

cpc Cros$latform Component

Purpose
Supports actions on an APL64 Crplsdform Component (CPC) in the APL64 developer version

Syntax NB a dzf 4 W cpcargument
NB a dzf i w cpc &guenty

Arguments
action is the action to be performed on object;
argument is the optional argument to the action.
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Results
result is a tweelement variable where the first element is an integer: 0 = success, 1 = failure. The
second element is a character vector describing the action result.

Note: Refer tothe menuHelp | Developer Version GUI | Create Crdatform Componenfor
additionalinformationon this systenfunction.

cpcinfo CrosPlatform Component Information

Purpose
This systenfunction determinesthe calling environment of an APL64 public function

Effects
The first element of the cpcinfo systeniunctionmay be used to determine if an APL64 public function
is running in a crosglatform component.

Element | Element Value
1 Boolean: Running in CPC

In future versions of APLgddditional elements may be added to the result of thepdnfo system
function.

Note: Refer to the menudelp | Developer Version GUI | CreB&atform Component | Create Cross
Platform Componenfor additional information on this system function.

cpce CrossPlatform ComponenttelliSense Scaffold

Purpose
This system functioareates an IntelliSense scaffold

For detailed documentationse theHelp | Developer Version GUI | CreBfatform Component |
Implement Crosplatform Component Intellisensmenu item in the APL64 developer version.

cr Canonical Representation of a Function

Purpose
Returns the canonical representation of a function.

Syntax O A O O[kcOpdN cr ‘fnname'

Argument
fnname is a character singleton or vector that contains the name of a function

scope is an optional numeric argument that specifies the scope at which names are interpreted, where
1 = local (default); and 0 = global.

Result
The result is a character matrix that contains the canonical representation of the most local definition of
the function. The system uses blanks to pad all the lines except the longest.

If fnname is not the name of an unlocked function, result is an empty matrix (shape 0 0).
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You can assign the result ofcr to a variable and use it as the argument talef or  fx to redefine the
original function.

Example
T TRIN;A
1] Nt Nhp
[2] , pd© A) Oh NAN(0A)+A0
B8] ©. p
n
1N cr'TRI
428
Q
TRIN;A
NI NRp
, P4 % A) Oh NAV(0,A+A0
(0] , p
x Q
TRI

crc Compute the CR82 Value
Purpose
Compute the CRB82 of the CRC right argument array.
Syntax N5 & digeédfmode [norm]] CRC array

Arguments
array is an integer.

Theoptional left argument controls:

wseed: Determines thanitial CRC value. Supplying a seed allows CRC calculatimns
continued (chained) across multiple callhe default value is1 = OXFFFFFEFF
wmode: Determinesvhich parts of the array are encoded he default value is 3.
Bit mask formed by summing

Value | Description
1 Include array header byteSee Notes 1 and 2.
2 Include array value bytesSee Note 2.
4 Include prototypes of empty nested arrays (requinesde 2)
8 Suppress finalizationSee Note 3.

Note 1: When a header is encoded, it takes into consideration the array type, rank, nelm, and
shape elements.

Note 2:Modes 1 or 2 alone perform a complete CRC including finalizatiben both 1 and 2
are specified, behavior depends tite type ofarray.
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Note 3:Mode 8 suppresses finalization at all staghkde 8 is intended primarily for chaining
and is normallysed together with mode 2.

wnorm: Determinesvhether simple values are normalized before encodifipe default
is 1. If 1, simple values are demoted to their most compagiresentation before

encoding:
52d20tS M LyGd 2NJ.22f O6AF LRaarof So
Ly M .22f O6AF LI2aairotsSo

UCS TbWide Charor Char(if possible)
Wide/ K I NChar (if fgssible)

Note, dring values are not demoteand rested arrays themselves aa¢sonot
demoted,but their child elements are if mode 2 is selected. If mode 2 is not selected the child
elements of a nested array are not folded into the CRC calculation.

Result
result is an integer value.

Remarks
C# uses 3bit unsigned integers with modw232 wraparound.API64 does not provide a 3Dit

unsigned type.When large values exceed the signed integer range intA®Lare promoted to
floating-point rather than wrapping.

The example below demonstrates XOR logic conceptually but does not reproduce unsigned overflow
semantics.

" T L K N 0x0000000A
# T MK N 0x00000014
& T MKMNN 32-bit encode/decode

21 (EI A = ((E I B
30 N OxO0000001E )

JHEX2 1 (E | 0x0000000A) = (E | 0x00000014)
1E

This works by:

w 9 ELI} yRAY I-bitthgsé2S/ac®NHEIAL 2 o H
w /2YLINAY3I o6AdGa 6AGK X
w wSI&24SY0f ReeBoded@ Ay 3 O &S

Examples

1. Demonstrates nested chaining semantics.
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c T -1L
N Header only (mode 1)
tTcTc1 tcrc'aaa' ‘bbb’
355865529
N First child
tTcTc3 tcrc'aaa’
1722920164
N Second child
t TcTc3 tcrc bbb’
1347625212 N I this matches whole -array - at - once result below
N Whole array at once
t Tt crc 'aaa’ ‘bbb’
1347625212 N ¥ this matches last - step result above

Stepwise and wholarray results match!

2. Demonstrateslock chainingwithout finalization

First compute wholarray-at-once result normally:

~12 tcrc'abcdefghi'
1918269265 N I' this matches last step result below

Now split into blocks using mode 10 (2+8):

“110 tcrc'abc
7891568579

7891568579 10  t crc 'def'
1267612144

1267612144 10 £ crc 'ghi’
1918269264

Apply finalization explicitly:

19182692642 tcrc"
1918269265 N ¥ this matches whole - array - at - once result above

Stepwise and wholarray results match!
Examples: With and without empty nested prototypes.

These two empty nested arrays are computed withimefuding prototypes (using the default mode 3)
and have the same result value:
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tcrcO0 K| 3
~ 48571313

tcrc0 K Jabc
~ 48571313

We get the same results when we explicitly specifyde 3 in the left argument:

13 tcrc0 K| 3
~ 48571313

13 tcrc0 K Jabc'
48571313

The same two empty arrays have different CRC reaiien empty nested array prototypes (mode 4)
are included:

17 tcrcO K| 3
226277746

17 tcrcO0 K [abc'
811018771

crl Canonical Representation of a Single Function Line

Purpose Returns a character vector containing the canonical representation of a single line of a
function.

Syntax NX & d#sdbpgH crl 'fnname[n]’

Arguments

fnname is a character vector or singleton that contains the name of a valid function;

n is a nomegative integer that represents a line number in the function;

scope is an optional numeric argument that specifies the scope at which names are interpreted, where
1 = local (default); and 0 = global.

Result
The result is the canonical representation of line n of function fnname with a length matching that of
line n (generally shorter than the width of cr ‘fnname’). If n is zero, the result is the header of the

function.

If fnname is a locked function or if n is greater than the number of lines in the function, the result is an
empty vector.

The result is also an empty vector if the argument-if®ithed, the function does not exist, or n is not
given.

Examples
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n FOO
[1] N'THISIS A TEST'
[2] ! N12
[3] NAx3

n

crl 'FOO!
crl 'FOO!
0
crl 'FOOI2]'
I N12
$ $N crl'FOOI[1]
DD
N'THIS IS A TEST
-DD
THIS IS ATEST

crif Newline + Line feed
Purpose
This system function represents the combined terminal control codes Newliten() and Line feed
( ftclf).

Effects

The crlf system function returns a twelement vector consisting of (tcnl, tclf) and is a convenient
left argument to cv for producing standard Windows delimited outpuh C/C++/C# this is th&rin"
sequence.

crlpc Public Comment

Purpose

Retrieves the public comment from a single line of a functiérpublic comment begins witl and can
occur after executable code on a given linecrlpc operates even on locked functions, which allows
users to retrieve documentation embedded in the code when they cannot see the code itself.

Syntax OA O O[sépaN cripc ‘fnname[n]'

Arguments
fnname is a character vector or singleton that contains the name of a function

n is a nomegative integer that represents a line number in the function

scope is an optional numeric argument that specifies the scope at which names are interpreted, where
1 = local (default); and 0 = global.

Result

The result is the public comment for line n of function fnnarfdine n has no public comment or if n is
greater than the number of lines in the function, result is an empty vedtas also an empty vector if
the argument is ifformed or the functbn does not exist.
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Example
You can use crlpc to identify different versions of the same locked function, if you document the
version number in a public comment.

cripc 'LOCKEDFN[1]
' VERSION 4 REVISED 07/15/91 BY SAM

cse C# Script Engine
Purpose
Allows an APL64 application system programmer to use the C# programming language to access the
Microsoft .Net Framework and obtain the benefit of the Framework toblst detailed documentation
and the quick start guideyse theHelp | APL Language | C# Script Engine MaandHelp | APL
Language | C# Script Engio®uick Startmenu itensin the APL64 developer version.

csr C# Representation

Purpose
Returns the name(s) or header(s) of the public functions in the current workspace as a character vector.

For detailed documentationse theHelp | Developer Version GUI | CreB&atform Component |
Implement Crosplatform Component Intellisensmenu item in the APL64 developer version.

cv Character Vector

Purpose
Returns a usespecified delimited character vector result.

Syntax OAOOI O N cv array
OA O O|séparditor] cv array

Arguments
array is any array afharacter arrays or scalars or strings

separator is the optional left argument to specify the line separator sequenbe.default tcnlline
separator can be overridden by specifying a left argument that is a character scalar-empy
character vector.For example, comma and segolon. The separator is inserted between each line of
output, but not to the beginning or end of the nds.

Result
The result is a character vector.

Note:  cv will remove trailing blanks from lines.

Example

cv 'ONE''TWO' THREE'
ONE
TWO
THREE
tcht cv'ONE' 'TWO' THREE'
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ONE TWO THREE

"' cv'ONE''TWO' THREE'
ONE:TWO:THREE

"' tcht cv'ONE' TWO' THREE'
ONE: TWO: THREE

cwxx DebuggeteppingBy-Primitive Functions
Purpose
Provides a method to use the current values associated with a suspended function for debugging
purposes.When you are suspended in the Debugger Pane, and you choose to step through the
suspension by primitive, the system displays a subset of six valsesiasd with the primitive at the
point of suspensionThe values displayed are also available in the subset of six corresponding system
functions, which you can manipulate in immediate execution mode or use in another function for
analyzing and debuggiryour application Note, however, that these functions are defined only when a
value exists.If you attempt to reference one of these functions that is not currently relevant, the
system generates a VALUE ERRDIR.six functions are:

cwaxis holds the integer value of the specified axis along which the function is operating
cwlarg holds the value of the left argument

cwrarg holds the value of the right argument

cwres holds the value of the result; this exists when stepping OVER by primitive

cwsub holds the scalar or vector that represents a specified or implicit indexing subscript
1 cwval holds the value that is to be assigned or has just been assigned to a variable.

= =4 =4 4 =4

When stepping by primitive, the debugger can stop on a primitive function, system function, user
defined function, or a function derived by an operator and its operardshis context, primitive
includes assignment and branch arrows and indexing intareay. The debugger also stops on full
lines, at which time none of these functions has a value.

d DigitsGyphs
Purpose
Returns the digits glyphs.

Syntax resultN d

Domain
result is a character vector.

Example

d
0123456789
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deb Delete Etra Blanks

Purpose
Removes all extra blanks (leading, trailing, and multiple) from the character array or $tring.
argument is a matrix, removes extra columns if entirely blanks.

Syntax O A O O[duplicdte] debtext

Argument
duplicateis the optional left argument to specify the duplicate character to be removed.
text isanyarray ofcharacter arrays or a string

Result
The result imnyarray ofcharacters arrays or a string.

Remarks
debis the replacement for the assembler function DEB in the ASMEN@rkspace in APL+Win.

Example
Ul oded@ bc'
(B' DEB244'! ., . 59 . 'ABDEBHH o
(B" DEB274. ! . . 5. . . 9.'ABDEBHU O H ¢
gl o déb%kafyc»
{l E®n DEHEaxaxxbxx»
U¢KS OF NI ODERI'The capcast §#51450°

PR PR RPR

def Function Definition

Purpose
Defines a function from a character representation.

Syntax NBadz G w def 'fnrep'
NBadz & w O xefs@p | YLI

Argument
fnrep is a character representation of an APL64 programdexeloped functionSeveral formats of

fnrep are supported:

i fnrep is a nested vector of character vectors or scalars:
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| 7 APLG4 CLEAR WS - o x
File Edit Session Objects Tools Options Help

FR A& QUMD i,
4 ﬂ Odef 'Z<«Addi0 X' 'Z+10+X'

{ Add10
[ 2|

L [Eal |
[Re | | [Hist: Ln: 2 Col: 6| Ins [Classic| | Num |EN_US |

1 fnrep is a character vector in vr result format:

o] vr traditional format If fnrep contains a leading or trailing, the function will be

locked after it is defined.

= APLG4: CLEAR WS

File Edit Session Objects Tools Options Help

FRAS A2 XDas AR,

LV 4 i )

VAdd10 8 % |

a Y

W z<Addi0 X
1 Z+10+X

FREY . AWAX(@8805=(2C¢XDaE&E Manal0 e, |,

-

1001

4 —

-

Jed VAddi0

pvrTrad««Jvr 'AddiQ'
Vv I+Addio X

Z+10+X

-

Bewvwoaranto

[1]
[2]
v

42
Odef vrTrad

Add10

k3l

| | [Hist: Ln: 10 col:

& | Ins |Classic |

| Num | EN_US |

|Ready

0 vr InclLFD format:
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= APLG4: CLEAR WS — O *

File Edit Session Objects Tools Options Help

FRA8 D=2 XDaN ARl UL
VAdd10 B X 5
FRY . AEXG80 T X DR M AR Qe i i
W) z2<Add1i0 X

1:Z10+X
1001
(_ — J
¢ o Jed VAdd10
<1 pinclLFD<«Jdvr 'Addi0' 'inclLFD'

2 Vv I+Addi0 X

3 [1] Z+10+X

4 v

S5iLast Fix Date: 2025 5 28 3 48 3 83

6

7.70
<t 8 Odef inclLFD

9:Add10

|

] |
\Ready | | [Hist: Ln: 10 col: 6| Ins |classic| | Num |[EN_US|

0 vr XML format;
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| B2 ApL6a: CLEAR WS - o x

File Edit Session Objects Tools Options Help

IERQ & TE P2 BB WA GIEGIET i o ]t e § % § a6 o bal .

VAdd10 a X | s

FRY AWAX@8 T e 2¢xhn MRRA Q@@ iz iv s BB W W

W z+Add10 X

112+10+X
|
[ ]
¢ o Jed VAdd10
U} pxml<«J«dvr 'Addi0’ ‘xml'

2i<?xml version="1.0" encoding="utf-8"?>

3 <DceasInfo xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.0rg/2001/XMLSchema">

L <VrFnText>

5 <string>Z+Addi08amp;#160;X</string>

6 <string>Z«10+X</string>

7. </VYrFnText>

8 <listDceas />

9 <LastFixDate>2025-05-28T03:46:20.33635172</LastFixDate>

10/ <FnName>Addi0</FnName>

11i</DceasInfo>

12:365
<13 Odef xml

14:Add10

&l |

‘Ready | | |Editor: Function Name: Addi0 Ln: 0 Col: 0| 1Ins |Classic| | Num | EN_us |

o] vr JSON format:

E} APLG4 CLEARWS — O X

File Edit Session Objects Tools Options Help

ERA@DE=?2¢X DS MA N 0 HEEE imemw [t PGk 95 1.0

74dd10 = X |

41

IFEY AUWX(@2 5= 2C Yt DhREEHMARN ARc®@a@ o {0 W HWE _ifwm,

W) 2-Add10 X
1iZe10+X

[10:01

¢ ]
<3 o Jed VAdd10
<d o1 pjson<0<dvr 'Addi0' 'json'
2 {"7xmL"'{"®vers1on“"'1 0","@encoding":"utf-8"},"DceasInfo": {"@xmlns:xsi":"http://www.w3.0rg/2001/XMLSchem
3 X", "Z«10+X"]1},"listDceas"rnull,"LastFixDate":"2025-05-28T03: 46:42.259144Z", "FnName " : "Add10" }}
4 294
<! 5 Odef json
6 Addi0
7

L lEal |

|Ready | | |Hist: Ln: 7 col: 6|Ins |Classic| | mum [EN_us |,

1 fnrep is a character matrix in cr result format:
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| [ APL64: CLEAR WS — O *
File Edit Session Objects Tools Options Help

FR &[] =2CX DB MR

- -

[vadd10 B X 5|

[FREE I AAX@a2 ) =92 ¢ XDy, i,

0 7«Add10 X
B z<10+x

[1;0]
C o |
<] Jed VAdd10 !
¢ 1 per«J<Jcr 'Addio’ =
2§Z+Addiﬂ X
3 2+10+X
L2 9
< 5 Odef cr
6 Addi0
- (3l |

Ready | | |Hist: Ln: 7 Col: 6|Ins |Classic| | Num |EN_US ||

timestampis an arbitrary sixor sevenelement vector in the range 1980 1 1 0 0 0 through 2048 1 19 3

14 7 (January 1, 1980 through January 19, 2048); if you specify the seventh element (milliseconds), it is
ignored. Arguments outside this range produce a domairor, as do invalid dates and timeH.you do

not specify a left argument, the system uses the current date and time.

result;
If the function definition is successful, result is the name of the defined functfarot successful, result
is a twaelement numeric vector that contains information about the error (see Errors below).

Effect

Defines a function of the appropriate name in the active workspace, unless an error condition occurs. If
the name of the function defined corresponds to a local identifier in a currently executing, pendent, or
suspended function, the newly defined funatics local to that function and the system erases it when

the function in which it is localized completes execution.
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If the name of the function defined corresponds to the name of an existing function, the system replaces
the existing function, discards precompiled internal code for the function, and remossp or

trace settings in the function. If the replacement text of the function is in the Xml or Json format and
contains editing history, that editing history be included in the updated function definition.

There is always a timestamp associated with a functlbgou do not specify a left argument, the
system uses ts when it fixes the functionYou can see the timestamp for a function by using the
system function at with 2 as its left argument and the function name included in the right argument.

Comparison of defand fx:
def and fx provide similar capabilities. def provides more options:

1 def accepts both canonical (matrix) and visual (vector) representations of a functian;
accepts only the canonical representation.

1 def can create a locked function;fx cannot.
1 def indicates both the cause and the location of an errofx indicates only the location.

1 def indicates a WS FULL condition with an error code without halting executifnstops
and signals an error.

Errors

If the system recognizes an error condition during analysis of a character vector or matrix argument, it
does not define the function but does not report an explicit errbrstead, the result of def is a twe
element integer vector that contains information about the error.

First Element of def Error Result

Code| Error Description

1 WS FULL: Function definition requires more workspace storage than is available

2 DEFN ERRORunction is in use or header isfokmed or the function name is in use as a
variable or label
39 Reserved error codes

The second element of def error result indicates the io-dependent row of the function
representation where the error begins.

defl Single Function Line Editing
Purpose
Edits a single line of the most local definition of an unlocked function.
Syntax OA O O1 d&fl ‘Mname[n]line’
OAOOI dafl 'Mname[~n]'
OA OBI d@fl 'Mname[Yn]'
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Arguments
The argument must be a character scalar or vector.
fnname is the name of a function

[n] is a line number
line is the text of the line you want to insert or replace
[~n]or [kn] is a line number or numbers you want to delete.

To insert a new line into the function named fnname, specify n as a decimal fraction between two
existing lines, such as [3.9h this case, defl inserts line between lines 3 and #.n is greater than the
number of lines in the function, defl inserts line at the end of the function.

To replace an existing line in the function named fnname, specify the line number n in brackets followed
by the replacement text (line).

To delete a line from the function, specify a tilde (~) before n and omit Wuoel can delete multiple
lines by specifying n as a vector, as in [~3 4 5].

Result

If the operation is successful, result is a character vector that contains the name of the furittios.

name of the function changes as a result of replacing line 0 of the function, the result is the name of the
new function. If the operation is nosuccessful, result is a numeric scalar that contains information

about the error (see Errors below).

Effect

Replaces, inserts or deletes the lines as requested by the syftexsystem automatically renumbers
all lines following the point of insertion or deletiohe form of the argument to defl is the same for
insertion and replacementThe effect depends upon the value of n relative to the line numbers of the
function.

Errors

If the system recognizes an error condition during analysis of a character vector or matrix argument, it
does not define the function but does not report an explicit errbrstead, the result is an integer scalar
that indicates the error typeThe valus are the same as the first element of the error type fodef. If

one of these errors occurs, the system does not change the function.

Example

VR 'TRI'
n TRI N;A
[1] NI Nhp
2] , p4d© A) Oh NAN(0,A)+A0hOL1
n

AAEl 242) op I NApo
TRI

vr 'TRI'
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1 TRIN;A

[1] ' Nhp

[2] , pd© A) Oh NAN(0,A)+A0hOLL
n

demote DemoteArray toMost CompactRepresentation
Purpose This functiordemotes anyarray toits most compact representatian

Syntax N5 & dzfdémetearg

Arguments
arg is any character or string array.

Result
result is the demoted element with theame shape and type as right argument

Remarls:
Values are demoted to their most compaetpresentation

Type Demoted Value

Double Int or Bool (if possible)

Int Bool (if possible)

ucs Wide Char or Char (if possible¢
Wide Char | Char (if possible)

When the array cannot be demoted, as in the case with a string value, the array is passed through
unmodified.

Nested arrays themselves aagdsonot demoted,but their child elements are.

Example

dr’ 'aaa’ 'bbb' 'ccc’
8282 82

dr’ ><'aaa’' 'bbb' 'ccc'
162 162 162

dr'  demote ><'aaa’ 'bbb' 'ccq
8282 82

dr 3
323

dr 0.5+3
645

dr 0.5+0.543
645

dr demote 0.5+0.5+3
323

dr101
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11
dr1+101
323
dr 1+1+101
323
dr demote 1+1+101
11

dr demote 0.5+0.5+101
11

dr ucs ucs 'abc'
322

dr demote ucs ucs 'abc
82

div Quotient
Purpose
Returns the quotient.

SyntaxOA O O1 &dive |

Arguments
A and B are a numeric array or scalar.

Result
The result is thejuotient of A divided by B

Remarks
div is the replacement for the assembler function DIV in the ASMENBorkspace in APL+Win.

Caution
If an element of B is zerdé corresponding result value is zero

Example

¢ BIV O

¢ BIV 1.234

8 4aP(100 0)k X DIV 0

3 p 8 4GP(100 1)k X DIV X

9 N & p 810001 7 9N OK(Y DIV YKX DIVY
¢ 60(23 0)kX DIV230

¢ 60(23 1)kX DIV X

C o/284h234 0)kX DIV2340

00 00 00 00 0O o
zzzzzzx X
7

N
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dl Delay Execution

Purpose
Delays execution.

Syntax OA OOI ddbsedonds

Argument
seconds is the length, in seconds, of the delay you wish to cause; a numeric singleton (may be
fractional).

Result
result is the actual delay in seconds; it may vary each time you ule

Effect

Using the system clock, dl delays execution for the time requestetfou can abort the delay with a
weak interrupt, in which case result may be substantially less than sectingsu want to see the value
of result after an interrupt, you must assign it; it does not displapénsession.

Example

dl 5
5.05

dib Delete Leading Blanks

Purpose
Removes leading blanks from the character array or string

Syntax O A O O[duplicate]  dib text

Argument
duplicate is the optional left argument to specify the duplicate character to be removed.
text is any array of character arrays or a string.

Result
The result is any array of characters arrays or a string.

Remarks
dlb may be used as replacement for the functibkB in the ASMFN3 workspace in APL+Win.

Example

dlb' The car cost $45,450 "
The car cost $45,450
'The car cost $45,450 2 k dib' The car cost $45,450 '
1
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ditb Delete Leading and Trailing Blanks

Purpose
Removes leading and trailing blanks from the character array or string.

Syntax O A O O[duplicate]  ditb text

Argument
duplicate is the optional left argument to specify the duplicate character to be removed.
text is any array of character arrays or a string.

Result
The result is any array of characters arrays or a string.

Remarks
ditb may be used as replacement for the functidbhTB in the ASMFMS. workspace in APL+Win.

Example

ditb ' The car cost $45,450 "
The car cost $45,450
'The car cost A1 v h T udithbd Khe car cost $45,450 '

1

dr Data Representation

Purpose

Reports the datatype of an array, interprets the values of an array as a specified datatype, converts an
array from one datatype to another, reduces an APL array to a coded character vector that can be
stored outside APL, or restores such a coded vectthidmriginal APL value.

Syntax OAOGOI O N dr array
OAOGOI O N AA&rAay DAODAA
AT AAAGAAOGTI O N  dravaibd o
AT UOAT OA N o O brxddddgettar

OAOGOI O N o AA Edratap DAOAT AOAOOS
OAOGOI O N 0 E1 Adrhabdy DAOAT AOADOOo
OAOOIxar N ) dr array
OA OO luGmiIN ) dr array
OAOGOI 6 N o E Ol Wroarray
OAOGOI O N o O1 E @rlatray

Arguments
array is any APL array; with a numeric left argument, the system treats array as a sequence of values of
the type indicated by the first element of the left argument.

datatypespec is a vector of one, two, or three elements that indicates how the system should treat or
convert array. The first element specifies the datatype for interpreting the right argument. The second
element is the datatype to which the system shibaonvert the resulting values. Use a thielement

left argument to convert to values that are not valid APL datatypes in APL64.
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parameters is a keyword parameter to the inflate and deflate functions, which are optional, that specify
the way the array is inflated and deflated.

xml and unxml are keyword parameters to convert to and from XML serialized data. The right argument
you use with unxml as the left argument should be a vector created using xml as the left argument.

json and unjson are keyword parameters to convert to and from JSON serialized data. The right
argument you use with unjson as the left argument should be a vector created using json as the left
argument.

Character left arguments to dr may be either uppercase or lowercase but not mixed case. The right
argument anyvalue you use with wrapl as the left argument can be any APL array. It can contain any
values and can be a simple or nested, homogeneous or heterogeneous array.

The right argument you use with unwrapl as the left argument should be a vector created using wrapl as
the left argument. If you use a vector not produced by using wrapl as the left argument, there may be
unintended consequences.

Result

Monadic dr
For the monadic form of dr, the explicit result is a scalar integer representing the datatype of the right
argument. The possible datatype codes include:

Value Description
11 1-bit Boolean
82 8-bit character
162 16-bit wide-character (See Note.)
164 .Net gring
322 32-bit Unicode character array

323 32-bit integer
326 32-bit pointer
645 64-bit floating-point data, formatted and normalized according to the IEEE standard
807 80-bit heterogeneous
Note: Most UTFL6 Unicode codepoints are represented by a singkpit8haracter
but others are represented by a pair of surrogate characters. See the following for
details about surrogate characters: https://en.wikipedia.org/wiki/Ulig=

Examples
9TCLI MD CBB8jil8)%B Ocs 1234) («<STRING»)
X
1.2WORD 12345678910 STRING

]DISPLAY X

. .

L I - 1] - . L

L 1.2 LWORDI12345678910 L STRING L

e - L

L) J 1
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t DR "X
645 82 323 322 164

Dyadic dr with a oneelement left argument
With a numeric left argument, dr treats array as a sequence of values of the type indicated by the first
element of the left argument.

For the dyadic form of dr with a singleton left argument, the system forms the explicit result by
interpreting the bit pattern of the right argument according to the code of the left argument. The result
contains the values that those bits represent; they may be different eatliegn those that generated

the right argument, but the bit pattern is the same. For example:

323 tdr'abced'
1684234849

82 tdr 1684234849
abcd

11 tdr'b
01100010

If there are not enough data to fill an integral number of elements in the specified datatype, a LENGTH
ERROR occurs.

You can use dyadic dr with a singleton left argument, for example, to transmit floatjpgint numbers
to an identical personal computer without loss of precision. Represent the fleptimy numbers as
character data, transmit the character data, and reinterpret them @atithg-point numbers when
transmission is complete. This technique avoids the loss of precision encountered inlswetce
transfer. After dr converts floatingpoint numbers to character data, you can store the character
representation of the data on any computer, regardless of how that system represents flpaiintg
numbers internally. However, this representation may not equate to timesdata, or even be
meaningful, if retranslated to numeric data on a different type of computer.

Examples
$)"34TB" # $ % & ' ( ) * + , -
KCHARS
24
' - 0" 5T QUOEGHARS
KFLOAT
3
FLOAT

3.00213493E 153 3.598811293E 153 4.195487656E 153
82 tdr FLOAT

ABCDEFGHIJKL
tdr101

11
tdr | JO

326
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tioTO Ljtav | 82 tdr7
7000

There are seven additional left argumentstRNE Ua5pdx W{I ! MmQZ W{Il ! HpcQX
'F64'. This functionality was added becauséibdntegers are used in the colossal component file

system, but it has broader uses. The argument 'MD5' converts a simple vector or scalar atzatype

to an MD5 digest represented as @&kement integer vector.

OAOOI O Ndraray$ v 2
where array is a simple array or scalar.
result is a 4element integer vector for the right argument.

Use caution when running an MD5 checksum against a bit vector. Bit vectors are stored 8 values to the
byte and MD5 works on byte data. Using MD5 against a bit vector that is not a multiple of 8 bits in
length will give nofreproducible results on indepelently generated data.

You can convert result to an MD5 checksurrb8Zharacter vector with the function below:

L z T ShowMD5 w;x; tio

[1] tio TO

\ M2 1-[0§256 256 256 256 | ,w

\ N~ z T G C G'0123456%89abcdef[16 16 )
L

The argument 'SHAL' converts a simple vector or scalar of any data type to an SHA1 digest represented
as a 5element integer vector.

OAODOI O Ndramdy ! po
where array is a simple array or scalar.
result is a Belement integer vector for the right argument.
Use caution when running an SHA1 checksum against a bit vector.

The argument 'SHA256' converts a simple vector or scalar of any data type to an SHA256 digest
represented as an-8lement integer vector.

OAOOI O N drarfay cuv @9
where array is a simple array or scalar.
result is an &lement integer vector for the right argument.
Use caution when running an SHA256 checksum against a bit vector.

The argument 'SHA384' converts a simple vector or scalar of any data type to an SHA384 digest
represented as a 2lement integer vector.
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OAOCOI O N drarfay ot 9
where array is a simple array or scalar.
result is a 1Z&lement integer vector for the right argument.
Use caution when running an SHA384 checksum against a bit vector.

The argument 'SHA512' converts a simple vector or scalar of any data type to an SHA512 digest
represented as a 16lement integer vector.

OAOOI O N drarfay upco
where array is a simple array or scalar.
result is a 1é&lement integer vector for the right argument.

Use caution when running an SHA512 checksum against a bit vector.

The arguments '164' and 'F64' let you convert a floapiognt number with an integral value to a @it
integer, which is represented as a pair offiRintegers, and a pair of 38it integers to a floatingpoint
value.

NB & dzZ G dwflod L cny

where float is a scalar or vector of integelued numbers in floating point representation. The number
must be within the integer tolerance (system fuzz); any fractional part of the number must be less than
1+16 regardless of the magnitude of the numpand the value must be no larger than 2*52.

result is a pair of 3bit integer values that taken together represent the bit pattern of ab@dnteger
number of the correct value in the litdendian representation of the host machine.

bi gTLMNOPQRST&R
big

1.23456789E15
'164' t dr big

1015601280 287445

cubeTl KKKKKKKKKLFQOE
t dr cube

645
'164' t dr cube

2621440

result T B8d@pdB

where bigints is a vector of pairs of-B integer values that taken together represent the bit pattern of
a 64hbit integer number. The shape of the right argument must be an even number. The value of the
64-bit number must be less than 2*52.
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result is a vector, half the length of the right argument, of floafimint numbers.

'F64'  +dr 1015601280 287445
1.23456789E15

KF64' tdr 1015601280 287445
1

22222222222222222222 i 287445
01000110001011010101

+/(2*32 34 36 38 39 41 45 46 50)

1.234566874E15

1.234566874E15+1015601280

1.23456789E15

Additionally, there are several internal changes that take care of particular problems users encountered,
or that improve performance or usability.

Dyadic dr with a tweelement left argument

With a two-element left argument, dr changes the bit pattern but attempts to preserve the values of
the right argument. It interprets the bit pattern of the right argument according to the first element of
the left argument and creates a new bit pattern that will represent those samesdlfipossible)
according to the second element of the left argument.

The result of dr in this case is a twelement nested vector, wheredlresult contains the converted
values, and @result is a Boolean array of the same shape, whose elements are 1 if the conversion was
valid. Conversion is valid if the system can convert the value to the given type with no loss of
significance. If the system cannot convert the value, a 0 appe&tsresult and the system stores the

fill item (O or blank) for the value at the corresponding positiondmesult. You can convert a floating
point value to integer if it is within the APL integer tolerance of an integer value.

This statement tests an integer array to see if it can be converted to Boolean data (that is, if its values
are all 0 or 1).

7132311 tdr301
011

dr can create Boolean, character,-BR integer, and floatingpoint datatypes (codes 11, 82, 323, and
645); these codes are valid as the second element of astexment left argument. You can also use
them as the first element.

dr cannot create the pointer or heterogeneous datatypes (codes 326 and 807); you cannot use these
codes as the second element of a telement left argument, but you can use them as the first element.

Examples

The following strained example shows some manipulation of data to demonstrate the differences
between bit pattern and value. Although the example does not even resemble something productive,
the steps may be enlightening.

i T N MNr'abcd'
i
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1684234849
i TNMN €doiP
J
1684234849 1
k Ti[1]
k
1684234849
82 tdri
abcd
82 tdrk
@Y TA
K 82 tdrk
8
tio TO
| T SMri
mT S Mr k
tav ] |
97 98 99 100
tav ] m
0064 152 216 24 217 65
82 tdr T(645323 tdrk)
abcd

Using the 16bit integer datatype code

You can also interpret data as-b@ integers; the code for this datatype is 163. APL64 does not have a
16-bit integer datatype, so you cannot use code 163 as the second element ofadément left

argument, nor will it be returned as the result of naatic dr. You can use it as the first element of a
two-element left argument; for example:

ioN 0
# (! 23&/[02920]
) .43 6! ,)%$ dCHAR® O O]
INTS
7424 2
VALID
11

INTS is equivalent to 256 286 av 22 CHARS

Dyadic dr with a threeelement left argument

A threeelement left argument always yields a character result, so the third element must be 82. This
form generates data that are not valid APL datatypes, such-&# Ifiegers. At present, the only
possible value for the second element is 163. §tatement below shows how to convert numeric data
from this system into a form that, when written to file, can be read abitttegers by APL+PC.

(161116382 drboolean) nappend1
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The system interprets the right argument as Boolean data and converts each bit intbitziritéger.
The system returns the final result as character data with each pair of characters corresponding to one
of the 16bit integers.

Note: Not all eightbyte groups of data correspond to valid normalized IEEE flopting numbers.
dr with a two- or three-element left argument forces denormalized numbers to exact 0.@lr treats
infinites and NANs as failed conversions; they produce a LIMIT ERROR.

Encoding and restoring an array withdr

If you want to store or transmit an array of values, you can usk to encode the entire array as a

single vector of unreadable, binary data by using the character string ‘wrapl' as the left argument. The
resulting vector will generally contain natisplayable characters and will not display meaningfully. You
should teat it as binary data and not as text data, if, for example, you want to transmit it.

When you retrieve the coded vector, you can usdr to restore the exact values of the array by using
‘unwrapl’ as the left argument. You cannot meaningfully do anything else with the coded vector.

Deflating and inflating an array withdr

dr can be used to compress and expand data in APL arrays. This facility is generally referred to as
deflation and inflation. For most data the deflated version will occupy less space than the original. Data
may be saved in deflated format in files, bmay be transmitted over a network. It may later be
inflated, which will reconstruct the original data. This feature provides both a means of conserving
space, either in the workspace, or on file, and a way of reducing data transmission time oveognetw
Deflate and inflate provide lossless compression.

There are two ways of specifying the deflate and inflate functions: a character vector left argument to
dr; or a nested vector left argument to dr.

The character vector form looks like:
UNo AA&EI AOGA AT 1 POAOOETdrx 1 AGAT ¢y CUED EAAAAOS
UNo ET £l ACA geyED EAAAAO>

The nested vector form looks like:
UNo AAEI AOAo AT I POAOCO&KT 1 AGAT o OJCUED EAAA
UNoET &£ AOAo doyGUED EAAAAO>

There are two types of keyword parameters for deflate and inflate. One type is a name only (such as

gzip_header). The other type is a name and a value (such as compression_level=8 or
(‘compression_level' 8)). The order of keyword names following deflaiteflate is irrelevant.

All names used in the left argument for deflate and inflate are case insensitive. There are two forms for
the deflate and inflate keywords: a full name and an abbreviated name. Either name may be used. In
the following descriptions, the abbreviated namare shown below the full names. Names that

represent default states have no abbreviation, since they can just be left out.

The parameters for deflation are:
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compression_level = n
complevel = n

compression_level specifies a time versus size tradeoff in the compression process. The allowable
values are from 0 to 9. A value of zero indicates no compression. A value of 1 indicates maximum
speed. A value of 9 indicates maximum compression. @faili compression_level value is 6.

Nno_compression
nocomp

best_speed
bestspeed

best_compression
bestcomp

default_compression

These keywords are shortcuts for compression_level = n. no_compression means the same as
compression_level = 0. best_speed means the same as compression_level = 1. best compression
means the same as compression_level = 9. default_compression meagebeas compression_level
= 6.

memory_level = n
memlevel = n

As compression may be done in multiple passes, the internal compression state is maintained in
memory. The amount of memory consumed for this purpose is controlled by the memory_level
parameter, which has a range of 1 to 9. memory_level =1 uses minimamory but is slow and

reduces compression ratio. memory_level =9 uses maximum memory for optimal speed. The default
value is 8.

window_size = n
winsize = n

The deflate algorithm uses both Huffman encoding and the LZ77 algorithm to compress data. For an
explanation of the deflate algorithm and references to both Huffman encoding and LZ77 see RFC 1951.
The LZ77 portion of the deflate algorithm uses a movimglow of previously seen data to search for
matching sequences of data in the input stream being processed. The size of this window affects the
efficiency of the final compression. This window may vary in size from 256 to 32768 bytes. The
window_size peameter is specified as a number between 8 and 15 representing the base 2 exponent of
the actual size of the window. The default value is 15.

block_size =n
blocksize = n

Deflation processes data in a loop, handing a fixed amount of data to the deflate code on each trip
through the loop. In default operation, an entire APL vector will be processed in one trip. If desired, the
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block_size parameter may be used to specify the amount of data to be processed in multiple trips
through the loop.

wrapl =n

The wrapl parameter specifies whether the data is automatically converted to a wrapped array during
the deflation process (see the 'wrapl' argument tadr). This parameter may be specified as wrapl = 1
(wrap the array) or wrapl = 0 (do not wrap the array). The defaultis 1. Any APL array may be deflated
using wrapl = 1. Only APL character vectors may be deflated using wrapl = 0.

filtered_strategy
filtered

huffman_only_strategy
huffman

rle_strategy
rle

fixed_strategy
fixed

default_strategy

The deflate algorithm uses a combination of Huffman encoding and LZ77 matched string encoding. The
strategy parameters are used to tune the compression algorithm to work better with differing data
characteristics. Data containing shorter matching streags$ a somewhat random distribution may
compress better with the filtered_strategy. This forces more Huffman encoding and less string
matching. The huffman_only_strategy will eliminate string matching. The rle_strategy (run length
encoding) will limit ing matching to strings of length one. rle_strategy is faster than full string

matching and gives better results than huffman_only_strategy on PNG image data. fixed_strategy
prevents the use of dynamic Huffman codes, allowing for a simpler decodgpdoral applications. In
general, if you don't know your data matches well with one of these characteristics, the default_strategy
is the best choice.

zlib_header

gzip_header
gziphead

no_header
nohead

The default header on deflated data is the zlib header. To specify the gzip header, use gzip_header. To
specify no header, use no_header.

The parameters for inflation are:

wrapl =n
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The wrapl parameter is used during inflation to indicate whether the data was wrapped during deflation
or not. If wrapl = 0 was used during deflation, wrapl = 0 must also be used during inflation. If wrapl =1
was used during deflation, wrapl = 1 mayused during inflation, but is not necessary since it is the
default.

zlib_header

gzip_header
gziphead

no_header
nohead

The default header on deflated data is the zlib header. If the deflated data was produced with a gzip
header, specify gzip_header. If the deflated data was produced with no header, specify no_header.

result_size_estimate = n
restimate = n

This parameter specifies an estimate of how big the inflated data will be. It is used in the initial
allocation of space for the result. If more space is needed, the result allocation will be expanded
incrementally. If less space is needed, the resilltbe truncated.

result_size_limit =n
rlimit = n

This parameter specifies a fixed amount of inflated data to be returned. Any excess data beyond this
size is not returned. If the total data available is smaller, the result is truncated.

result_size_estimate and result_size_limit only apply to wrapl = 0 inflation. The two parameters are
mutually exclusive. If you specify both, you will get an error (Zlib Error: Conflicting keywords specified).
If you do not supply either, a value ofighes the deflated data size will be used by default for

result_size estimate.

The deflate and inflate functions rely on the ZLIB compression library written byalgaailly and
Mark Adler.

The format of data compressed with these functions is described in RFC 1950, RFC 1951, and RFC 1952.

XML serializing an array with dr

If you want to store or transmit an array of values, you can usk to encode the entire array as
readable XML data by using the character string 'xml' as the left argument. The resulting vector will
contain a simple texbased format representing the APL array.

When you retrieve the coded vector, you can usdr to restore the exact values of the array by using
‘unxml' as the left argument.

Example

xml dat aT Bd 'abc' B 2 3)
xml_data
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<?xml version="1.0"?>
<Aval xmins:xsi="http://www.w3.0rg/2001/XMLSchema - instance"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema">
<Type>Aval</Type>
<Flags>IsShared HasNested</Flags>
<ArrayOfAval>
<Aval>
<Type>Zc</Type>
<Flags>IsShared</Flags>
<base64Binary>YWJj</base64Binary>
<Nelm>3</Nelm>
<Shape>
<int>3</int>
</Shape>
</Aval>
<Aval>
<Type>Int</Type>
<Flags>IsShared</Flags>
<ArrayOfUnsignedint>
<unsignedint>1</unsignedint>
<unsignedInt>2</unsignedint>
<unsignedInt>3</unsignedint>
</ArrayOfUnsignedInt>
<Nelm>3</Nelm>
<Shape>
<int>3</int>
</Shape>
</Aval>
</ArrayOfAval>
<Nelm>2</Nelm>
<Shape>
<int>2</int>
</Shape>
</Aval>
‘unxml"  tdr xml_data
abc 123
‘unxml"  tdr'abc’ (12 3)
DOMAIN ERROR
[imm] ‘unxml’ tdr'abc' (12 3)
N

JSON serializing an array withlr

If you want to store or transmit an array of values, you can usk to encode the entire array as

readable JSON data by using the character string 'json’ as the left argument. The resulting vector will
contain a simple texbased format representing the APL array.

When you retrieve the coded vector, you can usdr to restore the exact values of the array by using
‘unjson’ as the left argument.
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Example

j son_dat aT Bdgramx{lB3)
json_data
{"?xml":{"@version":"1.0","@encoding":"u
tf - 8"},"Aval":{"@xmins:xsi":"http:
/lwww.w3.0rg/2001/XMLSchema - instan
ce","@xmins:xsd":"http://www.w3.or
g/2001/XMLSchema”,"Type":"Aval","F
lags":"IsShared HasSimple HasNeste
d","Nelm":"2","ArrayOfAval":{"Aval
"“[{"Type":"Zc","Flags":"IsShared"
,"Nelm™:"3","ArrayOfChar":{"char":
['97","98","99"]},"Shape":{"int":"
3" Type":"Int","Flags":"IsShar
ed","Nelm":"1","ArrayOfint":{"int"
:"123"},"Shape":null}]},"Shape™:{"

intll:llzll}}}
BunjsonB tdr json_dat a
abc 123

drop Delete a saved workspace from disk
Purpose
Erase a saved workspace from disk stonaigger program control

Syntax OA OOI1 dbop Wsid

Argument
wsid is the workspace identifigvithout the .ws64 file extension.

Effect
Deletes the named workspace (wsid) from storage and displays the timestamp of the operation; does
not affect the active workspace.

If the workspace does not exist, you receive a WS NOT FOUND meiibage path and name of the
workspace If you do not have permission from the operating system to delete this file, the system
displays a HOST ACCESS ERROR.

The combined use of ntie and nerase provide a similar capability.

Note: Thissystem functioris not applicable to APL+Win workspace

Result
The timestamp of the operation.

Example

)wslib
UCMDUTIL.ws6myws.ws64
drop 'myws'
4/7/2022 10:11:59 PM
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)wslib
UCMDUTIL.ws64

driveinfo Interface to .Net Drivelnfo class

Purpose
Returns information on a drive on the current machine.

Syntax OA O O1 ddivelhfo property drive

Argument
property is a text vector that determines the information on the drive. The acceptable values are:

Value Meaning

AvailableFreeSpace | The amount of available space on a drive, in bytes
DriveFormat The name of the file system; e.g., NTFS or FAT32
DriveType The drive type; e.g., GROM, fixed, network, or removable
Help or ? Help information

IsReady Indicates whether a drive is ready; 1 is ready and O is not re
Name The name of the drive; e.g.,\C:

RootDirectory The root directory of a drive

TotalFreeSpace The total amount of free space available on a drive, in bytes
TotalSize The total size of storage on a drive, in bytes

VolumeLabel The volume label of a drive

drive can be a disk drive letter, a root directory, or a root directory with a path name.
Note: A UNC (Universal Naming Convention) path and directory name are not supported.

Result
The result depends on the property called.

Examples

driveinfo 'IsReady’ 'c’
1

driveinfo 'DriveFormat’ 'c'
NTFS

driveinfo 'Name' 'c’
c\

dtb Delete Trailing Blanks

Purpose
Removes trailing blanks from the character array or string.

©APLNow LLCAIl Rights Reservep202608-24 UTG Pagei74



Syntax O A O O[duplicate] dtb text

Argument
duplicate is the optional left argument to specify the duplicate character to be removed.
text is any array of character arrays or a string.

Result
The result is any array of characters arrays or a string.

Remarks
dtb may be used as replacement for the functidmB in the ASMFNE& workspace in APL+Win.

Example

dtb ' The car cost $45,450 '
The car cost $45,450
" The car cost AT v h T vdib) Khe car cost $45,450 '
1

dtbr Delete Trailing Blank Rows

Purpose
Removes trailing blankewsfrom the charactematrix.

Syntax OA O O1 dibr matrix

Argument
matrixis any array of charactenatrix.

Result
The result is any array of charactaatrix.

Remarks
dtbr may be used as replacement for the functibBR in the ASMFMS.workspace in APL+Win.

Example

a T O Kdbcde fghij '
]display a

|t .

abclde

! }

Lfghij L

L L

[ [

]display t DTBR a
([

ab ch e
L L
Lfghij L
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dtr Deep Transpose

Purpose
Performs a deep transpose of an arrahhis function works like monadic transpose but recurses to each
child element and transposes it as well.

Syntax OA OOI dir avay

Argument
array is any APL array; it can be simple or nested, homogeneous or heterogeneous.

Result
result is an array with the same rank as array.

Example

@N p 'alged (23 6)
X
abcd 123
456
dtr x
abcd

14
25
36

dyadic Dyadic Function

Purpose
Returns the valence for the current function.

Syntax OAOOI dyadit

Result
The result of dyadic is 1 if the function is being called dyadically or 0 otherwise such as when called
from immediate execution.

edit EditanObject

Purpose
Invokes an edit session where you can modify a function, character vector, character matrix, or numeric
variable. Enter edit mode with named object (unlocked functicharactervector or matrix).

Syntax edit objectName
edit objectName|[row col]
edit objectName[row col] (winHeight winWidth winTop winLeft winMaximized)

Argument
objeadNameis the name of the function, character variable, or numeric variable you want to édit.
object with the specified name exists object is an empty character vector edit assumes the default
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edit session typelf you are creating a new object, you can specify the type of object you want to create
by preceding the name with for a function or # for a variable.

row and col arehe optionaltwo-elementintegerarrayfor specifying the initial row and column caret
position in an edit sessigigrow col) are index origin Qf thisoptionalelement is not provided or the
object name does not refer to a function or the object name refers to aadstent(function), the
initial caret position in the editor is system determined.

winHeight winWidth, winTop, winLefandwinMaximized are the optional fivelement array for
specifying the specifications for tivedependent floatingnodal editor session windowwinHeight
winWidth, winTop, and winLe#ipecifythe dimensions and positioaf the edit sessiorwindow position,
in 96"-inch units dimensions arehe height inHeigh) and width inWidth) and position is the row
(winTop and column\yinLef) of the upper left corner of thedit session windowelative to the
Windows desktop While this modal edisessions openthere will beno other interaction with the
APL64rogrammersessioruntil the modaledit sessions closed.winMaxmizedis aBoolean scalahat
specifiesvhetherthe modalfloating edit sessiorwindow opensmaximizedor not; 0=No (Default) and
1=Yes.

Remarks
EDIT is available only in the developer version of APL64 as the runtime version of APL64 does not
provide a programmer Glhcludingobject editors.

Use the EditEvents system function to subscribe to events associated with editing APL64 objects.
Examples

Non-modal Variable Editor

8N¢ @&
EDIT 'X'
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{E! APL64 Project: CLEAR WS — O *

File Edit 3ession Objects Options Help

FRG8 D=2 XDoOE e a0, i

#X B X =
PEdit _ iName:X _ i Nav v A || fea |FIEIXI My (B PText 23 poText _
0 iABC

1 DEF

[2;0]

0 <@ X+2 3p0A

1 ol OEDIT "X

[l || New Row |

Running | | | | |Clﬂssic| |Nu11

Non-modal function editor

AR AE 2: NI $$pm 8
edit'ADD10' (1 2)
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=2 APLG4 Project: CLEAR WS

File Edit Session Objects Options Help

FR &[5 =9 % i,

YADD10 B X

Aax e[ =2¢xh

0 (Z-ADD1O X

41
41

1

41
41

1 §E+10+}l{
i
0 i< Odef 'ZI+ADDID X' 'Z-10+X"
1 iad Oedit "ADDiO" (1 2)
2 ADD1O
.| || Nmﬁrﬂow|
Ready | | |Cmd: Ln: 0 Col: 1]| |Classic| |Num

Modal function editor

AAZE o: NI $$pm 80 o9:Npm 8§
edit 'ADD10' (1 2) (200 200 200 600 0)
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& APLB4 Project: CLEAR WS

HE?H X E ; File Edit Session Objects Options Help

| I-ADDLO X F!EEDD I‘)lehlj‘j__i =fi=slsfs
1 I+-10+X 0 <P Odef 'Z-ADDi0 X' 'Z-10+X'

1 id Oedit "ADD10" (1 2) (200 200 200 600 0)
ADD10

|| Neanw|
| | |[emd: Ln: 0 col: 25] | classic | | Hum

Modal Variable Editor:

HH &
edit 'X' (0 0) (200 200 200 600 0)

% APL64 Project: CLEAR WS
File Edit Session Objects Options Help
ERL& DR =?2¢ X D5 e s, ikl

0 <P X2 3c0A
1 Oedit 'X' (0 0) (200 200 200 600 0)

|| New Row
| | |[emd: Ln: 1 coL: 1u| | classic| | Hum
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editevents Edit Events
Subscribe to APL64 developer GUI events associated with the editing of user defined functions or
variables. For detailed documentation uselp | Developer Version GUI | Using EditEvents and
Editinfo.

editinfo Edit Info
Obtain information about editing of user defined functions or variables in an APL64 developer version
instance. For detailed documentation usgelp | Developer Version GUI | Using EditEvents and
EditInfo.

edss Edit anObject in aWorksheetEditor

Edits APL arrays innarksheeteditor. For detailed documentation uséelp | Developer Version GUI |
Editing APL64 ObjectsUsing EDS and )ECS

embrcs ExtractEmbeddedresources

Purpose
Extractsembedded resourceis the APL64untime executable

Syntax OA OOI dnbris action
embrcsaction rarg

Arguments:

action is a text vector that determines how the system function will operate; they are:
action Derived From
? Help; return syntax

EMBRCS Embedded Resources

GEAMRNS | Get Entry Assembly Manifest Resource Names
GEAN Get Entry Assembly Name

SRTF Save Resource To File

rarg are the arguments to the action SRTF.

Result
The result depends on the arguments you supply.

Effect
embrcs '?'

Returns a character matrix describing the syntax of thembrcs system function.

embrcs 'GEAMRNS'
wSGdaNya | OKIFNIOGSNI YFGNRE 2F (KS WNBaz2dzNDS yI vysSa
i.e. the APL64 runtime executable. Each row of the result contains such a resource name. This action
FLILJX ASa 2yte (2 GKS !'t[lcn WNHzGAYSQ OSNAAZ2Y D
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https://aplnow.com/APL64/UserDocumentation/APL64_USING_⎕EDITEVENTS_AND_⎕EDITINFO.pdf
https://aplnow.com/APL64/UserDocumentation/APL64_USING_⎕EDITEVENTS_AND_⎕EDITINFO.pdf
https://aplnow.com/APL64/UserDocumentation/APL64_USING_⎕EDITEVENTS_AND_⎕EDITINFO.pdf
https://aplnow.com/APL64/UserDocumentation/APL64_USING_⎕EDITEVENTS_AND_⎕EDITINFO.pdf
https://aplnow.com/APL64/UserDocumentation/APL64_DEVELOPER_VERSION_USING_⎕EDSS_AND_)EDSS.pdf
https://aplnow.com/APL64/UserDocumentation/APL64_DEVELOPER_VERSION_USING_⎕EDSS_AND_)EDSS.pdf

embrcs 'GEAN'
wSihidzNya GKS Fdz f YEYS 2F GKS WOYyGuNR |aasSvyofeqQo L
APL64 runtime executable.

embrcs 'SRTF' ‘resourceName' ‘'targetFilePath' 'boolOverwrite’
1 00SaaSa YR oNAGSa GKS NBaz2dz2NOS 02y iGSyid &LISOATA

Wil NBSGCAEStEFGKQd ¢KAa FOGA2Yy I LILXASa 2yfe G2 (K

LT GKS FTAfS AaLISOAFTASR o6é& G(GKS Wil NBSGCATfStEFEGKQ SEA
FAES aLISOATASR o0& GKS WilFINBSGCAtfStIIGKQ R2Sa yz2iad S
not exist it will be cre G SR @ ¢KS SyYyR dzaSNRa ¢g2NJ] aidldAzy LISN)YAA

read/write access.

Remarks
The embrcs function applies only to the Windows Runtime Executable.

INAPL64A NHzy GAYS FLILX AOFGA2Y A& | WNHrySeasorbOpSoasS Odzii I 6 ¢
| Create .Net Assemblly Create Runtime Executabl#ialogue. A runtime executable is a Microsoft

Windows exdormat file containing the APL64 runtime assembly, an APL64 workspace and any APL
programmer designated, applicatiospecific files. An APL64 runtime executable provides for

convenient deploymeinof an APL6based application system to end users as a single, raadyn file.

The applicatiorda LISOA FAO FTAES& O2ylGFAYSR Ay Fy !tt[cn NHzyiAY
the application. Any type of Microsoft Windows compatible file may be an embedded resource in an

APLG64 runtime executable. In the embedded stateesource is not directly accessible by APL64 system
functions such as fread, cfreador nread Usingthe embrcssystem functionan embedded

resource in the currentiyunning APL64 runtime executable can be identified and saved to a file on the
workstation so that it will be accessible by APL64 system functions.

Typicallythe embrcsactions will be used in the Ix function which commences the APL64
F LILX A OF GA2Y Qa LINE OS aspekific HIEs ag accedskole id that &pflicatidnIsybtemO | G A 2 v
GKSY Al A& NdHzy o0& GKS LI AOIGA2Yy aeadsSyQa SyR dz

Examples

#1: Typical use of embrcsin the Ix function of an APL64 runtime application:
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[E APLB4 Project: CLEAR WS _ O %
File Edit Session Objects Debug Options Help

PR & [N =2¢X DA AL  TEHRINPE LI ST 1
VLXFN 2 X =

et _IREAX(O X DGBE S RO

LXFN

resourceNames-{JEMBRCS 'GEAMRNS
at Obtain charMat containing names of resources embedded in the APL64 runtime executable

resourceName+,resourceNames[2;]
At Select a resource name of a resource to be saved to file

targetFilePath+"c:\MyApp\MyAppResource#2.sf

WO DD =] R LT G B3 e O

10: [OEMBRCS 'SATF' resourceName targetFilePath 0
11 At Extract the resource and save it to the targetFilePath
12: A without overwriting it if the file already exists

13

14 A+ More application-specific code

15 [

i6 A Eventually put & wait on a Owi Form

0 Kp Jedit LXFN

.| | Mew Row

Ready | | | |Classic| |Nur|1

Il HY wSaz2dNDS yIyYySa NB LINBFAESR o6& (GKS WwWSyidNE

This Ixfunction displays the embedded resources names when the APL64 runtime executable runs:
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E APLE4 Project: C:AJUNK\RuntimeExampleSourcel APLB4RuntimeExample.ws64 — O d

File Edit Session Objects Debug Options Help

FREd&[NH=2¢XDEE MARA. T ERINPE LIS S {0,

VLXFN a2 X -
w HEX 9 LD ERE, R IR W,

0 LXFN

1 F-'F'Ovi 'Create’ 'Form

2 Li+~'F.L1'Owi 'Create where' (0 0 2 80)) ('caption' ('Entry Assembly MName: ',[JEMBRCS 'GEA

3 resourceMames+[JEMBRCS

4 L-'F.LIST'Owi 'Create where' (2 0 8 B0)}) ('List' resourceNames)

5 :IF O<ltpresourceNames

& resourceName+, resourceNames[ (itpresourceNames);]

7 L2+'F.L2'0Owi 'Create Label' ('where' (10 0 2 %0)) ('caption’ ('Last-named resource: ',resourc

8 :ENDIF

9 FOwi 'Mait
C ]
0 (‘J Jedit LXFN
II| | Mew Row
Ready | |Editor: Function Name: LXFN Ln: 1 Col: 0| |Classic| |Num

The APL64 runtime workspace and an applicasipecific file are embedded in the runtime executable:

i7F — O >
Entry Assembly Mame: APLE4RuntimeExample, Version=1.0.0.0, Cutture=neutral, PublicKey Token=null

APLB4Runtime Example AP LB2Runtime Example wshd
AP LE4Runtime Example. MyApp-Text File tat

em Error Message

Purpose
Returns the error message part ofdm.

Syntax OAOOI é&n N

Result

The result is a character vector that contains just the error message partof. This provides a
convenient way to reference just the error message without function context and a way to localize the
error message.

enlist Convert Array to Simple Vector

Purpose
Converts any array into a simple vectdthis function is a cover for the Enlist primitive function; you can
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use this system function at any Evolution Level.
Syntax OA OOI dlistarray

Argument
array is any APL array; it can be simple or nested, homogeneous or heterogeneous.

Result
The result is the array converted into a simple vector.

Effect
Converts the argument into a simple vector.enlist does not preserve the rank, shape, or depth of the
array.

Note: At Evolution Level 2, you can use monadic epsflpmag Enlist At Evolution Level 1, monadic
epsilon had a different behavior.

Example
"TB. " 3: BKi§R'IOE
|DISPLAY A
| t :
S : | & . L
L LMARY. [ 012 L 0 LJOH. L
L= " L 345 L " " L
L '~ e ' L
1 J 1
]DISPLAY tenlist A
| t .
LMARY 0123450JOE L
I+ L}

erase Erase Functions and Variables

Purpose
Erases, if possible, the most local version of functions or variables in the workspace while under
program control.

Syntax OA OO1 ddasé''namelist’
Argument
namelist is a list of function or variable names; it can be a character vector that contains the names

separated by one or more blanks, or a character matrix with one identifier in each row.

Result
The result is a character matrix in which each row contains the name of a defined function or variable
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that was not erasedObijects that are undefined are not included in resditthe system erases
everything in namelist or if namelist is empty, result is an empty matrix.

Effect
Erases the functions and variables specified in namelistobject might not be erased because the
name is a label.

In APB4, erase can erase a suspended or executing functinriact, a function can even erase
itself. The name association with the function is broken, but the executing function does not actually
disappear until it completes execution or is cleared from théestadicator stack.

Note: erase and ex provide similar capabilitiedzor maximum portability to other APL systems, use
ex rather than erase.

Example
N  erase ' MYPROGRAM'
00
vr ' MYPROGRAM'
0

error Error Exception Signal

Purpose
Generates a useadefined error exception.

Syntax error 'message’

Argument
message is a diagnostic message; that is, a character singleton or vector that contains the first line of the
diagnostic message associated with the resulting error exception.

Effect
error provides two facilities:

9 the ability of a function to signal an exception to the program from which it was called
1 the ability to signal usedefined error exceptions.

When the system executes error, it returns the state indicator stack to the environment from which
the function executing error was calledlIf the state indicator is empty or contains only one function
when the system executes error, the error exception is signaled in the global environment.

If message is empty ("), error does not signal an exception; this permits conditional signaling of error
exceptions with a statement of the form error condition /'message’.
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See the Exception Handling chapter in this manual for more information.

Examples

In the following function SQRT,error signals an error in the environment from which SQRT is called
instead of within SQRT itselft also detects a negative argument and generates an error message that is
more informative than the DOMAIN ERROR report normally produced by the system.

RN SQRT A; elx
[1] ATl @MNgor(( dm tenl)- o) dm'
[2]  error (" /,A<0)/ARGUMENT NEGATIVE'
[B] 2N 1T gm8uv

n

SQRT 1
ARGUMENT NEGATIVE

SQRT 1

N

If SQRT is called from another function and a negative argument is supplied to SR signals an
error in the calling function.

nRN M RELMASS V;C
[1] NCOMPUTES RELATIVISTIC MASS
[2] NOF A MOVING OBJECT
[BIN- €¢©° 2%34 -133N 6 c¢° 6%
[4N# €O 30%%$ /& ,)' (4 ).
5] # N OMMMAOMNMAMNTNT
[6] 2N - 31 2(2)¥C*2

n

1 RELMASS 2.9ES8
3.905667329

1 RELMASS 3.5E8
ARGUMENT NEGATIVE
2%, -133 U 2426224 p

N

You can use the following technique to clear the result afm, provided that the state indicator is clear
and elx does not call error.

error '’

Since error reduces the state indicator stack by one function call, you can use it to move one level up
in the state indicator for debugging purposes; for example:

DRIVER
LENGTH ERROR
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35"2/54). % p N R 1 ¢
N
)SI
SUBROUTINE[1] *
PROCESS[7]
MAINFNI3]
DRIVER[5]
error 'POP’
POP
PROCESS[7] SUBROUTINE
N

)SI
PROCESS[7] *
MAINFNI[3]
DRIVER[5]

You can now correct the argument (B) to SUBROUTINE and resume execution.
"N AMBHhO Ic

eval Evaluate Array
Purpose
An alternative to using the execute primitive function, which may cause an internal stack overflow in
API64 when the argument character vector is a too large.

Syntax OA OOI1 &al &rray

Argument

array is a character singleton or vector that may only contain the following syntactic elensinings,

array of Unicode charactemsumeric constants, character constants, strand notation for nesting, the
monadic enclose primitive for nesting, the reshape primitive, and parentheses (for strand notation and
grouping). Character constants may use either single or double quotes, amdvftille normal rules for
doubling quotes to embed quotes in the character stridgiditionally, special characters (e.g.tcnl

and tcht) may be embedded literally in the constarithe reshape primitive may only occur once at

the beginning of an array or stdyray;

e.g., 7 3 'AB'is not allowedFinally, the assignment is not allowed within the argument.

Result
The result is the result generated by evaluating the array.

Caution
eval is not a general replacement for the execute primitive function.

Examples
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I N eval'345
A+1
456

ex Erase Functions and Variables
Purpose
Erases, if possible, the most local version of one or more functions or variables in the active workspace
under program control.

Syntax OA OOI & 'nadmelist’

Argument

namelist is a list of functions or variable names; it can be a character vector containing the names
separated by one or more blanks, or a character matrix with one identifier in eachTrogvlist cannot
contain blank rows.

If ex produces a WS FULL or DOMAIN ERROR, nothing is erased.

Result

The result is a Boolean vector with one element for each name in nameélistresult is 1 if the object
was erased or undefined; the result is 0 if the object was not erasd@dobject might not be erased
because the name is-fibrmed or a label.If namelist is an empty vector, ex returns O.

Effect
Erases functions and variables specified in namelistx does not erase an identifier if it is a label,

system function, or system variable.

Caution
Some APL systems may restrict namelist to a character matrix.

Examples

42 %%N o T
TREE
345
ex 'TREE'
1
TREE
VALUE ERROR
TREE
N

exepath Path to current executable file

Purpose
Returns the path where thAPL64.exe file or WRE ex#ablefile was installed
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Syntax pathN  exepath

Domain
Returns a character vector containing the path definedNbst:
System.lO.Path.GetDirectoryName(Environment.GetCommandLineArgs().First())

Effect:
For the APL64 developer version theexepath value is path of the APL64.exe file.

For a WRE runtime application, theexepathvalue is the patlwhere the WRE»ecutable(.exe)file
wasinstalled onthe endlza SNR A& g2NJ adF GA2y @

Note: Compare the definitions and values oexepathand acbd.

expand Expand an Array
Purpose
Expands an array with fill itemdhis function provides the same behavior that is derived by the Expand
operator with a variable as the left argument; you can use this system function at any Evolution Level.

Syntax OAOOT O N exphnt arr@yA A
OAODBI O N edpant[l abdyA

Arguments

array: any APL array; if the chosen dimension has length 1, arg is extended along the expansion axis to
the number of positive elements in the operand (+/boolvethis allows you to generate only fill

elements for an array that is scalar or has lengtidhg the chosen dimension and all zeroes in boolvec.
boolvec is a Boolean vector that specifies where you want to insert fill items in array; the sum of the
elements must be the same length as the default or designated dimension of array.

i is a nonAnegative, integewalued scalar that indicates the axis along which you want the function to
expand the elements; the default is along the last dimension.

Result
The result is the array, expanded by inserting a fill item for each corresponding 0 in boolvec.

Examples

00101 expand78
00708

10101 expand4
40404

00 expand5
00

00 expand[l]14 2
0000
0000

I N ¢ 'ABCDEF'
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ABC
DEF

101001 expand A
ABC
DEF

101 expand[l] A
ABC

DEF

Note: At Evolution Level 1, there was a difference in the result for appropriate arguments between the
expressions larg’ rarg and larg\(rarg. The latter required a nested left argument, each item being a
Boolean vector appropriate for the correspondiitgm of rarg. At Evolution Level 2, the synt&X(
generates an EVOLUTION ERR@¥R. expand” when you want to use Expand with different
arguments for each item of a nested array.

T AOON P C o T
101 expand nest

120034

10 1\ nest

120034

10 1\" nest

102304

(101)(1001) expand nest
1023004

(101)(10101) expand' (56)(789)
50670809

fappend Append to a Component File

Purpose
Appends a new component to the end of a component file.

Syntax OAOOI O Nappérlitiedd

OAOOI O Nappéditiebd{passnd
Arguments
value is a value you want to append to a file; it can have any rank, shape, or datatype;
tieno is a positive integer file tie number;
passno is an integer passnumber.

The right argument must be an integer scalar or-aretwo-element, integer vector that defines the file
to which you want to appendlt contains a valid positive tie number and optional valid passnumliber.
you omit the passnumber, the system assuntes 0.

Result
The result is the number of the new component.
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Effect
Appends a new data component and component informatiorirfici) to a file. Increases the disk space

occupied by the file.

Access
The file must be tied, the passnumber must match the one in effect, and you must have append
access.The access code for fappend is 8.

Examples

The first example places the visual representation of the function TRI in the next component of the file
tied to 27 and captures the component number in the variable COMIe. next example appends the
variable JANSALES to the end of the file tied to 33.

#/ - ONvr'TRI) fappend 27

fsize 33
120 36412 1000000
*1 0 31, %3 MIANSAGKS fappend 33
20
fsize 33
121 36432 100000 0

favail Availability of Component File System

Purpose
Indicates availability of the component file system.

Syntax OA OOI févaiN

Result
The result is 1 if the component file system is available for use, O if it is not.

Note: In APB4, component files are accessed directly from Windows and are alauajmble. favalil
is included for compatibility with other APL systems that use a file server, which may not be available at
all times.

fcreate Create Component File
Purpose
Creates a new component file that is shaiexl ( fstie) and not exclusively tied (ftie).
(See also the extended file functionxfcreate, which supersedes this function.)

Syntax ‘fileid' fcreate tieno
fileid size' fcreate tieno
fileid size/compno’ fcreate tieno
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Arguments
fileid is a file identifier;

size specifies the file size limit in bytes, expressed as numerals, up to 4294967295 (4 gigabytes);
compno is an integer that specifies the initial component number;
tieno is a positive integer file tie number.

The left argument must be a character scalar or vector that designates the file you want to dteate.
contains the file identifier (fileid) and, optionally, the file size limit (size) and starting component number
(compno). The file name must be diffent from any others in that directory or library.

The optional size specifies a limit on the amount of space the file can occupy off gisk.omit size,
the default is 0, meaning the file has no limit on its si¥eu can change the file size limit with
frename or fresize.

The optional compno specifies the starting component number for the newilfilaust be an integer
and follow a slash (/) in the argumerif.you omit compno, the starting component number is(If.you
omit size, you must include a space betweendilend the slash.)

The file tie number (tieno) must be a positive integer scalar orelament vector. You must have no
other file tied with the number.

Effect
Creates a new file and ties it to the specified tie number.

Access
No file access code is required foifcreate.

Examples

'TEXTFILE' fcreate 27

'PRINTFILE 225000" fcreate 1

'‘CAAPLINTEMP'  fcreate 99
libd '12 CA APLINDATA'

'12 DATA88' fcreate 98

Note: The system appends the default extension (.SF) to the fileid you provgiag the traditional file
functions, you are limited in names you can us®r new programming, the extended file functions
provide more capability and flexibility.

fdrop Drop Components from File

Purpose
Drops components from either end of a component file.

Syntax fdrop tieno n
fdrop tieno n[passnd
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Arguments
tieno is a positive integer file tie number;

n is the number of components you want to drop;
passno is an integer passnumber.

The argument must be a twor three-element integer vector that designates the tie number (tieno) of
the file, the components you want to drop, and an optional passnumbgrou omit the passnumber,
the system assumesiitis O.

Effect

Drops components from a fildf n is positive, the system drops n components starting from the
beginning of the filef n is negative, the system drops) components from the end of the fildf n is
0, the system does not drop any components.

Access
The file must be tied, the passnumber must match the one in effect, and the user must have drop

access.The access code for fdrop is 32.

Examples

fsize 27
110742400

fdrop 27 2h fsize 27
3107424 01200

fdrop 27 3h fsize 27
372536 01200

fdup Duplicate Component File

Purpose
Creates an exact copy of a file with a new name and if possible, compacts it to occupy less disk space.
(See also the extended file functionxfdup, which supersedes this function.)

Syntax ‘fileid' fdup tieno
'fileid size/compno’ fdup tieno [passnd

Arguments
fileid is a file identifier;

size specifies the file size limit in bytes, expressed as numerals, up to 4294967295 (4 gigabytes);
compno is an integer that specifies the initial component number;

tieno is a positive integer file tie number;
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passno is an integer file passnumber.

The left argument must be a character scalar or vector that designates the new file you want to
create. It contains the file identifier (fileid) and, optionally, the file size limit (size) and starting
component (compno).The file identifier must be digrent from any others in that directory or library.

The optional size specifies a limit on the amount of storage a file can occupy oliif gisk.omit size,
the default is the size limit of the file being duplicatdflyou specify compno, it must follow a slash (/)
in the argument.If you omit compnothe starting component number is the same as in the original
file. If you omit size, you must include a space between fileid and the slash.

The right argument must be an integer scalar or-aretwo-element, integer vector that defines the file
you want to duplicate.lt contains a valid positive integer tie number and optional valid passnumniber.
you omit the passnumber, the system assurités 0.

Effect

fdup creates a new file with the specified name (fileid) and copies all the data from the file specified
by tieno into it. In the process, it recovers unused space created by replacing records with a different
sized component, which may allow thew fileto occupy less disk space than the original filbe old
file remains unchanged.

You can use the same name as the file being duplicated for the newWw§lag the same name replaces
the file with the compacted versionlhe file must be exclusively tied to duplicate it with the same
name; otherwise, a NONCE ERROR occurs.

Access

The file you want to duplicate must be tied, the passnumber must match the one in effect, and you must
have both duplicate access and the authority to create files in the specified (or default) directory or
library. The access code for fdup is 16384.

Example

flib "
LISTINGS
'LISTINGS' ftie 10
fnames
CALISTINGS
'LEANINGS' fdup 10
fnames
CALISTINGS
flib "
LEANINGS
LISTINGS

Note: The system appends the default extension (.SF) to the fileid you prougiag the traditional file
functions, you are limited in names you can user new programming, the extended file functions
provide more capability and flexibility.
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ferase Erase Component File

Purpose
Erases a tied component file.
(See also the extended file functionxferase, which supersedes this function.)

Syntax ‘fileid'" ferase tieno
fileid" ferase tieno[passnd

Arguments
fileid is a file identifier;

tieno is a positive integer file tie number;

passno is an optional file passnumber.

The left and right arguments designate the same filbe left argument is a character scalar or vector
that contains the file identifier (fileid)The right argument must be an integer scalar or-aretwo-
element, integer vector that defines the fij@u want to eraselt contains a valid positive tie number
and optional valid passnumbelf you omit passnumber, the system assumes it is O.

Effect
Unties a file and erases it from the directory or libraAll of the data in the file are destroyed.

Access
The file must be tied; the system cannot erase the file if any other user also has iTtieghassnumber

must match the one in effect and you must have erase accBss.access code for ferase is 4.

Examples

‘TEXTFILE' ftie 10
‘TEXTFILE' ferase 10

'PRTFILE' fstie 33 707
'PRTFILE' ferase 33 707

Note: The system assumes the default extension (.SF) for the fileid you prdwiderew programming,
the extended file functions provide more capability and flexibility.

ff Find First Occurrence

Purpose
Performs a lefto-right string search, locating the first occurrence or repeated occurrences of a
character scalar or vector within another character vector or string.

Syntax resultN O A[Gt@tdfiset[endOffset]] ff pattern [mode [repeat]]

Arguments
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targetis a character vector or string to be searched in
startOffsetisanoptional integer scalain target at which the search is to bedleft end of the range).

endOffset is an optional integer scalar in target at which the search is to end (right end of the range).
This will be the offset used when only one offset is specifiéote: endOffsetis always 1 character past
the end of the desired search randgecause the endOffset is specified as 1 past the end of the range,
this means that the length of the range is always endOHs#rtOffset for either io.

patternis a character vector or scalar for the system to locate in tartjgiattern is empty (")result is
(0 0) for the norrepeat mode and a shape (0 2) empty array for the repeat modes

Mode is the search modend indicates: Okteral (the default if omitted), 1-RegEx expressipor 2=
Wildcard expression (may contains * and ? chars)

repeat is the repeat modand indicatesO=return only the first occurrence, 1=return all non
overlapping occurrences, 2=return all occurrences (including overlapping).

Effect
Theresult is either a Zlement vector or a Zolumn matrixrepresenting the indicesindexes are io
dependent:

1 Itis atwoeelement vector if repeat=0 is specified or implied by omission (default). The 1st
element is the offset where the match starts and the 2nd element is the offset where the match
ends (this is the first character AFTER the last character afigiteh). If a match is not found
the result depends upon io. For io=1 we return 0 0 but for io=0 we return 1 1. The
length of the match is given by indexes[@flexes[1].

1 ltisatwoO2 € dzYy YIFGNAE AT NBLISIGrn A& &ALSOAFTASRO
that was found (zero rows if no matches were found). The 1st column is the offset where the
match starts and the 2nd column is the offset where the match dtids is the first character
AFTER the last character of the match). The length of each match is given by indexes[row;2]
indexes[row;1].

Refer to fl for the counterpartto ff.
Exampleqassuming io=1):

N 4et up target string that will be sejq
sTBabababababababababB
s[5] Tk
ababababababababa
1234567891011121314151617
N "ind first occurrence of ¢bab£f in taf
s tff ‘'bab’
25
N "ind forwarvernoaampping occurrences of
s tff 'bab'01
25
6 9
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1013
14 17

25

25

25
6 9
10 13
14 17

69

69

811

(7]

(7]

(72}

(72}

tff

ind forward overl apping occurrences
'bab' 0 2

ind first occurrence of regular expi
'b.b'1

nd | ast occurrence of wildcard expi
'b?b' 2

n d - aveslapping regular expression occurrences in target
'b.b'11

ind overl|l apping regular expression
'b.b'12

N #egin searching forward from offset
s5

tff ‘'bab’

N #egin searching forward from offset
S6

tff ‘'bab’

N #egin searching forward from offset
s7

N

tff  'bab’

i n d - aveslapping occurrences starting at 5

©APLNow LLCAIl Rights Reservep202608-24 UTG Page98




s5 tff 'bab'01

6 9

10 13

14 17
N ' i n d -aveslapping occurrences between offset 5 and 14
s514 tff 'bab'01

6 9

10 13
N "ind overlapping occurrences between
s514 tff 'bab'02

6 9

811

10 13

fflush Extended Flush Component File

Purpose
Flush file buffers.

Syntax fflush tieno

Arguments
tieno is a positive integer file tie number

Effect
Clears buffers and causes any buffered data to be written to the file.

Access
The file must be exclusively tied, the passnumber must match the one in effect, and you must have flush
access.The access code for fflush is 262144.

Examples

| fflush1 |

fhist Component File History

Purpose
Provides historical information about an APL component file.

Syntax OA O Q1 flist fieno passno

Arguments
tieno is a positive integer file tie number;

passno is an integer file passnumber.

The argument must be an integer scalar or ometwo-element, integer vector that defines the file for
which you want information It contains a valid positive tie number and optional valid passnumiber.
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you omit the passnumber, the system assumes it is O.

Result
result is a threeow matrix containing information about the history of the filRow 1 contains the user
number of the file owner and the timestamp of the file's creation in packed form atsiform.

Row 2 contains the user number and timestamp associated with the most recent change to the file.

Row 3 contains the user number and timestamp associated with the most recent setting of the file
access matrix.

Access
The file must be tied and the passnumber must match the one in effacddition, the operating
system must allow you to read the fildf not, a HOST ACCESS ERROR results.

Example

‘TESTFILE' ftielh fhistl
103 2.783508749E15 1984 316 125229 0 (Created)
199 2.784878374E15 1984 41 919340 (Last change)
103 2.783699813E15 1984 318 17 56 53 0 (Access set)

fhold File Hold

Purpose
Synchronizes file operations in shared file systems.

Syntax fhold tieno
fhold tieno passno

Arguments
The argument designates the file tie numbers and passnumbers of the files you wish to reserve for
update. If you omit a passnumber, the system assumes it iBile. tie numbers must be distinct, and
they must designate tied filesThe argument is an iager array constructed as follows:

tieno is scalar, vector, or oa@w matrix of positive integer file tie numbers, or the first row of a two
row matrix containing one or more file tie numbers;

passno, if supplied, is the second row of a @@ matrix holding file passnumbers corresponding to
the tie numbers in the first row.

Effect

Provides an interlock scheme by which multiple users can synchronize file up@atlysone user can
have the interlock at any one timdzach user who executesfhold waits in a queue for a turn to have
the interlock. (Note:  fhold does not lock files; it is a cooperative systaihile an interlock is set, the
system delays other users in turn from completing execution of theéhold operations but not from
executing other file operations.)

fhold first releases any current interlocks that you have, and then, when it is your turn, sets an
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interlock on each designated fil&.he system does not set any interlocks while another user has an
interlock set on any of the designated filesfhold execution waits until all such other interlocks have
been released.

The system releases all interlocks when the user who set them executes anotheld, exitsAPL64
enters immediate execution mode, or signals a strong interrtfuiu can release the interlock on an
individual file without affecting other interlocks by untying or retying the fid@ empty vector or a one
or two-row, zeracolumn matrix releases afiterlocks and does not set anyfhe system does not
release file interlocks when a program stops for quad 6r quotequad ( ) input. Stopping for input
when files are held can impose long delays on other users and should be avoided except when
necessary.

Note: Because of the limitations of the operating system, the order in which users with contending file
holds are granted access is not necessarily the same as the order in which they requested the file holds.

Access
The files must be tied, the passnumbers must match the ones in effect, and you must have hold
access.The access code forfhold is 2048.

Examples
Hold two files, one with and one without a passnumber.

fhold 2227 330 31723R...

The following example holds a file while the system performs an update.

n FOO

[5] NUPDATE DIRECTORY

[6] fhold TN

[7] %. 4 2 9 Nfread TN,1),[1] NEW)
[8] ENTRY freplace TN,1

[9] fhold O

n

fi Formatted Input Conversion

Purpose
Converts a character string to numeric values.

Syntax OA O Q1 fOdaty

Argument
data is a character singleton or vector to convert.
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Result

result is a numeric vector formed by taking a character argument and converting it to nunTiess.
conversion process interprets the character strings as numbers just as the interpreter recognizes
characters you type from the keyboard in immediate exeamuthode as numbersYou can use

numerals, the decimal point, the high minus, and the uppercase letter E for scientific

notation. Additionally, fi converts the normal minus sign to a high minus when it precedes a number
with no space between themYou cannot, however, use the plus sigriultiple spaces between

numbers are treated as a single space.

A group of characters that is invalid as a number appears as a single zero inTe&ifunction is often
used in conjunction with vi, which verifies the validity of data for formatting. vi returns a Boolean
vector with 1s in the positions where groups of characters representforgtied numbers, and 0s
where they do not.

Examples
' N2 oo o .183p4859HE158,9,10'
fi A
666 1.2 0.13.141590
fir2"'
2
fit2"
1
fi''
0
fi ' ANSWER: 666
0 666
"Nyl . 37%2 )3 @o¢ , " 3802
fiB
006660
( viB) fiB
666
T A Y R Anfefakd t&.Blet FindInFiléddethod
Purpose

Performs a string searclocatingall occurrences of a character scalar or vectostring scalar or
vector,within files.

Syntax FindInFiles targetFolder targetText ignoreCas@noreSubdirectories|fileWildCards]

Arguments
9 targetFolder: The directory path of a file system folder containing files to be considered in the
search, not a file path and not including wild cards
9 targetText: Text to find in the contents of the files considered in the search

1
)l

ignoreCase: 0/1orcasey a Sy aA G A @S OKF NI OGSNI dSOG2NI 2NJ &id NA
ignoreSubdirectories: 0/1 orcadey 8 SY aA G A @S OKIF NI OGSNJ @dSOG 2 NI 2NJ
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1 fileWildCards: Optional file name wild card patterns:
o Characterscalar owector
0 String scalar or vector
0 Vector of character vectors and string scalars

Result Character matrix containing the file names, if any, of files containing the targetText. An
exception will be thrown in the specified folder in th& drgument does not exist or is not accessible.

Notes
9 The search is carried out using Unicode encoding
1 File types: .txt, .csv, .xml, .json and other file types which contain explicit text are supported

Examples
The citest\ folder on the target workstation contains:
1 < | Ciest - O X
Home Share Wiew e
{, cut 1 7 New item ~ Open ~ Select all
Lj _J oy CU « = X !ﬁ __J ew item ﬂ " p.en Eee al
w. Copy path ﬂ Easy access Edit Select none
Pinto Quick Copy Paste Move Copy Delete Rename Mew Properties .
access 7| Paste shortcut to- tow - folder - £ History DD Invert selection
Clipboard Organize New Open Select
&« v 4 > ThisPC > OS(C) 5 test » v B Search test
~
~ Mame Date medified Type Si
7 Quick access
11 Deskiop subtest 1 File folder
|5 textlxt 1 Text Document
‘ Downloads [ textatxt 971 Text Document No preview available.
= Documents (& <l xml 1 XML File
= Pictures
source
MK L >

4items 1 item selected =

The citest\subtest folder on the target workstation contains:

= | Citest\subtest - O X
F Home — Share  Vie %
4 cut X T New item ~ ﬂ open - [ selectan

w. Copy path -TJ Easy access Edit Select none
Pinto Quick Copy Paste Move Copy Delete Rename MNew Properties
access #| Paste shortcut to to - folder - & History DD Invert selection
Clipboard Organize New Open Select
« v 4 > ThisPC » 05(C) » test » subtest ~ O Search subtest
-
[ Desktop ~ MName ~ Date modified Type Si
| Documents E tet et 9/11/2 3 P Text Document
& Downloads = text2txt 9/11/2 PM Text Document
) Music Select a file to preview.
&= Pictures
m Videos
= OSIC
© v £ >

2 items =

The content of the files:
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| textl.txt - Notepad — O e

File Edit Format View Help

abcde
target Text

par

Ln1, Col1 100%  Windows (CRLF) UTF-8

| text2.tt - Notepad — O >
File Edit Format View Help

Iabn:de

par

Ln1, 100%  Windows (CRLF) UTF-&

o Chtestwmllxml- Notepad++  — O x

Eile Edit 5Search View Enceding Language
Settings Tocls Macre Bun  Plugins Window ?
X

cHHEBERLE s akiae|

B APLE4Settings_JWiedemann_Machine_3xml £E3 = xml1]+ |+

1 EkTAG1>
2 <TAG2>abcde</TAG2>
3 <Tag3=Target Text</Tag3>
4 </TAG1>
Ln:1 C Windows (CRLF)  UTF-28 IMS
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{# APLG4 Project: CLEAR WS _ 0 %

File Edit Session Objects Debug Opticns Help

e o e 3

iFREdAd& [ =2¢X Do Maa. EHIN>»F .

<p OFindInFiles 'c:Ztest Target Text' 1 1

c:l\testhtextl.txt

c:\test\xmll.xml

<H OFindInFiles 'c:\test Target Text' 0 1

c:\test\xmli.xml
OFindInFiles

c:\testh\textl.txt

c:htestixmli.xml

c:i\test\subtest\textl.txt

WD el LT G RO e
e
(w]
ol
it
L
i
o]
m
s
it
x
sl
.
[=

o OFindInFiles 'c:Ztest' 'Target Text' 1 1 '=.txt
10 c:\testitextl.txt
11 OFindInFiles 'c:Ztest Target Text' 1 1 '=.xml
12 c:htestixmli.xml
13 <H OFindInFiles 'c:\folder which does not exist Target Text' 1 1

i4 Could not find a part of the path 'c:\folder which does not exist'.
15 [imm] OFindInFiles 'c:\folder which does not exist' 'Target Text' {1 1

16 o
Ill | New Row
Ready | |Cmd: Ln: 0 Col: ﬂl |Classic| |Num

first Return First Item of Array

Purpose
Returns the first item of an array.

Syntax OA OOI fitst dfray

Argument
array is any array.

Result

The result is the first item of the argumenif.the argument is not already a simple scalar, result is

ySaiSR 2yS tS@gSt tSaa RSSLIie& GKFry GKS FANBRG StSYS
Note: ! G 9@2ftdziAz2y [ S@St wX GKAA Tdzy OdtERtiodlevelld a2 OA |
this function is associated with discloge) (used on arrays with more than one item. first returns the

first item of an array regardless of Evolution Level.

Example

#No/ . %o ¢ o T
first C
ONE
first C

3
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fl Find Last Occurrence
Purpose
Performs a righto-left string search, locating the last occurrence or repeated occurrences of a
character scalar or vector within another character vector or string.

Syntax resultN O A[s@iQifset] endOffset] fl pattern [mode [repeat]]

Arguments
targetis a character vector or string to be searched in

startOffsetis an optional integer scalain target at which the search is to bedlaft end of the range).

endOffset is an optional integer scalar in target at which the search is to end (right end of the range).
This will be the offset usewhen only one offset is specifiedNote: endOffsetis always 1 character past
the end of the desired search randggecause the endOffset is specified as 1 past the end of the range,
this means that the length of the range is always endOffstdrtOffset for either io.

patternis a character vector or scalar for the system to locate in tartjgtattern is empty (")result is
(0 0) for the norrepeat mode and a shape (0 2) empty array for the repeat modes.

Mode is the search modend indicates: Osteral (the default if omitted), 1-RegEx expression, or 2=
Wildcard expression (may contains * and ? chars)

repeat is the repeat modand indicatesO=return only the first occurrence, 1=return all non
overlapping occurrences, 2=return all occurrences (including overlapping).

Effect
Theresult is either a Zlement vector or a £olumn matrixrepresenting the indicesindexes are io
dependent:

1 Itis a twoeelement vector if repeat=0 is specified or implied by omission (default). The 1st
element is the offset where the match starts and the 2nd element is the offset where the match
ends (this is the first character AFTER the last character ofititeh). If a match is not found
the result depends upon io. For io=1 we return 0 O but for io=0 we return 1 1. The
length of the match is given by indexes[@flexes[1].

1 ltisatwoO2 € dzYy YIFGNARE AT NBLISIGrn A& ALISOAFTASRO
that was found (zero rows if no matches were found). The 1st column is the offset where the
match starts and the 2nd column is the offset where the match €tids is the first character
AFTER the last character of the match). The length of each match is given by indexes[row;2]
indexes[row;1].

Referto ff&A£l O OEA AT O OAOPAOO Oi A

Exampleqgassuming io=1):

N 4et wup target string that wildl be s
sTBababababababababaB
s,[.5] T I§

ababababababababa
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12345678910111213141516 17
N "ind |l ast occurrence of <¢babf in ta
s tfl ‘bab’

14 17
N "ind reve+tosvernoaampping occurrences of
s tfl 'bab'0O1

14 17

10 13

6 9

25
N "ind reverse overlapping occurrence
s tfl 'bab'02

14 17

12 15

1013

811

6 9

47

25

flib Library List of Component Files

Purpose
Produces a character matrix of component files with the .sf extension in a library or directory.

Syntax OAOOI flip "N
OAOODI fib oy
OAOODI fib liy

Arguments
dir is a directory name;

lib is a library number.

The argument must be empty, a valid path/directory name, or a positive integer that has been
associated with a directory by usinglibd or the Libraries choice on the Options merithe argument
is empty, the system uses the current working directory.

Result

The result of flib is an alphabetic (uppercase Z preceding lowercase a) listing of file néyes.
supply a directory name (with or without the path), the result is a character matrix of file names, left
justified. The number of columns is the length of the longiistname in the list.

If the argument is a numeric library number, the result is a character matrix that contains one file
identifier in each row.The first ten columns contain the rightstified library number with a space in
the eleventh column; the remaining columns cont#he leftjustified file name.
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)flib produces the same list of files formatted in multiple columns, without library numbers.

Examples

flib 'C\ APL\ FILES'
CONVERT
DATEFILE
XFER
flib 'C:\APL\ FILES'
38
libd '123 CA APL\ FILES'
flib 123
123 CONVERT
123 DATEFILE
123 XFER
flib 123

322

Note: The system assumes the default extension (.SF) for componentTites, it returns only those
files created with the traditional file functions and those that use the same naming convef@mew
programming, the extended file functions, inclugdin xlib, provide more capability and flexibility.

flock Extended Lock Component File

Purpose
Lock or unlock a file.

Syntax flock tieno operation position lengthassno

Arguments
tieno is a positive integer file tie number; it must be an exclusive extended component tie;

operation is a Boolean value: 1 for locking the file, O for unlocking the file

position is a 64it integer specifying thbéeginning of the range to lodkhe value of thimrgumentmust
be equal to or greater than zeyo

length is a 64it integer specifyingite range to be locle(the value of this argumentannot be
negative)
passno is an optional integer passnumber (If you omit the passnumber, the system assumes it is 0)

Effect
Locking part of a file prevents other processes from reading from or writing to that part of the file.
Unlocking a file allows access by other processes to all or part of a file that was previously locked.

Access
The file must be exclusively tied, the passnumber must match the one in effect, and you must have lock
access.The access code for flock is 131072.

Examples
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flock 211024 1
flock 2 0 1024 1

fmt Format Output

Purpose
Formats character and numeric data into a character maffix. details on this system function, see the
Formatting Output chapter in this manual.

Syntax OAOOI O N o Amtatd OOOOET Co
OAOGOI O N o AmObdaai)@datal).cOdatan
OAOGOI O N o AmOdakldatérd.E dgan)
Arguments
data, dataare APL arrays; each one can be any-nested numeric or character arrayhe right
argument can be one array, a vector of enclosed arrays, or a string of arrays delimited by semicolons
(see the caution below).

formatstring is a character vector that contains phrases to be applied to data, or datal, data2, and so
on. These phrases, shown below, control how the system edits and displays the right argument.

Phrases
rmAw Character data field
rmEw.s Exponential numeric data field
rmFw.d Fixed point numeric data field
rmG<pattern> Format data by supplied pattern
rmlw Integer numeric data field
TporT Absolute tab position for next field
rxXp Relative tab position for next field
r<text> Insert supplied text
where
d = Number of positions after the decimal point (F)
m = Optional format phrase modifier (see below)
p = Position (column number) (T, X)
pattern = Pattern of digit selectors and text characters (G)
r = Optional repetition factor
s = Number of significant digits (E)
w = Field width (A, E, F, 1)

You use commas to separate multiple format phrases for individual data columns within
formatstring. You can repeat a group of format phrases by enclosing it in a pair of parentheses and
preceding the left parenthesis with a repetition factor.

You can use one or a combination of the following modifiers with the phrases shown in parentheses.

Format Phrase Modifiers
B Blank if zero (F,G,I)
C Comma insertion (F,I)
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Ki Scale argument by 10¥E,F,G,I)

L Left justify (F,I)

M<text> Negative left decoration (F,G,I)
N<text> Negative right decoration (F,G,I)
O<text> Format zero as text (F,G,I)
O<value><text> Format value as text (F,G,I)

P<text> Positive or zero left decoration (F,G,I)
Q<text> Positive or zero right decoration (F,G,I)
R<text> Background fill (A,E,F,G,I)
S<symbolpairs> Symbol substitution (F,G,)

Z Zero fill (F,1)

You can use any of the following pairs of symbols to delimit the text in the decorations, background fill,
symbol substitution, and text insertion:
< >

O 6

/1

Result The result is a character matrix of the data formatted as specified.

Caution

The preferred format for the right argument is a vector of vectdrhe semicolorelimited list is
included for historical compatibilityThis format produces the same effect as the original list form
except when all the arrays in the list are simplalacs of the same typeln this case the effect is a
space-consuming row display rather than a column resdlb achieve the column result, make one of
the list items a vector.

Examples

13 fmt123
1
2
3

13 fmt (1;2;,3)
123

'5,2F8.1,E12.3' fmt34 12
1 2.0 3.0 4.00EO0
5 6.0 7.0 8.00EO
9 10.0 11.0 1.20EO

'G<(999) 999-9999>'  fmt 3015645020
(301) 564-5020
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&342Nog!l ph CTTT ho! po
FSTR fmt19 'APLSYSTEM'
APL+2000 SYSTEM

fn Function name

Purpose
Returns the name of the currently executing function.

Syntax resultN  fn

Domain
The result is character vector containing thieame of the function currently executing in a function or
an empty character vector when called from immediate execution.

fnames Names of Tied Component Files
Purpose
Returns the file identifiers of component files tied with the traditional functionflie or  fstie. (See
also the extended file function xfnames.)

Syntax OA OOI f@ambs

Result
The result is a character matrix of file identifiefthe rows of result have the same order as

fnums. fnames formats result to be as wide as needed; it contains the full path and file names,
unless you have defined librarie®Vith a library number, the first ten columns contain the rigintified
library number witha space in the eleventh column; themaining columns contain the lejastified file
name.

Example

fnames
CANAPL\ WSS CHAPTER1
ANTEMP
101 TEMP2

Note: When using the traditional file functions, you are limited in names you canksenew
programming, the extended file functions provide more capability and flexibility.

fnedhist Function Editing History

Purpose
Displays the function editing history.

Syntax ! OOAU xEOE Al 1 Oi10d / A£AEOCAOh 2AI T 6AA 4A@0Oh

#EAO 8-, OAOEAI EUAOETI

#EAO $1 AOi AT OAOETT 0OOi i1 AOU

#EAO $1 AOi AT OAOETT 0OOi i1 AOU

$1T OAT A neEei i AUGAO ET OEA &O01 AOGEiI1T AAEOET ¢
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Effect
Function editing history can be captured as an APL nested array or an XML document usifgEdHist
system function. Refer tBunction Editor Compare Format & Editing Hisforyadditional information.

Examples

[ APLB4: CLEAR WS — O x

File Edit Session Objects Tools Options Help

FRY 8O0 =9y bn®
[<F

I WL IR IR 68 (S

=

OFnEdHist '?'
[OFnEdHist Documentation Summary
Array with columns: Offset, Removed Text, Inserted Text + 'ﬁpl' OFnEdHist fnName
“Line termination characters represented by &%

Array with columns: Offset, Removed Text, Inserted Text + 'Rawﬁpl' OFnEdHist fnName
Apctual line termination characters: OTCNL, OTCLF

0O =~ O N F Wk =D

Char[] XML serialization + "¥ml' OFnEdHist fnName
9: * Line termination characters represented by Zamp:#10;Zamp;#13;
10: * Space characters represented by &amp;#160;

11

12 Char[] XML serialization +~ 'RawXml' [OFnEdHist fnName
13: * Actual line termination and space characters: OTcwL, OTCLF, ' !

14

15 Char[] Documentation summary - OFnEdHist '?7'

16

17 #kilo-bytes in function editing history + '"KBytes' [FnEdHist fnName

| | |Hist: Ln: 18 Col: & Ins |Classic]| [ wum | EN_us |
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T APLG4: CLEAR WS = = @ X

File Edit Session Objects Tools Options Help

FREA& [DE=2¢X DS Maa . 0 DEEE_imn w4 .

VAdd10 a x| =
FREA. AP{X@RHE=2CYXDAEIR A A AQce®o@®|inin il i,
0 7+Add10 X
[ Z+10+X
[1:6]
oo Jed V
< o1 OdrQ«apl«"Apl' [OFnEdHist 'Addi0’
2! Offset Removed_Text Inserted_Text
3 0 z
L 1 -
5 2 A
6 3 d
7 4 d
8 5 1
2] 6 0
10 7
8 X
12 9 Gt
13 11 z
14 12 -
15 13 1
16 14 0
17 HiS +
18 16 X
19:807
20
dE= |
Ready | | |Hist: Ln: 11 col: 3% |Ins |Classic| | Num | EN_US
%7 APL64: CLEARWS = = @ X
File Edit Session Objects TJools Options Help
ERL SO0 =2 Do d& A, 0 U EE 0 wm it e,
VAdd10 = x| =
ERQ AUX 88002 naER AR R 0 Q@@ kn il i

0:Z+Addi0 X
B -:0+x

[1:61
<Aoo Jed ¥
<poygd Odr xml<='RawXml' OFnEdHist 'Addio’
21162
Qo3 Onfe 'Encoding' 'UTF8'
4 UTF8
s 'ct\junk\AddiOHistRawXml.xml' [Onfe 'Create' 'ReadWrite' 'ReadWrite'
<|1|.6 xml [Infe 'Append' 'c:\junk\AddiOHistRawXml.xml'
7|
d= |
Ready | | [Histz Ln: 7 col: 6|Ins |Classic| | num | EN_us
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[&f cuuniAdd10Hi: oeml - Notepad: i — [u] X

File Edit Search View Encoding Lenguage Seftings Teols Macre Run

39 B 4 Dk [#h 5| % = \
[ Add10HistRawXmlxml a]

<?xml version="1.0" encoding="utf-8"2>
§<Dceaslnfo xmins:xsi="http://www.w3.org/2001/XMLSchema-instance" xmins:xsd="http://www.w3. org/2001/XMLSchema">

I 1o

ugins Window 2 v X

TEPRE|® @ PE DEE=z av=BEIEEEzsvEEBLe JH 4P 7

<listDceas>
<Dceas>
<0ffset>0</Offset>
<RemovedText />
<InsertedText>2Z</InsertedText>
E </Dceas>
=] <Dceas>
<0ffset>1</Offset>
<RemovedText />
<InsertedText>-</InsertedText>
r </Dceas>
<Dceas>
<0ffset>2</0Offset>
<RemovedText />
<InsertedText>A</InsertedText>
o </Dceas>
=] <Dceas>
<0ffset>3</0ffset>
<RemovedText />
<InsertedText>d</InsertedText>
E </Dceas>
<Dceas>
<offset>4</0ffset>
<RemovedText />
<InsertedText>d</InsertedText>
E </Dceas>
=] <Dceas>
<0ffset>5</0ffset>
<RemovedText />
<InsertedText>1</InsertedText>
</Dceas>
= <Dceas>
35 [‘] <offset>6</0ffset>
3 <RemovedText />

S
{T}
il

=
{1}
il

W W W RN RN NNNRRD N R e

length: 2,056 lines: 87 Ln:1 Col:1 Pos:1 Windows (CRLF)  UTF-8-BOM INS

fnums Tie Numbers of Tied Component Files

Purpose
Displays the tie numbers of component files tied witlitie or  fstie.
(See also the extended file functionxfnums.)

Syntax OAOOI fAumy

Result
The result is a numeric vector of file tie numbefde tie numbers are in the same order as the file
names that fnames reports; that is, the order in which they were tied.

Examples

fnums
27 3317

15,0-6,22A1' fmt fnums fnames
27 - C\APLWSS CHAPTER1
33-ANTEMP
17 - 101 TEMP2

Note: When using the traditional file functiongou are limited in names you can ugeor new
programming, the extended file functions provide more capability and flexibility.

frdac File Read of Access Matrix

Purpose
Reports the current access matrix for an APL component file.
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Syntax OA O OI falacNieno
OA O DI facNieno passno

Arguments
tieno is a positive integer file tie number;

passno is an integer passnumber.

The argument must be an integer scalar or ometwo-element, integer vector that defines the file for
which you want the access matrikt.contains a valid positive tie number and optional valid
passnumber.If you omit the passnumber, the system asswnitds O.

Result
The result is a threeolumn numeric matrix that contains the file's access ma#inewly created file
has an access matrix with no rowsor an explanation of the access matrix and access codes, see the

Using Filesnanual.

Access
The file must be tied, the passnumber must match the one in effect, and you must have authority to
read the access matrixThe access code for frdac is 4096.

Examples

frdac 33 7655
12304 16059 7566
23405 16063 O
A file with an empty access matrix.
frdac 27
03

frdci File Read of Component Information

Purpose
Returns information about one component of a file.

Syntax OA O Q1 fédici tleno compno
OA O OI fci tleno compno[passnd

Arguments
tieno is a positive integer file tie number;

compno is an integer component number;
passno is an integer passnumber.

The argument must be a twor three-element, integer vector that identifies the component for which
you want information. It contains a valid positive tie number, a valid positive component number, and
optional valid passnumberf you omit the passnundr, the system assumes it is 0.
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Result
The result is a H@lement numeric vector:

1 The first element is the workspace storage needed to hold the component's value, in bytes.

1 The second element is the user number of the person who last replaced or appended the
component.

1 The third element is the time that the component was last replaced or appended, in a packed
timestamp form given in microseconds since 00:00, 1 January 1900.

I The remainder is the component timestamp in a see@ment unpacked form (year, month,
date, hour, minute, second, millisecondjhe microsecond resolution is maintained for
compatibility with other APL system$he clock accuracy, however, is one seltond.

Access
The file must be tied, the passnumber must match the one in effect, and you must have the authority to
read component informationThe access code for frdci is 512.

Example

frdci 27 1
3712 1 2.783963338E15 1988321198580

fread Read from a Component File

Purpose
Reads a component of a file and makes it available in the workspace as a variable.

Syntax OA OOI f@adNieno compno
OA O DI fe@adtieno compno passno

Arguments
tieno is a positive integer file tie number;

compno is an integer component number;
passno is an integer passnumber.

The argument must be a twor three-element, integer vector that identifies the component you want
to make availablelt contains a valid positive tie number, a valid positive component number, and
optional valid passnumberf you omit the passnumbethe system assumes it is O.

Result
The result is the actual value stored in the file component.

Access
The file must be tied, the passnumber must match the one in effect, and compno must be a valid
component number.The access code for fread is 1.

Examples

©APLNow LLCAIl Rights Reserverd202608-24 UTG Page116



fread 27 1
THIS FILE CONTAINS DATA FOR 1987
CREATED 26 JANUARY 1988.
fread 27 2
SMALLS, BARRY T. 4856739 6/30/85
I N fread 27 3
A
SMITH, KAREN M. 3847384 3/01/86

frename Rename Component File

Purpose

Changes the name and sets the size limit of a component file.

(See also the extended file functionxfrename, which supersedes the naming capability of this
function.)

Syntax fileid' frename tieno
fileid size' frename tieno
fileid' frename tieno passno
fileid size' frename tieno passno
Arguments

fileid is a file identifier

size is an integer that specifies the file size limit in bytes;
tieno is a positive integer file tie number;

passno is an integer passnumber.

The left argument, a character scalar or vector, designates the new file identifier and, optionally, a new
size limit. The new file name must not already exist in the directofpu can specify the fileid in either
path or library form.If you omit boththe directory and library number, the system uses the default
directory.

The right argument must be an integer scalar or-ametwo-element, integer vector that defines the file
you want to rename.lt contains a valid positive tie number and optional valid passnumtbgou omit
the passnumber, the system assumes it is O.

Effect

frename changes the file name to the one specified in the left argument, potentially moving it to a
different directory on the same disk drivéf. the file name already exists, the system signals a FILE
NAME ERROHRhe result of fnames reflects the new file identifielThe user who renames the file
becomes the new file owner.

Access
The file must be exclusively tied, the passnumber must match the one in effect, and you must have
rename accessThe access code forfrename is 128.

Examples
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flib "
PRIMES
'PRIMES' ftie 10
'PRIMENUM'" frename 10
flib "
PRIMENUM
'NEWNAME' frename 10
libd '101 CAAPL FILES'
101 NEWNAME' frename 10

Note: The system appends the default extension (.SF) to the fileid you provglag the traditional file
functions, you are limited in names you can uer new programming, the extended file functions
provide more capability and flexibility.

freplace Replace Component
Purpose
Changes the value of an existing component of a file.

Syntax value freplace tieno compno
value freplace tieno compno[passnd

Arguments
value is the value you want to store; it can be any rank, shape, or datatype;

tieno is a positive integer file tie number;
compno is an integer component number;
passno is an integer passnumber.

The right argument must be a twor three-element, integer vector that identifies the component you
want to replace.lt contains a valid positive tie number, a valid positive component number, and
optional valid passnumbeif you omit the passnumberhe system assumes it is 0.

Effect
Replaces the designated component of the file with a new valiuglso updates the component
information ( frdci) and file history ( fhist).

Replacing a component may change the file sizéhe new component is larger than the one it

replaces, the new component may be written at the physical end of the file, leaving the previous size of
the component as wasted spacehis is known as an egpling freplace; the amount of wasted space

is reflected in the last element of fsize. You can recover this space by usinfdup.

Access
The file must be tied, the passnumber must match the one in effect, and you must have append
access.The access code for freplace is 16.

Example
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3DAAAS Head 38 10 .
SPAAASEAIN3IDAAASEAI h p
SpeedDial freplace 33 10

fresize Resize Component File (Limit)

Purpose
Resets the file size limit of a component file.

Syntax size fresize tieno
size fresize tieno[passngd

Arguments
size specifies the file size limit in bytes; it must be less than 2*32 (4 gigabytes);

tieno is a positive integer file tie number;
passno is an integer passnumber.

The size is the new file size limit in bytéismust be a positive integeralued scalar or onelement
vector greater than or equal to the current size of the filecan also be zero, meaning that the file has
no size limit.

The right argument must be an integer scalar or-aretwo-element, integer vector that defines the file
you want to resizelt contains a valid positive tie number and optional valid passnumlbgou omit
the passnumber, the system assumes it is O.

Effect
Changes the file size limit to the specified valifesize is zero (the default for a new file), the file has no
size limit; it can grow as large as needed, up to the maximum allowable size for component files.

Access
The file must be tied, the passnumber must match the one in effect, and the user must have resize
access.The access code for fresize is 1024.

Example

fsize 27
1 50 94560 100000 O
2600000 fresize 27
fsize 27
1 50 94560 2600000 O

fsize Component File Size Information

Purpose
Returns the size limits of a component file.

Syntax OA OOI féize eno
OA OO féizeMieno[passnd
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Arguments
tieno is a positive integer file tie number;

passno is an integer passnumber.

The argument must be an integer scalar or ometwo-element, integer vector that defines the file for
which you want size informationit contains a valid positive tie number and optional valid
passnumber.If you omit the passnumber, the system assuntés 0.

Result
The result is a fivelement numeric vector that contains the information shown below.
Element Description

[1] The number of the first component in the file.

2] The number of the next available component.

[3] The physical storage (in bytes) that the file uses, including data, overhead, and access matrix
[4] The size limit for the file as set by the user (a value of zero means no upper limit)

[5] Estimated number of bytes that a file compaction can recover

Caution fsize, as described here, is specific to this APL64 system; in particular, the elements dealing
with file size may be floating point numbers, which in other APL systems were integers.

Examples

'PRIMES' fstie 37
fsize 37
7 53 28672 100000 9648

'NEWFILE' fcreate 13
fsize 13
11105600

fstac Set Access Information of Component File

Purpose
Sets the access matrix of a component file.

Syntax access fstac tieno
access fstac tieno[passnd

Arguments
access is a threeolumn integer matrix or a threelement vector containing the values of an access
matrix: user number, operations allowed; passnumber (sedibieg Filemanual for details).

tieno is a positive integer file tie number;
passno is an integer passnumber.

The right argument must be an integer scalar or-aretwo-element, integer vector that defines the file
for which you want to set the access matrixcontains a valid positive tie number and optional valid
passnumber.If you omit the passnumber, th&ystem assumes it is O.
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Effect

Replaces the access matrix for the fifor an explanation of the access matrix and access codes, see
the Using Filemanual. The system imposes the new access restrictions on any user the next time that
user ties the file. fstac may increase the amount of disk storage that the file occupies.

Access
The file must be tied, the passnumber must match the one in effect, and the user must have the
authority to change the access matriXhe access code for fstac is 8192.

Example

-1 4 N 47724902 666 1000 10
MAT fstac 33
frdac 33
4772490 2 666
1000 10

fstie Share Tie a Component File
Purpose
Ties a component file for shared use.
(See also the extended file functionxfstie, which supersedes this function.)

Syntax ‘fileid'" fstie tieno
fileid'  fstie tieno [passnd

Arguments
fileid is a file identifier;

tieno is a positive integer file tie number;
passno is an integer passnumber.

The fileid must be a character vector or singleton that contains the file identifier of an existinij file.
you do not specify the directory or library number, the system uses the default directany.can tie a
file that has a tilde character (~) ihd traditional representation (8.3) of a longer file name.

The right argument must be an integer scalar or-aretwo-element, integer vector that specifies the
number by which you will define the file to other functioris contains a valid positive tie number and
optional valid passnumberf you omit the pasnumber, the system assumes it is O.

Effect

The file is share tied; more than one user can shigra file simultaneouslyFile ties are "slippery;" that
is, if a file is already tied to one tie number, you can tie that file to the same number or to another
unused tie number without untying theldi

Access

The file must exist and must not be exclusively tiedtie or xftie) by anyone, although it can be
sharetied by others.The user must have some form of access to the file, and the passnumber must
match an appropriate one in the access matrix.
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Examples

'PRIMES" fstie 37

'CAAPLW FILES MYFILE' fstie 22
libd '12345 CA APLWM WSS'

'12345 PRINTOUT" fstie 1 666

Note: The system assumes the default extension (.SF) for the fileid you prdysileg the traditional

file functions, you are limited in names you can uBer new programming, the extended file functions
provide more capability and flexibilitiPurpose: Ties a component file for shared use.

(See also the extended file functionxfstie, which supersedes this function.)

ftie Tie a Component File (Exclusive)
Purpose
Ties a component file for exclusive (rsimared) use.
(See also the extended file functionxftie, which supersedes this function.)

Syntax ‘fileid' ftie tieno
fileid'  ftie tieno [passnd
ftie tieno

Arguments
fileid is a file identifier;

tieno is an available positive integer file tie number;
passno is an integer passnumber.

The fileid must be a character vector or singleton that contains the file identifier of an existinid file.
you do not specify the directory name or library number, the system uses the default direstoaycan
tie a file that has a tilde character (i)the traditional representation (8.3) of a longer file name.

The right argument must be an integer scalar or-aewo-element, integer vector that specifies the
number by which you will define the file to othimctions. It contains a valid positive tie number and
optional valid passnumberf you omit the pasnumber, the system assumes it is O.

The optional left argument must be a valid component file identifier.

Effect

The file is exclusively tiedNo other user can tie the file as long as it remains exclusively Eigel ties

are "slippery;" that is, if a file is already tied to one tie number, you can tie that file to the same number
or to another unused tie numbewithout first untying the file.

Monadic ftie takes a tie number as the right argument and returns a-el@ment integer vector
indicating the file tie stateThe value of the first element is the same as the open mode arguments to
the dyadic version of ntie and indicates what the current open mode of the fileThie open mode
values are sums of the following:
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Access Requested Access granted to other users

0 = read access 16 = no access allowed (exclusive)

1 = write access 32 = read access allowed, write access denied

2 =read and write access 48 = write access allowed, read access denied
64 = read and write access allowed

The values are dependent on whether the tie request was for a shared or exclusive tie and whether read
or write access is granted.

The second element indicates if the tie was share tie or an exclusivBhgre ties show a value of O,
exclusive ties show a value of 1.

Access
The file must exist, it must not be tied by anyone else, the user must have the authority to exclusively tie
the file, and the passnumber must match an appropriate one in the access niftexaccess code for

ftie is 2.

Examples

'PRIMES" ftie 37

'CAAPLW FILES MYFILE' ftie 2
libd '12345 CA APLWA FILES'

'12345 MYFILE' ftie 1

Note: The system assumes the default extension (.SF) for the fileid you prdysileg the traditional
file functions, you are limited in names you can uBer new programming, the extended file functions
provide more capability and flexibility.

funtie Untie Component Files

Purpose
Unties one or more component files.

Syntax funtie tienol tieno2 tieno3 . . .tienm

Argument
tienol tieno?2 tieno3 . . . tienoare file tie numbers of files you want to untie.

The argument is an integer scalar or vector of possible file tie numiigesnents of the argument need
not be in use as file tie number&n empty vector is permitted as an argument and does not affect any
file ties.

Effect

The files tied to any of the tie numbers in the argument are unti€hlis frees the file tie number for
reuse with another file.The system releases any file holds in effect for the referenced fileis.
function works on files tied with xftie and xfstie as well as ftie and fstie.

Examples
The second example unties all tied component files.
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funtie 33

funtie ( fnums, xfnums)
xfnums

fx Function Fix
Purpose
Defines (fixes) a function from a character matrix (canonical) representation of the function (see the
description of cr in this chapter).

Syntax OA OO Ofnrép

Argument

fnrep is the character matrix or a nested vector of character vectors (or scalars) that contains the
canonical representation of a function (the result otr). The lines of the matrix should not contain
bracketed line numbers, nor should they contain dgldr dekilde ( ) other than in comments or
character constants. fx ignores trailing blanks in fnrep.

Result

If the function definition is successful, result is a character vector that contains the name of the function
defined. If the function definition is not successful because of a poorly formed argument, result is a
numeric scalar that contains the row indekthe argument matrix where the system found the first

fault. This value depends on the index origini@).

Effect
Defines the specified function in the active workspace unless an error condition od@hwesamount of
available workspace and the number of entries in the symbol table may change.

If the name of the newly defined function corresponds to a local identifier in a currently executing,
pendent, or suspended function, the newly defined function is local to that function and the system
erases the newly defined function when the functiorwihich it is localized completes execution.

If the name of the newly defined function corresponds to the name of an existing function, the system
replaces the existing function and removes angtop or trace settings in the function.

Note: defand fx provide similar capabilities. def is a more powerful and general tool than
fx. See the description of def in this chapter for the differences

Example

(380 OAON ODAOO! Np Opm OAONC
test
vr 'test'
n resN test
[1] ' Np Opm
2] OAON ¢ |
n
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test
45678910111213
D 2 OAONOAOOs o' Np Opmo 20
test
vr 'test'
n resN test
[1] ' Np Opm
[2] OAON ¢ !
n

test
45678910111213

guid Global Unique ldentifier Generator

Purpose
Returns a character vector containing a new Global Unigue Identifier (GUID).

Syntax OAOOI did N

Result

result is a character vector, generated by the Windows operating system, which is enclosed in 'curly
braces'. The representation is of a 148t integer in the format of 32 hexadecimal digits grouped
according to convention.

Effect

The guid system function is used to obtain a character vector containing a new Global Unique
Identifier (GUID).The result may be used as a persistent unigue identifier with a high degree of
certainty. For more information seéttp://en.wikipedia.org/wiki/Globally unigue_identifier

Example

)clear
CLEAR WS
guid
{ASEE881B7AB4-4B38-9237-A2846E43EF9A}

gvte Get Valuelip

Purpose
Returns avalue tip for an object in the workspace.

Syntax NB a dzf & H gvte objectName
NEB & dfsdopgH gvte objectName

Arguments:

scope is an optional numeric argument that specifies the scope at which names are interpreted, where
1 = local (default); and 0 = global.

objectName is the name of the function, character variable, or numeric variable for which the value tip
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which will be returned.If no object with the specified name exists or object is an empty character
vector, gvte returns an empty character vector.

Results
result is a tweelement vector

Hement# Description

1 Object type

2 Object name

3 Value tip text
Effect

¢CKS WxlfdzS GALI GSEGQ T2 N I yefihed yadable isiachafa&ef vegior NA | 6 £ S
which when executed will return the value of the variable.

¢KS W+l fdz§ GALI GSEGQ F2NJIFff 20KSNI!'t[cn 262806
Developer version when the mouse pointer is hovered over that object.

Examples

Example 1:

I+

HUl 6 OFRGH1.28 @ 2 o0a)
63 @G Sgvte V'

30 gvte _
{F. APLB4: CLEAR W5 =] _ 0O X

I+

File Edit Session Objects Tools Options Help

FRA&OH=9CXDES MER. | i

Nl of V«'abcd' (2 3p16) 1.23 (2 2pla)
{1 sgvte+[lgvte 'V’

2:Variable

3iv

ik p (b p "abed")(2 3 p 123 45 6)(1.23)(2 2 p "ABCD")
<H 5 V=sdogvte

61

7
k3| |
|Ready | | |Hist: Ln: 0 Col: 0| Ins |Classic|  |Num |EN_US |
Example 2:

RST U%HCbwT3IBG8, hrubd UY
L HUlF 60U
6 gvte'Y
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3 stop'FN1'
FN1

60 gvte'Y"
61 gvte'Y"

=2 APLE4: CLEAR WS =l

File Edit Session Objects Tools

1 8 3 I ES

Options  Help

=
-9
-y

Debug: FN1[3] * 4

a
L7
&
e
5
=
™

o
B

i
‘

1§ [} QIR A

0iZ«FN1;Y

1iY+23

2 o[lgvte "Y"
© 31<Y+100

+
+

< FN1[3]*
." [lmmediate Execution]

Odef 'Y<23'

%-"1

"I<FN1Y'

-
=
[

¥+'abc'
o[gvte 'Y
ariable

R4

L = =

p "she"
30stop'FNL'

w

: FN1
10iVariable
11:y
12: 23
13:FN1[3]
<1 >00gvtie'Y"
15iVariable
16:Y
17:3 p "abc"
< 18 21[lgvte'Y’
19iVariable
20:Y
21 23

"a[gvte "Y""' 'ZI<Y+100"' A

k3|

|5uspended (Callbacks d. | | |Hi5t: Ln: 22 Col: 6|Ins |{."I.assi-::|

| Num | EN_US |
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Example 3

RST U%u! RRmMmn - U U¥%rumab- {
6 gvte 'Add10’
6 ogvte' o

{#2. APL64: CLEAR WS — — O ¥

File Edit Session Objects Jools Options Help
FREMH & [ 2 C ¥ i i

Oi[ldef 'Z+Addi0 X' 'Zx«<10+X'
1 o0gvte 'Add10'
2. o[gvte 'Oio’

[#%]

Odef 'Z<Addi0 X' 'Ix<10+X'
Addi10
o[gvte 'Addio’
8:Function
9:Add10 |
10iv Z+Addi0 X
<l 11 olgvte 'Oio’
12:System
13ivariable [IO
14 1

SBBEBDD

4
51
6
7

A

I T3] ]

| | |Wist: Ln: 15 Col: 6| Ins [Classic|  |Num | En_us) |

Example 4

If multiple object names are included in the right argument ajvte, the APL64 interpreter will identify
the left-most name as target object name.

gvte' a'
gvte' a save'
gvte' xI a save'
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[l APL64: CLEAR WS = — O %

File Edit Session Objects Tools Options Help

FRA & [CE=]'9 i,

A 0 OgvtE'Oa’

1! System function [JA
< 2, OgviE'Oallsave’

3; System function [A
SO OgvtE'Ox0a0save’

5 System function [OXL

o)
| |

|| | |Hist: Ln: & Col: 6|In5 |CLassic| |Num ||

htic HTTP Listen Client
Purpose
Providessupport for communications between the clieside APL64 instance to the sengide APL64
instance using the HTTP protocol. To learn more abouiic in the APL64 Developer version gaelp
| Developer Version GUI | Using HTLC and HTLS

htls HTTP Listen Server

Purpose

Providessupport for communications between thserverside APL64 instance to tlodient-side APL64
instance using the HTTP protocol. To learn more abouts in the APL64 Developer version ga-telp
| Developer Version GUI | Using HTLC and HTLS

idlist Identifier List

Purpose
Returns a character matrix of the names of functions, variables and/or labels in the active workspace.

Syntax NB adz G w idlistclass
NB & difetters|w idlist class
NEB & dzsdoper idlist class

Arguments
class is the type of identifier, where 1 = functions; 2 = variables; and 8 = |atoelan use the sum of

the appropriate values to obtain a combination of types;
letters is an optional character scalar or vector that specifies the first letters of the names you want to

select;
scope is an optional numeric argument that specifies the scope at which names are interpreted, where

1 = local (default); and 0 = global.
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Result
The result is a character matrix of names with the rows in alphabetical oldgou specify letters, the
system returns only those names starting with the designated letters.

Note: idlistand nl provide similar capabilities, but they use different classification codes as
arguments. See the description of idloc below for a listing of the differences.

Example
List all functions that begin with T, U, or V.

TUV' idlist 1
TRI
VALIDATE

idloc Identifier Localization
Purpose
Returns the local and global classifications of functions, variables, and/or labels. This function is useful
primarily for debugging while one or more functions are pendent on the st#ok. can also use it under
program control to determine the existea®f an identifier.

Syntax NX a dzt idloc kdlist'

Argument

idlist is a list of the names of functions, variables and/or labels for which you want informéiticem

be a character vector that contains the names separated by one or more blanks or a character matrix
with one name in each row.

Result

The result is a numeric matrix with one row for each identifier named in idlis& matrix has one
column for each function in the state indicator, progressing from the most local to the most global in
increasing column orderThe last column containgié global classificationslhe values in the last
column are always nenegative.

Values that the system can return foridloc identifiers are shown below.

Value Classification

1 Not localized at this level

0 Localized with no assigned value at this level or globally undefined.
1 System, usedefined, or associated function

2 System or usedefined variable with value

8 Label

Note: idloc and nc provide similar capabilities, but they use different classification coQéser
differences include the following.

1 idloc returns all local and global classifications)c returns only the locally active
classifications of the identifier.
1 idloc returns a more informative classification code thanc.
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1 idloc accepts either a character matrix or a character vectang accepts only a character
matrix as an argument.

i idlist returns a result consistent with idloc; nl returns a result consistent with nc.

1 nc accepts an #ormed identifier name; idloc produces a DOMAIN ERROR.

For maximum portability to other APL systems, usel and nc (which are part of standard APL); for
more specific information, use idlist and idloc (which are APL64 standard features).

Example

This example shows that A is undefined (0) in the most local environment (TRI), where it is localized, but
it has not been defined by assigning it a vallrethe environment of TEST, A is defined as a labelA(8).

has no global definition (0).

)sinl
TRI[1] * N A
TEST[1] A
idloc 'AN TRI'
080
210
1n

inbuf Set the Character Input Buffer

Purpose
Specifies or empties the contents of the character input buffer.

Syntax inbuf 'chars'
style inbuf 'chars'

Arguments

chars is a vector of charactess stringsyou want to insert into the bufferYou can include tcnl to
represent an Enter keyboard actiolf.the vector contains more characters than the input buffer can
hold, a LIMIT ERROR occurs.

style is an integer with a value between 1 (the default value) andf ybu omit the left argument, or if
the left argument is 1, the system inserts the keystrokes before the current contents of the bififiee.
left argument is zero, the right arguant replaces the previous contents of the buffer; the system
discards any previously typed or inserted keystrokéshe left argument is 1, the system inserts the
keystrokes after the current contents of the buffer.

Effect
Puts the characters of the argument into the input buff@he system uses these characters when it
next looks for input, as if you had typed them on the keyboard.

The system function sys[33] controlstie behavior of the input buffewhen an error is signaled or
evaluation errors imuote-quad or quad input
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Examples
Upon an error, change the workspace name to prevent saving over the original copy with a )save
command.

lte | x T Bikbuf ")WSID PROBLEM", ttecnl  Ljtdm' |

it Interpreter Tuning
Purpose
Used for various unrelated experiments, measurements, and queries B2tbé APLNow32
interpreter. it in APL64 is provided for compatibility with APL+Win but that it is largely deprecated
and most of the operations don't pertain to or affect the APL64 computational environment in any way.

Syntax NXB a dzf ifiname

name it value
name it "
Arguments

value is any appropriate value, where "appropriate” depends on the name chéfsgou prefix name
with a question mark (?), a description of it will be returned.

name is any valid argument to the command (others give a Domain Enam)e can be one of the
following values:

Value Description

AuditRefcounts Audit object reference counts (System Failure for problems)

AuditRefcountsC Audit object reference counts (cleans up problems)

AuditRefcountsS Audit object reference counts (report problems without cleaning)

Dump Generate system debug dump.

IR Returns Internal Representation (IR) of function named by right

MaxAlloc Returns tweelement vector indicating the maximum size object that cai
be allocated

SymbolTable Returns a matrix of information about the symbol table

TraceClear Clears and/or resize TracelLog buffer.

TracelLog Display current TracelLog buffer.

TraceMark Place a #MARK in the TraceLog buffer.

WsFrisk Force immediate workspace friskletects inconsistent internal state

WsMerge Force immediate workspace mergpartial freespace consolidation

WsPack Force immediate workspace packomplete freespace consolidation

WsResize Force immediate workspace resizeommits memory

wsAllocMode Set or query the memory allocation mode.

wsAllocsPerMerge Controls how often memory is merged (allocs per merge)

wsAllocsPerPack Controls how often memory is packed (allocs per pack)

wsAllocsPerResize Controls how often memory is resized (allocs per resize)

wsMergeMode Merge mode

wsResizeExcessFree | Memory resize factor (percent of fregpace to commit in excess)

wsResizeExcessMax | Maximum excess memory commit size (bytes)

wsResizeExcessMin | Minimum excess memory commit size (bytes)

wsResizeExcessUsed| Memory resize factor (percent of usesghace to commit in excess)
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wsResizeMax Maximum memory commit size (bytes)

wsResizeMin Minimum memory commit size (bytes)

wsSlackMode Slack mode

wsSlackSize Initial size of catenation slack space

wsSplitsPerPack Controls how often memory is packed (splits per pack)

wsStatistics Returns a vector of workspace memory management statistics

wsUsage Returns a matrix of workspace memory usage statistics
Result

The result is dependent of the value of name.

Remarks
The features of it operate on the associated APLNow32 workspace (owned by it gPocess) but
this workspace doesn't contain any functions or variables.

Example

CLEAR WS
it 'wsUsage'
2145648640 12288 7548 2145641060 O 02147483648 12288 (0 12288
964755456 0 0 963706848 1048576 4096 587530240 0 4096 4096

it64 APL64nterpreter Tuning

Purpose
Used for various unrelated experiments, measurements, and queries in the interpreter.

Syntax resultN it64 name

name it64 value
name ite4 "
Arguments

value is any appropriate value, where "appropriate” depends on the name chéfsgou prefix name
with a question mark (?), a description of it will be returned

name is any valid argument to the command (others give a Domain Enam)e can be one of the
following values:

Value Description

Crash Intentionally crash system

DamageMismatch | Intentionally damage an Aval by storing Value that doesn't match
DamageNelm Type

DamageNulls Intentionally damage an Aval Nelm

DamageShape Intentionally damage an Aval by planting null elements
DamageType Intentionally damage an Aval Shape

DamageValue Intentionally damage an Aval Type

ExecuteCache Intentionally damage an Aval Value

GClLatency
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MemPool Query or set the ode block ache size limi(see Note 1)

NS Query or set GCLatency mode
RefCount Query or set memory pooling (see Note 2)
TuneDS Query Native State

Returns RefCount info about an array

Tune Dyadic Scalar Primitive Functi(see Note 3)

Note 1:Thissettingcontrolshow many recent code blocks are cachetihe default is 100
with a max of 100000Set the limit to O to suppress execute caching.

Note 2:The default setting is 1, enabled. This setting controls when memory pooling is in effect to
increase performance in situations where similar sized arrays are created and reused. But resulting in
significant memoryisage Set this to 0 to suppress memory pooling.

Note 3: This gtting controls when to apply the nativeode and standard algorithms foptimizing
systemperformance for the arithmetic functions ¢x +). The defaulthreshold valugs 100elements
with a max 0fL000000000

Result
The result is dependent of the value of name.

Example

it64 '?NS'
Query Native State
OA O IT64'NS'
it64 'NS'
Loaded: Q:Program Filed APLNowLLG APL64 APLNow.X64.dll

js JavaScripgEngine

Purpose
Allows an APL64 application system programmer to create an instance of the JavaScript engine within

the current APL64 interpreter instance.

For detailed documentation use thdéelp” APL LanquaddJsing JSmenu item.

Ic Line Counter

Purpose
Returns the current value of the execution line counter

Syntax NB & dzf & W

Result

The result is a numeric vector of line numbers from the state indicator, beginning with the mostltocal.
does not include any values that correspond to callouts, callbacks, or the execytquad ( ), or user
command processor (]) symbols that appear isi or )si.
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Example
Although Ic returns only line numbers, you can use it in the expresipnic to resume a stopped or
interrupted execution.

Si
TRI[2]*

EXAMPLE[3]
Ic

23
o Jc

| List of Characters sn APL identifier
Purpose Returns all characters that can be part of an APL identifier.

Syntax charsN |

Result
chars is a character vector.

Example

|
! ./ 59CDI LWY[abhtvw{¢! +2. % 6ORSTFIAKA2] |

lcase Convert Uppercase to Lowercase
Purpose Converts uppercase characters to lowercase characters.

Syntax resN |caserArg

Argument
arg is any APL64 value. The character or string elements of arg will be converted to lower case. Non
text elements of arg will not be modified in res.

Result
res has the same data type, rank and shape as rArg

Remarks
Icase replaces the assembler function LOWERCASE in the ASMFNS.w3 workspace in APL+Win.

Icase uses theNet StringToUpperlnvarianmethod.

Example

!ca~se’ "[his iS APL' <<ABCDE>>
I AAOA ¢ o A o
pTL PTI 1, k 1 AAOA

p T o@UUoO K
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{E APLB4: CLEAR WS - O b
File Edit Session Objects Tools Options Help
FRASOD=2¢ L DaR MER. !
: : N
<o Olcase 'This i5 APL' «ABCDE»
1. this is apl abecde
o2 Olcase (2 3p[a) 'ABCD' 'DEF'
3 abc abcd def
4. def
5 (10 10p0AL)=01case 10 10pQA
61
g7 'w'=01case 'Q'
81
{9 'abe' (110) 'xyz'=S[LCASE 'ABC' (i110) 'xyz'
101
e |
\Ready | | |Hist: Ln: 11 Col: 6[Ins |Classic| | Num |EN_US |

lib Library List

Purpose
Returns a character matrix of file and directory names in the specified library.

Syntax NB a dzf lib" w
NB & dzf lib 'dier
NEB & dzt lib libH

Arguments
dir is a fully qualified path name;
lib is a library number.

The argument must be empty, a valid path, or a positive integer that has been associated with a
directory by using libd or the Libraries choice on the Options metithe argument is empty, the
system uses the current working directory.

Result

The result is a character matrix that contains an alphabetic (uppercase Z preceding lowercase a) listing
of file names or subdirectory identifiers contained in the specified directS8uhdirectories are marked

by a backslash) character following the ame. The number of columns in result depends on the

longest name in the listlf the argument is the empty vector, the system uses the current working
directory.
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Examples

lib 'C\WSS'
DATES.WS
SERXFER.WS
UTILITY.WS

libd '12 CAWSS'

lib 12
DATES.WS
SERXFER.WS
UTILITY.WS

libd Define Library

Purpose
Associates a library number with a directory.

Syntax libd 'libdefn’
NB & dztliid libno
libd 'libno’
Arguments

libdefn must be a character vector that contains both a library number and the path, separated by at
least one spaceThe library number should be an integer numeral (in character form) and the path
should be a directory identifier.

libno can be either an integer scalar or a numeral character string, with strikingly different results.

Result

When the argument is numeric, libd returns a character vector that contains the path name
associated with the numbeiWhen you provide a character argumentjibd does not return an explicit
result.

Effect

When you provide the library number and the directory designation as a character argument, the
function equates the library number with the directory specified by the pdthe path does not need to
exist at the time the system executeslibd, but it must exist when the library number is usdfithe

name is ilformed or the library does not exist, the system displays a LIBRARY NOT FOUND message
when you attempt to use the library definition.

The result of libs changes when you establish an association; you can use the number in workspace
and file names, and you can use the number to query the contents of the diredfdhe library

number was defined previously, the new definition replaces the previoes o

If you enclose the library number in quotes or otherwise provide it as a character argument, the

©APLNow LLCAIl Rights Reserverd202608-24 UTG Page137



function deletes the existing association between that number and the directory.

Examples

libs
1 C\APL

libd '11 CAAPLWSSh  libs
1 C\APL
11 C\APLWSS

libd 1
CAAPL

libd '1'
libs
11 C\APL\WSS

libs Library to Directory Correspondence

Purpose

Lists the defined APL libraries and the directories to which they correspomg can use a library
number in workspace and file identifiers, and you can use the number to query the contents of the
directory.

Syntax NI a dz libs w

Result

The result is a character matrix with one row for each defined APL libEagh row shows a library
number and the directory to which it correspond$.you have not defined libraries, the result is a zero
row matrix.

You can associate libraries and paths by usitigpd or by selecting the Libraries choice on the Options
menu. The libraries listed in libs are not guaranteed to existf you attempt to access or create a file
or workspace in a library that corresponds to a directory that the system cannot locate, the system
returns a LIBRARY NOT FOUND error message.

Examples

t libs
1C: \APL\
11 C: \ APL\ OLD WORKSPACES

ljust Left Justify

Purpose
Returns the charactegzlements in an array or strirlgft justified.
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Syntax OA OOI IjDst &rray

Arguments
arrayis character array or scalar or string.

Results
The result ishe characterlements in the array or stringft justified.

Effects:
The ljust system function will not throw a DOMAIN ERROR exception for a right argument that is not
appropriate for ljust and instead will return the right argument modified if possible.

Examples

t Theading T2 15 K First

Name Last Name'
First Name

Last Name

t ljust heading
First Name
Last Name

tljust (1 2' XY') 2.34"' AB'

12 XY 2.34 AB

load Load a Workspace
Purpose
Replaces the active workspace by loading a designated workspace.

Syntax load 'wsid'

Argument

wsid is a character scalar or vector that specifies the workspace to be lodtiedsystem assumes the
default extension (vs64). (You can use the file extension3 to load an APL+Win workspacéf.you
omit the directory name or library number, the system uses the default directory.

Effect.

The specified workspace becomes the new active workspagesid changes, and the system executes
the latent expression (1x). (gload and xload provide a similar capability. gload does not display
the SAVED messagexload does not execute Ix.

Example
_ load TESTWS' )
O¢ 4%34738x001060 ,!34 3! 6% npi

lock Lock Defined Functions

Purpose
Locks one or more functions; the system allows no one to edit a locked function.
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Syntax OA OOI Iéck Flist'

Argument
fnlist is a list of function names, either a character matrix with one name in each row or a character
vector that contains function names separated by blanks.

Result
The result is a character matrix of requested function names whose definitions cannot be Idfckibd.
the requested names are locked, result is an empty matrix with shape 0 0.

The system locks only the most local definition of a functibhe system does not lock functions that
are shadowed by more local use of the same nailngcking a function also removes any stop or trace
settings it may have (see the descriptions oftop and trace in this chapter).

If you attempt toopen a locked functiorthe systenreturns aLOCKED FUNCTION ERROR: Cannot edit
locked functionfunction_nameerror message.

Warning
Locking a function is not reversibl8ave an unlocked source version of any function that you lock.

Examples
The last example locks all the functions in the active workspace.

vr 'TRI'
72

cr 'TRI
332

lock "TRI'
vr 'TRI'
0
cr'TRI
00

lock nl3

log Write to O&dependent Event & Programmspecified Log Files

Purpose
Writes programmerspecifiedinformation to the operating systerapecificEvent Log oralog file.

Syntax
NB a dzf i loganyRightArgument

Returns a character vector containing the full path to the programspercified log file, if any. If no
programmerspecified information has yet been written to the programnrspecified log file in the
current APL64 instanc#, is returned.

NB a dzf § + logiprogNdrfier 3 Q
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Returns a character vector containing the value of thiog property specified by propName
NB a dzf i H logprogNArfierpsgYalue

Sets the value of the logproperty specified by propName with the value specified by propValue and
returns a character vector containing the value of théog property specified by propName prior to
its update.

NB&dA G w O0[23CAf ShlLligid®aya 9@Syi([23hLIiAz2yaon

Based on the LogFileOptions element of the left argument tafg, the right argument is formatted
and written to the programmer specified log file.

Based on the EventLogOptions element of the right argument &dg, the right argumentis
formatted and written to the operating systespecific event log file.

log Configuration Properties:
The logconfiguration properties are specific to an instance of APL64 and are not retained in the APL64
xmkformat configuration file.

CurrentLogFileName: APL64 character vector

This is a reatnly property which is constructed whenlogis used to write data to the programmer
specified log file. The components of the CurrentLogFileName property value are the LogFilePath,
Application Name and LogFileName property values.

LogFilePath: APL64 character vector

This property is the base path for the programnspecified log file which may be prefixed to the
programmerd LISOAFASR [ 23CAf SblFYS LINRPLISNI& @IFfdzS ¢6KSy (K
¢KS RSTFldzA O OFfdzS Aa 2\ RPSEMDAY ITARNKROBYRAGBOATAREIAS
may be specified by the APL64 programmer provided that the current workstation user has read/write
access to the resulting programmspecified log fé.

ApplicationName: APL64 character vector

1 This property value may be appended to the LogFilePath property value and included in the
programmerspecified log file name. The default value for the APL64 Developer versiEY CAP,
Se3d Wl t[cnQod ¢KS RSTlrdzE G0 @FtdzS F2NI Iy !'t[cn NJ
This property value may be specified by the APL64 programmer provided that the current workstation
user has read/write access to the resulting grammerspecified log file.

T '"aSR a (GKS WwWS@Sy llogs 2sdzND GriteyplogfdintespedifiSdydata to the
operating systenspecific log file.

LogFileName

The filename of the programmer LISOA FASR f 23 TAf S\Debuglekiuyr RISFI Azb (1 GOK
property value may be specified by the APL64 programmer provided that the current workstation user
has read/write access to the resulting programnsgecified log file.
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When the programmespecified log file name is used by theloga @ 80 SY Fdzy OlAz2y >
LogFileName property value will be substituted with the current UTC date and time in the format:
Y ., aa55KKYvyaadadiqo

LT GKS [23CAfSblIYS LINBLISNIe& -specifietr$og fleSpath wilk be thé (i K
concatenation of the LogFilePath property value, the ApplicationName property value and the
[ 23CAfSbl YS LINE LIS NI & @ \Progfus DateARBA i DeBugDebugt SY
HAHMANAMApMAanoonnn®t 23Qd

This property value is operating systetapendent and it is up to the APL64 programmer to provide the
appropriate value according to the operating system of the target workstation. The default value is
appropriate for the Windows operating system.

Examples

& APL64: CLEAR WS - ] x
File Edit Session Objects Options Help

FR49a [FE IOQI'T\{‘[EI%:i:nJ{E':;E ;i?iv"v";iE"’yélb;
0 <P Config' OLOG 'CurrentlLogFileName' aSame as '?'0LOG "'

1 | Config' OLOG 'ApplicationName'

2| Config' [OLOG 'LogFilePath

3 Config' OLOG 'LogFileName

L | X+"72'0LOG

5 ObR ¥

6 gl pX

7

8 APLBY

9 C:\ProgramData

10 -Log\Debug\Debug-*.log

11 a2

12 0

13 < Config' [OLOG 'CurrentLogFileName' 'c:\myPath\myLog.log' ACanncot be set directly, use the other properties
i Config' [OLOG 'ApplicationName' 'MyApp

15/ | Config' [LOG 'LogFilePath' 'c:\MyPath

16| 4l Config' [OLOG 'LogFileName' 'mylLog.Leg

17

18 APLBY

19: C:\ProgramData

20 -Log\Debug\Debug-*.log

21 < Config' [LOG 'CurrentLogFileName'

22 | Config' [OLOG 'ApplicationName’

23 | Config' OLOG 'LogFilePath

24 4l Config' [OLOG 'LogFileName

25

26 MyApp

27 c:\MyPath

28 mylLog.Leg

.| || NewRow|
Ready | | |Hist: Ln: 5 Col: 1.1| |Class"|c| |Nur||

LogFileOptions:
LogFileOptions is a thresdement vector:

1 LogEntryAction:
o WI LIWISYRQY ! yS¢g t23 SyiNr Attt 0SS I LIISYRS
o W LIRIFIGSQY ¢KS RIF G lagywil iekdledidhaniost retentIdaleYitsy i
in the file with name CurrentLogFileName
o Wb! QY b2 RIGlI gAff oSpechiddogififeSy (2 GKS LINEA3
1 ReturnCurrentLogFileName
o0 0: The CurrentLogFileName will not be returned by thieg system function
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o 1: The CurrentLogFileName will be returned by thieg system function
1 CloseCurrentLogFile

Boolean value indicating if the current programnrtafined log file will be closed after writing the
current data.

o 0: The file with the name CurrentLogfileName not be closed and will continue to be used by
future uses of the logsystem function.

o 1: The file with the name CurrentLogfileName will be closed and future uses of lthge
system function will use a file defined by the current values of the LogFilePath,
ApplicationName and LogFileName.

If LogFileOptions is APL64 programipmvided as , these default values apply:

1 LogEntryAction: Append
1 ReturnCurrentLogFileName:
1 CloseCurrentLogFile: 0

LogFileOptions Examples:

1 0 6 Wb !E¢entloogOptions logdata
o Do not write a log file entry
o Do not return the CurrentLogFileName
o Do not close the current log file
1 6 0 Wb 'EgentogOptions logdata
o Do not write a log file entry
0 Return the CurrentLogFileName
o Do not close the current log file
1 6 0 Wb !'E¢entivogQptions logdata
o Do not write a log file entry
0 Return the CurrentLogFileName
o0 Close the current log file
1 606 W! LILIEVeRIDgOptioksL logdata
o Append a new log file entry to the current log file
o Do not return the CurrentLogFileName
o0 Do not close the current log file
1 606 WY LIREdeSLQgOptions vlogdata
0 Add the formatted data to the most recent entry in the current log file
0 Return the CurrentLogFileName
0 Close the current log file
1 60 WY! LILIEVeRIDgOptiosu logdata
0 Add the formatted data to the most recent entry in the current log file
o Do not return the CurrentLogFileName
o Close the current log file
1 ( EventLogOptiony logdata
0 Use default values of LogFileOptions
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EventLogOptions
EventLogOptions: is a foeiement vector:

1 EventLogEntryAction:
o WILIWSYRQY ! ySg 23 Sy-gpudicewentiogfiec S | LILISYRSR &
0 Wb! QY b2 RIGF g AispetficEvéntldgRIRSR (G2 GKS h{
9 EventSeverityCode:
o p) T £l RKkOSspekfic event log file entry will be marked as information
0 p7AO0T RKkOSsEekfic event log file entry will be marked as warning
0 p%OOI OROSgpEdic event log file entry will be marked as error
A p&AOAI RIIOSgpEdic event log file entry will be marked as fatal error
1 EventLogCategoryld: Integer, default O
1 Eventld: Integer, default 0

If EventLogOptions is APL64 programipivided as , these default values apply:

1 EventLogEntryAction: NA
i EventSeverityCode: Info

1 EventLogCategoryld: 0

1 Eventld: 0

EventLogOptions Examples:

f 6[ 23CAfShLIIA2Yya O6WbddtdSY RQ WLYF2Q ™M mMnnnoo
o0 Append a new event to the event log
0 The new event has:
A EventSeverityCode: Info
A EventLogCategoryld
A Eventld 1000
f 6[ 23CAtShLIIA2Yya O6Wlogdlalay RQ W2 I NYyQ H HnnnoOo
o0 Append a new event to the event log
0 The new event has:
A EventSeverityCode: Warn
A EventLogCategoryl@
A Eventld 2000
f 6[23CAfShLIIAZ2Yya OWlogdai8y RQ WIONNRBND o onnnvo
o Append a new event to the event log
0 The new event has:
A EventSeverityCode: Error
A EventLogCategoryl®
A Eventld 3000
f 6[23CAfShLIIAZ2Yya O6WlogdaBS Yy RQ WCI UGlIfQ o onnnovo
o Append a new event to the event log
0 The new event has:
A EventSeverityCode: Fatal
A EventLogCategoryl®
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A Eventld 3000
1 (LogFileOptions) logdata
o No event added to the event log
f 6[23CAfShLIIAZ2Yydogdat¥b! Q WLYF2Q n noo
o No event added to the event log

Formatting of the Right Argument oflog:

Each new line of formatted data from the right argument is output into the file as a CR+LF pair. This
happens for output data that is delimited as the row of a matrix right argument or bignl, tclf, or
tcnl+  tclf pair.

The data is in Unicode format.

If a custom event source, other than one built into APL64, it should define one field (via %1 notation) into
which the formatted content of the right argument is written.

Each new line of formatted data from the right argument is output into the file as a CR+LF pair. This occurs
for output data that is delimited as the row of a matrix right argument or kignl,  tclf, or tcn+ tclf
pair.

av[ io] is translated to '§8' (null characters in the event message mark end of string).

Microsoft Windows places a restriction on including %n such as %1, %2, in the string value (this refers to
the right argument of log. The APL programmer must avoid using these character sequences when
logging message to the Windows Event Log.

The APL executable statement (‘'Elog 'Bad%1lidea’) causes the (Bad Bad Bad Bad %1 idea idea
idea idea) message text in the event log.

The string recursively references itself (because the message string from APL is passed as %1 to
Windows). Fortunately, Windows stops recursing after 4 iterations! There is no way around this
unfortunate Windowsmposed restriction (you cannot even useutble-% such as %% to work
around it). Be careful when formatting IPv6 address strings since they can contain %n codes.

The maximum length message that Windows allows to be logged is 32K (according to documentation).
However, in practice the true limit is around 31900 bytes. If too long a string is passed to Windows, it
simply fails to write anything to the event log. L4 truncates any output in excess of length greater
than 31900 to avoid complete failure if longer strings are passed to Windows. If this restriction is smaller
on other operating systems, the buitt 31900 limit imposed by APL64 might be too largetaedunction

will fail. It is up to the APL programmer to limit excessively so they can be logged to the operating system
specific event log.

Action of log
Each entry written to the debug log file has a timestamp line included in the file before the data. This
timestamp line is prefixed and suffixed by CR+LF pairs.
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The timestamps are UTC which does not vary as a function of the local time zone.

All data from the right argument written to the Windows Event Log or to the debug log file is "normalized"
to make it readable by standard Windows editor applications. This involves translatingvatharacters

to their Unicode representation. In addition, newline characters are normalized to CR+LF pairs. This
means that when your output contains atcnl, tclf, or tcnl+ tclf pair, these are all transformed

into a CR+LF pair in the output.

Any tcnul characters that exist in the right argument oflog are converted to the character "8" before
writing to the Windows Event Log. This is necessary because nulls indicate end of string to Windows and
any characters in the message following them would not be written to the event log. This transformation
does not occur when writing to the debug log file.

mathnet Interface toMathNet toolkit
Purpose
An interface to theMathNet.Numerics.LinearAlgebtaolkit. To learn more about mathnetin the
APL64 Developer version gotielp | APL Language | Using MATHNET

matrify Convert Delimited Segmented String to Matrix

Purpose
Converts a delimited segmented string intclaractermatrix.

Syntax AEAOI AO N matrify 'segstring’
AEAOI [Aeimiter] matrify 'segstring'
Arguments

The optional left argument, enclosed in quotes, specifies the delimiter for the segmented Sthiag.
delimiter can also be a vectoHowever, djacent delimiters are treated assingle delimiter.The
default value is blank space

The right argument is the segmented string you want to segment

Effects
The matrify system function will not throw a DOMAIN ERROR exception for a right argument that is
not appropriate for matrify and instead will return the right argument unmodified.

Example
t matrify '/ A/ BBB// CCCCC/DDDDDD/
/
Al
BBB//
CCCCC/DDDDDD/
‘It matrify '/ A/ BBB//
CCccCc/bbDDDD!
A
BBB
CCcCcCC
DDDDDD
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t matrity | ,'X
X
(710031 Kabc)(23  Km)) 0o Y
t matrify (] 10) 'a,b,c' (23 K ta)
1

mattoss Convert Matrix to Segmented String

Purpose
Converts a character matrix to a segmented string.

Syntax OACOOOET ¢ N mattoss 'charmat’
O A ¢ O O (Elimiger]N mattoss 'charmat’
Arguments

The optional left argument, enclosed in quotes, specifies the delimiter for the segmented string. The
default value is tcnl.

The right argument is the character matrix you want to segmenmattoss removes trailing blanks as

it converts each row to a segment.

Remarks
mattoss is the replacement for the assembler function MATtoSS in the ASNMB-INGrkspace in
APL+Win.

Example

CM2
AA
BBBB
Ccccccce
DDDDDDDD

KCM2
48

*! t mattoss CM2
* AA* BBBB* CCCCCC*DDDDDDDD

messagbox MessageBox dialog

t dzZNL32 38y t NBaSyid | Y2RIf YSaab3dasS 62E FyR 266GFAY

(s}

WSTSN) 12 GKS RSEBMESR R20dzySyiul dazy

mf Monitor Function
Purpose
Sets and unsets the monitoring of the time consumed during execution of selected functions and
returns data about the relative amount of time consumed by each line of those functiéms cannot

set or unset monitoring on functions that are locked, sugpeth pendent, or executing.
Syntax: NB a dzf G enf 'fflist'l 3
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NB & dzf (mf calibrate
NB & dzf (mf ‘tnname’

Arguments
flag is a Boolean scalar that controls the monitoring settiddL sets monitoring on, and a zero turns it
off.

fnlist is a list of function names, either a character matrix with one name in each row or a character
vector that contains function names separated by blanks.
calibrate is a numeric singleton that allows you to control certain aspects of the timing.

fnname is a character scalar or vector that contains the name of one function.

Result

The result depends on the arguments you supply and the capability of your procdssose the
monitoring capability, you supply the name of a function or a list of functions (fnlist) as the right
argument and turn monitoring on or off for those funct®by using 1 or 0 (flag) as the left

argument. The result is a Boolean vector with one element for each function name in fAlikt.
indicates that mf successfully set or unset monitoring for the corresponding functioaero indicates
that mfwas unable to set or unset monitoring.

After you turn monitoring on, whenever you run one of the named functions, the system collects timing
data for each line of the functiorWhen you turn monitoring off or reset monitoring on for a function,

the system discards any accumulated data for foaction. Hence, you must turn monitoring on, run

the function one or more times, and retrieve the data before resetting the statii retrieve the

timing data by supplying the name of the timed function monadically (see below).

Calibration Arguments for mf

You can specify which timer to use by supplying a scalar cel@neent vector right argument in the

range of 2 to 3 inclusive. There are three possibilities for the tirhethe millisecond timer; 2) the

high resolution timer, which is based on then®2 QueryPerformanceCounter() API; or 3) the CPU clock
rate, which is based on the Pentium Read Time Stamp Counter Instrutiensystem defaults to the
highest resolution counter available on the host machine.

You can reset the time source by using the source number as a monadic right argument to

mf. However, you cannot set the source to a higher number than the def&dtetting the time
source does not reinitialize the data accumulated for the output matrix; however, data collected using
different counters cannot be mixed meaningfully, s@ibést to set the timer before turning on the
timing for a function.You can query the current resolution timer by executingmf 2

If you want to try to compare figures collected using different timer settings, you can determine the
value of the tick interval in milliseconds for the current resolution by executingnf 1. However, use
this capability with cautionSome processors adjust their clock rate depending on the temperature of
the CPU.

Whenever you set the timer with a nonnegative numeric, monadic argumentnd, the system
performs a compaction on the workspace, which reduces the likelihood of an extraneous system action
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distorting the monitoring data.You can force a compaction without changing the timer setting by using
mf 0.

Summary of Calibration Arguments to mf

mf 2 return timer currently in use mf 2 use high resolution timer
mf 1 current tick interval in milliseconds mf 3 use CPU clock rate timer
mf0 force compaction mf4 use CPU clock rate timer

mf 1 use millisecond timer

Timing Data

Being that the default mf mode is 4 in APL64,yiou supply only fnnamehe resultis a five-column
integer matrix with one row for each function line, including the headennode 4the timesfor
execution (columns 1 and aphd compilation (column &re separatednto different columns whereas
in modes 1, 2, and,8olumns 1 and 2 contain execution and compile sraddedtogether (likewas
traditionallydonein APL+Winvith  mf 3).

The first row of the result contains information about the execution of the entire functidre second
and subsequent rows of the result contain information about the corresponding functionTine table
below shows the elements of the result matrix.

Result Matrix Elements for mf

Element Description

[1;1] Total units of time for entire function

[1;2] [Reserved for future use]

[1;3] Number of times the function was called

[1;4] Execution time

[1;5] Count for compiling each line of function

[k;1] Accumulated units of time for line {K of the function.

[k;2] Units of time for line [KL] minus the time the system used to execute
subfunctions that were called on the same line

[k;3] Number of times line [K] was executed

Note: K ranges from 2 to n+1, where n is the number of lines in the function.

Caution
The values for time for any function that is called recursively may be misleading, since the first call will
include subsequent ones.

Effects

1 mf fnlist sets monitoring on for a list of functions and causes them to expand internally to include
space for accumulated monitor dat#. a function is already being monitored, 1mf fnlist resets the
monitor data. A monitored function that is subsequently locked continues to accumulate data while it is
executing.

0 mf fnlist unsets monitoringWhen monitoring is unset, the function contracts to its normal size.
Using the name of a timed function as the monadic right argument displays accumulated data for that

function.
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Using an appropriately valued numeric monadic right argument specifies which timer to use, forces a
compaction, or returns information about the timer.

Example

Monitor all functions whose names start with C in the workspdgisplay the monitor data for the
function named COMPLEZXhe first line shows the time for the entire function; the next three lines
show the data for lines 1, 2, and 3.

& N o #idlist 3
24 15

I' Np mfF
24

mf 'COMPLEX'
1503
883
443
333

mix Reduce Level of Nesting
Purpose
Rearrange an array by reducing one level of nesting and increasing theTitaiskunction produces the
9g2ftdziAz2y [ SOSt ™M O0SKIFI@GA2NI 2F Y2yl RAO dzLJ  NNRBg6 6 m

Syntax NXB a dzf niix array
NB & dzf miix[ijrarray

Arguments
array is any array whose items have the same shapmjx does not pad items to match shapes.
i is a fractional scalar that indicates where to place the new dimensions in the shape vector.

Result

The result is a new array, of higher rank, formed from the items of arramix positions the items of

its argument by inserting one or more dimensions in the consecutive positions starting with the ceiling
of the fraction that you specifyThe number of dimensions inserted is equal to the rank of the items of
array.

If you do not specify the fraction, mix catenates the additional coordinates to the right end of the
shape vector.To specify the dimensions, use a fractional value enclosed in brackets directly after the
function. For example, to insert the coordinates after dimension 1 of the argunyentuse the value

1.5.

Note: The Disclose function (monadi provides a more flexible function to reduce nestifgjsclose
allows you to specify neadjacent axes for the new dimensions in the result, and it pads nested arrays
that are not the same shape along the required axis with fill items to produce comigriteins of the
result.

Examples
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mix A
1234
5678

mix [.5]A
15
26
37
48

- N

O

[34]2345 120

12345 2122232425 4142434445
678910 2627282930 464748 4950
1112131415 3132333435 5152535455
1617181920 3637383940 56 57 58 59 60

~n <Z

61 62 63 64 65 81 82838485 101 102 103 104 105
66 67 68 69 70 86 87 88 89 90 106 107 108 109 110
71727374759192939495 111112113114 115
76 77 78 79 80 96 97 98 99 100 116 117 118 119 120
M
23
( mix M)k 6[34]M
1
( mix[.5] M)k 6[1 2]M
1
( mix[1.5] M)k 6[2 3]M
1

mkdir Make a Directory

Purpose
Creates a new disk directory.

Syntax mkdir 'dir’

Argument
dir is a character vector that contains a valid operating system directory identifier.
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Effect
The system creates a new directory on the specified or default disk drive, provided that a directory with
this name does not already exist. mkdir is equivalent to the DOS command MKDIR or MD.

Examples

Use a full path name starting from the root.
mkdir 'C:\ APLWIN\ TESTWSS'

Create a subdirectory of the current default directory.
mkdir 'TEST'

mom MOM Object System

mom has been deprecated in APL64.

monadic Monadic Function

Purpose
Returns the valence for the current function.

Syntax NXB a dzf rnionadic

Result
The result of monadic is 1 if the function is being called monadically or 0 otherwise such as when
called from immediate execution.

mself Current MOM Object

mself has been deprecated in APL64.

na External Interface usifgame Association

Purpose

Creates a function associated with a compiled language routine in a Dynamic Link Libraapd@2LL)
.Net assemblyverifies that such a function exists or returns its definiti&ior more detail®n executing
a function in a .Net assembly, sEXT interface of NA to Access a .Net Assembélow.

Syntax aidl Gdza w U RSyl
a0 Gdza w U ®a'name'
defn v na 'name'

Arguments

defn is a character vector that describes the syntax and parameters of théRbrroutine.(See below

for more detail on the structure of the left argument.)

name is a character vector or scalar that is the name of the associated function in the APL workspace.

Result

Used dyadically, na returns a Boolean scalaf status of 1 indicates that the function has been
defined; zero means the function has not been definddhe left argument is empty, na merely
checks to see if the named function is an associated function.
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If the left argument is not empty, na creates a locked, monadic function in the APL workspace that is
associated with an external routinéJsing this locked function causes APL to call the routine specified
by defn, passing the pointers (or actual values) of the arguments supplied to ridmeiumber of

items in the right argument of hame must match the number of parameters specified in defn.

Used monadically, na returns the definition of the associated function.

Structure of the Left Argument
The left argument defines the content of the function thana creates.It defines the type of routine,
the name of the routine, and the form of the routine's parametefhie definition can have embedded
tenl characters between fieldsTrailing comments that begin with a lami) @are accepted at the end
of each line, allowing the definition to be seldbcumenting. The system ignores superfluous blanks
between fields. The argument takes the form:
gt y3dzZ IS NBadzZ & w £t A0NI NEONRAzGAYS O6LI N¥mMZ LI NXH

1 language
Defines the APL linkage scheme that matches the calling convention of the language and
compiler in which the DEhased subroutine was writteriDLL' is the only choice currently
supported; it specifies that you want to call a Windows subroutine in-ait3RLL. The
subroutine can use a linkage with either a fixed parameter list or a variable number of
arguments. The subroutine must use either the _ _cdecl or _ _stdcall Micresgutific
keyword; __fastcall is not supported.

1 NBadzZ G+H
(Optional) The result (if any) the external routine returnhe result uses the same datatype
notation as parm.If result has exactly one item, you can use a disclose syidbais(a prefix to
have na automatically disclose the result.

1 library
The name of a Win32 dynamic link library with extension .Molu. do not supply the path or
extension. APL64earches for the DLL first in the directory where APL is installed, then in
\WINDOWSSYSTEM, antlVINDOWS, and finally in each directory in the DOS PAA&lorder
of search may vary by platform.

1 routine
The name of the routine in the libraryhe distinction between uppercase and lowercase is
important. When specifying the routine portion of defn, the spelling of the routine name must
match the spelling as it is exported by the DEbme compilers mayodify the name as given
in the original C source cod®&ote: Some Windows libraries that have character arguments
have two forms: they use ‘A" and 'W' suffixes feloyte and 2byte characters.You must supply
the 'A' or 'W' suffix in the name of roué.

T LI N¥mZ LI N¥YHZ X
The form of arguments to be passed to the routirkenclose the list of argument specifications
in parentheses and separate them with commé#ghe routine does not require parameters,
you must still supply an empty list enclosed in parentheg&sch pam describes the datatype
of an argument, how it is passed, and whether the routine modifies it.
LF F LINY A& YIENJSR 6AGK I fSFdG INNBg O6HUO |
routine returns as part of its explicit result, regardless of whether the routine actually modified

Q)¢
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it. If the argument consists of exactly one item, you can precede the specification with an
enclose symbold) to have na automatically enclose the item.

APL64recognizes the following datatypes for na

Datatype Description
Bl Boolean (. bit per element in byte -wise order; 5 bits per byte, most significant bit first).
C1 Character (. byte per element) or C parameter declared aschar (unsigned or signed ).
F4 Four-byte double precision IEEE floating point or C parameter declared as float
F8 Eight-byte double precision IEEE floating point or C parameter declared as double .
GO General object. A variable in the internal form used by APL. Passed by reference with the
address of the variable in the workspace.
12 Two-byte signed integer or C parameter declared asshort .
14 Four-byte signed integer or C parameter declared adong .
U2 Two-byte unsigned integer or C parameter declared asunsigned short
U4 Four-byte unsigned integer or C parameter declared asunsigned long

Note: API64 does not use twebyte integers in ordinary variables in the workspadée system creates
such values temporarily to provide them to the associated function, but it converts any returned results
back to fourbyte integers.

na allows you to pass scalars by valYf®@u must pass arrays of more than one element by

reference.

To indicate how you want APL to pass the arguments, add a prefix to the datathipe.

possible prefixes are:
Prefixes for Parameter Passing

Prefix Description
= Default for most datatypes. Passed by value. The actual value is passed to the external
routine. Only one-element, simple arrays can be passed by value.
Passed by reference. The machine address of the value is passed to the external routine.
(Default for datatype C-, which cannot be passed by value.)
Passed by reference in columnmajor order as expected by FORTRAN; must be used instead
of ' . For arrays with ranks greater than / , only the last two coordinates are transposed.
Forced coercion. Forces a modifiable copy of the argument item to be made. The modified
argument is not returned in the result
Example
U5[ [ Lnu5[[ 9t marSUMadzY o F L
1
)JFNS
ISUM
" na'ISUM'
1
na'ISUM'
5[[ LnHS5[[9-toHdPAAdzYOFLNZL
ISUM (100)(100)
5050

©APLNow LLCAIl Rights Reservep2026:08-24 UTG Pagel154



Errors
The first two errors occur at the time you specify thenafunction. The other errors can occur at the
time you call the DLL routine.

1 DOMAIN ERROR
The right argument is not character or does not contain a valid APL variable name, or the left
argument is not character.
1 LENGTH ERROR
The right argument is empty.
1 MODULE NOT FOUND
The DLL does not exist.
1 ENTRY POINT NOT FOUND
The DLL does not contain the entry point indicated by the associated function.
1 LANGUAGE INTERFACE NOT INSTALLED
The language parameter to the na function does not match what the system expects.

Using the EXT interface ofNAto Access a .Net Assembly

Using the EXT interface of NA, .Netbased methods may be used in an APL64 application. The desired
.Net methods can utilize .Net features and the features of the APL64 interpreter exposed in the EXT
interface. The .Net assembly (container) for the methods can use any .Net progrgiamguage, e.g.

C#, VB.Net, Managed C++.

The EXT interface of NA can map anyNet Coreor .Net Standardrameworkbased method to an APL64
userdefined function. These croggatform frameworks support Windows, Linux, macOS and Docker.

APL64 Syntax

Mapping the .Net Assembly Method to an APL64-dsBned Function
In APL64 the mapping of a .Net method in an .Net assembly to an APL function is performed using the
NA system function.

622t H W9-¢ ®bSiaSiK2RDbO!Y SWIXLAbCSHY GiaAS2YYOL [18Y & Oi K Q

The value of the scalar, Boolean result of the APL®! Y I LILJA Y3 !'t[cn adladSySyi
mapping is successful. In that case the .Net assembly is loaded into the memory space of the APL64
interpreter and an APL64 us& STAY SR Fdzy OliAzy OFff SR W!I LX Cdzy Ol A 2
workspace.

The value of the scalar, Boolean result of the APL®! Y I LILJA Y3 !'t[cn adlaSySyid
mapping is not successful.

A

¢KS W9.¢Q LINBFTAE AYRAOI(GSa (G2 !'t[cn GKIFEIG GKS obSi
userdefined APL64 function.

¢KS WobSiaSiK2 Rbubliie8 Net inathod ha®e irF thef .Nat assembly which will be
mapped to the usedefined APL64 function.
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WobSG! aaSYof &ualifiéd pathitd thelifile SontRirdefy thé .Net assembly which will be
mapped to the usedefined APL64 function. This file must be available while the APL64 application using
the mapped function is active.

Wh! Q A& GKS !t[cn &d8ad8Y TdzyOiliAz2y oKAOK adzLJLJ2 NI &

Using the APL64 Usedefined Function Mapped to a .Net Assembly Method
¢ KS WY LILIS Rdefingdtfupotiom createdhythe NA mapping is a locked function which can
be used in the APL64 application. The APL64defered function is monadic or dyadic depending on
the argument validation defined in the .Net method mapped to the APL function.

.Net Assembly Method Syntax
The method in the .Net assembly to be mapped to an APL64desered function must have a specific
syntax so that the APL64 interpreter can utilize it.

public static Aval MethodName(IExtContext context, Aval left, Aval right)
¢KS YSGK2R Ydzald KIF@S (KS WLzt AOQ GGNRGdzGS &2 (K
containing it.
¢tKS YSGK2R Ydzald KI @S (GKS Wa il kbasedzepy of heinethaddzd S a2 G K
made, no matter how many times it is used in the APL64 application.

¢KS NBadA & 2F (KS YSGiK2R Ydad 68 Fy !'t[cn W &FfQ

a
¢tKS WYaSiK2RblIYSQ A& dzJ 12 GKS RSaA.BefBdiibdndming KS &b S
gquidelines

.Net Method Argument | .Net Method Argument Description
1 WLOEG/ 2YUSEGQ O2yidlAya GKS It
that the .Net method can access APL64 variables and methods
2 Y grt £tSTIQ O2yidlFAya GKS !t ][ o
3 Y gt NRARIKGQ O2yidlAya GKS 1it]

¢tKS obSiG RFEGE GeLilSa W t[b2sgd5FGF dL9EG/ 2y GSEGQ | YR
APLNow.Data assembly which must be referenced by the .Net assembly containing the .Net method to
be mapped to an APL64 usgefined function.

Performance

Since the .Net assembly containing the method to be mapped to an APL64 function is loaded into the
memory space of the APL64 interpreter, performance of thidA EXT interface to the mapped APL64
function is excellent. Overall performance of the mapped APL64 function will depend on:

1 The amount of data passed as the arguments to the mapped APL64 function
9 The skill of the .Net programmer of the assembly which is mapped to that APL64 function by the
NA EXT interface.
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Example

Creating .Net Methods in an Assembly using Visual Studio 2019
Start and instance of Microsoft Visual Studio:

m File Edit View Debug Analyze Tools Extensions Window Help Search (Ctrl+ Q) P Sign in A, — ]

fc-0|B-HEM|9-T - - S obtach. - | M@ EN O3 e E L gl £ [ERCH

Error List Output Package Manager C

[] Ready

Use Fild New| Project to create a new project:

p{)| File | Edit View Debug Analyze Tools Extensions Window Help  Search (Ciil-Q) bl Signin & - O x
New i3 Project... CtrlsShift+N S P Amch. - | M@ N m OS> e | FL 12 LiveShare &7 m
Open % Repository...
Clone Repository... File... Ctrl+N
Start Window Project From Existing Code...

Close D From Cookiecutter...
Clese Solution

Start Live Share Session

Join Live Share Session...

Save Selected ltems

Save Selected ltems As..

Save All Ctrl+Shift+S

Page Setup.

Print... Ctrl+P

Account Settings...

Recent Files

Recent Projects and Solutions

A P A z A P A

{StSOG GKS LINRP2SOG Gel)sS Fra W tlFraa [AONFNE o6dbSi

button:
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Create a new project Search fortermplates A1+5) p-

Clear all
Recent project templates o= T Windows ~ Library M
|48 Class Library (NET Core) o = Gy Clocs brary (NET Standard)
| | 2318 A project for creating a class library that targets JNET Standard,
1 WPF App (.NET Core) c# Android €% 05 Llibrary  Linux  mac0S  Windows
. @ Razor Class Libra
B Console App (NET Core) s %& Y

A project template for creating a Razor class library.

# Library Linux macOs Web Windows

ic" WPF Custom Control Library (.NET Core)
< ! Windows Presentation Foundation custom control library

(= Desktop Library Windows

@E* WPF User Control Library (NET Core)
@ Windows Presentation Foundation user control library

(= Desktop Library Windows

nﬁc“ Class Library (Universal Windows)
L5l

A project for creating a managed class library (.dll) for Universal Windows Platform
(UWF) apps.

[ Library UwWpP Windows

Complete the Configuration dialogue and click the Create button:

Configure your new project

Class Library (NET Core) c#  lbray linux  msc0S  Windows

Project name

‘ MyCompany.MyAssembly ‘

Location

‘ Ch\My Assemblies', -

Solution name @

‘ MyCompany.MyAssembly ‘

D Place selution and project in the same directory

Back Create

UseFile| Add to Source Contrdb store the new project in a local GitHub repository:
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Edit  View Project Buld Debug Test Analze Tooks Extensions Window Help  Search (CrleQ)
Y= | @ -2 @ |9 - ¢ - pebug - anycru - P MyCompanyMyAszembly - | 51 | (@
Open ,

Clone Repository... ——

Start Window Eompany MyAssembly -| % MyCompany.MyAssembly.Class1

Add to Source Control 1
Add 3 Enamespace MyCompany.MyAssembly
Clase
Close Solution
Start Live Share Session
Join Live Share Session.

M Save Classl.cs Ctrl+S
Save Class.cs As..

# Save Al Ctrl+Shift+S.
Page Setup.

Print.. Curl+P

sanisdorg i0jdxq uonnios Ja:oidxg wiel suonedws

Account Settings...

Recent Files

Recent Projects and Solutions RN
Exit t Output Package Manager Console

7 Using directive is not required by the code and can be safely

In the Solution Explorer use the Rename option of the context menu of the classl.cs file to rename the
file and class it contains as desired (MyClassl):

D File Edit View Project Buld Debug Test Anshze Took Extensions Window Help  Search (Ciile MyComp...sembly =

o x
-0 B-& WP - Dy - Ay - b MyCompanyMyAssemly - < H : wuesee 2 [EZH

v 0x
| #3 MyCompanyMyAssembly.Class
2 »-H
5 Gnamespace MyConpany.MyAssemnly a[3] Selution MyCompany.MyAssembly’ (1 of 1 project)
4|t 4 5EE MyCompany MyAssembly
A pudlic class o
€ Open
’ Cpen With
Code Cleanup
Scopeto This
New Solution Explarer View
W View Histary...
Compare with Unmodfied.

Blame (Annotate)

Exclude From Project
Cut CtrieX.

Co

EnorLEt Output Pa o
Delete

Renzme

Copy Full Path

Gpen Containing Folder

Find Code Issues

Show Type Dependency Diagram

Refactor

Edit project item propertics

Cleanup Code

Go to File Nearby

Collapse Al

Properties ANeEnter

In the Solution Explorer use the Add Project Reference of the context menu of the Dependencies item to
reference the APLNow.Data assembly which is included in the installation of APLNow APL64:
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Edit  View Project  Build Tools  Extensions  Window

[ B b9

Debug Test Analyze

- | Debug -~ AnyCPU

MyClassl.cs & X
[ MyCompany.MyAssembly

xoqjo!

- | %5 MyCompany.MyAssemblyMyClass1 < |

Help

= b MyCompanyMyAssembly = | 57 | @] _ v

Search (Ctrl+Q) MyCompa...Assembly

[ = .52

| Live Share

R Solution Explorer

@WE-o-5 9@ L=

3 Finamespace MyCompany.lMyAssembly

Error List Output Package Manager Console

[ This item does not support previewing

Browse to the APL64 installation folder and select the APLNow.Data.dll file and click the OK button of

the Reference Manager dialogue:

Search Solution Explorer (Ctrl+;)

a[3] Selution ‘MyCompany.MyAssembly' (1 of 1 project)
4 5[ MyCompany.MyAssembly

A New Solution Explorer View

25 Optimize References...

ndencies

Add COM Reference...
Add Project Reference...
Add Shared Project Reference...

lassl.cs

Add Connected Service
Manage NuGet Packages...

Scope to This

Remove Unused References

© MyCompany.MyAssembly

]
g
3
7
B
z
s
<
H
=
&

% master « B

Reference Manager - MyCompany. MyAssembly

b Projects

b Shared Projects Mame

b COM HAeeed Wpf Toolkit. MNETC ore.dll
APLMNow.Data.dll
4 Browse ¥l APLWNow.Data.dll
HAeeed Wpf.DataGrd NETCore.dll
Recent Keeed Wpf. AvalonDock. NETC ore.dll

Aceed Wpf. Themes, NETCore.dll

? X
Search (Ctrl+E) P~

Path Name:
Cih\Users\Joe Blaze\source\reposiAva.. APLNow.Data.dll
Ch\Users\Joe Blaze\source\repos\AP... Created by:
CAAPLBMAPLNow.Data.dll APLMow, LLC.
Ci\Users\Joe Blaze\source\reposiAva.., File Version:
C:\Users\Joe Blaze\sourcelrepos)Ava... 0.0.20164.20211
C\Users'Joe Blaze\source\reposiAva...

| Browsze... | | QK | | Cancel |

For purposes of this workflow illustration, replace the text of the MyClass1 file with the following source

code:

usingSystem;
usingSystem.Collections.Generic;
usingSystem.lO;
usingSystem.Ling;
usingSystem.Xml;
usingAPLNow.Data;

namespaceMyCompany.MyAssembly

publicclassMyClass1
{

/Il <summary>
/Il Where
/Il </[summary>
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1
1
1
1
1
1
1
1
1
1
1

<param name=context'>

APLNow.Data.|ExtContext interface to APL64 interpreter
</param>

<param name=éft">

N/A for this method

</param>

<param name=right">

Vector of numeric scalars

</param>

<returns>

returns a Boolean vector indicating naero elements in right argumentreturns>

publicstaticAval Where(IExtContext context, Aval left, Aval right)

{

/l Monadic only. Throw VALENCE ERROR if called dyadically
if (left !=null) throw new ValenceError();

/I Rank must be <=1
if (right.Rank > 1throw new RankError();

/I Tailor results to current io setting
vario = context.QuadIO;

/I For numeric types, count number of nexero elements in argument,
/I then allocate result with counted number of elements,

/I then fill in result elements with indexes of each naaro element.
varz =new Listdnt>();

switch (right.Type)

caseDT.Bool:
varbv = right.BoolValues;
for (vari = 0; i < bv.Length; ++i)
if (bv[i])
z.Add(i + io);
break

caseDT.Int:
variv = right.IntValues;
for (vari = 0; i < iv.Length; ++i)

if (iv[i] '= 0)
z.Add(i + io);
break

caseDT.Double:
var ct = context.QuadCT,;
vardv = right.DoubleValues;
for (vari = 0; i < dv.Length; ++i)
if (Num.gctcomp(dvf[i], 0.0, ct) 1= 0)
z.Add(i + io);
break

default
/I Method does not support nomumeric types
throw new DomainError();
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}

7
1
7
7
1
7
7
1
1
7
1
1
7
1

/I Return integer vector result containing z values added above
return new Aval(z);

<summary>

ToUpper

</summary>

<param name=context'>

APLNow.Data.lExtContext interface to APL64 interpreter
</param>

<param name=éft">

N/A for this method

</param>

<param name=right">

Any APL64 object

</param>

<returns>

Returns the right argument with character elements, if any, changed to upperg¢asarns>

publicstaticAval ToUpper(IExtContext context, Aval left, Aval right)

{

}

1
1
1
1
1
1
1
1
1
1
1
1
1
1

/I Monadic only. Throw VALENCE ERROR if called dyadically
if (left '=null)
throw new ValenceError();
switch (right. Type)
{
caseDT.Zc:
return new Aval(right.ZcValues.Select(Zc.ToUpper), right.Shape);
caseDT.Char:
return new Aval(right.CharValues.Selett@r. ToUpper), right.Shape);
caseDT.Ucs:
return new Aval(right.UcsValues.Select(Ucs. ToUpper), right.Shape);
caseDT.String:
return new Aval(right.StringValues.Select(c => c.ToUpper()), right.Shape);
caseDT.Aval:
return new Aval(right.AvalValues.Select(c => ToUpper(context, c)), right.Shape);
default
/IReturn right argument if ToUpper has no action upon it
return right;

<summary>

Exists

</summary>

<param name=context’>

APLNow.Data.lExtContext interface to APL64 interpreter

</param>

<param name-deft">

N/A for this method

</param>

<param name=ight">

1st element: APL object containing text of the path to be tested

2nd element: Optional APL Boolean scalar indicating if the provided path
is to be tested as a folder (1) or file (O/Default value)

</param>
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}
}

/Il <returns>
/Il Returns Boolean scalar indicating if the file or directory exist$urns>
publicstaticAval Exists(IExtContext context, Aval left, Aval right)
{
/I Monadic only. Throw VALENCE ERROR if called dyadically
if (left !=null)
throw new ValenceError();
var path =string Empty;
boolisPathFolder false
switch(right. Type)
{
caseDT.Zc:
caseDT.Char:
if (right.Rank !=1)
throw new RankError();
path = right.GetString();
break
caseDT.String:
if (right.Rank !=0)
throw new RankError();
path = right.GetString();
break
caseDT.Aval:
switch(right.Rank)
{
case0:
path = right.GetString();
break
casel:
path = right.Pick(0).GetString();
isPathFolder = right.PickBool(1);
break
default
throw new RankError();

}

break
default
throw new DomainError();

}

if (isPathFolder)

{
/IEmploy appropriate .Net method
return new Aval(Directory.Exists(path));

}

else
{
/IEmploy appropriate .Net method
return new Aval(File.Exists(path));
}
}
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l'a | NBadzZ G ae/flaam y2g 02y iGlAya GKNBS YSGK2RayY

code of these methods to observe the techniques involved in their creation.

b File Edit View Project Buld Debug Test Apalze Tools [Extensions Window Help  Search (Cul-l A MyCom.sembly Signin &  — O X
|7 immE]l e & [

ition Explorer
'I‘EMyCumpany.MyAssEmh\y‘MyC\assT v|e Where{IExtContext context, Aval left, Aval rig + & & _| B-5alB | ,E

f@-0 @-2 EW |90 - Debug - AnyCPU - b MyCompanyMyAssembly - | 57 | [ _ [ ¢

]

xog|oo]

=
5 Search Solution Explorer (Ctrl+;)
a

using system.Io} 53] Solution "MyCompany.MyAssembly' (1 of 1 project)

u?:lng SySEEzL:TQ, 4 +[c3] MyCompany.MyAssembly

. =N
using APLNow.Data; 4 5 Dependencies

4 =B Assemblies
Hnamespace Mycompany.MyAssembly -8 APLNow.Data
P =Ed Frameworks

b+t MyClassl.cs

sapadolg  siojdxg wea)  suonesyion

[/} <summary>
/1] where
f </ summary>
// <param name="context">
/ APLNow.Data.IExtContext interface to APLe4 interpreter
/ <fparams
/i <param name="left">
/ WfA for this method
/ </param>»
/ <param name="right">
/ vector of numeric scalars
/ </param>»
/ «<returns>
/ returns a Boolean vector indicating non-zero elements in right argument</returnss

es| 0 e
public stat IExtcontext context, Aval left, aval right)[..]

[ <summary>
/ ToUpper
/ </summary>
/// <param name="context"»
/ APLNow.Data.IExtContext interface to APLG4 interpreter
/ </param:
/ «<param name="left">
/ n/a for this method
/ </param:
/ <param name="right">
/ Any APL&4 object
/ <fparams
/ <returns:
Returns the right argument with character elements, if any, changed to upper case </returnss

public static U IExtContext context, Aval left, aval right)[..]

[/ <summarys

/ Exists

| </summary>

/ <param name="context">

/ APLNow.Data.IExtContext interface to APLE4 interpreter

</param>
/i <param name="left">
/ N/A for this method

“right">
PL object containing text of the path to be tested
/ 2nd element: Optional APL Boolean scalar indicating if the provided path
/ is to be tested as a folder (1) or file (8)
/ </param>
| <returns>
Returns Boolean scalar indicating if the file or directery existse/returns>
e |0c

Aval left, Aval right)m

Error List Qutput Package Manager Console

[ Ready # 3 © MyCompanyMyAssembly W' master = & 4 @

Use theFile| Save Alimenu item to save the project.

During the development phase of the .Net assembly, select the Debug version from the Visual Studio
toolbar. After the .Net assembly has been perfected, the Release version can be used.
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P File Edit View Project Build Debug Test Analyze Tools Fxtensions Window Help  Search (Ctil+0)

N - B2 EWH 9~ - Debug =~ AnyCPU - b MyCompanyMyAssembly - | 5 -

2| | using system.Collections.Generic;
3| |using System.I0;

2| |using system.Ling;

using APLNow.Data;

8| Enamespace MyCompany.MyAssembly

public class 1yCla:

18

1 {

12 / <summary>

13 /1 where

14 / </summary>

15 / <param name="context">

15 // APLNow.Data.IExtContext interface to APLe4 interpreter
17 </params

Debug
MyClassl.cs & X Release Solution Explorer

p MyCom...sembly  Signin & =

MyCompany.MyAssemblj Configuration Manager... yCompany.MyAssembly.MyClass1 ~| @ Where(lExtContext context, Aval left, Aval rig « m B - b -5 & r@ p -

Search Solution Explorer (Ctrl+;)

>

s3] Solution ‘MyCompany.MyAssembly' (1 of 1 project)
L8 4 /& MyCompany.MyAssembly
4 ' Dependencies
4 =B Assemblies
— =8 APLNow.Data
P -E1 Framewaorks
b +ct MyClassl.cs

]

P~

x

2 # = IS ; | Live Share IS I::: :I

v QX

Use theBuild| Build Solutionmenu item to build (compile to .Net Common Intermediate Language

(CIL)).

Once the .Net assembly has been tested, the resultingadthat file can be copied to the production
environment so that it can be associated with the ARhéged application system which will use the
NA EXT interface to map the .Net methods of the .Net assembly to APLé&detdisexd functions.

¢KS LILX AOFLo6tfS FAtSa OFy

NE] = | Cwmy ssembly\ My ly oreapp3.1

Aome | e view
_J o Cut x T2 Mew item - Iﬂ Open - [ select al
“ Edit

Copy path £ Easy access ~ Select none

Pinto Quick Copy Paste Move Copy Delete Rename  New Praperties
o [7] Paste shorteut 1o o = e & @History 7 Invert selection
Clipboard Organize New Open Select
« v 4 [« 0S(C) » MyAssemblies » MyCompany.My by > MyC ly > bin > Release » netcoreapp3.1
v My Assemblies ~ Name Date modified Type Size
v [} MyCompany MyAssembly %] APLNow.Data.dl 6712/ Application exten...
git & APLNow.Data.pdb Program Debug D...
s LT MyCompany:MyAssembly.deps.json JSON File
~ || MyCompany.MyAssembly ] MyCompany.MyAssembly.dil Application exten
& ompany.MyAssembly, ragram Debug D..
v [l bin P MyCompany.MyAssembly.pdb Program Debug D
Debug
> Release
obj
PENDEAS
PENDEAS64
PerfLogs

Program Files
Program Files (x86) v

5items

0S F2dzyR AY

166 KB
570KB
TKB
7KB
2KB

v o O Search netcoreapp3.1

[m]

0KS obSaG | aa

X
2]

If the Visual Studio Team Explorer and local GitHub repository features are used, that repository will also
NEIljdzA NER O2YLRYySyiao

O2yitAy GKS obSi FaadSyofeQa

Application deployment tools are available to package the components of the .Net assembly into an
installation file, such allicrosoft Visual Studio Installer Projeaisd Microsoft Windows 10 Packaging

Project

Mapping .Net Methods to an APL64 Udefined Function
Copy the required components of the MyCompany.MyAssembly assembly td kiAssemblies

folder from the applicablesub 2 f RSNJ 2 F (KS

+ Yoia\ cdedse f¢ldérdzR A 2
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https://docs.microsoft.com/en-us/windows/apps/desktop/modernize/modernize-wpf-tutorial-5
https://docs.microsoft.com/en-us/windows/apps/desktop/modernize/modernize-wpf-tutorial-5

I ¥ = | CAMy Assemblies\Release - O X

Home Share View 0
Ij 4 cut X T New item = \/] open -~ [ selectan

w-| Copy path —TJ Easy access = Edit Select none

Pin to Quick Copy Paste - Move Copy Delete Rename MNew Properties
access E Paste shortcut to to - folder - £ History DD Invert selection
Clipboard Organize Mew Open Select
« v <« 0S(C) » My Assemblies » Release v | B 2 Search Release
My Assemblies ~ Name Date modified Type Size
MyCompany.MyAssembly [2] APLNow.Data.dll 6/12/20 Application exten... 166 KB
Release & APLNow.Data.pdb /20, Program Debug D... 570 KB
PENDEAS Ing MyCompany.MyhAssembly.deps.json /20, JSON File 1KB
PEMDEASAS %] MyCompany.My#Assembly.dlil 20, Application exten... TKB
PerfLogs & MyCompany.MyAssembly.pdb /20 Program Debug D... 2KB

Program Files
Program Files (x86)
PrograrmData
Recovery

SSRTS v

5 items =
Create an instance of APL64 and execute tH¢A EXT mapping APL statements:

2 APLB4 Project: CLEAR WS - [} X

File Edit Session Objects Debug Options Help

]

T EERINPPE LEEST I ahaldV,

¢ y.d Ona 'Map
y.d Ona '™
y.dlL'Ona 'Ma

.I | New Row
Ready |Cmn: Ln: 0 Col: Dl ‘Classicl |Num

The APL64 mapped function names may be selected according to the APL-Géfirssd function name
rules.

.Net Method Name .Net Assembly Path APL64 Mapped Function Nam
MyCompany.MyAssembly.MyClass1.Wher¢ CA\My AssemblieReleaseMyCompany.MyAssembly.d| MappedWhere
MyCompany.MyAssembly.MyClass1.ToUp] C\My AssemblieReleaseMyCompany.MyAssembly.d| MappedToUpper
MyCompany.MyAssembly.MyClass1.Exist§ C\My AssembliedReleaseMyCompany.MyAssembly.d| MappedExists

Using .Net Methods in APL64
In the same instance of APL64 where th&lAmapping of the .Net methods to the APL64 functions
was done, try the following APL64 executable statements:
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T2 APL64 Project: CLEAR'WS - [m] x
File Edit Session Objects Debug Options Help

g o X I = 1] 1 i1 1| il
F!.Ija ] ] "J’Q'Q’(:[E@ﬁwnﬂﬁ;i E.Ilpy:u&\)g‘%‘ﬂ\--{—-u!mLmEIiV;
o EXT sembly.M er .dLL'Ona "M ere
1 Ona '™

2 Ona

3 1

b 1

5 i

] ﬂ'}-“ MappedWhere 123 456 0 99 12

7 1245

g Oie

9 i

10 <}" MappedTolpper 2 3p'abc02X

11 ABC

12 0zx

13 «f}“ MappedExists 'C:\My

14 i

15:<H MappedExists 'C:'\My 0

16 i

17 <}ﬂ MappedExists 'C:\My i

i8 0

19(\:" MappedExists 'C:\My Assemblies\R

20 0

21 <]ﬂ MappedExists 'C:\My

22 0

23 -<|f|] MappedExists 'C:\My Assemblies\Release

24

.| || New Row
Ready Cmd: Ln: 0 Col: Dl |Class"|c| |Num

Additional Information
The APL64 Development Team members are available on a consulting basis to implement .Net
Assemblies containing .Net methods suitable for any APlag4d application system.

nappend Append to a Native File
Purpose
Appends a value to the end of a designated native filee value is identical to the ravel of the value in
the left argument.

Syntax value nappend tieno

Arguments
value is any simple, homogeneous APL array;
tieno is a negative integer file tie number.

The left argument is the simple, homogeneous value that you want to append to thé fil@n be of
any rank, shape, or datatype, but the system ravelJite right argument must be a negative integer
that designates the file to which you want to appkdata.

Effect

The system appends new data to the end of the native filee system writes the bit pattern of the data
to the file, but it does not record the datatype of the argumeltu must remember or record the
information somewhere so that you can supply it aheu retrieve the data later.

In particular, note that an APL numeric array, even if it currently contains all integers, might be
represented internally as floatingoint data. You can use Flood)(or Ceiling4 before filing data to
ensure not only integer values but integer storage format (four bytes each) if all values are between
- 2*31 and  1+2*31.
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Warning
nappend may not immediately place data on the dikknay wait until there are more data or until
the file is untied using nuntie or )off.

Examples

( vr'TRIY nappend 27
LIBRARY nappend 33

nblength Non-Blank Length

Purpose
Returns length through the last ndsiank character

Syntax NBadz G w nblengtharray
NB a dithaq w nblength array

Argument
array is a character scalarcharactewector or string.

charis the optional left argument to specify tlelected character; the default'i§ This can be a
character scalala nonempty character vectqror a string scalar

Result
The result ishie length of the text up to and including the last character in the text which is not the
selected character

Examples

NBLENGTH ' abcd

° NBLENGTH "'

° NBLENGTH "

° 'c’  NBLENGTH ' abcd'

° «c» NBLENGTH " abcd'
° «c» NBLENGTH « abcd»
8

¢’ NBLENGTH « abcd»

¢’ NBLENGTH 'cccc'

¢’ NBLENGTH"
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nc Name Classification

Purpose
Returns the classifications of a list of names.

Syntax NBadz i w nc 'namelist’
NB & dZisdbpg H nc 'namelist'

Argument

namelist is a list of function, variable, or label namisan be a character vector with the names
separated by blanks or a character matrix with one name per row;

scope is an optional numeric argument that specifies the scope at which names are interpreted, where
1 = local (default); and 0 = global.

Result
The result is a numeric vector of classification codes, one for each name in the argirakrgs that
the system can return are:

Value Classification

- Not defined

. Label

/ Variable

0 Defined function

1 Other: the name is invalid or it is the name of a system function or variable

(that is, it begins with a ).

Note: idloc and nc provide similar capabilities, but they use different classification cofes.the
description of idloc for a listing of other differences.

Examples

nc 'A TRI'
23

nc23 'ATRI
23

nc' wa'

4

ncreate Create Native File
Purpose
Creates a new native file and ties the file.
(See also the extended file functionxncreate, which supersedes this function.)

Syntax ‘fileid.ext’ ncreate tieno

Arguments

fileid is a valid native file name;

ext is the file extension;

tieno is a negative integer file tie number.
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The left argument must be a valid native file identifidlote thatAPL64does not use library numbers
for native file operations.The extension is an optional, usgnosen mnemonic classification; it can
consist of any characters allowed by the operating system.

The right argument must be a negative integer that designates an available file tie nuxiecannot
have another file currently tied with this number.

Effect

The system creates and ties a new fildicrosoft operating systems create files in openmode %6.
change this type of file open, you can use a slippery tie with another mode (such as filégdtn, 18)
right after you create the file.

Examples

'MEMO.TXT' ncreate 27
'EACIRCULMEMO.TXT' ncreate 27
'B:SCRATCH.GIG' ncreate 25

Note: Using the traditional file functions, you are limited in names you can Beenew programming,
the extended file functions provide more capability and flexibility.

nerase Erase Native File

Purpose
Erases a native file and deletes the file name from the disk directory.
(See also the extended file functionxnerase, which supersedes this function.)

Syntax ‘fileid.ext' nerase tieno

Arguments

fileid is a valid native file name;

ext is the file extension;

tieno is a negative integer file tie number.

The left and right arguments designate the same filae left argument must be a valid native file
identifier. Note thatAPL64oes not allow library numbers for native file operatiorithe extension is
an optional, usechosen mnemonic classification; it can consist of any characters allowed by the
operating system.The right argument must be a negative integer that definesfile you want to
erase.

Effect
The system unties and erases the file; if the erasure is unsuccessful, the system attempts to retie the file.

Examples

'B:MEMO.TXT' ntie 27
'B:MEMO.TXT' nerase 27
'SCRATCH.GIG' ntie " 33
'SCRATCH.GIG' nerase 33
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Note: Using the traditional file functions, you are limited in names you can Eeenew programming,
the extended file functions provide more capability and flexibility.

nexto Catenate Arrays Side by Side

Purpose
Laminates one array next to another array.

Syntaxy NB & dzf dverarrayINNI & H

Arguments
arrayl and array2 are any array of character arrays or scalars or strings.

Results
The result is array2 laminated next to arrayl.

Examples

«12 3» nexto «45 6»
123456

(4 4 'abcd) nexto 3 3 'zzZz'
abcdzzz
abcdzzz
abcdzzz
abcd

nfe Native Files with Encoding

Purpose
The nfe system functions supports reading and writing of text to files using several encoding types.

Syntax OA O O[la@] Mfe action[rarg]

Arguments

larg are the optional arguments to the action.

action is a text vector that determines how the system function will operate on the left and right
argument.

rarg are the optional arguments to the action.

Result
The result, if any, depends on the action called.

Effect

Nfe supports reading and writing of text to files using standard encodings including ASC(5egTF7
Note), UTF8, UTF16 and UTFB&te: UTF7 encoding has been deprecated by Microsoft for security
reasons.

A character encoding is a '1 to 1' mapping of abstract glyphs (characters) to values that represent those
glyphs. The values resulting from the encoding of glyphs can be persisted and transmitted without
ambiguity.
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Remark
Refer to the detailed documentation for NFE irHelp | APL Lanquage | Using NFE

Example

‘Documentl.txt’ nfe 'Create' 'ReadWrite' 'Read'
nfe 'encoding’ 'ASCII'
‘abc’ nfe 'Write' 'Documentl.txt' O
‘Documentl.txt’ nfe 'Read' 0 3
abc
nfe 'Delete' 'Documentl.txt’
nfe 'Close’

nflush Extended Flush Native File

Purpose
Flush file buffers.

Syntax nflush tieno

Arguments
tieno is a negative integer file tie number

Effect
Clears buffers and causes any buffered data to be written to the file.

Examples

ni Network Interface

Purpose
Creates, controls, and runs a network communications interface using sockets.

Syntax OAOOI O N nj'action_namearguments]
OAOOI O N aGiladiénAnAmeTarguments]

Arguments

socket is the number of the socket;

action_name is the action to be performed on object;
arguments are the optional arguments to the action.

Result

For most actions, ni returns a multielement result. The first element is a status codA. status code

of 0 indicates a successful operatioA.status code of 1 indicates an error in the underlying sockets
action. A status code of 1 indicates a nerror condition that prevents completion of the operation.

For a 0 status code, the subsequent elements providiejpth information about the completion of the
operation, about the socket state, or returned datéor a 1 status code, the next element is an integer

error value; you can look up the meaning using Error method of ni.
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For a 1 status code, the next element is one of a small number of integer values that further define the
condition preventing successful completiolfi.a receive is pending on a socket when another operation
is attempted on that same socket, this elemdsats a value of 1The operation will not succeed until the
Recv is completedif the partner socket has been closed, this element has a value Afolbse should

be done on the local socket.

Not every method follows this format; the socket methods that always return information and have no
normal error return conditions do not follow the status code format.

Effect
ni is the central feature of the interface between your application and communications over a
network. See the TCP/IP and Sockets in6¥Rhapter in this manual for more information.

nl Name List

Purpose
Returns a character matrix of function, variable, and/or label names in the active workspace.

Syntax OAOGOI O N nl class
O A O Oflefiers] nl class
OA O O|scopay nl class

Arguments

class is the type of identifier, where 1 = labels; 2 = variables; and 3 = functions;

letters is an optional character scalar or vector that specifies the first letters of the names you want to
select;

scope is an optional numeric argument that specifies the scope at which names are interpreted, where
1 = local (default); and 0 = global.

Result

The result is a character matrix of names with the rows in alphabetical oHdgou specify letters, the
system returns only those names starting with the designated lettdrgou designate more than one
class, the system returns names that belongy of those classedzor example, nl 2 3 produces a
matrix of the names of all of the variables and functions in the worksp&be.system uses the most
local definitions.

Note: idlistand nl provide similar capabilities, but they use different classification codes as
arguments. See the description of idloc for a listing of the differences.

Examples

)fns
TRl UPDATE VOID WITH WITHOUT XMIT

™' nl3
TRI
XMIT

)vars
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ARC TERM XRAY
X' nl32

TERM

TRI

XMIT

XRAY

nlock Extended Lock Native File

Purpose
Lock or unlock a file.

Syntax nlock tieno operation position length

Arguments
tieno is a negative integer file tie number

operation is a Boolean value: 1 for locking the file, O for unlocking the file

position is a 64it integer specifying théeginning of the range to logkhe value of thimrgumentmust
be equal to or greater than zeyo

length is a 64it integer specifyingte range to be locla(the value of this argumentannot be
negative)

Effect
Locking part of a filerpvents other processes from reading from or writinghat part of the file.
Unlocking a file llows access by other processes to all or part of a file that was previously locked.

Examples

nlock 1110241
nlock 101024 1

nnames Names of Tied Native Files

Purpose
Returns the file identifiers of all the files currently tied witmtie.
(See also the extended file functionxnnames.)

Syntax OA OO rames

Result

The explicit result is a character matrix that contains one file identifier per fidve. rows of the result
have the same ordering as the result ohnums. The system displays the names as they were defined
when they were tied.

Example
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nnames
B\ PERSONS.ASF
PRIMES.INT
CAMAIN\LETTER.TXT
AW2F.DOC

Note: Using the traditional file functions, you are limited in names you can Eeenew programming,
the extended file functions provide more capability and flexibility.

nnums Tie Numbers of Tied Native Files

Purpose
Returns the file tie numbers of all the files currently tied witimtie.
(See also the extended file functionxnnums.)

Syntax OAOOI Mums

Result
The explicit result is a numeric vector of file tie numbers, in the same order as the resutinaimes.

Examples

nnums
27 52 3 37 4

nuntie  nnums
nnums

Note: Using the traditional file functions, you are limited in names you can Eeenew programming,
the extended file functions provide more capability and flexibility.

novalue No Value
Purpose
This sessiomelated system function is provided to explicitly return avaue result in the :RETURN
statement and the :RES clause of the :RETURNIF statement.

Syntax :RETURN novalue
:RETURNIF condition :RES novalue

Effect

It can only be used as an argument to the :RETURN statement or the :RES clause of :RETURNIF
statement, overriding whatever value might have been previously set for the declared result
variable. For example:

‘RETURN
‘RETURN result
‘RETURN NOVALUE
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RETURNIF condition
RETURNIF condition :RES result
:RETURNIF condition :RES NOVALUE

You cannot :RETURN with value from a function that does not declare a result variable (that gives you a
VALUE ERRORY)also gives a VALUE ERROR when used in all other coitextiser words, it is just
like referencing a undefined name, in all conttesther than as return argument.

nread Read from a Native File

Purpose
Reads data from a native file and returns values of the data as the result.

Syntax OA OO rmPeaditieno datatype count startbyte

Arguments

tieno is a negative integer file tie number;

datatype is an integer that designates how the system interprets the bit patterns of the data it reads;
count is a positive, integaralued number less than or equal to 2147483647 bytes that designates how
many elements of datatype the system should read;

startbyte is a positive number that represents the starting byte at which the system should begin
reading, in origin O.

The argument must be a numeric vector of three or four elements, of which only the first element is
negative. The argument designates the file by its tie number, the datatype, the element count of the
result, and the byte at which the system should bagiading (optional).If you omit the starting
location, the system assumes it to be the current pointer position (where the last native file operation
on this file finished or at the beginning of the file if there has been noead, nreplace, or

nappend since the file was last tied). The datatypes foread are:

Value Meaning

Read one bit per element; result Boolean; in this case,count
is the number of bytes to read, not the number of bits

5/ Read one byte per element; result character
. 30 Read two bytes per element; result returned as0/ -bit integer
0/0 Read four bytes per element; result integer
312 Read eight bytes per element; result floating-point
Result

The explicit result is an APL vector containing the values of the data from th&Higesystem reads the
bit patterns of the file data and returns them as the specified type of APL data.

Example

nread 1282570
THIS FILE CONTAINS SALES DATA FOR 2001. CREATED 1/26/01.
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nrename Rename Native File

Purpose
Changes the name of a native file, optionally moving it to a different directory on the same disk drive.
(See also the extended file functionxnrename, which supersedes this function.)

Syntax ‘fileid.ext nrename tieno

Arguments

fileid is a valid native file name;

ext is the file extension;

tieno is a negative integer file tie number.

The left argument specifies the new identifier for the filemust be a vector that contains a valid file
name, optionally preceded by a disk drive letter and path nafiitee right argument must be a negative
integer that designates the file you want tename.

Effect

The system renames the file tied to the tie number in the right argument to the name specified in the

left argument. If a file with the specified name already exists, the system signals FILE NAME ERROR.
nrename is an extension to the DOS RENAME commianbdanges the name of a file, but cannot

move the file to a different disk drivddowever, it can move the file to another directory on the same

disk drive.

Example

'CAAPL\TOOLSTEST.AWS' ntie 1
'CAAPLNEW TEST2.AWS' nrename 1
'DATA' ntie 66
'OLDDATA' nrename 66
Note: Using the traditional file functions, you are limited in names you can Beenew programming,
the extended file functions provide more capability and flexibility.

nreplace Replace Native File Data

Purpose
Stores a new value in an existing native file storage space, replacing the data already there.

Syntax value nreplace tieno startbyte

Arguments

value is any simple, homogeneous APL array;

tieno is a negative integer file tie number;

startbyte is a positive integaralued number less than 4 petabytes (up to 4503599627370495) that
represents the starting byte where the system is to place the new data.

The left argument is the simple, homogeneous value you want to store in thdtfdan be of any rank,
shape, or datatype, but nreplace ravels the value before storing it.
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The right argument must be a twalement, numeric vector with a negative first element and a-nhon
negative second elemenfThe first element designates the file in which you want to replace date
second element is the location where you want to staplacing data.

Effect

The system changes the value of the designated storage space in thétlile.storage from the

specified startbyte to the end of the file is insufficient for the specified value, the system extends the file
to accommodate it.

Warning
nreplace may not immediately place data on the digknay wait until there are more data or until
the file is untied using nuntie or )off.

Example

", | # +hread 33323 10 1048520
BLOCK
2371984 2279224841 68 82
", #+ o Npowuyc
BLOCK nreplace 33 1048520

nresize Resize Native File
Purpose
Alters the size of a native file on the disk.nresize is useful for preallocating space to reduce
fragmentation or for discarding material at the end of the file.

Syntax newsize nresize tieno

Arguments

newsize is the number of bytes of disk storage to be allocated to this file, up to 4503599627370495 (less
than 4 petabytes);

tieno is a negative integer file tie number.

The left argument to nresize is the new file size in bytds should be a homegative integewalued

number that is less than the available space on disk.

The right argument must be a negative integer that designates the file you want to resize.

Effect
nresize changes the amount of disk space that is allocated for thdffilee new size is smaller than
current size, any material beyond the new end point in the file is lasly subsequent use of
nappend adds material at the new end of the file.

If the new size is larger than the current size, the contents of additional storage added to the end of the
file is undefined.

Caution
nresize, as described here, is specific to this APL system; in particular size values in other APL+
systems were limited to integers.

©APLNow LLCAIl Rights Reserverd202608-24 UTG Page178



Examples

Reserve 32 kilobytes on the disk for use in the file tied to = 312.
32768 nresize 312

Discard all data in the file tied to 17, but preserve its directory entry.
0 nresize 17

nsize Native File Size Information
Purpose
Returns a scalar that shows the amount of disk storage occupied by a file.

Syntax NXB & dzf risizeHieno

Argument
tieno is a negative integer file tie number that designates the file for which you want the size.

Result
The explicit result of nsize is a numeric scalar that indicates the total disk storage (in bytes) that the
file uses.

Caution
nsize, as described here, is specific to this APL system; in particular, the result may be a floating point
number, which in other APL systems was an integer.

Example

'A:PRIMES.SF' ntie 37
nsize 37

ntie Tie Native File

Purpose
Establishes a file tie for a native file.
(See also the extended file functionxntie, which supersedes this function.)

Syntax ‘fileid.ext' ntie tieno
‘fileid.ext’ ntie tieno [openmodg
ntie tieno

Arguments

fileid is a valid native file name;

ext is the file extension;

tieno is a negative integer file tie number;

openmode is an optional valid integer DOS open mode.

The optional left argument must be a valid native file identifier (or a device that the operating system
recognizes as a native filelote thatAPL64does not use library numbers for native file

operations. The extension is an optional, usgmosen mnemonic classification; it can consist of any
characters allowed by the operating system.
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The right argument is a negative integer scalar or a&lement, integer vector, of which the first

element is negativeThe argument designates the file tie number and, optionally, a DOS open mode.
The open mode allows access to native files by multiple users or proc@dsespen mode values

consist of the sum of one code that indicates the type of access you want and a second code that
indicates the type of access you grant to others while yorefthe file tied. If another user has opened

the file first, the access you want must be compatible with the access granted by the other user, and the
access you grant must be compatible with the access that user requested.

If you specify open mode explicitly, the domain for this function is a value 0 through 255 inclusive;
however, as of DOS 3.3, the only reasonable values are the sum of one value from the Access Requested
column plus one noszero value from the Access gradtcolumn in the table belowThus, if you want

to be able to read and write to a file but allow other users readly access while you have the file tied,

you would specify 34 for open mode.

'CA\DRAFTPROPOSAL.TXT' ntie 134

Note that the word "reasonable" above, has limited scofferou specify open mode 49, any user could
write to the file, but no user could read it.

Access Requested Access granted to other users
- =read access . 3 =no access allowed (exclusive)
= write access 0/ =read access allowed, write access denied

! =read and write access 15 = write access allowed, read access denied
31 =read and write access allowed

If a second user attempts to tie the file with an open mode that is incompatible with the open mode
specified by a first user, the system signals a FILE ACCESS HRR{DBstion of compatibility involves
both the access requested value and the acceantgd value.If the first user includes 16 in open

mode, then no second user can tie the filéthe first user specifies 32 through 34, then the second user
can request only read access (zero); any value that includes 1 or 2 results in thdfdhrerfirst user
specifies 48, 49 or 50, then the second user can request only write accefdlitg)first user specifies

64 through 66, the second user can request read and/or write access.

The second user must also specify an access granted value that is compatible with the first user's
requested accesdf the first user has readnly access, the second user cannot include 48 in his open
mode value.If the first user has write access, thecond user cannot include 3#.the first user
requested both read and write access, the second user must includ& 6écond user cannot
successfully specify exclusive access.

If you specify one of the access requested values, but do not specify an access granted value (that is,
open mode of zero, 1 or 2), the effect for APL is the same as specifying exclusive access; another
instance of APL cannot tie the filéf.you do not pecify open mode at all, the default value is G82L64
tries open mode 64 if an ACCESS DENIED error ofexcept see the historical note below.)

Note that you can also trigger an error for access reasons unconnected with another user, for example,
requesting write access (including 1 or 2) on a file which the operating system considers to-be read
only.
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Monadic ntie takes a tie number as the right argument and returt&a-elementinteger vector
indicating the file tie stateThe value is the same as the open mode arguments to the dyadic version of
ntie and indicates what the current open mode of the filelfsan open mode argument was specified

when the file was tied, the result of monadicntie is that value.lf no open mode argument was
specified the return value is dependent on whether read or write access is granted and the value of
"Network" specified in the APL configuration filEhe value of the second element is applicable only to
component file ties.Therefore the second element value is meaningless for native file ties.

Historical Baggage:

In the days of PC DOS, there was an option called "Network" that you could (can) specify in the APLW.INI
file. By default, when not specified, this is "onThere is no known situation where it is currently useful

to specify this option, but it remaina the system to protect old coddf "Network" is off, and you do

not specify openmode, the system attempts read/write access with an exclusive tie, which blocks

anyone else from tying the file and fails if another has the file tied in any mibdentie fails in this

situation, the system does not retry.

Effect

The system ties the native fil&ou can retie a file that you already have tied without first using
nuntie. The tie number can be the same number or a different numf@ére only restrictions are that

no other file can already be tied with the new tie numbafou can use this "slippery" tie to ensure that

a file is tied without looking up its name innnames.

If the needed access is not available or if the open mode is not acceptable to the operating system, a
FILE ACCESS ERROR resudtigppery tie closes the file and reopens it, possibly with a different
specified open modeAnother user could conceivabbpen the file at that precise moment and block

the retie.

Caution By manipulating directories with chdir and libd, you conceivably can tie the same file to
two different tie numbers without the system detecting iThe result of this condition can be
unpredictable; you should avoid creating it.

Examples

'‘A:PRIMES.INT' ntie 37
'CASPREADPRINT.OUT' ntie 134

Note: Using the traditional file functions, you are limited in names you can Eeenew programming,
the extended file functions provide more capability and flexibility. The system functiartie operates
similarly, but not identically to this function, with long file namd&se differences include the domain,
the error messages, and the default behavior when open mode is not specified.

nuntie Untie Native Files

Purpose
Unties designated files that were tied usingitie or  xntie.

Syntax nuntie tienol tieno2 tieno3 . . . tienon
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Argument

tienoi are negative integer file tie numbers.

The argument designates the file tie numbers of the files tied wittitie to be untied. The argument

can be a scalar or a vector of negative integer file tie numbEng system does not check if elements of
the argument are duplicates or if they designate tied fil&s. empty vector is permitted as an argument
and doesot affect any file ties.

Effect

The system unties any files tied to any of the tie numbers in the argument, and updates their directories
on disk. Untying native files ensures that the system writes all data to the files and places the updated
file directories on the disk.

Warning

If you writing to files on a floppy disk, to avoid damaging your files, always make sure that the disk that
was in the disk drive when you tied a file is in that disk drive when you untie that file or perform any
action that forces a write, such as )cmd ocmd.

Examples

nuntie 33
nuntie nnums

odbc Interface to the Open Database Connectivity (ODBC) Interface
Purpose
Provides a structured query language (ODB#3ed interface to a relational database. To learn more
about odbc in the APL64 Developer version géitdp | APL Language | SOL System Functions | Using
ODBC

openfiledialog Present an Open File Dialog
t dzZN1J32aSY t NBaSyd |y 2Ly FA{S RAFE23 yR 2060FAYy

WSTSN) (i2 GKS RSEEMBESR R20dzySyuiul dazy

openfolderdialogPresent an Open Folder Dialog
t dzZN1J32aSyY t NBaSyd 2Ly FAES RAFE23 FyR 2060GFAYy (KS

pufi
(0p))

wWSTSNJ (2 (KS KEMBSR R20dzYSyidl A2y

os Operating System

Purpose
Returns the operating system.

Syntax resultN  os

Domain
The result i character vector containing theperating systenon which APL64 is running.
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Result
The result will depend on thepecificoperating system.

Example
(& APLE4: CLEAR WS — 0 %

File Edit Session Objects Tools Options Help

FREd & [ PCXDBER i,

< 0 Oos
1§M1'u:ros::-ft Windows 10.0.22621

2

3 |

Ready | | |Hist: Ln: 2 Col: 6| Ins |Classic| | | EN_US | |New!

over ConformablegConcatenation

Purpose
Laminates one array over another array.

Syntaxy NB & dzt dverarrayl
NB & dzfrréiy2 v overarrayl

Arguments
arrayland array2 areny array of character arrays or scalarstrings

Results
The result imrraylwhen used monadically.

The result isrray? laminated overarrayl when used dyadically.
Remarks

overR: Returns R
L overR: Laminates R under L and returns result

Examples

over 'abcd' (10)
abcd12345678910
100 over'abcd' (10)
100 0
abcd12345678910
100 over «abcd»
100
abcd
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overvVector Conformable Concatenation

Purpose
Consecutive laminations of one array over another array.

Syntax OAOOI1 Oovérv R
OAOOL Oowrv R
Arguments
RandLare any array of character arrays or scalars or strings.

Results
For monadic case, the result is

0= R:ReturnsR

1 1< R:RANK ERROR

1 1= R: Consecutive lamination of elements of R:
R[1] overR[2] 2 SNJ woH B8 X

For dyadic case, the result returns lover overv R

Examples
12 tover v 'ABCD' 'DE' 'PQRST
12000
ABCD
DE
PQRST
(31 KBabc BDOTi@ver v 'abc'
a
b
c
1
(43 KBabcBGGN KNF3J) ot Tabc' toverv 123
abc
100
200
300
1
100 tover v 'abcd’
100
a
b
c
d
tover v 'ABCD' 'DE' 'PQRST"
ABCD
DE
PQRST
9 T MK Ljtover v X
RANK ERROR: t overV: Right arg: Rank not 0 or 1
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[imm] LjtoverV X
N

9 T MK 8Ljtover v | X
123
456
1 2 t overv'ABCD' 'DE' 'PQRST!
12000
ABCD
DE
PQRST

path Interface to .NET Path class

Purpose
Performs operations on String instances that contain file or directory path information.

Syntax resultN path'?
resultN [larg] path action

Arguments
larg are the optional arguments to the action.

action is a text vector that determines how the system function will operate on the left and right
argument.

Result:
The result, if any, depends on the action cabed is operating system dependent.

Remarks
Refer to the detailed documentation for path inHelp | APL Language | Using PATH

pcopy Protected Copy from Saved Workspace
Purpose
Copies APL functions and variables from a saved workspace into the active workspace provided the
object does not already existhis function is available in a runtime application, but the copied
workspace must be a runtime workspace.

Syntax OAOOI & N pcopy 'wsid'
OAOOI O N 9 oy AvkicE OO0
Arguments
wsid is a workspace namé&he system assumes the default extension (.ws&#umustuse the file

extension .w3 to load an APL+Win workspadéien copying an APL+Win workspace file name that
includes one or more spaces, you must append a-sethoin to the long file name.

namelist is a list of functions and variables to copigher a character matrix with one name per row or
a character vector with names separated by one or more blanks.

Result
The result is an integer vector of codes that represents the success or failurpaoipy. If you specify
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namelist, result contains a response code for each object in namé&lig.table below shows the values
used in the result vector.

Response Codes for the Result of pcopy
Code Explanation
/ A variable was copied successfully.

. A function was copied successfully.
- No object was copied; none was found with the supplied name.
' An object with this name already exists in the workspace.

" The object was too large to copy given the available free workspace.

"1 There is insufficient space in the symbol table to copy this object and the
workspace is too full to expand the symbol table.

"3 The amount of workspace available is too small to perform the copy.

"4 The object was not copied due to an INTERFACE CONVERSION ERROR

If you use pcopy without specifying namelist, then result is empty if the system successfully copies
everything from wsid.If not, everything is not copied, the system may return a single error céfckmn
unanticipated error occurs, the system does not return a result.

Effect

Copies functions and variables from the local environment of the specified workspace into the local
environment of the active workspace unless they would replace any objects by the same Tlaee.
system copies a label as a variable only if the functighd@rsource workspace is pendent or suspended
and the name does not exist in the active workspathe system recognizes a label in the active
workspace only when its function is pendent or suspended.

Copying a function copies only its source form; the system discards all precompiled internal code and
clears stop and trace settings in the function.

Note: You cannot copy a workspace that was saved in APL+DOS.

Examples
The example below shows that two of the five requested objects were successfully copied, but the value
of MTRX did not chang&€ompare this function to copy, which would change the value of MTRX.

MTRX
12
34
'MTRX FUN X DAT SPNDLAB'pcopy 'WS3'
1102 1
)vars
DAT MTRX
MTRX
12
34

pdist Probability Distribution

Purpose
Provides the Samples action to obtain sample values for the supported probability distributions using an
APL64 programmeselected pseud@andom number generators.

©APLNow LLCAIl Rights Reservep202608-24 UTG Page:186



For detailed documentation use thiéelp | APL Lanquage | Using PDISTmenu item in the APL64
developer version.

penclose Partitioned Enclose

Purpose

Creates a nested vector from portions of an arrais function is a cover function for the Evolution
Level 1 behavior of dyadic Enclo®.(You can use this system function at any Evolution LeMel.
Evolution Level 2, dyadic Enclose is the Partition function.

Syntax OAOOI O N péntidsd &mdyA
OA OOl O N péntldsd[ijGarkak
Arguments
array is an array that contains the data you want to rearrange; it can have any type, rank, and shape;

i is a nonAnegative, integewalued scalar that indicates the axis along which you want the function to
enclose the subarrays; the default is along the last dimension.

boolvec is a Boolean vector that is used to partition the right argument into items of the result; it must
be the same length as the selected dimension of the right argumiath 1 represents the beginning of
an element in result; each zero following tfiest 1 represents a corresponding subarray of array that is
nested with its predecessor.

Effect

The system starts partitioning with the subarray of array that corresponds to the first 1 in the left
argument. It groups that subarray with as many subsequent subarrays as there are zeroes following the
1. With each 1 in the left argument, the systeneates another item in the result; it encloses the
subarrays represented by each 1 and the subsequent zeroes to form each element of the result.

Result

The result is a nested vector with items selected and enclosed in the pattern specified by
boolvec. Those subarrays of array corresponding to leading zeroes are omiktezllength of result is
equal to +/boolvec.

Examples:
]display00101100 t penclose ]38
[ R .
L.t-—- .. t.. t-—-— .L
LB34L LSL 1678 L L
R
L) J ________________ L)

]display 1 t penclose 12 3

| .
L.t.. t.. t.L
Ll L2L L3L L
L~ L
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]Jdisplay 1 0 1 t penclose[1] 34 KJj12
| £ .
L.t------ T R L
L1234 L 9101112 L L
L5678 L '~ - L
e ' L
1 j 1

pf KeyBindings
Purpose
The PF system function may be used to associate a keyboard shortcut with-defseed APL
executable statement for the convenience of the APL64 programmer.

Syntax NB a dzf pi0 W
NB a dzt pf keyCode
pf keyCodeactionTextflag

Arguments
keycode is an integer scalar which is the sum of these values:

Virtual key codeKeys Enum (System.Windows.Forms) | Microsoft Docs
Shift code: 100000

Control code: 200000

Alt code: 400000

O O O o

actionText is a character vector containing the associated-defined APL executable statement or the
name of a usedefined function

flag is a Boolean scalar indicating the disposition of the-deéined APL executable statement when
the keyboard shortcut is used:

1 False(0):

The actionText is executed when the keyboard shortcut is used. The history will be updated to
indicate that the PFdefined keyboard shortcut was used and the result, if any, of the execution of
the actionText will be used to update the history. The current content, if any, of the command line
is not considered.

1 True(1):

If the actionText contains TCNL, the actionText will be inserted into the command line at the
current caret offset in the command line and the updated content of the command line will be
executed. The history will be updated to indicate that th&®Fdefined keyboard shortcut was used
and the result, if any, of executing the updated content of the command line, will be used to update
the history.

If the actionText does not contain TCNL, the actionText will not be executed. The action text will
be inserted into the applicable APL64 Developer version GUI control at the current caret offset in
that GUI control:
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9 If the keyboard focus is on a function editor, a text editor, the editable classic history pane or
the command line, the actionText will be inserted into that GUI control.

9 If the keyboard focus is on the command line, regtitable history pane, debugger pane or state
indicator pane, the actionText will be inserted into the command line.

1 The PF system function is available only in the APL64 Developer version.

1 PF keyboard shortcut definitions are transient, so they are not preserved between APL64
Developer version instances.

1 PF keyboard shortcuts take precedence over user tool keyboard shortcuts.

1 A PF keyboard shortcut does not interact with a programieveloped W!I application
system interface.

1 The Windows operating system, language, keyboard definition and installed software may affect
available shortcut key combinations.

Result
The result depends on the arguments supplied. The history will be updated wReénis used.

7EATPFO

1 Ifno PF keyboard shortcut definitions have been created the result is araarathree-
column matrix.

1 If PF keyboard shortcut definitions have been created the result is a-toleenn matrix with
one row for each existing PF keyboard shortcut definition

7 E A1 PFintScalar

9 IfintScalar is positive and is the Win32 keyboard shortcut integer code of an exidfiRg
keyboard shortcut definition, the result is a one row, three column matrix containing the
definition

1 IfintScalar is positive and not a Win32 keyboard shortcut integer code of an exisiig
keyboard shortcut definition, the result is a zero row, three column matrix

9 IfintScalar is negative and its absolute value is the Win32 keyboard shortcut integer code of an
existing PF keyboard shortcut definition, that PF keyboard shortcut definition will be
deleted and the result is 0

7 E A1 PF intScalar charVec boolScalar

M Theresultis 0 @ if successful.
1 If a previouslydefined, PF keyboard shortcut definition exists, that definition will be replaced
by the updated definition.

Examples

A new instance of the APL64 Developer version is started and the editable classic history is selected.
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[ APL64: CLEAR WS — — o %

File Edit Session Objects Tools Options Help

FRLBO0O=2CxDa% Mak.

4] pO+~0OPF 0
1:0 3
2 OFF 100123 ""Shift+Fi2 clicked""' O
3 B Shift+Fi2 clicked:
& =[OPF] "Shift+Fi2 clicked"
5 5hift+F12 clicked
' & OPF 123 ""F1i2 clicked""' O
7 p F12 clicked:
8 =[0PF] "Fi2 clicked"
9iF12 clicked
10 OFF 122 'Fii Text to Insert' 1
11 A F11 clicked:
12 F11 Text to Insert
13 OrF 121 {'myV¥Yariable' , OTCNL) 1
i B F10 clicked:
15 =[0OPFF] myVarizable

16:VALUE ERROR
17:=??? myYariable

184~

19 my¥ariable+15

20 B F10 clicked:

21 *[0PF] my¥ariakble

221 2 3 4 5
o= |
Ready | | |[Wist: Ln: 22 col: 9| | classic | | Mum
Example 2

A new instance of the APL64 Developer version is started and the editable classic history is selected.
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=

E2 APL64: CLEAR WS — O ¥
File Edit Session Objects Tools Options Help
FRA& O =2CxDas Mans. i i,

4] pO+~0OPF 0

1:0 3

2 OPF 123 ""Fi12 clicked"' 1

3 pO-0OPF 0

123 "F12 clicked" 1

511 3

& OrF 123

71123 "F12 clicked" 1

a OPF 100123 '"Shift+F12 clicked"" {1

9 eO+-0FF 0

10 123 "Fi12 clicked" 1

11:100123 "Shift+Fi12 clicked" 1

12:2 3

13 OrF 100123

14 ed-0PF 0

15:123 "F12 clicked" 1

1611 3

17 el-{IPF 100123

18:0 3

19 |
dE= |
Ready | | |Hist: Ln: 19 Col: 6| |Class’|c| |Num
Example 3:

A new instance of the APL64 Developer version is started and the editable classic history is selected.

When the third argument of PF(flag) is zero, execution of the second argument Bf (actionText)

will be attempted. When the third argument of PF(flag) is one and the second argument of
PF(actionText) contains TCNL , execution of the second argument d&?F (actionText) will be

attempted.
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| 57! APLG4: CLEAR WS = - O b4

Eile Edit Session Objects Tools Options Help |

HEFRA & T5 =9 X DoaE | # e, 000w wwme [+ .

0 OrFF 123 '""F12 clicked"' 0

1 >[0PF] "F12 clicked"”

2:F12 clicked

3 OPF 123 ""F12 clicked"’ 1

4 "F12 clicked”

5 OFF 123 'F12 clicked' 0

6 F12 clicked

7 OPF 123 'F12 clicked' 0

8 »[0PF] F12 clicked |
Q:WALUE ERROR

10i=777 F12 clicked

11 A

i2 OPF 123 ('""F12 clicked”',OTCHL) 1
13 *[OPF] "F12 clicked"”

14:F12 clicked

15 OrF 123 ('F12 clicked' ,OTCNL) 1
16 >[0PF] F12 clicked

17:VALUE ERROR
18:»777 F12 clicked

19 f‘
20
!
= |
'Readr | | |Hist: Ln: 19 Col: 5| |Class"|c| |Num |
Example 4

A new instance of the APL64 Developer version is started. Keyboard focus is on the function editor, with
OFNBG 2FFaSd I FGSNI WoQ Ay GKS FdzyOiAzy GSEGP® Cmm 7
text at the caret offset:

=

E APLG4: CLEAR WS - O ><

Eile Edit Session Objects Tools Options Help

FER& (5= C % Do S e 00 D EEE G w ey

VEN1 a X =

FREY. AAXx@[E=2CXDoES MAR A QR I i,
0iZ+FNL

1.7+'abF12 clickeded" |

[1:186]
C i ]
0 o0-0PF 0O
1.0 3
2 OPF 123 'F12 clicked' 1
3 Jed wFN1
+
|| |
Ready | | |Edit|:|r: Function Name: FN1 Ln: 1 Col: 16| |Class"|c| |Num
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Example 5

A new PF shorcut definition is created for the F9 key, keyboard focus is on the function editor, caret
offset is at the beginning of line [1] of the function and F9 is clicked, so the remark is added to the function
text:

Z APL64: CLEAR WS — O X
File Edit Sessiocn Objects Tools Options Help
FRYS O =92¢XDas Man_ 00 U0 _im_§
TFN1 a2 x =
AEX 8 = 9eXDRET MAA FEERGCITICIGR
0 :I+FN1
1 in F9 clicked to add this remark
2 |g«'abed’
[0]
i 7]
o & Jed FN1
1 <P OPF 120 ('m F9 clicked to add this remark',Dtenl) 1
d=] |
Ready | | |Editnr: Function Mame: FNi1 Ln: 2 Col: {Ill |Cl355i:| |
Example 6

The PF shorcut definition for the F9 key is replaced, keyboard focus is on the empty command line
and F9 is clicked, so the APL statem@rR, 6, is executed:

{2 APLG4: CLEAR WS - 0 %
File Edit Sessicn Ohbjects Tools Options Help

FRAd & ] DCXDES MA D EE im
0 < OpfF 120 ('2 3pue' ,Otenl) 1

1 >[0OPF] 2 3pr6

2 123

3 L 5§ &

a=] |
Ready | |{:l'|d: Ln: O Caol: {Ill |Cl355i:| |
Example 7

Editable classic history is ussglected.
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The PF definition for keycode 123 is defined so that execution of the actionText will be executed when
the keyboard shortcut is used.

The PF definition for keycode 123 is changed so that insertion of the actionText instead of execution
of the action text will occur when the keyboard shortcut is usedTCNL within the text of the
actionText will not cause execution of the actionText.

[\ APL64: CLEAR WS =1 — O %

File Edit Session Objects Tools Options Help

&[] QC X DB N T YR

Opf 123 "':select',Otenl, ':case’ Otenl, ' :endselect'” O
=[0OPFF] ':select',Otenl, " :case’ Otenl, ' :endselect’
tselect
tcase

rendselect
Opf 123 "':select’ ,0Otcnl, ":case’ Otcnl, ' rendselect’” 1
"tselect” ,(dtcnl, ":case’ [Jtecnl, ' ':endselect’
Opf 123 ":select :case :endselect” 1
iselect icase :endselect

[T I R e T

" [E3) |

Ready || |Hi5t: Ln: 8 Col: 3ﬁ| |Classic| |Num

profile Profile Performance
Purpose
Used to obtain a fingrained performance profile of APL64 programrsefected actions.

For detailed documentation use thdéelp | APL Lanquage | Using Profile menu item in the APL64
developer version.

psave Save Workspace without Replacement

Purpose
Saves the active workspace under program control without halting execution but after checking that
saving the workspace will not replace an existing workspace with the same name.

Syntax [RESET psave ‘wsid'
psave ‘wsid'

Arguments
wsid is a character scalar, vector, or enogv matrix that specifies the name to identify the saved
workspace; the system appends the default extensis§4).

The optional left argument, a character vector that contains the value 'RESET', indicates that the system
should save the workspace with a clear state indicator.
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Effect

Creates a copy of the active workspace as a file on disk with the nameva@dunless a file with that
name already exists, without halting execution of the APL statement in which the command
appears.Monadic psave produces a saved workspace with execution suspended at the start of the
function line at the top of the state indicator at the time it is call®@lyadic psave saves the

workspace with a clear state indicator.

If the argument you supply, wsid, is different from the workspace namasid, the system changes the
system variables wsid, wsts, and wsowner for the active workspace as a side effect gfsave. If

a workspace already exists on disk with the supplied name, the system produces a WS NAME
ERRORThe table below shows the differences among the system commands )save and )psave and the
system commands save and psave.

Results of Save Operations

wsid CAMYWS CAMYWS CAOTHER
Condition on disk CAMYWSws64exists CAMYWSws64 CAMYWSws64 exists
does not exist
Operation Result Result Result
)save myws SAVED SAVED SAVED
)psave myws WS NAME ERROR: Workspace SAVED WS NAME ERROR: Workspace
already exists already exists
save 'myws' SAVED SAVED SAVED
psave 'myws' WS NAME ERROR: Workspace SAVED WS NAME ERROR: Workspace
already exists already exists

Notes If you specify one of the system commands without an argument, the results are the same as the
first two columns.If  wsid is empty (CLEAR WS), the results are the same as the third column.

Examples

This example uses monadicpsave to checkpoint a running applicationocalizing wsid allows
psave to change the workspace identifier while the function is running but leaves the global value of
wsid unchangedLocalizing Ix to exit the function preserves the state of the workspace at the time

it was saved.

n GRINDATA MyApp
[m] :fori:in iteration

[n] CHECKPOINT iteration
[n+1] :endfor
n

n CHECKPOINT n; wsid; Ix

[1] - U! DD 4 AiwBidon

[2] 1 @N olP 1psave MyAppTemp
n
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py Python Engine
Purpose
Allows an APL64 application system programmer to create an instance of the Python engine within the
current APL64 interpreter instance.

For detailed documentation use théelp” APL LanguagdJsing PYmenu item.

ggdefault QuoteQuadinput defaultuserresponse text
Purpose
Sets the defaultuserresponse text ithe quote-quadquery.

Syntax gqdefault buffer
result v [LeftArg] qggdefault prompt

Argument

bufferis a character vector that specifies the default response text displayed in the-quatiquery.

The value of thi& 6 dzFup ® M®first G Oy f = 2NJ 6KS Sy GANBE WodohFISND G f
the default response to the next Quad or Quatedzl R |j dzS NE @ ¢KS NBYFAYAYy3 @I f
is retained for subsequent Quad or Qudriad queries.

LeftArgis the optional scalar identifying the action targeEhe possible values are

value|! OGA2Yy 2y LYUGSNYyFft WodzFTSND

1 | LJIISYR NRIKG FNHAzYSyid (G2 Wo dz
0 |wSLX I OS WodzZFFSND gAGK NARIKG |
"1 |t NBLISYR NARIKG I NBdzYSyid G2 Woq
2 |wSilhdzNYy GKS OdNNByd @I fdzS 27F

Result:
The result, if any, depends on the action called.

Effect

QQDefault renders no output to the APL64 developer version history pane when a left argument of 1,
O or 1is used.

QQDefault is available only in the APL64 developer vergiod.S @ f dzS 2F GKS Wo dzF FSN
when the current APL64 developer version instance ends.

Note: Refer to the mentdelp | Developer Version GUI | Quad and Qu@ieadfor additional
information on this function.

Example

QQDefault '3+5', tcnl,'0.001+6', tcnl,™abc","pqr™
2 QQDefault "

- H
2 QQDefault "
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. H
2 QQDefault "

You User clicks OK button
494 QOQDefault"

Before user closes the Quoet@uad dialog:

r

(@ APL64: CLEAR WS — O X
File Edit Session Objects Tools Options Help
FRA&[E= 2 X DS M w. 00 CENE T Hm ww (e,
< o 0QQDefault '3+5',[Otenl,'0.001+16"' ,Otenl, '"abe”,"pgr"’
g1 20QQDefault '
2i3+5
3:0.001+16
L:"abec","pqr"
Qs X+
6: 345
i 20QQDefault '’
8i0.001+16
9?"abc",“pqr'"
¢ 10! Y]
11! 0.001+16
< 12i 20QQDefault '
13i"abe" ,"pqr"
LS I«[] A User clicks OK button APL Quote-Quad nput [
i “abc” "pgr”
LRunning | | | |[ns |Class"|c| |Num |EN_US 1
After the user closes the QuotQuad dialog:
= APLG4: CLEAR WS — O b4
File Edit Session Objects Tools Options Help
FREA & [E=2 ¢t DS daa. 0L EENGE i w W me
oo 0QeQDefault "3+5',0dtenl,'0.001+16"' ,Otenl, ' "abec","pgr"’
Y 20QQDefault "'
2:3+5
3:0.001+16
k:"abe","pqr"
<P s X«
6 3+5
Fo7 20QQDefault '’
8:0.001+16
gf”ﬂbc“,“pqr‘"
<P 10! v+l
11 0.001+16
P12 20QQDefault "'
13{"abe","pqr"
1y Z+<[] a User clicks OK button
15! "abec","pgr"
<16 ' '=2[]QQDefault '
17:1
Ready | | |Hist: Ln: 18 Col: & |Ins |Classic]| | Num | EN_US
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gload Quietly Load a Workspace

Purpose
Loads a workspace under program control without displaying the saved message.

Syntax gload ‘wsid'

Argument

wsid is a character scalar or vector that specifies the workspace to be loaded; the system assumes the
default extension (vs64). (You can use the file extensiom3 to load an APLWinworkspace.)If you

omit the directory name or library number, the system uses the default directory.

Effect
Replaces the active workspace with a copy of the contents of the designated work3jfeceystem
does not display a SAVED message.

When you use gload, the new active workspace begins execution automaticallyhfis set

appropriately, giving the effect of continuing a multistep program through two or more
workspaces.You can exchange information between the two workspaces by storing data in a file while
in one workspace and then reading the data back whilenwtteer workspace.

Example
In the example below, the point is that no SAVED message displays when you load a workspace with this
function. The last two lines show that the system did load the specified workspace.

)clear
CLEAR WS...
gload 'STAGE2
wsid
CAAPL STAGE?2

repl Replicate Items in an Array

Purpose

Replicates selected items in a arrdyhis function provides the same behavior that is derived by the
Replicate operator (/) with a variable as the left argumeYiau can use this system function at any
Evolution Level.

Syrtaxx.: OAOOI O repl O Ay
OAOGOI O repllilo Aray
Arguments

repl is an integer scalar, or integer vector where the number ofmegative elements equals the length
of the chosen dimension of array;

i IS a nonnegative, integewalued scalar that indicates the dimension along which you want to replicate;

array is any APL array; if the chosen dimension has length 1, arg is extended along that axis to the
numberofnory S3 I GAGPS St SYSyida ASmildrtoSexgahdSyNl cgnRjenérite NB LI x n 0
only fill elements with a noiositive operand and an argument that is a scalar or has length 1 along the

chosen dimension.
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Result
The result is an array that contains each item of array replicated the number of times specified by the
corresponding nomegative value in repl; for negative values in repl, the array is extended along the
chosen axis by inserting the number of fill iteatpial to the absolute value of the negative element.

repl replicates the last dimension of the argument array by default.

Examples

012 repl'IJMO'
MOO

I N ¢ 'ABCDEF

1 12 23replA
ABBCCC
D EEFFF

01 repl[l] A
DEF

112 repl[1]A
ABC

DEF
DEF

0 20 repl5
00

0 20 repl[1]123 3
000

000

Note: At Evolution Level 1, there was a difference in the result for appropriate arguments between the
expressions larg /" rarg and larg (/) rarghe latter took a nested left argument, each item being an
integer vector appropriate for the correspondingriteof rarg. At Evolution Level 2, the syntax(/)”
generates an EVOLUTION ERR®@#R. repl” when you want to use Replicate with different arguments
for each item of a nested array.

T AOGON p ¢ o T
12 replnest
123434

12/ nest
123434

12/ nest
122344

12 repl nest
123344

12)(12) repl nest
122344

(12)(34) repl nest
1223334444
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(12)(234) repl' (56)(789)
5667788899909

rjust Right Justify

Purpose
Returns the character elements in an array or strigbt justified.

Syntax OA OOI st Hrray

Arguments
arrayis character array or scalar or string.

Results
The result is the character elements in the array or strigigt justified.

Effects:
The rjust system function will not throw a DOMAIN ERROR exception for a right argument that is not
appropriate for rjust and instead will return the right argument unmodified if possible.

Examples

tTheadi ng KKrstiNéme Last Name '
First Name
Last Name
t rjust heading
First Name
Last Name
stringTé6l juss
string
ljust
t rjust string
ljust
trjust (12'XY")2.34'AB"’
12 XY 2.34 AB

rmdir Remove a Directory

Purpose
Removes a disk directory.

Syntax rmdir 'dir'

Argument
dir is a character vector that contains the identifier of the disk directory you want to remove.

Effect

The system erases the directory from the specified or default disk dviee.can remove a directory
only if it is empty, and if it is not the current default directory.rmdir is equivalent to the DOS
command RMDIR.
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Example

| rmdir 'C:\ TEMP' |

rnet R3atistical& GraphicsTools
Purpose
RNET provides a convenient interface between APL64 and the R statistical and graphics toolkit.
To learn more about RNETh the APL64 Developer version gaelp | APL Language | Using
RNET

round RoundNumbers
Purpose
Provides options for rounding numbets the nearest integer or to the specified number of fractional
digits.
Syntax OAOOI 6 N T $ o @@y OT A/ PO
Argument
arrayis anumericarray or scalarall other datatypes will not be modified.
nDigits is the number offractional digits for rounding: [0, 15], e.g. O indicates rounding to an

integer; the default value is 2.
rndOpt is the rounding method to apply; the default value is 1.

rndOpt Rounding Method

0 MidpointRounding.ToEven

1 MidpointRounding.AwayFromZero

2 MidpointRounding.ToZero

3 MidpointRounding. ToNegativelnfinity

4 MidpointRounding.ToPositivelnfinity
Results

result is the same type, rank and shape as the argument array.

Examples

Example #1
If the data type of arg is not Double, the right argument is returned as the result:

3bCcHHESD W= WOLWOKNP X

q
i 4 Round X
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7. APLE4: CLEAR WS — 0 5
File Edit Session Objects Tools Options Help |
FRY & EH= 98D i i},

<P UEK*—'abc' 2 3 3.456
F oL X=[JRound X
2.1

2=

[Re.. | | [Hist: Ln: 3 Col: 6|Ins |Classic|  |Num |EN_us |

Example #2
[ | Dhue BUqa! Wet I Wl Ye RourddoubldArgdt W3 WeitU? RNDRat WNb W

N6Rt W Ye Ul RUNWRY WWtue R2 ¢ b 13U adeiyprbofuindiidbifioA Y2 U1 k W A
U? RNDRqt Wy WMWe U RouodtdubléAglls WU? RNRat LW

T 1n Wb a3 A WARKZOP)-LORPL Wb G 5 bl
2 Round 3.075 3.085
2 Round 3.075 3.085
21 Round 3.075 3.085

—
[ APLE4: CLEAR WS - O %

File Edit Session Objects Tools Options Help

FRd&E=2CxXDBRMAEN_ 0 DE i,
<o Odef 'Z<P Round X' 'Z«([Xx10%P)+10x%P'
1iRound
G2 2 Round 3.075 3.085
3:3.08 3.09
oy 2 ORound 3.075 3.085 |
5:3.08 3.09 .
< 6! 2 1 ORound 3.075 3.085 |
7:3.08 3|.09 |
Ll I

|Ready | | [Hist: Ln: & col: &|1Ins |Classic| | Num |EN_uUS |
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Example #3
The rndOp argument determines the rounding algorithm used:

10 Round3.753.85 Round to nearest even
11 Round3.753.85 Round away from zero

B APLG4: CLEAR WS — O *

File Edit Session Objects Tools Options Help

FR4d &= DY DEE AR G E )l E

KE of 1 0 ORound 3.75 3.85 A Round to nearest even
1:3.8 3.8

g2 1 1 JRound 3.75 3.85 A Round away from zero

33.8 3.9

e |

Ready Hist: Ln: & Col: & |Ins |Classic|Ca Mum | EN_US
| 1] | 1ns | | cap | um | en_us |

Example #4
Create the Rounding function and run it.

21 OT AET ¢cn oonsn, N2
ONpXx

6 %2
6 %2
6 %2
6 %2
6 %2
6 %2
6 %2
8Np
6 %2
6 %2
6 %2
6 %2
6 %2
6 %2
6 %2

(&S]

(CRNGRNG NG RGNS NG ENG]

el ol alalala

Qagaqagaaaqaad

—) — —) —) —) —) —) O)

4~ annoH
NDNDNDNDNDNDDN
Ol-o — — — — — — —:%
D> D D
aooooo0n
O 0O 0O 0o

o
=3 OO0t OOt O >

NNNNNNDNGS T
666666

N
S B A N & -
NN RNNNN D>
OOt Ot OOt O
—_ = — =) — —)
>t >t I I I P

2 2 2 2 2 2 222222222220 2
N NN NN NN

CTNDNDNDNDNDNDDNDDNS

N\\\\\\\q

¢
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= APLBS: CLEAR WS — O *
File Edit Session Objects Tools Options Help
; o P by (T :
FRELS D=2 Do MaAN. D ERE
VRounding 4= X| =
H L H ] o . R S W P
FRY, AEXE0 =2 X DaEE MAR A,
0:Z+Rounding:0OPP:X:L:R
1 0rP+17
2iX+1+.001=110
K]
4L~ ' Data: '
5 L-LOOVER ' ORound: '
6 L-LOOVER '2 ORound: '
7:L+~LO0OVER '2 0 ORound: '
8:L+~LO0OVER '2 1 [ORound: '
S L+LOOVER '2 2 [ORound: '
10:L-LOOVER '2 3 ORound: '
11 L+LOOVER '2 4 [Round: '
12
13iR+6 33X
14 R-ROOVER & 3Fs0Round X
15 R-ROCVER & 32 ORound X
16 R+-ROOVER & 332 0 [Round X
17 R+-ROOVER & 332 1 [Round X
18 R+-ROOVER & 332 2 [Round X
19 R+-ROOVER & 332 3 [Round X
20 R-ROOVER & 332 % ORound X
21
22 RN
|[22,-5] Commit Changes| [Commit & Close
G )
g 0 led vRounding
o1 Rounding
2 Data: 1.001 1.002 1.003 1.004 1.005 1.006 1.007 1.008 1.009 1.010
K| OrRound: 1.000 1.000 1.000 1.000 1.000 1.010 1.010 1.010 1.010 1.010
42 OrRound: 1.000 1.000 1.000 1.000 1.000 1.010 1.010 1.010 1.010 1.010
52 0 ORound: 1.000 1.000 1.000 1.000 1.000 1.010 1.010 1.010 1.010 1.010
62 1 (ORound: 1.000 1.000 1.000 1.000 1.000 1.010 1.010 1.010 1.010 1.010
72 2 ORound: 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.010
82 3 ORound: 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.010
ngE 4 [ORound: 1.010 1.010 1.010 1.010 1.010 1.010 1.010 1.010 1.010 1.010
|
| | |Editnr: Function Mame: Rounding Lm: 22 Col: 5|Ins |Class"|c| |Num|EN_US|
Example #5

If nDigits is zero, Round rounds the right argument to the integers. Create the
RoundingZero function and run it.

N27T OT AET ¢: AOin oonsn
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< Kk © O O O O © © O © O O ©
Q0 NN © [ Y o |
=z =
o a M e e e e SN NNNNN -

Oz zzzzzzzzzzzZz2z2222
W - - - - - & ~NANNNNNON.

©APLNow LLCAIl Rights Reserverd202608-24 UTG Page205



= APLGS: CLEAR WS — O X

Eile Edit Session Objects Tools Options Help

FRA & [E= 9 C X DS AR R

- -

VRounding... +& X| =

FRY. AUX B892 X DBEE MER O,
I+ReoundingZera;[PP;X:L;R

Opp-17

X+1+.001=110

0
1
2
3
GiL= ! Data: '
5 L+LOQVER 'O ORound: '
6:L=LOOVER '0 0 ORound: '
7:L+-LOOVER '0 1 ORound: '
8:L=LOOVER '0 2 ORound: '
9:L+LO0OVER '0 3 ORound: '
10:L+LOOVER '0 % ORound: '

11
12:R+6 35X
13 R=ROOVER 6 350 ORound X
14 R+ROOVER & 330 0 ORound X
15 R=ROOVER & 330 1 [ORound X
16 R+ROOVER & 330 2 ORound X
17 R-ROCVER & 3%0 3 [ORound X
18 R-ROOVER & 330 % ORound X
19
g)z-L.r
|[2u,-5] Commit Changes| [Commit & Close
C ——— J
<g 0 RoundingZero
1 Data: 1.001 1.002 1.003 1.004% 1.005 1.006 1.007 1.008 1.009 1.010
2:0 ORound: 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
3:0 0 ORound: 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
40 1 ORound: 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
50 2 ORound: 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
60 3 ORound: 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
é_ﬂ' 4 JRound: 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
] |
Ready | | |wist: Ln: 8 col: 6| Ins |Classic| | Mum |EN_us |

rowfind Index of in &Rank2 Array

Purpose
Returns the indices of the charactamrayin a character matrix.

Syntax OA O Odrr@y Nowfind array

Arguments
arrayis any array otharacter arrays or scalars or strings
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Results

Result ighe index (index origin 1) of the elements of the right argument in the elements of the left

argument. AnAR& F ASR f A32NRAGKY Aa
elements. Result is a 0 for each right argument element not found among the left argument elements.

Remarks

dZaSR® C2NJ NI vy

rowfind is the replacement for the assembler function ROWFIND in the ASMBM®rkspace in

APL+Win.
Examples

Try It Code:
io
[ H overv'a''b' 'abc’
L
wHUOU
R

HL rowfind R

& APL64: CLEAR WS

File Edit Session Objects Tools Options Help

IERd &
P 0 Oio
L«Joverv 'a' 'b' "abc’
L

R+'b"’

R

&=p[+L Orowfind R

o~

o

g
-
e Yol = TR S T =l TR L T
OoOw o W e

(=3

(2]

-
[
M~

1211
13

O YR E AR

dE=

| Ready

|| | cmd:

Ln: 0 Col: D|Ins |Classic|

Try It Code:
io
[ H overv'a 'b' 'abc’
L
wHUl 604
R

HL rowfindR
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&l APLG4: CLEAR WS - O X
Eile Edit Session Objects TJools Options Help

FREAS[VE|= 2 DES s, i 1,
0 <Y Oio

1 | L«0overv 'a' 'b' 'abc

2 1| L

3 [ R«'abc'

4 i R

5 | @=p0«L Orowfind R

6 ol

7 1

8 a

9 b

10 abc

11 abc

12 3

13 1

3| |
Ready | ‘ |Cmd: Ln: 0 Col: D| |Cl.ass‘ic‘ |

Try It Code:

io
[ H overv '@ b ‘abc
L
W H overv ‘abc' 'xyz' 'b' 'B
R

HL rowfindR
| TR APLE4: CLEAR WS O %
| File Edit Session Objects Tools Options
IERG &0 =2exbo s @A, 000, @, i,
|KE o Oio
| L+«[doverv 'a' 'b' 'abc’
Il 2 L
Il 3 R+«[overv 'abc' 'xyz' 'b'
s R
|l 5 pO+«L Orowfind R
[T 61
T:a
8b
9iabc
10:abc
11ixyz
12:b|
138
143 0 2 0
15k
| 16
I [e
Ready | | |Hist: Ln: 12 Col: 1|Ins |Classic| | Num | EN_US
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Try It Code:

io
[ HC N ¢ LJlj v
L
WH L
R

HL rowfindR

&} APLG4: CLEAR WS — O *

Ly}
m
m
(=4
=

my
g
i

ession  Objects Tools Options Help

BP9 xhaNIMRR, LD LEE My, i,
Oio

L+<w«a» «pg» «abc»

L

R+bL

R

pl+L Orowfind R

EN S RN TR R
[

a pq abc
8! abc pq a
9321

10:3

11

a5 |

Ready | | |emd: Ln: o0 col: 0|Ins |Classic| | Num | EN_US

save Save Workspace with Replacement

Purpose
Saves the active workspace under program control without halting execution.

Syntax [RESET  save 'wsid'
save ‘wsid'

Arguments

wsid is a character scalar, vector, or enogv matrix that specifies the name to identify the saved
workspace; the system appends the default extensiasg4).

The optional left argument, a character vector that contains the value 'RESET', indicates that the system
should save the workspace with a clear state indicator.

Effect

Saves a copy of the active workspace as a file on disk with the namesgidvithout halting

execution of the APL statement in which it appedwonadic save produces a saved workspace with
execution suspended at the start of the function line at the top of the state indicator at the time it is
called. Dyadic save saves the workspace with a clear state indicator.

If wsid is different from the workspace name, the system updates the system varialegl, wsts,
and wsowner for the current workspace as a seffect of save. Note that the effect of save is
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different from the effect of )save in that save does no checking to see if a workspace of the same
name exists on diskSee the description of psave for a way to prevent overwriting an existing
workspace and for the differences among the system commands )save and )psave and the system
functions save and psave.

Example
This example shows the use of dyadisave to save a workspace with a clear state indicator.

n INSTALL MyApp
[1] ' elx'"RESET' save
wsid"

n

savefiledialogPresent a Save File Dialog
t dzZN1J32aSyY t NBaSyid | alr@S FAES RAFE23 FyR 20GFAYy (K

WSFSNI 2 GKS RSEBMBSR R20dzySyidlGAazy

scom Serial Communication Function
Purpose
Provides enhanced 32 serial port communication in APL64.

Syntax resultN ?2 scom"
resultN o A A Gébin'postName’ [rarg]

Arguments
action is a textharacterthat determines how the system function will operate on fhatName.

portName is a character vector that is the name of the serial port.
rarg are the optional arguments to the action.

Results
The result, if any, depends on the action called.

Remarks

scom Replaces arbin
The functionality of scom replaces the RXE32 serial port functionality of arbin, which is not
supported in APL64. This section provides a comparison of typi@aZR$rt communication settings in
APL64 using scom and in APL+Win usingarbin. For RS23Rorts scom provides significant
additional functionality compared to arbin.

1 In APL64 all right arguments ofscom are required. In APL+Win some arguments afbin are
optionally defaulted.
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In APL64 the R&Z32 ports for reception or transmission are specified by their text names, e.g.
W/ hamQX W hauQodl NDYy! WRPpHA Azl OKENBdzYSyid Aa 1 SN
native tie# associated with the selected-R® port.
In APL64the 4 02Y Wol dZRwl GSQ A& Iy AydS3aSNI Goig TA3IdzNI
baud rate is selected using the DOS MODE command.
INAPL64usingda O2Y AG A& LlRaaroftsS G2 6FA0 F2N NBOSLI
GKS WNBIFIR¢CAYS2dziQ YR WgNR G S ¢ arbinSterédzir@no evidisdzY Sy G a
adzZLIL2 NI SR YR GKS Wgl AGQ | NHdzYSyid Aa AySTFFSOGA
In APL64 the scom R$ioH LINRPG202f Aa &aSiG SELX AOAGERE AY
AyOf dzZRAY 3 WKIFYRaKIF{SQ F2NI Fft2¢6 O2yiNPRabimob2ySs
protocol is set using the DOS MODE command.
In APL64 the aO02Y OKI NI OGSN) tAYAdGa +FNB &aSd SELIXAO
WHNRGS. dZFFSNI AT SQ I NEANGSAHYYG a @OK LN A VA (1182 ALY Nii S (
reception port.
In APL64 ending communication with a specific port is done using ®ed2 Y W/ f 24SQ YS
possibly coordinated with applicatiespecific checking of the received information. In APL+Win
the F NDAY WISNN¥AYIlI G2NDR OKIFNIFOGSNE YI& 0SS aLISOAT.
In APL64 the & O 2eYicodth® | NH dzY Sy dconh nyfeBhods fisr 8eading and writing data
determine how the data will be transmitted and received. In APL+WintheND Ay WG NI yaf |
argument is provided. .Net does not provide the ACII translations specific to APL+Win,
however such translations are not necessary in APL64:
o 'aAy3a GKS W 30A A scont KSTA Bhargcirs @ahJheAtrangmit@dr and
received
o aAy3a GKS W! yiaO2RSstomSAPIB2 ¢hargb@drs @ahlie Arangmittadf
successfully
0 Usingthe a02Y WwSIR.28GSQx WwSIR.28GSaQ YR W2NAR
YydzZYSNAO O2RSaQ OFry 0SS 0NIyaYAGGSR adz00SaaTc
In APL+Win arbin has additional functionality related to native file access and printers, but the
use of this functionality is not recommended in APL+Win. In APL64 and APL+Win theX
system functions, e.g. xntie, Xnappend, etc., should be used for native file access and the
2L Wt NAYOGSND Ofldaa akKz2dzZ R 0SS dzaASR F2NJ LINAY(GAY

Execute *?* scom" for a summary of scomactions and actiorspecific syntax:
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#X

DEdit _ INameX _ i Nav| v |a ED, Text 50 247 p Text _

BREAKSTATE: bool{priorValue) « 'BreskState' OSCOM portName (Optional: pool(mewValue)
BYTESTOREAD: Int32 + 'BytesToRead' OSCOM portName

BYTESTOWRITE: Int32 + 'BytesToWrite' [SCOM portName

CDHOLDING: Bool - 'CDHolding' SCOM portName

CLOSE: 'Close’ OSCOM portName

CONFIGURATION: Char[:] ~ 'Configuration’ OSCOM portName

CONFIGUREDPORTS: Vector of Char[]= 'ConfiguredPorts' [SCOM portName
CTSHOLDING: Bool + 'CTSHolding' [ISCOM portName

DATARECEIVEDEVENT: 'DateReceivedEvent’ [SCOM portName aplDataRecdEHFnName bool(1/subscribe O/unsubscribe)
10 DISCARDINBUFFER: 'DiscerdInBuffer’ OSCOM portName

11 DISCARDOUTBUFFER: 'DiscardOutBuffer’ OSCOM pertName

12 DSRHOLDING: Bool = 'DSRHolding' [ISCOM portName

13 ERRORRECEIVEDEVENT: 'ErrorReceivedEvent' [SCOM portNeme aplErrorRecdEHFnNeme bool{1/subscribe 0/unsubscribe
14 ISOPEN: Bool — 'IsOpen’ DSCOM portName

15 OPEN: *Open’ [OSCOM portName

16 PORTNAMES: Vector of Char[]- 'PortNames’ OSCOM portName

17 READBYTE: Int32 or ~1/No More Available ~ 'ReadByte’ OSCOM portName

18 READBYTES: Int32[] + 'ReadBytes’ OSCOM portName

19 READCHAR: Int32 - ‘ReadChar’ [ISCOM portNeme

20 READCHARS: Int32[] - 'ReadChars' OSCOM portName

21 READEXISTING: string ~ 'Readfxisting' OSCOM portName

22 READLINE: string = ‘Readline’ [SCOM portName

23 READTO: string = 'ReadTo' OSCOM portNeme (char, char[] or string scalar)

24 WRITEBYTES: 'WriteBytes' OSCOM portNeme Int32[

25 WRITECHARS: 'WriteChars® OSCOM portNeme (char, eher[] or string scalar)

26 WRITELINE: 'Writeline' OSCOM portNeme (char, char[] or string scalar)

27 WRITESTRING: 'MriteString' DSCOM portNeme (char, char[] or string scaler)

28 7: char[:]= '?Action’ OSCOM ... or '2' [SCOM 'Action’ or '?' [SCOM *

29 ConfigurePort arguments: The following serial port configuration options are set using the ConfigurePort action
30 PORTNAME: portNeme: Serial Port Neme, e.g. 'COM1'

baudRate: Int32>0

: Even, Merk, None, Odd, Space

ataBits: Int32e[5,8]

stopBits: One, OnePointFive, Tuo

35 HANDSHAKE: handshake: None, RequestToSend, RequestToSendXOnXOff, XOnXOff

36 READTIMEOUT: readTimeout: -1i/None or Int32e(0,~1+2x31]

37 WRITETIMEOUT: writeTimeout: -1/None or Int32e(0, 1+2531]

38 READBUFFERSIZE: readBufferSize: Int32e[4096,71+2+31]

39 WRITEBUFFERSIZE: writeBufferSize: Int32¢[2048,71+2x31]

40 DISCARDNULL: discardNull: bool

41 DTRENABLE: dtrEnsble: bool

42 RECEIVEDBYTESTHRESHOLD: receivedBytesThreshold: Int32>0

43 RTSENABLE: rtsEnebles bool

44 ENCODING: enceding: ASCII, UNICODE, UTF32, UTF7, UTF8

45 NEWLINE: newLine: string singleten or character vector, e.g. «w»

46 DateReceivedEvent argument:

47 APLDATARECDEHFNNAME: Set using 'DeteReceivedEvent' OSCOM portNeme aplDataRecdEHFnName bool(1/subscribe 0funsubscribe)
48 ErrorReceivedEvent argument:

40 APLERRORRECDEHFNNAME: Set using 'ErrorReceivedEvent’ [ISCOM portNeme eplErrorRecdEHFnName bool(1/subscribe 0/unsubscribe)

EE R

[1:0]

CONFIGURERORT: 'ConfigurePort' [SCOM portName basudRste parity dataBits stopBits handshake readTimeout uriteTimeout resdBufferSize writeBufferSize discardNull dtrnsble receivedBytesThreshold risinable encoding newline

For more details of scommethod, properties and events seiet Serial Port class

Serial Port Default Values

Review of the MicrosoftNet Serial Port clastbocumentation provides the default values for the
supported properties of this class. Of note are the infinite default values for the ReadTimeout and
WriteTimeOut properties.

scomExamples
Ly GkKSasS SEFYLXS&a !'t[cn A& A
O2yySOGSR (2 GKS g2Nj1adldrazy
develop and debug RS232 communication applioatio

yaal SR 2y | 2
Qa a

MQ aSNRI

7

CKS ¢g2NJadlrdAz2yQa W hamQ LER2NI & f
dzaSR G2 GNYYAYAOG AYTF2NNIGA2Y G2 GKS

(@]
= U
o
N
QX
¢ (fy
[ty
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Writing & Reading Byte Codes Example

{52, APLE4 Project: CLEAR WS — O *
File Edit Session Objects Debug Options Help

: I = B e A 1 4 o § | 00 pi 0| i
F!,Ijajj 9@%%%§HHH;E.II>yE{z]&Dg v+-+--[z]l[z] 2]|;[_¢_ s

0 i@ Close' DOSCOM 'COM1

i ] ConfigurePort' [OSCOM 'COMi' 9600 'None' 8 'One None' 71 71 %096 2048 0 0 1 0 'Ascii' «\n»

2 Close' DOSCOM 'COM3

3 ConfigurePort' OSCOM "COM3' 9600 'None' B 'One None' 71 71 4096 2048 0 0 1 O '"Ascii' «\n»

b Open' [SCOM 'COM1

5 Open' OSCOM 'COM3

6 ol WriteBytes' [OSCOM 'COM1' (255 43 44 45 &6 9% 95 96,110)

7 <A

8 i<K# aAllow a few milliseconds for the R5232 communicatien te occur

9 i<H

10 <P BytesToRead' DSCOM 'COM3

114 ReadBytes' [SCOM 'COM3" (1Bp0) 0 10

12 18

13 255 43 44 45 46 O4 95 96 1 2 0 0 0 0 0 O O 0]

.| | New Row
Ready | |Hist: Ln: 13 Col: uk | |classic| | Num

Try it code:

'‘Close’ scom'COMI

'‘ConfigurePort’ scom'COM1' 9600 'None' 8 'One' ‘None' 1 1 4096 2048 0 0 1 0 'Asgiil»x
'‘Close’ scom'COMS3

‘ConfigurePort’  scom'COM3' 9600 '‘None' 8 'One' '‘None' 1 1 4096 2048 0 0 1 O 'Astiil»x
'Open’ scom'COM1'

'Open' scom'COM3

‘WriteBytes' scom'COM1' (255 43 44 45 46 94 95 9610)

Allow a few milliseconds for the RS232 communication to occur

'‘BytesToRead' scom'COM3'
'ReadBytes’ scom'COM3' (18 0) 0 10
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Writing & Reading Character Vectors Example

{5 APLB4 Project: CLEAR WS — O *
File Edit Session Objects Debug Options Help

H i : : e P W A H 1] a4 o § [11 i1 [
F!_'—_Iﬂjj 9Qc}5[ﬁﬁﬁﬁ HHH;:E.“’y E{z]O}Og v e i b =
0 <M Close' [SCOM 'COM1

1 | ConfigurePort' [5COM 'COMi' 9600 'None' & 'One Mome' ~1 71 %096 2048 0 0 1 0 '"Ascii’' «\nw»

2 Close' [OSCOM 'COM3

3 ConfigurePort' [JSCOM 'COM3' 9600 'None' 8 'One Mome' 1 71 4096 2048 0 0 1 0 'Ascii' «\n»

4 | Open' OSCOM 'COM1

5 | Open' OSCOM 'COM3

6 i WriteChars' [ISCOM 'COM1 APLE&Y Project: Writing Characters

7 <M

8 AAllow a few milliseconds for the R5232 communication to occur

9 (.I

10: <P BytesToRead' [OSCOM 'COM3

11:.1 ReadChars' [SCOM 'COM3' (100p ) 0 100

iz 33

13 APL6Y Project: Writing Characters

.l | MNew Row
Ready | |Cmd: Ln: 0 Col: ﬁl |Classic| |Num

Try it code:

'Close’ scom'COM1'

'‘ConfigurePort’ scom'COM1' 9600 'None' 8 'One' ‘None' 1 1 4096 2048 0 0 1 0 'Asgiil»x
'‘Close’ scom'COM3'

‘ConfigurePort’  scom'COM3' 9600 '‘None' 8 'One' '‘None' 1 1 4096 2048 0 0 1 O 'Astiil»x
'Open’ scom'COM1'

'Open' scom'COM3

'WriteChars' scom'COML1' 'APL64 Project: Writing Characters'

Allow a few milliseconds for the RS232 communication to occur

'‘BytesToRead' scom'COM3'
'ReadChars’ scom'COMS3' (100 '") 0 100

When writing and reading characters, the selected encoding for th23Rports is significant:
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{Z: APLG4 Project: CLEAR WS _

File Edit Session Objects Debug Options Help

O X

FRAd& N =2¢XDaS AAA. ERIN>E LD TS 100,

0 <P Close' [JSCOM 'COM1

1 | C igurePort' 0OSCOM 'COM1' 9600 'None' 8 'One Mone' 1 71 4096 2048 0 0 1 0 "Ascii' «\n»
2 C OscoM 'cCoM3

3 ConfigurePort' [SCOM 'COM3' 9600 ‘None’ 8 'One Mone' 1 71 4096 2048 0 0 1 0 "Ascii' «\n»
L3 Jpen' OSCOM 'COM1

5 Jpen' OSCOM 'COM3

6 i WriteChars' [SCOM 'COM1 APLEY Glyphs: " “eg=zzzvAsTyidgasvi

7 KB

8 AAllow a few milliseconds for the R5232 communication to occur

9 gl

10; <y OscoM 'cComM3

11 OSCOM 'COM3" (100p ) 0 100

12 kL

13 APLGY Gl.‘jphs: 22<7=2>22A22272722227

15 <H

15i<H C dscoM 'coMi

16 C gurePort' [OSCOM 'COM1' 9600 'None' 8 'One lonme' 71 71 40S6 2048 0 0 1 0 'Unicode' «\nw
17 C JscoM 'comM3

18 ConfigurePort' [SCOM 'COM3' 9600 'None’' 8 'One e’ 71 71 4096 2048 0 0 1 0 "Unicode' «\n=
19 Jpen' OSCOM 'COM1

20 Jpen' OSCOM 'COM3

21 WriteChars' [SCOM 'COM1 APLEY Glyphs: " “eg=zzzvAsTyidgasvi

22:<H

23 AAllow a few milliseconds for the R5232 communication to occur

24

25 <H OSCOM 'COM3

26i|ad OscoM 'COM3' (100p ) 0 100

27 68

28 APLOY Glyphs: "“<s=z>zvA=Uyidhesvi

.l | New Row
Ready | |C|T||:I: Ln: 0 Col: 0| |Class"|c| |Nur|1

setnewlines Replace line terminator characters

Purpose
Replaces line terminator characters in a string with programsabected characters

Syntaxy NEB & dzéethewlinedchviel &

Arguments

array is any array of character arrays or strings

chars iggenerally the programmeselectedreplacementcharacters are those obtained frothe APL64
newline system function.

Results
result is the same array with the line terminator characters replaced with the prograrselected
characters.

Remarks:
String text, returned as a result of an APL64 programdedined, public function in an APL6rbss
platform component, should use the Gpropriate newline characters.

Examples
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=1

IEile Edit Session Objects Tools Options Help ‘
FR4 a5 DY DS Maw RG] [ ]
F0: Odr S<««Linei\rLine2\nLine3\r\nLinel»
1164
@; S AaWindows
3iLinel
4iLine2
5 Line3
6iLinek
<p7: [(Jdr NS<S [ISetNewlLines [ONEWLINE
8il16kL
g9 NS=«Linei\r\nLine2\r\nLine3\r\nLinek»
10:1
<H11 NS aWindows
12:Linel
13:Line2
14 Lined
15Linek
16
e |
Ready | | |Hist: Lnz 2 col: 0|Ins |Classic| | Num | EN_us
VSquarcRoot = -~
FRA. AAXBOE=2CXDAEISR AR A RVe@o @R, L TNE] T 0w @] W
0 :public (double@squareRootValue;bool@squareRootHasError;string@squareRootErrMsg)«SquareRoot (double@inputDouble)
1 :TRY
2 squareRootValue«inputDoublex0.5
3 squareRootHasError«0
4 squareRootErrMsg««»
5 :CATCHALL
(] squareRootValue«™1
7 squareRootHasErrore«l
8 squareRootErrMsg«(<'SquareRoot failed:',Otenl,0EM) OSetNewLines [NewLine
B “:enoTRY
10
1501

si State Indicator
Purpose
Returns a character matrix representation of the state indicator, showing at each row the names of
functions or variables localized at that level.

Syntax OAOOI H N

Result

result is a character matrix that displays the same information aswith the addition of localized

names at each level of the stack.the state indicator is empty, the result is an empty matrix of shape 0
0.
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A line number of 1 indicates S| DAMAGE caused by modification of a suspended or pendent function in
such a way that the system cannot resume executing it.

Example

1 stop 'TRIAL'h-'TRIAL 5'
1
TRIAL[1]
N sinl
TRIAL[1]* AN o

217

size Space Used by Identifiers

Purpose
Returns the amount of space that a list of functions, variables, or labels uses.

Syntax OA O O[kcOpdN size 'idlist’

Argument

idlist is a list of function, variable, or label names represented as a character matrix with one name in
each row or a character vector with names separated by blanks.

scope is an optional numeric argument that specifies the scope at which names are interpreted, where
1 = local (default); and 0 = global.

Result

The result is a numeric vectoEach element of result is the amount of space (in bytes) required for the
internal representation of the object named in the corresponding position of the

argument. (Note: Symbol table space is not included-he systenreturns 0 for undefined identifiers

and ilformed names. size references the most local definition of each name.

Caution

You cannot reliably use the value ofsize to estimate the increase in workspace from erasing an object
in the workspacelt is possible that multiple variable names refer to the same variable in the
workspace.A nested array can also contain multiple items that have the same value andyabeup

same storage in the workspace.

Note also that functions can change in sike particular, a function grows larger when the system
executes a line in the function for the first time and generates precompiled internal code for that
line. Function monitoring ( mf) also changes the size of a function.

Examples
The last line of the example below shows that the workspace available did not increase as the result of
erasing two of the three copies of the variable.

! H. H/ HHh nsizetABC
112 112 112
erase 'Ah size'ABC'
01120
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size 'B _ILLFORMEDNAME
1120

skd String Key Dictionary
Purpose
Supports creating and using .Net dictionary instances in APL64.

For detailed documentation use théelp | APL Lanquage | Using SKDmenu item in the APL64
developer version.

splash Spladmage
Purpose
Controlsthe display of the userprovided splash image (BMP, NG or JPG) at the start of APLi&4
the Windows operating system only

Syntax splashflag

Arguments
flag is a Boolean scalar that controls the monitoring settidigane shows the splash image, and a zero
hidesthe splashimage

Effect
Shows or hidesthe userprovided splash image displayed at the start of APL64 with one séthe
commandline arguments

Command Line Argument (Abbrev| Data Type| Action

SplashimagePath (SIP) Text Path to splash image to display
SplashimageCenter (SIC) Bool Splash image centered on monitor ensem
SplashimageTop (SIT) Bool Splash image is the topmost window

SeeAPL64 Command Line Argumefasmore information.

split Segment Array into Nested Array

Purpose
Segments an array into a nested array by enclosing subarrays along one dimension, thereby reducing
therank. ¢ KAa A& F O20SN) Fdzy OliA2y FT2NJ GKS 9@2ftdziAazy [ S

can use this system function at any Evolution LeEvolution Level 2, use of monadic down arrow
produces a SYNTAX ERROR.

Syntax OA O OI it &rray
OA O OI Dilitfifarray

Arguments

array is any APL array;

i IS a nonnegative, integewalued scalar that indicates the axis along which you want the function to
enclose the subarrays; the default is along the last dimension.
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Result

The result is a nested array. split encloses each item of array once; however, it does not change a
simple scalar. When you enclose an array withplit, the rank of the result is one less than the rank of
the original array.Each item of the result is a vector with the length of the enclosed dimension.

By default, split encloses the last dimension of arralo enclose a different dimension, specify the
axis in brackets after split. If you specify the axis, it is equivalent to using the primitive function
Enclose®) with axis.

Example

]display tsplit3 4 Kijl12

| .
[ - R g— R — L
L 11234 L 15678 L 19101112 L L
I,_l~ ______ II~ ______ II~ _________ IL
LJ '

]display t splitf1] 3 4 K12
| t

I G — N — R — L
L1159 L L2610 L L3711 L L4812 L L
IT'~ e v v I ' L
Ij '

sgl Interface toMicrosoft SQL Servddatabase
Purpose
Provides a structured query language (SQ&3ed interface to a Microsoft SQL Server databdse.
learn more about sqlin the APL64 Developer version ga-elp | APL Language3QL System
Functions |Using  SQL

sqldb2 Interface to IBM DB2 Database

Purpose

Provides a structured query language (S@Q&3ed interface to 88M DBZXatabase.To learn more
about sqldb2 in the APL64 Developer version geledp | APL Language | SQL System Functions |
Using SQLDB2

sqlite Interface to SQLite Database
Purpose
Provides a structured query language (S@Q&3ed interface to &QLitedatabase.To learn more about
sqgllite in the APL64 Developer version gddtep | APL Language | SOL System Functions | Using

SQLite

sqglmy Interface to MyQLDatabase
Purpose
Provides a structured query language (S@Q&3ed interface to a yBQLdatabase.To learn more about
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sqlmy in the APL64 Developer version gélp | APL Language | SOL System Functions | Using
SQLMy

ss String Search
Purpose
Performs a string search, locating all occurrences of a character scalar or vector within another character
vector. This function is a special case of the primitive function Fipai¢h the arguments reversed.

Syntax OAOOI O '"ss'patte'OA o
Arguments

data is a character vector for the system to search;
pattern is a character vector or scalar for the system to locate in data.

Result

The result is a Boolean vector of the same length as the left argument, which shows the location of all
occurrences of pattern within dataA 1 in the result signifies a match beginning at that position within
data. The system shows all matches, inclygpthose that overlaplf pattern is empty ("), result is all 1s.

Examples

'MISSISSIPPI' ss'ISSI'
01001000000
'EMPTY MATCHES ALL'ss "
11111111111111111
#6N 94 (1S BOO SPACED.
(~CV ss'HICV
THIS IS TOO SPACED.

ssassign Index Assignment iat®egmengd String

Purpose
Substitutesegmens in asegmentedstring atspecified indices

Syntax newsegstN 'segstrlindices]’ ssassign'segstr2'

Arguments

segsti is thecharacter vectoto be index assignedrlhe first character is the segment delimiter.
segstrais thecharacter vectowith the substitutesegments.The first character is the segment
delimiter.

indiciesmust be a numeric scalar or vector of index numbg&ensitive to io0.)

Remarks
ssassigmay be used as replacement for the funct®8ASSIGN in the ASMFNS.w3 workspace in
APL+Win.

Example

@No /1 AuasdiO &E OA 23 E @sassign th@e Tavo Four'
X
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| One Two Three Four Five Six

sscat Catenate Segment Strings

Purpose

Catenates two segmented strings to a new segmented string.

Syntax newsegstN O O A @< Seystr

Arguments

The left and right arguments must be a character vectidre first character is the segment delimiter.

Remarks

sscatmay be used as replacement for the funct®8CAT in the ASMFNS.w3 workspace in APL+Win.

Examples

'Hello' sscat 'World!'
Hello World!
"One Two Three' sscat ' Four Five Siy

One Two Three Four Five Six

ssdeb Delete Extraneous Blanks from a Segmented String

Purpose

Deletes leading, trailing, and multiple blanks or other characters from segments in a segmented string.

Syntax Y S ¢ &S 3aid NJ Hssdeb 'segstr
Yy S g aS déhardNJ Hssdeb 'segstr

Arguments

The right argument must be a character vect@he first character is the segment delimitéMote the
RAFTFSNByOSa Ay G(KS SEIFYLX Sa 060St2¢6 6KSy | OKFNY OGS

gKSY I aLlk O0S AdasStF Aa

GKS RSEAYAGSNI 6m@{ {0

The optional left argument is a substitute list of extraneous characters (in addition to space).

Remarks

ssdebmay be used as replacement for the funct®8DEB in the ASMFMSBworkspace in APL+Win.

Example

SS

/AIB/C/44 /5 55 555 55 5/6666/ /I
SSDEB SS

IA/IB/C/44/5 55 555 55 5/6666//I
33%$%" ¢B8 33

A/B/ C /44 |5 55 555 55 5/6666/ /I
33$%" pd33

A/IB/C /44 /5 55 555 55 5/6666/ /I
'45' SSDEB SSDEB SS

/A/IBICI// 555 /6666//I
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ssindexReturn Index of Substring in Segmented String
Purpose

Returns the segment substring in a segmented string that corresponds to specified indices.
Syntax & S3 & dzo & (i NJssindek B 3 a G NJH

Arguments
The left argument must be a character vectdhe first character is the segment delimiter.
The right argument must be a numeric scalar or vector of index numk8essitive to io.)

Remarks
ssindexmay be used as replacement for the funct®SINDEX in the ASMFNS.W3 workspace in
APL+Win.

Example

SS

[A/IB/C/44 /5 55 555 555/6666/ /I
SS ssindex1314

[ Al CA/4A4

sstomat Convert Segmented String to Matrix

Purpose
Converts a segmented string to a matrix.

Syntax OK I NJ | dstomat'segstring'

Arguments
The argument is the character vector. The first character is the segment delimiter.

Remarks
sstomat is the replacement for the assembler function SStoMAT in the ASMFNS.W3 workspace in
APL+Win.

Effects
The sstomat system function will not throw a DOMAIN ERROR exception for a right argument that is
not appropriate for sstomat and instead will return the right argument unmodified.

Example

t sstomat '/ A/ BBB// CCCCC/DDDDDD/
A
BBB

CCccc
DDDDDD
tsstomat Cj LKD BGaGbGcB CM
12345678910 a ABC
b DEF
c
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stop Stop Function Execution

Purpose
Sets or reports stop flags for a function.

Syntax OAOOI O N 1 BtopArin&rie'O
O A O Olinédums stop 'lfnname’
OAOGOI O N stop 'fnname’
OAOGOI 6 N stop'!'

Arguments

fnname is a character vector containing the name of an unlocked functioyou prefix fnname with

the optional exclamation mark (!), a latent stap specified on the functigrso that whenever it is

defined in the future (such as when reading it from file and doily A £ 1 Cor 14 keRithe

system will assernylatent stop settingsn the specified functionYou can also query all pending

latent stops by using a right argument of exclamation mark ('!") without following it by a function name.

linenums is an integer vector or scalar that contains the line numbers of the function on which the
system should set stop flag¥he system ignores 0 and integers that are not line numbers in the
specified function.You can clear all the stop flags for a function wie) 6r .

Result

The result is an integer vector of the lines of fnname for which the system set prior $tgos! use
stop monadically, the function reports the setting$you use it dyadically, it reports prior settings

and replaces them with stops on the lines specified in linenums

Effect

Executing stop has no immediate effectHiowever, on subsequent executions of the function, each

time the function reaches a line that is flagged, the system stops and enters immediate execution mode,
preserving the state indicator and all local values and defimitidYou can then explore and even alter

GKS 20t SY@ANRBYYSYy(l 0ST2NBE 0N} yOKAVHabliggp o O1 A
observe and alter the local environment at chosen points during execution of the function is a valuable

aid fordebugging.

Latent stops do persist across workspace boundaries. But, unlike normal stops, latent stops are not
saved with the workspacelhe system saves and reloatsmalstop settings with a workspace, but
does not copy them along with the function to which they apply when you usepy, )copy, pcopy,

or )pcopy. Redefining a function with either defor deflor fx removes altegularstop settings

from that function latent stops are not affecteddowever, clearing latent stopsill clear both latent
andnormalstops, if the function already exists in the workspaéédso setting regular stops on a

function that's already defined in the workspace sets those stops without affecting latent stops. But if
youdo defor deflor fxofthe function again, the latent stops will be applied and tioemal

stops that were in workspace before will be ignored.

Editing a function line with defl removes any setting associated with that line of codecking a
function with  lock removes all stop settings in the function.
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Examples

The example sets stop flags on two lines of the specified function; the empty explicit result means no
lines were previously seiWhen you run the function, it stops on each flagged line, where you can check
the value of the variable R.

N RN FIBONA N
1] 2Np p
2] "' #+qd 2N2
B] ©" ! #+ R

n

23 stop 'FIBONA'
FIBONA 5
FIBONA[2]
R
11
0 ¢
FIBONA[3]
R
112
Cg
FIBONA[2]
0
FIBONA[3]
R
1123

Og
FIBONA[2]
0 ¢
FIBONA[3]
R
11235
Ogo
11235

stptr Symbol Table Pointer

Purpose

Returns indirect pointers called symbolic handles to the most local objects associated with a list of
names of functions, variables, and/or labels in the active workspace. Beware that these handles are no
longer used in conjunction with call, which has been deprecated in APL64.

Syntax OAOOI Sptr Ndlist'

Argument
idlist is a list of names of functions, variables and/or labels for which you want symbolic hahdizs.
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be a character vector that contains the names separated by one or more blanks or a character matrix
with one name in each row.

Result

The explicit result of stptr is a numeric vector with one element for each identifier in the
argument. Element values are nenegative. A 0 element indicates that the corresponding name is
ill-formed. You can use positive elements, referred to as symbolic handles, to access the object
currently associated with the name.

Effect
The result of stptr allows you to address the data stored in an APL object and provides access to other
information such as the type, rank, and shape of a variable.

Caution
The interpreter may at any time compact the workspace, causing many or all of the objects contained in
it to move to different locations in storage.hese compactions do not affect a result from

stptr. However, results may be affected by activities that impact the interpreter's symbol table, such
as the creation of an objector maximum compatibility with future developments, recalculatstptr
values immediately before each use.

In processing names, stptr adds them to the interpreter's symbol table if they are not already
present. The symbol table is automatically enlarged as needed, which may also trigger a compaction of
the workspace.

Example

stptr 'XDATA'
1180

string Interface to .Net String Class

Purpose
string exposes many of the methods and properties of the .Net String class.

Syntax NXB a dffarg] string action[rarg]

Arguments
larg are the optional arguments to the action.

action is a text vector that determines how the system function will operate on the left and right
argument.

rarg are the optional arguments to the action.

Result
The result, if any, depends on the action called.

For more information about string, use thedelp | APL Language | Using STRIN@nenu item.
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symb Workspace Symbols
Purpose
Returns the current number of symbol table entries in the active worksp@he.symbol table contains
entries for all functions, variables, and labels referenced in defined functions and executing
statements.

Syntax OAOOIT Ym

Result

The result is a twe@lement numeric vectorThe first element is the number of entries for which the
symbol table of the active workspace is sizéthe system automatically increases the symbol table size
as needed; you can change the size with the sgstemmand )symbolsThe second element is the
number of entries already used in the symbol table.

Examples

)clear
CLEAR WS
symb
2000
I'Np
symb
2001
Jerase A
symb
2001

sysconfigfile Path to APL64 Xoiimat configuration file

Purpose
This system function returns the path to the APL64-farthat system configuration file.

Syntax OA OOI1 Ysconfigfile

Domain
The result is a character vector containing the path of the APL64oxmét configuration file is current
use by an APL64 developer or #iime version.

The result is the same value which is copied to the Clipboard with the menu
Session | Configuration Settings | Settings File Path

Example

sysconfigfile
C\Users Guest AppData Roaming APLNowLLG APL64 APL64.xml

sysid System Identifier
Purpose Returns the identification of the APL64 system currently in use.

Syntax NX & dzf sysidH
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Result
The result is a character vector that contains the identification ofAR&64system currently in
use. sysid uses all characters to identify a system.

Example

sysid
APLNow/64

sysinit .Net Information about the Current APL64 Instance
Purpose
This sessionelated system function returnisformation about the current APL64 process.

Syntax OAOOI Ysintt

Result
The result is a nested vector containing information about the current APL64 process.

Web links to the .Net documentation of each of the elements are provided in the table below. Review
these links for crosplatform information about the available values. Availability of values depends on
the operating system environment, and the devedopr runtime version of APL64 in use.

The number of elements in sysinit may be modified in a future version of APL64.

Index ( i01) | Type Indexd SYSINIT

1 Int32 Process.GetCurrentProcess().ld

2 Charf] .Net Version (major.minor.build.rev)

3 Charf] Environment.CommandLine

4 Charf;] EnvironmentVariables

5 Charf] Process.GetCurrentProcess().ProcessNan

6 Char(] Environment.MachineName

7 Int32 Logical Processor Count

8 Charf] Main Window Title

9 Int32 Main Window Handle

10 Charf][] Environment.GetCommandLineArgs()
Example:

20 SYSINI
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https://docs.microsoft.com/en-us/dotnet/api/system.diagnostics.process.processname?view=net-5.0
https://learn.microsoft.com/en-us/dotnet/api/system.environment.machinename?view=net-9.0
https://learn.microsoft.com/en-us/dotnet/api/system.environment.processorcount?view=net-9.0
https://learn.microsoft.com/en-us/dotnet/api/system.diagnostics.process.mainwindowtitle?view=net-9.0
https://learn.microsoft.com/en-us/dotnet/api/system.diagnostics.process.mainwindowhandle?view=net-9.0
https://docs.microsoft.com/en-us/dotnet/api/system.environment.getcommandlineargs?view=net-5.0

=2 APLe4: CLEAR WS — O ¥ l
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Help
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20 SYSINITeturns a character vector indicating the .Net runtime on which APL64 is running on the
target workstation.

Execute dotnetginfo in a command prompt to display more information about the .Net components
installed on the target workstation. Administrator credentials may be required to execute this command.

O Administrator: Command Pro X + ~

Microsoft Windows [Version 10.0.26100.49U6]
(c) Microsoft Corporation. ALl rights reserved.

C:\Users\joebl>dotnet —info

.NET SDK:

Version: 9.0.304

Commit: f12f5f68%e

Workload version: 9.0.300-manifests.668ba7e3
MSBuild version:  17.14.16+5d8159c5F

Runtime Environment:

0S Name: Windows

0S Version: 10.0.26100

0S Platform: Windows

RID: win—x64

Base Path: C:\Program Files\dotnet\sdk\9.0.304\

.NET workloads installed:
[maui-windows]
Installation Source: VS 17.14.36414.22
Manifest Version: 9.0.82/9.0.100
Manifest Path: C:\Program Files\dotnet\sdk-manifests\9.0.188\microsoft.net.sdk.maui\9.0.82\WorkloadManifest.json
Install Type: Msi

[wasm-tools—-net7]
Installation Source: VS 17.14.36414.22
Manifest Version: 9.8.8/9.8.100
Manifest Path: C:\Program Files\dotnet\sdk-manifests\9.0.100\microsoft.net.workload.mono.toolchain.net7\9.0.8\WorkloadManifest. json
Install Type: Msi

Example

Ha SYSINIT
X

drX[;1]

drX[;2]

EDIT 'X'
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| | |Hist: Ln: 8 Col: &|Ins |Classic| | Num | En_us |

sysver System Version

Purpose
Returns the version of thAPL64system currently in use.

Syntax NXB & dzf dysver

Result
The result is a character vector that contains information on the versiégdPab4urrently in use.

Example

OUOOAO

2023.0.13.31374 12/12/2023 7:35:54 PM APL64

sysvernSystem Version Number

Purpose
Returns the version of the APL64 system currently in use.

Syntax NX & dzf sysven

Result
The result is d-element numeric vector that contains the following information:
[1] major version number
[2] minor version number
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[3] build number
[4] revision number

Example

sysvem
202000 11531

tc Terminal Control

Purpose
Returns a backspace, a newline, and a linefeed as a-ttiraecter vector.

Syntax OAOOIt® N

Result

The explicit result is a character vector that contains three special charatigeckspace, newline, and

linefeed. The system transmits these characters to remote devices as ASCII BS, CR, and LF (decimal 8, 13
and 10).

Result
Each element of the explicit result oftc produces its own effectThe effect of tc varies, depending
on the device to which you transmit i he first element of the explicit result is identical tacbs and

displays on the screen.The second element of the explicit result otc is identical to tcnl and has

the same effect as moving the cursor to the leftmost column of the following Tiie. third element of
the explicit result of tc is identical to tclf; on this system it moves the cursor down one line in the
same column on the screen.

Example

'NOW', tc[1],DOWN', tc[2],WE', tc[3],'GO."

NOW DOWN
WE
GO.

tcxx Terminal Control Constants
Purpose
These constants represent terminal control codes used by the operating syStiite some do
produce visible output on the screegome do natrather, they may have an effect, such as changing
the position of subsequent charactergach constant that you specify is treated as a character by the
interpreter, for example, when measuring the length of a vector.

The terminal control constants are shown in the table bel@leValue column shows the location n of
the character in the atomic vector, (av[ io+n]). The Visible Output column shows the output to the
screen, when applicable.
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Terminal Control Constants

Name Description Value (n) Visible Output
tcbel Bell 4
tcbs Backspace 5
tcdel Delete .14 K
tcesc ASCII escape code /4
tcff Newline .
tcht Horizontal tab 6
tclf Line feed -
tenl Newline .0
tcnul Null -
Effects

tcbelgeneratesa "beep” or bell sound.

tcbsdisplays the Unicode glyph in the session
tcdeldisplays the glypK in the session.

tcescdisplays the Unicode glyph in the session.

tcff moves the cursor to the first position of the next linBee Note below.

tcht is transmitted to remote devices as an ASCII HT (decimal 9); its effect will depend on the
device receiving itWhen included in a string that displays in the session, it moves the cursor to the
right to the next horizontal tab position before the next character is processed.

tclf varies with the device receiving iDn some terminals and printers, the screen or paper
advances one line, but the cursor stays in the same column position as on the previousthee.
terminals and printers may treat it astcnl or ignore it.

tcnl moves the cursor to the first position of the next line.

tcnul contains an ASCII NUL code (Djloes not move the cursofThis character is often used as a
terminating character for stringsuUsing it for unintended purposes may have unwanted side effects.

Note: TCFF generates output similar tatcnl in the APL64 Developer version. To simulate the
APL+Win action of executingtcff, use the Session | Scroll Up Session History menu iteciedothe
current session history use the menu Session | Clear Session History menu itemadifeeseare also
available in the context menu of the session history or session command line.

telprint Reshape Character Matrix into Multiple Columns

Purpose
Reshape a character matrix or string vector into a radtumn character matrix.

Syntax 2 A O O[Lét] Ntelprint Right

Arguments
Right argument is a rark character matrix, or a rark string vector
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Left argument is an optional integer limit on the width of the result, with default valymv.

Result

Result is a ranR, character matrix. Spaces the right argument are preserved in the result. The left
argument will be increased if the length of any right argument element exceeds the left argument value.
The left argument will be decreased to minimike resulting width of the result.

Remarks
telprint may be used as replacement for the function TELPRINT in the APL+Win ASMFNS.w3
workspace.

Examples

Ng - N o 4
NT Tt OAIl
NG Tt OAIl

DO >
OO0
mm O
oOo¢E
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FRY &S =2CXDEE MR i i,
<F 0 pJ«CM«'G<Test 99>'[Ifmt 110
1:Test 01
2:Test 02
3:Test 03
L:iTest OL
5:Test 05
6iTest 06
7iTest 07
8:Test 08
9:Test 09
10:Test 10
11:10 7
<F 12 pl«40 [Otelprint CM
13:Test 01 Test O4 Test 07 Test 10
14:Test 02 Test 05 Test 08
15:Test 03 Test 06 Test 09
163 34
<P 17! p0«20 Otelprint CM
18 Test 01 Test 06
19:Test 02 Test 07
20:Test 03 Test 08
21:Test O4 Test 09
22:Test 05 Test 10
23:5 16
e
|Ready | | |Hists Ln: 2% Col: 6|Ins |Classic| | Num [EN_US |
H- HMAC9[ t wbbe¢ {HK n|
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<0 pl«X<2 OTELPRINT 3 3p'2(nPQRabc’
1§IQH
2:PQR
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43 3

-

k3
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|  HmMnnAELPRINT22a |
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test Test Functions in Workspace
testis not available in APL64. It is under review and may be implemented in a future release.

textrepl Text Replacement

Purpose
Replaces existing characters with new characters.

Syntaxy S6 SO0 w tex&épksQuEcéText [permitOverlap(bool)]

Arguments
The left argument is segmented text containing pairs of text to replace and replacement text. The first
element of the left argument is the segmentation delimiter.

The first element of the right argument is the source text which will be processed.

¢tKS 2LJGA2yIFf aSO02yR StSYSyid 2F (KS N&ABKIIAYEBdzZYSyY
replacement are permitted. The default value is O (false).

Result:The result is the source text with the replacements specified by the left argument. If the first
element of the right argument is an APL64 string scalar, the result will be an APL64 string scalar,
otherwise the result will be an APL64 character vector.

Remarks
GSEGNBLE 6AGK W2@OSNIILIQ LINBYSYiSR OFy o06S d&AS
APL+Win ASMFNS.W3 workspace.

pul;
>
<

(@
(s}

GSEGNBLIE ¢AGK W2@SNIIFLIQ LISN¥YAGGESR LISNF2N¥Ya adz
Excel, Notepad and Notepad++.

Examples

AO No7.T(T)377! 3tdkidepl NOW I8 RHECSTIME! |
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tf Performance Counter Frequency

Purpose
Returns the frequency of the performance counter in terms of number of timer ticks per second.

Syntax OAOOItO N

Result

If the function succeeds, the return valuenisn-zero.

The frequency is fixed at system boot and needs only be queried at the beginning of a new session, and
the result can be cached.

Caution
If the installed hardware doesn't support a higésolution counter, the return value is zero.

Example
The following expression provides the frequency of the performance counter:

tf
2648436

throw Throw Exception

Purpose
Generates a usedefined error exception.

Syntax throw 'messagé

Argument
message is a diagnostic message; that is, a character singleton or vector that contains the first line of the
diagnostic message associated with the resulting error exception.

Effect

throw islike error except it throws the error in the context of the calling function rather than
exiting from the function before throwing itThis allows errors thrown in:dryblock to be handled
locally rather than exiting from the function.

throw provides facilities:

1 the ability of a function to signal an exception natively rather than popping the calling function
of the sistack before signaling the error

1 eliminates the need for ERROR helper functions (because natively signaled)

1 the ability to signal an error from theatchclause of a nested innetr clause to thecatch
clause of an outettry clause

1 behaves like errorwhen called by an elx handler.

If message is empty ("), throw does not signal an exception; this permits conditional signaling of error
exceptions with a statement of the form throw condition /'message’.
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Example
The example creates an error that emulates a native error.

L THROW
[1] ‘try
[2] t throw 'DOMAIN ERROR'
[3] :catchall
[4] ‘caught error'
[5] :endtry

L

THROW

caught error

trace Trace Function Execution

Purpose
Aids in debugging a program by allowing you to flag lines of functions for diagnostic output when the
system next executes them.

Syntax OAOOI O N firaEd 'fdnbn@! O
OAOOI &6 N trace 'fnname'

Argument

The result is an integer vector of the lines of fnname for which tracing was in effect until this execution
of trace. If you use trace monadically, the function reports the settingéyou use it dyadically, it
reports the prior settings and replaces them with the lines specified in lineniYms.can clear all trace
flags for a function with: trace fnname

Effect
trace does not trace output as its direct resulbstead, it flags lines in a function so that, in future
execution, the system produces diagnostic output.

During execution of a function that is being traced, the system displays the final value that is calculated

in each statement on each traced lin€he value appearsn the next lineafter the function's name and

the bracketed line number dsracketed line number.part in the case of secondary statements on

diamondized linesThis is true even for values that would not display in normal (untraced) execution.

the case of a branch in the function, the system displays the value to which the function braaft#red

0KS FdzyOlAz2yQa yIFrYS IyR GKS O0NIO1SGSR tAYyS ydzyo SN

The resulting ability to observe the sequence in which the system executes the lines and the internal
values of statements (those not normally displayed) is a valuable aid in debugging a program.

The system saves and reloads trace settings with a workspace, but does not copy them along with the
function to which they apply when you usecopy, )copy, pcopy, or )pcopyRedefining a function
with either defor fx removes all trace setting from that function.
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Editing a function line with defl removes any setting associated with that line of codecking a
function with  lock removes all trace settings in the function.

Remark:
There are several key notable differences in the output in APL64 from APL+Win:

1. Output from any traced statement will always be displayed on the next line following the
function[lineg#] prefix

2. Branch, scalar, and vector outpwtdll not be indented

3. Rather than displaying diamonds as prefixes for secondary statements on diamondizetthéines,
output will insteaddisplay agunction[line#.part] such a<5(3.1]

Example
The example sets trace flags on all the lines of the function GO; the empty explicit result means no
traces were previously sefThe last line is the explicit result of the function.

L RESULTIGO

[1] 'LINE OF OUTPUT!

[2] RESULT1

[38] LLRESULTT(O,RESULT)+RESULT,0 LjtL1x4>KRESULT
L

(15) ttrace 'GO'

GO
GO[1]

LINE OF OUTPUT1
GO[2]

1

GO[3.1]
11
GO[3.2]
t3
GO[3.1]
121
GO[3.2]
t3
GO[3.1]
1331
GO[3.2]
t0
1331

translate Translate Character Array

Purpose
Translates characters of a character array to other arbitrary characters.

Syntax Y Sé OKI NE w trénglatd 'offais( | 6 Y
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Arguments

The left argument specifies the translate table that you want to use.

The nth character is the replacement forav[n]. The right argument specifies the text that you want to
modify.

Remark
translate is the replacement for the assembler function TRANSLATE in the ASKRMBkspace in
APL+Win.

Example
Replace tcbel and tcff characters with question marks.

4 4N ay
TT[ io+7 12]N 7'
. %7 N 4 4translate 'A’, TCBEL,'B', TCFF,'C'
NEW
A?B?C

ts Current Timestamp

Purpose
Returns the current date andTCtime of day as represented by the system clock.

Syntax NB a dzf t§ o

Result

The result is a seveslement numeric vector that contains the following information:
[1] year

[2] month

[3] day

[4] hour

[5] minute

[6] second

[7] millisecond

ts relies on the system clock that the operating system maintains for its time measureifieat.
seventh element of the result is included for consistency with other APL+ syskémmgever, the
computer system's clock precision determines if this elemeaties useful information.
The first three elements in the result ofts always indicate a date, and the last four elements always
indicate aUTCtime of less than 24 hours.

Example

ts
2021221236 12 379
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tt HighResolution Timer Tick Count

Purpose
Returns the number of ticks since the start of #theL64session.

Syntax OAOOIt© N

Result
If the function succeeds, the return value indicates the tick interval between now and the stsiPlL64
session.

The measurement is high resolution and is based on a hardware counter that is independent of any
external timeof-day reference.

When you divide tt by tf, the result will be the elapsed time in seconds sinceAR 64ession
started; basically the same value aswi[2] but without the added overhead of computing the other
elements of ai and without the need to extract the second element odi to access the time
information.

Caution
The resolution, precision, accuracy and stability of the counter are affected by the characteristics of the
low-levelhardware clock.

Example
The following expression provides the number of ticks since starting e dession:

tt
7514246

tt32 HighResolution Timer Tick Count for APLNogf32rations

Purpose
Returns the number of tickef all APLNow3®perations( wi and wcall since the start of the APL64
session to the time the value of tt32 was obtained.

Syntax OAOOI €82 N

Result

If the function succeeds, the return value indicates the tick interval between now and the start of APL64
session for all APLNow®perations APLNow3®perationsinclude application activities performed

using wiand wecall.

The measurement is high resolution and is based on a hardware counter that is independent of any
external timeof-day reference.

When you divide tt32 by tf, the result will be the elapsed time in seconds

The measurement may be used to measure the performance of specific areas of arbaBe®4
application system which targets the Windows operating system.
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Remarks

Note that  tt32 time counts the entire time spent inside  wi 'Wait' operations. But the time spent
inside a wi 'Wait" does not get accumulated into the  tt32 total until the Wait ends. During the
Wait the  tt32 time does not change unless other  wi operations take place (such as during
callbacks). But the tt32time continues to "tick" regardless of whether you are inside or outside of a
Wait state ona  wi object.

Caution
The resolution, precision, accuracy and stability of the counter are affected by the characteristics of the
low-levelhardware clock.

Example
& APL64: CLEAR WS — O %

Eile Edit Session Objects Tools Options Help

4 T leE DCYDEE AR |G [ )
¢ o OTTaz

i0

"f'Owi 'Create' 'Form'

if

: OTT32

1936770

: 'f.b'Owi 'Create' 'Button' ('onClick' '"button clicked"')

if.b

i
O
W~ 0 g F Wk = O

i OTT32
9:983770

< 10! >[f.b:Click] "button clicked"
iiibutton clicked

12 *[f.b;Click] "button clicked"
13/button clicked

LS grT3z
15:1004283

Ready | | |Hist: Ln: 16 Col: &|Ins |Classic]| | hum | EN_US

type Determine the Class of an Array
Purpose
Returns a typical member of the class of arrays to which the argument bel@hgssis a cover function
for the Evolution Level 1 behavior of monadic epsifon At Evolution Level 2, monadic epsilon is the
Enlist function.

Syntax OA OO1 tfpe Hrray

Argument
array is any array.

Result
result is an array that has the same nesting and shape as d@oh simple element in result is either a
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blank, a 0, a Unicode space or an Object referefidee blanks represent character data; the Os
represent numeric data.

Examples
" T MK Meather' ( ] 3)'your (( 7 4) 'nest)
]display A ]display ttype A
| t . | t :
[ e L I B L e L T L
| IFeather L 1123 L L L L L1000 L L
L e e L L e e L
L.t--—- . I e L L.t--—- . [ e L
L your L  L.t----—-- I 1€ .LL L L L L. t------ Wt L L
Lo L1234 L lestl L L Lo L0000 LL LLI
L L'~ s toe- L L L'~ e Coe- L
L R L L P L
|j ' |j '
]display ' ' = ttype A
| t .
R I L
Lu1111111 L1000 L L
L~ ooemeeeees e L
L.t--—-- . [ e L
L1111 L L.t--—--—-- I LL
L~ e ' Lp000 LIp111 LLL
L e e Ll
L e L
-j '

ucase Convert Lowercase tdppercase
Purpose Converts lowercase characters to uppercase characters.

Syntax resN  ucaserArg

Argument
arg is any APL64 value. The character or string elements of arg will be converted to upper case. Non
text elements of arg will not be modified in res.

Result
res has the same data type, rank and shape as rArg

Remarks
ucase replaces the assembler function UPPERCASE in the ASMFNS.w3 workspace in APL+Win.

ucase uses the\et StringToUpperlnvarianmethod.

Example

| ucase 'This iS APL' <ABCDE» |
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uAAOA c abet! 'def A 2

pt pmm UAA®GA prnL pm
omouAAOA o050

2! " #9o p Tt 289: 0k 1

& APLG4: CLEAR WS — O *
Eile Edit Session Objects Tools Options Help

FRA&®[NH=2¢XDBS RMAA.

= S g dg

I o Oucase 'This iS APL' «ABCDE»
1 THIS IS APL ABCDE
< 2! Oucase (2 3pQa) 'abcd' 'def'
3 ABC ABCD DEF
4 DEF
J s (10 10p0A)=[ucase 10 10pHAL
6 1
7 '0'=[Jucase 'w'
8 1
<H 9 "ABC' (110) '"XYZ's[JUCASE 'ABC' (110) 'xyz'
m
a5 |
\Ready | | [Wists Ln: 11 col: 6[Tns [Classic| | Num |[EN US|

ucmd Execute User Command

Purpose
Executes a user command under program control.

Syntax OA OO @md'command'

Argument

The argument to ucmd is any defined user command from any accessible user command processor
file with or without the right bracket.You must also supply any arguments necessary to the user
command.

Result
The result of ucmd is the result of executing the command in the right argumé@ite result is 0 0" if
the command does not produce a resufor example, the two lines below generate the same output in
the session; depending on the user command, you may be able to capture the result when using the
system function.See the User Command Processomtarin the User Manual for more information.

JWSLOC VAR1

ucmd 'WSLOC VAR

There is a row of si and a column of idloc to represent the user command processor level in the
state indicator.
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Example

ucmd 'FLIB 1234567
FORMATINPUT OUTPUTREPORT]

ucs Universal Character Set
Purpose
Converts between the Unicode character set datatype and numeric values representing Unicode code
points.

Syntax OAOOI O N AOT I | Auocddafad o1l . &l 01 AO
Argument
from_format is the optional name of encoding used for input code values.

to_format is the optional name of the encoding used to output code values.
data is an array of integeralued numbers or an array of Unicode characters.

Result

Monadic ucs

result is an array with the same rank and shape as;dhiswill alsobe a Unicode character arraghen
data isnumeric, and a numeric arrayhendatais Unicode charactersSee type for related
information.

Dyadic ucs
result is the translated data as a character or integer vector.

The list and descriptions of encodings that dyadigcssupports:

Encoding Description

X-AV-UCS internal APL UCS datatype

X-AV fixed width, local &it U=R data (seeNote 2).

X-AV.WIN fixed width,APL64-bit 1=R data (seeNote 2).

X fixed width, VisualAPL-8it 1=R data (sed\ote 2).

AV.VISUAL

X-APL fixed width, local &it =R data tolerant for APL code (sé&bte 2).

X-APL.WIN fixed width,APL64-bit =R data tokerant for APL code (se¥pte 2).
X-APL.WIN fixed width,APL64-bit =R data tolerant for APL code (s&te 2).

XTEXT fixed width, local &it =R data tolerant for ASCléde Note 2).

XTEXT.WIN | fixed width,APL64-bit =R datatolerant for ASCII (sddote 2).

UTF8 multibyte transfer encoding, 1 or more bytes per code point (Setes 3
and 5.

UTF16 multi- 16-bit transfer encoding, 1 or more it words per code point (see
Note 3).

UTF16BE using bigendian 16bit words (seeNotes 3 and 5.

UTF16LE using littleendian 16bit words (seeNotes3 and 5.
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UTF32 32-bit transfer encoding (selote 3).

UTF32BE using bigendian 32bit words (seeNotes3 and 5.

UTF32LE using littleendian 32bit words (seeNotes 3 and 5.

uc> fixed width, 16bit, UCS datainteger (4byte) (seeNote 4).

UCS2BE fixed width, 16bit, UCS data, character big endian (bete 4).
UCSLE fixed width, 16bit, UCS data, chacter little endian (sed\ote 4).
uc# fixed width, 32bit, UCS data, integer (séote 4).

UCHABE fixed width, 32bit, UCS data, character big endian (biete 4).
UCHALE fixed width, 32bit, UCS data, character little endiase€¢Note 4).

Note 1: Thearguments on the lefare optional; the default is-A\V-UCS.

Note 2: Fixed ®it character encodings. On input, these must all be passed as character data. If passed
as UCS Character data, they will be coercedha Bharacter data before being translated. An error is
signaledf the coercion fails.

Note 3: Variable width transfer encodings. On input, these must all be passed as character data, with the
same caveat in note 1 above.

Note 4: Fixed width representations of Unicode code points as numeric values. On inpt ad@S
UCSA must be APL numeric data coercible to integer. The BE and LE variants must be character data
coercible to8-bit characters.

Note5: UTF8, UTFL6BE, UTEG6LE, UTB2BE, and UTB2LE are the specific UTF encodings. If, on input,
a UTF encoding other than these is specified, a Byte Order Mark (BOM) will be checked which will, if
found, determine the byte order (default 'LE"). If UT$piecified eBOM(U+FEFF) is checked to

determine both the size and the byte order of the encoding. On output, if a specific UTF encoding has
not been given, the BOM is prepended.

Remarks
Use XTEXT when passing data that does not contain APL characters.

Use XAV when passing data containing APL characfBnss is the encoding to use when outputting
data to a source code management system because what goes out should be the same as what comes
in.

Use XAPL when passing data native to the user's current APL system.

Examples

t ucs 'abc'
97 98 99
t ucs 169 8364 163 165 174 63
Choes ¢z
tucs BCho3¢zZB
169 8364 163 165 174 63
text TB5his is sample 6nicode stringlB
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t ucs text
84 104 105 11532 10511532 11597 109 112 108 101 32 85 110 105 99
111100 1013211511611410511010346
t ext 0 CEBBIATEXT) tucs(X -TEXT'UCS -2 tucs text

1

ul User Load
Purpose
Returns the number of users currently sharing the system.
Syntax OAOOI W N

Result
The explicit result of ul is a numeric scalar 1.

Remarks
ul exists in APL64 for compatibility with other APL systems, so that you can run programs brought in
from these systems without modifying them to eliminateul.

userid User Identification

Purpose
Returns the user identification of a machine on the network.

Syntax OAOOI Berity

Result

The explicit result of userid is a character vector that contains the user identification of that particular
machine on the networkThe result depends on your operating system and the network software you
are using.

userpath Path to the OSpecific User Folder

Purpose:
Returns a character vector containing the path definedNbst.

Syntax OA OOI1 Berphth

Domain
result is a character vector that contains the user path that the user has read/write accegsstealue is
the default path for:

(@  sysconfigfile

(b)  ucmdfile
Example
userpath

C\ Users Joa AppData Roaming APLNowLLG APL64
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valence Get Valence for Current Function

Purpose
Returns the valence for the current function.

Syntax OA OOI @lerte

Result

The result of valence is 0, 1, or 2 for niladic, monadic, or dyadic invocation of the current

function. Note that 1 is returned for functions that are declared dyadically but called monadically and 2
is only returned when a function is declared dyadically and calladidglly. It returns 0 if there are no
functions on the Sl stack (such as when called from immediate execution with a cl&stack).

vget Get Variable Value with Specified Scope

Purpose
Returns the value of a variable at local or global scope.

Syntax OA O O[sépaN vget varname[default_valug

Argument

varname is a character scalar or vector that contains one variable name;

default_value is an optional default value to be returned if the varialblme in varname is not defined,;
scope is an optional numeric argument that specifies the scope at which names are interpreted, where
1 = local (default); and 0 = globdi.you omit the argument, it is equivalent to specifying 1 for local
scope.

Result

The result is an array with the same rank, shape and value as the named valfigble try to access a
variable name that is not defined a VALUE ERROR is generated unless you have specified a default
value. If a default value has been specified in #ezond element of right argument, then that value is
returned instead of generating an errothis is very useful for evaluation of optional left arguments in
function calls.

Example
Ng! 2N /"1 $1 41 7
GLOBAL DATA
VR 'TEST'
n NAME TEST N;VAR
[1] 6! 2No /[ #1 , $!1 419

[2] NN VGET NAME 'DEFAULT VALU
n

'VAR' TEST 0
GLOBAL DATA

VAR' TEST 1
LOCAL DATA

'NONAME' TEST 1
DEFAULT VALUE

©APLNow LLCAIl Rights Reservep202608-24 UTG Page249



vi Verification of Formatted Input

Purpose
Provides a validity check on an input character vector (often used in conjunction ijth

Syntax OAOOI Wdata'

Argument
data is a character representation of data that are presumably numeric separated by spaces.

Result
The result is a Boolean vector with 1s in the positions where groups of characters represdntmwetl
numbers, and 0s where they do not.

Examples

N Bp8¢Tm
314159E 5'
fi A
666 1.2 0.13.14159
vi A
1111

"Nol . 37%2 )3
fiB
006660
vi B
0010
( viB)Y fiB
666

vr Visual Representation of a Function

Purpose:

vr returns the visual representation of a function as a character vedibe APL64 programmer can
select the format of the result of vr. The result of the vr system function is accepted as an
argument to the def system function.

Syntax: NB a discdpg v vr 'fnname'[op]
Arguments:

scopeis an optional numeric argument that specifies the scope at which names are interpreted, where
1 = local (default); and 0 = global

fnnameis a character scalar or vector that contains one function name. If fnname is a character scalar
or vector but does not contain the name of an unlockA®L64 developarreatedfunction, result is an
empty vector.
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op is optional argument indicating the desired format of the result. This argument is noseastive.

op Value Description

op argument not provideg Traditional vr format (Compatible with APL+Wi

‘IncILFD' Traditional vr format with last fix dateappended
Xml' Xml format including editing history
‘Json' Json format including editing history

result: No op argument providedNB & dzcdpe wr 'fnname’

The result is a character vector, visual representation of the function with bracketed line numbers and
embedded newline characters separating the function lines. The result is not affectegwy The

NB&dA ¢ LINBaAaSNWBSa (GKS wk-a SRAGSRQ GSEG 2F GKS Fdzy O

| B2 APL64: CLEAR WS - a X
File Edit Session Objects Tools Options Help

FRMH & [ =2 C 6Dy, i i i,

= |

<3 o Odef 'Z<Addi0 X' 'Z«10+X'
. 1:Add10
|l 2 Ovr 'Addi0’
3 V Z+«Add1i0 X
: 4 [1] Z+10+X
B v
6

di |

R..| | [Wist: Ln: 7 cot: 6|Ins |Classic| | Num |EN_US ||

result: op argument provided as 'InclLFNE & dzcape wr 'fnname"InclLFD'

The result is the same as the no op argument provided, except that last fix date (UTC) added at the end
of the result:
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| & APL64: CLEAR WS - o x|

File Edit Session Objects Tools Options Help

FR&S[E =2 % DR,

-

< o Odef 'Z<Addi0 X' 'Z<10+X'
: 1:Add10
[KE 2 Ovr 'Addi0' 'InclLFD'
3 V Z+Add10 X
: 4i[1] Z+10+X
5 v
6Last Fix Date: 2025 5 27 18 34 42 808
7
B

[ |

Ready | | |Hist: Ln: 8 col: 6|Ins |classic| | Num |EN_uS ||

Result:op argument provided as 'XmRB a dzcdpe wr 'fnname"Xml

The result is an XMiormat text vector which includes the function text, the uncommitted editing
changes, the function name and the last fix date. Because the XML format is used, the new line
OKI NI OGSNA I N’ wSaoldl LISRQo

B aelescleRws - o x
Eile Edit Session Objects Tools Options Help

IFRd& P =2¢Xbhas Ada SHRINEA ST R ENCNONIEINEE | | JIePe R it A s

q o Odef 'Z<Addi0 X' 'Z«10+X'
1:Add10
<2 Ovr 'Add10' 'Xml'
3.<?xml version="1.0" encoding="utf-8"?>
4 <DeeasInfo xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.0rg/2001/XMLSchema">
5! <VrFnText>
6 <string>Z«Add108amp;#160;X</string>
7 <string>Z«10+X</string>
8 </VrfnText>
9: <listDceas>
10 <Dceas>
11 <Offset>0</0ffset>
12! <RemovedText />
13 <InsertedText>Z+Add10&8emp;#160;X8amp;#10;8amp;#13;Z«10+X</InsertedText>
14 </Dceas>
15! </listDceas>
16! <LestFixDate>2025-05-27T18:34:42.8089895Z</LastFixDate>
17: <FnNesme>Add10</FnName>
18i</DceasInfo>
19
] |
|Ready | | [Wist: Ln: 13 Col: 20| Ins |Classic| | mum [EN_US |

result: op argument provided as 'Jsoh:B & dzicape wr 'fnname"json
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The result is JSOGrmat text vector which includes the function text, the uncommitted editing

changes, the function name and the last fix date. Because the XML format is used, the new line
OKIF NI OGSNAR I NB wSaol LISRQ® thad@nyforma@ NI G A& ISy SNI f
| B APLG4: CLEAR WS - O X

File Edit Session Objects Tools Options Help

FRUY&[(0)=9¢ Do AR, UL

4l
4l
4l

<0 Odef 'Z<«Addi0 X' 'Z+«10+X'

; 1 Add10

[I<Y 2 Ovr 'Addi0' 'json'
3 {"?2xml":{"@version":"1.0", "@encoding":"utf-8"}, "DceasInfo"
b s X", "Z2«10+X"]},"listDceas" : {"Dceas": {"Of fset":"0","R

k3l |

Ready | | [Hist: Ln: 5 Col: &|Ins |Classic| | Num [EN_uUS ||

Notepad++ may be used to conveniently view 38N formatesult:
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( [ *new 4 - Notepad++ = [m] *
IEile Edit Search View Encoding Language Settings Tools Macro Bun  Plugins  Window 2 + v X
cHEHBR LB s Doy @ EE 1 EFEECRo® BEMBME X 4K 7
| Blnew 2 3| Bnew 1 .Jl B rew 3 .Jl H TestintSense cpci .Jl B SampleCPCinfo cpci (3 Enew 4 B3 |

2 |H "Ixml " {

3 "@version": "1.0",

L "@encoding": "utf-8"

5 B }9

6 |H "DceasInfo": {

7 "@xmlns:xsi": "http://www.w3.0rg/2001/XMLSchema-instance",

8 "@xmlns:xsd": "http://www.w3.0rg/2001/XMLSchema"”,

9 E "VrFnText": {

10 | "string": [

11 "Z+<Add10&#160;:X",

12 "Z<10+X"

13 - ]

14 B }9

15 E "1istDceas": {

16 |E "Dceas": {

17 "Offset": "0O",

18 "RemovedText": null,

19 "InsertedText": "Z+«Add108#160;X&#10;8#13;Z+«10+X"

20 - }
[ 2t |r }

22 "LastFixDate": "2025-05-27T18:51:11.23496612",

23 "FnName": "Addi0"

24 - }

25 L}
JSONfiIe length: 509 lines: 25 Ln:1 Col:1 Pos:1 Windows (CRLF)  UTF-8 INS

wa Work Area Available

Purpose
Returns the current amount of work area available in the active workspace (in bytes).

Syntax OAOOI va N

Result

The result is a numeric scalar whose value is the current number of unused bytes in the active

workspace.

Example

wa
1.702108059E10

watchpoint Watch Point

Purpose

Internal systencreated function used only in the debugger when debugging with Watch Points.
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Syntax N/A

Effect
Debugging with Watch Points created the functionvatchpoint. You must branch out of the system
created function or past the line that caused the suspension to continue your function.

Note: Refer to the sectioDebugging with Watchpoint® Chapter2: Working in an AP&4 Sessiorin
the APL64 User Manutdr additional information.

wcall Windows Call

Purpose
Makes calls to Windows libraries (DLLS).

Syntax wecall 'function' [arguments]

Arguments
'function’ is either a function identified in the ADF/INI file or one of a small group ofibdilinctions;
arguments are any arguments required for function.

Effect

When you use wcall, you call Windows in an eveanabled style; while you remain in this call, you
can receive callback€allbacks can be eitherwi callbacks (such as execution of an onClick event
handler) or wecall filtercallbacks.

The W_Ini function is used to define or reference the WCALL definition in the APLW.INI and/or
APLW.ADF file. When you reference a string value with W_Ini it has historically never differentiated
between strings defined in the INI file versus those defimedDF file.It returned the value found in
either INI or ADF file. Referencing a string via W__Ini returns the first definition found in W_Def cache
first, then the INI and ADF files (unless the [Config]IniFirst=0 is defined in APLW.INI in which case
APLWADF is accessed before APLW.INI).

The W_Def function is used in the same way as W_Ini except that it lets you create WCALL definitions
and other strings in your application that are stored into a local cache (memory) rather than written into
the INI file. This permits setting WCALL defing in a running application that might have a ready

INI file. These strings should execute faster than W_Ini because no INI file reading or writing is involved.
You can get a list of all strings in a section by calling/CALL 'W_Def' '[SectionName]' and a list of all
strings in all sections by calling:WCALL 'W_Def" ]

The W_Reset function is used to reset the WCALL definitions created by W_Def so they can be reloaded
without restartingAPL64

To learn more about wecall in the APL64, view the section Calling Dynamic Link Librariesih
APL+Win Compatibility | Windows GUI Reference
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wgive Give (Yield) CPU to Windows

Purpose
Allows you to yield the CPU to Windows during execution of afonging event handler, callback, or
immediate execution calculation.

Syntax wagive int

Argument
int is an integer scalar; valid values are 1, 0, or any positive (radtee all positive values are
equivalen).

Effect

When you are inside a callbackwgive temporarily yields the CPU to Windowshis allows your
application to process user input that occurs while your calculation is executipgu do not

specifically give the CPU back to Windows, then your application does not respond to inpthainti
callback completes executiorn a case when your callback may be a long calculation, you may want to
know if the user clicks the Cancel button to abort execution.

To yield the CPU to Windows at a specific point in your event handler, use a right argumemihif O.
allows Windows to handle any messages that have come in and then returns control to the handler.

If you specify ay nonzero integer, you yield the CPU to Windows throughout the event handler at every
available opportunity.In practice, an opportunity occurs approximately one to three times for every
APL primitive.You may have to experiment with the execution characteristics of your specific
application to find the best balance of execution efficiency versus input responsiveness.

When your calculation lends itself to being broken down into small incremental units, it is sometimes
better to use a Timer with interval O to carry out background processing rather than usirggve with
a nonzero argumentThis avoids the complications that can arise witlvgive.

If you do use wagive with nonzero values, you can reset it to zero; this yields control to
Windows. Alternatively, you can use 1 to reset the value to zero without actually yielding.

Example
In this example, wgive is called with an argument of O to yield the CPU just before processing the
record.

n Update file
[1] NProcess a list of file updates

[9] :while rec < limit
[10] wgive O0h fhold inputfile
[11] (Process fread inputfile, rec) fappend outputfile
[12] :end
n

In this example, processing continues unless the user presses the Cancel liging.a nonzero
argumentto wgive allows the user's input to be recognized.
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‘fmStatus.bnCancel' wi 'onClick' ‘canceled"1

n UpDate file
[1] NProcess a list of file updates
[2] wgive 100hcanceled"0

[9] :while rec < limit
[10] :and ~canceled
[11] fhold inputfile
[12] (Process fread inputfile, rec) fappend outputfile
[13] :end
n

where Determine Element Indices

Purpose
Determines the indices of the nexero elements of the argumen{(Sensitive to i0.)

Syntax indicesN  where numvec

Arguments:
The arguments a numeric vector, usually Boolean.

Result
The result is a vectaf indices equivalent to BV/BV for a Boolean vector, orr(@)/ V for an arbitrary
numeric vector.

Remarks
where is the replacement for the assembler function WHERE in the ASMBM®Srkspace in
APL+Win.

Example

A2HMmWHERE102003000¢(
136

wi Windows Interface
Purpose
Creates, controls, and runs Graphical User Interfaces (GUIs.)
To learn more about wi in the APL64 Developer version ga-elp | API+Win Compatibility |
Windows GUI Reference

Syntax OAOOI O N wiadtioh'fabglnients]

Arguments

object is the fully qualified object name;

action is the action to be performed on object;

arguments are arguments to the action, which may be required or optional depending on the action.
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The left argument is a fully qualified object name containing one or more names separated by periods,
such as 'fmMain’ or 'fmMain.bnOkThe special object name '#' is recognized as the System Object.
corresponds to the Windows desktop and has a Behibumber of properties, methods, and events
associated with it.If you omit the left argument, wi uses the contents of wself, the current object.

AlthoughAPL64accepts an instance number (an integer enclosed in brackets at the end of a name) for
compatibility with APLWin, this syntax has no special meanifithe brackets and number are simply
characters in the name.

If the right argument is a simple character vector, it specifies an action without an arguihéns a
nested vector, the first item is the action and all subsequent items form the arguments to the action.

The action portion of the right argument can also use relatiBgctname prefixes before the action
name. See the Programming the Windows Interfa¢etroduction chapter in the Windows Reference
Manual for more information.

Result

The result is 0 00 for most methods and for setting a property valu&hen referencing a property
value, the result is the value of that property for the object you spe@iyme methods, such as New,
also return a result(See the Graphical User Interfaddethods chgter in the Windows Reference
Manual for information on which methods return a result.)

Effect
wi is the central feature of the interface between your application and the okjgented user
interface facilities in WindowsYou use this function to:

9 create forms and controls

set and reference properties

invoke methods

associate handlers with events

wait for user input to trigger everlhandler callbacks.

=A =4 =4 =4

The right argument to wi determines what action occurs during the cdlhe left argument
determines the object to which the action applid3roperties, evenhandler properties, and methods
are documented in the Graphical User Interface chapters in the Windows ReferencalManu

When you call wi, one of the effects is to allow internally generated events to oc€ar. example, if

you set the text property of an Edit control, a Change event ocdiiy@u define an onChange event
handler, the system executes it beforewi returns from setting the propertyExternally generated

events (from user input such as keyboard, mouse, or DDE) occur in the application only when the Wait
method or wagive is used or when si is empty.

Examples

N Create a new form:

fmMyform'  wi 'New' 'Form’
NAdd a new button to the form with a caption and location:

'fmMyform.bnl'  wi 'New' 'Button' (‘'caption' 'My Button') (‘where' 8 15 1.5 10)
N Set the button in the previous example to style 1 (default button):
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'fmMyform.bnl"' wi'style' 1
N Query the value of the where property for the default object:
'fmMyform.bnl  wi 'where'
18.625 5.875 15 40
N Specify that the system runs the APL function FOO as the event handler when a Click event
occurs on the button:
fmMyform.bnl'  wi 'onClick' 'FOO'

wordrepl Replace Words in Character Vector
Purpose
Replaces existing words in a character vector with new characters, as specit@@RDREPL does not
affect partial words.

Syntax YS6@BSO H Uk2f Rk yBowdrepl VlR'MK Y S MK DD DY

Arguments

The left argument is an alternating series of existing and replacement wdtdsfirst character is the
delimiter.

The right argument is a character vector that contains the words you want to replace.

Example

'IHE/HISINOW/WHAT/\/?' wordrepl 'NOW IS THE TIME!'
WHAT IS THE TIME?

wre Windows Runtime Executable
Purpose
Specified actions of the Windows Runtime Executable (WRE) creation utility in the APL64 developer
version may be performed under program control using th&/RE system function. These actions are
performed using the memorpased, WRE configuration data §ethe current APL64 developer version
instance, which is not modified by the WRE system function actions.

The WRE dialogue and theWRE system function share the same current WRE data set. The current WRE
data set remains available during the current APL64 developer version instance but is not automatically
saved when the current APL64 developer version instance ends. If appropsatéhes  WRE system
function or the WRE dialogue to save the current WRE data set for future APL64 developer instances with
a programmesselected file name.

Syntax:. OAOGO1 6 N AAQEI 1] xOA AOCOi AT O
Arguments
action is the action to be performed. Action argument text is éasensitive.

argument is the required argument to the action.

Result
result is a twa@lement variable where the first element is an integer: 0 = succeks; not successful,
and the second element is a character vector describing the action result.
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WRE New Action
Syntax 'New' WRE "
The New action will initialize the WRE configuration data set in the current APL64 developer version
instance.

WRE Load Action
Syntax 'Load" WRE pathToWreConfigurationFile
The Load action will load a ppeepared WRE xrfbrmat configuration file into the WRE configuration
data set in the current APL64 developer version instance.

WRE Create Action
Syntax 'Create’ WRE"
TheCreate action will create a WRE executable using the WRE configuration data set in the current APL64
developer version instance.

WRE Run Action
Syntax 'Run’ WRE pathToWreExecutable waitForExit commandLineArguments

TheRun action will start an instance of the WRE application specified by the three elements of the right
argument:

Element # | Data type Right Argument Element Value

1 String or Character vectof Full path to WRE executable

2 Integer Wait For Exit (milliseconds) or O/Infinite wait
3 String or Character vecto] WRE executable command line arguments

Theresultofthe 2 w9 NXzy | OGA2Y A& | @FLAflFoftS 2yte | FOSNI 0K
value or the closing of the WRE application instance.

WRE Save Action
Syntax 'Save' WRE targetFileName

TheSave action will save the WRE configuration data set in the current APL64 developer version
instance to the file specified in the right argument.

wsc WorkspaceContent
Purpose
The WSCPCaction can be used to prepare a pld@xt representation of the function content of an
APL64 workspace. TheWSCMC inverse action can materialize (define into the current workspace) all
or selected functions in a WSCPC created, plaiatext representation.

The plairtext representation created by WSC can be used in a code repository, such as GitHub.
Variables and other nefunction content of a workspace can be preserved in a code repository using a
programmerselected file format, or by creating variables in programidefined functions.

SyntayY NBadHid wOGA2y FOlGA2y! NHm X
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The action text is not case sensitive. The action arguments and result depend on the selected action.

WSC Actions:
Use WSC? to obtain a summary of WSC actions:
E2 APLB4: CLEAR WS - [m] X
File Edit Session Objects Tools Options Help
ERLSTE=9 % Do N MER, AL D mmb e A § o L,
[ e Owsc ‘7°
| 1iWSC: Workspace Content
2 Doc. Summary : charVec < Owsc '?'
3Materialize all content : (hasErr(bool) errMsg(charvVec) < [WsCc 'MC' content "'
4:Materialize all content : (hasErr(bool) errMsg(charVec) < [OWsc 'MC' content fnName
5:Materialize selected content: (hasErr(bool) errMsglcharVec) < [OWwsc 'MC' content fnNames[]
6:Prepare all content t (hasErr(bool) errMsg(charVec) content(charVec) <« [OWSC 'PC' "'
7 Prepare selected content : (hasErr(bool) errMsg(charVec) content(charVec) « [WSC 'PC' fnName
8 Prepare selected content : (hasErr(bool) errMsg(charVec) content(charVec) « [JWSC 'PC' fnNames[]
9.Read content : (hasErr(bool) errMsgl(charVec) content(charVec) « [OWSC 'RC' fileName
10Write content : (hasErr(bool) errMsg(charvec) + [Wsc 'WC' content fileName
11

12 Note: content is obtained from 3=[JWsC 'PC’

L [E3] |

[Ready | | |Hist: Ln: 13 col: 6| Ins |classic| | mum |EN_us |

WSCMC
Materialize WSCPC-prepared content to the current workspace.

1 Define all the functions in the WSC content into the current workspace
Syntax6 K a9 NNH o622 0 SWSEMTwrdeiktr Nt SO0 H

1 Define a specified function in the WSC content into the current workspace
Syntax (hasErr(bool) errMsg(charVeag) WSC 'NC content fnName

1 Define specified functions in the WSC content into the current workspace

Syntax (hasErr(bool) errMsg(charVee) WSC 'NC content fnNames]

Example Create the plaitext workspace content, then materialize all of that content:

)clear
RST U¥%u! RRM/J
RST UY%uadzZ mJ
)fns
H WSC'PC'"
16 X
20 X
30X
EX IDLIST1
)fns
H WSC'MC' @X) "
16Y
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20Y
)fns

. (! APL64: CLEAR WS — O X

File Edit Session Objects Tools Options Help

FRYEDE =2y hoE Man

4l
dl
4l
41

<P o Jclear
1:CLEAR WS
o2 Odef 'Z«Add10 X' 'Z<«10+X'
3:Add10
G Odef '"Z«Mul10 X' 'Z<«10xX'
5Mulil0
d 6 )fns
7:Add10 Mullo0
<P 8 X«<[wsc 'pPCc" "'
o9 15X
10:0
P11 23X
12
<13 35X
14:VZ<Add10 X
15:2«10+X
16V
17
18:VZ«Mull10 X
19:2«10xX
20:v
<d21 Oex OIDLIST 1
22:1 1
<P 23 )fns
<H2y Y<[WSC 'MC"' (32X) ''
<P 25 1=Y
26:0
<27 25Y
28
<d29 )fns
30:Add1i0 Mull0
1 A

| |Ready | | [Hist: Ln: 31 col: 6]Ins [Classic| |  |EN_us ||

Example Create the plaiftext workspace content, then materialize one function in that content:

)clear
RST U¥%u! RRmM~n
RST¥ U¥%wadzZ mn
)fins
H WSC'PC'"
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16 X
206 X
30X
EX
)fns
H WSC 'MC' @X) 'Mul10'
16Y

IDLIST1

20Y
)fins
. (&7 APL64: CLEAR WS — 0 X
File Edit Session Objects Tools Options Help
FRASVE=29C¢XDON Maa_ i,
‘G Jelear
1:CLEAR WS
{2 Odef 'Z<«Add10 X' 'Z«10+X'
3iAdd10
G Odef 'Z<«Muli0 X' 'Z«10xX'
5iMul10
G) )fns
7:Add10 Mul10
<8 X«<Qwsc 'pc' "'
<A o9 15X
10:0
{11 22X
12
P13 3sX
14i{VZ<Add10 X
15iZ«10+X
16:v
17
18iVZi<Mull10 X
19iZ«10xX
20:v
{21 OeX OIDLIST 1
22:11 1
23 )fns
{2y Y<OWSC 'MC' (3>X) 'Mulio’
{25 1Y
260
<U 27 2sY
28
<d29 )fns
30/Mul10
| |Ready | | |Hist: Ln: 31 Col: 6|Ins |Classic| |  [eN_us ||
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Example Create the plaiftext workspace content, then materialize some of that content:

)clear
RST¥ Uwu! RRmn -0
RST¥ U%¥%wadzZ mn -0
)fins
- H WSC'PC'"
16 X
20 X
30X
ex idlist1
)fins
. H WSC 'MC' @X) (‘Mul10' 'Add10’
10Y
20Y
)fns
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| (! APL64: CLEAR WS -

File  Edit Objects

FRd e [V

Session Tools Options

DX DBEE M AN

Help

<w
P
4

Jclear
WS
Odef
Addi10

Odef

CLEAR
'Z+«Add10 X' 'Z«10+X'
"Z+Mul10 X' 'Z<«10xX'
‘Mul10

)fns

Mull0

X<[wsc 'pc' ''

12X

‘Add10

22X

3sX
'VZ+Add10 X
2+10+X

16V

VZ+Mul10 X
Z<10xX

20:V

Oex DIDLIST 1
22i1 1

)fns
Y<[JWSC 'MC'
1sY

(3=2X) ('Mul10' 'Add10'")

| 2sY
28

<¥29§ )fns
30:Add10 Mulil0

|‘Ready | | |H1'st: Ln: 31 Col: 6|Ins |Classic|

| EN_US ||

WSCPC

The PC action will prepare the plagxt character vector WSC content which represents all or some of

the programmerdefined functions in the current workspace.
9 Include all function representations in the workspace in the result:

Syntax0 KI a9 NNDHo22¢€ 0

SNNh & 36 OWSQNRCS O 0

T Include one named function representation in the workspace in the result:

Syntax0 K a9 NNbo22f 0
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1 Include named function representations in the workspace in the result:

Syntax0O K a9 NNDHo22f 0

Example

) clear
RST U¥%u! RRMJ
RST UY¥%uyadzZ mJ
wsc 'PC'"
wsc 'PC' 'Mul10
wsc 'PC' (‘Mull10' 'Add10’

z

S NN& & 3 6 OWSONRGENAmes[P2 v § §

E APLGS: CLEAR WS — O b4
File Edit Session Objects Jools Options Help
FRYS (=2 s MAR. IR W, 1,
4 e ) clear
1.CLEAR WS
¢ 2 def 'Z<Add1e X' 'Z<10+X'
3 Add10
¢4 Odef "Z<Mulle X' 'Z<1OxX'
5:Mull0
<F 6 [(wsc 'PC' '
7' 8 VZ-Addle X
8:7-10+X
9V
16
11:VZ-Mulle X
12:7-10xX
13.¥
<14 [(wsc '"PC' '"Mulle’
15 8 VZ<Mull® X
16:7-10xX
17V
<18 [(wsc "PC' ('Mulle' 'Addle')
19 0 VZ-Mulle X
20:7-10xX
21V
22
23 VZ-Add10 X
24 7-104X
25V
13| |
\Ready | | | Hist: Ln: 26 Col: 6| Ins [Classic|  |Num |EN US|
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WSCRC

The RC action will read theWSC content from the specified Unicode text file.

Syntax0 K a9 NNbo22f 0

SNNA & 36 OWBANRCSfi@Nam®2 y i Sy i 6 OKIF N SO0

Example Save WSC content to a text file, and read that content from the file:

)clear
RST U%w! RRmn - ¢
RST U¥%wadzZ mn - ¢
)fins
- H WSC'PC'"
16 X
20 X
36 X
WSC 'WC' 8X) 'citemp\wscText.txt'
., H WSC 'RC' \temp\wscText.txt'
10Y
20Y
(36 XM30 Y

©APLNow LLCAIl Rights Reserverd202608-24 UTG Page267



| ! APL64: CLEAR WS = D X

File Edit Session Objects Tools Options Help

FREAd& [N =/92CX Do Mean, i i i,

<P o )Jclear
1:CLEAR WS
A 2 Odef 'Z«Addi0 X' 'Z«10+X'
3:Add10
Aoy Odef 'Z«Muli10 X' 'Z<«10xX'
5:Mulil0
G )fns
7:Add10 Muli0
gl X<0wsc ‘'pc' "'
A9 15X
10:0
<11 23X
12
<PJ13 3=X
14:VZ<Add10 X
15:Z«10+X
16:v
17
18:VZ«Mull0 X
19iZ«10xX
20V
21
<M 22 Owsc ‘WC' (32X) 'c:\temp\wscText.txt'
23: 0
U2y Y<[OWSC 'RC' 'c:\temp\wscText.txt'
U 25 1sY
26:0
W 27, 25Y
28
<29 (3aX)=3>Y
30:1
| |Ready | | [Hist: Ln: 31 Col: 6|Ins |Classic| |  |EN_uS ||
WSCWC

The WC action will write the WSC content to the specified file, replacing any-gxesting file content.
Syntaxo K a9 NNDHo622f 0 SWICHNCIconteK: fildNargeO 0 H

Example See the  WSCRCexample.

wse Workspace Engine

The WSE system function exposes the APL64 workspace engine object. To learn more AHoEt
use theHelp | APL Language | Using WSEmenu item:
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https://aplnow.com/APL64/UserDocumentation/APL64_USING_⎕WSE.pdf

wslib Workspace Library List
Purpose
Returns a character matrix that lists all the workspaces including the .ws64 extension in the designated
library.

Syntax OAOOIT WBlib™
OAOOI walibNdir
OA OO WlibNib
Arguments

dir is the directory you want to search;
lib is the library you want to search.

The argument must be empty, a valid path, or a positive integer that has been associated with a
directory by using libd or the Libraries choice on the Options metithe argument is empty, the
system uses the current working directory.

Result
wslib lists in alphabetical order (uppercase Z before lowercase a) the workspaces in either the
specified directory (dir) or library (lib), or the default directotf/the argument is a path name, the
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