APLG4

User Manual

©APLNow LLEAIl Rights Reserved®02607-21 UTG Pagel



Copyright

While every attempt has been made to ensure that the
information in this document is accurate and complete,
some typographical errors or technical inaccuracies may
exist. APLNow, LLC does not accept responsibility for any
kind of loss resulting from the asf information contained
in this document.

This page shows the publication date. The information
contained in this document is subject to change without
notice. Any improvements or changes to either the product
or the document will be documented in subsequent
editions.

This software/documentation contains proprietary
information of APLNow LLC. All rights are reserved.
Reverse engineering of this software is prohibited. No part
of this software/documentation may be copied,
photocopied, reproduced, stored in a retrievaistem,
transmitted in any form or by any means, or translated into
another language without the prior written consent of
APLNow LLC.

U.S. Government Restricted Rights. The software and
accompanying materials are provided with Restricted

Rights. Use, duplication for disclosure by the Government is

subject to the restrictions in subparagraph (c)(1)(ii) of the
Rights in Technical Data a@@mputer Software clause at
DFARS52.227 - 7013, or subparagraphs (c})Yand @)

of the Commercial Computer Softwar&estricted Rights
at48CFR52.227 - 19, as applicable. The Contractor is
APLNow LLC, APLNow LLC, 2640 Route 70 Bldg. 4,
Manasquan, NJ 08736.

APL64
This edition publishe@026.
Copyright ©2005- 2026 APLNow LLC.

Portions copyright © Microsoft Corporation, One Microsoft
Way, Redmond, Washingt@8052 - 6399 USA. All rights
reserved.

APL2000 and APL64 are registered trademarks of APLNow

LLC in the United States and/or other countries. *APLUS
is a registered trademark of Manugistics, Inc. Microsoft,
Windows, Window®8, Windows2000, Windows NT,
Windows XP, Windows Vista, Windows 7, Windows 8,
Windows 10 Windows 11and Excel are trademarks or
registered trademarks of Microsoft Corporation. All other
brand names and products are trademarks or registered
trademarks of their respective companies.

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 2



Table of Contents

JLIE= Lo (S0 B0 ] (= PP 3
Chapter 1. T U0 [N o3 1 o] o AP 10
F e e G o T =T o [ 1S (= PR 10
RN (SIS (U] oI i (o | =T o FO PP TP PPRPPPPPPN 10
INSTAIING APLBA....... oottt e e oo e et e e e e e ek e e et e e e e e s b e et e e e e e e e s b nn e e e e e e e e e nnnnneeeeeas 10
Modifying the APL64 xafibrmat configuration and APLNOW3Z2.INI files..........ccooiiiiiiiiieeee, 10
Chapter 2: Working in an APLB4 SESSION........ccooi it re e e e e e e e e e e e e e e 11
APLGB4 SESSION WINUOW OVEIVIBW. ....ceeiiiiiiieiiieeeeasiitteieeeesssittseeeeessaassssseeeesesaassbeeeeesesssnsssseeeeeessannssneeeeeeens 12
THE HISTONY PANE.....eeeiiiiiii et e e e e e e et e e e e s e bbb e et e e e e e e bbb e et e e e e s e annbb e e e e e e e annnrnes 13
HIStOry Pane GIYPNS IN APLGA.........ooioiiiiiiieee et e e s e e e e e s et b e e e e e s s nnbereeaaas 14
L8 Tol0 Lo Lo = = TP PPPPTR 15
Alt+NUMCOodESs SUPPOIT IN APLBA..... ..o r e e e e e e e e e e e e e e e e e e e e e e e e e s e aesaesaaaaannnes 16
Selection of Linear or Rectilinear Text Blocks in Function Source.Cade...........ccuvvvveeeiiiiiiiieeeeesiniiieeeenn. 17
00 £ == 1 =PRSS 19
FIOALING 8 PANE. ... ..ttt et e e e e e ettt e e e e e bbb e et e e e e s nb b e e e e e e e e anb e e e e e e e e an 20
EdItiNG @ FUNCHON. ...ceeeieeeeee e e e e et e e e e e e e e e e e e e e e e e e e e e e e e eaeeeasaaaaaaanas 21
EdIitiNg @ VArADLE.........uiiiiiiiii e e e e ra e e e e e aaaaaaaaas 22
The Comment and Localize Options in TOOIDAI............uuiiiiiiii e 22
LI =3 S 1LY 1= L U UUURRPRRR 24
LOGA 8 WOTKSPACE. ...ttt ettt ettt e ettt e e e 44ttt e e e oo h bbb e et e e e e e ekt bt et e e e e e e annbb b e e e e e e e e e annnnees 24
XIOAA 8 WOTKSPACE. ....coiiiiiiiie e e e e e e et e e e e e e e e e e e e e e e e e e e e eeeeeaeseassasasaesnnnnnannes 24
(O70] ) V= VAT /0] 4] o1 Tt = J PP PR 25
PCOPY 8 WOTKSPACE .....eeeeiiiiiieee ettt e oo oottt e e oo ettt e e e e e ek bbe e et e e e e e aasbb e e e e e e e e eannbnrneeeeeeaanne 25
SAVE 8 WOTKSPACE. .....eeeeieeiiiittt ettt e ettt e e ettt e e e e s b ettt e e e e s s b bbbttt e e e e e aas b b e e e e e e e e nnbb e et e e e e s nnnbbeneeeeeeanan 25
Drop (Delete) @ WOIKSPACE........ciiiie ittt ettt et e e ee e et aeaaaaeeeaeeaaeaasaaaaaaaa e nnnnnneeneeseesseenneeeees 25
Print CONLENES OF 8 SESSION.....ciiiiiiiie ittt et e et e et et e e e aaaaaaaaaaaaeaeaeaaeaasaaaaaaaans 25

L 11RO o] 1T o LSOO PPPP S PPPPPPPPPPN 26
| P 26
RECENT WOTIKSPACE IUS......eeeeeiii ettt ettt e e e e e s bbb e e e e e e s bbb et e e e e e enbbreneeeeeeaane 26
Clear the Recent Workspace NamMeS. LiSt. .. ..o e 27
XLoad Selected RECENT WOIKSPACE........coiiuiiiiiiee ettt e e e e e e e e e ennees 27
Emit Timestamps in LONG DAte FOIMMAL............uuuiiiiiiiiieirieiiiee et e s e e esaeeeeees 27
LI LS = 1188 1Y 1= o 1 RSO RPP PP 28

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 3



0 Table of Contents
APL64 Prerequisites

(@] To (o =T o Xt £ o ] 4 IO PPPPPRSUPPTPPRRPR 29
[q=To (o =T o o i [o ] OO PPPPPRSUUPTPPRRP 30
Y= 1T o A | U 30
G | USSP 30
L0 o ) SRR 30
Copy/Cut Entire Line WithOUt SEIECHIAN..........uuuiiiiiiiiiiieeeee e e 30
= 11 = PSSR 30
e L] (TSR PPPTTPTRUTTR 30
1] = (SRR 30
o PSP PPPP 30
FINd NeXt (SEAIrCh DOWIN).......cooi it e e e e e e e e e e e e e e e aaaaaaaaeaaeeeeseseesssasasasnnnnnnnnnes 31
FIN Previous (SEArCH U)........i ittt e et e e e e e e e e e e s e b e e e e e e s annbnreeeeeeens 31
=T 011 (o =T PP PP PPP T TOPPPPR 31
EDSS Column Header Is R1:C1 Cell ReferenCe.StYIE.........cco oot a e 32
FINd IN FUNCHIONS iN WOTKSPACE. ......coi i e e e e e e e e e e e e e e e e e e e e e e e e e e e easaaaaas 32
o I o o PSPPSR 32
Use Legacy Whole Word & Token AlgOrithm ..o 32
Use Legacy Find Match HighligNTIg ........coooiiiiiiiiie e 32
Enable Legacy Virtual Space in Text EQILOL..........ooooi e e e e e e 32
Enable Legacy Scroll Below Text in TeXt EQILON.........oooo it a e e e 32
N I T [ o PSR 32
Y= 1o ] Y] o] £ TSP PRPPP R UPPPPPPPPPN 32
APLS Statements from the HISTAIY .. ...uuuieiieiiieiieeieee e e e e e e e e 33
Y (o] 0 JE= 1 o I I = Vo =TT 33
[ T0T0] qp £ F= 15 2SR URRRRRRRR 34
X (o I [ [T TN @0 ' 1= RSP 34
Delete INIMNE COMIMENT......uiiiiiiiiiiie ettt e et e s et e s e e e e e aa e et e et esbesssaeseeeeeeeeeteeeaaaaaeaaaaaeees 34
QLIRS == (o] 01V = PSPPSR 35
ISy e= 1 o F= T £ I 1o To | o> PSRRI 35
Y= L0 S = = PP 35
VIBW SCAIE AP L TOXL..iiiiiiiiieiie e ettt e e e e e et et e eeeeaeaeaaaaaeeaaaeaeaeeasesassaasaaanannnnnnnnnnnes 35
[ [55] (0] Y2 01 .4 - Y S 35
HISTOrY ROW NUMIDEIS. ...ttt e e e e e e e e e e e e e e e aaaaaaeaeens 35
Set PW Based on WINAOW WIALh.........ooo et e e e e e e e e e e e aaeeas 36
Maximum #APL Executable Statements in HISTQLY......covvvviiviiiiiiicieeee e 36

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 4



0 Table of Contents
APL64 Prerequisites

User Selected Text 0N ENter iN HISTALY...........coo oo e e e e e e e e e e e e e e e e e e s e e s e e 36
Sequential HiStOry FOIMAL.........ccccoiiiiiiiiiiiii e e e e e e e e e e e e e e e e e e e e e e e s e e s s e aasaassaaaaaasanseererressrnnenes 36
Grouped HiSTONY FOIMI@L......coiiiiiieiiee ettt e e e e e e e e e e e e e e e e e e e b b n e e e e e e e e annnrreeeeens 36
Separated HIStOrY FOIMAL............uiiiiiieiiii e e e e e e r e e e e e e e b r e e e e e s s nnnreeeeas 36
ClasSIC HISIOIY FOIMAL......uuiiiiiiiiiieii ettt et ea et e s e e e e e e e e e e e eeeaeaaeaaaaaaaaaaaeens 36
Display Pending APL Executable StatemENLS..........ooooiiiiii et e e e e e e e e e aaaaaaaaeas 36
EMit Bell GIYPN iN OUEPUL. ..ot e e e e st e e e e e e e e e e e e e s annnnnees 36
Suppress Unassigned History Output From QU OULPUL.........ceeriiiiiiiiieeiiiiiiiee e 36
HISTOry OULPUL BUFEIING......eeeiieeiiiiiiie ettt e st e e e r e e e e e st e e e e e e e s b e e e e e e e e nnree s 36
Rendering Large OULPUL TO HISTOMY .. .uuvuiiiiiiiiiiieiiieeee et e e e e e e e e e e e eeeaaaaaas 36
(@0 ] 0] 0= Vg o N I o= RO PRPR PP 36
D] o8 {0 PRSP P PP PPPPPPPPPPPPPRPPP 36
EXit CONFIrMAtION OPTIONS........uiiiiiiieiiiiie et e e e e e e s s e e e e s s s bbb e e e e e s e s nnbee e e e e e e e annbnreeeeeeans 36
(%o aVilo Ul i o] g IS T=] 11T T P PEPRSEERRPPR 36
APL ViIrtual KEYDOAIM.........uuuiiiiiiiiiiieiieeeeee ettt et e e e e e e e e e e e eeeaeaaaaaaaaaeaaas 37
1ol (o] [ I W ol o 151 0] oY PP PP PPPPT PP 37
(O[T 153 (o] YOO P PP PPPP PP 37
TS (0] (=3 o 110 oY F PP PPTPP S PPPPPPPPPP 37
Clear CUIENT WOTKSPACE. ......ccoi e i e i e et e e e e e e e e et e e e e eeeeaaaaaaaaaaaaeaeeesasassassaaaasnsnnssnnnannes 37
B0 Lo 8 T L= 37
ACHVE PANES LIS uuiiiiiiiiiiiiiiiiiie ittt e e e e e e e e et et e e et e s s e s s e s e e aae et ee ettt et taseeeeeeeeeeeeeeeaaaeaaaeaaaaaeeees 37
WOTKING IN The DEDUGUET. ... ettt e e e et e e e et e e e e e e s b b e e e e e e s anbbeneeeeeeaannes 37
Debugging With WatChPOINTS.........ccoiiiiii e e e e e e e e e e e e e e e e e e e e e e eeseaeseassaa s e s asansenaeerersrenseennnes 40
The system variable WatChPOINTS............uuiiuiiiiiiiii e e e e e e e e e e e e anerrrerraasreeeees 40
{ AV (] To [ | A I o o = = SO TRP 41
Watchpoints in the DEDUG PaANE........cooo e 41
THE ODBJECES MENU......eiiiiiiiiii et e e e e e e e e s s snnbrnneeeeeesennnnneeeeeeennnnneees B O
=SSR PPPPSRPP 44
1] o o] o SRR 44
RV L= o] = PRSP 44
@ oT=T ol €= 10 @ o] [T ox | P TP PP PPPPPPPOPPPP 45
= (o T = T T o= o PSPPSR 45
Left Mouse Double Click: Open Object Named At Carel..........ooooiiiiiiiieiiieee e e e e e e 46
Right Mouse Double Click: Open Object Named At Cartet...........coeeeeeeeeeieiiiie e 46
(1] = T | o (o 1Y = 46

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 5



0 Table of Contents
APL64 Prerequisites

[T o] Tox=1 (=T =[] (o £ P PPPPPPPRPPY 46
NUMDbBEr Of SPACES IN TAD.....cco i e e e e et e e e e e e aaaaa e e e e e e e e e s s e s s s e s s s e nnnnnanned 47
Expand Tabs in Variable EQITQIS. .........ooiiiiiiiieee e e e e e e e e 47
Expand Tabs in EXecutable EQITQIS. ..........cuviiiiiii e a7
RV A= o] (=3 o [ (o AT PP P PP PP PTPRP R PPPPPRPPTIS 47
Voo (o] g I =To 1 (o GO PP PP PP PP PPRRPPPUPRPPPPIN 47
EdItOrs Pan@ FOMMAL...........ouiiiiiiiiiiiieii et e e e e e et e e e e e s e bbb e e e e e e e e annnr e e e e e e e e e annnees a7
RECENT ODJECT INBIMIES. ...ttt e e e et e e e e e e et e e e e e e s e e e e e e e e s nnbre e e e e e e e annbrneeeeeenanns a7
#Recent ODJeCt NAmMES 10 RETAIN........cuiiii it e e s e e e e e s e e e e e e e nnnreees 47
YU o] o LTSN 11U = T L a7
THE TOOIS IMBINLL ...ttt et e et e e ekt e e e b e et e e e abb e e e e e b e e e e ebbe e e e anbreeeen 47
THE OPLONS IMENLL.....eeiiiiiiiiitee ettt e e s e e e e s snn e n e e e e s s snnnrnnneeeesssnnnnnnneeeeesnnnnnnees B8
[O70] (0] £ TP P PP PP PP PPTRP 48

T T =T (U o1 T g o 1 PSP 50

[ o =T [ S TP PPPTPT PP PPPPPPPPI 51
ST=E1S] 0] o I (0o OO PP PP PPPPPPPRTPPPPPPPPPPT 51
KeYDOAIT DEFINITION. .....eiieiiiieei ettt e e e e e et e e e e bbb e et e e e e e s snb b e e e e e e e e s annbnrneeeeeeaannes 52
Create RUNIIME .NET ASSEMIDIY......coi i e e e e e et e e e e e e s 53
Create Cross Platform COMPONENL .........oiiiiiii e e e e e e e e e e e e e e e e e e e e e aeeaaaassaassaasassanannnnannes 54
(70 a¥ilo [T L= U LST=Y g oo L= 54
Configure HOSE ErTOr MapINgS. .. .ceeei ittt e e e e st e e e e e e nnn e e e e e e e nnnbrneeeeeeeaan 55
APL+WIinN Configuration CONVEISIQN........coiiuuuiiiiieeiieiiieie e et e e e et e e e e s s s ban e e e e e e e s annsbeeeaeeeeannnnees 56
QI L= L= I = o 1 PP PPR 56
The StaNdard TOOIDAL............uiiieiiii ettt e e e et e e e e e b e e e e s e e e e ennr e e e s annneeas 58
LD L] o]0 To [ [T oo = T S 58
The Control Structure KeYyWord TOOIDAL..........cooiiiiiiiiiiie e e e 59
The OULIINING TOOIDAL ... e e e et e e e e s s e et e e e e e s snanneeeeee s 60
Chapter 3: INtroduction t0 the LANQUAGE ........ccooi ittt e e e e e e e e e aeaaaeaens 61
LT 1T S =1 (=T o PSR 61
Standard APLGB4 KeYDO@IM ...........uiiiiiiiiiiiei et e e 61

@ To Lo oS e T o [l g To I N = Y TP PP PPPPPP PP 61
WOrKIiNG WIth NUMEIIC ATTAYS ....eeeeeieieieeieeeeee et e e et e e e e e e e e e e e et e et e e e e e e e e e ettt eeesseeeeeeeeeeeeeaeeaeaaaaaaaeeeeeesd 62
WOIKIiNG WIth NESTEA ATAYS. ... e e e eeeee ittt ettt et et et eeteaaeaaaaaaaaaeaeaeaaaasaaaaaaaaaannnnnnennee 64
Understanding Data in APLGA.........cccoiiiiiiiiit ettt e et et e e e e aaaaaaaaaaaaaaaaaaaaaaaaaaaa e e nnnnnenneeneesseesennenes 66
WOrking With NUMEIIC DALA........ceeiiiiiiiiiiiiee e e e e e e e e e e e e et aaaaaaaaaaaeaaeeas 66

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 6



0 Table of Contents
APL64 Prerequisites

Working with Hexadecimal and Floating PoiNt Data............cevviiiiiiiiiiiiieiie e 67
Performance Improvement for Floating Point Arithmetic Operationst +.........cccceeeeeeeiie e, 68
Working With CharaCter DALA............c.eeiiiiiriiiiiee et e e e e s e e e e s e s e e e e e e e e annnreeeas 69
WOrKing With SEHNG DALA...........uveeiiiiiiiiiiiii e e e e e e e e e e e s e b r e e e e s e s nnnnreeeaeeas 70
ASSIGNING VATADIES. .....uiiiieiieeieeeeeee ettt e e e e e e et e e e et e e e e aaaaaaaaaaaaaaaaas 76
Using FUNCLIONS and OPEIatOrS..........ccoiiiiiciiiiiiiiiiirriiessrereeee e e e s eereeesesaaaaaaaaaaaeeesesssssssssssnsssssnnsssssssssssssseseeeid 8
WWIIEING EXPIESSIONS ...t e e e ettt e e e e e e e e e bbb e et e e e e e s b b e st e e e e e e s nb b e e e e e e e e e nnb e e e e e e e e e annnnnes 80
O To [ @] o1=T =1 0] = TR OO PP PPRPTR PO 80
USING BOOIEAN FUNCLIOMS. .....ceiiiiiiiiiiiiie ettt e st e e e s st e et e e e s s e e e e e e e annb b e e e e e e e e e nnnrnees 85

O LY T IS (0 o (8 [ ir= VN W] od (0] o PP 86
USING GENEIAl FUNCHIONS. .. .utiiiieiieeeeeeeee ettt ettt e e e e e e e e e e e e eeeeaaaaaaaaaaanaeeead 38
Chapter 4: WItING APL FUNCHOMS. .....eeiiiiiiiiiiiiiit ettt e e e e e 89
[ T (o @0 Lol =T o) £ F TP PP PP PPPPPRPON 89
Recognizing FUNCLIONS S BIACK BOXES...........oooiiiiiiiiiei e r e e e e e e e e e e e aaaaaaaad 89
Writing Assignment and Implicit OUtpUt STALEMENLS.........cooi oo oo e e e e e e e a1
INSErting COMMENT STALEIMENLS. ......eiiiiiiiiiiei et e e s s e e e e e st r e e e e e aanb e e e e e e e e s nnnneeeeas 92

T T O o T 0] .4 1= ] PSPPSR 93
USINg the BranCh STALEIMENT..........oui it s e e e e e e e e e s e nnnn e e eeeas 95
WIEING CONTOL STUCTUIES. ... ..o e e e e e e e e e e e eeeeaeaaaeaaaaaasaeesssassaaasaanssnssessessssrnnssssnnnnnnns 96
WIItING CoNitioNal STIUCTUIES......coiiiiiiieieee e e e e e e e e e e e e e e e aaeaaaaaaaaeend 96
Using Condition EXIENSION KEYWOIAS..........uiiiiiiiiiiiiiiee et e e e e r e e e e s eeee s 97
WItING REPELITIVE STIUCTUIES ... .. ettt e et e e e e e s e e e e e st e e e e e e e e nnbeeeeas 98
WIEING ITEIALIVE STIFUCTUIES. ... . uuiiiiiiiiiiiiiieee ettt e e e e e e e e e e e e e e e e e e e e e e e e s e e e e e e abanatabeebaresaarseseeeeeeeeeees 100
Continuing a RePEtitive OF ItErativVe STTUCTUIE...........uuuiiiiiiiiiiiiiiiiie e e e e e e e e e e e e e e e e e e e e e e e e e e s e s eeaans 100
Exiting a Repetitive Or IHErative STIUCTUIE............ i et e e 101
WItING SEIECTION STTUCTUIES.....eeiiiiiiiiiiit ettt e e e e e e e e e e e s st e e e e e e s e nnnbreeeaeeeas 101
Writing Nested CONrol SITUCTUIES...........iiiiiiie ettt e et e e e st e e e e e ee e e s 103
Other SYNTAX RUIBS ... ..ottt et e ettt ettt e eeaeaeaaeeeeaeeeaaaaaasaaaaaaa e e nnnnnnennnenneeneenees 103
Branching Restrictions in CONrOl StTUCTUIES. .. ..uu i e e e e e e e e e e e e e e e e e eeenees 104
Using Keywords to Branch Within FUNCHQMNS ...........uuiiiiiiiiiiieee e ee e 104
Chapter 5: Primitive FUNCtions and OPEerators............cccuveiiiiiiiiniiiie e 107
(00010 11T o] £ TP PPPPPPPPTPPION 107
(AN TU 1= Lol e o o] PP 110
(2 TaTo] (== T I U Tt 1] L= PRSP 118
Scalar Functions that Return a BOOIEAN ALTAY...........ccooiciueiiiiiiiiiiiirieee e e e e e e aa e e e e e e e e e e e e e e e aa e aesaaaaas 118

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 7



0 Table of Contents
APL64 Prerequisites

Nonscalar Functions that Return @ BOOIBAN. ..........ccuiiiiiiii et 120
(oo o= | I 01T 1o L= PRSP 122
Dyadic Scalar FUNCHONS WILN AXIS.......ueiiiiiiiiiiiiiee et e e s e e e e e s s anrrne e e e e e e 123

Y 8 Tod 1B ] = I U Td 10 0 PSR 124
NOtES 0N ODSOIETE FUNCHIOMS ....ci ittt ettt e e e e e s st e e e e e s s b e et e e e e e s snbbaeeeeeessannen 138
GENETAI FUNCLIONS ...ttt ettt e e ettt e e e s e bbbt e e e e e e s bbb e et e e e e e s anbbb et e e e e e s snanbbaneeeeeeannn 138
Functions that RETUIMN @ PrOPEITY..........eiiiiiee et e e e s e e 138
Functions that RetUrn an INA@X...........ooooiii i e e e e e e e e e e e e e e e aaeeeaeeeseeaasaaaaaannnns 139
MiISCEIIANEOUS FUNCLIONS. .....ciiieieee et e e e e e et e e et e eaaaaaaaaeaaaaaeeeessseassansaaanns 142

L0 1= = 1 = PP 143
Other PrimMitivVe SYMDOIS. ... ...ttt e e e e e e e e e e e e e e e e et e e e s s e e e e e e e e aan e b aee b beebessrssseesseereeeeeees 149
Symbols Associated WIth VAIUES...........cooiiiiiiiiie e 149
Symbols Associated With FUNCHONS...........ooiiiiiiiiiieie e e e ee e 154
Symbols that Denote an ACtION WOI..........uuuiiiiiiiiiieiieee e ae e 156
(@11 Y a1 e DSV 4] o T 156
CONLIOI STIUCTUINE SYNMTAX......etteeeieeeeiite et e e ettt e e et e e e e e e e bbb e e e e e e e e s b b e e e e e e e s s bbb e e e e e e e e annnbeeeeeeeennnnnees 159
INNINE CONIOI SEOUENCES.....cciiiiiiie ittt e ettt e e e s sttt e e e e e s anb b e e e e e e e e asbben e e e e e e e e nnnneeeeeas 168
Chapter 6: Programming TOOIS ......coui i 171
THEASMENSVOIKSPACE. ... uttuiiiiiiiitiiee e e ettt e e e e e e e e e e e e e e e e e e et e et s s e s s e e e s et eas e bbb e taesrsssaesseererreeeeeaaaeaaaaaaaaens 171
FUNCHION REIEIEICE. ....eii i et e e ettt e e e e e st e e e e e anbbe e e e e e e eannstaneeeeeeans 171
THECOMPLENOIKSPACE. ... eeee ettt e st e e e e e et e e e e e s s e e et e e e e s bbb e e e e e e e e e nnnneeees 174
THEDATESVOIKSPACE......ceeeieiiiiie ettt e et e e e e e s ettt e e e e s b e e et e e e e e snb b e st e e e e e sannbnrneeeeeeaans 175
FUNCHON REIEIEINCE. ....eii i ittt e e e ettt e e e e e e et e e e e e e asbbe e e e e e e eanssraneeeeeeans 176
ThEEIGENVAWOIKSPACE........cccoi i e it e e e e e e e e e e e e e et et eeeaaaeaaaaaaaaeaeeaseesasaassanaaasnnsnnnsnnes 182
T o (o] I L= 1= =Y Lo = PP 182
TREFFTWOIKSPACE. ... . ettt ettt e e e e e ettt e e e e e bbb et e e e e e e e bbb et e e e e e e s nbb bbb e e e e e e s annnnnneeeeas 184
o (o] g I L= =T (=Y Lo =P 184
IO I T 40 2] o= o= 186
USING thAWFCARB/OIKSPACE. ......ceieiieiiee ettt ettt et e e e e e e e eeeaaaeaaaaaaaaeeaaaaeeaaaaans 194
T gToti[o] g B Lo T Yol 1] o1 o] £ 1= TP PPP T OTTPPPPIN 195
USING tNEWSCOMBVOIKSPACE. .....ceeeeeieiiiiiiie it e ettt e sttt e e e e aa bbb e e e e e s s bbb e et e e e e e sasbb s e e e e e e s e annnbnneeeens 201
USINgQWSCOMED COmMPare WoOrKSPDACES ... ..ottt ee et e e et et e e e e e e e e aaaaeaaeeaaea e e e e e aaaaaaaaannnes 201
Comparing Workspaces AULOMALICAILY.............oueiiiiiii e 203
U o (o] g L= 1= =Y Lo = PP 203
Chapter 7: Packaging a RUNLIME SYStEM.........coooiiiiiii e 205

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 8



0 Table of Contents
APL64 Prerequisites

Creating the APLNOWR32.INI File for a RUNtIME SYSIEM........cuuiiiiiiiiiiiieiieeieeeeeee e 205
=Yoo T o TR a g[S AN o] o] 0% L1 To] o PRSP 206
Techniques for Polishing APPICALIONS...........oeiiiiiiie e 208
Chapter 8: Transferring Applications between APL SyStEMS..........cevvveeiiiiiinieieeee e 209
APL+ Systems COMPAtDIliLY..........eeiiiiiiiiiiii e e e e e e e e e 209
Workspace and Component File Compatibility,..........cccocuiiiiiiiiiiiieieee e 209
TranSTerring APPICALIONS. .......ueiiieii ittt e e e e e e e e e e e e e e s s e sb e e e e e e e e nnrr e e e e e e e e nnnnnees 209
Utilities for Transferring APPHCALIONS. .........ovi i e e aees 210
Simple Tools for Transferring the Contents of WOrKSPACES............uuviiiiiiiiiiiiiieie e 211
USINGWSTOFILEQNUFILETOWS ...ttt e s e e e e anne e 211
Using theDTFNaNALFFN WOIKSPACES.........ccoi ottt e e e e e e e e e e e e e e e e e e e e e e e e e s e e e s s e e seseenanns 212
Function Reference DTFN and LEFEN........ooo e 212
Transferring Workspaces as WOrkSpace FUES..........ooii it 213
USING thECONVERTWOIKSPACE.......ciiiiiiiiiiiiieiee et e e e e e e e e e e e e e e e e e aaaeaaaaaaaaeeas 213
Function Reference CONVERT...... ..ottt e e e e e e e e s s st b e e e e e s e aansbbeeeaeeesanneeees 214
USING tNEPCFILES WOTKSPACE........ciiiiiiiiiiiee ettt e e e e e e e s e e e eeeas 217
USIiNg @ SOUICE LeVEl TraNSTEI (SLT) .. .uiiiiiiiiiiiiiiieie e ettt e e e e et e e e e e e s b e e e e e e e nnbrneeeeeeeannes 218
INSEAIlING tNESLT WOIKSPACE.......ceeeieieiiiiiite ettt e e e e e et e e e e e et e e e e e e e e nenneeeeas 219
Transferring a Workspace from APLGBA...........oeiiiiiiiiiiiieeeeeeee e 220
Transferring a WorkSpace t0 APLBA...........uuiiiiiiieiieeeieeeee et eeeeees 220
TranSTerring FIleS WItBLT ... ... e e e e e e e e e e s e et e et e e e e e s nnnbreeaeeeas 221
FUNCLION RETEIEINCE SLT.....ciiiiiiiiiei et e e e e e e e e e st e e e e e e e e nbb e e e e e e e e nnnees 222
Transferring Workspaces between APL2 and ARLBA.............ooo i e e e e e 223
Transferring APL2 WOrksSpaces t0 APLBA.............oooi it e e e e e e e e e e 223
Transferring APL64 WOrKSPaces t0 APLZ........ooo oottt e e e e e e e e e aaaaaaeens 224
Converting Applications from APLHDQS........ooiiiiiiiiiiiie et e s et e e e e e s s ee s 225
APL+ADOS EMS NOLIN APLBA. ...t e e e e et e e e e e e e e e aeaaaaeeaeaesaeesaeessanaennnns 225
Techniques for Converting Printing Routines from APL+PC/DOS t0.ARLBA...........cooiiiiiiiiiiiieie 225
Chapter 9: ErTOr MESSAQES. ... ittt ettt e e e e e e e e e et e a bbb e e e e e e e e 226
SYSEEM EITON MBSSAGES ... ittt ettt e ettt e e e et e e eeaeaaeeeeaaaaasaassaaaa e anannnnbbnbb b beesbesseneseeeeeas 226
APL W EITON IMESSAGES . ... eettttiie et e et ee ettt r e e e e ettt eee e sa e e e e e e eeeeee e et s aa s e e e e e e et eenesbe i a e e e eeeeeeennnnnns 232
Chapter 10: System Limits and CharacteriStiCS...........ooovriiiiiiiiiee e 235

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 9



Chapter 1: Introduction
APL64 Prerequisites

Chapter 1: Introduction

ThisAPL64 User Manudbcumentsthe APL64 System, an APL application development system. This system
operates undeMicrosoftWindows 1L and newer operating systems. The user interface is designed to take
advantage of the benefits of Windows and allows you to develop true Windows applications. This product also
includes control structures as a facility of the APL language for writingtief€, understandable, but still concise
code.

This chapter of this manual describes how to install APL64.
APL64 Prerequisites
1 650 MB free disk space
1 Microsoft Windows 1 and newer

I Microsoft.Net 9 SDK version 9308 (x64)
https://dotnet.microsoft.com/en -us/download/dotnet/thank -you/sdk-9.0.304-windows-x64-installer

The Setup Program

The Setup program does the following:

Installs the files necessary to run APL64 to your hard drive

Installs the APL64 font

Installs the APL64 Grid Control.

Installs the Programming Tools workspaces.

Installs the Examples workspaces.

Configures the Windows Registry to start APL64 when opening a workspace.wiB4 extension.
AddsAPL640 the WindowsStart menu.

=A =4 =4 =4 4 8 =2

Installing APL64

Run the executable file you were instructed to download from the APL2000 Software Downloads Aare£@600 »
Software Downloads Follow the prompts in the Setup prograstarting with the following window:

APLB4_XXXX.XX.XXXX.exe
Start APL64 from the shortcut in the APL64 program in the Windows Start menu.

Modifying the APL64 xAdrmat configuratiorand APLNow32.INles

Optional command line arguments are available in APL64 to tailor your setup to your own configuration and
preferences. Bfer toHelp | Command Line Argumentwenu fordetailedinformation.
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Chapter 2: Working in an APL64 Session
Modifying the APL64 xml-format configuration and APLNow32.INI files

Chapter 2: Working in an APL64 Session

When you start APL64, the system opens an APL64 session and places you in the Higt@&PL64 session has the
standard title line you can drag to move the window, buttons to minimize and maximize the window, and a system
menu. It has a menu bar with pulbwn menus, an optional toolbar with buttons for the commands users need most
often, and an optional status line at the bottom of the window.

This chapter describes the various menu choices on the menu bar and explains how you use the features they invok
You can select menu choices in the standard manner by clicking on an item, by highlighting a choice and pressing
Enter, or by pressing thelt’key to activate the menu bar and pressing a succession of menu access keys (letters that
are underlined on the menu titles and menu choices).

Since APL64 uses the Alt key in combination with other keys to generate APL characters, you need to press and
release the Alt key to start a sequence of access keys. Note that pressing the Alt key by itself highlights the first men
choice on the menu barAt this point, you can use the cursor keys or access keys to select the menu options. For
example, if you press Alt and release it and then press H, you see the Help menu. If, instead, you hold the Alt key
down and press H, you get the delta symt#) iq your HistoryPane

Some menu items also have shortcut keys, which are keystroke combinations you can press to select the item directl
without pulling the menu down at all. Access keys and shortcut key combinations are identified on the menus. You
can also select some meiftems by pressing a button on the Toolbar.

When the system begins, you are in an APddgkion You can type APL statements in Higtory paneor the APL
command ling and the system executes them immediately. You can also egliewindows to edit or create APL
functions and variables, and you can open tlebuggero use the debugging facilities of APL64.

When theAPL64 sessidpegins, you are also typically imarkspace. A workspace is an APL construct; it is basically

an arena in which you are operating. All the variables to which you assign values and all the functions you define
exist in the workspace. You can save current work at any time by saving spaoek You can perform new work in

a clear workspace, or you can load a saved workspace into an empty workspace to resume the work you had saved.
You can load an existing workspace to replace an active workspace, and you can copy an existing workspace or
objects from an existing workspace into an active workspace. If you want to save programs or data independent of a
workspace, you can use files.

In an APL64 session, you can manipulate some things that are outside the workspace. Writing to a file, opening a
communications connection to a network, or creating a graphical user interface to Windows are all manipulations of
external objects. You camrite and save APL functions that create the external connections anckete them by

simply running the functions when you reopen the workspace.
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Chapter 2: Working in an APL64 Session
APL64 Session Window Overview

APL645essioiwWindow Overview

(&1 APL64: CLEAR WS - | X

Eile Edit Session Objects Tools Options Help
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Debug: CALC[1] * += < |State Indicator += ¥
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37«3 <Q
biZel e
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)
#X =X 5 #Y & X 3 VCALCT =X 5
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0 1 2 0ABCD 0iCALC1 X m
01 2 3 ® 1I+1 o2
1s 5 6 27«2 . . 8

Variable editor Variable Editor for text 3:23 Function editor v
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Chapter 2: Working in an APL64 Session
The History Pane

The History Pane

The Historypane is the location where you can type APL statements in immediate execution mode, and at the same time it is a
record of what you have done in the session

You start with the selection cursor at a-space indent; if what you type results in output, the output displays starting with no
indentation. (Some APL constructs, nested arrays for example, have initial spaces.) You can scroll thHisgintipaneo
make use of previous work.

If you place the selection cursor on an earlier line and press Enter, the system copies the line to the bottom of thesdssion
executes it. The system displays any output following the copied line. You can also edit a line of the session. Whss you p
Enter, the system copies the changed line to the session command line, executes it, and restores the earlier lineitalts orig
state. You can also select text to Copy and Paste to the session command line.

Many of the menu choices have equivalent commands you can type to perform the action. See the descriptions of commands
in the System Commands chapter in this manual.

Timestamps that display in the APL64 session are now provided in a format consistent with your settings in the Time and Date
tabs of the Regional Settings dialog in the Windows Control Panel. This means you will get either the default time format fo
yourlocation in the world or the customized format that you have selected. For purposes of APL, you can choose between the
short date format and the long date format with tik@le | Emit Timestamps in Long Date Fornmaenu.

You can increase the size of the font in your APL64 session by movingighthafthe selection on the&session | View Scale
APL Textnenu or the Ctrl and mouse wheel forwarfou can also reduce the size of the font by moving tdefteof the
selection on theSession | View Scale APL Texénu or the Ctrl and mouse wheel backward.

The APL64 session recognizes mewkeel events. This means you can go to the Control Panel/Settings/Mouse and: turn on

the wheel; choose the direction; specify the number of lines per click; or scroll a screen at a time. You can alsd&urn on t
wheel lutton and get various behaviors that depend on your mouse driver, as you could previously. In addition, some wheel
mouse drivers have a Universal Scrolling option that converts mouse events to keyboard scroll events. These may also work i
the session, ad they may have previously. APL64 does not support the panning facility, although you may get the effect of this
working because of Universal Scrolling.

You can choose a caption for your APL64 session. The system function objecaptisreproperty that you can set. The
caption appears in the title bar to the left of the workspace path. This is particularly useful when you have multiplessessi
running.

Syntax coloring and left margin glyphs are optionally available in the classic history pane. The new left margin d¢lta glyph
indicates if a line in the classic history has been+eskted butnot executed. The enhancement is configured with the menu
Session | Classic History Format | Show Syntax Coloring When Editable

Note:

1 The delta glyph will be displayed in the editable classic history for a blank line inserted with the Ctrl+Enter shortcut.

1 The delta glyph will not be displayed in the editable classic history on the last line of the history if that line comains n
only space characters.

1 The delta glyph will not be displayed in the editable classic history if a history line {editeet and immediately executed
and the line was not previously a delta line.

1 Example: User editing of the output of an APL executable expression
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Chapter 2: Working in an APL64 Session
History Pane Glyphs in APL64

User executes: 2 36 [Enter] in the classic history pane:

J# APL64: CLEAR WS — O %

.Eile Edit Session Objects Tools Options Help

I REFESET YL TR
& o 2 3p1é

1 2 3

L 5 6

[FEI % B

dl] |3

Ready | | [Hist: Ln: 3 col: &|Ins |Classic| | | EN_us |[mew!l

User modifies rows 1 (replace 3 with 4) and 2 (replace 6 with 9). “The left rriargin delta glyph marks rows 1 andé&désdiser
rows:

| 2 APL64: CLEAR WS — O *

-Eile Edit Session Objects Tools Options Help

IFREd&8 TR =2¢X DS |[Ma. i i i,
0! 2 3p16

2
5

[

d
AN -
A 9

W M e
r

d=] |

Ready | | |Hist: Ln: 2 col: 6|Ins |Classic]| | | EN_us ||new!

History Pane Glyphs in APL64
In the APL64 history pane the glyphs on the left of each line of text indicate the executed status of that line:
Glyph Description

<||:” Statement executed by the interpreter

Programmetentered text which was not executed

None Output which is the result of interpreter execution
Not executed, with syntax error

Executed, with syntax error

Interpreter caltback statement which was executed

N 4
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Chapter 2: Working in an APL64 Session
Unicode Aware

H Indicates line included in a multhe APL64 executable statemen

! Indicates last line in a mulliine APL64 executable statement

Unicode Aware

In contrast to APL+Win, any Unicode code point may be displayed in APL64. This Unicode 'aware' enhancement in APL64 ref
to the ability to render Unicode codepoints to the display, printer, etc., by including such Unicode code points in displayab
APL@ variables. In APL64 the rendering of Unicode code points relies on the APL385 Unicode monospaced font to properly

render Unicode code points.

The Unicode 'aware' enhancement in APL64 does not imply th&¥ contains all Unicode code points.AVis a weldefined
list of Unicode code points which does not contain all Unicode code points.

For Unicode code points that are inAV, they may be used by indexing intoAV. This is a ‘convenience' property ofAV. For
those Unicode code points which are not inAV, the code point must be provided by the APL programmer in the form of an
APL variable which can then be rendered by APE®4.example:
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Unicode Aware

57! APLB4: CLEAR WS —
Eile Edit Session Objects Tools Options Help
ERLSDE=2¢ A DoSMES. ! RIS
HGRORONORFNEINEE | § NSPR s A I b v B
P o OucsO<Qucs '@
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2: 4
<HH| ((1pOAV),[1.5]0AV),0UCS DAV

yo1 0

5 2 € 65533
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7. 4 e 9079

8 5 ¢ 8900

9i 6 168
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11 8 7

12 9 = 8

13; 10 9

14 11

15 10

16, 12 < 8834

17 13 ~ 12

18 14

19! 13

20 15 = 8835

21 16 © 9055

221 17 & 229
Ready | | |Hist: Ln: 3 Col: 0|Ins |Classic|

[ num | EN_us

Alt+NumCodes Support in APL64

The APL64 history formats, function editor and variable editor support the entry of ALT+#### codes to render Unicode
characters which are not directly accessible by the keybolliate: The virtual OrScreen Keyboard is not supported.

To use this feature

(a) Place the keyboard focus on the desired APL64 pane
(b) Depress and hold the Alt keyboard key

(c) Use the numeric keypad to enter digits

(d) Release the Alt key

The programmesentered digits are interpreted by APL64 as the decimal Unicode code point for the desired glyph.

For example:
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Chapter 2: Working in an APL64 Session
Selection of Linear or Rectilinear Text Blocks in Function Source Code

%2\ APLE4: CLEAR WS =] — O %

Eile Edit Session Objects Tools Options Help
PR S DE=9¢ % Do% e s, D oLk
HURORONGICREINRE | § 2P A En N Rk

. =

<F o 'Q' A Alt+NumPad 937: Greek capital omega
1iQ

<g 2 'Q" A ALt+NumPad 8486: Ohm units
3:0)

oy 'd' A AlLt+NumPad 9035: GradeUp (Delta stile)
54

<P 6 Oucs 937 8u86 9035

j 7:Q04

K¢ s, Jucs ‘004’
9:937 8486 9035

Ready | | |[Hist: Ln: 10 Col: &|Ins |Classic| | Num | EN_us

For more information about Unicode code points, see hatgas://www.codetable.net/

Selection of Linear or Rectilinear Text Blocks in Function Source Code

The APL64 session (editor and History) also supports linear or rectilinear text block selection. The Shift + Curseskeystrok
select a contiguous, linear block of text in the source code of a function being edited. The Alt + Shift + Cursor keg&itbkes
contiguous, rectilinear block of text in the source code of a function. Selected text may be deleted ipastetdpied.
Replacement by paste or drag & drop is supported within a rank 0, 1 or 2 text array.

Select a rectilinear block of function source code text:
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Chapter 2: Working in an APL64 Session
Selection of Linear or Rectilinear Text Blocks in Function Source Code

V APL64 Project: CLEAR WS = a X
File Edit Session Objects Debug Tools Options Window Help
VNums @ X =
Edit
0 Nums
1
2 71 72 73 74+ 75 76 77 78 79 80 81 82 83 84 85 86
3 127 128 135 136 137 138
4 175 176 183 184 185 186
5 223 224 231 232 233 234
6 271 272 279 280 281 282
7 319 320 321 322 323 324 325 326 327 328 329 330
8 367 368 369 370 371 372 373 374 375 376 377 378
( )
|Hist: Ln: 9 Col: 53] Ins | | |

Delete the selected block of text from the function source code:

V APL64 Project: CLEAR WS - O X
File Edit Session Objects Debug Tools Options Window Help
VNums o X v
Edit

0 Nums

1

2 71 72 73 74+ 75 76 77 78 79 80 81 82 83 84 85 86

3 127 128 | 135 136 137 138

L 175 176 | 183 184 185 186

5 223 224 | 231 232 233 234

6 271 272 ' 279 280 281 282

7 319 320 321 322 323 324 325 326 327 328 329 330

8 367 368 369 370 371 372 373 374 375 376 377 378
C — )
o [ New Row |

Hist: Ln: 9 Col: 53 |Ins | | |
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Editors Pane

Select a new location in the function source for the text in the Windows Clipboard:

V APL64 Project: CLEAR WS - m] X
File Edit Session Objects Debug Tools Options Window Help
VNums o X =
Edit
0 Nums
1
2 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
3 127 128 135 136 137 138
L 175 176 183 184 185 186
5 223 224 231 232 233 234
6 271 272 279 280 281 282
7 319 320 321 322 323 324 325 326 327 328 329 330
8 367 368 369 P70 371 372 373 374 375 376 377 378
( )
.l | New RowI
[Hist: Ln: 9 col: 53| 1Ins | | | )
Paste the block of text in the
Windows Clipboard in the function source code at the selected location:
V APL64 Project: CLEAR WS = O X
File Edit Session Objects Debug Tools Options Window Help
VNums @ X =
Edit
0 Nums
1
2 71 72 73 7% 75 76 77 78 79 80 81 82 83 84 85 86
3 127 128 135 136 137 138
4 175 176 183 184 185 186
5 223 224 231 232 233 234
6 271 272 279 280 281 282
7 319 320 321 129 130 131 132 133 134322 323 324 325 326 327 32
8 367 368 369 177 178 179 180 181 182
9 225 226 227 228 229 230
10. 273 274 275 276 277 278370 371 372 373 374 375 376 377 378
( )
.I I New Row
Hist: Ln: 9 Col: 53 Ins | | |

Editors Pane

TheEditors pane is a session display facility that displays the edit windowsi&ting and neviunctions and

variables The Editors pane section of the main window and the History pane section of the main window are shared

depending on the position of the GridSplitter Bar between these sections. Dalithkéng the left mouse button on
this GridSplitter Bar will alternatelpinimize/maximize the Editors pane section of the main Window. The user may
manually drag this GridSplitter Bar to any intermediate position to share the space proportionally between the

Editors pane and History pane sections of the main window.

The layout of the Edit@pane is controlled by th®bjects | Editors Pane Formahenu
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Editors Pane

Layout: | Editors Cascaded v
Open Non-modal Object Editor In Prior Location

AutoHide Tabs Location: | Left “
Maximum #AutoHide or Tiled Editors:

New Editor AutoHide Minimum Height:

Minimize Editors Pane Area When All Editors Are Floated

Maximize Editor or History Pane

TheLayoutprovides the following options: Auto Hidden, Cascaded (default), Tiled Horizontally, Tiled Vertically and
Floated.

Floating a Pane
Anypanecan be floateby dragging the pane’ eg.,thalebug and Statecindidatospanes d

I APLE4: CLEAR WS - o * Debugger Pane 0
File Edit Session Objects Tools Options Help HN» & Sl
IFRLY & DA DD M n S _im W et 0 ‘CALEL X
=12+
2 1.2
x = X = |4 = X = VCALCI & X = |v = X = 3 1+3
. o T . o " . - 4 Zeb
AL S D LU S S S ORI = B T = s HAX& i i,
o1z 0 ‘abcd 0 CALC1 X 0
o1z 3 @1 7+
14 |5 6 2 1«2
3 1+3
b Zek
10:0] 1] [o:0] 10:0]
[ )s1
110 cALCif1] » -1 State Indicator ~a
2 [Imm] CALC1 100 FF4142
= CALCI[1] *
= [Immediate Execution]
B \
Suspended (Callbacks disabled) || |emd: in: 0 Got: 0 | crassic | cap |

A floating pane may be docked by wusing the pane’s t
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Editors Pane

State Indicator

POt 44

o CALC1[1] *
b [Immediate Execution]

Float

Dock

Dock as Tabbed Document
Auto Hide

Hide

Af l oating pane may al so be docked by
and dropping the pane onto a selected docking location:
File Edit Session Objects Tools Options Help
FRY&DE =2 D e, DR GI ) im e ]y 4]
[ 3 On
State Indicator L=
IR
clearcip D
’ [Immediate Execution] 2
#X £ X T #Y v + X 5
1 12:5 O S SR D A X e i
0o 1 2 0 0 :
0123
14 5 6
[0:0] | [0;0]
0 < )ST
1 CALCI[1] = Z+1
2 [Imm] CALC1 100
H=

Suspended (Callbacks disabled)

Editing a Function

‘Classi: | Cap |

dragging the

The system identifies a function edit window with a leadiie (1) in the edit window's tab.If there is text on the
header line, the system derives the function's name from the header and the name also appears id the  w i
tab. The system places you on IieX, the header line, for a new function.

pa

ndo

You can type any available character in a function window. If you press Enter when the cursor is at the end of a line,
the system places you on a new line and displays the line number at the left of the window. If you press Enter in the
middle of an exisng line, the system begins a new line with the text at the insertion point and renumbers every line

below the spot where you pressed Enter.
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Editors Pane

You can use the text editing functions on the Edit menu to help you write more efficiently. See the description of the
Edit menu later in this chapter.

Editing avariable

The system identifies eariableedit window with a leadingpound sign (#) in the edit window's tab.If the variable
already has a name, the name also appearsirettti t wi ndow’ s t ab

You can use theariable edit windowo modify existing text strings. For example, if you want to add a new code in
the middle of a string of twéetter state codes, you can open the variable in the vector Edit window, type the new
characters in the string, and save the variable.

You can create and save a new text string as a variable. For example, you could type the text for a footnote, save it
a variable, and append it to the end of a report.

If you press Enter, the system places you on a new line, but the variable is stitdenmeresional vector. The newline
character go”i g) is one element of the vector.

Whatever you type in theariable edit windows character data. If you type numerals, each digit is an individual
character.

You can use the APL64 system functi@m to convert a character representation of a numeric vector, with spaces
between the numbers, to a numeric vector. You can use the APL primitive function Fgjrtatonvert a numeric
vector to a character vector with spaces.

The Comment and Locali@ptionsin Toolbar

VENT * 0O X
FRYd. IAAX &332 DX DBER MAR|P Ve@d® as ] 162
[ 0!
|[0;3] Commit Changes| Ccmmit&C\ase:

Comment(Ctrl+/) and Uncomment Ctrl+Shift+) actionsare availablen the toolbarwhen you aren a function Edit
window. The Comment toolbar buttof # ) adds a comment to the beginning of the currdinie orselected lines. The
Uncomment toolbar buttor{®) removes the comment from the beginning of the current lineselected lines.
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Inserta starting inline comment(Alt+Shift+2) and Delete a starting inline commen(Ctrl+Alt+Shift+2 actions are
available in the toolbar when you are in a functiaditBvindow. Thdnserta starting inline commenttoolbar button
(¥) adds an inline commento the beginning of the cuent line or selected lines. The Deletstartinginline comment

toolbar button ("*"-) removesthe startinginline comment from thebeginningof the current line or selected lines.

Insert an ending inline commenA+Shift+X) and Delete a endinginline comment Ctrl+Alt+Shift+X) actions arealso
available in the toolbar when you are in a function Edit windd@le Inseran endingnline comment toolbar button
(®) adds arendinginline comment to theend of the current line or selected lines. The Deletesading inline

comment toolbar button '\'“"'-) removeshe ending inline comment from the end of the current line or selected lines.

Thelnsert CPC IntelliSenSeaffold (Ctrl+Alt+) actionis available in the toolbar when you are editin@BGublic

function in a function Edivindow. TheCIS (CPC IntelliSense Scaffldlpar button (%) inserts thelntelliSense
scaffold into the firsthree lines ofthe functionEdit window

Localize Ctrl+1) and Sort Local€frl+Alt+) actionsare also available in the toolbar when in a function Edit window

11111

This feature applies to system variables, names quoted in strings, and names in comments. If you attempt to localize
names that you should not, the system generatesaor message; this applies to system functions, reaty system
variables, undefined quadames, labels, and strings that do not count as names such as numbers or symbols.

1 To localize a function or variable, place the selection cursor on the name and select
Localize from the Options menu. The system adds the function or variable name to
the end of the function header.

1 To make a function or variable global, place the selection cursor on the name and select
Localize from the Options menu. The system removes the function or variable name from
the function header.

1 Two styles of localization lists are supported. You can separate each nhame by a semicolon
as in APL+Win or you can use just one semicolon at start of list and remaining local names
can be separated by whitespace. The latter option is enabled by the system menu option
Objects | Function Editor | White Space Local Variables

To sort the localized namedlickthe Sort Localsolbar button("'-‘-'f ) or the menu option
Objects | Function Editor | Sort Local Variables
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The File Menu

The File Menu is the tool for controlling major steps in your APL64 session. You can perform the following functions,
some of which have options. From the File Menu, you can:

=2\ APLG4: CLEA

File | Edit Ses:
£ oad. Ctrl+Shift+L 3 =
Xload... Ctri+5hift+X ;

0:
!. Copy... Ctrl+5hift+C 1
Pcopy... Ctrl+Shift+P 252{12
'j Save Ctrl+Shift+5
Lﬂ Commit and Save Ctrl+Alt+5hift+C
Saveds.. Ctri+5hift+A
Drop... Ctrl+5hift+D
W= Print.. Ctrl+P
Print Options ]
Exit Alt+F4

Recent Workspace Ids:

#Recent Workspace Ids To Retain:
—-—-—-—-——. R A |

Clear the Recent Workspace Names List

¥Load Selected Recent Workspace

Emit Timestamps in Long Date Format

Load a Workspace

When you select Load from the File menu or prég$+Shift+l.you loadan existing workspace. The system opens a
window where you can type or select the name of the workspace you want to load. You can use this window to find
any workspace that is accessible on your disk or network.

The system opens the workspace as it was last saved in a previous session. This includes all the functions and
variables defined in that session including any functions that were interrupted during execution. The title bar of the
History pandlisplays the name of the workspace.

Xload a Workspace

By default, the system displays the name of the workspace, the library designation, if any, and the time it was saved.
If a latent expressioni@s) is defined, the system executes that expression. If you want to load a worksjihoet
running the latent expression, select Xlo&tr(+Shift+X.
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Copy a Workspace

When you select Copy from the File menu or pi@g$+Shift+Cyou copythe functions and variables of an existing
workspaceanto your active workspace. The system opens a window where you can type or select the name of the
workspace you want to copy. The system copies the workspace you select into the current APL64 session. In doing
so, the system replaces any functionsvariables that have the same name in both workspaces.

Pcopy a Workspace

If you want to copy a workspace without replacing any functions or variables that exist in the current workspace,
select Pcopy (Protected Copyr pres<Ctrl+Shift+P The system copies the workspaaa select into the current

APL64 session except for any functions or variables that have the same name in both workspaces. The system lists
any obijects it did not copy.

If you want to copy selected objects from a workspace, use either of the system comicapgior )pcopyvith
appropriate arguments.

If you change directories using the Directories: box on Load, Xload, Copy, or Pcopy dialog boxes, the system update
the current folder setting to reflect your selection. The next time you display the Load, Xload, Copy, or Pcopy dialog
box, the Directoris: box displays the folder specified bychdir.

Save a Workspace

When you select Safeom the File menu or pregstrl+Shift+Syou savehe current workspace. If you already
named the workspace or if you loaded a workspace from storage, the system saves the workspace under the same
name.

If you did not name the active workspace, the system places you in the Save As window where you see the names o
existing workspaces and can type the name under which you want to save and store the current workspace. If you
select a name that is alreadyorkspace name, the system prompts you to confirm that you want to replace the
existing file.

If you want to save a named workspace under a different name, select S&@mithe File menu or press

Ctrl+Shift+A You specify a new name for the current workspace. The workspace under the existing name remains a
it was when you loaded it or when you last saved it during this session. The workspace with the new name you
specify includes everything that existstlive workspace as of the time you select Save As.

Drop QOelete) a Workspace

When you select Drofsom the File menu or presstrl+Shift+D you delete an existing workspatfike that is stored

on disk. The system places you in a window where you can type or select the name of the workspace you want to
drop. You can use this window to find any workspace that is accessible on your disk or network. When you specify
the workspacethe system prompts you to confirm that you want to delete the file; once dropped, a workspace
cannot be restored. (It does not go to the Recycle bin.) If you specify the name of the workspace that is currently
active in your APL64 session, the systeretis the stored workspace file from your disk, but it does not change the
contents of the current workspace.

Print Contents of a Session

When you select Prirftom the File menu or pressStrl+P you can printhe entire contents or a highlighted portion
of the contents of the APL64 sessimnthe current editing window.

Note: Sme printersmay requireaddingtheMi cr osoft XPS Document Writer prir
present. This step can be performed in the Windows features setting as demonstrated :below
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[Fl Windows Features = O *

Turn Windows features on or off Q@

To turn a feature on, select its check box. To turn a feature off, clear its
check box. Afilled box means that only part of the feature is turned on.

B Media Features

" Microsoft Defender Application Guard
Microsoft Message Queue (MSMO]) Server
Microsoft Print to PDF

Microsoft XPS Document Writer

MultiPoint Connector

=
N ] Jmj

Print and Document Services

BB

Remnote Differential Compression APl Support
Services for NFS

Simple TCPIP services (i.e. echo, daytime etc)
SMBE 1.0/CIF5 File Sharing Support

SMPB Mirect

When printing, APL64 will detect whether the uselected printer is not XPS compatible and provide the user the
option to continue or cancel printing:

=]

(]
0

APLB4
o Printer is not XPS compatible: Fax
Click OK to continue (Explicit pagination will be performed)

Do not show this message again OK Cancel

If the user clicks OK to continue printing, be aware that APL64 will explicitly paginate the document to be printed and
transmit it to the user selected printer with one or more of the following conditions:

(a) printing performance for large documents may be reduced

(b) glyphs which are not supported by the printembedded fonts may not be rendered correctly

(c)the temporary file containing the paginated document cannot be automatically deleted by the system

Print Options

Exit

Printing is supported with or without syntax coldrem the menuFile | Print Options You canalsospecify the
margins to be used on the printed paffem the menuFile | Print Options | Margins You can also specify whether
to display the message when the printer is not XPS compatible from the FiEnpPrint Options | Show Message If
Printer is NotXPS Compatible

When you select Exit from the File menu or prA#sF4 you close the active APL64 session and return to another
application or to Windows. If you have unsaved changes in an Edit window, the system prompts you to confirm the
exit. Optionally, you can also have the system prompt you on everwithia message that this will end your APL64
session. Sethe Session | Confirm Exinenu

Recent Workspace Ids

Displays a list of the most recently used workspadd®e system remembers this list between B®&essions.To
load one of these workspaces, select the workspace name from the bottom of the niéreusystem loads the
workspace and executedx.
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Clear the Recent Workspace Names List
When clicked, the workspace names in Recent Workspace Ids List will be cleared.

XLoad Selected Recent Workspace

When checkedworkspaceselected in the Recent Workspace ldswit be XLoad.

Emit Timestamps in Long Date Format

When checked, the timestamps associated with loading, saving, copying, dropping workspaces and seskign
display timestamps in the long date format.
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The Edit Menu

The Edit Menus the tool for making keyboard entry more efficient.

Undo an action

Redoan action

Perform text processing actions

Locate and replace existing material
Specify the APL font for editirajd printing
Insert and manage APL idioms

Match left and right parentheses in expressions
Recall lines you recently executed

Insert or delete stops and traces

Insert, delete or navigate to bookmarks
Add or delete inline comments

= =4 =4 =4 4 =8 a8 a8

From the Edit menu you can:
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k} Unde Ctrl+Z
Q' Redo

5 select Al Ctrl+A
X cut Ctrl+X

DB Copy Ctrl+C
¥ | Copy/Cut Entire Line Without Selection

Gather Ctrl+Shift+G
% Paste
Delete Del

# sind.

& %
F Y Find Mext
‘.E'l. Find Previous

Replace... Ctrl+H
#ltems in Find List to Retain:

EDSS Column Header Is R1:C1 Cell Reference Style
Find in Functions in Workspace...

APL Font: APL385 Unicode ~

Use Legacy Whole Word & Token Algorithm

Use Legacy Find Match Highlighting

Enable Legacy Virtual Space in Text Editor

Enable Legacy Scroll Below Text in Text Editor

APL Idioms ¥

Match Glyphs »
APL Statements from the History L4
Stop and Trace »

Bookmarks 4

Add Inline Comment ¥

Delete Inline Comment k

Undo an Action

When you select Undo from the Edit meaupressCtri+Z the system restores the object on which you are working to
the state that preceded the last action. When you are editirgharacter object, if you last performed a Cut, you can
select Undo to replace the material you highlighted and removed. If you last performed a Paste, the system removes
the inserted material. If you last typed one or more characters, the system resitbe characters you typed.

If you are working in the numeric Edit window, Undo restores the last number you changed by typing, but it does not
remove numbers you inserted by using Paste. It does replace the last row or column you deleted.

You can select Undo again to restore the last action.
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Redo an Action

When you select Redo from the Edit memupressCtrl+Y, the system reverses the undo to restore the object on which
you are working to the state that preceded the last undo action.
Select All

When you click on Select #ibm the Edit menuwr pressCtri+A the system highlights the entire contents of your
session or Edit window. You can then perform another action on that block, for example, delete it.

Cut
When you highlight a block of text and select €ain the Edit menwor pressCtrl+X the system removes the text. The
system saves the text to the Windows clipboard so you can Paste it in another location. You cannot use Cut in the
numeric Edit window.

Copy

When you highlight a block of text and select Corpyn the Edit menwr pressCtrl+C the system saves the text to the
Windows clipboard. You can Paste it in another location. You can Copy a block of numbers in the numeric Edit
window.

Copy/Cut Entire Line Without Selection

Thisoption allows you to choose the behavior fGopy Ctrl+C) and Cut Ctrl+X when no text is selectedn a
line. When checkedfiyou choose Copgr Cut on a linethe system retains the behavior that whatever is on the
current line is copiedr cutto the clipboard when you presstrl+Cor Ctrl+X respectively

Gather

When you highlight a block of text and select Gatinem the Edit menuwr pressCtrl+Shift+Gthe system copies to

the Windows clipboard all the lines within that highlighted block that were executed in the session. You can then Paste
these lines in another location. For examples, you could paste them at the bottom of the session to facilitate
examination or reexecution; to a function edit window; or to another application for documentation.

Paste

When you select Pasfeom the Edit menuwor pressCtrl+V, the system inserts the last block of text you saved to the
clipboard by a Cut, Gather, or Copy action. You must move the selection cursor to the location where you want to
insert text before you select Paste. You can Paste a block of numbers in tleeie&dit window that you saved to the
clipboard with Copy.

Delete

When you highlight a block of text and select Delieten the Edit menuthe system removes the text without saving it
to the clipboard.

Find
When you select Finfilom the Edit menwr pressCtrl+F, the system openthe Finddialogthat allows you to identify

the text you want to locate. The Finlialoguses an Edit box to define the search target text. The number of entries
retained are controlled from the menkdit | #ltemsin Find List to Retain

You can optionally make the searchse sensitive TheMatch Case (match case or cassensitive) selection is
independent of the search type, except that when you do a token search, strings such as system functions, system
variables, and control structure keywords are always éasensitive.

You also have the option to specAPLTokens. This option li&e the Complete Word option in Find actions in other
applications. If the system locates the text you specify as a unit, it stops. If the text exists as part of a long#érestring
system does not stopNote: See the menu optioblse Legacy Whole Word & Token Algoritior additional

information.
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There are two norioken search types: whole word and match substrings. One important difference between a token
and a whole word is that a leading colon is part of the text for a token, but it is a separate entity when matching a
whole word. Thus, searaig for the token "end" will find "end" but not ":end"; searching for the whole word "end"

will find it in both places Note: See the menu optioklse Legacy Whole Word & Token Algorittior additional
information.

If you perform a Find action on the previous paragraph for the letters "stop" with the Tokens option not selected, the
system locates two instances: one as part of the word "stops" and the other at the end of the paragraph. If you
perform the same searchith the Token option selected, the system locates only the instance at the end of the
paragraph.

A tokenis an APL syntactic element. It can be a primitive symbol, a system function or variable, a control keyword
(such agda), a userspecified name, or a character string. You can also search for a string of tokens or for multiple
tokens with embedded spaces. Tokens follow APL syntax rules fes@asigivity. System functions are not case
sensitive, but user names are;efefore,US=andudr \ are the same token, bus= andr\ are different tokens. You

can search for the backslash character in the text lines below, for example. The system locates each slash in the
workspace designations.

JLOAD C: \ APL\ TEST
"C: \ APL\ TEST.ws64" LAST SAVED 7/23/2022 14:12:48

You can also search for the token stridgLH, and the system finds both instances. In this case, the text matches the
token string because the leading backslash is itself a token and the backslash following delimits the string of letters
("=LH"). If you search for the tokeWEL, the system provides a message that it did not find the text string.

Characters that can be part of an individual string include the uppercase and lowercase letters of the English alphabet,
numerals, and the characters that can be part of the names of APL objects, which include thé )dd¢ita (nderscore

(2), and deltaunderscore §). All other printable characters, including accented letters, punctuation marks, arithmetic
symbols, and symbols particular to APL, are each a separate token. Spaces are a special case.

Spaces delimit tokens, so you can find the wdddRA@ as a token in the example above. You can also have spaces
within a token string. For instance, you can find the stri@gRA@ . . " in the text. The system ignores multiple
consecutive spaces within a token string. If the system fildRRA@ . . " in the text, it treats it as a match with

the token 'O=RA@ . . ".

If you are in the numeric Edit window, you can search for a number in the matrix. The options feenaiwity or
tokens are not available.

Find Next (Search Down)

When you select Find Neftbm the Edit menwor pressF3 the system repeats the Find action using the same search
text and options you last specified, except that it assumes the search direction is down. This is the same action you
perform when you push the Find Next button on the Find window, but you caiomethis action without reopening

the Find window.

You can also search for the tok#re cursor is on by pressirgtrl+F3 There is n@orresponding menu itemNote:
The Finddialogmust be opened then closed to cancel the find highlights. This is analogous to Visual Studio.

Find Previous (Search Up)

When you select Find Previofrem the Edit menwor pressShift+F3 the system repeats the Find action as though you
had selected Up for the search direction. If Up is selected, this choice still searches up. You can search up for the tok
the cursoris on by pressingtrl+Shift+F3

Replace

When you select Repladem the Edit menuwr pressCtrl+H the system performs a combination Find and Replace
action. The Replace dialog uses a ddogyn Combo box to define the search target and replace. t&kte number of
entries retained are controlled from the meritdit | #ltemsin Replacelist to Retain The system opens a window

where you identify the text you want to locate and the text you want to replace it with. You have the same case
sensitivity and Token options in this window that you do in the Find window. You can choose to Replace evesy insta
of located text with one action or to replace the next instance of text that matches the target string.
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EDSS Column Header Is R1:C1 Cell Reference Style
When you select EDSS Column Header ISIREICReference Stylthe column headers in an EDSS worksheet will

displaywithnumber s (1 ..) . When unchecke than BDBESworksheettandwill r e f
displaycolumn headersvith| e t t e rwhich(isRhe default behavior.

Find In Functions in Workspace

When you select Find in Functions in Workspace, the Find Text in Workspace Function window appears. See Using F
in Functions in Workspace ktelp | Developer Version GUlUsing Find in Functions in Workspaaagnu for details
on how you use this window.

APLFont
This optionikts the currenfont for APL editingnd printing

Use Legacy Whole Word & Token Algorithm

When you select Use Legacy Whole Word & Token AlgorttierAPL+Win algorithm will be usédthe Finddialogfor
the Whole Word and APL Token matchomionsand APL64 will behave like APL+Wivhen unchecked, the APL64
algorithm will be useéind APL64 may behave differently from APL+Win.

Use Legacy Find Match Highlighting

When you select Use Legacy Find Match Highlightinly, the current match will be highlightdike in APL+Win This
option provides fast performance when searching extremelgdaource documentsWhen uncheckedall matches
found will be highlighted, which is the defabihavior

Enable Legacy Virtual Space in Text Editor

When you selecEnable Legacy Virtual Space in Text Editercaret may be placed to the right of existing text in
‘“virtual space’ . Entering text in virtual spaces wil/l
option only applies to the classic history pane, the command line,uthetion editor and pure text elements in the

variable editor. The default is not checked.

Enable Legacy Scroll Below Text in Text Editor

When you selecEnable Legacy Scroll Below Text in Text Edliigrpossible to vertically scroll the existing text in the
pane to display empty, neaditable, white space below the existing text. If not checked, the visibility of the existing
text will be maximized. This option applies to the classic history panetibn editor and pure text elements in the
variable editor. The default is not checked.

APL Idioms

The Idioms Manager is a programmer productivity tool to enable the deployment of APL idioms

into APL64based application systems. An APL idiom is text which represents frequently used APL

statements. The APL idiom may contain complete APL executable statements or may require additional

APL programmer input to become APL executable statements. An option is provided to specify the

placement of the caret when the idiom text is inserted into a function editor, variable editor, command

line or editable classic histaryseeUsing Find in Functions in Workspacélilp | Developer Version GUI | Using the
Idioms Managemenu for details on how you use this window.

Match Glyphs

TheFind Matching Glyphs aridatch andFind and Tag Matching Glypbtions enable you to find a matching
parenthesis, bracket, or quote in an APL expression. For example, you can Egalfilatching Glyphoption to

ensure that you have a matching close parenthesis for every open parenthesis in an expression and vice versa. In
addition to matching parentheses, brackets, or quotes, Fived and Tag Matching Glypbigtion highlights the
expression between the two delimiters.

Warning You can find matching nested delimiters except when the outer delimiters are quote marks. Since any
expression may belong within a quoted string, including those with unmatched parentheses, this facility does not work
within quotes. You can find maticiy quotes nested inside parentheses.
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To find a matching parenthesis, brackgtiote mark, or double quote mark:

1. Position the selection cursor immediately to the left of the delimiter you want to match. The selection
cursor can be at either the opening or the closghgph For example, you can position the selection cursor
to the left of either an open parenthesis or a close parenthesis.

2. Select therindMatching Glyphsption from the Edit menu or presstrl+M, Ctrl+J If you want the system
to locate the matchinglyphand highlight the text enclosed in those symbols, selectRimel and Tag
Matching Glyphoption instead or pres€trl+Shift+M, Ctrl+Shift+J

If the system finds a matchirgdyph, it moves the selection cursor to the left of thglyph If the system cannot locate
a matchingglyph it beeps and does not move the selection cursor.

Note: You can also locate unmatched parentheses, quote marks, and brackets using syntax coloring. For more
information, see the description of the Cotaption on the Options Menu.

APLS Statements from the History

There are several options on the Edit menu that allow you to recall one of theddstes (and as many as

. ,- - - & you executed and display it in thdistory pane When you recall a line, the system displays it on the line
containing the selection cursor. The recalled line replaces any existing text on that line. When you find a line, the
system moves the cursor to the location in the session where the lineexesuted.

Y The Recalprevious executed lineption displays the lines you executed in reverse order. Each time you
select this option or press9 the system displays the line it executed just prior to the line being displayed.
If you recaltoo many lines, you can use the Recall next option to move forward in the list.

T The Recalext executed lin@ption displays the lines you executed in the order you executed them.
Each time you select this option or pre3kift+F9 the system displays the line it executed just after the
line being displayed.

The Execution Histomyption (Ctrl+F9 displays theExecuted Statements Histowindow whereyou can

select the line you want to recalllhe Executed Statements Histarindow uses toggle buttons to select

the target and statement type. A toggle button has a current state which isagdected from the

available states by single clicking the toggle button multiple times until the button content displays the
desired state. Tétargetstatesthat areavailable Clipboard, History, Command Line, and UTF8 Text File.
The statement typethat areavailable All Stmts All Statement} Result StmtsResult Statemenj)sand

Exec StmtsHxecuted Statemen}s The 'Select Last Statement’' checkbox has been implemented in the
Executed Statements History dialog so that APL64 programmers have a choice of first or last statement in
the list to be selected.

T The Fincprevious executed lineption moves the cursor to the previously executed line so you can see it
in context. Each time you select this option or pra#isF9 the system places you on the line it executed
just prior to the line where the cursor is located. This option is not limite2Dtiines. Note: Not
supported when the Clasditistory format is editable.

T The Finchextexecuted lineoption moves the cursor to the next executed line so you can see it in context.
Each time you select this option or presis+ Shift+FQthe system places you on the line it executed just
after the line where the cursor is locatedlote: Not supported when the Clasditistory format is
editable.

Stop and Trace

There are several optioren the Edit menuhat allow you to set stops and tracés debuggindunctions. Two of the
options allow you to toggle one or more settings. If you select a contiguous group of lines, the action toggles the first
selected line and matches all the others to it. The other optadtosv you toclear all the settings. Note that you can

set an individual stop on a line simply by clicking in the margin.

T The Insert/Remov&TORN selected line(s) optiorCtri+period togglesa stop on the selected line or lines.
T The Remov&TORrom all lines option Ctrl+Shift+period removesall stops from the function.

T The Insert/Remov@RACE on selected line(s) opti@tritcomma togglesa trace setting on the selected
lineor lines.

T The Removd@RACE from all lines optio@t(l+Shift+commaremovesall tracesettings from the function.
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Bookmarks

There are several options on the Edit menu that allow you to navigate through an edit window or the session using
bookmarks. These settings tag a line with a temporary margin marker that allows you to return quickly to the line.
Unlike stops and traces¢hich you can save with a function, bookmapiessist only while a window is open.

i The Insert/Remove bookmardn selected line(s) optiorCrl+F2) togglesa bookmarkon the selected line or
lines.

T The Remove bookmarfkom all lines option Ctrl+Shift+F2removesall bookmarkgrom the window.

1 The Find Next Bookmadption (F2 movesthe cursorto the next line that is tagged with a bookmark and
makes the line visible in the window. This is equivalent to searching down.

T The Find Previous Bookmasktion (Shift+F3 movesthe cursorto the previous line that is tagged with a
bookmark and makes the line visible in the window. This is equivalent to searching up.

Add Inline Comment
These optionsallow you toadd inline commenglyphsthat would behavdiketo C, C++ or C# inline comment
characters* and* to comment out multiline blocks or insert annotations in the middle of executable code.

9 The Start Inline Comment Glypiption (Alt+Shift+2) displaysan opening inline comment glyph Y on the
line.

Y TheEnd Inline Comment Glygption (Alt+Shift+X) displaysam ending inline comment glyph § on the
line.

Inline comments begin and end with glyphs that look somewhat like sideways lamps:
They referred to as opening and closing inline comments, respectively.

Unlike traditional comments, inline comments can optionally be terminated before the end of line using a closing
commendt g1 yph.

If a single opening comment glyph is used without a closing comment glyph, it behaves like a traditional comment and
runs to the end of line:

1020 3040 50 60
10 20

But if you terminate the comment it stops before the end of line:

1020 3040 5060
10 20 50 60

If you use two or more opening inline comment glyphs, the comment block can span multiple lines (e.g., the end of a
function).

Note: The number of contiguous opening inline comment glyphs determines the number of contiguous closing inline
comment glyphs you need to end the comment block; when they don't match, the comment block runs to the end of
the function.

Delete Inline Comment

Theseoptions allow you to deleténline commentglyphs

T The Start Inline Comment Glypbption (Ctrl+Alt+Shift+¥ removes an opening inline comment glyph ©n
the line.

T The End Inline Comment Glyphtion (Ctrl+Alt+Shift+X removesan ending inline comment glyph } on
the line.
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The Session Menu

TheSessiommenuallows you tocustomize the APL64 session.

B APLG4: CLEAR WS

File Edit | Session |

¥ | Standard Toolbar
+ | Status Bar

View Scale APL Text:

History Format: | Classic ¥

History Row Numbers 12
Set OPW Based on Window Width

Maximum #APL Executable Statements in History:

¥ | Use Selected Text on Enter in History

Sequential History Format ¥
Grouped History Format L
Separated History Format L
Classic History Format 12
Display Pending APL Executable Statements

Emit Bell Glyph In Qutput

Suppress Unassigned History Output From Quote-Quad Output

History Output Buffering 4
Rendering Large Output To History 4
Command Line 4
Debug 4
Exit Confirmation Options 3
Configuration Settings 4
APL Virtual Keyboard Ctri+B

Scroll Up History

Clear History shift+Delete
Restore History

Clear Current Workspace Ctri+5Shift+R
ToolTips 4

Active Panes List  Command Line

History

Standard Toolbar
Option to display thestandard toolbar.

Status Bar
Option todisplay the status bar
View Scale APL Text
Option to set thescaling factor which will apply to the function and variable editors, the APL command line, the history
and the Debug and State Indicator panes.
History Format
Option to set the History format in the APLBi$tory. Classic is the default.
History Row Numbers
This has ptionsfor displayng and highlighing row numbers in the APL64 history.
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Set PW Based on Window Width
Option to set  PW based on thAPL64istorywidth.
Maximum #APL Executable Statements in History
Option to set the maximum number of APL executable statements to retain in the APL64 history.
User Selected Text on Enter in History
Option tospecify the result when Enter or Return is pressed in the history pane and there is a selection. When
checkedthe selected text will be used for the Enter/Return action. And when unchecked, the unselected text will be
used for the Enter/Return action.
Sequential History Format
This has ptionsfor the Sequential History.
Grouped History Format
This has ptions for the Grouped History.
Separated History Format
This has ptionsfor the Separated History.
Classic History Format
This has ptionsfor the Classic History.
Display Pending APL Executable Statements
This option specifies when to display a pending APL executable statement in the pending statements list. Note: This
option does not apply to the editable Classic history format.
Emit Bell Glyph in Output
This optiondisplays a bell glyph in the History pane whetcbel is executed.
Suppress Unassigned History Output From QQutad Output
This option specifies when to display the quaotgad output value when assigned to the history.
History Output Buffering
This has options fodisplayingnterpreter outputto the APL64 history pane.
Renckring Large Output To History
This has options for enabling and specifying the size of interpreter text output displayed in the APL64 history.
Command Line
Thishasoptions for the APL command line.
Debug
This has options fattisplayingdebugger panes
Exit Confirmation Options

This has optionto confirm on exit and confirm on exit with the Exit MessageBox displayed in the default desktop.

the Confirm Exit choickas a check mark beside it, the system displays a warning message when you select Exit from
the File menu or enter thioff system command. You must click OK to exit the system. You can turn this option on
and off by clicking on the menu item. If you have active edit sessions open and you did not save your work, the
system warns yowhetherthis option is checkedr not.

If the Confirm Exit MessageBox Location is Default Desktop is checked, the Exit APL64 MessageBox will be displaye
on the main display of the workstation. But if not checked, the Exit MessageBox will be displayed on the main
window of the current APL64 stence.

Configuration Settings
This has options for the APL64 configuration settings.
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Save Settings on Exit

If the Save Settings on EXxit choice on the Options menu has a check mark beside it, the system automatically accept
choices and settings you make with this menu as default values. The system carries over any changes to subsequel
APL64 sessions. If yaant to be able to change settings and options within a session and retain your previous
defaults, be sure this menu choice is not checked. You can turn this option on and off by clicking on the menu item.

Save Settings Now

When you select Save Settings Now from the Options menu, the system saves all current APL64 session choices an
settings as your defaults. The system saves the settings, but there is no visible indication that it has done so.

APL Virtual Keyboard
Option to displaythe APL virtual keyboard

Scroll Up History
The result is analogous to the execution of thecff system constant in the session in APL+Win. Also available in the
context menu.

ClearHistory
This option willdelete the APL executed and results statements in the History.

Restore History
This option will restore the History that was previously cleared with Clear History provided nothing new has been
entered in the History Note: The workspace and History log are not affected by this action.

Clear Current Workspace
This option wilerase the variables and functions from the active workspace without saving. them

ToolTips
This has options for displayidgoltips for mossession menu and toolbar items.

Active Panekist
This option ists the current active panes for thesston.

Working in the Debugger

Debugger is a session display facility that allows you to test, analyze, and debug functions. Debugger works with the
traditional APL debugging aids invoked by the system functioreg k andtiom ~° . Debugger makes flagging the

lines of a function substantially easier and more responsive. It also provides a variety of options for restarting
execution and moving through your code by various increments.

Debuggemllows you to have threpanesin view simultaneously: the History pane, the Delpage that shows a
function, and the State Indicator pan@he Debugger/State Indicator (Sl) pane section of the main window and the
remaining area of the main window are shared depending on the position of the GridSplitter Bar between these
sections. Doubleclicking the left mouse button on this GridSplitter Bar will alternately minimize/maximize the
Debugger/SI pane section of the main Windolhe user may manually drag this GridSplitter Bar to any intermediate
position to share the space proportionally between the Debugger/S| panes and remaining area of the main window.
The displayed function can be the one that is currently suspended or a pendent function, that is, one that called
another function and is waiting for it to complete. While a function is suspended, you can move among the three
panesin immediate execution mode to evaluate and explore values and expressions.

The figure below shows the History pane with both debugger panes in their default positions.
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T APLE4: Ci\Users\johnwhAppData! Roaming\APLMowlLLC\APLEA\ Examplest DEMOAPL.ws64

File Edit Session Objects Tools Options Help

Debug: CALENDARI3] * += 5 [State Indicater &
il G d &S famalieVv. HE|ER Al
0:Q+CALENDAR M:T:0I0 i CALENDAR[5] *
1:aVcmat«CALENDAR mm yyyy -- Make a calendar for month <mm> of year <yyyy> P> Immediate Execution]
2010+1 ¢ T-"1-V[Vr’] 1 & Me1¢3tM
3 OERROR( 012 LH[’ 11)/'Not before OCT 1752'
+Q+100] ( 0 +b 0 12 773+ 0 12 1M[3 1])[2]
< 50Q<7|M[2]+Q+(L™ 0.2+2. 6xM[1])+(1Q+4%)-T1.75=|M[3]+100
[ 6M<( T[(]E 4 6 9 11)+(T[2]=2)%3--/0= & 100 00 4000 |1pT
7.0«'BIS" OFMT 6 7 p421(Qp0).131-M
8.Q«<' SUN MON TUES WED THUR FRI SAT',[1]Q
9 M<'JANUARY FEBRUARY MARCH APRIL MAY

IEELSPE=29¢C X DE S Ma . | Ik IHGNOROHGCNEINE | | _SI=RE A

v

L1

¢ o JLoad C:\Users\johnw\AppData\Roaming\APLNowLLC\APL64\Examples\DEMOAPL.ws6l
1:"C:\Users\johnw\AppData\Roaming\APLNowLLC\APL64\Examples\DEMOAPL .ws6L4" LAST SAVED 7/28/2022 10:38:04 PM
< 2 >[0LX] wsid+'DEMOAPL' © Describe
3.This DEMOAPL workspace contains programs that demonstrate APL and some of
4its features. Type in

Details

~ oo

8:for a discussion of some sample APL programs. Likewise, see the "MFhouw"
9ivariable for information on function monitoring.

11 Copyright 2005-2019. APLNow LLC.
12

v

13 )fns
1% CALEN CALENDAR CENTER COMB EXPLAIN FMT GMEAN HMEAN LIST MEAN PERMX PIGLATIN PRIMES REPORT SMOOTH STAT

15 5 Ostop "CALENDAR'

a

<17 CALENDAR 7 2022
18 CALENDARESH

19

Suspended (Callbacks disabled)

SUMMARY

| | |emd: tn: 0 cot: g | classic|cap |

| En_us

In the figure above, in the History pane (bottom pane), the left pointing return arrows (which are yellow) show lines of
code that were executed. The rounornered square box (light blue) is a bookmark; it allows you to return to that line
easily from agwhere in the History pane. You can set bookmarks in any of the three windows.

In the top right pane in th&ate Indicatorpane the right pointing arrow (yellow) shows that the system is suspended
on line2 of the CALENDARNction. The right pointing acute triangles (green) indicate other functions on the stack

(also Immediate Execution)

In the Debug panethe top left panelines2 and3 show a Stop setting (red octagon) and a Trace setting (red outline)
respectively. If you move the cursor to a different line in the SI window, the function displayed in the code window
would change accordingly. You can scroll either window without dhgrtge display in the others.

You do not see any content in the Debugger windows until a function suspends. This can occur in several ways:
 If your program gives an error when it runs, you can simply run the program. When it halts, Debugger displays

the faulty function in the code pane.

1 Assign one or more stop points somewhere in your program and then run it. When the program reaches a line

you have marked, the suspended function is displayed.

1 Type a statement that runs your program, then select Step INTO Function twice instead of pressing Enter. Your

program halts on ling¢l] and the function listing appears in the code pane.

In general, there are three ways to perform most of the actions in Debugger; you can use the menu, the toolbar, or
shortcut keystrokes. Thus, you can invoke the "Step INTO Function" action by selecting it from the Walk Menu,
pressing the command button &t shows a thin blue arrow pointing into the del symbol, or by pressirg

Arrows in the Debugger Panes

Various arrowsre displayed in the left margins of the code pane and the state indicator pane:

A yellow rightfacing arrow indicates the line you are suspended on.

“ A blue |l eft arrow is superi mposed when
executed one or more diamondelimited segments on a line, or when you exit from a subroutine and stop
in the calling routine, at which point you have opbrtially executed the calling statement. When you are in
this condition, only the part of the statement that remains to be executed is highlighted in yellow.

you have
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= Avyellow leftfacing arrow is displayed on lifi@] as you are exiting a function. Note that at this point, you
can examine the result of the function by referencing the result variable as declared on the header line.

A green triangle indicates the current line in one of the pendent functions leading up to the suspended
function. In theState Indicator panethese indicate each pendent function and immediate execution at the
bottom of the stack. This last item in the state indicator pane represents the line you typed in immediate
execution mode to start the program running. This line does not appeariathd put f)siom APL’
command. Itis provided in Debugger to allow you to step through the statements in the line or subroutines
called in the line. It appears in the code pane when you type a statement in the session and press F
when you move to the bottom of th8tate Indicator pane

Using the Debug Pane

Although theDebugpanelooks like an edit session, any printing keystroke you type while in the code pane results in
the keystroke and the focus being transferred to tHistorypaneor APL Command Lindf you want to edit the

function, you must open an edit session (see below). You can, however, set stops, traces, and baakangrks

function displayed in the code pane. These take effect immediately, regardless of whether the function is pendent or
suspended. Stops and traces are saved; bookmarks are ephemeral. These markers are displayed in the left margin
the code pane.

Y You can toggle the stagetting on any line by clicking in the margin or by pres€itr. (period) for the line the
cursor is on or for all lines that are selected. When you have multiple lines selected, the system reads the
current setting for the first one, toggles it and matches all the other lines. TyiihgShift+.(period) clears all
stops in the functiorthat is displayed in the window.

1 You can toggle the tracgetting on any line by pressii@gri+,(comma) for the line the cursor is on or for all lines
that are selected. When you have multiple lines selected, the system reads the current setting for the first one,
toggles it and matches all the other lines. Typig+Shift+,(comma) clears all traces in the functitivat is
displayed in the window.

Y You can toggle the bookmark setting on any line by pressirigF2for the line the cursor is on or for all lines
that are selected. When you have multiple lines selected, the system reads the current setting for the first one,
toggles it and matches all the other lines. Typtg+Shift+FZlears all bookmarks in the function that is
displayed in the window (or in your session, if you type it there).

Moving through the State Indicator Pane

As mentioned above, the function that is displayed in the code pane is the one that corresponds to the line that is
highlighted in the state indicator paneYou can see where yaue in a pendent function withouthanging the state

of the suspendedunction by moving the highlighih the State Indicator pane You can click on a line in the state
indicator window, or you can move through the stack by using the Ctrl key in conjunction with the mathematical
operation keys on the numeric keypad (plus, minus, multiply [asterisk] and divide [slash]). When gothartop of

the stack, as you are when you first suspend, you can move down one level by pfsli(idumeric+pr to the

bottom level of the stack witlCtrl+(Numeric/) After you have moved down the stack, you can move up one level by
pressingCtrl+(Numerie) or to the top level of the stack witBtrl+(Numeric*)

Using Immediate Execution in the History Pane

While your function is suspended in Debugger, you can work in immediate execution mode in the History pane; you
can execute virtually anything that does not require Windows callbacks that you could if there were no suspension.
You can even invoke the fuian again; it will appear in the State Indicator stack a second time. More appropriately,
you can check the values of variables, perform test calculations, or take other actions that will help you understand,
fix, or improve your program.

While you are in the session you can use traditional APL debugging techniques, such as eeatitich shows
what is localized at each level on the stack, ok O O1 whictOrendtes the top function from the stack. You can
resume execution by branching to a specific line or by execiitinglc; however, Debugger offers numerous options
for continuing execution with more control.
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Debugging with Watchpoints

A watchpoint is a variable in a function that triggers a suspension when its value changes, or when its value could
change, and when a condition you specify is satisfied. Watchpoints cause suspension in the debugger, if you have
turned it on, or in the sssion.

You specify watchpoints as a paired entity consisting of the name of an APL variable and an expression. Whenever
APL primitive is executed that might cause a change in value to the named variable, the system evaluates the
expression. If the result ¢fie evaluation is a no#ero singleton, execution suspends in a phantom function named
<WATCHPOINT>. You can resume execution by typing a branch statement in immediate execution mode, or by usil
the debug options.

This facility allows you to interrupt your program when a given condition occurs for a specific variable, which differs
from the breakpoint facility that allows stopping on a specific line. For example, your watchpoint specification might
look like:

12 ‘total' 'total > limit'

Whenever your program reaches a statement that assigns a value to the variable total, and that value is greater than
the value of the variable threshold, the function suspends with a message in the session.
foo
WATCHPOINTTRIGGERED

total > threshold
N

You can examine the state of your application in immediate execution mode or in debug mode. The stack might look

like:
)si
WATCHPOINT[1]
foo[5]
and you could resume with either of the following two branch statements:
Y 1T A p
Y 1

Note that you ran the functiofi oamd the system created the function watchpoint with the watched variable
names(s) prefixed the "Var:" or "Vars:You must branch out of the systegreated function or past the line that
caused the suspension to continue your function.

The system variable & | § OK LJ2 A Yy (i &

Watchpoints are maintained in a system variablevatchpoints or abbreviated wp. Note that the system variable
is plural, while the function the system creates is singular. You can use the system variable in a statement in a
function or in the session as you can any system variable. If you attempt to runwhadchpoint function, the
system signals a syntax error.

The system variable watchpoints is an N b nested array. Each element of the array must be a character vector.
Elements in the first column contain variable names. Elements in the second column contain corresponding APL
expressions to be evaluated. Unlike APL+Win, multiple APL expressidres sgparated by the diamond statement
separator. You can invoke an input form by clicking on the Edit Watchpoints item &e#iseon | Debugnenu, or
pressingCtrl+W, or you can set watchpoints directly. Here is an example:
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x AOCAEEM ET @OOIi o 020001 1 A@do ho: o oAl PEA mo ol Uo oClI
x AOAEDT ET 00

O00i 001 I AQ@

- Al PEA 1

i1

Note that the expression does not have to include the watchpoint variable. In the second case, the function suspend
whenever the variabl@is assigned a value and the variablghaequals zero. Also note that you must make single
character variable names into vectors; the system variable does not accept scalars. A watchpoint expression triggers
suspension if the result is a singleton with a rm@T10 value or if there is no result

Warning The watchpointfunctionis not benign. If your watchpoint expression is the name of a function, such as
in the third line of the example above, and that function returns a zero, there still may be effects. Every time the
function that you originally invoked assigns a valugh®variableoz, the functiongooruns. Even though your

original function does not suspend, whatever actions are in the fungi@mhave occurred. You could use this

feature constructively in debugging, for example, to record the valweetch time it is updated. You could also use

this feature dangerously.

Watchpoint Triggers

The following expressions trigger execution of a watchpoint expression for the variable a:
1 Simple assignment: AN g

1 Strand assignment: A A A Np ¢ o

T Indexed assignment: A ¢ Ng

1 Selective Specification: p A Ny

91 Control structure specification: d &£l O A(eaglttime thrpugh the loop)

Assignment to a system variable triggers execution of a watchpoint expression for that variable:
! Quad-Names: ET Nnt

Watchpoints in the Debug Pane

To illustrate a watchpoint suspension, consider the following function and watchpoint specification:
nAAAOAT AT O A
p AxEET A A n

C A A AA
o A A&
T AT AxEEIT A
v 0AT T Ao
n
x AOAEDPT ET 00
A A 1
A A v
A A o
AIA ¢ o
ATR

=

the Watchpoint dialog is visible, the information displayed look approximately like this:
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& APL64: Debug Watchpoints — O X )
Variable Name Test Expression Active
b b<4 v
b b=5 v
c c=6 vy
d ds123 Ll
e ese L

New Watchpoint| Delete Selected Watchpoints| Delete All Watchpo'lms| |De|eie All Inactive Watchpaints

Edit Watchpoint

Variable name: b -
Test Expression: b<d4
Active: L

OK [cancel

With  watchpointsdefined as above, run the expressiore ¢ r e m.eTine fundtiOn suspends when the value of ¢
becomess:

AAAOAT AT O pm
7V4#(0/) .4 42)" " %2 %$
A o
v

If the debug pane is visible, the function and stack displays look approximately like this:

{E APLB4: CAAPLCS\TEST WATCHPOINTS. 3

- O X
File Edit Session Objects Tools Options Help
FREY& O =2CYX DB Maa.: GV LG ) dm g
|Debug: OWATCHPOINT[3] += = State Indicator & ¥
WP d € ST 1§00l mmm,
é—} CJWATCHPOINT[3] |
P decrementiz2)] .
& = [Immediate Execution) |
[ ]
2 Uwp "
3 b be<k
L b b=5
5 ¢ c=6
6 d d=1 2 3
7. e eSe
8 decrement 10
9 WATCHPOINT TRIGGERED
10ic=6
11~
12
= |
| Suspended (Callbacks disabled) | | |Hist: Ln: 12 Col: 6| Ins |Classic|cap | | EN_US | [New!! |
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There may be multiple watchpoint entries with the same variable name, each with a different watchpoint expression;
each expression is evaluated when the variable is updated. Multiple watchpoint expressions on different variables
may be executed for stranaissignments. Note that only the watchpoints that are relevant to the current line appear
in the debug pane. The watchpoint variable e would appear only if that variable were subject to change. The
expression assigned farwould always return 1, so any function will suspend when it attempts to assign a value to e.

You canclickonthe d e c r elimeamtite gt2ck display to show the function suspended on the strand
assignment line. You can then use the stepping options to move througtwmztion:

(& APLG4: CAAPLCS\TEST WATCHPOINTS.w3 - a X
File Edit Session Objects Tools Options Help

FRd a3 DY DEE Man . Jim i
|Debug:decremenl[2] = 5 State Indicator &= -
DG § 5 £ ol lal, || (IR,

id ":mfnt a > OWATCHPOINT(3] |
iwhile a>0
(becd)+a > decrement|2) |
ava-1 P> (immediate Execution] |
:endwhile
done

5

]
o

»

man oo
Hmem o owon
M == o F
r
w

00~ O N F W R
man oo

decrement 10
S|WATCHPOINT TRIGGERED
10|c=6

11~

12

BmE |

| Suspended (Callbacks disabled) | | |SI: decrement[2] | Ins |Classi: | Cap | | En_us | New!! |

The Objects Menu

The Objects menallows you to create or edit any &fe types of APL objects:
a function

a character vector

a character matrix

a numeric variable

a nested array

=A =4 =4 =4 =2
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=2, APL64: CLEAR WS

File Edit Session Ob'!ects

New... Ctri+N
:~ Function...
b \ Variable...

Open... Ctrl+O
Fetch... Ctrl+G

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

<]

Default Editor Type: Function ¥
Duplicate Editors »

Number Of Spaces In Tab:

Expand Tabs in Variable Editor
Expand Tabs in Executable Editors

[<]<]

Variable Editor 4
Function Editor ’
Editors Pane Format »

Close All Function & Variable Editor Panes

Dock Floating Function & Variable Editor Panes

Editor Autosave Options...

Recent Object Names:

# Recent Object Names to Retain:

Suppress Value Tips
New
When you select Nedvom the Objectsnenu or pres<tri+N the system wilcreatea new objectbased on the setting

for Default Editor Type in the Objects mendou can also usedit newobjectnamdrom the History or the APL
Command Line.

Function
When you select Function from the Objects meting system wilcreate a new function edit session.
Variable

When you select Variabfeom the Objects menu, the system will create a new variable edit session.
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Open(an Object
When you select Opeinom the Objectanenu or pres<trl+Q you are opening an edit session on an existing object.
The system opens a window that contains a list of objects that exist in the current workspace. You can choose to see
functions only, variables only, or both functions and variables. When you selebject in the Open Objects window,
the system opens an editing window that displays the contents of the function or variable you select. The name of the

object appears in the title bar.

Open Object =

Text to match in the list of object names:

Cancel

List Includes:

O Functions
(O Variables
® Both

Object Name:

O Exactly Matches Text
® Contains Text
O Begins With Text

[T] Match Case

The Open Objects window has a filter at the bottom left corner of the window. The filter is used to restrict the names
of the objects appearing in the list. It has a very simple syntax. The filtering is case insensitive. Asterisks may be use
to denotezero or more characters. The filter drdppwn stores new filters when objects are opened from the dialog.

Up to eight filters are stored in the dregiown. The droglown contents are not saved across sessions.

The Open Objects window has a push pin in the upper left corner. If you click on the push pin, the Open Objects
window with its list of objects stays visible on the screen after you select an object.

When the Open Objects window is pinned, you can select another object to edit without returning to the Objects menu
to select Open. You can use this facility when you plan to open several objects in succession.

If you click on the push pin a second time, the system unpins the window; it closes the window when you select an
object. If you press the Cancel button, the system unpins and closes the window.

You can also open an Edit window for an object by doalitding with the right mouse button on the name of the
object or typing)edit objectnameanywhere in the session.

Fetch(an Object

The Fetci{Get)menu (Ctrl+Q allows you to insert the contents of a variable or function into the current character or
function Edit oHistory pane You can fetcthe contents of a character variable, a function, or the character
representation of a numeric variable. The Fetch option is unavailable in humeric editing sessions.

The Fetch Objects window has a filter like the Open Objects window and serves the same purpose.

The Fetch Object Maximum Size option allows you to specifynthéemum size for an object that is fetched.
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Fetch Object B

Text to match in the list of object names:

List Includes

) Functions
() Wariables
® Both

Object Mame:

() Exactly Matches Text

®) Contains Text

() Begins With Text

|— Match Case

»

Fetch Ohject Maximum Size (Mb):

Cancel
Left Mouse Double Click: Open Object Named At Caret

Themenudetermines if a left mouse double click will open an object editor for the object name below the mouse
(traditional APL behavior) or a select the text of the name of the object below the mouse (Windows standard
behavior).

Right Mouse Double Click: Open Object Named At Caret

Themenudeterminesif a right mouse double click will open an object editor for the object name below the mouse
(traditional APL behavior) or display a context menu for the GUI control below the mouse (Windows standard
behavior). If the Windows standard behavior is seldctbe context menu will provide the Open Object Named at
Caret option if applicable to the object below the mouse.

Default Editor Type
The menu allows you tgpecifythe editortype to openby default
Duplicate Editors
The menu allows you to specify the action to take when a duplicate editor is opened.

1 Prevent Duplicate Editors Option
When this menu item is checked, a duplicate editor will not be created and the existing
editor will be selected. When this menu item is not checked, multiple editors of the same
type and name can be created in an APL64 session.

1 Prompt Before Creating Duplicate Editor Session
This menu item is active only when *“Prevent Duplicate
menu item is checked, APL64 will prompt the user when an attempt is made to create
a duplicate editor with the same name as an existing editor.

91 Duplicate Function Editors Are Read Only
This menu item is active only whéthis* Prevent Duplicate
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menu item is checked, duplicate function editors will be read only.

Number of Spaces in Tab
The menu sets the number of spaces used to replace a tab character forwards and backwards.

Expand Tabs in Variable Editors
When checked (default), and the tab key is pressed in the variable editor, the current text from the caret
position will be adjuste to reflect the selected tab spacing. When unchecked, the tab key will insert a tab
character at the caret position.

Expand Tabs in Executable Editors
When checkeddefault) and the tab key is clicked in an executablé@dithe current text from the caret
positionwill be adjusted to reflect the selected tab spacing. When unchecked, the tab key will insert a tab
characterat the caret position.Executable editors are the function editor, the editable classic history and
the APLGommandLine.

Variable Editor
The menu sets various settings for the variable editor.

Function Editor
The menu sets various settings for the function editor.

Editors Pane Format
Themenu sets varioulyoutsettings for theEditors pane

Recent Object Names

The menudisplays a list of theecentobjectnames and object typehat were edited. The system remembers this list
between APL64 sessions. To edit one of these objects, select the object name. The system opens an edit window for
the object you select.

#Recent Object Names to Retain
The menu sets the number of recent objects names to display in the Recent Object Names

Suppress Value Tips
If you select this option, the system suppresses "value tips" in the history, edit and debMgdee. tips correspond to
tooltips in the graphical user interfac&hey are small popup windows that indicate the header of a function or the
value of a vagble when you hover the cursor over the nanteor variables, value tips give you a dime display of the
current value of a name preceded by shap@r functions, value tips show the function name and arguments.

The Tools Menu

Initially, the Tools menu has no choices. You can create your own selection of tools to perform the actions on your
system that you find most useful. A Tool is any APL statement or expression you can write on one line. A Tool is
often a user command, #ier userdefined or systendefined, but it can be a system command, a udefined

function, or any APL statement. You associate this command, or statement, with a menu choice on the Tools menu.
When you select that choice, the system executes the contina he system does not display the APL statement

that it executes, but it does display any output from the Tool in the APLi§4ry pane SeeUsing the History Log in

Help | Developer Version GUIser Toolsnenu for details.

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 47



Chapter 2: Working in an APL64 Session
The Options Menu

The Options Menu

The Options Menu allows you to tailor your system for your own preferences.
= APLG4: CLEAR WS

File Edit Session Objects Tools |Dptiun5.
Colors... Ctrl+Shift+k

Interrupt Input

Libraries...

Session Log E
Keyboard Definition...

Create Runtime .Net Assernbly k
Configure User Tools...
Configure Host Error Mappings...

APL+Win Configuration Conversion...

Colos

When you select Colsfrom the Options menu, the system opens the APE64siorColors window where you can
set text and background colofsr various elements in the APL6dssion.Multiple color sets are supported.

Note 1: The APL64 Default color set cannot be modified. You finsistnake a clone of it and then apply your
changes tat.
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| 77 APL64: Session Colors = O X

All Elernents

Blank Area

|| Character Litera

| Coding Error
Collapsed Region
Comment
Control Structure
Current Function
Current Match Hilite
Diamond
DiffaddedCurr
DiffDiffsCurr
DiffDiffsCrig
DiffRermcveOrig
Execution Hilite
Function Session
Global Quad-Variable
Global Variable
Label
Line Continuation
Line Numbers
Local Functions
Local Quad-Variable
Local Variable
Match Hilite
Matrix Session
Numeric Literal
Numeric Session
Primitive
Quad Function
Search Region

|| Selection Hilite

Session Input

Elements to Color

Blank Area
Character Litera
Coding Error
Collapsed Region
Comment

Control Structure
Current Function
Current Match Hilite
Diamond

DiffDiffsCurr
DiffDiffsCrig

Execution Hilite
Function Session
Global Quad-Variable
Global Variable

Labe!

Line Continuation
Line Numbers

Local Functions

Local Quad-Variable
Local Variable

Match Hilite

Matrix Sessi

Numeric Session
Primitive

Quad Function
Search Region

Selection Hilite:

Session Input

Options for the Selected Color Set

Cloned from: APL64 Default ~

¥ | Color Set:

Color Sample:

Background Color: APLE4 Default

Foreground Color: APLG4 Default
[+] Calor In User-defined Functions
[¥] Color In User-defined Variables
[+] Color In History

[+#] Calor In Command Line
[] Use Match Hilite In Functions

|Exit 8¢ Retain Any Changesl |B(it & and Abandon Any Changes

The dropdown list and the list box below i related to each other but not part of the same control. The ddmwvn

list gives you three choices: General Elements, Syntactic Elements, or All Elements. In the picture, All Elements is
chosenand the list contains, as expected, all the elements for which you can specify colors. If you choose General
Elements, you get approximately oitigird of the list (all the elements with the word "Session" plus Line Numbers,
Collapsed Region, Executiotitdj Match Hilite Search Regioand Selection Hilite If you choose Syntactic Elements,
you get the rest of the list (including the element User Function, which refers to the name of-dafsexd function

when it appears in the session; when you are defining a function, that is the general elemenidriBegsion”).

When you highlight one of the selections in the list, the current setting shows in the sample edit box, and you may
choose your color preferences. For the general elements, you may always select eltbén background and text
colors by clicking on the appropriate button. The background coksssntiafor the entire frame of the general
element you have highlighted.

The Blank Area syntactic element is only background, although the Text button is not disabled for it. This choice
colors the area outside of any typing; it is particularly useful for making obvious any trailing blanks.

The Coding Error syntactic element changes dynamically as you type; this includes not only mismatched delimiters,
but other types of errors as wellThe DiffAddedCurr, DiffDiffsCurr, DiffDiffsOrig, and DiffRemoveOrig elements apply
to the syntax color choices the in the compare format of the APL64 function editor
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The Execution Hilite general element applies only w&bugger it applies to the selected line that in the past has
been bright yellow.

The Undefined Name syntactic element is a newly recognized category; it represents a name that currently has no
value and is not localized in the current context, useful to identify possible value errors.

The Match Hilite general element applies to the syntax color choices for the highlighting of matching pairs of
elements, control structure names and user defined names.

TheCurrent Match Hilite general element applies to match results for Find operaiglection Hilite general
element applies to useselected textSearch Regiogeneral element applies teelected textwvhen searching within
a selection scope.

The new color selection scheme is also recorded i configuration filelf new entries are not set, the system
reads oldstyle entries and converts them to the new entries. However, it leaves the old entries intact, so you can still
use the .INI file with older systems.

The following constitute error conditions that may be colored in a function header: more than two parameters; left
arrow in the wrong position; missing or multiple consecutive semicolons; extraneous characters; localization of
invalid or nonlocalizable gstem names.

The following constitute error conditions that may be colored in function text: invalid control structure names or
invalid system names; system or user commands; mismatched delimiters.

The following constitute error conditions that may be colored in the APL64 session: invalid control structure names
or invalid system names; mismatched delimiters.

In the APL64 session, only input lines and matching pairs of punctuation elements get syntax coloring. If you move
the cursor to a line in the session using a mouse click, that line gets syntax coloring temporarily. If you move the
cursor to a line in th session using the keyboard and then alter the line, the line gets colored. System and user
commands are colored as primitive functions.

Interrupt Input

The Interrupt Input choice on the Options menu enables you to interrupt a program that is requesting(Quad (
Quote-quad () input; the system cannot respond to Ctrl+Break at the point of this input because the program has
returned temporarily to immediate execution. This choice is available only when the system stops for the input; it is
usually greyed out. The system susgs execution of the program with an interrupt. To resume execution, type
oug”.
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Libraries

When you select Libraries from the Options menu, the system opens the LikPafiestionswindow where you can
edit the contents ofigd] n and, optionally, record the changes in yo{iL configuration fileSee the description of
Ggd] n in the Systems Functioddanualfor more information on using libraries. However, note that libraries are
largely obsolete in APL6&eeUsing the History Log Help | APL Language APL Librariesnenu for detailson how
you use this window

&L Library Definitions - [m]

X

Current Library Definitions: Delete
Lib# Path Transient | Delete All
Move Up

Move Down

Lib# Path Transient
O

Save Library Definitions On OK K

II

Cancel

Sessioriog

You can save a record of your session. Click on the Options menu and t8essiorLog. If you click theheck box
button under Logging State to turn on ti8essiorog facility, each line in théistory, both what you type and what is
output, is recorded in the log file whose name you specify. Lines that you paste into the session are not included in
the log unless you subsequently execute them. Segiag theSessionog inHelp | Developer Version GUI | Using

the SessiorLogmenufor detailson how you use this window

{E2! APLE4: APL Session Log Options

|
]
X

| Logging State
[ Currently Logging
[ Commence Logging at Session Start
[ Impart Most Recent Log File at Session Start

Logging Threshold

#Unlogged History Statements Threshold: | 20000 |§|

[+ Overwrite Log File

[ ] Issue Alert when %Threshold is Exceeded

%Threshold for Alert: | 90 [

Log File

Log File Prefix: |AplSessionLog

Log File Path: | C:\Users\johnw\AppDataRoaming\APLNowLLC\APLENAPL Session Log| |Browse

Recent Log File: N/A

Log Import Options

[+] Import Executed APL Statements

[] Import Result Type APL Statements
[¢] Import Callback Type APL Statements
[¢] Import All Other APL Statement Types

Cancel
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Keyboard Definition

When you select Keyboard Definition from the Options menu, the system opens the Keyboard Definition window to

for details.

select or create a custom APL keyboard definition to be used in new APL64 session instances freselaatedr
Keyboar d Def iUsingthe ldistoryBagdielps| Developes ¥eesion GUI Keyboard Definitionmenu

(&7 APL64: Keyboard Definition

2o~ g|&e|*xe (%) A|_!|+8
5§ =6 2|7 >|8 |9 v |0 A|- x|+
E el|R T = ||y u I [ P {oe|l -
q?vweerptHyfu#iLon*[*-]"‘\'-
"
2 S o K, Enter
aa._sl' —llg v alli e ||k F |
C v B N M <« ||> »
z c|x alec nilv v|b o |n m ||, A
Click on a Key Position to View Its Definition

Definition of the Selected Key Position

Selected Row: 1 Selected Column: 1 Key Name: Oem3

Key Position Applies to this Keyboard Definition

Modifier Key Glyph Unicode
None ) 96
Shift -~ 126

Alt ¢ diamond ¥ 8900
Alt+Shift 5 catbar ¥ 9066

Select Keyboard Definition: EN-US ~

Button positions unavailable for some keyboard definitions are indicated by [—

AltGr glyphs are controlled by the installed Windows Language Preference and
are not illustrated here, The rendering of decimal Unicode code points to glyphs
is controlled by the APL385 font.

OK | |Cancel

X
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Create Runtime .Net Assembly

When you selecCreate Runtime .Net Assemb]\Create Windows Runtime Executabfeom the Options menu, the
system opens th€reate Windows Runtime Executaklendow where you cagreate or modify an existing Windows
runtime executable projectSee the "Defining a Tool" section earlier in this chapter for details on how you use this
window. SeeCreate Windows Runtime ExecutabieHelp | Developer Version GUI Create Windows Runtime
Executablemenu for details on how you use this window

APL64: Create Windows Runtime Executable - m] X
Runtime Workspace Filename: *

() EXECUTABLE CONTENT |

| Runtime Windows Executable Target Folder: * ’m‘
Runtime Executable Name: * [+/] Same as Runtime Workspace Name

‘ Digital signature command: | Digitally sign output

|| WRE Output Type:* Single Exe File Including All Dependencies
APL64 xml-format Configuration File: ,m‘ [+ Include APL&4 xml-format Configuration File
APLNow32 adf-format Configuration File: CAAPLEA\Git\NetCore\bin\Debug\net9.0\APLNow32.adf Browse [v] Include APLNow32 adf-format Configuration File
APLNow32 ini-format Configuration File: C\APLB4\Git\NetCore\bin\Debug\net9.0\APLNow32.ini |Bmwse‘ [] Include APLNow32 ini-format Configuration File
APLNow32 Manifest File: CAAPLEA\GIt\NetCore\bin\Debug\net9.0\APLNow32.exe.Manifest Browse [v] Include APLNow32 manifest File

Additional Files Required for the Application

Source Path Base Target Path  Target Path Suffix Overwrite

\Add One Required File, | Add Multiple Required Filesl |Add Folder of Required Files| Remove All Required Files|

/() ASSEMBLY META-DATA

Properties.Details: File Description:
Properties.Details: Product Name:
Properties.Details: Copyright: * ©
Properties.Details: File Version:

| Properties.Details: Version:

[¢] same as File Version ‘

Assembly.Info: Company Name: ‘

[] Same as File Description |

Assembly.Info: Application Description:

Assembly.Info: Version: [] same as File Version

Assembly.Info: Neutral Language

Assembly.Info: Description: [w] Same as File Description |

Application Icon File: Browse

Create| |Exit: INew WRE Info| |Load WRE Infﬂ| [Save WRE Info| * Required entries
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Create Cross Platform Component

When you selec€reate Runtime .Net Assembly | Create Cross Platform Compoffremb the Options menu, the
system opens the Creatéross Platform Componenindow where you can create or modify an existargss

platform componentproject. See the "Defining a Tool" section earlier in this chapter for details on how you use this
window. See Creatéross Platform Componeint Help | Developer Version GUI | CreaterossPlatform
Componentmenu for details on how you use this window.

& APL64: Create Cross Platform Component = (] X

CPC Workspace Path *:
;E} CROSS PLATFORM COMPONENT CONTENT
Cross Platform Companent Target Folder *: .Err.vwsz -Open Falder in File Explur!r.
Cross Platform Companent Mame *: || Same as CPC Workspace Name

Cross Platform Compenent Class Name *:

APLE4 xmil-format Configuration File: Browse| [+ Include APLE4 xmi-format Configuration File

Additional Files Required for the Application
Source Path Base Target Path Target Path Suffix Owerwrite

[Add One Required File| [Add Multiple Required Files| |Add Falder of Required Files| |Remave All Required Files|

(%) ASSEMBLY META-DATA

Properties.Details: File Description:

Properties.Datails: Product Mame *:
Properties.Cwetails: Copyright * o
Properties.Details: File Version *: LLEE LR L
Properties.Details: Version: +| Same as File Version

AssemblyInfo: Company Name *:

Info: Applicati it L Same as File Description

Assembily.Info: Version

| Same as File Version

Assembly.info: Neutral Language
Assembly.info: Description: [« Same as File Description
Application lcon File: .Brawse.
Muget Package Guid *: RSB RN AN AN .cﬂitl.
Muget Package Id*: [V Use CompanyName.ComponentName

o »
L) Nuget Package Files

Create |Exit| |Mew CPC Infa| (Load CPC Info| Save CPC Info.  * Required Entries

Configure User Tools

When you select Tools from the Options menu, the system open€dmdigure UseTools window where you can

add, delete, or modify a tool that you define. See the "Defining a Tool" section earlier in this chapter for details on
how you use this windowSeeUsing the History Log tdelp | Developer Version GUIJser Toolsmenu for details

on how you use this window
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@APLBA‘ Configure User Tools - a X

User Tool Definitions

| Menu Text Action Text Key Shift Alt Control Windows

‘New T:mll |De|ete Selected Too\sl ‘Delele All Too\s‘ |M0ve Selected Tool Upl ‘Move Selected Tool Down

User Tool Definition

Menu Text:
Action Text:
None
Cancel
Keyboard Key: Back
Tab
LineFeed
Modifier Keys Shift Alt Control Windows

# ) User Tool Documentation

The Windows operating system, language, keyboard definition and installed software may affect available key combinations.

[ Prompt Includes Tool Action Text [ Prompt Includes Tool Documentation

Configure Host Error Mappings

When you selec€onfigure Host Error Mappinfi®m the Options menu, the system opens t@enfigure Host Error
Mappingswindow where you caroordinate exception handling in an APL+Wased application with an APL-64
based application system

(& APL64: Configure Host Error Mappings - o X

System Default Host Error Maps

Use Map HResult HostError#  Host Type  Host Message
[v1 -2147024816(1018 ‘Windows | XFHOST ERROR _sopen 1018 17 80 The file exists,
W1 [-2147024864 1005 Windows | XFHOST ERROR _sopen 1005 13 32 The process cannot access the file because it is being used by another process.
v -2147024894| 1005 \Windows | XFHOST ERROR _sapen 1005 2 2 The system cannot find the file specified
[v] -2147024891| 1006 ‘Windows | XFHOST ERROR _sopen 1006 13 5 Access is denied.
] -2147024864 [ 1027 'Windows | HOST ERROR MoveFile 1026 17 32 The process cannot access the file because it is being used by another process.
Wl [-2147024713[ 1027 Windows | XFHOST ERROR MoveFile 1026 13 183 Cannot create a file when that file already exists.
vl -2147024816 (1010 Windows | XFHOST ERROR _sopen 1010 17 80 The file exists.
vl -2147024893 (4017 Windows | HOST ERROR _chdrive 4001 0 3 The system cannot find the path specified.
Wl [-2147024773 [ 4040 Windows | XFHOST ERROR FindFirstFile 1 0 123 The filename, directory name, or volume label syntax is incorrect
vl -2147024773 | 4041 \Windows | XFHOST ERROR FindFirstFile 1 0 123 The filename, directory name, or volume label syntax is incorrect.

User-defined Host Error Maps

Use Map HResult HostError# Host Type Host Message

|Add User-Defined Host Error Mapl ‘De\ete User-Defined Host Error Mapl |Dalels All User-Defined Host Error Map;‘ Cancel|
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APL+Win Configuration Conversion

When you selecAPL+Win Configuration Conversioom the Options menu, the system opens tGenvert APL+Win
Configuration Informatiowindow where you caspecifythe APL+Win configuration file and the information to
import to APL64 from APL+Viags in future sessions.

@APLM: Convert APL+Win Configuration Information - O X

APL+Win Ini File: Browse

|:| Convert Libraries
[ | Convert Colors New Color Set Name: |APL+Win Color Set

[ ] Convert User Tools

|:| Convert [Config]fsync

|:| Convert [Session]NavigateDirs

|:| Convert [Session]Short Date Format
[ Convert [Editor]Strip Spaces

|Se|ect A|I| |Se|ect None| |Cancel| |Conver‘t|

The Help Menu

Documentation is directly available from the APL64 Developer G&H.the Help menu items to select

comprehensive documentation of APL64 featur€sr contexisensitive documentation of a particular APL64

element, move the keyboard focus to the HistofRL Command Line or an editor in the APL64 session, then place
the caret i mmedi ately before a feature of interest o
interest and click the F1 key.

The APL64 documentation window displays the tss#ected documentatiom the default Windows browseand a
history of documentation topics previously viewed during the current APL64 Developer version instance is listed in
the Help | Documentation History Topic
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& APLG4: CLEAR W5

File Edit Session Objects Tools Options | Help

L APL Language »

I Developer Version GUI »
Command Line Arguments

APL+Win Compatibility »

APLB4 History 3

Search All Documentation *

Product Support
End User License Agreement (ELULA)

Systern Highlights *
About APLE4

Documentation Topic History

Document Topic Page#

Documentation Options...

License & Activation..

1 APL Language provides reference information on APL primitive functions, system functions, system variables,
system commands, control structure, user commands, g&dined functions, usedefined variables, network
interface( ni), C# script engine, libraries,nfe, xl, xm, DAOEhR 31, OUOOAI &EO1 AOEI

AAREOAOGAT 6O AT A AYoit 2IEck tHEltdpic ok ¢hdice frofind <DiSnenu.

91 Developer Version GUI provideference infomation onusing the facilities of ABY and navigating an APL64

session.You select the topic of choice frotine submenu.

Y Command Line Arguments provides reference information on how to utilize optional command line arguments to
configure an instance of APL64.

1 APL+Win Compatibility provid&syreference information for those migrating to APL64 from APL+%id,
points out some key differences between the two. This also has reference informaticeaimng and using the
facilities that allow you to build a graphical user interface and interact with other applications using Windows
standards.

1 APL64 History provides reference information on the progress of the Afyk6Inm from inception.
1 Search All Documentation:

o Search All Documentation with Adobe provides an overview on searching all documentation for a
keyword with a locally installed Adobe Acrobat program

o Search All Documentation with Google searches all documentation for a keyword with the Google
search engine

1 Product Support tells you where to find more information and how to contact APL2000 for product information
or assistance.

1 End User License Agreement (EULA) provides the license agreement for the APL64 system.

1 System highlights provide options to be alerted in the status bar when new System Highlights topics and updates
are available.

1 About APL64 displays the official product window. This provides key information, including copyright
information and the version numbers of the APL64 system and related components.
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1 Documentation Topic History provides a list of the recent documentation topics opened.

1 Document Options launches the Document Options window to allow the online documentation to be stored and
accessed from the machine locally.

1 License & Activation launches the tells you how to activate and deactivate the APL64 system.

The Standard Toolbar

FRUY & TE =92 yheE s,

The icons on the standard toolbar represent the following actions or menu choices:

File Menu (Actions on a Workspace)

Y Load
1 Copy
1 Save
Print

Objects Menu (Actions to Edit a New Object)
T New Function

1 NewVariable

Objects Menu (Actions to Edit an Existing Object)
f Open

Edit Menu (Actions while in an Edit Window)
Undo

Redo

Cut

Copy

Paste

Select All

Find

Find Next

Find Previous

=2 =4 =4 -4 4 4 4 -8 4

The Debugger Toolbar

: 1] 4 [1] 1 1] =
II> |:}210}05 Vﬂ'\i b2] - gv t T“’H
The icons on the Debugger Pane toolbar represent the following actions or keyboard shortcut:

(Actions while in the Debug Pane)
Pause (Pause)

Run Resume (F5)

Step to the nextINEShift+F10)
Step to the nexSTATEMENTF10)
StepINTOfunction (F11)
StepOUTof function (Shift+F11)

=a =4 =4 - 4 A
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Step by primitiveDVERunction (Ctrl+F10)
Step by primitivdNTOfunction (Ctrl+F11)
Set next line (Ctrl+F5)

Run to caret or below (Ctr+F7)

Run to caret (Ctrl+Shift+F7)

Copy pending code to APL (F12)
EditPendingFunction (Ctrl+F12)

Top Sl Level (CtrNum *)

Up one SI Level (Ctrl+Num +)

Down one Sl Level (Ctrl+Num

Bottom Sl Level (Ctrl+Num /)

=A =4 =4 4 -4 -4 -4 -4 -4 -8 -4

The Control Structure Keyword Toolbar

AR IR IR

There options allow you to navigate in control structure blocks in the function editor. Note that single line control
statements such as :Return, :Leave, and :Continue, do not participate in these movements for either Up/Down,
Top/Bottom, or Next/Previouactions. Only compound control structures that have a start and end are involved
with these actions. Also note that these options are also not on the Edit menu because when a function editor is
undocked or floated, it would not have direct access toHu#t menu in the APL64 session to invoke the Control
Structure Keyword options. So, for convenience’s s

1 The Jump to Top Keyword in Current Control Structure Botk-(M, Ctrl+) moves the input caret to the top
keyword in the control structure block.

1 The Jump to Bottom Keyword option in Current Control Structure B@irk-M, Ctrl+B moves the input caret to
the bottom keyword in the control structure block.

1 The Jump to Next Keyword in Current Control Structure Blotk-M, Ctrl+N moves the input caret to the next
keyword in the control structure block.

I The Jump to Previous Keyword in Current Control Structure BRidk M, Ctrl+P moves the input caret to the
previous keyword in the control structure block.

1  The Jump Down to Start of Next Control Structure BIGtK«{M, Ctrl+I) moves the input caret to the top
keyword in the next different control structure block.

1 The Jump Up to Start of Previous Control Structure Bouk+M, Ctrl+\) moves the input caret to the top
keyword in the previous different control structure block.
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The Outlining Toolbar
gl o (Gl LT ]

Cu

Theseoptions allow you to expand and collapse regions in the function editimte that unlike APL+Win, 8ny ' r € n o

also on the Edit menhecause when a function editor is undocked or floated, it would not have direct access to the

Edit menu in the APL64 session to invoke the Outlini

them available only on the toolbar.

1 The Toggle All Regions optidpi(+M, Ctrl+).toggles all outlining. This combines expand and collapse into a
toggle action.

1 The Toggle Current Region optidZir{+M, Ctrl+M toggle outlining expansion. This operates the same as clicking
the region icons displayed in the left margin of the function editor with the mouse. If the input caret is not on a
region icon line, the toggle occurs on the nearest region icon locatedeathe input caret line.

1 The Collapse All Regions opti@tr{+M, Ctrl+A collapses all regions.

1 The Collapse Current Region opti@ir(+M, Ctrl+¢collapses the current region. If the input caret is not on a
region icon line, the collapse occurs on the nearest region icon above the input caret line.

1 The Expand all Regions optidti{+M, Ctrl+X expands all regions.
1 The Expand Current Region opti@tr{+M, Ctrl+Eexpands the current region.
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Chapter 3: Introduction to the Language

This chapter is an introduction to a language. Just as it could take years to become fluent in a spoken language, anc
lifetime to learn eloquence, APL has riches that are beyond the scope of this brief treatment. Just as you use words t
learn a spoketanguage, this chapter uses some of the constructs and syntax of APL before they have been
introduced. You can infer the meaning of the symbols in the examples, or you can look them up in the Primitive
Functions and Operators chapter in this manual. &keemples in this chapter demonstrate the point being

discussed; it is hoped that the elegance of the language is also apparent.

Getting Started

When you initiate an APL64 session, the system opens a clear workspace. You can type any valid APL statement in
this session, and the interpreter evaluates it immediately. This is called immediate execAsgrou are reading this
chapter, you can type any of the statements, or you can experiment with variations. If you define more variables
than you are comfortable with, you can begin again by selecting Clear on the File menu. If you want to end the
sesion, select Exit on the File menu. You can save a workspace before you exit by using the File menu.

APL64 uses many special symlawld its own font. To see the location of the special symbols on the keybiyae
Ctrl+Bin your session. The figure below shows the standard APL Text keyboard layout.

Standard APL64 Keyboard

~ 7 zlle=|l# v[s Al o|[r ola ol o » |
o (12~ |13 < <||5 = > > # v A X + =
Qz|WEeIE € |R T ~||Y u | 0 B { ol & o
lg_? w|le e 0 ~ T ju L i @] * — — -
A 5 D F G H A K Lo
alls rlld L vlh alli ok |i ol ef ¥ Enter
Ze|xollc [V [B 1IN M l[<«l[s»][z |[Shift]Al+Shift
cllx aflc nijlv uflb Lifin Timl |l @ %]/ ¢ ] Alt
Space X

Click on a quadrant of a virtual key to enter its corresponding glyph. Click on a modifier key
button (Base, Shift, Alt or Alt+5Shift) to highlight the associated glyphs. AltGr glyphs are
controlled by the user-selected Windows Language Preference and are not illustrated in the
APL64 virtual keyboard. Current Keyboard Definition: EN-US

The system displays a keyboard with the normal loweed uppercase letters or symbols on the left side of the keys

in black and the special symbols to the right in red. You can type these special characters by pressing the Alt key plt
the appropriate kg for the red symbol at the lower right; if there is a second symbol in red at the top right of the key,
press Shift+Alt plus the key.

You can also generate the symbol in the edit field of the display window by clicking with the mouse on the
appropriate quadrant of the key. You must click on or very close to the symbol you want. When you create the
symbol or expression you want, click the Enter button in the display window. The system copies the text to the
clipboard, which you can then paste in your session or an Edit window. If you use the edit field in this display window
extensively, you can also use the Clear, Cut, Copy, astd Battons to the left of the field and the Backspace button

to the right of the field to create expressions more efficiently.

Understanding Arrays

APL is an extremely powerful programming language. One of its greatest strengths is that it handles entire arrays of
data as single objects.
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Working with Numeric Arrays

As you might expect, APL performs basic arithmetical functions on individual data elements. You can type a number
as a constant in an APL expression, or you can assign the value to a variable and use the variable name in the

expression.
2+5

7
n -‘[— M
#TP
A+B

7

Note that in an APL64 session, the cursor starts at-ggEixe indent. When the system returns output, it starts with
no indentation.

APL also performs arithmetical functions on vectors (strings or lists of numbers). This use of the term "vector" is
different from the more traditional meaning of a quantity having magnitude and direction. A vestohave any
number of independent elementlong one dimension.

123+456
579
7"TL M N
7#TO P Q
VA+VB
579

It does not matter how many numbers are in the vectors. APL can just as easily add pairs of numbers with
one instruction. The theoretical limit in APL64 is greater than million; the practical limit is dictated by the
amount of available memory.

APL64 also performs arithmetical functions on matrices (tables of numbers). A mattiwedimensional array of
numbers. The rows and columns can be of any length within practical limits. You can form a matrix in APL64 by usit
the Reshape function (dyadif).

" TMKJN Lj MBr23 K7891011 12

MA
123
456

MB
7 8 9
101112

MA+MB
81012
14 16 18
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APL64 also performs arithmetical functions on multidimensional arrays. APL64 displays a multidimansigree a
series of matrices.
/" TM MKNM8 O
NA
1 2 3 4
5 6 7 8
9101112
13141516

17181920
21222324

2526 27 28
29303132
3334 35 36

37 38 39 40
4142 43 44
45 46 47 48

Note that the blank line between the first and second matrices indicates a third dimension. Two blank lines between
the second and third matrices indicates thit is a fourdimensional array. If the assign statement had been

J>61 0 1dD15, then APL64 would show only one blank line after each matrix. The numbers would display in the
same order, butl > would be a threedimensional array.

All of the above examples are arrays. A single value is a.séaktring of numbers, no matter how long, is a vector.
A two-dimensional array, with numbers in rows and columns, is a matrix. Arrays with more than two dimensions are
multidimensional arrays.

The rankof an array is the number of dimensions it has. The sludijga array is a vector that contains the lengths of

its dimensions. You can determine the shape of an array by using the Shape (nrfadiction followed by the

name of the array or its designation. You can determine the rank of an array by determining the shape of its shape
(dd).

Classifying Arrays

Example Shape Rank Name Description

Above d dd

= - Scalar Single item

R= 3 1 Vector Linear string of items

(= 23 2 Matrix Two-dimensional table of items

J= 2234 4 Multidimensional Any set of items structured in
array three or more dimensions

Scalars, vectors, and matrices are all arrays. You could just as accurately call a vecttineens®nal array. This
manual uses the commonly accepted names to discuss frequently used arrays of small ranks. Generally, the same
functionality appliesa arrays of any rank. Restrictions are noted in the descriptions of the primitive functions.

Recognizing Arrays where the Rank is not Obvious

Every arrayeven an empty one, has a shape and a rank. A matrix define®by- 3 dD- has no elements. It
does, however, have a shape and a rank.

IR
dI R

ddl R
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Empty arrays are useful in APL64. For example, you can use one as the starting value of a variable that grows in
successive executions of a program or that grows in successive iterations of a loop within a program. In other
programming languages, you musse special tests to detect empty arrays and to avoid potential errors. Typical APL
statements work regardless of whether or not an array is empty.

Similarly, a single data element is not necessarily a scflaan be a onelement vector, a onelement matrix, or a
one-element array of any rank. If you select one element from a vector using the @pke(tion, the result is a
one-element vector, not a scalar.

Ré6./ 0123

R= 6 .06R

R=

O=0.

o=

These two variables are equal in value, but they do not mdielause their shapes are different. (The Equal
function returns. if the values it compares are the same; the Match function returosly if the rank, shape, and
values of the two arguments are the same.)

R=: O=

R=CO=
Under many circumstances involving primitive functions, you can use either shape array without being aware of the
difference. The results of a calculation display the same numerical values. However, the shapes and ranks of the
results can differ, whichaald affect you if you store the result to use at a later time.

Working with Nested Arrays

Thus far, this chapter described simple arrays that have one value (either one number or one character) in each
position, no matter how many dimensions. You can also create arrays with more complex structure.

An arraycan contain another array as one elemefitits structure. This is called nesting. The number of levels of
nestingis called depth You can create a nested array by enclosing values within parentheses or by assigning an arra
to another array. See also the description in the Primitive Functions and Operators chapter of the Enclose function
(8), which creates a nested scalar.

Jno=6 . / 0 % 2 3& 4

J no=

/ 0 123 4

When APL64 displays the result, the nesting is subtly indicated by the extra spaces before and after the nested
element. You can see the structure more clearly usingtheénkg\ t user command.

The array named ™ no=is a vector, rank , with five elements, one of which is another vector. Thus, its depth is
MonadicC s the Depth function.

dJ no=
2

ddJ” no=

CJ" no=
/

At the level of™ no=, the fourth elements a scalar. When you descend a level and talk about the array in the
fourth position ofJ™ no=, that array is called an itemThe vectofbd 2 3&is anitem ofl* no=.
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J  no=V1X
123
dJ” no=V1X

ddJ” no=V1X
The Disclose functiorg] retrieves a level of nesting from an array.
gJ no=V1X
123
dgJ no=V1X
0
ddgJ” no=V1iX

You can perform scalar arithmetic functions on a nested vector. Note that the fourth element of the right argument
is applied with all three elements of the nested vector that is the fourth itedh’afo=.
J no= ( D2
/13 56.- ./
You must be cautious when using some functions with nested arrays. If you search for th2 waetbe example
nested array, APL64 tells you that it is not an elemer’afio=.
2 ¢ D4
2 ¢ J no=
The value is an element of an item & no=. (Note: When you use the epsilon symbol twice in succession, the
rightmost one is the monadic function Enlist. This function reduces the structure of its argument from a nested array
to an ordinary vector. The second use of epsilon is the dyadic Boolearofulvitimber of; it uses the result of Enlist
as its right argument and returns. aif the left argument is an item of the right argument.)
2 ¢ €J no=

There are a number of structural functions that allow you to work with nested items in arrays and to change the
levels of nesting in an array. You can get the same structuié me= by creating a vector and assigning that vector
by name to another variable:

o1 6123

J'’no> 6 . / 0 OQ1 4

J no> C J no=

However, not all structures are identical:
J'no? 6 %08&) 0Q>1) 4
J  no?
/01234
J'no@b6 %W0& OQ1 4
J no@
/| 0 123 4
Neitherd” no? norJ” no@is the same a3™ no>. J no? is a simple seveelement vector that results from using
the Catenate)() function, whereas™ no@is a threeelement vector containing two nested vectors of three
elements each and one scalar.

Note that if you put parentheses around a scalar value, it remains a scalar.

J’NOA 0 % &/ W& 1 W& 3 %&
/ 01234
dJ’ noA
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Working with Heterogeneous Arrays

A simple arrayas mentioned above, is not nested. It contains either one number or one character in each position.
If a simple arragontains only numbers or only characters, it is homogenedtia simple arragontains both
numbers and characters, it is heterogeneoudere are three examples of simple arrays:

Simple Arrays
J= (Numeric) ?= (Character) D= (Heterogeneous)
.10 =>? . >0
123 ©AB @2 B
456 CDE 4 D6

You can perform arithmetic calculations on the numeric elements of a heterogeneous &wagxample, using the
heterogeneous array from the table above:
D=V. 08. OXE/

/3
.1 .5

A simple character array can contain numerals. You cannot perform arithmetic calculations on numerals.
?D=6%. % $>% $0% $@ $2% $B$
[/ 0d?D=

.>0

@B

Here are samples of nested vectors. The table shows the vectors reshaped into nested arrays.

JJ=6 . %4 0& 1 % 3& 4 % 6&
J?7=0 $=% $>7% $@ $AB$ $C$ $DES$
JI=6 . $>7% 1 $A$ 9B 4& $D$

Nested Arrays

/[ 0dJJ= /[ 0dJ?= /[ 0dJl =
Numeric Character Mixed
.10 1 =>2 @ . >? 1
2 3 4 56 AB C DE @ 34D

Internally, nested arrays contain a pointer for each nested item. The pointer identifies where the system stores the
nested values. If a nested array contains some simple items and some nested items, it is heterogeneous, even if all
the items have the sae datatype. If an array contains all nested items, it consists entirely of pointers and is
homogeneous.

Understanding Data in APL64
APL64 has a small number of data typ&asically, all data are either character or numeric.

Working with Numeric Data

APL64 uses three internal storage representations of numeric dateleardata consist of only s and- s. Each

simple element of a Boolean array requires one bit. Integers reduirgtes per element. Floating point numbers
require5 bytes per element. In general, the system manages representation of the data with no prompting from a
user. (You may need to concern yourself with this topic if you store very large databases or communicate with non
APL64 programs.)

APL64 typically displays numbers with up tosignificant digits. It calculates and stores numbers wirsignificant
digits. The system, by default, displays numbers greater than in exponential notation. You can also specify
smaller numbers in exponential notatiorin traditional mathematical notation, the last number in the example
below would be .5113411x. - -5,

.al
-+2

+-624. /
-+--46. 3333334
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/' 0/
1/ 61634/ 63
/' 31
.+5113411-4A. 6
APL designates negative numbers with a special symbol called a high(iminTis symbol is different from the
symbol that denotes subtractiort §.

) 2+1 * 4+1
2+1 * 7/
4+1
Working with Hexadecimal and Floating Point Data

A hexadecimal integer is prefixed @y or OX followed by 116 hex digits (0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F).
For examplePx00100000 is equal t01048576 . Hexmdecimalnumbers with 18 digits arealways
integers iNAPL64 They do not overflow into floating point numbers when the high order bit is set. For
example, the heaxdecimahumberOxFFFFFFFF is 1 rather than4294967295 . A hexadecimal float can
be prefixed bydx or OX followed by 916 hex digits or by @r or OR prefix followed by 116 hex digits.
Hexadecimalintegers can also be specified in binary notation wittheor OB prefix fllowed by 164 binary
digits 0 or1). For example)b1111 is15. In the case of @r or OR prefix, the following 116 hex digits
are the hexadecimalkepresentation of the bit pattern for an IEEE-6i float. For example,
Or3FF0000000000000 = 1.0 . If less than 16 digits are specified, the value is padded with trailing
zeros to 16 hex digits. ThOs3FF is the same a8r3FFO0000000000000
A relatively easy to read summary of IEES floating point specification can be found here:
http://en.wikipedia.org/wiki/IEEE 754985 The formal IEE§pecification can be found here:
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=4610935&filter%e3DAND%28p Publication Num
ber%3A4610933%29
Here are some other examples:

Hexadecimal Integer Value

0x00 0

0x01 1

OxFF 255
OXFFFFFFFF 1
OXOFFFFFFFF 4294967295
0b1100 12
Ob11111111 255
0b10101010 170

O0r3FF0000000000000 1.0
0r4000000000000000 2.0
0rC000000000000000 2.0
0r4010000000000000 4.0
0r3FE0000000000000 0.5

or4 2.0 (Note that Or4 =
0r4000000000000000)

orC ~ 2.0 (Note that OrC =
0rC000000000000000)

Be careful to avoid specifying bit patterns using "R" notation that represent infinities or MdN$4loes
not expect to encounter these and can exhibit unexpected behaviors. For example, yoausaAPL640
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hangby trying to display the value 6F7FF (positive infinity). This is the reason tGR notation is not
enabled by default. So be especially careful to avoid generating them.

Example:
CTQORr82 tdr110619 2147483648)

Could be more directly entered in hex like this (noting the 0x prefix):
C T Q Gér 0x0001B01B 0x80000000)

Or even more directly as a floating point-b6# hex like this (noting th@r prefix):

0r800000000001B01B
t7* BKx'"'
1
t'* BKx''
255
t %3 BKx"B
82
t %3 Kx"
323

Performance Improvement for Floating Point Arithmetic Operationg:+

SSE2 Architecture
SSEZ2 is a computer processor architecture and associated instruction set which provides for a single
instruction to process multiple data items. Its application to APL64 array operations has beneficial effects
on performance.

Demo Workspace in APL64
The DEMO_SSE2.ws64 workspace, in the EXAMPLB®Isulis included in this release to test this
feature.
Performance Benefits of SSE2 Architecture in APL64
Performance benefits of SSE2 in APL64 depend on the operations being performed, the operand data type:
the number of data elements in the operation and the workstation environment. Experimentation using an
actual APL64 application system is recommendeddtermine the magnitude of performance
improvements with SSE2 in APL64. Here is a typical result set:
% Improved All Array Sizes by Operand Data Type

Operands + - X +

Float,float 34.72 41.46 26.56 42.65
fScal,float 47.44 55.53 37.28 44.99
Float,fScal 46.06 56.34 39.08 45.73
Float,int 32.18 40.85 42.48 19.02
fScal,int 30.65 39.62 46.58 24.10
Float,iScal 46.68 35.26 52.96 15.84
Int,float 37.06 27.07 36.83 13.72
iScal,float 42.04 37.15 49.25 24.57
Int,fScal 32.96 42.07 36.62 22.30
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Overall %lmproved All Operations & All Array Sizes: 33.93%

Notes:

1. float, int indicate floating point array and integer array respectively

2. Array sizes were varied in the range [10, 100000]

3. fScal, iScal indicate floating point scalar and integer scalar respectively

4, Workstation: Windows 10 Pro, dual core 2.30Mhz

SSE2 Architecture Disabled by Default
SSE2 floating point arithmetic operations, %+, can yield results that are very slightly different than
traditional APL64 result values. In most cases results will be identical. But in some cases very slight roundir
differences can cause the learder bits of the result value to be different. These possible result differences
are limited to the last digit of precision in APL64 and may not be apparent urlesis set sufficiently
small orikk is set sufficient high. However, you should be aware that result values may not be exactly the
same with and without using the SSE2 optimization, even though you are unlikely to notice this difference
with defaulti” o andukk settings.

Working with Character Data

APL also processes character data in arrays; character data require 1 byte per element. APL64 recognizes 256
characters. This set is known as the atomic vector and is stored in the system constantYou specify character
data by delimiting the desired string with the single quote (*) or the double quote (*). Each character within the
delimited string is a separate element.

'ABCDEF'

6

If you have numerals in a character string, each one is a separate element.
'123def’

6

Numerals are symbols and not values. You cannot perform arithmetic calculations on symbols. You ca®hot add
g

5+'9'

DOMAIN ERROR
5+'9'
A

If you want to include the single quote as a character in a string, enter two single quotes in succession or enclose the
string containing a single quote in double quotes.
'‘JOE"S'

CHAR" 'JOE"S'
CHAR

JOE'S
"JOE'S"

JOE'S

You can use many of the functions on character arrays that you use on numeric arrays.
2 3 'ABCDEF'
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ABC
DEF

Note that a numeric array with three columns displays with spaces between the numbers, but character data do not

display with spaces unless the space is a character in the array. If you have a character array that looks like
ABC

DEF

then its shape is probably 2 6. (It could be larger if there are trailing blanks along either dimension.) A quoted string
with a single element is a scalar; a longer string is a vector.

Working with String Data

An APL string is an ordered group of characters

trengt ed
delimiters are available on physical and virtual keyboards as Shift + Alt + < for « and Shift + Alt + > for ».

—

| & APL64: CLEAR WS — O %
File Edit Session Objects Tools Options Help

FRAd &[] =9 ¢ ¢

- -

<t 0: S««my string»
<% 8=p5S
21

E
a| |

| | [Hist: Ln: 3 col: 6| Ins [cClassic| | Num |EN]

string Actions

The APL64 string system function supports many convenient actions for string data, including comparison, concatenation,
indexing, joining, padding, removing, replacing, splitting and trimming. To learn more, go here:
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P

% APLG4: CLEAR WS

File Edit Session Objects Tools

Options | Help

9 ¢ | APL Language

FRd &[5

Developer Version GUI
Command Line Arguments
APL+Win Compatibility
APLB4 History

Search All Documentation

Product Support
End User License Agreement (EULA)

System Highlights
About APL64

Documentation Topic History

Document

Topic Page#

CAAPLG4 User Documentation\APLE4_USING_0OSTRING.pdf N/A

Documentation Options...

License & Activation...

Multi-Line Strings
APL64 supports muitine strings. When a mulline string is created in APL64 each subsequent line in the string is separated
from the previous line in the string by an APL new line charactécrgl)

2! APLe4: CLEAR WS — O X
‘ File Edit Session Objects Tools Options Help
FRA&@[DE=2¢XDEE i1
< 0 Odr <«\r»

1:i164
[ I<H 2 Oues >«\r»

3i13
<FL Ques Otenl

"o

- [Ea
|Ready | | |Hist: Ln: 6 Col: 6| Ins |Classic| | Num [EN_US |
To enter a single line string in the
X* c««bcd. » » .

To enter a multiine string in the function editor, use syntax like:

Primitive Functions
System Functions
System Variables
System Commands
Control Structures

User Commands
User-defined Functions
Network Interface Reference
OCSE

APL Libraries

ONFE

Using OXL

Using OXML

Using OPATH

SQL System Functions
Using OSKD

Using OMATHNET
Using OWSE

Using OZIP

Using OSTRING

Using OPDIST

funct

on edi

t .o»ror
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WMyFunction * O X

FRA. AAX i,

0-MyFunction
1

2 K+axlinel
3 line2
L.

lastLine»»

[53:10] |C|:|-mmit Chang E5| |C1:|-mmit & Close

To enter a multline string in the command line use syntax like:
[ APL64: CLEAR WS — O %

File Edit Session Objects Tools Options Help |

ER & [E] =9 % i i1,

K+« inel
Line?2

lastlinews

| | |emd: wtn: 3 cot: 10]1Ins |classic]

| Num | EN_{
Handling Special Characters in a String Variable
T ASClicontrat haracters in strings can be ‘escaped’ Escaped
than concatenating them in a character vector.
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"B ALss: CLEARWS - o X
| File Edit Session Objects Tools Options Help
FRA8 DR =2Cxhas MER. 0 0HE L,
< 0 (><«123\t456\r») = "123" ,0OTCHT,"456" ,JTCNL

1:1

= |

|ready | | |#ist: Ln: 2 Col: 6|1Ins |Classic| | Num | EN_US |

= APLG4: CLEAR WS _ O %
| File Edit Session Objects Tools Options Help

HERd& O =2¢xbhos w000

- - -

GEE Oues Jtcbel ¢ [Juecs >«\a» AASCII BEL

' 1:7

I 2l7

[KH 3 Oucs Otcbs ¢ [ucs >«\b» RASCII BS |
L:8 '
5:8

<F o6 Oucs Otcht ¢ [Oucs >«\t» RASCII HT
79 |
8:9

< 9 Oues Otelf ¢ [ucs »«\n» RASCII LF
10:10
11:10 f

<H 12! Oues Qtcff ¢ [Ques >«\f» AASCII FF |
13i12
14i12

<V 15 Ques Otenl ¢ Qucs >«\r» RASCII CR |
16:13 |
17:13

<P 18 Oues >«\v» RASCII VT
19:11 |

- [Ed] |

|Ready | | |Hist: Ln: 20 Col: 6| Ins |Classic| | Num | EN_US |
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e Chevronsnaybeincludedin astringby usingeither doubleenclosingchevronsor escapinghe

included chevrons.

2l APL64: CLEAR WS

File Edit Session Objects Tools Options Help

«wabcd 123 «4 5 6 » pgr»»
abed 123 «4 5 6 » pqr

«abcd 123 \« 4 5 6 \» pgr»
abcd 123 « 4 5 6 » pgr

agaF W= O

13 FTIEEEIEXET YL

d=

Reaay 71

‘ Classic |

e Pathswhich contain backslashcharacterscan be done without escapingthe backslashif double

enclosing chevrons are used.

a

(i APLB4: CLEAR WS - o
Eile Edit Session Objects Tools Options Help
FREQE[IE)|=9C X Dm S Man, 00,
0
1: ««c:\mypath\myfilename.exe»»
2ic:\mypath\myfilename.exe
3 «c:\\mypath\\myfilename.exe»
Yic:\mypath\myfilename.exe
5
Ready | | [Hist: Ln: 5 Col: 6| | classic |

String Variables support Unicode Character Elements

1 Unicodecharacteramaybe enteredandarevisiblein the APL64essionfunctionsandarrays.

&l APL64: CLEAR WS

File Edit Session Objects Tools Options Help

FREd& D=2y Do & s,
X<+«abcd\r\n1234 n $ £ ¥»

pX

ppX

X

0
abcd
1234 n $ £ ¥

O~ FWN = O

I

Ready | | [Hist: Ln: 8 Col: 6|

‘Class‘icl

e Unicodecharacteramaybe enteredusingtheir hexcodesviathe \uHHHH for UTE6 escape

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 74



Chapter 3: Introduction to the Language
Understanding Data in APL64

sequence) UODOHHHHHH for UT32 escape sequence bxH[H][H][H]for a variable length UTE6

escape sequence @rhex digit codes.

= APLE4: CLEAR WS - O X
File Edit Session Objects Tools Options Help
FRJ|s PCXDBEEMAN . A (LI
«Unicode characters, e.g. {1, may also be entered using codes, \uO3A%»
nicode characters, e.g. {1, may also be entered using codes, 0
«123\U0001f600456%
232456
«123\uD83D\uDEQO456»
232456
e |
Ready || |Hist: Ln: 7 Col: 6| Clagsic| |

Notel: When using théx escape sequence and specifying less than 4 digits, if the characters that

immediately follow the escape sequence are valid hext digits @ AF , and &), they will be interpreted

as being part of the escape sequence. ForexamiplA1 pr oduces
However, if the next

character i s “A"”

or

whi

“

a

ch

”

\XA1A and "pwhehlisicode point U+0ALA. In such cases, specifying all 4 hext digitg(eAf)

will prevent any possible misinterpretation.
Conversion between String and Character Variables

Conversion between string and character objects viaDb8tring, monadic >, anérString,

monadic <, operators:

T APLG4: CLEAR WS - X
File Edit Session Objects Tools Options Help
FELSOE=]9 X b5 MR w0 B, ) e

0

1 vStrings+~«aaa» «bbbb» «ccddeeff» A Rank 1 array of strings

2 vStrings

3. aaa bbbb ccddeeff

4 vChars+>vStrings A Destring string to characters using monadic >

5 vChars

6. aaa bbbb ccddeeff

7 vStrings=vChars

80

9 vStrings2+«<vChars f Enstring string to characters using monaic <

10 vStrings2

11, aaa bbbk ccddeeff

12 vStrings2=vStrings

131

14 Odr”vStrings

15164 164 164

16 Odr~vChars

17162 162 162

18
el |
Ready || [Hist: Ln: 18 Col: 6| | classic | |

1 https://docs.microsoft.com/erus/dotnet/csharp/programmingguide/strings/

s code

t hen

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 75

t he



Chapter 3: Introduction to the Language
Understanding Data in APL64

Assigning Variables

As shown above, you can specify values for APL64 to process, or you canassigmo a variable. APL64 processes
the variableexactly the same as if you had specified the values. Variable names can consist of any combination of
uppercase and lowercase letters, the numeralthrough 6, and three special characters, del&)(delta underscore

(§), and underscoreZ), except that the first character cannot be a numeral.

APLG64 uses the left arro@) to assign values to a variablghere other languages use an equal sign. The left arrow
is unambiguous and eliminates the need for possibly confusing expressions such.as YeiY automatically create
a variable the first time you assign values to it.
Rm 6 ..*D..
R\ me=
.- 6543210/ . -

When you use a variable in a calculation, its value does not change unless you assign a new value to it. You can
change the value of a variable by assigning new values to it, by assigning new values to particular elements specifiec
by their positional indx, or by selective assignment.

When you assign new values to an existing variable, the system erases the old values, and the variable contains the
new values. You can also base the assignment on the old values, such as by performing a calculation involving then

Rm 6 Rime(.

You can also assign new values by catenating (appending) values to the existing ones.
R 6 D3
Rm 6 ". -)Rnm)4 5
R\ n>
- ./ 012345

The comma symbo) { is an APL64 primitive function, which is named Catenate when used dyadically; it is not used
as punctuation.

Using Indexing and Indexed Assignment
In addition to specifying an array by a variable name, you can specify one or more elements of an array by specifying

their positions in the array. You do this by a process known as indefimgndex to a vector is the integer that
specifies the position of the element in the string. You use square brackets to identify an index.

R 6 D3
R\ m>VOX
0
You can specify more than one position within the brackets. You can also use expressions to calculate the values of
the index.
R\ n>V0 2X
02 5
R\ n>VDOX
/0
R\ nPV3 %0(. &X
31

When you index into a matrix, you must specify both row and column numbers. You separate the positions with a
semicolon. The element in the first row and second column of a matix8¢ X. You can specify two elements in
one row withV/ 80 1Xor two elements in one column witl/ 08/ X. You can specify the four elements at the
intersections of two rows and two columns with  08. 1X. You do not have to specify elements in the same
order as they appear in the array.

Rm 6 0 1D./
Rm

N
oo~

0 1
4 5
.
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R\'m V/ 80X
4

Rm VO /81X
.15

Rim V0o /8/ 1X
-
3 5

You can specify an entire row or column of a matrix by leaving the index for the other dimension blank.

R\ m V80X
04 ..

You can index into multidimensional arrays in an analogous fashion. You must specify each dimension of the array,
separated by semicolons. If you do not specify a value for a given dimension (but you must put in the semicolon), yo
get all the values fathat dimension.

You can replace one or more elements of an array by indexing the array and specifying the values to replace the
indexedelements. You can replace each of the specified elements with the same value, or you can replace each of
the specified elements with a different value. If you want to replace elements with different values, you must specify
the same number of values gsu specify indexed positions.

R 6 D3

RmV0 1X 6 4 5

R\ e
/ 4523

The index expressiovil / 382 0Xresults in a matrix of six elements. If you want to replace the values
represented by that expression, you must specifylay/ sixelement matrix.

Vo= 6 3 2d. _

I\o=V1l / 382 0X 6 0 /d./- ( D3

I\o=
1. .10
N
3. 2

Using Selective Assignment

You can also replace elements of an array by forming an expression that calculates all or a portion of the array.
Enclose the expression in parentheses and assign the new values to the elements you calculate.

R 6 D3

WORNM& 6 4 5

R\ n>
450123

The descriptions of primitive functions identify which ones you can use in selective assignment
Making Multiple Assignments

You can assign multiplariablesin one statement by forming an expression of variable names. As with indexed
assignment, you can assign the same value to each of the variables or you can assign different values to each variat

%W @A& 6 1
?(@(C A
% @ A& 6%0& YAE2& 3
?
/. 11 10 )
2 ( Y@ E A&
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Ao o110

Using this technigue, you can even rearrange data with one statement rather than moving something to temporary
storage and then moving it again.
ONO$=% & FNO$>$ o OKLDO$?$ = BNOS@H
BN OKLD FN ON
@>=
%N FN OKLD BN&SBN OKLD FN ON
BN OKLD FN ON
=>?7@

Using Functions and Operators

Functions in APL64 perform actions according to specific rules, usually acting on arrays. You can classify functions i
many ways. One useful distinction is the number of argumaritsiction requires. If the function requires one
argument, it is monadidf it requires two arguments, it is dyadi@ddition is dyadic; you must have two nhumbers to
perform addition. When a function requires two arguments, you place one argument to the left of the function
symbol and the other to the right. Usually, it makes a difference where you place the artpun#dthough the
expressions( > and>( = are equivalent, with most functions the order makes a difference; for example, if you use
the Power function.

/"0
5

o'/
6
Monadic functions place the argument to the right of the function designator. Although you would2irite
traditional mathematical notation, in APL64 you write:

T2
-
Functions are said to be ambivaléhyou can use the same symbol either monadically or dyadically. However, it is
the symbol that is ambivalent rather than the function. In reality, there are two different functions. Sometimes
these pairs of functions are very similar in action anditesThe dyadic Divide and the monadic Reciprocal both use
the same symboK).

02 044 /
2 . +2

Q

a+2 /
[ -+2

Monadic Shape and dyadic Reshape use the same sydjboBbape returns the size of a data array, which is the
length, or number of elements, along each of its dimensions. Reshape constructs a new array with the dimensions
you specify as the left argument; the elements of the array are copies of the elemiethis right argument,

repeated cyclically as necessary.

1d. / O
/ 0 .

Recognizing Scalar Functions

APL64 also classifies functiassscalaor nonscalar (mixed). A scalar function manipulates one data element at a
time, or one datum from the left argument with the corresponding datum from the right argument. It returns a
result that has the same shape as at least one of the arguments.

When you manipulate arrays that have more than one element with dyadic scalar functions, the two arguments must
have the same shape. You can multiply two vectors, for example, only if they are the same length. APL64 multiplies
the elements in correspondg positions of the two vectors and places the product in that position in the result

vector.

3210ED
3 .- .1 .1
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Similarly, you can multiply two matrices or two arrays of higher dimension, if both arguments have the same shape.
Each element of the result is the product of the two values from corresponding points in the multiplicand and
multiplier arrays. You cansal use a scalar value (one element) as one of the arguments to a scalar function. In this
case, the single value of the scalar is used repeatedly as one argument that corresponds to each of the values in the
other array. The result has the shape of ttenacalar array.

3210E1
/1/7- .3 .1

Recognizing Nonscalar Functions

Nonscalar functions can also manipulate arrays, but they have a much wider range of behavior. Some nonscalar
functionsselect or rearrange data without recalculating any values or combine two data arrays into a third array.
Others calculate values based on the arrangement of the data in the argument. Some nonscalar functions return a
property that describes the data ay, rather than the values of the elements. See the description of any function in
the Primitive Functions and Operators chapter for more information.

Other Function Categories
In the Primitive Functions and Operators chapter, primitive functions are in these categories:

Arithmetic
Functions that require numeric arguments and calculate numeric results.

Boolean

Boolean data consist of ordys and. s. Boolean functions manipulate arrays and return a Boolean result; for
example, EquaH). Some of these functions require Boolean arguments and return a Boolean result; for example,
AND (). These Boolean functions are known as logical functions. Some Boolean functions can be used both ways;
you use them with Boolean arguments, you can use them as logical functions. For example, the Nét)equal (
function used with two Boolean arrays as arguments is the equivalent of the logical Exclusive or (XOR) function.

Structural
Structural functions select and rearrange some or all of the data in an array. These functions do not calculate new
values, but some of them create additional instances of values.

General
These functions do not fall in any of the above categories. They are in three groups:

9 functions that return a property of the argument
9 functions that return an index to the elements of the argument
9 functions that either return only a character result or require a character argument.

Note: There are also categories of functions other than primitive. System functions areuilictions designated

by the quad symboli) and a name. Some manipulate system entities such as files or workspaces; others are utilities
that extend the language. You can also write your own functions @efared functions), which are called programs

in other languages.

In addition to functions, there are sets of instructions, called commands, you can use. System commands are
instructions to the APL64 System rather than the facilities of the APL language interpreter. System commands begin
with a right parenthesis&". User commands also instruct the system; these begin with a right braxkefThis

system provides some user commands that are always available from the user command processor. You can also
write your own user commands.

Each of these categories of instructions is explained later in this manual or ystem Functions Manual

Operators are another category of primitives. An operator takes one or two functions or arrays as its operands and
derives a new function that acts on its argument or arguments. In order to explain the use of operators, it is
necessary to understand nest arrays and how multiple functions can act in the same expression.
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Writing Expressions

You can combine elements of APL into more complex expressiguesform certain actions. The position of the
elements determines the order in which the expression is evaluated. APL uses parentheses, brackets, and other
symbols to define or modify the relationships of the elements of an expression.

One of the most important concepts of the syntax of APL is that APL expressions evaluate from rightnockeftain
circumstances, this may make no difference.

6(2*0

The expression above evaluates to the same value whether you suBtfeamn 2 first and add the result t&, or if
you add6é and2 and subtrac from the result. However, this is the exception rather than the rule. The expression

6*2(0

can surprise newcomers to APL. If you want to write this expression so that it evaludtesA®L, you must change
the order of execution

% * 2& (O
4
Spaces make no difference with APL numeric data and functions, s&@h&&( 0 is the same expression as in the
example above. Similarlpl is the same aB 1. It may be tempting to think db1 as an entity, but in an
expression, these are two items, a function and its argument, not one.

Given the right to left evaluation, there are implicit parentheses around the rightmost function and its arguments.
The expressiod1( . is the same as writingd ( . &.
D1 (
/ 012
However, changing the order of the functions changes the result.
. (D1
/ 012
You must also remember that a vector can be the left argument to a function. In the exprés€idn- /-*.,
the implicit parentheses include the- as part of the left argument to the Minus function. Thts,- /-*. &
evaluates to a vector of two elemen¥#6 . 6&, which becomes the right argument to the Reshape function.
/[ od.- [-*.
6 .6 6
.6 6 .6

It is perfectly acceptable to use parentheses in your APL code, even when the APL64 system does not need them.
Additional parentheses do not slow down the code. Do not hesitate to add parentheses if they make it easier for you
to see how the system evadtes a statement; for example:
%W 0&d% - /- &*.
6 .6 6
.6 6 .6

Using Operators

Operatorsare a special category of APL primitives that derive functions. In APL expressions, functions act on arrays
and create arrays as a result. Operators, in contrast, act on functions or arrays and create functions as a result.
These created ("derived") fictions then act on arrays and create arrays as a result.

Some operators are monadic and some are dyadic, but no operator symbol is ambivalent. A monadic operator can
take a function, and sometimes an array, as an operand, and the result is a derived function that acts on one or two
arrays. Operators can chantfee syntax for a function. For some operators, the operand function is dyadic, but the
derived function requires only one argument. This is not a contradiction in the use of the term dyadic; the derived
function uses different elements of the single angent as its left and right arguments in repeated applications.
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In contrast to a monadic function, whose single argument is to the right of the function, a monadic operator has its
operand to the left. When a monadic operator has an operand array to the left and an argument array (for the
derived function) to the righ it is difficult to distinguish the difference between the monadic operator deriving a
monadic function and a dyadic function. The difference is apparent only when these constructions are used in
conjunction with another operator.

Dyadic operators have operand functions both on the left and right. If the derived furtakes only one argument,

it is to the right of the right operand. If the derived function takes two arguments, the left argument precedes the
left operand. Although it is theoretically possible for a dyadic operator to have arrays as its operanday¢heoe
such operators in APL64.

Operators greatly expand the power of APL and allow complex manipulation of data with very concise expressions. |
brief description of each of the operators follows. See the Primitive Functions and Operators chapter for more
information.

Working with Reduction and Scan

Although the operator symbols are not ambivalent, some do have multiple uses. One symbol can derive different
functions depending on whether its operand is a function or an array. The RedaotioBcan operators use the

slash and backslash symbols, respectively, with a function as the operand. The operand function is dyadic, but the
derived function is monadic. The syntax for the Reduction and Scan operdiopisarg There are two versions

of each operator, with and without a bar across the slash, with the default applying along the first or last dimension.
You can use an optional index to specify the dimension with either symbol.

Reduction, as its name implies, reduces the rank of the argument by one. The operator (conceptually) places the
function between each pair of elements in the argument along the specified dimension. To find the sum of a vector:
ROD2
(R
.2

The effect of the reduction operator | is that( , Revaluates a8s (/ ( 0( 1( 2& reducing the vector argument to a
scalar. Note that the order of evaluation is still right to left.

If you do a minus reduction, the result is not so obvious.

* , R
0
If you could interrupt the calculatio®e */ * 0* 1* 2& halfway through, you would see the following intermediate
result:

EN 6 0 * %*2&

EN
1
Completing the calculation is equivalent to:

* 0 * EN&

0

When you apply a function that the Reduction operator derives to an array of higher rank, the default dimension
comes into play. In the first example below, the first element of the result (the reduced array) is the sum of four
elements% (/ (0(1& These four elements are the first plane, first row, each column, since columns are the last
(default) dimension.

When the Reduction operator reduces along the last dimension in this example, it reduces-dithezesional array
that has a shape ?f§ 0 1&to atwo-dimensional array that has a shapeddf 0&. The second element in the
first row of the result is the sum of the second row of the first plane of the original &248( 4( 5&, and so on
until the sum of the second plane, third row of the argumeétét (// (/ 0(/ 1&becomes the element in the second
row, third column of the result.

16/ 0 1dD/ 1

I

/ 0 1

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 81



Chapter 3: Introduction to the Language
Using Functions and Operators

2 3 4 5
6 .- o
.0.1 .2 .3
.4 .5 .6 /-
[. /1 7101/1
(,1
.- 13 1/
25 41 6-

If you reduce along the first dimension (planes), the resultlisbg-1 matrix that represents the sums &6 (. 0&
through% / (/ 1&.

(Al
1.3.5/-

/1 111315
0- 0/ 01 03

If you reduce along the second dimension (rows), as the bracketed integer specifies, the restiyid anatrix that
represents the sums of trios of valués, ( 2( 6&through% 3(/ - (/ 1&.

(, VI X
2 .5 /. /1
2. 21 24 3-

The Scan operatdWy operates similarly, but the derived function does not reduce the rank of the result. It provides
an array of the same size as the argument, showing results for successively larger arrays. The progression of includ
elements is from left to right, buhe calculations for each value are still evaluated right to left.
*WR

/"1 0
The first value is the first element of the argument (by definition). The second value represents the result of applying
the function to the first two elements of the argument*/ ), and the third value represents the result of applying
the function to the first three elements of the argume#t * % * 0&& and so on.

The example above shows a vector as the argument. The same principle applies to arrays of greater rank, with the
derived function applied across the default or designated dimension of the argument. Note that reduction is an
integral part of both the Scaand Inner Product operators.

Working with Replicate and Expand

The Replicate and Expand operators also use the slash and backslash symbols, respectively, with an array as the
operand. The derived function is monadic and structural; that is, it selects and rearranges some or all of the data in
one argument array and ay create additional instances of values. The syntax for the Replicate and Expand
operators isarray opr arg There are two versions of each operator, with and without a bar across the slash, with the
default applying along the first or last dimension. You can also use an index to specify the dimension with either
symbol.

Expand as its name implies, increases the size of an array along one dimension. The operand array must be a
Boolean vector; that is, it is limited to ones and zeroes, and there must be as many ones as there are elements along
the key dimension. The result agr consists of items of the argument array corresponding to ones in the operand,

and fill elements corresponding to zeroes in the operand array. Fill elements are blanks for a character array or
zeroes for a numeric array.

- . W3 456

- 3-4-5-6

o

. as\]r_s
\ ] A
As with the previously described operators, you can specify a dimension explicitly. If you want to add a row or a
column to a matrix, you can do the following:

- . WX/ 0d$\]”_"a$%
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V1A
_a 3
.- . W/X 0/ dD3
Co-
0-1
2 -3

You can use the Replicate operataith a Boolean argument for the inverse purpose; thus, it is sometimes called
Compress. With Replicate, the length of the operand vector must equal the shape of the argument array along the
chosen dimension. The result array contains only those iteams the argument array that correspond to ones, but
excludes the items the correspond to zeroes. Thus, the result is usually smaller.

2

54 /2 21 13 42
54 /2 21 13 42 | 2-

.- - ., 54 /2 21 13 42
54 21 42

—

6 2;.--
i 2-&, \

S

63 66 3-

If you use values greater than one in the operand, the operator, as its name implies, generates multiple copies of the
appropriate elements in the result array.

./ 0, 63 66 3-
63 66 66 3- 3- 3-

And if you use negative numbers in the operand vector, the operator combines the functionality of Expand and
Replicate. Note that the high minus that designates a negative number is not the same as a minus sign.

/ . - .1 AOO db6
/ 0
456
45 6

Working with Inner and Outer Product

The Inner Product operatpwhose symbol is the period) requires two dyadic functions as operands and derives a
dyadic function. The length of the last dimension of the left argument must equal the length of the first dimension of
the right argument. The result has a shape that combines the shapes ofghmeants without the common

dimension. If Inner Product processes arrays with shape8 (/) and ( 2 3), the result is d-dimensional array

of shapel 0 2 3).

The syntax for Inner Productlaxrg Ifn+ rfn rarg. Inner Product processes the elements of the left argument against
the elements of the right argument using the right function operand, and then reduces (the Reduction operator) the
result along the common dimension using the left function operand.

VectorAE+( VectorB means add the two vectors and multiply all the elements of the result to give a scalar answer.
The following example is equivalent toE1E3).

/ OE+(. I 0
15

Inner Product is a generalized matrix multiplication. The specific fer(mEl >, wherel = and| > are matrices, is
matrix multiplication as it is defined in Linear Algebra.

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 83



Chapter 3: Introduction to the Language
Using Functions and Operators

The Outer Product operatarses two symbolscf+). You can think of the left symbol, the jot, as an operand, a
function that defines the product operator as an outer product. (Or you can think of it as a placeholder for the left
operand.) This symbol has no other defined purpose in APL64. Thepagiaind must be a dyadic function; outer
product derives a dyadic function that uses each of the elements in the left argument with each of the elements in
the right argument, thereby increasing the rank of the result. The syntarg®©+ fn rarg. Two vectors of lengtm
andn used as arguments create a matrix of shamery.
.- /I-©&+E. | 0

.- /- 0-
/- 1- 3-
Applying Outer Product to two matrices (two dimensions each) results in adfmensional array.

Working with Each

The Each operatpdenoted by the dieresig] takes either a monadic function or a dyadic function as an operand
and derives a function of the same type. It applies the function to each of the elements of the argument in
succession, creating a nested vector (see below) as the result. Each issefostvith nonscalar functions. The
syntax for Each with a monadic operand functiomi¢ arg; when the operand function is dyadic, it requires two
arguments:largfn ¢ rarg. You can best understand Each by examining the effect of using a function with and
without the operator.

/ 01) 234
/ 01234

/ 01)¢ 234

/ 2 03 14

/ 01 d56 .-
5 6 .- 5
6 .- 5 6
- 5 6 .-
5 6 .- 5
6 .- 5 6
- 5 6 .-
/ 01d¢ 56 .-
55 666 .- .- .- .-

The Each operator is useful in performing repeating actions without writing loops. For example, you can use the
function that reads one element from a file combined with the Each operator to derive a function that reads an entire
file with one instruction

Reading Statements that Contain Operators.

There is a difference in reading adjacent symbols when one is an operator. You can frequently put two functions
together in APL. One example this chapter uses is applying Reshape to an array the Index Generatondiates (
Recognizing the right to left execution of statements, the system evaluates the expreSisarid then the

Reshape function uses the result as its right argument. In execution, the statement looksi(iRe ).

However, when there is an operator in the statement, the operator takes precedence. The statér@ent ()
derives a dyadic function and applies it to the two arguments. Conceptually, it looks%Re & ).

Similarly, with a monadic operator, there is a difference in precedence. This example also shows the difference
between an operator and a function. The system function kg is a dyadic function that replicates its right

argument in accordance with its left argument. There is no difference in the result from using the Replicate operator
with a vector operand,; it is a simpBcharacter vector.

- ./ 0 uamkg $\]*_$
- .10, $\]1 %

]l\l\

]l\l\

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 84



Chapter 3: Introduction to the Language
Using Functions and Operators

However, there is a difference between using the dyadic system function with the Each operator and using the
monadic, derived, function in the second expression with the Each operator. The result here has four separate
elements of, respectively, zero, onevo, and three characters. The elements of the left argument are applied to the
corresponding elements of the right argument as they were without Each. The difference in the result is that the
function builds a simple vector, while the operator/funaiicombination builds a vector for each element.

- ./ 0 Uumkgt $\]"_$

NN

X_dnkg\t - . / 0 %im kg¢t& $\]1"_$

+6**************+
WH«++0++0* ++0* * +w
W W] WWA MWW Ww
WE* $$* $$* * $$* * * $w
$é**************$
The syntax of the above statementis:. / 0 %Im kg¢& $\]"_$ In fact, you could put the parentheses in
the expression and it would execute the same way. In contrast, the syntax of using the Replicate operator to derive ¢
monadic function and using that function with Each%: . / 0 , &t $\]"_$
In this case, the same derived function is applied to each of the elements of the one argument. This example also
demonstrates scalar extension. The function requiring a-&ement argument is applied to each scalar; the scalar
is extended so it is abthere were four a's, four b's, four ¢'s, and four d's in the argument.
- ./ 0,¢ H]" %
VWA JTTTTT Anannn
mnpgod % . / 0 ,& S$\]*_ $
X_dnkg\t m npgo

+6*****;*************************+
V\H_E’)*****++6*****++6*****++6*****+W

V\ﬁ******$$******$$******$$******$W

$é*******************************$

If you tried to execute either expression with the inappropriate parenthe¥ges,. / 0 um kg&¢ $\]* _S$or
- ./ 0 %c¢& $\]"_$, youwould get an error.

Using Boolean Functions

Boolean data consist ofs and- 's. You can think of these two data as representing Yes/No, True/False, or
Exists/Does not Exist. Boolean dyadic functions make a comparison between elements of their arguments and retur:
a Boolean result. If the comparison is true, they return, atherwise- .

/ 0:0/

$N=0D$: $EP?D$
Booleanfunctions are powerful tools in selecting and manipulating data. For example, if you have a vector of
unknown length representing the amounts of various loans, and you want to analyze all the loans for more than half
a million dollars, you can identifhose that qualify with one statement:
>jjg>db 6 Hj\i=ho i 2-----

The result is a vector the same lengthHjs i =ho that has. 's in each position that corresponds to a loan of
sufficient size to qualify. You can count how many loans qualify with>j j g>db. You can also create a vector
containing the values for only those that qualify with the statemepi g>db , Hj \i =ho. This expression
selects elements from the right argument when the corresponding element in the left argumentNete that the
slash in the first statement is the monadic Reduction operator , while the slash in the second statement is the dyadic
construct Replicate (compress). You can get a total of these loans using:

(, >jjg=db , H\i=ho

If Hj \'i =ho were one column of a matrix, where other columns contained interest rate, loan number and
borrower's name, you could use the same technique to extract a matrix of records for only these loans.
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Recognizing Logical Functions

Logicafunctions use Boolean arrays as arguments and return a Boolean result. You can use logical functions to do
complex conditional tests on data. For example, extending the example above, if you want to analyze loans over a
certain amount where the borrowes divorced, you can use the AND logical function to combine two comparisons.

@qDdNgm 6% \ i =hof 2- - - - - & Y %\ noo\o : $@&

The result would be a Boolean vector witts representing only those positions where both values are true: the loan
qualifies and the character code of the marital status variable equals the desired value.

Three other dyadic logical functions are OR, NAND and NOR. There is one monadic logical functiontidT (
replaces the values in a Boolean array with their complements, changing zeroes to ones and ones to zeroes.

You can also use functions that return a Boolean result as logical functions if you use Boolean arrays as arguments.
The six relational functions, Equal){Not equal |(), Greater thani(), Less thand), Greater than or equdt), and
Less than or equag] represent meaningful combinations of two conditions.

Using Structural Functions

Structuralfunctions reorganize the data in existing arrays or select subsets of data from arrays, or both. These
functions can change data by replacing items in an array or by restructuring their relationships, such as by creating a
nested array, but they do noecalculate an individual datum. Some structural functions create new data by
replicating instances of existing data or by inserting fill items in an array.

You can append data to an array with Catenate. When you append data to an array, you not only have additional
data items, you reorganize the data, because the shape, and perhaps the rank, of the result is different from the array
you started with.

You have already seen numerous examples of the Reshape function (dyallt reorganizes data.

/ 0d. / 01
.10
1.7/
Note that Reshape creates additional instances of the data in the vector that forms its argument to complete the
array that is its result.

Other functions that create additional instances of data are Repli¢cgtarfd Expand/j; the number of data items
depends on the argument you supply. If you replicate a datum zero times, it disappears from the resulting array.
Other functions that reorganize data are Rayel, Reverseq and¢), Rotate (dyadia and¢), and Transpose].

The Primitive Functions and Operators chapter describes each of the structural functions.

Some structural functions reorganize data by creating a level of nesting in an array or removing a level of nesting
from an array. These functions may also create instances of new data by padding the result with a fill item, which is :
blank for charactedata or a zero for numeric data.

=0 % / 0& % 2& ¥B&

/0 12 3
d=

dd=

The example above shows a nested vector, namedith three items; its rank is. You can add a threigem vector
to a threeitem vector.
.0 (=
/ 01 34 6
The Disclose functiorg] retrieves a level of nesting from a nested array, raising its rank. The result is adtwby
three-column matrix; its rank is.

o

/0
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You cannot add a threelement vector to a matrix.
.10 (¢
N=JG ANNKN
/0 ( §=
Y
The Enclose functiom] creates a nested scalar from an array that is not a simple scalar. The result igenone
nested array; its rank is zero.

You can add a threelement vector to a scalar.

.0 ( a=

/ 01 23 4 012 34 5 123 45 6

Other structural functions select subsets of arrays. You select data by position, such as by taking or dropping a giver
number of elements from the beginning or end of a vector. You can also select rows or columns from a matrix or
matrices from an arragf higher dimension. When you select a subset of data, you also change the shape, and
perhaps the rank, of the array. The data you do not select do not exist in the result. They still exist in the array from
which you selected unless you reassign theuteto that variable.

ROD. /

0 6R

/ 13

To select a subset of data by their values, you can use a Boolean function that tests for the desired values, and then
use a structural function with the result of the Boolean function as one argument and the data array as the other
argument. An examplefahis type of selection appears in the section on Boolean functions in this chapter. You can
also select a subset of data by the absence of their values by using the Wighduh¢tion. To get everything except
the odd, singlaligit numbers, you can use the following expression:

./ 0123456 .-..y.0246
/135 .- ..
Interestingly, you can select a subset of data by their values using the Without function twice. To get all the odd,
single digit numbers:

=6. / 0123456 .-.. .10
>6. 02 46
:y>

/135 .- ../
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0246.0
Using General Functions
APL64 includes some primitive functions that do not fall into any of the above categories. These general functions,
which the Primitive Functions and Operators chapter describes, include:
{ those that return a property of the argument, such as Shape (mongdic

1 those that return an index to elements of the argument, which you can use, for example, to sort the data in the
argument

1 character functions, including functions that convert numeric data to characters and the Execute function, which
converts character numerals to numeric data as its simplest application, and, in more general usage, executes
any character string the systerart execute.
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The APL64 language allows you to create your own functions to perform a task repeatedly, potentially with different
input data, without having to retype the expressions that execute your task. Depending on the complexity of the
functionyou write, this can be equivalent in another programming language to writing a standalone subroutine or a
program.

You can use your function as you use primitive functions or system functions. You can evaluate it in immediate
execution mode, combine it with other APL functions in an expression, or call it from another function. When you
define the function to have aaxplicit result, you can display the result, use the result in an APL expression, or assign
it to a variable.

As anexample for a generic APL function, this chapter uB&K. The function is monadic and returns an explicit
result; the following statements are valid APL statements:

FOO 6
8

25+ FO0 7
38

X"FOO 8

X
21

FOO FOO 6
21

Basic Concepts

When you create a function, you give it a name, spegifgtherit returns a result, and define how many arguments
it has. You accomplish this in the header statement, which is line numipethe function editor. In the session
manager, from the Objects menu, select New and Function. The system places you on line zero.

The headeis a statement that the system does not execute but uses to get information about the function. The
minimum content of the header line is one name. If you have only that one name in the header, you define a niladic
function that does not return a result

If you put two names in the header, the left one is the function name and the right one is its single argument. If you
put three names in the header, the center one is the function name and the left and right variables are the
arguments.

If you want the function to return a result, place a variable name and the left arrow to the left of the function name
and its arguments. Note that a function can have an effect without returning a result. The table below shows how
types of functions reite to the content of their header lines. The content of each cell is what appears or liie

(the header line) of the function.

Types of Functions

Niladic Monadic Dyadic

With result U6 @K U6BKK P Ué Q CKK R
Without result DKK GKK S i HKK T

Recognizing Functions as Black Boxes

An important concept in APL programming is that the calculations inside a function occur in a protected environment.
The system uses any variable that appears in the header of a function only within that function. When it finishes
evaluating the functionit erases the variable without affecting anything else in the workspace. If you have a variable
with the same name already defined in the workspace, the calculations within the function do not affect it.
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The system accomplishes this with a process called localizalfigou have variables namé&band P in your

workspace, and you call the function that has the hedd@BKK P, the system stores the workspace valuedJof

andP temporarily. It evaluates the function, using the input value that you specify as the local v&tsndfstores

the result in the local value @J. As long as you are inside the function, you can perform any valid actions with the
local values ol andP. When you exit the function, the system erases the local variables and restores the workspace
values ofUandP.

The functionBKK, as defined above, calculates a nonlinear numeric series and returns an integer result based on the
value of the argument. Suppose you define the variablasd P in your workspace and that the first and last lines
of BKK are as shown below:
U60+. 1. 26
P6 4
In the Edit window, the function displays as:

V- X UBBKK P
+++

ViXx AJ@ Ud M (M
Then suppose you type the following statement:

BKK 3
5

While the system evaluates this functidhhas the value, andU ends up with the valu&, within the function. The
system displays the last valueldfis the explicit result of the statement. However, when the system exits the
function, these local values disappear. In the workspllkamd P still have the global values.

P
4
U
0+.1.26
Note that you can use the variabie coincidentally, as the argument BKK.
BKK P
.0
P
4
P65
BKK P
/.
P
5

If you assign values to other variables within your function for intermediate results, you can keep them local by
specifying them in the header line following the right argument; you separate variables in the header with
semicolons. If the header in thex@mple included/ , you can usd in the function without affecting the

workspace.

V- X UGBKK P8M

+++

VhiX %M M E& 6 M %M (M & %E(. &
+++

ViX AJ@ U6 M(M

However, when you use a variable in a function that you do not name in the header line, the variable retains its value
from the function when the system exits the function. The variable then exists in the workspace with the last value it
held within the finction. If you definéd andM in your workspace prior to calling the function, the prior value of
M is lost, just as if you assign a new value to it in immediate execution mode.

M 6- +- 3042

M 6- +- 3542

BKK 6
01
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M
- +-3042

M
/.

It is useful to place the name of any variable whose value you do not explicitly want to save in the workspace in the
header line. Even if you do not assign a value to it before you run your function, if you do not localize it in the
header, it exists ithe workspace afterwards. For example, there is no reason to store the valuthaf you use as
a counter in the function. If you plagein the header line, it has no value in the workspace afterwards and thus you
reduce clutter. You can display the visual representabiba functionusing the system commanitm
_ugm $BKK$
G U6BKK P8M 8M 8E
V.X %M ™M E& 6 - . /
VI X OP=NP7 0 %eE&, AJ@
VOX %M M E& 6 M 9% (M & %E(. &
ViX ©6 OP=NP
V2X A@ U6 M(M

G
BKK . -
22
E
R=HQA ANNKN
E
Y

Writing Assignment and Implicit Output Statements

Many of the statements in a function you write are simply APL expressions, which use numbers (constants), variable
APL primitive symbols, and functions to manipulate numeric and character data in arrays. When the system execute
the function, it executs these statements in sequence, much as it would if you typed them sequentially in immediate
execution.

Ordinarily, you assign the result of each statement using the assignameaw. When you do this, there is no
immediate indication that the system has performed the action that the statement represents. If you do not assign
the results of a statement and the statement returns a result, the system displays thatiresudtHistory logwhile

it is still executing the function.

When you assign the result of a statement to a variable, that value is available as an intermediate result for use in a
subsequent statement. If you want to have the value available and also see the intermediate result in your session,
you can use the Qubfunction in a statement like the following simplistic example.
V-X Hibocd s Ltoc\b t
V.X Od_".6s"/
VIX od_"/6t'/
VOX 0u60ph6Cd_". (Od_"/
V1X HibocdbOph'-+2
0 Ltoc\b 1
/2
2

Of course, you could write all four steps in one simple statement:
V.X Hiboco%Ws'/&t'/& -+2
Note that the system does return the final result of a function you assign in the header. If you want to capture that

result, for example to use as a value in another function, you can assign the result in the statement that calls
Lt oc\ b.

Dtké 0 Ltoc\b 1
Rather than assigning the resultBb k, you could make the statement above more complex by performing a

calculation using the result in the same statement that daflsc\ b. You can make single APL statements very
complex, and thereby make your functions very compact. There is a-tfidbetween compactness and readability.

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 91



Chapter 4: Writing APL Functions
Basic Concepts

You can write almost any statement in a function that is a valid statement in immediate execution. Two exceptions
are that you cannot directly use either user commands (those beginning with a right bracket) or system commands
(those beginning with a riglgarenthesis). You can, however, invoke user commands; the system contimpad

takes any user command as an argument, and the system executes the user command. Many of the system
commands (the ones you are likely to need under program control) have system function counterparts; for example,
U”j kt performs the same action in a function th&tj kt performs in immediate execution.

There are also facilities you can use under program control that you cannot use in immediate execution; for example,
branching and control structures. These two facilities are explained later in this chapter.

Using Statement Separators

You can place multiple statements on a single line of a function by separating the statemithrasdiamond(=).

The system executes the statements from left to right starting to the left of the first diamond, although it retains the
right-to-left execution order within each statement. This behavior allows you to to reduce the number of separate
lines easily bynserting diamonds in place of nelime characters. The three lines below are equivalent to the single
line following them.

V.X Od_".6s'/

VIX Od_"/ét'/

VOX Oph6Od_".(0d_"/

V.X Od_".06s'/ = Od_"/6t'/ = Oph6Od_". (Od_"/
Creating Output

When you want to create output, you can use implicit output (no assignment) statements in a function. For example,
you could display the results of a simple function that calculates sales tax.

V-X UbL OP=i P _

V. X Ud%% - - EL&EP&A. - -

VI X $LNE?A$ L

VOX $ P=i $ U

V1X ROL(U

V2X $PKP=H$ R

P=i 6 /+.0 OP=i +-2
LNE?A /+.0
P=i -+..
PKP=H / +/ 1

Note that you have the amount of the tax in the variaBkel to use in another function. See the Formatting Output
chapter in theSystem Functions Manufalr more information on creating output.

Inserting Comment Statements

You can enter commenta a functionby using the Lam(£) symbol. The system does not execute anything on a line
after the lamp. You can make an entire line a comment, or you can place a comment after an executable statement.
V-X UbL OP=i P
V.X £ Ogno\s8 gao \nb knd** 8 ndbco \nb
VIX £ ols Mo 8 nipi_n pk oj i \mno k'iit
VOX Ud%% --EL&EP&A.-- £ Ai_ ja api”odji
If you place a comment on a line that has multiple statements separated by diamonds, place the comment in the
rightmost statement. If you follow a comment by a diamond, the diamond is part of the comment. If you include a
comment in a character string elosed in single quotes, the lamp is a character in the string. The system treats the
lamp as a comment designator only if it executes the character string.

\06%0(2 £ Er\io oj ~jhhio$

\
0(2 £ Er\io oj “jhh'io

A\
5
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Inline Comments

Inline comments are denoted by the glyphs 'and ° * surrounding a block of text. Note the similarity of their
appearance to the standard comment ~ glyph. These glyphs are defined on the APL64 keyboard as keystrokes
Alt+Shift+Z and Alt+Shift+despectively. These are easy to remember because Alt+Z and Alt+X give the similar
looking’®™ and & glyphs respectively.

In its simplest form a single opening comment glyphbehaves like the standard comment glyph™. It begins a
comment that by default runs to the end of the current line. However, unlike a standard comment an inline comment
can be terminated before the end of the line by using the closing comment glyphFor example, the following
expression:

X « a G+ b x ¢

has “commented out” the ~ + b° characters so that t he
following:

X <« a x ¢

I f you don’t terminat e “a wihiarlgsingcononemr glyipm™@n thesamm kne, theng | y p
the comment runs to the end of the line like this:

X <« a e+ b x ¢

which is functionally identical to a standard comment like this:

X « a A+ b x ¢

You can use two OR MORE contiguous opening comment glyphs such'as " * to begin a comment that
runs to the end of the function, unless terminated by a matching number of contiguous closing comment glyphs such
as’ or’ *. Here are some examples:
Vfoo = X Vfoo = X
FRY_AAX8 00 FRY.AUX 800
O:foo 0:foo
1§L1ne one 1§Line one
2iline two 2iline two
3iline @Gthree 3iline @@three
4:line four 4 line four
5 line five 5iline®® five
6§l1ne six 6iline six
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Vfao = X Vfoo 2 X

FRA. I AAx/a8 00 [(ERd.ARAXa&DE
0:foo Oifoo
1§:L"|@@ne one 1?[1@@@[13 one
2i§|_"|ne two 2§line two
3§_|_1ne cGthree 3;[1!‘1& ccthree
L|.§|_"|ne four hfline four
5%[1ne§® five 5%[1[‘1&99 five
6:line six 6:line six

Voo = X Vfoo a2 X

FR4. . AAX&[0 |IFk4d. A-axa1H
Oéfoo 0:foo
1iliceene one 1iliceene one
2iline two 2iline two
Sﬂine cGthree Sﬂine ccthree
4:line four 4 line four
5iline®® five 5iline®® five
6:li®®dne six 6:lio®®Dne six

Note that N opening comment glyphs will only match N closing comment glyphs, no more and no less. So, while
) * will close a comment opened with " it will not close a comment opened by ~or’ *. Also note
that comments do NOT nest. For example:

Vfoo 2 X

FREd.AAxX& 5
Efoo

:Line one
linecctwo
‘lineccthree
line@®four
line®dfive
6§Line SiXx

g F WwWwMNE-= O

A

The comment block stops at the first matching set of closing comment glyphs with the correct number of contiguous
* " matching the number of " that opened the comment. So, the pair'of " on line 4 matching the pair of

on line 2 and does not associate with the pair of * on line 3 that happen to be inside the comment started on line

2.

I n most cases you won’'t have 'r ¢€anddosingt o comsent glyphs. dhet h an
primary reason to use a larger number of contiguous comment glyphs is to enclose other comment blocks that are
defined using smaller counts of contiguous comment glyphs such as the following:

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 94



Chapter 4: Writing APL Functions
Basic Concepts

Vfoo = X

FRAd. AAX &[]
:foo

:Line one
linecectwo
ilineccthree
‘line®®four
‘line®®afive
iline six

o F WM O

Using the Branch Statement

You can use a branch statemeatalter the execution sequence of your function. The branch statement consists of a
right arrow and an expression. You can branch to a line number or you can branch to a label. Using labels is safer; i
you edit the function and change the line humbgthe branch to a label still goes where you intend it to. The system
treats a labehs a named constant. The label assumes the value of the line number it is on while the system executes
the function. You cannot assign values to labels.

In the function, you place the label (followed by a colon) on the line where you want to branch. When you branch to
that line, the program continues evaluating the function starting with that line number. In the following example,
when the system reachdime V3X, it branches to lin&/5X and continues execution from there.

+ + +
V3X 06P=NCAP
VAX + + +

V5X P=NCAP7

If the expression following the branch arrow is an empty vector, for example); the system does not branch and
continues with the next line of the function.

You can use this property in conjunction with the Replicate function to make a branch/not branch condition. In the
following example, if the value of the second row, second column of the output matrix is not a positive number, the
system does not branchf that element is a positive number, the system branches to\ingX.

V.-X + + +

V.. X OWKQPLQPV/ 8/ Xi-&, P=i?d
V./X £ Hdi  n oc\o adidnc oc”™ api”odji
V.OX £ rc’'i oc’m dn ij o\s+
+ + +
V.5X P=i?Q7

V.6X £ Hdi 'n oc\o “phpg\o” o\s'n ]t no\o’

You do not have to use a label in the expression to the right of the branch arrow. The expression can be a constant,
variable, or an expression that performs a calculation. If the expression to the right of the branch arrow evaluates to
a number that$ a valid line number in the function, the system branches to that line and continues executing the
function. If the number is zero or a number that is not a line number in the function, the system exits the function,
but continues execution. If anothé&unction called the function that uses branch to zero, the calling function

continues.

If the expression to the right of the branch arrow results in a vector, the system uses only the first element of the
vector. However, you can use a vector in the expression and calculate an index to that vector. This allows you to
branch to different lne labels as easily as to different line numbers. For example:

0%+=>AH. H=>AH H=>AHO H=>AH1& VEX

In this example, the system branches to one of four labeled lines depending on wikeliasrthe value of ,/ , 0, or
1.
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If the branch has nothing after it (a naked brahdhe system stops all execution and returns to immediate execution
mode. If another function calls the function that uses the naked branch, you cannot restart the calling function at the
point of interruption.

Writing Control Structures

APL64 provides another method for controlling the execution within-dséined functions. Control structures
identify blocks of statements that the system executes conditionally or repetitively, based on values in the control
expressions.

Control structures comprise three parts: keywardsntrol expressions, and blocks of ordinary APL statements.
Keywords identify the type of control structure and mark the boundaries of the blocks of statements they control.
The control expressions define the conditions under which the system exeziiesk of statements. These
statements perform the calculations or other actions you want to perform when the control expression is valid.

Throughout this section, control structurese always shown in lowercase for readability. They are-resmsitive
in the system, so you can ug&B, 7da, or7Ea interchangeably.

Writing Conditional Structures

The simplest conditional control structuhas a single condition statement, for example:
VO-X + + +

V0. X 7da i:.-

VO/ X £ > bdi ]gj~f ja nolo hion

VOOX UeT. ( T/

+ + +

V03X £ A _ ]gj~f ja nolo h'ion
V04X 771 _da
VO5X + + +

In the above example, the control structure spans seven lines. The keywords, which always start with & colon (
mark the beginning and end of the structure. The control expression specifies that if the varteddeany value
other than. - when the system reaches lind. X, the system does not execute the block of statements within the
control structure. If the value df is. -, the system executes the statements starting with M@ X.

A control expression must evaluate to a Boolean scalar oreteraent vector. If the value is, the condition is true.
If the value is zero, the condition is false. If the expression returns a vector longer than one element, the system
displaysHAJCPD ANNKN and suspends execution.

The pattern of the keywords, those words beginning with a colon, defines the outer syntax of the control structure.
The outer syntax has specific requirements, but you can build very complex structures.

Using Conditional Structures with Alternatives

You can include alternate blocks of statements for the system to execute.

V1i-X + + +

V1.X 7da i:.-

V1/ X £ >gj~f . ja no\o h'ion
V10X ueT. ( T/

+ + +

V13X 7 gn’

V14X £ >gj~f / ja no\o h'ion
V15X UGTO ( T1

+ + +

V2. X 77i_da

In this example, the system executes the first block of statements (fronYi®X to the next keyword) if the value
ofi is. - . Ifthe value of is anything other than -, it executes the second block of statements (from i X to
the final statement in the structure).
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You can use as many alternatives as you have meaningful conditions. The system evaluates the control expressions
from the start of the structure and executes the block of statements associated with the first condition that evaluates
to true. Note that tke system does not evaluate subsequent conditions once it finds a condition that is true. The
system executes only the block of statements following the first true condition.

V20X + + +

V21X 7da i.:.-

V22X £ >gj~f . ja no\o h'ion
V23X UeT. ( T/

+ + +

V26X 7 gn da % /*2&E4+0

V3- X £ >gj~f / ja nolo hion
V3. X UGTO ( T1

+ + +

V31X 7 gn

V32X £ >gj~f 0 ja nolo h'ion
V33X ueT2 ( T3

+ + +

V36X 7°i _da

You do not have to have ahi gn” keyword. If you do have one, it must follow all thegn™ da keywords in its

outer structure. In a structure without an" gn”~ keyword, the system can execute one block of statements or none.
If none of the control expressions associated with Tl statement or the7” gn” da statements is true, the

system continues with the statement following the final statement of the structure.

Using Condition Extension Keywords

You can also make a block of conditithyscompounding the control expressions. You can make multiple conditions
with the 7\ i _da keyword or alternate conditions with thej nda keyword.

VA-X o+ 4+ 4+

V4. X 7da i.:-

V4/ X 7\i _da i/}].6

V40X £ >gj~f . ja nolo hion
V41X UeT. ( T/

+ + +

V44X 7 gn da i0e2
V45X  7jnmda 1 1E3

V46X £ >gj~f / ja nolo h'ion
V5- X uUeTo ( T1
+ + +

V51X 7°i _da

When you use th@\ i _da condition extension statement, all the control expressions in the block of conditions
must be true for the system to execute the block of statements following the block of conditions. If any condition is
not true, the system does not execute the blockstdtements.

The system evaluates the condition statements sequentially. If it finds a control expression that is not true, it does
not evaluate the other statements in that block of conditions. This makes it possible to use a combination of
conditions such as the flowing:

7da 1. - .

7\i_da %/ai.&E. 6
A statement using the APL primitive AND function, for exanfile, - &Y% / &i . &E. 6, causes a
@I =EJ ANNKNIfi . is zero.

When you use th@j nda condition extension statement, the system evaluates each control expression in that block
independently. If any control expression in the block is true, the system executes the block of statements
immediately following the block of conditions; in the alsoexample, starting with ling46X. If none of the

statements is true, the system does not execute the block of statements.
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The system evaluates the condition statements sequentially. If it finds a control expression that is true, it does not
evaluate the other statements in that block of conditions. This makes it possible to use a combination of conditions
such as the folloing:

7da 1. :-
7jmda % /4ai.&9.6

A statement using the APL primitive OR function, for exansgle, - &% / &1 . &9. 6, causes &@Kl =EJ ANNKN
ifi . is zero.

You can string multiplé\ i _da statements in one block, and you can string multipjarda statements in one
block, but you cannot mix the two types of condition extension statements in the same block of conditions.

Writing Repetitive Structures

The simplest repetitive control structuteas a single condition statement, for example:
V52X + + +

V53X 7rcdg’ ii/-

V54X £ > bdi ]gj~f ja nolo hion
V55X ueT. ( T/

+ + +

V6. X 7°i_rcdg

In the above example, the control structure spans six lines. The keywords mark the beginning and end of the
structure. The control expression specifies that if the variakieless than or equal tb- when the system reaches
line V53X, the system does not execute the block of statements. i¢fgreater than - , the system executes the
statements starting with lin&54X.

When the system reaches linds. X it branches back to ling53X and evaluates the condition again. This typically
implies that one of the statements in the block alters the value i statement within the block branches outside
the control structure, or something external to the function interrupts the function while the system executes the
block. Otherwise, your program is in an infinite loop.

In this structure, the system evaluates the condition once more than it executes the block of statements. Since the
test precedes the block of statements, it is known as a leading test.

Using a Trailing Test

You can also have one condition statement at the end of the control structure.

V60X + + +

V61X 7mk'\o

V62X £ > bdi ]gj~f ja nolo hion
V63X ueT. ( T/

+ + +

V66X 7piodg ii0-

In the above example, the control structure spans six lines. The keywords mark the beginning and end of the
structure. When the system reaches li&1X, it automatically executes the block of statements. The control
expression specifies thatiifis greater tharD- when the system reaches lingg6X, it continues with the next line.
Ifi is less than or equal t0- , the system branches back to liN€1X and executes the block again.

This typically implies that one of the statements in the block alters the value a&tatement within the block
branches outside the control structure, or something external to the function interrupts the function while the
system executes the block. Otherwise, your program is in an infinite loop.

In this structure, the system executes the block of statements before it evaluates the condition the first time. Since
the test follows the block of statements, it is known as a trailing test.

Using Leading and Trailing Tests

You can combine leading and trailing tests in one control structure. The control expressions can test the same
variable, as in the example below, or different variables.

V.-. X + + +

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 98



Chapter 4: Writing APL Functions
Writing Control Structures

V.-/ X Trcdg” ii/-

V. - 0X £ > bdi ]gj~f ja nolo hion
V. -1X UeT. ( T/
+ + +

V.-4X 7piodg iiO0-

In the above example, the control structure spans six lines. The keywords mark the beginning and end of the
structure. The control expression specifies that i less than or equal tb- when the system reaches ling -/ X,
the system does not execute the block of statements. i#f greater thart - , the system executes the block.

When the system reaches the end of the control structure, it evaluates the second control expression. This control
expression specifies thatiifis greater tharD- , it continues with the next line. ifis less than or equal t0- , the
system branches back to lingé - / X and evaluates the first control expression again.

In this structure, the trailing condition must be false and the leading condition true for the system to execute the
block of statements more than once. If the trailing condition is false, it does not necessarily mean the system
executes the block a secdime. If the value of is reduced to less thah- during the first execution of the block
of statements, the system continues with the statement following ¥e 4 X even thoughi is not greater tharD- .

Writing Repetitive Structures with No Control Expression Test

You can also have a repetitive control structure with no control expression.

V.-6X + + +

V..-X 7Tmk'\o

V... X £ > bdi ]gj~f ja nolo hion
V.. /X UbT. ( T/

+ + +

V..2X 7i_mk'\o

In the above example, the control structure spans six lines. The keywords mark the beginning and end of the
structure. When the system reaches I¥ie. - X, it automatically begins to execute the block of statements. If the
system reaches lin€. . 2X, it branches back to ling. . - X and begins to execute the block again. This implies that
you have a statement within the block that branches outside the control structure or ends your program.

Using Condition Extension Keywords

You can also make a block of conditioms repetitive control structure by compounding the control expressions.
You can make multiple conditions with tii& i _da keyword or alternate conditions with thej nda keyword when
you combine them with either th&r cdg™ or 7pi odg keywords.

Valid outer syntax structures include:

7rcdg’ 7rcdg’

7\i _da 7j mda

block of statements  block of statements
770 _rcdg’ 771 _rcdg’
Tmk'\o Tmk\o

block of statements  block of statements
7pi odg 7pi odg

7\i _da 7j mda

You can also combine condition keywords in a structure that combines leading tests with trailing tests.

7rcdg’ 7rcdg’

7\i _da 7j mda

7\i _da block of statements
block of statements  7pi odg

7pi odg 7\i _da
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7\i _da 7\i _da

7rcdg’ 7rcdg’

7\i _da 7j mda

block of statements 7] nda

7pi odg block of statements
7j mda 7pi odg

7] mda 7j mda

Writing Iterative Structures

The iterative control structur@as a twepart control statement. The first keyword specifies a controlled variable,
and the second keyword defines an expression. The system assigns each of the values in the expression to the
controlled variable and executes the block of statementseofor each value. For example:

V.. 4X + + +

V..5X 7ajmF 7di D.-

V..6X £ > bdi ]gj~f ja nolo h'ion
V./-X UbI \ oVFX

+ + +

V./0X 7°i_ajm

In the above example, the control structure spans six lines. The keywords mark the beginning and end of the
structure. When the system reaches Ive. 5X, it automatically begins to execute the block of statements, With
having the first value in the expression,if this case).

When the system reaches liné / 0X, it branches back to lin€. . 5X, assigns the next value & and begins to

execute the block again. The system executes the block of statement once for each value of the expression. When
the system reaches a line containin@aj mstatement, it always executes the block of statements unless the
expression followin@di is empty.

The expression does not have to be an arithmetic sequence. You could craft a nested vector, for example:
7ajmF 7di [+ %*>& % -(/ED1& %. - &

The system would execute the block of statements four times, Wwiglet to the value produced by each item of the
vector in turn.

Note that localization of variables works only at the function level and not at the level of a control structure. When
the system exits the structure, the controlled variable has the last value assigned it. If the variable had a value within
the functionbefore the system reached the beginning of an iterative control structure, that value is gone. However,
you can reassign a value to the controlled variable within the block of statements; the execution of the iterative
structure does not depend on the ke of the controlled variable. When the system branches back t@ #jem

statement, it simply assigns the next value to the controlled variable. Similarly, the values of the vector following the
7di keyword are evaluated only once at the beginning of the structure. If you specify the vector with a named
variable, you can change the variable within the structure without altering the execution of the function (unless you
exit the structure and returno it).

Continuing a Repetitive or Iterative Structure

To simplify the coding of certain kinds of looping patterns within repetitive or iterative control structures, you can use
the7”jiodip> \i_ 77jiodip da keywords. Th@"ji odi p° keyword takes no argument, but

77j i odi p” dadoes. When the system executes these statements, it branches to the end of the block of
statements but does not necessarily leave the control structure. In a repetitive structure that ends wifh amlg
keyword, the system performs the trailing test. In a repetitive structure that hagtredg™ + + +

771 _rcdg pattern, the system performs the leading test. In an iterative structure, the system starts the next loop
if there is another value in the expression following #e mstatement. This keyword has the effect of curtailing

only the current loop of execution within a control structure. In the example below, which simulates processing data
for weekdays, when the system reaches hheD- X and executes th&”j i odi p° statement, it next executes the
trailing test on linev. 00X to determine whether to return to lin&/. / 3X or continue to linev. 01X.
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V./2X + + +

V./3X 7mk'\o

V. /[ 4X £ >bdi ]gj~f ja nolo hion
V. /5X 7da @tJ\h” : O opm\t

V.| 6X 7jmda @tJ\h™ : Opi_\t

V. 0- X 77jiodip’

V. 0. X 771 _da

+ + +

V. 00X 7piodg A _Kaljioc :

V. 01X

Exiting a Repetitive or Iterative Structure

To exit one of these structures without meeting the completion condition or exhausting the list of arguments in a
7aj mstatement, you can use theg™ \ q° keyword. This keyword takes no argument. When the system executes
this statement, it exits the block of statements defined by the beginning keyword and its corresp@nding

keyword. The possibilities for the terminal identifier inclulei _,7 i _rcdg ,7 i _m k™ \ o, 7pi odg and

7 i_ajm

When the system encounters7gy ™ \ q° statement within one of these structures, it executes the statement
following the terminal keyword. In the example below, if the system reached/lide X and executed th& g™\ q°
statement, it would next execute the statement following lide11X.

V.03X + + +

V.04X 7rcdg omin\“odjin i -

V. 05X £ > bdi ]Jgj~f ja nol\o h'ion
V. 06X 7da >\g\i~ 9 Eo hR\ gp

V. 1-X 79°\q

V. 1. X 7'i _da

V. 1/ X >\g\ir 6>\g\in * Eo hRi gp’

+ + +

V.11X 77i_rcdg’

Writing Selection Structures

Selection control structures use multiple control expressions. The system identifies the block of statements to
execute based on two expressions matching. Note that match means in the sense of the APL primitive function
Match (); the expressions must have the same rank, shape and value. It is not sufficient if they are equal. 2A scalar
equals a oneelement vector whose value & but the two do not match.

The simplest selection control structunas one togevel control expression and a series of case expressions, each of
which can potentially match the tolevel expression; for example:

V.13X + + +
V.14X 7n g "o Eqg\gp’

V.15X 7"\n° . £ Ljndodq ~\n°

V. 16X £ >gj~f . ja nolo h'ion
V. 2-X UeT. ( T/

+ + +

V.20X 7M\n° . £ J blodq “\n’

V. 21X £ >gj~ / ja nolo h'ion
V. 22X UoeTo ( T1

+ + +

V.25X 7°i_n g "o

In the above example, the control structure spans twelve lines. The keywords, which always start with @)colon (
mark not only the beginning and end of the structure, but also the segments of the structure.

The combined control expressions specify that if the signugqlgfp” is. (q\ gp~ is positive), when the system
reaches line/. 14X, the system executes the first block of statements. If the signugi gp™ is™. (q\ gp” is
negative) when the system reaches Iel14X, the system executes the second block of statements.

If the value of thern™ g~ "~ o expression does not match the value in any of & n™ expressions, the system
branches tothe/” i _n" g "o statement and begins executing the statement that follows.
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Note that with the selection structure, the control expression in #e g° ~o statement does not have to evaluate
to a Boolean . When the system reaches tii@™ g " o statement, it evaluates that expression to find its value. It
then evaluates the control expression in the first\ n* statement. The system tests the two expressions to see if
they match. If the result of the match is a Boolearthe system executes the block of statements that follows the
7™M\ n” statement.

If the control expression for the firSt*\ n* statement does not match the tofevel expression, the system

evaluates subsequem”™\ n" control expressions until it finds one that matches or exhausts the possibilities. You

can use as many alternatives as you have meaningful conditions. Once the system finds a match, it does not evalua
any further expressions. The system executes@dtrone block of statements following7&\ n* statement.

Writing Selection Structures with Alternate Matching Values

If there are several cases for which you want to execute the same block of statements, you can extend the
possibilities by using &*\ n” gdno statement that specifies multiple alternate expressions. If any of the
expressions in the list matches thi@™ g~ " o statement expression, the system executes the block of statements
associated with tha?”~\ n* gdno. You must define the conditions so that any of the alternatives might match the
top-level expression. You cannot have multiple expressions ifinhe "™ ~o statement for a7*\ n™ or

7"\ n" gdno expression to match.

V.3-X + + +

V.3.X 7n g "o no\o’

V.3/X 7"\n° $@A$

V. 30X £ >gj~f . ja nolo hion
V. 31X uaT. ( T/

+ + +

V. 34X 7”2\ n gdno $C=% $DE$ $JT$

V. 35X £ >gj~f / ja no\o hion
V. 36X uasTo ( T1

+ + +

V.4/ X 7°i_n g "o

In this example, o\ 0° matches$ @\$, the system executes the first block of statementsadf 0™ matches

$C=%, $DES$, or$JT$, the system executes the second block of statements. You can have miftiple and

7™\ n" gdno statements; they can be interspersed. The system executes at most one block of statements within
this structure.

Writing Selection Structures with a Default Alternative

You can include a block of statements for the system to execute in the event that none7fitme or
7"\ n" gdno statement expressions matches tii@" g* "o statement expression.

V. 41X + + +

V.42X 7n g "o 1.

V. 43X 7™M n gdno F. F/ FO

V. 44X £ >gj~f . ja nolo h'ion
V. 45X ueT. ( T/

+ + +

V.5. X 7M"\'n° G

V. 5/ X £ >gj~f / ja no\o h'ion
V. 50X UGTO ( T1

+ + +

V.53X 7 gn’

V. 54X £ >gj~f O ja no\o h'ion
V. 55X UoT-

+ + +

V.6.X 7i_n g "o

In this example, if . matches any of the variablés , F/ or FO, the system executes the first block of statements.
Ifi . matches the variabl&, the system executes the second block of statements. ldoes not match any of the
variables, the system executes the third block of statements.
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If you have arY™ gn” keyword, it must follow all th&*\ n* and7”~\ n” gdno keywords in its outer structure. In a
selection structure without af™ gn” keyword, the system can execute one block of statements or none. Ina
selection structure with ai@™ gn”~ keyword, the system executes one block of statements.

Using Control Expressions of Higher Rank

If you place multiple values or expressions onime g" ~o line, you create an expression of higher rank (for
example, a vector) which the*\ n* statement expression must match. If your tgvel expression is

n"g "o % ( / 0& thena7”\ n  expression must evaluate to a twalement vector with the valued( 1) to
match. Ifthe7*\ n* expression evaluates to either the scalaor the scalai, it does not match. If you have the
expressiorv*\ n” gdno %0 1&, that also does not match, because the values are interpreted as two different list
values. If you have eith&™\ n" gdno % 1& % 3&or7”\n gdno % 1& d, thereis a match, and the
system executes the block of statements associated with7then™ gdno.

Writing Nested Control Structures

You can nest one control structuigside another. When you nest one structure within another, the entire body of
the inner control structure must be within one block of statements that the outer control structure controls.

For readability, APL2000 recommends that you keep the colons of the keywords of any structure on the same vertica
column in your function. You should indent blocks of statements several characters. If you have a nested structure,
indent those keywordsrém the keywords of the structure that contains it, and indent the block of statements of the
nested structure farther still.
7da “ji_dodji

]Jgj~f ja nolo h'ion
7 gn da “ji_dodji

]Jgj~f ja nolo h'ion

7da "ji_dodji
]gj~f ja nol\o h'ion
7 gn’
Jogj~f ja no\o h'ion
771 _da
Jgj~f ja no\o h'ion
7 gn’
Jogj~f ja no\o h'ion
71 _da

You can nest different types of structures within each other; for example, you can nest a conditional structure within
a repetitive structure. You can nest more than one structure within another, and you can nest structures more than
two levels deep.

I f you use indentation in your functions, make sure
Editor Options window, which you reach from the Options menu. Then after you press Tab at the beginning of a line
in the full screen editorAPL inserts the specified number of spaces on each subsequent line until you press
Backspace at the beginning of a line. This holds true for each level of indentation you add.

Other Syntax Rules

Errors

There are other rules that apply to all the control structures:

When you attempt to save a function in the function Edit window, the interpreter analyzes the outer ®fraax

control expression and warns you of ak@PAN OTJP=i ANNKN. However, when you definéi (" a,d_" ag, or

Gas) a function under program control that contains such an error, the system does not display an error message at
that time. If a control structure is4ifbrmed, the system displays the error message when the function is called. You
cannot execute any paof a function with an outer syntax error.

Other errors within control structures generate the same message they would elsewhere.

An attempt to execute a control statement in immediate execution mode resultsORJP=i ANNKN. You can use
control structures only in usetefined functions.
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An attempt to branch illegally into a control structure generate@@PEJ=PEKJ ANNKN. See the “Br
Restrictions in Control Structures” section |l ater in

Some modifications to suspended functions containing control structures may mark the suspension as having
CE @I =CA. When this happens, use tl&an n” o0 or &d”~ commands or a naked branch statement to clear the
function call from the stack; then invoke the function again..

The:end keyword

You can us&’ i _ in any control structure in place of the more explicit keywords shown above; for example,
771 _rcdg . You cannot interchange the others, however.

Specifically, you cannot use tiié i _da keyword when you combine the condition extension keywortls _da or
7j mda with the keywords7r cdg™ or 7pi odg. Youmustusé@ i _rcdg” or7 i _m k™ \ oin their structures,
or you can us€ i _ in either type of structure.

Interspersing Comment Lines and Blank Lines

You can place a blank line or a comment line between any two lines within a control structure without affecting the
way the system executes your function.

You can use the diamond symbuo) o combine lines in a control structure. Comments must be the rightmost
portion of a line, if you include them. A label cannot follow a diamond on a line. The system executes the portion of
the line to the left of the first diamond first, and treatise portion after each diamond on the line as though it were
on a separate line; for example, the following line is a valid first line for a selection structure.

7n"g°"o s & 7"\ n° . © T60
You can place a label on any line in a control structure that does not begin with a keyword. See the "Using the Branc
Statement” section earlier in this chapter for information on labels.

Branching Restrictions in Control Structures

You cannot branch into an iterative control structure7@ mloop). An attempt to do so results in a
@AOPEJ=PEKJ ANNKN.

Since you cannot place a label on a line that contains a keyword, you cannot wam&byword statement using
labels. In some cases you can branch to a keyword statement using absolute line numbers, although this is not
recommended. You can branch into some control structures using labels.

You cannot branch to @'\ n* statement or to a7\ n” gdno statement in a selection control structure. You can
branch to a line within the block of statements followin@a\ n~ or a7”\ n"~ gdno. In this situation, the system
executes the remainder of the block of statements up to the line where it encounters the next keyword. It then
branches tothe/" i _n" g "o statement and continues.

You can branch into a conditional or a repetitive control structure. In this situation, the system begins execution at
the line to which you branch and continues execution of the control structure following the same rules as if you
entered the control stucture without branching.

You can branch out of any control structure. This terminates execution of the control structure, and the system
continues execution at the line to which you branch.

Using Keywords to Branch within Functions

To change the sequence of execution within a wd&fined function, you can use tt#bj oj keyword. This keyword
requires exactly one argument, which must be a label identifier; it cannot be a variable, number, or other expression.
When the system encounters this keyword, it continues executing the function with the line on which the label
occurs. Th&bj oj keyword is an alternative to using a braretiow with a label. The following two examples are
equivalent. When the system reaches IMe60X of the function, the system branches to like 62X and continues
execution.

V. 60X 6 P=NCAP

V. 61X
V. 62X P=NCAP7
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V. 60X 7bj 0j P=NCAP
V. 61X
V. 62X P=NCAP7

Exiting a Function
As an unequivocal and easyread method for ending the execution of a function, you can usertmeopmi and
7m opni da keywords. Th@m opm keyword takes no argument except when a function declares a result

variable in which case the argument is the value returned . 7fheopnmi da keyword takes an argument that is the
conditional statement. When the system executes these statements, it exits the function but continues execution.

The following examples are equivalent. The system stops executing the current function and returns either to the
function that called this one or to immediate execution mode.

V. 65X 7m opmi
V. 65X 7Tmopm glgp’

V.65X 0 -
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This chapter summarizes the APL primitive functions and operators. Each synopsis contains the syntax, a descriptio
and one or more examples. In some examples, a variable or result is shown in display form to illustrate the data
structures. The@OLH=T function from theQPEHEPT workspace and th&X_dnkg\t user command in APL64

produce the display form. There are also descriptions of other symbols that APL uses that are neither functions nor
operators. This chapter uses the following conventions:

1 res the explicit result

1 arg the argument of a monadic function
1 larg the left argument of a dyadic function
1 rarg the right argument of alyadic function

9 conforming the shapes of the left and right arguments must agree in some manner;
frequently, they must have the same shape or extend to the same shape

i a nonnegative scalar that designates an axis or a dimension of an array

1 idx an index or a variable with valid indices

1f0 any functions, primitive, system, or useefined, that act as operands to an operator

1 oparray an array that acts as an operand to an operator

1 ext an external factor that affects the result of an operation (for examgfep, Ung, Udj )

1@ equivalence; expressions on both sides of the double arrow return the same result

9 scalar a scalar function calculates the result using one data element at a time, or one datum from t

left argument with the corresponding datum from the right argument. Each element of the r¢
is computed independently and depends solely on the correspanidifh and right items. The
entire result has the same shape as at least one of the arguments.

Note: As with a language dictionary that uses words to provide examples of the usage of other words, this manual
uses some primitive functions in the examples of how other primitives work. If you are unfamiliar with APL, you
should takenote of the dyadic function Reshageék) and the monadic function Index generatdr)(

Contents

The primitives described in this chapter are arranged as follows:
Numeric Functions

Dyadic + Plus Monadic T Floor

Monadic + Conjugate Dyadic L Residue
Dyadic - Minus Monadic L Magnitude
Monadic - Negate Dyadic ! Binomial
Dyadic x Times Monadic ! Factorial
Dyadic + Divide Dyadic ? Deal

Monadic  + Reciprocal Monadic  ? Roll

Dyadic * Power Dyadic Il Trigonometric functions
Monadic  * Exponential Monadic | Pi times
Dyadic 0 Logarithm Dyadic [ Base value
Monadic 0 Natural logarithm Dyadic [ Representation
Monadic ] Index generator Dyadic n Matrix divide
Dyadic T Maximum Monadic 'n Matrix inverse
Monadic 1 Ceiling Dyadic G  Commute
Dyadic T Minimum
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Boolean Functions
Scalar Functions that Return a Boolean Array

Dyadic = Equal
Dyadic U Not equal
Dyadic > Greater than
Dyadic ® Greater than or equal
Dyadic < Less than
Dyadic - Less than or equal

Nonscalar Functions that Return a Boolean Array
Dyadic © Match
Dyadic U Mismatch
Dyadic J Member of
Dyadic h Find

Scalar Logical Functions (Use and Return Boolean Arrays)
Dyadic 7 AND
Dyadic 1 OR
Dyadic | NAND
Dyadic L NOR
Monadic ~ NOT

Structural Functions
Dyadic , @ Catenate Monadic , Ravel
Monadic T Disclose Dyadic K Reshape
Dyadic [ Drop Monadic L A Reverse
Monadic | Enclose Dyadic L fh Rotate
Monadic J Enlist Dyadic ¥ Take
Monadic ¥ First Monadic | Transpose
Dyadic U Indexing Dyadic | Transpose
Dyadic | Partition Monadic | Unique
Dyadic ~ Without Dyadic T Pick

General Functions
Functions that Return a Property

Monadic X Signum
Monadic K Shape
Monadic 0 Depth
Functions that Return an Index
Dyadic ] Index of
Monadic N Numeric Grade up
Dyadic N Character Grade up
Monadic t Numeric Grade down
Dyadic t Character Grade down
Miscellaneous Functions
Monadic o) Execute
Monadic n Format
Dyadic n Pattern Format
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Operators
Expand oparray\ andoparrayN
Replicate oparray/ andoparrayn
Reduction f/ andfn
Scan f\andf N

Inner Product f.g
Outer Product 1J. g
Each fr

Other Primitive Symbols
Symbols Associated with Values

Left arrow T Assignment; also used as Sink

Brackets 1 Index into

Parentheses () Punctuation

High minus N Negative numbers

Zilde o} Empty value

Quad t Numeric input/output

Quote-Quad n Character input and output
Symbols Associated with Functions

Lamp N Comments

Left block Inline comment

Right block Inline comment

Diamond Lj Statement separator

Right arrow t Branch

Colon : Keyword T keyword; Labellgbel7); also used as a delimiter

Symbols that Denote an Action Word

Right paren ) System command, for examplelear
Right bracket ] User command, for examplidisplay
Quad t System function, variable or constant, for examplis,

Other Syntax Symbols

Ampersand & Menu access key designat@ontinuation character
Del L Tool argument; function designator

Omega k Tool argument

Delta ° Character in object names

Delta underscore O Character in object names

Jot 1J Placeholder for Outer Product operand
Underscore _ Character in object names

Single quote ' Character string delimiter (also called Apostrophe)
Double quote " Character string delimiter

Semicolon ; Argument delimiter

Number sign # Syntactic designator
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Numeric Functions
Plus +

Syntax: res 6 larg ( rarg
res (6 rarg 2 res 6 res( rarg

Description:

Scalar. Add twaumbers.

larg, rarg: anynumericarrays (conforming).

res: each item ofarg added tocorresponding item ofarg.

Example:
o 0+2 0 7/
.+2 0 -

Conjugate +
Syntax: res 6 ( arg

Description:

Scalar. Return thealue of a number.
arg: any numeric array.

res: same as ( arg.

Example:
("/4+01 .5 3
“/14+01 .5 3

Minus -

Syntax: res 6 larg * rarg

res *6 rarg @ res 6 res* rarg

Description:

Scalar. Subtra¢tvo numbers.

larg, rarg: anynumeric arrays (conforming).

res: each item ofrarg subtractedfrom the corresponding item dérg.

The Minus function is not the same as the High mifigssgymbol, which designates a negative number.

Example:
ol o* 0+2 0 7
"2+2 .1

Negate -
Syntax: res 6 * arg

Description:

Scalar. Changée sign of a number.
arg:any numeric array.

res: each item ofarg subtracted from- .

Example:
LUl 42
T2
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Times x

Syntax: res 6 larg E rarg
res E6 rarg 2 res 0 resErarg

Description:

Scalar. Multiplywo numbers.

larg, rarg: anynumeric arrays (conforming).

res: each item ofarg multiplied by the corresponding item afrg.

Example: )
"l 1/ EO0+2 - [/
"4 -1
Note: For monadi&, see Signum in the "General Functions" section of this chapter.
Divide +
Syntax: res 0 larg & rarg
res &6 rarg @ res 0 resararg
Description:
Scalar. Dividavo numbers.
larg: any numeric array.
rarg: anynumeric array (conforming).
res: each item ofarg divided by the corresponding item cdirg. Divisiorby zero causes @I =EJ ANNKN except
in the case of a- , which returns .
Example:
/ "0 - 4&a. 0 -
/
- 8-
Reciprocal +
Syntax: res 6 & arg
Description:
Scalar. Find the reciproaail a number.
arg: any nonzero numeric array.
res: . divided by each item adrg.
Example:
al . T-+2
-+2 707
Power *
Syntax: res 6 larg ' rarg
res'd rarg @ res 6 res' rarg
Description:

Scalar. Raisenumber to a specific power.
larg, rarg: anynumeric arrays (conforming), except thatdirg is fractional larg must be nornegative.
res: larg raised to the correspondingarg power.

Example:
/ 161 - " 0 -+2 7. 1-
54 -+/2 -
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Exponential *

Syntax: res 6 arg

Description:

Scalar. Raiseto a power.

arg: anynumeric array.

res:e(/ 4.5/ 5...) raisedo the power specified by each item afg.

Example:

| +4.5/5.5/5 -+03454611. /

Logarithm 0
Syntax: res 6 larg - rarg
res -0 rarg @ res 6 res-rarg
Description:

Scalar. Compute the logarithofia number.
larg, rarg: anypositive numeric arrays (conforming).
res: the logarithm of each element @érg to the corresponding base iarg.

Example:
/ 16 1 -5 4 -+4/2
0 -+2 °

Natural logarithm 0
Syntax: res 6 - arg

Description:

Scalar. Compute the natural logarittoha number.
arg: any positive numeric array.

res: logarithm(basee) applied to each item adrg.

Example:
- . .- [/+4.5/5.5/51
- [/ +0-/252-60 .

Index generatorj
Syntax: res 6 D arg

Description:
Return a sebf consecutive integers.
arg: positiveinteger scalar.
res: a vector ofarg integersin the sequencédj ,udj (.,udj (/, ...
ext: adj .
Example:
D2
/ 012

Note: For dyadid, see Index of in the "General Functions" section of this chapter.
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Maximum 1
Syntax: res 6 larg a rarg
res ad rarg @ res 6 resararg
Description:

Example:
"0+ T1+. a 4 "1+/
4 "1+,
Ceiling 1
Syntax: res 6 a arg
Description:
Scalar. Round up the nearest integer.
arg: anynumeric array.
res: smallest integer greater than or equal &mg.
ext: u™o.
Example:
a 0+.1.3 ".+2 3
1". 3
Minimum T
Syntax: res 6 larg A rarg
Description:
Scalar. Selethe lesser of two numbers.
larg, rarg: anynumeric arrays (conforming).
res: the lessernf each corresponding pair of numberslamg andrarg.
Example: _
T0+/ 1+, A4 14/
T0+ T 14/
Floor T
Syntax: res 6 A arg
res A6 rarg @ res 6 resArarg
Description:

Scalar. Selethe greater of two numbers.
larg, rarg: anynumeric arrays (conforming).

res: the largerof each corresponding pair of numberslémng andrarg.

Scalar. Round dowo the nearest integer.
arg: anynumeric array.

res: largest integer less than or equal &0g.
ext: U™o.

Example:

AO+ 1.3 ".+2 3
0"/ 3
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Residue L
Syntax: res 6 larg w rarg
res wb rarg @ res 6 reswrarg
Description:

Scalar. Finthe remainder

larg, rarg: anynumeric arrays (conforming).

res: the remainder after dividing each item @#rg by the corresponding item dérg; that is:
rarg * %Arargalarg&Elarg.

ext: 4™o.
Example:
/"] . w0 O 0+.1.26
-+.1.26
Magnitude L
Syntax: res 6 w arg
Description:

Scalar. Compute the absolute vakfea number.
arg: anynumeric array.
res: absolute value of each element afg.

Example:
w/ - ".+3
/ - .43
Binomial !
Syntax: res 6 larg 7 rarg
resid rarg @ res 6 resi rarg
Description:

Scalar. Finthe number of possible combinations for a set of objects.
larg, rarg: anypositive numeric arrays (conforming).
res: the number of possible combinatioms rarg objects selectedarg at a a time.

Example:
/21 212
2 3.
Factorial !
Syntax: res 6 1T arg
Description:

Scalar. Compute the factoriaf a number.

arg: any numeric array, excluding negative integers.

res: if argis a positive integeresis the product of all positive integers fromthrougharg. Ifargis- , resis. . All
fractional numbers are computed using the gamma functiorarg+. ; the function is undefined for negative
integers.

Example:
T - 1742
/1 0+0/002-64
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Deal ?
Syntax: res 6 larg ; rarg

Description:
Select a sedf unique pseudorandonntegers.
larg, rarg: non-negative integer scalamgherelarge rarg.
res: larg elementsselected pseudorandomly without replacement frabrarg.
ext: udj , tng.
Example:
5; .-
20163514

Note: For additional information, refer t€hapter 9: Random Number Generatothe System Functions Manual.
Roll ?

Syntax: res 6 ; arg

Description:

Scalar. Seleet pseudorandom integer.

arg: any positive integer array.

res: an integer picked at random from the set of numbers givebgrgVnX; rescontains a pseudorandom number

for each element crgwherelddj e resvnX e argvnX( adj *. .

ext: adj , anyg.

Example:
;o [--- . O-

.636 / /0

Trigonometric functionsz

Syntax: res 6 larg @ rarg
res206 rarg @ res 0 res?@ rarg

Description:

Scalar. Computa trigonometric functiorfor a number.

larg: anyarray of integers in the range4 to ( 4.

rarg: anyvalid numeric array.

res: the trigonometric functionselected bytarg applied to each corresponding itemriarg.

Note: All angular right arguments and results are measured in radians. You can think of this function ag being
different functions, where the left argument is a code that specifies the function you want to use.

larg function larg function
"4 =N?P=JD 4 P=JD
"3 =N??KOD 3 ?KOD
"2 =N?COEJD 2 OEJD
"1 %.( mMnmb & +2 1 % ( Mm' & +2
"0 =N?P=J 0 P=J
" =N?7?KO / ?KO
oL =N?CEJ . OEJ
- %* mnb' /& +2
Examples:
- a 43
- +5
/[ 2 0+.1.26
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"0o@& - ./
- -+452065.301 .+.-4.154.5
./ 02 %al&
-+4-4,-345./ -+4-4.-345./

Pi times @
Syntax: res 6 2 arg

Description:

Scalar. Multiplya number bypi (0.. 1. 26/ ...).
arg: any numeric array.

res: arg multiplied bypi.

Example:
a .l -
0+.1.26/ 321 3+/50.520-4 -
Base valuel
Syntax: res 6 larg 0 rarg
Description:

Find the base valuef a number whose successive digits are the elementargf

larg, rarg: anynumeric arrays (conforming).

res: the expression ofargin radixlarg. The representation aksis decimal.
This function is also known as Decode

Relevant Definitions:
Base: the number of units in a given digit's place that is required to. givéhe next higher place.
Radix: the basef a placevalue notation.

Example:

.- 6. 443 £ @~dh\g m _ds
. 443

/6. - . - £ >di\m m _ds

4 /13 60 ./ 2- £ @tn, D pm, ldipo n hds'_ m _ds
2-6-

-0/ .- 6. 443 £ =mdomm hds _ m _ds
/43

[/ .- 0 4 3 £ >pdg_oc” \]jq “s\hkg® no 'k ]t no k
43
0o/ .- 0 4 43
/.3
-0/ .- 6. 443 £ Jjo oc admo ‘g hiojag\nb dn jigt

/43 \ kg\*"cjg "moj h\f* oc™ \nbph ion %jiajmh
Note: res 2 rarg[n] + (arg[n-. ] xlarg[n]) + (arg[n-/ ] x (arg[n-. ] xlarg[n]) ) + .

+farg[n-m] x (xflarg[(n-m) +D%M)])) + ... +ratg[. ] x (xMlargl. +D%n-.)]))
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Representation|
Syntax: res 6 larg 0 rarg

Description:
Find the representatioof a number or numbers (represented in decimal notation) in anothdix
larg, rarg: anynumericarrays.

res: the expression of each element i@frg represented in a number system describedléng.
This function is also known as Encode

Example:
.- .- .- .- 0 .443 £ @"dh\g m _ds
4 4 3
/11 o2 £ >di\m m _ds
4 /1 3- 0 2-6- £ @tn, D pmm, Idipo n hds"_ m _ds
0./ 2-
- /13 02-6- 3333 £ E _"k'i_"iog\gp' n di mnb+
0 1
A .2
2- 3
Matrix divide 'n
Syntax: res 6 larg U rarg
Description:

Solve a set of simultaneous equations
larg, rarg: numeric scalars, vectors, or matrices; the rankawf) must equal or exceed the rank lafrg; if rarg is a
matrix, the last dimension must not exceed the first.

res: the solution (or a least squaregpproximation ifrarg has more rows than columns) of the matrix equatiolarg
a rarg(+E res

Example:

.1/30/ /d. 01/
20

.1 /3 400 /d. 01/
1+65.15.15. /+611111111

Matrix inverse’n
Syntax: res 6 U arg

Description:
Calculate the inversef a matrix.
arg: numericscalar, vector, or matrix.

res: inverse ofarg if argis nonsingular and square. aifg is nonsingular but not square (must have more rows than
columns), the result is the least squares approximation to the inveraegof

Example:

a/ / d. ./ 0
0"
"
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Commute G

Syntax: res 6 larg aG rarg

Description:
a is a dyadic function.
larg, rarg: any appropriate arrays (conforming).
res: The result of the function with the arguments reversetard aG rarg? rarg a larg)
Note: The use of the commute operator with thleand\ primitive functions will result in a
JKJI?A ANNKN. This limitation might be addressed in a future release. In the interim, this suggested

workaround is to use the system functiosn kg andd” sk\i _, in place of and\, respectively.
Example:
- * 4
0
4 *G -
0
.- hdipn 4 N minus is a usedefined function
0
4 hdipnG .-
0
- /- 0- 1 . 1 0
.. .1 .0
{. 1110
0. 0/ 00
- 1-0- IHG. /1 0
.. 1. 0.
1ol
.0 /0 00

Boolean Functions

Boolean arrays consist of only two valuesand. . You can think of these values as representing the absence or
presence of a characteristic, no/yes, or false/true. A function that returns a Boolean array describes a relationship
between the data arrays that are its arguments. The argument arraybecafother data types.

Functions that use only Booleanrays as arguments and also return a Boolean array are called Logical functions. You
can also use Boolean arrays as arguments toBoolean functions. The results may not be Boolean. For example,
you can sum a Boolean vector to find the number ofunEnces.

Scalar Functions that Return a Boolean Array

Equal =

Syntax: res 6 larg : rarg
res:d rarg @ res 6 res: rarg

Description:
Scalar. Compartvo arrays for equality.
larg, rarg: anyarrays (conforming).
res:. for each pair of corresponding values whémeg andrarg are equal; otherwise; .
ext: U™o.
Example:
$K$: $?KCIKO ?KNLKN=PEKJ$
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Not equal |
Syntax: res 6 larg | rarg
res |0 rarg @ res 6 res| rarg
Description:

Scalar. Compararays for inequality
larg, rarg: anyarrays (conforming).
res:. for each pair of corresponding values whémeg andrarg are not equal; otherwise, .

ext: u™o.
Example:
/0 /[ .0
Greater than >
Syntax: res 6 larg i rarg

resid rarg @ res 6 resi rarg

Description:

Scalar. Comparsvo numeric arrays.

larg, rarg: anynumeric arrays (conforming).

res:. for each pair of corresponding values whéagg is greater tharrarg; otherwise,- .
ext: u™o.

Example:

Greater than or equalO

Syntax: res & larg E rarg
res E6 rarg @ res 6 resErarg

Description:

Scalar. Compartgvo numeric arrays.

larg, rarg: anynumeric arrays (conforming).

res:. for each pair of corresponding values whéagg is greater than or equal tmarg; otherwise,- .

ext: U™o.
Example: 3
/ 0 E/ 0
Less than<
Syntax: res 6 larg 9 rarg
res 96 rarg @ res 6 res9rarg
Description:

Scalar. Compartvo numeric arrays.
larg, rarg: anynumeric arrays (conforming).
res: . for each pair of corresponding values whégieg is less thamarg; otherwise,- .
ext: 4~o.
Example:
/ 09/ .0
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Less than or equaD

Syntax: res 6 larg e rarg
res ed rarg @ res 6 rese rarg

Description:
Scalar. Compartvo numeric arrays.
larg, rarg: anynumeric arrays (conforming).
res: . for each pair of corresponding values whéaieg is less than or equal t@rg; otherwise,- .
ext: 0”o.
Example:
/| 0el/l . O

Nonscalar Functions that Return a Boolean
Match [

Syntax: res 6 larg C rarg

Description:
Determinethe equivalencef two arrays.
larg, rarg: anyarrays.
res: . if both larg andrarg have the same rank, shape, and values; otherwise,
ext: 4no.
Example: _
$I TUUT$ C . 2d$i TUUTS

C)-

6/ 0db1
C =

C $=%

Note: For monadicC, see Depth in the "General Functions" section of this chapter.
Mismatch U

Syntax: res 6 larg U rarg

Description:
Determinethe nonequivalenceof two arrays. larg U rarg2 ~rarg Clarg)
larg, rarg: anyarrays.
res: . if bothlarg andrarg does not have the same rank, shape, and values; otherwise,

This function is also known as “not match” and
ext: 0" o.
Example:

$] s$ U $1%)%" %) $s%

g U
$$0 -
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Member of J
Syntax: res 6 larg € rarg

Description:
Comparethe contentsof two arrays.
larg, rarg: anyarrays.
res: same size asirg and contains a if largitem is found anywhere irarg; otherwise,- .
ext: U”o.
Example:
/[ 2¢ .1 01

Note: For monadi&, see Enlist in the "Structural Functions" section of this chapter.
Find h

Syntax: res 6 larg ° rarg

Description:

Searchfor an array in another array.

larg, rarg: anyarrays, nested or heterogeneous.

res: Boolean array of same shaperasg with . s at locations of first element of copieslafg.
ext: 4™o.
Example:
$EOCOCE$ ° $I| EOCEOCOELLES$

/ 0°01d [/ O

% /d/ 00 .&0 1d. / O

$$ ° $=>?@A$

%.)al 0& ¢$iTUS)%m.)a/ 0&) 1)a/ 0d.)a/ O
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Logical Functions

The functions described below not only return a Boolean array, they require Boolean arguments. In addition to these
functions, you can also use the six scalar functions that return a Boolean array as logical fuhgtionsse Boolean
arrays as arguments.

AND 7

Syntax: res 6 larg Y rarg
res Yo rarg @ res 6 resYrarg

Description:

Scalar. Logical ANIDtwo Boolean arrays.
larg, rarg: anyBoolean arrays (conforming).
res: . if both largandrarg are. ; otherwise,- .

Example:

OR 1|
Syntax: res 6 larg C rarg
res Co rarg @ res 6 resCrarg

Description:

Scalar. Logical QRRtwo Boolean arrays.
larg, rarg: anyBoolean arrays (conforming).
res: . if eitherlargorrargis. ; otherwise,- .

Example:

NAND |

Syntax: res 6 larg g rarg
res g6 rarg @ res 0 resgrarg

Description:

Scalar. Logical NAMIDtwo Boolean arrays.

larg, rarg: anyBoolean arrays (conforming).

res: - if both larg andrarg are. ; otherwise,. (equivalent toy (largY rarg)).

Example:
- - .. 8- . -

NOR L

Syntax: res 6 larg U rarg

res ud rarg 2 res 0 resurarg
Description:
Scalar. Logical N@Rtwo Boolean arrays.

larg, rarg: anyBoolean arrays (conforming).
res: . if both largandrarg are- ; otherwise - ; (equivalent toy (larg Crarg)).

Example:
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NOT ~
Syntax: res 6 y arg

Description:

Scalar. Returthe complementof a Boolean array.

arg: anyBoolean array.

res: . for each item ofrgthat is- ;- for each item that is .

Example:
y -

Note: For dyadigy/, see Without in the "Structural Functions" section of this chapter.
Dyadic Scalar Functions with Axis

A scalar functioralculates its result using one data element at a time, or one datum from the left argument with the
corresponding datum from the right argument. Each element of the result is computed independently and depends
solely on the corresponding left and rigkéms. The entire result has the same shape as at least one of the
arguments. In the basic form shown in the preceding sections, the two arguments to a dyadic scalar function must
have the same shape, or one of the arguments must be a scalar value (scateeelement array). When you

specify a scalar value, the function uses the scalar argument with each datum of the other argument.

Extending this concept, you can specify dyadic scalar funatidhsarguments of different ranks when the shape of

the argument of lesser rank is a salray of the argument of greater rank. The function uses the smaller array with
each sukarray of the other argument. The swrays are conceptual; there is no atilohal nesting. This is known

as dyadic scalar functions with axis. You specify the axes along which the arrays conform. The general specificatior
for a dyadic scalar function with axgs

Syntax: res 6 larg aViX rarg

Description:

ais a primitive dyadic scalar function: 5 5 .
(*E&'"w-27T Aag9e: Ei ! CYUuwg

larg, rarg: any appropriate arrays (conforming), where the dimensions of the array of lesser rank match dimensions
of the array of greater rank in the same order.

i is a scalar or vector, specifying without repetitions the axes of the argument of greater rank whose lengths match
the axes of the argument of lesser rank. The number of elemeritho$ét equal the rank of the argument of
lesser rank.

res: An array whose shape matches the argument of greater rank.

Examples:
To add a vector to a matrix, the length of the vector must match one of the dimensions of the matrix. You specify
that axis.

qL(V/ Xh/ 1
.. 11 00 11
2. 3/ 40 51

You specify the axis after the function. It applies to the argument of greater rank, regardless of which argument is on
the left.
h/ 1*V/ Xq1l
6 .5 /4 03
16 25 34 43
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h1061 Od2ED./
h10
2 .- .2
/- 12 0O-
02 1- 12
2- 22 3-
h10EV. Xql
2 .- .2
1- 2- 3-
-2 .1- .02
[-- []- [1-
You can apply a dyadic scalar function to a vector and an array of any rank along any axis whose length matches the
length of the vector. You can also apply dyadic scalar functions to arrays of higher ranks. The dimensions of the arr:
of lesser rank musmatch the dimensions of some axes of the array of greater rank. The dimensions must match in
the same order; thus, you can divide a thh@ienensional array of shape 0 1 by a matrix of shap® 1, but you

cannot divide it by a matrix of shage 0.

However, you can specify the matching dimensions in any order. If you have afafrhyf shape 0 1anda
matrix| 01 of shape0 1, the following statements are equivalent:

P/ 01 av/i 0X 101

P/01 avo /X 101

If you have an arraB0/ 01 of shape0 / 0 1 and a matriXx 01 of shape0 1, you could apply a scalar dyadic
function in either of the following ways, since the shape of the matrix conforms to the shape of the array along two
different pairs of axes:

BO/01 YV. 1X 101
BO/ 01 YVO 1X 101

Structural Functions

Structural functionseorganize data in arrays; select subsets of data in arrays; or select and reorganize data in arrays.
These functions can change data by replacing items or by restructuring their relationships, such as by creating a
nested array, but these functions detrecalculate an individual datum. Some functions create new data, for
example, inserting fill items. You can recalculate data at the same time you reorganize them by using numeric
functions in the arguments to structural functions. The descriptionbigsection are alphabetical.

Catenate g or,

Syntax: res 6 larg § rarg
res 6 larg ) rarg
res 6 larg 8ViX rarg or res 6 larg ) ViX rarg
res ) 6 rarg or res 80 rarg (see Note 3)
Description:

Join two arrays along an axis specified by the index to the shape vector. The default axis fog¢asbalinag the
first dimension; the default axis for the unadorned commaié along the last dimension.

larg, rarg: any arrays (conforming). Conforming arrays for this function do not necessarily have the same shape. The
two arrays can have different lengths along the axis you specify for catenation. You can even catenate arrays
whose ranks differ by one, if the ath dimensions are equal. The result array extends the extra dimension of the
higher (rank) array. You can also catenate a scalar to an array of any rank.

i: scalarthat indicates the dimension desired.

res: Ifiis an integer, an array consisting of the two arrays joined along the specified axssfrattional, a new
dimension is added to the shape vectorsafg andlargin the position betweerAi andai, and the function acts
along that axis. Catenate with a fractional agialso known as Laminate.

ext: udj (for axis odimension).

Example:
/ 0 2866
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/ 02 66
/ 0 2)66
/ 02 66

$PDNAAS$S/ 2d$>HEJ@ E?A $
PDNAA
>HEJ @
| E?A

% 0dD3&)/ /d00 000 33 333
. / 0 00 000
1 2 3 33 333

>6$DKS$ ) V+2X $IKSS$

>
DKS
JKS
$DKSS$ ) V. +2X $IKS$
DJ
KK
ss
adj o6-
>6$DKSS$ ) V' - +2X $IKS$
>
DKS
JKS

Note 1:larg 8 rarg 2 larg ) Vadj X rarg
larg ) rarg @ larg 8ViX rarg (whereiisddrargandudj is.)

Note 2: Ravel (monadi}) is also in this section.

Note 3:res )6 rarg @ res 6 res) rarg
res 86 rarg @ res 6 res§rarg
The syntax is similar to the-place operations in other programming languages like
C++ and C#. However, in APL64, besides the shorter notation, this can also provide
significant performance gains particularly in cases that involve repetitive catentations with large
arrays such as inside an iterative control structur@gg mloop).

DiscloseT
Syntax: res 6 g arg
res 6 gViX arg
Description:

Reducea level of nesting from an array, raising its rank. (Evolution Leyel

arg: anyarray.

res: if argis a nested scalar, it is expanded back to its enclosed array. Each nonscalaratgmo$t have the same
rank; a scalar item becomes the first item of an array of the same rank as the nonscalar items. Disclte®e pads
nestedarraysalong each dimension to conform to the item being disclosed that is largest along that dimension.

Disclose returns an array whose rank is one more than the common nonscalar rank. When no axis is specified, the
first dimension has a length equal to the number of items, and the dimensions of the iteang lmécome the
remaining dimensions ag&sin the same order.

For example, Disclose turns a nested vector of vectors into a matrix; each item becomes one row in the raadrix. If
is a nested vector of matricegsis a three dimensional array with as many planes as there are items; each plane
contains as many rows as the nested matrix with the most rows and as many columns as the nested matrix with the
most columns.
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Example:
=0% / 0& %W 1 3& % 3 6&
X@EOLH=T =
6********************
\N(ﬁ****((ﬁ****((ﬁ****(w
ww, / Oww/ 1 3ww0 3 6ww
W(y****((y****((y****(w

(é********************(

g:
/
1
3

O WOo

/
0
0% &% /&% / 0&

| -
/0
Description:
When you use Disclose with axy®u specify the axis along which to build an array from the items of the argument.
arg: a nested array whose items are scalars or arrays of the same rank.
i: nornegative integer scalar or vector that specifies the positiom'neg where the enclosed dimensions of the
items ofarg are to be placed. The number of elements finust match the ranks of all the nonscalar enclosed
items inarg. The system pads individual itemsaofj to the same shape before disclosing them.

Example: 5
gV. X$I =NT$ %D1& $OPARAS

=21 =
IHO\
>X0>TVO

gV. 0X% 2dD.-&% 1d.-ED./&
. /I 0 1 2
- /- 0- 1- -
2- 3- 4- 5. -

T
dgVv/ OXI 6/ 0dal 2dL -
/ 120
dgv. 1xi
1/ 02
dgvi . X
2/ 01

Note 1: At Evolution Level, monadicDisclose specifies the First function. See the descriptions of the First function
(6) in this section andhds in the System Functions Manual

Note 2: Pick (dyadig) is also in this section.
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Drop Z

Syntax: res
res

(@}

larg + rarg
larg +ViX rarg

(@}

Description:

Excludea set of elements from an array.

larg: any integer scalar or vector with one element per dimensioracdg.

rarg: anyarray.

res: all the elements ofarg except the subset specified tgrg. larg specifies the number of elements in each
dimension to exclude (starting from the endafgis negative). If an element t#frgis larger in magnitude than
the corresponding dimension oéirg, resis empty along that coordinate. (Can be used in selective assignment.)

Example:

2+. 0/ 415
5

=0/ 0d. / 0123
./ -
12
Description:

When you use Drop with axigou can specify some or all of the axesanfj; the number of elements darg must
equal the number of axes specifiediin

i integer scalar or vector specifying the axesasfy along which to drop elements; the valuesi imust be unique
and less than or equal to the rankmairg.

res: all the elements ofarg except the subset specified tgrg. The shape along axes not specifiedramains
unchanged.

Example:
>/ / 0d. / 0123456 .- .. ./
[ . + VO | X>

Enclose |

o

Syntax: res
res

a arg
aViX arg

(@}

Description:
Createa nested scalar from any array that is not a simple scalar.
arg: anyarray.

Example:
?0%$=% $I1$ $O00%
d?
O ~
?V/ Xéal/ | dD1
?
= ./ 000
01
X@OLH=T ?

+6************+
W +0**+ +0**+w
w= +. [/ w wOOOmv
w w0 1w $*** $w
w $y**$ w

$é************$
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Description:

When you use Enclose with axy@u can specify some or all of the axes of an array, yielding a result of lower rank
than the right argument that contains the same data. Enclose with Axis is similakigdo but is more general
in function.

arg: any array.

i: non-negative integer scalar or vector that indicates the axes of the arguments to be enclosed.

Example: 5
=60 1dD./
aVv. X=
26 [/ 3.- 04.. 15./
aV/ X=
/01 2345 6 .- .. ./
%gV. | X=&Ca=

%Vl . X=&CaC=

>6/ 0 1dD/ 1

aVv. 0X>
./ 0 1 2 3 4 5 6 .- .. ./
.0.1.2 .3 .4 .5 .6 /- [. 11 101/1
?26aV. |/ 0X>

d>
/ 01

d?

(o

Cc?
/

Note 1: See the description afk™ i ~gj n* for the Evolution Level dyadica, Partitioned enclose.

Note 2: Partition (dyadi@) is also in this section.
Enlist J

Syntax: res 6 ¢ arg

Description:

Convertan array into a simple vector. (Evolution Levgl

arg: anyarray.

res: a simple vector comprising the simple itemsaod, arranged in depth first, rownajor order.
(Can be used in selective assignment.)

Example: .
=0%1 =NT$ % 0dD3& - $FKA$
X@OLH=T =

+6************************+

W+6***+ +6*****+ +6**+ w

ww =NTw = . / Ow - wFKAw w
W$****$ Wl 2 3W $***$ W
w $y*****$ w

$é************************$

X@OLH-T ¢=

+0*********************+

W=NT . / 012 3 - FKAw

$(*********************$
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Note 1: See the description af* i gdno in the System Functions Manufalr the Evolution Level monadic¢,

Enlist
Note 2: For dyadic, see the description of the Member of function in the "Boolean Functions" section of this
chapter.
First ¢
Syntax: re® 6 rarg
Description:
Return the firstitem of an array. (Evolution LeVel)
rarg: anyarray.
res: if rargis a nested vector, the first item is selectadd expanded into an array.rirg is empty,resis the
prototype of rarg. (See the technical note under the description of Reshape, below.)
Example:
?0$KIAS W 0 1 2&
07?
KJA
de?
0
@- 0d g / 0dD3
6@
Note 1: At Evolution Level, the monadic up arrow specifies the Mix function. See the descriptiaradfmo in
the System Functions Manual
Note 2: Take (dyadi®) is also in this section.
IndexingU
Syntax res 6 larg E rarg
res 6 larg EViX rarg
Description:

Selects a subset odirg by using the index values specifiedang along each axis.
rarg: anyarray
larg: anested vector or scalar of depth two, or a simple vector or scalar, containing indices to the dimensangs of
The length ofarg must equal the rank aofarg, except that ifrarg is a vector)arg can be either a onelement
vector or a scalar. The valuedafg must be nonnegative integers less than or equal to the ranaf.
res the elements ofarg specified by their positions ilarg. (Can be used in selective assignment.)
ext uadj .
Examples:
qd $\$ / $% 1 2
0 Eq

%/ 1& Eq £ Jjo oc\o % g\mb& : dd mnb

qVv/ 1X
$$CvaD- & E q
dCvaD- & E % 6&

- & E 6
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h
/.0 .1
/10 /1
/ 00 01

o~
o~

% 0& E h
% 0& % 1& E h

o\
I

% /& . E h

Mc
>

W /& %. &

Te o o=

Mc
=

dvD- & % &
Description:
If you use the indexing function with axisis similar to bracket indexing when you omit the index for one or more
axes. In this case, the length of the left argument must equal the number of axes you specify.
(Can be used in selective assignment.)

ocm Z@\ nmt

/ 0 1
2 3 4 5
6 .- L
0.1.2 .3
.4 .5 .6 /-
[. 1] /0 /1
. EVIX ocm "~ Z@\ mmt
. / 0 1
.0.1 .2 .3
ocm ~Z@\ nm t V8. 8X
/ 0 1
0.1.2 .3
% /& % 1& EV/ 0X ocm "~ Z@\ nmt
0 1
4 5
.2 .3
.6 /-
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Partition |

(@}

Syntax: res
res

larg g rarg
larg gViX rarg

(@}

Description:

Createa nested array from portions of another array. (Evolution L&vel

larg: ascalar or vector of nomegative integers that specifies the partioningrafg along the specified axis; the
default axis is the last dimension.ldfgis a vector, its length must equal the dimension of the selected axis of
rarg. If an element ofargis zero, the corresponding element frararg is not included; if a nozero element of
larg is greater than the element that precedes it, the function starts a new partition. If the element is less than
or equal to its predecessor, the function nests the corresponding element with its predecessor or predecessors.
A scalafarg is equivalent to a vector of thappropriate length with all elements having the same value.

rarg: any nonscalar array.

i: non-negative scalar that indicates the dimension desired.

res: a nested array of the elements tdrg, excluding those corresponding to zero elementtacd. The pattern of
nesting is determined by elements lafg that are greater than the preceding element. The rankesis the
same as the rank aofrg, but it is nested one level deeper. The items of res are scalars aestirs of the
vectors ofrarg along the selected axis.

Example:

X_dnkg\t % -d. / 0&aD. -
+6***************************+
WHO++0++0* * ++0++0* * ++0++0* * * +w
ww, WwwW w0 1ww2ww3  AWWSWW6 . - Ww
WEY Sy $By* * By $Py * * Py By * * * $w

$é***************************$

0 /dDb3

N O
Wk~

/ 1 0 agV.X 0 /dD3

+6*********+
++0**+4+0** +w
ww., Oww/ 1ww
\N$¥* * $$¥~k * $W
w0+ +0+ W
wWW2W  W3w W
why$ Sy$ w

$é* *kkkkkk*k
Note 1: See the description afk™ i ~gj n* in the System Functions Manufalr the Evolution Level dyadica,
Partitioned enclose. This system function uses a different format in the left argument to produce a similar result.

Note 2: Enclose (monadig) isalso in this section.
Pick T
Syntax: res 6 larg § arg

Description:
Selecta portionof an array.
rarg: anyarray.
larg: positive integers that describe (left to right) how deep iargto go to select an item.
res: a subset ofirg specified bylarg. (Can be used in selective assignment.)
ext: adj .
Example: 3
=063KIAS % /dD1& $CEI $
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X@OLH=T =
+6****************+
Vv+6**+ +6**+ +6**+W
WWKIAwW <. /w wOEI ww
m***$ V\D 1W $***$W

w Py**$ w
$é****************$
d=
0
/g=
/
01
0 /8=
E
%W %W . &&G=
0
Note: Disclose (monadig) is also in this section.
Ravel ,
Syntax: res 6 ) arg
res 6 ) ViX arg
Description:

Changeanarray into a vector.
arg: anyarray.
res: all the elements ofirgin the same order aarg, but as a vector. (Can be used in selective assignment.)

Example:

) 66
66

d )66

Y/ 1d/ 0 2
/] 02/ 02/ 0

Description:
When you use Ravel with axigu can change an array to greater or lesser rank while keeping the same elements in
the same order.
i: fractional scalar or an integer vector of ascending contiguous axagofif i is fractional, the rank afesis
increased by one. A new unit dimension is added to the shape vectesiofthe position betweerAi andai. If
i is a vector, the specified axesarfyare combined into a single axisres The shape aksis the shape ofrg
with the specified dimensions replaced by their product.
res: the set ofarg elements with a shape determined ly (Can be used in selective assignment.)
ext: udj (for dimension).

Example:
>/ / 0d. / 0123456 .- .. ./
) VI 0X>

./ 0 1 2 3

456 .- .../
d) V. +2X>

/.10

Note: Catenate (dyadit) is also in this section.
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ReshapeK
Syntax: res 6 larg d rarg

Description:

Createan array of specific shape and content.

larg: non-negativeinteger scalar or vector.

rarg: any array.

res: the elements ofarg selected in ravel order and formed into the new shape specifieldtyy Somearg
elements may be lostéswill have fewer elements thararg) or duplicated feswill have more elements than
rarg) as needed. (Can be used in selective assignment.)

Example:
0 d 66
66 66 66
/1 d/ 02
2/
/0
[ 0d. . /d4 5

Ea o~
ol N O

4
545

Note: For monadia, see Shape in the "General Functions” section of this chapter.
Technical Note: Empty Arrays, Type, Prototype, and Fill ltems

If you use zero as the left argument to Reshape, the result is an empty akragmpty arrayas no elements, but it

does have a structure whose shape may be complex and deeply nested. To understand the structure, you must kno
that nonempty arrays have a "type." The type of an array has the same shape and depth as the array with numbers
replaced by zeroes and characters replaced by spaces. You can generate the type of an array using the system
functiondot k™ ; since it may contain spaces, it is useful to usexhdnkg\ t user command to understand the
structure.

The prototypeof an arrayis the typeof its first item (where item is onevel less nested than element). The
prototype is the value that is enclosed and stored, nested, in an empty array, and it is this prototype that gives the
empty array its structure. (Note that empty arrays can regjai great deal of memory.)

The same value is used as the fill itentertain functions, for example, when you Overtake; that is, when you use the
Take primitive function with a left argument that is greater than the length of the right argument. However, note that
the empty array you create with d vectordoes not match the value of the last element of a vector created with
overtake. However, if you apply the First primitive function to the empty array, that result matches the last item of
the same vector. Thus, in a somewhat circular definition, difhits defined in language terms@s d arg.

dq
/

j g mb0oog "

j 9 mVOXCaot k™ g "V. X

% dq” ~&Caot k> g V. X
%- dq” ~&Clot k> 6q°
% Uotk q ~& C totk’ o6q »
If you create empty arrays of greater rank, suchas b§ d g *, there is only one prototype. The exact content

of the prototype will be of importance only when you materialize it, such as by using Overtake. The shape of the
empty array may be extremely important for it to be conforming.
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Reversen or L

Syntax: res 6 « arg

res 6 ¢ arg

res 6 «ViX arg or res 6 ¢ViX arg
Description:

Reversdhe order of the elements of an array array along an axis specified by the index to the shape vector. The
default dimension fok is the first dimension; the default dimension foiis the last dimension.
arg: any array.
i: non-negative, integewvalued scalar that indicates the dimension desired.
res: the elements imarg reversed along théh dimension. (Can be used in selective assignment.)
ext: 0dj .
Example:
¢ $N=PO HERA KJ$
JK AREH OP=N

« $N=PO HERA KJ$
JK AREH OP=N

=60 0d$=>?@\BCDE$
«=

CDE

(@]

=>7?

?>=
BA@
EDC
cV. X=
CDE
©AB
=>7?
Note: « arg @ ¢Vadj X arg
¢ arg @ «ViX arg (whereiisddrargandudj is.)

Rotate norl

Syntax: res 6 larg « rarg
res 6 larg ¢ rarg
res 6 larg «ViX rarg or res 6 larg ¢ViX rarg

Description:

Shiftthe elements ofarg toward the beginning (or end) of one dimension maintaining the same relative order (as if
on a chain). When an element is displaced from the beginning, it rotates to become the last element of the
dimension; when an element is displaced from the endytiaites to become the first element of the dimension.
The index to the shape vector specifies the dimension along which the elements rotate. The default dimension
for « is the first dimension; the default dimension foris the last dimensionlarg specifies the direction and the
number of positions. Iargis positive, elements shift toward the beginningaifg is negative, the elements shift
toward the end. The magnitude tzrg specifies the number of positions to shift.

larg: integerscalar or vector of length equal to the chosen dimensioradd.

rarg: anyarray.

i: nonnegative, integewvalued scalar that indicates the dimension desired.

res: the elements irrarg rotated larg places along th&h dimension. (Can be used in selective assignment.)

ext: udj (for dimension).

Example:
| « $PK@T$
@TPK
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Take ¥

| ¢ $PK@&T$
@TPK 3
>60 1dD./
>
/ 0 1
4 5
L
. & >
2 3 4 5
i
0 1
. ¢ >
1.
3 4 52
. .1 6
[ "0 ¢ VIX>

~
[6) Ne]

3
6
Note: larg « rarg @ larg ¢Vudj X rarg
larg ¢ rarg @ larg «ViX rarg (whereiisddrargandidj is.)

~NBF

Syntax: res 6 larg 0 rarg

0 larg 6ViX rarg

Description:

Selecta set of elements from an array.

larg: any integer scalar or vector with one element per dimensioragj.

rarg: anyarray.

res: the subset ofarg elements. larg specifies the shape oés Iflargis negative, the selection starts from the end
rather than the beginning; Iarg specifies an array larger thaarg, resis padded with the fill item{ot k™ 6
arg; blank or- for simple arrays). (Can be used in selective assignment.)

Example:
/ 6 03/
03
20603/
03/ - -
"0/ 6/ 0d. / 0123
o
12
Description:

When you use Take with axigou can specify some or all of the axesanf; the number of elements darg must
equal the number of axes specifiediin

i: integer scalar or vector specifying the axesarfy along which to select items; the values imust be unique and
less than or equal to the rank cdrg.

res: the subset ofarg elements. The shape along axes not specifiedémains unchanged.

Example:
>6/ / 0Od. / 0123456 .- .. ./
[ . 6 VO /X>
/
4 5
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Note: First (monadi®) is also in this section.
Transposel
Syntax: res 6 C arg

Description:

Reversehe axes of an array.

arg: anyarray.

res: arg with dimensions interchanged. (Can be used in selective assignment.)

Example:
>
./ 0 1
2 3 4 5
6 .- .. .1
c
. 2 6
/3 .-
04 ..
15 ./ _
dcs
10
Transpose (Dyadic)
Syntax: res 6 larg C rarg

Description:
Select all the data or a cross section of data from, and optionally reorder the axes of, an array.
larg: non-negative dense,* integer vector of length equal to rankrafg.
rarg: any array of dimensioh or higher; (vectors or scalars do not cause errors, but the results are trivial).
res: rarg with the dimensions interchanged (and optionally collapsed) in the order specifieddy
(Canbe used in selective assignment.)
ext: adj .
*In this context,densemeans you cannot skip any numbers starting viatlj . Ifrargis a0-dimensional array and
udj is. , thenlarg can be any of the six permutations of { 0), any of the three permutations of
(. . /1), any of the three permutations of ( /),or( . .). ltcannotbe.(. O)or( / /).

If larg selects all the axes oérg, that is, if there are no duplicate valueslamg, rescontains all the elements aérg.
The data are arranged with the axes specifieddny. The position of each element lafig corresponds to the same
position in the shape vector ofrg; the value of an element dérg specifies its position in the shape vectore$
Thus, the last element dérg corresponds to the number of columnsmairg; the value of the last element ddirg
specifies where that number is located in the shape vector of the result array. Fediarensional array, if the last
element oflarg has the value f , there will be as many rows fesas there are columns irarg. If the last element

of larg has the value # , there will be as many planesri@sas there are columns irarg. The entire shape vector of
the result array can be represented as:

dres? (drarg)[p larg]. Inthe examples below, note that the values of the elements of the array B are also the
index to their respective positions in the original array.

Example:
?20% - - ED/ &O+( % - EDO&O+( D1 3 3
d ? d. 0/ C? d/ 0. C?
/ 01 /10 . 1/ 0 5
? .0/ C? /0 c?
. ..0 .1 .. 0. . .0.
[, .11 /0 ./1 A1 0l / /1. 10.
0 0/ .00 .01 .0 ./0 .00
.1 ./1 .01 Y NN
[.. 1.1 /.01/.1 {1117 1o/
(. 117110/l [.. 1. 10
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/0. /0/ /00 /01 f.0 111 1o/ .0 ./0 .00
/.0 /70 /00 /.0 //0 /00
/.1 17/1 /01
.1 ./1 .01
/.1//1 /01

If larg has duplicate valuesescontains a subset of the data @rg, with two or more axes afarg mapped onto a
single axis ofes you can think of this as a diagonal cross sectiaam@f The elements of data that are selected are
those whose position inarg has duplicate values in the corresponding positions of its index.

d/ ./ ¢2
0/ )

I .1 C?
Y
LT
.0. /0

The result array whetargis all ones is the major diagonal; that is, all the elements whose positioagjiare
represented by an index of equal values.
: o3y
/11
The shape vector aEswhenlarg contains duplicates will include the smaller (or smallest) values that correspond to
the duplicate values ifarg.

d. / . C?
/0 .
d /| C?
/ 0 _
d/ [/ c?
1/
Unique |
Syntax: res 6 | arg
Description:
Selectthe unique elements of a vector.
arg: anyvector.
res: a compression ofirg with all but the first instance of each distinct element removed.
ext: u™o.
Example:
| $\]ImMMN \A\ITm$
\]nft_
| 0. 1. 26/ 320256460
0. 1261/ 3514
| $Cjnmb™$ $Fjci$ $Pcjh\n$ $F\h ' n$ $F\h' ' n$ $Fjci$ $=i _mr$
Cjnmb” Fjci Pcjh\n F\h n =i_mr
Without ~
Syntax: res 6 larg y rarg
Description:

Setdifference.

larg: anyscalar or vector.

rarg: any array.

res: vector that contains those elements lairg that do not occur anywhere irarg. ext: (" o.

Example:

. / /1 0011y1/ 1

00
NO$=AEKQ$
H6$=JT =NN=T$
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Note: For monadig/, see Not in the "Boolean Functions" section of this chapter.
Notes on Obsolete Functions

APL6%bperates by default at Evolution LeVel Certain functions and language features had different behaviors at
Evolution Level . If you are converting applications from older systems, you can generate the same behavior at
Evolution Level by using the replacement functions named or the syntax shown below to produce the Evolution
Level. behavior. See the description & qg" q" g in the System Commands chapter in this manual for more
information.

Dyadicg at Evolution Level is the Partition Function. For Evolution Levelusetk™ i ~gj n".
Monadic+ (Split) generates &TJP=i ANNKN. Useinkgdo.

Monadic€ at Evolution Levél is the Enlist function. For Evolution Levelsel™ i gdno.
Monadic6 at Evolution Levél is the First function. For Evolution Levelusetadmo.
Monadicg at Evolution Levél is the Disclose function. For Evolution Levalsethds.

The expressions > ?V/ Xand= > ?6i T Ugenerate alARKHQPEKJ ANNKN. Use parentheses around the
left argument to use this syntaXte= > ?&V/ Xand% > ?&061 T Uare both valid expressions.

At Evolution Level, there was a difference in the result for appropriate arguments between the expredsignst
rarg andlarg % &¢rarg. At Evolution Levél, the synta%g &¢ generates atARKHQPEKJ ANNKN. Useim kg¢
to emulate the parenthesized slash.

Similarly, the backslash in parenthes#\&¢, generates aMRKHOQPEKJ ANNKN. Usel™ sk\i _¢ to emulate the
parenthesized backslash.

If you are not converting applications from earlier systems, these changes are irrelevant.
General Functions
Functions that Return a Property
Signum x

Syntax: res & E arg

Description:
Scalar.Determinethe sign of a number
arg: anynumeric array.

res: " . if argisnegative,- if argis-, and. if argis positive.
Example:
EO0- "-+2
Shape K
Syntax: res 6 d arg
Description:

Returnthe shape of an array.
arg: anyarray.
res: a vector containing the length of each dimensioradd.

Example:
d/ 02
O ~
d/ 0 2 dDoO-
/ 0 2
d 66
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dd 66

Depth [
Syntax: res & C arg

Description:

Levelsof nestingin an array.

arg: anyarray.

res: the number of times you must use Pick (dyagljdo extract the most deeply nested simple scalar fram.

Example:
C0+0

' c /o0
C$$
C/ 0 1dD 1
C% /& % 0& $=>%
/3 Cagaaa./ ./
Functions that Return an Index
Index of J

Syntax: res 6 larg D rarg

Description:

Findthe locationof items in an array.

larg: anyvector.

rarg: any array.

res: for each item ofarg, the corresponding element oésis the index of the item's first occurrencelarg. Iflarg
does not contain the item, theeselement isidj ( dlarg.

ext: adj ,0"o.

Example:
=60 1405
=D410 ./
0/ 3
$=>?@B$ D / 2d$@-@ >AAB$
12. 14
/| 2234
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Numeric grade upN

Syntax: res 6 p arg

Description:

Returnthe ascending sort ordesf a numeric array.

arg: any numerianonscalar array.

res: anumeric vector containing the indices that arrange the elementsrgin ascending numeric order. The length
of resis the same as the first dimensionarfy. Ifargis a vector, you can ugesas a subscript vector. Duplicate
values retain their original relative positions.

ext: adj .

If argis a matrix, the result is formed by considering one column at a time, working from left to right. Grade up

sequences the leftmost column as a vector. If the vector has no duplicate values, its ordering becomes the result. If

the vector has duplicatealues, the elements from the next column to the right are used in an attempt to sequence

the duplicates. This process continues until either all duplications are resolved or all columns are used.

Arguments of more than two dimensions are treated as matrices, retaining the original first dimension and combining
all the other dimensions into a single second dimension. In effect, the argument is treated as being reshaped as
follows:

%% 6darg& ) E,.+darg& d arg

Character grade ugN

Example:
=62 / 5
/ 0
=Vp=X
/ 25
T6 01d . ./ /23 . .2 .. 4 . ./ [22
T
A 123
.2 .. 4
122
bT
o . /
Syntax: res 6 larg p rarg
Description:

Returnthe ascending sort ordesf a character array.
larg, rarg: anycharacter nonscalar arrayirg is U\ g by default.
res: anumeric vector containing the indices that arrange the elementsagjin ascending order according to the
collating sequence specified larg. The length ofesis the same as the first dimensionrafg. Ifrargis a
vector, you can use2sas a subscript vector.
ext: adj .
Character grade up associates a numeric value with each character in the right argument based on the elements of
larg. The rules of Numeric grade up are then applied to the associated numeric values to produce the result. If the
left argument is a vector, then the associated numeric values are equivalent to those produced by dyadic iota.
SpecificallyRp= is equivalent tdoRD=.

For left arguments of rank or greater, each dimension is used independently, working from the last to the first. The
numeric ordering value for a characterrafg is the lowest coordinate index along the specified dimension of an
occurrence of the character larg. If the character does not appearlarg, its ordering value is determined like that

of dyadic iota. Thus, the initial ordering value of a character is the same as the first collarmiofvhich it

appears. If this ordering contains no duplications, it is used. If duplicates exist, their ordering values are sequenced
with respect to the next dimension. This process continues until all duplications are resolved or all dimensions of the
left argument are exhausted.
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If the following matrix is the left argument

=>7? @ABCDEFGHI JKLMNOPQRSI TU
\]~_"abcdef ghi j kl mopqgrstu

the initial ordering using the last dimension resultssiand\ coming before> and] , and so on. If botlk and\ are
in the right argument, they are duplicates since they have identical coordinate values along the last dimension. A
second evaluation, using the first dimension, placdmefore\ .

Example:
$=>?% p $?=>%

=60 1d$BKQNBERACEI $

/0.

BKQN
BERA
OEi

/ .0
=Vp=8X
BERA

BKQN
OEi

The example below uses three collating sequerfeash starting with a blank) to produce the results shown in the
table below.

Collating Sequence 1: \]~_"~a=>?@AB

Collating Sequence 2: \ =] >"?_@ AB

Collating Sequence 3: \]1"_"ab
=>?@ABC

Sorting with Collating Sequences

Sort with Collating Sort with Collating Sort with Collating

Original Data Sequence 1 Sequence 2 Sequence 3
=]\ \\'m \\'m \\m
V] V] V] VN
@\a V11V V10 =]\
Nl NI =]\ =>=
T 17\ =>= V]
??? 1= V1 1=
@ _ _\a = Ny
_\a T 17\ >\ ¢
1= =]\ >\ e 17V
17\ =>= ?2?2? ???
VI >\ e _\a _\a
=>= 2?7 o @\a
>\ "¢ @\a @\a T
\\m @ @ @
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Numeric grade downt
Syntax: res & G arg

Description:

Return the descending sort ordef a numericarray.

arg: anynumeric nonscalar array.

res: anumeric vector containing the indices that arrange the elementsrgin descending numeric order. The
length ofresis the same as the first dimensionarfy. Ifargis a vector, you can usesas a subscript vector.
Duplicate values retain their original relative positions. See the description of Numeric grade up in this chapter
for more information.

ext: adj .

Example:

=004 6 .5

G=

0/ _
=VG=X
04 .5 6

Character grade down
Syntax: res 6 larg G rarg

Description:

Return the descending sort ordef character array.

larg, rarg: anycharacter nonscalar arrayksirg is U\ g by default.

res anumeric vector containing the indices that arrange the elementsaaf in descending order according to the
collating sequence specified larg. The length ofesis the same as the first dimensionrafg. Ifrargis a
vector, you can useesas a subscript vector. See the description of Numeric grade down in this chapter for more
information.

ext: adj .

Example:

G$?2=>%
0/

Miscellaneous Functions
Execute O

Syntax:

pliy )
Qo
Q g

res 6

Description:

Executea character stringepresentation of an APL expression.
arg: characteiscalar or vector.

res: the result, if any, generated by executing the expression.

Example:
A $/ (0%

Jo4
_$R$) % J&) $0. - ED$) yJ
R46. -EDA £ Ymondi b dn _dnkglt &

R4
R=HQA ANNKN
R4
Y .
ASR$) %/J&) $6. - EDS$) yJ
£ %omdib dn “s ”po” _8 ij qdnd]g |jpokpo&
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R4
.- /- 0- 1- 2- 3- 4-
Format I
Syntax: res 6 y arg
Description:

Represennhumericdata in character form.
arg: anyarray.

res: arg representedin character form.
ext: Ukk.

Example:

y/ od. / 0123
.10
123
dy/ 0od. / 0123
SNA@I @ JP$Cy $NA@ @I P$

/3

Pattern format I
Syntax: res 6 larg y rarg

Description:

Represennumeric data in character form, formatting the result.

larg: integer scalar or vector of pairs; a single pair is replicated as with scalar extension. The first number of each
pair specifies the field width for the column;requests a field large enough to accommodate the largest number.

The second number specifies the number of decimal places. If the second number is negative, the result is formatte
in exponential notation. A pair of numbers for each column specifféareint formatting for each column. If only

one number is specified, it is assumed to be the number of decimal places.

rarg: anynumericarray.

res: a characterepresentation ofrarg formatted as specified bharg.

Example:
-yl 02

/02

.y /02
[ +- 0+- 2+-

.- 1.3/ y/ 0odD 3
o+ 0+- -
1 2+ 3+--

Operators

An operatortakes one or two operands and derives a function. The derived function takes one or two arguments
and produces a result. The results described below are those of the derived funcixmd the operators
themselves.
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Expand Nor\

(@}

Syntax: res
res
res

oparray a arg
oparray W arg
oparray aViX arg or res 6 oparray WiX arg

o O

Description:

Expandarg by inserting fill items in a pattern specified byarray. The fill items become new elements of the
dimension specified by the index to the shape vector. The default dimensi@nisahe first dimension; the
default dimension folis the last dimension.

oparray: Booleanvector whose sum equals the length of the chosen dimensiargf

arg: anyarray; if thechosen dimension has length arg is extended along the expansion axis to the number of
positive elements in the operand @parray). Note that this allows you to generate only fill elemefaisan
operand consisting of zeroes and an argument that is a scalar or has leaffihg the chosen dimension.

i: non-negative, integewalued scalar that indicates the dimension desired.

res: the arrayarg expanded by adding an additional blank or zero for each correspondimgparray.

(Can be used in selective assignment.)
ext: idj (for dimension).

Examples:
- - . - . W45
- -4 -5 .
. - . a/ 0dD3
/0
123
- w1
1-1 _
. - . a . 0dDo
/ 0
/ 0
- - W2
- - & . 1dDo

= > '?
@ AB
Note 1: oparray a arg @ oparray Wuadj X arg
oparray W arg @ oparray aViX arg (whereiisddargandudj is.)

Note 2: See also Scah\in this section .
See alsai” sk\i _ in the System Functiorganual
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Replicate (compresg)or/

(@}

Syntax: res
res
res

oparray A arg
oparray , arg
oparray AViX arg or res 6 oparray , ViX arg

o O

Description:

Replicatethe elementsof an array using all the elements of the dimension specified by the index to the shape vector.
You can replicate zero times, which eliminates an element fiesrand you can insert fillements. The default
dimension forA is the first dimension; the default dimension foiis the last dimension.

oparray: integerscalar, or integevector where the number of nenegative elements equals the length of the
chosen dimension adrg.

arg: any array; if the chosen dimension has lengtlarg is extended along that axis to the number of Roegative
elements in the operand (eparrayE- ). Similar to Expand, you can generate only fill elements for gositive
operand and an argument that is a scalar or has lengifong the chosen dimension.

i: non-negative, integewalued scalar that indicates the dimension desired.

res: each element ofrg is replicated the number of times specified by the correspondingmegativeoparray
value; for negative values, the array is extended along the chosen axis by inserting the number of fill elements
equal to the absolute value of the negative elemenbpérray.

(Can be used in selective assignment.)
ext: adj (for dimension).

Examples:
- . | A $FIKS$

- ./ , $FIK$
- . 7. [ , $FIK$

I KK
I KK

| KK
I A . Od$FIK$
FI K

FI K

FI K
=6/ 0d$=>?@AB$
A=

=>7?
(@3]
@A\B

- "/ - A 0dDO

Note 1: oparray A arg 2 oparray , Vidj X arg

oparray , arg @ oparray AViX arg(whereiisddargandidj is.)
Note 2: See also Reduction ) in this section .

See alsdim kg in the System Functiordanual.
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Reduction fnorf/

Syntax: res 6 f A arg

res 6 f , arg

res 6 f AViX arg or res 6 f , ViX arg
Description:

Apply a specified function across an array, eliminatingitthelimension in the process. The default dimensionXor
is the first dimension; the default dimension foiis the last dimension.

arg: anyarrayvalidfor f. Ifargis a scalar, functiofis not applied andesisarg.

i: non-negative, integewalued scalar that indicates the dimension desired.

res: the functionf is applied progressively across the array, reducing the number of dimensions.

ext: idj (for dimension).

For theA operator:
resv. XéargV. 8. X a argv/ 8. X...a argVi 8. X

resv/ XéargV. 8/ X a argv/ 8/ X...a argVi 8/ X
resvOXdargV. 80X a argV/ 80X...a argVi 80X
+
+
+

resvhXbargV. 8hX a argV/ 8hX...a argVi 8hX

For the, operator:
resv. XéargV. 8. X a argV. 8/ X...a argV. 8hX

resv/ XéargV/ 8. X a argV/ 8/ X...a argV/ 8hX
resvOXbargv08. X a argV08/ X...a argV08hX
+
+
+
resvi XéargVi 8. X a argVi 8/ X+ + +a argVi 8hX
Examples:
(A/ 02
), $=>?% $@B$ $CDE$S
=>? @GABCDE
=6/ 0d. / 0123
/0
123
1 .- .5
E, =
3 ./-
E, V. X=
1 .- .5
E, VI X=
3 ./-

For functions other than scalar primitives, the general case of reduction is defined for vectors (recursiyétytHer
range ofDdarg* . ) as: reda%y arg[dargj]&f § f, " jdarg

gn6$\]~_"abcdef ghij kl mopqgrstu$

y,$\ "dj p$ g" $rcd”c gjr'gn _j n ocdn g *ojmpn;$
0/ .& %08& Y$\]1"$ 6 $Y$&
N

“djp
amkg, 98 2 1 0 /
\VIA VA VA N]AN]A\]A" 666666666 YYYYYY
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If the argument to Reduction is an empty array, the derived function is the identity funthiahis, the function
returns an array that is the mathematical right identity for the operand function. (Zero is the identity element for
addition;. is the identity element for multiplication; etc.)

E, - dg”

a, 0 - dgn

Some functions do not have meaningful identities; for example D- generates a DOMAIN ERROR. Some possible
identities are not presently implemented; for examp)g, - da/ 0dD3 generates a NONCE ERROR. Since
Reduction is inherently part of Outer Product (see below), identity functions are also relevant to that operator.

Scan f Nor f\

Syntax: resd f a arg

res 6 f Warg

res & f aviX arg or res 6 f W/iX arg
Description:

Applysuccessiveeductionsto an array. The default f@r is along the first dimension; the default févis along the
last dimension

arg: any array valid fof.

i: non-negative, integewalued scalar indicating the dimension desired.

res: the cumulative effect of successive applications of reduction tattheimension ofarg.

ext: adj (for dimension).

Examples:
(ar/7 02
/2 .-
(W/ 0 2
/2 .-
YW /0
/.10
=6/ 0 dD3
/0
123
Ea=
./ 0
1.- .5
EWE
.o 3
1/- ./-
Inner Productf. g
Syntax: res 6 larg f+g rarg
Description:

Generalizednatrix multiplication
larg, rarg: conformingarrays valid fof andg where the last dimension dérg is equal to the first dimension oérg.
res: applying functiorg between the elements of the last dimensionlafg and the corresponding elements of the
first dimension ofarg followed by reducing the result using functibn The shape aksis
996 . +dlarg& ) . +drarg&. Iflargisnbyk, andrargiskbym, thenresisnbym:

resv. 8. Xof, largVv. 8X g rargv8. X

resv. 8/ Xof, largv. 8X g rargv8/ X
+
+

resv. 8 1Xof, largv. 8X g rargv8AX
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resv/ 8. Xof, largv/ 8X g rargv8. X
+
+
+
resvi 8. Xof, largVi 8X g rargv8. X
+
+

resvi 8hXoéf, largVi 8X g rargv8hX

For vectordargandrarg: res 6 f , larg g rarg

Examples:

/ 02 (+E/ 0 2
05

$OLKNPS( +: $ODKQPS$
0

% 0d$=>?@\BCDE$&Y+: $@\B$

|6/ 0dD3 = J60 1dD./

I (+EJ %matrix multiplicatior&
05 11 2- 23
50 65 ..0 ./5

Jy+: QJ

$SDA=P CNK=PO$( +C$=AEKB
1

Outer Product1J. g
Syntax: res 6 larg ©+g rarg

Description:

Apply a function between every possible pairing of items taking one from each of two arrays.

larg, rarg: anyarraysvalid forg.

res ifgproduces a resultesis an array of sizé9@' larg& ) d rarg&that consists of the result of applyirg
between each combination ¢érg andrargitems. Ifg does not produce a result, thee+g does not return a
result.

Examples:
/ 0200+ - ./ 0

0120©ca./ 012

NP O™~
NP O™~
NROOO

=>?7% ©+: $=>7%

Vv
1
VI

2.
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Each f~

Syntax: res
res

(@)}

f¢ arg
larg f¢ rarg

(@)}

Description:

Applya function to eaclitem.

rarg: any array with items valid fdt

larg: optional; any array with items valid fé{conforming).

res:the collection of all results (each result is a single nested scalar) from apptgiegch item ofarg one at a time.

Examples:
=6. / 0d¢c 1 23

1 22 333
d=
0

This example reads the first five components of a file.
G6PJ666 )¢ D2

66 . 66/ 66 0 66 1 66 2
dPJ

2

X _dnkg\t PJ

+6*****************************+
W+6***++6***++6***++6***++6***+W
w66 . w66 /w66 Owwe6 1wwe6 2ww
\N$y***$$y***$$y***$$y***$$y***$w

PEFAFAFAFAKAKAF AR KA KKK KA KX IAKNAG
BEHAdUam \ _¢PJ

Other Primitive Symbols

Symbols Associated with Values

Left arrow T

Use: Assignment (simple, indexed, selective) or Sink

Syntax: name 6 arg
nameVidx;8idxy;..X 0 arg
Y%expk 6 arg
06 arg
Description:

Simple assignmentStore a value in a variable.
name avariable name.
arg: any valid expression that returns a value.

Example: _
R &6 D2

Py

/ 012

J rJ\h  6R(/
JrJd\h’
01234
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Description:
Indexed Assignment: Modify a subset of an array specified by an index enclosed in brackets. See the description of
Brackets (Index into) in this chapter for information on specifying an index.
name avariablename.
idx integer values specifying the itemsasf
arg: any valid expression that returns a value.
ext: 0dj .
Example: B
R6/ 0dD3
R

.10
123

RV/ 8/ 0Xb64 5

R
.10
145
Description:
Selective AssignmentReplace a portioof an array selected by an expression that consists of selection primitives
and the name of the array.
exp an expression that defines the portion of the array being replaced.
arg: value to be inserted in the selected portion of the array.

Example:
6D3

=20

/ 0 23

YOJR&O666
R

/ 666 1 2 3

H6$=>? @GABC$
16. - .
% , O0H&OSI TS

i >T@ABC

To set every data item in a complex nested array to zero%gise&0- ; for example:
=0$l =NT$ % 0dD3& - $FKAS$
X@EOLH=T =

+6************************+

W+6***+ +6*****+ +6**+ W

ww =NTw = . / Ow - wFKAw w
W$****$ Wl 2 3W $***$ W
w $y*****$ w

$é************************$

%&=&0-
X@OLH=T =

+6************************+

W+6***+ +6*****+ +6**+ w

W W----W + - = -W=- W--WW
W$****$ W - - -W $***$ w
W $y*****$ W

$é************************$

Description:

Sink: Suppress the output from any line of execution in immediate execution (session) and user defined function
when executed monadically.

arg: any valid expression that returns a value.

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 150



Chapter 5: Primitive Functions and Operators

Example: 5
6 / 0dD3
Brackets []
Use: Index into
Syntax: res OargVidx,8idx,8 ... X
res dargVindexarrayX

Description:

Select a subset of elemenrftom an array.

arg: any nonscalar array.

index the indexcan be either of two forms: a list of simple arraigx() separated by semicolons, or a nested array
of enclosed vectordr{dexarray.

If the index is a list of simple arrays, it must have the same number of arrayg lags dimensions; you separate the

items with semicolons. Eadtix value corresponds to one dimensionarf). Anidxvalue can be an integer array of

any shape; its elements specify the values of the dimension you want to select. The elemdrtsaanhot exceed

the length ofarg for that dimension. You can leave an index blank, using only the semicolon; in this case, you specify
the entire dimension. When the index has the fodrL...idxn, resis the portion ofarg specified by the index arrays.

The number of elements in tHexitems determine the shape @rg. See the Introduction to the Language chapter

in this manual for more examples of this form of indexing.

If the index is an array of enclosed vectomglexarraycan have any shape, but each itemrmdexarraymust be a
simple vector of lengtim, wherenisddarg. Each item specifies one pointdrg; each element of the simple vector
specifies the value of the dimension that represents the point. (For examplg ig a threedimensional matrix, an
item ofindexarraywould have three scalars, representing the plane, row and column of the point desired.)

When the index has the foriimdexarray resis an array whose shape is identical to the shapieadéxarray and
whose values represent the points specified.

ext: adj .
Example:
01405WV/ .X
410
$=>?@V0 / X
?>
% 1dD./ &V80X
04 .. 3
$=>73%V1 1dDOX
=>7=
>?=>
?2=>7
=>7=
0 1dD./ &% .&% &% 08&X
. 3 ..
Parentheses()

Use: Parentheseshave multiple uses as punctuation in APL expressions. They can ¢hamgder of execution
from the simple rightto-left order that the interpreter would use in their absence; they are required at Evolution
Level/ for certain indexing and multiple assignment statements; and you can use parentheses to create nested
vectors (or nested elements of arrays of higher ranks).

Syntax: expression%expressiok expression
Yvariable_string 6 value_string
variable 6 value %ariable_string. value

Description:
Determine order of executianWhen you enclose part of a statement within parentheses, the interpreter evaluates
the parenthesized expression and determines a value, which it then evaluates within the full statement.
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Example: )
.6 * 0 ( 3 E/
1 -
.6 * % ( 3& E/
.6 %0 ( 3& E/
05 ".5
Description:

When you want to assign values multiple variables or indeinto a strand, you must enclose the left argument or
strand in parentheses. The same statements without parentheses gerem®BKHOQPEKJ ANNKN at Evolution

Level .

Example: 5 )
oY @ A& 60%D0& YdE2 3 4& %bd6&
A

6 6 6 6 6 6 6 6
%00/ ~A&D?
A

6 6./ 066 6
006/ ~Ad?

o - -
%Y @ A&V/ X

/- 1115

Description:

You can create a nested vectoy assigning an enclosed vector to a single element or a vector or enclosing a vector of
values within parentheses as part of the assignment.

Example:
6. 02

VI X6%/ 0 1&

1 2
% 0 1& 2

~
v ol l

0.
c
High minus
Use: Negativedecoration
Syntax: “n (no spac§

Description:

The high minusignplaced immediately to the left of a numeric constant makes the number a negativder. This
symbol is different from the Minus function; its use eliminates the ambiguities that arise when the same symbol has
both meanings.

Example:

o
o

[
o

*
[

/

OTJP=1 ANNKN

Note: The APL64 numeric editor converts minus signs to high minus signs.
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Zilde §

Quad u

Use: Empty vector
Syntax: d or U &

Description:
Aconstantthat is an empty numeric vectorThis is useful in any situation where you want to initialize something or
compare something to an empty vector.

Example:
A g
K
1
KA
0
B J0
A B
1

Use: Evaluated input or output

Description:

A utility that allows a usedefined function to request input. The system reads the irggian APL expression and
evaluates it. If the expression generates an error, the system reports the error and repeats the prompt. The system
returns the input as an explicit result. You can alsolwsedisplay the contentsf a variable or an expression.

Note: Refer to the mentielp | Developer Version GUI | Quad and Qu@ieadfor additional information on this
function.

Example:

t X 15
12345

X
12345

t 5
12345

(t 3+4) & t 5+6
11
7
77

The following example shows how you might use Quad in a simple demonstration program. The first line is a line of
code; the value - represents user input.

tqgo 1LjA 'How many throws?' LK ?¢ KOO LjX
APL64: Quad Input [l
How many throws? 'Id

How many throws? 10
75 358020 61 55 26 21 58 52

The Quad symbol as the first character of a name designates a system function, system variable or system constant.
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Quotequad n
Use: Character input or output

Description:

A utility that allows a usedefined function to display character outpat request characteinput. If you use quote
guad by itself, the system returns the input as an explicit result. If you assign a value teqgacdt@nd then request
input, the system displays the assigned value with no newline character. If you then useqgadtéo request input,
the previous output acts as a prompt. The system returns the combined prompt plus user input as the result.

Note: Refer to the mentielp | Developer Version GUI | Quad and Qu&ieadfor additional information on this
function.

Example:
In this example below, the user types the following phrase: this is what i typed.

CHARINPUT
[1] n 'TYPE HERE:'
[2] ZINPUT. n
[3] "This function is done.'

CHARINPUT

APLE4: Quote-Cuad Input n

TYPE HERE: this is what i typed|
o

This function is done.
ZINPUT
this is what i typed.

Symbols Associated with Functions

Lamp N
Use: Commentsymbol
Description:
The systendoes not evaluat®r executeanything on a line to the right of the langymbol.
Example:
[ (1 £/ bjj_oj ] onp
1
[ (1 1 £Dbjj_oj ] onp
11
Diamond L;j

Use: Statement separator

Description:

In userdefinedfunctions, the diamondeparates statements as though they were on separate lines. The system
evaluates each APL statement from right to left, but the statements are executed in order from left to right, starting
to the left of the first diamond. In the example below, thesfiline and its result are equivalent to the lines following
them.

Example:
>0=04*0*/ ©o >6>(. ©o =(>
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.0
=04*9%90*/ &
>0=
>6>(.
:( >
.0

Right arrow t

Colon :

Use: Branch

Description:

In userdefinedfunctions, the branclarrow used with a label or a line number alters the sequence of execution by
specifying a different line for the system to execute. If you use the branch arrow with an empty right argument, the
system executes the next statement; that is, it does natraiihe sequence of execution. Branching to zero or a
nonexistent line number exits the function. You can also use the naked baarwh (with no right argument) to

return to immediate execution mode. See the Writing APL Functions chapter in this manual for more information. In
immediate execution mode, a naked branch removes one level of immediate execution from the stack.

Example:

V-X >N=J?D i

V.X 0%i.-& %9-& ,DE HK
VI X TO8T.(T/ £ B\gg ocnjpbc

VOX & - £ Asdo

V1X DE7

V2X T.0T/(TO £ Cjo admo g\] g
V3X 0 -

V4X  HK7

V5X T/O8T.(TO £ o n *ji_dg\]l g

Use: Syntactic identifier (and argument separator)

Syntax7 keyword
label7
7 arg

Description:
The colorhasmultiple uses as an identification symbol.

1  When using control structures in usdefined functions, the colon is the first character of each keyvibad is
part of the control structure's outer syntax. See the Writing APL Functions chapter in this manual for more

information.
Example:
7da ii.-
T.8T/(TO
7 gn da i9-
T/ 8T. (TO
7 gn’
TOOT. (T/
77

1 In user defined functions, a name with a colon as the last character that appears at the start of a line is a label.
You can use a labefith the branch arrow to alter the flow of execution. See the example under right arrow,
above.

1 In user defined functions, a colon prefix followed by a space (egpaice) at the beginning of a statement will
suppress the output on any line of execution including TRDAJ expression in Inline Control Structures.

1 In contexts that are not specifically part of the language, you use the colon as syntactic punctuation to separate
arguments for example, in setting watchpoints for use in debugging.
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Symbols that Denote an Action Word
Right parenthesis)

Description:

The right parenthesias the first character of a word designates a system comnivestdad of an APL expression.
System commands are instructions to APL64 rather than facilities of the language interpreter. The System
Commands chapter in this manual describes these commands.

Example:
You can use the system commagdd to display the state indicator.

Right bracket ]

Description:

The right brackeas the first character of an immediate execution input line designates a user command function
instead of an APL expression. The User Command Processor and the User Command Descriptions chapters in this
manual describe these commands.

Example:
You caruse the system command dnkg\ t to display an array on the screen in a manner that shows its structure
as well as the values in the array.

Quad u

Description:

The quadsymbolas the first character of a word designates a system function, a system variable, or a system
constant. You can use these functions and values indesfémed functions to perform many actions analogous to
system commands. See tBgstem Functions Manulr more information.

Example:
You can use the system variallléj to change the index origin from one to zero. Thereafter, the first two positions
in an array are numbered and. rather than. and/ .

Note: The quad is also used by itself in functions. See the description in the "Symbols Associated with Values"
section.

The Interrupt Input choice on the Options menu enables you to interrupt a program that is requesting
Quad () input.

Other Syntax Symbols
Ampersand &

Description:

Menu access kegesignator. When defining a Tool for the APL64 window menu, you can place an ampersand

of a letter of the tool name to make that letter function as a menu access key. The specified letter is underlined in
the Tools menu

Continuation characterln theuserdefined functionand developecommandline, APL statements can be continued
across multiple lines by coding an & as the last-nbomment character of the line(s) to be continued such as shown
below:
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vr'More'

n More;a
[ 1] a « 1 2 3 &
[2] 456 & Comments are allowed
[3] +&
[4] 600 500 400 300 200 100
[5] a

n

More

601 502 403 304 205 106

Del L
Description:
The delhas multipleuses as a syntactic designator.
1 Tool argument When defining a Tool for the APL64 window menu, you can use a del in the tool command.
When the system executes the tool, it replaces the del with any text that is highlighted in the current window or
with the object that is closest to the cursor inetlcurrent window if you did not highlight anything before
invoking the tool.
T The del, following the lamp symbd @), designates public comments
1 The del designates the beginning and end of a-dsfined function In older APE.PLUS systems, in immediate
execution mode, the del invoked the function editor.
f In APL64, typ& _do G to open afunction Edit window.
Omega k
Description:
Tool argument: Whedefining a Tool for the APL64 window menu, you can use an oingge toolcommand.
When the system executes the tool, it waits for user input to replace the omega.
Delta °

Description:
Valid charactefor object names. When you hame a variable or a function, you can use theadgitau would an
alphabetic character, in any position in the name.

Delta underscoreO

Description:
Valid charactefor object names. When you name a variable or a function, you can use the delta undersgane
would an alphabetic character, in any position in the name.

Underscore _

Description:
Valid charactefor object names. When you name a variable or a function, you can use the undesiscgwa would
a numeric character, in any position except the first in the name.
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Single quote’

Description:
Charactestring delimiter When you specify character text, you use the single quote (also called aposjrtiphe
delimit the string. If you want an apostroplethe string, use a pair together.

Example:
POSF| ~ $$n$
P

Fj " $n

Double quote "

Description:

Characteistring delimiter. When you specify character text, you can use the double gusitas you use a single

guote to delimit the string. You can use pairs of double quotes inside double quotes. If you use double quotes
outside, you do not have to double a single quote; similarly, you can use single quotes outside of double quotes. Yo
can double either character to add a level of delimitation.

Example:
POAFj " $nd
P
Fj " $n
$ah=+]iBjj$ ard $ji ?2gd*f$ 0 $ah=$ Grd $M\kodji $ $Fj "$$n Ipjo” 00 $ &
Jot 1J
Description:
Placeholdeusedas the left operand in designating the Outer Product operator. Syntactically, it designates a
function; however, the function has no other use in APL64.
Semicolon;

Description:
The semicolomas multipleuses as a syntactic designator.

1 As alanguage symbol, the semicolon separates indices (dimepsidandexing or indexed assignment. For
example, MA[2;3] returns the second row, third column of a matrix.

1 Inwriting userdefined functions, you use semicolons in the header to separate varigtdeyou want the
system to localize

1 Informatting output, you use the semicolon to separate argumeatthe fmtcommand. See the Formatting
Data chapter in thé&ystem Functions manual

1 In contexts that are not specifically part of the language, you use the semicolon as syntactic punctuation to
separate arguments, for example, in setting watchpoints for use in debugging.

Number sign#
Description:
The number sigifoctothorpe) has multipleuses as a syntactic designator.
1 In APL64, typgedit # to open anumeric Edit window.
1 In APL GU%T $ represents the system object
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Control Structure Syntax

The following is a summary of the syntax of control structur8se the Writing APL Functions chapter in this manual
for a complete description of control structures. Control structure keywords are case insenBifee.to Help | APL
Language | Control Structuresmenu for the detailed information.

Conditional Structure:if

Description:
9 Execute a block of statements if a test condition evaluates.to

7da condition
block of statements
771 _da
1 Optionally, you can execute an alternate block of statements if the condition does not evaluate to
7da condition
block of statements
7 gn°
block of statements
771 _da
1 You can have multiple conditional blocks; the system executes only the block following the first condition that
evaluatesta . The7 gn" statement is optional.

7da condition
block of statements
7  gn da condition
block of statements
7 gn’
block of statements
771 _da
Repetitive Structureswhile ; :until

Description:
Execute a block of statements repeatedly.

1 You can use a leading test, in which case the system executes the block as long as the test condition evaluates t

7rcdg” condition
block of statements
771 _rcdg’
1 You can use a trailing test in which case the system executes the block once and then repeatedly until the test
condition evaluates to .
Tmki\o
block of statements
7pi odg condition
1 You can use both a leading test and a trailing test, in which case the system executes the block until the trailing
test is satisfied or the leading test is not satisified whichever occurs first.

7rcdg” condition
block of statements
7pi odg condition
1 You can use no test, in which case the system executes the block until the program flow exits the block.
Tmk'\o
block of statements
77i _mki\o
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Conditional Extension Keywordandif ; :orif

Description:
Make multiple test conditions or alternate test conditions for conditional structures and repetitive structures.

il

Both conditions must be satisfied.

7da condition
7\i _da condition
block of statements
771 _da
The system executes the second block of statements whef tteecondition fails and both the second and third
conditions are satisfied.

7da condition
block of statements
7  gn da condition
7\i _da condition
block of statements
771 _da
The system executes the block only while both conditions are satisfied.
7rcdg” condition
7\i _da condition
block of statements
71 _rcdg’
The system executes the block repeatedly until both conditions are satisfied at the same time of testing.
Tmk'\o
block of statements
7pi odg condition
7\i _da condition
The system executes the block if either condition is satisfied.

7da condition
7j nda condition
block of statements
771 _da
The system executes the second block of statements wheid tteecondition fails and either the second or third
condition is satisfied.

7da condition
block of statements
7" gn” da condition
7j mda condition
block of statements
7°i _da
The system executes the block while either condition is satisfied.
7rcdg” condition
7j mda condition
block of statements
771 _rcdg’
The system executes the block repeatedly until one condition is satisfied.
Tmk'\o
block of statements
7pi odg condition
7j mda condition
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Note: You can string multiplé\ i _da statements together, and you can string multiplenda statements
together. You can use both statements in the same structure, for example by usig amnla statement following
an7da statement and anj:nda statement following ary” gn” da statement. You cannot mix\ i _da
statements with7j nda statements contiguously.

Iterative Structure :for ;:foreach
Description:

The7aj mstatement executes a block of statements once for each value in an expression, assigning the value to a
specified variable.

Syntax: 7aj m variable(s) 7di expression(s)
block of statements
771 _ajm

The7aj mstatement also supports multiple variables strand notation like this:
7ajma b c 7di (1 2 3) (4 56) (7 8 9) (10 11 12) (13 14 15)

In the first iteration\ ] ~ will be assigned / 0, inthe second 2 3, and so on.

Description:
The7aj m \ ~c statement behaves similarlyttoe 7aj mstatement except items are iterated in parallel.

Syntax: 7aj m \ ~c variable(s) 7di expression(s)
block of statements
7 i _ajm\”~c

The name list between tif@j m \ ~¢ and7di keywords must contain two or more names. The argument value to
the right of 7di must be a vector containing the same number of items as the number of names in the name list
between th&aj m \ ~c and7di keywords. Each argument item must be the same shape or a singleton. For
example,
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G BKNA=7D8\ 8] 8"

V. X
VI X \Wo. /0
VOX ]]60.-
V1X AN, -- [-- 0O--
V2X 7ajm\~c \ ] ~ 7di \\ ]J] A~
V3X oS\ : )W\ & $1:9)V])$ ~: $)y~
V4X 7'i_ajm\”c
G
BKNA=?D
IS E L
Vil .- A
\:0]:.- ~:0--
Selection Structure:select ;:case ;:caselist
Description:

Execute one block of a series of blocks of statements. The system executes the block followingzhg riirsor
7"\ n" gdno expression that matches (has the same rank, shape, and value as) thevébgontrol expression in
the 7n" g "o statement that precedes the series of blocks.

Syntax 7n° g "o expression
7"\ n°  expression
block of statements
7"\ n" gdno expressionexpressionexpression ...
block of statements
7"\ 'n”  expression
block of statements
7i_ng "o
You can also include a block of statements that the system executes when none7éfithé or 7*\ n” gdno
expressions matches the tdpvel expression. Following the [a&8t\ n* , use7” gn" followed by the alternate block
of statements. Note: Thégdf ~ clause can also be intermixed with tAé\ n~ or 7\ n” gdno expression.

Alternate Selection Structurelike

Description:

The7gdf °~ clause is an alternative to the*\ n~ or 77\ n” gdno clause in the/n" g o statement. Rather than
matching the7n” g” ~o argument by value equivalence, it selects character scalar and vector cases matching its
pattern similar to the7*\ o” ¢ clause.

Syntax 7n° g "o expression

7gdf ©  expression

7i_ng "o
The7gdf ° clause supports wildcard pattern matching codes as an alternative foid bin~ or 72\ n* gdno
clause in a :select block. Thgdf = control characters in patterns are shown below.

STAR ' matches zero or more of any characters

QUERY; matches one of any character

RHO d is reserved for the future to denote a reguexpression

SHARPI is reserved for the future

SEMI 8 separates patterns

SLASHW makes the control character following it behave as a literal
For example,

n Hdf© \nb

V.X 7n°g "o \nmb
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VIiX  T7gdft $;;;%

VOX Y$=it 0*g oo m~c\m”ro m~jhldi\odji h\orc  _+$
ViX 7 gn

V2X Y $Jj h\o”c+$

V3X T

Hdf ~ $./01%
Jj h\o”~c+
Hdf © $./0$%
=it 0*g-oo m~c\m o m~”jh]dilodji h\o”c™ _+
The:end Keyword

Description:

You can us&’ i _ as the last line in a control structure in place of any of the following more explicit keywords:
T 7°i _da

T 7i_rcdg

T 77i_mk'\o

T 7i_ajm

T 7°i_ajm\~c

T 7i_ng "o
The:region and:endregion Keywords

Description:

You can useregion and:end region to define the bounds of collapsible regions. Thiegion and

:end region keywords can have an argument which is free text that is not executed. It is simply used as a label for
the region both when the region is expanded and collapsed.

Other Program Flow Control Keywords
The keywords described in this section affect the flow of a function.
Keyword 7"jiodip” 77jiodip da
Syntax: 7Njiodip’
77j i odi p* da condition expression

Description:
In a repetitive {rcdg™ or 7m k™ \ 0) or an iterative Taj m) control structure, transfer control to the final
statement in the structure but continue execution within the structure.

Keyword 79°\q" 7g'\q da
Syntax: 79°\q

79 \ g da condition expression
Description:

In a repetitive {rcdg™ or 7m k' \ 0) or an iterative Taj m) control structure, transfer control past the final
statement in the structure and continue execution with the statement following the structure.
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Keyword: 7bj oj
Syntax: 7bj o] label

Description:
In a function, but not necessarily within a control structure, transfer control to the line on which the label occurs.

Keyword 7m opm 8 7m opm da

Syntax: 7m opm

7mopm | mbphio

7m opm da 4/ /_dodji | gZl mbph'io
Description:
Anywhere in a function, exit the function.

Keyword 7om 8 7"\ o”c8 7"\ o”c\gg8 7\ o”cda8 7 i _om

Syntax: 7omt
Statements to try
7™\ o~cda first condition expression
Statements to handle exceptions satisfying the first condition
7™\ o~cda second condition expression
Statements to handle exceptions satisfying the second condition
7"\ o"c\ gg
Statements to handle all other exceptions
771 _omt
Description:
Try-catch control structure for static exception handling. For more informationTsg€atch Control Structuia
the System Functions Manual.

Keyword 7adi \ ggt

Syntax: 7omt
Statements to try
7"\ o”~cda condition expression
Statements to handle exceptions satisfying the condition

7adi \ ggt
Statements to execute when exitifgpnt clause
71 _om
Description:
It is executed whenever the context it is associated withrtt control structure or function) is exited for any
reason.

Keyword 7i “so™M\n’

Syntax: 7n g "o expression
7™M\ 'n”  expression
block of statements
7i “soM\n’
7"\ n”  expression
block of statements
7°i_n g "o
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Description:

The7i "~ so™\ n" statement flows from one case offn” g* "o statement into the next without branching. This

can be useful for parsing varying length arguments where each element gets special processed and then falls into th
case for the next smaller length.

Keyword 7 " 1pb
Syntax: 7 "] pb expression

Description:

The7_" ] pb statement conditionally executes a single expression (whose body follows thgpb keyword) if and

only if debug mode is ON. Implicit output is OFF during] pb statement execution. Unassigned result values in

7_" ] pb expressions are not displayed in the APL64 session. Session output can only be accomplished explicitly vie
U assignment. Often however, thiegj b system function will be used to write something to a debug log file and/or

the Windows Application Event Log instead.

Keyword 7 s
Syntax: 7" s expression

Description:

The7" s statement is used in cascading decision statements (su@h as/7j mextensions offda, 7r cdg" , etc.,
statements as a place to compute something before taking the next decision. Not&: $heause is not allowed in
ICS expressions.

Keyword 7da_"]pb8 “i _da “]pb

Syntax: 7da_"]pb
debug statement(s)
7 gn’
release statement(s)
71 _da_"Jpb(or7i_daor7i_)
Description:
In a repetitive {rcdg™ or 7m k™ \ 0) or an iterative Taj m) control structure, transfer control past the final. The
7 "] pb statement argument is executed only if debug mode is ON.

Keyword 7om ~°
Syntax: 7om "°

Description:
The7om ~° statement implicitly calls théHKC function. The expression is conditionally executed if and only if
running in debug mode and its result value (if any) is passed as an argumentligjthefunction for writing to
the debug log file.

Keyword 7\nn’ mo
Syntax: 7\nn"no 4/ _dodji “skm nndji

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 165



Chapter 5: Primitive Functions and Operators

Description:

The7\ nn" no statement takes an conditional expression as its argument. This expression is only evaluated when
debug mode is ON. Itis not evaluated and therefore has zero execution overhead when debug mode is OFF. Wher
the expression evaluates to singleton valydtie assertion is considered successful and execution continues with

the next logical statement. Similarly, an empty character vector is also considered to be a success. And likewise, if
the expression does not return a value (such as a user definetidnrthat doesn't set a result value) then the

assertion is considered to succeed and execution continues at the next statement. All other values cause an
=0O0ANPEKJ B=EHQNA error to be signaled.

Keyword 7q° ndat

Syntax: 79  mdat 4j/_dodji ‘skmnndji

Description:

The7q” ndat statement behaves the same as the :assert statement except that it is always executed, regardless of

whether debug mode is ON or OFF. This provides a way to execute a condition and verify its result always, rather
than only when debug mode is ON.

Keyword 70" no8 7k\nn8 7a\dg8 7°i _o no

Syntax: 70 no
init statements
7k\ nn
pass statements
7a\ dg error
fail statements
7°i_o no
Description:
The70" no statement controls a block of statements that are not run during normal program execution. Any
70" no blocks in your code essentially disappear from normal program execution as if they were comments. They
are not reachable and result in@\OPEJ=PEKJ ANNKN if you try to branch into them under when running the
function normally.

The7k\ nn clause controls a block of statements that are expected to execute successfully without any errors. If any
statements fails to do so, an error is logged.

The7a\ dg clause controls a block of statements that are not expected to execute successfully. If any statements do
not fail, then an error is logged. THa\ dg clause supports wildcard pattern matching codes for eherargument
that is the error anticipated resulting from tHail statements The7a\ dg control characters patterns are shown

below.
STAR ' matches zero or more of any characters
QUERY; matches one of any character
RHO d is reserved for the future to denote a reguexpression
SHARPI is reserved for the future
SEMI 8 separates patterns
SLASHW makes the control character following it behave as a literal

Keyword 7dao” no8 70 no

Syntax: 7dao’ no
test statements
7 gn°
non-test statements
71 _dao no

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 166



Chapter 5: Primitive Functions and Operators

Description:

The7dao’ no statement controls a block aést statementghat areconditionally executed in the test

clause when a function is executed in test mode. [fagn™ statement is present, theontest
statementsare executed when not run in test mode.
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Inline Control Sequences

Inline control sequences (ICS) can articulate arbitrarily complex logical calculations with a concise and efficient
notation, which uses coleprefixed keyword§\i _,7jm7oc’i,7 gn ,and7”cjj n embedded in expressions.

It uses Progressive Partial Evaluation (PPE) similar té#thew, and; operators found in C, C++, C#, Java, JavaScript,
etc. ICS expressions are an inversion of traditional control structures. They may contain cascading decisions and
execution alternatives in a single statement, whereas traditional control structuresvwalltiple expressions spread
across multiple statements typically on multiple lines. PPE is nothing new to APLEB bentrol statement uses PPE

to jump into the True or False clause as soon as the overall outcome can be deduced from partial results. For example

7EB P no .
7=J@B P no /
7=J@&B P no O
Prmp”
7AHOA
B\ gn’
7AJ @B

If any of the test conditions are false the remaining tests are skipped and the False clause is executed immediately. If ¢
test condition is true, the next test must be evaluated to determine the outcome of the calculation. The True clause is
only executedf all tests are true. Step by step we have: if Test 1 is false, Test 2 and Test 3 are skipped and the False
clause is executed. If Test 1 is true, Test 2 is evaluated. If it is false, Test 3 is skipped and the False clause. i execute
true, Test 3 igvaluated. The True clause is executed only if Test 3 is also true. Otherwise the False clause is executed.

Similarly, when th& EB statement is followed by a series 8KNEB tests, we skip the remaining tests and begin
execution of the True clause as sooreay of the test conditions are True. We only continue evaluation of tests and
eventually execute the False clause if all previous test conditions are false.

PPE is a powerful tool for simplifying program logic. For example, the first test in a series might determine if a
function’s | eft argument has a value (i.e., whether c
rank or shape. te ar gument doesn’t have a value we discontin
rank or shape without a value. By guarding later tests with previous tests thaicpeen certain conditions (such as
existence of a value) we can efficignand concisely test the conditions we want with a minimum of coding and a
maximum of clarity.

The7EB ...7=J @B logical progression shown above using five statements can be stated more concisely using one IC¢
expression like this:

%' no . 7=J@P no/ 7=J@P no 0 7PDAJ Pnp° 7AHOA B\gn &

The order of progressive evaluation above might not feel right to everyone at first glance. APL executes from right to
l eft and this might ffeel l'i ke it’s going the wrong we
decisions thatvent into ICS design the following summary is offered:

1 APL executes from right to left but is conceptualized, written, and read from left to right. We usually conceive
of and type the left part before the right and always read it that way.
1 Conditional expressions are usually typed with the condition to the left of the objective:
09%®j i _dodji &, H. £ ajm]mi~cdib
A%j i _dodji & $Askm nndji $ £ ajm s “po’
UANNKNY®j i _dodj i & $ANNKN | ACO=CA$ £ ajm ndbil\gdib "mjm
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This is a good thing because we tend to think of the condition before we think of the objective, or at least we think
about how to express the condition before the objective. Therefore, this ordering minimizes the number of superficial
left and right key mvements required to type the expression.

1 Progressive logical decisions are generally conceptualized in their order of dependency. For instance, we neec
to know if a left argument exists before we test its rank or shape. So we tend to think of existence testing before rank
or shape testing.

1 The left to right order of ICS progressions is reflective of this natural thought order.

1 If ICS expressions were evaluated right to left like this:

%Pmp” 7AHOA B\gn® 7SDAJ P no 0 7=J@P no / 7=J@P no .&

we would have to type the tests in the reverse order from how we would naturally think of them.

1 If we think of ICS expressions as being like diamonds with decisional powers then it is easier to understand
why the left to right ordering makes sense. They follow the same flow pattern as diamond se;?&mxminents and

are consistent with a pattern of programming that was common ingmetrol-structure days when hierarchical
conditions would often be coded like this:

09%®ji _dodji.& UH?(. o 09%)i _dodji/ & uH?(. = Kle "0oOo\o h'io
1 The keywords in an ICS expression are not functions or operators. They are conjunctive in nature and exist in
a different semantic space than the functional sexpressions connected by them.

1 It can be useful to think of ICS keywords as being like parentheses with decisional powers. ICS keywords
morph normal order of execution in a similar way and exist in a similar semantic space.

The following list shows all recognized forms of ICS expression (for brevitiKithirm of each expression is not
shown; wherevei7=J @appears it can be replaced BKN):

% ?ji_ 7PDAJ ?2\n". 7AHOA ?2\n - &

% ?ji_ 7PDAJ 2An . &

%?ji_ T7TAHOA ?2\n - &

%2i_. 72J@ i1 &

%?i_. 7=2J@ i) +++ 7@ ?ji_J &

%2i_. 72J@ ?ji_/ +++ 7PDAJ ?\n . 7AHOA ?\n - &
%?i_. 7@ ?ji | +++ 7PDAJ ?\n’ . &

%?i_. 7=J@ ?ji /| +++ 7TAHOA ?2\n - &

%E s 7?DKKOA ?2\n~. 7 ?2\n'/ 7 +++ 7 ?2\n'J 7AHOA Agn’ &
%E _"s 7?DKKOA ?2\n" . 7 ?2An'/ 7 +++ 7 2A\n ' J &

Parentheses around ICS expressions are only necessary to the extent needed to denote logical groupings, alter
progression evaluation order, or disambiguate cases where the quiefix of the first keyword would otherwise be
interpreted as declaring the mae to its left as a statement label.

Any statement beginning with a colespace (or any other character that is not part of an identifier immediately
following the colon) tells the interpreter to not look for labels in that statement. A cefmce at the beginning of any
statement in a usedefined function also suppresses the output for f(heDAJ expression as well as for any line of
execution. Either of the following statements may be used to pre@¢nt_dodj i from being interpreted as a label:

% ?ji_dodji 7PDAJ =“odji &
7 ?ji _dodji 7PDAJ ="odji

2 There probably still is not universal agreement that diamond separated statements are executed in the correct order. The
are some who may still argue that they should not exist at all or that the rightmost statement should be executeddfefore the
However, the convention in all APL dialects known to the author executes them left to right.
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The7=J @and 7KN keywords can be used in sequences of any length. However, they cannot be mixed in the same
expression unless parentheses are used to group them like this:

%?)i . 7=J@7?ji_/ & TKN %?ji 0 7=J@7?ji 1 7=1@7?ji 2 &

The7PDAJ and 7 AHOA keywords offer a binary choice between two alternative expressions. Only one of the
expressions is executed. These keyword can be used together or alone if only one choice is needed, with the implicit
other choice being no execution and no result valfiboth are coded’ PDAJ must come before AHOA. In contexts

that require a result, both clauses are required.

The7?DKKOA keyword selects one expression from a list of choices separated by colons, which must be followed by a
space or other character that do?®8KOAnustbeagingtetorainteges. his . T
used as alEK sensitive index to select one of the cases to execute. An optibldDA clause can be executed if there
isn’t a case corresponding to the index value. An err
expression is used in a context that requires a value, in which caBé@hi ANNKN s signaled.

The following7 ? DKKOA expression is roughly equivalent to ti@©AHA? P statement below it:
%E s 7?DKKOA ?2\n =7 2An > 7 ?2An ? 7AHOA Agn ?\n" &

70AHA?P Ei s
7?=0A UEK
\n =
7?2=0A GEK(.
2A\n >

7?=0A UEK(/
2An?
7AHOA
Agn 2\ n’
7AJ @GDAHA?P

Except7r OAHA? P cannot be used to produce an argument value in the WapKKOA can:
I Bjj WE s 7?DKKOA ?2\n"= 7 ?2\n" > 7 ?2\n ? 7AHOA Agn ?\n" &
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This chapter describes workspaces that contain utility functions that can help you write efficient functions and
develop applications.

The=0 BJOworkspace contains utility functions implemented in assembly language for faster execution.

The?KI LHAI workspace contains functions that perform numerical computations and structural manipulations
of complex numbers.

The@PAOworkspace contains functions that manipulate dates and time.
TheAECAJR=Hworkspace contains functions that find eigenvalues and eigenvectors of real matrices.
TheBBP workspace contains functions that compute forward and inverse discrete Fast Fourier Transforms.

TheQPEHEPT workspace contains general utility functions that can enhance your use of APL64 and help you
develop effective APL applications.

TheSB?=NA workspace contains functions that allow you to maintain and modify workspace files, which
contain file images of the functions and variables in a workspace.

. TheSO?KI L workspace contains utilities that compare the functions and variables in a workspace.
TheASMFNS$Vorkspace

The assembly language functions that utilized theall system function in the APL+Wifoold Asmfns.w3
workspace have been deprecated and replaced in APL64 by system functions,WIHERE, SSTOMAT, etc.
The list of such replacement APL64 system functions is available from an APL64 Developer version instance:
Help | APL Language | System Functior8everal functions are present in both APL and the new APL64
system function versiondn these cases, the APL versions have the character "a" at the end of the name.

You can directly replace the deprecated Win38emblylanguageunctions with the corresponding APL64 system
function.

As an alternative you can use the cover functions for the replacement APL64 system functions. The updated cover
functions are available in the ASMFNS.ws64 workspace in the folder
Ci\Users{NamaAppDatdRoaminyAPLNowL\@PL64Tools. This path is returned in APL64 with the command:

userpath. After loading your APL+Win workspace in APL64, replace the existing assembly cover functions in the
workspace by copying them from the ASMFNS.ws64 workspace.

The functions handle exceptions by passing an error message to the level calling the function. If your application
handles data validation, you can make the functions more efficient by removing error handling.

Many of the functions handle character data in "segmented strings." A segmented(sthigdy construction

preceded nested vectors) is a character vector that is parsed as a series of segments delimited by whatever characte
appears first in the vector. Thus, the stridg\\\,1]1], **", $is treated as thre®-element segments$\ \ \ $,

$]11 %, and$”""$. The slashes are treated as delimiters and ignored as content. (You can use a character other
than a slash as the delimiter.)

Function Reference

To see a complete list of functions along with the syntax for eachQpbé\ nt in the=0 BJOworkspace. Some
of the functions are described below. Some of the examples in this section use the vatidblhich is a character
matrix.

21/

>>>>
2?27?77
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DEB Delete Extra Blanks
Purpose:

Removes all extra blanks (leading, trailing, and multiple) from the character vegtorlf the argument is a matrix,
removes extra columns if entirely blanks.

Syntax: result &6 @\> S$text$

Example:
@>$%$ Pc’ “\m”jno 1.-)63- $
Pc® m~jno !.-)63-
MATtoSS Convert Matrix to Segmented String
Purpose: Converts a character matrix to a segmented string.

Syntax: segstring 6 | =Poj OO $charmath

segstring 6 $delimiter$ | =Poj OO $charmat
The optional left argument, enclosed in quotes, specifies the delimiter for the segmented string. The default value is
Uo”i g. The right argument is the character matrix you want to segmert?oj OOremoves trailing blanks as it
converts each row to a segment.

Example:

$'$ 1=Poj OO ?1/
==' >S5S 2222727

OVER Vertically Catenate Arrays

Purpose:
Places the items specified in the left argument over the items specified in the right argument.

Syntax: newchars & $chars® KRAN $charsZ

The arguments may be character or numeric scalars, vectors, or matH&#s\ pads the narrower array with blanks
or zeroes. If you mix character arguments with numeric arguments, the spacing may be unsatisfactory. Mixing types
of arguments may also cause integer values to be displayed as decimal numbers.

Example:
$*$ KRAN $::$ KRAN ?I/ KRAN/ O d $' $

ROWFIND Find Rows from One Matrix in Another Matrix

Purpose:
Returns the origin indices of the first occurrence of the rows of one matrix (the right argument) in another matrix

(the left argument).
Syntax: indices 6 $chars® NKSBEJ@ $chars3

The arguments must be character scalars, vectors, or matrid6SBEJ @ignores trailing blanks, if the data are
characters. A in the result indicates that a row is not present.

Example:

?l/ NKSBEJ@$ >>>>%
/

?21/ NKSBEJ@$ >>>>3 KRAN $;;;$
/ -

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 172



Chapter 6: Programming Tools

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: newsegstr 6 O0@A> $segsth
newsegstr 6 $char$s OO@A> $segsth

The right argument must be a character vector. The first character is the segment delimiter. Note the differences in
the examples below when a character other than the slash is the delimite®@) and when a space itself is the
delimiter ( +O0). The optional left argument is a substitute list of extraneous characters (in addition to space).

Example:
00
, = >, ?,11, 2 22 222 22 2,3333, ,E
oo@> 00
,=,>,?,11,2 22 222 22 2,3333,,E
Oo@A> / +00
=>, ? ,11 , 2 22 222 22 2,3333, ,E
oo@rx> . +00

=>, ? ,11, 2 22 222 22 2,3333, ,E
$12$ OO@\> OO@A> OO
,=,>?,, 22 2 ,3333,,E

SSINDEX Return Index of Substring in Segmented String
Purpose: Returns the segment substring in a segmented string that corresponds to specified indices.
Syntax: segsubstrd $segst OOEJ@AI ind

The left argument must be a character vector. The first character is the segment delimiter. The right argument must
be a numeric scalar or vector of index numbers. (Sensitivelja)

Example:

00
=, > ?,11, 2 22 222 22 2,3333, E

OO OCEJ@A . 0 . 1

L :! ? L :! 11
SStoMAT Convert Segmented String to Matrix
Purpose: Converts a segmented string to a matrix.
Syntax: charmat 6 OQoj | =P $segstring
The argument is a character vector. The first character is the segment delimiter.
Example:
OCoj I =P $, = >>>,, 777?777, Qoaaad) $
>;>
arararars
@aaoan
TEXTREPLReplace Characters
Purpose: Replaces existing characters with new characters.
Syntax: newvec 6 $, old, new, oldl, newl, ..$ PAI PNALH $vec$

The left argument is an alternating series of existing and replacement character scalars or vectors. The first characte
is the delimiter. You can use up.td 4 pairs of existing and replacement text. The right argument is the character
vector that contains the text you want to replace.
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Example:

$,J,D, EQ S=0, PE, C=,7,;$ PAI PNALH $JKS EO PDA PEI Al $
DKS S=0 PDA C=I A;

TRANSLATETranslate Character Array
Purpose: Translates characters of a character array to other arbitrary characters.
Syntax: newchars & S$transtab® PN=JOH=PA $chars

The left argument specifies the translate table that you want to use. nitheharacter is the replacement for
U\ qVnX. The right argument specifies the text that you want to modify.

Example:
Replacdlo”] * g andlo”aa characters with question marks.
PP6U\ q

PPVUd] (4 ./ X0$; $
JASOPP PN=JOH=PA KH@

UPPERCASEConvert Lowercase to Uppercase

Purpose:
Converts thd 3 lowercase English alphabetic characters in a character scalar, vector, or matrix to uppercase
characters; also converts &, ¢, € fi, 6 and 0.

Syntax: newchars & QLLAN?=0A $chars$

Example:
QLLAN?=0A $?jig mo oj pkk’mM\n ii$
?KIRANP PK QLLAN?=O0AI T
WHERE Determine Element Indices

Purpose: Determines the indices of the nexero elements of the argument. (Sensitiveltdj .)
Syntax: indices 6 SDANA numvec

The argument is a numeric vector, usually Boolean. The result is a vector of indices equivaknbit» R for a
Boolean vector, 0% | R&, DdR for an arbitrary numeric vector.

Example:
udjo6. @ SDANA . - / - - 0 - - - -
. 03
WORDREPL Replace Words in Character Vector
Purpose:
Replaces existing words in a character vector with new characters, as speSHR@NALH does not affect partial
words.
Syntax: newvec 6 $, old, new, old1, new], ..$ SKN@GNALH $vecs

The left argument is an alternating series of existing and replacement words. The first character is the delimiter. The
right argument is a character vector that contains the words you want to replace.

Example:
$, DA, DEO, JKS, SD=P, 1, ;$ SKN@NALH $JKS EO PDA PEI A $
SD=P EO PDA PEI A;

TheCOMPLEWorkspace

The?KI LHAI workspacecontains functions that performomputations with complex numbeend structural
manipulations that invert matrices of complex numbers. The workspace also includes a function that derives the
complex roots of an analytic function of a single complex variable. The following conventions are important in
understanding ad using the workspace.

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 174



Chapter 6: Programming Tools

In the documentation and function descriptions, the notatiafb designates the complex numberia+ Purely
imaginary numbers are designated-asb. Purely real numbersF- , are abbreviated aa.

An array of complex numbers is represented by a numeric array whose rank is one higher and whose first
dimension ig . The first coordinate represents the real parts of the complex numbers and the second
coordinate represents the imaginary parts.

For example, the complex scalaF1 (0+1) is represented by the vect@ 1. The complex vector
.F/ OF1 2 3F4 -F5isrepresentedby:/ 2d. 0 2 3 - / 1 - 4 5. Anm-by-ncomplex matrix is
represented by & -by-m-by-n numeric array; and so on.

Functions that operate on arbitrary complex arrays are prefiXedfunctions that operate only on complex
scalars (tweelement numeric vectors) are prefixédl

The term "alternating string" refers to a numeric vector with an even number of elements where the odd
elements are the real parts of a vector of complex numbers and the even elements are the imaginary parts of the
complex numbers.

The?i function filters an APL array to ensure it is a valid representation of a complex array. It also takes an
alternating string and organizes it as a representation of a complex vector. You can @$é\th®@D=L A function to
create higher dimensional arrays of complex numbers.

Once you establish representations of arrays of complex numbers, you can apply a variety of computational function:
to them. For example, the functiohi PEI AOmultiplies two complex arrays. To multiply the complex vector
.F/ 0 1F2bythevector. F*. /F'/ OF" 0, you can execute:

/ 0- 12 ?2IPEIAO. ". / "/ 0 "0

When both operands are complex scalars, UBEI AO. For example, the following statement multipli@s4 by
5F6.

3 4 UPEIAO 5 6

Other functions are available to compute:

sums, differences, and quotients

square roots, powers, logarithms, and exponentials
trigonometric and hyperbolic functions and their inverses
conjugates, magnitudes, and amplitudes

inverses and transposes of complex matrices.

Use theOphh\ nt function in the?KI LHAI workspace to display the name, syntax, and purpose of each of these
functions.

The?i NKKPO function finds the roots of a function of a single complex variable. This function must be named
?1 ai and must be monadic and return an explicit result. Both the argument and the result must be a complex scalar
(two-element numeric vector). After you defirmg ai ) execute

roots 6 ?i NKKPO guesses

where the argument is an alternating string or complex vector of guesses. The number of supplied guesses limits the
number of roots that will be returned. TH& no\ o global variable controls the behavior of tRé NKKPO

function—the maximum number of iterations, the convergence tolerance, the display of intermediate results, and

so forth. Execut@i OP=PA for a review and interpretation of the elements ®f no\ 0" .

TheDATESVorkspace

The@PAOworkspacecontains functionghat you can use to manipulate dates. With these functions, you can:
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convert dates from vector to scalar and scalar to vector
format dates into a readable form
verify dates.

Most of the functions handle any number of dates. The functions that accept the vector form of dates require that
the argument be inlon timestampform. The following conventions are used in the function descriptions.

dateis aninteger array whose last dimensiondg0: ~ . ¢ddate); typically in06Gon form:

dateV. Xis a twe or four-digit year ( 6- - s are assumed for twdigit representations)
dateV/ Xis an integer.( to . /) that represents the month
dateVOX s an integer.(to 0. ) that represents the day of the month.

tsis a matrix with one date or time per row, or an integer array whose last dimensibo@is™ . 6dts); typically in
460o0n form; typically the functions also work with trailing elements missing:
tsV. Xis a twa or four-digit year ( 6- - s are assumed for twdigit representations)
tsV/ Xis an integer.(to . / ) that represents the month
tsVOXis an integer.( to 0. ) that represents the day of the month
tsV1Xis an integer to / 0) that represents the hour
tsV2Xis an integer to 26) that represents the minute
tsV3Xis an integer to 26) that represents the second
tsV4Xis an integer to 666) that represents the millisecond.

In describing output formats, a single character means one or two output characters, whereas a double character
means the output is zerbilled. Thus, D standing for a day of the month wouldbw 0- ; DD would be represented
as- 0 or 0- . Uppercase H meardl -hour cycle; lowercase h id -hour cycle. M means a one or two digit month,
MM a zerdfilled two digit month, MMM the thredetter abbreviation, and MMMM the full name of the month.

Function Reference
DATEBASE Determine Elapsed Days

Purpose:
Returns an integer array of shape +~ddate that represents the number of elapsed days since Januang- - .
Elements ofesultmay be negative. (A companion functi@®;PANAL, reverses the representation.)

Syntax: result 6 @PA>=0A date
Example:
Find the number of days between Februady,/ - - - , and March/ ,/ - - - .

@PA>=OA / 0d/--- O/ [--- [ |5
03252 0325/
03252 * 0325/

0
DATECHECK Check Valid Date
Purpose: Returns a Boolean vector of shape+ddate, in which. s indicate valid dates.
Syntax: result 6 @PA?DA?G date
Example:
This example shows that Februdr§,/ - - - , is a valid date (sinde- - - was a leap year), but Februarg, . 6- -, is

not (since. 6- - was not a leap year).
@PA?DA?G / Od/--- /| /6 .6-- /| /6

DATEOFFSET Add Days to Date
Purpose: Adds a specified number of days to each date in the right argument and returns the new dates.
Syntax: result 6 days @PAKBBOAP date

The arguments must conform in shape. If neither of the arguments is a stdigrsmust equal’ . ~ddate.
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Example:
Add,0-, 3-, and6- days to the date November2,/ - - . . The resulting dates are Decembet, / - - . ; January
.1,/--/ and February 0,/ --/.
0- 3- 6- @PAKBBOAP /--. .. .2
[--. . .2
[--1 . .1
[--1 [ .0

DATEREP Represent Elapsed Days as Timestamp

Purpose:
Converts scalars representing number of elapsed days since Januay - to dates in®duoné& format. This is
the companion function t@@PA>=0A.

Syntax: date 6 @PANAL elapsed
Example:
@PA>=0CA /--. . /0
036./
@PANAL 036./
[--. . 10
DATESPELL Format Date
Purpose: Returns a timestamp formatted in a specified style.
Syntax: result 6 code @PAOLAHH ts

codeis a one or two-element vector in which the first element is the display style and the second element is an
optional hour offset. The default hour offset-is
tsis a full or partial timestamp; if you use the hour offset, however, you must specify at least the hour.

If you use more thaf elements ints, you can display time in AM/PM 611-hour (military) style. The base codes
display time in AM/PM style; adsito each code to display time inl-hour style. The table below shows the codes
and the format each displays. Note that the first two digits of the year display only if they are part of the argument.

Date Formats foi@=PAOLAHH

Code Result

-or 5 1 1=N/--/

.or 6 I=N1) /--/

/ or. - 1 1=N?D /--/

Oor.. I=N?D 1) /--/

lor./ IKJ 1 I=N/--/

2o0r.0 IKJ) I=N1) /--/

3or.1 IKI@T 1 I=N?D /--/

4or.2 I KI@T) 1=N?D 1) /--/
Examples:

The last two examples demonstrate using the hour offset to show the difference in times between Washington, D.C,
and Los Angeles.

- @PAOLAHH /--. ./ 0. ./
0. @? /--. .13
2 @PAOLAHH POO/--/ . . [ .-

PQA) F=J .) [--/ [7.- =l
.0 "0 @PAOLAHH PO
IKJ) @? 0.) /--. [07.-
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DAYOFWK Determine Day of the Week from Date
Purpose: Returns the day of the week ( Sunday throughi, Saturday).
Syntax: result 6 @TKBSG date
Theresulthas one element for each date date.

Example:
The example shows that January. 666, was a Friday; January/ - - - , was a Saturday; and January - - . , was
a Monday.

@TKBSG 0 0d.666 . . /[--- . . [--.
34/

DAYOFYR Determine Day of the Year from Date
Purpose: Returns the day of the year ¢through033). Theresulthas. element for each date idate.
Syntax: result &6 @TKBTN date

Example:

Po6/--- ./ 0. /--. . O/--. ./ O.
@TKBTN 0 O0dP
033 0 032

DAYSDIFF Determine Difference in Days
Purpose:
Returns an integer array that contains the difference, in days, between the corresponding dates supplied in the
arguments. Note that this function does not count both the start and the end date. The difference between the last
day of the year and the 8t day of the year i631 for norHleap years.

Syntax: result 6 datel @TOGEBB date2

Example:

H60 O0d/--- O/ /--. [/ |5
N6O 0d/--- / /5 /--. 0/
H @TO@EBB N

0 "/ 031

DSPELL Display Date and Time
Purpose: Displays the date and time in the argument in the form: D MMM YY H:mm:ss:nnn.
Syntax: text 6 @LAHH ts

The time precision of the result depends on the length of the last dimension of the argur@@htAHH displays the
time in/ 1-hour (military) style.

Example:
@LAHH /--. 0 /3 .1
/3 1=N/--. .17--
FTIMEBASE Convert Dates to Elapsed Microseconds
Purpose:
Converts the dates and times in the argument to single numbers that represent elapsed microseconds since
----:=--.---,January,. 6--.
Syntax: result 6 BPEI A>=0A ts
Example:
ukko. 3
BPEIA>=CA /--. 0 /3 .. .6 20 2.5

0.612610602. 5- - -
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FTIMEFMT Convert Elapsed Microseconds to Date and Time

Purpose:
Converts scalars that represent elapsed microseconds since- - - .- - -, January ,. 6- - , and formats the result

in the form: M/DD/YY HH:mm:ss:nnn
BPEI ABI P displays the time irt 1-hour (military) style.

Syntax: text 6 BPEI ABI P elapsed
Example:
BPEIABIP O/ --------------
2,/15,-. --7207/-+---
FTIMEREP Convert Elapsed Microseconds to Timestamp
Purpose:
Converts scalars that represent elapsed microseconds since - - .- - - , January , . 6- -, to dates inlion
timestamp form.
Syntax: result &6 BPEI ANAL elapsed
Theresultis an integer array of dates that correspond to the elementslapsed.
Example:
BPEI ANAL O/ --------------

[--. 215 - 20 /- -
HOURBASE Convert to Elapsed Hours

Purpose:
Converts the dates and hours in the argument to single numbers that represent the elapsed hours since

--,January,. 6--.
Syntax: result 6 DKON>=0A dateshours
dateshourss an integer array whose last dimensiorn jgypically, a vector in the forrhédon.

Example:

DKQN>=OA /--. 0 /3 ..
554054

HOURREP Convert Elapsed Hours to Dates

Purpose:
Converts scalars that represent the elapsed hours singelanuary , . 6- -, to dates and times ihidton format.

Syntax: result 6 DKONNAL elapsed

Example:

DKONNAL 554054
[--. 0/3 ..

LEAPYR Determine Leap Year
Purpose: Determines if a specified year is a leap year.
Syntax: result 6 HA=LTN year

The argument is the year in twor four-digit form;. 6- - s are assumed when two digits are used. fwlt is. if
the year is a leap year.

Example:
HA=LTN . 66- (D. -
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MDYTOYMD Convert MonthDayYear Format

Purpose:
Converts dates that are in the form montltay-year to dates that are in the form yeanonth-day.

Syntax: result 6 | @PKTI @ mdy
The argumentndyis an array of dates represented as MDDYY or MDDYYYY.

Example:
Po6/ /d/-266 1/2/--/ .-/-66 3.-/--/
| @PKTI @ P

66-/-2 [--/-1/2

66.-/- [--/-3.-

MINBASE Convert Dates to Elapsed Minutes

Purpose:
Converts dates and times to single numbers that represent the elapsed minutes since, January , . 6- - .

Syntax: result 6 | EJ>=0A datestimes
The argumentatestimess an integer array of dates whose last dimensia®; ig/pically, a vector i2éUGon form.

Example:
|EJ>=0CA /--. 0 /3 .. 20
20/ 10/ 40
MINREP Convert Elapsed Minutes to Dates
Purpose:
Converts scalars that represent the elapsed minutes since- , January ,. 6- - , to dates and times i@6Uon
format.
Syntax: result 6 | EINAL elapsed
Example:

| EJNAL 20/ 10/ 40
[--. 0/3 .. 20

SECBASE Convert Dates to Elapsed Seconds

Purpose:
Converts dates and times to single numbers that represent elapsed seconds siree- - , January , . 6- - .

Syntax: result 86 OA?>=0A datestimes
The argumentlatestimess an integer array of dates whose last dimensiaBy; igypically, a vector i86don form.

Example:

OA?>=0CA /--. 0 /3 .. 20 .6
0.61263066

SECREP Convert Elapsed Seconds to Dates

Purpose:
Converts scalars that represent the elapsed seconds since- - - , January , . 6- - , to dates and times iB6don
format.
Syntax: result &6 OA?NAL seconds
Example:

OA?NAL 0.61263066
/--. 0/3 .. 20 .6

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 180



Chapter 6: Programming Tools

TIMEBASE Convert Date to Elapsed Milliseconds

Purpose:
Convert the date specified in the argument to the number of elapsed milliseconds-since:- - .- - - , January ,
.6--.
Syntax: result 6 PElI A>=0A ts
Example:
PEIA>=CA /--. 0/3 .. 20 .6 2.5

0.612630662. 5
TIMEFMT Format Dates and Times

Purpose:
Format dates and times specified in the argument in the form: M/DD/YY HH:mm:ss:nnn.

Syntax: result 6 PEI ABI P ts
The precision of the time depends on whether the last four elements afe present.

Example:

PEIABIP /--. 0 /3 .0
0,/3,-. .07--

TIMEREP Convert Elapsed Milliseconds to Dates

Purpose:
Convert scalars that represent elapsed milliseconds since- , January , . 6- -, to dates and times iion form.

Syntax: result 6 PEI ANAL elapsed

Example:

PElI ANAL 0.612630662. 5
[--. 0/3 .. 20 .6 2.5

WKDAYSDIFF Determine Number of Weekdays between Dates

Purpose:

Calculates the number of weekdays between the corresponding dates in the arguments. Note that this function does

not count the last day; that is, Monday to Friday retuinsas does Sunday to Friday. Monday to Sunday (or
Saturday) return®. (You can also think of it as counting from the beginning of each day.)

Syntax: result 6 datel SG@&TO@EBB date2
Example:
[--1 .- .2 SG@&TO@BB /--/ .-
YMDTOMDY Convert YeaMonth-Day Format
Purpose: Converts dates in the form yeanonth-day to dates in the form montday-year.
Syntax: result 6 Tl @Kl @' ymd
Example:

In the second example, the dates are put in the med#y-year form and then formatted witliaho.

TI@PKl@ /--/-6.2
6.2/--/
Po/--/-2/4 /--/-0-0 /--/-2/12/--/./.3
BOPN6$CIUU, UU, UULWU i $
BOPN daho TI @Kl @ / /dP
4,/--1 0,-0,/--/
1,/--1 .1,.3,/--1

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 181



Chapter 6: Programming Tools

TheEIGENVAWorkspace

TheAECAJR=Hworkspacecontains a variety of functions that find eigenvaleesl eigenvectorsf real matrices.
Real and complex eigenvalues and eigenvectors are derived. Different routines can be used depending upon wheth
or not the real matrix is symmetric.

A real scala©is an eigenvalue for a matrixif there is a norzero vectorR such that: OER: | ( +ER
That is, the scalar multiplied by the vector equals the matrix multiplied by the vector. The vector is then the
eigenvector for the eigenvalue.

The functionsAEC and OT| AEC find eigenvalues and eigenvectors of a nelgh matrix. The latter operates only on
symmetric matrices. The functigdkECRA? finds an eigenvector corresponding to a real eigenvalue. This section
describesAEC, OTI AEC, andAECRA? in detail. TheéBl PAECOfunction displays eigenvalues and eigenvectors in
an easyto-read format. Us@phh\ nt in the workspace to see the name, purpose, and syntax of each of the other
functions.

Note: The functions generate random numbers to produce eigenvectors, so results may vary from run to run.
However, for a given eigenvalue, results will all be (complex) linear combinations of each other.
Function Reference
EIG Find Eigenvalues and Eigenvectors for aSionmetric Matrix
Purpose: Finds eigenvalues and eigenvectors in a real-syanmetric,nEn matrix.
Syntax: result &6 mode AEC matrix

The left argument is optional. If itisor absent, only eigenvalues are sought. If it,i€orresponding eigenvectors
are found if all the eigenvalues are real. If it jcomplex eigenvectors are found for complex eigenvalues.

Result:
The shape of the result depends orodeand on the success of the calculation.
If all the eigenvalues are real antbdeis omitted or zerodresultis n.

If some of the eigenvalues are complex anddeis not/ , dresultis/ En. The first row contains the real parts;
the second row contains the imaginary parts. A warning message is displayed.

If all the eigenvalues are real amtbdeis. , dresultis%n( . &En. The first row is the vector of eigenvalues and
the column below each eigenvalue is the corresponding eigenvector of unit length.

If some of the eigenvalues are complex anddeis/ , dresultis/ E%n( . &En. The result is the complex
analogue of thé@m( . &En array of the previous case, containing eigenvalues in the first rows of the real and
complex planes, and eigenvectors in the remaining rows.

If onlyk of the eigenvalues are found, a warning message displays and the last dimension of the result hdsitength
each of the above cases.

Example:

IO\
|
——c
OWwWhN OX
Sygal
= o
N
=
Q.
1

c
S
~hobw

a AEC |

/-+360 " 0+-22/ " 0+-22/ .+1.41
-+15. 52 -+12/31 "-+-62245 -+40.6.2
-+10534 -+-.512 -+02-42 -+.14./

-+33444 "-+25.3- 7-+20664 -+2616
-+02650 - +/ - 65. -+00. 2 “-+4/1]6.
- 0+/ 0. . “0+/0.. -
- “-+/102 -+2-166 -
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- -+03/. " -+-6.3/ -
- - +045/ -+11-11 -
- -+/5./5 -+..2.6 -

Check the complex third eigenvalue and complex eigenvector.
U6AR=HOOUVS. 80X
"0+-22/ T0+/0..
U6ARA?06- . +UV880X
"-+-623 -+02-5 "-+203- -+400.2
-42-2- "-4-6.3 "-+11-1 -+..2/
Use the?i | =PPEI AOand?i PEI AOfunctions to verify the test for complex eigenvalues and eigenvectors.
9% ) Vadj *+2X - & ?i | =PPEI AO ARA?0
.+6/04 ", +0344 -+/.12 "-+3-2/
“.+/01. "-+45201 0+-442 " .+1//6
AR=HO ?i PEI AO ARA?0
.+6/04 ", +0344 -+/.12 "-+3-2/
“.+/01. "-+45201 0+-442 " .+1//6

EIGVEC Find Eigenvector Corresponding to Eigenvalue

Purpose:
Find the unit length eigenvector corresponding to a particular real eigenvalue of a real matrix. This function is useful
when:

you omittedmodefor the AEC or OT| AEC functions or

you use. for modeand the result oAEC contains both complex and real eigenvalues.

Syntax: result & matrix AECRA? eigval

Example:
This example finds the eigenvector for an eigenvalue derived from the preceding example. Note that some
eigenvectors are complex
Guo6i 6. AEC |
/-+360 "0+-22/ "0+-22/ .+1.41
- 0+/0.. "0+/0.. -
UOAR. 61 AECRA? iV.8.X
"-+15.52 "-+10534 "-+33444 "-+02650

Check the test for real eigenvalues and eigenvectors.

AR. Ei V. 8. X

"6+64-6 "6+-441 ".0+5.5 "4+1126
| (+EAR.

"6+64-6 "6+-441 ".0+5.5 "4+1126

POLYROOT Find Roots of a Real Polynomial

Purpose:
Find the roots of a real polynomial by finding the eigenvalues of the companion matrix.
Syntax: result 6 LKHTNKKP coefvec

The argument is a vector of coefficients in descending power order.

Result:
The result is a vector of all the real roots, or-sow matrix of complex roots.

Example:

LKHTNKKP . 3 .. 3
0 )

LKHTNKKP . -
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SYMEIG Find Eigenvalues and Eigenvectors for a Symmetric Matrix
Purpose: Find eigenvalues and eigenvectors in a real, symmeiiicmatrix; that ismat C Cmat.
Syntax: result &6 mode OTI AEC matrix

The left argument is optional. If itisor absent, only eigenvalues are sought. If itjgorresponding eigenvectors
are found. (All the eigenvalues will be real for a symmetric matrix.)
The shape of the result depends modeand on the success of the calculation. The possible shapes are:
If modeis omitted or zerodresultisn. The result is the vector of (real) eigenvalues.
If modeis. , dresultis%n( . &En. The first row is the vector of (real) eigenvalues and the column below each
eigenvalue is the corresponding eigenvector of unit length.

If onlyk of the eigenvalues are found, the system displays a warning message and the last dimension of the result ha
lengthk in each of the above cases.

Example:
u6l6o od. / 0/ 52021

0uo6i 6. OTI AEC |
. +32 “.+-15/  .]+045
-+26//0 -+42036 "-+/5166
*-+3-20. -+.5/35 "-+44141
-+20.52 "-+30.00 "-+2311

Verify the test for eigenvalues and eigenvectors.

AR. 6. +1 V8. X
AR Ei V. 8. X
-+644. 4 "-+66542 - +54422
| (+EAR.
-+644. 4 "-+66542 - +54422
TheFFTWorkspace

TheBBP workspacecontains functions that compute forward and inverse discrete Fourier Transfofnesl or
complex data. It also contains utilities that let you apply windowing to controledfett leakage. The workspace
requires the companion APL file, also nanB&P, to be in the same directory as the active workspace. The main
routines require theBBPPJ function, which ties this file.

RunBBP@AP=EHOt0 see detailed documentation on using this workspace. BBR@AI K function shows a series
of examples using the key functions in the workspace.

Function Reference
FFT Compute Fast Fourier Transform
Purpose: Calculates complexalued Fast Fourier Transforms.
Syntax: m@rdéx & d@rdy =@ BBP
The function require8BPPJ and&BP as subroutines. It operates on two global variables:
m@r is a numeric vector of real parts of the complex argument.
d@Ris a numeric vector of imaginary parts of the complex argument.

These variables pass data to the function and return results from the function; the results overwrite the initial values.
The variables must have equal lengths; the lengths must equal a powearaf be in the rangé through1- 63; for
example,

mard% ' a/ ~dm@rR&OMaR
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If the variables are not equal in length, you can pad one of them to the left or right with zeros; for example
d @ROYEIMAR&OA @R
The results are returned in normal order. (BBP@A\P=EHOfor a definition of normal order.)

After execution, the Fourier coefficients if@R andd @R are scaled high bdm@R. To generate absolute Fourier
coefficients, dividen@ andd @R by dm@r.

If the input is a linear time spaci®El A6&PE" . ( Dn, you can multiplyn@ andd @R by &P to show the
equivalence of the discrete and continuous Fourier Transforms.

TheBBP@AI K function shows examples using this function.
FFT2 Perform Two Redfalued Fast Fourier Transforms

Purpose:

Performs twon-point, realvalued Fast Fourier Transforms, using only one call togpe@int complexvaluedBBP
routine.

Syntax: mardéxl & d@R6x2 o BBP/

The function require8BP, BBPPJ, andéBP as subroutines. It operates on two global variables:
m@R is the first real numeric vector.
d@Ris the second real numeric vector.

The variables must have equal lengths; the lengths must equal a powearaf be in the rangé through1- 63. If
the variables are not equal in length, you can pad one of them to the left or right with zeros; for example:

mMaRo% ' &/ ~dm@R&OMAER = d@RO% ' a/ ~dd @R&Bd@R

The function assigns the results to the following global variables:
mM@R. contains the real parts of the Fast Fourier Transform of the first veot@r.
d@R. contains the imaginary parts of the Fast Fourier Transform of the first veu@R,
m@R/ contains the real parts of the Fast Fourier Transform of the second vel@,

., d@ contains the imaginary parts of the Fast Fourier Transform of the second veé@gr,

When execution complete8BP/ erasesm@R andd @R.

IFFT  Calculate Inverse Fast Fourier Transform

Purpose: Calculates complexalued inverse Fast Fourier Transforms.

Syntax: maR6x =& d@ROy © EBBP

The function require8BPPJ and&BP as subroutines. It operates on two global variables:
m@r is a numeric vector of real parts of the complex argument.
d@Ris a numeric vector of imaginary parts of the complex argument.

These variables pass data to the function and return results from the function; the results overwrite the initial values.
The variables must have equal lengths, equal a powér, ahd be in the rangb through1- 63. If the variables are
not equal in length, you can pad one of them to the left or right with zeros; for example:

mM@ro% ' a/ ~dm@R&OmMa@R & d@R0% ' a/ ~dd @r&d@r
Input should be stored in normal frequency order and should be scaled highm@; that is: absolute Fourier
coefficients E dm@R

TheBBP@AI K function shows examples using this function.
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RFFT

Compute a Single Reéhlued Fast Fourier Transform

Purpose:
Calculates a single, reahlued Fast Fourier Transform using an interdal complex algorithm.
Syntax: mardéx o NBBP

The function require8BPPJ andéBP as subroutines. You store the vector you want to transform in the global
variablem@R. The function stores the results in the global variabt@R andd @R. m@R contains the real parts of
the result;d @R contains the imaginary parts. The result is the same as producB8Byvith d @GR6Ye'maR&d- .
The difference is that the calculation is performed on an array that is only half as large.

TheUTILITWorkspace

TheQPEHEPT workspacecontains functions that can help you develop effective APL applications. These functions
demonstrate techniques for input and data conversion, screen display modification, and worlesghftenction
maintenance. Some of the functions are described here. @p$eh\ nt in the workspace for a complete listing of

the available utilities.

ALLBUT List Selected Functions and Variables

Purpose:
Returns a list of all the functions and variables in the workspace that are not named in the argument.
Syntax: names 6 =HH>QP $namelist

The argument is a list of valid identifier names. The list can be a character matrix with one name per row or a
character vector with names separated by spaces. The result is a character matrix of the names of all the functions
and variables in the actworkspace that are not explicitly named in the argument.

Example:
amn =HH>QP $=JJQ=HNLP | KIJPDHTNLP$

ALLFNS List Functions

Purpose: Returns the list of all functions in the workspace.
Syntax: fnlist 6 =HHBJO
The result is a character vector of all the functions in the workspace, listed alphabetically, separated by spaces.
Example:
=HHBJO

=HHBJO | TBJ NALKNP AJPAN QL@ PA

COMPAREVRS Compare Two Functions

Purpose: Compares the visual representations of two functions and displays the differences.
Syntax: vrl ?KI L=NARNO vr2

The arguments are the visual representations of the two functions that you want to compare. The result displays the
function lines that are different for the two functions. The function specified by the left argument appears first,
followed by a dashedre, then the function specified by the right argument.

Example:
%igm $I KIPD$& ?KI L=NARNO Ugm $TA=N$
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DIAM  Combine Function Lines with Diamonds

Purpose:

Uses diamonds to combine lines of one or more functions into single lines. Labeled lines remain labeled. Before
combining lines@-=1 removes all comments except those that begin with lamp 8&)(lamp dettilde (Ey), or

lamp rightbrace Ev).

Syntax: @=1 S$fnlists
@E=1 tieno compno passno

The argument can be a character scalar, vector, or matrix that contains the names of the functions you want to
modify; or, the argument can be a twor three-element numeric vector that specifies a file component. To modify
multiple file components, usa two- or three-column numeric matrix as the argument.

DISPLAY Display Array

Purpose:
Displays an array graphically. This function is particularly useful in illustrating the structure of a nested array.

Syntax: result 6 @EOLH=T array

Theresultis the pictorial representation of an array. In the borders of items, the thetafd rotate ¢) symbols
indicate zero dimensions. Arrow® ¢r +) indicate separate dimensions. An epsildhifdicates nested data. A
tilde (y) indicates a numeric item. A plus sign indicates simple data that are heterogeneous.

Example:
@OLH=T D¢D1

+6*******************************+
W+*+ +***+ +*****+ +*******+ w
www w /w w / Ow w [/ 0 1ww
W$Y$ $y**$ $y****$ $y******$ W

GEXK KA KK KR KA KKK KA KKK KA KKK KAk KKK
FILEHELPER Override File Access Matrix
Purpose: Overrides a file access matrix and grants full access to the file owner.
Syntax: result &6 BEHADAHLAN filename

Grants the owner of the specified file full explicit access with no passnuniieHADAHL AN returns the original
access matrix as the explicit result. The owner can then modify the access matrix as appropriate and restore it to the

file.

FNCOMP Compare Functions
Purpose: Compares two functions and displays the lines that differ.
Syntax: result 6 fnspecl BJ?KI L fnspec2

The arguments are either the names of functions in the active workspace or a file specification that consists of file tie
numbers, component humbers, and optional passnumbers.

If you specify a file component, it must contain a visual representation of a function. In the resulting display, the
function specified in the left argument appears first. A dashed line separates the functions.

Example:
The first examples compares two functions in the active workspace. The second compares a function in the
workspace to its representation in compone? of the file tied to6- .

$I KIPDHT$S BJ?KI L $TA=NHT$
$I KIPDHT$ BJ?KIL 6- 02
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FNIDS Search a Function for Identifiers
Purpose: Searches a specified function for various types of identifiers.
Syntax: idlist 6 fnname BJE@ $spec$

The left argument can be a character scalar or vector that contains the name of the function to search, or it can be a
two- or three-element vector that contains a file tie number, component number, and optional passnumber. If
fnnameis numericBJE@Dtreats the character vector in the component as the function listiB§ E@ does not

search text in comments or character constants.

The right argument contains the specification of the search categories:

A semicolong) specifies identifiers that are in the header and local to the function; this includes the name of the
function only if it is explicitly localized.

A colon 7) specifies labels.

A right tack i) specifies identifiers that are index assigned

A left arrow §) specifies identifiers that are directly assigned

A quad () specifies identifiers that are system functions or system variables.

To specify combinations of categories, use the following set operators:
A cup €) specifies union
A cap €) specifies intersection
Actilde §) specifies set difference. You can also use the t)lenpnadically to mean the complement of a set
with respect to all the identifiers used in the function.

The result is normally a character matrix of identifier names in alphabetic order that satisfies the specifications in the
right argument. If either argument is in error, the result is a character vector that describes the problem.

Examples:
Find all identifiers.
$BJ=1 A$ BJE@ $$
Find all identifiers in the header that are local to the function. Include the name of a function only if it is explicitly
localized.
$BJ=I1 A$ BJE@ $8%
Find all identifiers that the function assigns directly. Include the name of the result only if it is explicitly assigned in
the body.
$BJ=I1 A$ BJE@ $6%
Find all global identifiers that the function uses.
$BJ=1 A$ BJE@ $y U4 ¢ 7 ¢ 8%
Find all identifiers that are directly or index assigned, but are not in the header.
$BJ=1 A$ BJE@ $% ¢ & y 8%
Find all identifiers in the header that are system functions or system variables.
$BJ=I A$ BJE@ $u C 8%
FNREPL Change String in Function

Purpose: Displays or changes all occurrencestaoihgin fnlist.

Syntax: $fnlisty BINALH $strings
$fnlisty BINALH $oldstringd >T $newstrings

The left argument contains the names of the functions that you want to search. The right argument is a character
vector containing the syntactic element you want to displ8J.NALH prints the function name, the number of
occurrences of the string in the function, and the text of each line that contains the string. To replace one syntactic
element with another, us®8JNALH with the companion functior»T.
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Examples:
Print all the occurrences &fNEJP in all the functions in the active workspace, and replace all the occurrences of
LNEJP with JASLNEJP.

=HHBJO BINALH $LNEJP$
=HHBJO BINALH $LNEJP$ >T $JASLNEJPS$

LISTER List Functions and Variables

Purpose: Lists all the functions and variables in the workspace.
Syntax: HEOPAN
LOCKEDFNS List Locked Functions
Purpose:
Returns a character matrix that contains the names of all the locked functions in the active workspace.
Syntax: fnlist 6 HK?GA@JO
Example:
HK?GA@JO
>QEH@
?AJPAN
HK?GA@JO
ORDLOC Reorder Local Identifiers
Purpose:

Reorders the local identifiers in the headers of one or more functions in alphabetical order, system variables first,
with no duplicates.

Syntax: KN@K? $fnlist$
KN@HK? tieno compno passno

The argument is a character scalar, vector, or matrix that contains the names of the functions you want to modify; or,
the argument is a tweor three-element numeric vector that contains a file tie number, component number, and
optional passnumber. If thargument is numeridN@HK? treats the character vector in the component as the

function listing. After reordering the local identifielkN@HK? replaces the function listing in the component. To

modify multiple file components, use a twor three-column numeric matrix argument.

Example:

0~y $@NERANV- X$
@NERANBOPKL8ULS8?KQIP8CK
KN@HK? $@NERANS$
H™"gn mjm ™ m_ di 9@NERANI
0"mg $@NERANV- X$
@NERANB?KQJIP8CK8OPKLBULS

PACKVR Compress Function

Purpose:

Compresses the visual representation of a function by removing excess spacing and by combining lines with
diamonds.

Syntax: vri2 6 L=?GRN vrl

Example:

U_"a L=?GRN Ggm $OL=?EKQCS$
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RELABEL Use Consistent Labels
Purpose: Modifies one or more functions to use a consistent set of lali¢ls K/ , etc.).

Syntax: NAH=>AH $fnlist$
NAH=>AH tieno compno passho

The argument is a character scalar, vector, or matrix that contains the names of the function you want to modify; or,
the argument is a tweor three-element numeric vector that contains a file tie number, component number, and
optional passnumber. If thergument is numeridNAH=>AH treats the character vector in the component as the
function listing. After relabeling the identifiefdAH=>AH replaces the function listing in the file component. To
modify multiple file components, use a twor three-column numeric matrix argument.

Example:

NAH=>AH $0?N=| >HA@
"J+>+7 H\] g 9CKKJIi jApmm jigt jir di 9O?N=I>HA@8 mg\] g _ \n 9H3i
"J+>+7 H\] g 9AJ@ j~Mpmm jigt ji”r di 90?N=I>HA@8 mg\] g _ \n 9H6i

RELOCALVR Replace Local Variable Names
Purpose: Replaces local variable names in the visual representation of a function.
Syntax: vr2 & vnewx vsavek NAHK?=HRN vrl

There are two optional left arguments. The argumeeatis a list of new local variable names or a list of prefixes.
NAHK?=HRN uses either the new names or constructs the new names from the list of prefixes. The argavedt
is a list of local variables names to ignoMAHK?=HRN does not change these names.

Effect:
Replaces local variables names in the visual representation of a function, using the names or prefixes that you speci
in new. NAHK?=HRN does not change any names listed in the optional argunsentd

REPLACEVR Replace Identifiers in Function
Purpose: Replaces selected identifiers in the visual representation of a function.
Syntax: vr2 6 $, oldl, newl, old2, new2 ..$ NALH=?ARN vrl

The left argument is a segmented string that consists of delimiters and pairs of identifier names. The first character i
the delimiter. The succeeding pairs consist of an identifier name to replace followed by the replacement name. The
right argument$ the visual representation of the function whose identifiers you want to replace.

SCAN Perform General Workspace Search and Replace
Purpose: Performs a variety of function search and replace operations throughout a workspace.
Syntax: specs1O?=J specs2
See the variabl©?=Jcj r for documentation on this function.

SHARE Grant File Access

Purpose: Modifies the access matrix of a file to grant various forms of access to other users.
Syntax: OD=NA $filename$
OD=NA tieno

This interactive function modifies the access matrix of a file to grant different forms of access to different users. For
explicit directions, see the variabf@®=NAc]j r .
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SNUFF Remove Standard Comments

Purpose:
Removes standard comments from one or more functions, except those that begin with lanfi@ldamp deltilde
(Ey), or lamp rightbrace £v).

Syntax: QIBB $fnlist$
QI OBB tieno compno passho

The argument is a character scalar, vector, or matrix that contains the names of the functions you want to modify; or,
the argument is a tweor three-element numeric vector that contains a file tie number, component number, and
optional passnumber. If thargument is numericJ QBB treats the character vector in the component as the

function listing. After removing the commen@) QBB replaces the function listing in the file component. To modify
multiple file components, use a twor three-column numeric matrix argument.

Example:
QI BB $LNK@X?PEKJI$
?jhh*ion mhjg _ anjh 9LNK@?PEKJi
STORAGE List Object Sizes

Purpose:
Shows the amount of storage, in decreasing order of size, that the objects in the workspace use.

Syntax: OPKN=CA

Example:

OPKN=CA

ar\ : .116./5
006/ B ?2Q QXQ
.6-1 BJ NKSBEJ@
.1/1 BJ HPEI AO
.10/ BJ OQojl=P
55- BJ | BDENAO
4/ - BJ AP
3556 B @
1.3 BJ KRAN
1-- BJ | BNAOKHQPEKJ
003 BJ NKRAN
.3- R=N CNLI BBJO
.3 R=N ?Q L?P

3 R=N rnd_

UNCOMMENTVR Remove Comments
Purpose: Removes the comments from the visual representation of a function.
Syntax: vri2 & QI?KI I AJPRN vrl

UNDIAM Remove Diamonds

Purpose:
Removes the diamonds from one or more functions so that each statement appears on a separate line.

Syntax: Q@=1 $fnlist$
QI @=I tieno compno passho

The argument is a character scalar, vector, or matrix that contains the names of the functions you want to modify; or,
the argument is a tweor three-element numeric vector that contains a file tie number, component number, and
optional passnumber.

If the argument is numericQd @=I treats the character vector in the component as the function listing. After
removing the diamondsQJ @=1 replaces the function listing in the component. To modify multiple file
components, use a twar three-column numeric matrix.
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Example:

QI@=1 $?=H? NALKNP$
9?=H?i pi _d\hji _du _
ONALKNPi pi _d\hji _du® _

UNLABELVR Remove Labels

Purpose: Replaces labels with line numbers in the visual representation of a function.
Syntax: vr2 8 QIH=>AHRN vrl

UNLOCKEDFNS List Unlocked Functions
Purpose:

Returns a character matrix that contains the names of all the unlocked functions in the active workspace. If all the
functions are locked, the result is an empty matrix.

Syntax: fnlist 6 QIHK?GA@JO

Example:
QIHK?GA@J O
=??d
=RAN=CA
BEJ@
oP=pP
SNEPA

UNPACKVR Expand Function

Purpose:
Splits function lines at diamonds and insert spaces for readability. This function reverses the affe2GRN

Syntax: vri2 6 QIL=?GRN vrl

Example:
G_"a QIL=?GRN Ggm $?KI LNAOOA@S
UNTAINT Restore File after Network Crash

Purpose: Restores the usability of a file that was left "tainted" by a network crash.
Syntax: QIP=EJP $filenameb
USEDBY Return Global Objects
Purpose:
Returns the list of the global objects in the workspace that are referenced by a list of unlocked functions.
Syntax: namelist & QOA@ T $fnlistd

The argument is a list of function names. The list can be a character matrix with one name per row, or a character
vector with names separated by spaces.

The result is a matrix of function and variable names currently in the workspace whose definitions are global to any o
the functions in the right argument, including the functiondnfist. The names are in alphabetical order, with one
name per row. If none of the functions in the right argument exists, the result is a matrix with no rows.

Example:

QOA@ T $=@ANA?KN@ @GAHAPANA? KN@$
=@INA?KN@
?DA?G=@Q
?DA? GGAHAPA
@A\HAPANA?KN@
BEHA
CAPNA?KN@
LQPNA?KN@
UAN=OA =HH>QP QOA@T $@NERANS$
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°VR Return Standard Visual Representation

Purpose:
Modifies the visual representation of a function to conform to thgmformat of other APL64 systems that do not
support arbitrary statement spacing.

Syntax: visrepr 6 éRN $fnnameb
Example:
_ ugm $PACPS$
GPAOP 8 = 8 >
V.X =20 . a > 06/
VI X £ ?KI1 AJP
VOX  ?00=@1£?KI | AJP /
V1X H=>AH 7 OP=PAI AJP
V2X $ MXPA@ OPNEJC $ £ OL=2A@ K QP ?KIIAJP
V3X AV 2 3 X ®ma) d
G
_ ERN$PAOPS
G PAOP8=8>

V. X =6. ©o >0/
VIX £ ?KIIAIP
VOX ?60 o @1 £?KI I AIP /
V1iX H=>AH70OP=PAI AJP
V2X $ MXPA@ OPNEJC $ £ OL=?A@ KQP ?KIIAIP
V3X  AV2 3X © a) a
G

WSSHOW Display Character String

Purpose:
Prints a report that shows occurrences of a character string in all the unlocked functions in the active workspace.
Syntax: SOODKS $string$

The argument is a character vector containing the string you want to siB@@DKS searches the entire display
form of each function in the active workspace. In particUBIODKS scans line numbers, comments, character
constants, and linending newline charactersSOODKS prints the complete text of each line containing the
character string.

Example:
SOODKS $UBNAS$
O \nmtcdib 03 api”odjin
. EJ 97?DA?GBEHAI 7
VOX OP=PQOOUBNA=@ PJ)/
/ EJ 9LNK?AOQOO 7
VAX YL @PA UBNA=@ PJ) 2& UBNALH=?A PJ) 2

XREF Cross Reference Identifiers
Purpose:

Displays a croseference of a function, beginning with the header and followed by an alphabetical list of all the
identifiers in the function.

Syntax: i NAB $fnnameb
i NAB tieno compno passnho

The argument can be character scalar or vector that contains the name of the function to cross reference, or it can be
a two- or three-element numeric vector that contains a file tie number, component number, and optional
passnumber. If the argument ismeric,i NAB treats the character vector in the component as the function listing.

i NAB indicates the usage of each identifier as follows:
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Asemicolon(8) indicates a local identifier
A colon 7) indicates a label

A blank indicates a gl

Example:

_agm $?AIPANS
G N6= ?AJPAN >
V.X >0)> o 0% :.
VI X H. 7=6a, -) (VE,

obal identifier.

a i NAB $?AJPANS$
0-d=&dH. = =0NSP@ =

VOX  No% ) =&d=699@- +2E- a=* d>&0$ $&) >

G
G No= ?AJPAN >
=8 .0
>8 .0
H. 7 /7
N8 06
NSP@
) .
7 /

o~
(@)}
~
o

Using theNFCARB/orkspace

TheSB?=NA workspacecontains programs to help you maintain workspdites, which are file images of
workspaces. The tablhows the organization of a workspace file. These files are useful as:

a temporary input file for workspace documentation or workspace comparison procedures
a backup facility for workspaces

a storage facility for unlocked functions and variables
a medium fortransferringworkspaces between APL systems on different computers.

Workspace File Organization
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Corresponding component locations
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Visual representations of unlocked functions and data for variables

The functions ir6B?=NA store functions and variables in, or retrieve them from, an existing workspace file. A
general purpose seareaind-replace utility operates on all unlocked functions in a workspace file.
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Function Descriptions
ALPHABETIZE Alphabetize Function or Variable Lists

Purpose: Alphabetizes the function or variable lists (or both) in a workspace file.

As you add new functions (wit] =@@and BJ LQP) and variables (witlR=N=@@and R=NLQP), the lists in
components. 2 and. 5 of a workspace file get out of order. If you access these components directly in your
configuration software, you may want to keep them in alphabetical ordgil D=>APEUA reorders the lists in a
workspace file relating to functions (component2 to . 4) or variables (components5 to / - ), or both, so that the
namelists are in alphabetical order.

Syntax: tienos =HLD=>APEUA codes

The left argument is a numeric vector of tie numbers of workspace files whose lists you want to alphabetize. The
right argument contains codes that indicate which lists are to be alphabetized and optionally whether identifiers with
the same alphabetic pfix but different numeric suffixes should be maintained in alphabetic ordef( 2 before

=>7?/ ) or numerical order£>7?/ before=>?. 2).

UseBJ Oto indicate the function listR=NOto indicate the variable list, anBJ O) R=NOto indicate both.
Supplement with] Q ANE?Oto request numerical order rather than the default alphabetical order.

Example:
Alphabetize the functions in the workspace files tiedtoand6/ .
6- 6/ =HLD=>APEUA BJO
Alphabetize the functions and variables in the file tied®tobut preserve numerical order in similar names.
6. =HLD=>APEUA BJO) R=NO) JQI ANE?0O
FILETOWS ReCreate Workspace from File Image

Purpose: Recreates a workspace that has been captured as a workspace file.

Syntax: BEHAPKSO tieno

The argument is the file tie number of a workspdite originally created by th€ OPKBEHA function.
Effect:

If possible BEHAPKSOdefines in the active workspace all the variables stored in the file . If possible, it also defines
in the workspace all the unlocked functions in the fiBEHAPKSO sets the system variableglj , ukk, U~ o, ung,
ugs, 0\ gs, U gs,un\, andarnd_.

BEHAPKSO prints error messages for any variables or functions it is unable to define in the workspace. Locked
functions can never be defined, and it may not be possible to define some unlocked functions in the workspace due
to SO BQHH or other problems. Diagnostic messages describe where problems occur.

Example:
&?HA=N
?HA=N SO
&?KLT .. SB?=NA
O=RA@ + + +
$/ NALKNPSB$ UBPEA 6-
BEHAPKSO 6-
/| NALKNP O=RA@ + +
&BJO
functiona functionb functionc . . .
&R=NO

variablea variableb variablec . . .
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FNADD

Add Functions to Workspace File

Purpose:
Adds functions in the active workspace to a workspace file. The functions must be unlocked and cannot already exis
in the file.

Syntax: messaged tieno BI=@@ $fnlist$

The left argument is the tie number for the workspace file. The right argument is a list of functions you want to add;
the list can be either a character vector with the names separated by spaces, commas, or newline characters
(Go”™i g), or a character matrix with one name per row, left justified.

The result is a character vector that describes the errors for any functions that could not be added. An empty vector
means that all the functions were added successfully.

Example:
6- BJ=@@ $NLPO NLP1 =HHNALKNPCS$

FNERASE Erase Functions from Workspace File

FNGET

Purpose: Erases functions from a workspace file.
Syntax: message 6 tieno BJAN=0OA $fnlist$

The left argument is the tie number for the workspace file. The right argument is a list of functions you want to
erase; the list can be either a character vector with the names separated by spaces, commas, or newline characters,
or a character matrix wit one name per row, left justified.

The result is a character vector that describes the errors for any functions that could not be erased. An empty vector
means that all the functions were erased successfully.

Note:

To prevent inadvertent erasureB,) AN=0A deletes only the function directory entries, not their visual
representations. To recover all the file storage from discardable functions, there are four steSB@ahl to
determine their location in the workspace file; r&8&3 AN=0A,; replace the identified components with empty
vectors; usala_pk to compact the file.

Example:
6- BJAN=OA $NALKNP1 NALKNP2$

Define Functions from Workspace File
Purpose: Retrieves functions from a workspace file and defines them in the active workspace.
Syntax: message 6 tieno BIJCAP $fnlist$

The left argument is the tie number for the workspace file. The right argument is a list of functions to define; the list
can be either a character vector with the names separated by spaces, commas, or newline characters, or a charactel
matrix with one nane per row, left justified.

The result is a character vector that describes the errors for any functions that could not be defined. An empty vectol
means that all the functions were defined successfully.

Example:
6- BJCAP $NALKNP. NALKNP2$
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FNPUT Add Functions to Workspace File

Purpose:

Adds functions to or replaces functions in a workspace file. Functions must be unlocked, but a function can already
exist in the file.

Syntax: messaged tieno BILQP $fnlist$

The left argument is the tie number for the workspace file. The right argument is a list of functions you want to add
or replace; the list can be either a character vector with the names separated by spaces, commas, or newline
characters, or a characteratrix with one name per row, left justified.

The result is a character vector that describes the errors for any functions that could not be added or replaced. An
empty vector means that all the functions were added or replaced successfully.
Example:
6- BJLQP $NALKNP. NALKNP2$
FNREPLACE Replace Functions in Workspace File

Purpose:

Replaces functions in the active workspace in a workspace file. The functions must be unlocked and must already
exist in the file.

Syntax: message0 tieno BINALH=?A $fnlist$

The left argument is the tie number for the workspace file. The right argument is a list of functions you want to
replace; the list can be either a character vector with the names separated by spaces, commas, or newline character:
or a character matrix ith one name per row, left justified.

The result is a character vector describing the errors for any functions that could not be replaced. An empty vector
means that all functions were successfully replaced.
Example:
6- BINALH=?A $NL. NLP2 =HHNALKNPOC$
VARADD Add Variables to Workspace File

Purpose:
Adds variables in the active workspace to a workspace file. The variables cannot already exist in the file.

Syntax: message 6 tieno R=N=@@ $varlistd

The left argument is the tie number for the workspace file. The right argument is a list of variables you want to add;
the list can be either a character vector with the names separated by spaces, commas, or newline characters, or a
character matrix wittone name per row, left justified.

The result is a character vector describing the errors for any variables that could not be added. An empty vector
means that all the variables were successfully added.

Example:
6- R=N=@@ $OP=PARA? NLNPBI P BJ=I AC$
VARERASE Erase Variables from Workspace File
Purpose: Erases variables from a workspace file.
Syntax: message 0 tieno R=NAN=OA S$varlist$

The left argument is the tie number for the workspace file. The right argument is a list of variables to erase; the list
can be either a character vector with the names separated by spaces, commas, or newline characters, or a charactel
matrix with one nare per row, left justified.

The result is a character vector describing the errors for any variables that could not be erased. An empty vector
means that all variables were successfully erased.
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Note:
To prevent inadvertent erasureB=NAN=OA only deletes variable directory entries, not their values. To recover all
the file storage from discardable variables, there are four steps:SB@EN to determine their location in the
workspace file; ruilR=NAN=OA; replace the identified components with empty vectors; lise pk to compact the
file.
Example:
6- R=NAN=OA $OP=PARA? BJ=I AC%
VARGET Assign Variables Stored in Workspace File
Purpose: Assigns variables in the active workspace that are stored in a workspace file.
Syntax: message 6 tieno R=NCAP $varlistd

The left argument is the tie number for the workspace file. The right argument is a list of variables to define; the list
can be either a character vector with the names separated by spaces, commas, or newline characters, or a charactel
matrix with one nane per row, left justified.

The result is a character vector describing the errors for any variables that could not be defined. An empty vector
means that all variables were successfully defined.
Example:
6- R=NCAP $0OP=PARA? NLNPBI P BJ=I| AC%
VARPUT Add Variables to Workspace File

Purpose:
Adds variables to or replaces variables in a workspace file. A variable can already exist in the file.

Syntax: message 6 tieno R=NLQP $varlisth

The left argument is the tie number for the workspace file. The right argument is a list of variables you want to add
or replace; the list can be either a character vector with the names separated by spaces, commas, or newline
characters, or a characteratrix with one name per row, left justified.

The result is a character vector describing the errors for any variables that could not be added or replaced. An empt)
vector means that all variables were successfully added or replaced.

Example:
6- R=NLQP $JASNALKNPBI P BEHAJ=I AC$
VARREPLACE Replace Variables in Workspace File

Purpose: Replaces variables in a workspace file. The variables must already exist in the file.
Syntax: message 0 tieno R=NNALH=?A $varlist$

The left argument is the tie number for the workspace file. The right argument is a list of variables you want to
replace; the list can be either a character vector with the names separated by spaces, commas, or newline character:
or a character matrix ith one name per row, left justified.

The result is a character vector describing the errors for any variables that could not be replaced. An empty vector
means that all variables were successfully replaced.

Example:
6- R=NNALH=?A $OP=PARA? BEHAJ=I AC$
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WFDIR Return Component Directory
Purpose: Returns a function and variable component directory for a workspace file.
Syntax: directory 6 SB@EN tieno passno

The argument is the tie number for the workspace file. An optional second element can contain a file pass number.
The result is a character matrix containing the file name, an alphabetical list of functions and their component
locations, and an alphabetil list of variables and their component locations. The lists are folded into three columns
for compactness. If the tied file is not a workspace file, the result is a character vector error message.

WFSEARCH Search Workspace File for Matches

Purpose:

Searches some or all unlocked functions in a workspace file for one or more strings, and displays or replaces all
matches. Searching is done only with APL code strings, but can be expanded to include character constants or
comments. You can search fonggctic or nonsyntactic elements. You can also optionally define your own
functions for displaying matches.

Syntax: message6 $tieno fnlisty SBOA=N?D $stringsh

The left argument indicates the file tie number of the workspace file, the functions in the workspace to be searched,
the portions of these functions to be searched, whether to search for syntactic esyrtactic elements, and

whether to display or replee matches. If the left argument contains only the names of functions, searching is done
only with the APL code strings of the functions, the searching includesyrdactic elements, and matches are
displayed (not replaced). This behavior can be mediifiy including any of the following five characters in the left
argument:

0 (double quote) also search character constants
£ (comment symbol) also search comments
(Alt-S)- search for syntactic elements
" (Alt-R)- replace strings

(Alt-L)- display strings (automatic @ absent).

O

The left argument can be either a character vector or matrix. If the argument is a vector, use spaces, commas, or
newline characters to separate the names of the functions to be searched. Use spaces to separate the file tie numbe
of the workspace filerbm the names and special characters. If the argument is a matrix, it must have one name per
row. The file tie number of the workspace file and any of the special characters should be in one separate row of the
matrix. If the argument is a vector contaig only spaces, the file tie number of the workspace file, and some of the
special characters, then all functions in the workspace file are searched. If the argument contains only the tie
number, it can be numeric.

The right argument contains a list of one or more strings to search for and replace (optional). The first character is
the delimiter character. If only searching is done, then matches are found to any of the strings supplied in the
argument. If stringare to be replaced, the strings come in pairs: first the search string, then the replacement string.

Replacements are made in the order of appearance of the search strings. However, once a string has been replacec
the replacement string is not searched when further searches are performed on the same function. Thus, a value for
stringsof $, =, >, >, =$ interchanges the names efand> in the function.

The resultmessagés a character vector containing the names of the functions containing matches (if display alone
was requested), or containing changes (if replacement was requested).
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Effect:

If you want to display the matches in a special forn&B0OA=N?D looks for a function named™ \ nt*c. You can
write this function to create the special format. It must be dyadic: the left argument igdimeform of the function
being searched; the right argument is a bit vector, of the same length as the left argument, that points to the
matches.

If replacements have been done; \ m* ¢ is called only after the function has been successfully redefined. The right
argument ton” \ nT*c then points to the first character of each insertion. If any insertion was empty, it points to the
first character following the insertion.

If display alone is requested, no change occurs in the global environment. If replacement is requested, the changed
function is defined locally. If this function definition creates a function not already in the workspace file, the new
function is addedad the file, and the function being searched is left unchanged. Ifithea creates a function with

the same name as a function already in the file, the function is replaced and the function being searched is left
unchanged.

SBOA=N?D cannot be used to make replacements in a function on the workspace file namen*c. SBOA=N?D
displays appropriate error messages for names that are not the names of functions on the workspace file.
SBOA=N?Dsignals 8EHA PEA ANNKN o the calling environment if no file tie number is supplied, or if there is
no file tied to the file tie number suppliedSBOA=N?D signals @l =EJ ANNKN * NECDP =NCQ AJPto the
calling environment if one or more of the strings being searched for is empty, or if an odd number of strings is
present when doing replacement.

Example:
The fifst statement below find8BKK$ and $CKK$, but due to norsyntactic searching, the second does not.
$6- BKK CKK$ SBOA=N?D $, KK$
$6- BKK CKKa$ SBOA=N?D $, KK$
To interchang&=$ and$>$, use the statement:
$6- BKK CKKad$ SBOA=N?D $, =, >, >, =%
WSTOFILE Capture File Image of Workspace

Purpose: Captures a file image of a workspace.
Syntax: SOPKBEHA
Effect:

When called SOPKBEHA prompts for the name of the workspace file you want to create. It creates the file and
displays the tie number and the number of functions and variables that it writes to the file. If the file name you
supply is incorrectly formed or duplicates the naofean existing norempty file, SOPKBEHA prints a diagnostic
message and prompts for a different name. Use empty or all blank input to exit.

Locked functions cannot be stored in a workspace file. The names of the locked functions in a workspace where
SOPKBEHA is executing are included in the file's function directory, but empty vectors are placed in the components
allocated for their visual representations.

You can reserve a number of components on the file for your own use. If the varabtean” o exists when you
run SOPKBEHA and the variable is a numeric singleton greater tian all components betweefi. and
raj aan’ o are reserved.

SOPKBEHA can only approximate the values for \ andunt h] in the workspace being captured, since the

process of copyin§OPKBEHA into the workspace changes their valueSOPKBEHA references the eight system
variables:udj , ™o, ukk, anmg, ags, 0" gs, U\ gs, andan\ . The approximated value famt h] V/ X differs by

one for each of these system variables that has not been previously referenced in the workspace. The approximated
value oftir \ differs by. 3 for each ofi\ gs and (" gs that has not been previously referenced in the workspace.

Example:

&HK=@ / NALKNP
/' NALKNP O=RA@ + + +
&?KLT .. SB?=NA SOPKBEHA

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 200



Chapter 6: Programming Tools

OC=RA@ + + +

SOPKBEHA
Sj nf nk\ " adg” /' NALKNPSB
Pd°_ o] 6-

04 api~odjin
.3 g\md\]g'n

Using theNSCOMMorkspace

TheSO?KI L workspaceallows you to comparéhe functions and variables in two workspaces. The main function,
also calledsO?KI L, operates on file images of workspadhs SOPKBEHA or SOPKBEHAJK functions create.
These file images are known as workspace files.

By default,SO?KI L lists the definitions of the function and the values of the variables that differ, and lists the names
of functions and variables that are identical in both workspaces or that are in only one workspace.

For each function that is different in the two workspac88?KI L displays the function lines that are different or
missing from the function in one workspac80?KI L does not display lines that are identical, even if their numbers
differ because of insertions or deletions. When a function is locked in one worksp@eK| L notes that fact and
does not display the unlocked counterpart in the other workspace.

State settings in the workspace determiS©?KI L options. You can review and change these settings with the full
screenS? OP=PA function. The possible choices follow.

You can compare functions, variables, or both.
You can display lists of the chosen objects (functions or variables) that are equal in both workspaces.

For the objects you choose to compare, you can display a list of the chosen objects in the first workspace that ar
not present in the second, or vice versa.

You can check if the referenced files are actually workspace files.

You can ignore special commen£y | in function comparisons. You may want to use these comments to store
configuration information that may naturally vary from workspace to workspace.

You can print timestamps that indicate when functions and variables were stored in their respective workspace
files for functions and variables that differ.

WSCOMP normally list the items in the following order.
the names of the functions that are in only one workspace.
the lines that are different in the first workspace for functions that are in both workspaces.
the names of the functions that are identical in both workspaces.
the names of the variables that are only in one workspace.
the names of the variables that are identical in both workspaces.

UsingfSCOMB Compare Workspaces

Follow these steps to compare two workspaces:

1. Prepare workspace files for all the workspaces you want to compare. Load each workspace, copy the
SOPKBEHA function into the workspace, and create the workspace file. Note that the files are tied to tie
numbers6- and6. .

& HK=@ ?KHKN
6 ?KHKN O=RA@ + + +
&?KLT SB?=NA SOPKBEHA
OC=RA@ + + +
SOPKBEHA
Sj mfnk\ A" adg™ ?KHKNSB
Pd”_ o] 6-
20 api~odjin
3 g\md\]g'n
& HK=@ OAPQL
6 OAPQL O=RA@ + + +
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&?KLT SB?=NA SOPKBEHA
OC=RA@ + + +
SOPKBEHA
Sjmnk\~" adg®™ OAPQLSB
Pd”_ o] 6.
/3 api”odjin
.- g\nd\]g n
2. Load theSO?KI L workspace and check the comparison settings. Select the comparison options with the
S?0P=PAfunction. To restore the default settings, exec@&e@\B=QHP.
&HK=@ SO?KI L
OC=RA@ + + +
S?0P=PA
3. Run theSO?KI L function. SO?KI L first compares the functions in the workspaces and then the variables in
the workspaces. Note that you are comparifiigHKN to OAPQL by virtue of the time numbers you specify as
the arguments.
6- SO?KIL 6.
Sjmfnk\ A" Ajhk\ndnji ja 96 ?KHKNi o] 96 OAPQLI
Lmdio>_ \o O0,-.,6- \o .27047-0

12 api”odjin di 96 ?KHKNi ijo di 96 OAPQLi
+
+ Hdno ja api“odji il1h'n

+
.5 api“odjin di 96 OAPQLi ijo di 96 ?KHKNi

I Hdno ja api“odji i1h'n

:+:::: Bpi fodji ** =PPNJQ di 96 ?KHKNi

I Hdno ja gdi "n oclo |m _daa mio

:+: c:: Bpifodji ** @A\> di 96 ?KHKNI

I Hdno ja gdi "n oclo |m _daa mio

:+: 1: Bpifodji ** QLLAN?=OA di 96 ?KHKNi
: Hdno ja gdi "n oclo |m _daa m'io

; api “odjin d _“iod™\g di ]joc rjnfnk\~ n7

>C. 3 >HEJGEJC ?2>A ?>A. 3 CN=LDE?O?=N@

6 gimd\]g ' n di 96 ?KHKNi ijo di 96 OAPQLi 7
=PPNE>QPAO DKSZ?KHKNEUAZBJ O rnd_
@AO?NE>A épd

6 g\md\]g' ' n di 96 OAPQLIi ijo di 96 ?KHKNi7
?KHKNO \olL02.L _gL02.L aolL0O2.L oo0LO2.L
\oBi 5- _gBi 5- aoBi 5- 00BI 5-

g\md\]g" d _“iod”\g di ]joc rjnfnk\~ n7
?>Ak\i g
4. Erase the workspace files if you have no further use for them.

$?KHKNSB$ UBAN=OA 6-
$OAPQLSBS UBAN=OA 6.
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Comparing Workspaces Automatically

Rather than follow the preceding steps, you can useAbS? function to create and tie temporary workspace files
and callSO?KI L automatically. AUS? also erases the files automatically when the workspace comparison is

complete.
$?7KHKN$ AUS? $OAPQLS$
SO adg n7
R002- 043
S002- 043
+
+
+
?j hk\ mdnj i _"o\dgn
+
+
+

Function Reference

EZWC Generate Automatic Workspace Comparisons
Purpose: AUS? is a simplified packaging of ti80?KI L function.
Syntax: $wsnameB AUS? $wsnamed

The arguments are the names (including the nondefault library number or directory) of the two workspaces to be
compared. The saved copy of the active workspace must contaiB@3&l L workspace.

Effect:

AUS? is an unlocked prototype function that you can modify to your requirements. It creates two temporary
workspace files to store the file images of the two named workspaces. These file names are basedon
minimize the danger of conflicts with existing filedUS? uses theSOPKBEHAJ K function to build the workspace
files.

Example:
$. - LNK@ AUS? $PAOP$
WCDEFAULT Restore Default Settings
Purpose: Restores default settings for workspace comparisons.

Syntax: S? @GAB=QHP

@APLNow LLC i All Right Reserved - 2026-07-21 UTC - Page: 203



Chapter 6: Programming Tools

WCSTATE Review and Change Settings

Purpose: Reviews and changes tIs?KI L state settings.

Syntax: S?0P=PA

Requires: OAHA?P, S?é8Cnkn, S?éL\ mk hn, S?eé0"m " i ,S?@\B=QHP, or"i q
Effect:

Displays a screen containing all possiB@KI L options. You can use the keys on the cursor pad to change the
settings. The current settings are always highlighted.

If an option group allows exactly one choice, use the left and right cursor keys to toggle among the choices. When
your selection is highlighted, press Enter to move to the next option group.

For groups with multiple choices, use the left and right cursor keys to move through the choices. To add an option,
move to the option and press Ins. To remove an option, move to the option and press Del. When you complete youl
selections, press End.

WSCOMP Compare Two Workspaces

Purpose: Compares the functions and variables in two workspaces and displays the differences.
Syntax: tienol SO?KI L tieno2
Effect:

SO?KI L uses the state settings you establish with tB2OP=PA function. Its arguments are the tie numbers of the
two workspace files corresponding to the workspaces to compare.

To direct output to a printer or file, copy tH€QPL QP workspace and run the appropriate functionSO?KI L uses
the new destination. If output is to file, you must tie or create the output file before runS@KI L.

WSTOFILENO Create Workspace File
Purpose: Creates a workspace file from the active workspace.
Syntax: SOPKBEHAJK tieno
tienois the tie number of an empty component file.

Example:
$JASSOBH$ UB?NA=PA .6
SOPKBEHAJK . 6

20 api”odjin

3 g\nd\]g n
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The runtime systeris a special version of the APL64 system that can run an application but lacks the facilities to
develop new APL programs. You use the APL64 runtime interpreter to build packaged Windows applications that yo
can redistribute freely.

The features that are removed from the runtime system are:

1 the APL64 session manager windows, includingtséory pane

T the editor windows for editing functions and variables

1 Debugger

§ the "This will end your APL64 session" dialog box.

All of the APL64 windows interfaéeatures are available in the runtime system, and applications are expected to rely
completely on the facilities provided hy d, Gi d, 4r *\ gg, anduai \ for their user interfaces. An APL application

does not need to have a visible user interface, however. It can be an invisible server program that communicates
with other applications through an ActiveX interface, TCP/IP or other means.

The runtime system works as though\ 6$KBB$ permanently. At any point that the APL system would require
immediate execution input, ail or ( input, the runtime system ends execution. Any implicit or explicit APL output
from (6 or (6 or an unassigned result is simply ignoretdi ] pa has no effect. The user sees only the user
interface, if any, of your application. A runtime application typically creates and waits on its main form, then
terminates execution when the user closes this form.

Any of the following also causes the runtisystemto terminate with no error:

no initial workspace specified

an emptyugs in any workspace the application loads

normal completion of the latent expressioads)

a suspension of APL execution

insufficient Windows memory

=A =4 =4 =4 =2

Note: Refer toHelp | Developer Version GUI | Create Windows Runtime Execufab&dditional information.
Creating the APLNOWR32.INI File for a Runtime System

The various aspects of tailoring a system and setting parameters for APLNOW32.8¥¢ filpplicable if you are
packaging an application as a runtime system. There are three important issues theleseant,especially to
runtime systems:

1 You can create additional sections in your applicatidiNg file to save applicatiospecific information. When
APL64 saves settings, it leaves any sections you create untouched, as well as any additional entries in existing
sections except for the [Libraries] section, which it saves as a whole.

T Inaruntime application, do not include a [User] section. If you do, you defeat the security associated with
runtime workspaces; it allows anyone with a development system to load the runtime workspace.

1 You can have the name of your application appear in some dialog boxes and window titles with the
[ Config] Applicati onName padN dlmeter set in your appl

A Sample Runtime Application

The following example shows how to package a very simple APL64 application that displays the current time in a
window. You can try the process yourself by creating the following two functions in a clear workspace:

The functionClockcreates a form and then begins/ait on the form. ThidVait continues for as long as the
application is running. When th#&ait ends by the user closing the form, the main function ends, and the runtime
system shuts down. Note that in the APL64 development system, this function will work without explicitly invoking
the Wait method, since the implicit wait loop of the APL64 session manager allows timer events to invoke the
ShowTimecallback function. In the runtime systemo session manager wait loop is running.
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L Clock;f;l:t
[1] N Simple "Digital Clock" program that
[2] N  demonstrates packaging a runtime
[3] N  application for APL 64
[4]
[5] f TBf m$ | o wilD8lete'
[6] f TBf m$ | @& wiKN&w' 'Form' 'Close'
[7] f twi 'caption' 'Clock’
[8] f twi'border 17

f

[9] t wi 'where' 00 4 14

[10]

[11] | TBf m$1 oc k| dwh'New'eLBbel
[12] |t wi'caption'"

[13] I twi'where'.11 2 14

[14] I twi'font' 'Arial' 1.5 1 'ansi’

[15]

[16] t TBf m$ 1 o c kwiNawBTimer
[17] t twi 'interval' 1000

[18] t twi'onTimer' 'ShowTime'

[19]

[20] f twi 'Wait'

L ShowTime;t
[1] N Show the time in the label field
2] t TLKNKTF Nfs
3]  ‘fmClock.ITime’ t wi 'caption’ (,'G<Z9:99:99>' t fmt t)
L
Packaging the Application

The following steps illustrate how you can make #rgg A f function into a standalone Windows application:
1. Prepare the workspace to be sslfarting by settingigs, and save it:

t mkdir 'c: ~ \ clock \ source '

t mkdir 'c: ~ \ clock \output '

t Ix T'Clock’

)save c:  \clock \ source \ clock

2. Create an icon for the application using an icon edifbinis step is optionaljou can use the sample icon
CLOCK.ICOthat is supplied with APL64 in the Examples falde

C\User$programmekAppDatdRoamin§APLNowL NG PL64¥Examples to &clock sourcéclock.ico

3. SelectOptions | Create Runtime .Net Assembly | Create Windows Runtime Executai#euto
create theWindowsruntime application.
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& APLB4: Create Windows Runtime Executable = a X

Runtime Workspace Filename: * CAClock\Source\chock ws64

(=) EXECUTABLE CONTENT

Runtime Windows Executable Target Folder: *  CAClock\Output Browse.

Runtime Executable Name: * clock [¥] same as Runtime Workspace Name

Digital signature command: ] Digitally sign output

WRE Output Type:* Single Exe File Including All Dependencies ~

APLG4 xml-format Configuration File: |Bruw_5¢| [+ Include APLE4 xmi-format Configuration File
APLNow32 adf-format Configuration File: CAAPLEAGIt\NetCore\bin\Releasenet3. 0\APLNow3 2 .adf ’m‘ ] Include APLNow32 adi-format Configuration File
APLMow32 ini-format Configuration File: CAAPLEGIt\MetCore\ bin\Releasenetd. OVAPLNow32.ini ,m‘ [+ Include APLMow32 ini-format Configuration File
APLMow32 Manifest File: CAAPLEA\GIt\NetCore\bin\Release\netd. (NAPLNow32 exe.Manifest ’m‘ ] Include APLNow3Z manifest File

Additional Files Required for the Application

Source Path Base Target Path Target Path Suffix Owerwrite

|Add One Required File [Add Multiple Required Files| Add Folder of Required Files| |[Remove All Required Files

() ASSEMBLY META-DATA

Properties.Details: file Description:

Properties.Details: Product Name:

Properties. Details: Copyright: * ©
Praperties.Details: File Version: 1o
Properties.Details: Version: I+ same as File Version

Assembly.Info; Company Name:

Asgemblylnfe: Application Deseription: || Same as File Description
Assembly.Info: Version: +| Same &s File Version
Assembly.Info; Neutral Language

Assemblylnfo; Description: || Same as File Description

Application Icon File: CaClock\Source\CLOCK.ICO Browse.

Create ﬂ MNew WRE Info| Load WRE Infc‘ Save WRE Infe.  * Required entries

[

Note: Thefolder c\clocRoutput specified in the field®Runtime Windows Executable Target Foldaust exist.

4. Complete the form as shown above then click Create.
5. When successful, this should appear:
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Runtime Workspace Filename: * C:\Clock\Source\clock.wsb4

@)
(A) EXECUTABLE CONTENT

Runtime Windows Executable Target Folder: * | C:\Clock\Output Browse

Runtime Executable Name: * clock V] same as Runtime Workspace Name

Digital signature command: Digitally sign output

WRE Output Type:* Single Exe File Including All Dependencies

APL64 xml-format Configuration File: i!mwsej ¥ Include APL64 xmi-format Configuration File
APLNow32 adf-format Configuration File: C:AAPL64\Git\NetCore\bin\Release\net9.0\APLNow32.adf [Browse (7] Include APLNow32 adf-format Configuration File
APLNow32 ini-format Configuration File: C:AAPLE4\Git\NetCore\bin\Release\net9.0\APLNow32.ini jrarowse‘ /] Include APLNow32 ini-format Configuration File
APLNow32 Manifest File: C:\APLE4\Git\NetCore\bin\Release\net9.0\APLNow32.exe. Manifest |Browse| V] Include APLNow32 manifest File

Additional Files Required for the Application
Source Path Base Target Path  Target Path Suffix Overwrite

Add One Required File. |Add Multiple Required Files Add Folder of Required Files| [Remove All Required Files

(A) ASSEMBLY META-DATA

APL64 : Create Windows Runtime Executable X
Properties.Details: File Description:

Properties.Details: Product Name:
. WRE created: clock.exe

Propérties.Detalls: Copyright: . Create WRE result: Publish procedure successful
Properties.Details: File Version: 10 Publish output log file: C:\Clock\Output\clock.Info.log
| APL64 Runtime Executable: C:\Clock\Output\clock.exe
Properties.Details: Version: 10 | Same as File Version

Assembly.Info: Company Name:

Assembly.Info: Application Description: OK Same as File Description

— /| Same as File Version

Assembly.Info: Version:
Assembly.nfo: Neutral Language
Assembly.Info: Description: /| Same as File Description

Application Icon File: C:\Clock\Source\CLOCK.ICO Browse

[ [Create| |[Bxit) New WRE Info| Load WRE Info| Save WRE Info. * Required entries

6. Click Ok to close the dialog.
7. Test the newly created Clock.exe application \slock output folder.
Files to Distribute with a Runtime Application

The bare minimum requirements for a runtimapplication is the Windows runtime executaldeated by the
Windows Runtime Executable

Techniques for Polishing Applications

You may wish to display some sort of banner immediately as your application is initialipisgcan be done with the
command line arguments SIP, SIT, or SIC and 8RLASH system function to hide it. Refer to3hgtem
Functionmanual for additional information.

You can set a return code while your runtime application is running by settsys[22] The calling application can
capture this code using the Windows GetExitCodeThread API or the DOS batch errorlevel parameter.
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Chapter 8: Transferring Applications between APL
Systems

This chapter introduces the concepts and techniques that can help you transfer applications between various APL
systems. It discusses compatibility issues and identifies the mechanisms for transferring your applications,
workspaces, and files from othePA or APL+ systems to APL64, and in some cases, from APL64 to other systems.
Additionally, the chapter includes some discussion of converting applications.

APL+ Systems Compatibility

Because APL as mathematical notation was carefully defined, the primitive functions in all APL systems are highly
compatibleand generally provide the same result. Of course, APL as a programming language has evolved over the
years, sometimes in major ways; for example, nested arrays were added after APL+PC. The basic language of APL.
systems continues to evolve as well; &xample, additional primitive functions in APL64 allow an axis designation
since versior®, and the Replicate and Expand primitives allow negative arguments in vérsion

In general, except for the specific differences for a few functions between Evolution leapl¥/ , the

computational aspect of any application that you transfer from an older system to a newer version continues to
perform as expected. What differs among systems are the interfaces to the platform and the host operating system.
The specifications faaving information in files and workspaces differs somewhat among systems, and the
construction of the user interface differs greatly.

APL+DOS\PL+UNIX/LINUXersionl or later), APE PLUS Il for VAX/VMS, and APL+PC all have theldapmder,

S0 no character set conversions are necessary when moving native files among therViddtlded a number of

vowels with diacritical marks used in European alphabets\tq. These characters replaced many of the pseudo
line-drawing characters, some character positions that were undefined, and several obsolete APL symbols. In
general, you should not require character set conversions when moving native files from the slystetnabove to

APL64. When you use native files, you have the highest degree of compatibility possible. If the order of characters i
U\ g is identical between systems, you can use a native file on both systems without needing a conversion utility.

Workspace and Component File Compatibility
The internal representation of data in saved APL workspaces varies among systems because of harrdystem

dependent characteristics. These variations mean, for example, that a workspace saved in the APL+PC and APL+D
Systems cannot be loaded or ¢eg directly by APL64.

A higher degree of compatible internal structure exists with APL component files.

1 The.SF file formats that APLG4APL+Wimnd APL+DOS use are identical. Files you create on one system are
usable on both.

1 Using an appropriate file architecture switehPL+UNIX/LINWA&AN create and us&SF files in the APL64 format.
Those files that you create undaPL+UNIX/LINUKX this formatis fully usable with APL64.

1 Using the APL utility functions in the BEHAOworkspace, APL64 can read and write to tA8F component
files of APL+PC.

Transferring Applications

APL64 provides utility workspaces and commands to help you exchange workspaces and files with other APL systen
This table can help you decidéhich techniques to use to transfer your files and workspaces to APL64.

Transferring Files and Workspaces into APL64

If your source And you are transferring On the source system, To create a Load into APL64 with
system is... a.. use

APL+DOS Workspace.Wsfile) SOoj BEHA in the BEHAo0j SOin the
(Note 1) ?KJRANP workspace ?KJRANP workspace
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If your source

And you are transferring

On the source system,

To create a Load into APL64 with

system is... a.. use
Component file nothing necessary Gam \ _
(.SF file)
APL+UNIX/LINUX Workspace SOPKBEHA in the .SF file BEHAPKSOin the
QPEHEPT workspace (Note 2) SB?=NA workspace
Component file nothing necessary gam \ _
(.SF file)—Note 2
APL+PC Workspace . AWSfile) @BJ/@BJ=HHinthe .T file HBBJ in the HBBJ
QPEHEPT workspace workspace
SOPKBEHA in the ASF file L?BEHAPKSOin the
QPEHEPT workspace L?BEHAOworkspace
Component file nothing necessary J, =
((ASF file)
AP[* PLUS for VN Workspace €é@) LSOintheCHP  .SLT file 88HK=@s0in the
or MVS workspace OHP workspace
Version4 or later Component file €é@) LBEHA in the SLT file €8HK=@BEHA in the
OHP workspace OHP workspace
AP[* PLUS for Workspace @ LSOin theOHP SLT file €eéHK=@s0in the
VAX/IVMS workspace OHP workspace
Component file @ LBEHA In OHP SLT file €eHK=@BEHA in the
workspace OHP workspace
APL2 Workspace &KQP system command .ATF file Xdi user command
Notes:

1. To reverse the process, USeRAEE in the ?KJ RANP workspace 0iSOPKBEHA in the SB?=NA workspace in
APL64 and theBEHAPKSO (SB?=NA) in APLBPOS Alternatively, you can uss2 @) LSOandéeéHK=@s0in
the OHP workspaces in both systems.

2. Applicable for @omponent file createdor the APLWin/ APL64architecture format). When migrating a
component file from one APL system to another, you may run into an issue with the file access matrix set in the
component file. This is because the internal representation of a file owner is set via the user number, rather
than username.Updating the access matrix is a common practice when migrating files between APL systems.
This is partly due to thdefault usemumber thatmay be different on different systems. So, ensure that the file
access matrix is set correctly in the APL component file prior to migrating to the other APL siRetiem.
FCREATE andFSTAC in thaPL+UNIX/LINU¥cumentation for additional information.

Utilities for Transferring Applications

You can use the following workspaces and commands for transferring applications and data between systems.

T Xk~Mj kt User Command
You can use this command to copy objects from a moedizetd APLRCworkspace directly into APL64. It uses
0~h_ to start an APLPCruntime system that invokes th@>BJ facility on theL? workspace andhen runs
HBBJ to import the resulting transfer file into APL64. For large APL+PC workspaces, use one of the techniques
listed below that write a file.

1 SB?=NAWorkspace
You can us&OPKBEHA and BEHAPKSOIn this workspace to store and retrieve images of workspace objects in
component files, which you can then transfer between systems.

1 @BJ andHBBJ Workspaces
You can use these workspaces to create a native file to move all or part of a workspace to another APL system
with the samell\ q.
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1 Xsg\ o  User Command
You can use this command to write data to a native file whéh @ translation is necessary. See the User
Command Descriptions chapter in this manual.

1 ?KJRANP Workspace
You can use this workspace to move workspaces between APL64 arflCAFhis workspace contains facilities
to diagnose areas of your applications where some conversion effort may be required.

1 L?BEHAOWorkspace
You can use this workspace to read, write, or copy component files created oR@PILRese files hav&\SF
extensions.

1 OHP Workspace
You can use this workspace to perform a Source Level Transfer between different APL systems.

1 Xdi andXj po User Commands
You can use these commands to convert | BM'"s APL2 w

You can also use thd kggd] user command to identify what files and workspaces from various APL systems are in
a particular library or directory. For example:

Japlib C:  \ APLWin19\ MIGRATE
------ APL+PC
DTFN LFFN PCCOPY  SLT W2FF2W
------ APL+PC .ASF Files -

------ APL+DOS .WS Workspaces — ------
CONVERT DTFN LFFN PCFILES SERUPLD SERXFER SLT
------ APL+DOS/Mh .SF Files
SERMFFNS SERPLFNS SERUPFNS SLT
------ APL+Win W3 Workspaces — ------

CONVERT DTFN LFFN PCFILES  SLT SLTX
------ APL64 .\WS64 Workspaces — ------
UCMDUTIL

Simple Tools for Transferring the Contents of Workspaces

To transfer the variables and unlocked functions of workspaces from other systems, you can use the techniques this
section describes. You can write the contents of a workspace to a component file and back to a workspace using twi
functions from theSB?=NA workspace. In addition, this workspace ls@weralfunctions you can use to maintain
workspace files. See the Programming Tools chapter in this manual for descriptions of these functions.

You can also write the contents of a workspace to a native file and read it back usigBBAieand HBBJ
workspaces.

UsingWWSTOFILE andFILETOWS

You can use th8OPKBEHA and BEHAPKSOfunctions in theSB?=NA workspaceto transfer workspaces between
systems with compatible component files. These functions provide a fast@ananient way to transfer workspaces
among APLRG APL+UNIX/LINYAPLBDOSand APL64.

Note: OnAPL+UNIX/LINWAOd APLRPC these functions are in th@PEHEPT workspace.

To useSOPKBEHA, follow these steps.
1. On the source system, enter:

)load myws
)copy path  \ WFCARE WSTOFILE
WSTOFILE

2. Respond to the&sj nf nk\ ~* *adg™ i\ h” 7 prompt with the name for a new or empty component file; for
example pathW TSOSB. TheSOPKBEHA function writes all the unlocked functions, variables, and system
variables in the workspace into the file.
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3. Transfer the new component file to the receiving system.
4. On the receiving system, enter:
)clear myws

Jcopy path  \ WFCARE FILETOWS

'mywswf' ¢ ftie 99

FILETOWS 99

Jerase FILETOWS

)save mynewws

BEHAPKSOreads and defines the functions, variables, and system variables from the file into the workspace, sets
ar nd__ to its original value, and erases itself.

Note thatO=RAL? in the ?KJ RANP workspace (on this system) bf? SOPKBEHA in the L? BEHAOworkspace
creates aASF file that can be used bBEHAPKSOin APLPC Conversely\iK=@.? (? KJ RANP workspace) or
L?BEHAPKSO (L?BEHAOwWworkspace) does the equivalent BEHAPKSOon a.ASF file created bySOPKBEHA on
APL+PC.

Using theDTFNandLFFN Workspaces

The functionsn the @BJ and HBBJ workspacesisenative files to move applications to other APL+ systems with
the samel\ q, such aAPL+UNIX/LINYRPLBOS or APLPC Follow these steps to use the native file transfer
technique.
1. Build the transfer file:
)xload wsname

)copy path  \ DTFN

'wsname.t' t ncreate 1

DTFNALL 1

t nuntie 1

2. Use any file transfer program that transfers unmodified binary data to move the file to the target system.
3. In APL on the target system, tie the native transfer file and reconstruct the workspace:
)clear
)copy path  \ LFFN
‘wsname.t' tntie 1
LFFN 1

Jerase LFFN
)save myws

Function Reference DTFN and LFFN

DTFN Dump Workspace Objects to Native File

Purpose:
Appends APL functions and variables to a native file for transfer to another APL system. When necessary, you have
the option of performingi\ g translations on either APL system.

Syntax:
objlist @BJ ntn

Example:
'A:FINMODEL.XFR' #ncreate 1
'MODELDOC RPTDOC REPORTFN' DTFN "1
Starting size is 0
MODELDOC dumped
RPTDOC dumped
REPORTFN dumped
t nuntie 1
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DTFNALL Dump Entire Workspace to Native File

Purpose:
Writes an entire workspace to a native file for transfer to another APL system. When necessary, you have the option
of performingu\ g translations on either APL system.

Syntax:
@BJ=HH ntn
Example:
'A'AMYWS . XFR' tncreate 1
DTFNALL "1
LFFN Load Workspace Objects from Native File
Purpose:

Recovers the functions and variables moved to this APL+ System after you dump them to a native f@2Bwitr
@BJ=HH) on another APL+ System.

Syntax:
HBBJ ntn

Example:
'A:FINMODEL.XFR' tntie 2
LFFN ~2

.0 %&- %OST

315%08% T

t def REPORTFN

Transferring Workspaces as Workspace Files

You can transfer entire workspaces between systems.
Using theCONVERWorkspace

The?KJ RANP workspacecontains conversion facilities that make transferring workspaces between APL64 and
APL+PC easier. Functions in the workspace flag known problem areas during the conYengican also write
APL64 workspaces to APL+DOS using this workspace.

Converting from APL+PC to APL64

To converta workspace from APL+PC to APL64, follow these steps.

1. Start APL+PC and load the workspace you want to convert.
&sgj\_ I TSO
2. Copy theSOPKBEHA function from theQPEHEPT workspace. RuBOPKBEHA to save an image of your
workspace in a special component file known as a workspace file.
&\j kt QPEHEPT SOPKBEHA
SOPKBEHA
Sjmnk\" *adg™ i\h 7 [|TSOSB
3. End APL+PC and start APL64.
4. Load the?KJRANP workspace.
&gj \ _ ?KIRANP
5. Run theHK=@.? function, using the DOS name of the workspace file as an argurhist(@.? generates a list
of systemspecific areas you may need to convert manually.
HK=@.? $W.?W TSOSB$
6. Make any necessary modifications to the functions and variables in the new workspace and save it. See the
"Using theQ?1 @ File" section, earlier in this chapter, for some commands you can use.
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Converting from APL64 to APL+PC

To converta workspace from APL64 to APL+PC, follow these steps.

1. Start APL64 and load tiKJ RANP workspace.
&gj \ _ ?KIRANP
2. Run theO=RAL? function from the? KJ RANP workspace to save an APL64 workspace into an APL+PC

workspace file. Use the name of the workspace you want to move to APL+PC as an argdwRé&it? loads
the workspace, searches for potential problems, and prompts you for the name of a workspace file
O=RAL? $I| TSCEEE$
Sj mfnk\ A" *adg™ i\h 7 W.?W TSOL?SB
3. End APL64 and start APL+PC.
4. Copy theBEHAPKSOfunction from theQPEHEPT workspace into a clear workspace.
&g '\'m
?HA=N SO
&"\j kt QPEHEPT BEHAPKSO
O=RA@++

5. Tie the workspace file.
$I TSOL?SB$ Uaod®
6. Run theBEHAPKSOfunction using the tie number as an argument.
BEHAPKSO .
BEHAPKSOre-creates the workspace objects based on the images in the workspace file.
7. EraseBEHAPKSO, name the workspace, modify the workspace as suggestéd-BRAL ?, and save the
converted workspace.

Transferring a Workspace from APL64 to APL+DOS

To move a workspadeom APL64 to APDOS you can use th©=RAEE function. You use this function (which is a
cover for theSOPKBEHA function) as you us@=RAL? described above. It searches the workspace for code that
may require manual conversior?.KJ RANP also contains simulations of the functions in tkle=? Gworkspace from
APL+PC. These functions create simulated packages that use nested arrays to bind a collection of functions and
variables together. They emulate all the capabilitieMof? G except that they cannot contain locked functions.

Run the@ n*nd] © andOphh\ nt functions for more information on the tools in tH&KJ RANP workspace.

Function Reference CONVERT
LOADPC Convert and Rereate a Workspace

Purpose:
Converts a workspace file saved under APL+PC acréates the workspace under APL64.

Syntax:
msgs 6 HK=@.? pcfilename

pcfilenameis the name of the APL+PC workspace file to be converted into an APL64 worksgggs;messages and
warnings about the success of the conversion

Comments:
Before usingHK=@.?, copy theSOPKBEHA function from the APL+PQPEHEPT workspace. Us80PKBEHA to
convert the workspace to a workspace file.

AsHK=@.? converts the workspace file and-ceeates the workspace, it displays messages about the contents of the
workspace and warns you about the contents of the workspace that it could not convert; for example, functions that
do not exist in APL64.
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SAVEPC Convert and Save a Workspace as a PC Workspace File

SAVEII

Purpose:
Converts a workspace saved under APL64 as a workspace file compatible with APL+PC.

Syntax:
O=RAL? workspacename

workspacenamés the name of the APL64 workspace you want to save as an APL+PC workspace file.

Comments:

O=RAL? loads an APL64 workspace, prompts you for a name, and saves it in an APL+PC workspace-6teat€o re
the workspace with APL+PC, run BEHAPKSOfunction (from theQPEHEPT workspace) in a clear workspace.
O=RAL? warns you about system differences as it saves the workspace.

Convert and Save a Workspace as a Il Workspace File

Purpose:
Converts a workspace saved under APL64 as a workspace file compatible wifOSPL+

Syntax:
O=RAEE workspacename

workspacenamés the name of the APL64 workspace you want to save as alD@™workspace file.

Comments:

O=RAEE loads an APL64 workspace, prompts you for a name, and saves it in dn@®orkspace file. To re
create the workspace with APR®S run theBEHAPKSOfunction (from theSB?=NA workspace) in a clear
workspace.O=RAEE warns you about system differences as it saves the workspace.

apack Create a Simulated Package

apchk

apdef

Purpose:
Simulates thd.=?Gfunction from the APL+Pi@.=?Gworkspace.

Syntax:
pkg 6 ék\~f namelist

Comments:
This function packs the names you specify into a package. Each name must be a valid identifier name, but should nc
identify a locked function. Names cannot be labels. The system ignores multiple occurrences of the same name.

Check if an Array is a Simulated Package

Purpose:
Determines if an array is a simulated package.

Syntax:
result 6 ék~cf array

The result is if the array is a simulated package; otherwise, the result is
Define a Simulated Package in a Workspace

Purpose:
Defines all the names in a simulated package in the workspace.
Syntax:
ék_"a pkg
namelist ék_"a pkg
Comments:

Defines the objects in the simulated package in the workspace. All the names in the optional left argument must be
in the package. None of the names can be labels and none can reference a function appearing in the state indicator.
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Note: If successfukgk " a replaces workspace copies of the objects you specify with versions from the package. If
you specify a hame in the workspace that is not in the package, the system erases that object from the workspace.

apex Create a New Package that Excludes Parts of an Old Package

Purpose:
Creates a new simulated package by excluding a list of names from an existing package.

Syntax:
pkg2 6 namelist ék™ s pkgl
apins Insert a Second Package into Another Package

Purpose:
Creates a new package by inserting a second package into the first package.

Syntax:

pkg3 6 pkgl ékdi n pkg2

Comments:

This function inserts one package into another and returns the combined package. The combined package is the

union of the first and second. If both original packages contain the same ®@kdé,n uses the value from the
package you insert. The order of names in the combined package can be random.

apnames Return the Names in a Simulated Package

Purpose:
Lists the names in a simulated package.

Syntax:
namelist 6 éki\h n pkg

Comments:
This function returns a matrix list of names in a simulated package. If the argument is not a package, the result is an
empty vector.

apnc Return the Name Classes in a Simulated Package

Purpose:

Returns an integer vector indicating the name classes of the contents of a simulated package.
Syntax:

intvec 6 eki ™ pkg

intvec 6 namelist eki ™ pkg

Comments:

When you use this function monadically, it returns an integer vector that contains the name classes in a simulated
package, in the same order thaki \ h™ n returns the names in the package. When you use this function dyadically,
it returns an integer vector containing the name classes of the names in the left argument, one element per name.
The name classes are:

name used without referent
name not in package
variable

defined function

ill-formed name

, o~
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appdef

apsel

apval

Protectively Define a Simulated Package

Purpose:
Defines the contents of a simulated package in the workspace without replacing existing objects with objects in the
package. It returns the list of objects that it could not define.

Syntax:
namelist 6 ékk_"a pkg
namelist2 6 namelistlékk_"a pkg

Comments:

When you use this function monadically, it defines all the names in a simulated package except those that already
exist in the workspace. When you use this function dyadically, it defines all the names you specify in the left
argument except those that mdady exist in the workspace.

Create a Second Simulated Package by Selecting a Subset

Purpose:
Creates a new simulated package from an existing simulated package by selecting a list of names from the existing
package.

Syntax:
pkg2 6 namelist ékn" g pkgl
Comments:

The left argument contains the names you want in the new package. Each name in the list must exist in the first
package.

Return the Value of a Variable in a Simulated Package

Purpose:
Returns the value of a variable you specify in a simulated package.

Syntax:
array 6 varname €kq\ g pkg

Comments:
A @I =EJ ANNKN occurs if the variable you specify in the left argument is not in the simulated package you specify
in the right argument.

Using thePCFILES Workspace

TheL ?BEHAOworkspacecontains a suite of utility functions you can use to accAS# files that APL+PC

recognizes as APL component files. This workspace allows you to use APL+PC companigmdilehanging their
format. You can also copy APL+PC files into the APL64 component file format. The following table lists the function:
you use to work withASF files. These functions use native file operations in APL64, although they use the syntax of
the component file functions.

Functions Available to AccesASF Files as Native Files

Function Description

B=LLAJ@ Appends a component to ASF file.
B?NA=PA Creates and ties an empthSF file.

B@\KL Drops components from either end of aASF file.
BAN=0A Erases tiedASF files.

BHE> Lists.ASF files.

BJ=I AO Lists names of tiedASF files.

BJQ O Lists tie numbers of tiedASF files.

BN@:=? Reads access matrix #SF files.

BN@E Reads component information oASF files.
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Function Description

BNA=@ Reads components oASF files.
BNAJ=I A Renames aASF file.

BNALH=?A Replaces components in.ASF file.
BNACEUA Sets the size limit for AASF file.

BOEUA Finds the size of ASF file.
BOP="? Sets the access matrix of ASF file.
BPEA Ties aASF file.

BQJIPEA Unties a.ASF file.

The syntax of each function is the same as the corresponding system function for APL64. Keep the following
guidelines in mind.

1 When you use a positive tie number wil? NA=PA, BPEA, and so on, the functions use the negative of that
number as a native tie number. Make sure those negative values are not tie numbers for some oth&BRon
native files.

1 TheL?BEHAOWUUtility functions do not observe the file access matrix stored in.&®F files.

1 B?NA=PAcreates aASF file with user numbe\ dV. X (default = ) as the owner; the default user number
on the APL+PC System isIf you want to access.ASF file you create in APL64 from APL+PC, you must either
sign on as user numberin APL+PC or allow access to the file for user numbero accomplish the latter,
execute the following statement from this workspace:

- 7. - BOP=? tieno
CopyingASF Files as Component Files

You can also use ti#EJ”* | kt L? andL?”j kt SEJ functions to copyile data between APL64 component fikesd
APL+PC component files.

UseSEJ"j kt L? to copy data from APL+PC files to APL64 files. Create orSfe file with one of the appropriate

APL64 system functions and tie tHeSF file you want to copy usinBPEA from this workspace. Then use
aplwinfile SEJ*j kt L? aplpcfile

whereaplwinfileis the tie number of theSF file andaplpcfileis the tie number of theASF file. If the.SF file

already existsSEJ"| kt L? appends the contents of th&ASF file to it.

UselL?”j kt SEJ to copy data from APL64 files to APL+PC files. Do not attempt to transfer nested or heterogeneous
data to APL+PC. Create or tie tASF file usingB?NA=PA or BPEA from this workspace. Tie th&F file with a
system function. Then use

aplpcfile L?7j kt SEJ aplwinfile
whereaplpcfileis the tie number of theASF file andaplwinfileis the tie number of theSF file. If the.ASF
already existsl.?”j kt SEJ appends the contents of the&sF file to it.
Using a Source Level Transfer (SLT)

You can move your applications from one computer to another through a source level trai$fersource level

transfer facility provided in APL64 conforms to the Workspace Interchange Convention {léwmetonverting APL
functions, variables, and environmental information into character variables called canonical representation vectors
(CRVs).
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In contrast to the tools discussed earlier, &.the tool of choice when you need to uskq translations. When you

use this facility, you may want to use the file extensi8hT for the SLT native files. They are simply DOS files that
you can transfer manually or with a file transfer program to another machine with an APL system that supports the
Workspace Interchange Convention. Using the functions in this workspace, youtdhe pnage of a component

file or a workspace into an SLT file, and you can build a component file or a workspace from its image in an SLT file.
You can also load translate tables from an SLT file into global variables in the workspace. This bbviatd to

build them during each SLT operation as long as the sending and receiving APL systems do not change. Other
functions list the workspace images and their offsets in an SLT file and list the parameters of the SLT package.

Installing theSLT Workspace

Before you can use the transfer functions, you must installQHE workspace. You need to install the workspace
only once. Th&HP workspacesupplied with your system contains a single funct®@OHPEJ OP=HH. This
function loads the other functions and variables in the facility from a companion component file. Its argument
identifies the companion file by tie number or name. If the argument is empty, the system uses the vatuedof
as the file name.

The installation makes any necessary hame substitutions when it brings in the functions and variables from the SLT
file. All the functions and variables you install begin with the first two characte¥é ©HPEJ OP=HH to avoid

conflicts with existing identifiers in the workspace you want to transfer. IBteharacters will not avoid name

conflicts in your application, change them to two other legal characters by editing the na@d&ObfPEJ OP=HH

before you execute it. The system adds the new prefix automatically to all installed functions and variables.

The following example shows how you install the workspace.

Ggd] _ $/ 27TWELHS$
&gj\_ | OHP
8EOHPEJOP=HH $/ OHP$
PTEJC OHP =Q EHE=NT BEHA 9/ OHPi PK .
88>EPO
88 @O?NE>A
8EAJ@
EEAO?=LA
&EEOK=LH

+ + +

€8 OHPHEOP

€8HK=@N=J0

OHP L=?G=CA HK=@\@

Now set the workspace name to one of your choice and save the installed workspace; for example:

&rnd_ | TOHP
S=0/ OHP

&n\ q°
/ 1 TOHP C=RA@ + +
The install function makes rough checks for workspace free area and unused symbol table slots adequate to allow th
installation process to run to completion. It also checks for objects already present in the workspace with the same
function or variable ames as those in the SLT package. If the function detects any of these situations, it pauses after
a descriptive message to allow you to interrupt the process and correct the problem.

You can set several parameters and options for the SLT package to enhance its performance and effectiveness. The
transfer functions usually ask if you want to review the parameters before proceeding. Use the expression
€80HPL=NI O - to obtain a list of the current parameters. Edi& OHPL=NI Oto change any of the parameters
embedded in the function.

To avoid incomplete character translation, be sure you set the parameter that signals the existence of identisal
in the source and target APL systems, if appropriate. To do this, edit the line I&eledhe €€ OHPL=NI O
function. The default parametet,, means differenti\ g tables. Change theto. to indicated identicali\ g's.
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If you do not have identical\ g's on both ends of the transfer, but often deal with a known pair of diverse APL
systems, you can prepare a specialized version of the workspace that contains appr@pqgatanslation tables.
Then, you do not have to rebuild the translation tables within each of the five major functions. Instead, you run

€8HK=@N=JO SLTfilename
for any incoming SLT file. Then you save the tables it produces @Ht@orkspace and reuse them.

You may also want to adjust the parameter controlling whether the main functions prompt you to review the
parameter list.

Once you install the workspace, you can get online documentation for each of its functions.
1 Type€éOQ | =NT for a summary of all the functions.
1 TypeééAi LH=EJ $fnname} for information on a specific function.

Transferring a Workspace from APL64

1. Condition the workspacgou want to transfer. Load it usirgsgj \ _ if appropriate. All the functions should be
unlocked and all the global variables should have correct values.

&sgj\_ | Ti BAN
2. Copy the SLT workspace into the active workspace:

&\j kt |1 TOHP
C=RA@ + + +

3. Send the workspace to file:

8@ LSO $=71 Ti BAN+OHP$
N'gd r k\mih o m n  oodi bn di api”odji €8OHPL=NIG J
KBBOAP7 . 311 J=I A7 SKNGOL=?A / i BAN PK7 =7I Ti BAN+OHP
aLL
Uu=Hi
u?pP
UAHI
UEK
GHi
UNH
uc=
| =EJBQJ ?PEKJ
OQ>BQJ?PEKJ
R=NE=>HA
AJ@ KB BEHA | =NG KBBOAP7 /// 15

Record the name and starting offset along with the dump to allow the most efficient retrieval of the information.

4. Repeat these steps for each workspace you want to transfer and then move the SLT file to the other APL system
You can place multiple workspace and file dumps in a single SLT file, but placing a single dump in an SLT file
allows the most efficient retriead.

Transferring a Workspace to APL64

1. If you do not have a recorof the dumps and starting offsets in an SLT file,&&s@HPHEOP to produce a
catalog:
&gj\ _ | TOHP
O=RA@ . 47.2721 -5,.0,54
€EOHPHEOP $=71 Ti BAN+COHP$
N gd'r kk\mih o m n  oodi bn di api”odji €8OHPL=NIC, J
JKNI =HEUEJC ?KI LKOEPA OAMQAJ?AO+++
JKNI =HEU=PEKJ  ?KI LHAPA
>QEH@EJIC PN=JOH=PA P=>HA+++
PN=JOH=PA P=>HA ?KI LHAPA
KBBOAP7 . 311 J=I A7 SKNGOL=?A / |Ti BAN
KBBOAP7 /// 15 AJ@ KB BEHA | =NG
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2. Bring in a workspace from the file. Assume you have ed@t@HPL=NI Oto specify identicalil\ q's and to
suppress the parameter review prompt.

€EHK=@0 $a=71 Ti BAN+OHPa/ | Ti BAN$
| =P?DEJC (=R$O OLA?EBEA@ PN=JOH=PEKJ >TL=00A@

KBBOAP7 . 311 J=I A7 SKNGOL=?A / | Ti BAN
O=RA@ +++
OTOPAI 7 =LH LHQO + + +
aLL
U=Hi
u?pP
UAHI
UEK
GHI
GNH
uo=
| =EJBQJ?PEKJ
0Q>BQJ?PEKJ
R=NE=>HA
KBBOAP7 /// 15 AJ@ KB BEHA | =NG
& mn €ééHK=@O £ Jjo i ~'nn\nt ji njh” ntno hn+

& nd_ | Ti BAN

Since no name was explicitly provided for the retrieved workspace, the process pauses with the cursor following
the derived workspace name on t& nd_ line. You can then edit the workpace name. Press Enter to save the
workspace. The function erases all tBidP functions and variables.

3. Save the new workspace.
4. Repeat these steps for each workspace on the transfer file.

Transferring Files witBLT

1. Use thee@&@ LBEHA function to store an image of an APL component file.

$/ | Ti BAN$ éé@ LBEHA $=71 Ti BAN+OHP$
KBBOAP7 .311 BEHA7 / | Ti BAN PK7 $=7I Ti BAN+OHP$
?KI LKIAIP+++
AJ@ KB BEHA | =NG KBBOAP7 /634

2. Repeat step 1 for each component file you want to transfer out of APL64.

3. Useé&OHPHEOR to produce a catalog of the dumped files and to see the offsets of the files. You will need to
run €8 OHPHEOP especially if you have more than one file in the SLT file.

88CHPHEOP $=7I Ti BAN+OHP$
N'gd' r kk\mih o m n  oodi bn di api”odji €8OHPL=NIC, J
JKNI =HEUEJC ?KI LKOEPA OAMQAJ?AO+++
JKNI =HEU=PEKJ  ?KI LHAPA
>QEH@EJC PN=JOH=PA P=>HA+++
PN=JOH=PA P=>HA ?KI LHAPA
KBBOAP7 . 311 J=I A7 BEHA / | TiBAN
KBBOAP7 /634 AJ@ KB BEHA | =NG

4. Move the file and use thé @HK=@BEHA function to access the transfer file and write it as a component file.
Note the use of file offset to identify the section of the file you want to retrieve.

$- JAS$S €éHK=@BEHA $=7I1 Ti BAN+OHP=, 311%
QOEJC LNAREKQO ?KI LKOEPA JKNI =HEU=PEKJ NAOQHP
QOEJC LNAREKQOHT CAJAN=PA@ PN=JOH=PA P=>HA
KBBOAP7 .311 J=IA7 BEHA / | Ti BAN
OTOPAI 7 =LH LHQO + + +
O R
KBBOAP7 /634 AJ@ KB BEHA | =NG
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Function Reference SLT
e ®UMPFILE Create the Image of a Component File

Purpose:
Puts the image of a component file into an SLT file.

Syntax:
compfile éé@) LBEHA sltfile

The left argument is the tie number or name of the component file; the right argument is the tie number or name of
the SLT native file. If you use file names instead of tie numbers, enclose the names in single quotes.

e dUMPWreate the Image of a Workspace

Purpose:
Puts the image of the current workspace in an SLT file.

Syntax:
ée@ LSO sltfile

The right argument is the tie number or name of the SLT native file. If you use the file name instead of the tie
number, enclose the name in single quotes.

2 &OADFILE Build a Component File from an Image

Purpose:
Builds a component file from its image in an SLT file.

Syntax:

compfile ééHK=@BEHA sltfileasltimage

The left argument is the tie number or name of the component file you want to load; the right argument is a
delimited string that identifies the tie number or name of the SLT native file, followed by the image of the file that
contains the components youamt to load. You can specify the image in the file by offset or name substring. The
string delimiter must be &. If you use a file name for either parameter, enclose the right argument in single quotes.

2 &0OADTRANSLoad Translate Tables

Purpose:
Loads translate tables from an SLT file into global variables in the workspace.

Syntax:

€eHK=@N=JO0 sltfile

The right argument is the tie number or name of the SLT native file. If you use the file name instead of the tie
number, enclose the name in single quotes.

Effect:
Using this function eliminates the need to build translate tables during each SLT operation as long as the sending ani
receiving APL systems do not change.
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2 &0ADWSCreate a Workspace from an Image

Purpose:
Builds a workspace from its image in an SLT file.

Syntax:
compfile ééHK=@B0 $sltfileasltwsawsnames

The optional left argument is the tie number or name of a component file you want to use for error logging. The right
argument is a delimited string that identifies the SLT native file, the workspace name in the SLT file, and the name
you want to assigna the retrieved workspace. You can specify the SLT file by tie number or name, and the
workspace in the file by offset in the file or name substring. If you omit the segment that identifies the workspace in
the file, the system processes the first imdgehe SLT file. The string delimiter must be.aEnclose the right

argument in single quotes.

2 @LTLIST List the Contents of an Image File

Purpose:
Lists the names of the images and their offsets in an SLT file that contains more than one workspace or file.

Syntax:
€80OHPHEOP sltfile

The right argument is the tie number or name of an SLT native file. If you use the file name instead of the tie number
enclose the name in single quotes.

& BLTPARMSSource Level Transfer Parameters

Purpose:
Lists the parameters for the source level transfer package.

Syntax:
parameter 6 €80OHPL=NI O parm

When you use this function with a right argument-qfit lists the parameters currently in effect for the source level
transfer. To change the parameters, edit the function.

Transferring Workspaces between APL2 and APL64

The user commandsdi andXjpoal | ow you to transfer workspaces betw
APL2/6000, or APL2/PC. These user commands use transfer files to move data to and from workspaces in APL64.
Xdi converts the objects in an APL2 transfer file into objects in the current APL64 worksfjgre.converts the

objects in the current workspace into a transfer file that you can export to APL2. To physically move transfer files
between computers, you must use a third party binary transfer program, such as DCA's IRMA FT3270.

Note: Before trying to us&di andXj po, make sure that the user command processor is installed on your system.
Type:

X
If a list of user commands appears on the screen, the command processor is installed. If the list does not appear,

install the command processor. See the User Command Processor chapter in this manual for information on
installing and using user commands.

Transferring APL2 Workspaces to APL64

The user commanidi copiesand converts the objects in an APIBXF transfer file into the current APL64
workspace. You can create APL2 transfer files using the8&¥2system command.

Follow these steps to convert and transfer an APL2 workspace to APL64. If you are transferring a workspace from
APL2/370, start APL2 in CASE(2) mode.

1. In APL2, type
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&?HA=N
&?KLT workspace
&KQP filename

whereworkspacds the name of the APL2 workspace you are transferringfiterthmeis the name of the
transfer file. On the IBM 370, the transfer file will have an APLTF filetype.

2. Move the file to the computer you use to run APL64. If you are moving the file from a mainframe or RS/6000,
you need a third party software application, such as IRMA FT3270, to transfer the file physically between
computers. Transfer the file in binamyrin, not in ASCII form.

3. In APLG64, type

&g'\'m
?HA=N SO
Xdi filename

wherefilenameis the name of the APL2 transfer file you created on the host syskn. copies and converts
the objects in the transfer file into the active workspace.

Occasionally, differences in APL2 syntax, system function names, and system featuresXuaévieain re-creating
an object from the transfer file. ¥di cannot convert an object in a transfer file, it assigns the object to one of the
following global variablesXdi substitutes the name of the APL2 object fame

f di Bi @ anamecontains theti* mform of the APL2 functio@name
1 di Mp\ _namecontains data values from the APL2 system variabigme
1 di RRm@ anamecontains an expression to produce values for the APL2 vaniaihe

You can edit the variable to change any statements or functions that are incompatible with APL64 anddieatae
the object manually.

Transferring APL64 Workspaces to APL2

You can convervorkspaces from APL64 to APL2 usingXheo user command.Xj po creates a transfer file with
the extension ATF , performs characted\ g translations, and writes all the objects in the active workspace to the
transfer file. The APL2 system comma&itl converts the transfer file created % po into the active APL2
workspace.

Because there are differences between some system functions and system variables in APL64 and APL2, the APL2
system command&EJ may not be able to convert some APL64 functions. You can either modify these before
transferring them, or transfer theida” ms to APL2 and then edit these matrix representations.

Xj po cannot convert locked objectsj \ functions, or objects that are local to the user command processor; these
objects begin with delta underscorg)

Follow these steps to convert and transfer an APL64 workspace to APL2.
1. In APLG64, type
&sgj \ _ workspace
&mn’o
Xj po filename

whereworkspacds the name of the workspace you want to transfer diehameis the name of the transfer
file. Xj po adds the file extensiorATF to the filename you enter.

2. Move the transfer file to the computer you use to run APL2. If you are moving the file to an IBM 370 or an IBM
RS/6000, you need a third party software application, such as IRMA FT3270, to transfer the file physically
between computers. Be sure to traesfthe file in binary form-not ASCII or character form. Transfer files
should have a file type of APLTF on the IBM 370 and a file extensidmfofon both the IBM PC and the IBM
RS/6000.

3. In APL2, type
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&?HA=N

&EJ filename

&0O=RA workspace

wherefilenameis the name of the transfer file, andorkspacds the name of the APL2 workspace you want to
use to save the converted objects.

Converting Applications from APL+DOS

Once you load or copy a workspabat originated on an APDOSsystem, the following commands can be useful:

1 TheXdd”c™ ~f command searches functions in the workspace for any features specific t@&SLFhese
features may either be different (for exampl&\ m di , U™\ gg, adi ] pa, Gi \ ) or absent (for example,
0" _do,Ubgdi “,adi f t,dakj f*,dhj pn’,dnj pi _,dr kpo) in APL64. This command can also be useful
when run in a workspace imported from APIG
If you find functions you need to convert, u§engj » or Xgj ” to search the workspace for references to the
functions. You can usén” _] t to obtain a list of workspace objects that a set of functions will ultimately use,
or you can us&sm a to obtain an identifier crosseference for a particular function.

1 TheXdd\ nhg\ nn command returns a list of the names of all the numeric variables in the workspace that
appear to be APIDOSI”\ gg right arguments.

1 TheX\ nhads command searches the workspace for functions that inudke gg and that match a name of a
function in the=Ol BJOworkspace. It then replaces those functions with APL64 versions ef@h8J O
utilities. Run this command in the workspaces you transfer from either B®8s+r APLPC

APL+DOS Items not in APL64

This list shows the APL+DOS System Commands, Functions, Variables and facilities not in APL64.

System UGATHKC System UCL=EJP Ul G@N usJQ O

Commands UGATON? Functions UCLNEJP Ul HK=@ USKLAJ

&Ym M\ gg gdi “ X UHEJAHKC U(?CE UCOD=@A ULAAG USLQP

&@\>QC Ul KQOA U?NP uCOP=PQO ULBGAT

S&AQEP ULBGATO UA?PNH UCPTLA ULKGA Facilities

&CK ULKGAO UA@ UCREAS UNI @N R@ Cm kcd”n

&DAHL UOAC UA@EP UCSEJ@S uOKQI@ L\m _js EB
USEJ @S UBOP=PQO UCSNEPA US?HKOA

System USGATO UC?EN?HA  UCUKKI US?PNH

Variables USOP=PA U?EJEP UDAHL USCAP

0? ONOKN UCHEJA UEJGAT USEJ

ubJ=I AO ucCl =0G UEJP USGAT

Techniques for Converting Printing Routines from APL+PC/DOS to APL64

There are a variety of techniques that APL+PC/DOS users used to print text and APL characters. For each of these,
you can accomplish the same thing in APL64.

Printing APL characters through the Windows queii@  arbin 'text’

Windows treats printing as jobs instead of allowing a program like APL64 to completely control the printer. This
means that you must build a whole page or report in memory and send your results to the printer when you perform
the Close method on your printer object.

The use of port - inU\ m di referenced a special driver loaded bRT1 that handled the printing of APL

characters. If you need to print APL characters, you can use a Printer object and the Print method. If your code wer
V./X .- 0\mdi $P so OCondib .$) Go”ig
V.0X .- 0\nmldi $P so Oonmdib /$) Uo”ig

You can accomplish the same thing by creating a printer object and setting the font:

V./X kmo 6 $knmo$ dard $J3°r$ $SLndi o nb ¥ M\ kodj i $ SLndi oZFj ] $&
V.0X kmo urd $0O 0$ %Baji 0$ $=LH(SEI$ . - $@B=CQHP$&
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V.1X kmo ard $Lndi 0$ %P so Oondib .$) Go"ig&

V.2X ko ard $Lndi 0$ %P so OCondib /$) Uo"ig&

V.3X kmo ard $?gjn'$
While this may seem like more work, remember that you no longer need to have a special printer driver loaded when
you start APL and you don’'t need the APL initializat
your printer. In APL64/ou can print APL characters without any special initialization. You can also mix graphics in
with your printing, allowing more flexible printing mechanism.

Using POKE 125,126 and166

These pokes were used when trying to print sections of your session. While session output is no longer useable in a
runtime application, you may have tools that print just for your own use. If you used these, you can replace them.

POKE / 2 was used for selecting a port (usually port); in APL64, use the Setup option on the Print dialog.

POKE / 3 was used to Set Epson graphics printing; in APL64 select the Font for printer item from the Options menu
in your APL64 session.

POKE 33 was used to toggle Ctrl+PrintScreen. If you want to do this manually, print the desired text in the session,
tag it with the mouse and select Print from the File menu.

Ifyouusedikjf* .33under program control to automatically pr
manually tag or print the text, you can use either of the techniques described above.

Chapter 9: Error Messages

This appendix lists error messages you can encounter in the APL64 interpreter and in the APL Windows Interface
(WI). You can usually trap these messages Withs. You can also cause certain errors or create conditions in the
session that invoke message windows; you cannot trap these messages. You can get a complete list of the errors
associated with the network interface by invokiagd $Ammj m$.

In the case of a system failure, you may see a box entitled APL64 System Failure. The text in this box can be useful
APL2000 in determining the cause of the problem. Please capture the screen or copy the information and report it,
along with any infamation you have as to the sequence of actions that led up to the failure. Other catastrophic
failures may generate an operating system failure message box; this will AR &4 or the name of the interpreter

in the title bar. An edit control in this window contains information about the operating system registers at the time
the error occurred. You can copy this information to the clipboard and paste it into a messagis chst it is even

more important to know the steps that led to the failure, since the error is occurring outside of APL64. It is best if you
have a reproducible scenario that generates the error.

Some of the messages listed below are specific; others are given as a category with sample text.

System Error Messages
1 AXIS ERROR

You are specifying an axis that does not exist or that cannot be created through lamination.
vecl,[2]vec2

T CANNOT EDIT ASSOCIATED FUNCTION
The system is unable to edit thena associated function.

9 DESTINATION ERROR
You attempted to branch illegally into a control structure.

1 DISK ERROR
A file or workspace operation is failing at an unexpected operating system error.
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DISK FULL ERROR
The disk selected for creating a file, appending to or replacing a file, or saving a workspace has insufficient spac
to hold the object.

DOMAIN ERROR
A function argument is not within the domain of the function, possibly with regard to the other argument.
10 x ‘A

DRIVE NOT READY
The disk drive selected for a read or write has no disk, has the door open, or is unready for use in some other
way.

ENTRY POINT NOT FOUND
A module's symbol table does not contain the entry point indicated by the associated function tietreates.

ERROR WRITING TEMPORARY COPY FILE
The system is unable to write to the special file that is used during the copy process.

EVOLUTION ERROR
The feature behaves differently depending on the evolution leYelu should update your program to match a
particular evolution level or change the )evlevel setting.

EXTERNAL DATA ERROR
This error can occur during the processing afa.

FILE ACCESS ERROR

Either you are attempting to execute a file function on a tied file without using the passnumber with which the
file was tied, or you are attempting to tie a file improperljhe latter problem can be caused by trying to tie a
file :

o that was created from another user number

0 that has an access matrix that limits or denies access to you

0 using an incorrect passnumber.

FILE ARGUMENT ERROR
You are attempting to reference a file with a fileid that does not conform to the correct format.

FILE DATA ERROR
You are attempting to read a component from a component file that does not contain a validly formed APL
variable. This is most likely to occur if the component file is accessed by na208@hrograms.

FILE FULL
You are attempting to append or replace a component in a file that requires the total size of the file to exceed
the number of bytes specified in the file size limitféize n)[4].

FILE INDEX ERROR
You are attempting to access a nonexistent component from a component file.

FILE NAME ERROR
You are attempting either to create or rename a file with a name that is already in use.

FILE NAME TABLE FULL
You have exhausted the system storage for tied file names.
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FILE NOT FOUND
You are attempting to reference a file that does not exist in the specified directory.

FILE RESERVATION ERROR
You are attempting to resize a file to a size that is smaller than the minimum necessary to hold its contents.

FILE TIE ERROR
You are attempting either to tie a file with a tie number that is already in use or to execute a file operation with
a tie number that is not in use.

FILE TIE QUOTA EXCEEDED
You have as many files tied as the system allows.

FILE TIED
You are attempting to tie a component file that is already exclusively tied by another user.

FORMAT ERROR
You have an invalid left argument forfmt. This message is normally preceded by a qualifier that indicates
which part is in error.

HOST ACCESS ERROR
The operating system does not allow or is unable to execute the requested oper&tiomrexample, you are
attempting to erase a file that allows read only access.

HOST ERROR

An error directly associated with the failure of a host operating system call has occurred during the execution of
an input/output function for the session manager or the traditional file system functidiee error report

contains the information availdé from the operating system about the immediate circumstances of the error,
including: the Windows system or library call that failed; a designator for a place in the interpreter; the C library
errno number; the number returned by Windows GetLastErrenf the text supplied by Windows for that

error number.

INCOMPATIBLE WS

You are attempting to load a workspace that cannot be loaded with your current configuratios.usually

occurs when you attempt to load a workspace that was saved in too old of a version, a newer version of APL64
than the current version and a workspathat originated on an APL+DOS system.

INCORRECT COMMAND
You are attempting to execute a line that starts with a right parenthesis ")" but that does not constitute a valid
system command.

INDEX ERROR
You are attempting to extract elements from an array using indexing, but one or more of the indices falls outside
the shape of the array.

a <4 'B&A[l 35;2]

INSUFFICIENT HANDLES
There are insufficient handles defined to tie any more filgstie the unneeded files or edit the FILES=
statement in the CONFIG.SYS file to increase the number of handles available and restart your system.
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INSUFFICIENT MEMORY
The system is unable to complete the operation due to memory constraints outside of the workspace.

INTERFACE CONVERSION ERROR
The system is unable load or copy the named objects from a workspace when unsupported in APL64.

INTERNAL REPRESENTATION OF ASSOCIATED FN OBSOLETE
This error can occur during the processing afa.

INTALX
An error has occurred during the handling of an attention.

INTERRUPT
An interrupt has been issued by the user pressing the Break key combination (Ctrl+Break twice in rapid
succession under the right conditions, for example, during a-fanging primitive function).

INVALID MODULE STRUCTURE
The internal structure of the variable is not a wielfmed module for calling into a DLL usingha.

INVALID OR DAMAGED COMPONENT FILE
You are attempting to tie a file as a component file when the file does not have the appropriate structure.

LANGUAGE INTERFACE NOT INSTALLED
This error can occur during the processing afa.

LENGTH ERROR
You are attempting to use an argument to a function where the length does not conform properly along a
relevant dimension.

(34 1244 16

LIBRARY NAME ERROR
The directory you are attempting to associate with a library number usifigd is invalid.

LIBRARY NAME TABLE FULL
There are too many directories associated with library numbers.

LIBRARY NOT FOUND
You referenced a library number that has no current definition.

LIBRARY NUMBER ERROR
The number you are attempting to associate with a directory usitidpd is invalid.

LIBRARY QUOTA EXCEEDED
You have as many active library definitions as the system allgas.can release existing library definitions to
provide room for new definitions.

LIMIT ERROR
You are attempting to perform an operation that exceeds one of the limits of the system.
999*999
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MODULE NOT FOUND
You are attempting to call an associated function created witha whose variable name (the library) does not
exist.

NA INTERNAL ERROR
This error can occur during the processing afa.

NO SPACE FOR t DM
There is not enough space in the workspace to record the diagnostic message.

NONCE ERROR
You are attempting to execute something that is not possible with the current system but that may be included
in a future release.

NOT ...

COPIED, ERASED, FOUND, SAVEDhese messages are, strictly speaking, not errors, but information about a
system function or system command that you have invokiédisually means that a name you supplied has not
been found or the name already existsd cannot be replaced.

OUTER SYNTAX ERROR
You are attempting to execute a function that has afoilimed control structure.

RANK ERROR
You are attempting to use a function that requires arguments of conforming rank but the ranks of the arguments
differ.

2 315125 5

S DAMAGE
Asuspendedor pendent function has been modified in such a way that the system cannot resume executing it.

SYNTAX ERROR
You are attempting to execute a statement that does not obey the rules of APL syntax; for example, you have
unmatched parentheses or quote marks.

SYSTEM ERROR
An error has occurred in the APL interpreter code, possibly caused by damage to the workspace's internal data
structures. The APL64 session terminates after a system error.

TYPE ERROR
You are attempting to assign a value to a defined function.

UCMDS ...

Many errors are prepended with UCMDS or contain UCMDS in theTlese errors have occurred in the user
command processorYou can frequently salvage the situation by using the Jufile command to display and
change the search list or by correctly installing the user command processor.

VALUE ERROR

You are attempting to derive a value from something that does not have any result defined; for example, you
referenced a name that is not defined at this stack level, or you attempted to assign (or use in a calculation) the
result of a function that doesat return a result or that has not had a result assigned during execution.
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WS ARGUMENT ERROR
The workspace identifier is-flbrmed or is too long to process.

WS DAMAGED
The source workspace is not in the correct form for a saved workspace, or a disk error has occurred.

WS FULL
You are attempting to execute a statement for which there is insufficient room in the workspaege is no
room to assign a variable or work area for temporary use and calculation.

WS NAME ERROR
You are attempting to change a workspace name to an invalid name with )save or )wsid.

WS NOT FOUND
The workspace you are attempting to load or copy from does not exist in the specified (or implicit) directory.

WS TOO LARGE
There is insufficient space in memory to load the specified workspace.

XHFOST ERROR

An error directly associated with the failure of a host operating system call has occurred during the execution of
an extended file functionThe error report contains the information available from the operating system about
the immediate circumstanced the error, including:the Windows system or library call that failed; a designator
for a place in the interpreter; the C library errno number; the number returned by Windows GetLastError(); and
the text supplied by Windows for that error number.
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APL WI Error Messages

These error messages, which come from the Windows interface, show an ellipsis where the system provides
additional information about the specific error. The line below the error message gives an example of the type of
error that can generate the messaghk some cases, an additional explanation is given.

7 #WCALL LIMIT ERROR: ...
example: Recursion limit (hnnn) exceede

1 #WGIVE LIMIT ERROR: ...
example: Recursion limit (hnnn) exceeded

1 tWIACTION ERROR: ...
example: Propertyset not permitted in this context

1T tWIACTION NAMEERROR: ...

example: Improperly formed action name
An action is a portion of the right argumenttavi ; it could be a method, a property, or an evdrandler

property.

1 tWI ARGUMENTERROR: ...
example: Argument required for method

1 tWI ATTRIBUTE ERROR: ...
example: Duplicate or conflicting attributes specified

1 £WI CLASS ERROR: ...
example: Class not found

1 tWI CLASS NAMEERROR: ...
example: Improperly formed class name

T +WI CREATION ERROR: ...
example: Unable to create window; reason=nnnn

In this context, "window" means a window in the Windows operating system sense of the word; this is roughly
equivalent to a control object in the APL64 interface.

T +WI DDE ERROR: ...
example: Need applicatiortopic in ddeTopic

1 tWI DEF ERROR: ...
example: Definition cannot change class

T tWI DOMAIN ERROR
A Domain Error in the traditional APL sense that occurred in APL WI.

7 Wl DRAWERROR: ...
example: Invalid brush style
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t WI ERROR: ...
example: Unexpected result from Windows OS

t WI EVENT NAMEERROR: ...
example: Improperly formed event name

t WI FOCUSERROR: ...
example: Window not open

t WI HOST ERROR: ...

The operating system is unable to execute the requested operation; it returns the action that generated the
error; the operating system function that failed; the number returned by Wind®&t_astError() ; and
the text supplied by Windows for that error number.

t WI LENGTHERROR
A Length Error in the traditional APL sense that occurred irGAWAL

t Wl LIMIT ERROR
A Limit Error in the traditional APL sense that occurred intARL

tWI LIMIT ERROR: ...
example: Unable to create new timer

t WI MENUERROR: ...
example: Menu bar items or popup menus can't be checked

t WI OBJECT ERROR: ...
example: Parent not found (too many ..'s)

t WI OBJECT NAMEERROR: ...

example: Invalid result object name following ">"
The greater than sign is used in redirection syntax for creating ActiveX children.

t WI OPEN ERROR: ...
example: Parent must be opened before child

t WI PARENTAGEERROR: ...
example: An object cannot be its own parent

t WI PRINTER ERROR: ...
example: Print Setup Error

t WI RANK ERROR
A Rank Error in the traditional APL sense that occurred inI\RL

t WI REGISTRY ERROR: ...
example: Cannot open registry key
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t WI RESOURCEERROR: ...

A resource in this context is usually an image file, such as a bitmap, icon, or cursor.

t WI RESULT ERROR: ...
example: Result redirection can only handle ActiveObject return values

t WI SIZE ERROR: ...

example: Cannot set size when scale is proportional; Use extent or where instead

t WI WAIT ERROR: ...
example: Unable to wait on disabled object

APL32 DAMAGED

The APLNow32 Runtime System (32 bit) proisesstaccessible.

APX initialization failure: ...
example: Unable to load Resource DLL

APX SAVE ERROR...
example: Unable to save

APX SYSTEM ERROR..
example: Undefined case

Initialization error: ...
example: Unable to start OLE library

LENGTH ERROR: ...
example: Wrong number of index arguments

MEMORY ERROR: ...
example: Insufficient Windows memory

NONCE ERROR: ...
example: Planned feature not yet implemented

SYSTEM ERROR: ...
example: Internally inconsistent system state

Unable to register CommandDockWrapper (reason nnnn)
The command bar mechanism failed.

[name:] Help not available
The Help resource for an ActiveX object is not defined or not present.
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Chapter 10:

System Limits and Characteristics

This appendix lists some characteristics of APL64 and the systenfdintie implementation parameters identified

in the 1SO standard.

APL64 uses the following internal data representations:
1 Boolean. One bit per element, range .

1 Integer. 0/ -bit / 's complement integers, range2146435071 to 2146435071 .

1 Floating point.31-bit IEEE standard doubfgecision; range from positiveumber limit to negativenumber

limit.
9 Character.5-bit characters.

=

Nested. 1 bytes per element at outermost level {pyte pointer).

1 Heterogeneous. - bytes per element.( byte datatype, byte reserved5 bytes to hold the largest possible

value).

The following table lists the system limits. A system limit of "none" means that the system has no constant value that
is enforced as a limit. In these cases, available workspace area is the only limit that applies. The limits and
characteristics in théable are those required to be documented by the international standard for the APL language.

System limits

Limit

Characteristic

PositiveNumberLimit
NegativeNumberLimit
PositiveCountingNumberLimit
NegativeCountingNumberLimit
IndexLimit (coordinate length):
CountLimit
StringLimit
RankLimit
Identifier-LengthLimit
Quote-QuadOutput-Limit
ComparisorTolerancelLimit
IntegerTolerance (system fuzz)
for non-zero integelint
Print-PrecisionLimit
FullPrint-precision
ExponentFieldWidth
IndentPrompt
QuadPrompt
FunctionrDefinition-Prompt
LineLimit
PrintingWidth-Limit
SymbolsLimit
Input-LineLengthLimit
FunctionLineLengthLimit
ExecuteArgumentLengthLimit
Workspace size

1.7976931348623158E308
71.7976931348623158E308
9007199254740991 (" 1+2*53)
79007199254740991 (- 1+2*53)
2146435071

2146435071

1073741791

127

100

None

1E 13

(2¥741+ 126 lint) < fuzz < 2% 40+
17

17

4

6K

"t ttenl6 K

RT B\ BYhE€ - number),T
32767

30to 2147483647

32767

1014

None

2146435071

Dependent on the installed physical
memory

—
N
(@]
=
=
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INDEX

A

absolute value108
access keyl50
access matrix
component file 209
ActiveX
explorer, 215
file information 207
addition, 103
ADF setup file212
alphabetic order134, 136
Alt+ Shift+F9 (find next executed linglL
Alt+F4 (exit APLB6
Alt+F9 (find previous executed lingjl
ambivalent function
concept 74
ampersand 150
AND (function)115
APL fonts8
APL idioms211
APL symbols
keyboard location60
apostrophe 150
arc-cosine 109
arcsing 109
arctangent 109
argument separatqrl49, 151
array
empty, 62, 126
heterogeneous64
homogeneous64
multidimensiona) 61
nested 63
simple 64
type/prototype, 126
ASMFNS workspac#65, 204
assembly language functionk65
assignment72, 73, 87, 143
indexed 143
multiple, 73, 145
selective 143
axis
with, 116, 118, 119, 120, 121, 123, 126, 129

B

Base value (function)l10
Binomial (function)108
bookmarks 33, 41

Boolean
concept 65
functions 81, 112
branch 148
branching 89, 98

C

Catenate (function)118
Ceiling (function)107
character matrixSeeAlsa objects
character vectarSeeAlsa objects
circular functions109
clear
workspace 44
Code Walker
arrows 33
code pane33
move among windows32
shortcut
move down the stack (Ctrl+[Numeric;+34
move to bottom of stack (Ctrl+[Numeric/]34
move to top of stack (Ctrl+[Numeric¥]p4
move up the stack (Ctrl+[Numesjg; 34
state indicator pang34
collating sequencel35
colon, 148
color. Seeeditor colors
combinations 108
comments 88, 147
compare
APL values205
component files208
directories 205
functions 205
identifiers
in user command file224
INI file settings212
native files 205
user command files219
workspace to user command fjl224
workspaces195
compatibility
cross system211, 212, 215, 230, 248
evolution leve] 120, 121, 122, 125, 132, 145
complement 116
complex numbers168
COMPLEXvorkspace, 168
component
compare 205
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component file
access matrix209
compare 208
copy, 208
APL+P(257
erase 208
library list 202, 209
numbers of tieg 219
read, 210
size limit 209
using an APL+P256
compress
user command file225
Compress (operator)L38
condition extension91, 93
conditional control structure90
conforming 101
Conjugate (function)104
control structures 90, 151
convert
APL to ASCI202
APL+Win to AP|.215
APL2 to APL+Wi211
array to vector 122, 125
ASCII to ARR03
atomic vector 230
decimal number to different base 10
error code to text 207
number to character136, 137
numbers to different basel10
string, 136
CONVERT
workspace 252
copy
APL to clipboard204
clipboard to APL205
component file 208
APL+PC57
session to workspace fijl@18
text, 38
user command
file to file, 219
file to workspace222
workspace 35
cosine 109
create
object, 45
Ctrl+(Numerie) (move up the stackB4
Ctrl+(Numeric*) (move to top of stack34
Ctrl+(Numeric/) (move to bottom of stagikj4
Ctrl+(Numeric+) (move down the stack)
Ctrl+A (select all38
Ctrl+C (copy)38
Ctrl+comma (insert/remove trace flag)1

Ctrl+F (find)38

Ctrl+F2 (insert/remove bookmari31
Ctrl+F3 (find next tokenB9

Ctrl+F9 (execution history31

Ctrl+G (fetch/get an object}t6

Ctrl+M (match parenthesesi0

Ctrl+N (create new objecti5

Ctrl+O (open an objecth5

Ctrl+P (print) 35

Ctrl+period (insert/remove stop flagd1
Ctrl+R (replace)39

Ctrl+Shift+A (save ws a8p
Ctrl+Shift+C (copy a w85
Ctrl+Shift+comma (remove trace flagd}
Ctrl+Shift+D (drop/delete a ws35
Ctrl+Shift+F2 (remove bookmarkéd)L
Ctrl+Shift+F3 (find previous toker39
Ctrl+Shift+G (gatherB8

Ctrl+Shift+L (load a ws34
Ctrl+Shift+M (match and tag parenthese4)
Ctrl+Shift+P (protected copy a w8p
Ctrl+Shift+period (remove stop flaggil
Ctrl+Shift+R (clear ws dialog b4
Ctrl+Shift+S (save a w8p
Ctrl+Shift+X (X load a w8p

Ctrl+V (paste)38

Ctrl+X (cut)38

Ctrl+Z (undo an actiony7

cut text, 38

D

datatype

APL

introduced, 65

date

functions 169
DATES workspac#69
Deal (function) 108
debugging

stop and trace41l
Decode (function)110
del, 150
delete

text, 38
delta, 150
delta-underscore 150
demonstration commangd206
depth

concept 63
Depth (function) 133
derived function

concept 77

descriptions, 137

©APLNow LLEAIl Rights Reserved/21/2026- Page237



diamond 88, 148
remove 224
dimension separatqrl51
directory identifier 204
Disclose (function)119
disk identifier 204
display
APL structurg207
APL value213
character matrix 209
DLL calls227
function time consumption229
Divide (function) 105
division 105
DLL (Dynamic Link Librargp7
calls tq 227
double quote 151
Drop (function) 120
drop a workspaceSeeworkspace, erase
DTFN workspa¢@51
dyadic function
concept 74
dyadic scalar functions
with axis 116

E

Each (operator)80, 142
edit meny 37
recall line dialog bax41
shortcut

copy (Ctrl+G)38
cut (Ctrl+X)38
delete key38
execution history (Ctrl+F941
find (replace) (Ctrl+FB8
find next (F3)39
find next bookmark (F2y1
find next executed line (Alt+Shift+F4)L
find next token (Ctrl+F3B9
find previous bookmark (Shift+F2)1
find previous executed line (Alt+F2)1
find previous material (Shift+F339
find previous token (Ctrl+Shift+F39
gather (Ctrl+Shift+GB8
insert/remove bookmark (Ctrl+F231
insert/remove stop flag (Ctrl+period}1
insert/remove trace flag (Ctrl+commaj)1

match and tag parentheses (Ctrl+SHift+\0

match parentheses (Ctrl+MO

paste (Ctrl+\/)38

recall next line (Shift+F931

recall previous line (F931

remove bookmarks (Ctrl+Shift+F2)L

remove stop flags (Ctrl+Shift+periodiL
remove trace flags (Ctrl+Shift+commad}l
replace material (Ctrl+R39
select all (Ctrl+A)38
undo (Ctrl+2)37
stop and trace4l
text processing37
edit window
function, 150
numerig 151
editor colors 48
EIGENVAL workspader6
eigenvalues176
eigenvectors176
element
concept 61, 63
empty array 126
empty vector 146
Enclose (function)121
Encode (function)110
Enlist (function) 122
Equal (function)112
equivalence 113, 114
erase
file, 208
user command file220
workspace file35
error code
Windows 207
Euler numberd), 105
event handler
collection 210
exception handling
user commands226, 237
executable file 207
Execute (function)136
executed line
find next 41
find previous 41
recall next 41
recall previous41
execution
history, 41
order of, 76, 145
user command processor activa30
exit APL.36
Expand (operator)78, 137
Exponential (function)105
exponential notation 65
expression
concept 76
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F

F2 (find next bookmarky1
F3 (find next)39
F9 (recall previous ling1
Factorial (function)108
fetch object 46
FFT workspacel 78
file identifier
list
all files 205, 207, 213
component files 209
DLLs207
tied files 219
file meny 34i 36
file tie number
list
all files 219
fill item, 119, 127, 129, 137, 138
find (and replace)38
Find (function) 114
find next
bookmark 41
executed ling41
material 39
token, 39
find previous
bookmark 41
executed ling41
material 39
token, 39
First (function) 122
Floor (function) 107
form
create function 228
editor, 226
list, 210
Format (function) 136
Fourier Transformsl78
function, 147,SeeAlsa objects
ASMFNS utility204
comments 88, 147
compare 205
demonstrate 206
display first line commen218
event handler 210
header, 85, 204, 215
identity, 140
labels 216
objects called by226
remove comments/blank row17
remove diamonds224
rename 217
representation 213

stop flag 33, 41, 206
symbols 147
trace flag 33, 41, 206
userdefined 85, 150
list, 209
visual representation87
function categories74

G

gamma function108
gather executed lines38
general functions132
Grade down (function)135, 136
Grade up (function)133, 134
greater numbey 106
Greater than (function)112
Greater than or equal (function13
group

user commangd221, 235

H

heterogeneous
concept 64
high minus 65, 146
homogeneous
concept 64
hyperbolic functions109

identifier list
ActiveX objects215
assembly language variabjexl 1
function summary218
function time consumption229
functions 209
global and local variableg10
locked functions214
migration filg 227
rename 217
size information217
top-level WI objects210
unsaved functions and variablez24
used by function226
user command

help, 222

user command file220, 224
user command grouR21
user commands219
variables 226
windows interface objects230
workspace 229

identity function 140
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idioms 211
immediate execution60
implicit output, 87
Index generator (function)106
Index of (function) 133
indexed assignmen¥3, 143
indexing 145

introduced 72

syntax 144
Indexing (function)123
inequality, 112
INI file search227
INI file setting

comparison with ADR212
initialization file (INI)

for runtime systems243

Inner Product (operator)79, 141

input

character 147

evaluated 146
insert/remove

bookmark 41

stop flag 41

trace flag 41
integer sequencel06
inverse

hyperbolic functions109

matrix, 111

trigonometric functions 109
item

concept 63
iterative control structure 93

J

jot, 151

K

keyboard
display 60
keywords
control structures 89, 148

L

label
function, 89
identifier, 149
Laminate (function)118
lamp, 147
Lamp 88
least squares111
left parenthesis 145
Less than (function)L13

Less than or equal (function}13
lesser number107
LFFN workspac@51
library
comparison 205
list
all files 213
component files202, 209
workspaces202, 228
load workspace34

localization 86, 151, 204, 210, 215, 235

logarithm

natural, 106
Logarithm (function)106
Logical

functions 82, 115
logical AND115
logical NAND115
logical NOR116
Logical OR115

M

Magnitude (function) 108
Make function 210
match
concept 63
Match (function) 113, 114
match parentheses40
matrix
introduced 61
Matrix divide (function)111
Matrix inverse (function)111
matrix multiplication 141
Maximum (function) 106
Member of (function) 114
menu
access keyl50
migration
among APL+ systemb88, 250
among APL+UNIX, PC, D&
APL+DOS to APL+W211, 264
APL+PC to APL+\With2
APL+Win to APL+D(¥53
APL+Win to APL+PZ53
APL+Win to AP|.215, 263
APL2 to APL+Wi212, 262
character set translation230
from APL+Win259
summary 248
to APL+Win204, 259
WSTOFILE identifier lig27
Minimum (function) 107
Minus (function) 104
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monadic function

concept 74
multiple assignment73, 145
multiplication, 104

N

naked branch89, 148
NAND (function)115
native file

compare 205

erase 208

numbers of tieg 219

read, 215, 218
Natural logarithm (function)106
Negate (function)104
negative decoration146
nested control structures97

nesting level 63, 119, 121, 122, 124, 125, 133, 145

new object 45

nonscalar function
introduced 75

NOR (function)116

NOT (function)116

Not equal (function)112

number sign151

numbers
representation of 65, 110, 136, 137, 146, 168

numeric functions 103

numeric order 133, 135

O

objects
shortcut
fetch (get) (Ctrl+GY6
localize (Ctrl+L.pA7
new (Ctrl+N)45
open (Ctrl+Q)45
objects menu42, 4447
octothorpe, 151
omega 150
open edit window 45
operator
descriptions, 137
introduced 76
OR (function)115
Outer Product (operator)80, 142
outer syntax
control structure 97
output
character 147
evaluated 146
implicit, 87

P

package

user commang223, 236
padding 119, 129, 137, 138
page setup

list commandg 226
Partition (function) 124
paste 38

to APL.205
patch workspace229
Pattern format

(function), 137
PCFILES

workspace, 256
Pi times (function)109
Pick (function)125
Plus (function)103
Power (function) 105
preferences 55
print

from session35, 216

tree, listview, richedit228
protected copy 35
prototype, 122

array, 126
pseudorandom numbersl 08
public comment 150
pythagorean functions109

Q

quad 146, 149
quote-quad, 147

R

radix, 110
random numbers108
rank
concept 62
Ravel (function)125
read
component file 210
native file 215, 218
user command file225
recall line 41

recall line dialog baxSeeedit menu

Reciprocal (function)105
reduce nesting119, 122, 125
Reduction (operator)77, 139
remainder, 107
remove

bookmarks 41

stop flags 41
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trace flags41
repetitive control structure 91
replace
material 39
Replicate (operator)79, 138
Representation (function)110
Reshape (function}L26
Residue (function)107
resource
browse graphical217
Reverse (function)127
right bracket 149
right parenthesis149
right to left
execution 76
Roll (function) 109
Rotate (function) 128
round down 107
round up 107
runtime system 243
example 243
file to distribute 247

S

save
user command file225
workspace 35
scalar
introduced 62
Vs oneelement vector 62
scalar function
dyadic, with axis116
introduced 74
Scan (operator)78, 140
search
array, 114, 133
edit window, 38
functions 214, 228
initialization files 227
search list
user command files220, 236
segmented string165
select all 38
selection control structurg95
selective assignmenfl43
introduced 73
semicolon 151
session log51
session windowl15
print, 35
shape
concept 62
Shape (function)132

Shift+F2 (find previous bookmaridl
Shift+F3 (find previous materiaB9
Shift+F9 (recall next ling31
sign
of a number 132
Signum (function)132
simple array
concept 64
simultaneous equationsl11
sing 109
single quote 150
size information
component file 209
executable file 207
functions and variable17
groups of files205
tied files 219
user command filg222
SLTSeeSource Level Transfer
SLT workspace, 258
sort order, 133, 134, 135, 136
source level transfer257
state variables
user commands226
statement separatar88, 148
remove 224
stop function execution33, 41, 206
string delimiter 150
structural
functions 82
structural functions 118
subroutine group
function, 226
user commangd221, 235
subtraction 104
system limits 275
system object151
system variables
current values208

T

Take (function)129
tangent 109
Times (function)104
timestamp 170
token

using in find and replac&9
tool argument 150
trace function execution33, 41, 206
transfer filg 211, 215
transliteration 202, 203, 212
Transpose (function)129, 130
trigonometric functions 109
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type. Seealsoprototype

U

UCMDS filg239
UCMDUTIL workspac238, 239
underscore 150
undo, 37
Unique (function) 131
user command file
compare identifiers224
compare objects219
compare to workspace224
compress 225
copy
file to file, 219
file to workspace222
distributed, 237
erase 220
identifier list, 220, 224
groups 221
information, 222
read, 225
save 225
search list220, 236
structure, 240
user commands
categorized, 199
defined 233
display help222, 236
exception handling237
execute expressiqr230
group, 221, 235
name list 219
naming conventions237
options 234
output, 234
package 223, 236
state variables226
system variables238
usage 201
utility functions 238
utility functions
user commands238
UTILITY workspac#&80

Vv

valence 74
variable
assigning a valyg'2
naming 72
variable separatqrl51
vector
introduced 61

visual function representatiqr87

wW

WFCARE

workspace 250

WFCARE workspacks8
Windows error code207
Windows interface

explorer, 230
runtime system 243

Without (function) 131
workspace

comparison 195
copy, 35
copy to file 218
environmental information229
erase file 35
file
utilities, 188
identifier list, 229
library list 202, 213, 228
patch, 229
save 35
shortcut
print from session (Ctrl+P35
protected copy (Ctrl+Shift+P35
save as (Ctrl+Shift+A35
X load (Ctrl+Shift+X35
utilities, 180
Q?1 @YPEH, 238, 239

workspaces
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COMPLEX.68
?KIRANP, 252
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DTEN251
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BBP, 178
LFFN251
PCFILE®56
SLT258
QPEHEPT, 180
SB?=NA, 188, 250
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zilde 146

APL Symbols

| (cup) 131
I (exclamation point)108
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" (double quote) 151
# (number sign)151
& (ampersand) 150

' (single quote) 150
((left parenthesis)145
) (right parenthesis)149
* (asterisk) 105
+(plus sign)103

, (comma) 118, 125

- (minus sign)104

. (period), 141

/ (slash) 138, 139

: (colon) 148

; (semicolon) 151
<(less than)113
=(equal sign)112

> (greater than) 112

? (question mark) 108
[ (left bracket) 144

\ (backslash)137, 140
] (right bracket) 149

A (logical and)115

_ (underscore) 150

| (stile), 107

~ (tilde), 116, 131

U (down tack) 110

U (up tack) 110

Y (left arrow), 143

Y (right arrow) 148
¥ (up arrow) 122, 129
Z (down arrow) 120

O(less than or equali113
O(greater than or equa))113

(logical nand)115
(logical nor) 116
(quad) 146, 149
(quote quad) 147
(domino) 111

(delta-underscore) 150

ae(delta), 150
n (del), 150
(upgrade) 133, 134

(downgrade) 135, 136

(thorn), 136, 137

(hydrant) 136
oO(left ceiling) 106
o(left floor), 107

(backslastbar), 137, 140

(slashbar)138, 139
O (left shoe) 121, 124
o (right shoe) 119, 125
~ (logical or) 115
" (diaeresis) 142

(lamp), 147
h (diamond) 148
i (not equal) 112
[ (equivalent) 113, 114, 133
(catbar) 118
~ (high minus) 146
Z (jot), 151
Z.(jot dot), 142
(circle) 109
3 (circle stile) 127, 128
(circlebackslash)129, 130
§ (circled minus)127, 128
(circle star) 106
¢ (epsilon) 114, 122
(epsilonrunderscore) 114
(iota), 106, 133
(rho), 126, 132
(omega) 150
(zilde) 146
x (multiplication sign)104, 132
(squad) 123
+ (division sign)105
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