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1. A selection of primitive functions                                                     
                                                                                           
                                                                                           
                    ONE ARGUMENT                     TWO ARGUMENTS                         
_________________________________________________________________________________________  
      +             no effect         +13            sum                 10 + 13           
      -             reverse sign      - ¯10          difference          1 - ¯7            
      ×             sign              ×  ¯2 0 2      product             3 × 7             
      ÷             inverse           ÷ 3            divide              1 ÷ 3             
      |             absolute value    | ¯10 10       residue, remainder  3 |  10 11 12     
      —             cieling           —  3 3.9       maximum             100 — 101         
      ˜             floor             ˜  3 3.9       minimum             100 ˜ 101         
      *             e to power        * 1            power               2 * 10            
      µ             log (base e)      µ 10           log any base        2 µ 32            
      ±             pi times          ± 2            trigon. functions   1 ± 0.5           
                                           (left arg. is 1 for sin, 2 for cos, 3 for tan) 
                                                     (right arg. in radians)               
      !             factorial         ! 5            binomial coeff.     3 ! 5             
      ?             random integer    ? 100          different random integers   7 ? 10    
      ~             Boolean negation  ~ 0 1 1                                              
      Ÿ                                              Boolean OR         0 0 1 1 Ÿ 0 1 0 1  
      ^                                              Boolean AND        0 0 1 1 ^ 0 1 0 1  
      <                                              Less                3 < 5             
      ˆ                                              Less or equal       4 ˆ 4 5           
      =                                              Equal               'a' = 'A'         
      ‰                                              Greater or equal    3 ‰ 3 2           
      >                                              Greater             3 > 12            
      ¬                                              Different           1 ¬ 7×1÷7         
      ½             shape of array     ½'abc'        fill shape with     5 10½'ABC '       
      ,             force vector shape  ,2 2½'abcd'  catenate along axis  TABA,[2] TABB    
                                                                         'ABC',' 012'      
      ²             reverse indices    ² TAB         rotate              2²'MILANO'        
                    (on first axis)                                      3 1 2²[1] TAB     
      ³             transpose          ³ TAB         reorder axes        2 1 ³ TAB         
      ´             reverse indices    ´ TAB         rotate              3 ¯1 ´ TAB        
                    (on last axis)                                       2 ´ [2] TAB       
      †                                              take first          3†'0123456'       
      ‡                                              drop first          2 ¯3 ‡ TAB        
      ¹                                              belongs to          'achab'¹'abc'     
      º                                              find starting position  4 5 6 º ¼10   
      /                                              repeat              3 2/'xy'          
                                                                         0 1 1 0/¼4        
      \                                              expand              0 1 1 0\7 8       
                                                                         1 0 1\[2]TAB      
      ›             enclose, make it a scalar    ½ ›'ABC'                                  
      œ             disclose, open a nested array œNESTED                                  
      ¼             integers up to      ¼10          index of            'abc'¼'achab'     
      ”             indices to sort (decr.)  ” 20 10 40 10                                 
      “             indices to sort (incr.)  “ 20 10 40 10                                 
      –             execute char string      – ' 20 × 5 '                                  
                                             – ' A + ½B '                                  
      •             format of num. array •2.00  3    assigned format     10 2• 1÷3         
      ‚                                              number in any radix 24 60‚255         
                                                                         2 2 2 2‚14        
      ƒ                                              reduce to base      2 2 2 2ƒ0 1 1 0   
                    matrix inverse        SQMATR     matrix division     MATRA   MATRB     
                                                                                           
                                                                                           
  2. Special syntax                                                                       
                                                                                           
                                                                                           
      ()            force order of execution            ( 2 × 3 ) + 5                      
      [;;;]         indices of an array                 VECTOR[3],TAB[2;1],CUBE[1;1;5]     
                                                        TAB[;2] , VECTOR[ 2 3 1 1 5 ]      
      „             assign to a name                    TOT „ +/ 3 4 5                     
                                                        VECTOR[ 3+J ] „ 0                  
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      …             branch to label (in function)       …SKIP                              
                                                        …(X¬Y)/SKIP                        
                                                        …0       exit this function        
                                                        …        exit all executions       
      :             label (in function)                 SKIP:  'WE CONTINUE'               
      ©             comment (to end of line)            ©  this will not work for X>½Y     
      Œ             get (evaluated) input               3.14159 × Œ                        
                    send to screen                      Œ „ A „ ÷ Œ „ ? 10 3 ½ 10          
      ¯             prefix of negative constant         ¯10  ¯2E¯6  1.1E3                  
      ª             statement separator                 A „ 1  ª B „ 2*10 ª 'DONE!'        
                                                                                           
                                                                                           
  3. Function extensions ('APL operators')                                                 
     (Examples for primitives + ×)                                                         
                                                                                           
     10 + 10                                                                               
     10 20 30 + 1 2 3                                                                      
     TABA + 1000                                                                           
     +/ TAB                                                                                
     +/[3] CUBE                                                                            
     +\ TAB                                                                                
     +\ [1] TAB                                                                            
     (¼10) °.× ¼10                                                                         
     TABA +.× TABB                                                                         
                                                                                           
                                                                                           
   4. Arrays of arrays - Strand notation                                                   
                                                                                           
Arrays of arrays (and primitives such as › œ ... ) can be omitted on a first pass.         
It is debatable if they provide as much value-for-effort as simple arrays.                 
But at some stage some careful exploration of arrays of arrays becomes necessary.          
                                                                                           
The traditional notation is based on › œ                                                   
( › wraps an array to make it a scalar,  œ unwraps it)                                     
                                                                                           
 NEST „(›'ABC'),(›5 5 ½¼5),'Z'                                                             
 NEST[3]„›1 4½'WXYZ'                                                                       
 (œNEST[1])[2]                                                                             
                                                                                           
A different notation, called strand notation, is also implemented.                         
The same variable NEST can be assigned as                                                  
                                                                                           
 NEST „ 'ABC' (5 5 ½ ¼5)  (1 4½'WXYZ')                                                     
                                                                                           
The parentheses group objects, instead of forcing the order of execution.                  
                                                                                           
 ( A B C ) „ NEST                                                                          
                                                                                           
Without these extensions, one would expect two of these forms to be errors                 
(if X is numeric):                                                                         
                                                                                           
'result is '  X                (syntax violated)                                           
'result is ' ,X                (mixing char and number)                                    
'result is ',•X                (safe traditional form, creates vector of char)             
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DYALOG APL version 8    
System variables - system functions 
                                                                    
(Items marked ** are basic, items marked * are advanced, all others can be skipped)        
                                                                                           
          Functions, Operators & Namespaces:                                               
                                                                                           
          ŒAT attributes                                                                   
**        ŒCR canonical representation                                                     
          ŒCS change (name)space                                                           
          ŒCY copy objects to active ws                                                    
*         ŒED edit objects                                                                 
*         ŒEX expunge objects                                                              
          ŒEXPORT export objects                                                           
**        ŒFX fix definition                                                               
*         ŒLOCK lock object                                                                
          ŒML migration level                                                              
*         ŒNC name class                                                                   
*         ŒNL name list                                                                    
          ŒNR nested representation                                                        
          ŒNS create namespace                                                             
          ŒNSI namespace indicator                                                         
          ŒOR object representation                                                        
          ŒPATH search path                                                                
**        ŒSIZE size of objects                                                            
*         ŒVFI verify & fix numerics                                                       
          ŒVR vector representation                                                        
                                                                                           
          Input/Output:                                                                    
                                                                                           
*         � character input/output                                                         
**        Œ evaluated input/output                                                         
          ŒÁ underscored alphabet                                                          
          ŒA alphabet                                                                      
          ŒARBIN arbitrary input                                                           
          ŒARBOUT arbitrary output                                                         
**        ŒAV atomic vector                                                                
          ŒD digits                                                                        
          ŒDL delay                                                                        
          ŒFMT format                                                                      
          ŒFMT(Dyadic) format by specification                                             
          ŒRTL response time limit                                                         
          ŒSD screen dimensions                                                            
                                                                                           
          ŒSM screen map                                                                   
          ŒSR screen read                                                                  
          ŒTC terminal control characters                                                  
                                                                                           
          APL Files:                                                                       
                                                                                           
          ŒFAPPEND append component                                                        
          ŒFAVAIL file system availability                                                 
          ŒFCREATE create file                                                             
          ŒFDROP drop components                                                           
          ŒFERASE erase file                                                               
          ŒFHOLD hold file                                                                 
          ŒFLIB file library list                                                          
          ŒFNAMES tied file names                                                          
          ŒFNUMS tied file numbers                                                         
          ŒFRDAC read file access matrix                                                   
          ŒFRDCI read file component information                                           
                                                                                           
          ŒFREAD read component                                                            
          ŒFRENAME rename file                                                             
          ŒFREPLACE replace component                                                      
          ŒFRESIZE resize file                                                             
          ŒFSIZE file size                                                                 
          ŒFSTAC set file access matrix                                                    
          ŒFSTIE share tie file                                                            
          ŒFTIE tie file                                                                   
          ŒFUNTIE untie files                                                              
          ŒXT query external variable                                                      
          ŒXT(Dyadic) set external variable                                                
                                                                                           
          Native Files:                                                                    
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*         ŒDR data representation (monadic)                                                
*         ŒDR data representation (dyadic)                                                 
*         ŒNAPPEND appends value to a native file                                          
*         ŒNCREATE creates a native file                                                   
*         ŒNERASE erases a native file                                                     
*         ŒNNAMES reports names of all open native files                                   
*         ŒNNUMS reports tie numbers of all open native files                              
*         ŒNREAD reads data from a native file                                             
          ŒNRENAME renames a native file                                                   
                                                                                           
*         ŒNREPLACE writes data to a native file, overwriting existing data                
          ŒNRESIZE changes the size of a native file                                       
*         ŒNSIZE reports the current size of a native file                                 
*         ŒNTIE opens a native file                                                        
*         ŒNUNTIE closes one or more native files                                          
          ŒNXLATE specifies/reports character translation for a native file                
                                                                                           
          Graphical User Interface:                                                        
                                                                                           
          ŒDQ await & process (dequeue) events                                             
          ŒNQ place event in queue (enqueue)                                               
          ŒSE session namespace                                                            
          ŒWC create windows object                                                        
          ŒWG get windows object properties                                                
          ŒWN query child object names                                                     
          ŒWS set windows object properties                                                
                                                                                           
          Event Trapping:                                                                  
                                                                                           
*         ŒDM diagnostic message of last error                                             
          ŒEM event messages                                                               
          ŒEN event numbers                                                                
          ŒSIGNAL signal event                                                             
*         ŒTRAP trap error events                                                          
                                                                                           
          Shared Variables:                                                                
                                                                                           
          ŒSVC query access control                                                        
          ŒSVC(Dyadic) set access control                                                  
          ŒSVO query degree of coupling                                                    
          ŒSVO(Dyadic) shared variable offer                                               
          ŒSVQ shared variable query                                                       
          ŒSVR retract offer                                                               
          ŒSVS shared variable state                                                       
                                                                                           
          State Indicator Stack:                                                           
                                                                                           
*         ŒLC line count                                                                   
          ŒMONITOR query monitor                                                           
          ŒMONITOR(Dyadic) set monitor                                                     
          ŒNSI namespace indicator                                                         
          ŒREFS local references                                                           
          ŒSHADOW shadow names                                                             
*         ŒSI state indicator                                                              
          ŒSTACK state indicator stack                                                     
          ŒSTATE state of an object                                                        
          ŒSTOP query stop vector                                                          
          ŒSTOP(Dyadic) set stop vector                                                    
          ŒTRACE query trace vector                                                        
                                                                                           
          ŒTRACE(Dyadic) set trace vector                                                  
                                                                                           
          Workspace:                                                                       
                                                                                           
*         ŒAI account information                                                          
          ŒAN account name                                                                 
          ŒCLEAR clear workspace                                                           
*         ŒCT comparison tolerance                                                         
          ŒDIV division method                                                             
          ŒIO index origin                                                                 
          ŒKL key label                                                                    
          ŒLOAD load workspace                                                             
*         ŒLX latent expression                                                            
          ŒPFKEY programmable function key                                                 
*         ŒPP print precision                                                              
*         ŒPW page width                                                                   
*         ŒRL random link                                                                  
                                                                                           
          ŒSAVE save workspace                                                             
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**        ŒWA workspace available                                                          
          ŒWSID workspace identification                                                   
                                                                                           
          System Operations:                                                               
                                                                                           
          ŒCMD execute command                                                             
          ŒCMD(Dyadic) start auxiliary processor                                           
          ŒNA name association                                                             
          ŒOFF sign off                                                                    
          ŒSH execute command                                                              
          ŒSH(Dyadic) start auxiliary processor                                            
*         ŒTS time stamp                                                                   
                                                                                           
SYSTEM COMMANDS (immediate execution only)                                      
                                                                                           
          A WORKSPACE is a file containing variables and defined functions.                
          A single workspace is active at a given time.                                    
                                                                                           
                                                                                           
          Object Commands:                                                                 
                                                                                           
**         )COPY {wsid {names}}           )COPY UTILITY  A B xy                            
           (copies A B xy into active workspace)                                           
                                                                                           
           )CS {name}                                                                      
**         )ED names                      )ED POLPROD    (editor)                          
*          )FNS {name}                    )FNS                                             
           (lists all defined functions in active workspace)                               
                                                                                           
           )NS {name}                                                                      
           )OBS {nms}                                                                      
           )OPS {name}                                                                     
*          )PCOPY {wsid {names}}          )PCOPY UTILITY  A B xy                           
           (copies objects unless there is a name conflict)                                
                                                                                           
*          )VARS {name}                   )VARS                                            
           (lists all variables in active workspace)                                       
                                                                                           
                                                                                           
          Stack Commands:                                                                  
                                                                                           
**         )RESET                         (clears all suspended executions)                
*          )SI                            (shows suspended functions)                      
*          )SINL                          (shows suspended functions and local names)      
                                                                                           
                                                                                           
          Workspace Commands:                                                              
                                                                                           
**         )CLEAR                         (clears all objects in active workspace)         
**         )DROP {wsid}                   )DROP OLDVERSION   (deletes a workspace on 
file) 
**         )LIB {dir}                     )LIB C:\TEMP                                     
           (lists workspaces in directory)                                                 
                                                                                           
**         )LOAD {wsid}                   )LOAD ALGEBRA                                    
           (loads workspace ALGEBRA and loses current workspace)                           
                                                                                           
**         )SAVE {wsid}                   )SAVE                                            
           (saves current workspace to file)                                               
                                                                                           
**         )WSID                          )WSID SOFAR                                      
           (queries or assigns current workspace name)                                     
                                                                                           
           )XLOAD {wsid}                                                                   
                                                                                           
                                                                                           
          Operating Commands:                                                              
                                                                                           
           )CMD {cmd}                                                                      
           )CONTINUE                                                                       
**         )OFF                            )OFF                                            
           (exits APL and loses current workspace)                                         
                                                                                           
           )SH {cmd}                                                                       
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        DYALOG APL KEYBOARD                     
���������������������������������������         
�ª��1��2��3��4��5��6��7��8��9��0��+��×�         
���������������������������������������         
     ������������������������������������       
     �Q��W��E��R��T��Y��U��I��O��P��„��…�       
     ������������������������������������       
      ���������������������������������         
      �A��S��D��F��G��H��J��K��L��[��]�         
      ���������������������������������         
       ���������������������������������������� 
       �Z��X��C��V��B��N��M��,��.��/��Shift��#� 
       ���������������������������������������� 
            Unshifted                           
                                                
���������������������������������������         
�º��¨��¯��<��ˆ��=��‰��>��¬��Ÿ��^��-��÷�         
���������������������������������������         
     ������������������������������������       
     �?��¾��¹��½��~��†��‡��¼��±��*��­��»�       
     ������������������������������������       
      ���������������������������������         
      �¸��—��˜��_��’��‘��°��'��Œ��(��)�         
      ���������������������������������         
       ���������������������������������������� 
       �›��œ����� ��ƒ��‚��|��;��:��\��Shift�� � 
       ���������������������������������������� 
            Shifted                             
                                                
���������������������������������������         
�þ��!�����”��“��²��³��´��µ��‹��Š��«�� �         
���������������������������������������         
     ������������������������������������       
     �Ù��ì��È��Ú��Ý��ò��Þ��Í��Ô��Õ�������       
     ������������������������������������       
      ���������������������������������         
      �Á��Û��Ç��Ê��Ë��Ì��Î��Ï��Ð��–��•�         
      ���������������������������������         
       ���������������������������������������� 
       �õ��ð��Ã��ã��Â��Ó��Ò��©��™��š��Shift��®� 
       ���������������������������������������� 
            Ctrl+Shift                          
                                                
CapsLock on produces lowercase letters          
Ctrl+N switches to the APL keyboard             
Ctrl+O switches to the US text keyboard         
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