






























































































































































































































































































































































































































































































































































































































































































































































































































































IBM Internal Use Only 

partitions with the value specified in the paralneter. The valid 
range of values for parameter is from 1 to 100. 

Salnple AP2 session 

1 1 1 

2 2 2 

0 

o 

o 

R Share with AP2 
2 DSVO 3 lp'CDE' 

R Verify the share 
DSVO 3 lp'CDE' 

R Request 20K bytes 
D+-r20480f16 

of memory 

C+-l 1 1 
n 1 l=Get Memory, in partition 1 
A Check return code 
C 

R Allocation succeeded 
R Define name of the program to load 
D+'PROGRAM' 
C+2 2 1 4 3 
R 2 2=Load, Partition 1, 4= std DOS, 
R 3=Restore interrupt and program code 
C 

R Pass argument to progz'am 
E+'ARGUMENT',OTC[2] 
C+3 5 1 
R 3=Execute, 5=Free memory, l=Partition 
C 

Return Codes (Returned througb the control 
variable) 

Code 
o 
2 
3 

Meaning 
- Success 
- File not found 
- Path not found 

4 - No file handles 
5 - Access denied 
8 - Insufficient memory for file handles 

15 - Invalid drive 
21 - Drive not ready 
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23 - Data error 
25 - Seek error 
27 - Sector not found 
30 - Read fault 
31 - General failure 

IBM Internal Use Only 

-1 - Data variable D required and not shared 
-2 - Invalid object in the control variable 
-3 - Invalid object in data variable D 

4 - Non-executable file requested as executable 
- 5 - Loading of this prograrn is expressly prohibited 
- 6 - Program to be loaded is larger than partition 

- 2 6 - Insufficient memory to process request 

The following return codes will only occur as a result of 
attempting to pass a previously freed exchange-assembly 
object: 

-1001 - Unable to free space allocated to C 
-1002 - Unable to free space allocated to D 
-1003 - Unable to free space allocated to E 

rrhe Prillter Auxiliary Processor: AP80 

The AP80 auxiliary processor can be accessed from APL on 
the IBM Personal COlnputer and provides a way to control the 
IBM Graphics Printer frotn APL functions. It allows you to 
specify the printing parameters and to print character strings. 
The entire APL character set is supported. 

To use this auxiliary processor, you must include AP80 as a 
parameter to the APL command at load time before you begin 
an APL work session. For example, 

APL AP80 

Alternatively, it may be loaded through AP2. 

Ar80 must be loaded to allow any use of the printer from 
within APL. 
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The following APL line must be executed before the auxiliary 
processor can be used: 

80 DSVO 'name' 

\vhere name is the narne of the APL variable being shared with 
the auxiliary processor. 

The result of the preceding line will be a 1 if the variable name 
has been accepted by the auxiliary processor. This processor 
accepts only one variable. 

The following line must be executed next: 

DSVO 'name' 

The execution of this line must give a result of 2. If not, the 
auxiliary processor is not active, or a different variable has 
been shared with it and has not been retracted. 

Any chai'acter string (vector or scalar) assigned to the variable 
defined by name, will be interpreted as a conillland to the 
auxiliary processor. 

I f the first character in the string is DA V [D.I 0 + 255], the 
remaining characters in the string are sent to the printer in 
alphan1eric mode. In this way, printer control codes can be 
included and executed. The printer control codes that may be 
used are listed in the PRINT_GEN function in the PRINT 
workspace. 

When a new-line character is found, the print head returns to 
the beginning of the saIne line. A line-feed character sends the 
print head to the beginning of the next line. 

If the first character in the string is not OAV[DIO+255], the 
whole string is printed as given. A new-line character sends 
the print head to the beginning of the next line, as does a 
line-feed character. 

Therefore, a character can have a dual function, depending on 
the selected printing nlode. 
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Exanlple: 

1 

2 

DIO+-1 
80 OSVO 'X' 

DSVO 'X' 

IBM Internal Use Only 

Variable X has been offered to, and accepted by, AP80. 

X+-'ABCD' ,OTC[2] 

The printer prints the string ABCD followed by a return to the 
beginning of the next line (caused by the New line character, 
OPC [2], in one-origin). 

X+DAV[256159],'E' 

Set enlphasised mode (printer control code). 

X+-' ABeD' ,DTC[2] 

The printer prints the string ABCD in emphasised mode, 
followed by a new line. 

OSVR 'X' 
2 

Finally, the variable is retracted. 

If the value of OPW is less than or equal to 80, nonnal 
characters are printed. Otherwise, compressed mode is used 
and the printable line length is increased from 80 to 132. This 
affects all three modes of using AP80: screen copy, screen log, 
and direct printing through a shared variable. 

Patching AP80 for Other Printers 

I AP80 can be patched for use \vith Graftrax, the IBM 5182 
I Colour Printer, the IBM 3852-2 Colour Ink Jet Printer, or for 
I wide printers such as the FXlOO and MXIOO printers. 

I To apply a patch to the copy of AP80 on the default drive, the 
I following procedure nlay be used: 
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APl AP210 
)IN FILE 
APLPATCH 'AP80GRAF.PAT' 

I where AP80GRAF.PAT is the name of the DOS file 
I containing the required patch. 

I Patch for Graftrax (AP80G RAF.PA T): 

I Addr Old New 
1347 2B 56 Different setup for compressed print 
I 35A 59 4C Change graphics mode from "Y" to "l" 

The accented national characters and SOIne of the other special 
characters cannot be printed, but the normal APL characters 
should print correctly. 

I Patch for IBM 5182 Colour Printer (AP805182.PAT): 

I Addr 
1367 
1368 
136E 
I 
I 

Old New 
99 OF 
04 07 
03 05 

Point to different 
character table (optional) 

Modify character spacing (Note that 
compressed print does not work 
correctly with the IBM Colour Printer) 

I Patch for IBM 3852-2 Colour Ink-Jet Printer 
I (AP803852.PAT): 

I Addr Old New 
1347 2B 56 
135A 59 4B 
136E 03 01 
I 3BO 4C 4B 
I 3C4 02 01 

Different setup for compressed print 
Change graphics mode from ny" to "K" 
Modify character spacing 
Change graphics mode from "l" to "K" 
Modify character spacing 

I Patch for }"XI00jMXI00 type printers with wider print lines 
I (AP80FXMX.PAT): 
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I Addr 
1344 
1353 
137E 
13A9 

Old New 
50 84 
50 84 
84 D2 
84 D2 

Switch to compressed mode at DPW>132 
Max length of normal line = 132 
Max length of compressed line = 210 
Max length of compressed line = 210 
(Graftrax) I 

I Note: The addresses given above are for the APL PATCH 
I function in the FI LE workspace. To use the DOS DEB U G 
I program, add X' 100' to each address. 

The Stack and Profile Auxiliary 
Processor: APIOI 

APIOI is an auxiliary processor to support the following 
functions: 

• Input line stack. Lines added to the stack are provided as 
input for subsequent requests for input, in the same order 
they were given. 'The default size of the stack is 1024 
bytes. 

• Function-key definition. 

• Library definition. Up to 30 APL libraries with nunlbers 
from 1 to 30 may be defined to various DOS directories or 
sub-directories. APL file corrunands ()LIB, )LOAD, 
)SA VE, )DROP, )IN and lOUT) will work automatically 

with these libraries. The two file auxiliary processors, 
AP210 and AP2 will also allow the use of these library 
numbers. 

• Screen-keyboard mode change. The screen may be defined 
as monochrome or one of the colour monitor modes. The 
keyboard may be defined to be APL or National. 

The auxiliary processor must be invoked at APL load time in 
the following way: 
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APl APIOI 

or it may be loaded dynamically by nleans of AP2. 

A variable is shared with APIOl in the usual way. Once the 
variable has been accepted by APIOl, the following commands 
are recognised (the name of the shared variable is assumed to 
be X): 

• X + 'ST any char string' 

Inserts the character string in the input line stack. The 
string may contain new-line characters, which will provide 
each of the corresponding lines as input when input is 
subsequently requested. 

• X + 1ST' 

Clears the stack of all lines previously ad.ded to it. 

• X + I Fn any char string' 

Where n is a number from 1 to 30, d.efines the 
corresponding function key to produce the given character 
string. New lines may also be included in the string to 
produce inlffiediate execution. There is a maximum length 
of the function key string (new line characters included). 
I ts default value is 15. 

}-:"l-lO are the normal F-keys. F11-20 are the same keys, 
together with the shift key. F21-30 are again the same 
keys, together with the Ctrl key. 

• X + 'Fn I 

U ndefines function k.ey number n. 

• X + 'Fa I 

U ndefines all function keys. 

• X + 'F?' 
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Returns in X the current definition of the F -keys, as a 
matrix with 30 rows and as many columns as the current 
nlaximum. 

• X -+- 'Ln directory string' 

Where n is a number from 1 to 30, defines the 
corresponding library number to refer to the given 
directory string. Both drive definitions and sub-directories 
may be included in the string, which should end with a 
"\". (For exarnple: "e: \SUBl \SUB2\"). There is a 
maximurn length of the directory string. Its default value 
is 15. 

• X-+-' Ln' 

Restores library number n to its default state. If n is a 
library number that corresponds to a valid PC DOS drive 
id, then it will recover its default mapping. (e.g. library 1 is 
"1\:",2 is "B:", 3 is "C:", etc.). 

• X-+-' LO' 

Restores all library numbers to their default state. All 
library numbers that correspond to valid PC DOS drive ids 
will recover their default mapping. (e.g. library 1 is "A:", 2 
is "B:", 3 is "C:", etc.). 

• X -+ I L? I 

Returns in X the current definition of the libraries, as a 
matrix with 30 rows and as many columns as the current 
maxImum. 

Where: 

m - is a number between 256 and 32767, sets m as the new 
size of the input stack butler. The current contents of 
the stack buffer are lost. The default size is 256. 
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n - is a number between 10 and 100, sets n as the new 
maxinlum length for F-key definitions. All current 
F-key definitions are lost. The default size is 15. 

p - is a number between 10 and 100, sets p as the new 
maxirnum length for each library definition. The 
current contents of the library definition buffer are 
lost. The default size is 15. 

A value of 0 for any of these parameters leaves the 
corresponding setting unchanged . 

• X + n 

I f a S;n~ 7, B I OS screen mode n. is selected, if possible. If 
the monochrome adapter is not present, nlode 7 will be 
rejected with a return code of -3 O. The same win happen 
with modes 0-6 if the colour graphics monitor adapter is 
not present. 

\Vith the help of this function, the user may build a 
PROFILE (see the preceding chapter) to initialise APL to 
any cne of the supported rnodes. 

If n=-l, the APL-on keyboard is selected. 

If n=-2, the national (APL-ofl) keyboard is selected. 

Error Return Codes 

Code 1\11 eaning 
a - Success 
1 - Invalid object 
2 - Object too large 

-26 - No space available 
-3 a - Invalid BIOS screen mode 
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1-'lle BIOS/DOS Illterrupt Auxiliary 
Processor: AP 103 

The AP 1 03 auxiliary processor provides an interface to 
generate BIOS and DOS interrupts or function calls. This 
processor replaces APIOO (included in the Personal Computer 
APL System, Version 1.0), and extends its function to include 
integer specification of the shared variable and I/O port word 
and byte access. A joystick algorithm has also been included 
as a special case. 

The processor utilises a single shared variable that may have 
any valid name. 

To nlake the best use of the facilities of this AP, it is advisable 
to refer to the PC Technical Reference manual for details of 
the processor registers, port addresses and BIOS interrupts. 
Refer also to the DOS Technical Reference Manual for details 
of DOS calls and interrupts. 

To use this auxiliary processor, you must include API03 as a 
pararneter to the APL comnland at load tirne before you begin 
an APL work session. You may also load it dynamically 
through AP2. 

For example, 

APL API03 

The foHewing APL line must be executed before the auxiliary 
processor can be used. 

103 DSVO 'name' 

where name is the narne of the APL variable being shared 
with AP 103. The result of the previous line will be a 1 if the 
variable name is accepted. 

The following line must be executed next. 

OSVO 'name' 
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I t must give a result of 2. If not, either the auxiliary processor 
is not active, or a different variable has been shared with it and 
has not been retracted. 

BIOS/DOS Interrupt Function Call 

Any integer or character vector with at least 17 elements 
assigned to the variable nanle, will be interpreted as a 
command to the auxiliary processor to generate a BIOS/DOS 
interrupt. If integer, all values nlust be positive and in the 
range 0-255. If character, it will be considered equivalent to 
the one-byte integers that are equal to the position of each 
elen1ent in the APL atomic vector (DAV), in zero index origin. 

The elerrlents of the vector must contain the following 
information: 

C[l] 
C[2] 
C[3] 
C[4] 
C[5] 
C[6] 
C[7] 
C[a] 
C[9] 
C[lO] 
C[ll] 
C[12] 
C[13J 
C[14] 
C[15] 
e[16] 

C[17] 

- Interrupt number 
- Al register 
- AH register 
- Bl register 
- BH register 
- Cl register 
- CH register 
- Dl register 
- DH register 
- SI register low part 
- SI register high part 
- Dl register low part 
- DI register high part 
- BP register low part 
- BP register high part 
- Input: reserved 
- Return: low order flags 
- Translation options(*) 
- Return: high order flags 

plus none, two or four of the following additional elements: 

C[la] - DS segment low part 
C[19] - DS segment high part 
C[20] - ES segment low part 
C[2l] - ES segment high part 

Chapter 12. Auxiliary Processors 12-19 



IBM Internal Use Only 

* Al register translation options: 

Value Input Output 

0 as-is as-is 
64 as-is ASCII/APl 

128 APl/ASCII as-is 
192 APL/ASCII ASCII/APl 

If elenlent 16 is 128 or 192, AL values are considered as 
internal APL characters, and are translated to their ASCI I 
equivalents before the interrupt takes effect. If element 16 of 
the input comnland was 0 or 128, the return values are passed 
as they are. However, if element 16 of the input command 
was 64 or 192, the AL values are considered as ASCII 
characters, and are translated to their internal APL 
equivalents. (See the preceding diagrarn). This feature is to 
provide compatibility with the AP 100 auxiliary processor 
supplied with APL/PC 1.0 where only characters strings could 
be passed to or from the AP. When using the numeric form of 
input to API03, the translation option should be ignored, and 
its value set to O. 

The value returned will be a vector with the sarne type and 
nurnber of elenlents as the input. The register values will be 
updated to their new values after execution of the interrupt. 
The flags will be returned in elements 16 and 17. 

Failure to parse the request will be signified by a return code 
of -1. Specifying an integer register value outside of the range 
o through 255 will cause unpredictable results. 

Example of Use: 

To read an ASCI I character struck from the keyboard, using 
BIOS interrupt 16B and APl03, you can execute the following 
function (see the Technical Reference manual for information 
about ill as interrupts): 
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[0] Z+,INKEY;X;DIO 
[lJ DID-E-O 
[2] Z+103 OSVO 'X' 
[3] Z+DSVO 'X' 
[4-] X+22, 16pO 
[5] Z+X [1 2J 

• Line 1 sets the origin to O. 

o Lines 2 and 3 share variable X with API03. 

• Line 4 assigns to the shared variable X, the input needed to 
address interrupt 16H; that is: 

Element 0 is the number of the interrupt desired (22 is 
equivalent to X'16'). 

Elernent 2, the contents of All, is set to O. 

Elements 15 and 16 are set to O. 

The contents of the renlaining elelnents are not 
important. 

• Line 5 returns the result of the interrupt: 

Elenlent 1 returns the contents of AL, the struck key 
code. 

Element 2 returns the contents of AH, the key scan 
code. 

'Vhen you call the function, INKEY, the system stops 
processing when line 4 is executed. The system waits for you 
to press any key. When you do so, the function returns a 
two-element vector: the first elenlent is the key code, and the 
second is the scan code (see "Keyboard Encoding and Using" 
in the appropriate Personal Con1puter Technical Reference 
nlanual). 

The INKEY function in the UTI L workspace provides the 
same capability as this example. See "The UTI L Workspace" 
on page 11-92. 
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Notes: 

1. AP100, as supplied with APLjPC Version 1.0 had the ability 
to repeatedly issue interrupts with various values of the A L 
register. This mode of operation is not supported by AP 103. 

I 2. If AP 103 is used to issue a call to BIOS to switch between 
I 40 and 80 column modes, it is bnportant that the appropriate 
I BIOS equipment flag is changed to reflect this change. 
I Failure to do so will cause problems in graphics modes when 
I backspacing or inserting characters. The mode may be safely 
I changed using AP J01, API 24 or AP206. 

I/O Port IN/OUI' Request 

This function is designed to permit a user defined function to 
read from or write to specific hardware ports with either byte 
or word data. 

C -+- DH,DL,AL 
Perform a byte OUT command. 
Return: always O. 

C -+- DH,DL,AL,AH 
Perform a word OUT cornmand. 
Return: always O. 

C -+- DH,DL 
Perform a byte IN command. 
Return: value of AL register. 

C -+- 1 2 p DH,DL 
Perform a word IN command. 
Return: value of AX register. 

If any of the register values are not in the range 0-255, 
unpredictable results will occur. Failure to parse the command 
will result in a return of -1. 
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J oystic){ Algoritlull 

In addition to the above functions, a special case has been 
included in this AP to permit the scanning and calculat.ion of 
the position of devices attached to the Games Control Adapter 
(e.g. joysticks or paddles). 

This function clears the port and then scans it for a change, 
calculating the joystick position in a convenient way for APL 
processing. 

It should be noted that it is the responsibility of the user 
defined {unction to issue the call at regular enough intervals to 
permit timely interception of changes in joystick requests. 

Syntax of this function is: 

C +- 1 2 p 2 1 

(0201 H is the Games Adapter port). 

Return code in C: 

C [1] - Joystick-A X Co-ordinate 
C [2] - J oystick-A Y Co-ordinate 
C[3] - Joystick-B X Co-ordinate 
C[4] - 10ystick-B Y Co-ordinate 
C [5] - 10yst.ick-A Button 1 
C[6] - 10ystick-A Button 2 
C[7] - loystick-B Button 1 
C[8] - 10ystick-B Button 2 

If it is not possible to obtain enough space to generate the 
above return code, the result will be -2. 
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Tile Full ScreeIl ]\tlallagement Auxiliary 
Processor: AP124 

This auxiliary processor allows you to control the screen from 
an APL defined function. It permits your application to: 

• Write to the formatted screen. 

• Read fronl the formatted screen. 

• Copy screen images to a printer. 

• Produce colours, highlighting, reverse video, etc. 

• Control the keyboard translation. 

• Enter" Inkey" mode to trap single key interrupts. 

• Run asynchronously. 

• Define up to 100 fields. 

AP 124 requires two shared variables: a data variable, (whose 
name nlust start with a "D"), and a command-control variable 
(whose nan1e must start with a "C"). These variables may be 
shared in any order but only one pair is allowed. 

AP124 Operation 

In the following, the physical screen is the adapter card screen 
rnemory, and the logical screen is a buffer in normal melnory 
containing a copy of the screen contents. Operations are 
performed nonnally on the logical screen, the information of 
which is transferre.d to the physical screen (i.e. the physical 
screen is refreshed) by certain calls (Read and Wait, Immediate 
vVrite). 
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Clear Screen/Change Mode 

Syntax: 

Ct 1 ~o - Clear screen. 
Ctl+-O ,Mode - Clear screen and change display mode. 
Both the logical screen and the physical screen are cleared. 

where Mode is an integer from 0 to 7. 

o = 25 x 40 Black and White Alpha. 
1 = 25 x 40 Colour Alpha. 
2 = 25 x 80 Black and White Alpha. 
3 = 25 x 80 Colour Alpha. 
4 = 200 x 320 Colour Graphics. 
5 = 200 x 320 Black and White Graphics. 
6 = 200 x 640 Black and White Graphics. 
7 = 25 x 80 lVlonochrome Display. 

Format the Screen into Fields 

Syntax: 

Dat~n by 6 numeric array 

ctl~l - Format the screen. 

ctl~l ,Field_number(s) - Refonnat field(s). 

This call permits you to divide your logical screen into 
rectangular areas known as fields. Each field is defined in 
ternlS of its offset [rorn the left hand corner of the screen, its 
depth and its width. You must also indicate whether the field 
is input or input/output and its display "attribute". 

Exanlple: 

Dat~l 6pl0 5 1 1 0 7 
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defines a field in the tenth ro\v, fifth colurnn, one high, one 
wide. The field has a type of input/output and attribute is 
normal. 

lIint: To provide a complete background colour, define field 1 
of your array as 1 1 1, n , 2 , c, (where (where n is either 
1000 for 40 column modes, 2000 for 80 column modes) and c 
is the background colour attribute, e.g. 31 will give blue. 

This is possible because this implementation of AP124 permits 
fields to overlap. Fields defined in the format nlatrix may 
overlap fields already defined by previous rows of the matrix. 

The special case of a 1000 or 2000 character long field covering 
the entire screen also sets the border colour to the sanle 
attribute setting. 

The six elements of each row of the format array are defined 
as: 

1. Start row of the field 

2. Start column of the field 

3. Field height 

4. Field length 

5. Field type: either 0 (Input/Output) or 2 (Output only). 

6. Field attribute: an integer between 0 and 255. The 
following are some attribute examples applicable to the 
monochrome and the colour n10nitor in the alphanunlCric 
modes (see the IBM Technical Reference Manual for full 
details): 

a - No display 
1 - Underlined 
7 - Nornlal 
9 - llighlighted underlined 

15 - Highlighted 
112 - Reverse video 
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120 - IIighlighted reverse video 
12 9 - Blinking reverse video 
13 5 - Blinking normal 

Immediate "Vrite of Data to Screen 

Syntax: 

Dat~n by max_length array of character 
data 

Ctl~2JField_number(s) 

where n is the nurnber of fields you are writing data to. This 
call pernlits you to write data to the logical screen. The data 
are transferred inunediately to the physical screen. 

max_l ength is the maximum length of the requested fields, 
i.e. the total number of characters in the longest field. 

Read and Wait 

In norn1al operation, the physical screen is refreshed. Then, 
either the auxiliary processor waits for a certain key to be 
pressed, or it returns to APL with information on whether a 
key was pressed. 

Syntax: 

Ctl+3 
or, 
Ctl~3 0 

Allow interactive input and return to APL when a special key 
I is pressed. (See table below for return values). Assigning the 
I control variable a scalar value of 3, or the two element vector 
I 3 0, are cornpletely equivalent. 

Ctl~3 1 
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Return to APL when any key is pressed. 

Ctl+3 2 

Test for a key pressed. 

Ctl+3 3 

Return to APL when any key except a cursor movelnent key is 
pressed. ("Semi-inkey" mode). 

If any of the above calls has 3 elements, this indicates the 
auxiliary processor to inhibit refreshing the physical screen. 

Return from this call: Dat is a vector of at least 5 elements: 

Dat [1 2] For call 3 0, a code indicating the special key 
pressed to return to APL. For calls 3 1, 3 2 and 
3 3, the BIOS scan code. (For call 3 2, if no key 
has been pressed, return is -1 -1). 

Dat [3] Field nurnber where the cursor was located at 
return to APL (0 = the cursor was not in a field). 

Dat [4 5] Cursor position within that field. 
(Row/Colurnn). If Field nunlber is 0, these 
elements give the offset from top-left of the 
screen. Offsets are given in one origin, i.e. 1 1 
specifies the top-left corner of the field. 

Dat [6 ••• ] List of fields updated during this call. 

List of special keys and key return codes for the 3 ° case: 

o 0 - Enter key (New line key) 
o 1 - Enter key 2 (Large plus key) 
1,N - F key (\Vhere "N" (1S;N~30) is the nurnber of the key 

that was depressed. 1-10: normal F-keys; 11-20: F-keys 
in shift mode; 21-30: F-keys in Ctrl mode). 

4 1 - Esc 
4 2 - Ctrl Break 
6 1 - HOine 
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6 2 - End 
6 3 - Pg Up 
6 4- - Pg Dn 

While AP124 is in the 3 0 "Read and Wait" state, the user 
may type on the screen. The cursor movenlent keys rnay be 
used in the normal way. Three other keys have special 
functions: 

Ctrl-Backspace This key will toggle the keyboard between 
APL and National modes. 

Ctrl-End 

Ctrl-Honle 

This key will clear to the end of the field. 
However, if the field has less than 80 columns, 
only the current line will be cleared to its end. 

This key will clear from the cursor to the start 
of the field. lIowever, if the field has less than 
80 columns, only the current line will be 
cleared to its beginning. 

Delayed \Vrite of Data to Screen 

Syntax: 

Dat+n by max_length array of character 
data 

ctl+4-,Field_number(s) 

where n is the number of fields you are sending data to. This 
call permits you to write data to the logical screen, which will 
be displayed at the next refresh of the physical screen. 

max_l ength is the nlaximum length of the requested fields, 
i.e. the total nunlber of characters in the longest field. 
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Get Data from the Logical Screen 

Syntax: 

Ctl~5,Field_number(s) 

Return: Dat is a character array with so many rows as the 
nUlnber of fields requested, and so many columns as the 
maximum field length (field length is the total nUlnber of 
characters in a field). 

This call enables you to read data frorn the logical screen. 

Update I~ield Types 

Syntax: 

Dat~New field Type(s) 
Ctl~6,Field_number(s) 

where the new type is a number: 

o - Field is input/output. 

2 - Field is output only. 

This call updates column five of the format array previously 
specified for the indicated fields. 

Update Field Attributes 

Syntax: 

Dat~Attribute(s) 

Ctl<-7,Field_number(s) 

The new attribute is an integer from 0-255. See "The AP124 
Workspace" on page 11-8, or the Technical Reference 
Manual, for more information on attributes. 
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Control and Infornlation Request 

Syntax: 

ctl+-8 - Set to APL Keyboard. 
Ctl+-8 0 - Set to APL Keyboard. (Same as Ctl+-8). 
Ctl +8 1 - Set to National Keyboard. 
Ctl +-8 2 - Return Status. 

Return: 

Dat [1] - Keyboard in APL mode. 
Dat [2J - Monochrome Adapter installed. 
Dat [3 J - Colour Adapter installed. 
Dat [4J - Beep request pending. 

Syntax: 

ctl +-8 3 - Give address of Logical screen. 

This call is designed for use by advanced programmers. The 
return is a integer vector 'with the requested address encoded 
as: 

Addr+-(16x256iDat[1 2J)+256iDat[3 4J 

The above formula computes the address so a,s to be useful for 
a DPK of the logical screen. This is 2000 bytes long and is 
stored with no attributes. (e.g. 2000 DPK 0 ,Addr is the 
current screen). It should be considered as a ravelled 25x80 
character rnatrix, into which ASCII data Inay be directly 
pecked or poked. 

Get Fonnat 'I'able 

Syntax: 

ctl+-9 

Return: Dat is a n by 6 numeric matrix, where n is the current 
nurnber of fields defined. 
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This call returns the current format array stored by AP 124. 

If no format array currently exists then Dat is set to: 

Print or Retrieve the Current Logical Screen 

Syntax: 

Ctl+l0 - Print the active screen on the printer. 

N otel: AP80 or equivalent rnust be loaded; otherwise the 
print request will Iail. If the printer runs out of paper, 
AP124 will return error code 54 in Ctl. 

Note 2: AP124 will print the physical screen currently 
being displayed. I t is the user's responsibility to make sure 
the active screen contains the desired image. 

Ctl+10 1 - Return Logical screen in Dat variable. 

Sound a Beep to Alert User 

Syntax: 

Ctl+ll - Delayed Beep. 

Ctl-<-11 0 - Delayed Beep. (SaIne as Ctl+11). 

Ctl+11 1 - Imnlediate Beep. 

Ctl +11 2 - Cancel previous delayed Beep. 

If the beep is delayed, it "vill occur at the next" Read and 
Wait" operation. To find out whether a beep is pending, 
specify call 8 2 and examine the fourth element. 
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Set the Cursor 

Syntax: 

Dat+Field_no I ROJ-v offset I Column_offset 
Ctl+12 

This call is designed to set the cursor in a specific screen 
location. Field_no is a defined field. If it is zero, then 
row and column are considered as co-ordinates from the top 
left corner of the screen. Da t must be a three element 
nurneric vector. Offsets are given in one origin, i.e. 1 1 
specifies the top-left corner of the field. 

Error Return Codes 

Code Meaning 
o - Success 

11 - Ct 1 Rank Error 
12 - Ct 1 Length Error 
13 - Ctl Domain Error 
14 - Invalid call 
21 - Dat Rank Error 
22 - Dat Length Error 
23 - Dat Domain Error 
24 - Da t not shared 
25 - Dat Value Error 
26 - Da t too large 
30 - Invalid field number 
31 - Invalid mode or device not attached 
37 - Invalid field type 
38 - Invalid attribute 
54 - Printer out of paper 
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l'he Host Comnlunications Auxiliary 
Processors: AP190 and AP1901 

These auxiliary processors are designed to permit 
APL/Personal Computer, Version 2.1 to communicate with a 
host session in a simple way convenient to APL. 

You can carry out the following actions with these APs: 

• Send keystrokes, induding control keys such as "Enter" to 
a host. 

• Get the status of the host (e.g. input inhibited, ready). 

• Retrieve the screen inlage as an n x 80 character array. 

It is necessary to have an IBM PC 3278/79 etnulation card 
installed before AP190 can be used or an IRMA PC 3278/79 
emulation card installed for AP190I. 

Please note that the IBM 3278/79 emulation card does NOT 
support APL characters. To understand what characters may 
be sent to the host, regard the tenninal as a 3278 model 2 
without the APL feature. 

The IRMA 3278/79 emulation card does however give full 
APL support. 

Both APs contain sufficient code to run the adapter cards 
without the respective emulators installed. They are both 
completely stand-alone. lIowever, you may desire to load the 
appropriate terminal emulator before starting APL in order to 
use the facilities provided by the enlulator. 

Note: When using the IBM PC3278 emulator that drives the 
3278/79 emulation card, the Alt-R (r) and Alt-S (s) keys are 
taken over by the elnulator. To obtain these characters either 
use KEYBOARD from the UTI L workspace to reassign these 
keys or use Alt-Backspace to set the keyboard to national 
mode. 
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Possible uses for AI' .l90 

• Run IMS/CICS sessions to collect and process data in 1 

PC. 

• Run a VSAPL or APL2 session in a cooperative mannt 

• Run laboratory equipment, and pass results to host 
seSSIon. 

• Any task which is labour intensive and requires operator 
attendance for an extended period, to acquire data that will 
be further processed. 

Getting Started 

Invoke APL with AP190 for the IBM card, or with AP1901 for 
the I RMA card, or load the appropriate AP using AP2. Once 
in APL, share with AP190 in the nortnal manner. Only one 
shared variable is required (no special nanling restrictions). 
After offering the variable, test for its acceptance by AP 190 (a 
degree of coupling of 2). If not accepted, then AP190 has not 
been loaded in this APL session or another variable is already 
shared with it. 

Sending Keystrokes 

Syntax: 

C + character_string_vector 

Return: zero if OK. 

The character string may also contain special control 
characters (see the AP 190 workspace). 

In this and the subsequent function descriptions, C will be the 
narne of the shared variable. 
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I Setting Keyboard l"ranslation Table 

I C +- 256 2 P keyboal':d_tra12s1ation_table 

I Return: zero if OK. The default keyboard translation tables 
I for both AP190 and AP 1901 is UK English. Tables for some 
I other keyboards may be found in the AP190 workspace. 
I AP1901 tnay also be loaded with an APL translation table. 

Getting IIost Status 

Syntax: 

C -(- 0 

Return: numeric integer in C. 

If zero, then host is in a "ready" state. If greater than zero, 
then host status is either "system not available", "input 
inhibited", or both. A test of host status should always be 
made after key strokes have been sent to ensure the host is 
ready to accept more processing and has not gone down! 

Getting the Physical Screen 

Syntax: 

C +- 1 

Return: either a 24 x 80 character array for AP190, or a 32 x 
80 character array for AP 1901. This array represents the 
screen as if it were being viewed. 

I The screen contents nlaY be assigned to a variable and 
I processed using the full power of APL, providing a very 
I flexible way of extracting data froln a standard host enquiry. 

C +- 1 1 

I As above, but the array returned is not translated to the APL 
I character set. 
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Get the Operator Inforl11ation Area. 

Syntax: 

C +- 2 

Return: a vector of 80 characters representing this area. 

C +- 2 1 

I As above, but the vector returned is not translated to the APL 
I character set. 

Simulate a Power On Reset 

Syntax: 

C +- 3 

Return: always a numeric zero. 

I Get Cursor I~osition and Beep Indication 

I Syntax: 

C +- 4 

I Return: a three element numeric vector, containing the row 
I and COlUllUl of the cursor (in O-origin), and a flag (0 or 1) to 
i indicate that the host has requested the ternunal to beep. 

Get the Keyboard Translation Table 

Syntax: 

C +- 5 

Return: the current keyboard translation table. 
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I Get the Screen FOrl11at Array 

I Syntax: 

C + 6 

I Return: the screen format in the form of an AP124 format 
I array. 

The Full-Screen Auxiliary Processor: 
AI)205 

The full-screen auxiliary processor, AP205, is included as a 
part of the IBM APL/Personal Computer SystelTI, Version 2.1, 
for compatibility with applications developed for the IBM 
Personal Computer APL Systcrn, Version 1.0 (the 1.0 version 
of AP205 is not compatible with APL/PC Version 2.1). This 
auxiliary processor will not be described here, since its use is 
not recommended for the developrnent of new applications 
(AP124 should be used in this case). 

The following cOlnmands have been added/replaced to AP205 
(in the following, C is the control shared variable): 

• C+13 sounds a beep. 

• C+O [ ,M[ ,BC]] clears the screen. If M is given, screen 
mode is changed. If BC is given, it defines a background 
colour. 

In mode 4, normal colour is now yellow. In modes 6 and 8, it 
is white. In mode 8, the background colour is really the 
character colour. Therefore, it may be changed with this 
command. 
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rflle Graphic Allxiliary l'rocessor: AP206 

This processor represents graphic information defined as a set 
of straight-line segments, drawing the boundary and/or filling 
the area. It is oriented towards the colour-graphics ada.ptor, 
although it can also generate the image in memory (without 
displaying it on the screen) for printing on the graphics printer. 
It works with a single shared variable (no name restrictions), 
and supports the following basic functions: 

• Representation of graphic infonnation. 

• Generation of graphic characters \vith a variable fonnat. 
The definition of a set of these characters is included in 
AP206. The entire APL character set is included, but some 
special PC characters (such as the box characters) are not. 

• Storage and fast regeneration of the whole screen or a part 
of it. 

• Animated presentation of irnages. 

• Printing of the whole screen or a part of it. 

• Interactive generation of inlages. 

Storage Managenlellt 

This processor dynarnically acquires and frees certain memory 
buffers, taken from the APL workspace. The acquired areas 
are restored to the APL workspace as a stack (last-in first-out), 
though they can be freed in any order, so that when one of 
them is freed, the space does not become available until all the 
subsequently requested areas have been liberated. 

Certain areas in this processor can be explicitly requested by 
the user. In these cases, it is the user's responsibility to free 
them when they are no longer needed. These user-requested 
areas include: 
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1. A virtual screen buffer (VSB), usable for the following 
purposes: 

• To use AP206 in the absence of the colour-graphics 
monitor adapter and its screen buller (SB). The 
generated irnages may be copied to the graphics printer. 

• To prepare an image slowly and transfer it irrnnediately 
to the screen with a VSB to SB copy. 

2. Up to 128 different window buffers (WB), used to keep 
images for any of the following purposes: 

• To be used later. 

• To be repeated along the screen. 

• To generate animation. 

• To be transferred to/from APL variables. 

Parameters 

The work of this auxiliary processor is controlled by a set of 
25 integer parameters. When the shared variable is shared, 
these parameters receive a set of default values. At any time, 
one or several parameters may be changed. 

The following is a list of all the 25 control paranleters, in the 
order they must be specified, including the range of values 
allowed for each one: 
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NO NAME 

1 MODE 
2 BG 
3 PAL 

Description Values 

Screen mode 4-8 
Background colour (00 colour) 0-31 
Palette(01-10-11 line colour) 0-1 

4 COLOUR Bit combination defining colour 
/STYLE and line style 

5 REPX Pixel repetitions in X axis 1-8 
6 REPY Pixel repetitions in Y axis 1-200 

7 WXl 
8 WX2 
9 WYl 

10 WY2 

11 VXl 
12 VX2 
13 VYI 
14 VY2 

15 XO 
16 YO 
17 FX 
18 FY 
19 FI 

Left column of window 
Right column of window 
Bottom row of window 
Top row of window 

0-(WX2-1) 
(WXl+l)-ncol 
0-(WY2-1) 
(WYl+l)-200 

Viewport X coord. of (WXl,WYl) ~ VX2 
Viewport X coord. of (WX2,WY2) ~ VXl 
Viewport Y coord. of (WXl,WYl) ~ VY2 
Viewport Y coord. of (WX2,WY2) ~ VYI 

Initial X coord. for next operation 
Initial Y coord. for next operation 
Scale factor for X axis (7.) 
Scale factor for Y axis (7.) 
Inclination factor (7.) 

20 PARM20 Extra character displacement in X axis 
or filling code for even lines. 

21 PARM21 Extra character displacement in Y axis 
or filling code for odd lines. 

22 SI-122 
23 SW23 
24 SW24 
25 SN25 

Chars autodisplacement switch 0-1 
Chars autocatenation switch 0-1 
Horizontality of X axis 0-1 
VSB switch 0-1 

1. Parameters 1,2,3: MODE, BG, PAL 

The colour-graphics monitor adapter describes a full screen 
with 128000 bits (approximately 16K bytes). The way in 
which these 128000 bits define pixels on the screen depends 
on the adapter Inode. There are two basic modes: 

• Each bit defines a pixel. The screen is nlade up of 200 
rows, 640 pixels each. If a bit is off, it appears as 
black. If it is on, it appears in the background colour. 
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• Each bit pair defines a pixel. The screen is nlade up of 
200 ro\vs, 320 pixels each. The four combinations 
allowed are: 

a. 00 - background colour 

b. 01 - colour 1 

c. 10 - colour 2 

d. 11 - colour 3 

All conlbinations of these can be selected through the 
MODE, BG, PAL parameters. 

MODE can take any of the following values: 

4 - activates mode 200x320 with 2 palettes available. 

5 - activates mode 200x320 with just one palette available. 

6 - activates mode 200x640. 

7 - activates the monochrome display, with no change in 
the internal colour monitor mode. 

8 - maintains the current mode. Allows change of other 
parameters without the screen being erased. 

The default mode is the active nlode when the variable was 
shared. 

BG can have any of the following values: 

BG Background Colour 
0,16 black 
1,17 blue 
2,18 green 
3,19 cyan 
4,20 red 
5,21 nlagenta 
6,22 brown 
7,23 light grey 
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8,24 dark grey 
9,25 light blue 

10,26 light green 
11,27 light cyan 
12,28 light red 
13,29 light Inagenta 
14,30 yellow 
15,31 white 

Values 0-15 give low foreground intensity, 16-31 give 
double foreground intensity. Default value for BG is 16 in 
rnodes 4-5, 15 in modes 6-7. 

PAL (only active in mode 4) can be assigned the values 0 
and 1, with the following effect: 

MODE=4 MODE=4 MODE=5 
NAME BITS PAl=O PAl=l PAl=O,l --
Colour 1 01 Green Cyan Cyan 
Colour 2 10 Red Magenta Red 
Colour 3 11 Brown White ~~hi te 

The default value is 1. 

More infornlation can be found in the PC Technical 
Reference Manual. 

2. Paranleters 4, 5, 6: COLOUR/STYLE, REPX, REPY 

REPX must have a value between 1 and 4 in rnodes 4-5, or 
between 1 and 8 in mode 6. This parameter defines the 
number of tilnes a pixel must be repeated along the X axis, 
to the right. The full representation of a pixel (with its X 
repetitions) will be called a "unit of horizontal 
representation" (UHR). 

REPY must be a nurnber 1-200, that defines the nurnber of 
tirnes the U HR will be repeated along the Y axis. 

If both paranleters have a value of 1, the pixel will not be 
repeated along any axis (this is their default value). 
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COLOUR/STYLE specifies a value between -32768 and 
32767. This may be broken into the COLOUR and 
STYLE parts by: (16p2 )TCS to give a 16 elernent 
vector. The least significant 8 bits define the combination 
of colours for the UBR: 1 bit per pixel in mode 6, 2 bits 
per pixel in modes 4-5. 

Exanlple: In modes 4-5, COLOUR = 85 generates Colour 1, 
whatever the value of REPX, since 85 = 01 01 01 01. 

In a silnilar way, COLOUR = 170 generates Colour 2, since 
170 = 10 10 10 10; COLOUR = 255 generates Colour 3, 
and COLOUR = 0 generates the background colour. 
However, other combinations are possible. 

The default value for COLOUR is 255. 

The lnost significant 8 bits define the line style for the 
UBR. These bits define the pattern of dots to be placed 
along the line. A 0 gives a dot, and a 1 gives a space so 
that STYLE = 0, causes a solid line to be drawn. The 
specified pattern of 8 dots is applied cyclically along the 
line. 

The COLOUR and STYl.E values may be cotnbined into 
the two byte signed integer required by AP206 by: 

CS+L(2iSTYLE,(8p2)TCOLOUR)-65536 x 128<STYLE 

3. Parameters 7,8,9, 10:WXI, WX2, WYI, WY2 

They provide the definition of a window on the graphic 
screen. Rows are nunlbered 0-199. Colunms are nun1bered 
0-639 in mode 6, 0-319 in Inodes 4-5. 

The default window is the maximum allowed by the default 
nlode, i.e. 0 31 9 0 1 9 9 for rnodes 4-5, 0 63 9 0 1 9 9 
for rnode 6. 

4. Parameters 11, 12, 13, 14: VXI, VX2, VYI, VY2 

They define a viewport, or system of cartesian coordinates 
over the previously defined window. The default value is 
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eq ua1 to the window, but other combinations are possible. 
All four parameters defining the viewport Inust lie in the 
interval [-16383, 16383]. 

Example: a viewport equal to -160 160 -100 100 
would locate the origin of coordinates in the centre of the 
screen. 

If VX 1 > VX2, a synunetry with respect to the vertical axis 
is performed. Likewise, if VY 1 > VY2, a synunetry with 
respect to the horizontal axis is perfonned. If both apply, 
then a central symmetry takes place. 

5. Paralneters 15, 16, 17, 18, 19: XO, YO,FX, FY, FI 

The coordinates X, Y, defined explicitly in the graphic 
matrix, or implicitly in the representation of graphic 
characters, are transformed in the following way: 

Xl = X + Y x FI + 100 
X2 = XO + Xl x FX + 100 
Y2 = YO + Y x FY + 100 

FI is an inclination factor, slanting characters and/or 
graphics the percentage indicated. A positive value slants 
to the right, a negative value to the left. FX and FY are 
scale n.lctors affecting the corresponding axis. XO and YO 
are additional translations of coordinates. Their default 
values are 0, 0, 100, 100, 0, providing the "identity" 
transformation. 

In the case of texts, the internal definition of the character 
set is also af1ected by these transformation pararneters. 
However, the shape of sorne resulting characters rnay be 
sornewhat distorted unless the scale parameters are chosen 
both equal to a rnultiple of 33.33 (rounded to the nearest 
integer) and the inclination factor is either zero, or a 
mUltiple of 100 (positive or negative). 

6. Paralneters 20, 21: PARM20, PARM21 

Their values are interpreted in two diiIerent ways, 
depending on the function they are applied to. 
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• During polygon filling, they define the filling colours to 
be used. 

• During text \vriting, they give the extra displacement 
between characters. 

\Vhen an area is filled, the values of these parameters 
define the UHR for even and odd lines, respectively, with 
the same criterion explained for parameter COLOUR. 
Values between 0 and 255 are allowed. The 8 bits in the 
values define the UHR, 1 bit per pixel in mode 6, two bits 
per pixel in modes 4 and 5. 

When a text is written, these pararneters provide an extra 
displacement between characters in a string. Each 
character has its own width, which is added to PARIYI20 to 
cornpute the X position of the next character in the string. 
PAR1\121 allows the string itself to be written in any angle 
(\vith sloping characters). 

Both pararneters may have negative values. Their default 
values are both zero. 

7. Parameters 22,23,24,25: SW22, SW23, SW24, SW25 

The last four parameters are switches. Their values are 
only 0 or I. 

SW22: When its value is I (the default) each character is 
written to the right of the preceding one, at a 
distance depending on the actual character written 
before. When SW22 = 0, this translation is not 
performed. All the characters in the string would 
then appear one of top of the others, unless 
PARM20 or PARM21 are in effect. 

SW23: When its value is 1 (the default) the values of XO 
and YO are automatically re-adjusted (at the end of 
an operation) to the coordinates of the last pixel to 
be drawn. In this way, for instance, successive 
strings would concatenate on the screen. If 
SW23 = 0 no re-adjustment of XO, YO is performed. 
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This parameter does not affect graphics, only 
character strings. 

SW24: \Vhen its value is 1 (the default) the X axis in the 
viewport runs horizontally from left to right and 
the Y axis vertically frorn bottom to top. If 
SvV24 = 0, the X axis runs vertically from bottom 
to top, and the Y axis horizontally from right to 
left (i.e. a 90 degrees counterclockwise rotation is 
performed). 

All of the above assumes that the viewport-to-window 
correspondence does not introduce any symrnetrical 
transformation. If these synunetries are present, the 90 
degree rotation affects the corresponding viewport axis. 

S\rV25: vVhen its value is 0 (the default if the 
colour-graphics monitor adapter is installed) 
graphics are generated directly on the SB. When 
S\V25 = 1 (the default when the colour-graphics 
monitor adapter is not installed) images are 
generated on the VSB. The VSB buffer is acquired 
automatically the first time SvV25 is assigned a 
value of 0, and it is not freed until the shared 
variable is retracted. Therefore it is convenient to 
acquire the VSB before any WB are requested, to 
make easier the return of the space of the latter to 
APL. 

Use of AP206 

The different functions are defined by the rank, type and 
diInension of APL objects assigned to the shared variable. 
When this is shared, the existence or absence of the 
colour-graphics monitor adapter is detected, and the VSB is 
acquired if the answer is negative. When the variable is 
retracted, all buffers are freed automatically. 

When a given function has been performed, the value returned 
through the shared variable may be one of the following: 
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• A return code: 0 (success) or a negative integer (see 
attached table). 

• A positive integer (function "literal matrix"). 

• A vector of 25 integers, the parameters (functions 0 and I). 

• A literal matrix (function 8). 

• A graphic matrix. 

Functions 

The following objects may be assigned to the shared variable: 

• 0 - Request for the default parameters. MODE is the one 
active when the variable was shared. Window is the 
maximum possible in that mode. The shared variable 
returns a vector of all the 25 default parameters. 

• 1 - Request for the current parameters. A vector of the 25 
values is returned. 

• 2 - The whole SB or VSB is erased (filled with zeros). 

• 2,n - The current window is filled up with UHR = n. 

• 3 [,density[ ,margin]] - Copies the present window 
of the active screen (SB or VSB) to the graphic printer. 
The density parameter can be 0 (low density printing, 
the default) or 1 (high density printing). "margin" is 
number of spaces to be added as a left rnargin of the 
printed copy (the default centres the window on the paper). 

• 1+ - Copies the VSB to the SB. 

• 5 ,nl [,n2J - Drops WB numbers nl through n2, freeing 
their space. If n2 is not given, only nl is dropped. 

• 6 ,n1 [,n2 [,repeat [,wait]]] - Copies buffer nl 
to the current window on the active screen (SB or VSB). If 
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n2 is given, buffers nl through n2 are copied sequentially 
(each one crases the preceding one). If "repeat" is 
given, the whole operation is repeated the indicated 
n umber of times. Finally, "wa it" specifies nUlllber of 
hundredths of a second between any two buffer copying 
operations. "repeat" default value is 1, "wait" default 
value is 4. This function perfornls an anirnated 
presentation of the buffer contents on the screen. 

• 7, n - Erases WB nurnber n, if it exists, generates it again 
and copies the current window from the active screen (SB 
or VSB) into it. 

• 8 , n - Sends to APL the contents of WB number n in the 
form of a literal matrix. Each row contains the description 
of a row of the window, each character is a description of 4 
pixels (in modes 4-5) or 8 pixels (in mode 6). The first and 
last characters in each row may contain extra pixels to 
complete the window buffer. 

• A vector of 25 integers - A new set of parameters is defined 
to the auxiliary processor. In fact, a single or a few 
parameters may be changed by means of an indexed 
assignment to the shared variable, in the following way: 

G+l R G is the shared variable. 
R Get the current parameters. 
G[2 4 6]+A,B,C 
R Change parameter 2 to A, 
R 4 to Band 6 to C. 

• A literal vector - The string is written on the active screen, 
affected by the current parameters. 

• A literal nlatrix - Acquires a new WB, copies on this the 
contents of the matrix (as defined in function 8) and 
returns to APL a number between 1 and 128 giving the 
identification number of the \VB. (The first free WB 
number is always assigned). 

• A 3 colunm integer matrix - Draws on the active screen the 
polygon shape resulting from the application of the current 
parameters to the graphic matrix and/or fills the indicated 
area. Each row in the graphic matrix defines a point on 
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the viewport coordinate systenl by means of three values: 
a control code, and the X-Y coordinates of the point. 
After the drawing has been conlpleted, this function Inay 
go into a "graphic input" state, allowing the user to change 
the graphic interactively. 

The control code is an integer in the range 0-31. Each 
binary bit in this integer has a different meaning. In the 
following, bit 0 is assumed to be the least significant bit in 
the integer: 

Bit 0 - 0: move to position (X,Y) 
1 : draw to position (X,Y) 

Bit 1 - 0: (XI'Y) directly defines next position 
1 : (X,Y) is displacement from present 

position 
Bit 2 - 0: Do not fill the area 

I: Fill the area 
Bit 3 - 0: Draw the border of the area 

1 : Do not draw -the border of the area 
Bit 4 - 0: Do not go into graphic input 

1 : Go into graphic input 

When bit 4 is 1 at least in one row of the matrix, 
interactive graphic input is entered after the drawing has 
been completed. The cursor is positioned in the 

. coordinates of the last row where bit 4 had a value of 1. 

Examples of typical control codes are: 

Draw a polygon: 

o - Move to X,Y (do not draw) 
1 - Draw to X,Y 

Draw a polygon and fill the area: 

4 - Move to X,Y (do not draw) 
5 - Draw to X,Y 

Go into interactive input mode: 

16 - Set the cursor at this position 
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While in interactive input mode, the user may modify the 
dra\ving by Ineans of the keyboard. The following keys 
ha ve a special function: 

Cursor movement: the four arrows and the corner keys 
on the numeric keypad move the cursor in the 
appropriate direction. 

FI-F8: set the cursor movement step size (Fl -
smallest, F8 - largest). Fn sets the step size to a value 
double as the one set by Fn-l. 

F9: set cursor movement mode to constant speed. 
Speed is changed when the cursor movement keys are 
pressed. 

FlO: set cursor movement mode to constant 
acceleration. Acceleration is changed vvhen the cursor 
movement keys are pressed. 

Del key: Fix point (pen-up from previous fixed point). 

Ins key: Fix point (pen-down from previous fixed 
point). 

Tab key: Move forward fronl fixed point to fixed point. 

Backspace key: Move backwards from fixed point to 
fixed point. 

All points previously fixed (both in the drawing and with 
Del/Ins) can be directly accessed in this way. 

Plus key on the numeric keypad: Draw a line between 
the fixed point where the cursor is located and the 
previous one. 

Minus key on the numeric keypad: Delete the line 
between the fixed point where the cursor is located and 
the previous one. 

The two preceding keys only act if the present point has 
been reached by means of the Tab or Backspace keys. 
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ENTER key: in speed and acceleration modes (F9, FlO) 
the cursor stops. 

In the step modes (FI-F8) cursor shape toggles froln a 
small cross to cross-hairs. 

Any other keys: control is passed back to APL. The 
shared variable vvill return the following value: a Inatrix 
containing the final definition of the drawing appearing 
on the screen, plus an extra line with the following 
inforrnation: key pressed (as 011 V index, in zero origin) 
and final X,Y position of the cursor. 

• A colour replacement matrix (the colours of all pixels 
within the current window nlay be changed with this 
function). This is a 4 by 2 integer nlatrix if nlode is 4 or 5, 
and a 2 by 2 integer matrix for rnode 6. Rows define 
colours (0, 1, 2, 3 for modes 4 and 5; 0, I for mode 6). A 
value of -1 in column 1 indicates that the corresponding 
colour will be considered a "boundary colour" and will be 
replaced to the value in column 2 at the sarne row. If a 
row does not contain a value of -1 the corresponding 
colour will be changed to the value in colunm 1, if the pixel 
with that colour is "exterior"; to the value in column 2 if it 
is "interior". 

To find out whether a pixel is "exterior" or "interior", do 
the following: Consider the horizontal screen line passing 
through that pixel and lirnited by the current window. 
Cornpute the nurnber o[ "boundary" pixels (pixels with 
"boundary colours"). I[ it is odd, lnake it even by 
eliminating the central pixel. One pixel will be "interior" if 
the nUlnber of boundary pixels to its left is odd. It will be 
"exterior" if it is even. 

Exalnplcs: 

The following matrix (in mode 6) changes the whole 
window to reverse video: 
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Assume we have a single empty triangle drawn in 
colour 3 in the current window (all pixels are 
background colour, 0, except the triangle border). We 
want to change the triangle border to colour 1, and fill 
its interior with colour 2. The following matrix will do 
it: 

o 2 
1 1 
2 2 

-1 1 

Return codes 

Code Meaning 
o - Success. 

-N - (0 < N < 26) Invalid value for the Nth parameter. 
-26 - No space available or too many WB's. 
-27 - Invalid function. 
-28 - Invalid value. 
-29 - No active screen exists (SB or VSB). 
- 30 - Printer error. 

l"he File Auxiliary Processor: AIJ 210 

The file auxiliary processor, AP210, is used to read frorn, or 
write to, fixed- or variable-length DOS disk files under control 
of the DOS file system.. The reading and vvriting can be either 
seq uential or random. lJ p to ten files may be accessed 
sinlultaneously; However, DOS lllUst be configured with a 
sufIicient nUlnber of file handles to pennit this. See the 
description of the" Fl LES" parameter of the "CONFI G .SYS" 
configuration file in the DOS manual. 

To use this auxiliary processor, you must include AP210 as a 
paran1eter to the APL cornmand at load time, before you 
begin an APL work session. You n1ay also load it dynanlical1y 
through AP2. For exatnple, 
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APl AP210 

Two shared variables are required to process a file: a data 
variable and a control variable. They can be offered in any 
order. The name of the data variable must always begin with 
the letter "D", and the control variable must begin with the 
letter "C". The remaining characters in both nanles (possibly 
none) must be the same, because the coupling of both 
variables is recognised by their name. Examples of valid pairs 
are: C and D, Cl and Dl, and CXjj and DXjj. The control 
variable is used to select the operation to perform and to 
control each input/output operation. Up to ten pairs of 
shared variables may be shared with AP210 at anyone time. 

The following APL lines must be executed before the auxiliary 
processor can be used: 

210 DSVO 'Cxx' 
210 DSVO 'Dxx' 

where xx is the cornman part of the narnes of both variables. 

The preceding two instructions must give a result of 1. You 
then test if the variables have been accepted by AP210 by 
executing the following: 

DSVO 'Cxx' 
DSVO 'Dxx' 

Both must give a result of 2. Otherwise, AP210 is not active 
or has already accepted ten pairs of variable narnes. 

Control Commands 

Once the control variable has been shared, the first value you 
assign to it should be a character vector, which is considered to 
be a command that describes the file name and specifies the 
function to be performed. The following commands are 
accepted: 
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IR,filespec[,code] 
IW,filespec[,code] 
DL,filespec 
RN,filespec,filespec 

Open for read-only 
Open for read/write 
Delete file 
Rename file 

where f il espec is the DOS file identification, of the form: 

[d:] [pathJfilename[.ext] 

d: is a letter that identifies the drive (typically A, B, C, etc.). 
path is a valid DOS path. filename is a valid DOS file 
name (up to eight characters), and ext (the extension of the 
natne) has no tuore than three characters (see your DOS 
manual). 

Alternatively, filespec may be an APL file identification, of 
the form: 

[libn] filename[.ext] 

where 1 ibn is an APL libraty number (see AP 101 in this 
chapter). 

code is a single letter selecting a given interpretation of the 
file data. Four different interpretations are supported: 

Code Interpretation of Data 

A (APL) The records in the file contain APL objects, with 
their headers. In this way, matrices, vectors, and 
arrays of any rank may be stored and recovered. 
Different records of a file may contain objects of 
different types (for exarnple, characters, integers, 
or real nutnbers). An APL object in a record rrlaY 
occupy up to the actual record length (not 
necessarily the saIl1e nurrlber of bytes), but the 
header fills a part of that area. (See 
Chapter 13, "I-low to Build an Auxiliary 
Processor" for the structure and m.emory 
requirements of an APL header). 
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B (Bool) The records in the file contain strings of bits 
without any header (packed eight bits per byte). 
The equivalent APL object will be a boolean 
vector. In this case, all records lnust be equal to 
the selected record length. 

C (Chars) The contents of the record is a string of characters 
in APL internal code, without any header. All 
records nlust be equal to the selected record 
length. 

D (ASCII) The contents of the record is a string of characters 
in ASCII code, without any header. All records 
must be equal to the selected record length. 

If the code is not stated specifically, code A is the default. 

'Varning: Changing diskettes during an inputj output 
operation, or when you have open files, may destroy data on 
the diskettes. 

The IR conunand opens the file for read-only operations. If 
the operation is successful, the control variable passes into the 
subcol1unand state. You must then specify which data transfer 
operation you want to perform. (See "Control Subcotrunands" 
below). The IvV command works in a sirnilar way, but the file 
is opened for both read and write operations. If the file 
cannot be opened, the control variable remains in the 
corrunand state. 

When th~ D L command is received, the file with the specified 
filespec is erased from the designated drive (or the default if no 
drive was specified). Then the control variable returns to the 
cOlnmand state. 

When the RN command is received, the nanle and extension of 
the file specified in the first parameter is changed to the name 
and extension given in the second parameter. The drive 
specified in the second parameter MUST be the same specified 
in the first parameter. If a different path is given in the second 
paralneter, a move is performed instead of a renanle. Rename 
to a diIIerent drive is not allowed. After this command has 
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been executed, the control variable returns to the command 
state. 

Once a command has been received and executed, a return 
code is passed back to APL through the control variable, 
indicating whether or not the cOlnmand was executed 
successfully and, if not, the reason for the failure. 

I If an IR or IW comrnand executes successfully (giving a return 
I code of 0 in the control variable), the data variable will be set 
I to the size, in bytes, of the file just opened. 

Control Subcolllnlands 

Once a file has been opened for input (command I R) or 
input/output (command I\V), the control variable passes into 
the subcommand state. It now accepts the assignment of 
numeric vectors specifying the operation to perfonn, with the 
following structure: 

C+op[ ,rn [,rs]] 

The following are valid operations: 

o - Read a fixed length record. Record size is defaulted to 128 
unless specified by the r s operand or by a previous 
subcommand. Files are considered as divided in fixed size 
records. rn is the record number. If not given, 
sequential operation is assumed. 

1 - Write a fixed length record. Record size is defaulted to 
128 unless specified by the rs operand or by a previous 
subcommand. Files are considered as divided in fixed size 
records. rn is the record number. If not given, 
sequential operation is assulned. 

2 - Direct read to a file. Record size is defaulted to 128 unless 
specified by the 1:S operand or by a previous 
subcornmand. Files are considered as continuous strings 
of data. rn is the starting byte. If not given, sequential 
operation is assumed. 
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3 - Direct write to a file. Record size is defaulted to 128 
unless specified by the rs operand or by a previous 
subcolnmand. Files are considered as continuous strings 
of data. rn is the starting byte. If not given, sequential 
operation is assumed. 

4 - Read a variable length record. This conlllland may only 
be used if the file 'vas opened with codes A or D. r s is 
the scan distance (where, in the case of code 0, the 
CR/LF combination would be expected to reside). If not 
given, 128 is assunled unless this parameter has been 
specified by a previous subcommand. rn is the record 
number. If not given, sequential operation is assumed. 

5 - \Vrite a variable length record. This conlllland may only 
be used if the file was opened with codes A or D. rn is 
the record number. If not given, sequential operation is 
assumed. Direct write of variable records is allowed, but 
should be done with great care. Records should be 
replaced by others with exactly the same length. If this is 
not done, the whole file, starting at the replaced record, 
may be damaged. 

I The valid range of values for rn for fixed or variable 
I read/write operations is 0 to 32767. For direct read/,vrite 
I operations it may be any non-negative integer. rn is always 
I defined in zero origin (i.e., the first record in a file is record 0; 
I the first byte in a file is byte 0). If not specifically stated, the 

first value of rn after opening a file is 0 (that is, the first 
record or byte position in the file). 

The valid range of values for rs is 1 to 32512 for fixed 
read/write operations, 12 to 32512 for variable operations. 

Write operations are not allowed if the Subcoll1mand state was 
entered through the I R command. 

If the control variable is assigned an empty vector while in the 
subcommand state, the file is closed and the control variable 
reverts to the command state. 
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Once an operation has been requested, the data variable is 
used as a burrer, where the actual transfer of records takes 
place. If the operation is a read, the value of the record can 
he found in the data variable after the successful completion of 
the requested operation (confirrned by the return code passed 
through the control variable). I f the desired operation is a 
write, the value of the record lnust be assigned to the data 
variable before the corresponding subcornmand is assigned to 
the control variable. 

AP210 Iteturn Codes 

Code Meaning 
o - Success 
1 - Invalid conunand 
2 - File not found 
3 - Path not found 
'+ - No file handles 
5 - Access denied 
6 - Invalid file handle 
8 - InsufIicient Inemory for file control blocks 

12 - Invalid access code 
15 - Invalid drive 
17 - Not the saIne device 
18 - No Inore files 
1 9 - A ttempt to write on write protected diskette 
21 - Drive not ready 
23 - Data error 
25 - Seck error 
27 - Sector not found 
2 9 - ¥irite fault 
3 a - Read fault 
31 - General failure 

- 2 6 - No space available 
-2 9 - Invalid APL object 
- 31 - Invalid type in control variable 
-32 - Control variable rank error 
- 33 - Invalid length of control variable 
- 3 6 - I nvalid file translati on code 
-37 - Data variable value error 
- 38 - Invalid type in data variable 
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-40 - Data variable not shared 
-41 - File is not active, issue a primary command 
-43 - Invalid object 

44 - CR,LF not found in scan length 
-L~ 5 - End of file 
-46 - Incomplete record, padded with nulls 
-47 - Invalid subcomtnand 

48 - Could only 'write a partial record (disk full) 
-49 - Data variabJe value exceeds record size for fixed or 

variable replace 

Note: These return codes are inconlpatible with those 
returned by the version of AP210 supplied with APL/PC 1.0. 

l~xanlples of use 
210 DSVO 2 2p'C1Dl' 

1 1 

Variables CI and DI are ofIered to AP210. 

DSVO 2 2p 'C1Dl' 
2 2 

Variables Cl and Dl have been accepted by AP210. 

o 
Cl+'IW,B:FILE.EXT' 
Cl 

File B:FILE.EXT is created. Records will contain APL objects 
with header ( default code). We are now in subcon1mand mode. 

Dl+tl0 

First record will be a vector of eletnents from 1 to ] O. 

o 

Cl+1 
Cl 

Subcommand to write the first record in the file. Default 
record nUlnber is 0, default record size is 128 bytes. 
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Dl+2 3P16 

Second record will be a Inatrix of 2 rows, 3 columns, of 
elenlents from 1 to 6. 

o 
Cl+l 
Cl 

Subcommand to write sequential1y in the file. 

Cl+' I 

An empty vector closes the file and puts the control variable in 
conunand tnode. 

o 

Cl+'IR,B:FILE.EXPI 
Cl 

Open the same file for read-only operation. 

o 

Cl+0 1 
Cl 

Dl 
123 
456 

Read the second record first. 

o 

Cl+0 0 
Cl 

Dl 
1 2 3 4 5 6 7 8 9 10 

Read no\v the first record. 

Cl+10 

Close the file and go into comrnand state. 

o 

Cl+IRN,B:FILE.EXT,B:NEWFILE.XXX' 
Cl 

Renarne the file to NEW FI LE.XXX. 
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Cl+'DL,B:NEWFILE.XXX' 
Cl 

Delete the file. 

DSVR 2 2p'C1Dl' 
2 2 

Finally, retract the shared variables. 
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TIle Asynchronous Communications 
Auxiliary Processor: AP232 

The AP232 auxiliary processor can be accessed from APL on 
the IBM Personal Computer and provides an interface for 
communications between the IBM Personal Computer and a 
host (IBM System/370). (See "Asynchronous 
Communications Adapter" in the Technical Reference manual.) 

This auxiliary processor is supplied for compatibility with 
APL.PC 1.0. New applications should used the new extended 
version, AP232X. 

To use this auxiliary processor, you must include AP232 as a 
parameter to the APL command at load time before you begin 
an APL work session, or you Inay load it dynamically through 
AP2. For example, 

APl AP232 

The following APL line must be executed before the auxiliary 
processor can be used: 

232 DSVO 'name' 

where nanle is the name of the APL variable being shared with 
the auxiliary processor. 
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The result of the preceding line will be a 1 if the variable name 
has been accepted by the auxiliary processor. This processor 
accepts only one variable. 

The following line must be entered next: 

DSVO 'name' 

It must give a result of 2, If not~ the auxiliary processor is not 
active or a different variable has been shared with it and has 
not been retracted. 

Control Commands 

Once the control variable has been shared, the first value you 
assign to it must be a character string representing a cOlnmand 
which indicates the function that the auxiliary processor has to 
perform. The functions are the following: 

• Initialise (0) 
• Transrnit (l) 
• Receive (2) 
• Get port status (3) 
• Set break (4) 
• Get buffer size (5) 

All commands are strings of at least two characters. The first 
one is a number that indicates the function to be perfornled 
(see above). The second is the port address and must always 
be 1. 

If you do not issue a valid conunand, an error code is returned 
(see below for return codes). 

This auxiliary processor has three buffers: 

1. A 1000-byte buffer to communicate with the APL 
interpreter. If the buffer ever gets full, a code of 2 is 
returned. 

2. A 255-byte buffer to transmit data to the host. The 
auxiliary processor does not allow it to get full. 
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3. A 2000-byte buffer to store the data received from the 
host. (See the conunand "Receive" below.) 

For an exatnple of how to use this auxiliary processor, look at 
the functions included in the VM232 workspace. 

Initia.lise (0) 

This comrnand is used to initialise the port. It consists of a 
string of characters of the fonn: 

CNBPSX 

where: 

• C indicates the type of the command. It must be o. 

• N is the port address (always I). 

• B indicates the desired transmission baud rate. It can have 
one of the following values: 

Value 
a 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Baud Rate 
75 

110 
150 
300 
600 

1200 
1800 
2400 
4800 
9600 

• P indicates the parity, as shown in the following table: 

Value 
a 
1 
2 
3 

Parity 
None 
Odd 
Even 
Mark 
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4 Space 

• S indicates the number of stop bits you want. It can be 
either 1 or 2. 

• X indicates the word length in bits. Its value ranges from 5 
through 8. 

The return code produced by this command is a numeric scalar 
indicating: 

• -1: success 

• 3: error 

Transmit (1) 

This command consists of a string of characters of the 
following form: 

eNS 

where: 

• C indicates the type of the command. It must be 1. 

• N is the port address. It nlust be 1. 

• S represents the string of ASCII characters that is to be 
sent. 

The return code is always the numeric scalar, -1. 
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Receive (2) 

The command consists of a string of characters of the fonn: 

CNTED 

where: 

• C indicates the type of the command. It must be 2. 

• N is the port address. I t must be 1. 

• T represents the turnaround character. 

• E is the end-of-line character sent by the host. 

• D represents four delete characters. If you want to give 
fewer than four delete characters, the rernaining positions 
ITlust be filled by blanks. Blank is never a delete character. 

The system returns a string of characters, the first character of 
which is one of the following: 

DAV[DIO] 
DAV[DIO+9] 
DA V [DI 0 + 12 ] 
DAV[DIO+13] 

(Success) 
(Buffer empty, no character read) 
(Buffer overflow) 
(Character error in buffer) 

The rest of the characters returned fonn the string received 
from the host. 

Get Pori Status (3) 

This cornrnand returns the content of both the modem status 
register (MSR) and the line status register (LSR). 

The command consists of a string of characters of the form: 

CN 

where: 
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• C indicates the type of the conlmand. It must be 3. 

• N is the port address. I t must be 1. 

The return code is a boolean vector in which bits 1 througl 
(in one origin) represent the content of the MSR, and bits 
through 16, the content of the LSR, as shown by the 
following: 

Port Status Bits 
< > 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

I I I I I I I I I I I I I I I I 
76543 2 076 543 2 1 0 

~<~------------------~> ~<~------------------~> 

MSR Bits LSR Bits 

Set Break (4) 

The Set Break command sends a break to put the host in the 
receive state. 

The command consists of a string of characters of the form: 

CN 

where: 

• C indicates the type of the command. It must be 4. 

• N is the port address. It n1ust be 1. 

The return code is always the nUIneric scalar, -1. 
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Get Buffer Size (5) 

This· conunand is used to ask for the size of contents of the 
buffer that is currently occupied (either transrnit or receive 
bufier). 

The syntax of the command is: 

CND 

where: 

• C indicates the operation. It must be 5. 

• N is the port address (must be 1). 

• 0 is the operational type of the buffer ("R" for the receive 
buffer, "VV" for the transrnit buffer). 

This command returns a two-element numeric vector, in which 
the first element is one of the following codes: 

• -1: Success 

• 10: Buffer more than three-quarters full 

• 11: Buffer overflow 

The second element is the number of bytes occupied by the 
contents of the buffer. 
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l"he Extended Asynchronous 
Communications Auxiliary Processor: 
AP232X 

This Auxiliary Processor allows you to control one or two 
asynchronous communication ports on your IBM PC from an 
APL defined function. 

In addition it allows your application to: 

• Define transmit and receive buffer sizes. 

• Set the Line Status Register. 

• Set the Modem Status Register. 

• Control the retry count on specific lines. 

• Set the Request-To-Send line on or off at initialisation. 

• Control the translation of input or output. 

• Specify end-of-line and turn-around characters. 

• Specify up to 4 characters to be removed from data stream. 

AP232X requires two shared variables: a data variable (whose 
name must start with a "D") and a control/command variable 
(whose nalne must start with a "G"). These variables may be 
shared in any order, but only one pair can be shared with 
AP232X at any time. If, on testing the status of the share, a 
"1" is given as the degree of coupling, the following 
possibilities should be investigated: 

1. AP232X has not been loaded. 

2. Another pair of variables are active with it. 

3. No asynchronous communication adapters are installed in 
this PC. 
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lIard ware Notes 

1. The jumper module on the COM2 card should be turned 
180 degrees and replugged. (See the PC Technical 
Reference Manual for details). 

2. It should also be noted that ROM BIOS does not verify 
any card configured as COM2 (2Fn). Therefore the only 
certain way to verify that the COM2 is O.K., is to: 

a. Remove COM 1 card completely. 

b. Remove COM2 card and reconfigure it as COM 1. 

c. Replace second card in its nonnal slot. 

d. Power on the system. 

e. If power-on tests run O.K., then the card is good. 

3. The wiring of cables and connectors used to attach devices 
to RS232 ports should be carfully checked. Appropriate 
connection data is usually provided in the documentation 
supplied by the manufacturer of the device to be attached. 

AP232X Operation 

Initialis'e a POl1 

In this and the following sections, the two shared variables are 
represented by the names C and D, respectively for the control 
and data variables. 

This information required below should be obtained from the 
documentation supplied with the device to be attached. 

Syntax: 

C-+-O [,Port] 

D -+- Integer vector parameter list: 
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D [1]: Baud Rate of Port. 

The following rates are supported: 50, 75, 110, 135, 150, 
300,600, 1200, 1800, 2000, 2400, 3600,4800, 7200, 9600 or 
19200. A rate setting of 135 will give a true rate of 134.5 
baud. 

D [2]: Number of Bits per byte. 

This can be one of the following: 5, 6, 7 or 8. A 
rnaximurn of 7 bits per byte rnay be used if a stop bit is to 
be included. 

D [3]: Stop bit( s) required. 

o - No (1 bit per byte regardless of size). 
1 - Yes (if 5 bits per byte, then generate 1.5, otherwise 
generate 2). 

D [4]: Parity type. 

o - None 
1 - Odd 
2 - Even 
3 - Mark 
4 - Space 

D [5]: Raise Request-to-send line. 

0- No 
1 - Yes 

D [6] : Add Line Feed Character if New Line detected on 
output. 

o - No 
1 - Yes 

This n~ature is of particular value if the device is a printer. 

D [7]: Translate input using ASCII to APL translation 
table. 
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o - No translation. 
1 - Translation takes place. 

D [8 J: Translate output using APL to ASCII translation 
table. 

o - No translation. 
1 - Translation takes place. 

Parameters 7 and 8 give the flexibility of using your own 
translate table in the workspace, permitting customised 
translation tables for special devices. 

D [9J: Clear-to-send line retry count. 

D [ 1 0 J : Dataset ready line retry count. 

D[11]: Carrier detect retry count. 

These are the retry counts, to be used when initialising the 
adapter, indicating whether a potential problem exists with 
the device attached to them. A value of zero ignores the 
line. -1 is the maximum number of retries. 

D[12J: Turn around character. 

This is the character used to delimit records in the receive 
burrer. A value of -1 will cause no turn around character 
to be used. 

D [13 J: End-of-line character. A value of -1 will cause no 
end-of.-line character to be used. 

D [ 14 1 5 16 17]: Characters to be deleted from 
data stream. 

Values of -1 will cause no characters to be removed. 

All of the above characters are specified as indices of DAV in 
zero origin (0-255). 

D [ 18 J: Receive buffer size. 
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The receive buffer size has a range of lK to 32K bytes. 

D [ 1 g]: TransInit buffer size. 

The transmit buffer size has a range of 255 to 32K bytes. 

Buffer sizes should be selected according to the baud rate and 
characteristics of the device. For example, a plotter will have 
a great deal of data sent to it, so it should have a large 
transtnit buffer, but will only need a small receive buffer. 

The values in this parameter list should be chosen to agree 
with those suggested by the manufacturer of the device to be 
attached. 

Recover Port Initialisation Parameters 

Syntax: 

C +- 1 [,Port] 

The data variable returns a seventeen element vector as 
specified in the preceding section. 

Transmit Data to Port 

Syntax: 

C +- 2 [,Port] 
D +- Characters to transmit 

Receive Data froln a Port 

Syntax: 

C +- 3 [,Port] 

The data variable will contain either all characters currently in 
the buffer or up to the first turnaround character encountered. 
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Get Status 

Syntax: 

C -+- 4,Port,1 

The data variable returns transmit and receive buffer sizes and 
number of characters in each as a 4 element integer vector. 

C -+- 4,Port,2 

The data variable returns a four by eight boolean array which 
is a direct copy of the LCR, MCR, LSR, and MSR registers, 
in row order. 

Set LCR I MCR Registers 

Syntax: 

C -+- 5,Port,n 
D +- 8 element boolean vector representing 
new register value 

where n is: 

1 = Line control register (LCR). 
2 Modem control register (M CR). 

Reset the Transmit and Receive Buffers 

Syntax: 

C -+- 6 [,Port] 

Buffers are frozen and purged. 
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AP232X Return Codes 

Code Meaning 
o - Success 
1 - Receive buffer empty 
2 - Invalid port specified 

10 - Ct 1 has invalid Length 
11 - Ct 1 has invalid Type 
12 - Ctl has invalid Rank 
14 - Invalid function request 
21 - Dat has invalid Rank 
22 - Da t has in valid Length 
23 - Dat has invalid Type 
24 - Da t not shared 
25 - Da t value error / locked 
26 - Dar. too large 
30 - Invalid baud rate 
31 - Invalid number of bits per byte 
32 - Invalid Stop bits 
33 - Invalid Parity code 
34 - Invalid RTS flag 
35 - Invalid Linefeed add flag 
36 - Invalid translation to ASCII flag 
37 - Invalid translation to AJ>L flag 
38 - Invalid CTS retry count 
39 - Invalid RTS retry count 
40 - Invalid COD retry count 
41 - Invalid turnaround character 
42 - Invalid EOL character 
43 - Invalid delete char no. 1 
44 - Invalid delete char no. 2 
45 - Invalid delete char no. 3 
46 - Invalid delete char no. 4 
50 - Time-out on CTS line 
51 - Time-out on OSR line 
52 - Time-out on RLSO line 
53 - Invalid receive buffer size 
54 - Invalid transmit buffer size 
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l"lle Music Auxiliary Processor: AP440 

The AP440 auxiliary processor provides an easy way to create 
music at the attached speaker. To use this auxiliary processor, 
you should have an elementary knowledge of music and its 
notation. 

To use this auxiliary processor, you must include AP440 as a 
parameter to the APL command at load time, before you 
begin an APL work session, or load it dynamically through 
AP2. For example, 

APl AP440 

The APL line: 

440 DSVO 'name' 

must be executed before tlie auxiliary processor can be used. 
name is the name of any APL variable. 

The result of the preceding line will be ai, if the variable name 
is accepted. This auxiliary processor accepts only one variable. 

The line: 

DSVO 'name' 

must be executed next and must give a result of 2. If not, the 
auxiliary processor is not active or a different variable has 
been shared with it and has not been retracted. 

Any character string assigned to narne will be interpreted as a 
set of cornmands to the auxiliary processor to play music. 
Comnlands may be joined within a single character string in 
any way you desire, or passed through another variable which 
is then assigned to the shared variable. 
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AP440 COlnnland Syntax 

{[tenlpo] [octave] [rnode] [length] [NOTESPEC] [pause]} 

where: 

[tempo] : 

[octave] : 

[mode] : 

[length] : 

Tn (n = 0 to 6; default 4) 

On[{+ -}] (n = 0 to 6; default 3) 

Mn (n = 0 to 2; default 0) 

Ln (n = 0 to 6; default 0) 

[NOTESPEC]: tone [{# + -}] En] [.] (tone = A to G; n = 
o to 6, defa~lt 0) 

[pause] P En] [.] (n = 0 to 6; default 0) 

NOTESPEC A to G, optionally followed by #, +, or -, and a 
digit (0 to 6), optionally followed by a period. 

Plays the indicated note in the current octave. # 
or + specifies a sharp, and - specifies a flat. The 
digit, if given, specifies the length of the note, 
according to the following: 

o complete note 
1 half note 
2 quarter note 
3 quaver note 
4 semiquaver note 
5 quarter quaver note 
6 half-quarter quaver note 

If a period is given, the note is played as a dotted 
note; that is, its length is multiplied by 3/2. 
Additional dots are ignored, if present. 
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Ln, where n is a digit from 0 to 6, sets a given 
length (according to the previous table) applied 
to all later notes in this or different strings of 
commands, unless a new Ln cornmand is found 
or a note has its own length given, which takes 
priority. If no Ln command has ever been given, 
LO is assumed as the default. 

M n, where n is a digit from 0 to 2, selects the 
music mode, according to the following table: 

o Music staccato. Each note will play 3/4 of the 
length. The rest will be a pause. 

1 Music normal. Each note will play 7/8 of its 
length. 

2 Music legato. Each note will play its full 
length. 

If no Mn command has ever been given, M 1 is 
assumed. 

octave On, where n is a digit from 0 to 6, optionally 
followed by a + or - sets the current octave. 
Each octave goes from C- to B+. Octave 3 
contains rniddle A (440 Hertz). If + or - is not 
present, the number given is the absolute octave. 
A + sign specifies a relative displacement to 
higher octaves. A - sign corresponds to a 
relative displacement to lower octaves. If no On 
command has ever been given, 03 is assumed. 

pause P, optionally followed by a digit from 0 to 6, 
optionally followed by a period, defines a pause 
or rest. The digit, if given, specifies the length of 
the pause. This length may be enlarged to 3/2 its 
value if a period follows. The length values are 
interpreted according to the same table indicated 
in the note-definition command. 
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tempo Tn, where n is a digit from 0 to 6, sets the tempo 
of the play, according to the following table, 
where the nUInber of quarter notes per minute 
equivalent to each tempo is indicated in 
parentheses: 

o Largo (54) 
1 Largetto (66) 
2 Adagio (78) 
3 Andante (96) 
4 Moderato (120) 
5 Allegro (156) 
6 Presto (198 per minute) 

If no Tn command has ever been given, T4 is 
assumed. 

To play tied notes, connect the expressions of the two notes. 
You can also assign sub-tunes to any APL variable (not 
shared with AP440) and call them repetitively with different 
tempos, octaves, or lengths, by assigning that variable to the 
shared variable. 

For an example of how to use this auxiliary processor, 
examine the variables included in the MUSIC workspace. 

The IBM GPIB Support Auxiliary 
Processor: AP488 

The IBM General Purpose Interface Bus Adapter provides an 
interface between an IBM Personal Computer and the 
IEEE-488 General Purpose Interface Bus (GPIB), allowing 
control of multiple devices or instruments (such as plotters, 
multimeters, and disk drives). 

Auxiliary processor 488 provides an interface between APL 
and the IBM General Purpose Interface Bus (GPIB) Adapter 
Prograrnnling Support. 
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Part No Feature 

General Purpose Interface Bus 6451503 1503 
Programming Support 6024201 4201 

Each Personal Computer can accommodate up to four GPIB 
Adapters and provide support for up to 48 devices. The IBM 
GPIB Adapter can perfonn as a controller, a talker, or a 
listener with these compatible devices. The IBM GPIB 
Adapter also provides capabilities for data transfer between 
workstations, and the connection of several computers for 
sharing of instruments or peripheral I/O devices. 

Description of AP488 Functions 

Thirty five functions are defined to auxiliary processor 488, 
nUlnbered 0 through 34. Function calls 21,29,31, and 33 are 
reserved for future use. Each numeric function code has a 
matching APL function in the AP488 workspace, as follows: 

o IBWAIT 
lIBONL 
2IBRSC 
3 IBSIC 
4IBSRE 
5IBLOC 
6IBRSV 
7IBPPC 
8IBPAI) 
9IBSAI) 
10 IBIST 
11 IBDl'AA 
121BEOS 
13IBTMO 
14IBEOT 
151BGTS 
16IBCAC 
17IBRDF 
18IBFIND 
19IBRPP 
20IBSTAT 
21 
22IBCLR 

Wait for Selected Event 
Online or Omjne 
Request or Release Systeln Control 
Send Interface Clear 
Set or Clear Remote Enable Line 
Go to Local 
Request Service 
Parallel Poll Configure 
Change Primary Address 
Change or Disable Secondary Address 
Individual Status Bit 
Enable or DisableDMA 
Change or Disable EOS Method 
Change or Disable Timeout Limit 
Enable or Disable EN!) Message 
Active Controller Go To Standby 
BeCOlne Active Controller 
Read Data Into File 
Open Device Adapter I:file I-landle 
Conduct Parallel Poll 
Return IBSTA, IBERR, IBCNT 
Reserved 
Clear Device with Selected Device Clear 
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23 IBTRG Trigger Device 
24 IBPCT Pass Control 
25 IBRSP Conduct Serial Poll 
26 IBBNA Change Adapter Name 
27 IBSIZE Set Data Buffer Size 
28 IBR11 Read Data 
29 Reserved 
30 IB\VRT Write Data 
31 Reserved 
32 IBCMD Send Commands 
33 Reserved 
34 IBWRTF Write Data From File 

The general format of processor calls is: 

[D488~optjonal data] 
C488~functjon code, handle, [optional parmJ 
VALUE~488 
[DATA~D488J 

All functions return a value which is unlikely to be zero. In 
most cases, the integer equivalent of IBSTA (the IEEE-488 
sixteen bit integer status word) is returned. Two functions (19 
- IBRPP, and 25 - IBRSP) return integer poll responses if no 
error has occurred. 

ClJ. 88 accepts only integer values and DlJ. 88 accepts only 
character vectors. This is true for all functions. 

IBSTA, Status 'Vord Layout 

The status variable is a sixteen bit integer variable. All sixteen 
bits mean something: 
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Bit Value Meaning 

0 1000000000000000 - ERR GrIB Error 
1 0100000000000000 - TIMO Time Umit Exceeded 
2 0010000000000000 - END Device Detected END or EOS 
3 0001000000000000 - SRQI SRQ Detected 
4 0000100000000000 - RQS Device Requires Service 
5 0000010000000000 - Reserved 
6 0000001000000000 - Reserved 
7 0000000100000000 - CMPL I I 0 Completed 
8 0000000010000000 - LOK Device is in Lockout State 
9 0000000001000000 - REM Device is in Remote State 

10 0000000000100000 - CIC Device is Controller-I n-Charge 
11 0000000000010000 - ATN Attention is asserted 
12 0000000000001000 - TACS Device is Talker 
13 0000000000000100 - LACS Device is Ustener 
14 0000000000000010 - DTAS Device in Device Trigger state 
15 0000000000000001 - DCAS Device in Device Clear state 

When ERR is true, the sixteen bit integer status word is 
returned to APL as a negative value. It should be clear that 
any positive return code is good. A negative value means that 
ERR is true, an error or abnormal condition has occurred: 

• IBSTA bits are set 
• IBERR numeric return code is available thru function call 

20 (IBSTAT) 

IBERR, Error number 

o Driver or DOS error 
1 Function requires GPIB adaptor to be 

Controller-In-Charge 
2 Write function detected no listeners 
3 Interface adapter not addressed correctly 
4 Invalid argument to function call 
5 Function requires GPIB adaptor to be System Active 

Controller 
6 I/O operation aborted 
7 Nonexistent interface adapter 
8 Reserved 
9 Reserved 
10 Asynchronous operation not complete 
11 No capability for operation 
12 Unable to access file 
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13 Reserved 
14 Bus command error during device call 
15 Serial Poll status byte lost 
16 SRQ remains asserted 

Notation 

In the following descriptions: 

DEVICE refers to a device connected to the GPIB 

ADAPTER refers to the GPIB Adapter board 

EITHER refers to either an adapter or a device 

Function 0, Wait for Selected Event (IBW AIT) 

C488+0,EITHER,MASK 
IBSTA+C488 

This function causes the system to wait for any of the events 
specified in the mask integer. The mask layout is exactly the 
saIne as that of the IBSTA variable. 

Function' 1, Online or Offline (IBONL) 

C488+1,EITHER,FLAG 
IBSTA+C488 

This function is the inverse of IBFIND. If FLAG is zero, it 
closes the file handle. If FLAG is not zero, it does nothing 
(except waste tilne). 

Function 2, Request or Release System Control 
(IBRSC) 

C488+2,ADAPTER,FLAG 
IBSTA+C488 
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This function enables or disables System Controller functions 
(Remote Enable, Interface Clear). The IEEE-488 specification 
does not specifically pennit schemes where System Control 
nlay be passed back and forth between instruments, but it does 
not forbid them either. This routine would be used in such a 
scheme. 

Function 3, Send Interface Clear (IBSIC) 

C488+3,ADAPTER 
IBSTA+C488 

This function causes the adapter board to assert the Interface 
Clear signal if the adapter is currently supporting Systetn 
Controller functions. 

Function 4, Set or Clear Relnote Enable Line 
(IBSI~E) 

C488+4,ADAPTER,FLAG 
IBSTA+C488 

This routine asserts the Remote Enable signal if FLAG is 
non-zero, else it unasserts it. 

Function 5, Go to Local (IBLOC) 

CLJ.88+5,EITHER 
IBSTA+C488 

This routine temporarily removes "Local Lockout" from the 
specified instrulnent. Normally, this will re-enable front panel 
controls. The next time the instrument is accessed via the 
interface, "Local Lockout" will resume. There is no way to 
turn off this condition pernlanently (except by changing the 
option in CONFIG. SYS). 
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I~unction 6, Request Service (IBRSV) 

C488~6,ADAPTERJSTATUS 
IBSTA~C488 

This function is used when the adapter is configured as an 
instrument, not the system controller. It sets the byte that is 
returned when the system controller performs a serial poll. If 
STATUS has the X' 40' bit on, this routine will also assert SRQ. 

Function 7, Parallel Poll Configure (IBPPC) 

C488~7,EITHERJCONFIG 
IBSTA~C488 

This function configures an instruInent or an adapter to 
respond to a parallel poll. Be certain that the device to be 
configured has a GP IB address in the range of zero through 
seven. For information on the CONFIG integer, see the 
"Guide to the General Purpose Interface Bus Adapter 
Programnling Support". 

Function 8, Change Primary Address (IBP AD) 

C488~8,EITHERJADDRESS 
IBSTA~C488 

This routine permits you to over-ride the primary address of 
the device or adapter that was specified by IBCONF. This 
change remains in effect until IBONL is called, or your 
prograln ends. 

11"unction 9, Change or Disable Secondary Address 
(IBSAD) 

C488~9,EITHERJADDRESS 
IBSTA+C488 

This routine permits you to override the secondary address of 
the device or adapter that was specified by IBCONF. This 
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change remains in effect until IBONL is called, or your 
program ends. 

Function 10, Individual Status Bit (IBIST) 

C488+10,ADAPTER,FLAG 
IBSTA+C488 

This routine sets the parallel poll response bit to true if FLAG 
is not zero, else the routine sets the response bit to false. The 
adapter must have been previously configured to respond to a 
parallel poll. 

Function 11, Enable I Disable DMA (IBDMA) 

C488+11,ADAPTER,FLAG 
IBSTA+C488 

This routine permits you to temporarily disable and re-enable 
DMA transfers. If FLAG is zero, DMA is disabled and the 
adapter will use programmed I/O exclusively. If FLAG is not 
zero, then the adapter will use DMA. 

Note: DMA may only be used if you configured your system 
to use DMA via the IBCONF utility supplied by the GPIB 
Programming Support. 

Function 12, Change or Disable EOS Method 
(IBEOS) 

C488+12,EITHER,FLAGWORD 
IBSTA+C488 

This function changes or disables the End Of String method. 
FLAGWORD specifies both the EOS character, and what to do 
when it is detected during a read or write. For further 
information on the FLAGWORD integer, see the "Guide to the 
General Purpose Interface Bus Adapter Programming 
Support". 
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Function 13, Cbange or Disable Timeout Limit 
(IBTMO) 

C488+13,EITHER,FLAGWORD 
IBSTA+Cl~88 

This function changes the amount of titne that the interface 
will wait before reporting a timeout error. Litnits range from 
10 microseconds through one thousand seconds, or forever. 
FLAGWORD ranges fronl zero through seventeen and is 
described in the "Guide to the General Purpose Interface Bus 
Adapter Programming Support" . 

• "unction 14, Enable or Disable END Message 
(IBEO'f) 

C488+14,EITHER,FLAG 
IBSTA+C488 

This function specifies whether or not EOI is set concurrently 
with the last byte of the data. If FLAG is zero, then EOI is 
not sent. If FLAG is non-zero, then EOI is sent. If the handle 
refers to an adapter, then the value specified by FLAG 
overrides the specification on all devices attached to the 
adapter card. 

Function 15, Active Controller Go To Standby 
(IBGTS) 

C488+15,ADAPTER,FLAG 
IBSTA+C488 

This routine is very useful for transferring data between two 
instruments without bothering to read it into APL first. It is 
normally used in conjunction with IBCMD. The function 
unasserts the ATN line and goes to the standby state. If FLAG 
is non-zero, then the adapter monitors the data transfer and 
goes into a "Not Ready For Data" state when the END 
message is detected. This pennits synchronous resumption of 
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control via IBCAC. If FLAG is zero, then no monitoring is 
performed. 

Function 16, Becolne Active Controller (IBCAC) 

C488+16,ADAPTER,FLAG 
IBSTA+C488 

This function is used to resume control of the GPIB system. 
If FLAG is zero, then control is forced immediately (and 
possibly asynchronously with respect to data transfer). If 
FLAG is non-zero, then control is resumed synchronously with 
respect to data transfer. 

Function 17, Read Data Into File (IBRDF) 

D488+'FULL DOS FILE SPECIFICATION' 
(Including Path) 
C488+17,EITllER 
IBSTA+C488 

This function reads data from the GPIB and writes it to a 
DOS file. Any data already in the file is over-written. The 
transfer will end when either the END or the EOS nlessage is 
detected. 

Function 18, Open Device or Adapter File I-Iandle 
(IBFIND) 

D488+'UNIT NAME' 
C488+18,O 
RESULT+C488 

This function performs an "open" on the specified device. 
You supply the name of the instrument or adapter board to 
D488, and the function returns a file handle or IBSTA if an 
error occurs. The result will always be a file handle if the 
integer that is returned is positive, and will always be IBSTA if 
the integer is negative. 
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FUllction 19, Conduct Parallel Poll (IBRPP) 

C488+19 ,EITHER, 0 
RESULT+C488 

This function causes the adapter to perform a parallel poll. 
The value returned is either the response byte from the poll (if 
the value is positive) or IBSTA if the value is negative (an 
error was detected). The EITHER may be either an adapter or 
a device. If the handle refers to a device, the software will 
actually perform a parallel poll on the adapter board that owns 
the device. 

Function 20, Return IBST A, IBERR, IBCNT 
(IBSTAT) 

C488+20 
RESULT+C488 
IBSTA+RESULT[l] +0 
IBERR+RESULT[2] 
IBCNT+RESULT[3] 

This function is used to retrieve the current values of IBSTA f 

IBERR, and IBCNT. No actual GPIB activity results, this 
function only reads three integers from the auxiliary processor. 

Function 22, Clear Device with Selected Device Clear 
(IBCLR) 

C488+22,DEVICE 
LBSTA+C488 

This function clears (or is supposed to clear) the internal 
device dependant functions of the specified instrument. The 
routine actually sends "Selected Device Clear" to the device. 
Not all instrurnents support the "SOC" message. 

Function 23, Trigger Device (IBTRG) 

C488+23,DEVICE 
IBSTA+C488 
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This function sends the GET (group execute trigger) message 
to the device specified by EITHER. Many devices do not 
support this function. 

Function 24, Pass Control (IBPCT) 

C488~24JDEVICE 
IBSTA~C488 

This function passes "Controller-In-Charge" authority to the 
specified device. Be CERTAIN that the device specified can 
support controller functions. . 

Function 25, Conduct Serial Poll (IBRSP) 

C488~25JDEVICEJO 
RESULT~C488 

This function performs a serial poll of the specified device and 
returns the resultant status byte (if no error occurred), or else 
it returns IBSTA. If the returned integer is positive, the 
response is a status byte. If the returned integer is negative, 
then the response is IBSTA. 

Function 26, Change Adapter Nalne (IBBNA) 

D488~IGPIB I 

C488~26,DEVICE 
IBSTA~C488 

This function changes the adapter (GPIBO-GPIB3) used to 
access the instrument specified by DEVICE. D488 is 
assigned a five character name that consists of "GPIB" 
followed by the character zero through three. 

Function 27, Set Data Buffer Size (IBSIZE) 

C488+27,BUFFSIZE 
IBSTA~C488 
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This function sets the maxitnunl read buffer size in the 
auxiliary processor. No I/O is performed. 

Function 28, Read Data (IBRD) 

C488+-28,EITHER 
IBSTA+-C488 
DATA+D488 

This function reads data from the specified device or adapter 
and returns it to APL through D48 8. If the high order bit 
(X'8000') of the EITHER is true, then no translation of the 
data from ASCII to Z-CODE (the internal APL character set) 
is perfornled. The BINARY function is provided to set this bit, 
and the ASCI I function to reset it. 

Function 30, Write Data (IBWRT) 

D488+-DATA 
C488+-30,EITHER 
IBSTA+-C488 

This function writes data from a character vector to the 
instrument that is specified by EITHER. If the high order bit 
(X'8000') of the EITHER is true, then no translation of the 
data from ASCII to Z-CODE (the internal APL character set) 
is performed. The BINARY function is provided to set this bit, 
and the ASCI I function to reset it. 

Function 32, Send Commands (IBCMD) 

D488+-COMMANDS 
C488+-32,ADAPTER 
IBSTA+-C488 

This function sends actual GPIB comnlands out through the 
adapter. You may send any valid sequence of IEEE-488 
cOInmands. For more information on IBCMD, see the "Guide 
to the General Purpose Interface Bus Adapter Programming 
Support". 
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Function 34, Write Data Front File (IBWRTF) 

D488+'FULL DOS FILE SPECIFICATION' 
(Including Path) 
C488+34,EITHER 
IBSTA+C488 

This function reads data from a DOS disk file, and sends it to 
the specified device (or adapter) as one long record. No 
translation is done. 
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The APL/Personal Computer System, Version 2.1, includes a 
wealth of auxiliary processors implementing interfaces to most 
of the devices now available for the IBM Personal Computer. 
However, you may wish to further extend the facilities of your 
APL system by writing your own, user-tailored auxiliary 
processors. 

To build your own a uxiliary processors, you must have a good 
understanding of APL, APL data types, assembler language, 
and the information in this chapter. You will need the IBM 
Personal Computer lVlacro Assembler if you desire to build 
your own auxiliary processors. 

Essentially, an auxiliary processor (AP) provides a service that 
involves exchange of data. One obvious service is accessing a 
file. However, the services that an AP can provide are limited 
only by the facilities available in the system and the 
imagination of the designer. 

Auxiliary processors exchange information with the APL 
processor through shared variables. A variable becomes 
shared when you offer to share it and the auxiliary processor 
accepts the offer. You and the AP, in effect, then become 
partners. Each partner can assign a value to the shared 
variable (specify it) and get its latest value (reference it). 

The shared variable processor (SVP) is a part of the APL 
processor and manages all shared-variable oilers and 
information exchange. This processor is loaded in main 
menlory only if at least one auxiliary processor using its 
services (the name of which begins with "AP") has been 
selected at APL load time. 
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Access Control 

I t is often necessary for the partners to control the sequence in 
which they access a shared variable. If the access is not 
controlled, one partner can specify a variable twice before the 
other can reference the first value, or one partner can reference 
a variable twice before the other can specify a second value. 

Each shared variable is associated with a 4-bit control vector 
that provides a means of regulating access to the variable. 
Each partner presents its own version of the access-control 
vector to the SVP. The efiective, or combined, access-control 
vector is the logical OR of the two. Thus, each partner can 
impose more discipline, but neither can reducde the discipline 
imposed by the other. 

The meaning of each of the four bits, as given by an auxiliary 
processor to the SVP, is: 

Bit Meaning 

o If 1, disallow my successive specification until my partner 
has accessed the variable (either referenced or specified 
it). 

1 If 1, disallow my partner's successive specification until I 
have accessed the variable. 

2 If 1, disallow my successive reference until my partner has 
specified the variable. 

3 If 1, disallow my partner's successive reference until I 
have specified the variable. 

The SVP allows or disallows each access according to the 
variable's access state. The access state at any point in time 
depends on the variable's combined access-control vector and 
the prior accesses by each partner. 
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Fornlat of Shared Data 

APL data on the IBM Personal Cornputer has a special 
internal format. Data passed from APL to the auxiliary 
processor, and data passed back to APL, must be in that same 
format. The maximum size of an APL object that may be 
passed to or from an auxiliary processor is 32512 bytes. If you 
pass invalid data to APL, unpredictable errors may occur. 

Each variable contains information that describes its data type, 
shape, and size. This information is called its header, and is 
located at the beginning of the object. It consists of the 
following fields: 

$PTR EQU WORD PTR [0] A pointer. Should be 
ignored by the A.P. 

$NB EQU WORD PTR [2] Number of bytes in 
this APL object. It 
MUST be rounded up 
to EVEN. 

$NELM EQU WORD PTR [4] Number of elements in 
this APL object. 

$TYPE EQU BYTE PTR [6] APL object type: 
O=Logical, l=Integer, 
2=Real, 3=Character 

$RANK EQU BYTE PTR [7] Rank of object (0-63). 
$DIMI EQU WORD PTR [8] First dimension (if any). 

As many dimensions as 
value of $RANK follow. 

A scalar has a rank of 0 and is a variable with no dimension. 
I t has only one elernent and contains no size information. 

A variable with rank greater than 1 includes size information: 
as many dimensions as the value of its rank. Each dirnension 
must be a two-byte integer, with a value in the range 0 to 
32767. The maximum rank of a variable is 63. 

An APL variable may be one of four types: 

• real (floating point) 
• integer 
• logical (boolean) 
• literal ( character) 
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When you receive numeric data frorn APL, you should be 
prepared to accept the data in any representation and to 
convert between different representations. . 

Regardless of a variable's data type, its elements are located 
immediately after the header, and the whole object is padded 
up to an even number of bytes. If the variable has more than 
one dimension, its elements are stored in row order (as if the 
APL primitive ravel had been applied to the variable). 

Elements of a logical variable are represented as logical values 
(0 or 1), with one bit per element. The bytes of a logical 
variable, and the bits within the byte, are in row order. The 
word containing the last element can have undefined elements 
on the right. For example, the elements of a 19-element 
logical variable are stored in four bytes (two words) in the 
sequence shown below. Unused elements of the fourth byte 
are undefined. 

o 1 2 3 4 567 o 1 2 3 4 567 o 1 2 x x x x x 

Elements of an integer variable are represented as binary 
numbers, with two bytes (one word) per elernent. Actual 
values must belong to the interval [- 32767, 32767 ] 

Elements of a real variable are represented in long 
floating-point format, with eight bytes per element. 

Elements of a character variable are represented in APL 
internal code, with one byte per element in row order. The 
word containing the last element can have one undefined byte 
on the right. An SVP service function has been provided to 
translate character data in APL internal fonn to ASCII and 
vice versa. 
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Shared Variable Processor Services allt 
Return Codes 

The IBM Personal Conlputer APL system Version 1.0 inch 
a set of SVP services and macros that could be used to buil~ 
auxiliary processors. Although this interface is still supporte, 
by the IBM APL/Personal Computer system Version 2.1, for, 
compatibility reasons, it will not be described here, since a 
new, easier, and more powerful interface between AP's and 
SVP has been incorporated to the system. This interface, to be 
described below, is recommended to all users who want to 
build new auxiliary processors. 

The new SVP interface is accessed through interrupt OB6I1 and 
may be used whenever the SVP has been loaded (i.e. when at 
least one AP has been invoked at APL load time). The value 
of the BP register is critical to all SVP interface calls, thus it 
should not be used by the AP, or restored to its original value 
whenever an SVP service is requested. 

Service calls are passed information and return results in the 
processor's registers. The value of register All when the 
interrupt is executed indicates the function to be performed. 

A file ($A.P.MAC) has been included in this package, 
containing equates for the service calls and the APL object 
headers. You are advised to include this file in your AP source 
program. 

The following is a short description of all the SVP services 
supported by the new interface: 
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Processor Sign-on: OOH 

On Register Contents 
Entry 

AH OOH 

BX Processor number range 2 to 32767 

On Register Contents 
Return 

CX Return code; if carry set 

Description 

This function will sign on the auxiliary processor to the shared 
variable processor. 

See notes 1 and 2. 
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Return to APL via Shared Variable I>rocessor: 
OlH 

On Register Contents 
Entry 

AH OIH 

On Register Contents 
Return 

All register contents lost 

Description 

This call is used to signal the end of an Auxiliary processor 
call, it is the method of releasing control to the APL 
interpreter. 

\Vhen the SVP wishes to re-enter the auxiliary processor it will 
be at the instruction directly after the \Vait request. 

Special note, the DP register nlust be nlaintained at the value it 
had on entry to the auxiliary processor follo\ving the last wait 
call. 

See notes 1 and 2. 
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Share or Query the State of a Variable: 0211 

On Register Contents 
Entry 

AH 02H 

BX 0; if variable not shared, else variable identifier 

CH Access control vector for variable 

CL Initial character of the variable name, this 
value is given in APL Z-code or zero if any 
character should be accepted 

On Register Contents 
Return 

BX Variable identification, or a zero if not 
accepted or retracted 

CX Return code 

DS Aligned to object passed if any (at DS:O) 

CF If set; the variable if any had no value; 
see CX for reason. 
If not set; the variable value has been read 

Description 

If BX = 0 and a matching offer is found, the variable is 
shared and the access control vector is set. 

If BX~O and the variable has been retracted by APL, the 
variable is retracted by the Auxiliary Processor. 

If this is a control variable (recognised through the access 
control vector), the present value of the variable, if any, is 
read. 
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The variable identification should be kept by the AP to be 
used whenever a service pertaining to this variable is sent to 
the SVP. 

See notes 1, 3 and 5. 

Get the Present Value of a Shared Variable: 
0311 

On Register Contents 
Entry 

AH 03H 

BX Variable identification 

On Register Contents 
Return 

ex Return code 

DS Aligned to object passed if any 

CF If set; value could not be read, reason code in ex 
If not set; then variable was read 

Description 

Read the contents of a variable set by APL assignment. 
Variable passed is in APL internal format. 

See notes 1, 3 and 5. 
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Get a Blocl{ of Menlory Fronl the Workspace: 
041-1 

On Register Contents 
Entry 

AH 04H 

OX N umber of 16 byte paragraphs required 

On Register Contents 
Return 

OS Pointer to requested space 

CX Return code 

OX N umber of blocks availa.ble 

CF If set; no space available 
If not; set request succeeded 

Description 

This call provides the auxiliary processor or exchange assembly 
program with a method of obtaining storage from that unused 
but allocated to the APL workspace. 

See notes I and 3. 
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Release Storage to the \Vorksilace: 05H 

On Register Contents 
Entry 

AH 051-1 

DS Address of storage to de-allocate 

On Register Contents 
Return 

ex Return code 

DX If carry not set; number of 16 byte paragraphs 
released 

CF If set; operation failed, see ex for reason 
If not set; operation successful 

Description 

This call allows you to release storage back to the workspace. 
I t is the responsibility of the AP to make sure all areas of 
storage obtained from the workspace are freed back to APL. 
All values passed by the SVP to the AP must also be freed by 
the latter. 

M emory allocation is nmde on a push down stack basis. The 
following example illustrates the allocation method: Assume A 
to be the first request, and B the second. If A is freed, no 
memory will be returned to the workspace, since B is still in 
use. When B is freed, all the areas previously occupied by A 
and B are returned to the APL workspace. 

See notes 1 and 4. 
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Pass a Variable to APL and Release the 
Space: 06H 

On Register Contents 
Entry 

AH 06H 

BX Variable identification 

DS Pointer to the variable to be passed 

On Register Contents 
Return 

CX Return code 

DX N umber of paragraphs released 

CF If set; operation failed, see CX for reason 
If not set; operation successful 

Description 

This call permits you to assign a variable to APL and release 
it's space. 

See notes 1 and 4. 
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Pass a Scalar Integer Return Code to APL: 
0711 

On Register Contents 
Entry 

All 0711 

EX Variable identification 

ex Return code to passed 

On Register Contents 
Return 

ex Return code 

CF If set; operation failed, see ex for reason 
I f not set; success 

Description 

This call is designed to ease the passing of a return code to 
APL to indicate to the caller that a particular operation 
requested of the auxiliary processor has been carried out. 

See notes 1 and 4. 
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Convert an APL Object from rrype Boolean to 
Integer: 08H 

On Register Contents 
Entry 

All 0811 

DS Points to the variable for conversion 

On Register Contents 
Return 

CX Return code from operation 

DS Points to converted APL object 

CF If set; operation failed, see CX for reason 
If not set; operation successful 

Description 

This call converts APL boolean objects into integers, which are 
more convenient to work with. If the conversion is not done 
in place, the SVP will release the storage from the old object. 
(The value of DS on return rnay be different fi-orn the one on 
entry). 

See notes 1 and 4. 
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Convert from APL Z-code to ASCII: 091-1 

On Register Contents 
Entry 

AH 09H 

OS This register pair point to an input character 
Sf string to be converted 

DS This register pair point at the output location 
DJ· 

CX N umber of bytes to be converted 

On Register Contents 
Return 

CX Return code 

CF If sct; operation failed, see CX for reason 
If not set; success 

Description 

This call gives a service to translate a character vector to to 
ASCI I from APL internal code known as Z-codes. 

You should always remember to point at the start of data for 
conversion not at the start of object. 

I Note that the input and the output must both be in the same 
I segtnent. 

I Translations may be done "in place" that is DS:SI pair may 
I equal DS:DI pair. 

See notes 1 and 4. 
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Convert from ASCII to APL Z-code: OAf I 

On Register Contents 
Entry 

All OAH 

DS This register pair point to an input character 
Sf string to be converted 

DS This register pair point to output location 
DI 

CX N umber of bytes to be converted 

On Register Contents 
Return 

CX Return code 

CF If set; operation failed, see CX for reason 
If not set; success 

Description 

This call gives a service to translate a character vector to to 
APL internal code known as Z-codes from ASCII. 

You should always remember to point at the start of data for 
conversion not at the start of object. 

I N ate that the input and the output must both be in the same 
I segment. 

I Translations may be done "in place" that is DS:SI pair may 
I equal DS:DI pair. 

See notes 1 and 4. 
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Share or Query the State of a Variable: OBH 

On Register Contents 
Entry 

AH OBH 

BX 0; if variable not shared, else variable 
identifier 

ClI Access control vector for variable 

CL Initial character of the variable name, this 
value is given in APL Z-code or a zero 
if any character should be accepted 

On Register Contents 
Return 

BX Variable identification, or a zero 
if accepted or retracted 

CX Return code 

DX If carry not set, and if the variable is a control 
variable, the number of 16-byte paragraphs 
needed for its value 

CF If set; the variable, if any, had no value, 
see CX for reason 
If not set; the variable value has been read 

Description 

If BX = 0 and a matching offer is found, the variable is 
shared and the access control vector is set. 

If BX~O and the variable has been retracted by APL, the 
variable is retracted by the Auxiliary Processor. 
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If this is a control variable (recognised through the access 
control vector), the size needed to read its value, is 
returned. 

The variable identification should be kept by the AP to be 
used whenever a service pertaining to this variable is sent to 
the SVP. 

Equivalent to AH = 02H, but the variable value, if any, is just 
pre-read. 

See notes 1 and 4. 

l")re-read a Variable: OClI 

On Register Contents 
Entry 

AH OCH 

BX Variable identification 

On Register Contents 
Return 

CX Return code 

DX Number of paragraphs required 

CF If set; operation failed, see CX for reason 
If not set; operation succeeded 

Description 

This call enables you to pre-read a variable to see if it can be 
successfully copied to your internal buffer area. 

See notes 1 and 4. 

13-20 APL/PC, Version 2.1 



IBM Internal Use Only 

Read a Previously Pre-read Variable: ODII 

On Register Contents 
Entry 

All ODn 

BX Variable identification 

DS Pointer to area to receive variable 

On Register Contents 
Return 

CX Return code 

CF If set; operation failed, see CX for reason 
If not set; successful 

Description 

This call gives a method of reading a variable to your internal 
storage area. 

See notes 1 and 4. 
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Release a Previously Pre-read Variable: OEll 

On Register Contents 
Entry 

All OEH 

BX Variable identification 

On Register Contents 
Return 

CX Return code 

CF If set; operation failed, see CX for reason 
If not.set; successful 

Description 

This function will be used when the AP decides to abandon 
reading a previously pre-read variable. 

See notes 1 and 4. 

13-22 APL/PC, Version 2.1 



IBM Internal Use Only 

Pass a Value to a Variable: OFH 

On Register Contents 
Entry 

AH OFH 

BX Variable identification 

DS Pointer to object to be passed 

On Register Contents 
Return 

CX Return code 

CF If set; operation failed, see CX for reason 
If not set; successful 

Description 

This call permits you to assign a new value to a shared 
variable. 

See notes 1 and 4. 
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Processor Sign-off: 1011 

On Register Contents 
Entry 

All lOll 

HX Processor number (used for sign-on) 

On Register Contents 
Return 

ex Return code 

CF If set; operation failed, see ex for reason 
If not set; successful 

Description 

This function should normally not be used. When sign-on has 
failed, sign-off should NEVER be executed. It is provided for 
very special case, when an auxiliary processor may sign on and 
off dynarnically frOnl the SVP. 

After request, execution is returned to the next instruction 
after the INT OB6H 

To make a formal termination you must use the $RET macro 
supplied in $AP.MAC. 

See notes 1 and 3. 

SVP Reserved }:function: 1111 

Function AH = 11 H is reserved for systern use. 

13-24 APLjPC, Version 2.1 



IBM Internal Use Only 

Locate an Associated Variable: 1211 

On Registcr Contcnts 
-Entry 

AH 121-1 

BX Variable identification 

CL Initial letter of associated variable 

On Register Contents 
Return 

BX Identification of associated 
variable 

ex Return code 

CF If set; operation failed, see ex for reason 
If not set; successful 

Description 

Two variables are considered to be associated if their names, 
with the exception of the first letter, are the same, and they are 
shared v/ith the same auxiliary processor. 

See notes 1 and 4. 
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Change the Keyboard I Screen Mode: 13H 

I On I Register Contents 
Entrv 

w 

AH 13H 

BX Desired mode (see table below) 

On Register Contents 
Return 

CX Return code 

CF If set; operation failed, see CX for reason 
If not set; successful 

Description 

This call permits the BIOS monitor mode to be changed or the 
I keyboard translation to be changed. A side effect of this call is 
I that the screen is cleared if a screen mode change is requested 
I (non-negative values of BX). Valid BX values: 

o - 25 x 40 Black and White Alphanumeric 
1 - 25 x 40 Colour Alphanumeric 
2 - 25 x 80 Black and White Alphanumeric 
3 - 25 x 80 Colour Alphanumeric 
4 - 200 x 320 Colour Graphics 
5 - 200 x 320 Black and White Graphics 
6 - 200 x 640 Black and White Graphics 
7 - 25 x 80 Monochrome display 

-1 - Set keyboard to APL Translation 
-2 - Set keyboard to National Translation 

See notes 1 and 4. 
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Get Loop Count for Delay: 1411 

On Register Contents 
Entry 

All 141-1 

On Register Contents 
Return 

CX Loop count for delay 

This function returns in ex the appropriate value so that a 
subsequent LOOP instruction will introduce a delay of one 
hundredth of a second. 

See notes 1 and 4. 
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I Change the Keyboard I Screen Mode Without 
I Clearing Screen: 1511 

On Register Contents 
Entry 

AH 13H 

BX Desired mode (see table on page 13-26). 

On Register Contents 
Return 

CX Return code 

CF If set; operation failed, see CX for reason 
If not set; successful 

I Description 

I This call permits the BIOS monitor m.ode to be changed 
I without unnecessary erasure of screen contents. 

I It is essentially the same as call 131--1, but may be used to swap 
I between the monochrome display and the colour display 
I without affecting the text displayed on either. The colour 
I display must already be in the correct mode otherwise 
I unpredictable results will be given. 

I See notes 1 and 4. 

13-28 APL/PC t Version 2.1 



IBM Internal Use Only 

Notes 

1. Register BP must retain its original value over all calls to 
interrupt OB6H. 

2. All register contents are lost. 

3. Registers ES, SI, DI are saved. All others are lost. 

4. Registers DS, ES, SI, DI are saved. All others are lost. 

5. The SVP requests space for the value to be passed. It is 
the auxiliary processor's responsibility to release that space 
when no longer needed (through function AI-I = 5, for 
instance). 
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I Return Codes (Returned in ex Register) 

Code Meaning 
o - Success 

-1 - Value error 
- 5 - Already signed on 
- 6 - Processor table full 
-7 - Invalid sequence 
- 8 - Variable locked 
- 9 - Variable not shared 

-11 - Not signed on 
-20 - No variable offered 
- 21 - Another variable offered 
-22 - Not shared 
-23 - Shared 
-24 - Data variable referenced/specified 
- 25 - Control variable referenced 
-26 - No space available 
- 27 - Variable was retracted 
- 28 - Invalid block of rnemory to be released 
- 2 9 - Invalid object/value 
- 30 - Screen mode not supported in this PC 

Sample Auxiliary Processors 

Two sample auxiliary processors in source (assembly) code are 
supplied as part of the package. They are called AP 11.ASM (a 
single variable AP), and AP12.ASM (a two variable AP). 
&J'hey can be used as examples on how to build your o\vn 
auxiliary processor. 
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APL Illterrupt Usage 

The following information is given to assist system 
programmers to integrate APL into a total PC environment. 

During session initialisation APL stores the pre-session 
interrupt vectors at the location of interrupt 90B onward. (lnt 
OH through 8FI-1 are copied to 90H through 011 EH 
respecti vely). 

Therefore, if you have installed a program as a DOS extension, 
which utilises Int 5H before the APL session, you may invoke 
this function by calling Int 95H, using AP103 during the APL 
session. 

APL itself utilises: 

Int OB5H For internal purposes 

Int OB6H SVP Services described earlier 

If the AP80 auxilary processor has not been loaded then 
interrupt 5H will point to a dummy address to prevent 
misleading results from a print screen request. 

The following are also taken over by APL: 

lInt 2H Non-maskable 

lInt 4H Overflow 

Int 9H Keyboard 

Int 24H Critical DOS error 

Int OH Divide overflow 

lInt 1 BH Keyboard Break 
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If AP2 is loaded then also: 

lnt 2IB DOS function request 
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flow to Debug Auxiliary Processors 

To help in the debugging of your Auxiliary Processor, you may 
use the DOS DEBUG prograrn. The procedure would be the 
following: 

1. Select the point (in the AP) where you want to set the first 
DEBUG breakpoint. At that point, insert in your source 
the following assenlbly instruction: 

INT 3 

2. Assemble and link-edit your AP. 

3. Invoke APL under DEBUG in the following way: 

DEBUG APl.EXE APxxx 

where APxxx is the name of your AP. 

4. When DEBUG gives you control, execute the following 
DEBUG commands: 

-9 

5. APL will start normally. Execute now the proper APL 
instructions so that your AP will receive control. (Share 
variables etc.) DEBue; will intercept the execution at the 
place you inserted INT 3. You rnay now follow the 
execution of the AP using DEB U G. Note: The keyboard 
will maintain its APL definition during execution of debug. 
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Exchange Assembly Programs 

There is a second way of building user-tailored processors: 
developing an exchange-assembly program, capable of getting 
information from APL and passing back results, and called 
through the non-APL program interface auxiliary processor 
(AP2). This makes it possible to extend APL in an extrenlely 
free fashion. You may, in fact, perform the equivalent of 
adding new APL primitives to your own system. 

A simple example of this power is demonstrated by the 
FINDST function in the EXCHG workspace, which also 
contains APL defined function FIND to perform the same 
task. Although the speed differences are marginal on small 
objects, when their arguments get very large the gain in speed 
by FINDST becomes very apparent. 

To assist you in the understanding of this method a sample 
source progratn (HEXOBJ.ASM) has been included with the 
system. It works as a monadic function with explicit result. 
FINDST on the other hand acts as a dyadic function with 
explicit result. 

On close examination of the l-lEXOBJ program you should 
note 1\vo things: first, the arguments of the function are passed 
from APL to the exchange program through AP2 shared 
variables D and E. The exchange program receives pointers to 
their values. This pointers are located in the program segment 
prefix, at addresses DS:80H and DS:82H, respectively. 

Second, the exchange assembly program is also at liberty to 
use the services of the SVP via interrupt OB6H, (This fact is 
also true for APL programs through the BIOS/DOS interrupt 
auxiliary processor, API03. See the DOSFNS workspace). 

Return of arguments is via the same method. AP2 expects the 
return values to be pointed from the same addresses in the 
segnlent prefix. They are passed then to APL through shared 
variables D and E. 
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Objects passed to or from the exchange assembly program 
have the same format as those described for an auxiliary 
processor. 

If the exchange assembly program takes storage from the 
workspace, and if it is not sending it back as a result through 
addresses 80H or 82H in the segment prefix, it is its 
responsibility to free that storage, otherwise it will be lost 
during the remainder of this AP L session. 

If an object is received from APL, but not passed back, the 
exchange program must free its space. If no results are passed 
in one shared variable, the 80H or 82H pointer must be 
zeroed. Failure to do this will be signalled by a return from 
AP2 of either -1002 or -1003 which should alert you to this 
situation. 
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Appendix A. Backillg up Diskettes 

Before You Begin 

You will need these diskettes: 

• The diskettes you ,vant to back up - we're going to call 
these your original diskettes. You may also see them called 
source diskettes. 

• The diskettes that will become the backup diskettes. Other 
names for these diskettes are target or destination diskettes. 

• DOS diskette 

Protecting Your Original Diskette 

Hint: It's a good idea to put a tab over the write-protect 
notch to make sure you don't accidentally write on your 
original diskettes. You may remove the tab when the backup 
diskettes have been made. 

When the write .. protect notch is covered, if the diskettes get 
mixed up, a message similar to the following appears: 

Target diskette write protected 

Correct, then strike any key 

If you get this message: 

1. Remove the original diskette from the drive. 

2. Insert the backup diskette. 

3. Press any key. 
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(You do not have to press the Enter key.) 

Backing Up Diskette with One Drive 

If you have only one diskette drive, you must relnove the 
original diskette and insert the backup. You may have to 
make this switch several times; the Disk Operating System 
(DOS) will tell you when. 

The DISKCOPY conunand will give you the following 
messages: 

Insert source diskette in drive A: 

Insert target diskette in drive A: 

So you should: 

INSERT: WHEN: 

Original diskette "source" message appears 
Backup diskette "target" message appears 

IMPORTANT: Read all of the following steps BEFORE 
starting. 

1. Make sure DOS is ready and A> is displayed. 

2. Insert the DOS diskette in the drive, if it is not already 
there. 

3. Type: 

diskcopy 

and press the Enter key. The following Inessage appears: 

Insert source diskette in drive A: 

Strike any key when ready 

BEFORE YOU PRESS A KEY: 

a. Remove the DOS diskette that is in the drive. 
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b. Insert your original diskette. 

c. NOW press any key. 

4. You will see the in use light come on while the original 
diskette is being read; then the follo\ving is displayed: 

Insert target diskette in drive A: 

strike any key when ready 

BEFORE PRESSING A KEY: 

a. Remove your original diskette. 

h. Insert the backup diskette. 

c. NOW press any key to tell DOS the correct diskette 
has been inserted. 

5. You will see the in use light come on while the backup 
diskette is being written. Then the message shown in Step 
3 will appear again. 

Hint: For this procedure, you can remember which 
diskette to insert if you remetnber "Original = Source". 

Insert your original diskette when DISKCOPY asks for the 
source diskette. 

6. Repeat Steps 3 and 4 until the following message appears: 

Copy complete 

COpy another (Y/N)! 

Remove the backup diskette from the drive. 

7. Type: 

y 

if there are more diskettes to backup. If so, repeat the 
process for the next diskette to be copied. Otherwise, type: 
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n 

The DOS prompt, A> , is displayed. 

(You don't have to press the Enter key.) 

8. With a felt-tip pen, mark the label of each backup diskette 
with the contents, the date, and perhaps, the word 
"Backup" . 

Backing Up Diskette ,vith T"vo Drives 

1. Make sure DOS is ready and A> is displayed. 

2. Insert your DOS diskette in drive A. 

3. Type: 

diskcopy a: b: 

and press the Enter key. The following message appears: 

Insert source diskette in drive A: 

Insert target diskette in drive B: 

Strike any key when ready 

4. Remove your DOS diskette from drive A. 

5. Insert your original diskette in drive A. 

6. Insert your backup diskette in drive B. 

7. Press any key. 

This tells DOS you are ready, and DOS starts copying the 
diskette. 

If the diskette had not previously been fonnatted with the 
same format as the original diskette, aforn1atting while 
copying message will appear. 
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All information is now being copied from the diskette it 
drive A to the diskette in drive B. 

You will see one in use light go on, then the other. 

8. When the copy has been made, you will see a message 
sintilar to the following: 

Copy complete 

COpy another (Y/N)! 

Remove the original diskette and backup diskettes from the 
drive. 

9. Type: 

y 

if there are more diskettes to backup. If so, repeat the 
process for the next diskette to be copied. Otherwise, type: 

n 

The DOS prompt, A> , is displayed. 

(You don't have to press the Enter key.) 

10. Remove the last backup diskette from the drive. 

11. With a felt-tip pen, mark the label of each backup diskette 
with the contents, the date, and perhaps, the word 
"Backup" . 
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I Appendix B. APL/PC 1.0 Workspace 
I Migration 

I W orkspaces generated by nleans of the IBM Personal 
I Computer APL (Version 1.0) are not compatible with the IBM 
I APL/Personal Computer Version 2.1. A migration procedure 
I must be performed. 

I W orkspaces generated by means of the internally distributed 
I APL/PC 1.1 and saved as ".APL" files are compatible, but 
I workspaces saved as ".AIO" files are not and also require the 
I use of the migration procedure. 

I Workspaces generated by means of the IBM APL Personal 
I Cornputer Version 2.0 product are fully compatible. 

I Warning: before attempting to migrate workspaces, a back-up 
I copy of each workspace to be nligrated should be made. This 
I will prevent any loss of valuable programs or data should any 
I unexpected problems arise during the migration procedure. 

I W orkspaces in APL format 

I To be migrated, Version 1.0 workspaces must be in transfer 
I form, i.e. they should have been generated in one of the 
I following ways: 

I. With the )OUT comrnand. 

I. \Vith the OUT function in the FILE workspace. 

! APL workspaces in transfer form are recognised because they 
have an ext.ension of" .AI 0". 
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I APL 1.0 workspaces in APL format should be converted to 
I transfer form before being migrated to Version 2.1. This is 
I done in the following way: 

I 1. Activate Personal Computer APL Version 1.0. 

12. Perform the following APL operations for each 
I APL-format workspace to be converted: 

)LOAD wsid 
)RESET 
)OUT wsid 

I If you get a SYSTEM LIMIT error message while the )OUT is 
I being performed, it means there is a very large object in the 
I workspace. You will have to split it into smaller objects. 
I (This lirnitation is not in effect in APL/PC Version 2.1). 

I If you get a LIBRARY FULL error message, the Ala 
I workspace does not fit in the disk( ette). Discard the partial 
I copy you will find there, and use a diskette with more available 
I space. 

I Warning: If you )LOAD a Version 1.0 compatible workspace 
I under Version 2.1, the command will be rejected with the 
I message INVALID WORKSPACE. However, the message NOT 
I FOUND will appear if you try to )LOAD a Version 2.1 
I compatible workspace under APL/PC 1.0. 

I Workspaces in AIO format 

I W orkspaces in ".AI 0" format ( transfer file) may be directly 
I migrated to APL Version 2.1 in the following way: 

I 1. Activate APL/Personal Computer Version 2.1. 

I 2. Perform the following APL operation for each Ala-format 
I workspace to be converted: 

)LOAD MIGRATE 
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You will be prompted for the name of the (.AIO) 
workspace to be migrated. The name should be given in 
the following way: 

[libn] filename 

i.e. an APL library number may be included, but the 
extension (.AIO) should not be given. 

From this point, the process is completely automatic. The 
converted workspace will overwrite the old copy. This 
workspace will be compatible with Version 2.1, but not 
with Version 1.0. 

Warning: If you )IN a 1.0 compatible workspace under 
Version 2.1, the corrunand will perform successfully, but if you 
try to execute a function, you are likely to get a SYNTAX 
ERROR message in an apparently correct line, with the caret 
pointing to an APL right or left arrow. The same will happen 
if you try to execute a 2.1 compatible workspace under APL 
1.0. In this latter case, however, the arrows may appear as 
other symbols (Y2 or the spanish peseta). 
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Notes: 
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Appendix C. The APL Cilaracter Set 
and DAV 

The table in this appendix contains the APL character set in 
the order in which it is contained in the Atomic Vector (DAV). 
The third column in this table gives the Alt code needed to 
produce the character under the APL keyboard mapping. 

The Atomic Vector is given as it would be printed or when 
shown on a display with the APL character ROM installed. 
Certain characters, below ASCII 128, cannot be produced 
without using this ROM. However, these characters are 
included for conlpatibility with the character set of the IBM 
mainfranle program product APL2, and are not used in 
APL/PC Version 2.1. 
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I OAV[I] Alt Code I OAV[I] Alt Code 

0 (NULL) 000 32 ~ 251 
1 -+ 158 33 V 252 
2 -+ 171 34 ~ 237 
3 t 024 35 <I> 232 
4 + 025 36 e 233 
5 E 238 37 ill 146 
6 236 38 l" 174 
7 p 230 39 .t 175 
8 044 40 I 159 
9 ? 063 41 .1 157 

10 126 42 T 152 
11 0 234 43 f 240 
12 + 043 44 -\- 241 
13 045 45 / 047 
14 .. 246 46 \ 092 
15 ~ 015 47 n 239 
16 * 042 48 B 225 
17 x 245 49 c 226 
18 033 50 :::> 227 
19 124 51 0 248 
20 r 169 52 ex. 224 
21 L 028 53 w 249 
22 = 061 54 <; 128 
23 ;t 244 55 ~ 135 
24 > 062 56 059 
25 ~ 242 57 ] 093 
26 < 060 58 [ mu 
27 ~ 243 59 041 
28 -A 229 60 040 
29 It/' 231 61 058 
30 A 094 62 A 065 
31 v 235 63 B 066 
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I DAV[I] Alt Code I DAV[I] Alt Code 

64 C 067 96 h 104 
65 D 068 97 i 105 
66 E 069 98 j 106 
67 F 070 99 k 107 
68 G 071 100 l 108 
69 H 072 101 m 109 
70 I 073 102 n 110 
71 J 074 103 0 111 
72 K 075 104 P 112 
73 L 076 105 q 113 
74 M 077 106 r 114 
75 N 078 107 s 115 
76 0 079 108 t 116 
77 P 080 109 u 117 
78 Q 081 110 V 118 
79 R 082 111 w 119 
80 S 083 112 x 120 
81 T 084 113 Y 121 
82 U 085 114 z 122 
83 V 086 115 !! 247 
84 W 087 116 095 
85 X 088 117 253 
86 Y 089 118 0 048 
87 Z 090 119 1 049 
88 6- 030 120 2 050 
89 a 097 121 3 051 
90 b 098 122 4 052 
91 c 099 123 5 053 
92 d 100 124 6 054 
93 e 101 125 7 055 
94 f 102 126 8 056 
95 g 103 127 9 057 
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I OAV[I] Alt Code I OAV[I] Alt Cod 

128 046 160 a 160 
129 (CR) 013 lin 161 
130 (NL) 010 162 6 162 
131 (BS) 008 163 U 163 
132 (SP) 032 164 ii 164 
133 (TAB) 009 165 N 165 
134 0 144 166 a 166 -
135 ~ 145 167 0 167 -
136 039 168 l 168 
137 (1i1 228 169 e 130 
138 V 031 170 -, 170 
139 I't/' 250 171 + 026 
140 254 172 u 172 
141 1 141 173 173 
142 A 142 174 ii 132 
143 A 143 175 e 137 
144 a 131 176 DOTS 176 ON1/4 

145 e 136 177 ~OTS 177 ON 1,'2 

146 i 140 178 DOTS 178 ONJ/4 

147 0 147 179 I 179 
148 6 148 180 -1 180 
149 0 149 181 =9 181 
150 U 150 182 11 182 
151 U 151 183 11 183 
152 e 138 184 =j 184 
153 0 153 185 =j! 185 
154 0 154 186 

" 
186 

155 ¢ 155 187 =n 187 
156 £ 156 188 dJ 188 
157 a 133 189 --.lJ 189 
158 +- 027 190 ::::l 190 
159 a 134 191 I 191 

C-4 APL/PC, Version 2.1 



IBM Internal Use Only 

I DAV[I] Alt Code I DAV[I] Alt Code 

192 L 192 224 fSl 022 
193 ---.L 193 225 ~ 001 
194 -r 194 226 .1 002 
195 ~ 195 227 • 003 
196 196 228 • 004 
197 + 197 229 ... 005 
198 P= 198 230 • 006 
199 I~ 199 231 (BEL) 007 
200 '-'= 200 232 ~ 016 
201 r;= 201 233 017 
202 .JL 202 234 0 019 
203 -" 203 235 - 011 
204 I~ 204 236 Q 012 
205 205 237 ~ 014 
206 ..JL 206 238 139 I, 

207 ---.L 207 239 ii 129 
208 --1L 208 240 096 
209 -r 209 241 @ 064 
210 II 210 242 " 034 
211 lL 211 243 # 035 
212 b 212 244 $ 036 
213 F 213 245 0/0 037 
214 rr 214 246 & 038 
215 -it- 215 247 ~ 020 II 

216 =t= 216 248 § 021 
217 -.J 217 249 ~ 023 
218 r 218 250 018 
219 • 219 251 123 
220 ill 220 252 029 
221 IJ 221 253 } 125 
222 [J 222 254 Q 127 
223 ~ 223 255 255 
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Appendix D. Internal Representation of 
Displayed Characters 

The National keyboard character set for the IBM Personal 
Computer has been modified to include some APL characters. 
The following table contains all the Alt codes (in decimal and 
hexadecimal) and the characters that they produce under the 
National mapping of the keyboard. 

Note: Some alternate codes are reserved for system control 
functions, and will not generate a displayable character. The 
reserved codes are: 

Ait Code Control Function 

007 Beep 

008 Backspace 

009 Tab 

010 Line feed 

027 Escape (Interrupt) 

127 National to APL 
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DECIMAL t 0 16 32 48 64 80 96 VALUE 

HEXA • DECIMAL 0 1 
VALUE 

2 3 4 5 6 

0 0 NUll ~ SP 0 @ p , 

1 1 E ~ I 1 A Q a • 

2 2 1- • • II 2 B R b • 

3 3 ~ D =IF 3 C S c 
4 4 + 9T $ 4 D T d 
5 5 4- § CYo 5 E U e 
6 6 • lSI & 6 F V f 
7 7 BEL B 

, 
7 G W g 

8 8 BS i ( 8 H X h 
9 9 TAB 1 ) 9 I Y 

. 
1 

J Z 
. 

10 A NL * 
• J --+ • 

B - + • K [ k 1 1 - +-- , -

12 C ~ L , < L " 1 
I 3 0 CR +--+ - - M ] m 
14 E ~ IJ. • > N !\ n 
15 F (J9 \J / ? 0 0 · -

Figure D-l (Part 1 of 2). Internal Representation of Displayed 
Characters 
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OE CIMAL - 128 144 160 176 192 208 224 VALUE 

HE )(A • DE CIMAL 
VALUE 

8 9 A 8 C D E 

0 0 (, 0 
, 

DOTS 11 ex a ON 1/4 

•• 
, 

DOTS B I I ~ • 
U 1 ON 1/2 

2 2 
, 

EH 
, DOTS C e 0 ON 3/4 LI 

3 3 A A , lL :) a 0 U r--

4 4 •• •• ,."", b R a 0 n ~ , , ,."", 

7\ 5 5 a 0 N 1= F 
6 6 

0 1\ a H p a u ~ r--
-

7 7 <; 
, 

0 I \t u Dl 
8 1\ T · <D 8 e {, A 

•• W 9 9 •• 0 r ,....- e e t-- Ir , •• 
10 A e U -, 0 

I I B •• el: --7 Fi v 1 

1 2 C A £ u b! 1 1 , .1 • U 1 3 D j & 1 
14 E A ~ Cf5 d w E --, 
15 F A I ~ n n 

Figure D-J (Part 2 of 2). Internal Representation of Displayed 
Characters 

240 

F 

r 
~ 

> -
~ 

;t: 

x 
. . 

11 -
0 

w 
'\Z 
~ 
t 
-
• • 
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Appendix E. APL Keyboard 
Redefinition 

The following is a map of the APL keyboard, which is 
software defined. It consists of a country flag (indicating 
whether the APL-on or the APL-off keyboard is in efIect), and 
four different tables, each table defining the keys in scan code 
order, in the four possible combinations: 

1. Base case. 

2. Shift mode. 

3. Alt mode. 

4. Ctrl nlode. 

Undefined key combinations in the tables are denoted by a 
value of -1. 
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Country_Flag DB OFFH 

LABEL BYTE 
DB 0IBH,'1234567890+',OF5H,08H 
DB 09H,'QWERTYUIOP',9EH,91H,ODH 
DB -1,'ASDFGHJKL[]',OAFH,-I,OFOH 
DB 'ZXCVBNM,./',-l,'*',-I,' ',-1 

LABEL BYTE 
DB 27,OFEH,OFDH,-'<',OF3H,'=',OF2H 
DB '>',OF4H,OEBH,5EH,'-',OF6H,08H 
DB O,'!',OF9H,OEEH,OE6H,7EH,18H 
DB 19H,OECH,OEAH,'*',OABH,OE4H,ODH 
DB -1,OEOH,OA9H,lCH,'_',IFH,lEH 
DB OF8H,27H,90H,'()',OAEH,-1,OFIH 
DB OE2H,OE3H,OEFH,OACH,9DH,98H 
DB 7CH,';:',5CH,-1,O,-I,' ',-1 

LABEL BYTE 
DB 27,9FH,OFAH,OFCH,OFBH,OE8H,OEDH 
DB OE9H,OFH,OE7H,OE5H,'!',92H,08H 
DB -1,'qwertyuiop',91H,OF7H,ODH,-1 
DB 'asdfghjkl',OAFH,OAEH,-l,-I,-1 
DB 'zxcvbnm',OE4H,OFIH,OFOH,-I,-1 
DB -1,' ',-1 

LABEL BYTE 
DB 27,-1,-1,-1,-1,-1,-1,-1,-1,-1 
DB -1,-1,-I,-I,-I,ODAH,OC2H,OBFH 
DB -1,-1,-I,-I,-I,-I,OC9H,OCBH 
DB OBBH,10,-1,OC3H.OC5H,OB4H,-1,7 
DB OC4H,OCDH,-1,OCCH,OCEH,OB9H,-1 
DB -1,-1,OCOH,OCIH,OD9H,OB3H,OBAH 
DB -1,-I,OC8H,OCAH,OBCH,-I,-I,-1 
DB ' ',-1 

The address of these tables Inay be obtained by means of the 
KEYB function included with the UTI L workspace. 

The country flag may be assigned two different values: 

• OOOH (all bits zero) indicates "national keyboard" is in 
efiect. 

• OFFH (all bits one) indicates "APL keyboard" is in effect. 

Each of the four keyboard tables maps the central part of the 
PC keyboard, starting at the top left key (the ESC key), 
advancing in left-to-right direction until the "backspace" key, 
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and passing then to the next row, also in left-to-right direction. 
The last key in each table is the "Caps Lock" key, which is 
undefined in an four tables. 

One or more characters in the tables may be redefined by the 
user by means of the APL DPK system function. The 
redefined keyboard definition will only be retained for the 
current APL session. However, you may include a keyboard 
redefinition function in your PROFILE workspace, so that it 
will be automatically performed whenever APL is invoked. 

Example: To redefine the Q key to an A the following should 
be done (the KEYB function is assumed to be included in the 
active workspace): 

DAV[DIO+65J DPK O,KEYB+16 

In the preceding, KEYB gives us the starting position of the 
I keyboard complex (the address of the country flag). Therefore, 
I KEYB+16 is the address of the byte defining the key marked 
I as a "Q" in the normal APL keyboard, in base case. 

The ASCII representation of the character to be replaced 
("A") is 65. This may be converted to APL character form by 
OA V [DID +65] . 

Finally, the new representation will be poked into the 
appropriate position in the table by DPK. 

Poking a 255 (-1) in some position in the table will disable the 
corresponding character key. 

A function to simplify the defining of keyboard layouts is 
supplied in the UTI L workspace. See the KEYBOARD function 
described in "The UTIL Workspace" on page 11-92. 
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Appendix F. The GRAPI-IPAK 
W orkspaces - Functions 

This appendix contains a list of the functions of the 
GRAPI-IPAK workspaces. It is intended as a quick reference 
guide for experienced G RAPHPAK users. 

Warning: G RAPHPAK is an powerful general purpose 
graphical library. It is included in APL/PC 2.1 for the 
convenience of mainfratne programmers already familiar 'with 
its functions. Users who do not require applications to run on 
both Personal and mainframe computers are advised to use the 
functions provided in AP206. For a full description of 
GRAPI-IPAK refer to the APL2 GRAPliPAK Users Guide and 
Reference, Sli20-9230. 

Users should be aware of the following differences between the 
APL/PC version ofGRAPHPAK and GRAPHPAK as 
implemented under APL2. 

• Only four colours are available; 

• Transparent fill is not available (sf~O); 

• Line style is not implemented (the function STYLE is 
included for compatibility, but has no effect on the 
display); 

GPBASE 

This workspace contains the fundamental drawing and writing 
functions, and is required by all other G RAPHPAK 
workspaces. It contains the following functions: 
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COpy 

DRAW 

ERASE 

FILL 

FIXVP 

INTO 

MODE 

READ 

STYLE 

USE 

USING 

VIEW 

VIEWPORT 

WIDTH 

WRITE 

XFM 
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changes the current colour; 

produces hard copy of the current graphic 
display on an IBM Graphics Printer; 

draws lines between points; 

clears the screen; 

fills a polygon; (Note: transparent fill is not 
implemented) 

sets the viewport; 

used in co-ordinate transformations; 

changes the current line mode; (Note: not 
functional, included for conlpatibility only) 

reads data items from the screen; 

changes the current fill or line style; (Note: 
not functional, included for compatibility 
only) 

permanently changes the current attributes 
(colour and width); 

temporarily changes the current attributes 
(colour and width); 

displays the current contents of the graphics 
field; 

returns the co-ordinates of the corners of 
the current clipping viewport; 

changes the current line mode; 

writes text on the current graphics field; 

used in co-ordinate transformations. 
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GPCIIT 

This workspace contains functions for drawing charts. It 
requires GPBASE and GPPLOT, and the following functions 
are available: 

CHART 

FREQ 

HCHART 

PIECHART 

PIELA BEL 

SAXES 

SAXISX 

SAXISY 

SAXISZ 

SLABEL 

SLBLX 

SLBLY 

SLBLZ 

draws a bar or column chart; 

plots a frequency chart; 

plots a hierarchical chart; 

draws a pie chart; 

labels a pie chart; 

plots all three default axes on a surface or 
skyscra per chart; 

plots the X axis of a surface or skyscraper 
chart with definable labels and annotation; 

plots the Y axis of a surface or skyscraper 
chart with definable labels and annotation; 

plots the Z axis of a surface or skyscraper 
chart with definable labels and annotation; 

writes the default labels the axes of a 
surface or skyscraper chart. 

places definable labels on the X axis of a 
surface or skyscraper chart; 

places definable labels on the Y axis of a 
surface or skyscraper chart; 

places definable labels on the Z axis of a 
surface or skyscraper chart; 
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plots a skyscraper chart; 

plots a step chart; 

adds a title to a surface or skyscraper chart; 

plots a surface chart; 

maps three dimensional co-ordinates into a 
screen window; 

formats data for use with P IECHART. 

This workspace contains functions for drawing contour maps. 
It requires GPBASE and GPPLOT, and contains the following 
functions: 

BY used to structure the input to CONTOUR; 

CONTOUR draws a contour map; 

OF used to structure the input to CONTOUR. 

GPDEMO 

This workspace contains functions illustrating tnany aspects of 
the APL/PC version of G RAPHPAK. Loading all the 
GRAPHPAK workspaces and invoking the function DEMO 
will cycle through the complete set of demonstrations. 

The individual demonstration functions contained in this 
workspace are: 
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APPLE 

ATTRIBUTES 

BLI 

CAYUGAPLOT 

DEMO 

FLAG 

FSTAR 

HEALTH 

IBMF 

MIL ER UN 

NHIST 

PIES 

REVB 

REVC 

REVENUES 

shows the use of DRAW to create a picture; 

shows the various line type and fill options 
available; 

shows the use of DRAW to create a picture; 

shov!s the use of PLOT to create line 
graphs; 

cycles through all the demo functions in the 
workspace; 

shows the use of DRAW to create a picture; 

shows the use of DRAW to create a picture; 

shows the use of CHART to produce a 
colulnn chart; 

draws the IBM logo; 

shows the use of CHART to produce a bar 
chart; 

shows the use of CHART to produce a step 
chart; 

shows the use of CHART to produce a pie 
chart; 

shows the use of CHART to produce a 
simple bar chart; 

shows the use of CHART to produce a 
simple colunln chart; 

shows the use of PLOT to create line 
graphs; 
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shows the use of SS to produce a 
skyscraper chart; 

shows the use of SKETCH, THREEVIENS 
and PERSPECTIVE to create pictures; 

shows the use of SURFACE to produce a 
surface chart; 

shows the use of SURFACE to produce a 
contour chart. 

This workspace contains functions for curve fitting. It requires 
GPBASE and GPPLOT, and contains the following functions: 

AVG 

CLEAR 

FIT 

EXP 

FITFUN 

LOG 

LOGLOG 

prepares data for FIT to plot the average Y 
value; 

clears the display screen; 

draws a line graph through data points 
prepared by AVG, SL, POLY, EXP, LOG, 
PONER, LOGLOGorSPLINE 

prepares data for FIT to plot the best 
log-linear fit on linear axes; 

executes the last function plotted; 

prepares data for FIT to plot the best 
log-linear fit on log-linear axes; 

prepares data for FIT to plot the best 
log-log fit on log-log axes; 
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POLY 

POWER 

SCRATCH 

SL 

SPLINE 

GPGEOM 

prepares data for FIT to plot the best 
polynomial of specified degree; 

prepares data for FIT to plot the best 
log-log fit on linear axes; 

erases points from a data array; 

prepares data for FIT to plot the best 
straight line fit; 

prepares data for FIT to plot a cubic spline 
specified points. 

This workspace contains descriptive geometry functions. It 
requires GPBASE and GPPLOT, and contains the following 
functions: 

ISOMETRIC restructures data so that SKETCH produces 
an isometric projection; 

MAGNIFY transforms a data array so that the object 
represented is magnified in size; 

OBLIQUE restructures data so that SKETCH produces 
an oblique projection; 

PERSPECTIVE restructures data so that SKETCH produces 
a perspective drawing; 

RETICLE draws an outline of the clipping viewport 
and a pair of axes showing the extent of the 
window into problem space; 

ROTATE transforms a data array so that the object 
represented is rotated; 
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SKETCH 

STEREO 

THREE VIEWS 

TRANSLATE 

GPPLOT 
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scales all elements of a data array so that 
the largest lies within set bounds; 

produces an orthogonal projection; 

produces a stereo pair of inlages of an 
object; 

produces three views of an object, projected 
into the planes of the axes; 

transforms a data array so that the object 
represented is moved. 

This workspace contains plotting functions. I t is required by 
GPFIT, GPCONT and GPCHT, and requires GPBASE. It 
contains the following functions: 

AND 

ANNX 

ANNY 

AXES 

AXIS 

HOR 

LABEL 

used in formatting input for PLOT or 
SPLOT; 

draws an annotated horizontal axis with 
definable label positions; 

draws an annotated vertical axis with 
definable label positions; 

draws default axes; 

draws definable axes; 

draws an annotated horizontal axis with 
default label positions; 

produces the default labels for the X and Y 
axes; 
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LBLX 

LBLY 

PLOT 

RESTORE 

SPLOT 

TITLE 

VER 

VS 

produces definable labels for the X axis; 

produces definable labels for the Yaxis; 

plots a line graph; 

restores all attribute and plotting variables 
to their default values; 

similar to PLOT, but allowing more user 
control over plotting characteristics; 

adds a title to the graph; 

draws an annotated vertical axis with 
default label positions; 

used in formatting input for PLOT or 
SPLOT. 
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I Appendix G. IIardware Modification for 
I IBM 4860 pejr 

I A minor hardware modification to the PCjr must be performed 
I before APL may be run on a PCjr. 

I The hardware modification is required because the design of 
I the PCjr allows the Test pin of the 8088 processor to float as it 
I is not needed for normal operation. However, the correct 
I operation of the 8087 emulation software depends on this line 
I being held high. 

I To achieve this, solder a 4.7K ohm resister between the Vee 
I pin (pin 40) and the Test pin (pin 23) of the 8088 processor 
I chip. 

I Warning: This hardware modification should only be 
I atten1pted by someone with the appropriate expertise in 
I handling a soldering iron! 
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I Appendix H. Patell to Restore BIOS 
I I(eyboard Handler 

I New versions of PCs and ATs have a new BIOS that includes 
I a keyboard handler which screens out certain characters that 
I are required by APL. AJ>L replaces this keyboard handler 
I with an equivalent handler that does not screen out these 
I characters. Older versions of PCs and ATs do not need this 
I replacement code and the original handler may be restored by 
I the patch given below. 

I The patch to restore the use of the BIOS interrupt X'16' 
I keyboard handler is as follows: 

I From DOS bring up APL with AP210. 

APl AP210 
)IN FILE 

PATCH '$SCR.COM' 
GIVE ADDRESS: 13 
IS 26 
GIVE NEW VALUE OR EMPTY LINE TO CANCEL PATCH 

: EB 
GIVE ADDRESS: 14 
IS 80 
GIVE NEW VALUE OR EMPTY LINE TO CANCEL PATCH 

: 2B 
GIVE ADDRESS: 

Appendix H. Patch to Restore BIOS Keyboard Handler H-l 
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Index 

I S pedal Characters I 
$AP.MAC 13-7 
)CLEAR command 2-23, 10-9 
)CO PY command emulation 11-92 
)DROP command 10-19 
)ERASE command 10-11 
)FNS command 10-13 
)IN command 10-11 
)LIB command 10-20 
)LOAD command 2-22, 10-17 
)OFF command 10-21 
)OUT command 10-16 
)RESET command 2-22, 10-12 
)SAVE command 2-21, 10-15 
lSI command 10-13 
)SINL command 10-14 
)STACK command 10-10, 10-13 
)SYMBOLS command 10-10, 
10-13 
~VARS command 2-22, 10-13 
~WSID command 10-15, 10-20 
J-- IMPLICIT ERROR 
message 4-4 

JAI, account information 2-42, 
6-16 

JAV, atomic vector 6-16, C-I 
JCR, canonical representation 6-5 
JCl', comparison tolerance 6-17 
JD L, delay function 6-6 
JEA, execut.e alt.ernate 2-32, 6-6 
JEX, expunge 6-7 
JFC, format control 6-17 
JFX, function establishment 6-7 
JFX, function fix 2-46 
JHT, horizontal tabs 6-18 
JIO, index origin 2-43, 6-18 
JLC, line counter 2-31,6-19 
JLX, latent expression 6-18 
IN C, name class 6-8 
IN L, name list 6-9 
JPK, peek/poke 6-9 

opp, printing precision 6-19 
DPW, printing width 6-20 
oRL, random link 6-20 
OSVC, shared variable control 7-7 
DSVO, shared variable 7-6 
oSVQ, shared variable query 7-12 
oSVR, shared variable 

retraction 7-11 
DTC, terminal control 2-27, 6-20 
OfF, transfer form 6-11 
ors, time stamp 6-20 
orr, terminal type 6-20 
oUL, user load 6-20 
OW A, workspace available 6-20 

access control 7-7 
shared variables 13-4 

access control matrix (ACM) 7-8 
access control vector 7-9, 13-4 
access sequence disciplines 7-3 
access state of shared variable 7-8, 

13-4 
accessing a file 13-3 
account information 6-14, 6-16 
active workspace 4-13, 10-9, 11-67, 

11-69 
copying to 10-11 
inquiry commands 10-13 
list of functions in 10-13 
list of variables in 10-13 
settings of state indicator 10-9 
transfer form of objects 

in 10-16 
activities in suspended state 9-4 
adding a statement 8-10 
adding characters 1-32 
adding to a header 8-12 
adding to a statement 8-12 
alphabetic character set 1-18, 4-6 
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Alt codes 1-23, C-l 
Altkey 1-23 
alternating product 5-18 
alternating sum 5-18 
ambi-valent functions 8-5 
AND, boolean function 5-9 
APL 

applications 1-3 
as a computing system 1-3 
character set 1-18, 1-19, 4-6 
character set RO M 1-8 
classes of instructions 

statements 4-3 
system commands 10-3 

command format 1-16 
data representation 13-5 
data used in 4-10 
environment 4-14, 10-9 
examples of use 3-3 
fundamentals 4-3 
header 12-55 
input editor 1-29 
internal code 12-56 
libraries 12-7,12-14,12-55 
library numbers 1-35 
major characteristics of 3-5 
objects 12-55 
package 1-8 

APLFILE workspace 11-42 
application workspaces 11-3 
API0l stack and profile auxiliary 

processor 12-14 
AP103 BIOS/DOS auxiliary 

processor 12-18 
AP124 full screen auxiliary 

processor 12-24 
AP124 workspace 11-8 
AP190 host communications 

auxiliary processor 12-34 
AP 190 workspace 11-19 
AP2 non-APL program interface 

auxiliary processor 12-4 
AP2 workspace 11-5 
AP205 full-screen auxiliary 

processor 12-38 
AP205 workspace 11-21 
AP206 graphic auxiliary 

processor 12-39 
AP206 workspace 11-21 
AP210 file auxiliary 

processor 12-53 
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AP232 asynchronous 
communications auxiliary 
processor 12-62 

AP232X extended asynchronous 
communications auxiliary 
processor 12-69 

AP232X workspace 11-26 
AP440 music auxiliary 

processor 12-76 
AP488 G PIB support auxiliary 

processor 12-79 
AP488 workspace 11-28 
AP80 printer auxiliary 

processor 2-26, 12-10 
arguments 8-5 

boolean 5-9, 5-10 
character 5-30 
functions 4-7, 4-8 
left and right 4-8, 5-29 
matrix 5-25, 5-30 
rank of 5-25, 5-30 
scalar 5-30 
shape 5-30 
vector 5-28 

arithmetic symbols 3-6, 4-6 
arrays 

conformable 5-34, 5-38 
determining shape of 4-11 
elements 4-10 
empty 4-10, 5-32 
indexing of 5-44 
multi -dimensional 4-10 
number of dimensions 4-10 
selecting elements 4-11, 5-25 
shape 4-11 
size of 5-30 
structure of 5-25 
vector 4-10 

ASCII codes 1-23, 12-56 
ASCIl translation table 11-93 
assignment statement 4-3 
atomic vector 6-14, 6-16, C-l 
attention signal 9-4 
auxiliary files on the host 11-112 
auxiliary processor 

API0l 12-14 
API03 12-18 
AP124 12-24 
AP190 12-34 
AP2 12-4 
AP205 12-38 
AP206 12-39 
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AP210 12-53 
AP232 12-62 
AP232X 12-69 
AP440 12-76 
AP488 12-79 
AP80 12-10 
debugging 13-32 

auxiliary processors 1-16 
axis indexing 5-41 
axis operator 5-19 
axis, permutation of 5-36 

Back Tab key 1-31 
backing up diskette 

with one drive A-2 
with two drives A-4 

Backspace key 1-22 
bare output 9-13 
baud rate 11-98 
bilateral sharing of variables 7-3 
binomial 

domain of 5-16 
function 5-16 

BIOS function call 12-18 
blank character 4-6 
boolean and relational symbols 3-6 
boolean functions 5-9 
boolean variable 13-5 
branch 2-7, 4-3, 8-7 
branch statement 8-7, 9-4 
branch symbol 8-7 

calculation, isolated 3-3 
cancelling a line 1-33 
canonical representation 6-5, 8-3 
Caps Lock key 1-22 
catenate function 5-33 
changing display modes 1-34 
changing incorrect characters 1-32 
changing keyboard between APL 

and National character set 1-25 
character data 2-4, 2-24 
character input 9-12 

character representation of 
function 8-3 

character set C-l 
APL 1-19,4-6 
classes 1-18, 4-6 
National 1-19 

character variable 13-5 
circular functions 2-13, 5-14 
classes of instructions 

statements 4-3 
system commands 10-3 

clear workspace 
command 2-23, 10-9 
environment 10-9 

clearing the screen 1-34 
closing a file 11-56 
collating sequence 5-45 
colour graphics adapter mode 1-34 
COMMAND ERROR 

message 2-22, 10-6, 10-10, 10-11 
commands 4-13,4-14 
comment symbol 5-54, 8-9 
communication with 

VMj370 11-95 
comparison tolerance 5-9, 6-14, 

6-17 
compress function 5-38, 5-40 
conditional execution 2-31 
configuration minimum 

requirements 1-6 
conformable arrays 5-34, 5-38 
conjugate function 5-8 
connection with host 11-103 
constants 4-12 
contents of machine registers 12-19 
control characters 5-59 
control structure 2-7 
controlled decorators 5-59 
conventional decorators 5-59 
conventional notation 4-9 
converting numeric data 13-6 
copy command emulation 11-92 
copying to active workspace 10-11, 

11-67 
cosine 5-14 
coupling of name 7-6 
creating defined function 8-3 
Ctrl key 1-23 
Ctrl-End key 1-30 
Ctrl-Home key 1-30 
cursor 1-21, 1-29 
cyclic rotation 5-32 
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data 4-10 
data transformation 5-53 
deal function 5-48 
debugging 

APL code 2-28 
auxiliary processors 13-32 

decode function 5-51 
decorators 5-59 
defin'ed.function 3-3, 8-3 

ambi-valent 8-5 
execution 9-3 
full-screen editor 11-51 
names 4-13 

defining function keys 12-15 
defining libraries 12-16 
definition mode 8-3 
DEFN ERROR message 4-4 
del editing 8-10 
Del key 1--31, 1-32 
delay function 6-6 
delete control characters 11-101 
deleting a statement 8-11 
deleting characters 1-31 
delta 2-19, 4-14 
delta symbol 4-6 
delta underbar 2-19 
DEM0124 workspace 11-47 
DEM0206 workspace 11-48 
dimensions 4-10 
disabling attention 6-11, 11-93 
disabling output 11-94 
diskettes 1-8 
display modes 1-34 
displaying internal 

representation 11-55 
DOMAIN ERROR message 2-13, 
4-4 

domino function 5-48 
DOS command emulation 11-48 
DOS file system 12-53 
DOS function call 12-18 
DOSFNS workspace 11-48 
double field 5-62 
down arrow key 1-30 
downloading files 11-107 
drop function 5-38 
dropping a workspace 10-19 
dyadic format 5-56 
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numeric 5-56 
picture 5-59 

dyadic function 2-12, 4-8, 8-5 

e 2-12, 5-13 
EDIT workspace 11-51 
editing functions 2-29, 8-10 
element, identity 5-7 
elements 4-15 
embedded decorators 5-61 
empty array 4-10, 5-32 
empty input 9-12 
empty vector 4-10, 5-32 
enabling attention 6-11, 11-93 
enabling output 11-95 
encode function 5-52 
End key 1-30 
end of line character 11-102 
Enhanced Graphics Adapter 

displaying APL characters 1-12 
Enter key 1-21, 1-29 
entering a line on the screen 1-29 
environment in clear 

workspace 10-9 
erasing characters 1-32 
erasing part of a line 1-33 
error messages 4-3 

0-- IMPLICIT 4-4 
DEFN 4-4 
DOMAIN 4-4 
IMPLICIT 4-4 
INDEX 4-4 
INTERRUPT 4-4 
LENGTH 4-4 
RANK 4-5 
SI DAMAGE 4-5 
STACK FULL 4-5 
SYMBOL TABLE FULL 4-5 
SYNTAX 4-5 
SYSTEM 4-5 
SYSTEM LIMIT 4-5 
VALUE 4-5 
WORKSPACE FULL 4-6 

error report 9-4 
error stop 9-4 
error trap 6-6 
Esc key 1-21, 1-31, 1-33 
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establishing functions 8-10 
evaluated input 9-11 
EXAPL 12-3 
exchange assembly programs 13-33 
EXCHG workspace 11-55 
exc1usive-O R 5-10 
execute alternate 2-31, 6-6 
execute function 2-43, 5-53, 5-54 
execution 

mode 8-3 
of defined function 9-3 
order of 4-9 

execution stack 4-15, 10-10, ,10-13 
expand 5-39, 5-40 
exponential function 5-13 
expunge system function 6-7 

factorial function 5-15 
file control functions 11-57 
file transfer functions 11-105 
FILE workspace 11-56 
FINDST 13-33 
fixed-length record disk files 12-53 
floating point variable 13-5 
floor function 5-11 
FOIL workspace 11-73 
format control 6-17 
format of APL command 1-16 
format of shared data 13-5 
format, dyadic 

numeric 5-56 
picture 5-59 

format, monadic 2-17, 5-55, 11-93 
format, scaled 4-12, 5-62 
forms of headers 8-5 
forms of numbers 

conventional 4-12 
scaled 4-12 

FORTRAN subroutines 11-74 
FORTRAN workspace 11-74 
French keyboard layout 11-92 
function 

ambi-valent 8-5 
boolean 5-9 
catenate 5-33 
character representation 8-3 
circular 5-14 

deal 5-48 
decode 5-51 
defined 8-3 
domino 5-48 
drop 5-38 
dyadic 4-8, 8-5, 9-3 
encode 5-52 
establishing 8-10 
execute 5-53, 5-54 
executing 9-3 
exponential 5-13 
factorial 5-15 
floor 4-7, 5-11 
format 5-55, 5-56 
general logarithm 5-13 
grade down 5-45 
grade up 5-46 
halted 9-5 
hyperbolic 5-14 
index of 5-43 
inverse 5-42 
membership 5-44 
minus 5-7 
mixed 5-25 
monadic 4-8 
names of 4-14 
natural logarithm 5-13 
negative 5-8 
niladic 4-8 
pendent 9-4, 10-14 
pendent execution 9-5 
plus 5-7 
power 5-12 
primitive 9-3 
pythagorean 5-14 
reciprocal 5-8 
relational 5-9 
replicate 5-39 
reshape 4-11 
residue 5-7 
reverse 5-32 
revising 8-10 
roll 5-12 
rotate 5-32 
shape 5-30 
signum 5-8 
stopping execution 9-4 
structural 5-30 
suspended execution 9-4 
system 6-3 
take 5-37 
times 5-7 
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transpose 5-36 
unlocked defined 6-5, 8-13, 9-8 
valence of 8--5 

function body 8-3 
function definition mode 8-3 
function display 8-1.2 
function editing 8-10 
function establishment 6-7 
function header 8-3 
function keys 1-19, 12-14 

defining 12-15 
functions for manipulating DOS 

files 11-57 

games control adapter 11-94, 12-23 
GEDIT workspace 11-82 
general logarithm function 5-13 
general symbols 3-6, 4-6 
generating selector 

information 5-25 
German keyboard layout 11-92 
global names 8-6 
global shared variable 7-3 
go to 2-7 
GPBASE workspace 11-84, F-l 
G PCHT workspace 11-84, F-3 
GPCONT workspace 11-85, F-4 
GPDEMO workspace 11-85, F-4 
GPFIT workspace 11-85, F-6 
GPGEOM workspace 11-85, F-7 
G PPLOT workspace 1 1-85, F-8 
grade down function 5-45 
grade up function 2-41, 2-46, 5-46 
graphic input 11-83 
GRAPHPAK workspaces 11-84, 

F-l 

halted execution 9-4 
halting printing temporarily 1-26 
header forms 8-5 
hexadecimal conversion 11-55, 

11-94 
hexadecimal patches 11-65 
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Home key 1-30 
horizont.al tabs 6-18 
hyperbolic functions 5-14 

I/O ERROR message 10-12, 
10-16,10-17,10-19,10-20 

identity elements 5-7 
impJementation limits 4-15 
IMPLICIT ERROR message 4-4, 

6-14 
inactive workspace 4-13 
INDEX ERROR message 4-4 
index generator 5-43 
index of function 5-43 
index origin 4-12, 6-14, 6-18 
indexing 4-10, 5-41 

array elements 4-11 
one-origin 4-12 
zero-origin 4-12 

information exchange 13-3 
inhibiting output 6-11 
INKEY function 12-20 
inner product operator 2-6, 5-21 
input and output 9-10 
input editor 

special keys 1-29 
input line stack 12-14 
input state 1-32 
inquiry commands, active 

workspace 10-13 
Ins key 1-30 
insert mode 1-30 
inserting a statement 8-11 
inserting characters 1-30 
installing APL on fixed disk 1-13 
integer variable 13-5 
interactive input mode 11-83 
internal APL code 12-56 
internal representation 11-55, 13-5 
interpretations of file data 12-55 
interrupt 

strong 1-25 
weak 1-21 

INTERRUPT message 4-4,9-8 
interrupt number 12-19 
interrupting execution during 

input 9-12 
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INVALID WS message 10-18 
Inverse function 5-42 
inverse transfer form 6-12 
isolated calculation 3·3 

ioy~tjck 11-94, 12-23 

key combinations 1-25 
keyboard 1-19, 1-28 
keyboard buffer 11-94 
keyboard keycaps 1-26 
keyboard layout 11-94 
keyboard template 1-27 
keycaps 1-26 

labels 8-9 
laminate function 5-34 
lamp symbol 8-9 
latent expression 6-14, 6-18 
left argument 4-8 
left arrow key 1-30 
left identity elements 5-5 
LENGTH ERROR message 2-16, 

4-4 
LIBRARY FULL message 10-17 
library identification 1-35, 10-14, 

12-7,12-14,12-55 
defining 12-16 

limits, implementation 4-15 
line counter 6-14, 6-19 
line editor 1-32 
line parameter definition 11-96 
line signal 9-14 
literal (character) variable 13-5 
local names 8-5 
local shared variable 7-3 
locked function 9-8 
logarithm functions 2-12, 5-13 

logical (boolean) variable 13-5 
loops 2-7, 2-33 
lowercase characters 4-6 
lowercase letters 4··14 

machine language program 6-10 
machine registers 12-18 
magnitude function 5-8 
making corrections to current 

line 1-32 
managing resources 6-3 
matrix 

access control 7-8 
axes 4-11 
character 8-3 

matrix divide 5-48, 5-49 
matrix inverse 5-48, 5-49 
matrix product 5-22 
matrix transposition 5-36 
maximum function 5-11 
maximum limits 4-15 
membership function 5-44 
messages, error 4-4 
minimum function 5-11 
minus function 5-7 
minus sign 2-9 
mixed functions 5-25 
module sizes 12-3 
monadic function 2-12,4-8, 8-5 
monochrome display mode 1-34 
multi -dimensional arrays 4-10 
MUSIC workspace 11-86 

name assignment statement 4-3 
name class 6-8 
name coupling 7-6 
name list 6-9 
names 

as label 8-9 
defined functions 4-13,4-14 
localisation 8-6 
rules for 2-19 
system functions 6-3 
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system variables 6-3 
variable 4-13,4-14 
workspace 4-14 

NAND, boolean function 5-9 
national character set 1-19,1-21 
natural logarithm function 5-13 
negative function 5-8 
negative numbers 4-12 
niladic function 4-8 
non-integral index 5-35 
NO R, boolean function 5-9 
normal output 9-12 
NOT ERASED message 10-7 
NOT FOUND message 10-7 
NOT function 5-9 
NOT READY message 10-17, 

10-19,10-20 
NOT READY report 10-12, 10-16 
NOT SAVED message 10-7 
Num Lock 1-24 
numeric character set 1-18, 4-6 
numeric constant 4-12 
numeric data, converting 13-6 
numeric format 5-56 
numeric functions 5-48 
numeric keypad 1-24 

object size limit 11-74 
objects 4-7,4-15 
offers 

to share 7-6 
opening a file 11-56 
operator information area 12-37 
operators 2-6, 5-17 
options in APL command 1-16 
OR, boolean function 5-9 
order of execution 2-10, 2-30, 5-17 
outer product operator 2-18, 2-36, 

2-40, 3-6, 5-23 
overbar 2-9, 2-19, 4-12 
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parentheses 2-10,4-9 
parity 11-98 
pause state 1-26 
PC Storyboard 11-95 
PC3278 12-34 
peek/poke 6-9 
pendent function 9-4, 10-14 
permutation of axes 5-36 
Personal Editor 11-54 
PFORTPAR 11-79 
pi 2-14, 5-13 
picture format 5-59, 6-17 
playing music 11-86 
PLOT workspace 11-87 
plus function 5-7 
power function 2-11, 5-12 
precedence 2-10 
precision indicator 5-56 
primitive function 3-5, 9-3 

classes of 5-3 
primitive operator 9-3 
primitive types 4-3 
PRINT workspace 11-89 
printer 1-36, 2-26 
printer as system log 1-26, 1-36, 

6-11, 11-94 
printer control codes 11-90 
printing copy of screen 1-22, 1-36 
printing precision 6-14, 6-19 
printing width 6-14, 6-20, 9-13 
processor, auxiliary 1-16 
Professional Editor 11-54 
Professional Graphics Adapter 

displaying APL characters 1-12 
PROFILE workspace 11-91 
program execution 4-13, 9-3 
program, machine language 6-10 
programs 3-3 
PROTECf'ED message 10-17, 

10-19 
PROTECf'ED report 10-16 
PrtSc key 1-22 
pythagorean functions 5-14 
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quad output 2-29 
quad symbol 4-6, 6-3, 9-11 
quiet option 1-17 
quote-quad symbol 4-6,9-12 

radians 5-14 
random link 5-12, 6-14, 6-20 
RANK ERROR message 4-5 
rank of a scalar 13-5 
ravel 5-30 
reading records from a file 11-60 
real (floating point) variable 13-5 
reciprocal function 5-8 
recursive 

See recursive 
recursive functions 9-9 
reduction operator 2-6, 2-34, 5-17 
relational functions 5-9 
replacing a statement 8-11 
replacing header 8-11 
replicate function 5-39 
request for character input 9-12 
reshape function 4-11, 5-31 
residue function 5-7 
ret.raction of sharing 7 -11 
return codes 

APlOl 12-17 
AP124 12-33 
AP2 1 ?-9 
AP206 12-53 
AP210 12-59 
AP232X 12-75 

reverse function 5-32 
revising functions 8-10 
right argument 4-8 
right arrow key 1-30 
right identity elements 5-5 
roll function 5-12 
rotate function 5-32 
rules, semantics 3-5 

sample auxiliary processors 13-30 
saving a file 11-56 
saving line parameter 

definition 11-102 
saving workspace 2-21, 10-14 
scatar 5-3 

rank 13-5 
scaled formatting 5-62 
scan operator 5-19 
screen control characters 6-16 
screen fields 12-25 
searching 

functions 11-56, 11-95 
string 11-56 

selecting from arrays 4-11 
selection and structural 

symbols 3-6 
selection from arrays 5-25, 5-42 
selection functions 5-37 
semantic rules 3-5 
sending display output to the 

printer 1-36 
sequence control 3-5 
services provided by auxiliary 

processor 13-3 
setting size of execution 

stack 10-10 
setting size of symbol table 10-10 
shape function 5-30 
shape of array 4-11 
shared data 13-5 
shared variable 2-25 
shared variable offer 2-26, 7-6 
shared variable processor 13-3 

return codes 13-30 
services 13-8 

shared variables 7-3, 13-3 
access control 13-4 
access control vector 13-4 
access states 13-4 
managing 13-3 

Shift keys 1-21, 1-23 
~I I?AMAGE message 4-5,9-6 
slgntng off 10-21 
signum function 5-8 
sine 5-14 
size of a file 11-60 
sizes of APL modules 12-3 

Index X-9 



special APL characters 1-18 4-6 
special key combinations I-is 

1-26 ' 
specification arrow 4-3 
square root 2-11 
STACK FULL message 4-5, 9-9 
stack input 12-14 
stack, execution 4-15, 10-10, 10-13 
stacking APL input 12-15 
starting APL 1-15 
state indicator 9-4, 10-14 

clearing 9-6 
damage 9-6 
list 9-6 
settings in active 

workspace 10-9 
statement 4-3 

entering of 1-3 
typical form of 4-3 

stop bits 11-100 
stop control 2-31,9-7 
stopping execution of function 9-4 
Storyboard 11-95 
string searching 11-56 
strong interrupt 1-25 
structural functions 2-5, 5-30 
structure of arrays 5-25 
subcommand state 12-57 
suspended function 9-4, 10-14 
suspended state 9-4 
SVP 13-3, 13-8 
switching displays 1-34 
symbol table 4-15, 10-10, 10-13 
SYMBOL TABLE FULL 

message 4-5 
symbols 3-6 
syntax 3-5 
SYNTAX ERROR message 4-5 
system commands 10-3 
SYSTEM ERROR message 4-5 
system functions 6-3 
SYSTEM LIMIT message 4-5 
system log 1-26 
system reset 1-25 
system variables 6-14, 7-3 
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Tab key 1-21,1-31 
take function 5-37 
tangent 5-14 
template 1-27 
temporarily halting printing 1-26 
terminal control 6-14, 6-20 
terminal input and output 9-10 
terminal selection 11-96 
terminal type 6-14, 6-20 
terminating work session 10-21 
time stamp 6-14, 6-20 
times function 5-7 
tolerance 6-14 
TopView 11-66 
trace control 2-30, 9-6 
transfer file 10-11, 10-16 
transfer form 6-11 
transfer form of objects 10-16 
transfer form vector 6-12 
transformation of data 5-53 
transpose function 5-36 
trigonometric functions 2-13 
trouble reports 10-7 
turnaround local character 11-99 
typematic keys 1-19 
typewriter keyboard 1-21 

undefined 
underbar 2-19, 2-21 
unlocked defined function 6-5, 

8-13,9-8 
up arrow key 1-29 
uploading files 11-106 
user load 6-14, 6-20 
using the printer 11-89 
UTIL workspace 11-92 
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valence of function 8-5 
\t. VALUE ERROR message 2-20, 
l' 4-5 
II' variable 2-20 

variable-length record disk 
files 12-53 

variables 
names 2-19,4-13,4-14 
system 6-14, 7-3 

vector 
access-control 7-9 
elements of 4-10 
empty 4-10, 5-32 
forming 4-10 

VM232 workspace 11-95 

WAS report 10-15 
~ weak interrupt 1-21, 1-31,9-8 

width indicator 5-57 
width of number field 5-56 
work session 

initiation 1-15 
termination 10-21 

workspace 
active 4-13,10-9,11-67,11-69 

copying to 10-11 
inquiry commands 10-13 
list of functions in 10-13 
list of variables in 10-13 
transfer form of objects 

in 10-16 
determining name of 11-95 
dropping of 10-19 
for storing functions and 

data 3-4 
inactive 4-13 
management of 4-13 
names of 4-14 
retrieval 10-14, 10-20 
saving copies 10-14 
state indicator 4-13 
storage 2-21,10-14 

workspace available 6-14, 6-20 
WORKSPACE FULL 

message 2-36, 4-6 
write-protect notch A-I 
writing data into a file 11-56 

XOR 5-10 

Index X-II 
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