










































































































































































































































































































































































































































































Semantics 
This statement suspends the operation of BASIC and transfers control to the operating 
system. If a command string is specified, then the operating system executes that 
command string. If the command string is omitted, then control is passed to the 
command specified in the user's SHELL environment variable (this is usually a shell). If 
the user has no SHELL environment variable, then control is passed to a Bourne shell 
(lbin/sh). 

If the RETURN attribute is specified, then the return status from the command is 
returned in the associated variable. The RETURN attrubute is not specified and the 
return status is non-zero, then an error is generated. The return status consists of 16 
bits of information defined as: 

15 14 13 12 11 10 9 876 5 4 321 

I return code terminating signal 

where: 

terminating signal is the signal causing process termination 

indicates whether a core dump resulted cd 

o 

return code is the process exit code if the terminating signal field is o. 

Note that when a command is specified, a /bin/sh is used to control the execution of the 
command. This shell translates certain return codes from the command. Specifically, 
return codes indicating a signal has killed the process returns as Ox8000+0xl00*signal 
number, rather than the expected signal number. Thus a distinction cannot be made 
between a process terminated by SIGTERM and one which exited with return code 
Ox8f, since both would be received as ox8fOO. 

If a simple command is executed (i.e., a single command and no pipes), then there is 
a workaround to this problem. The SHELL command exec can be inserted before the 
actual command to indicate that the shell should exec the command rather than forking 
a new process for it. The result of this is that without the shell around to translate 
the return code, the expected return code is received. For example, consider a "ps -ef" 
command. The statement: 

EXECUTE "ps -ef"; WAIT OFF.RETURN A 
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would set A to Ox8fOO if terminated by SIGKILL. IF we wanted the return code to be 
the same as the process actually returned (without shell translation)l we would use: 

EXECUTE "exec ps -ef"; WAIT OFF,RETURN A 

which sets A to OxOf when terminated by SIGTERM. Note also that the most significant 
bit of the return status is weighted as -327681 thus the status is negative when this bit 
is set. 

When running within a window system1 the command is executed in the window 
which started BASIC. Note that this is not the standard BASIC window, as BASIC 
automatically spawns a new window for itself. All input and output from the process 
takes place in this original window. BASIC spawns a new process from which to execute 
the command. During this time1 the BASIC process waits for the command to complete. 
A new runlight state "Execute11 indicates when BASIC is waiting for a system command 
to complete. BASIC continues to accept keys and echo them 1 but no keyboard commands 
are executed until the system call completes. The "Reset" key aborts the system call and 
returns BASIC to the idle state. Note that this kills the partially completed command1 
and all of its subprocesses. 

When this command is executed outside of a window system1 BASIC first clears the 
screen and then spawns a new process to execute the command. At this point BASIC 
waits for the command to complete. BASIC relinquishes control of the keyboard so the 
user1s command may access it. To return to BASIC the user must either wait for the 
process to complete1 or kill it. To kill the process the user must use either SIGTERM or 
SIGKILL, or possibly "exit11 for a shell. When the user process completes, BASIC first 
prompts the user before resuming. The prompt "PRESS ANY KEY TO CONTINUE: 
" appears at the bottom of the screen. This allows the user time to read any output 
from the command before BASIC clears the screen. Any transmitted key may be used 
to respond to the prompt. The cursor and paging keys are not transmitted1 and may be 
used to view text that has scrolled off the screen. After receiving the response1 BASIC 
continues. It first clears the screen of the output from the command 1 and then repaints 
the alpha screen. 

The WAIT OFF attribute disables the prompting after completion of the command. In 
this case BASIC immediately resumes operation. This attribute only affects operation 
outside a window system. If a command is not specified in the EXECUTE statement 1 

then BASIC does not prompt you before resumming control. It will continue as soon as 
the shell is exited. 
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The SAVE ALPHA OFF attribute only affects operation outside a window system. In 
this case, the screen is not cleared before executing the command, and it is not cleared 
and the alpha not repainted upon returning to BASIC. This option thus allows any 
graphics information to be saved. It should generally be used only when the command 
does not produce output to the CRT. Otherwise the commands output can cause scrolling 
of the alpha and graphics in an undesirable way. If the command does produce output, 
it should be redirected to a file, or discarded in /dev /null as follows: 

EXECUTE IIrmbclean >/dev/null 2>&111; SAVE ALPHA OFF 

The string "2>&1" causes the standard error output to also be discarded. Note that the 
WAIT prompting also writes text to the screen (and possibly cause scrolling). Thus this 
attribute should in general be used with the WAIT OFF attribute. 
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EXOR 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

This operator returns a 1 or a 0 based on the logical exclusive-or of its arguments. 

Example Statements 
Ok=First_pass EXOR Old_data 
IF A EXOR Flag THEN Exit 

Semantics 
A non-zero value (positive or negative) is treated as a logical 1; only a zero is treated as 
a logical o. 

The EXOR function is summarized in this table. 

A B A EXOR B 

a a a 
a 1 1 

1 a 1 

1 1 a 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

EXP 

This function raises e to the power of the argument. With this system, 
Napierian e ~ 2.71828182845905. 

Item Description/Default 

argument numeric expression 

Examples Statements 
Y=EXP(-X-2/2) 
PRINT lie to the ";Z;"=";EXP(Z) 

Semantics 

Range 
Restrictions 

-708.396 418532264 
thru 

+709.7827128933838 
for INTEGER and REAL 
arguments; see "Range 
Restriction Specifics" 
for COMPLEX arguments 

If the argument is REAL or INTEGER, the value returned is REAL. If the argument is 
COMPLEX, the value returned is COMPLEX. 

To compute the EXP of a COMPLEX value, the COMPLEX binary must be loaded. 
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Range Restriction Specifics 
The formula used to compute the EXP of a COMPLEX argument is: 

where Real_part is the real part of the COMPLEX argument and Imag_part is the 
imaginary part of the COMPLEX argument. Some values of a COMPLEX argument 
may cause errors in this computation. For example, 

EXP(CMPLX(710.0» 

will cause error 22 due to the EXP (Real_part) computation. 

Note that any COMPLEX function whose definition includes a sine or cosine function 
will be evaluated in the radian mode regardless of the current angle mode (i.e. RAD or 
DEG). 

EXPANDED 
See the DUMP DEVICE IS statement. 

FILL 

See the IPLOT, PLOT, POLYGON, RECTANGLE, RPLOT, and SYMBOL statements. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
Edit and PDEV 

Yes 
No 
No 

FIND 

This command allows you to find a character sequence while editing a program. 

Item 

text 

beginning line 
number 

beginning line 
label 

Description 

literal 

integer constant identifying program line 

name of a program line 

ending line num- integer constant identifying program line 
ber 

ending line label name of a program line 

Example Statements 
FIND"SUB Print" 
FIND"Cost=" IN 250.Labe11 
FIND"Interval" IN 1550 

Range 

1 to 32766 

any valid name 

1 to 32766 

any valid name 
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Semantics 
This command causes a search to be made through the program currently in memory. 
It compares the specified text to an internal "listing" of the program. Therefore, line 
numbers, keywords, variables, and constants can be found. 

If an occurrence of the specified text is found, the line containing it is displayed with the 
cursor under the first character of that occurrence. The line can be modified or deleted 
if desired. If I ENTER I, I Return I or the delete line key is pressed, the search resumes with 
the next character. Alternately, the search is resumed without modifying the program 
when I CONTINUE I is pressed. Note that overlapping occurrences will not be detected; e.g., 
if you were looking for "issi", only one occurrence would be found in "Mississippi". 

If the Beginning Line Number is given, the search commences at that line number. If the 
specified line number doesn't exist, the next line that does exist is used. If the Beginning 
Line Number is not specified, then the search begins at the line currently being edited; 
or, (if you're not in edit mode), with the first line of the program. If a specified label 
doesn't exist, an error occurs. 

The search continues through the last character of the Ending Line; or (if that was not 
specified) the end of the program. If you specify an Ending Line Number that does not 
exist, the highest numbered line which occurs before that line number is used. 

If there were no occurrences found, the cursor is left at the end of the first line searched. 
If one or more occurrences were found, the cursor is left at the end of the line containing 
the last occurrence. 

A FIND command is cancelled by entering a line after having changed its line number. 
Other keys which will cancel a FIND are I EXECUTE I, I CLR I/O I, I Break I, W, [!], or II NS LN I. 
Any of the keys which cancel EDIT mode will also cancel a FIND. 

FIND is not allowed while a program is running; however, it may be executed while a 
program is paused. The program is continuable if it has not been altered by pressing 
I ENTER I, I Return I, I EXECUTE I or I DEL LN I. 

While in the FIND mode, keyboard execution is only possible with the I EXECUTE I key. 
Using I ENTER I or I Return I causes an error. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

FN 

This keyword transfers program execution to the specified user-defined function and may 
pass items to the function. The value returned by the function is used in place of the 
function call when evaluating the statement containing the function call. 

pass parameters: 

Passed by Reference 

Passed by Value 

string expressions containing monadic 
operators. dyadic operators, or funct ions 

string expressions containing monadic 
operators, dyadic operators, or funct ions 

Keyword Dictionary 229 



Item Description Range 

function name 

I/O path name 

name of a user-defined function any valid name 

name assigned to a device, devices, or mass any valid name 
storage file (see ASSIGN) 

variable name name of a numeric or string variable any valid name 

substring string expression containing substring nota- (see Glossary) 
tion 

literal string constant composed of characters from 
the keyboard, including those generated us­
ing the ANY CHAR key 

numeric constant numeric quantity expressed using numerals, 
and optionally a sign, decimal point, or ex­
ponent notation 

Example Statements 
PRINT X;FNChange(X) 
Final$=FNTrim$(First$) 
Result=FNPround(Item,Power) 

Semantics 
A user-defined function may be invoked as part of a stored program line or as part of a 
statement executed from the keyboard. If the function name is typed and then I EXECUTE I, 
I ENTER 1 or I Return 1 is pressed, the value returned by the function is displayed. The dollar 
sign suffix indicates that the returned value will be a string. User-defined functions are 
created with the DEF FN statement. 

The pass parameters must be of the same type (numeric or string) as the corresponding 
parameters in the DEF FN statement. Numeric values passed by value are converted 
to the numeric type (REAL, INTEGER, or COMPLEX) of the corresponding formal 
parameter. Variables passed by reference must match the type of the corresponding 
parameter in the DEF FN statement exactly. An entire array may be passed by reference 
by using the asterisk specifier. 

Invoking a user-defined function changes the program context. The functions may be 
invoked recursively. 

If there is more than one user-defined function with the same name, the lowest numbered 
one is invoked by FN. 
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FNEND 

See the DEF FN statement. 
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FOR ... NEXT 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

No 
Yes 
No 

This construct defines a loop which is repeated until the loop counter passes a specific 
value. The step size may be positive or negative. 

loop 
counter 

Item 

loop counter 

Description 

name of a numeric variable 

initial value numeric expression 

final value numeric expression 

step size numeric expression; Default = 1 

program segment any number of contiguous program lines not 
containing the beginning or end of a main 
program or subprogram, but which may con­
tain properly nested construct (s ). 

Example Program Segments 
100 FOR 1=4 TO 0 STEP -.1 
110 PRINT I;SQR(I) 
120 NEXT I 

1220 INTEGER Point 
1230 FOR Point=l TO LEN(A$) 
1240 CALL Convert(A$[Point;l]) 
1250 NEXT Point 
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Semantics 
The loop counter is set equal to the initial value when the loop is entered. Each time 
the corresponding NEXT statement is encountered, the step size (which defaults to 1) 
is added to the loop counter, and the new value is tested against the final value. If 
the final value has not been passed, the loop is executed again, beginning with the line 
immediately following the FOR statement. If the final value has been passed, program 
execution continues at the line following the NEXT statement. Note that the loop counter 
is not equal to the specified final value when the loop is exited. 

The loop counter is also tested against the final value as soon as the values are assigned 
when the loop is first entered. If the loop counter has already passed the final value in 
the direction the step would be going, the loop is not executed at all. The loop may be 
exited arbitrarily (such as with a GOTO), in which case the loop counter has whatever 
value it had obtained at the time the loop was exited. 

The initial, final and step size values are calculated when the loop is entered and are used 
while the loop is repeating. If a variable or expression is used for any of these values, its 
value may be changed after entering the loop without affecting how many times the loop 
is repeated. However, changing the value of the loop counter itself can affect how many 
times the loop is repeated. 

The loop counter variable is allowed in expressions that determine the initial, final, or 
step size values. The previous value of the loop counter is not changed until after the 
initial, final, and step size values are calculated. 

If the step value evaluates to 0, the loop repeats infinitely and no error is given. 

Nesting Constructs Properly 
Each FOR statement is allowed one and only one matching NEXT statement. The NEXT 
statement must be in the same context as the FOR statement. FOR ... NEXT loops may 
be nested, and may be contained in other constructs, as long as the loops and constructs 
are properly nested and do not improperly overlap. 

FORMAT 

See the ASSIGN statement. 
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FRACT 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS1UX 
None 

Yes 
Yes 
Yes 

This function returns a number greater than or equal to zero and less than 11 representing 
the "fractional parel of the value of its argument. For all Xl X=lNT(X)+FRACT(X). 

Example Statements 
PRINT FRACT(X) 
Right_digits=FRACT(All_digits) 

Semantics 
This function does not allow COMPLEX arguments. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
GRAPH 

Yes 
Yes 
Yes 

FRAME 

This statement draws a frame around the current clipping area using the current pen 
number and line type. After drawing the frame, the current pen position coincides with 
the lower left corner of the frame, and the pen is up. 

FRENCH 

See the LEXICAL ORDER IS statement. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
GRAPH 

Yes 
Yes 
Yes 

GCLEAR 

This statement clears the graphics display or sends a command to an external plotter to 
advance the paper. With bit-mapped displays, the memory is cleared and the alpha is 
restored. 

( GCLEAR )-.i 

Multi-Plane Bit-Mapped Displays 
The GCLEAR statement clears all planes designated as graphics planes with the current 
graphics write-mask. This includes any planes which are both alpha and graphics planes. 
See the "Multi-Plane Bit-Mapped Displays" section in the Graphics Techniques manual 
for information on enabling and displaying specific frame buffer planes. 

Note 

If any planes in the frame buffer are enabled by both the alpha mask 
and the graphics mask, the common planes, as well as the graphics 
planes, will be cleared. Then, the alpha data will be redisplayed 
in the common planes. This may cause text which was previously 
hidden or over-written by graphics to reappear. 

GERMAN 
See the LEXICAL ORDER IS statement. 
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GESCAPE 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

This statement is used for communicating device-dependent information. 

Item Description Range 

WS,UX 
GRAPHX 

Yes 
Yes 
Yes 

device selector numeric expression, rounded to an integer 

operation selector numeric expression, rounded to an integer 

(see Glossary) 

(device dependent, 
see Semantics) 

parameter array name of array which has a specific rank any valid name 
name and size, containing parameters necessary for 

executing request 

return array name of array which has a specific rank and any valid name 
name size into which the returned parameters are 

placed 

Example Statements 
GESCAPE 28,5 
GESCAPE 3,2;Color_map(*) 
GESCAPE 604,10 
GESCAPE 28,6;Masks(*) 
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~
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BASIC/UX under X Windows only) 
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Semantics 
The parameter array and return array are for sending data to the device and getting 
data from the device. 

Color Map Information 
The number of entries in the color map can be determined with a GESCAPE operation 
seledor 1. The return array must be one-dimensional with at least one element. If this 
operation selector is used on a system with a monochrome display (or an HP 98627 A), 
error 733 will be reported. 

The RGB values of the pens in the the color map can be obtained through GESCAPE 
operation selector 2. The return array must be a two-dimensional three-column array 
with at least one row. The values returned are in the range of 0 to 1 and are multiples 
of 1/15 (one fifteenth) for the Model 236C and multiples of 1/255 (one two-hundred fifty 
fifth) for other color displays. The first row in the array always contains the values for 
PEN 0; if you want PEN 12, you must have at least thirteen rows in the array. Array 
filling occurs until either the array or the color map is exhausted. 

The color map affects the entire display. Thus in a windowing environment, the color 
map is the same for all windows. 

Determining Hard Clip Limits and GSTORE Array Size 
The hard clip limits of the current plotting device can be obtained through executing 
a GESCAPE with operation selector 3. The return array must be a one-dimensional 
INTEGER array with at least four elements. Values will be returned in the smallest 
resolvable units for that device. For a CRT, units are pixels. 

Operation selector 3 also returns information useful for GSTORE and GLOAD files. The 
fifth and sixth elements returned give the two array dimensions to use (in conjunction 
with the ALLOCATE statement) to GSTORE the contents of the specified display. For 
example, on a HP 98544A display with all planes enabled for graphics, the dimensions 
returned would be 256 and 400-256 words for each of the 400 lines. That is, 1024 pixels 
wide, and four pixels' worth of information in each 16-bit word. This allows the user to 
programmatically determine the size of the integer array to allocate for storing an image 
and thus avoid machine-dependent code. 

In BASIC/UX, all displays are stored as 2 pixels/16-bit word (except for monochrome, 
which are 16 pixels/16-bit word). 
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Drawing Mode Dominance 
The normal drawing mode and the alternate drawing mode can be entered by using 
GESCAPE operation selectors 4 and 5, respectively. Drawing in normal mode "covers 
up" any previously drawn image. Drawing in alternate mode with positive pen numbers 
causes the color-map entry number at each pixel to be inclusively-ORed with the pen 
value currently being drawn with. Drawing in alternate mode with negative pen numbers 
causes the color-map entry number at each pixel to be exclusively-ORed with the pen 
value currently being drawn with. 

Drawing mode dominance affects the entire display. Thus in a windowing environment, 
all windows have the same drawing mode. 

Multi-Plane Bit-Mapped Displays 
The Write Enable and Display-Enable Masks 
If you have a multi-plane frame buffer and display, there are two user-definable masks 
which control certain aspects of graphical operations. They are: 

• The write-enable mask. This mask is an integer whose bits, from the least-significant 
bit end, designate those frame buffer planes which will be affected by graphics 
operations. Bit values of 1 denote enabled planes (planes to be written to), and 
bit values of 0 denote disabled planes (planes which will not be written to). For 
example, if you have a four-plane frame buffer, and you set the write-enable mask 
to 3 (binary 0011), only values in frame buffer planes 1 and 2 will be modified by 
graphical operations . 

• The display-enable mask. This mask is an integer whose bits, from the least­
significant bit end, designate those frame buffer planes which are to be displayed. 
These bits mayor may not indicate the same planes as the write-enable mask 
indicates. That is, you can write to some planes, and display others. Bit values of 
1 denote planes which are to be displayed, and bit values of 0 denote planes which 
are not to be displayed. For example, if you have a four-plane frame buffer, and you 
set the display-enable mask to 5 (binary 0101), only values in frame buffer planes 
1 and 3 will be displayed. 

NOTE 

Both the write-enable mask and the display-enable mask are 
initialized to all planes that exist in the machine at power up and 
SCRATCH A time. 
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Operation selector 6, which works with all CRTs, allows the user to obtain the current 
graphics write-enable and display-enable values. The first element of the return array 
contains the write-enable mask; the second represents the display-enable mask. The 
return array must be a one-dimensional integer array with at least one element. Array 
filling occurs until either the array or the masks are exhausted. 

Operation selector 7, which works only with multi-plane Series 300 CRTs, allows the 
user to set the graphics \vrite-enable and display-enable values. The first element of the 
parameter array contains the write-enable mask; the second represents the display-enable 
mask. Again, the parameter array must be a one-dimensional integer array with one or 
more elements. If only one element exists, the write-enable mask is set as specified and 
the display-enable mask remains unchanged. 

Legal values for both masks are: 

• 0 through 15 for 4-plane systems, 

• 0 through 63 for 6-plane systems, 

• 0 through 255 for 8-plane systems. 

The write- and display-enable masks affect the entire display. In a windowing environ­
ment, all windows are affected and have the same display mask values. The write-mask 
cannot be changed in X Windows, so all planes are always turned on. 

Graphics Buffering (BASIC/UX Only) 
In order to improve graphics performance, graphics buffering may be turned on with 
operation selector 10. Operation selector 11 will turn buffering off. This has the affect 
of storing graphics commands in a buffer until it is full, and then sending all of the 
commands in one output sequence. Because the buffer must fill up before it is sent 
to the display, it is possible that the output of the last few graphics commands which 
were executed do not appear on the display. It is advisable to flush the buffer (with 
operation selcector 13) after each "picture" has been drawn to ensure that all the graphics 
commands have been sent to the display. It is NOT advisable to flush the buffer after 
every command, since this is the same as turning off buffering. It is also not advisable to 
turn buffering on while in interactive mode, since the output from any graphics commands 
will not appear on the display until the graphics buffer is full, or the graphics buffer is 
explicitly flushed. Operation selector 12 allows you to obtain the current buffering mode. 
The return array must be a one-dimensional integer array with at least one element. 

The default graphics buffering mode may be specified in the configuration file (rmbrc). 
BASIC/UX does not support graphics buffering for HPGL plotters. 
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Absolute Locator Hard Clip Limits 
Operation selector 20 sets the hardclip limits for absolute HP-HIL locators. That is, it 
simulates, in software, the changing of the hardclip limits. These limits must be inside 
the largest X and largest Y, taken individually, for all absolute locators on the HP-HIL 
bus. 

Operation selector 21 returns the current hardclip limits for absolute HP-HIL locators. 
These are the values used in GRAPHICS INPUT IS scaling. Operation selector 21 is 
different than operation selector 22 in that 22 always returns the values "hardwired" into 
the device(s) on the HP-HIL bus, whereas the values returned by operation selector 21 
may have come from operation selector 20 or from the device on the bus. 

Operation selector 22 returns the hardware-defined hardclip limits of all absolute locators 
on the HP-HIL link. 

For the three GESCAPE selectors above-20, 21, and 22-the parameter or return array 
must be a one dimensional integer array. Only the first two entries will be used for 20 
and 21: X2 and Y2. No space is taken for the Xl and Y1 values, since the coordinates 
of PI (the lower, left-hand corner) cannot be changed on HP-HIL absolute locators; Xl 
and Y1 will always be zeroes. For operation selector 22, entries will be made until the 
array is full or all devices on the bus have been covered. If more array entries exist after 
the devices are all represented, a -1 will be put in what would be the X coordinate entry 
of the next device to indicate the end of valid data. (Hardclip limits for these devices 
are limited to the range 0 through 32767.) 

Unlike other GESCAPES, selectors 20 through 22 do not require the device at the 
specified select code to be currently active. Indeed. to be effective. GESCAPE 2.20, which 
sets hard clip limits, must be done before doing the GRAPHICS INPUT IS KBD. "TABLET" 

statement. Operations 20 and 21 will give "DEVICE NOT PRESENT" errors if no 
tablet (or HP-HIL interface) exists, but 22 will return -1 for its first entry in that case. 
All will give a configuration error if the KBD binary is not present. 
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Functions Available Through GESCAPE 

Operation 
Selector Return or Parameter Array 

1 (R) A{O): Number of entries in the color map 

2 (R) A{O,O): Pen 0 red color map value 

3 

4 

5 

6 

7 

10 

11 

12 

13 

20 

21 

22 

A{0,1): Pen 0 green color map value 
A(0,2): Pen 0 blue color map value Coior-Mapped 

Graphics Device 
A{15,0): Pen 15 red color map value 
A{15,1): Pen 15 green color map value 
A{15,2): Pen 15 blue color map value 

A ( 1 ): Y minimum hard clip value All Graphics Devices 
(R) A (O): X minimum hard clip value I 

A (2): X maximum hard clip value 
A (3): Y maximum hard clip value 
A(4): Rows required for GSTORE integer array } 

All CRTs 
A(5): Columns required for GSTORE integer array 

Set normal drawing mode } 
. All Color CRTs Set alternate drawmg mode 

(R) A{O): Current graphics write-tmable mask value } All CRTs 
A(1): Current graphics display-enable mask value 

(P) A{O): Graphics write-enable mask value to be set } Series 300 
A{ 1): Graphics display-enable mask value to be set Multi-Plane 

Devices 
Turn graphics buffering on. 

Turn graphics buffering off. 

(R) A{O): Current buffering mode (O = OFF; 1 = ON) 

Flush graphics buffer. 

(P) A{O): X maximum hard clip value to be set 
A(1): Y maximum hard clip value to be set 

(R) A{O): Current X maximum hard clip value 
A(1): Current Y maximum hard clip value 

(R) A{O): X maximum hard clip value for first absolute locator 
A(1): Y maximum hard clip value for first absolute locator 
A(2): X maximum hard clip value for second absolute locator 
A(3): Y maximum hard clip value for second absolute locator 

A{n): A value of -1 indicates that there are LO more absolute 
locators 

HP-HIL 
Locators 
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GET 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

This statement reads the specified ASCII or HP-UX file and attempts to store the strings 
into memory as program lines. 

literal form of file specifier: 

HFS or SRM files only 

Item Description 

file specifier string expression 

append line num- integer constant identifying a program line 
ber 

append line label name of a program line 

Range 

(see drawing) 

1 thru 32766 

any valid name 

run line number integer constant identifying a program line 1 thru 32 766 

run line label name of a program line any valid name 

directory path literal (see MASS STORAGE IS) 

file name literal depends on volume's format 
(see Glossary) 

SRM password literal; first 16 non-blank characters are sig- > not allowed 
nificant 

volume specifier literal (see MASS STORAGE IS) 
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Example Statements 
GET II George II 
GET Next_prog$.180.10 
GET IFileName:REMOTE" 
GET "/Dirl/Dir2/Dir3/File<SRM_READ_pass)1 

Semantics 
The file must be either an ASCII or an HP-UX file (HP-UX files must contain text 
written in FORMAT ON representation). 

When GET is executed, the first line in the specified file is read and checked for a valid 
line number. If no valid line number is found, the current program stays in memory and 
error 68 is reported. If the GET was attempted from a running program, the program 
remains active and the error 68 can be trapped with ON ERROR. If there is no ON 
ERROR in effect, the program pauses. 

If there is a valid line number at the start of the first line in the file, the GET operation 
proceeds. Values for all variables except those in COM are lost and the current program 
is deleted from the append line to the end. If no append line is specified, the entire 
current program is deleted. 

As the file is brought in, each line is checked for proper syntax. The syntax checking 
during GET is the same as if the lines were being typed from the keyboard, and any 
errors that would occur during keyboard entry will also occur during GET. Any lines 
which contain syntax errors are listed on the PRINTER IS device. Those erroneous lines 
which have valid line numbers are converted into comments and syntax is checked again. 
If the GET encounters a line longer than 256 characters, the operation is terminated and 
error 128 is reported. If any line caused any other syntax error, an error 68 is reported 
at the completion of the GET operation. This error is not trappable because the old 
program was deleted and the new one is not running yet. 

Any line in the main program or any subprogram may be used for the append location. 
If an append line number is specified, the lines from the file are renumbered by adding an 
offset to their line numbers. This offset is the difference between the append line number 
and the first line number in the file. This operation preserves the line-number intervals 
that exist in the file. When a line containing an error (or an invalid line number caused 
by renumbering) is printed on the PRINTER IS device, the line number shown is the 
one the line had in the file. Any programmed references to line numbers that would be 
renumbered by REN are also renumbered by GET. If no append line is specified, the 
lines from the file are entered without renumbering. 
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If a successful GET is executed from a program, execution resumes automatically after 
a pre run initialization (see RUN). If no run line is specified, execution resumes at the 
lowest-numbered line in the program. If a run line is specified, execution resumes at the 
specified line. The specified run line must be a line in the main program segment. 

If a successful GET is executed from the keyboard and a run line is specified, a prerun is 
performed and program execution begins automatically at the specified line. If GET is 
executed from the keyboard with no run line specified, RUN must be executed to start 
the program. GET is not allowed from the keyboard while a program is running. 

HFS Permissions 
In order to GET a file on an HFS volume, you need to have R (read) permission on the 
file, as well as X (search) permission on the immediately superior directory and all other 
superior directories. 

GET with SRM Files 
In order to GET a file on an SRM volume, you need to have READ capability on the file 
and its immediately superior directory, as well as READ capabilities on all other superior 
di.rectories. If this capability is not public or if a password protecting this capability is 
not given, an error is reported. 

You may use GET with any ASCII or HP-UX file whose data is in the format of a 
BASIC program (that is, having numbered lines). Although you may also use GET 
with ASCII files created on non-Series 200/300 SRM workstations (HP 9835, HP 9845, 
or Model 520), any line that is not valid BASIC syntax for Series 200/300 computers is 
stored as a commented ( !) program line. 

When used on SRM. GET is executed in shared mode. which means that several users 
can get one file at the same time. Attempts to get a locked file (see LOCK) result in Error 
453. Additionally, you cannot get a file while it is being saved. The SAVE and RE-SAVE 
operations open the file in exclusive mode (shown as LOCK in a CAT listing) and enforce 
that status until the SAVE or RE-SAVE is complete. While in exclusive mode, the file 
is accessible only to the SRM workstation executing the SAVE or RE-SAVE. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
GRAPH 

Yes 
Yes 
Yes 

GINIT 

This statement establishes a set of default values for variables affecting graphics opera­
tions. 

Semantics 
The following operations are performed when GINIT is executed: 

AREA PEN 1 
CLIP OFF 
CSIZE 5,0.6 

LDIR ° 
LINE TYPE 1,5 
LORG 1 
MOVE 0,0 

PDIR ° 
PEN 1 

PIVOT ° 
GESCAPE CRT,4 (PEN MODE NORMAL) 
VIEWPORT 0,RATIO*100,0,100 
WINDOW 0,RATIO*100,0,100 

In addition, an active plotter or graphics input device is terminated. If the plotter is a 
file, the file is closed. 
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After a GINIT and before a PLOTTER IS statement is executed, the following statements 
select a default plotter. 

AXES IDRAW RECTANGLE 

DRAW IMOVE RPLOT 

DUMP GRAPHICS IPLOT SET ECHO 

FRAME LABEL SET PEN 

GCLEAR MOVE SYMBOL 

GLOAD PLOT 

GRID POLYGON 

GSTORE POLYLINE 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
GRAPH 

Yes 
Yes 
Yes 

GLOAD 

This statement loads the contents of an INTEGER array into a frame buffer (the converse 
of GSTORE). 

Item 

destination 
device selector 

Description 

destination 
device selector 

numeric expression, rounded to an integer; 
Default = last CRT plotter 

integer array 
name 

name of an INTEGER array. 

Example Statements 
GLOAD Picture(*) 
IF Flag THEN GLOAD Array(*) 
GLOAD CRT,Screen(*) 
GLOAD 28,Screen(*) 

Semantics 

Range 

(see Glossary) 

any valid name 

A frame buffer is an area of memory which contains the digital representation of a raster 
image. A monochromatic image has a frame buffer one bit deep. The Model 236 color 
display has a four-bit frame buffer which allows sixteen colors. The HP 98627 A external 
color interface has a three-bit frame buffer which allows eight colors. The HP 98543A 
and HP 98545A display boards have 4 planes, allowing 16 colors, and the HP 98700 has 
4 or 8 planes, allowing 16 or 256 colors, respectively. The HP 98547 A and HP 98549A 
display boards have 6 planes, allowing 64 colors. The HP 98550A and HP 98720 display 
boards have 8 planes, allowing 256 colors. 

If a destination device is not explicitly specified, the array's contents are loaded into the 
current PLOTTER IS device (if it is a frame buffer) or into the last frame buffer device 
specified by a PLOTTER IS statement. 
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GLOAD operates on active plotting devices. A plotting device is active when it is 
specified in a PLOTTER IS statement. In addition, the internal CRT is also activated by 
any of the following operations: any pen movement; GCLEAR; GLOAD to the current 
default destination; GSTORE from the current default source; DUMP GRAPHICS from 
the current default source; and SET PEN. Plotters are de-activated by power-up, GINIT, 
SCRATCH A or I RESET I. 

The array's contents are loaded into the specified frame buffer if a currently active frame 
buffer (CRT) is explicitly specified as the destination. However, if the specified frame 
buffer is not activated, error 708 occurs. 

The GLOAD is not performed if a non-frame buffer destination which is the current 
PLOTTER IS device is explicitly specified. However, if a non-frame buffer destination 
which is not the current PLOTTER IS device is specified, error 708 occurs. 

Pixel Representation 
A pixel is a picture element. Each pixel on a monochromatic display is represented by one 
bit in memory; a binary 1 represents a pixel that is on, while a binary 0 represents a pixel 
which is off. Each INTEGER array element represents 16 pixels on a monochromatic 
display. 

Pixels on color displays have different representation. The Model 236 color display 
requires four bits to represent each pixel. The optional color monitor (HP 98627) requires 
three bits to represent each pixel. 

The number of pixels on the horizontal and vertical axes and the number of INTEGER 
array elements necessary to represent the entire display is shown in the following table 
for each model and display. 

250 Keyword Dictionary 



BASIC/WS BASIC/UX 
Horizontal Vertical INTEGER INTEGER 

Model Size Size Elements Elements 

l-plane systems: 

216 (HP 9816) 400 300 7500 n/a 
(monochromatic) 

220 (HP 9920) 
(monochromatic) 

(HP 98204A) 400 300 7500 n/a 

(HP 98204B) 512 390 12480 n/a 

226 (HP 9826) 400 300 7500 n/a 
(monochromatic) 

236 (HP 9836) 512 390 12480 n/a 
(monochromatic) 

98546 512 390 12480 12480 
(monochromatic) 

237 (HP 9837) 1024 768 49152 49152 
(bit-mapped, 
monochromatic) 

98542 1024 400 25600 12800 
(medium-resolution 
bit-mapped, 
monochromatic) 

98544 1024 768 49152 49152 
(high-resolu tion, 
bit-mapped, 
monochromatic) 

98548 1280 1024 163840 81920 
(high-resolution, 
bit-mapped, 
monochromatic) 

3-plane systems: 

98627A 512 512 49152 n/a 
(external color) 
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BASIC/WS BASIC/UX 
Horizontal Vertical INTEGER INTEGER 

Model Size Size Elements Elements 

4-plane systems: 

236 (HP 9836C) 512 390 49920 nla 
(color) 

98543 1024 400 102400 102400 
( medium-resolution, 
bit-mapped, 
color) 

98545 1024 768 196608 393216 
(high-resolution, 
bit-mapped, 
color) 

6-plane systems: 

98547 1024 768 393216 393216 
(high-resolution, 
bit-mapped, 
color) 

98549 1024 768 393216 393216 
(high-resolution, 
bit-mapped, 
color) 

8-plane systems: 

98700 1024 768 393216 393216 
(high-resolution, 
bit-mapped, 
color) 

98550A 1280 1024 655360 655360 
(high-resolution, 
bit-mapped, 
color) 

98720A 1280 1024 nla 655360 

The declared array size can be larger or smaller than the graphics memory size; the 
operation stops when either graphics memory or the array is exhausted. 
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Since anyone dimension of an array cannot be more than 32767 elements, for an array 
to be large enough to hold the entire graphics representation, the array may have to be 
multi-dimensional. For example, 

INTEGER Screen(1:390.1:64.1:2) for Model 236 Color 
INTEGER Screen(1:512.1:32.1:3) for HP 98627A Color 

Storage Format 
The pixel representation on a monochromatic display is stored sequentially in the array 
using GSTORE. 

The pixel representation for color displays is stored in different formats using GSTORE. 

Model 236 color display: Consecutive pairs of I6-bit words are used, regardless of the 
array structure. P in the diagram is the 4-bit representation of the pixel. 

Word 1 Word 2 
P5 I P1 I P6 I P2 P7 I P3 I P8 I P4 

HP 98627 A color display: Each word contains the blue, green or red representation for 
16 pixels. P in the diagram is the I-bit color representation of the pixel. 

Word 1 P1 P2 P3 P4 I P161 BLUE 

Word 2 P1 P2 P3 P4 I P161 GREEN 

Word 3 P1 P2 P3 P4 I P161 RED 

Word 4 I P17 I P18 I P19 I P20 I I P321 BLUE 

Keyword Dictionary 253 



Storage Format on Multi-Plane Bit-Mapped Displays 
GLOAD loads information from an array into the graphics planes in the frame buffer. 
"Graphics planes" means those planes which have been write-enabled for graphics 
operations via power up, SCRATCH A, or GESCAPE. You can change the graphics 
write mask with GESCAPE. 

In the following paragraphs, reference is made to the "highest graphics plane." The 
"highest graphics plane" is that plane in the frame buffer whose corresponding bit in the 
graphics write-enable mask has the highest number. For example, the highest graphics 
plane with a write mask of binary 1000 is 4. Also note that although bits in a byte are 
numbered from 0 through 7 (right to left), planes in the frame buffer are numbered 1 
through 8. 

If the highest graphics plane currently enabled is 1 (or none), act like there is 1. The 
storage format is: 

Word 1 PO P1 P2 P3 I P15\ 

Word 2 I P16 I P17 I P18 I P19 I I P31 I 

If the highest graphics plane currently enabled is between 2 and 4, inclusive, act like 
there are 4. The storage format is the same as the Model 236C format, described above. 

If the highest graphics plane currently enabled is between 5 and 8, inclusive, act like 
there are 8. The storage format is: 

Word 1 I PO I PO I PO I PO I PO I PO I PO I PO I P1 I P1 I P1 I P1 I P1 I P1 I P1 I P1 I 

~~21~1~1~1~1~1~1~1~1~1~1~1~1~1~1~1~1 

Images should be GLOADed on the same display and with the same write-enable mask 
that was used when the image was GSTOREd. If these guidelines are not observed, the 
GLOADed image may bear no resemblance to the GSTOREd image. 

To determine the number of elements needed in an integer array to hold an image, use 
the GESCAPE operation selector 3. 
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When using graphics and alpha write masks, you may prefer not to overlap the masks; 
that is, have any planes which are simultaneously indicated by both masks. If planes 
enabled for alpha overlap those enabled for graphics, some alpha information will be 
stored along with the graphics information. 

You can conserve space if you are using fewer than the maximum number of planes. For 
example, on a 98700 with eight planes, if pens 0 through 15 only are being used, the 
graphics write mask could be set to i5 (binary 00001111) rather than the default of 255 
(binary 11111111). In this way, only half the memory would be required to GLOAD the 
image. You can change the graphics write mask with GESCAPE. 

Non-Square Pixel Displays (BASIC Workstation Only) 
With non-square pixel displays, GSTORE stores all pixels (e.g., all 1024x400 pixels), 
thus requiring over twice the amount of memory as with a Model 236C. This is to insure 
that any image GSTOREd appears exactly the same when GLOADed back into the 
frame buffer. Since alpha uses the non-square pixels as separate elements-not as pairs 
as in graphics-it is possible to have pixel pairs with different values in each pixel. If 
pixel pairs were stored, images with mixed alpha and graphics could appear blurred when 
reloaded. 

BASIC/UX Specifics 
Storage format for all multi-plane bit-mapped displays is byte/pixel, regardless of the 
number of planes or value of the graphics write mask. For example: 

Storage format for monochrome (I-plane) bit-mapped displays is the same for BA­
SIC/WS and BASIC/UX. For example: 
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GOSUB 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

No 
Yes 
Yes 

This statement transfers program execution to the subroutine at the specified line. The 
specified line must be in the current context. The current program line is remembered 
in anticipation of returning (see RETURN). (Also see the ON ... statements.) 

Item Description Range 

line label name of a program line any valid name 

line number integer constant identifying a program line 1 thru 32 766 

Example Statements 
GOSUB 120 
IF Numbers THEN GOSUB Process 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

No 
Yes 
Yes 

GOTO 

This statement transfers program execution to the specified line. The specified line must 
be in the current context. (Also see the ON ... statements.) 

Item Description Range 

line label 

line number 

name of a program line any valid name 

integer constant identifying a program line 1 thru 32 766 

Example Statements 
GOTO 550 
GOTO Loop_start 
IF Full THEN Exit (implied GOTO) 
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GRAPHICS 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
GRAPH 

Yes 
Yes 
Yes 

This statement turns the graphics display on or off. This statement has no effect on 
thE"' contE"'nts of thE"' graphics memory, it just controls whether it is displayed or not. At 
power-on or after SCRATCH A, the graphics display is off. (Also see DUMP.) 

Example Statements 
GRAPHICS ON 
IF Flag THEN GRAPHICS OFF 

Semantics 
Multi-Plane Bit-Mapped Displays 
If you do not understand the concept of write-enable masks or display-enable masks, see 
GCLEAR before reading the following paragraphs. 

GRAPHICS ON jOFF applies only to the graphics display which also is the alpha display. 
For example, suppose your configuration consists of a display which has both alpha and 
graphics, and another display which has only graphics. In this case, there would be no 
way, with the GRAPHICS statement, to turn graphics on or off on the display which has 
graphics exclusively. 
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With default alpha and graphics write-masks, the GRAPHICS ON and GRAPHICS OFF state­
ments have no effect on bit-mapped displays. If designated alpha and graphics write 
masks do not overlap, then the statements will enable/disable graphics planes for dis­
playing as with non-bit-mapped systems. When the write masks overlap, planes that 
are used only for graphics (not alpha) are enabled/disabled. For example, if the alpha 
write-enable mask is binary 1110 and the graphics write-enable mask is binary 0011, 
GRAPHICS ON and GRAPHICS OFF would only affect plane 1. Plane 2 is not affected because 
it is indicated by both the alpha and graphics write-enable masks, and planes 3 and 4 are 
not affected because they are not indicated by the graphics write-enable mask. 

Note 

Mixing ALPHA/GRAPHICS ON/OFF with explicit definition of 
the display-enable mask may cause the I ALPHA I and/or I GRAPHICS I 
keys to have unexpected results. The reason for this is that explicit 
setting of the display mask is, in a manner of speaking, working 
"behind the back" of the operating system. Thus, you could turn 
off graphics by modifying the display-enable mask, and the internal 
variables which keep track of I ALPHA I and I GRAPHICS I key presses 
would not-indeed, could not-have been updated. The reason 
these variables cannot be updated is that you can set the display 
mask to a state in which "alpha on" is only partially true; some 
alpha planes are on, and some aren't. The same goes for graphics. 

BASIC/UX Specifics 
GRAPHICS ON/OFF has no effect in a windowing environment, since the write-masks 
are always set to enable all planes. 

Keyword Dictionary 259 



GRAPHICS INPUT IS 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
GRAPHX 

Yes 
Yes 
Yes 

This statement defines which device is to be used for graphics input III subsequent 
DIGITIZE~ SET LOCATOR~ TRACK IS ... ON/OFF, and READ LOCATOR statements. 

GRAPHICS INPUT IS 

Item Description Range 

device selector numeric expression, rounded to an integer (see Glossary) 

digitizer specifier string expression (see semantics) 

Example Statements 
GRAPHICS INPUT IS 706,"HPGL" 
GRAPHICS INPUT IS Ds,Hp$ 
GRAPHICS INPUT IS KBD,"KBD" 
GRAPHICS INPUT IS KBD,"TABLET" 

Semantics 
The specified device is defined to be the graphics input device for subsequent graphics 
input statements (DIGITIZE, READ LOCATOR, SET LOCATOR, and TRACK .. .IS 
ON). This input device becomes undefined when a power-up, I RESET I, GINIT, or 
SCRATCH A is executed. The default input device is KBD, "KBD". 

The operating system attempts to use the current VIEWPORT and WINDOW (or 
SHOW) parameters for both the current PLOTTER IS device and the specified GRAPH­
ICS INPUT IS device, so that the usable areas of the input and output devices correspond 
in a I-to-l mapping. If the aspect ratios of the input and output devices are different, 
the input device limits are truncated to match the output device's aspect ratio. 
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If the VIEWPORT statement specifies an area that does not exist on the input device, 
error 705 will be reported. 

If you specify the keyboard device selector, there are two possibilities for the digitizer 
specifier. To specify relative pointing devices (e.g., the cursor keys, knob, or mouse), use 
"KBD" or "ARROW KEYS" . For a port path to the Series 500, use the string "ARROW 
KEYS". To specify absolute pointing devices (e.g., HP-HIL tablets or the Touchscreen), 
use the string "TABLET". "HPGL" must be specified if the device selector is anything 
other than the keyboard select code. 

When doing a DIGITIZE, the relative pointing devices move the graphics cursor. 
Otherwise, in addition to moving the graphics cursor, they perform their normal "alpha" 
functions: scrolling text on the screen, and moving the alpha cursor within the keyboard 
entry line. 

HP-HIL Absolute Locators 
This statement can specify HP-HIL absolute locators, which include graphics tablets as 
well as the Touchscreen. As with relative locators, all devices of this type are lumped 
together and processed as if they were a single device. This could lead to interference 
if two or more of these devices were connected to the HP-HIL bus. The intent is to 
support one active absolute locator on the HP-HIL bus, although careful use will allow 
more than one. In particular, the GESCAPE values of 20, 21, and 22 allow use of the HP­
HIL Touchscreen on the same bus as a Tablet, provided the stylus is removed from the 
Tablet when the Touchscreen is in use. 

Absolute Locator Hard Clip Limits 
You can set the position of P2-the upper right corner of the digitizing area-on HP-HIL 
tablets by using GESCAPE with operation selectors 20 through 22. This is conceptually 
similar to setting the P2 point with HPGL commands on HPGL tablets. See GESCAPE for 
further information. 
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BASIC/UX Specifics 
When running in X Windows: 

• Only the HP-HIL devices recognized by the window system (ie., those which control 
the window pointer) can be used for graphics input. 

• All HP-HIL devices (including tablets) can be accessed only through the KBD or 
ARROW KEYS digitizer specifier. TABLET is not a valid specifier in X Windows. 

• Any HP-GL devices specified in a GRAPHICS INPUT IS will be locked to that 
window while a statement which accesses the device (e.g., DIGITIZE) is being 
executed. 

When running on a terminal: 

• Only arrow keys can be used to provide input through the KBD select code. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
GRAPH 

Yes 
Yes 
Yes 

GRID 

This statement draws a full grid pattern. The pen is left at the intersection of the X and 
Yaxes. 
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Item 

x tick spacing 

Y tick spacing 

y axis location 

x axis location 

x major count 

y major count 

major tick size 

Description 

numeric expression in current units; 
Default = 0, no ticks 

numeric expression in current units: 
Default = 0, no ticks 

numeric expression specifying the location of 
the y axis in x-axis units; 
Default =0 

numeric expression specifying the location of 
the x axis in y-axis units; 
Default = 0 

Range 

(see text) 

(see text) 

numeric expression, rounded to an integer, 1 thru 32767 
specifying the number of tick intervals be-
tween major tick marks; 
Default = 1 (every tick is major) 

numeric expression, rounded to an integer, 1 thru 32767 
specifying the number of tick intervals be-
tween major tick marks; 
Default = 1 (every tick is major) 

numeric expression in graphic display units; 
Default = 2 

Example Statements 
GRID 10,10,0,0 
GRID Xmin,Ymin,Xintercept,Yintercept,5,5 

264 Keyword Dictionary 



Semantics 
Grids are drawn with the current line type and pen number. Major tick marks are drawn 
as lines across the entire soft clipping area. A cross tick is drawn at the intersection of 
minor tick marks. 

The X and Y tick spacing must not generate more than 32 768 grid marks in the clip 
area, or error 20 will be generated. Only the grid marks within the current clip area are 
drawn. 

Applicable Graphics Transformations 

Scaling PIVOT CSIZE 

Lines (generated by moves and draws) X X 

Polygons and rectangles X X 

Characters (generated by LABEL) X 

Axes (generated by AXES & GRID) X 

Location of Labels Note 1 Note 3 

Note 1: The starting point for labels drawn after lines or axes is affected by scaling. 

Note 2: The starting point for labels drawn after other labels is affected by LOlA. 

Note 3: The starting point for labels drawn after lines or axes is affected by PIVOT. 

Note 4: RPLOT and IPLOT are affected by POI A. 

LDIR PDIR 

Note 4 

X 

X 

Note 2 
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GSEND 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
GRAPH 

Yes 
Yes 
Yes 

This statement is used to send HPGL commands to the current PLOTTER IS device. 

~ HPGL command ~ 
strlng 

Item Description 

HPGL command string expression 
string 

Example Statements 
IF Hpgl_device THEN GSEND "IP;" 

GSEND String$ 

Semantics 

Range 

device-dependent 

This statement sends a string of characters to the current PLOTTER IS device, which 
may be a file or a plotter. The string is to contain Hewlett-Packard Graphics Language 
(HPGL) command(s). Note that BASIC does not check the syntax of these HPGL 
rommanos. 

GSEND is most useful when the PLOTTER IS device is a file (it is not possible to 
OUTPUT an HPGL command to the file while it is the PLOTTER IS device). 

An error is reported if the current PLOTTER IS device is not an HPGL device or a file. 

After GSEND sends the specified string, it will send a carriage return/line feed (as 
an EOL sequence). If your device does not recognize a carriage return/line feed as a 
terminator for an HPGL command, you must include the correct terminating sequence 
(normally a semicolon) as part of the HPGL command string you are sending. 
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Note that you cannot split HPGL commands over more than one GSEND statement, 
because of the carriage return/line feed sequence sent after each GSEND statement. 
The following example will not work because it splits the HPGL command over more 
than one GSEND statement. (Also, the command is not properly terminated.) 

GSEND IIplI 

GSEND "F" 

The proper way to send this HPGL command is: 

GSEND "PF;" 
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GSTORE 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
GRAPH 

Yes 
Yes 
Yes 

This statement stores the contents of the frame buffer into an INTEGER array (the 
converse of GLOAD). 

source 
device selector 

Item Description Range 

source device 
selector 

numeric expression, rounded to an integer; (see Glossary) 
Default = last CRT plotter 

integer array 
name 

name of an INTEGER array 

Example Statements 
GSTORE Screen(*) 
IF Done THEN GSTORE 28.Picture(*) 

Semantics 

any valid name 

A frame buffer is an area of memory which contains the digital representation of a raster 
image. A monochromatic image has a frame buffer of one bit deep. The Model 236 color 
display has a four-bit frame buffer which allows sixteen colors. The HP 98627 A external 
color interface has a three-bit frame buffer which allows eight colors. The HP 98543A 
and HP 98545A display boards have 4 planes, allowing 16 colors, and the HP 98700 has 
4 or 8 planes, allowing 16 or 256 colors, respectively. The HP 98547 A and HP 98549A 
display boards have 6 planes, allowing 64 colors. The HP 98550A and HP 98720 displays 
have 8 planes, allowing 256 colors. 

If a source device is not explicitly specified, the array's contents are loaded from the 
current PLOTTER IS device (if it is a frame buffer) or from the last frame buffer device 
specified by a PLOTTER IS statement. 
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GSTORE operates on active plotting devices. A plotting device is active when it is 
specified in a PLOTTER IS statement. In addition, the internal CRT is also activated 
by any of the following operations: any pen movement; GCLEAR; GLOAD to the current 
default destination; GSTORE from the current default source; DUMP GRAPHICS from 
the current default source; and SET PEN. Plotters are de-activated by power-up, GINIT, 
SCRATCH A or I RESET I. 

The frame buffer's contents are loaded into the specified array if a currently active frame 
buffer (CRT) is explicitly specified as the source. However, if the specified frame buffer 
is not activated, error 708 occurs. 

The GSTORE is not performed if a non-frame buffer source which is the current 
PLOTTER IS device is explicitly specified. However, if a non-frame buffer source which 
is not the current PLOTTER IS device is specified, error 708 occurs. 

Pixel Representation 
A pixel is a picture element. Each pixel on a monochromatic display is represented by one 
bit in memory; a binary 1 represents a pixel that is on, while a binary 0 represents a pixel 
which is off. Each INTEGER array element represents 16 pixels on a monochromatic 
display. 

Pixels on color displays have different representation. The Model 236 color display 
requires four bits to represent each pixel. The optional color monitor (HP 98627) requires 
three bits to represent each pixel. 
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The number of pixels on the horizontal and vertical axes and the number of INTEG ER 
array elements necessary to represent the entire display is shown in the following table 
for each model and display. 

BASIC/WS BASIC/UX 
Horizontal Vertical INTEGER INTEGER 

Model Size Size Elements Elements 

l-plane systems: 

216 (HP 9816) 400 300 7500 nla 
(monochromatic) 

220 (HP 9920) 
(monochromatic) 

(HP 98204A) 400 300 7500 nla 
(HP 98204B) 512 390 12480 nla 

226 (HP 9826) 400 300 7500 nla 
(monochromatic) 

236 (HP 9836) 512 390 12480 nla 
(monochromatic) 

98546 512 390 12480 12480 
(monochromatic) 

237 (HP 9837) 1024 768 49152 49152 
(bit-mapped, 
monochromatic) 

98542 1024 400 25600 12800 
(medium-resolution 
bit-mapped, 
monochromatic) 

98544 1024 768 49152 49152 
(high-resolution, 
bit-mapped, 
monochromatic) 

98548 1280 1024 163840 81920 
(high-resolution, 
bit-mapped, 
monochromatic) 

3-plane systems: 

98627A 512 512 49152 nla 
(external color) 
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BASIC/WS BASIC/UX 
Horizontal Vertical INTEGER INTEGER 

Model Size Size Elements Elements 

4-plane systems: 

236 (HP 9836C) 512 390 49920 nla 
(color) 

98543 1024 400 102400 102400 
(medium-resolution, 
bit-mapped, 
color) 

98545 1024 768 196608 393216 
(high-resolution, 
bit-mapped, 
color) 

6-plane systems: 

98547 1024 768 393216 393216 
(high-resolution, 
bit-mapped, 
color) 

98549 1024 768 393216 393216 
(high-resolution, 
bit-mapped, 
color) 

8-plane systems: 

98700 1024 768 393216 393216 
(high-resolution, 
bit-mapped, 
color) 

98550A 1280 1024 655360 655360 
(high-resolution, 
bit-mapped, 
color) 

98720A 1280 1024 nla 655360 

The declared array size can be larger or smaller than the graphics memory size; the 
operation stops when either graphics memory or the array is exhaused. 
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Since anyone dimension of an array cannot be more than 32 767 elements, for an array 
to be large enough to hold the entire graphics representation, the array may have to be 
multi-dimensional. For example, 

INTEGER Screen(1:340,1:64,1:2) !for Model 236 Color 
INTEGER Screen(1:512,1:32,1:3) !for HP 98627A Color 

Storage Format 
The pixel representation on a monochromatic display is stored sequentially in the array 
using GSTORE. 

The pixel representation for color displays is stored in different formats using GSTORE. 

Model 236 color display: Consecutive pairs of 16-bit words are used, regardless of the 
array structure. P in the diagram is the 4-bit representation of the pixel. 

Word 1 Word 2 
P5 I P1 I P6 I P2 P7 I P3 I P8 I P4 

HP 98627 A color display: Each word contains the blue, green or red representation for 
16 pixels. P in the diagram is the I-bit color representation of the pixel. 

Word 1 P1 P2 P3 P4 I P161 BLUE 

Word 2 P1 P2 P3 P4 I P161 GREEN 

Word 3 P1 P2 P3 P4 I P161 RED 

Word 4 I P17 I P18 I P19 I P20 I I P321 BLUE 
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Multi-Plane Bit-Mapped Displays 
GSTORE stores information from the graphics planes in the frame buffer into an array. 
"Graphics planes" means those planes which have been write-enabled for graphics via 
power-up, SCRATCH A, or GESCAPE. 

In the following paragraphs, reference is made to the "highest graphics plane." The 
"highest graphics plane" is that plane in the frame buffer vlhose corresponding bit in the 
graphics write-enable mask has the highest number. For example, the highest graphics 
plane with a write mask of binary 1000 is 4. Also note that although bits in a byte are 
numbered from 0 through 7 (right to left), planes in the frame buffer are numbered 1 
through 8. 

If the highest graphics plane currently enabled is 1 (or none), act like there is 1. The 
storage format is: 

Word 1 PO P1 P2 P3 I P151 
Word 2 I P16 I P17 I P18 I P19 I I P31 I 

If the highest graphics plane currently enabled is between 2 and 4, inclusive, act like 
there are 4. The storage format is the same as the Model 236C format, described above. 

If the highest graphics plane currently enabled is between 5 and 8, inclusive, act like 
there are 8. The storage format is: 

Word 1 I PO I PO I PO I PO I PO I PO I PO I PO I P1 I P1 I P1 I P1 I P1 I P1 I P1 I P1 I 
~~21~1~1~1~1~1~1~1~1~1~1~1~1~1~1~1~1 

Images should be GLOADed on the same display and with the same write-enable mask 
that was used when the image was GSTOREd. If these guidelines are not observed, the 
GLOADed image may bear no resemblance to the GSTOREd image. 

To determine the number of elements needed in an integer array to hold an image, use 
the GESCAPE operation selector 3. 
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When using graphics and alpha write masks, you may prefer not to overlap the masks: 
that is, have any planes which are simultaneously indicated by both masks. If planes 
enabled for alpha overlap those enabled for graphics, some alpha information will be 
stored along with the graphics information. 

You can conserve space if you are using fewer than the maximum number of planes. For 
example, on a 98700 with eight planes, if pens 0 through 15 only are being used, the 
graphics write mask could be set to 15 (binary 00001111) rather than the default of 255 
(binary 11111111). In this way, only half the memory would be required to GSTORE the 
image. You can change the graphics write mask with GESCAPE. 

Non-Square Pixel Displays (BASIC Workstation Only) 
With non-square pixel displays, GSTORE will store all pixels (e.g., alll024x400 pixels), 
thus requiring over twice the amount of memory as with a Model 236C. This is to insure 
that any image GSTOREd will appear exactly the same when GLOADed back into the 
frame buffer. Since alpha uses the non-square pixels as separate elements-not as pairs 
as in graphics-it is possible to have pixel pairs with different values in each pixel. If 
pixel pairs were stored, images with mixed alpha and graphics could appear blurred when 
reloaded. 

BASIC/UX Specifics 
Storage format for all multi-plane bit-mapped displays is byte/pixel, regardless of the 
number of planes or value of the graphics write mask. For example: 

Storage format for monochrome (I-plane) bit-mapped displays is the same for 
BASIC/WS and BASIC/UX. For example: 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
KBD 

Yes 
Yes 
Yes 

HILBUF$ 

This function receives data sent by an HP-HIL device (e.g Describe Records, Poll Records, 
etc.). 

--C HILBUF$ }-­

Example Statement 
HILBUF$ 
Temp_buf$=HILBUF$ 
IF Read_buf THEN Buffer$=HILBUF$ 

Semantics 
This function receives data from HP-HIL devices which have had polling enabled by 
the ON HIL EXT statement or which have been sent a command by the HIL SEND 
statement. This data takes the form of 8-bit numbers (bytes) packed into a string. 
When HILBUF$ is read, the internal buffer where it accumulates this data is cleared, 
ready to receive more data. 

The format of the string returned by the HILBUF$ function is as follows: lost packet 
count, followed by zero or more data packets. The lost packet count will normally be 
zero (the null character). If the internal buffer overflows (because it is not read), the lost 
packet count is the total number of packets lost (to a maximum count of 255 packets). 
Only whole packets are put into the buffer. The format of a packet is: packet length, 
device address, data list. For example, sending an HIL SEND 4; RSC statement to an ID 
Module would create a packet of data similar to the following: 

11 4 16 4 180 65 I 151 I 176 3 15 65 

~~'~------------------------~-------------------------
packet 

length 

device 

address 

data list 
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where 11 is the packet length and 4 is the device address. The remaining characters 
make up the data list (which in this example is a product/exchange number and serial 
number). The first character of the packet is the packet length. The packet length tells 
you how many string characters are left in the packet (including this character). Packet 
lengths range from 3 to 19 characters. The second character in the string is the device 
address. This tells you the position of the device within the HP-HIL link. There can only 
be a total of 7 addresses in the HP -HIL link. The remaining characters in the packet 
make up the data list. This list contains information which is dependent on the HP-HIL 
device polled (ON HIL EXT) or on the HP-HIL device and the command sent (HIL 
SEND). For more information on packets read the chapter "HP-HIL Interface" found in 
the BASIC Interfacing Techniques manual. 

If the HIL SEND statement results in data being returned from the device, the data is 
put into HILBUF$ even if HP-HIL interrupts are not enabled (i.e. ON HIL EXT is not 
currently active). Note that no interrupt is generated. even if HP-HIL interrupts are 
enabled (i.e. ON HIL EXT is currently active), for data placed in HILBUF$ as a result 
of HIL SEND. However, care should be taken in this case, since executing ON HIL EXT 
clears HILBUF$. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
KBD 

Yes 
Yes 
Yes 

HIL SEND 

This statement allows a selected subset of the HP-HIL Command Set to be transmitted 
to specific devices in the HP-HIL link. 

ASCII space 
(space bar) 
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Item 

device address 

rate 

indicator 

device specific 
command 

Description/Default 
Range 

Restrictions 

numeric expression representing the HP-HIL 1 thru 7 
device's position in the HP-HIL link 

numeric expression indicating a keyswitch 1 or 2 
au to-repeat rate of 20 or 40 milliseconds 

numeric expression representing which of sev- 1 thru 7 
eral prompts/acknowledges on the device to 
use 

numeric expression whose meaning is device 128 thru 239 
dependent 

register number numeric expression o thru 127 (RRG); 

register data numeric expression 

Example Statement 
H1L SEND Dev_address;DKA PRM Led 
H1L SEND 3;1DD 
H1L SEND 7;ACK 6 

Semantics 

o thru 255 (WRG) 

o thru 255 

HP-HIL commands must be sent to a specific HP-HIL device, they may not be sent to 
several devices at once. 

The IDD (Identify and Describe) command can be sent to all HP-HIL devices. For all 
other commRnrl~, HP-HIL devices which can use the HIL SEND statement arc those 
whose poll records are not being processed for another purpose by the BASIC system. 
These devices are grouped into three categories: 

• Absolute positioning devices which are not the current GRAPHICS INPUT device. 
Examples of these devices are as follows: Touchscreen (HP 35723A), A-size Digitizer 
(HP 46087 A), B-size Digitizer (HP 46088A). 

• HP-HIL devices with Device ID's less than hexadecimal 60. Examples of these 
devices are as follows: Bar-code Reader (HP 92916A), ID Module (HP 46084A), 
Function Box (HP 46086A), Vectra Keyboard (HP 46030A). 

• True keyboards which are not relative pointing devices, such as the HP 46020A 
and HP 46021A. (Poll records from these devices are processed by the Keyboard 
controller, rather than by BASIC.) 
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The main HP-HIL devices which cannot use this function are: 

• Relative pointing devices, such as the HP Mouse (HP 46060A) and Control Dial 
Box (HP 46085A). Since the HP 98203C keyboard has a knob on it, it is considered 
a relative pointing device and cannot be used with the HP-HIL Command Set . 

• Current GRAPHICS INPUT devices. 

If the HIL SEND statement resuits in data being returned from the device, the data is 
put into HILBUF$ even if HP-HIL interrupts are not enabled (i.e. ON HIL EXT is not 
currently active). Note that no interrupt is generated, even if HP-HIL interrupts are 
enabled, for data placed in HILBUF$ as a result of HIL SEND. However, care should be 
taken in this case, since executing ON HIL EXT clears HILBUF$. 

The system will report an error if an attempt is made to send an HP-HIL command 
to an HP-HIL device at an address which was not present at the last SCRATCH A or 
power-up, even if a device is now present at that address. The system will not report 
an error if a command is sent to an address which had a device present at power-up or 
SCRATCH A but is now empty. 

The sections which follow cover the HP-HIL commands supported by BASIC. For a 
detailed description of these commands, read the "HP-HIL Command Reference" located 
in the "HP-HIL Appendix" of the BASIC Interfacing Techniques manual. 

IDD 
Identify and Describe is used by the system to determine the type of HP-HIL devices in 
the HP-HIL link, as well as some general characteristics of these devices. 

Sending an IDD to a relative pointing device, or to an absolute pointing device 
which is currently the GRAPHICS INPUT device, will result in an IDD record being 
reconstructed from the system's internal configuration record. This pseudo-IDD record 
will be the actual IDD record stored by the system at power-up or SCRATCH A time, 
but no HP-HIL bus access is made (i.e. if the device has been removed, it will still show 
up here). 

RRG 
Read Register provides a means for interaction with more complex devices via HP-HIL, 
allowing for data transfers not generally supported by the HP-HIL devices. Device 
support for this command is indicated in the Extended Describe Record. 

The numeric value listed after this HP-HIL command is the number of the register that 
is to be accessed. The range of valid register numbers is 0 to 127. 
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WRG 
Write Register provides a means of setting the contents of individual registers in HP-HIL 
devices supporting this feature. Device support for this command is indicated in the 
Extended Describe Record. 

There are two types of Write Register Records: Write Register Type 1 and Write Register 
Type 2. BASIC looks at both of these Types as functionally the same (i.e. they both 
wri te a single byte to a single register). 

The numeric value listed after this HP-HIL command is the number of the register that 
is to be accessed. The range of valid register numbers is 0 to 255. Range 0 to 127 selects 
Write Register Type 1 and range 128 to 255 selects Write Register Type 2. In either 
case, only one data item may be transmitted per command (i.e. this implementation 
limits the Type 2 data list to one item). 

RNM 
Report Name is used to request a string of up to 15 characters (8-bit ASCII) which 
aid in describing the device to the user. Devices indicate support of the Report Name 
command in the Extended Describe Record. 

RST 
Report Status is used to extract device-specific status information from devices configured 
on the HP-HIL link. Devices indicate support of the Report Status command in the 
Extended Describe Record. 

EXD 
This command provides additional information concerning more advanced device features 
which may not be required for basic operation. Support of the Extended Describe 
command is indicated in the Describe Record Header. 

RSC 
The Report Security Code command is used to extract a unique product/exchange 
number and serial number from the HP-HIL device. Support of the command is indicated 
in the Describe Record Header. 

Information returned when executing this command can also be obtained using the 
SYSTEM$ ("SERIAL NUMBER") function. It should be noted that this function will 
only return the product/exchange number and serial number for the last HP 46084A ID 
Module in the HP-HIL link. If there are other devices in the HP-HIL link with security 
code information. they are ignored by the SYSTEM$( "SERIAL NUMBER") function. 
This is not the case with the RSC command when it is executed with the HIL SEND 
statement. as it will allow you to select the device you want to report a security code. 
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DKA 
This command is used to disable the "repeating keys" feature for the addressed HP­
HIL device, reducing returned data to one report per keyswitch transition. Support of 
this command is not indicated in the Describe Record or Extended Describe Record. 
Examples of devices which support it are the: Function Box, Vectra Keyboard, ITF 
Keyboard. The default state for HP-HIL devices supporting this command is AutoRepeat 
disabled. 

EKA 1 

NOTE 

The auto-repeat for DKA, EKA 1, and EKA 2 is different and 
independent of the keyboard auto-repeat which is controlled by 
keyboard CONTROL registers 3 and 4. The repeated arrow keys 
return a code which is not recognized by the keyboard driver; hence 
they have no effect. 

EKA 1 is used to enable the "repeating key" feature in the addressed device (if the 
feature is supported). Support of this command is not indicated in the Describe Record 
or Extended Describe Record. Examples of devices which support it are the: Function 
Box, Vectra Keyboard, ITF Keyboard. This command will cause the HP-HIL device's 
keys to repeat about every 40 milliseconds. Modifier keys (I Shift I, I CTRL I, I Extend char I, 
etc.) will not repeat. The cursor keys (8], G, ~ and [!]) on an ITF Keyboard will 
send repeated 02 codes after the initial Keycode. 

EKA2 
EKA 2 is used to enable the "repeating key" feature in the addressed device (if the 
feature is supported). Support of this command is not indicated in the Describe Record 
or Extended Describe Record. Examples of devices which support it are the: Function 
Box, Vectra Keyboard, ITF Keyboard. This command will cause the HP-HIL device's 
keys to repeat about every 40 milliseconds. Modifier keys (I Shift I, I CTRL I, I Extend char I, 
etc.) will not repeat. The Cursor Keys (8], G, ~ and [!]) on an ITF Keyboard will 
send repeated 02 codes at a faster rate than EKA 1. 
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PRM 1 .. 7 
These Prompt commands are used to provide an audible or visual stimulus to the user. 
perhaps indicating that the System is ready for a particular type of input. Usually 
Prompts 1 through 7 are paired with Acknowledge 1 through Acknowledge 7. 

The Prompts supported by a device are indicated in the Describe Record. 

PRM 
Prompt is intended to be a general-purpose stimulus to the user. This command is 
usually paired with Acknowledge. An HP-HIL device indicates support of Prompt in the 
Describe Record. 

ACK 1 .. 7 
These Acknowledge commands are used to provide an audible or visual stimulus to the 
llser. perhaps indicating that the System is ready for a particular process to be performed. 
Usually Acknowledges 1 through 7 are paired with Prompt 1 through Prompt 7. 

The Acknowledges supported by a device are indicated in the Describe Record. 

ACK 
Acknowledge is intended to be a general-purpose stimulus to the user. This command 
is usually paired with Prompt. An HP-HIL device indicates support of Acknowledge in 
the Describe Record. 

DDC 128 .. 239 
This is a range of 112 commands which have been reserved for use as "device-specific" 
commands. These commands are intended for use by devices with special requirements 
which the remainder of the HP-HIL protocol does not readily support. 

BASIC/UX Specifics 
Bad register read/write errors are no longer reported. IDDl RNMl EXD 1 RST 1 and RSC 
may return a variable number of bytes in HILBUF$. This number is determined by 
truncating all trailing null characters from the packet obtained by the device. 

ION 

See the MAT statement. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
GRAPH 

Yes 
Yes 
Yes 

IDRAW 

This statement draws a line from the current pen position to a position calculated by 
adding the X and Y displacements to the current pen position. 

~ x displacement ~ y displacement ~ 

Item Description 

x displacement 

y displacement 

numeric expression in current units 

numeric expression in current units 

Example Statements 
IDRAW X+50,O 
IDRAW Delta_x,Delta_y 

Semantics 

Range 

The X and Y displacement information is interpreted according to the current unit-of­
measure. 

The line is clipped at the current clipping boundary. 

An IDRAW 0,0 generates a point. IDRAW updates the logical pen position at the 
completion of the IDRAW statement, and leaves the pen down on an external plotter. 
IDRAW is affected by the PIVOT transformations. 

If none of the line is inside the current clipping limits, the pen is not moved, but the 
logical pen position is updated. 
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Applicable Graphics Transformations 

Scaling PIVOT CSIZE 

Lines (generated by moves and X X 
draws) 

Polygons and rectangles X X 

Characters (generated by LABEL) X 

Axes (generated by AXES & GRID) X 

Location of Labels Note 1 Note 3 

Note 1: The starting point for labels drawn after lines or axes is affected by scaling. 

Note 2: The starting point for labels drawn after other labels is affected by LDIR. 

Note 3: The starting paint for labels drawn after lines or axes is affected by PIVOT. 

Note 4: RPLOT and IPLOT are affected by PDIR. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

No 
Yes 
No 

This statement provides conditional branching. 

boolean 
expresslon 

( END IF )-i 

boolean 
expression 

( END IF )-i 

Cannot be a statement 
used during prerun 

IF ... THEN 
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Item 

boolean 
expression 

Description 

numeric expression; evaluated as true if non­
zero and false if zero 

Range 

line label name of a program line any valid name 

line number integer constant identifying a program line 1 thru 32 766 

statement a programmable statement (see following list) 

program segment any number of contiguous program lines not 
containing the beginning or end of a main 
program or subprogram. 

Example Program Segments 
150 IF Flag THEN Next_file 
160 IF Pointer<1 THEN Pointer=1 

580 IF First_pass THEN 
590 Flag=O 
600 INPUT "Command?",Cmd$ 
610 IF LEN(Cmd$) THEN GOSUB Parse 
620 END IF 

1000 IF X<O THEN 
1010 BEEP 
1020 DISP "Improper Argument" 
1030 ELSE 
1040 Root=SQR(X) 
1050 END IF 

Semantics 
If the boolean expression evaluates to 0, it is considered false; if the evaluation is non-zero, 
it is considered true. Note that-a boolean expression can be constructed with numeric or 
string expressions separated by relational operators, as well as with a numeric expression. 

Single Line IF ... THEN 
If thf' conditional stat('m('nt is a GOTO. execution is transferred to the specified line. 
The specified line must exist in the current context. A line number or line label by itself 
is considered an implied GOTO. For any other statement, the statement is executed, 
then program execution resumes at the line following the IF ... THEN statement. If the 
tested condition is false, program execution resumes at the line following the IF ... THEN 
statement, and the conditional statement is not executed. 
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Prohibited Statements 
The following statements must be identified at prerun time or are not executed during 
normal program flow. Therefore, they are not allowed as the statement in a single line 
IF ... THEN construct. 

CASE END IF REM 

CASE ELSE END IF IMAGE REPEAT 

COM END LOOP INTEGER SELECT 

COMPLEX END SELECT LOOP SUB 

DATA END WHILE NEXT SUBEND 

DEF FN EXIT IF OPTION BASE UNTIL 

DIM FNEND REAL WHILE 

ELSE FOR 

When ELSE is specified, only one of the program segments will be executed. When the 
condition is true, the segment between IF ... THEN and ELSE is executed. When the 
condition is false, the segment between ELSE and END IF is executed. In either case, 
when the construct is exited, program execution continues with the statement after the 
END IF. 

Branching into an IF ... THEN construct (such as with a GOTO) results in a branch to 
the program line following the END IF when the ELSE statement is executed. 

The prohibited statements listed above are allowed in multiple-line IF ... THEN constructs. 
However, these statements are not executed conditionally. The exceptions are other 
IF ... THEN statements or constructs such as FOR ... NEXT, REPEAT ... UNTIL, etc. 
These are executed conditionally, but need to be properly nested. To be properly nested, 
the entire construct must be contained in one program segment (see drawing). 
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IMAG 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
COMPLEX 

Yes 
Yes 
Yes 

This function returns the imaginary part of a COMPLEX number. 

Item Description/Default 

argument numeric expression 

Example Statements 
X=IMAG(Complex_expr) 
Y=IMAG(Real_expr) 
Z=IMAG(Integer_expr) 
Result=IMAG(CMPLX(2.1,-8)) 

Semantics 
If the argument is not a COMPLEX value, the result is O. 

288 Keyword Dictionary 

Range 
Restrictions 

any valid INTEGER, 
REAL, or COMPLEX 
value 



Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

No 
Yes 
No 

IMAGE 

This statement provides image specifiers for the ENTER, OUTPUT, DISP, LABEL, and 
PRINT statements. Refer to the appropriate statement for details on the effect of the 
various image specifiers. 

Item 

IMAGE 
statement items 

IMAGE 
statement items 

literal 

IMAGE 
statement items 

Description 

integer constant 

Range 

(see drawing) 

1 thru 32767 repeat factor 

literal string composed of characters from the key- quote mark not allowed 
board, including those generated using the 
ANY CHAR key. 

Example Statements 
IMAGE 4Z.DD.3X.K./ 
IMAGE "Result = ".SDDDE.3(XX.ZZ) 
IMAGE #.B 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
GRAPH 

Yes 
Yes 
Yes 

IMOVE 

This statement lifts the pen and moves it from the current pen position to a position 
calculated by adding the specified X and Y displacements to the current pen position. 

~ x displacement ~ y displacement ~ 

Item Description 

x displacement 

y displacement 

numeric expression in current units 

numeric expression in current units 

Example Statements 
IMOVE X+50,O 
IMOVE Delta_x,Delta_y 

Semantics 

Range 

The X and Y displacements are interpreted according to the current unit-of-measure. 
IMOVE is affected by the PIVOT transformation. 

If both current physical pen position and specified pen position are outside current clip 
limits, no physical pen movement is made; however, the logical pen is moved the specified 
displacement. 

Applicable Graphics Transformations 

Scaling PIVOT CSIZE 

Lines (generated by moves and X X 
draws) 

Polygons and rectangles X X 

Characters (generated by LABEL) X 

Axes (generated by AXES & GRID) X 

Location of Labels Note 1 Note 3 

Note 1: The starting paint for labels drawn after lines or axes is affected by scaling. 

Note 2: The starting paint for labels drawn after other labels is affected by LDIA. 

Note 3: The starting paint for labels drawn after lines or axes is affected by PIVOT. 

Note 4: RPLOT and IPLOT are affected by PDIA. 

LDIR PDIR 

Note 4 

X 

X 

Note 2 
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INDENT 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
PDEV 

Yes 
No 
No 

This commands indents your program to reflect the structure that results from its 
constructs. 

Item Description 

starting column integer constant; Default = 6 

increment integer constant; Default = 2 

Example Statements 
INDENT 
INDENT 8,4 

Semantics 

Range 

o thru Screen Width-8 

o thru Screen Width-8 

The starting column specifies the column in which the first character of the first statement 
of each context appears. The increment specifies the number of spaces that the beginning 
of the lines move to the left or right when the nesting level of the program changes. 
Note that a line label may override the indentation computed for a particular line. The 
INDENT command does not move comments which start with an exclamation point, but 
it does move comments starting with REM. However, if a BASIC program line is moved 
to the right a comment after it may have to be moved to make room for it. In both of 
these cases (line labels and comments), the text moves only as far as is necessary; no 
extra blanks are generated. 
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Indenting a program may cause the length of some of its lines to become longer than the 
machine can list. This condition is indicated by the presence of an asterisk after the line 
numbers of the lines which are overlength. If this occurs, the program will run properly, 
STORE properly and LOAD properly. However, you cannot do a SAVE, then a GET. 
Doing an INDENT with smaller values will alleviate this problem. 

Indentation occurs after the following statements: 

FOR 

LOOP 

SUB 

IF ... THENI 

REPEAT 

WHILE 

SELECT 

DEF FN 

The following statements cause a one-line indentation reversal; that is, indentation is 
reversed for these statements but re-indented immediately after them: 

CASE 

CASE ELSE 

ELSE 

EXIT IF 

FNEND 

SUBEND 

Indentation is reversed before the following statements: 

END IF 

END LOOP 

END SELECT 

END WHILE 

NEXT 

UNTIL 

Indentation remains the same from line to line for all other statements. 

Improperly matched nesting will cause improper indentation. Deeply nested constructs 
may cause indentation to exceed Screen Width-8. However, visible indentation is 
bounded by Starting Column and Screen Width -8. If a large Increment is used, 
indentation may attempt to go beyond Screen Width -8. This will not be allowed to 
occur, but an internal indentation counter is maintained, so construct-forming statements 
will have matching indentation. 

This is only true for IF .. THEN statements where the THEN is followed by an end-of-line or an 
exclamation point. 
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INITIALIZE 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

This statement prepares ("formats") mass storage media for use by BASIC, and places 
a LIF (Logical Interchange Format) directory on the media. (To format an HFS volume. 
use the DISC_UTIL program.) When INITIALIZE is executed, any existing files on the 
media are destroyed. 

literal form of RAM volume specifier 

Item Description 

volume specifier string expression 

interleave factor numeric expression, rounded to an integer; 
Default = device dependent (see table) 

format option numeric expression 
Default = a 

RAM volume string expression 
specifier 

Range 

(see MASS STORAGE IS) 

a thru 15 

device 
dependent 

(see drawing) 

RAM unit size numeric expression, rounded to an integer; 4 thru 32767 
specifies number of 256-byte sectors; memory-dependent 
Default = 1056 (size of a 51/4-inch or single-
sided 31h-inch disc) 
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Example Statements 
INITIALIZE ":INTERNAL" 
INITIALIZE Disc$,2 
INITIALIZE ": ,700",0,4 
INITIALIZE ":MEMORY,O",Sectors 

Semantics 
Any media used by the computer must be initialized before its first use. Initialization 
creates a new LIF directory, eliminating any access to old data. The media is partitioned 
into physical records. The quality of the media is checked during initialization. Defective 
tracks are "spared" (marked so that they will not be used subsequently). 

Interleave Factor 
The interleave factor establishes the distance (in physical sectors) between consecutively 
numbered sectors. The interleave factor is ignored if the mass storage device is not a 
disc. If you specify 0 for the interleave factor, the default for the device is used. 

Default 
Device Type Interleave 

INTERNAL 1 

CS80 see Note 

HP 9121 2 

HP 913X (floppy) 4 

HP 913X (hard) 9 

HP 9895 3 

HP 8290X 4 

Note 

CS80 discs use the current interleave as the default. If the disc 
is uninitialized, the interleave recommended for that disc is used. 
Factory-shipped interleave is 1 for the HP 7908, HP 7911, HP 7912 
and HP 7914 discs. An uninitialized HP 9122 disc has a default 
interleave of 2. 
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Format Option 
Some mass storage devices allow you to select the sector or volume size with which the 
disc is initialized. Omitting this parameter or specifying 0 initializes the disc to the 
default sizes. Refer to the disc drive manual for options available with your disc drive. 
For example, when initializing a single-sided flexible disc on the HP 9122 double-sided 
flexible disc drive, use a value of 4 (256-byte sectors, and 270K bytes total volume size). 

Initializing EPROM (Requires EPROM) 
In order to initialize an EPROM unit, it must be completely erased. The select 
code specified in the INITIALIZE statement must be the select code of the EPROM 
Programmer card currently connected to the EPROM memory card; if not, error 72 is 
reported. 

The unit number must be one greater than the greatest unit number of any initialized 
EPROM unit currently in the system. For example, if the greatest unit number of an 
EPROM unit in the system is 3, then the unit to be initialized must be unit number 4. 

INITIALIZE and HFS Volumes 
Since INITIALIZE creates a LIF directory, it cannot alone be used to format an HFS 
disc; it will still, however, scan the volume for bad sectors. To format an HFS volume 
on the BASIC Workstation, use the System Disc Utility (DISC_UTIL, which calls the 
"Mkhfs" compiled subprogram to place an HFS-format directory on the disc volume). 
See the "BASIC Utilities Library" chapter of Installing, and Maintaining the BASIC 
System for instructions on using this utility. 

On BASIC/UX, use the HP-UX command newfs command. See the HP-UX Reference, 
newfs(1m) entry. 

INITIALIZE and SRM Volumes 
Since INITIALIZE creates a LIF directory, it cannot be used with SRM (which uses the 
Structured Directory Format, SDF). An error will be reported if you attempt to initialize 
a REMOTE volume from a workstation. 

Recovering MEMORY Volume Space 
BASIC RAM disc memory can be reclaimed if no binaries have been loaded after 
initializing the memory volume. To recover this memory, you would execute a line 
similar to the following: 

INITIALIZE 11:.0. unit number II .0 
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Initializing the volume to 0 sectors removes it from memory. 

Memory volumes are allocated in a mark and release stack. What this means is, you 
get the memory back only when other subsequently created memory volumes have 
been reclaimed. You can re-initialize a removed memory volume in its original space 
provided the newly allocated space is no larger than the original space that was allocated. 
Otherwise, new space will be allocated for it. 

BASIC/UX Specifics 
Only an unmounted disk may be initialized, in LIF format. 
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INPUT 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

This statement is used to assign keyboard input to program variables. 

Expanded diagram: 
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WS1UX 
None 

No 
Yes 
Yes 



Item 

prompt 

Description /Default 

a literal composed of characters from the 
keyboard, including those generated using 
the ANY CHAR key; 
Default = question mark 

string name name of a string variable 

subscript numeric expression, rounded to an integer 

beginning numeric expression, rounded to an integer 
position 

ending position numeric expression, rounded to an integer 

substring length numeric expression, rounded to an integer 

numeric name name of a numeric variable 

Example Statements 
INPUT "Name?",N$,"ID Number?",Id 
INPUT Array(*) 

Semantics 

Range 
Restrictions 

any valid name 

-32 768 thru +32767 
(see "array" in Glossary) 

1 thru 32 767 (see 
"substring" in Glossary) 

o thru 32767 (see 
"substring" in Glossary) 

o thru 32 767 (see 
"substring" in Glossary) 

any valid name 

Values can be assigned through the keyboard for any numeric or string variable, substring, 
array, or array element. 

A prompt, which is allowed for each item in the input list, appears on the CRT display 
line. If the last DISP or DISP USING statement suppressed its EOL sequence, the 
prompt is appended to the current display line contents. If the last DISP or DISP 
USING did not suppress the EOL sequence, the prompt replaces the current display line 
contents. 

Not specifying a prompt results in a question mark being used as the prompt. Specifying 
the null string ("") for the prompt suppresses the question mark. 
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To respond to the prompt. the operator enters a number or a string. Leading and trailing 
blank characters are deleted. U nquoted strings may not contain commas or quotation 
marks. Placing quotes around an input string allows any character(s) to be used as 
input. If II is intended to be a character in a quoted string, use 1111. Note that when 
you are prompted to input a COMPLEX value, you must input two REAL values (one 
representing the real part and another representing the imaginary part) separated by a 
comma or a I Return 1 or I ENTER I. 

Multiple values can be entered individually or separated by commas. Press the I Return I, 
I CONTINUE I, I EXECUTE I, I ENTER 1 or I STEP 1 after the final input response. Two consecutive 
commas cause the corresponding variable to retain its original value. Terminating an 
input line with a comma retains the old values for all remaining variables in the list. 

The assignment of a value to a variable in the INPUT list is done as soon as the terminator 
(comma or key) is encountered. Not entering data and pressing I CONTINUE I, I ENTER I, 
I EXECUTE I, I Return I, or I STEP 1 retains the old values for all remaining variables in the list. 

If I CONTI NUE I, I ENTER I, I EXECUTE I, or I Return 1 is pressed to end the data input, program 
execution continues at the next program line. If I STEP 1 is pressed, the program execution 
continues at the next program line in single step mode. (If the INPUT was stepped into, 
it is stepped out of, even if I CONTINUE I, I ENTER I, I EXECUTE I, or I Return 1 is pressed.) 

If too many values are supplied for an INPUT list, the extra values are ignored. 

An entire array may be specified by the asterisk specifier. Inputs for the array are 
accepted in row major order (right most subscript varies most rapidly). 

Live keyboard operations are not allmved while an INPUT is awaiting data entry. I PAUSE 1 

or I STOP 1 on an HP 46020 keyboard can be pressed so live keyboard operations can be 
performed. The INPUT statement is re-executed, beginning with the first item, when 
I CONTINUE 1 or I STEP 1 is pressed. All values for that particular INPUT statement must be 
re-entered. 

ON KBD~ ON KEY and ON KNOB ('vents are deactivated during an INPUT statement. 
Errors do not cause an ON ERROR branch. If an input response results in an error, 
re-entry begins with the variable which would have received the erroneous response. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

INT 

This function returns the greatest integer which is less than or equal to the expression. 
The result will be of the same type (REAL or INTEGER) as the argument. 

Example Statements 
Whole=INT(Number) 
IF X/2=INT(X/2) THEN Even 

Semantics 
COMPLEX arguments are not allowed with this function. 
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INTEGER 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

No 
Yes 
No 

This statement declares INTEGER variables, dimensions INTEGER arrays, and reserves 
memory for them. (For information about INTEGER as a secondary keyword, see the 
ALLOCATE, COM, DEF FN, or SUB statements.) 

Item Description 

numeric name name of a numeric variable 

lower bound integer constant; 
Default = OPTION BASE value (0 or 1) 

upper bound integer constant 

Example Statements 
INTEGER I,J,K 
INTEGER Array(-128:255) 
INTEGER A(4096) BUFFER 
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Range 

any valid name 

-32767 thru +32767 
(see "array" in Glossary) 

-32767 thru +32767 
(see "array" in Glossary) 



Semantics 
An INTEGER variable (or an element of an INTEGER array) uses two bytes of storage 
space. An INTEGER array can have a maximum of six dimensions. No single dimension 
can have more than 32767 total elements. 

The total number of INTEGER elements is limited by the fact that the maximum memory 
usage for all variables-COMPLEX, INTEGER, REAL, and string-within any context 
is 224 -1, or 16777215, bytes (or limited by the amount of available memory, whichever 
is less). 

Declaring Buffers 
To declare INTEGER variables to be buffers, each variable's name must be followed by 
the keyword BUFFER; the designation BUFFER applies only to the variable which it 
follows. 

INTENSITY 

See the AREA and SET PEN statements. 

INTERACTIVE 

See the RESUME INTERACTIVE and SUSPEND INTERACTIVE statements. 

INTR 

See the OFF INTR and ON INTR statements. 

INV 

See the MAT statement. 
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IPLOT 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
GRAPH 

Yes 
Yes 
Yes 

This statement moves the pen from the current pen position to the point specified by 
adding the specified X and Y displacements to the current pen position. It can be used to 
move without drawing a line, or to draw a line, depending on the pen control parameter. 

Item Description 

numeric expression, in current units 

numeric expression, in current units 

Range 

x displacement 

y displacement 

pen control numeric expression, rounded to an integer; -32768 thru +32767 
Default=l (down after move) 

array name name of two-dimensional, two-column or any valid name 
three-column numeric array. Requires 
GRAPHX. 

Example Statements 
IPLOT X,Y,Pen 
IPLOT -5,12 
IPLOT Shape(*) ,FILL ,EDGE 
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Semantics 
Non-Array Parameters 
The specified X and Y displacement information is interpreted according to the current 
unit-of-measure. Lines are drawn using the current pen color and line type. 

The line is clipped at the current clipping boundary. IPLOT is affected by PIVOT and 
PDIR transformations. 

If none of the line is inside the current clip limits, the pen is not moved, but the logical 
pen position is updated. 

Applicable Graphics Transformations 

Scaling PIVOT CSIZE 

Lines (generated by moves and X X 
draws) 

Polygons and rectangles X X 

Characters (generated by LABEL) X 

Axes (generated by AXES & GRID) X 

Location of Labels Note 1 Note 3 

Note 1: The starting point for labels drawn after lines or axes is affected by scaling. 

Note 2: The starting point for labels drawn after other labels is affected by LOIR: 

Note 3: The starting point for labels drawn after lines or axes is affected by PIVOT. 

Note 4: RPLOT and IPLOT are affected by POIR. 

LDIR PDIR 

Note 4 

X 

X 

Note 2 

The optional pen control parameter specifies the following plotting actions; the default 
value is + 1 (down after move). 

Pen Control Parameter 

Pen Control Resultant Action 

-Even Pen up before move 
-Odd Pen down before move 
+Even Pen up after move 
+Odd Pen down after move 

That is, even is up, odd is down, positive is after pen motion, negative is before pen 
motion. Zero is considered positive. 
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Array Parameters 
FILL and EDGE 
When FILL or EDGE is specified, each sequence of two or more lines forms a polygon. 
The polygon begins at the first point on the sequence, includes each successive point, 
and the final point is connected or closed back to the first point. A polygon is closed 
when the end of the array is reached, or when the value in the third column is an even 
number less than three, or in the range 5 to 8 or 10 to 15. 

If FILL and/or EDGE are specified on the IPLOT statement itself, it causes the polygons 
defined within it to be filled with the current fill color and/or edged with the current 
pen color. If polygon mode is entered from within the array, and the FILL/EDGE 
directive for that series of polygons differs from the FILL /EDG E directive on the IPLOT 
statement itself, the directive in the array replaces the directive on the statement. In 
other words, if a "start polygon mode" operation selector (a 6, 10, or 11) is encountered, 
any current FILL/EDGE directive (whether specified by a keyword or an operation 
selector) is replaced by the new FILL/EDGE directive. 

If FILL and EDGE are both declared on the IPLOT statement, FILL must occur first. 
If neither one is specified, simple line drawing mode is assumed; that is, polygon closure 
does not take place. 

If you attempt to fill a figure on an HPGL plotter, the figure will not be filled, but will 
be edged, regardless of the directives on the statement. 

When using an IPLOT statement with an array, the following table of operation selectors 
applies. An operation selector is the value in the third column of a row of the array to 
be plotted. The array must be a two-dimensional, two-column or three-column array. If 
the third column exists, it will contain operation selectors which instruct the computer 
to carry out certain operations. Polygons may be defined, edged (using the current pen), 
filled (using the current fill color), pen and line type may be selected, and so forth. See 
the following list. 
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IPLOT Array Parameter Effects 

Operation 
Column 1 Column 2 Selector Meaning 

X y -2 Pen up before moving 

X y -1 Pen down before moving 

X y 0 Pen up after moving (Same as +2) 

X Y 1 Pen down after moving 

X y 2 Pen up after moving 

pen number ignored 3 Select pen 

line type repeat value 4 Select line type 

color ignored 5 Color value 

ignored ignored 6 Start polygon mode with FILL 

ignored ignored 7 End polygon mode 

ignored ignored 8 End of data for array 

ignored ignored 9 NOP (no operation) 

ignored ignored 10 Start polygon mode with EDGE 

ignored ignored 11 Start polygon mode with FILL and EDGE 

ignored ignored 12 Draw a FRAME 

pen number ignored 13 Area pen value 

red value green value 14 } Color 
blue value ignored 15 Value 

ignored ignored >15 Ignored 

Moving and Drawing 
If the operation selector is less than or equal to two, it is interpreted in exactly the same 
manner as the third parameter in a non-array IPLOT statement. As mentioned above, 
even means lift the pen up, odd means put the pen down, positive means act after pen 
motion, negative means act before pen motion. Zero is considered positive. 

Selecting Pens 
The operation selector of 3 is used to select pens. The value in column one is the pen 
number desired. The value in column two is ignored. 
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Selecting Line Types 
The operation selector of 4 is used to select line types. The line type (column one) 
selects the pattern, and the repeat value (column two) is the length in GDUs that the 
line extends before a single occurrence of the pattern is finished and it starts over. On 
the CRT, the repeat value is evaluated and rounded down to the next multiple of 5, with 
5 as the minimum. 

Selecting a Fill Color 
Operation selector 13 selects a pen from the color map with which to do area fills. This 
works identically to the AREA PEN statement. Column one contains the pen number. 

Defining a Fill Color 
Operation Selector 14 is used in conjunction with Operation Selector 15. Red and green 
are specified in columns one and two, respectively, and column three has the value 14. 
Following this row in the array (not necessarily immediately). is a row whose operation 
selector in column three has the value of 15. The first column in that row contains the 
blue value. These numbers range from 0 to 32767, where 0 is no color and 32767 is full 
intensity. Operation selectors 14 and 15 together comprise the equivalent of an AREA 
INTENSITY statement, which means it can be used on both a monochromatic and a 
color CRT. 

Operation Selector 15 actually puts the area intensity into effect, but only if an operation 
selector 14 has already been received. 

Operation selector 5 is another way to select a fill color. The color selection is through 
a Red-Green-Blue (RGB) color model. The first column is encoded in the following 
manner. There are three groups of five bits right-justified in the word; that is, the 
most significant bit in the word is ignored. Each group of five bits contains a number 
which determines the intensity of the corresponding color component, which ranges from 
zero to sixteen. The value in each field will be sixteen minus the intensity of the color 
component. For example, if the value in the first column of the array is zero, all three 
five-bit values would thus be zero. Sixteen minus zero in all three cases would turn on all 
three color components to full intensity, and the resultant color would be a bright white. 

Assuming you have the desired intensities for red, green, and blue ranging from zero to 
one in the variables R, G, and B, respectively, the value for the first column in the array 
could be defined thus: 

Array(Row,1)=SHIFT(16*(1-B),-10)+SHIFT(16*(1-G) ,-5)+16*(1-R) 

If there is a pen color in the color map identical to that which you request here, that 
non-dithered color will be used. If there is not a similar color, you will get a dithered 
pattern. 
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Polygons 
A six, ten, or eleven in the third column of the array begins a "polygon mode". If 
the operation selector is 6, the polygon will be filled with the current fill color. If the 
operation selector is 10, the polygon will be edged with the current pen number and 
line type. If the operation selector is 11, the polygon will be both filled and edged. 
Many individual polygons (series of draws separated by moves) can be filled without 
terminating the mode with an operation selector 7. The first and second columns are 
ignored; therefore they should not contain the X and Y values of the first point of a 
polygon. 

Operation selector 7 in the third column of a plotted array terminates definition of a 
polygon to be edged and/or filled and also terminates the polygon mode (entered by 
operation selectors 6, 10, or 11). The values in the first and second columns are ignored, 
and the X and Y values of the last data point should not be in them. Edging and/or 
filling will begin immediately upon encountering this operation selector. 

Doing a FRAME 
Operation selector 12 does a FRAME around the current soft-clip limits. Soft clip limits 
cannot be changed from within the IPLOT statement, so one probably would not have 
more than one operation selector 12 in an array to IPLOT, since the last FRAME will 
overwrite all the previous ones. 

Premature Termination 
Operation selector 8 causes the IPLOT statement to be terminated. The IPLOT 
statement will successfully terminate if the actual end of the array has been reached, 
so the use of operation selector 8 is optional. 

Ignoring Selected Rows in the Array 
Operation selector 9 causes the row of the array it is in to be ignored. Any operation 
selector greater that fifteen is also ignored, but operation selector 9 is retained for 
compatibility reasons. Operation selectors less than - 2 are not ignored. If the value 
in the third column is less than zero, only evenness/oddness is considered. 
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IVAL 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

This function converts a binary, octal, decimal, or hexadecimal string expression into an 
INTEGER. 

Item Description Range 

string argument string expression, containing digits valid for (see table) 
the specified base 

radix numeric expression, rounded to an integer. 2, 8, 10 or 16 

Example Statements 
Number=IVAL("FDFO".16) 
I=IVAL("1111111111111110".2) 
DISP IVAL(Octal$.8) 

Semantics 
The radix is a numeric expression that will be rounded to an integer and must evaluate 
to 2, 8, 10, or 16. 

The string expression must contain only the characters allowed for the particular number 
base indicated by the radix. ASCII spaces are not allowed. 

Binary strings are presumed to be in two's-complement form. If all 16 digits are specified 
and the leading digit is a 1, the returned value is negative. 

Octal strings are presumed to be in the octal representation of two's-complement form. 
If all 6 digits are specified, and the leading digit is a 1, the returned value is negative. 

Decimal strings containing a leading minus sign will return a negative value. 
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Hex strings are presumed to be in the hex representation of the two's-complement binary 
form. The letters A through F may be specified in either upper or lower case. If all 4 
digits are specified and the leading digit is 8 through F, the returned value is negative. 

Radix Base String Range String Length 

2 binary ° thru 1111111111111111 1 to 16 characters 

8 octal o thru 177777 1 to 6 characters 

10 decimal -32 768 thru +32 768 1 to 6 characters 

16 hexadecimal ° thru FFFF 1 to 4 characters 

Radix Legal Characters Comments 

2 +,0,1 -

8 + ,0, 1 ,2,3,4,5,6,7 Range restricts the leading character. 
Sign must be a leading character. 

10 +,-,0,1,2,3,4,5,6,7,8,9 Sign must be a leading character. 

16 + ,0, 1 ,2,3,4,5,6,7,8,9, A/a=10, B/b=l1, C/c=12, D/d=13 
A,B,C,D,E,F ,a,b,c,d,e,f E/e=14, F /f=15 
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IVAL$ 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

This function converts an INTEGER into a binary, octal, decimal, or hexadecimal string. 

Item 

"16-bit" 
argument 

Description 

numeric expression, rounded to an integer 

Range 

(see table) 

radix numeric expression, rounded to an integer 2, 8, 10, or 16 

Example Statements 
F$=IVAL$(-1,16) 
Binary$=IVAL$(Count DIV 256,2) 

Semantics 
The rounded argument must be a value that can be expressed (in binary) using 16 bits 
or less. 

The radix must evaluate to be 2, 8, 10, or 16; representing binary, octal, decimal, or 
hexadf'rimal notation. 

If the radix is 2, the returned string is in two's-complement form and contains 16 
characters. If the numeric expression is negative, the leading digit will be 1. If the 
value is zero or positive, there will be leading zeros. 

If the radix is 8, the returned string is the octal representation of the two's-complement 
binary form and contains 6 digits. Negative values return a leading digit of 1. 

If the radix is 10, the returned string contains 6 characters. Leading zeros are added to 
the string if necessary. Negative values have a leading minus sign. 
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If the radix is 16, the returned string is the hexadecimal representation of the two's­
complement binary form and contains 4 characters. Negative values return a leading 
digit in the range 8 thru F. 

Radix Base Range of Returned String String Length 

2 binary 0000000000000000 16 characters 
thru 
1111111111111111 

8 octal 000000 thru 177777 6 characters 

10 decimal -32 768 thru +32 768 6 characters 

16 hexadecimal 0000 thru FFFF 4 characters 
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Notes 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

KBD 

This INTEGER function returns a 2, the select code of the keyboard. 

~ 
Example Statements 
STATUS KBD; Kbd_status 
OUTPUT KBD;Clear$; 
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KBD$ 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

This function returns the contents of the buffer established by ON KBD. 

Example Statements 
Keys$=KBD$ 
IF Active THEN Command$=Command$kKBD$ 

Semantics 

WS,UX 
None 

Yes 
Yes 
Yes 

When an ON KBD branch is in effect, all subsequent keystrokes are trapped and held in 
a special "keyboard" buffer. The KBD$ function returns the contents of this buffer and 
then clears it. A null string is returned if the buffer is empty or no ON KED branch is 
active. 

Non-ASCII keys are stored in the buffer as two bytes; the first has a decimal value of 255, 
and the second specifies the key. Pressing I CTRL I and a non-ASCII key simultaneously 
generates three bytes; the first two have a decimal value of 255, and the third specifies 
the key. See the Second Byte of Non-ASCII Key Sequences table in the "Useful Tables" 
section for a list of these keycodes. 

The buffer can hold 256 characters. Further keystrokes are not saved and produce beeps. 
An overflow flag is set after the buffer is full. This flag can be checked by reading 
keyboard status register 5 and is cleared by reading the status register, SCRATCH A, 
and a I RESET I operation. 

The buffer is cleared by KBD$, OFF KBD, SCRATCH, SCRATCH A, INPUT, LINPUT, 
ENTER 2, and a I RESET I operation. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
KBD 

Yes 
Yes 
Yes 

KBD CMODE 

This statement enables/disables the HP 98203A/B/C keyboard compatibility mode on 
an ITF keyboard (not supported on terminals). 

( KSO ,,"OOE W 
OFF 

Example Statements 
KBD CMODE ON 
KBD CMODE OFF 
IF Change_mode THEN KBD CMODE ON 

Semantics 
Executing the KBD CMODE ON statement re-defines the softkeys of the ITF keyboard 
so they are compatible with the HP 98203A/B/C keyooard softkeys. This means that 
the eight function keys located at the top of the ITF keyboard, as well as the I Menu I and 
I System I keys, emulate function keys CEQ] thru [ill of the HP 98203A/B/C Keyboard and 
their BASIC system definitions. 

The following are the ITF softkey definitions before executing KBD CMODE ON: 
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The following are the ITF soft key definitions after executing KBD CMODE ON: 

Executing the KBD CMODE OFF statement returns you back to the soft key key 
definitions of the ITF Keyboard. 

The KBD CMODE statement does not affect KEY LABELS ON or OFF. What this 
means is the definitions of the soft keys change, but the soft key labels at the bottom of 
the display will not be turned on or off. 

While in the Keyboard Compatibility mode, the System Function keys are accessed by 
using the I Extend char I key with the softkeys []] through [][]. Note that using I Extend char I 
along with the I Menu I key turns the keylabels on and off in this mode. I Extend char I when 
pressed with the I User I or I System I keys exits the Keyboard Compatibility mode. Also, 
in the Keyboard Compatibility mode, I Shift I can be used with the eight softkeys and the 
I Menu I and I System I keys (as on an HP 98203A/B/C) to access keys I SHIFT ~[EQJ through 
I SH I FT ~IT[]. 

Note that the functionality of this statement can be achieved through KBD CONTROL 
register 15. 

For further information on HP 98203A/B/C keyboard compatibility mode, read the 
chapter called "Porting to Series 300" in the BASIC Programming Techniques manual. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
CRTX 

Yes 
Yes 
Yes 

KBD LINE PEN 

This statement sets the pen color to be used for the keyboard line and other associated 
areas of the CRT (see "Semantics" below). 

~BO LINE PENHpen value ~ 

Item Description/Default Range Restrictions 

pen value numeric expression see semantics 

Example Statements 
KBD LINE PEN Pen_value 
KBD LINE PEN 143 
IF Color_blue THEN KBD LINE PEN 141 

Semantics 
This statement has no effect on monochrome displays. 

Pen color areas of the CRT which are associated with the keyboard line are: 

• the run indicator 

• all of the edit screen except the key labels 

• the following annunciators: 

• soft key menu (e.g System, User 1, User 2, and User 3) 

• CAPS indicator 

• system-activity indicator (e.g. Idle, Running, etc.) 

• the system message area 
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The set of alpha colors for the Model 236C is given in the table below: 

Value 

< 16 

16 to 135 
136 
137 
138 
139 
140 
141 
142 
143 
144 to 255 

Result 

The number is evaluated MOD 
8 and resulting values produce 
the following: 

o - black 
1 - white 
2 - red 
3 - yellow 
4 green 
5 - cyan 
6 ~ blue 
7 - magenta 

Ignored 

White 

Red 

Yellow 

Green 

Cyan 

Blue 

Magenta 

Black 

Ignored 

For displays with bit-mapped alpha, KBD LINE PEN specifies the graphics pen to be 
used for subsequent alpha output. The range of values allowed with this statement are 
o through 255; these values are treated as "value MOD (2

A

n)" where n is the number of 
display planes. 

KBD LINE PEN n and CONTROL CRT ,17; n set the value of CRT control register 17. These 
statements have no effect on control registers 15 and 16 which are set using PRINT PEN 

and KEY LABELS PEN, respectively. 

Note that the functionality of this statement can be achieved through CRT CONTROL 
register 17. 

KEY 
See the OFF KEY and ON KEY statements. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
CRTX 

Yes 
Yes 
Yes 

This statement turns the softkey labels on and off. 

Example Statements 
KEY LABELS ON 
KEY LABELS OFF 
IF Key_labels_on THEN KEY LABELS OFF 

Semantics 

KEY LABELS 

With ITF keyboards, the default is KEY LABELS ON. (You can also turn the key labels 
on and off by using the I Menu I key.) The default softkey menu that appears with an ITF 
keyboard is the: 

• System menu if the KBD binary has not been loaded. 

• User 1 menu if the KBD binary has been loaded. 
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The times when key labels are displayed depends on the current value of CRT STATUS 
register 12: 

Value of CRT 
Register 12 Effect on Key Labels 

a Typing-aid key labels are displayed 
until the program is run, at which 
time they are turned off (until at 
least one ON KEY is executed). For 
more details on this mode, see the 
next table. 

1 Typing-aid and soft key labels are not 
displayed at any time. 

2 Typing-aid and soft key labels are dis-
played at all times. 

The default value of this register is 0 for systems using 98203 keyboards, and 2 for systems 
using an ITF keyboard. The default is restored at power-on and when SCRATCH A is 
executed. 

When the value of CRT register 12 is 0, softkey labels are ON or OFF as given in the 
following table: 

KBD Binary Not 
Condition Loaded KBD Binary Loaded 

No program running Key labels off Key labels on 

Program running and Key labels off Key labels off 
ON KEY is not 
active 

Program running and Key labels on Key labels on 
ON KEY is active 

Executing a KEY LABELS ON or KEY LABELS OFF ~tateIllent does not change the 
current soft key definitions. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... TF.EN 

WS,UX 
CRTX 

Yes 
Yes 
Yes 

KEY LABELS PEN 

This statement sets the pen color to be used for the softkey labels of the CRT. 

(KEY LABELS PENHpen value~ 

Item Description/Default 

pen value numeric expression 

Example Statements 
KEY LABELS PEN Pen_value 
KEY LABELS PEN 143 
IF Color_blue THEN KEY LABELS PEN 141 

Range Restrictions 

(see Semantics) 
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Semantics 
This statement has no effect on monochrome displays. 

The set of alpha colors for the Model 236C is given in the table below: 

Value 
< 16 

16 to 135 
136 
137 
138 
139 
140 
141 
142 
143 
144 to 255 

Result 
The number is evaluated MOD 
8 and resulting values produce 
the following: 

o - black 
1 -- white 
2 - red 
3 - yellow 
4 - green 
5 - cyan 
6 - blue 
7 - magenta 
Ignored 
White 
Red 
Yellow 
Green 
Cyan 
Blue 
Magenta 
Black 
Ignored 

For displays with bit-mapped alpha, KEY LABELS PEN specifies the graphics pen to 
be used for subsequent alpha output. The range of values allowed with this statement 
are 0 through 255; these values are treated as "value MOD (2' n)" where n is the number 
of display planes. 

KEY LABELS PEN n and CONTROL CRT. 16; n set the value of CRT control register 16. These 
statements have no effect on control registers 15 and 17 which are set using PRINT PEN 

and KBD LINE PEN. respectively. 

Note that the functionality of this statement can be achieved through CRT CONTROL 
register 16. 

KNOB 

See the OFF KNOB and the ON KNOB statements. 
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KNOBX 
Supported On WS,UX 
Option Required None 
Keyboard Executable Yes 
Programmable Yes 
In an IF ... THEN Yes 

This function returns the net number of horizontal knob pulses counted since the last 
time the KNOBX counter was zeroed. 

Example Statements 
Position=KNOBX 
IF KNOBX<O THEN Backwards 

Semantics 
Sampling occurs during the time interval established by the ON KNOB statement. The 
counter is zeroed when the KNOBX function is called and at the times specified in the 
Reset Table at the back of this manual. Clockwise rotation gives positive counts; counter­
clockwise rotation gives negative counts. There are 120 counts for one revolution of the 
knob on an HP 98203A/B keyboard. HIL Knobs return a greater number of counts for 
one revolution of the Knob. If there is no active ON KNOB definition, KNOBX returns 
zero. 

Counts are accumulated by the KNOBX function at the end of each ON KNOB sampling 
interval. The pulse count during each sampling interval is limited to - 127 thru + 128 
on an HP 98203A/B keyboard. HIL pulse counts are limited to -32 768 through +32 767 
per sampling period. The limits of the KNOBX function are -32768 thru +32767. 
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You can use a relative pointing device, such as the HP 46060A with an HP-HIL interface, 
if the KBD BIN is loaded. 

Note 

KNOBY functions differently if BIN file KNB2_0 is loaded. Refer 
to the Knob section of the "Porting to 3.0" chapter of the BASIC 
Programming Techniques manual for more information. 

BASIC/UX Specifics 
Knob support uses the HP BASIC version 3.0 definition. KNB2_0 binary functionality 
is not supported. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

KNOBY 

This function returns the net number of vertical knob pulses counted since the last time 
the KNOBY counter was zeroed. 

Example Statements 
Position=KNOBY 
IF KNOBY<O THEN Backwards 

Semantics 
Sampling occurs during the time interval established by the ON KNOB statement. The 
counter is zeroed when the KNOBY function is called and at the times specified in the 
Reset Table at the back of this manual. Clockwise rotation gives positive counts; counter­
clockwise rotation gives negative counts. There are 120 counts for one revolution of the 
knob on an HP 98203A/B keyboard. HIL Knobs return a greater number of counts for 
one revolution of the Knob. If there is no active ON KNOB definition, KNOBY returns 
zero. 

Counts are accumulated by the KNOBY function at the end of each ON KNOB sampling 
interval. The pulse count during each sampling interval is limited to -127 thru + 128 on 
an HP 98203A/B keyboard. HIL pulse counts are limited to -32768 through +32767 
per sampling period. The limits of the KNOBY function are -32768 thru +32767. 
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You can use a relative pointing device, such as the HP 46060A with an HP-HIL interface, 
if the KBD BIN is loaded. 

Note 

KNOBY functions differently if BIN file KNB2_0 is loaded. Refer 
to the Knob section of the "Porting to 3.0" chapter of the BASIC 
Programming Techniques manual for more information. 

BASIC/UX Specifics 
Knob support uses the HP BASIC 3.0 definition. KNB2_0 binary functionality is not 
supported. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
GRAPH 

Yes 
Yes 
Yes 

LABEL 

This statement produces alphanumeric labels on graphic devices. (For information about 
LABEL as a secondary keyword, see the ON KEY statement.) 

Expanded diagram: 

Ul 
E 
III 
+' 

III 
.0 
III 

literal form of image specifier 

image 
specifier list 

tab functIon not allowed with USING 

image 
specifier list 
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Item Description Range 

image line 
number 

integer constant identifying an IMAGE 1 thru 32766 
statement 

image line label name identifying an IMAGE statement 

image specifier string expression 

string array name name of a 8tring array 

numeric array 
name 

image specifier 
list 

name of a numeric array 

literal 

integer constant 

any valid name 

(see drawing) 

any valid name 

any valid name 

(see diagram) 

1 thru 32767 repeat factor 

literal string constant composed of characters from quote mark not allowed 
the keyboard, including those generated us-
ing the I ANY CHAR I key 

Example Statements 
LABEL Number,String$ 
LABEL USING "5Z.DD";Money 

Semantics 
The label begins at the current logical pen position, with the current pen. Labels are 
clipped at the current clip boundary. Other statements which affect label generation 
are PEN, LINE TYPE, PIVOT, CSIZE, LORG, and LDIR. The current pen position is 
updated at the end of the label operation. 

Standard Numeric Format 
The standard numeric format depends on the value of the number being output. If the 
absolute value of the number is greater than or equal to 1E-4 and less than 1E+6, it 
is rounded to 12 digits and displayed in floating-point notation. If it is not within these 
limits, it is displayed in scientific notation. The standard numeric format is used unless 
USING is selected, and may be specified by using K in an image specifier. 

COMPLEX numbers are treated like two REAL numbers separated by a semicolon. 
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Automatic End-Of-Line Sequence 
After the label list is exhausted, an End-of-Line (EOL) sequence is sent to the logical 
pen, unless it is suppressed by trailing punctuation or a pound-sign image specifier. The 
EOL sequence is also sent after every 256 characters. This "plotter buffer exceeded" EOL 
is not suppressed by trailing punctuation, but is suppressed by the pound-sign specifier. 

Control Codes 

Character Keystroke Name Action 

CHR$(8) I CTRL ~[8J backspace Back up the width of one character 
cell. 

CHR$(10) I CTRL ~QJ line-feed Move down the height of one charac-
ter cell. 

CHR$(13) I CTRL ~[}[] carriage-return Move back the length of the label just 
completed. 

Any control character that the LABEL statement does not recognize is treated as an 
ASCII blank [CHR$(32)]. 

Applicable Graphics Transformations 

Scaling PIVOT CSIZE 

Lines (generated by moves and draws) X X 

Polygons and rectangles X X 

Characters (generated by LABEL) X 

Axes (generated by AXES & GRID) X 

Location of Labels Note 1 Note 3 

Note 1: The starting point for labels drawn after lines or axes is affected by scaling. 

Note 2: The starting point for labels drawn after other labels is affected by LOlA. 

Note 3: The starting point for labels drawn after lines or axes is affected by PIVOT. 

Note 4: RPLOT and IPLOT are affected by POIA. 
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Arrays 
Entire arrays may be output by using the asterisk specifier. Each element in an array 
is treated as an item by the LABEL statement, as if the items were listed separately, 
separated by the punctuation following the array specifier. If no punctation follows the 
array specifier, a comma is assumed. COMPLEX array elements are treated as if the 
real and imaginary parts are separated by a semicolon. The array is output in row major 
order (rightmost subscript varies fastest). 

LABEL Without Using 
If LABEL is used without USING, the punctuation following an item determines the 
width of the item's label field; a semicolon selects the compact field, and a comma selects 
the default label field. When the label item is an array with the asterisk array specifier, 
each array element is considered a separate label item. Any trailing punctation will 
suppress the automatic EOL sequence, in addition to selecting the label field to be used 
for the label item preceding it. 

The compact field is slightly different for numeric and string items. Numeric items are 
output with one trailing blank. String items are output with no leading or trailing blanks. 

The default label field labels items with trailing blanks to fill to the beginning of the 
next IO-character field. 

Numeric data is output with one leading blank if the number is positive, or with a minus 
sign if the number is negative, whether in compact or default field. 

LABEL With Using 
When the computer executes a LABEL USING statement, it reads the image specifier, 
acting on each field specifier (field specifiers are separated from each other by commas) 
as it is encountered. If nothing is required from the label items, the field specifier is 
acted upon without accessing the label list. When the field specifer requires characters, 
it accesses the next item in the label list, using the entire item. Each element in an array 
is considered a separate item. 

The processing of image specifiers stops when there is no matching display item (and the 
specifier requires a display item). If the image specifiers are exhausted before the display 
items, they are reused, starting at the beginning. 

COMPLEX values require two REAL image specifiers (i e. each COMPLEX value is 
treated like two REAL values.) 
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If a numeric item requires more decimal places to the left of the decimal point than 
provided by the field specifier, an error is generated. A minus sign takes a digit place 
if M or S is not used, and can generate unexpected overflows of the image field. If the 
number contains more digits to the right of the decimal point than are specified, it is 
rounded to fit the specifier. 

If a string is longer than the field specifier, it is truncated, and the right-most characters 
are lost. If it is shorter than the specifer, trailing blanks are used to fill out the field. 

Effects of the image specifiers on the LABEL statement are shown in the following table: 

Image 
Specifier Meaning 

K Compact field. Outputs a number or string as a label in standard form with no 
leading or trailing blanks. 

-K Same as K. 

H Similar to K, except the number is output using the European number format 
(comma radix). (Requires 10) 

-H Same as H. (Requires 10) 

S Outputs the number's sign (+ or -) as a label. 

M Outputs the number's sign as a label if negative, a blank if positive. 

D Outputs one-digit character as a label. A leading zero is replaced by a blank. If 
the number is negative and no sign image is specified, the minus sign will occupy a 
leading digit position. If a sign is output, it will "float" to the left of the left-most 
digit. 

Z Same as D, except that leading zeros are output. 

* Same as Z, except that asterisks are output instead of leading zeros. (Requires 10) 

Outputs a decimal-point radix indicator as a label. 

R Outputs a comma radix indicator as a label (European radix). (Requires 10) 

E Outputs as a label: an E. a sign, and a two-digit exponent. 

ESZ Outputs as a label: an E, a sign, and a one-digit exponent. 

ESZZ Same as E. 

ESZZZ Outputs as a label: an E, a sign, and a three-digit exponent. 
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Image 
Specifier Meaning 

A 

x 
literal 

B 

Outputs a string character as a label. Trailing blanks are output if the number 
of characters specified is greater than the number available in the corresponding 
string. If the image specifier is exhausted before the corresponding string, the 
remaining characters are ignored. 

Outputs a blank as a label. 

Outputs as a label the characters contained in the literal. 

Outputs as a label the character represented by one byte of data. This is similar 
to the CHR$ function. The number is rounded to an INTEGER and the least-
significant byte is sent. If the number is greater than 32767, then 255 is used; if 
the number is less than -32768, then 0 is used. 

W Outputs as a label two characters represented by the two bytes of a 16-bit, two's­
complement integer. The corresponding numeric item is rounded to an INTEGER. 
If it is greater than 32767, then 32767 is used; if it is less than -32768, then 
-32768 is used. The most-significant byte is sent first. 

Y Same as W. (Requires 10) 

# Suppresses the automatic output of the EOL (End-Of-Line) sequence following the 
last label item. 

% Ignored in LABEL images. 

+ Changes the automatic EOL sequence that normally follows the last label item to 
a single carriage-return. (Requires 10.) 

- Changes the automatic EOL sequence that normally follows follows the last label 
item to a single line-feed. (Requires 10) 

/ Sends a carriage-return and a line-feed to the PLOTTER IS device. 

L Same as /. 

@ Sends a form-feed to the PLOTTER IS device; produces a blank. 
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LDIR 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
GRAPH 

Yes 
Yes 
Yes 

This statement defines the angle at which a label or symbol is drawn. The angle is 
interpreted as counterclockwise, from horizontal. The current angle mode is used. 

Item Description Range 

angle numeric expression in current units of angle; (same as COS) 
Default = 0 

Example Statements 
LDIR 90 
LDIR ACS(Side) 
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Semantics 
LDIR affects the appearance of LABEL, LABEL USING and SYMBOL output. 

The angle is interpreted as shown below. 

LDIR EXRMPLES (in Dearees) ....., 
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LEN 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

This function returns the current number of characters in the argument. The length of 
the null string (" ") is O. 

Example Statements 
Last=LEN(String$) 
IF NOT LEN(A$) THEN Empty 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

LET 

This is the assignment statement, which is used to assign values to variables. 

Item Description 

numeric name name of a numeric variable 

string name name of a string variable 

subscript numeric expression, rounded to an integer 

beginning numeric expression, rounded to an integer 
position 

ending position numeric expression, rounded to an integer 

substring length numeric expression, rounded to an integer 

Range 

any valid name 

any valid name 

-32 767 thru +32 767 
(see "array" in Glossary) 

1 thru 32767 (see 
"substring" in Glossary) 

o thru 32767 (see 
"substring" in Glossary) 

o thru 32767 (see 
"substring" in Glossary) 
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Example Statements 
LET Number=33 
Array(I+1)=Array(I)/2 
String$="Hello Scott" 
A$(7) [1;2]=CHR$(27)ct"Z" 

Semantics 
The assignment is done to the variable which is to the left of the equals sign. Only 
one assignment may be performed in a LET statement; any other equal signs are 
considered relational operators, and must be enclosed in a parenthetical expression (Le., 
A=A+ (B=l) +5). A variable can occur on both sides of the assignment operator (i.e., 1=1+1 
or Sourc e$=Sourc e$ctTemp$ ) . 

A real expression will be rounded when assigned to an INTEGER variable, if it is within 
the INTEGER range. Out-of-range assignments to an INTEGER give an error. If 
a REAL or INTEGER value is assigned to a COMPLEX variable, the imaginary part 
receives the value O. If a COMPLEX value is assigned to a REAL or INTEGER variable, 
the imaginary part is dropped. 

The length of the string expression must be less than or equal to the dimensioned length 
of the string it is being assigned to. Assignments may be made into substrings, using the 
normal rules for substring definition. The string expression will be truncated or blank­
filled on the right (if necessary) to fit the destination substring when the substring has an 
explicitly stated length. If only the beginning position of the substring is specified, the 
substring will be replaced by the string expression and the length of the recipient string 
variable will be adjusted accordingly; however, error 18 is reported if the expression 
overflows the recipient string variable. 

If the name of the variable to the left of the equal sign begins with AND, DIV, EXOR, 
MOD or OR (the name of an operator) and the keyword LET is omitted, the prefix 
must have at least one uppercase letter and one lowercase letter in it. Otherwise, a live 
keyboard execution is attempted and fails, even though the line number is present. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
LEX 

Yes 
Yes 
Yes 

LEXICAL ORDER IS 

This statement defines the collating sequence for all string relational operators and 
operations. 

LEXICAL ORDER IS 

Item 

array name 

Examples 

Description Range 

the name of a one-dimensional INTEGER any valid name 
array, with at least 257 elements 

LEXICAL ORDER IS FRENCH 
LEXICAL ORDER IS Lex_table(*) 
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Semantics 
The STANDARD lexical order is determined by the internal keyboard jumper preset to 
match the language on the keyboard. For example, with an English language or Katakana 
keyboard, the STANDARD lexical order is the same as the ASCII lexical order. 

The default lexical order is STANDARD. This is also true after a SCRATCH A. The most 
recent LEXICAL ORDER IS statement overrides any previous definition and affects all 
contexts. 

Lexical order allows languages to be properly collated. This includes such treatments 
as ignoring characters, dealing with accents, and character replacements. See BASIC 
Programming Techniques manual for the details of pre-defined and user-defined lexical 
order tables. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

LGT 

This function returns the logarithm (base 10) of its argument. 

Item Description/Default 

argument numeric expression 

Examples Statements 
Decibel=20*LGT(Volts) 
PRINT "Log base 10 of ";X;"=";LGT(X) 

Semantics 

Range 
Restrictions 

> 0 for INTEGER and 
REAL arguments; see 
"Range Restriction 
Specifics" for COMPLEX 
arguments 

If the argument is REAL or INTEGER, the value returned is REAL. If the argument is 
COMPLEX, the value returned is COMPLEX. 

To compute the LGT of a COMPLEX value, the COMPLEX binary must be loaded. 

Range Restriction Specifics 
The formula used for computing the LGT of a COMPLEX value is: 

LOG(Argument)/LOG(10) 

where Argument is a COMPLEX argument to the LGT function. Some values of a 
COMPLEX argument may cause errors in this computation. For example, 

LGT(CMPLX(MAXREAL,MAXREAL» 

will cause error 22 due to the LOG (Argument) calculation. 
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LINE TYPE 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
GRAPH 

Yes 
Yes 
Yes 

This statement selects a line type and repeat length for lines, labels, frames, axes and 
grids. 

Item 

type selector 

repeat length 

Description Range 

numeric expression, rounded to an integer; 1 thru 10 
Default = 1 

numeric expression, rounded to an integer; greater than 0 
Default = 5 

Example Statements 
LINE TYPE 1 
LINE TYPE Select.20 

Semantics 
At power-up the default line type is a solid line (type 1), and the default repeat length 
is 5 GDUs. 

The repeat length establishes the number of GDUs required to contain an arbitrary 
segment of the line pattern. When the plotter is the internal CRT, the repeat length is 
evaluated and taken as the next lower multiple of 5, with a minimum value of 5. 

When the plotter is an external plotter, the line produced by the line identifier is device 
dependent. Refer to your plotter's documentation for further information. 
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The available CRT line types are shown here. 

LINE TYPE 10 

LINE TYPE 9 
------. 

-----. L I I'·JE TYPE 8 ----------
--------, 

1 _____ - LINE TYPE ? ---------_. 
-------, 

----- LINE TV·PE 6 ----------
- --, 

- - LINE T'{PE c 
._1 - - -

-----_ ..... __ .. ----. 
1_ ....................................... LIt'·JE T\{PE 4 -------------------------

LINE TV·PE :3 

LINE T\{PE .~ 
I-

LINE T\{PE 1 
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LINK 

Option Required HFS 

Keyboard Executable Yes 

Programmable Yes 

In an IF ... THEN Yes 

This statement links a destination file on an HFS volume to a source file on the same 
volume. 

literal form of file specifier: 

Item Description 

file specifier string expression 

volume specifier string expression 

directory path literal 

file name literal 

Example Statements 
LINK "Sor_file" TO "Des_file" 
LINK "Letterl:CS80.700" TO "Letter2" 

Range 

(see diagram) 

(see MASS STORAGE IS) 

(see MASS STORAGE IS) 

depends on volume's format 
(see Glossary) 

LINK "/Home_dir/Filel:CS80.700" TO "/Home_dir/Sub_dir/File2" 
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Semantics 
The LINK statement works only with HFS. 

Executing a LINK between files that are on different volumes is not possible. Since the 
files that are linked must be on the same volume, you need to give the volume specifier 
only with the first file used by the link statement. For example, 

LINK IFilel:INTERNAL,4" TO IFile2" 

is a legal statement because the second file specifier's default msvs is the first file 
specifier's msvs. However, the following statement: 

LINK INewsl:CS80,700,l" TO INews2:9133,702,O" 

will give an error because the files are on different volumes. 

If you RE-STORE or RE-SAVE to a file that has links to it, the links will be broken. 

If you OUTPUT to a file that has links to it, the linked files will all have the same 
contents. 
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LINPUT 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

No 
Yes 
Yes 

This statement accepts alphanumeric input from the keyboard for assignment to a string 
variable. The LINPUT statement allows commas or quotation marks to be included in 
the value of the string, and leading or trailing blanks are not deleted. 
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Item 

prompt 

Description 

a literal composed of characters from the 
keyboard, including those generated using 
the ANY CHAR key; 
Default = question mark 

string name name of a string variable 

subscript numeric expression, rounded to an integer 

beginning numeric expression, rounded to an integer 
position 

ending position numeric expression, rounded to an integer 

substring length numeric expression, rounded to an integer 

Example Statements 
LINPUT "Next Command?".Response$ 
LINPUT Array$(I) [3] 

Semantics 

Range 

any valid name 

-32767 thru +32767 
(see "array" in Glossary) 

1 thru 32 767 (see 
"substring" in Glossary) 

o thru32767 (see 
"substring" in Glossary) 

o thru 32767 (see 
"substring" in Glossary) 

A prompt, which remains until the LINPUT item is satisfied, appears on the CRT display 
line. If the last DISP statement suppressed its CR/LF, the prompt is appended onto 
the current display line contents. If the last DISP did not suppress the CR/LF, the 
prompt replaces the current display line contents. Not specifying a prompt results in the 
question mark being used as the prompt. Specifying the null string ("") for the prompt 
suppresses the question mark. 

I CONTINUE I, I ENTER I, I EXECUTE I, I Return I, or I STEP 1 must be pressed to indicate that the 
entry is complete. If no value is provided from the keyboard, the null string is used. 
If I CONTINUE I, I ENTER I, I EXECUTE I, or I Return 1 is pressed to end the data input, program 
execution continues at the next program line. If I STEP 1 is pressed, the program execution 
continues at the next program line in single step mode. (If the LINPUT was stepped 
into, it is stepped out of, even if I CONTINUE I, I ENTER I, I EXECUTE I, or I Return 1 is pressed.) 

Live keyboard operations are not allowed while a LINPUT is waiting for data entry. 
I PAUSE 1 (or ~ on an ITF keyboard) can be pressed so live keyboard operations can be 
performed. The LINPUT statement is re-executed from the beginning when I CONTINUE 1 

or I STEP 1 is pressed. 

ON KBD, ON KEY and ON KNOB events are deactivated during an LINPUT statement. 
Errors do not cause an ON ERROR branch. If an input response results in an error, the 
LIN PUT statement is re-executed. 
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LIST 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
EDIT 

Yes 
Yes 
Yes 

This statement allows you to list the program or the key definitions currently in memory. 

Item Description 

device selector numeric expression; is rounded to an integer. 
Default is PRINTER IS device. 

beginning line integer constant identifying program line 
number 

beginning line name of a program line 
label 

ending line integer constant identifying program line 
number 

ending line label name of a program line 

Example Statements 
LIST 
LIST #701 
LIST 100,Label1 
LIST KEY 
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Range 

(see Glossary) 

1 thru 32766 

any valid name 

1 thru 32766 

any valid name 



Semantics 
LIST 
When a label is used as a line identifier, the lowest-numbered line in memory having 
that label is used. When a number is used as a line identifier, the lowest-numbered 
line in memory having a number equal to or greater than the specified line is used. An 
error occurs if the ending line identifier occurs before the beginning line identifier or if a 
specified line label does not exist in the program. 

Executing a LIST from the keyboard while a program is running causes the program 
to pause at the end of the current line. The listing is sent to the selected device, and 
program execution resumes. 

After the listing is finished, the amount of available memory, in bytes, is displayed on 
the CRT. 

Note that the default width of the PRINTER IS device is 80 characters, which means 
that a carriage-return (CR) and line-feed (LF) character will be sent after 80 characters 
are printed on anyone line. You can change this, however, with the WIDTH attribute 
of the PRINTER IS statement. 

LIST #device selector is always done as if the WIDTH OFF printer attribute was in 
effect. 

LIST KEY (Requires KBD and Does Not Require EDIT) 
The LIST KEY statement lists the current typing-aid key definitions (not the labels of 
ON KEY definitions) to the specified device. If a key does not currently have a definition, 
it will not be listed. 

LIST BIN (Does Not Require EDIT) 
The LIST BIN statement lists the BINs currently loaded in memory. The name, version 
and brief description of the BIN is listed. For example: 

NAME 

GRAPH 

MAT 

BASIC/UX Specifics 

VERSION 

5.0 

5.0 

DESCRIPTION 

Graphics 

Matrix Statements 

The "available memory" displayed at the end of a LIST, shows the available BASIC lUX 
workspace (not the system memory available). 

LISTEN 

See the SEND statement. 
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LIST WINDOW 
Supported On UX 
Option Required nj a 
Keyboard Executable Yes 
Programmable Yes 
In an IF ... THEN Yes 

This statement lists the currently defined windows and their attributes. 

( LIST WINDOW ) ·1 

lcu-B 
Item 

device_selector 

Description 

numeric expression, rounded to integer. 
Default is PRINTER IS device 

Example Statements 
LIST WINDOW 

Semantics 

Range 

601 thru 699 

This statement is only valid when running under X Windows. It then outputs a table of 
all currently defined windows and their attributes to the specified device, or if absent to 
the PRINTER IS device. 

When not in a window system, this statement causes an error. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF 0 0 0 THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

LOAD 

This statement allows you to load programs, BIN files, or typing-aid softkey definitions. 

literal form of file specifier: 

Item 

file specifier 

directory path 

file name 

Description 

string expression 

literal 

literal 

Range 

(see drawing) 

(see MASS STORAGE IS) 

depends on volume's format 
(see Glossary) 

SRM password literal; first 16 non-blank characters are sig- > not allowed 
nificant 

volume specifier literal 

run line number integer constant identifying program line 

run line label name of a program line 

(see MASS STORAGE IS) 

1 thru 32765 

any valid name 
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Example Statements 
LOAD File_name$&Volume$ 
LOAD "UTIL",120 
LOAD BIN "MAT" 
LOAD KEY "KEYS:INTERNAL,4,l" 

LOAD BIN Dir$&File$&Volume$ 
LOAD "/Dirl/Dir2/Prog2",500 
LOAD "Dir3/Prog_l:REMOTE" 

LOAD BIN "dir1/dir2/bin_file<SRM_READ_pass>:REMOTE 21,5;LABEL Disc" 

LOAD KEY "KEYS:REMOTE" 
LOAD KEY "/Dirl/Dir2/Keyfile" 

Semantics 
LOAD 
The BASIC program and all variables not in COM are lost when a LOAD is executed. 
Every COM block in the newly-loaded program is compared with the COM blocks of 
the program in memory. If a COM area of the newly-loaded program does not match 
an existent COM area, the values in the old COM area are lost. Thus, some COM areas 
may be retained while others are lost. If a PROG file contains a binary program that is 
not compatible with the current version of BASIC, the binary is skipped, a warning is 
printed, and the program is loaded. If it contains a binary that is compatible with the 
current version of BASIC, the binary is loaded. 

LOAD is allowed from the keyboard if a program is not running. If no run line is specified, 
I RUN I must be pressed to initiate program execution, and execution will begin on the first 
line in the program. If a run line is specified, pre run initialization (see RUN) is performed, 
and program execution begins at the line specified. The line on which execution begins 
must exist in the main program context of the newly-loaded program. If you specify a 
line number and it doesn't exist, execution begins with the next higher-numbered line, 
provided that line is in the main program context. 

Executing LOAD from a program causes the new program file to be loaded, prerun, 
and program execution to resume. Execution begins at the line specified, or the lowest­
numbered program line if a run line is not specified. 
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Autostart Program Files 
BASIC automatically loads and runs a file called AUTOST if the file exists on the boot 
mass storage device (and if it is of type PROG). If the system is loaded from an HFS 
volume, the autostart file is /WORKSTATIONS/ AUTOST. If the system is loaded from 
SRM, the autostart file is /SYSTEMS/AUTOSTnn, where nn is the node number of 
the SRM interface installed in the computer you are booting; if this file does not exist, 
BASI C looks for / A UTOST. 

BASIC/UX first checks if an autostart file (PROG, ASCII, or HP-UX) was specified in 
the rmb command line. If not, it checks the rmbrc environment file(s). If one is not found, 
it checks the current directory, and then the home directory, for a file called AUTOST. 

HFS Permissions 
In order to LOAD a file from an HFS volume, you need to have R (read) permission on 
the file, and X (search) permission on the immediately superior directory as well as all 
other superior directories. 

LOAD with SRM Volumes 
In order to LOAD a file from an SRM volume, you need to have READ access capability 
on the file, on the immediately superior directory, and on all other superior directories. 

LOAD from an SRM volume is executed in shared mode, which means that several users 
can LOAD a file at the same time. Files being stored with the STORE or RE-STORE 
statements are locked during that operation and cannot be accessed for loading. 

LOAD Requirements for Device Drivers 
With HFS volumes, you must have all drivers for the disc from which you are loading 
the program. For instance, if you are loading from a CS80-type disc, you must have 
HPIB, CS80, and HFS binaries currently in memory. (This is not like other volumes. It 
is required because the Boot ROM does not contain drivers for HFS volumes, but it does 
contain drivers for LIF and SRM volumes.) 

BASIC/UX has binaries permanently loaded, but it is necessary to have the correct 
drivers configured into the HP-UX kernel. For example, if you are loading from a CS80-
type disk, you must have the CS80 driver in the kernel. Check by using the rmbconfig 
program with the -8 option. 
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LOAD BIN (BASIC Workstation only) 
LOAD BIN is used to load BIN files. (A BIN file contains either language extensions, such 
as MAT or GRAPH, or drivers, such as DISC and HPIB.) A BIN file may contain more 
than one of the extensions or drivers; if so only the entensions or drivers not already 
present in memory are loaded. Executing a LOAD BIN does not affect the currently 
loaded BASIC program or any variables. 

BASICjUX has permanently loaded binaries, so this statement is not appropriate for 
BASICjUX. It generates an error message. 

LOAD BIN Requirements for Device Drivers (BASIC Workstation only) 
BIN files can usually be loaded from a mass storage device even though the BIN (s) to 
access that device are absent (as long as the Boot ROM has the required drivers). Most 
Boot ROMs have drivers for LIF and SRM volumes and HPIB interfaces, but not for 
HFS volumes. If the Boot ROM does not have the drivers for the device from which you 
want to load a BIN file, then you will need to first install all required drivers for that 
device (such as HFS, CS80, and HPIB). 

LOAD BIN with SRM Volumes (BASIC Workstation only) 
LOAD BIN is executed in shared mode, which means that several users can load a BIN 
file at the same time. BIN files can be loaded into a workstation from the SRM without 
the SRM and DCOMM binaries present in the workstation (as described in the preceding 
paragraph). However, you cannot perform operations like STORE without these binaries. 

LOAD KEY (Requires KBD) 
LOAD KEY sets the typing-aid definitions of the softkeys according to the contents of 
the specified BDAT file. If the file is not in the proper format, an error occurs. The file 
containing the key definitions may be created by a user program. See the STORE KEY 
statement for file format. 

All existing key definitions are cleared before the file's key definitions are loaded. 

If LOAD KEY is executed without a file specifier, the keys are reset to their power-on 
values. 

ON KEY definitions are not affected by LOAD KEY. 
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LOAD KEY with SRM Volumes 
In order to LOAD KEY a file on an SRM volume, you need to have READ access 
capability on the immediately superior directory, as well as READ capability on all 
other superior directories. 

LOAD KEY is executed in shared mode, which means that several users can perform a 
LOAD KEY from a BDAT file at the same time. Files being stored with the STORE 
KEY or RE-STORE KEY statements are locked during that operation and cannot be 
accessed for loading. 

BASIC/UX Specifics 
LOAD BIN generates an error message as it is not appropriate for BASIC/UX (binaries 
are permanently loaded). 

Keyword Dictionary 357 



LOADSUB 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes (See Semantics) 
Yes (See Semantics) 

This statement allows you to load subprograms from a PROG file into memory. 

literal form of file specif,er: 
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Item 

subprogram 
name 

function name 

file specifier 

directory path 

file name 

Description 

name of a SUB or CSUB subprogram 

name of a user-defined function 

string expression 

literal 

literal 

Range 

any valid name 

any valid name 

(see drawing) 

(see :MASS STORAGE IS) 

depends on volume's format 
(see Glossary) 

SRM password literal; first 16 non-blank characters are sig- > not allowed 
nificant 

volume specifier literal 

Example Statements 
LOADSUB FROM "Subs_File" (Not Programmable) 
LOADSUB FNReplace$ FROM "Subs_File" 
LOADSUB ALL FROM Subfile$ 
LOADSUB ALL FROM "Dir3/Progfile<SRM_READ_pass>" 
LOADSUB ALL FROM "/Dirl/Dir2/Prog23" 

(see MASS STORAGE IS) 
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Semantics 
LOADSUB FROM (Requires PDEV) 
The command LOADSUB FROM (without a subprogram name) is not programmable; 
it is used before a program is run. It looks through the program and notices all the 
subprogram references which are unsatisfied. Unsatisfied references are statements which 
reference subprograms that don't yet exist in memory. It then accesses the specified file 
(which must be a PROG file), and loads all the needed subprograms, appending them 
to the end of the current program, renumbering as necessary. It also looks through the 
subprograms it just loaded to see if they call anything which is not yet in memory. If 
so, those references will be satisfied. This process repeats for each set of subprograms 
loaded until all the routines that are referenced are loaded or until it is determined they 
are not in the specified file. At the end of the LOADSUB FROM command, if there are 
still unsatisfied references, an error message and a list of the subprograms names still 
needed is displayed. 

LOADSUB ALL FROM 
LOADSUB <subprogram name> FROM 
LOADSUB, when a subprogram name or ALL is included, loads the specified subpro­
gram(s) from the specified file. This form is programmable. If either the file name or the 
subprogram name specified is not found, or the file name is not a PROG file, an error 
will occur. As the subprogram is loaded, it will be renumbered to fit at the end of the 
program. LOAD SUB does not cause the program or any data currently in memory to 
be lost. 

HFS Permissions 
In order to LOADSUB from a file on an HFS volume, you need to have R (read) access 
permission on the file, and X (search) permission on the immediately superior directory 
and on all other superior directories. 

LOADSUB with SRM Volumes 
In order to LOADSUB from a file on an SRM volume, you need to have READ access 
capability on the immediately superior directory, as well as READ capability on all other 
superior directories. 

With SRM, LOADSUB is executed in shared mode, which means that several worksta­
tions can perform a LOADSUB of a file at the same time. PROG files being stored with 
the STORE or RE-STORE statement are locked during that operation and cannot be 
accessed for loading. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF, __ THEN 

WS,UX 
10 

Yes 
Yes 
Yes 

This statement returns all specified devices to their local state. 

LOCAL 

Item Description Range 

I/O path name 

device selector 

name assigned to a device or devices any valid name 
(see ASSIGN) 

numeric expression, rounded to an integer (see GLOSSARY) 

Example Statements 
LOCAL IDDvm 
LOCAL 7 
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Semantics 
If only an interface select code is specified by the I/O path name or device selector, all 
devices on the bus are returned to their local state by setting REN false. Any existing 
LOCAL LOCKOUT is cancelled. 

If a primary address is included, the GTL message (Go To Local) is sent to all listeners. 
LOCAL LOCKOUT is not cancelled. 

Summary of Bus Actions 

System Controller Not System Controller 

Interface Select Primary Addressing Interface Select Primary Addressing 
Code Only Specified Code Only Specified 

ATN ATN 
MTA MTA 

Active REN UNL ATN UNL 
Controller LAG GTL LAG 

GTL GTL 

Not Active 
REN Error 

Controller 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
10 

Yes 
Yes 
Yes 

LOCAL LOCKOUT 

This HP-IB statement sends the LLO (local lockout) message, preventing an operator 
from returning the specified device to local (front panel) control. 

LOCAL LOCKOUT 

Item 

I/O path name 

interface select 
code 

Description Range 

name assigned to an interface select code any valid name 
(see ASSIGN) 

numeric expression, rounded to an integer 7 thru 31 

Example Statement~ 
LOCAL LOCKOUT 7 
LOCAL LOCKOUT ~Hpib 
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Semantics 
The computer must be the active controller to execute LOCAL LOCKOUT. 

If a device is in the LOCAL state when this message is sent, it does not take effect on that 
device until the device receives a REMOTE message and becomes addressed to listen. 

LOCAL LOCKOUT does not cause bus reconfiguration, but issues a universal bus 
command received by all devices on the interface whether addressed or not. The 
command sequence is ATN and LLO. 

Summary of Bus Actions 

System Controller Not System Controller 

Interface Select Primary Addressing Interface Select Primary Addressing 
Code Only Specified Code Only Specified 

Active ATN 
Error 

ATN 
Error 

Controller LLO LLO 

Not Active 
Error 

Controller 

LOCATOR 
See the READ LOCATOR and SET LOCATOR statements. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF, , . THEN 

WS,UX 
SRM & DCOMM 

Yes 
Yes 
Yes 

LOCK 

This statement prevents other SRM workstations from accessing the SRM file to which 
the I/O path name is currently assigned (see ASSIGN). 

Item Description 

I/O path name name identifying an I/O path 

return variable name of a numeric variable 

Example Statements 
LOCK ~File;CONDITIONAL Result 
LOCK ~Ascii_l;CONDITIONAL Error_number 

Semantics 

Range 

any valid name (See Glos­
sary) 

any valid name (See Glos­
sary.) 

This statement establishes sole access to an SRM file that has been opened with an 
ASSIGN statement. This exclusive access remains assigned to the workstation (or SRM, 
or BASIC/UX process) executing the LOCK statement until an UNLOCK statement is 
executed by that workstation. The UNLOCK function is also a result of SCRATCH A, 
I RESET I and ASSIGN ... TO * (explicitly closing an I/O path). 

A file may be locked several times. The system counts the number of LOCKs on a file, 
and an equal number of UNLOCKs must be executed to unlock the file. When an I/O 
path name is closed (for example, by ASSIGN ... TO *), all LOCKs of that I/O path name 
are cleared. 

If the LOCK is successful, the value of the return variable will be zero. Otherwise, the 
return variable's value will be the error number corresponding to the cause of the LOCK's 
failure. 

Keyword Dictionary 365 



BASIC/UX Specifics 
BASIC/UX supports LOCK for HFS files: establish exclusive access to a file by the 
BASIC/UX process. In order to LOCK the file exclusively, you must have write 
permission on the file. In addition, you must either own the file, or the file must have 
the set group-id bit on and the group search bit off. If this is not the case, an attempt 
is made to set up an advisory lock. 

BASIC/UX does not support locking of RFA, NFS or LIF files, although no error is 
generated when the LOCK statement is executed. Locking of pipes is not allowed; an 
attempt to LOCK a pipe generates a run-time error. 

Also note that if two or more BASIC/UX processes are running on the same workstation, 
commands such as ENTER and OUTPUT will not block waiting for the file to be 
unlocked. Instead, they generate an error. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

This function returns the logarithm (base e) of its argument. 

Item Description/Default 

argument numeric expression 

Examples Statements 
Time=-l*Rc*LOG(Volts/Emf) 
PRINT "Natural log of ";Y;"=";LOG(Y) 

Semantics 

Range 
Restrictions 

LOG 

> 0 for INTEGER and 
REAL arguments; see 
"Range Restriction 
Specifics" for COMPLEX 
arguments 

If the argument is REAL or INTEGER, the value returned is REAL. If the argument is 
COMPLEX, the value returned is COMPLEX. 

To compute the LOG of a COMPLEX value, the COMPLEX binary must be loaded. 

Range Restriction Specifics 
The formula used for computing the LOG of a COMPLEX value is: 

CMPLX(LOG(ABS(Argument»,ARG(Argument» 

where Argument is a COMPLEX argument to the LOG function. The imaginary part of 
the result (ARG(Argument») is always given in radians and is between -7r and +7r. Some 
values of a COMPLEX argument may cause errors in this computation. For example: 

LOG(CMPLX(MAXREAL,MAXREAL» 

will cause error 22 due to the ABS (Argument) computation. 
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LOOP 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

No 
Yes 
No 

This construct defines a loop which is repeated until the boolean expression in an EXIT 
IF statement evaluates to be logically true (evaluates to a non-zero value). 

(EXIT IFH 

(END LOOP}----l 

Item 

boolean 
expresslon 

Description 

boolean 
expression 

numeric expression; evaluated as true if non­
zero and false if 0 

program segment any number of contiguous program lines not 
containing the beginning or end of a main 
program or subprogram, but which may con­
tain properly nested construct(s). 

Example Program Segments 
460 LOOP 
470 EXIT IF LEN(A$)<2 
480 P=POS(A$,Delim$) 
490 EXIT IF NOT P 
500 A$=A$[l,P-1]&A$[P+2] 
510 END LOOP 

1200 LOOP ! Until an EOF branch 
1210 ENTER ~File;Text$ 
1220 PRINT Text$ 
1230 END LOOP 
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Semantics 
The LOOP ... END LOOP construct allows continuous looping with conditional exits 
which depend on the outcome of relational tests placed within the program segments. 
The program segments to be repeated start with the LOOP statement and end with END 
LOOP. Reaching the END LOOP statement will result in a branch to the first program 
line after the LOOP statement. 

Any number of EXIT IF statements may be placed within the construct to escape from 
the loop. The only restriction upon the placement of the EXIT IF statements is that 
they must not be part of any other construct which is nested within the LOOP ... END 
LOOP construct. 

If the specified conditional test is true, a branch to the first program line following the 
END LOOP statement is performed. If the test is false, execution continues with the 
next program line within the construct. 

Branching into a LOOP ... END LOOP construct (via a GOTO) results in normal 
execution from the point of entry. Any EXIT IF statement encountered will be executed. 
If execution reaches END LOOP, a branch is made back to the LOOP statement, and 
execution continues as if the construct had been entered normally. 

Nesting Constructs Properly 
LOOP ... END LOOP may be placed within other constructs, provided it begins and ends 
before the outer construct can end. 
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LORG 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
GRAPH 

Yes 
Yes 
Yes 

This statement specifies the relative origin of a label or symbol with respect to the current 
pen position. 

§--...J label. origin ~ 
posltlon 

Item Description 

label origin posi- numeric expression, rounded to an integer; 1 thru 9 
tion Default = 1 

Example Statements 
LORG 4 
IF Y>Limit THEN LORG 3 

Semantics 

Range 

The following drawings show the relationship between a label and the logical pen position. 
The pen position before the label is drawn is represented by a cross marked with the 
appropriate LORG number. 
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3 6 9 

+ + + 
8 ~I \ ) ~I 1\ 

L V-tL \j+ 
1 4 7 

+ + + 
Label Origins for Labels with an Even Number of Characters 

3 6 9 

+ + + 
5 8 

+ + 
1 4 7 

+ + + 
Label Origins for Labels with an Odd Number of Characters 
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LWC$ 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

This function replaces any uppercase characters with their corresponding lowercase 
characters. 

string 
expresslon 

Example Statements 
Lower$=LWC$ ("UPPER") 
IF LWC$(Yes$)="y" THEN True test 

Semantics 
The LWC$ function converts only uppercase alphabetic characters to their corresponding 
lowercase characters and will not alter numerals or special characters. 

The corresponding characters for the Roman Extension alphabetic characters are deter­
mined by the current lexical order. When the lexical order is a user-defined table, the 
correspondence is determined by the STANDARD lexical order. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

MASS STORAGE IS 

This statement specifies the system mass storage device. 

SRM and DCOMM 
or HFS 
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literal form of volume specifier: 
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Item 

directory 
specifier 

volume specifier 

directory path 

directory name 

Description 

string expression 

string expression 

literal 

literal 

Range 

(see drawing) 

(see drawing) 

(see drawing) 

depends on volume's format 
(14 characters for HFS; 
255 characters for HFS long 
file name systems; 
16 characters for SRM; 
see Glossary for details) 

SRM password literal; first 16 non-blank characters are sig- > not allowed 
nificant 

device type literal (see Semantics) 

device selector integer constant (see Glossary) 

unit number integer constant; 0 thru 255 
Default = 0 (device-dependent) 

volume number integer constant; (device-dependent) 
Default = 0 

SRM interface se- integer constant identifying the SRM inter- 8 through 31 
lect code face in the workstation 

SRM server's literal 
node address 

SRM volume 
name 

SRM volume 
password 

literal 

literal 

Example Statements 
MASS STORAGE IS Vol_specifierS 
MSI ":,700" 
MSI I:INTERNAL,4,l" 
MSII:X,12" 
MSI ":REMOTE" 
MSI II :HFS" (BASIC/UX only) 
MASS STORAGE IS Dir_path$&Vol_specifier$ 
MSI "/Dir1/Dir2/MyDirl 
MSI " .. / .. " 
MSI 1.<SRM_READ_pass>" 

o through 63 

any valid SRM volume name 
(see Glossary) 

any valid SRM volume pass­
word (see Glossary) 
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Semantics 
All mass storage operations which do not specify a source or destination by either an I/O 
path name or volume specifier in the file specifier use the current system mass storage 
device. 

MASS STORAGE IS can be abbreviated as MSI when entering a program line, but a 
program listing always shows the unabbreviated keywords. 

Device Type 
The following table shows the valid device types. Most device types require an option 
BIN for the statement to execute. 

Binary 
Device Type Required 

INTERNAL none 
(Models 226 and 236 only) 

MEMORY 

HP 9121 DISC & 
HP 9133 HPIB or FHPIB 
HP 9134 
HP 9135 (51f4-inch disc requires 

HPIB not FHPIB) 
HP 913X 
HP 9895 

HP 82901 DISC & HPIB 
HP 82902 
HP 8290X 

All "CS/80" and "SS/80" drives; CS80 & 
for instance: HPIB or FHPIB 
HP 7908 
HP 7914 
HP 9122 
HP 9153 
HP 7946 
etc. 

REMOTE (SRM) SRM & DCOMM 

BUBBLE BUBBLE 

EPROM EPROM 
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Note 

The 98625 Card (which requires the FHPIB binary) cannot be used 
with external 51/4-inch discs. 

If the device type specified is not valid, the system tests the device to determine its type. 
There are two exceptions to this. 

1. If the device selector is 0 and the device type is invalid, the device type is assumed 
to be MEMORY. 

2. If the device type is valid and the driver BIN for the device is not loaded, the 
system considers the device an invalid device type. 

If a valid device type is specified and the system finds a different device at the device 
selector, error 72 occurs. 

Non-Disc Mass Storage 
Memory volumes are created by the INITIALIZE statement. They are removed by 
SCRATCH A or by turning off the power. The unit number for a MEMORY volume 
may be 0 thru 31. 

The following is for BASIC Workstation only: 

A bubble memory card may have an select code of 8 thru 31. (Use of this card requires 
the BUBBLE BIN.) A bubble memory card is always unit number O. It is recommended 
that these cards be given a high hardware-interrupt level to avoid error 314 in overlapped 
applications. 

When writing data into EPROM (requires the EPROM BIN), specify the select code of 
the EPROM Programmer card that is connected to the desired EPROM memory card. 
When reading data from EPROM, specify a select code of 0 or use the select code of the 
currently connected EPROM Programmer card. If the programmer card at the specified 
select code is not connected to the specified EPROM memory card, an error is reported. 
If the select code of 0 is used, you must specify "EPROM" in the mass storage unit 
specifier; otherwise, the system assumes MEMORY. 

The unit numbers are given to the EPROM memory cards at power-up according to 
relative memory addresses. The card with the lowest address is given unit number 0, the 
card with the next greater address is given unit number 1, and so forth. 
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MSI with SRM and HFS Volumes 
With hierarchical volumes (such as SRM and HFS), MASS STORAGE IS can also be 
used to specify the current working directory. 

In order to specify an HFS directory as the current working directory, you need to have X 
(search) permission of the immediately superior directory as well as on all other superior 
directories. 

In order to specify an SRM directory as the current working directory, you need to have 
READ access capability on all superior directories. 

If you specify an SRM volume password in an MSI statement, that password is 
automatically applied to all accesses that use the default volume (that is, when no volume 
specifier is included in the file specifier) until a mass storage volume specifier is included 
in a subsequent MSI. 

MSI and Driver Binaries 
With BASIC 5.0, executing MASS STORAGE IS requires accessing the volume (since the 
system cannot determine whether a volume is a LIF or an HFS format). This operation 
requires that all drivers for the interface, disc, and directory format be present; for 
instance, you must have HPIB, CS80, and HFS binaries currently loaded in order to MSI 
to an HFS directory. If media is not present (hence cannot be accessed), BASIC assumes 
the volume is LIF format. 

BASIC/UX Specifics 
BASIC/UX provides an abbreviated form of the msvs to refer to the current directory 
for HFS. ": HFS" refers to the most recent HFS directory used in an MSI command. 

HFS is a valid logical device type, and if HFS is specified with a non-HFS device selector, 
an error occurs (unless that device selector has been mapped to an HFS directory in the 
rmbrc environment file; see Installing and Mainting the BASICjUX System.). 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
MAT 

Yes 
Yes 
Yes 

MAT 

MAT can be used to initialize string and numeric arrays to constant values and copy 
string and numeric arrays. It can also be used to perform arithmetic operations on 
numeric arrays and, through the use of secondary keywords, can be used to perform 
special functions on numeric arrays. 
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Item Description 

string array name name of a string array 

array name 

operator 

vector name 

matrix name 

name of a numeric array 

Any of the following: 
+ - . / < <~ ~ <> >= > * 
name of a one-dimensional numeric array 

name of a two dimensional numeric array 

Example Statements 
MAT A= A*(Ref+l/3) 
MAT A= A+B 
MAT A= B<(1) 
MAT A= B<>C 
MAT V= CSUM(A) 
MAT I= ION 
MAT B= INV(A) 
MAT Oes_array(-1:0.2:4)= Sor_array 
MAT Array_l= Array_2(-4:1) 
MAT Oestination(3.*.*)= Source(*.2.*) 
MAT Result= REAL(Complex_array) 
MAT New_array= IMAG(Complex_array) 
MAT Return_ary= CMPLX(Arrayl.Array2) 
MAT Oes_ary= CONJG(Complex_array) 
MAT Array= ARG(Complex_array) 
MAT Matrix_l= (CMPLX(34.56.-23.78» 
MAT Magnitudes= ABS(Complex_array) 

Range 

any valid name 

any valid name 

. can only appear between 
two arrays 

any valid name 

any valid name 
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Semantics 
The MAT statement allows you to: 

• Copy a string expression into a string array or copy the contents of one string array 
into another string array. 

• Copy a numeric expression into an array. 

• Copy two REAL arrays into a COMPLEX array with the first REAL array 
representing the real part of the COMPLEX elements and the second REAL array 
representing the imaginary parts. 

• Copy the contents of one array or subarray into another array or subarray. 

• Add an array and a numeric expression, or two arrays. 

• Subtract a numeric expression from an array, an array from a numeric expression, 
or an array from an array. 

• Multiply an array by a numeric expression or another array. 

• Divide a numeric expression by an array, an array by a numeric expression, or an 
array by an array. 

• Compare an array to a numeric expression or to another array. 

• Calculate the Identity, Inverse, Transpose, Sum of rows, and Sum of columns of a 
matrix. 

• Extract the real part or imaginary parts of a COMPLEX array. 

• Compute the COMPLEX conjugate, argument or absolute value (magnitude) of 
COMPLEX array elements. 

• Calculate the absolute value of an INTEGER, REAL, or COMPLEX array. 

Note 

If an error occurs during the calculations involved in a MAT 
assignment the result array will contain only a partial result. Since 
you will have no idea which entries are valid, the contents of the 
array should be considered invalid. 
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Numeric Operations 
In the case of operators, the specified operation is generally performed on every array 
element, and the results are placed in corresponding locations of the result array (the 
exception is the * operator, which is discussed under Matrix Multiplication, below.) 
This means that the result array must have the same "size" and "shape" (though not 
necessarily the same subscript ranges) as the operand array(s). Note that "size" refers to 
the number of elements in the array and "shape" refers to the same number of dimensions 
and elements in each dimension, respectively (e.g. both of these subscript specifiers have 
the same shape: (-2:1,-1:10) and (1:4,9:20»). If necessary, the system will redimension 
the result array to make it the proper size. The redimensioning can only take place, 
however, if the dimensioned size of the result array has at least as many elements as the 
current size of the operand array(s). 

When two arrays are operated on, they must be exactly the same size and shape. If not, 
the computer returns an error. The specified operation is performed on corresponding 
elements in each operand array and the result is placed in the corresponding location of 
the result array. Multiplication of the elements of two arrays is performed with a period 
rather than an asterisk. The asterisk is reserved for matrix multiplication described 
below. 

Relational Operators 
Relational operations are performed on each element of the operand array(s). If the 
relation is TRUE, a 1 is placed in the corresponding location of the result array. If the 
relation is FALSE, a 0 is recorded. The result array, therefore, consists of all O's and 
1 'so Note that the only comparison operators allowed between COMPLEX expressions 
or arrays are: = and <>. 

Complex Operations 
Complex functions can be used by the MAT statement to: 

• extract the real and/or imaginary parts of a COMPLEX array and assign them to 
a resultant array, 

• create a COMPLEX array from two REAL or INTEGER arrays, 

• compute the COMPLEX conjugate, argument or absolute value (magnitude) of 
COMPLEX array elements and assign them to a resultant array. 
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The complex functions available with the MAT statement are given below. The 
arguments used with these functions can be INTEGER, REAL or COMPLEX arrays. 

REAL (Array) 

IMAG(Array) 

CMPLX(Array1.Array2) 

CONJG(Array) 

ARG(Array) 

ABS(Array) 

Matrix Multiplication 

assigns the real parts of each array element to the corre­
sponding element in the resultant array. 

assigns the imaginary parts of each array element to the 
corresponding element in the result array. 

creates COMPLEX values from two numeric arrays by as­
signing each element of the first array (Array1) to the cor­
responding real part of the result array element, and each 
element of the second array (Array2) to the corresponding 
imaginary part of the result array element (if it is COM­
PLEX). If either of the array arguments are COMPLEX 
arrays, only the real part of that array is used in the cre­
ation of the values. 

computes the conjugate of each COMPLEX array element 
and assigns this result to the corresponding element in the 
result array. 

computes the argument of each COMPLEX array element 
and assigns this result to the corresponding element in the 
result array. 

computes the absolute value of each COMPLEX array 
element and assigns this result to the corresponding element 
in the result array. 

The asterisk is used for two operations. If it is between an array and a numeric expression, 
each element in the array is multiplied by the numeric expression. If it is between two 
matrixes, it results in matrix multiplication. If A and B are the two operand matrices, 
and C is the result matrix, the matrix multiplication is defined by: 

where n is the number of elements in a column in the matrix A. (This formula assumes 
that the array subscripts run from 1 through N; in actuality, the computer only requires 
that the two arrays be the correct size and shape, the actual values of the subscripts are 
unimportant. ) 
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Note that the subscript values of the result array correspond to the rows of the first 
operand matrix and the columns of the second operand matrix. Note also that the 
column subscript of the first operand array is equal to the row subscript of the second 
operand array. We can summarize these observations in two general rules: 

• The result matrix will have the same number of rows as the first operand matrix 
and the same number of columns as the second operand matrix. 

• Matrix multiplication is legal if, and only if, the column size of the first operand 
matrix is equal to the row size of the second operand matrix. 

A third rule of matrix multiplication is: 

• The result matrix cannot be the same as either operand matrix. 

If either array is COMPLEX, the operation is done in COMPLEX math. Otherwise, the 
calculation is done in REAL math unless both operands are INTEGER, in which case 
the computation is also INTEGER. If the result matrix and the operand matrixes are 
different types (Le., one is REAL and the others are INTEGER), the computer makes 
the conversion necessary for the assignment. However, the conversion is made after 
the multiplication is calculated, so even if the matrix receiving the result is REAL, the 
multiplication can generate an INTEGER' overflow when the operands are INTEGER 
matrixes. 

The computer allows you to do matrix multiplication on vectors by treating the vectors 
as if they were matrices. If the first operand is a vector, it is treated as a I-by-N matrix. 
If the second operand is a vector, it is treated as an N-by-l matrix. 

Copying Subarrays 
A subarray is a subset of an array (an array within an array). A subarray is indicated 
by a specifier after the array name as follows: 

Array_name (subarray_specifier) 
Array_name$(subarray_specifier) 

For example if you wanted to specify the entire second column of a 3 x 3 two-dimensional 
array, you would use the following subarray: 

Array_name(*.2) 
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Copying subarrays is useful when you need to: 

• Copy a Subarray into an Array 

• Copy an Array into a Subarray 

• Copy a Subarray into a Subarray 

• Copy a Portion of an Array into Itself 

For a complete discussion of this subject, read the section entitled "Copying Subarrays" 
found in the "Numeric Arrays" chapter of the BASIC Programming Techniques manual. 
(Note that you can also copy subarrays of string arrays.) 

Before discussing the rules for subarrays the concept of range needs to be understood 
as it appears in this text. There are two types of ranges to be considered when using 
subarrays they are the: subscript range and default range. Th(' subscript range is used 
to specify a set of elements starting with a beginning element position and ending with 
a final element position. For example, 5: 8 represents a range of four elements starting 
with element 5 and ending at element 8. The default range is denoted by an asterisk (*) 
and represents all of the elements in a dimension from the dimension's lower bound to 
its upper bound. For example, suppose you wanted to copy the entire first column of 
a two dimensional array, you would use the following subarray specifier: (* ,1), where * 
represents all the rows in the array and 1 represents only the first column. 

Some rules to follow when copying subarrays are as follow: 

• Subarray specifiers must not contain all subscript expressions (i.e. (1,2,3) is not 
allowed, it will produce a syntax error). This rule applies to all subarray specifiers. 

• Subarray specifiers must not contain all asterisks (*) or default ranges (i.e. (*, *, *) 

is not allowed, it will produce a syntax error). This rule applies to all subarray 
specifiers. 

• If two subarrays are given in a MAT statement, there must be the same number of 
ranges in each subarray specifier. For example, 

MAT Des_array1(1:10.2:3)= Sor_array(5:14,*.3) 

is the correct way of copying a subarray into another subarray provided the default 
range given in the source array (Sor_array) has only two elements in it. Note that 
the source array is a three-dimensional array. However, it still meets the criteria 
of having the same number of ranges as the destination array because two of its 
entries are ranges and one is an expression. 
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• If two subarrays are given in a MAT statement, the subscript ranges in the source 
sub array must be the same shape as the subscript ranges in the destination subarray. 
For example, the following is legal: 

MAT Des_array(1:5,O:1)= Sor_array(3,1:5,6:7) 

however, the one below is not legal: 

MAT Des_array(O:1,1:5)= Sor_array(1:5,O:1) 

because both of its subarray specifiers do not have the same shape (i.e. the rows 
and columns in the destination sub array do not match the rows and columns in the 
source sub array ). 

CSUM 
This secondary keyword computes the sum of each column in a matrix and places the 
results in a vector. The result vector must have at least as many elements as the matrix 
has columns. If the vector is too large or its current size is too small (and there are enough 
elements in its original declaration to allow redimensioning), the computer redimensions 
it. If the result vector and the argument array are different types (Le., one is REAL and 
the other is INTEGER), the computer makes the necessary conversion. However, the 
conversion is made after the column sums are calculated, so even if the vector receiving 
the result is REAL, CSUM can generate an INTEGER overflow when the argument is 
an INTEGER array. 

ION 
This secondary keyword turns a square matrix into an identity matrix. An identity 
matrix has Is along the main diagonal and Os everywhere else. The matrix must be 
square. 

INV 
This secondary keyword finds the inverse of a square matrix. A matrix multiplied by 
its inverse produces an identity matrix. The inverse is found by using the pivot-point 
method. If the value of the determinant (see DET) is 0 after an INV, then the matrix 
has no inverse-whatever inverse the computer came up with is invalid. If the value of 
the determinant is very small compared with the elements in the argument matrix, then 
the inverse may be invalid and should be checked. 

If the result matrix is not the same size and shape as the argument matrix, the computer 
will attempt to redimension it. If it is too large, or its current size is too small (and there 
are enough elements in its original declaration to allow redimensioning) the computer 
redimensions it. An error is returned if the computer cannot redimension the result 
array. 
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RSUM 
This secondary keyword computes the sum of each row in a matrix and places the values 
in a vector. The result vector must be large enough to hold the sums of each row. If 
it is too large, or its current size is too small (and there are enough elements in its 
original declaration to allow redimensioning) the computer redimensions it. If the result 
vector and the argument array are different types (i.e., one is REAL and the other is 
INTEGER), the computer makes the necessary conversion. However, the conversion is 
made after the row sums are calculated, so even if the vector receiving the result is 
REAL, RSUM can generate an INTEGER overflow when the argument is an INTEGER 
array. 

TRN 
This secondary keyword produces the transpose of a matrix. The transpose is produced 
by exchanging rows for columns and columns for rows. The result matrix must be 
dimensioned to be at least as large as the current size of the argument matrix. If it's the 
wrong shape, the computer redimensions it. The result and argument matrices cannot 
be the same. 

The transpose of an N-by-M matrix is an M-by-N matrix, and each element is defined by 
switching the subscripts. That is, A(m,n) in the argument matrix equals B(n,m) in the 
result matrix. (This description assumes that the array subscripts run from 1 through M 
and 1 through N; in actuality, the computer only requires that the array be the correct 
size and shape, the actual values of the subscripts are unimportant.) 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
MAT 

Yes 
Yes 
Yes 

MAT REORDER 

This statement reorders elements in an array according to the subscript list in a vector. 

Item 

array name 

vector name 

dimension 

Description 

name of an array 

name of a one-dimensional numeric array 

numeric expression, rounded to an integer; 
Default = 1 

Example Statements 
MAT REORDER A BY B 
MAT REORDER A BY B,2 

Semantics 

Range 

any valid name 

any valid name 

1 thru 6; 
~ the RANK of the array 

The dimension parameter is used to specify which dimension in a multidimensional array 
is to be reordered. If no dimension is specified, the computer defaults to dimension 
1. The vector must be the same size as the specified dimension and it should contain 
integers corresponding to the subscript range of that dimension (no duplicate numbers, or 
numbers out of range). The vector used cannot be a COMPLEX vector, but COMPLEX 
arrays can be re-ordered. 

Vectors generated by a MAT SORT TO statement are of the proper form for reordering 
(see MAT SORT). 
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MAT SEARCH 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF . .. THEN 

WS,UX 
MAT 

Yes 
Yes 
Yes 

This statement searches for user-defined conditions within a numeric or string array and 
places information returned into a variable for recall and examination. 

string key specifier: 

you must one, 
and only one, asterisk 

numeric key specIfier: 

you must include one, 
and only one, asterisk 
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condition specifier: 

Item 

numeric array 
name 

Description/Default 

name of a numeric array 

string array name name of a string array 

subscript 

beginning 
position 

ending position 

numeric expression, rounded to an integer 

numeric expression, rounded to an integer 

numeric expression, rounded to an integer 

substring length numeric expression, rounded to an integer 

return variable name of a numeric or string variable 
(as appropriate) 

starting subscript starting location within the vector being 
searched 

Example Statements 
MAT SEARCH Number_array,LOC MAX;Loc_max 
MAT SEARCH Source,LOC«3);Location,4 
MAT SEARCH Array(l,*) DES,LOC MIN;Loc_min,6 
MAT SEARCH Vector,#LOC«>2);Non_two_values 
MAT SEARCH String$(*,2,3) DES,MAX;Max_value$ 
MAT SEARCH Word$(*,2),MIN;Min_plus$[2;10] ,Start_pos 

Range 
Restrictions 

any valid name 

any valid name 

-32 768 thru +32 767 
(see "array" in Glossary) 

1 thru 32767 
(see "string" in Glossary) 

o thru 32767 
(see "string" in Glossary) 

o thru 32767 
(see "string" in Glossary) 

see "Semantics" 

-32768 thru +32767 
(see "array" in Glossary) 
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Semantics 
Numeric searching comparisons are performed in the INTEGER mode for integer­
precision arrays, in the REAL mode for real-precision arrays, and in the COMPLEX 
mode for complex arrays (which use real-precision for their real and imaginary parts). 
Note that the only numeric comparisons allowed in the COMPLEX mode are = and <> 
relational operators. 

String arrays can be searched using all of the condition specifiers mentioned above. (If 
you want to search a substring within each element, see the subsequent discussion of 
searching substrings.) 

The default search order for arrays is from the lower bound to the upper bound. This 
is considered to be an ascending search order. You can search an array in a descending 
search order (upper bound to lower bound) by using the secondary keyword DES in the 
key specifier. The following table clarifies the two types of search orders: 

Starting Subscript No Starting Subscript 
Search Order Given Given 

ascending starting subscript -t upper bound lower bound -t upper bound 
( default) 

descending starting subscript -t lower bound upper bound -t lower bound 

The remaining sections mainly talk about numeric arrays; however, these sections also 
apply to searching string arrays. 

DES 
To search an array by descending subscript values, use the secondary keyword DES in the 
arrais key specifier: 

MAT SEARCH Array(1.*) DES.MAX;Max_value.6 

This secondary keyword causes a search to begin at the upper subscript bound and 
proceed toward the lower bound of that same dimension. If a starting subscript is specified 
ill the MAT SEARCH statement, then the search will begin at that specified location in the 
dimension being searched and proceed toward the lower bound. 
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LOC(relational comparison) 
LOC is used in the MAT SEARCH process for numeric and string arrays to scan the specified 
locations until it finds the first value which makes the comparison true. The relational 
comparison it uses is made up of two parts: an operator and a string or numeric expression 
(e.g. (>10) or «>"CAT"»). Operators determine the type of comparisons made. The 
following operators may be used: >. <. =. >=. <=. <>. The default relational operator 
is =. 

When LOC is executed the value returned to the return variable is the subscript of the 
first location found that satisfied the LOC condition. 

#LOC(relational comparison) 
The condition #LOC is used in the MAT SEARCH process for numeric and string arrays to 
scan the specified locations and return a count of the number of locations whose contents 
satisfy the condition. The explanation for the relational comparison for this condition is 
the same as that given in the previous section. 

MAX 
MAX is used in the MAT SEARCH process for numeric and string arrays to scan all specified 
locations to find and return the maximum value found in the search. If the array is a 
string array, a string value is returned. 

LOC MAX 
LOC MAX is used in the MAT SEARCH process for numeric and string arrays to scan all specified 
locations to find and return the subscript of the first location in which the maximum 
value was found. 

MIN 
MIN is used in the MAT SEARCH process for numeric and string arrays to scan all specified 
locations to find and return the minimum value found in the search. If the array is a 
string array, a string value is returned. 
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LOC MIN 
LaC MIN is used in the MAT SEARCH process for numeric and string arrays to scan all specified 
locations to find and return the subscript of the first location in which the minimum value 
was found. 

Searching Substrings 
To search a substring of each string array element, specify that substring (in square 
brackets) as part of the key specifier. For example: 

MAT SEARCH A$(*,l)[3,5] ,LOC("CAT");B$ 

searches the 3rd thru 5th characters of each string for the string value CAT. Note that a 
MAT SEARCH of string arrays allows you not only to define the elements to be searched, 
but also to define substrings within each element. Substrings may lie anywhere within 
the dimensioned size of the string. If a substring lies outside the current string length, 
the null string is used as the searching key. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THE~J 

WS,UX 
MAT 

Yes 
Yes 
Yes 

MAT SORT 

This statement sorts an array along one dimension according to lexical or numeric 
order. In a string array, the current LEXICAL ORDER IS table is used for the sorting 
comparisons. 

numeric key specifier: 

you must include one, 
and only one, asterisk 

string key specifier: 
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Item 

numeric array 
name 

Description 

name of a numeric array 

string array name name of a string array 

vector name 

subscript 

name of a one-dimensional numeric array 

numeric expression, rounded to an integer 

beginning numeric expression, rounded to an integer 
position 

ending position numeric expression, rounded to an integer 

substring length numeric expression, rounded to an integer 

Example Statements 
MAT SORT A(l,*,3) 
MAT SORT A(l,*,3),(2,*,5) DES 
MAT SORT B(*) TO v 
MAT SORT A$(3,*) [1;2] TO V 
MAT SORT A$(*,2) OES,(*,3)[4,7] 
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Range 

any valid name 

any valid name 

any valid name 

-32 768 thru +32767 
(see "array" in Glossary) 

1 thru 32767 (see 
"substring" in Glossary) 

o thru 32767 (see 
"substring" in Glossary) 

o thru 32767 (see 
"substring" in Glossary) 



Semantics 
The elements to be compared are defined by a key specifier. The dimension to be sorted 
is marked with an asterisk, and the subscript values in the key specifier define which 
elements in that dimension should be used as the sorting values. Once (*), (*) DES, 
DES, or a blank specifier appears in the list following the array name, no other items can 
be added. Note that COMPLEX arrays cannot be MAT SORTed, because this statement's 
sorting routine uses < and > relational comparisons and these comparisons are not 
allowed with COMPLEX data types. 

In the case of ties, the computer leaves the elements in their current order. However, 
you can define additional key specifiers to be used for ties. Whenever the computer 
encounters a tie, it will look to the next (moving from left to right) key specifier to 
break the tie. It will look at as many key specifiers as necessary to resolve the tie. In 
theory, there is no limit to the number of key specifiers you can have in one MAT SORT 
statement. In practice, it is limited by the length of a stored line on the computer you 
are dealing with. Each key must have an asterisk marking the same dimension. 

Normally, the system sorts in ascending order. You can sort in descending order by using 
the secondary keyword DES. DES applies only to the key specifier which it follows. All 
others use the default ascending order. 

MAT SORT of string arrays allows you not only to define the elements to be sorted, 
but also to define substrings within each element. Substring specifiers refer only to the 
key specifier that immediately precedes them. Substrings may lie anywhere within the 
dimensioned size of the string. If a substring lies outside the current string length, the 
null string is used as the sorting key. 

In addition to actually sorting an array, you can use MAT SORT ... TO to store the new 
order in a vector and leave the original array intact. If the vector is too large, or its 
current size is too small (and there are enough elements in its original declaration to 
allow redimensioning) the computer redimensions it. After a MAT SORT TO statement, 
the array will be unchanged. The vector will contain the subscript values of the sorted 
dimension in their new order. You can then order the array or other parallel arrays 
using the REORDER statement. You can also use the contents of the vector to access 
the original array indirectly. 
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MAX 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
MAT 

Yes 
Yes 
Yes 

This function returns a value equal to the largest value in the list of arguments provided. 
If an array is specified as part of the list of arguments, it is equivalent to listing all the 
values in the array. An INTEGER is returned if and only if all arguments in the list are 
INTEGER. 

Item Description 

array name name of a numeric array 

Example Statements 
X=MAX(A(*» 
X=MAX(A,3,B) 
X=MAX(Floor,MIN(Ceiling,Argument» 

Semantics 
COMPLEX arguments are not allowed with this function. 

Note 

Range 

any valid name 

It is possible for the space needed for MAX to exceed the temporary 
storage allocated for expression evaluation. If the machine is close 
to overflowing memory this can be a fatal error and can crash the 
machine. It is recommended that statements including MAX not 
contain more than 20 variables and constants. An array is counted 
as one variable. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF - , , THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

MAXLEN 

This function returns the maximum (declared) length of a string variable (that is, the 
length specified in the DIM, COM, or ALLOCATE statement that declared the variable, 
or an implicitly declared of length 18). 

Item 

string variable 

Description 

any simple string variable or subscripted 
string array element 

Example Statements 
MAXLEN(String$) 
N_columns=MAXLEN(String_array$(O» 

Semantics 

Range 

(see the "Semantics" section 
given below) 

If the length of a string variable is not explicitly declared (such as by COM or DIM) 
before it appears in a program, it will automatically have a length of 18 characters. 

This function does not return the current length of the variable; use the LEN function 
for that purpose. 

Keyword Dictionary 399 



MAXREAL 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

This function returns the largest positive REAL number available in the range of the 
machine. 

~MAXREAL~ 

Example Statements 
A=MAXREAL 
IF A*B<MAXREAL/(10-N) THEN GOTO 100 

Semantics 
The value of MAXREAL is approximately 1. 797693 134862 32 E+308. 
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MERGE ALPHA WITH GRAPHICS 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... TII-EN 

WS,UX 
GRAPH 

Yes 
Yes 
Yes 

This statement is used to merge the "simulated" separate alpha and graphics rasters set 
up by the SEPARATE ALPHA FROM GRAPHICS statement. This statement is not 
valid in a windowing environment, such as X Windows. 

(MERGE ALPHA) L:( }J · I 
WITH GRAPHICS 

Example Statements 
MERGE ALPHA 

IF Done THEN MERGE ALPHA WITH GRAPHICS 

Semantics 
This statement is used to return the simulated separate alpha and graphics rasters on 
multi-plane bit-mapped alpha displays to their "overlapped" (default) mode. If the 
display is not a bit-mapped alpha display, an error will be reported. 

The statement performs the following actions: 

1. PLOTTER IS CRT,"INTERNAL" is executed. 

2. If the display is a multi-plane, bit-mapped alpha display, then the following actions 
are also taken: 

a. The alpha mask is set to its maximum value (2An-l, where n is the number 
of display planes). 

b. The alpha pen is set to its default color (green). 

c. The display is cleared (CLEAR SCREEN). 

d. The graphics mask is set to its maximum value (2A n-l, where n is the number 
of display planes). 

e. The color map is re-initialized (to the default entries) 
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Here is a BASIC program that performs similar configuration of a 4-plane, bit-mapped 
alpha display: 

100 PLOTTER IS CRT,"INTERNAL" 
110 ALPHA MASK 15 
120 CLEAR SCREEN 
130 ALPHA ON 
140 GRAPHICS ON 
150 INTEGER Gm(O) 
160 Gm(0)=15 
170 GESCAPE CRT,7,Gm(*) 
180 PLOTTER IS CRT,"INTERNAL" 
190 ALPHA PEN 4 
200 END 
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To enable GESCAPE. 
Restore default. 

Display alpha plane. 
Display graphics planes. 
Set up array for GESCAPE. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
MAT 

Yes 
Yes 
Yes 

MIN 

This function returns a value equal to the smallest value in the list of arguments provided. 
If an array is specified as part of the list of arguments, it is equivalent to listing all the 
values in the array. An INTEGER is returned if and only if all arguments in the list are 
INTEGER. 

Item Description 

array name name of a numeric array 

Example Statements 
X=MIN(A(*» 
X=MIN(A,3,B) 
X=MIN(Ceiling,MAX(Floor,Argument» 

Semantics 
COMPLEX arguments are not allowed with this function. 

Note 

Range 

any valid name 

It is possible for the space needed for MIN to exceed the temporary 
storage allocated for expression evaluation. If the machine is close 
to overflowing memory this can be a fatal error and can crash the 
machine. It is recommended that statements including MIN not 
contain more than 20 variables and constants. An array is counted 
as one variable. 

Keyword Dictionary 403 



MINREAL 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

This function returns the smallest positive REAL number available in the range of the 
computer. 

--c .4INREAL }--

Example Statements 
A=MINREAL 
IF A-B>MINREAL*(10 A N) THEN GOTO 100 

Semantics 
The value of MINREAL is approximately 2.2250738585072 4E-308. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

This operator returns the remainder of a division. 

--l dividend ~ divisor ~ 

Item Description 

dividend 

divisor 

numeric expression 

numeric expression 

Example Statements 
Remainder=Dividend MOD Divisor 
PRINT "Seconds =";Time MOD 60 

Semantics 

MOD 

Range 

not equal to 0 

MOD returns an INTEGER value if both arguments are INTEGER. Otherwise the 
returned value is REAL. 

For INTEGERs, MOD is equivalent to X - Y x (X DIV Y). This may return a different 
result from the modulus function on other computers when negative numbers are 
involved. 

COMPLEX arguments are not allowed with this function. 
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MODULO 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

This operator returns the integer remainder resulting from a division. 

---I dividend K MODULO H modulus ~ 

Item 

dividend 

modulus 

Description 

numeric expression 

numeric expression 

Example Statements 
Remainder=Dividend MODULO Modulus 
A=B MODULO C 

Semantics 
x MODULO Y is equivalent to X-YxINT(XjY). 

The result satisfies: 

o <= (X MODULO Y) < Y if Y>O 
Y < (X MODULO Y) <= 0 if Y <0 

Range 

range of REAL 

range of REAL, =1= 0 

WS,UX 
None 

Yes 
Yes 
Yes 

The type of the result is the higher of the types of the two operands. If the modulus is 
zero error 31 occurs. 

MODULO returns the remainder of a division. 

COMPLEX arguments are not allowed with this function. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
GRAPH 

Yes 
Yes 
Yes 

MOVE 

This statement moves both the logical and physical pens from the current pen position 
to the specified X and Y coordinates. 

~x coordinate~y coordinate~ 

Item Description 

x coordinate 

y coordinate 

numeric expression in cur:cent units 

numeric expression in current units 

Example Statements 
MOVE 10,75 
MOVE Next_x,Next_y 

Semantics 

Range 

The X and Y coordinates are interpreted according to the current unit-of-measure. 
MOVE is affected by the PIVOT transformation. 

If both current physical pen position and specified pen position are outside current clip 
limits, no physical pen movement is made; however, the logical pen position is moved to 
the specified coordinates. 
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Applicable Graphics Transformations 

Scaling PIVOT CSIZE 

Lines (generated by moves and X X 
draws) 

Polygons and rectangles X X 

Characters (generated by LABEL) X 

Axes (generated by AXES & GRID) X 

Location of Labels Note 1 Note 3 

Note 1: The starting point for labels drawn after lines or axes is affected by scaling. 

Note 2: The starting point for labels drawn after other labels is affected by LOIR. 

Note 3: The starting point for labels drawn after lines or axes is affected by PIVOT. 

Note 4: RPLOT and IPLOT are affected by POIR. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
PDEV 

Yes 
No 
No 

MOVELINES 

This command allows you to move one or more program lines to another place while 
editing a program. 

Item 

beginning line 
number 

Description 

integer constant identifying program line 

beginning line la- name of a program line 
bel 

ending line num- integer constant identifying program line 
ber 

ending line label 

target line 
number 

target line label 

name of a program line 

integer constant identifying program line 

name of a program line 

Example Statements 
MOVELINES 1200 TO 2350 
MOVELINES 100,230 TO Label1 
MOVELINES Util_start,Util_end TO 16340 

Range 

1 to 32766 

any valid name 

1 to 32766 

any valid name 

1 to 32766 

any valid name 
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Semantics 
If the ending line identifier is not specified, only one line is moved. 

The target line identifier will be the line number of the first line of the moved program 
segment. Moved lines are renumbered if necessary. The code (if any) which is "pushed 
down" to make room for the moved code is renumbered if necessary. 

Line number references to the moved code are updated as they would be by a REN 
command (except external references to non-existent lines are renumbered). 

If there are any DEF FN or SUB statements in the moved code, the target line number 
must be greater than any existing line number. 

If you try to move a program segment to a line number contained in the segment, an 
error will result and no moving will occur. 

If the starting line number does not exist, the next line is used. If the ending line number 
does not exist, the previous line is used. If a line label doesn't exist, an error occurs and 
no moving takes place. 

If an error occurs during a MOVELINES (for example, a memory overflow), the move is 
terminated and the program is left partially modified. 

410 Keyword Dictionary 



MOVE WINDOW 
Supported On UX 
Option Required n/ a 
Keyboard Executable Yes 
Programmable Yes 
In an IF . .. THEN Yes 
This statement moves windows from one location on the CRT to another. 

MOVE WINDOW 

Item Description 

window number numeric expression, rounded to integer 

new xpos numeric expression, 
pixel units 

new ypos numeric expression, 
pixel units 

Example Statements 
MOVE WINDOW 603,120,10 
MOVE WINDOW Fred.newy.20 

Semantics 

rounded to integer 

rounded to integer 

Range 

600 thru 699 

in integer 

in integer 

This statement is only valid when running under X Windows. It then moves the window 
specified by the window number to a new location on the CRT. When not in a window 
system, this statement will cause an error. The specified window must be one created 
with the CREATE WINDOW statement, or be the root BASIC window (number 600). 

The new xpos and new ypos parameters specify the new upper left corner position in 
pixel coordinates. The coordinates 0,0 specifies the upper left corner of the CRT. If the 
xpos and ypos parameters are greater than the size of the CRT then the window is moved 
of the screen and no longer visible. 

The position of the window within the stack of windows remains the same. The contents 
of the window are moved with the window. The window is not altered. 
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MSI 

See the MASS STORAGE IS statement. 

MTA 
See the SEND statement. 

NEXT 

See the FOR ... NEXT construct. 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

NOT 

This operator returns 1 if its argument equals o. Otherwise, 0 is returned. 

~ numeric ~ NOT expression 

Example Statements 
Invert_flag=NOT Std_device 
IF NOT Pointer THEN Next_op 

Semantics 
When evaluating the argument, a non-zero value (positive or negative) is treated as a 
logical 1; only zero is treated as a logical O. 

The logical complement is shown below: 

A NOTA 

0 1 

1 0 
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NPAR 
Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

This function returns the number of parameters passed to the current subprogram. If 
execution is currently in the main program, NPAR returns O. 

Example Statements 
IF NPAR>3 THEN Extra 
Factors=NPAR-2 
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Supported On 
Option Required 
Keyboard Executable 
Programmable 
In an IF ... THEN 

WS,UX 
None 

Yes 
Yes 
Yes 

NUM 

This function returns the decimal value of the ASCII code of the first character in the 
argument. The range of returned values is 0 thru 255. 

Item Description 

argument string expression 

Example Statements 
Letter=NUM(String$) 
A$[I;1]=CHR$(NUM(A$[I])+32) 

Range 

not a null string 
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Notes 
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