















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Determining Screen Width and Height

The first step in displaying information on the screen is to determine its size. Programs
written in this BASIC language can be used on either 50, 80 or 128-column displays.
The height of displays may also vary. There are CRT status registers that contain the
width and height of the screen.

If you are developing programs that will be transported between computers, status
register 9 will be very helpful to you. The screen width is useful in centering displays,
labeling softkeys, formatting tabular data, and other display tasks. The following
statement places the screen width in a variable called Crt_width.

100 STATUS CRT,9;Crt_width
110 DISP "Screen width =";Crt_width
120 END

There is also a SYSTEMS$ function that returns useful information about the CRT. The
specifier “CRT ID” returns a string containing (among other things) the screen width
and availability of highlights and graphics. The following example shows one method of
determining the screen width with SYSTEMS.

120 Test$=SYSTEM$ ("CRT ID")

130 Crt_width=VAL(Test$[3,6])

140 DISP "Screen width =";Crt_width
150 END

You can also determine the screen’s “current height,” which is the number of lines
currently enabled to display alpha information:

150 STATUS CRT,13;Height
160 DISP "Screen width =";Crt_width
170 END

The number of lines returned includes key labels, system message line, keyboard input

line, DISP line, and OUTPUT area. See the subsequent discussions of display regions
for locations of these lines.
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Changing Alpha Height
You can also change the alpha height by writing to CRT control register 13; the range
is 9 lines through the maximum for your particular display (25, 26 or 48).

These (equivalent) statements set the alpha height to 10 lines (which yields a 3-line
output area, since the 10 lines begin at the KEY LABELS area at the bottom of the
screen):

CONTROL CRT,13; 10
)
ALPHA HEIGHT 10

This is a handy way of specifying which part of the display is to be used for alpha and
scrolling (particularly useful when using a bit-mapped alpha display and you want to use
the top of the screen for graphics and the bottom part for text).

In order to return to the default alpha height, execute this statement:

ALPHA HEIGHT

Displaying Characters on the Screen
There are five regions of the display available for displaying messages for the operator.

4 I

18 = default for 80 x 25 displays
Output Area 19 = default for 80 x 26
41 = default for 128 x 48

} Blank Line
} Display Line
} Keyboard Area (two lines)
Run Indicator ) Message Results Line

# } Softkey Labels (two lines)
A J

Each requires a slightly different method of displaying characters on the CRT screen:
e PRINT and OUTPUT CRT- -place characters in the “Output Area” of the screen.

e DISP—places characters on the “Display Line”.

e OUTPUT KBD—places characters in the “Keyboard Input Line”, just as if you
had typed them in at the keyboard.
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o There is no direct method of displaying characters in the “System Message/Results”
line (but you can do it indirectly, such as with
OUTPUT KBD;"Message"&CHR$ (255)&"E";).

e ON KEY—allows you to put characters in the “Softkey Labels”.
Since these topics are fully covered in the “Display Interfaces” chapter of BASIC

Interfacing Techniques, they will not be discussed here. See that chapter if you are
not already familiar with these keywords.

Custom Character Fonts

With displays on which the alpha and graphics share the same raster—usually called
“bit-mapped alpha displays” —you can re-define the bit patterns for characters. Here are
the displays that have this capability:

e Series 200 displays—only the Model 237 display.
e Series 300 displays—all displays ezcept the HP 98546 Display Compatibility Inter-

face.

This display architecture makes possible the definition of custom characters (and entire
fonts), with the ability to change them under program control.

Character Cells

Before getting into how to change the pixel (dot) patterns in individual characters, let’s
see how characters are displayed on bit-mapped alpha screens.
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Display characters are produced by turning on patterns of pixels—picture elements, or
dots  in the shape of the intended characters. The following diagram shows the patterns
for the letter “A” for each of the two sizes of bit-mapped alpha displays:

Charactor Cell of a Charactor Cell of a
Medium—Resolution Display High—Resolution Display

[ 12 > [ 8 >

T T
000000 ooe0
oo o0 [ ] e
oo o0 | J [ ]
oo o0 [ J [ ]
o 0|0 0000000 o0 0000
oo /@ |15 16 L | ]
o0 oo . J L
LI o0 L L ]
e oo e L J

° . J
Y
Yy
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Determining Character Cell Size
As shown in the above diagrams, the character cell sizes are:

e 12 x 15 for medium-resolution bit-mapped displays

e 8 x 16 for high-resolution bit-mapped displays
You can determine the size of the character cell on the display currently in use with these
BASIC functions:

e CHRY returns the height of the character cell (i.e., number of rows).

e CHRX returns the width of the character cell (i.e., number of columns).

For instance, here are the results of executing these functions on a high-resolution display:

CHRX

8
CHRY
16

Character Font Storage in Memory
For each pixel of a character, there is one location in frame-buffer memory used to store
the pixel.

o On monochrome displays, only the least-significant bit of this frame-buffer memory!
location is used (one bit “deep”, “single-plane” buffer).

8 bits '"deep"

¢ Only the least—significant bit is
./ g ./ g ./ {J used on monochrome displays.

Pixel drawn in — 7]
Pen 1

=¢— Pixels on monochrome displays

[ ]

00000 are either: on/white (bit = 1)
[ ]
[ ]

or: off/black (bit = 0)

! The frame buffer is an area of memory on the display card used to hold the pixel patterns shown on the
screen (frame). It also has some memory which is not displayed.
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e On color displays, several of the least-significant bits are used-— one for each plane;
for instance, if it is a four-plane display (on which 16 colors can be displayed
simultaneously), the low-order four bits of this INTEGER are used.

8 bits “deep"
7, (/)

0/0 -— Several of the least—significant bits

Z,
7/7/9/0/0/0,

Pixel drawn in — 6[15/9 0
Pen color 6 €¢— Pixels can
be colored: 0000
0001
Oq10

LARN

Soft Font Usage

pen
pen
pen

pen

aore used on color displays.
0/7/7/0/0/0 -— (this example is for a four—plane display)
5 0|8

0 (default
1 (default
2 (default

15 (default

black)
white)
red)

brown)

The font used by the BASIC system is stored in a fixed location of the undisplayed
portion of frame-buffer memory!. Whenever a character is to be displayed, the display
driver (CRTB) reads the bit pattern for the character, and then writes that pattern into
the display buffer (the read/write memory that is displayed on the screen).

This is the character font used by the system at the following times:

e Whenever you type characters at the keyboard.

e Whenever PRINT is executed (when PRINTER IS CRT is in effect).

e Whenever DISP is executed.

e Any time the system writes characters on the display (such as when using CAT,

when the system reports an error, when softkey labels are displayed, etc.).

If you change one or more characters of this font, these characters will be used by the
system in all of these operations which the system subsequently performs.

These locations are read by the “Read_chrs” subprogram of the FONT_ED utility, which is explained
in the “BASIC Utilities Library” chapter of the Installing and Maintaining the BASIC System manual.
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Restoring the Default Soft Font

The next few sections show you how to modify the font currently in memory. If you
should for any reason want to restore the default font (the one in place when BASIC is
booted), execute the following statement:

CONTROL CRT,21;0
This statement re-initializes the font to its boot-time default character set.

Example of Changing One Character

The following program shows an example of setting a new bit pattern for the character
A (the example is for a high-resolution monochrome! display, which has a 16 row
by 8 column character cell). Note that there is an easier way to do this, as shown
in subsequent sections; however, this example is useful to show how the soft-font re-
definition mechanism (SET CHR) works.

100 DATA
110 DATA
120 DATA
130 DATA
140 DATA
150 DATA
160 DATA
170 DATA
180 DATA
190 DATA
200 DATA
210 DATA
220 DATA
230 DATA
240 DATA
2560 DATA
260 !
270 INTEGER Char_cell(1:16,1:8)

280 READ Char_cell(x) ! Read data above into array.
290 !

300 PRINT "Before character re-definition: ";"A A A A"
310 PRINT

320 SET CHR NUM("A"),Char_cell(*)

330 PRINT "After character re-definition: ";"A A A A"
340 PRINT

350 END

1 For color displays, the example should use —1 instead of 1.
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Lines 100 through 250 specify the bit patterns of the new character.

Line 270 dimensions an array used to store these bit patterns (one INTEGER element
per pixel.

Line 280 reads these bit patterns specified in the DATA statements.
Line 300 shows what the character looks like before it is re-defined.

Line 320 changes the pattern currently used for the character “A” to the pattern read
from the DATA statements.

Line 330 prints four A’s to show what the character looks like after it has been re-defined.

Editing Supplied Fonts

The FONT_EDitor utility on the BASIC Manual Examples Disc provides a method of
reading, decoding, and editing bit patterns. This section briefly describes the capabilities
of this utility. For information on how to use the FONT_EDitor, see the “BASiC Utilities
Library” chapter of the Installing and Maintaining the BASIC System manual.

Font Editor Utility Capabilities
Here are the tasks we need to describe how to perform using the supplied Font Editor
Utility:

Editing bit patterns of characters in the font

Storing the edited font (in a file)

Loading the font into memory

Restoring the default font (the one that was in memory at the time that the BASIC
system was booted)
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Re-Defining an Entire Font

The SET CHR statement was used in a preceding example to re-define one character. It
can also be used to re-define an entire font. The difference is that the array that stores
the bit patterns will have another dimension. which is used to index the characters in
the font.

870 ALLOCATE INTEGER Entire_font(0:256,1:CHRY,1:CHRX)

940 SET CHR O,Entire_font(*)

For a closer look at this type of technique, see the description of the Font Editor Utility
in the BASIC Utilities Library manual.
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Generating Sound
Most Series 200/300 computers have the ability to generate single tones!.

e On computers that are not equipped with an HP-HIL interface, the sound capability
is limited to the BEEP statement. BEEP provides you with the ability to generate
tones of software-selectable frequency and duration. For instance, the following
statement generates a tone of approximately? 1220 Hz for 0.25 seconds:

BEEP 1220 , 0.25

e On computers equipped with an HP-HIL interface, there is a sound-generator chip®
which you can access from BASIC with the SOUND statement. You can use it in
one of two modes:

e When using simple numeric parameters (not a numeric array), SOUND allows
you to generate a single tone; you may software-select which tone generator to
use, as well as its frequency, volume, and duration. For instance, the following
statement uses voice 1 to generate a tone at frequency 1220 Hz, of maximum
volume, and with duration of 0.25 seconds:

SOUND 1,1220,15,0.25

e When using an INTEGER array, SOUND takes values from the array and
interprets them in a special way to produce a series of tones on one or more
of the available voices. Examples of this use are given subsequently in this
section.

SOUND Array_of_instrs(*)

The remainder of this section describes how to use the SOUND statement.

I These tones are actually square waves that are sent through a simple power-amplifier circuit to a low-
power speaker, if present.

2 See the BASIC Language Reference for the range of frequencies and durations available with this
statement.

3 The chip is a TI SN76494 Four-Voice Sound Generator.
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Example of Single Tones
Load and run the “CScale” program from the Manual Examples disc. Here is a listing
of the program. It plays all eight major notes in the key of the C.

120 DATA C,C#,D,D#.E,F,F#,G,G#, A, A#,B,C

130 !

140 Base_freq=523.25 ! Base_freq = C

1560 FOR Note=0 TO 12

160 Freq=Base_freq*2~ ((Note)/12)

170 READ Note$

180 IF NOT POS(Note$,"#") THEN ! "Natural" note.
190 PRINT USING 200;Note$,Freq

200 IMAGE "Note:",X,24,3X,"Frequency:",2X,4D.DD
210 SOUND 1,Freq.8,.5

220 WAIT .5

230 END IF ! Natural note.
240 NEXT Note

250 !

260 !

270 END

Here are the printed results of running the program.

Note: C Frequency: 523.25
Note: D  Frequency: 587.33

Note: E Frequency: 659.26
Note: F  Frequency: 698.46
Note: G Frequency: 783.99
Note: A Frequency: 880.00
Note: B  Frequency: 987.77
Note: C Frequency: 1046.50

Here is a line-by-line description of the program:
Line 120 lists the notes of the scale.

Line 140 specifies the frequency of middle C. (This will be used in calculating subsequent
frequencies.)

Lines 150 through 240 define a loop which reads the notes in the DATA statement and
calculate the corresponding frequency (if the note is a “natural” note—not a sharp or a

flat).

Lines 190 and 200 print the note and its calculated frequency.
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Line 210 generates the note. (The actual frequency often does not ezactly match the
specified frequency. See SOUND in the BASIC Language Reference for a table of target
frequencies and errors.)

Line 220 executes a WAIT statement, which allows the note to finish playing before the
next note is sent to the sound chip.

A Simple Music Editor

The “InputSong” program on the Manual Ezamples disc re-defines the keyboard to
produce notes in the equal-tempered scale. Here is the softkey menu shown by the
program (when using an ITF keyboard), along with the things you can do with the
program:

Play Load Store Done

Input a sequence of tones (see key definitions below)
Play the notes back (press or (k1))

Load notes from a file ((f2] or [k2])

Store them in a file (3] or [k3))

Quit the program ([4] or [k4))
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Here are the definitions of the keys provided by the program:

C# EI># F

} G# A#f

NOOON0D0 B8

@Dccxjﬁﬁl

alaie]a)
oses
O8O
D@E]

I EBIEIED &

oooEs B0

Gl Nl Y i N LY Nl

& CBIE20 0] I (.

CDE

FGAB

If you want to play an existing song, select the Read ([12]) option and then type in the
file name 0deToJoy. It plays a short song.

The program has been kept simple for the sake of brevity —wvery simple.

It would

be fairly easy to enhance the program’s capabilities: allow longer songs, add some
elementary editing capabilities, as well as some graphic output to the program, etc.
Such modifications, to use a familiar phrase, “are left as an exercise for the reader.”
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Arrays of Sound Instructions
As mentioned earlier, the SOUND statement also has the ability to play several tones,
based on instructions given in an array specified in the statement.

SOUND Array_of_instrs(*)

The values in the array are interpreted by the SOUND statement as follows:

Instruction

Sound Chip Effect Produced

0

Exit the SOUND statement {and stop reading array elements)

1to3

The specified voice is to be used; also says to read the next three array elements,
and interpret them as follows, respectively:

e tone number—used to set the frequency
(frequency = 83333 / tone number).

e volume—0 = off; 1 thru 15 are lowest to highest volume.
e duration—values 0 thru 255 are interpreted as follows:
0 is interpreted as “sound indefinitely”.

1 thru 255 are interpreted as 10’s of milliseconds
(i.e., 1/100 second);

Specifies that the noise voice is to be used; also says to read the next three
array elements and interpret them as above (the same as with voice numbers 1
to 3), except that the tone number parameter is interpreted as follows:

0 => pertodic noise; fast shift register clock;
periodic noise; medium shift register clock;
periodic noise; slow shift register clock;
periodic noise; clock shift register with voice 3;

whate noise; fast shift register clock;

white noise; medium shift register clock;
white noise; slow shift register clock;

7 => whate noise; clock shift register with voice 3.

Il

>
>
>
>
>
>

S U W N e
I

5to8

Wait for voice 1 to 4, respectively, to finish sounding before executing the next
sound instruction (if any).

Read the following array element, and wait the specified interval
(100 microseconds x that element’s value) before executing the

next instruction (if any).
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If the end of the array is reached on one of these boundaries, then the SOUND statement
terminates normally; however, if the last element of the array has been reached and the
BASIC system expects to read more values, then error 17 will be reported (subscript out
of range).

Executing Example SOUND Instructions
Here is a simple program that will allow you to experiment with some of these
instructions. It is called “SoundlInstr”, and it is also on the Manual Ezamples disc.

120 OPTION BASE 1

130  ALLOCATE INTEGER Sound_array(10)
140 !

150 DATA 1,1000,15,100,5,2,500,12,50,0
160 READ Sound_array (*)

170 LOOP

180 OUTPUT KBD;Sound_array(*), ! Put "template" on input line.
190 INPUT "Edit SOUND array parameters.",Sound_array(*)

200 !

210 SOUND Sound_array(*) ! Now execute instructions.

220 !

230 END LOOP

240 !

250 END

After loading the program (or typing it in), run it and begin to experiment by varying
the instructions. (Use the key to terminate the program.)

The first time through the loop, merely press to execute the instructions shown
on the keyboard input line. Here are the default instructions, with an explanation of
their effects.

Edit SOUND parameters:

1, 1000, 15, 100, 5, 2, 500, 12, 50, O,
N~ -~

/ f \

Voice=1 Voice=2 Exit SOUND
Freq.=83333/1000 Freq.=83333/600 statement
Vol. =15 Vol. =12
Dur. =100 ms Dur. =50 ms

Wait for

voice 1

to stop
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The second time through the loop, move the cursor to the left and modify one or two of
the parameters, and then press to execute the instructions. For instance, this is
a legal set of instructions:

1, 1000, 15, 100, 6, 2, 500, 12, 50, O, [Retum)

Changed only
this parameter.

Since the only parameter that was changed was the 6, the sounds on voices 1 and 2 are
now played simultaneously (instead of waiting for voice 1 to stop before starting voice
2). Note that voice 2 (the higher pitch) stops first, since it had the smaller duration
parameter.

The third and subsequent times through the loop, you can do either of the following
things:
e Press to re-play the preceding set of instructions.

e Move the cursor ([<] or [>]), modify one or more of the instructions (type over
existing characters, or use [Insert char]/[Delete char]), and then press to hear
the instructions’ effects.
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Here are several additional examples of instruction sequences and their effects.

2, 500, 12, 150, 6, 4, 5, 15, 50, O,

/ ~—— f ——
Voice=2 White noise Exit SOUND
Freq.=83333/500 Medium clock rate statement
Vol. =1 Vol. =1
Dur. =1.6 8 Dur. =0.5 s

Wait for
voice 2
to stop

4, 4, 15, 10, 9, 1000 4, 5, 12, 50,
N e’

f

White noise White noise No exit (0) instruction
Fast clock rate Slow clock rate required, since
Vol. =156 Vol. =12 last array element
Dur. =0.1 s Dur. =0.5 8 was reached.
Delay for
100 ms
(1000%100us)

Example Song (Using SOUND Array Parameters)

The program in the file named “SoundArray” on the Manual Examples disc produces
a song using the SOUND statement and an array of instructions. Load and run the
program.
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Operator Input

After sending messages to the operator about what you want, you can expect that you
will get some sort of meaningful feedback. This section summarizes the different methods
of handling operator inputs.

Softkeys (ON KEY, KEY LABELS, LOAD KEY, SET KEY)
Rotary pulse generators (ON KNOB and ON CDIAL)
High-level alphanumeric input (INPUT, LINPUT, ENTER)

e Low-level keyboard input (trapping key codes with ON KBD)

Softkey Inputs

Softkeys are the keys at the top of your keyboard labeled through (on ITF
keyboards) or through (on 98203 keyboards)

There are two types of uses of softkeys:

e Typing-aids keys: these keys generate sequences of alphanumeric and system
keystrokes, which will save you time when repeatedly typing in information or
commands from the keyboard

e Program-interrupt keys: while a program is running. the softkeys can generate
interrupts (when ON KEY defines service routines for the keys)

Note that if a softkey does not have a current ON KEY definition, it can still be used as
a typing-aid.

Since both of these topics are already discussed in other places of the BASIC manual
set, they will not be discussed here. For further information about:

o Typing-aid keys: see “Introduction to the System” in the Using the BASIC System
manual.

e Program-interrupt keys: see the “Program Structure and Flow™ chapter of the
BASIC Programming Techniqgues manual. and the “Interrupts and Timeouts”
chapter of BASIC Interfacing Techniques.

However, since programmatically re-defining the softkeys is not an appropriate topic for
Using the BASIC System manual, it will be discussed here.
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Defining Typing-Aid Softkeys Programmatically
There are two ways to programmatically re-define the typing-aid definitions of softkeys:

e Use LOAD KEY to load definitions from a file (for all keys). Note that LOAD
KEY with no arguments restores the default definitions of the softkeys.

e Use SET KEY to load definitions from a simple string (one key) or from a string
array (ranges of keys, or all keys).

The main differences between these statements are shown in the following table:

Source of
Method Definitions Number of Keys Defined
LOAD KEY | BDAT file All existing definitions are first cleared; then only keys with
definitions in file are re-defined.
SET KEY |Simple string, or | Single keys or ranges of keys may be re-defined.
string array

Listing Current Typing-Aid Softkey Definitions

Before getting started into how to change typing-aid definitions, it is handy to have a
tool for checking the current definitions. The LIST KEY statement allows you to show
these current definitions. The destination is either the current PRINTER IS device:

LIST KEY

or the specified device:

LIST KEY #Dev_selector

Storing and Loading Typing-Aids from Files

To store the current typing-aid definitions, use the STORE KEY statement. STORE
KEY first creates a BDAT file of the specified name, and then stores two types of
information in this file for each key (written in FORMAT OFF! representation):

e A key number (2-byte INTEGER)

e The corresponding typing-aid softkey’s definition (a 4-byte string-length header,
followed by a string of ASCII characters that comprise the key’s definition)

! For details of FORMAT OFF attribute, see the BASIC Language Reference description of ASSIGN; or
see the BASIC Interfacing Technigues description in the “I/O Path Attributes” chapter.
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In order to load these keys back into the computer. use the LOAD KEY statement.
LOAD KEY first clears all current typing-aid definitions, and then loads new typing-aid
softkey definitions from a BDAT file.

This file was created in one of two ways:

e By using STORE KEY (after making sure that all typing-aid softkey definitions
were as desired); for example:

STORE KEY "SOFTKEYS"

e By using OUTPUT to send the same information to a BDAT file. Here is an
example program that does essentially what the preceding STORE KEY statement
does (assuming the same typing-aid definitions, of course):

100
110
120
130
140
1580
160
170
180
190
200
210
220
230
240
250

! File "LOAD_KEY" ! File name of this program.

DIM Key_def$[160] ! In case of LONG definitions.

INTEGER Key_number ! 16-bit integer.

CREATE BDAT "SOFTKEYS",3 ! Create a 3-record file.

ASSIGN QKeys TO "SOFTKEYS" ! Open file (default=FORMAT OFF).

FOR I=1 TO 8 ! For all softkeys (ITF keyboard).
READ Key_number,Key_def$ ! Read key# and definition.
OUTPUT @Keys;Key_number ,Key_def$ ! Write them in file.

NEXT I

ASSIGN QKeys TO *

LOAD KEY "SOFTKEYS" ! Now install the definitionms.

!

STOP

DATA 5,"that",8,"work!",4,"you",7,"would"

DATA 2,"I",1,"See?",3,"told",6,"this"

END

Here are the resultant softkey labels on an ITF keyboard. (Details about the
number of characters available for softkey labels are shown in a subsequent section.)

See?

I told you that this would work!
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The proper way for a program to handle typing-aid definitions when it does not want
to make permanent modifications is to store the existing definitions in a file and reload
them at exit time. Here is an example of how this can be done:

10 INITIALIZE ":,0",9 ! create a memory volume to hold the file
20 STORE KEY "Key_defs:,0" ! store the key definitions in the file "Key_defs"
30 DIM A$(23)[1]

40 SET KEY 0,A$(*) ! redefine all the keys to undefined

50 PAUSE

60 LOAD KEY "Key_defs:,0" ! reload the old definitions of the keys
70 INITIALIZE ":,0".0 ! reclaim the memory volume storage

80 END

Note that LOAD BIN and memory volumes use a mark /release stack, so that the memory
volume storage can only be reclaimed if:

e no LOAD BIN was done after the INITIALIZE in line 10 above

e other memory volumes INITIALIZEd after it have been reclaimed

It should be released even if the second case mentioned above is not satisfied, since a
subsequent release of the later volumes will reclaim as many released memory volumes
as it can.

Using SET KEY
SET KEY allows you to either define a single typing-aid or to define multiple typing-aids,
depending on the string parameter you specify in the statement.

The following example program lines define typing-aid softkey ((k2]) to clear the
current line and produce some characters:

100 String$=CHR$(255)&"#"&"Some characters"
110 SET KEY 2,String$

The softkey label depends on the first few letters of the string Some characters. (The

characters used for the label vary for different keyboards, as well as other factors. See
the subsequent table for details.)
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The following example program defines typing-aid softkeys through ((k1] through
(k8]) exactly as in the preceding example.

100 ! File "SET_KEY" ! File name of this program.

110 DIM Key_def$(1:8)[160] ! In case of LONG definitions.

120  INTEGER Key_number ! 16-bit integer.

150 FOR I=1 TO 8 ! For all softkeys (ITF keyboard).
160 READ Key_number ! Read key number (from DATA statements).
170 READ Key_def$(Key_number) ! Read corresponding key definition.
180 NEXT I

200 SET KEY 1,Key_def$(*) ! Now install the definitions.

210 !

220 STOP

230 DATA 5,"that",8,"work!",4,"you",7,"would"

240  DATA 2,"I",1,"See?",3,"told",6,"this"

250 END

Here, again, are the resultant softkey labels:

See? I told you that this would work!

Softkey Labels
The following table shows the number of characters available for softkey labels for each
type of keyboard and display used with Series 200/300 computers.

ITF Keyboard
in 98203
Display Type ITF Keyboard | KBD CMODE | Keyboard

High-resolution display 16 14 16
(128-columns) (2x8) (2x7)

Medium-resolution display 16 14 14
(80-columns) (2x8) (2x7)

Model 226 display n/a n/a 8
(50-columns)

Note that the figures of “2x8” and “2x7” show that there are 2 lines of 8 or 7 characters

each.
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Some strings produce special effects if present at the beginning of the key label text. Most
of these character sequences represent “System key” presses, such as [CLR LN}, ([Clear line]
on an ITF keyboard), and (STEP). You can type these characters into a typing-aid key by
holding down the key while pressing the desired system key. The two-character
key code produced contains a leading CHR$(255), which shows up as an inverse video
[ followed by the character shown in the following table.

System Key
Characters Represented Effect on Key Label
@ () Step displayed in key label (if these are the only 2

characters in the label).

e

(CONTINUE)((2])

Continue displayed in key label (if these are the only
2 characters in the label).

OR

(13

RUN displayed in key label (if these are the only 2
characters in the label).

KES

()

Print All displayed in key label (if these are the only
2 characters in the label).

ki)

DISPLAY_FCTNS] ([f6])

Display Fctns displayed in key label (if these are the
only 2 characters in the label).

tenttk$ (Kzd)) Any Char displayed in key label (if these are the only
2 characters in the label).

B# [CLR LN] ([Clear line)) Not displayed in key label (if they are the 1st two
characters in the label).

U_L “Underline” character |If the key label has two rows, and if this character is

CHR$(132) | (not a system keycode) |either the 1st character in the key label or immediately

follows B#, the system draws a line between the
top row and the bottom row of key label characters.
(Otherwise, no effect on key labels.)
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Examples
On anD ITF keyboard, clears the current line and produces the characters EDIT. The
contents of this typing-aid key are:

Q#EDIT
Editing key 1

The label looks like this:

EDIT

As another example of an ITF keyboard key, produces a System key press.
Its contents are only the following two characters:

ky

Editing key 2

Here is the corresponding label:

Continue '
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Note that in the preceding “System key sequences” table, the first five of the two-
character sequences must be the only two characters in the softkey’s definition. If there
are other characters in the definition, then the label shown in the table will not be
displayed; the subsequent characters are instead displayed. For instance, the following
typing-aid key contents would produce the following label:

BC Not Pretty

Editing key 2

NS J

- Rovot
. Pretty

As another example, suppose that you have an ITF keyboard and an 80-column display.
Since the key labels can have 16 characters, in 2-row-by-8-column format, it might be
desirable to use the underline character to split the rows. This typing-aid key contents
would produce a two-row key label:

U_LTop Bottom

Editing key 2
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Using Knobs

The ON KNOB and GRAPHICS INPUT IS statements allow you to programmatically
sense knob rotation. Knob inputs can be received from built-in knobs on 98203-type
keyboards, or from HP-HIL knobs, and they can also be received from a mouse. This
section only discusses how to trap knob rotation by using ON KNOB. See the “Interactive
Graphics and Graphics Input” chapter of BASIC Graphics Techniques for examples of
using GRAPHICS INPUT IS.

The following program is a very short example that demonstrates a real-time interaction
between the knob and the CRT. If you run this example program and turn the knob.
you will see the kind of interaction that might be used for cursor control in a text editor,
for instance. Obviously, a real cursor-control routine would be much more sophisticated,
but this demonstrates the basic idea.

100 ON KNOB .1 GOSUB Move_blip
105 STATUS CRT,13;Alpha_height
110 Spin: GOTO Spin

120 !

130 Move_blip: !

140  PRINT TABXY(Spotx,Spoty);" "; ! Erase old ’blip’.
150 Spotx=Spotx+KNOBX/5 ! Scale knob inputs.
160 Spoty=Spoty+KNOBY/5 .

170 IF Spoty<1l THEN Spoty=1 ! Check range.

180 IF Spoty>Alpha_height THEN Spoty=Alpha_height

190 IF Spotx<i THEN Spotx=1

200 IF Spotx>50 THEN Spotx=50

210 PRINT TABXY(Spotx,Spoty);CHR$(127); ! Display new ’'blip’.
220 RETURN

230 END

This example uses a short infinite loop to wait for pulses from the knob (line 110).
Interrupts from the knob are enabled by the ON KNOB statement in line 100. The
service routine erases the old “blip”, performs some scaling and range checking on the
knob input, and prints the new “blip”.
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The scaling and range checking are very important in this kind of interactive routine.
Humans expect their interface to have a certain “feel.” Displays should not change too
quickly or too slowly. Certain kinds of displays are expected to change logarithmically,
others are expected to change linearly. The boundary values of variables are expected to
conform to the boundaries of the display. To initiate yourself to some of these concepts,
try modifying this simple example. Remove one or more of the range checking lines.
(An easy way to do this kind of editing is to place an exclamation point in front of the
statement. This turns it into a comment, removing it from the flow of execution. But
it can be easily returned to the program by deleting the exclamation point.) Also try
changing the scaling factor in lines 150 and 160. Notice the “feel” that results from larger
and smaller increments, or even logarithmic scaling.

Using Control Dials

BASIC provides the ability to set up event-initiated branches upon detecting the rotation
of knobs on “Control Dial” devices (such as the HP 46085A Control Dial Box).

Keywords and Capabilities
There are three BASIC keywords for accessing multiple-knob devices:

e ON CDIAL—sets up and enables interrupt branch upon detecting rotation of one
of the control dials.

e CDIAL—interrogates the BASIC system to determine:
e Which knob(s) have been rotated?

CDIAL(0) returns a 16-bit status word, with each bit
corresponding to a dial number (for example,
bit 15 set indicates that dial number 15 has
been rotated, while bit 1 indicates the same for dial 1.
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e How much a particular knob has been rotated?

CDIAL(1) returns the number of pulses accumulated for dial 1;
CDIAL(2) returns the number of pulses accumulated for dial 2;

CDIAL(15) returns the number of pulses accumulated for dial 15.

Here is the numbering of dials used by CDIAL:

from HP—HIL
interface
in computer

1st Control Dial Box
(in HP—HIL link)

2nd Control Dial Box
(in HP—HIL 1link)

to next HP—HIL
device
(if any)

Last row maps into
1st row of 1st device

¢ OFF CDIAL—disables interrupt branching for control dials.

Does BASIC See the Control Dial Box?

The “Verifying and Labeling Devices” chapter of the Installing and Maintaining the
BASIC System manual describes how to check to see that HP Human Interface Link (HP-
HIL) devices have been properly connected to the computer, are functioning correctly,
and have been logged in by the BASIC system. If you have not performed that verification

yet, you should do so now.
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An Example Control Dial Handler

The following example program sets up an interrupt service routine for one Control Dial
box. The program is named “CDials”, and it is on the Manual Ezamples disc. The
program draws a box in a 3-dimensional coordinate system. The dials are defined to
perform the following actions:

Dial 1
Dial 2
Dial 3
Dial 4
Dial 5

Changes the
Changes the
Changes the
Changes the
Changes the

“X” location of the box.
“Y” location of the box.
“Z” location of the box.
“X” size of the box.

“Y” size of the box.

Dial 6 thru 9 No action has been implemented.

Here is the pertinent part of the interrupt-service routine for the Control Dial box:

350
360
370
380
390
400
410
420
430

Bits=CDIAL(0)

!

IF BIT(Bits,1) THEN
IF BIT(Bits,2) THEN
IF BIT(Bits,3) THEN
!

IF BIT(Bits,4) THEN

IF BIT(Bits,5) THEN
!

! Read 16-bit status word (which knobs?)

X=X+.1*CDIAL(1) ! Dial 1 turned; change X pos.
Y=Y+ 1*CDIAL(2) ! " 2 turned; " Y pos.
Z=Z+.1*CDIAL(3) ! 3 turned; " Z pos.

X_size=X_size+.2*CDIAL(4) ! Change "X_size".
Y_size=Y_size+.3*CDIAL(5) ! Change "Y_size".

Line 350 interrogates the “status word” to determine which dial(s) have been rotated.
For each one that has been rotated, the corresponding action is taken (lines 370 through
420). For instance, rotating dial 1 moves the box along the X axis (while the Y and Z
coordinates remain fixed). Rotating dial 5 changes the “Y size” of the box (while the “X
size” remains constant).

In order to implement additional functions, all you need to do is to add similar I[F.. THEN
statements (or segments) that execute the appropriate action.
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Accepting Alphanumeric Input

When possible, it is a very good choice to used only softkeys and knobs to get input
from the operator. It eliminates the need for translating an endless variety of typing
mistakes that might be supplied as input to program variables. Softkey input is very
tightly controlled by the programmer. Unfortunately, it is often necessary to leave that
comfortable, controlled world. Suppose you need to get a device selector from the
operator. You can’t very well define a softkey that increments a variable and expect
the operator to press it 701 times!

The proper handling of keyboard input may be one of the most neglected areas of
applications programs. Programmers often fail to see the program as users see it,
underestimate the potential for operator error, and balk at the amount of code needed
to skillfully handle incoming text. However, you need not write input routines that can
parse broken English with misspelled words. The objective is simply to keep the program
from terminating and to take some unnecessary pressure off the operator. Obviously,
a program can’t tell if the operator misspelled a file name until it accesses the disc.
Therefore, error trapping is an important part of handling operator input.

One task that can be performed by the input routine is anticipating common problems.
Many of these are covered in this section’s examples, but here is a preview. You know that
exceeding the dimensioned length of a string gives error 18. So don’t use short strings in
an INPUT statement. You know that CAPS LOCK might be on or off when the operator
starts typing. So use an uppercase function to compare input with constants. You know
that an operator is likely to just press if he isn’t sure how to respond. So use
reasonable defaults and don’t try to send a null string to a NUM function.

Get Past the First Trap

Before you can do anything with a keyboard input, the computer must satisfy the items
in the input list and complete the input statement. There are two keywords available for
accepting input from the keyboard line: INPUT and LINPUT. Let’s start by looking at
the features of these two statements.

The main advantages of INPUT are:

e Either numeric or string values can be input.

e If a variable does not receive a value from the keyboard, the value of that variable
is left unchanged.

e A single INPUT statement can process multiple fields, and those fields can be a
mix of string and numeric data.
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The INPUT statement can be powerful and flexible. When you know the skill level of the
person running the program, INPUT can save some programming effort. However, this
statement does demand that the operator enter the requested fields properly. To find
out the details of INPUT, see the BASIC Language Reference. This section discusses
an alternative to INPUT that can make fewer demands on the operator. Some of the
disadvantages of INPUT are:

e Improper entries to numeric variables can cause errors such as “string is not a valid
number” and overflows.

e Certain characters can cause problems. Commas and quote marks have special
meanings and are the primary offenders.

e If DISP is used to supply a prompt, and multiple values are entered separately, the
prompt is lost.

The problem with INPUT is that the program is powerless to overcome the disadvantages.
If you are asking for a numeric quantity, and the operator keeps trying to enter a name,
the program will never leave the INPUT statement. The operating system will beep and
display error 32 until the operator gets tired or gets smart. In the event of an error, the
computer automatically re-executes the INPUT statement until the operator satisfies all
the requirements. Your program never gets a look at his input and you can’t trap the
€rrors.

The LINPUT statement can help with these potential problems. LINPUT stands for
“Literal INPUT.” The result of any LINPUT statement is a single string that contains
an exact image of what the operator typed. If ((#2) on the ITF keyboard) is
pressed with no entry, the result is the null string. (Nothing typed, nothing returned.)
If you need things like default values, numeric quantities, and multiple values, you will
need to process the string after you get it.

Since LINPUT accepts any characters without any special considerations, the only
normal error would be string overflow. If the string used to hold the LINPUT characters
is dimensioned to 256 characters or more, it becomes impossible to overflow the string
from the keyboard line. Therefore, LINPUT is a very “safe” way to get data from the
keyboard line. The following example shows some common techniques for accepting
operator input.
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Entering a Single Item

This program segment requests the current month for use later in the program. A detailed
discussion follows the listing. Note that the general techniques presented can be used to
process many kinds of input. Entering a month is merely a convenient example.

100  OPTION BASE 1
110 DIM In$[160] ,Months$(12) [3]
120  INTEGER Temp,Current_month

130  OUTPUT KBD;"SCRATCH KEY(X"; ! Typing aids distracting if not needed
140  FOR Temp=1 TO 12
150 READ Months$(Temp) ! String data for month names

160  NEXT Temp
170  DATA JAN,FEB,MAR,APR,MAY,JUN, JUL, AUG,SEP,OCT,NOV,DEC

180  Current_month=3 ! Default value

190 !

200 Try_numeric: !

210 DISP "Enter the month. Default = ";Months$(Current_month);

220 LINPUT "*,In$ ! Agk for operator input

230 IF NOT LEN(In$) THEN ! Check for no input

240 Temp=Current_month ! Use default value

250 GOTO Found

260 END IF

270 ON ERROR GOTO String ! If no numerals, may be a string name
280  ENTER In$;Temp ! Try to extract a number

290  OFF ERROR ! ENTER worked; change error trap

300 IF Temp<1l OR Temp>12 THEN Not_valid ! Check for impossible month value
310 GOTO Found ! Value is OK; use it

320 !

330 String: !

340 OFF ERROR ! ENTER error trap no longer needed
350  In$=UPC$(In$)

360 FOR Temp=1 TO 12 ! Search for 1st three letters of month
370 IF POS(In$,Months$(Temp)) THEN Found ! Match found; use that value
380  NEXT Temp ! If loop finishes, no match was found
390 !

400 Not_valid: !

410 BEEP

420 DISP "Not a valid month. Please try again."

430  WAIT 2

440 GOTO Try_numeric

450 !

460 Found: !

470  Current_month=Temp

480 !

490 ! Program execution continues here
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The first statement after the variable declarations removes the typing-aid key definitions.
This is done with an OQOUTPUT to the keyboard because SCRATCH commands cannot
be stored as a program line. You may or may not want to include this in your programs.
If you are not using softkeys, the presence of softkey labels may be distracting to the
operator. They may indicate that many response choices are available when the keys are
actually unrelated to the current question. On the other hand, your program may have
loaded the typing aids with responses intended to help the operator. This is possible,
but was not done in the example. Obviously, if KBD is not present, the SCRATCH
KEY command will generate an error and shouldn’t be included. For another method of
removing the typing-aid key definitions, read the section in this chapter entitled “Storing
and Loading Typing-Aids from Files.”

An interesting feature of this example is that the operator may respond with the number
of the month, the name of the month, or an abbreviation of the name of the month. The
array Months$ is loaded with the first three letters of each month name so that name
responses can be identified.

The final initialization step is to provide a default for the current month. When possible,
requests for input should be accompanied by a default. If the default is weli chosen,
this increases the chances that the operator will not have to do any typing. Even if the
default will usually be changed, it can help show the operator an acceptable format for
the response.

The prompts available with INPUT and LINPUT statement must be literals and
therefore cannot show any program variables. This restriction is easily overcome.
Prompts appear in the same line as DISP items. The DISP statement can contain
variables. To use DISP items as a prompt, a trailing semicolon is used in the DISP
statements, and a null prompt is used in the LINPUT statement. This is a very useful
technique that is applicable to both LINPUT and single-prompt INPUT statements.

After the keyboard input is received, the first check determines if any data was entered.
It is reasonable to assume that the space bar might have been bumped accidentally
during any keyboard input. The TRIMS$ function corrects this “problem.” A null input
indicates that the operator wanted the default value, so no further processing is done.
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The next check is to see if the number of the month was entered. Numerals can be
converted to numeric data with the VAL function, but this demands the same strict
format as INPUT. A much more powerful and flexible way to extract numeric data from
a string is by using the ENTER statement. Admittedly, it is not likely that an operator
would enter extra text with the number—but why generate an error if he does? The
LINPUT/ENTER combination can extract the month from responses like these:

4

|l4"
MONTH=4
4th month

If a number is found, the error trap is disabled. In actual applications, the OFF ERROR
statement would be replaced by an ON ERROR statement that re-establishes the normal
error trapping used in the program. The final check ensures that the month is within
a meaningful range. You want to give the operator maximum flexibility, but accepting
the 54th month is too flexible. Range checking is a technique that should be used in all
good operator interfaces.

Although ENTER can do a lot, it cannot extract a number from a string that has no
numerals. Since the operator is permitted (and encouraged) to use the name of the
month, the program must handle this case. That is the purpose of the ON ERROR
statement before the ENTER. If the ENTER cannot find any numeric value, the error
trap directs program execution to the segment labeled String. This segment changes
the error trap, since it has served its purpose. Then the input data is searched for the
presence of a month name. A string comparison could be used, but that requires that
the month name be in a fixed location within the response. Again, there is no reason for
such a restriction. The POS function will find the desired letters anywhere in the line.
The UPC$ function eliminates any requirements about letter case. Thus. responses like
the following would all be valid:

JAN
January
MONTH=JAN
"january"

In any keyboard-input situation, there is always some possibility that the operator
entered pure garbage. If all the attempts to find a meaningful number or name fail,
an error message is displayed, and the entire process is repeated. Another programming
choice is to assume the default if no meaningful input is found. You must judge for
yourself which choice is best. If accurate operator input is very important to the program,
then the program should keep asking until the operator gets smart. If the value in
question is not important, it might be best the assume a default and move on to the next
stage of the program.
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Note that the desired variable, Current_month, is not updated unless a valid input was
received. All the testing and searching is done using a temporary variable. This is done
so that the default value is not destroyed by an invalid input.

LINPUT with Multiple Fields

This example requests the entire date: day, month, and year. As in the previous example,
there is nothing special about dates. The techniques shown have general applications. A
detailed discussion follows the listing.

100 OPTION BASE 1

110 DIM In$[160] ,Months$(12) [3},Left$[2]
120  INTEGER Temp,Current_day,Current_month,Current_year

130 Fmt: 1IMAGE #,2D,",",3A,".".K.,K ! Format of date input
140 FOR Temp=1 TO 12
150 READ Months$(Temp) ! String data for month names

160  NEXT Temp
170  DATA JAN,FEB,MAR,APR,MAY, JUN,JUL, AUG,SEP,OCT, NOV,DEC

180  Left$=CHR$(255) &CHR$ (72) ! Moves cursor to beginning of line

190  Current_day=1 ! Set up default values...

200 Current_month=11 ! In real applications, these might
!

210 Current_year=1982 ! come from the clock or a file.
220 !

230 Get_date: !

240 OUTPUT KBD USING Fmt;Current_day,Months$(Current_month),
Current_year,Left$

250 LINPUT "Enter the date, using this format ", In$

260 ON ERROR GOTO Not_valid ! No numerals = error for ENTER

270 ENTER In$;Temp ! Extract the day

280 OFF ERROR ! ENTER worked; change error trap

290 IF Temp<i OR Temp>31 THEN Not_valid ! Check for impossible day-of-month
300 Current_day=Temp ! Value OK; use it

310 !

320 Temp=P0S(In$,".") ! Look for first delimiter

330 IF NOT Temp THEN Not_valid ! No delimiter = bad format

340 In$=UPC$(In$[Temp+1]) ! Remove date field; make uppercase
350 FOR Temp=1 TO 12 ! Try to find 1st three letters

360 IF POS(In$,Months$(Temp)) THEN Found_month

370 NEXT Temp

380 !

390 Not_valid: !

400  OFF ERROR ! Change ENTER error trapping
410  BEEP

420 DISP "Improper entry. Please try again."

430 WAIT 2

440 GOTO Get_date ! Start over with this routine
450 !

460 Found_month: !

470 Current_month=Temp ! Value OK; use it
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480 ON ERROR GOTO Not_valid

490 ENTER In$;Temp

500 OFF ERROR

510 IF Temp<100 THEN Temp=Temp+1900
520 Current_year=Temp

530 !

540 ! Program execution continues here

No numerals = error for ENTER
Extract the year

ENTER worked; change error trap
Maybe there is no century?
Value OK; use it

The first segment declares the variables, stores the month abbreviations, establishes
some defaults, and contains an IMAGE statement that specifies the desired date format.
Although defaults are important, program constants are not always the best way to
supply defaults. Using the constant “12” as a default for a GPIO interface select code
makes sense. But the date will almost always be different from a constant stored in the
program. A real program should adopt some other method of assuming the date. If
your computer has a battery-backed real-time clock, the date might be extracted from
the clock value. If the program uses a file with the date stored in it, the last access date
might be close to the current date.

A significant feature of this example is the handling of multiple fields. Multiple fields
bring with them two special considerations. First, there is the need to show the operator
the proper format for the fields. Second, there is the need to extract those fields from a
single string, assuming that LINPUT is used.

The proper format for the fields is shown to the operator by using an OUTPUT to the
keyboard. The default values are sent to the keyboard line, formatted by an IMAGE
statement. This not only gives the operator the choice of simply pressing
((f2] on an ITF keyboard), but it also shows the appearance of a correct response. If
the default date is generated by a good source, it is reasonable to expect that the “day”
field will be changed more often than the month or year. Therefore, the OUTPUT to
the keyboard finishes by placing the cursor at the beginning of the line, in the day field.

The ON ERROR/ENTER technique is similar to the previous example. The ENTER
statement extracts only the day because the comma terminates that field. The day is
checked against resonable limits and assigned to the actual variable if it is acceptable.
This range checking could be expanded to check for the maximum day allowed in a
specific month.

After the day is extracted, the string is searched for the comma delimiter, and the day
field is removed. This is done to prevent the day number from interfering with the
extraction of the year number. The resulting string is searched for the month name
using the same technique as the previous example.
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The year is extracted using the ENTER technique. If a valid number is found, one last
test is performed. The response might have contained only the last two digits of the
year. This is not likely, since the recommended format showed all four digits; but why
complain if it happens? If only two digits are found, the program supplies the 1900
automatically. By the way, this technique is not too effective if the dates being entered
might cross century boundaries.

Yes and No Questions

Frequently, all the computer needs from the operator is a simple “yes” or “no.” The
“Expanded Softkey Menu” example showed one way to handle yes/no states. However,
that much processing is not always desired. If you only need to ask a single question,
why program 10 softkeys and 18 CRT lines? The following user-defined function shows
some simple, but friendly, processing for yes/no answers.

The objective of this routine is to provide as much flexibility as possible. This means
that we don’t bother the operator about such things as bumping the space bar, pressing
(CAPS LOCK] ([Caps]on the ITF keyboard), or responding with a simple ((f2) on
the ITF keyboard). The main program provides a prompt or explanation and performs
a LINPUT with a 256-character string. It then passes that string to this function and
tests the results.

The function uses a local copy of the string just in case you need the actual input for some
other purpose in the main program. The response is trimmed and placed in uppercase.
Then the first letter is tested. Four cases are identified: the answer was “Y” (for yes),
the answer was “N” (for no), no answer was given, or the answer was not recognized.

2000 DEF FNYes(X$)

2010 DIM Temp$[1]

2020 Temp$ [1,1]1=TRIM$ (X$)
2030 SELECT Temp$

2040 CASE "y", "y"

2050 RETURN 1
2060 CASE "N","n"
2070 RETURN 0O
2080 CASE " "
2090 RETURN -1
2100 CASE ELSE
2110 RETURN -2
2120 END SELECT
2130 FNEND

Communicating with the Operator 10-43



As mentioned previously, every question should have a default answer. The default
answer for a yes/no question depends greatly upon the nature of the question. If you
are asking the operator for permission to use standard, reasonable parameters for an
operation, then “yes” is a helpful default. If you are asking for permission to initialize a
disc and destroy all files, then the default answer had better be “NO”! When a question
or choice occurs more than once in a program, it is usually a good technique to use the
operator’s previous response as the default. Put yourself in the user’s place and think
about how the program should run.

To use this function to best advantage, the result must be tested thoughtfully. If the
operator simply presses ((2] on the ITF keyboard), the result will be —1.
Therefore, the default should be assumed if FNYes=-1. A “yes” answer is indicated
by FNYes=1; whereas a non-negative answer can be tested simply as IF FNYes. A non-
affirmative answer is FNYes<1. Any result less than zero is a noncommittal reply. Perhaps
the default could be assumed for any negative result, or perhaps a negative result should
cause the question to be repeated. The test IF NOT FNYes reveals a negative reply. As
you can see, many shades of interpretation are possible.
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Example Human Interfaces

This section puts together some of the techniques discussed in preceding sections.

An Expanded Softkey Menu

A good human interface often involves the coordination of multiple resources. The
softkeys are a very good tooil for accepting operator input. The biggest problem with
using softkeys is the severe limitation on the number of prompt characters associated
with each key. Therefore, a softkey interface is an appropriate task to demonstrate the
increased use of CRT space.

The goal of this technique is to display a readable and informative menu that monitors the
operator’s input. The following program segment displays a summary of the parameters
that are controlled by softkeys. This summary is updated every time a softkey is pressed,
providing immediate feedback to the operator. This example uses many of the CRT-
control techniques already presented. It also helps to show why the human interface of
a program can require so much code. This segment simply logs the operator’s choice of
four items, and it is over 100 lines long. The purpose of each section of code is explained
after the listing.

1000 DIM Disc$[5],Clear$(2] ,Home$[2],Cmd$[1]
1010 INTEGER Std_fmt,Roman,Screen,Center

1020 !

1030 Clear$=CHR$(255)&CHR$(75) ! CLEAR SCR key

1040 Home$=CHR$(255) &CHR$ (84) ! HOME key

1060 Disc$="RIGHT" ! Default parameters
1060 Cmd$="\"

1070 Std_fmt=1
1080 Roman=0
1090 STATUS 1,9;Screen ! Get screen width

1100 Center=(Screen-36)/2 Leading spaces for centering
1110 MASS STORAGE IS ":INTERNAL"

1120 PRINTER IS 1 ! Use CRT for displaying menu
1130 GRAPHICS OFF
1140 CONTROL 2,1;0
1150 CONTROL 1,4;0

PRT ALL off
DISPLAY FCTNS off

1160 OUTPUT KBD;Clear$; ! Clear CRT

1170 !

1180 Menu: !

1190 OUTPUT KBD;Home$; ! Home display

1200 PRINT TABXY(1,1) ! Start at top with blank line

1210 PRINT TAB(Center) ;"KEY PURPOSE" ; TAB(Center+30) ; "VALUE"

1220 PRINT TAB(Center) ;"---------=c--mmmcmm e mmmmeee "

1230 PRINT

1240 PRINT TAB(Center);" 5 Command Delimiter”;TAB(Center+31);Cmd$
1250 PRINT
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1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
15610
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620

PRINT TAB(Center)
PRINT
PRINT TAB(Center)
IF Std_fmt THEN
PRINT "YES"
ELSE
PRINT "NO "
END IF
PRINT
PRINT TAB(Center)
IF Roman THEN
PRINT "YES"
ELSE
PRINT "NO "
END IF
PRINT
PRINT TAB(Center)
1
IF Screen=50 THEN
ON KEY 5 LABEL
ON KEY 6 LABEL
ON KEY 7 LABEL
ON KEY 8 LABEL
ON KEY 9 LABEL
ELSE
ON KEY
ON KEY
ON KEY
ON KEY
ON KEY
END IF
ON KEY O GOTO Not
ON KEY 1 GOTO Not
ON KEY 2 GOTO Not
3
4

LABEL
LABEL
LABEL
LABEL
LABEL

© 00N,

ON KEY 3 GOTO Not

ON KEY 4 GOTO Not
!

1630 Spin: GOTO Spin

1640

1650 Not_used: !

1660
1670
1680

BEEP 300, .1

GOTO Spin
!

1690 Command: !

1700
1710
1720
1730
1740
1750

IF Cmd$="\" THEN
Cmd$="‘"

ELSE
Cmd$="\"

END IF

GOTO Menu

"6 Source Disc Drive";TAB(Center+30) ;Disc$

7 Standard Format OK?";TAB(Center+30);

"8 Use Roman Numerals?";TAB(Center+30);

"9 START PRINTOUT"

! Use short labels
" Delim " GOTO Command
" Disc " GOTO Drive
" Format " GOTO Standard
" Roman " GOTO Numbers
" START " GOTO Begin
! Use long labels
"Command Delim " GOTO Command
" Select Drive " GOTO Drive
" Stand. Fmt.? " GOTO Standard
"Roman Numeral?" GOTO Numbers
" START PRINT " GOTO Begin

_used ! Turn off unused keys
_used
_used
~used
_used

! Wait for softkey interrupt

! Feedback for unused keys

! Choose command delimiter

10-46 Communicating with the Operator



1760 !

1770 Drive: !

1780 IF Disc$="RIGHT" THEN ! Choose text source
1790 MASS STORAGE IS ":INTERNAL,4,1"

1800 Disc$="LEFT "

1810 ELSE

1820 MASS STORAGE IS ":INTERNAL,4,0"

1830 Disc$="RIGHT"

1840 END IF

1850 GOTO Menu

1860 !

1870 Standard: !

1880 IF Std_fmt THEN ! Choose text format
1890 Std_£fmt=0

1900 ELSE

1910 Std_fmt=1

1920 END IF

1930 GOTO Menu

1940 !

1950 Numbers: !

1960 IF Roman THEN ! Choose numeral type
1970 Roman=0

1980 ELSE

1990 Roman=1

2000 END IF

2010 GOTO Menu

2020 !

2030 Begin: !

2040 OUTPUT KBD;Clear$; ! Clear CRT

2050 OFF KEY ! Remove selection menu
2060 !

2070 ! Program continues here when user presses "START"
2080 !

The program uses softkeys 5 through 9. If you have an ITF keyboard, your softkeys are
labeled 1 through 8. You can modify the program to use the softkeys most useful for
your applications.

It is always good programming practice to declare all variables. The first two lines do

this. Next, the variables are given their starting values. Initialization is completed by
turning off unwanted modes and clearing the CRT.
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The section at “Menu” displays a description and current status for each menu item.
This example shows some of the parameters that might be used by a simple text-printing
program. The items used are representative only. A real text formatter would have many
more parameters (all the more reason to present them clearly). The operator can choose
the following:

e Back-slash or up-caret as a command delimiter
e Right or left disc drive for the source of the text
e Standard or alternate format for the text

e Page numbering with Arabic or Roman numerals

Notice some important aspects of this menu. All items have default values and all defaults
are visible simultaneously. This is very important. It is irritating and confusing when an
operator must answer question after question to get a program to begin. It is far better
to show the default environment and allow a single keypress to start the program if the
defaults are acceptable. If any defaults need to be changed, the operator changes only
those items he wants to change. He can press “START” at any time, and in this simple
case, never answers any questions. The operator wants a printout, not a game of “20
questions.”

The current state of all items is displayed in a form that is meaningful to the operator. It
is reasonably safe to assume that all operators know what “RIGHT” and “LEFT” mean.
Very few would have any idea what “:INTERNAL,4,1” means. Programmers need to
learn about concepts like “mass storage unit specifier.” Operators shouldn’t be bothered

by such things. Likewise, don’t expect anyone to answer “1” or “0” to a question that
should be answered “YES” or “NQO.”

A more technical aspect of this menu is the method used to update the display. Since
the scrolling keys are on one side of the softkeys and the knob is on the other side {of
98203 keyboards), it is reasonable to assume that the operator might accidentally move
the display out of place. One way to correct this would be to start each display update
with a CLEAR SCREEN statement. This guarantees the state of the CRT and the print
position. Unfortunately, it also causes a very undesirable “blinking off” of the display
each time a key is pressed. A constantly disappearing menu is very distracting. The
BASIC system now has the capability of disabling scrolling. See the discussion near the
beginning of this chapter for details.
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The objective is to give the impression that nothing changed except the selected item.
Therefore, the “clear” sequence is sent before the first display only. Subsequent updates
use a “home” sequence to ensure the position of the text, and a TABXY to set the print
position. As a result, the new menu is written on top of the old menu. (The same
visual effect could be achieved by using individual TABXY functions to access each item
display, but that is a more difficult program to write.)

Since the old display is overwritten each time, it is important to erase all unneeded
characters. Notice that the “NO” displays are padded with a trailing blank to erase
the “S” left over from “YES.” This technique can be extended to clear old displays of
unknown length. The following example displays a number and erases any remaining
digits from the old number. The variable Screen contains the screen width.

1300 PRINT Value;TAB(Screen)

The example also uses screen width for centering. Centering is not as important as
keeping the display properly updated, and centering slows down the update process
slightly. However, the technique is shown here in case you want to use it. During the
initialization of variables, the current screen width is determined. This might be 50 80 or
128 characters if the program is used on different models of computers. The width of the
menu display is subtracted from the screen width to determine the amount of left-over
space. If half of this space is sent at the beginning of the line, the remaining half will be
at the end of the line. This produces a centered display. The amount to be sent at the
beginning of the line is placed in the variable Center. This value is used to position the
start of each line and is also used as a reference point to position the second column.

Models with ITF keyboards allow 16 characters (2 rows of 8) in a softkey label. Models
with 80-column CRTs allow 14 characters in a softkey label. Models with 50-column
CRTs allow only 8 characters for these labels. Therefore, the variable Screen is also
used to control the display of softkey labels. This is the purpose of the segment at line
1440. The alternative is to restrict all softkey labels to 8 characters. This is possible,
but undesirable. It is difficult to say anything meaningful in 8 characters. Users with 80-
column CRTs will appreciate the extra meaning that is available with longer labels. The
128-column CRT can use longer labels, but this program uses the 14-character labels.

The ON KEY statements for keys 0 through 4 are used to turn off any typing-aid
definitions that might exist for those keys. An ON KEY definition overrides a typing-aid
definition when the program is running. However, if no ON KEY definition is supplied,
the typing-aid definition remains active. This is not desirable when you are trying to
achieve a program-controlled softkey menu. Therefore, the unused keys are given a
“dummy” ON KEY definition to keep the menu clean. For ITF keyboards, you should
“turn off” all 24 softkeys.
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Notice also that when five or less softkeys are used, keys 5 through 9 are defined. This
is to accommodate the Model 216 small keyboard. On the small keyboard, those are
the unshifted keys. Why make the operator press the shift key? If you have an ITF
keyboard, use keys 1 through 5.

The softkeys are defined to send program execution to a parameter-changing routine.
Each such routine ends by sending program execution to the display-update routine. In
this example, there is no demonstrated reason for repeating the ON KEY definitions
for every keypress. Those definitions could have been placed above the “Menu” line and
executed only once. However, some applications might need to change the key definitions
in response to changes in program variables. For example, a key that produces an “insert”
operation would be disabled when enough inserts had been performed to fill an array.
Also, it is possible to include the value of a string variable in a key label. Therefore, the
key labels may need to be rewritten as new selections are made. In cases like these, the
ON KEY statements need to be in the update path.

The final “cleanup” action takes place when the operator presses “START.” This is the
signal that the selection menu is no longer needed. The menu display is cleared to reflect
the fact that it is no longer in use. The OFF KEY statement performs two functions®.
It turns off the softkey label area, which helps keep the CRT neat. More importantly, it
cancels all the ON KEY branches. If this were not done, the operator could cause the
program to jump back to the selection menu at any time. This is probably not desirable.
You may want to define some sort of “Abort” key that lets the operator stop a lengthy
operation. But it is not likely that the selection menu would be the destination of an
abort operation. Remember, ON KEY definitions stay around forever unless you turn
them off or the program stops.

This example is intended for use on an HP 98203 keyboard. For an ITF keyboard, the default conditions
for key labels are slightly different. In this case, you can use KEY LABELS OFF to turn the softkey
labels off, and KEY LABELS ON to re-enable displaying them. You can alternatively use CRT control
register 12 to set the key-labels display mode to match the behavior of the 98203 keyboard. See the
BASIC Language Reference description of the KEY LABELS statement for details.
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Not much has been said about the parameter-changing routines. The examples shown
use a simple IF... THEN...ELSE structure to select between to alternatives. This concept
can be expanded to allow selection of more than two choices. The MOD function is handy
when you want to cycle through several choices. The following example shows a routine
that rotates through four choices. This routine is intended to fit into our menu selection
process. Accent protocols for different languages are shown here, but the technique is
applicable to any selection item.

1910 Accents: !

1920 Lang=(Lang+1) MOD 4 ! Choose accent protocol
1930 SELECT Lang

1940 CASE O

1950 Language$="ENGLISH"
1960 CASE 1

1970 Language$="FRENCH "
1980 CASE 2

1990 Language$="SPANISH"
2000 CASE 3

2010 Language$="GERMAN "
2020 END SELECT

2030 GOTO Menu

Moving a Pointer

Many programs have a main menu from which the operator chooses a subtask. An
example might be an editing program that gives the choice of getting a file, storing a file,
editing a file, merging files, listing a file, protecting a file, deleting a file, etc. As with all
other tasks, there are many ways to present this choice to the operator. Each task might
be assigned to a softkey. The ON KBD statement might be used to equate individual keys
to each task. For example, E for edit, M for merge, G for get, and so on. Depending on the
application, one of these methods may be good. However, there are some considerations.
There might be more choices than softkeys, or the arrangement of the softkeys might
be awkward. The single-letter method is always just a little “dangerous”. What if the
operator tries to type a word? Did “P” stand for “protect” or “purge”?

One alternative is to display all the choices, with a pointer to the current selection.
When the operator is sure that the selection is proper, a single press of a softkey tells
the computer “Do it.” The menu choices can be full phrases with no abbreviations, since
the whole CRT is available for the display. The pointer can be moved by softkeys or by
“he knob. Since we just discussed the softkeys, let’s use the knob for this example.
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The following example clears the CRT, displays seven selections, and allows the knob to
cycle a pointer through the selections in either direction. In a real application, meaningful
phrases would be used to identify the selections, and a softkey would be defined to start
the selected process. Softkeys could also be used to move the pointer up and down. This
could be in addition to the knob or in place of it. A detailed discussion follows the listing.

100 DIM Marker$([4] ,Home$[2],Clear$[2]
110 INTEGER Point

120 !

130 Clear$=CHR$ (255) ¥CHR$ (75)
140 Home$=CHR$ (255) &CHR$ (84)

150 Marker$="=>"&CHR$ (8) &CHR$ (8)
160 Point=1

170 PRINTER IS 1

180 GRAPHICS OFF

CLEAR SCR key

HOME key

Pointer arrow

Default selection

Use CRT for menu display

190 CONTROL 2,1;0 ! PRT ALL off

200 CONTROL 1,4;0 ! DISPLAY FCTNS off
210  OUTPUT KBD;Clear$; ! Clear CRT

220 !

230  PRINT "Use shift and knob to move marker"

240 PRINT " Selection 1" ! Display menu

250 PRINT " Selection 2"

260 PRINT " Selection 3"

270 PRINT " Selection 4" N

280 PRINT " Selection 5"

290  PRINT " Selection 6"

300  PRINT " Selection 7"

310 PRINT TABXY(1,Point) ;Marker$; ! Display starting marker
320 !

330 ON KNOB .2 GOTO Move_pointer ! Enable knob

340 Spin: GOTO Spin ! Wait for knob interrupt
350 !

360 Move_pointer: !

370 IF KNOBY>O THEN ! Check knob direction
380 Point=Point+1

390 ELSE

400 Point=Point-1

410 END IF

420  IF Point<1 THEN Point=7 ! Keep pointer within limits
430 IF Point>7 THEN Point=1

440  QUTPUT KBD;Home$; ! Home the display
450  PRINT " ", ! Erase old marker
460  PRINT TABXY(1,Point);Marker$; ! Display new marker
470 GOTO Spin

480 !

490 END
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The program starts by declaring and initializing the variables. The “clear” and “home”
sequences should look familiar to you by now. The Marker$ string is a contrived arrow
followed by two backspace characters. The backspace characters return the print position
to the beginning of the arrow each time it is displayed. This facilitates the erase operation
that is part of moving the arrow.

After the display is cleared, the menu selections are printed. This is done only once,
since the choices do not include any changing parameters. The TABXY function is used
to position a marker to the left of the default selection. Then the knob is enabled, and
the program sits in an idle loop waiting for an interrupt from the knob.

When the knob is turned, program execution branches to the pointer-moving routine. In
this example, the amount of knob movement is not used, only its direction is extracted
from the KNOBY function. It is possible to add an algorithm that accumulates the
counts from the knob so that a fixed amount of rotation is needed to move the pointer.
Such an improvement would give a more positive “linkage” between the knob and the
display, but is not necessary to this demonstration.

The pointer value is stored in the variable Point. This variable is increased or decreased
depending upon the direction of knob rotation. After the variable is updated, it is
necessary to keep it within the limits of the available selections. The option used here
was to “wrap around” when the pointer reached either end of the list. Another option
is to “freeze” the pointer when it reaches an end position. To do this, lines 420 and 430
would be modified as follows:

420 IF Point<1 THEN Point=1
430 IF Point>7 THEN Point=7

After the pointer value is updated, the display must be changed to reflect the new value.
First, the display is returned to home position. Although the knob no longer scrolls
the display, the scrolling keys are still active. They may have been pressed (perhaps
accidentally) and moved the display out of position!. Since the print position is always
at the beginning of the old pointer, that pointer can be erased by printing two blanks. The
new pointer is then printed using a TABXY function. Notice that end-of-line sequences
are not needed or desired. All the PRINT statements used in this updating process use
a trailing semicolon to suppress the EOL sequence.

See the discussion of “Disabling and Enabling Scrolling” near the beginning of this chapter for a method
of preventing this problem.
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In this example, the x-coordinate was always 1. If needed, the x-coordinate is available
in the TABXY function to work with multi-column displays.

Assumed, but not shown, is an ON KEY statement that would start the selected process.
This key would branch to a routine that cleared the display, turned off the knob, and
used the variable Point in a SELECT or ON statement to access the chosen routine.

An Example Custom Keyboard Interface

An example subprogram called Kled that implements a custom keyboard interface is
provided on the BASIC Utilities disc in the “MEM_UTILS” file. It enables a branch to
an interrupt service routine for any keystroke using the ON KBD mechanism!. When a
branch is initiated, it traps the key codes (including “system key” codes) with the KBD$
function, and then initiates corresponding actions. Note that the SYSTEMS$(“KBD
LINE”) function allows you to use the BASIC system’s keyboard-input editing features
with OUTPUT to the keyboard (select code 2).

The MEM_UTILS program also shows how to combine typing-aids and memory volumes
to create memory resident utility programs.

! Since the ON KBD statement is described fully in the “Keyboard Interfaces” chapter of BASIC
Interfacing Techniques. it will not be described here.
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Handling Errors 1 1

Most programs are subject to errors at run time, even if all the typographical /syntactical
errors have been removed in the process of entering the program into the computer in
the first place. This chapter describes how BASIC programs can respond to these errors,
and shows how to write programs that attempt to either correct the problem or direct
the program user to take some sort of corrective action.

Overview of Error Responses

There are three courses of action that you may choose to take with respect to errors:

1. Try to prevent the error from happening in the first place (by communicating clearly
with the program user, by using range-checking routines, and so forth).

2. Once an error occurs, try to recover from it and continue execution (this involves
the BASIC program trapping and correcting errors).

3. Do nothing—let the system stop the program when an error happens.
The remainder of this chapter describes how to implement the first two alternatives.

The last alternative, which may seem frivolous at first glance, is certainly the easiest to
implement, and the nature of HP Series 200/300 BASIC is such that this is often a feasible
choice. Upon encountering a run-time error, the computer will pause program execution
and display a message giving the error number and the line in which the error happened,
and the programmer can then examine the program in light of this information and fix
things up. The key word here is “programmer.” If the person running the program is
also the person who wrote the program, this approach works fine. If the person running
the program did not write it, or worse yet, does not know how to program, some attempt
should be made to prevent errors from happening in the first place, or to recover from
errors and continue running.
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Anticipating Operator Errors

When a programmer writes a program, he or she knows exactly what the program
is expected to do, and what kinds of inputs make sense for the problem. Given this
viewpoint, there is a strong tendency for the programmer not to take into account the
possibility that other people using the program might not understand the boundary
conditions. A programmer has no choice but to assume that every time a user has the
opportunity to feed an input to a program, a mistake can be made and an error can be
caused. If the programmer’s outlook is noble, he or she will try to save the user from
needless anguish and frustration. Even if the programmer’s outlook is less altrusitic, he
or she will try to keep from getting involved in future support problems. In either case,
an effort must be made to make the program more resistant to errors.

Boundary Conditions

A classic example of anticipating an operator error is the “division by zero” situation.
An INPUT statement is used to get the value for a variable, and the variable is used as a
divisor later in the program. If the operator should happen to enter a zero, accidentally
or intentionally, the program pauses with an error 31. It is far better to be watching
for an out-of-range input and respond gracefully. One method is shown in the following
example.

100 INPUT "Miles traveled and total hours",Miles,Hours
110 IF Hours=0 THEN

120 BEEP

130 PRINT "Improper value entered for hours."

140 PRINT "Try again!"

150 GOTO 100

160 END IF

170 Mph=Miles/Hours

Consider another simple example of giving a user the choice of six colors for a certain
bar graph. It might be preferable to have the user pick a number corresponding to the
color he wished to choose instead of having to type in up to six characters. In this case,
the program wouldn’t have to check for each number, but rather it could use the logical
comparators to check for an entire range:

4030 CLEAR SCREEN

4040 DATA GREEN,BLUE,RED,YELLOW,PURPLE, PINK
4050 ALLOCATE Colors$(1:6)[6]

4060 READ Colors$(*)

4070 FOR I=1 TO 6

4080 PRINT USING "DD,X,K";I,Colors$(I)
4090 NEXT I

4100 Ask: INPUT "Pick the number of a color",I
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4110 IF I>=1 AND I<=6 THEN Valid_Color
4140 BEEP

4150 DISP "Invalid answer -- ";

4160 WAIT 1

4170 GOTO Ask

The above example needs a little extra safeguarding. I, the variable being input, should
be declared to be an integer, since the ounly valid inputs are 1, 2, 3, 4, 5, and 6. An
answer like “pick the 3.14th color listed” does not make sense.

Real number boundaries are tested for in a manner similar to that of integers:

7010 INPUT "Enter the waveform’s frequency (in KHz)",Frequency
7020 IF Frequency<=0 THEN 7010

7030 INPUT "Enter the amplitude (0-10 volts)",Amplitude

7040 IF Amplitude<O OR Amplitude>10 THEN 7030

7050 INPUT "Enter the phase angle (in degrees)", Angle

7060 IF Angle<O OR Angle>180 THEN 7050

7070 Angle=AnglexPI/180

REAL and COMPLEX Numbers and Comparisons

A word of caution is in order about the use of the = comparator in conjunction with
REAL and COMPLEX (full-precision) numbers. Numbers on this computer are stored in
a binary form, which means that the information stored is not guaranteed to be an exact
representation of a decimal number—but it will be very close! What this means is that
a program should not use the = comparator in an IF statement where the comparison is
being performed on REAL or COMPLEX numbers. The comparison will yield a ’false’
or ' value if the two are different by even one bit, even though the two numbers might
really be equal for all practical purposes.

There are two ways around this problem. The first is to try to state the comparison in
terms of the <= or >= comparators.

If it is necessary to do an equality comparison with a pair of REAL numbers, then the
second method must be used. This involves picking an error tolerance for how close to

being equal the two numbers can be to satisfy the test.

Real number line

X1 X2

Handling Errors 11-3



So if the difference between two REAL numbers X1 and X2 is less than or equal to
a tolerance TO, we’ll say that X1 and X2 are “equal” to each other for all practical
purposes. The value of TO will depend upon the application, and must be chosen with
care.

For an example, assume that we've picked a tolerance of 107!? for comparing two real
numbers for equality. The proper way to compare the two numbers would be:

950 IF ABS(X1-X2)<=1E-12 THEN Numbers_equal
960 ! Otherwise they’re not equal

Another technique for comparing two REAL or COMPLEX values is to use the DROUND
function. This is especially suited to applications where the data is known to have
a certain number of significant digits. For more details on binary representations of
decimal numbers, refer to the “Numeric Computation” chapter.

Note that >=, <=, and DROUND do not work with COMPLEX numbers, but you can
compare real parts and imaginary parts. For example, comparing two COMPLEX values
for equality would require something like this:

IF (ABS(REAL(C1)-REAL(C2)) <= 1E-12) AND
(ABS(IMAG(C1)-IMAG(C2)) <= 1E-12) THEN ...
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Trapping Errors with BASIC Programs

Despite the programmer’s best efforts at screening the user’s inputs in order to avoid
errors, errors will still happen occasionally. It is possible to recover from run-time errors,
provided the programmer predicts the places where errors are most likely to happen and
adequately handles the error cause(s).

Setting Up Error Service Routines
(ON/OFF ERROR)

The ON ERROR statement sets up a branching condition which will be taken any
time a recoverable error is encountered at run time. Here are some example statements
(further examples of each type of branch—GOSUB, GOTO, etc.—are given in subsequent
sections).

100 ON ERROR GOSUB Fix_it 400 Fix_it: ! Solve problem.

530 RETURN ! If GOSUB used.

100 ON ERROR GOTO Fix_it

100 ON ERROR RECOVER Fix_it 400 Fix_it: ! Solve problem.
200 ON ERROR CALL Fix_it_sub 800 SUB Fix_it_sub
950 SUBEND

Choosing a Branch Type
The type of branch that you choose (GOTO vs. GOSUB, etc.) depends on how you
want to handle the error.

e Using GOSUB indicates that you want to return to the statement that caused
the error (RETURN) or to the one following the statement that caused the error
(ERROR RETURN) when finished with your attempt to correct the error’s cause.

e GOTO, on the other hand, may indicate that you do not want to re-attempt the
operation after attempting to correct the source of the error.
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Scope of Error Trapping and Recovery

GOTO and GOSUB are purely local in scope -that is, they are active only within the
context in which the ON ERROR is declared. CALL and RECOVER are global in
scope—after the ON ERROR is set up, the CALL or RECOVER will be executed any
time an error occurs, regardless of subprogram environment.

ON ERROR Execution at Run-Time
When an ON ERROR statement is executed, the BASIC system will make sure that the
specified line or subprogram exists in memory before the program will proceed.

o If GOTO. GOSUB, or RECOVER is specified, then the line identifier must exist
in the current context (at pre-run).

o If CALL is used, then the specified subprogram must currently be in memory (at
run-time).

In either case, if the system can’t find the given line, error 49 is reported.

ON ERROR Priority
ON ERROR has a priority of 17, which means that it will always take priority over any
other ON event branch, since the highest user-specifiable priority is 15.

Disabling Error Trapping
(OFF ERROR)

The OFF ERROR statement will cancel the effects of the ON ERROR statement. and
no branching will take place if an error is encountered.

The DISABLE statement has no effect on ON ERROR branching.
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Determining Error Number and Location
(ERRN, ERRLN, ERRL, ERRDS, ERRMS$)
ERRN is a function which returns the error number which caused the branch to be taken.

ERRN is a global function, meaning it can be used from the main program or from any
subprogram, and it will always return the number of the most recent error.

100 IF ERRN=80 THEN ! Media not present in drive.

110 PRINT "Please insert the ’Examples’ disc,"
120 PRINT "and press the ’Continue’ key (£2)."
130 PAUSE

140 END IF

ERRLN is a function which returns the line number of the program line in which the
most recent error has occurred.

100 IF ERRLN<1280 THEN GOSUB During_init
110 IF (ERRLN>=1280 AND ERRLN<=2440) THEN GOSUB During_main
120 IF ERRLN>2440 THEN GOSUB During_Last

You can use this function, for instance, in determining what sort of situation-dependent
action to take. As in the above example, you may want to take a certain action if the
error occurred while “initializing” your program, another if during the “main” segment
of your program, and yet another if during the “last” part of the program.

ERRL is another function which is used to find the line in which the error was
encountered; however, the difference between this and the ERRLN function is that
ERRL is a boolean function. The program gives it a line identifier, and either a 1 or
a 0 is returned, depending upon whether or not the specified identifier indicates the line
which caused the error.

100 IF ERRL(1250) OR ERRL(1270) THEN GOSUB Fix_12xx
110 IF ERRL(1470) THEN GOSUB Fix_1470
120 IF ERRL(2450) OR ERRL(2530) THEN GOSUB Fix_24xx

ERRL is a local function, which means it can only be used in the same environment as
the line which caused the error. This implies that ERRL cannot be used in conjunction
with ON ERROR CALL, but it can be used with ON ERROR GOTO and ON ERROR
GOSUB. ERRL can be used with ON ERROR RECOVER only if the error did not occur
in a subprogram which was called by the environment which set up the ON ERROR
RECOVER.
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The ERRL function will accept either a line number or a line label:

1140 DISP ERRL(710)

910  IF ERRL(Compute) THEN Fix_compute
ERRDS returns the device selector of the device which was involved in the last error.
For instance:

IF ERRDS=12 THEN GOSUB Fix_gpio
Note that this function is only updated when an error that involves an interface or device
occurs; otherwise, it remains unchanged until another error involving a device selector

occurs. Therefore, if the last error did not involve a device, then the value returned by
ERRDS may be irrelevant to the current situation.

ERRMS is a string function which returns the text of the error which caused the branch
to be taken.

100 DISP ERRM$ ! Display default message.

ERROR 1 in 10 Configuration error

A Closer Look at ON ERROR GOSUB

The ON ERROR GOSUB statement is used when you want to return to the program
line where the error occurred. You have two choices of returning:

e RETURN returns program control back to the line that caused the error, thus
indicating that you have corrected/resolved the error condition and want to re-
ezecute this line.

e ERROR RETURN returns program control to the line following the line that caused
the error, thus indicating that you have taken alternative action in the subroutine
and do not want to re-erecute the line that initially caused the error.

Note that if you do not correct the problem and subsequently use RETURN, the BASIC
system will repeatedly re-execute the problem-causing line (which will result in an infinite
loop between the ON ERROR GOSUB branch and the RETURN).
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When an error triggers a branch as a result of an ON ERROR GOSUB statement
being active, system priority is set at the highest possible level (17) until the RETURN
statement is executed, at which point the system priority is restored to the value it was
when the error happened.

100 Radical=B*B-4x*Ax*C

110  Imaginary=0

120 ON ERROR GOSUB Esr
130 Partial=SQRT(Radical)
140 OFF ERROR

350 Esr: IF ERRN=30 THEN

360 Imaginary=1

370 Radical=ABS(Radical)

380 ELSE

390 BEEP

400 DISP "Unexpected Error (";ERRN;")"
410 PAUSE

420 END IF

430 RETURN

Note

You cannot trap errors with ON ERROR while in an ON ERROR
GOSUB service routine.

A Closer Look At ON ERROR GOTO
The ON ERROR GOTO statement is often more useful than ON ERROR GOSUB,

especially if you are trying to service more than one error condition. However, ON
ERROR GOTO does not change system priority.

As with ON ERROR GOSUB, one error service routine can be used to service all the
error conditions in a given context. By testing both the ERRN (what went wrong) and
the ERRLN (where it went wrong) functions, you can take proper recovery actions.

One advantage of ON ERROR GOTO is that you can use another ON ERROR
statement in the service routine (which you cannot use with ON ERROR GOSUB). This
technique, however, requires that you re-establish the original error service routine after
correcting any errors (by re-executing the original ON ERROR GOTO statement). The
disadvantage is that more programming may be necessary in order to resume execution
at the appropriate point after each error service.
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10 RESTORE

20 PRINT

30 PRINT

40 PRINT "Coefficients of quadratic equation A"
50 DATA 0,0,0

60 READ A,B,C

70 Maxreal=1.79769313486231E+308
80 Overflow=0

90 Coefficients: !

100  INPUT "A?7",A

110 IF A=0 THEN

120 DISP "Must be quadratic"
130 WAIT .5

140 GOTO Coefficients

150 END IF

160  PRINT "A=";A

170  INPUT "B?",B

180  PRINT "B=";B

190  INPUT "C?",C

200  PRINT "C=";C

210 Compute_roots: !

220 ON ERROR GOTO Esr

230 Imaginary=0

240 Parti1=-B/2.*A

2560  Part2=SQR(B*B-4*A*C)/2.*A
260 IF NOT Imaginary THEN

270 Rooti=Parti+Part2
280 Root2=Part1-Part?2
290 END IF

300 OFF ERROR
310 Print_roots: !
320 IF Imaginary=0 THEN

330 PRINT "Root 1 =";Rooti

340 PRINT "Root 2 =";Root2

350 ELSE

360 PRINT "Root 1 =";Partl;" +";Part2;" i"
370 PRINT "Root 2 =";Parti;" -";Part2;" i"
380 END IF

390 IF Overflow THEN PRINT "QVERFLOW"

400  STOP

410 Esr: !

420 IF ERRN=30 THEN ! SQRT of negative number
430 Part2=SQRT (ABS (B*B-4*A%C)) /2*A

440 Imaginary=1

450 Branch=1

460 GOTO 270

470  ELSE

480 IF ERRN=22 THEN ! REAL overflow

490 Overflow=1
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500 SELECT ERRLN

510 CASE 240

520 Part1=SGN (B) *SGN (A) *Maxreal
530 Branch=2

540 CASE 250

550 Part2=Maxreal

560 Branch=3

580 CASE 270

590 Rooti=Maxreal*SGN{Parti)
600 Branch=4

620 CASE 280

630 Root2=Maxreal*SGN(Part1)
640 Branch=5

660 PRINT "Unexpected overflow"
670 Branch=6

680 CASE ELSE

690 DISP "Unexpected error";ERRN
700 Branch=6

710 END SELECT

720 END IF

730 END IF

740 ON Branch GOTO 270,250,260,280,290,10
750 END

A Closer Look At ON ERROR CALL

ON ERROR CALL is global, meaning once it is activated, the specified subprogram will
be called immediately whenever an error is encountered, regardless of the current context.
System priority is set to level 17 inside the subprogram, and remains that way until the
SUBEXIT is executed, at which time the system priority will be restored to the value it
was when the error happened.

As with ON ERROR GOSUB, you will generally use the ON ERROR CALL statement
when you want to return to the program where the error occurred. You have two choices
of return destinations:

e SUBEXIT sends program control back to the line that caused the error, thus
indicating that you have corrected the cause of the problem and want to re-execute
this line.

e ERROR SUBEXIT sends program control to the line following the line that caused
the error, thus indicating that you have taken an alternative action and do not want
to re-execute the line that initially caused the error.

Note that if you do not correct the problem and subsequently use SUBEXIT, the BASIC
system will repeatedly re-execute the problem-causing line (which will result in an infinite
loop between the ON ERROR CALL branch and the SUBEXIT).
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Note

You cannot trap errors with ON ERROR while in an ON ERROR
CALL service routine.

Cannot Pass Parameters Using ON ERROR CALL

Bear in mind that an ON...CALL statement can not pass parameters to the specified
subprogram, so the only way to communicate between the environment in which the
error is declared and the error service routine is through a COM block.

Using ERRLN and ERRL in Subprograms

You can use the ERRLN function in any context, and it returns the line number of the
most recent error. However, the ERRL function will not work in a different environment
than the one in which the ON ERROR statement is declared. For instance, the following
two statements will only work in the context in which the specified lines are defined:

100 IF ERRL(40) THEN GOTO Fix40
100 1IF ERRL(Line_label) THEN Fix_line_label

The line identifier argument in ERRL will be modified properly when the program is
renumbered (such as explicitly by REN or implicitly by GET); however, that is not true
of expressions used in comparisons with the value returned by the ERRLN function.

So when using an ON ERROR CALL, you should set things up in such a manner that the
line number either doesn’t matter, or can be guaranteed to always be the same one when
the error occurs. This can be accomplished by declaring the ON ERROR immediately
before the line in question, and immediately using OFF ERROR after it.

5010 ON ERROR CALL Fix_disc
5020 ASSIGN QFile TO "Data_file"
5030 OFF ERROR

7020 SUB Fix_disc
7030 SELECT ERRN
7040 CASE 80

7050 DISP "Door open -- shut it and press CONT"

7060 PAUSE

7080 CASE 83

7090 DISP "Write protected -- fix and press CONT"

7100 PAUSE

7120 CASE 85

7130 DISP "Disc not initialized -- fix and press CONT"
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7140 PAUSE
7160 CASE 56

7170 DISP "Creating Data_file"
7180 CREATE BDAT "Data_file",20
7190 CASE ELSE

7200 DISP "Unexpected error ";ERRN
7210 PAUSE

7220 SUBEND

A Closer Look At ON ERROR RECOVER

The ON ERROR RECOVER statement sets up an immediate branch to the specified
line whenever an error occurs. The line specified must be in the context of the
ON..RECOVER statement. ON ERROR RECOVER is global in scope—it is active
not only in the environment in which it is defined, but also in any subprograms called
by the segment in which it is defined.

If an error is encountered while an ON ERROR RECOVER statement is active, the
system will restore the context of the program segment which actually set up the branch,
including its system priority, and will resume execution at the given line.

3250 ON ERROR RECOVER Give_up

3260 CALL Model_universe

3270 DISP "Successfully completed"
3280 STOP

3290 Give_up: DISP "Failure ";ERRN
3300 END
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Simulating Errors
(CAUSE ERROR)

Since it is not always convenient to set up the conditions that cause errors, this BASIC
system has a simple way of programmatically simulating errors. The following statement
does this:

CAUSE ERROR Error_number
The parameter Error_number is the number of the error that you want to simulate (error
numbers in the range 1001 through 1080 have special significance, as described later in

this section.) Thus, CAUSE ERROR is useful in testing and verifying your error trapping
routines.

The effects of this statement are the same as if the error were caused by real error
conditions:

e The ERRN function still returns the error number (in this case, it is the value that
you specified in the CAUSE ERROR statement).

e The ERRMS$ function still returns the text of the corresponding error message (if
the ERR binary is present).

e The ERRLN function still returns the line number at which the error occurred (in
this case, the line number of the CAUSE ERROR statement).

e The ERRL function still returns a 1 when its argument is the line at which the
error occurred.

Note, however, that CAUSE ERROR does not change ERRDS.
If CAUSE ERROR is executed from the keyboard, the appropriate error message will

be reported, but none of the program-related error conditions are affected. (This is also
true of other keyboard-related errors.)
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Example of Simulating an Error

Here is an example of modifying one of the preceding examples to simulate an error.
(Note that the original statement has been “commented out” so that it will be easy to
put back in after the testing is finished.)

100  Radical=B*B-4x*Ax*C

110  Imaginary=0

120 ON ERROR GOSUB Esr

130 CAUSE ERROR 30 ! Partial=SQRT(Radical) <« Line modified.
140  OFF ERROR

350 Esr: IF ERRN=30 THEN

360 Imaginary=1

370 Radical=ABS(Radical)

380 ELSE

390 BEEP

400 DISP "Unexpected Error (";ERRN;")"
410 PAUSE

420 END IF

430 RETURN

The error-trapping subroutine can then be tested to verify that it properly traps error
30. After this verification, you may want to modify the CAUSE ERROR line to simulate
other errors that could possibly occur at that point in the program. (In this example,
it is not necessary since all other errors are handled in the same manner; see lines 390
through 410.)

CAUSE ERROR and Error Numbers 1001 thru 1080

Error numbers 1001 through 1080 have been reserved to have special meaning for BASIC
programs. These errors are used to simulate errors which may occur when a binary has
not been loaded. The value returned by ERRN will be 1; the ERRM$ function will
return either:

ERROR 1 in line_number Missing binary binary_number
or
ERROR 1 in line_number Missing binary binary_name

The second message is returned with language-extension binaries (no binary name is
returned with driver binaries).
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Clearing Error Conditions
(CLEAR ERROR)

After you have finished handling an error in a program, it is convenient to clear the
indications that an error has occurred. The following statement performs this action:

100 CLEAR ERROR

This statement has the following effects on the error functions’ values:

ERRN
ERRLN
ERRL
ERRM$
ERRDS

Subsequently returns 0.
Subsequently returns 0.

Subsequently returns 0 for all arguments (line identifiers) sent to it.
Subsequently returns the null string (string with length 0).
Is not affected by CLEAR ERROR.

Note that the CLEAR ERROR statement is not keyboard executable; it can only be
executed from a running program.
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Debugging Programs 1 2

The problem of debugging a program is distinct from the issues raised in the “Handling
Errors” chapter. The “Handling Errors” chapter is based on the premise that the
programmer is satisfied that the program works as it should, and that it then should
be made as foolproof as possible. This could be construed as putting the cart before the
horse—before you can make a program foolproof, you must get it to run correctly in the
first place. One of the key characteristics of a “bug” is that it doesn’t necessarily have
to cause an error condition to occur—it only has to cause your program to give a wrong
answer. This chapter deals with the methods available to diagnose problems in logic and
semantics.

Naturally, the ideal way to debug a program is to write it correctly the first time
through, and all programmers should strive constantly to achieve this goal. Hopefully,
the techniques that have been been discussed in this manual will help you get a little
closer to this goal. The practice of writing self-documenting code and designing programs
in a top-down fashion should help immensely.

Aside from recommended methods of writing software, the computer itself has several
features which aid in the process of debugging.
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Using Live Keyboard

One of the pleasing characteristics of your computer is that its keyboard is “live” even
during program execution. That is, you can issue commands to the computer while it
is running a program the same way that you issue commands to it while it is idle. For
instance, you can add two numbers together, examine the catalogue of the disk currently
installed in the drive, list the running program to a printer, scroll the CRT alpha buffer
up and down, or output a command to a function generator over HP-1B. Practically the
only thing you can’t do from live keyboard while a program is running is write or modify
program lines, or attempt to alter the control structures of the program. (A complete
list of illegal keyboard operations is given a little later on.)

Executing Commands While a Program Is Running

By way of illustration, key in the following program, press (3] in the System.
User 1, and User 2 menus of an ITF keyboard), and then execute the commands shown
underneath the listing.

10 FOR I=1 TO 1.E+6

20 NEXT I
30 END
CAT

2+2

SQR(6°2+17.2°2)
PRINT "THE QUICK BROWN FOX"
TIMEDATE

Using Program Variables

Now, this program will take a fair amount of time to complete (on the order of minutes),
so to find out how far the program has gone, look at the value of the variable 1. Type:

(1] [Return] or [ENTER].

The current value of T will be displayed at the bottom of the screen.

If you don’t want to wait for the program to go through all one million iterations, you
can merely change the value of I by entering:

I=999000

Thus, we have seen that live keyboard can be used to examine and/or change the contents
of the program’s variables.
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One aspect of live keyboard to be aware of is that the computer will only recognize
variables that exist in the current program environment. For instance, suppose that we
change our example program to call a subprogram inside the loop.

10 FOR I=1 TO 1.E+5

15 CALL Dummy
20 NEXT I
30 END

40 SUB Dummy

50 FOR J=1 TO 10
60  NEXT J

70  SUBEND

While this program is running and you try and test the variable I from the keyboard,
chances are that you will only get a message saying that I doesn’t exist in the current
context—most of the time will be spent in the subprogram. On the other hand, if you
test the value of J, it is highly likely that you will get an answer.

Similarly, operations like ASSIGN and ALLOCATE, which are declarative types of
statements, must use variables that are already known to the current environment when
they are executed from the keyboard. For example, in the following program, it is
perfectly legal to perform the operation ASSIGN @vm TO * from the keyboard, although
it is not legal to perform ASSIGN @File TO "DATA" from the keyboard.

1 ASSIGN @Dvm TO 724
10 FOR I=1 TO 1.E+5
20 NEXT I

30 END

Live keyboard operations are allowed to use variables already known by the running
program. Live keyboard operations are not allowed to create variables.
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Calling Subprograms

Although the GOTO and GOSUB commands are illegal from the keyboard, it is perfectly
legal to call subprograms from the keyboard. The parameters that are passed must either
be constants or must be variables that exist in the current context. Also, the program
in memory must be able to pass pre-run without errors.

Here is an example:

10 FOR I=1 TO 1E5

20 NEXT I

30 END

40 SUB Gather (INTEGER X)

50 OPTION BASE 1

60 DIM A(32)

70  CREATE BDAT "File"&VAL$(X),1
80  ASSIGN @Dvm TO 724

90  ASSIGN QFile TO "File"&VAL$(X)
100 OUTPUT @Dvm;"N100S"

110 ENTER @Dvm;A(*)

120 OUTPUT QFile;A(*)

130 PRINT A(x),

140 SUBEND

150 DEF FNPoly(X)

160 RETURN X"3+3*X~2+3%X+X

170 FNEND

By executing CALL Gather(1) from the keyboard, the main program will be suspended
while the subprogram is called, at which time a 1 record file will be opened, 32 readings
will be taken from the voltmeter and stored in the file, and the readings will be printed
on the screen. Then main program execution will resume where it left off.

Similarly, by executing FNPoly (1), the value of the polynomial will be computed for X=1
and the answer (8) will be displayed at the bottom of the screen.
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Pausing and Continuing a Program
You can also pause a program from the keyboard using the {({Break]) key.

You may subsequently continue program execution:
e Press the key ([12] in the System menu of an ITF keyboard)

s Execute a CONT statement:

CONT [Return] or [ENTER]
or
CONT 100 [Return] or (ENTER]
or
CONT Line_label [Return] or (ENTER]

Note that a program which has been edited cannot be continued.

Keyboard Commands Disallowed During Program Execution

Here is a list of commands which may not be executed from the keyboard while a program
is running, although they may be executed from the keyboard if the computer is idle:

CHANGE FIND SCRATCH
CONT GET SCRATCH A
COPYLINES LOAD SCRATCH BIN
DEL MOVELINES SCRATCH C
EDIT RUN SYSBOOT
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Cross References

When debugging a program, and you think that the problem may be that you misspelled
a variable name, you can use the XREF command to alphabetically list all variable
names. This listing will also contain the line numbers where the variables were used, to
help you locate any problems caused by misspelling or using the wrong variable.

Another way of using a cross-reference listing is when you need to find every place a
particular variable name is used, but the system (and therefore the FIND command) is
not available. It is often advisable to generate a cross reference at the end of a hard-copy
(printer) listing of a large program. This information makes finding every occurrence of
a variable much easier.

Generating a Cross-Reference Listing

The following XREF command prints a cross-reference listing on the default PRINTER
IS device:

XREF

The next command sends a cross-reference to device selector 701:

XREF #701
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Example Program and Cross Reference
Here is an example program, with a corresponding cross reference.

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150

! Fil "DoKeyFile"
DIM Key_value$[160]
INTEGER Key_number
CREATE BDAT "SOFTKEYS",3
ASSIGN @Keys TO "SOFTKEYS"
FOR I=0 TO S

READ Key_number,Key_value$

OUTPUT QKeys;Key_number,Key_value$
NEXT I
ASSIGN @Keys TO *
LOAD KEY "SOFTKEYS"
! ---- Key Data ---=-------=--=-------
DATA 8,"work!",5,"that",1,"See?",4,"you"
DATA 2,"I",3,"told",7,"would",6,"this"
END

Now generate a cross reference of the identifiers in the program:

XREF [Return] or [ENTER]

The following results are generated:

[

>>>> Cross Reference <L
* Numeric Variables
I 60 90
Key_number 30 <-DEF 70 80
*  String Variables
Key_value$ 20 <-DEF 70 80
* I/0 Path Names
QKeys 50 80 100
Unused entries = 7

This is not an exhaustive list of XREF outputs, since there were no COM blocks,
subprogram calls, line labels, etc. However, it does give an idea of the general format of
a cross-reference listing. (For a complete description of XREF listings, see the BASIC
Language Reference.)

Debugging Programs 12-7



Note the <- DEF which appears in some of the line-number lists; this symbol appears
when:

e The identifier is a variable in a formal parameter list (that is, in a SUB or DEF FN
statement).

e The identifier is a variable declared in a COM, DIM, REAL, INTEGER, or
COMPLEX statement.

e The identifier is a line label for that line.

Unused Entries
At the end of each context, a line is printed that begins with:

Unused entries =

The number of “unused entries” deals with the internal workings of the system. It tells
how many symbol table entries are available:

e for which space has already been made

e but which are not currently used by a variable

This is a count of the symbol table entries which have been marked by pre-run as
“unused”. Unreferenced symbol table locations which have not yet been marked “unused”
by pre-run processing will show up in the lists of identifiers with empty reference lists.
Note that a distinction is made here between “unused” and “unreferenced”.

Pre-run will convert unreferenced symbol table entries (entries which are defined by the
system but not used by a variable in the program) into “unused” entries. Unreferenced
entries can arise because you changed your mind about a variable’s name or corrected
a typing error (once the system reserves space for a symbol table entry, this space is
dedicated to the purpose of storing symbols until the corresponding context is destroyed,
such as with SCRATCH). “Unreferenced entries” can also arise in syntaxing some
statements where a numeric variable name which becomes a line label or a subprogram
name is created. Also, REN (renumber) can cause line numbers to merge if you have
unsatisfied line-number references. This shows up in the cross-reference as separate (but
adjacent) entries for the multiple symbol table entries for the line number.

Let’s go through an example to make this completely clear. At power-up the system

creates an empty symbol table with space for five entries. Doing an XREF at this point
will show Unused entries = 5 and no other symbols.

12-8 Debugging Programs



Now type in the following program:

-

o

|
[}

20 B
30
40
50

moQ
[ [ (]
O W N -

An XREF at this point will show five variables, each occurring in one line, and Unused
entries = 0 (all the pre-allocated spaces having been filled).
Now add one more line:
60 F=6
A subsequent XREF will show six variables and Unused entries = 5. This happens

because when the system needs a symbol table location and none exists it always allocates
six additional spaces: one for its immediate needs, and five spares for future use.

Now delete lines 10 to 60 using DEL 10,60 or the [Delete_line] ((DEL LN])) key. Then perform
another XREF. The listing will show six variables, each with an empty reference list, and
Unused entries = 5.

Now store the following program line (as the only line):

10 END
and run the program. Now an XREF will show Unused entries = 11.

Doing a SCRATCH will restore the initial state with the symbol table reduced to five
empty locations.

Now enter the following program lines:

10 GOTO A
20 A:END

Then execute XREF. This will show a numeric variable A (which is an artifact of the
syntaxing process) and the line label A (referenced in two places). Running this program
will cause pre-run to recognize that there is no occurrence of a numeric variable A in the
program and reclaim the space for future use, converting it back into an “unused entry”.
Variables which are defined in the program are considered “referenced” and cannot be
converted to “unused” even if no assignment or access is made to them, because they
must be present in the symbol table in order for the program to list. Such variables must
be found by looking at the XREF for variables with reference lists which contain only
defining occurrences (<-DEF).
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Single-Stepping a Program
One of the most powerful debugging tools available is the capability of single-stepping a
program, one line at a time. This process allows the programmer to examine the values

of the variables and the sequence in which the program is running at each statement.
This is done with the key ((f1] in the System menu of an ITF keyboard).

There are three ways to use the key:

1. If the program is stopped (i.e., a pre-run has to be performed), pressing the
key will cause the system to perform a pre-run on the program, but no program
lines will actually be executed. The first line that will be executed will appear in
the system message line at the bottom of the screen. Pressing the key again
will cause that line to be executed, and the next line after that to be executed will
appear in the message line. If the key is pressed causing the next line to
appear in the display, and a live keyboard operation (such as examining the value
of a variable) is performed, the contents of the message line will change. Pressing
the key again will still cause the line to be executed, even though it is no
longer visible in the display line. After the statement has completed, the next line
will appear.

2. If the program is in an INPUT or LINPUT statement, pressing the key is
sufficient to terminate the operation. Any data entered from the keyboard will
be entered into the correct variables, just as though (2] on the ITF
keyboard) or {(Return] on the ITF keyboard) had been pressed, but program
execution will be PAUSEd, and the statement immediately following the INPUT
or LINPUT will appear in the system message line.

3. If the program is in a PAUSEd state, pressing the key will cause the next
line to be executed. The program counter will not be reset, nor will a pre-run be
performed. Again, the next line to be executed will appear in the system message
line after the last one has been completed. A paused state is indicated by a dash
in the run light in the lower right-hand corner of the screen.
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Type in the following example and execute it by pressing the key repeatedly.

10 DIM A(1:5)

20 ! This is an example

30 8=0

40 FOR I=1 TO 5

50 INPUT "Enter a number",A(I)
60 S=S+A(I)

70 NEXT I

80 PRINT S

90 PRINT A(x);

100 END

Notice that the key caused every statement to appear in the system message
line, one at a time, even those statements that are not really executed, like DIM and
comments.

If you are stepping a program and encounter an INPUT, LINPUT, or ENTER KBD
statement, you can use [Return], (ENTER], or [CONTINUE] to enter your responses. The
system will remember that you are stepping the program and remain in single-step mode
after the input operation is complete (unless you press again after the input
operation is complete).

If you hold down the key, to continuously step through program lines, you may
want to turn softkey labels off (especially when using bit-mapped alpha displays).
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Tracing

The process of single-stepping, wonderful though it is, can be quite slow, especially if
the programmer has little or no idea which part of his program is causing the bug. An
alternative way of examining variable changes and program flow is available in the form
of the TRACE ALL statement.

TRACE ALL

When the TRACE ALL command is executed, it causes the system to issue a message
prior to executing every line (this shows the order in which the statements were executed).
and if the statement caused any variables to change value, a message telling the variables
involved and their new values is also issued. The messages are issued to the system
message line, and the most useful way to use the TRACE ALL feature is to turn Print
All On with the key ([f4] in the System menu of an I'TF keyboard). unless of
course you're a very fast reader. (The printall mode will cause all information from the
DISP line, the keyboard input line, and the system message line to be logged on the
PRINTALL IS device.)

Turn Print All ON and key in the following example to see how TRACE ALL works:

10 TRACE ALL
20 FOR I=1 TO 10

30 PRINT I,

40 IF I MOD 2 THEN

50 PRINT " is odd."
60 ELSE

70 PRINT " is even."
80 END IF

90 NEXT I

100 END
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There are two optional parameters that can be used with TRACE ALL. Both parameters
are line identifiers (line numbers or line labels). The first parameter tells the system when
to start tracing, and the second one (if it’s specified) tells the system when to stop tracing.
The following example illustrates the use of one optional line specifier:

1 TRACE ALL 40
10 DIM A(1:10)
20 FOR I=1 TO 100

30 NEXT I

40 FOR J=1 TO 10
50 A(D)=J

60 NEXT J

70 END

It is usually more useful to use the TRACE ALL command from the keyboard rather
than from the program because a program modification is not necessary if you want to
trace a different part of the program. All that’s necessary is to type in a new TRACE
ALL command from the keyboard to override the old one. In the above example, to
trace the loop from 20 to 30 instead of the one from 40 to 60, simply delete line 1 and
type in TRACE 20,40 from the keyboard.

10 DIM A(1:10)
20 FOR I=1 TO 100

30 NEXT I

40 FOR J=1 TO 10
50 A(D)=J

60  NEXT J

70 END

The program will begin tracing at line 20, and keep on tracing until it’s ready to execute
line 40, at which time it will terminate the trace messages and will continue executing
the program normally.

If the TRACE ALL statement uses a line label instead of a line number, be aware of what
happens if you have more than one occurrence of a given line label in your program. For
instance, it is perfectly legal to have the same line label in two or more different program
environments—Iline labels are local to subprograms and branching operations addressing
a given line label are treated separately in different subprograms.
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However, when a TRACE ALL using a line label is executed. the first line label in
memory is the one that gets used, regardless of the environment the program was in
when the TRACE ALL statement was executed. Thus in the following program, even
though the TRACE ALL Printout statement is executed inside the subprogram, tracing
does not commence until the subprogram has been exited and the Printout statement in
the main program has been executed.

10 DIM A(1:10)
20 FOR I=1 TO 10

30 CALL Dummy(A(*),I)
40 GOSUB Printout

50  NEXT I

60  STOP

70 Printout: !

80 FOR J=1 TO 10

90  PRINT A(D);".,";
100 NEXT J

105 PRINT

110 RETURN

120 END

130 SUB Dummy(X(*),Z)
140 TRACE ALL Printout
160 FOR I=1 TO 10

160 X(I)=Z*100+1
170 NEXT I

180 GOSUB Printout

190 SUBEXIT

200 Printout: !

210 PRINT "Dummy routine executed";Z
220 RETURN

230 SUBEND

If two line identifiers are used, their location with respect to each other does not matter.
Tracing will start when the line specified first is encountered, and it will stop when (or
if) the second line is encountered.

PRINTALL IS

The PRINTALL IS command is useful for switching the tracing messages between the
CRT and a hardcopy printer. For instance, turning PRINTALL ON during pre-run will
allow you to see which array variable has not been dimensioned. (Again, to get any record
at all of the trace messages, Print All must be On.) To cause the trace messages to be
logged on the CRT, execute PRINTALL IS CRT. (The CRT is the default PRINTALL
IS device that the system assumes when it wakes up.) To cause the messages to be
logged on a printer, merely change the select code to the appropriate value (PRINTALL
IS 701).
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TRACE PAUSE

The TRACE PAUSE command can be used to set a “break point” in the program. The
program will execute at a reduced speed until the specified line is reached, at which time
the program will pause, and the specified line will be shown in the display line, indicating
that the program will execute it when execution is resumed. Execution may be resumed
with the key ((f2] in the System and User menus on an ITF keyboard), the
key ((f1] in the System menu on an ITF keyboard), or by executing CONT from
the keyboard (the specified line identifier must be located in the current environment).

By executing the command TRACE PAUSE Printout from the keyboard, the following
program will pause every time it reaches line 70.

10 DIM A(1:10)
20 FOR I=1 TO 10

40 GOSUB Printout
50 NEXT I
60  STOP

70 Printout: !

80 FOR J=1 TO 10
90  PRINT A(J);",";
100 NEXT J

110 PRINT

120 RETURN

130 END

Try the following ways of continuing execution:
® press (1) on the ITF keyboard)

e press ((2] on the ITF keyboard)
e execute CONT 110

As with TRACE ALL, a new TRACE PAUSE statement overrides a previous one. The
same rules are applied when a line label is used in a TRACE PAUSE statement as are
applied to the TRACE ALL statement—the first line in memory having that label is
used.
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TRACE OFF

TRACE OFF cancels the effects of any active TRACE ALL or TRACE PAUSE
statements. The status of Print All and the PRINTALL IS device will be unchanged.

TRACE OFF may be executed either from the program, or from the keyboard.

The CLR 1/O (Break) Key
The key ((Break] on the ITF keyboard) suspends any active 1/O operation

and pauses the program in such a way that the suspended statement will restart once
{((#2) on the ITF keyboard) or ((f1] on the ITF keyboard) is pressed.
This is useful for operations which appear to “hang” the machine, such as printing to a
printer which isn’t turned on.

Most devices will not respond to ENTER requests unless they have first been instructed

to respond. If improper values are sent to a device, it may refuse to respond. Therefore,
can help in debugging these situations.

Here are the operations that can be suspended with [CLR 1/0].

PRINT SEND ASSIGN
LIST PRINTALL outputs PURGE
CAT ENTER CREATE
OUTPUT INPUT

DUMP GRAPHICS HP-IB commands

DUMP ALPHA External plotter commands

12-16 Debugging Programs



Efficient Use of the
Computer’s Resources

Data StOrage . . ..o oottt 13-1
Data Storage in Read/Write Memory . .......... ..., 13-1
Data Storage on Mass Memory Devices ............................. 13-3
Comments and Multi-character Identifiers.................... ... ... 13-4
Variable and Array Initialization............ ... ... . ... ... ... 13-4

Mass Memory Performance. ......... ... .. 13-5
Program Files ... ... 13-5
Data Files ... 13-6

Benchmarking Techniques......... .. . . i 13-7

INTEGER Variables . ...... ... o 13-9
Minimum and Maximum Values ............ ... ... ... .. .. ... ..... 13-9
Mathematical Operations ......... ... ... 13-9
L00DS ot 13-11
Array Indexing . ... ..o e 13-12

REAL and COMPLEX Numbers. ....... ... ... .. ... i, 13-13
Minimum and Maximum Values .......... ... ... .. .. ... ... ... .. 13-13
Type Conversions . . ... ...ttt 13-13
Constants . .. ...t 13-14
Polynomial Evaluations ........... ... .. i i 13-14
Logical Comparisons for Equality on REAL Numbers................ 13-17

Saving Time. .« .ottt e 13-18
Multiply vs. Add . ... . e 13-18
Exponentiation vs. Multiply and SQRT .......... .. .. ... ........ 13-18
Array Fetches vs. Simple Variables........... .. .. ... .. .. ... .. 13-19
Concatenation vs. Substring Placement . ........................... 13-19
HP 98635 Floating-Point Math Card .............................. 13-21
MC68881 Floating-Point Math Co-Processor ....................... 13-21
Enabling and Disabling Floating-Point Math Hardware .............. 13-21
MC68020 Internal Cache Memory . ........... ... .. .. .. . ... 13-22

Saving Memory . ... ..o e 13-23

Releasing Memory Volumes .......... ... ... ... .. . . it 13-25



Efficient Use of the
Computer’s Resources

Every model of computer has certain characteristics which can result in better perfor-
mance, provided the programmer knows what those characteristics are and how he can
take advantage of them. This chapter consists of a potpourri of such items.

Data Storage

It is usually desirable to minimize the usage of computer memory and mass storage. This
section describes how much space is required to store various types of data, which will
help you in using your storage resources for the best possible utilization.

Data Storage in Read/Write Memory

There are five data types on this computer: REAL, INTEGER, COMPLEX, strings, and
I/O path names. The memory occupied by data is made up of two parts: the memory
it actually takes to hold the intended information, and the memory that the system uses
to keep track of the information’s location and form (this is called overhead). Strings,
INTEGERs, COMPLEXs and REALSs can be declared either as simple variables or as
arrays. Arrays take different amounts of overhead than simple variables, but each element
of an array uses the same amount of memory that a corresponding simple variable uses
to actually store information.

The overhead required for any given symbol is kept in three tables:
e the symbol table
e the token table

e and the dimension table

The symbol table contains pointers to the value area, where the actual information is
kept, and to the other two tables. The token table contains the names of the various
symbols. The dimension table contains length information for strings and arrays, and is
not used for numeric scalars. The tables are not constructed in single units as symbols
are added and deleted. Rather, as new space is required, the system will first look to see
if there are any unused entries in the tables—if new space is allocated, usually enough
for several entries is allocated. For instance, the symbol table is built in increments of
five entries.
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Symbol Table Overhead: 10 bytes per symbol

Token Table Overhead: Number of characters in the name + 1 (if the above
number is odd, it is rounded up to an even number).
Note that the name for I/O path names, strings, and
functions includes the @, §, and FN, respectively.

Dimension Table Overhead: For arrays: 3 bytes (total size)
1 byte (number of dimensions)
4 bytes for each dimension (for the lower
bound, and the size of each dimension)

For strings: 2 bytes (maximum length)

For string arrays: all of the normal array overhead,
plus two bytes for the maximum allowed length of an
element

Note that line labels, COM labels, and subprograms are considered as symbols, and
occupy space in both the symbol and token tables. Line numbers used in statements,
like GOTO 20, also occupy space in the symbol table.

Every subprogram (or context) has its own set of tables. In addition, there is a global
set of COM tables, where all information concerning COM blocks is kept. Symbols that
belong to a COM block will occur in both the COM tables and in any local tables in
which that COM block is declared. Since each context may define the names by which
it refers to COM block variables, there will be no entry in the COM token table for each
variable, but an entry in the COM token table will occur for COM labels.

ALLOCATEA variables require four bytes of overhead in addition to the overhead already
discussed for the symbol, token, and dimension tables.

13-2 Efficient Use of the Computer’s Resources



The following table summarizes the storage requirements for various data types. This
table does not show the extra requirements just mentioned for ALLOCATEd and COM
variables.

Table 13-1. Data Type Storage Requirements

Type Overhead Information Storage
Simple INTEGER | 10 bytes + name overhead |2 bytes
Simple REAL 10 bytes + name overhead | 8 bytes
Simple COMPLEX |10 bytes + name overhead | 16 bytes
Simple string 12 bytes + name overhead |1 byte per char. up to declared length

(padded to even number of chars.) + 2
bytes (length information)

I/O path name 10 bytes 4+ name overhead | 100 bytes

INTEGER array 14 bytes + name overhead | 2 bytes per element
+ 4 bytes per dimension

REAL array 14 bytes + name overhead | 8 bytes per element
+ 4 bytes per dimension

COMPLEX array 14 bytes + name overhead | 16 bytes per element
+ 4 bytes per dimension

String array 16 bytes + name overhead |1 byte per char. up to declared length
+ 4 bytes per dimension | (padded to even number of chars.)+ 2 bytes
(length information) per element

Data Storage on Mass Memory Devices

The amount of storage that data takes on mass storage media is similar to the amount
of memory that data takes internally, except that no overhead is required (on BDAT
files). Arrays and single values are interchangeable on mass storage no distinguishing
information is kept on the media.

INTEGERs (and INTEGER arrays) 2 bytes (per element)

REALSs (and REAL arrays) 8 bytes (per element)

COMPLEXs (and COMPLEX arrays) 16 bytes (per element)

Strings (and string arrays) 4 bytes + 1 byte per char up to current length,
padded to even number of chars. (per element)
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For ASCII files, all information is converted to string (or ASCII) form, and a two-byte
length field is tacked onto the front of every field.

INTEGERs (and INTEGER arrays) 2 bytes + 1 byte per digit (per element)
REALs (and REAL arrays) 2 bytes + 1 byte per digit (per element)
COMPLEXs (and COMPLEX arrays) 2 bytes + 1 byte per digit (per element)
Strings (and string arrays) 2 bytes + 1 byte per char (per element)

Comments and Multi-character Identifiers

Self-documenting features such as in-line comments and multi-character variables and
line labels are useful because of the benefits to be reaped in terms of developing, testing,
debugging, and maintaining programs. They do take extra memory, but this shouldn’t
be a problem if you keep the following points in mind.

Comments take 1 byte of memory for every character in the comment. If memory space
becomes a problem, many people resort to keeping two copies of their programs around--
one fully commented to use as reference material, and the other uncommented to use as
the “production version,” which is the one that is actually used.

Multi-character identifiers are only spelled out in their entirety once—not every time they
are used. The program actually stores pointers whenever a reference to the identifier is
used, so using short identifiers won't result in any appreciable savings in memory used.

Variable and Array Initialization

Care should be taken to initialize any variables before using them in an expression (on the
right hand side of an =, as a left-hand subscript in a function or subprogram parameter
list, as an argument to a built-in function, or in a PRINT/OUTPUT/DISP list). The
system will set variables to zero, strings to null, and I/O path names to undefined at
program prerun, but depending upon default settings is considered bad programming
practice and could lead to subtle errors. For instance, the first time a certain line is
executed, the variables used may be assumed to be zero because of the prerun operations.
Once this assumption has been made. the danger is that the programmer will branch back
to the same section of code and forget that the zeroing process has not been performed-
an error may result that didn’t occur previously.
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Mass Memory Performance

Program Files

There are two ways to store programs—they can be saved either as ASCII source strings
using the SAVE command, or they can be stored in an intermediate form that the BASIC
language system understands using the STORE command.

If the time it takes to load the program is important, always use the STORE command to
store the program instead of the SAVE command. The LOAD command, which reads in
files created by the STORE command, will execute about fifty times faster than the GET
command. This is because the LOAD command does not require that the information
on the file be processed in any way. Since the program is already in the form the system
needs it in, all that is necessary is to funnel the program directly into memory as fast as
the disc can spin (assuming an interleave of one).

SAVE files, on the other hand, require that the system parse and check the lines as they
are read, just the same as if a user had typed them in from the keyboard. Consequently,
the speed at which the program gets loaded into memory with the GET command will
be drastically slower than the LOAD command. Using the Model 226 and 236 internal
drives as an example of the relative speeds, a typical 8-Kbyte program will take about
30 seconds to GET, but only about one second to LOAD.

One advantage of the GET/SAVE commands is that it is possible to deal with programs
as string data.
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Data Files

As with program files, there are two types of data files: ASCII and BDAT. ASCII files
require that all data be in string form, while BDAT files are interpreted as internal data
representations.

When reading or writing data to an ASCII file, the number formatter is required to
convert the data in between its internal representation and its ASCII form. When reading
or writing data to a BDAT file, the data may stream directly back and forth with no
conversion required. Using the Model 226 and 236 internal drives as an example, an
8K-element REAL array (64K bytes) may take around 200 seconds to write in an ASCII
file, while the same array will only take about 5 seconds to write to a BDAT file.

The primary benefit of the ASCII data file is the transportation of data between

different models of Hewlett-Packard computers and terminals and between discs used
with different language systems.
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Benchmarking Techniques

This section discusses the techniques used to determine how fast various operations
execute. Ideally, you should separate the measurement time from elapsed time:

10
20
30
40

T1=TIMEDATE

T2=TIMEDATE

PRINT T1-T2;"seconds used to read clock"
END

In actuality, the clock only has a resolution of 10 ms, so you won’t usually be able to
time this operation.

Next, most operations are performed inside a loop in order to be able to time operations
that are faster than the resolution of the clock (clock resolution is 10 ms.). This also
tends to “smooth out” varying system overhead characteristics.

10
20
30
40
50
60
70

INTEGER I

T1=TIMEDATE

FOR I=1 TO 10000

NEXT I

T2=TIMEDATE

PRINT T2-T1;"seconds of loop overhead"
END

A certain amount of time used in computational operations will involve moving infor-
mation around. The time will be different depending upon the type of the information
being moved (string, REAL, COMPLEX or INTEGER), and for strings, the length.

10
20
30
40
50
60
70
80
90
100

REAL A,B,C

INTEGER I

B=PI

T1=TIMEDATE

FOR I=1 TO 10000

A=B

NEXT I

T2=TIMEDATE

PRINT T2-T1;"seconds of loop overhead"
END
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The next step is to actually time the operation of interest. It should be noted that for
arithmetic operations. the time spent performing the operation will vary depending upon
the two operands (number of digits and relative magnitudes).

10 REAL A,B.C

20  INTEGER I

30 B=PI*1.E+53

40  C=EXP(SQR(2)"~13.81)

50  PRINT "B=";B,"C=";C

60  T1=TIMEDATE

70 FOR I=1 TO 10000

80 A=B

90 NEXT I

100 T2=TIMEDATE

110 FOR I=1 TO 10000

120 A=B+C

130 NEXT I

140 T3=TIMEDATE

150 Op_time=DROUND(T3-T2-T2+T1,3)
160 PRINT Op_time*100;"us. per operation"
170 END

The above program will show anywhere from 148 to 150 microseconds per operation for
addition.

Here is a list of a few other operations:

Addition 150 ps
Subtraction 165 us
Multiplication 301 us
Division 460 us
Exponentiation 7590 us

These tines vary for different processor boards. Use these times and others throughout
this chapter to compare the speeds of different operations.
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INTEGER Variables

We have seen in the first section of this chapter that INTEGER variables don’t take as
much memory as REAL variables (2 bytes instead of 8). Now we shall discover that some
operations with INTEGERs are much faster than the same operations with REALs.

Minimum and Maximum Value

The INTEGER variable type may store any whole number from —32 768 to +32 767
inclusive.

Mathematical Operations

There are two sets of math routines provided for the MOD, DIV, +, —, and * operations:
REAL and INTEGER. Depending upon the types of the operands used, the execution
times for these operations will vary widely. The tradeoffs are:

INTEGER math is the faster of the two, since it doesn’t require as much “work.” This
is because:

1. There are only two bytes of data to process instead of eight.
2. Operations do not have to deal with a combination of mantissa and exponent.
3. The results don’t have to be normalized.
4. INTEGER math can be done directly in the hardware.
REAL math, though slower, is generally more widely used because it allows numbers

with fractional parts to be analyzed. REAL numbers carry about 16 decimal digits of
precision and have an exponent range of —308 to +308.

Note

All times specified are without the floating point card or the
MC68881 math coprocessor. If you have this card, your times
will be faster for REAL math.

For instance, suppose you want to compute your monthly pay. Assume that you’re
making $5.17 an hour, that you work twenty-four days per month and that you work 14
hours per day. The calculation that you would use is 5.17*24%14 or $1737.12. In this
problem, you definitely want your computer to use REAL precision math (or you'll lose
17 cents per hour!) even though you’re only using 6 of the 16 digits available.
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The computer will pick whatever math routines it needs to solve the current problem.
However, the programmer can exercise control over which math routines get executed if
the following rules are understood.

¢ INTEGER math is used if both arguments of a MOD. DIV, . +. or — operation are
of type INTEGER. If the results of the operation cannot be stored in an INTEGER.
then an error is generated (INTEGER overflow).

e REAL math is used if either or both arguments of a MOD, DIV, *. +. or — operation
is of type REAL. If one of the arguments is of type INTEGER, then that argument
is first converted to REAL.

e REAL math is always used for exponentiation (") and division (/).

The following table gives some approximate time comparisons! between INTEGER and
REAL operations for +, —, and *. The times are approximations because REAL math
routines do different things depending upon the values of the operands. All times
shown here were found on operations with numbers having no fractional parts. The
multiplication times were found for operands in the range of —200 to +200.

Table 13-2. Approximate Execution Times: INTEGER vs. REAL

Operation REAL INTEGER
MOD 160 us 91 us
DIV 352 us 88 us
Addition 142 ps 68 us
Subtraction 174 us 68 us
Multiplication 152 us 77 us

Multiplication, like most math operations, will execute faster on INTEGER values. How-
ever, bear in mind that it’s much easier to get an INTEGER overflow on multiplications
than on additions and subtractions. For instance, 200%200 will give an INTEGER over-
flow. If you are performing multiplication on INTEGERs, you should carefully examine
your program to ensure that the range of your answers doesn’t force you to use REALs.
even if the requirement for fractional precision doesn’t.

These times are for a Series 200 computer with an MC68000 processor running at 8 MHz. They will be
significantly decreased on machines with higher clock rates or floating-point math hardware (HP 98635
math card or MC68881 co-processor).
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Loops

In general, any FOR/NEXT loop using an index which has been declared to be an
INTEGER will execute about 2.4 times faster than a loop whose loop counter is a REAL.
Type in the two programs below and run them to see the difference.

10 REAL I
20 TO=TIMEDATE
30 FOR I=1 TO 10000

40 NEXT I
50  PRINT TIMEDATE-TO;"seconds"
60 END

Time is about 1.67 seconds.

10  INTEGER I
20  TO=TIMEDATE
30 FOR I=1 TO 10000

40 NEXT I
50 PRINT TIMEDATE-TO;"seconds"
60 END

Time is about .69 seconds.

Bear in mind that the 2.4 speed improvement is only on the time devoted to actually
incrementing and testing the loop variable (in these examples, I). So, any loop that
iterates for 10000 times will run about a second faster if the index is an INTEGER
instead of a REAL. Now, saving a second on a loop that executes 10000 times may not
sound like much by itself, and it’s not. But what if that loop is nested inside another
one that executes 10000 times? Now your time savings is 10 000 seconds, or two hours
and forty-five minutes! Just for declaring the loop counters to be INTEGER.

Naturally, making a loop index an INTEGER will only work if the loop is not stepping

in fractions, and if the minimum and maximum values of the loop index do not exceed
the range of —32 768 to +32 767.
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Array Indexing

Accessing individual array elements is faster if the variables or expressions giving the
indices into the array are INTEGER instead of REAL. This is because the system has
to convert floating-point numbers into an INTEGER in order to find the offset from the
beginning of the array. If the index is already in INTEGER form, the conversion isn’t
necessary. The following example illustrates this point.

10 REAL I

20 DIM A(1:1000)
30 X=17.568

40  TO=TIMEDATE

50 FOR I=1 TO 1000

60 A(D)=X

70 NEXT I

80 PRINT TIMEDATE-TO;"seconds"
90 END

10  INTEGER I

20 DIM A(1:1000)
30 X=17.568

40  TO=TIMEDATE

50 FOR I=1 TO 1000

60 A(D)=X

70 NEXT I

80  PRINT TIMEDATE-TO;"seconds"
90 END

You will find a difference of .14 seconds between the two programs’ execution times, due
to a combination of the loop counter being INTEGER and the INTEGER indexing of
the array. Again, if you're operating on a much larger array, or if you're working on a
multi-dimensional array, this number can become noticeable.
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REAL and COMPLEX Numbers

This section describes details of using and storing REAL numbers. The information can
generally be applied to COMPLEX numbers, since COMPLEX numbers are essentially
two REAL numbers.

Minimum and Maximum Vaiues
The minimum REAL number that can be stored on this computer is approximately
+2.225 073 858 507 202 x 107398 (The MINREAL function returns this value.)

The maximum REAL number that can be stored on this computer is approximately
+1.797 693 134 862 315 x 1038 (The MAXREAL function returns this value.)

A REAL number can also have the value zero.

Type Conversions

Earlier, it was mentioned that any time a MOD, DIV, *, +, or — operation is performed
on two numbers of different type (one INTEGER, and one REAL), a type conversion
has to take place to convert the INTEGER to a REAL. This section will address other
situations where type conversions have to take place. .

Any time an INTEGER is used in an exponentiation or division operation, it must first
be converted to a REAL.

All of the following functions require a REAL argument (with the exception of VAL and
RND), and all of them return a REAL value (with the exception of RANDOMIZE). If
an INTEGER is passed in, or if the result is to be stored in an INTEGER, then the
appropriate type conversion must be made: EXP, LGT, LOG, RANDOMIZE, SQRT,
DROUND, RND, ACS, COS, ASN, SIN, ATN, TAN, VAL. Note that many of the
previously mentioned function also take COMPLEX arguments and return COMPLEX
arguments. These functions are: EXP, LGT, LOG, SQRT, ACS, COS, ASN, SIN, ATN,
TAN.

All of the comparison operators ( =, <>, <, >, <=, >= ) will return INTEGER values (0
or 1) but will accept either INTEGERs or REALs as arguments. The only comparison
operators allowed with COMPLEX values are = and <>. For more information on
comparisons of COMPLEX values read the section “REAL and COMPLEX Numbers
and Comparisons” in the chapter entitled “Handling Errors.” The logical operators
AND, EXOR, OR, and NOT will convert any arguments to the INTEGER values 0 or 1
before the operation is performed, and an INTEGER 0 or 1 will be returned.
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The binary bit functions (BINAND, SHIFT, ROTATE, BINIOR, BINCMP, BIT, BI-
NEOR) require INTEGER inputs and provide INTEGER outputs. Type conversions

will be performed if REALS are supplied as inputs, or if the results are to be stored in a
REAL variable.

SGN returns an INTEGER (-1, 0, 1) regardless of the type of the argument passed to
it. ABS and INT return the type of the argument that’s passed to them.

If two INTEGERS are used to perform a MOD, DIV, *, +, or — operation, but the result
is to be stored in a REAL variable instead of an INTEGER. then the result must be
converted from INTEGER to REAL.

Here is how long each type conversion takes:

INTEGER to REAL: 42 microseconds
REAL to INTEGER: 34 microseconds

Constants

All constants that are within the range of —32 767 to 32 767 that aren’t entered with a
decimal point or an “E” (for scientific notation) are stored in the machine as INTEGERs.
Integer constants should always be used with INTEGER variables, but if they are used
with REAL variables they will have to be converted to REAL first. This operation will
slow down the execution of the program, as shown in the previous section. Any numbers
entered with decimal points (1.0, 3., .7, etc.), with an E (1E—304, .2E48, 0EQ, etc.),
or outside the valid INTEGER range (40000, —75986, etc.) will be stored as REAL
constants.

Polynomial Evaluations

The polynomial can waste much computer time because programmers tend to pick
the most obvious, and also the most time-consuming, method of evaluating them.
Polynomials are usually written mathematically as:

y=ax" + a,_x""!

or

+ ... +a1x+a0
n

y= 2 ax'

i=0
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Hence the temptation is strong to evaluate a polynomial on a computer as:

2000 DEF FNPoly(X,Coefficient(*).INTEGER N)
2010 INTEGER I

2020 Y=0

2030 FOR I=0 TO N

2040 Y=Y+Coefficient (I)*(X"I)

2050 NEXT I

2060 RETURN Y

2070 FNEND

In the above program, there are N+1 additions, N+1 multiplications, N+1 exponentia-
tions, and N+1 INTEGER to REAL conversions (I is converted to a REAL when the
exponentiation operation is performed). Now suppose the polynomial is written in the
equivalent form:

y=ap + x(a; + x(az + ... + x(a,)...))

Then the corresponding program would be:

2000 DEF FNPoly(X,Coefficient (*),INTEGER N)
2010 INTEGER I

2020 Y=Coefficient (N)

2030 FOR I=N-1 TO O STEP -1

2040 Y=Coefficient (I)+X*Y

2050 NEXT I

2060 RETURN Y

2070 FNEND

Now there are only N additions and N multiplies, and NO exponentiations or INTEGER
to REAL conversions! The following chart shows the time savings as a function of
the order of the polynomial. For example, if the polynomial is of order 10, it is 70
milliseconds faster to use the nested multiply method to evaluate the polynomial than to
use exponentiation. If you're plotting a thousand points on a graph, nested multiplication
will save you more than a minute!
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Figure 13-1. Time Savings as a Function of Polynomial Order
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Logical Comparisons for Equality on REAL Numbers
Don’t do it.

If you are performing mathematical operations on REAL numbers, and then comparing
them for equality, the chances are that they will never come up equal. For example, in
the previous section on polynomial evaluation, you can pass the same value for X and
the same coefficient array to each of the two functions, and although the results will look
equal when you print them out, they won’t show equality if you compare them. (Try it
and see.) A shorter example is to execute this expression from the keyboard:

IS E LN E I LI E 8 E N

The 0 at the bottom of the screen means that the machine doesn’t consider the two
numbers to be equal. This is characteristic of the way that binary math works.

Any REAL numbers should be rounded first before being tested for equality. This is one

of the purposes of the DROUND function.
DROUND(.1+.1+.1+.1+.1+.1+.1,12)=DROUND(.7,12)

After rounding both numbers to 12 digits, the computer will now accept them as being

equal. See the “Numeric Computation” chapter for more discussion on the comparison
of REAL numbers.
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Saving Time

Multiply vs. Add

It is always faster to add a number to itself than it is to multiply it by 2. For instance.
to perform 2*PI a thousand times takes .22 seconds, while to perform PI+PI a thousand
times takes .13 seconds.

However, if you want to multiply by 3, that is faster than adding the number three times.
3+PI executed a thousand times takes about the same as 2+PI (.22 seconds). but adding
PI+PI+PI a thousand times takes about .28 seconds.

Exponentiation vs. Multiply and SQRT

Exponentiation is very slow when compared to other mathematical operations. The
results are worth the wait when the exponent has a fractional part; raising a REAL
number to a REAL power is a complex operation. However, time can be saved if you
are alert to some special cases. The most common examples are squaring a number or
finding a square root. Using SQRT(X) takes only about one-fourth the time required by
the expression X~.5. Even more dramatic savings can be gained when raising numbers
to an integer power. Using X*X yields a 22-to-1 time savings over the expression X~2.
When using powers greater than 2 or 3, the expressions needed to achieve the repeated
multiplication can be somewhat cumbersome. and may not even fit on a program line.
However. repeated multiplication is so much faster than exponentiation that time savings
can be realized (for powers up to 14) even if a FOR...NEXT loop has to be added to
repeat the multiplication.
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Array Fetches vs. Simple Variables

It takes more time to access an array element than it does a simple variable. This is
because the address of the array element has to be computed from the starting address
of the array and the offset within the array based on the specified indices. A simple
variable’s address does not require this computation.

Thus, if you access a given array element often enough, especially within a loop, it will
often be faster to store the array element into a simple variable and then operate on the
simple variable.

Time to fetch a simple variable and store it: 136 us
Time to fetch an array variable and store it: 260 us
Difference: 124 us

This means that it is faster to fetch three simple variables than it is to fetch two array
elements.

Concatenation vs. Substring Placement

The concatenation operator (&) allows you to combine two or more strings to construct
another string. This operation is discussed in the “String Manipulation” chapter. How-
ever, there is a special case that can be accomplished faster without the concatenation
operator. This is the case where the new string is built by appending to the end of an
existing string. For example, A$=A$&B$.

Concatenation works by constructing a temporary workspace in which all the components
are assembled. Then the result is moved to its destination. In the example above, A$ is
moved to a temporary workspace, B$ is appended to it, and the result is moved back to
A$. Thus, the original contents of A$, which weren’t changed, have been moved twice
unnecessarily. A faster way to accomplish the same thing is:

A$[LEN (A$) +1]=B$

Another benefit of this approach is that the temporary workspace is not created. If
memory is tight and A$ is very large, concatenation could create a memory overflow.
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The following chart shows the time savings that result from using substring placement
instead of concatenation.

DIFFERENCE BETWEEN CONCATENTATION
AND SUBSTRING PLRCEMENT
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Figure 13-2. Time Savings: Substring Placement vs. Concatenation
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HP 98635 Floating-Point Math Card

This card contains a special chip which performs floating-point math computations in
hardware rather than in software. It provides significant speed improvements over the
“math library” (software) computation method.

The BASIC system uses this card automatically, whenever installed. However, you can
disable and enable its use with CONTROL statements just like you can the MC68881
co-processor. See the following section for details.

MC68881 Floating-Point Math Co-Processor

Series 300 computers may optionally be equipped with MC68881 floating-point math co-
processors. Not only does the MC68881 provide increased speed of floating-point math
calculations, but it also increases the accuracy of these calculations. The MC68881 has
80-bit (binary) precision as opposed to the 64-bit (binary) precision of the BASIC math
library and HP 98635 Floating-Point Math Card. In a series of standard math tests, the
RMS (root mean square) error in the 10 worst cases for the MC68881 ranged from 0 to
0.37 bit error. For the software math library and Floating-Point Math Card, the RMS
error in the worst 10 cases ranged from 0.33 to 4.2 bits of error.

While the BASIC math library and the HP 98635 Floating-Point Math Card produce
identical results, these values may not agree with those obtained from using the MC68881.
This may only be noticeable when strict equality with the math library or Floating-Point

Math Card is required (which is not recommended). For strict compliance, disable the
MC68881.

Enabling and Disabling Floating-Point Math Hardware

You can determine whether the MC68881 floating-point math co-processor or HP 98635
Floating-Point Math Card is currently enabled with the following statement:

STATUS 32,2;Float_on
If the variable called Float_on is assigned a value of 1, then the floating-point hardware

is currently enabled (this is the default condition). If it is assigned a value of 0, then it
is disabled.

If floating-point math hardware is enabled but you want to disable it, execute this
statement:

CONTROL 32,2;0

If you want to re-enable this feature, you can do so with this statement:

CONTROL 32,2;1
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MC68020 Internal Cache Memory

The MC68020 processors available on Series 300 computers have on-chip high-speed cache
memory. This memory serves as storage for machine instruction sequences, typically
allowing the processor to decrease the amount of off-chip memory accesses and thus
speed program execution.

Enabling and Disabling Cache Memory
You can determine whether or not cache memory is currently enabled with this statement:
STATUS 32,3;Cache_on

If the variable called Cache_on is assigned a value of 1, then cache is currently enabled
(this is the default condition). If it is assigned a value of 0, then cache is disabled.

If the cache feature is enabled, but you want to disable it, you can do so with this
statement:

CONTROL 32,30

If you want to re-enable this feature, execute this statement:

CONTROL 32,3;1
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Saving Memory

The ALLOCATE and DEALLOCATE statements can be used to make efficient use
of memory space in certain applications. They are useful in programs that contain a
number of large variables that are not all needed simultaneously. For example: during
data collection, a large string array is needed; during data processing a large numeric
look-up table is needed; and during output formatting, a string array is needed again.
Because a mass storage device is used to hold the data between processes, the same
memory area can be used for all these arrays.

To use ALLOCATE effectively, it is necessary to understand how the system reclaims
areas that have been DEALLOCATED. Space for allocated variables is built using a
stack discipline. The DEALLOCATE statement marks a space as unused. Unused space
can be reclaimed only if it is the last space on the stack. There are two operations that
use space in this stack. One is ALLOCATE, and the other is ON <event>.

Keeping other allocated variables from blocking deallocated space is relatively simple.
If you have only one allocated variable at any given time, this is not a problem. If you
have allocated variables in existence simultaneously, ALLOCATE them in the opposite
order of the DEALLOCATE statements. Think of this in the same way you would think
about nesting FOR...NEXT loops.

Preventing blockage by ON conditions is more complicated. ON conditions, with one
exception, create control blocks that are permanent entries on the stack. As soon as you
declare an ON (or OFF) condition, all the previous entries on the stack are “locked in”
for the duration of the context and cannot be reclaimed. Therefore, all the control blocks
should be created before any variables are allocated. Once a control block is created, it
will be used by all subsequent ON and OFF statements that refer to the same resource.
A good technique is to include an OFF statement for each desired event before allocating
any variables.
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The exception mentioned above is an ON condition declared for an I/O path name.
This includes ON END, ON EOT, and ON EOR. For these, subsequent ON and OFF
statements behave as previously described. However, if the I/O path is closed, any control
blocks associated with the path are marked as unused. This has two implications. One,
the reclaiming of the stack will not be blocked after the I/O path is closed. Two, you
cannot force the system to leave these control blocks at the beginning of the stack. Here
is an example:

200 ASSIGN QFile to "FRED"
210 ON END @File GOTO Labell
220 ALLOCATE Array(255,4)

600 ASSIGN QFile TO "SUSAN"
610 ON END @File GOTO Label2
620 DEALLOCATE Array (*)

At first, the array and control block are allocated in the proper order. The ASSIGN
statement in line 600 closes the original path and opens a new path with the same name.
When the ON END control block for the new path is created, it it placed after the array
on the stack. Therefore, no memory space can be recovered by deallocating the array.
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Releasing Memory Volumes

BASIC RAM disc memory can be reclaimed without having to do a SCRATCH A which
results in the loss of special typing aids and other customizations. However, you must
keep in mind that memory can only 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 ":,0, unit number ",0

This, in effect, is equivalent to initializing the volume to 0 sectors to remove it from
memory.

The size of a memory volume is 256 xn+14 where n is the number of sectors requested
in the INITIALIZE statement (unless n is zero).

Memory volumes are allocated in a mark and release stack. What this means is, you
only get the memory back if other subsequently created memory volumes are or have
been reclaimed. The following program illustrates how this works.

100  PRINT SYSTEM$("AVAILABLE MEMORY")
110  INITIALIZE ":,0",4

120  INITIALIZE ":,0,1",4

130  INITIALIZE ":,0,2".4

140  PRINT SYSTEM$("AVAILABLE MEMORY")
1560  INITIALIZE ":,0,1".,0

160  PRINT SYSTEM$("AVAILABLE MEMORY")
170  INITIALIZE ":,0,2",0

180 PRINT SYSTEM$("AVAILABLE MEMORY")
190  INITIALIZE ":,0",0

200 PRINT SYSTEM$("AVAILABLE MEMORY")
210 END
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After running this program you would receive results similar to those shown below.

434428
431314
431314
433390
434428

where:

434428

431314

431314

433390

434428

is the initial size of the free space. This result is displayed after
executing line 100.

is the memory left after creating three memory volumes. This result is
displayed after executing lines 110 through 120.

is the memory left after releasing one memory volume. However, note
that this memory volume remains trapped until all subsequent memory
volumes have been released. Therefore, the result you see is the same
as the previous one. This result is displayed after executing lines 150
and 160.

is the memory left after releasing two memory volumes. Since there
are no subsequent memory volumes following the volume released by
executing line 170, this memory volume and the trapped memory
volumes are released.

is the initial size of the free space when you started the program. This
result is displayed after executing lines 190 and 200.
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You can re-initialize a removed memory volume in its trapped space provided the newly
allocated space is no larger than the original space that was allocated. Otherwise, new
space will be allocated for it. (This happens even if enough trapped space exists for the
new size.) Here is a program to illustrate this:

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280

PRINT SYSTEM$ ("AVAILABLE
INITIALIZE ":,0",6
INITIALIZE ":,0,1",6
INITIALIZE ":,0,2",6
INITIALIZE ":,0,3",6
PRINT SYSTEM$ ("AVAILABLE
INITIALIZE ":,0,1",0
PRINT SYSTEM$("AVAILABLE
INITIALIZE *:,0,2",0
PRINT SYSTEM$("AVAILABLE
INITIALIZE ":,0,1",6 !+2
PRINT SYSTEM$("AVAILABLE
INITIALIZE ":,0,1",0
PRINT SYSTEM$("AVAILABLE
INITIALIZE ":,0,3",0
PRINT SYSTEM$ ("AVAILABLE
INITIALIZE ":,0",0

PRINT SYSTEM$ ("AVAILABLE
END

MEMORY") , "INIT"

MEMORY") ,"0123"

MEMORY") ,"-1"
MEMORY") , "-2"
MEMORY") ,"+1"
MEMORY") ,"-1"
MEMORY") ,"-3"
MEMORY") ,"-0"

When the above program is run results similar to the following are displayed:

434186
427986
427986
427986
427986
427986
432636
434186

INIT
0123
-1
-2
+1
-1
-3
-0
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where:

434186

427986

427986

427986

427986

INIT

0123

+1

is the initial size of the free space. This result is displayed after
executing line 100. INIT stands for the initial size.

is the amount of memory left after creating memory volumes zero
through three. This result is displayed after executing lines 110
through 150. The numbers “0123” represent the four memory
volumes that were created.

is the amount of memory left after releasing the unit 1 memory
volume. Since subsequent volumes exist, this volume remains
trapped until they have been released. Therefore, the available
memory displayed is not changed. This result is displayed after
executing lines 160 and 170. The “—1" is displayed for your
convenience. A minus {—) indicates that the memory volume
has been released, and the 1 is the unit number of the memory
volume.

is the amount of memory left after releasing the unit 2 memory
volume. Since subsequent volumes exist, this volume remains
trapped until they have been released. Therefore, the available
memory displayed is not changed. This result is displayed after
executing lines 180 and 190. The “—2" is displayed for your
convenience. A minus (—) indicates that the memory volume
has been released, and the 2 is the unit number of the memory
volume.

is the amount of memory left after re-initializing the unit 1
memory volume to its original size. Since the unit 1 memory
volume is trapped, you are able to re-initialize it. Note that
the available memory displayed is not changed. This result
is displayed after executing lines 200 and 210. The *+1” is
displayed for your convenience. A plus {+) indicates that the
memory volume has been added, and the 1 is the unit number of
the memory volume.
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427986

432636

434186

-1

-3

-0

is the amount of memory left after releasing the unit 1 memory
volume. Since subsequent volumes exist, this volume remains
trapped until they have been released. Therefore, the available
memory displayed is not changed. This result is displayed after
executing lines 220 and 230. The “—1” is displayed for your
convenience. A minus (—) indicates that the memory volume
has been released, and the 1 is the unit number of the memory
volume.

is the amount of memory left after releasing the unit 3 memory
volume. Since subsequent volumes do not exist, this memory
volume is released. The memory for the unit 1 and unit 2 mem-
ory volumes is also released. Therefore, the available memory
displayed is increased by 4650 bytes. This result is displayed af-
ter executing lines 240 and 250. The “—3” is displayed for your
convenience. A minus (—) indicates that the memory volume
has been released, and the 3 is the unit number of the memory
volume.

is the amount of memory left after releasing the unit 0 memory
volume. Since all subsequent volumes are released, this memory
volume is also released and the available memory displayed is the
initial value. This result is displayed after executing lines 260 and
270. The “—0” is displayed for your convenience. A minus (—)
indicates that the memory volume has been released, and the 0
is the unit number of the memory volume.
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Using the same program, remove the exclamation point *!” that is in front of the “+2"
comment on line 200. When you run the program, you will receive results similar to the

following:

434190
427990
427990
427990
425928
427990
432640
434190

434190

427990

427990

427990

INIT
0123
-1
-2
+1
-1
-3
-0

INIT

0123

-2

is the initial size of the free space. This result is displayed after
executing line 100. INIT stands for the initial size.

is the amount of memory left after creating memory volumes zero
through three. This result is displayed after executing lines 110
through 150. The numbers “0123” represent the four memory
volumes that were created.

is the amount of memory left after releasing the unit 1 memory
volume. Since subsequent volumes exist, this volume remains
trapped until they have been released. Therefore, the available
memory displayed is not changed. This result is displayed after
executing lines 160 and 170. The “—1” is displayed for your
convenience. A minus (—) indicates that the memory volume
has been released. and the 1 is the unit number of the memory
volume.

is the amount of memory left after releasing the unit 2 memory
volume. Since subsequent volumes exist, this volume remains
trapped until they have been released. Therefore, the available
memory displayed is not changed. This result is displayed after
executing lines 180 and 190. The “—2” is displayed for your
convenience. A minus (—) indicates that the memory volume
has been released. and the 2 is the unit number of the memory
volume.
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425928 +1 is the amount of memory left after re-initializing the unit 1 mem-
ory volume to its original size plus two more sectors. Note that
the available memory displayed is changed and it has been de-
creased by the size of the memory volume. This result is displayed
after executing lines 200 and 210. The “+1” is displayed for your
convenience. A plus (4) indicates that the memory volume has
been added, and the 1 is the unit number of the memory volume.

427990 -1 is the amount of memory left after releasing the unit 1 memory
volume. The available memory displayed is changed to the size of
the available memory prior to re-initializing the unit 1 memory
volume. This result is displayed after executing lines 220 and
230. The “—1” is displayed for your convenience. A minus (—)
indicates that the memory volume has been released, and the 1
is the unit number of the memory volume.

432640 -3 is the amount of memory left after releasing the unit 3 memory
volume. Since subsequent volumes do not exist, this memory vol-
ume is released. The memory for the unit 2 memory volume and
the original unit 1 memory volume is also released. Therefore,
the available memory displayed is changed. This result is dis-
played after executing lines 240 and 250. The “—3” is displayed
for your convenience. A minus (—) indicates that the memory
volume has been released, and the 3 is the unit number of the
memory volume.

434190 -0 is the amount of memory left after releasing the unit 0 memory
volume. Since all subsequent volumes are released, this memory
volume and subsequent memory volumes are released and the
available memory displayed is the initial value. This result
is displayed after executing lines 260 and 270. The “—0” is
displayed for your convenience. A minus (—) indicates that the
memory volume has been released, and the 0 is the unit number
of the memory volume.

A result of being able to remove memory volumes is you are able to reclaim memory vol-

ume space without losing special typing aids or other customizations which SCRATCH A
would undo.
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