






















































































































































































































































































































































































































































































































































































































































































































































































































































































Hint: The date is shown by the function 
DATE$(TIMEDATE). 

3. Modify the soft key definition for LOAD " " shown here so 
that it copies a file from the current MSI to ":,1500,0". 
For example: 

COpy "(File name)" TO ",1500,0" 

Key 5: 
System key: # 
LOAD "" 
System key: H 
System key: > 
System key: > 
System key: > 
System key: > 
System key: > 
System key: > 
System key: > 
System key: % 
System key: < 
System key: + 
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Data on Display 

19 

There's a whole world awaiting you in this lesson - a world 
of graphics. Charts, illustrations, graphs, tables, all can be 
created using HP BASIC. And if you happen to have a 
color monitor, printer, or plotter, your data and displays can 
really dazzle! 

Sadly, though, you'll get only a glimpse of the wonders of 
graphic displays. You see, just as HP BASIC contains 
dozens of powerful statements specifically for instrument 
control, it also features a phalanx of graphics statements. 
So many, in fact, that graphics deserves its own complete 
self-paced study course. 

In this lesson, then, you'll learn the rudiments of graphics 
for instrument control, along with some specialized graphics 
routines. You can drop these "cookbook" sections of code 
into your programs; they'll display and print your data in 
meaningful ways. 

You'll learn about: 

• The graphics display. 

• GRAPHICS ON and GRAPHICS OFF. 

• ALPHA ON and ALPHA OFF. 

• CLEAR and GINIT. 

• GDU's and UDU's. 

• DRAW and PLOT and MOVE. 

• PEN DOWN and PEN UP. 

• Choosing pen type with PEN. 
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The Graphics 
Display 

Showing the 
Graphics Plane 

19-2 Data on Display 

• Choosing LINE TYPE. 

• Specifying the plotter with PLOTTER IS. 

• FRAME. 

• Specifying the VIEWPORT. 

• WINDOW and SHOW. 

• CLIP ON and CLIP OFF. 

• AXES and GRID control. 

• Creating labels with LABEL, LORG, LDIR, and CSIZE. 

• Plotting data. 

• Dumping to a printer with DUMP DEVICE IS and 
DUMP GRAPHICS. 

Every lesson in this course -up to now, that is-has used 
what's called the alpha display: What you type or print is 
shown as alphanumeric characters. When you first load 
BASIC, it automatically "wakes up" showing the alpha 
screen. 

There's another display hidden away, though: the graphics 
screen. You use the graphics display to show things such as 
plots, charts, and drawing with labels. 

In most computers, the alpha and graphics displays occupy 
different portions of memory, so you can think of them as 
being on two different planes. To show the graphics plane, 
use the GRAPHICS ON statement: 

GRAPH I CS ON.J 

When you type this, you mayor may not see graphics on 
your screen- depending on what's in your computer's 
graphics memory right now. 



Note 

Locations in the 
Graphics Area 

To see the area your screen has available for graphics, type: 

GCLEAR.-J 
GINIT.-J 
FRAME.-J 

You'll see a square drawn on your computer's CRT screen. 

This is the hard clip area. You can't put graphics outside of 
it. 

If graphics won't stay on your screen, press the [Graphics] or 
[Graph] key. On some computers with the BASIC Language 
Processor, you'll have to press the [Graphics] key to return to 
the graphics screen after most programs and any keyboard 
operation. 

The area you see is divided into arbitrary measuring units, 
called GDU's (for graphic display units). Depending on 
your display, the graphics screen is usually about 130 GDU's 
wide (0-130) and 100 GDU's high. 
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Another Note 
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You can think of it as 130 GDU's along the x-axis, and 100 
along the y-axis. 

r 
0, 100 130, 100 

100 GDU's 
Cf-axis) 

130 GDU's 
(X-axis) 

0,0 130,0 
"-

On some displays, you may not be able to see the entire 
viewable area at once. Don't worry, though - you can set your 
viewport so it displays only on the screen. See the heading "Set 
the Viewport" a few pages after this. 

To specify any location within the graphics area, you use its 
x,y coordinates Gust as if it were a map). So position 0.0 is 
the lower left-hand corner. Position 40, 60 means: 

• 40 GDU's along the x-axis, and 

• 60 GDU's along the y-axis. 

r " 

60 ~40,60) -

\. 
140 



Graphics 
Fundamentals 

Initializing 
Graphics 

Incidentally, a GDU is an entirely arbitrary unit; it's not 
related to resolution, or the actual number of dots (pixels) 
on a CRT screen. 

Before you begin to plot data on the screen, take a few 
moments to learn about some fundamental graphics 
operations. 

Graphics initialization is a job for GINIT. This statement 
(it means "graphics initialize") sets most parts of the 
graphics plane back to initial values and locations. It's a 
good way of getting to known conditions before you begin. 

Here's a partia/list of what GINIT does: 

PEN 1 
CLIP OFF 
CSIZE 5, 0.6 
LDIR 0 
LINE TYPE 1 
LORG 1 
MOVE 0,0 

You'll learn more about what these mean later in this lesson. 

Clearing Graphics Notice that GINIT doesn't erase the graphics screen. 
Neither does GRAPHICS OFF. Another statement, 
GCLEAR, erases graphics for you. 

To clear the graphics display, type: 

GCLEAR.J 

This erases everything from the graphics plane, giving you a 
clean slate to draw on. 
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Drawing with the 
Pen 

Choosing Pen 
Type 

19-6 Data on Display 

HP BASIC was created for use with, among other devices, 
HP plotters. That's why when you "draw" on the graphics 
area, you use statements that make it seem as though you're 
working with a plotter. 

For instance, you "draw" with a "pen." To draw with the pen, 
you can use the DRAW statement. This draws a line from 
the current position to the one you specify. 

To move the pen without drawing, use MOVE. 

Try this example. Type: 

MOVE 0, O..J 
DRAW 60, 20..J 

This moves the pen to location 0,0. Then it draws a line 
from there to location 60, 20. 

Y=20 60,20 

X=60 

After GINIT or at "wake-up," the pen type is 1. This draws a 
line. 

You can also use other PEN statements, such as PEN 3 or 
PEN - 2. These are interpreted in different ways. 



PEN >0 draws 
PEN = 0 complements 
PEN < 0 erases 

(On a color monitor or plotter, of course, the PEN numbers 
also specify color.) 

To see how this works, enter the following mini-program: 

SCRATCH.J 
EDIT .J 

10 FOR 1=1 TO 100 
20 DRAW 1,1 
30 WAIT .1 
40 NEXT I 
50 END 

Now press: [PAUSE] to get out of edit mode. 

Then type: 

GCLEAR.J 
GINIT .J 
FRAME.J 
RUN.J 
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You can see a line is drawn from 0,0 to 100,100: 

Now type: 

MOVE 0, O..J 
PEN-l..J 
RUN..J 

You can see what happens. By changing the pen type to 
PEN -1, then redrawing the line from 0,0, you erased the 
original line. 

Using PLOT The PLOT statement is like DRAW-it lets you draw or 
plot a line from the current pen position to the specified 
one. PLOT is more sophisticated, though - it also lets you 
specify pen control and, under certain conditions, plot 
entire arrays. Here's how you use it: 

140 PLOT X,Y,-1 

11 
Pen moves from Pen control 
current location to digit 
this location 
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The pen control digit works like this: 

Pen Control Action 
Digit 

-Even Pen up before move 
(-2,-4, etc.) 
-Odd Pen down before move 
(-1,-3, etc.) 
+ Even (1,3, etc.) Pen up after move 
+Odd (2,4, etc.) Pen down after move 

If you don't specify pen control, + 1 is assumed (pen up 
after move). 

Try an example. Change line 20 of your mini-program to a 
PLOT statement: 

EDIT 20..J 

120 PLOT I. I 

Then clear the screen. Press: [PAUSE]. Then type: 

GINIT..J 
GCLEAR..J 
FRAME..J 

(GINIT, remember, moves the pen location back to 0,0, and 
selects PEN 1.) 

Now run the program: 

RUN..J 

And the result is ... the same line is generated. 
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Choosing Line 
Type 
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To help differentiate the parts of your plot or graph, you 
can choose different line types for operations such as 
DRAW and FRAME. 

Use the LINE TYPE statement, along with a number, to 
choose the type of line, like this: 

LINE TYPE 3 

Here are the different line types: 

LINE T'J'PE 11::, 

LINE TYPE 9 
... _-., 

-----. LINE TYPE 8 .. _ .. - .... _. 
-------, 

I Llr.JE T'rF'E ? ._----_. ----
-------, 

~--- L n·IE TYPE I; _._----
- --, 

- - LINE TVPE 5 - - -
................ 

e ... ~ ...... _ ................ LINE TYPE .. . ......................... 

LINE TYPE :3 

LINE TYPE 2 

LINE T'r'PE 

The last line type specified stays active in a program unless 
you change it. 

Try this. Type: 

GCLEAR..J 
GINIT..J 
LINE TYPE 5..J 
RUN..J 

The line is plotted with the new line type. 



Turning Graphics To turn the graphics display off, type: 

OFF 

Showing the Alpha 
Plane 

GRAPHICS OFF.J 

Even though you "turn off' graphics with GRAPHICS OFF, 
whatever is drawn on the graphics plane remains- to see it 
again, just use GRAPHICS ON or the [Graphics] key. 

HP 9000 Series 300 computers normally display the alpha and 
graphics planes together. t 
'P' $ 7' 7 E St " . . ...... ~ '2 t_~" 

You use the ALPHA ON and ALPHA OFF statements (or 
the [Alpha] key) to turn the alphanumeric display on and off: 

ALPHA ON.J 
ALPHA OFF.J 

On some (not all) computers, the alpha and graphics 
screens can both be on at once: 

ALPHA ON.J 
GRAPHICS ON.J 

Oh, and one other thing: You have to turn graphics on and 
off with statements, but the computer defaults to alpha 
whenever anything is sent to the alpha display. 

This means that pressing any key, or running a program, 
gives you the alpha display. So on computers that can't 
display both alpha and graphics together, it'll seem like you 
can't ever examine the graphics screen; it always defaults to 
alpha. 
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A Typical 
Graphics 
Application 
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Don't worry, though. Everything from the alpha or graphics 
screen is stored when you specify ALPHA OFF or 
GRAPHICS OFF, so you don't lose anything. 

As you work through this lesson, if you try graphics 
statements only to have the alpha display return (after a 
fleeting, tantalizing display of the graphics screen), press 
the [Graphics] key to "freeze" graphics. 

Perhaps the easiest way to learn about graphics for 
instrument control is to work through a typical application: 
taking data and plotting it on the screen, then printing or 
plotting it to set a hard copy. 

Here's a checklist to follow to create useful graphics for 
most instrument control applications: 

1. Know your instrument and data. 

2. Initialize the graphics plane. 

3. Set the viewport. 

4. Scale the plotting area. 

5. Put in axes lines. 

6. Put in a grid. 

7. Label your plot. 

8. Plot your data. 

9. Dump to a printer. 

You'll learn how to do each of these-in order, of course. 



KnowVour 
Instrument 

Initialize the 
Graphics 
Plane 

The first thing you need is at least a general idea of what the 
data from your instrument will be. Will there be negative 
and positive numbers? Will it be integers or real 
(full-precision) numbers? What will be the maximum and 
minimum values? 

Since it's difficult to predict what your data will be, for 
purposes of this illustration you'll work with the famous 
"Turveydrop Trigolator." Invented by one Thomas 
Turveydrop as part of a failed experiment in perpetual 
motion, the Trigolator has a highly unique characteristic: 
no matter what amplitude, frequency, phase, or number of 
signals are applied to it, the Trigolator responds by 
producing the trigonometric functions sine and cosine of 
angles from 0 to 360 degrees. 

This means that to plot a sine function, one set of data (the 
angles) is from 0 to 360; another set (the sines) is from 0 to 
1 in size. 

When creating a new plot or drawing, the first thing you 
want to do is to initialize the graphics plane - clear graphics 
from the screen, set all graphics elements to standard, 
known locations, maybe put a frame around the graphics 
area, etc. 

Specify the Plotter Your initializing routine needs a PLOTTER IS statement to 
tell it where to make its plot. Type: 

PLOTTER IS CRT,"INTERNAL"~ 

This uses the computer's internal CRT. 
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Turn Graphics On The next thing you might want is to turn on graphics and 
turn off alpha. Type: 

GRAPHICS ON..J 
ALPHA OFF..J 

Clear and Initialize Next you'll initialize graphics. Type: 

GINIT..J 
GCLEAR..J 

Use FRAME It's not mandatory, but often you'll want to know just how 
big your usable graphics area is. You know how to do that, 
don't you? Of course! You just type: 

Set the 
Viewport 

19-14 Data on Display 

FRAME..J 

FRAME puts a frame around the last area or sub-area you 
specified. (You'll see in a moment how to create sub-areas.) 

The graphics area you see now is the entire area available 
for graphics. You can't draw anything beyond the limits of 
that frame. (It's sometimes called the hard clip area.) 

Often it's not convenient to use that entire area for a graph. 
You may want to leave space for the alpha or softkey 
display, or to put in some labels later. 

To define the user graphics area, reach into your bag of 
tricks and pull out VIEWPORT. 



Using VIEWPORT The VIEWPORT statement lets you define a smaller 
plotting area - a "sub-area" within the full graphics area. 

The statement looks like this: 

190 VIEWPORT 0,120,15,100 

Leftedge~ I I L Top edge 

Right Bottom 
edge edge 

To try a viewport now, type: 

VIEWPORT O,120,15,lOO.J 
FRAME.J 

This puts in a viewport that extends along the x-axis from 
0,0 to 0,120; and from 15 to 100 along the y-axis. The 
display now looks like this: 

Viewport 

But that viewport is too large. Where will you put labels? 
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A Different Try a different, smaller viewport. Put it in the right of the 
VIEWPORT viewing area: 

19-16 Data on Display 

GCLEAR.-J 
FRAME.-J 
VIEWPORT 60,90,60,80.-J 
FRAME.-J 

Viewport 

Now you have plenty of room for labels, all right. Maybe 
too much room: 

Let's try again. Type: 

GCLEAR.-J 
GINIT.-J 
FRAME.-J 
VIEWPORT 30,IOO,20,80.-J 
FRAME.-J 

Voila! A nice-sized and centered plotting area, with plenty 
of room for labels. 



Note 

Viewport 
(Soft clip aiea) 

If you have a Vectra or other personal computer and the 
BASIC Language Processor, you may need to use 
VIEWPORT to make sure everything you draw is in the 
viewable area of the CRT. A good statement to use for most 
monitors, including an EGA, is VIEWPORT 0,130,10,85. 

You can specify more than one viewport; but other graphics 
statements apply only to the last viewport specified. 

The viewport is a soft clip area. You'll learn more about 
clipping later. 

You now have a display area that's 70 GDU's by 60 GDU's 
in size. These values are in the computer's graphic display 
units; you can't change them. 

But your data is in degrees (0-360) and in sine values ( -1 to 
1). How can you scale the plotting area? 

Simple: you use WINDOW or SHOW. 
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Scale the 
Plotting Area 
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Everything you've done so far has been in GDU's. Now it's 
time to specify your own units - call them "user-defined 
units," or UDU's-for the plotting area. 

The WINDOW or SHOW statement assigns whatever values 
you specify to the boundaries of the viewing area defined by 
VIEWPORT. 

Here's how: 

50 WINDOW -10,10,-10,10 

Left value __ J 

Right 
value 

Bottom 
value 

Top value 

This example makes a horizontal scale (x-axis) that extends 
from -10 to + 10; and a vertical scale (y-axis) that's 
also-10 to + 10. 

You could use this for a semiconductor current/voltage 
curve, with current in milliamperes on the vertical and bias 
voltage on the horizontal scale. 

SHOW or WINDOW defines the values which must be 
displayed within a viewport. Once you specify WINDOW or 
SHOW, you can forget GDU's: everything (well, almost) 
from here on assumes your own user-defined units of 
measure. 

What's the difference between SHOW and WINDOW? 



• SHOW forces isotropic units- UDU's that are an equal 
size in x- and y-directions. Even if you try to make 
unequal units, the statement forces them to be equal. 

• WINDOW lets you specify units any way you want. 

Try an example that demonstrates the difference between 
SHOW and WINDOW. First, type and run the 
mini-program below: 

SCRATCH.J 
EDIT.J 

10 GCLEAR 
20 GINIT 
30 GRAPHICS ON 
40 VIEWPORT 0,130,10,85 
50 FRAME 
60 WINDOW 0,360,-1,1 
70 END 

RUN.J 

The WINDOW statement in line 60 scales the viewport area 
into a plotting area that extends from 0 to 360 along the 
x-axis, and -1 to 1 along the y-axis. 

o 

-1 o 360 
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This just happens to be a good scale for plotting the 
Trigolator's data. 

Now draw a line to a few typical points of the Trigolator's 
sine data. 

The sine of 90 degrees is 1, so type: 

DRAW 90, 1.J 

The sine of 180 degrees is 0, so type: 

DRAW 180, O.J 

And the sine of 270 degrees is -1, so type: 

DRAW 270, -1.J 

270, -1 

You can see the values are scaled nicely on your screen. 

Now change line 60 to use a SHOW statement: 

EDIT 60.J 

50 SHOW 0,360,-1,1.J 



RUN.J 

Try drawing the same sine data again. Type: 

DRAW 90,1.J 
DRAW 180, O.J 
DRAW 270, -1.J 

See what happened? The SHOW statement ignored your 
specification of -1 to 1 for y, and instead scaled everything 
for isotropic (square) units, based on the x-axis 
specification. 

What you have now, whether you like it or not, is a drawing 
area that's 360 x 360 units. It's the same as if you'd used this 
statement: 

60 SHOW 0,360,-180,180 
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Cardinal Rule 

Put in Axes 
Lines 
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SHOW always scales your drawing area with isotropic 
(square) units. 

Which statement to use for the Trigolator plot? 

• You know your x-axis data will be from 0 to 360 . 

• You know your y-axis data will be in the range -1 to + 1. 

So it doesn't make sense to use isotropic (equal) units here. 
You'll use this: 

230 WINDOW 0,360,-1,1 

To help make your plot or graph meaningful, you can use 
axes lines with tic marks along them. You use the AXES 
statement to create tic marks. Here's how it's used: 

100 AXES 45,.1,0,0 

spacing~ 
along I Y Point where the ---two axes cross 
x-axis Spacing 

along y-axis 

Try the following examples. First, type and run this 
mlnt-program: 

SCRATCH.J 
EDIT .J 



10 GCLEAR 
20 GINIT 
30 FRAME 
40 VIEWPORT 20, 100, 10, 80 

I ~~ ~~~~W -10,10, -10,10 

RUN.J 

The WINDOW statement in line 30 scaled the graphics area 
into an area - 10 to + 10 divisions in x, and -10 to + 10 
divisions in y. 

Now type: 

AXES 1,1,0,0.J 

This statement adds axes lines with tic marks spaced one 
division apart. The axes line~ cross at point 0,0. 

0,0 

Tic marks spaced 
one division apart 
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Units between 
tic marks along 
x-axis line 
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The AXES statement puts in tic marks according to this 
scheme: 

AXES 1,1,0,0 

~ 1 Y Location where 
'----- axes lines cross 

Units between tic 
marks along y-axis line 

These are tic marks every unit along the x- and y-axis lines. 
The lines cross at 0,0. 

Try moving the axes lines to the edges of the window. Type: 

RUN....] 
AXES 5,5,-10,-10....] 

Now the tic marks are spaced 5 units apart; and the axes 
intersect at -10, -10 - that is, in the lower left corner of 
the window. 

+10 

}-
Ticmarks 
every 5 units 

Axes intersect 
at -10, -10 

/' 
-10, -10 o 

Tic marks 
every 5 units 

I 
+10 



More AXES Control You've seen a simple AXES statement. But this statement 
also lets you put in axes lines with small and large tic marks. 
Here's how: 

Units between x axis tic marks 

Units between y-axis tic marks 

Crossing 
point 

1....-____ Major tic 

mark height 

Every 5th y-axis mark is long 

Every 2nd x-axis mark is long 

Try this one to put tic marks on your mini-program window: 

RUN...1 
AXES 1,1,0,0,2,5,3...1 

This gives x- and y-axes with 1 unit between tic marks. 
Along the x-axis, every 2nd tic mark is a major mark-it's 
longer. 

Along the y-axis, every 5th mark is long. 

1 unit per tic 
mark; every 

-I- 5th mark is 
large 

I 

1 • I .1 I k I I I I 

1 unit per tIC mar ; 
every 2nd mark is 
large - .... 
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The length of ordinary tic marks is 1 GDU. The length of 
the longer, major marks is 3 GDU's. (Unlike the other 
numbers in the statement, the size of tic marks is a/ways in 
GDU's.) 

PloHi ng the 
Trigolator Axes 

What tic marks to use for the Trigolator plot? Remember, 
the window is: 

Put in a Grid 
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WINDOW 0,360,-1,1 

So use an AXES statement that puts tic marks every 45 units 
along x, and every .1 unit along y, with the axes crossing in 
the center: 

270 AXES 45,.1,0,0 

Another way you can make your data more meaningful is to 
draw a grid over the plotting area. 

You specify the grid in much the same way as you do axes; 
except you use the GRID statement, like this: 

220 GRID 45,.1,0,0 

Units between 
grid marks 
along x_axis 

'--__ Intersection point of 
two lines of grid 

Units between 
grid marks along 
y-axis 



This is a perfect grid for the Trigolator plot, of course: 
each "box" of the grid is 45 x-axis units by 0.1 y-axis unit. 
One set of grid lines crosses at coordinates 0,0, and all other 
crossings are based on that one. 

As with AXES, you can specify major "boxes" and minor 
crossings within the grid, like this: 

Minor grid 
intersections 
at 1 unit x 1 

Size of minor 
"--- Major grid tic marks 

I ntersection boxes at 5 
point of two units x 5 units 
lines of grid 

This draws a grid with minor intersections at 1 unit x 1 unit; 
and major "boxes" of 5 units x 5 units. The "5,5" portion of 
this expression actually specifies the number of minor tic 
intervals between major grid lines. 

To see how it works, type: 

RUN.J 

(Remember, this gives you a window using a WINDOW 
-10,10,-10,10 statement.) Now type: 

GRID 1,1,O,O,5,5,3.J 
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The result shows how this full-featured GRID statement lets 
you be very specific in plotting. 

.. + .... .. + .. + + .. + + + .. + .. 
+ + + .. .. + + + + + + + + + + + 
+ ... + .. + + + + + + .. • + + .. 
~ .. ~-+ -+ ... -+ .. ... ~ .. ~ ... -+ ... -+ 

.. .. +- -+ -+ ........ ... ~ .. .. .. -+ .. -+ 

..... ~ -+ -+ ... -+ + .. +- .. ~ ........... 
~ .. .. ... ... ... ... ... .. +- .. .. ... ... .. -+ .. .. .. ... -+ .. -+ ... .. +- ..... .. ... .. -+ 

............ ... + ... t ... .. ... .. ... ... + ... 

... + ...... ... ......... ... ... + 1- + ... ... .. 

............ ... ... .. ... ... ... ... ... ... .. ... .. 

... + ..... ... + ... + ... ... ... .. + ... t ... 

.. + ..... .. + ..... + .. ... .. + ... + -+ 
+ + .. + .. • .. + + + + + + .. + .. 
.. + + .. .. + .. + + .. • .. + .. + .. 
+ ..... .. • .. + + to + + + .. + .. 

For the Trigolator plot, you'll use this statement: 

1310 GRID 45,.1,0,0,4,5,3 

It gives you a grid with: 

• Small intersections at 45 x .1. 

• Large boxes every 4 minor tic marks x 5 minor tic 
marks - that is, at 180 x .5. 

• Major lines that are 3 GDU's long. 



Label Your 
Plot 

You're almost ready to plot some data! You have a 
viewport, a window, axes, lines and a grid. But what do they 
mean? You need to add some labels so that the world will 
know this is a Trigolator plot, and not merely a drawing of a 
checkerboard or a chain-link fence. 

First, write a mini-program that sets up most of your 
Trigolator plot so far. Type: 

SCRATCH.J 
EDIT.J 

10 GCLEAR 
20 GINIT 
30 FRAME 
40 VIEWPORT 30,100,20,80 
50 FRAME 
60 WINDOW 0,360,-1,1 
70 GRID 45,.1,0,0 
80 END 

RUN.J 
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Clipping and 
Unclipping 
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You see the viewport and the grid you'll use for the 
Trigolator output plot. 

The LABEL statement lets you put labels in your graphs 
and plots. To put the label TRIGOLATOR OUTPUT at 
the bottom of the plotting area, move the pen to where you 
want the label. Then use the LABEL statement. 

Try it. Type: 

MOVE 180, -1.J 
LABEL "TRIGOLATOR OUTPUT" 

This moves the pen to the bottom of the plot area. But what 
you see probably isn't where you want the label, or how you 
want it to look. What's wrong with this picture? 

L!,,~ ~L. ~\, ~~ 

The problem is clipping. 

Remember, the plot area (the viewport you specified 
earlier) is also called the "soft clip area:· With clipping on, 
you can't plot anything outside the viewport limits. 

You have to turn clipping off to allow plotting outside the 
viewport. 



Try it this way; type: 

CLIP OFF-I 
MOVE 180,-1-1 
LABEL "TRIGOLATOR OUTPUT"-I 

That's a little better. Now you can plot outside the viewport. 

" ... ~VL \,1" \, UTPUT 

When clipping is on, you can't put labels or drawing outside 
the viewport. To turn clipping on, you can use: 

CLIP ON-I 

When you need to put something outside the viewport (such 
as a label), use: 

CLIP OFF 

Remember: 

• To limit plotting to areas inside the viewport only, use 
CLIP ON . 

• To allow plotting outside the viewport, use CLIP OFF 
first. 

You can never plot or draw outside the graphics area. For 
this reason it's sometimes called the "hard clip area." 
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Using LORG Your label is looking better. But it's still not below the 
viewport. There are a few techniques for putting it there, 
but the surest is with the LORG (label origin) statement. 
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LORG specifies the relative origin of labels with respect to 
the current pen position. 

3 6 9 

+ + + 

() ill 0+ 
1 " 7 

+ + + 
For example, in the case of the label ODD, the following 
statement centers the label below the current pen position 
(marked here by cross 6): 

LORG 6 
LABEL "ODD" 

Lines 100 and 110 below put the label above and to the right 
of the current pen position. 

1100 LORG 1 
~10 LABEL "ODD" 

Since you want the label to be centered beneath the current 
pen position, you'll use LORG 6. 



So type: 

RUN-1 
CLIP OFF-1 
MOVE 180, -1-1 
LORG 6.J 
LABEL "TRIGOLATOR OUTPUT"-1 

That's better. The label is right where it's supposed to be. 
But it's a little small, don't you think? 

Using CSIZE To change the size of a label, use the CSIZE (character 
size) statement. You can specify the size alone, like this: 

CSIZE 7 

Or you can specify the size and aspect ratio (ratio of width 
to height), like this: . 

100 CSIZE 5,0.6 

Height is 
5 GDU's 

Width is.6 
of the height 
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For the Trigolator plot label, try CSIZE 7. Type this: 

RUN..J 
CLIP OFF..J 
MOVE 180, -1..J 
LORG 6..J 
CSIZE 7..J 
LABEL "TRIGOLATOR OUTPUT"..J 

TRIGOLATOR OUTPUT 

Not bad! Now add one more label, Trigovalue, along the 
left-hand side of the plot. 

Using LDIR The LDIR (label direction) statement lets you rotate a 
label. It looks like this: 
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LDIR 120 

This means "rotate the next labels 120 radians (or degrees)." 

The angle is in the current angle unit (degrees or radians), 
and is interpreted as counterclockwise, from three o'clock. 



To add another label, "Trigovalue," at the left of the plot, 
use LDIR 90 to rotate the label 90 degrees. The computer 
"wakes up" in radians mode, remember, so change to 
degrees mode with DEG. Type: 

MOVE -30,0-1 
DEG-1 
LDIR 90-1 
CSIZE 4-1 
LABEL "Trigovalue"-1 

.~~-r~----~~~~~ 
~~~~~--~~~~~ 
-;;~~-r~--~~~--t~ 

&~=~==~=~==~=~==t=~=~ 
~~-f--+-~--f-.+--+--+~ 

TRIGOLATOR OUTPUT 

The last LORG statement you used, LORG 6, is still active 
unless you change it. 

This example shows something else: you can specify 
locations outside the viewport, using your own UDU's. In 
this case, typing MOVE - 30,0 placed the pen 30 units to 
the left of 0,0 - that is, left of the viewport. 
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Plot Your Data 
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At last, you're ready to actually plot data. If you've 
followed all the previous steps - and were especially careful 
in using WINDOW or SHOW to scale the plotting 
area - you should have few problems. 

Alas, no more models of the Turveydrop Trigolator exist. 
However, you can simulate the Trigolator's data by plotting 
the sines of angles from 0 to 360. 

First, add lines 80-120 to your mini-program: 

EDIT 80.J 

80 CLIP OFF 
90 MOVE 180,-1 
100 LORG 6 
110 CSIZE 7 
120 LABEL "TRIGOLATOR OUTPUT" 

Now type the following to simulate data from the Trigolator: 

130 MOVE 0,0 
140 DEG 
150 FOR I = 0 TO 360 
160 DRAW I, SIN(I) 
170 NEXT I 
180 END 

Finally, run the mini-program to see the data plotted: 

RUN.J 



f "-
/ \. 

I 
I , 

f \ 
I , 
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TRIGOLATOR OUTPUT 

If you have problems, or want to see a completed Trigolator 
plot, load the program "TRIGOLATOR" from your disk of 
examples. That program draws both the sine and cosine of 
angles from 0 to 360 degrees . 

• :I 

'; 
) 
o 
III 

L .... 

It also uses an improved grid, along with additional labels. 
But it's essentially the same program you just finished 
writing. There's a listing on the next few pages. 
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10 !RE-STORE "TRIGOLATOR" 
20 GOSUB In it 
30 GOSUB Set_view 
40 GOSUB Scale 
50 GOSUB Place_axes 
60 GOSUB Place_grid 
70 GOSUB Set_labels 
80 GOSUB Draw 
90 STOP 
100 Init: ! 
110 DEG 
120 GRAPHICS ON 
130 ALPHA OFF 
140 GINIT 
150 GCLEAR 
160 FRAME 
170 RETURN 
180 Set_view: 
190 VIEWPORT 30,100,20,80 
200 FRAME 
210 RETURN 
220 Scale: 
230 WINDOW 0,360,-1,1 
240 RETURN 
250 Place_axes: ! 
260 CLIP ON 
270 AXES 45,.1,0,0,4,5,3 
280 RETURN 
290 Place_grid: ! 
300 LINE TYPE 4 
310 GRID 45,.1,0,0,4,5,3 
320 RETURN 
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330 Set_labels: 
340 CLIP OFF 
350 LINE TYPE 
360 MOVE 0,1 
370 LORG 1 
380 CSIZE 4 
390 LABEL "0" 
400 MOVE 350,1 
410 LABEL "360" 
420 MOVE 0,0 
430 LORG 8 
440 LABEL "0" 
450 MOVE 0,1 
460 LABEL "I" 
470 MOVE 0,-1 
480 LABEL "-I" 
490 MOVE 180,1 
500 LORG 4 
510 LABEL "180" 
520 MOVE 180,1.1 
530 LABEL "Degrees" 
540 MOVE -30,0 
550 LDIR 90 
560 LABEL "Trigovalue" 
570 LDIR 0 
580 MOVE 180,-1 
590 LORG 6 
600 CSIZE 7 
610 LABEL "TRIGOLATOR OUTPUT" 
620 RETURN 
630 Draw: ! 
640 MOVE 0,0 
650 FOR 1=0 TO 360 
660 DRAW I, SIN (I) 
670 NEXT I 
680 MOVE 0,0 
690 LINE TYPE 5 
700 FOR 1=1 TO 360 
710 DRAW I, COS(I} 
720 NEXT I 
730 RETURN 
740 END 
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Self-Computing the Scale 

Sometimes you don't know the limits of the data, so it's difficult to specify 
parameters for WINDOW, SHOW, GRID, etc. 

If this happens to you, don't despair. The following section of code shows how a 
plot subroutine used with the HP 8980A Vector Analyzer automatically scales the 
plot area to the correct user units. (You'll find more details about the HP 8980A 
in back in lesson 18.) 

350 Plot: ! 
360 ALPHA OFF 
370 I_max=MAX(I(*)) 
380 I_min=MIN(I(*)) 
390 I_max=MAX(ABS(I_max),ABS(I_min)) 
400 Q_max=MAX(Q(*)) 
410 Q_min=MIN(Q(*)) 
420 Q_max=MAX(ABS(Q_max),ABS(Q_min)) 
430 Max=MAX(I.2*I_max,I.2*Q_max) 
440 ! 
450 GINIT 
460 GRAPHICS ON 
470 VIEWPORT 30,105,15,90 
480 CLIP OFF 
490 MOVE 75,0 
500 DEG 
510 LDIR 0 
520 LORG 6 
530 LABEL "I AXIS" 
540 MOVE 0,52 
550 LDIR 90 
560 LORG 4 
570 LABEl "Q AXIS" 
580 CLIP ON 
590 SHOW -Max,Max,-Max,Max 
600 GRID Max/5,Max/5,Q,Q 
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610 AXES Max/25,Max/25,0,0,5,5 
620 FRAME 
630 PEN UP 
640 FOR M=O TO Num_pairs-l 
650 I_value=I(M) 
660 Q_value=Q(M) 
670 PLOT I_value,Q_value,1 
680 NEXT M 
690 ! 
700 PENUP 
710 DISP "" 
720 RETURN 

How it works: When this subroutine is called, the data points are in two arrays, I 
and Q. There's also a variable, Numj>airs, that contains the total number of data 
pairs. 

Line 370 finds the maximum value of I, and line 380 finds its minimum (which 
may be below zero). 

Line 390 then uses I_max and I_min to determine the largest existing value for I 
in the array. 

Lines 400-420 find the largest value for Q in the same way. 

Then line 430 determines the maximum limits. By multiplying I _max and Q_ max 
by 1.2, the program guarantees a comfortable 20% margin at the edges of the 
plotted data. 

Once the maximum value (Max) is determined, it's then used in the SHOW, 
GRID, and AXES statements (lines 590-610) to specify the plotting area units, 
and grid and axes lines. 
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Dump to a 
Printer 

There's a Lot 
More ... 
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To get a hard-copy output of your plot, you can dump 
graphics to any printer, including the HP LaserJ et, that 
conforms to the HP Raster Interface Standard. 

You use the DUMP GRAPHICS and DUMP DEVICE IS 
statements: 

100 DUMP DEVICE IS 26 
110 DUMP GRAPHICS 

Line 100 specifies a printer at address 26 as the device to 
which graphics will be dumped. Then line 110 dumps the 
entire graphics area, which is printed. 

You also can put the address of the printer right in the 
DUMP GRAPHICS statement Gust like LIST and CAT}: 

100 DUMP GRAPHICS #26 

As you may suspect, you've barely scratched the surface of 
HP BASIC's graphics capabilities. To learn about all the 
myriad things you can do with graphics, you'll want to refer 
to other HP manuals that deal with this subject in more 
detail. 

No matter how elegant and technically sophisticated your 
programs are, nobody sees your code. All that's visible to 
the outside world is how your data is displayed. That's why 
good graphics are so important. 



Review Quiz 1. Following this WINDOW statement: 

WINDOW -10,10,-50,50 

What statement would you use to draw the axes lines 
shown here? 

50 

I 

. 

-50 
-10 

2. Which statement always scales your viewport for 
equal-sized units vertically and horizontally? 

10 
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3. Clara Peggotty is using a spectrum analyzer to monitor 
the signal passed through a filter. With a 
constant-amplitude input, the filter gives an output 
between 180 MHz and 220 MHz that looks like this: 

OdBm 

-3dBm 

220 MHz 

Write a WINDOW statement that scales the plotting area 
to allow this curve to be shown. 

All that Peggotty cares about is the area between 180 and 
220 MHz. 



4. The following code establishes a viewport and a plotting 
area within the viewport. 

10 GCLEAR 
20 GINIT 
30 FRAME 
40 VIEWPORT 20,110,20,80 
50 WINDOW 0,10,0,20 
60 FRAME 
70 CSIZE 7 

Write additional code to add labels as shown here: 

VOLTAGE 

(Don't forget the trigonometric mode!) 
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Laboratory 
Exercise 
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Modify the program "TRIGOLATOR" to provide two 
plotting areas; and plot the sine curve in one area, the 
cosine curve in the other . Your output should look like this: 

't 

+ 
Of 

+ 

I) I) 

:J :J .. o!- +- + -;; 
> > 
0 .. + + 0 
CD co 

+ ~ + 
L- .. + '-
~ 0!- f" + ~ 

One solution is shown as SOL_LAB19 on your disk of 
examples. 



20 
How to Design a Complete Program 

You've come to the end of part 2. If you worked through 
lessons 11-19 (and perhaps part 1, lessons 1-10 as well), you 
should now have a pretty good idea of the programming 
techniques needed for plain-vanilla BASIC instrument 
control. 

There's just one thing left-writing a complete program. 
And as you begin to write more complex "real-world" 
programs, you'll find a structured approach usually gets you 
to the solution more quickly and easily. 

In this lesson you'll learn a structured approach to 
programming for instrument control. You'll learn about: 

• A step-by-step procedure for writing a program. 

• Warnier-Orr diagrams. 

• Pseudocode. 

• Modularizing code into small segments. 

• Debugging aids and hints. 
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Writing a 
Structured 
Program 

Now, there are a lot of ways to write a program. This lesson 
shows you a structured procedure. It has the advantage of 
modu/arizing your program - breaking it down into simple 
tasks for easier testing, debugging, and documentation. 

And it'll give you a program that's easier for other people to 
understand. 

There are a number of "tools" you can use to build your 
program: flowcharts, diagrams, pseudocode, etc. You may 
find some of these helpful, others not. 

Here are the general steps you'll follow to create the 
program in this lesson: 

1. Determine how you'd make the measurement manually. 

2. Check out the hardware setup. 

3. Use structured programming techniques and pseudocode 
to create a Warnier-Orr diagram. 

4. Determine subroutines and subprograms. 

5. Write the program code. 

6. Test and debug. 

7. Document the program. 

Follow these steps as you create a solution for the problem 
below. 

The problem: Your task is to determine the frequency 
response of a filter over the range from 1 kHz to 10 kHz. 
You have: 

• The filter. 

• HP 3456A Digital Voltmeter. 

• HP 3325B Function Generator. 

20-2 How to Design a Complete Program 



This Lesson's Featured Instrument: 
The HP 3325B Synthesizer/Function Generator 

This high~performance instrument includes a synthesizer with 11 ~digit resolution, 
a function generator with precision waveforms, a wideband sweeper, and full 
HP-IB capability. 

Frequency range for a sine wave is 0.000001 Hz to 21 MHz (to 11 MHz for square 
and triangle waves). Resolution is 1 mHz above 100 kHz, and 1 J.l.Hz below 100 
kHz. At 1 V p-p output, sine wave amplitude accuracy is ± 0.4 dB in the 100 kHz 
to 20 MHz range. 

HP-IB Capabilities 
HP-IB interface capabilities are: SHl, AHl, T6, L3, SRI, RLl, PPO, DCl, DTO, 
CO, El. The default HP-IB address is 17. 

The HP-IB instrument command strings you'll use in this lesson are listed as 
comments right in the program "FILTER_TST." 
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Another Featured Instrument: 
The HP 3456A Digital Multimeter 

This Digital Multimeter (often called a digital voltmeter, or DVM) is a 
microprocessor-based, fully guarded integrating instrument for measuring dc and 
true rms ac voltage, as well as resistance. 

Resolution on the I V ac scale is I JJ. V, with an input impedance of I megohm. 

HP-IB Capabilities 
The instrument's HP-IB capability codes are: SHI, AHI, T5, L4, SRI, RLI, PPo, 
DCI, DTI, CO, El. Default address on HP-IB is 22. The HP 3456A has an SRQ 
button on its front panel that can be used to signal or interrupt the controller. 

As with the HP 3325B, you'll find descriptions of the HP 3456A's instrument 
command strings included as remarks in this lesson's program. 
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Determine a 
Manual 
Solution 

HP 33258 Function 
Generator 

Cl 

To find out the frequency response of the filter, you'd 
connect it as shown below. 

Then you'd follow this procedure to test the filter: 

1. Set the function generator to 1 kHz, sine wave output, 1 
Vrms. 

2. Read and record the value of input to the digital 
voltmeter. 

3. Set the function generator to the next frequency- say, 1.1 
kHz. 

4. Read and record the value of input to the DVM. 

5. Continue with steps 3 and 4 until you've reached 10 kHz. 

6. Plot the data on graph paper. (Frequency response is a 
lot easier to read if it's graphed!) 

True, this procedure would probably take most of a day - or 
two. But it shows how you'd make the measurements. And 
lucky for you, you're going to do the same thing with HP 
BASIC and HP-IB, and let the computer do the grunt work. 

HP 3456A Digital 
Voltmeter 

ClCl ClCl 
ClClClCl 

Filter 

ccc 
ccc 
ccc 
ccc 
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Check Out 
Hardware 

Create a 
Warnier-Orr 
Diagram 

Your next step is to make the hardware setup. Attach 
HP-IB cables to the instruments, determine their addresses, 
and test each instrument with the REMOTE and LOCAL 
statements to see if you have control. 

Next you draw up a Warnier-Orr diagram for the procedure. 
The Warnier-Orr diagram is used to break down a task into 
smaller tasks. Then it breaks down these tasks into smaller 
ones yet. 

You start off by writing the main task on the left-hand side 
of a big piece of paper: 
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Then you decide what primary functions you'll need to do. 
These will eventually become subprograms, or different 
parts of a main program. 

'!"ifi4.h't;e 
Va .. ia.ble.. 
lh.-H1s 
Se+up 
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Keep subdividing tasks into smaller ones as you go from left 
to right: 

'!fJitiQ,"~e. 
WA~ia.b/e. 
li-H1s 
Sefll.p 

Confi;ure 
9eneya,-f-or 

Ccr,f'j'ure 
DVM 

This level will be the subroutines in your program. 

20-8 How to Design a Complete Program 



You can write pseudocode - a kind of shorthand - that 
outlines exactly what you'll do to complete each task: 

/' 
! nil-ietl/r.e 

Va .. ia.h!e. 
Pa:H1s 
Se+lI.p 

Ideally, you should know all your variables now, so you can 
initialize them. But to be honest, even hotshot programmers 
have to come back to the Initialize pseudocode and add 
variables later. So leave yourself a little room here. 

How to Design a Complete Program 20-9 



Determine 
Subprograms 
and 
Subroutines 

This is the easy part, if you've drawn a good Warnier-Orr 
diagram. The tasks on the left become your main program 
(or subprograms, if the program is very large). Tasks in the 
middle are subroutines. 

Main program and 
subprograms Subroutines 

tnjt~h'r.e 
Vel ... i Q,hle. 
Fl#ts 
5e+up 

Pseudocode 
becomes actual 
code 
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Write the 
Program Code 

You can use the pseudocode on the right to create the 
actual code. 

Now you can write the actual code for the program. Write 
the code on paper first, then enter it into the computer later. 

You can make your subprograms and subroutines the same 
names as on the Warnier-Orr diagram. 

This is also the time when you'll want to look at the 
instrument manuals to decide what instrument command 
strings to OUTPUT. 

Once you've written the code on paper, type it into the 
computer. As you do, "comment out" all subprogram and 
subroutine calls (with REM or an exclamation point), so you 
can test and debug each task separately later. 

The program to test the filter is on your disk of examples as 
"FILTER _ TST". There's a listing of the program on the 
next few pages. 
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10 RE-STORE "FILTER_TST" 
20 
30 LAST REVISED: August 15, 1988 
40 
50 This program measures the frequency 
60 response of a filter. The output from 
70 a function generator is applied to the filter 
80 and stepped through a range of 1 kHz 
90 to 10 kHz. Output from the filter is 
100 fed to a digital voltmeter, and a reading 
110 o~the DVM is taken at each frequency step. 
120 
130 Equipment required: 
140 HP3456A Digital Voltmeter at 722 
150 HP3325B Function Generator at 717 
160 
170 
180 XXXXXXXXXX MAIN PROGRAM XXXXXXXXXX 
190 
200 Variables: ! 
210 OPTION BASE 1 
220 INTEGER First,Freq,Incr,Last,Nr,Size 
230 First=1000 
240 Last=10000 
250 Incr=100 
260 Size=(Last-First)/iNCR)+l 
270 ALLOCATE REAL Reading (Size) 
280 ALLOCATE Cmd$[80] 
290 First = First frequency in the range 
300 Freq = Current frequency setting 
310 Incr = Frequency increment size 
320 Last = Last frequency in the range 
330 Nr = Number of the current reading 
340 Size = Size of the array 'Readings', 
350 and the total number of readings. 
360 Readings = Array to hold all readings 
370 Cmd$ = Temporary command string 
380 
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390 ! ++++++++++++++++++++ 

400 ! 
410 Paths: 
420 ASSIGN @Crt TO 1 
430 ASSIGN @Kbd TO 2 
440 ASSIGN @Gen TO 717 
450 ASSIGN @Dvm TO 722 
460 
470 
480 ++++++++++++++++++++ 

490 
500 Setup: ! 
510 GOSUB Clear_crt 
520 GOSUB Config_gen 
530 GOSUB Config_dvm 
540 
550 
560 ++++++++++++++++++++ 

570 
580 Measure: ! 
590 GOSUB Take_data 
600 GOSUB Print_data 
610 PAUSE 
620 DISP "PRESS [CONTINUE] TO PLOT DATA" 
630 GOSUB Clear_crt 
640 GOSUB Plot_data 
650 ++++++++++++++++++++ 

660 Stop: ! 
670 DISP "PROGRAM FINISHED" 
680 STOP 
690 
700 ! 
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710 ! XXXXXXXXXX SUBROUTINES XXXXXXXXXX 
720 ! 
730 C lear_crt: ! 
740 CLEAR SCREEN 
750 RETURN 
760 
770 ! ++++++++++++++++++++ 

780 ! 
790 Config_gen: ! 
800 DISP "CONFIGURING GENERATOR" 
810 CLEAR @Gen 
820 WAIT 2 
830 OUTPUT @Gen;"FU1 AM1VR RFl" 
840 DISP " 
850 RETURN 
860 , 
870 CLEAR @Gen resets a baseline state 
880 FU1 = Set Function 1, Sine output 
890 AM1VR = Amplitude is 1 Volt RMS 
900 RF1 = Use Front panel output jack 
910 Note: The 3325 ignores spaces 
920 
930 Some other conditions set by 'CLEAR': 
940 FR1KH = Frequency 1 KHz (to be set below) 
950 OFOVO = No offset voltage 
960 Single frequency mode - not sweeping 
970 
980 
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990 ! ++++++++++++++++++++ 

1000 ! 
1010 Config_dvrn: ! 
1020 DISP "CONFIGURING VOLTMETER" 
1030 CLEAR @Dvrn 
1040 WAIT 2 
1050 Cmd$="T 4 F2 R3 ZO 1 STI" 
1060 OUTPUT @Dvm;Cmd$ 
1070 DISP " 
1080 RETURN 
1090 
1100 CLEAR @Dvm resets a baseline state 
1110 T4 = Trigger hold, to stop readings 
1120 F2 = Function 2, AC Volts 
1130 R3 = Range 3, 1 Volt RMS full scale 
1140 ZO = Auto Zero off, for higher speed 
1150 1STI = Integrate over 1 Power Line Cycle 
1160 Note: The 3456 ignores spaces 
1170 
1180 Some other conditions set by 'CLEAR': 
1190 MO = Math off 
1200 1STN = 1 reading per trigger 
1210 FLO = Filter off 
1220 RSO = Reading Storage off 
1230 SOl = System output on 
1240 Default delay for ACV is 60 ms 
1250 
1260 
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1270 ! ++++++++++++++++++++ 
1280 ! 
1290 Take_data: ! 
1300 DISP "TAKING DATA ON THE FILTER" 
1310 Nr=O 
1320 FOR Freq=First TO Last STEP Incr 
1330 Nr=Nr+1 
1340 Cmd$="FR"&VAL$ (Freq) & "HZ" 
1350 OUTPUT @Gen;Cmd$ 
1360 OUTPUT @Dvm;"T3" 
1370 ENTER @Dvm;Reading(Nr) 
1380 NEXT Freq 
1390 DISP " 
1400 RETURN 
1410 
1420 If Freq=1000, then Cmd$="FR1000HZ" 
1430 VAL$ ( ) converts a numeric value into a 
1440 string of characters that represent it. 
1450 This is one way of getting the value for 
1460 frequency into the instrument. 
1470 Here are some equivalent techniques: 
1480 
1490 , 10 Fmt1: IMAGE "FR", K, "HZ" 
1500 20 OUTPUT @Gen USING Fmt1;Freq 
1510 or 
1520 10 OUTPUT @Gen;"FR";Freq;"HZ" 
1530 
1540 'T3' triggers the DVM for a single 
1550 reading, which is 'read' by ENTER 
1560 
1570 
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1580 ! ++++++++++++++++++++ 
1590 ! 
1600 Print_data: ! 
1610 DISP "FILTER DATA, TOTAL POINTS = ";Size 
tn~O PRINT Reading (*) 
1630 WAIT 2 
1640 RETURN 
1650 
1660 
1670 ++++++++++++++++++++ 
1680 
1690 
1700 Plot_data: 
1710 GINIT !Initialize graphics 
1720 GRAPHICS ON !Turn on the graphics screen 
1730 PEN 1 !Select a pen 
1740 VIEWPORT 15,120,30,95 ! Specify a viewport 
1750 Min-yaxis=O 
1760 Max-yaxis=.5 !Filter output can't exceed .5V or it won't plot 
1770 WINDOW First,Last,Min_yaxis ! Set the window for: 
1780 Minimum x = first frequency 
1790 Maximum x = last frequency 
1800 Minimum y = 0 volts 
1810 Maximum y = maximum y-axis volts 
1820 CLIP ON 
1830 GRID Incr*10,(Max_yaxis-Min-yaxis)/10,Min_yaxis,First !Plot a grid 
1840 MOVE First,Reading(l) !Move to the first point to be plotted 
1850 
1860 ! Plot the data 
1870 ! 
1880 FOR 1=1 TO Size 
1890 DRAW First+(1-1)*lncr,Reading(l) 
1900 NEXT 1 
1910 ! 
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1920 ! Label the x-axis grid divisions 
1930 ! 
1940 DEG 
1950 LDIR 0 
1960 LORG 6 
1970 CLIP OFF 
1980 FOR X=First TO Last STEP Incr*10 
1990 MOVE X,Min-yaxis 
2000 LABEL USING "SDD";X/1000 
2010 NEXT X 
2020 
2030 ! Label every second y-axis grid division 
2040 ! 
2050 LORG 8 
2060 FOR Y=Min_yaxis TO Max-yaxis STEP (Max-yaxis-Min-yaxis)/5 
2070 MOVE First,Y 
2080 LABEL Y 
2090 NEXT Y 
2100 
2110 ! Change the viewport to the entire screen 
2120 ! 
2130 VIEWPORT 1,100*RATIO,1,100 
2140 WINDOW 1,100*RATIO,1,100 
2150 
2160 Put a nice label at the bottom of the plot 
2170 
2180 MOVE 65,20 ! Absolute screen position 
2190 LDIR 0 
2200 LORG 5 
2210 LABEL "FREQ (kHz)" 
2220 ! 
2230 ! Put a nice label on the y-axis 
2240! 
2250 LORG 5 
2260 LDIR 90 
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2270 MOVE 3,60 ! Absolute screen position 
2280 LABEL "VOLTS RMS" 
2290 ! 
2300 RETURN 
2310 ! 
2320 ! ++++++++++++++++++++ 

2330 End: 
2340 END 

Test and 
Debug 

It's time to run the program ... and inevitably, that means 
testing and "debugging" it too. 

"Commenting out" the subprograms and subroutines makes 
this part of the process easier: 

First, run the program without any subroutine or 
subprogram calls. (That is, leave them all commented out.) 
Fix any errors you find. 

Next, delete the REM or exclamation point in front of the 
first subprogram or subroutine call (Init_ var in the example) 
and run the program again. Fix any new errors. 

Continue this way, stripping out remarks and running and 
fixing the program, until everything runs correctly. 

Debugging Aids Debugging is often more of an art than a science. However, 
HP BASIC and your computer have some features that can 
help in your search for those elusive little critters known as 
bugs . 

• Pre-run: Pre-run checks for proper program structure 
before the program actually runs. 
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Hints for 
Debugging 

• [STEP]: The [STEP] key lets you execute a line at a time 
to determine program flow. 

• Live keyboard: You can check or change the values of 
variables while a program is running or paused. 

• PAUSE: Put PAUSE statements in your programs for 
debugging, then remove them later. 

• PRINT: Like PAUSE, you can insert PRINT statements 
to find out the value of a variable or register at any point 
in the program. 

• TRACE ALL: This makes the computer "trace" program 
flow and variable assignments on the current PRINT ALL 
IS device - CRT or external printer. 

• TRACE PAUSE: Causes program execution to pause 
before executing the specified line. So if you suspect a 
problem in line 4010, type TRACE PAUSE 4010 before 
you press [RUN]. 

• WAIT: Some instrument lockups are caused by a 
computer that's too fast for the instrument, or vice versa. 
While not the most elegant solution, plugging WAIT 
statements into your program to allow "settling" time just 
may get you running. 

Be logical when you're ferreting out bugs. Break the code 
into small segments and check each segment individually, 
working from the beginning of the program to the end. 

Some errors such as mismatched structures occur at 
pre-run; others at runtime. Here are some hints for 
debugging: 

• Fix bugs as you find them: Fix each bug as soon as you 
find it, so it doesn't cause other problems. 

• Use test cases: Use values that test inside and outside all 
the limits you think you have in the program. 

• Determine if a bug is repeatable: Is it intermittent or does 
it occur all the time, with every test case? 
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Document the 
Program 

• Look for simple mistakes: Somehow, the simpler they are, 
the easier they are to overlook. 

• Don't assume anything: Verify the value of variables 
before and after subroutine calls. Step through the 
program and make sure everything works the way you 
designed it. 

• Go home: Sometimes all it takes is a good night's sleep 
and a fresh outlook to find a problem. 

Once the program is written, it's easy to hit the [RUN] 
button and let it work while you take a well-earned break. 
Or to forget it entirely as you move on to new challenges. 

Not so fast! 

You still have to document the program, to make it easy for 
others (and yes, you too) to use. 

Two things you want right up front are the program's name 
and the date it was written - or revised. 

10 ! RE-STORE "FILTER TST" 
20 
30 !LAST REVISED: July 4, 1988 

Then you'll want a general description of what the program 
does. You needn't write A Tale of Two Cities - just an 
overall statement will be fine. 

You'll probably want a similar description for each 
subprogram, since these can be used in more than one 
program. 
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Review Quiz 

If you've chosen subroutine labels that make sense, you may 
not need to add remarks. Then again, for the sake of 
clarity, a brief comment can't hurt, can it? 

1. Put these steps in the proper order: 
Write code. 
Create Warnier-Orr diagram. 
Document the program. 
Test and debug. 
Determine a manual procedure. 
Check out the hardware setup. 
Determine subroutines and subprograms. 

2. How would you test this section of code? What values for 
Stat would you use? 

50! 
60 Stat = SPOll (@Mna) 
70 IF NOT BIT (Stat,S) THEN GOTO 60 
80! 

3. What's one way to eliminate instrument lockups resulting 
from timing problems (a computer that's too fast for an 
instrument, or vice versa)? 
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4. The following Warnier-Orr diagram is for testing a 
microwave amplifier. Write the main program and the 
subroutine calls. 

l{fJ4Sure { Mea.s W'e Sourtl!! po~e'" 
1?eflAJ"l1 Loss Measl!l'e ref1ecied pDwer-

Mea.sul'e {Mea.swe SOItIY'ce ~wer 
Ga.,i"" Measure +rtl.nS'hli~ pow~r 

Ou.f/,~f dflta. { Plof da.fo-
Pr;l1-t tiL ff).... 

Don't worry about filling in the actual program steps in 
this example; just put a remark (!) line where the code 
would be, like this: 

100 Init:! 
120 
130 RETURN 
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Laboratory 
Exercise 

Poor Fitz Binkle! He's written a program that purports to 
get data from the data file called "8590_ TRACE" on the disk 
of examples. He wants to print and plot the data (with a 
meaningful plot), then store the data in an ASCII file under 
another name. 

Unfortunately for Binkle, though, his program is not very 
structured, and is riddled with errors. Can you structure the 
program and debug it for him? Binkle is at his wit's end, 
and would be ever so grateful. (The program is on your disk 
of examples as "FITZ_FOLLY".) 

You'll need all the debugging tricks at your command to 
help out Binkle. When you're done, compare your solution 
with SOL _ LAB 20 on your examples disk. 
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Index 

Volume 1 contains Introduction and Lessons 1-20. 
Volume 2 contains Lessons 21-30 and Appendixes. 

A 
A image specifier, 9-11, 25-26, 26-21 
ABORT, 13-4 
ABORT, bus sequence, 21-18 
ABS, 1-19 
Absolute value, 1-19 
ACS, 1-19 
Addition, 1-15 
Address, changing, 12-12 
Address, device, 12-10, 13-1 
Address, instrument, 12-8 
Address of file, 10-7 
Address, secondary, 12-12 
Address, setting, 12-8 
Address, using with ENTER, 15-3 
Addressing multiple instruments, 22-1 
Addressing non-active controller, 22-17 
ALLOCATE, 5-6, 8-8 
Alpha display, 19-2 
ALPHA ON/OFF, 19-11 
Alpha plane, 19-11 
[Alt] key, 1-5 
AND, 6-14 
Answers to review questions, A-I 
Arc sine, 1-19 
Arccosine, 1-19 
Arctangent, 1-19 

Argument, 1-19 
Array separators, 25-4 
Arrays, 8-1 
Arrow keys, 1-9, 1-12 
ASCII characters, 5-20, 21-20 
ASCII data format, 26-35 
ASCII file, 3-25, 10-4, 10-7 
ASCII file, data size in, 10-9 
ASCII value, returning, 5-20 
ASCII vs. BDAT data files, 17-12 
ASN, 1-19 
ASSIGN, 10-13 
ASSIGN, specifying data size with, 26-15 
ASSIGN with attributes, 25-8 
ASSIGNed attributes and ENTER, 26-14 
Assigning data to variables, 5-8 
Assigning numbers to variables, 4-6 
Assigning strings to variables, 5-4 
Asterisk as image specifier, 25-23, 26-19 
Asterisk, multiplication with, 1-16 
Asterisk, using to close I/O path, 10-15 
Asterisk, using with array, 8-11, 8-20 
At sign (@) as image specifier, 25-30, 26-21 
ATN, 1-19 
ATN line, 11-14 
Attention, 11-14 
Attributes, assigning, 25-12 
Auto-starting a program, 3-24 
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AXES, 19-22 
Axes lines, graphics, 19-22 

B 
B image specifier, 9-13, 25-27, 26-24 
[BACK SPACE] key, 1-12 
BASE, 8-19 
Base element of array, 8-4 
BASIC history, 2-6 
BCD interface, 11-4 
BOAT file, 10-7 
BOAT file, data size in, 10-8 
BOAT files and storage space, 29-2 
BOAT vs. ASCII data files, 17-12 
BEEP, 1-24 
BENCHMARK example program, 29-6 
Benchmarking, 29-3 
Binary data file, 10-7 
Binary image with ENTER, 26-24 
Binary image with OUTPUT, 25-27 
Binary programs, Intro-4 
Binary programs, listing, 3-11 
BIT, 16-12 
Bit-parallel, byte-serial transfer, 11-6 
Bits, 11-5 
Blank COM, 24-13 
Branch, 6-1 
BUBBLE example program, 8-15 
BUFF _PTRS example program, 27-12 
BUFFER, 27-9 
Buffer pointers, 27-11 
Buffers, 27-1 
Bus control and data line register, 16-7 
Bus control level, 21-3 
Bus lines, HP-IB, 11-12 
Bus management lines, HP-IB, 11-14 
Bus messages, HP _IB, 21-1, 21-4, 0-1 

Index-2 

Bus messages, sending, 21-19 
Byte, 11-5, 25-18 
BYTE attribute, 26-15, 26-24 
Byte, entering, 26-24 
Byte/Rec, 10-7 Byte, specifying with 

image, 25-27 
Byte, status, 16-20 

C 
Cable length, HP-IB, 12-18 
Cables, European, 12-15 
Cables, HP-IB, 12-15 
Calculator mode, 2-2 
CALL, 6-8, 24-2 
CALL and interrupt, 28-2 
Capability codes, HP-IB, 12-7, B-1 
[CAPS LOCK] key, 1-4 
[CAPS LOCK] key, simulating, 30-2 
CASE, 6-27 
CAT, 3-15, 3-26 
CAT TO, 3-27 
CAT to determine subprograms, 30-5 
Catalog display, 3-15 
Catalog of programs, 3-26 
Centronics interface, 11-4 
Changing address, 12-12 
Changing variable while running, 7-11 
Character size, graphics, 19-33 
CHRS, 5-21, 5-23 
CLEAR, 13-8 
CLEAR, bus sequence, 21-17 
[CLEAR LINE] key, 1-13 
CLEAR SCREEN, 1-13, 2-21 
[CLEAR SCREEN] key, simulating, 30-1 
Clearing graphics, 19-5 
Clearing screen, alternate method, 18-20 
CLIP OFF, 19-31 



CLIP ON, 19-31 
Clipping, 19-30 
Closing path to file, 10-15 
[CLR I/O] key, 28-2 
[CLR SCR] key, 1-13 
CMD, 21-19 
CMD bus message, 21-9 
Co-processor, 29-11 
COM, 5-6, 8-8, 24-13 
COM area, used with ASSIGN, 25-10 
COM blocks and subprograms, 30-7 
COM, increasing speed with, 29-11 
Comma as array separator, 25-7 
Comma as separator, 25-3 
Comma, in printing, 3-10 
Comma, overridden by PRINT USING, 9-9 
Comma, spacing with, 5-17, 9-2 
Comma, using with ENTER, 26-2 
Command, 2-10 
Command, instrument, 14-5, 14-7 
Command vs. data, separating, 11-14 
Common block, 24-13 
COMMONER example program, 24-14 
Comparisons, 6-11 
Compatibility, HP-IB, 11-5 
COMPLEX, 8-8 
Complex number, 4-4 
Concatenating strings, 5-10 
Connecting HP-IB devices together, 12-16 
Connector, HP-IB, 12-2 
CONT with TRANSFER, 27-5 
Context, 24-2, 24-15 
[CONTINUE] key, 3-3 
CONTROL, 23-5 
[CONTROL] key, 1-5 
Control registers, HP-IB, 16-3, 23-5, C-l 
CONTROL, re-positioning pointers, 27-15 
Control table, buffer, 27-11 
Controller, 11-9 

Controllers, multiple, 22-9 
Converting ASCII value to real number, 5-24 
Converting characters to numbers, 5-20 
Converting lowercase and uppercase, 5-22 
Converting number to string, 5-24 
Converting numbers to characters, 5-21 
Converting string to numbers, 5-19 
Copying program lines, 2-18 
COPYLINES, 2-18 
COS, 1-19 
Cosine, 1-19 
COUNT with TRANSFER, 27-5, 27-21 
CREATE, 10-5, 10-10 
CSIZE, 19-33 
[CTRL] key, 1-5, 18-6 
Custom bus messages, 21-1 
Cutting execution time for I/O, 14-6 

D 
D image specifier, 9-6, 25-23, 26-19 
DAB mnemonic, 21-14 
DATA, 4-6 
Data and commands, separating, 11-14 
DATA bus message, 21-9 
Data byte, 21-14 
Data files, 10-5, 17-3 
Data formats, 17-2 
Data formatting, 25-1 
Data, instrument, 17-2 
Data lines, HP-IB, 11-12 
Data pointer, 4-9 
Data rate, HP-IB, 11-7 
Data, storing on mass storage, 10-2, 17-11 
Data transfer interrupt, 28-9 
Data transfer speed, HP-IB, 11-11 
Data valid, 11-13 
Data vs. program, 10-5 
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Datacomm interface, 11-4 
DATE$,1-24 
Date, returning, 1-24 
DAV line, 11-13 
DCL mnemonic, 21-14 
DEALLOCATE, 8-8 
Debugging, 20-19 
Decisions, making, 6-10 
Declaring a variable, 4-13 
DEF FN, 7-14 
DEG, 1-19 
Degrees mode, 1-19 
[DEL CHR] key, 1-12 
DELAY, 25-17 
Deleting a subroutine, 24-25 
Deleting characters, 1-12 
DELIM with TRANSFER, 27-5 
DELSUB, 24-25, 30-8 
Device address, 12-10 
Device clear, 21-14 
DIGITIZE, 28-12 
DIM, 5-6, 8-5 
Dimensions of array, 8-2, 8-5 
Dimensions of array, finding, 8-18 
DIO lines, 11-12 
DIO lines and parallel poll, 22-6 
Directing output to device, 3-27 
Disabling front-panel control, 13-5 
Disk, 3-19, 10-1 
Disk drive, addressing, 3-17 
Disk, using, Intro-5 
DISP, 2-13, 2-22, 3-9 
DISP USING, 9-16 
Display, 1-8 
Display line, 1-10, 3-9 
Distance between devices on HP-IB, 11-7 
DIV, 1-20 
Division, 1-16 

Index-4 

DOS files with HP-UX files, 10-12 
DRAW, 19-6 
Drawing a line, 19-6, 19-8 
DROUND, 1-20 
DUMP DEVICE IS, 19-42 
DUMP GRAPHICS, 19-42 
DVAL, 5-23 
DVAL$,5-23 
Dvorak keyboard, 1-7 

E 
E image specifier, 9-6, 25-24 
E in number display, 1-17 
e, base, 1-20 
EDIT, 13-11 
ED IT KEY, 18-4, 18-13 
Edit mode, 2-3, 2-15 
Edit mode, leaving, 3-10 
Editing a line, 2-16 
Editing softkeys on PC, 18-13 
ELSE, 6-15 
Empty pointer, buffer, 27-11 
ENABLE INTR, 16-17, 16-28, 28-16 
Enabling interrupt, 16-17, 16-28,28-16,28-20 
END, 2-14 
END and HP-IB, 26-3 
END as termination for ENTER, 26-26 
END IF, 6-15 
END LOOP, 7-9 
End or identify, 21-14 
End or identify line, 11-15 
END SELECT, 6-29 
END termination, 26-11 
END WHILE, 7-8 
END with files, 25-8 
END with free-field OUTPUT, 25-7 
END with HP-IB, 25-8, 25-17, 25-37 



END with images, 25-36 
END with TRANSFER, 27-5 
End-of-file pointer, 25-8, 26-14 
End-of-record with TRANSFER, 27-5 
ENTER, action of, 15-3 
ENTER, bus sequence, 21-17 
ENTER data from disk, 10-16 
ENTER format, 26-1 
[ENTER] key, 1-2 

Erasing soft key definitions, 18-12 
ERRDS, 28-10 
ERRL, 28-10 
ERRM$, 28-10 
ERRN, 28-10 
Error, ignoring, 30-2 
Error message, display, 1-11 
Error trapping, 28-9 
ESZ image specifier, 26-20 

ENTER, simulating, 21-21 
ENTER, terminating, 26-18 
ENTER USING, 9-16, 26-16 

ESZZ image specifier, 9-7, 25-24, 26-20 
ESZZZ image specifier, 25-24 
Examples disk, Intro-1 

ENTER, using with device address, 15-3 
ENTER, using with device name, 15-3 
ENTER, using with I/O path, 15-4 
ENTER, using with OUTPUT, 15-8 
ENTER with ASSIGNed attributes, 26-14 
ENTER with data, 17-4 
ENTER with image, 26-16 
ENTER with instrument, 15-2 
Entering a program, 13-11 

Exclamation point (remark), 3-5 
EXIT IF, 7-9 
EXP, 1-20 
Exponent of number, 1-17 
Extended addressing, 22-3 
Extended register, 16-22 
Extending distance of HP-IB, 30-3 

F Entering new lines, 2-17 
EOF pointer, 25-8 Fields, output, 9-2 
EOI, 26-3, 26-9 File, 10-6 
EOI, adding with ASSIGN, 25-17 File, ASCII, 3-25, 10-4 
EOI line, 11-15 File, creating, 10-10 
EOI mnemonic, 21-14 File, data, 10-5, 17-3 
EO I, redefining, 26-26 File name, 3-23, 10-7 
EOI, terminating ENTER, 26-18 File pointer, 25-8 
EOI termination, 26-11 File size requirements, 10-8 
EOL OFF, 25-18 File type, 10-7 
EOL sequence, changing with ASSIGN, 25-15 Files and I/O paths, 26-14 
EOL sequence, suppressing, 25-4, 25-7, 25-36 Fill pointer, buffer, 27-11 
EOR with TRANSFER, 27-5 FILTER_TST example program, 20-11 
Erasing, 1-12 FITZ_FOLLY example program, 20-24 
Erasing a program from memory, 3-23 Fixed-field data format, 17-2 
Erasing program from mass storage, 3-27 Fixed-field OUTPUT, 25-19 
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Floating-point data format, 26-38 
Floating-point math board, 29-11 
Flowcharts, 6-22 
FN, 7-14, 24-2 
FNEND, 7-14 
FOR-NEXT, 3-8, 7-1 
Form feed, 3-13 
Formal parameter list, 24-9 
Format of data, 17-2 
FORMAT OFF attribute, 25-12, 26-38 
FORMAT ON attribute, 25-12, 26-15 
Format, disk, 3-19 
Format, using instrument, 26-35 
FORMAT_TST example program, 25-13 
Formatted ENTER, 26-1 
Formatted OUTPUT, 25-1 
Formatting, 9-1 
FRACT, 1-20 
Fractional portion of number, 1-20 
FRAME, 19-14 
Free-field data format, 17-2 
Free-field ENTER, 26-2 
FRIENDS example program, 8-12 
Function, 2-10, 6-8, 7-13 
Function, calling, 24-2 

G 
GCLEAR, 19-5 
GDU's, 19-3 
GET, 3-25 
GET mnemonic, 21-14 
Getting a program, 3-25 
GINIT, 19-5 
Go to local, 21-14 
GOSUB, 6-4 
GOSUB and interrupt, 28-2 
GOTO, 6-1, 6-4 

Index-6 

GPIB, 11-4, 11-7 
GPIO, 11-4, 11-7 
Graphic display units, 19-3 
Graphics, 19-1 
Graphics application, 19-12 
GRAPHICS OFF, 19-11 
GRAPHICS ON, 19-2, 19-11 
Graphics plane, 19-2 
Graphics scale, self-computing, 19-40 
Graphics, turning off, 19-11 
GRID, 19-26 
Grid, placing in graphics, 19-26 
Group execute trigger, 21-14 
GTL mnemonic, 21-14 
GUESS_GAME example program, 7-5 

H 
H image specifier, 25-25, 26-20 
Handshake, HP-IB, 21-25 
Handshake lines, 11-13 
Hard clip area, 19-3, 19-31 
Hardware, increasing speed with, 29-11 
Hardware, installing, 12-1 
Hardware priority, 28-27 
Hewlett-Packard Interface Bus, 11-5 
History of HP-IB, 11-2 
HP 438A Dual Sensor Power Meter, 15-6 
HP 3325B Synthesizer, 20-3 
HP 3326A Two-Channel Synthesizer, 13-9 
HP 3456A Digital Multimeter, 20-4 
HP 3457A Multimeter, 27-18 
HP 37201A HP-IB Extender, 30-4 
HP 37204A HP-IB Extender, 30-3 
HP 3852A Data Acquisition and Control 

System, 28-13 
HP 6030A Autoranging Power 

Supply, 24-20 



HP 6624A Power Supply, 14-3 IF-THEN with END IF and ELSE, 6-15 
HP 8340B Synthesized Sweeper, 21-2 IFC line, 11-14 
HP 8350B Sweep Oscillator, 30-12 IFC mnemonic, 21-14 
HP 8510B Network Analyzer, 26-32 IMAGE, 9-15, 17-18,25-20 
HP 8590A Portable Spectrum Analyzer, 17-7 Image specifiers, 9-6 
HP 8720A Microwave Network Analyzer, 22-4 Image specifiers, boundaries for, 26-29 
HP 8753 Network Analyzer, 16-8 Image specifiers for PRINT USING, 9-13 
HP 8757A Scalar Network Analyzer, 30-10 Image specifiers for strings, 9-11 
HP 8980A Vector Analyzer, 18-14 Image, evaluating, 25-21 
HP 98365A, 29-11 Image, using, 9-15 
HP-IB addresses and switch settings, 12-13 IMAGE with ENTER, 26-16 
HP-IB bus messages, D-1 Image with OUTPUT, 9-6,17-17,25-23 
HP-IB capabilities, 12-4 Inbound transfer, 27-6 
HP-IB interrupts, external, 28-16 INDENT, 7-7 
HP-IB lines, 21-16 INITIALIZE, 3-17, 10-4 
HPIB_LINES example program, 16-13 Initializing a disk, 3-17, 10-3 
HP-IB status and control registers, C-1 Initializing a disk on a PC, 3-21 
HP-UX and DOS files, 10-12 Initializing graphics, 19-5 
HP-UX file, 10-7 INPUT, 2-11, 4-10, 4-13, 5-8, 8-9 
HP-UX file, data size in, 10-9 Installing HP-IB hardware, 12-1 

Instrument command, 14-7 
Instrument command, specifying, 14-9 

I/O path, 10-13 
I/O path, closing, 10-15 
I/O path, finding information about, 25-11 
I/O path name, 10-13 
I/O path name for instrument, 13-3, 14-6 
I/O path, using with ENTER, 15-4 
Identifying HP-IB devices, 12-1 
IEC-625, 11-7 
IEC-625 cables, 12-15 
IEEE-488, 11-4, 11-7 
IEEE-488 interface capability codes, B-1 
IEEE-488 mnemonics, 21-13, D-7 
IF-THEN, 6-10, 6-16 
IF-THEN with AND-OR, 6-14 
IF-THEN with END IF, 6-15 

Instrument data, 17-2 
Instrument data format, 26-35 
Instrument features, using, 15-14 
INT, 1-20 
INTEGER, 4-4, 4-13, 4-15, 8-7 
Integer number, 4-4 
Integer portion of number, 1-20 
Integer, returning after division, 1-20 
Integer, using for speed, 29-8 
Integer value, returning, 5-23 
Interface, 11-3 
Interface clear, 11-14, 21-14 
Interface select code, 12-9 
Interleave factor, 3-19 
Internal data format, instrument, 26-42 
Interrupt, 16-15, 28-1 
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Interrupt, disabling, 28-18 
Interrupt enable mask, 16-17, 16-28, 

22-13, 28-17 
Interrupt enable register, 22-20 
Interrupt, non -active controller, 22-12 
Interrupt status register, 16-6, 16-17 
Interrupt, using softkey for, 18-17 
Item separator, 26-2 
Item terminator, 26-2 
IVAL, 5-23 
IVALS, 5-23 

K 
K image specifier, 9-7, 9-11, 25-24, 25-26, 

26-19, 26-21 
KEY LABELS ON/OFF, 1-14, 16-4, 23-5 
Key, simulating, 30-1 
Keyboard, 1-2, 1-6 
Keyboard area, display, 1-10 
Keyboard, live, 7-11, 20-20 
Keyboard overlay, Intro-4, 1-5 
Keypad, 1-4 
Keys, system, 18-11 
Keyword, 2-4 
KNOBX, 28-11 
KNOBY, 28-11 

L 
L image specifier, 9-13, 25-32, 26-21 
Label, 6-3, 19-30 
Label, adding to disk, 10-4 
Label, softkey, 18-18 
LABEL USING, 9-16 
Labelled COM, 24-13 
Labelling graphics, 19-29, 19-32 
LAG mnemonic, 21-15 
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LDIR, 19-34 
Learn string, instrument, 26-46 
LEN, 5-16, 5-23 
Length of string, 5-16 
LET, 2-12, 4-6, 5-4, 8-9 
Levels of control, 21-3 
LGT, 1-20 
Line label, 6-3 
Line numbers, 2-4 
LINE TYPE, 19-10 
Line type, choosing, 19-10 
Linear pattern, 12-17 
LINPUT, 5-8 
LIST, 3-10, 3-27 
LIST BIN, 3-11 
LIST KEY, 18-3 
Listen address, 21-5, 21-15 
LISTEN bus message, 21-10 
Listener, 11-9 
Listing a binary program, 3-11 
Listing a program, 3-10 
Listing softkeys, 18-3 
Literal as image specifier, 26-23 
Literal in string image, 25-26 
Live keyboard, 7-11, 20-20 
LLO mnemonic, 21-15 
LOAD, 3-24 
LOAD KEY, 18-12 
Loading a program, 3-24 
LOADSUB, 30-5 
LOADSUB ALL, 30-5 
LOADSUB FROM, 30-6 
LOCAL, 13-7 
LOCAL, bus sequence, 21-17 
[LOCAL] key, 13-6 
LOCAL LOCKOUT, 13-6, 21-4, 21-15 
LOCAL LOCKOUT, bus sequence, 21-18 



Local mode, 13-6, 14-2 
Local variables, 7-15 
Local variables and COM, 24-18 
LOG, 1-20 
Logarithm of number, 1-20 
Logging an event, 28-21 
Look-up table, 29-7 
Loop, 6-2, 7-1 
Loop counter, 7-2 
LOOP-END, 7-9 
Loop, filling array with, 8-9 
Loops, 3-8 
LORG, 19-32 
Lowercase, converting to, 5-22 
LWC$,5-22 

M 
M image specifier, 9-6, 25-23, 26-19 
MAGIC example program, 8-18 
Magic square, 8-22 
Masking, 16-27, 16-29 
Masking the SRQ, 16-20 
Mass storage, 3-15 
Mass storage, addressing, 3-17 
MASS STORAGE IS, 3-15, 10-3 
Mass storage, specifying, Intro-5 
Mass storage, using, 10-1 
Math functions, 1-14 
Mathematics, order of expressions, 1-22 
MAX, 1-20 
Maximum value, returning, 1-20 
MAXREAL, 1-20 
MC 68881 co-processor, 29-11 
Memory, 3-14 
Memory, reserving space in, 8-6 
Message and results line, display, 1-11 
Message, displaying, 2-22 

MIN, 1-20 
Minimum value, returning, 1-20 
MINREAL, 1-20 
Minus sign ( - ), 26-28 
MLA bus message, 21-11 
MLA mnemonic, 21-15 
Mnemonics, IEEE-488, 0-7 
MOD, 1-20 
MORNING example program, 6-25 
MORTGAGE example program, 4-12 
Mouse, 28-11 
MOVE, 19-6 
MOVELINES, 2-18 
Moving program lines, 2-18 
MSI, Intro-5, 3-15, 10-3 
MSI _KEYS example program, 18-8 
MTA bus message, 21-10 
MTA mnemonic, 21-15 
Multiple images, 9-9 
Multiple instruments and controllers, 22-1 
Multiple listeners, 22-2 
Multiplication, 1-16 
My listen address, 21-11, 21-15 
My talk address, 21-10, 21-15 

N 
Name, using with ENTER, 15-3 
Named buffer, 27-8 
Named COM, 24-13 
NDAC line, 11-13 
Negative step in loop, 7-3 
Nested images, 25-36 
New lines, entering, 2-17 
NEXT, 7-1 
Non-active controller, 22-12 
Not data accepted, 11-13 
Not ready for data, 11-13 

Index-9 



NPAR, 24-10 
NPAR_COUNT example program, 24-10 
NRFD line, 11-13 
Null character, 26-15 
Null string, 5-9 
NUM, 5-20, 5-23 
Number builder, 17-5,26-3 
Number, building from ASCII stream, 26-3 
Number, converting to ASCII, 5-23 
Number of devices on HP-IB, 11-7 
Numeric image for OUTPUT, 25-23 
Numeric image with ENTER, 26-19 
Numeric variable and number builder, 17-6 

o 
ON, 6-24, 6-27, 28-3 
ON CDIAL, 28-4 
ON CYCLE, 28-4, 28-8 
ON DELAY, 28-4, 28-8 
ON END, 28-4, 28-9 
ON EOR, 28-5, 28-9 
ON EOT, 28-5, 28-9 
ON ERROR, 28-5, 28-9 
ON HIL EXT, 28-5 
ON INTR, 16-17, 28-6, 28-16 
ON KBD, 18-21, 28-6 
ON KEY, 18-17,28-6 
ON KNOB, 28-6, 28-11 
ON SIGNAL, 28-6 
ON TIME, 28-7 
ON TIMEOUT, 28-7 
Opening path to file, 10-13 
OPTION BASE, 8-4 
Option base, determining, 8-19 
OPTIONAL, 24-10 
OR, 6-14 
Order of evaluation, 1-22 
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Outbound transfer, 27-7 
Output area, 3-9 
Output area, display, 1-8 
OUTPUT, bus messages for, 21-11 
OUTPUT, bus sequence, 21-17 
OUTPUT, formatting, 25-1 
OUTPUT, free-field, 25-2 
OUTPUT of data, 14-7, 17-3 
OUTPUT, rounding, 25-2 
OUTPUT, simulating, 21-20 
OUTPUT to I/O path, 10-14, 14-6 
OUTPUT to instrument, 14-5 
OUTPUT to keyboard, 30-1 
OUTPUT to named device, 14-6 
OUTPUT, used with ENTER, 15-8 
OUTPUT USING, 9-16, 17-17,25-19 
Overscore, meaning, 21-16 

P 
PANAMA example program, 5-11 
Parallel poll, 21-15, 22-5 
Parallel poll configure, 21-15 
Parallel poll disable, 21-15 
Parallel poll enable, 21-15 
Parallel poll response byte, 22-8 
Parallel poll response mask, 22-20 
Parallel poll unconfigure, 21-15 
PARAM_PASS example program, 24-5 
Parameter list, 24-9 
Parameters, finding how many, 24-10 
Parameters, optional, 24-10 
Parentheses, using in mathematics, 1-21, 1-23 
Part of string, 5-12 
Partial listing, 3-11 
PASS CONTROL, 22-10 
PASS CONTROL, bus sequence, 21-18 
Pass parameter list, 24-9 



Passing by reference, 24-4 
Passing by value, 24-4 
Passing parameters, 24-3 
Pass through mode, 30-13 
Path name, 10-13 
Path name, using for instrument, 13-3 
PAUSE, 20-20 
[PAUSE] key, 3-3 
PEN, 19-6 
Pen control digit, 19-9 
Pen, graphics, 19-6 
Percent sign (%) as image specifier, 25-32, 

26-29 
Period (.) as image specifier, 25-24, 25-32, 

26-19 
Personal computer, using, Intro-7 
PI, 1-20 
Pi, value of, 1-20 
Pickwick club, 11-8 
PLOT, 19-8 
PLOTTER IS, 19-13 
Plotter, specifying, 19-13 
Plotting area, scaling, 19-18 
Plotting data, 19-36 
Plus sign ( + ) as image specifier, 25-32, 26-28 
Pointer, buffer, 27-11 
Pointer, data, 4-9 
Pointers, re-positioning with 

CONTROL, 27-16 
POS, 5-16, 5-23 
Position pointer, I/O path, 26-14 
Position within string, 5-16 
Pound sign (#) as image 

specifier, 9-13, 25-32, 26-28 
Power of 10, 1-17 
PPC mnemonic, 21-15 
PPD mnemonic, 21-15 
PPE mnemonic, 21-15 

PPOLL, 22-7 
PPOLL CONFIGURE, 22-6 
PPOLL mnemonic, 21-15 
PPOLL RESPONSE, 22-19 
PPOLL r-esponse byte, 22-8 
PPOLL UNCONFIGURE, 22-9 
PPU mnemonic, 21-15 
Pre-run, 4-2, 20-19 
Pre-run and COM, 24-17 
PRINT, 3-9, 20-20 
PRINT LABEL, 10-4 
PRINT USING, 9-4 
PRINT ALL, 23-6 
PRINTALL IS, 1-14 
PRINTER IS, 3-6, 3-27 
Printing, 9-1 
Printing graphics, 19-42 
Printing strings, 9-11 
Printing, trouble-killers for, 3-12 
PRIORITIES example program, 28-23 
Priority, hardware, 28-27 
Priority, software, 28-21 
PROG file, 3-22, 3-26 
Program, designing, 20-1 
Program, documenting, 20-21 
Program, storing on mass storage, 10-3 
Program vs. data, 10-5 
Programs, binary, Intro-4 
PROUND, 1-19,4-14 
[PRT ALL] key, 1-15 
Pseudocode, 20-9 
PURGE, 3-27 

Q 
QUADRATIC example program, 6-17 
Quotation marks, inserting, 5-21 
QWERTY keyboard, 1-6 
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R 
R image specifier, 25-24, 26-19 
RAD, 1-20 
Radians mode, 1-20 
Raising to a power, 1-17 
RAND_ROOTS example program, 10-20 
Random access of data in file, 10-14, 10-20 
Random number, 1-21 
RANDOMIZE, 1-21, 9-4 
RANK, 8-18 
RE-SA VE, 3-25, 10-4 
RE-STORE, 3-23, 10-4 
Re-using images, 25-35 
READ, 4-6, 8-9 
READ LOCATOR, 28-12 
Reading a status register, 16-3, 23-3 
Reading an instrument with ENTER 15-2 
Reading status byte, 16-23 ' 
READIO, 23-6 
REAL, 4-4, 8-7 
REAL data format, 26-38 
Real number, 4-3 
Rec/File, 10-7 
Record, 10-6 
Record number, 10-22 
RECORD with TRANSFER, 27-5 
Records, 3-26 
RECOVER, 28-2 
Register, 16-2 
Register contents, controlling, 23-1 
Register control level, 21-3 
Register, READIO and WRITEIO 23-6 
Register, status, 16-20 ' 
Registers, 23-1 
Registers, buffer, 27-11 
Registers, HP-IB, C-1 
REM, 3-5 
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Remainder, returning, 1-20 
Remarks, 3-5, 20-21 
Remarks and storage space, 29-3 
Remarks with INDENT, 7-7 
REMOTE, 13-5 
REMOTE, bus sequence, 21-17 
Remote enable, 11-14, 21-16 
Remote mode, 13-5 
REN, 2-19, 6-3 
REN line, 11-14 
REN mnemonic, 21-16 
Renumber, effect of, 6-3 
Renumbering program lines, 2-19 
Repeat factor in image, 25-34 
REPEAT -UNTIL, 7-4 
Repeating a string, 5-24 
Repeating a task, 7-1 
Replacing a string, 5-10 
Replacing part of string, 5-15 
REQUEST, 22-18 
Requesting service, 16-1 
Reserving memory for strings, 5-5 
RESET, 13-5 
[RESET] key, 13-7,28-2 
RESTORE, 3-23, 4-9 
Retrieving data from disk, 17-16 
RETURN, 6-4 
RETURN with ASSIGN, 30-2 
RETURN with function, 7-14 
REVS, 5-11, 5-23 
Reversing a string, 5-11 
Review quizzes, answers to, A-1 
Rewriting softkey definition, 18-4 
RND, 1-21, 9-4 
ROLL_DICE example program, 6-5 
Rounding a number, 1-20, 4-14 
Rounding to power of 10, 1-20 
RPTS, 5-24 



RS-232-C interface, 11-4 
Run indicator, 2-9, 3-4 
Run mode, 2-7 
Running a program, 2-7, 13-12 

s 
S image specifier, 9-6, 25-23, 26-19 
SAVE, 3-25, 10-4 
Saving a program, 3-1, 3-25 
Saving instrument data, 17-1 
SCRATCH, 2-3, 3-23,13-11 
SCRATCH and COM, 24-17 
SCRATCH KEY, 18-12 
SDC mnemonic, 21-16 
SEC bus message, 21-10 
Secondary addresses, 12-12, 21-3, 21-10, 22-3 
SELECT-CASE, 6-27 
Select code, 3-6, 12-8, 13-1 
Selected device clear, 21-16 
Semicolon as array separator, 25-7 
Semicolon as separator, 25-4 
Semicolon, in printing, 3-10 
Semicolon, spacing with, 2-22, 5-17, 9-2 
Semicolon, using to suppress CR/LF, 14-12 
Semicolon, using with ENTER, 26-2 
SEND, 21-5, 21-17, 21-19, D-1 
SEPARATE ALPHA FROM 

GRAPHICS, 19-11 
Separating instrument commands, 14-12 
Separators, 25-3 
Separators with ENTER, 26-2 
SER_ROOTS example program, 10-17 
Serial access, 10-14 
Serial poll, 16-24 
Serial poll disable, 21-16 
Serial poll enable, 21-16 
Serial poll register, 16-22 

Service request, 16-1, 16-7 
Service request from non-active 

controller, 22-18 
Service request line, 11-14 
SET KEY, 18-8, 18-13 
Setting the HP -IB address, 12-8 
SGN, 1-21 
[SHIFT] key, 1-4 
SHOW, 19-18 
Sign, returning, 1-21 
SIGNAL, 28-6 
Simulating a key press, 30-1 
SIN, 1-21 
Sine, 1-21 
SIZE, 8-19 
Size of array, 8-5 
Size of array, finding, 8-19 
Slash (I) as image specifier, 9-13, 25-30, 26-23 
Slash (I), division with, 1-16 
Soft clip area, 19-17, 19-30 
Softkey, 1-5 
Softkey as typing aid, 18-3 
Softkey, changing from program, 18-8 
Softkey definitions, erasing, 18-12 
Softkey definitions, storing, 18-11 
Softkey label, 1-11 
Softkey, redefining, 18-4 
Softkey, using for program interrupt, 18-17 
Softkeys, editing on a PC, 18-13 
Softkeys, listing, 18-3 
Soft keys, loading, 18-12 
Softkeys, returning to default, 18-12 
Softkeys, using, 18-1 
Software priority, 28-21 
Sorting, 8-15 
Space, reducing, 29-2 
Spacing, 5-18 
Spacing for DISP and PRINT, 5-17 
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SPD mnemonic, 21-16 
SPE mnemonic, 21-16 
Speed, increasing, 29-3 
SPaLL, 16-24 
SPaLL and interrupt, 28-18 
SPaLL, bus sequence, 21-18 
SPaLL, simulating, 21-21 
SQR, 1-21 
SQRT, 1-18, 1-21 
Square root, 1-18, 1-21 
SRQ, 16-2, 16-7 
SRQ, bus sequence, 21-18 
SRQ, detecting, 16-12 
SRQ line, 11-14 
SRQ, masking, 16-20 
SRQ, non-active controller, 22-18 
Star pattern, 12-17 
Statement, 2-10 
Statement control level, 21-3 
STATUS, 16-3, 16-12, 16-23,23-3 
Status byte, 16-20, 16-23 
Status byte, unmasking, 16-22 
Status change, detecting, 16-12 
Status, detecting with instrument 

command, 16-29 
STATUS of ASSIGNed I/O path, 25-11 
Status register, 16-2, 16-20, 23-2 
Status register, reading, 23-3 
Status registers, HP-IB, C-l 
Status word, 16-22 
STEP, 7-2 
[STEP] key, 2-11, 20-20, 27-12 
Stopping activity on HP-IB, 13-4 
STORE, 3-22,10-4 
STORE KEY, 18-11 
Storing a program, 3-22, 10-4 
Storing data on mass storage, 10-2 
Storing instrument data, 17-11 
Storing soft key definitions, 18-11 
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String image, 25-26 
String overflow error, 5-8 
String variable, 4-4, 5-2 
Strings and number builder, 17-5, 26-9 
Strings in arrays, 8-12 
Strings, printing, 9-11 
Stripping blanks from a string, 5-24 
Structured programming, 8-23, 20-1 
SUB, 6-8, 24-2 
SUBEND, 6-8 
SUBPR_DICE example program, 6-8 
Subprogram, 6-7, 6-9, 7-16 
Subprogram, calling from keyboard, 24-3 
Subprogram, deleting, 30-8 
Subprogram, effect on speed, 29-9 
Subprogram libraries, 30-5 
Subprograms, 24-1 
Subprograms, loading, 30-5 
Subroutine, 6-4, 6-7 
Subroutine, deleting, 24-25 
Subscripted variable, 8-3 
Substring, 5-12 
Subtraction, 1-15 
SUM, 8-21 
Summary bit, 16-22 
Summing elements of array, 8-21 
Switch settings and HP-IB addresses, 12-13 
Switches, address, 12-10 
System controller, 11-10 
System keys, 18-11 
SYSTEMS, Intro-7 
SYSTEM_EX example program, Intro-5 



T 
TAD mnemonic, 21-16 
Take control, 21-16, 22-10 
Talk address, 21-16 
TALK bus message, 21-10 
Talker; 11-9 
TAN, 1-21 
Tangent, 1-21 
TCT bus message, 22-10 
TCT mnemonic, 21-16 
Terminating ENTER statement, 26-11 
Terminating ENTER with image, 26-26 
Termination, changing with ENTER 

USING, 26-28 
Termination image specifiers, 25-32 
Terminator, number, 26-8 
Terminators, 25-3 
Terminators with ENTER, 26-2 
Tic marks, axes, 19-24 
Tic marks, grid, 19-27 
Tic marks, major, 19-25 
Time, returning, 1-23 
TIME$, 1-23, 18-5 
TIMEDATE, 1-23, 18-5 
Timeout interrupt, 28-8 
TRACE ALL, 20-20 
TRACE PAUSE, 20-20 
TRANSFER, 27-1 
TRANSFER, interrupting, 28-9 
TRANSFER parameters, 27-4 
TRIGGER, 15-11 
TRIGGER, bus sequence, 21-17 
Triggering an instrument, 15-10 
Trigolator, 19-13 
TRIGO LA TOR example program, 19-37 
TRIM$,5-24 
Trouble killers, Intro-8 

U 
UDU's, 19-18 
Unconditional branch, 6-2 
Unified I/O, 14-6 
UNL mnemonic, 21-16 
Unlisten; 21-5; 21-10; 21-16 
Unmasking status byte, 16-22 
Unnamed buffer, 27-9 
Unnamed COM, 24-13 
UNT bus message, 21-10 
UNT mnemonic, 21-16 
Untalk, 21-10, 21-16 
UNTIL, 7-4 
UPC$, 5-22, 5-24 
Uppercase, converting to, 5-22 
User defined units, graphics, 19-18 

V 
VAL, 5-19, 5-24 
VAL$, 5-24, 17-4 
Variable, 2-11, 4-2 
Variable, array, 8-11 
Variable name, 4-3 
Variable name, using for instrument, 13-2 
Variable, rules for, 4-5 
Variable, specifying for ENTER, 15-5 
Variable, subscripted, 8-3 
Variable type, 4-3 
Variable within function, 7-15 
VIEWPORT, 19-14 
Viewport, setting, 19-14 
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w 
W image specifier, 26-24 
WAIT, 2-21, 20-20 
WAIT with TRANSFER, 27-5, 27-15 
Warnier-Orr diagram, 20-6 
WHILE-END, 7-8 
WINDOW, 19-18 
WORD, 25-18 
WORD attribute, 26-3, 26-15, 26-24 
Word, entering, 26-24 
Word, specifying with image, 25-28 
WRITEIO, 23-6 
Writing a program, 2-3 

x 
X image specifier, 9-7, 9-11, 25-30, 26-23 

't' 
Y image specifier, 25-29, 26-25 

z 
Z image specifier, 9-6, 25-23, 26-19 
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Numbers 
3457_READ example program, 27-21 
3457_TRANS example program, 27-19 
8510_ASCII example program, 26-36 
8510_DATA example data file, 26-50 
8510_INTL example program, 26-42 
8510_LEARN example program, 26-46 
8510_REAL example program, 26-38 
8590_GET example program, 17-17 
8590_STORE example program, 17-12 
8590_TRACE example data file, 17-19 
8720_PASS example program, 22-11 
8753_ERRS example program, 16-26 
8753_INTR example program, 16-15, 16-22 
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