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Does This Thing Really Work?

Interactive User Self Test

First, place the stylus (the'ball-point-pen-shaped-thingon the end
of the cable) in the Stylus Groove.

Now push the Switch labdled SELF TEST on the rear of the
machine on, and immediately back off. This initiates the self
test. The Graphics Tablet rusis through the same test that is run
when power is applied. Whehn the tone finishes, the Graphics Tab-
let is waiting for you to digitize the Self Test Dot. To do this, press
the tip of the stylus aginst the dot in the lower right corner of the
platen of the Graphics Tablet. The Graphics Tablet then plays the
same ascending sequence of tones ‘that it does when it passes the
first section of the self test. The proper operation of the Stylus and
the internal circuitry in the Graphics Tablet has now been tested.

NOTE
If the Graphics Tablet does not perform the Self Test as
described above, consult the “‘Errors and What They
Mean’ section of the 9111A User's Manual.

Now that the Graphics Tablet is working properly, lets look at
what to do with it.
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Where Am I Now?
Cursor Tracking ’

Yob The ball- -point pen device on the end
} of the cable is called a Stylus. The loca-
tion of the tip of the stylus on the
h platen is referred to as the Cursor -
Location. This is Digitizer terminol-
ogy which has been carried over to
the Graphics Tablet so that people
with experience in digitizer pro- -
grammmg can apply their prevn-

There are several ways to track the cursor using the HPGL lan-
gauge implemented on the 9111A, However, the simplest
Graphics Tablet programs are written using the graphics state-
ments resident in the 9845B Graphics ROM.

The basic operations involved in tracking the cursor may be bro-
ken down into two sections:

1. SetUp
2. Tracking Loop. K

Elaborating on these gives us:

1. SetUp
A) Set up Graphics Tablet
B} Set up Display
2. Tracking Loop (repeated as long as necessary)
A) Read Cursor Location
B) Display Cursor Location

Using the Graphics ROM statements included in the 9845B Ex-
tended BASIC greatly simplifies implementing these procedures.
If you go into the EDITLINE mode and type in each program line
asitis described in the text, you will have a simple cursor tracking
program when you finish this section. ‘
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First, set up the Graphics Tablet. Simply declare it'to be a 9872A
Plotter (the 9845B Graphics ROM was written before the 9111A
existed, but the 9111A speaks essentially the same language as
the 9872). Include the select code of the 9111A to allow specify-
ing whether the 9845 is supposed to deal with the 9111A or the
internal graphics display. Then select millimetre scaling with a 10
mm offset on each axis (this is because the P1 scaling point on the
9111 is ten mm from the lower left hand corner of the artwork).

10 Setup: !
20° FLOTTER 1S 7,6,"9872R"
30 MSCALE -10,~-10

Second, we set up the graphics display on the 9845B to corres-
pond to the dimensions of the 9111A artwork in millimetres. This
is done using a SHOW statement to set up the scaling on the
display. Finally, a frame is drawn on the CRT to represent the
active digitizing area on the platen.

40 PLOTTER IS 13,"GRAPHICS®
L)) SHOW ©,301,0,237

69 CLIFP 9,301,0,218

7e FRAME

!

This completes the set up of the Graphics Tablet ‘and the dl_splay.

Now the program needs to turn on the display.

80 GRAPHICS

Now let’s get on to the tracking loop. It starts with a label.

99 Begin_loop:!

Then read the cursor location. : g
109 PLOTTER 7,6 1S OH
110 CURSOR X,

()
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Now we will move the pointer to the position on the display that

best represents the location of the stylus on the platen. .
129 PLOTTER 13 IS ON
130 POINTER ¥,Y,2

Notice that turning one plotter on turns the other plotter off. Hav-
ing completed the update procedure, go back and start the loop
over again. :

146 GOTO Fegin_loop
159 END

This completes the cursor tracking p.rogram. Hit RUN, and move
the stylus around on the platen. A small blinking cross on the CRT

" should track your motion. Easy, isn’t it?

Here is the whole prograni.

10 Setup:! !

20 PLOTTER 1§ 7,6, 9872R"
39 MSCALE -10,-10

49’ PLGTTER IS 13,“GRAPHICS*™
14 SHOW B8,301,08,237

60 CLIP ©,301,08,218

79 FRAME

88 GRAPHICS

90 Begin_loop:! o
100 PLOTTER 7,6 IS ON

110 CURSOR X,Y

120 PLOTTER 13 IS QN

130 POINTER X,Y,2

149 GOTO Begin_loop

159 END |
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Where Have I Been?
Cursor Driven Plotting.

Now that you are tracking the cursor, it might be nice

to draw some lines on the display. The first method to
look at is the simplest. It illustrates some of the
concepts involved in the Graphics Tablet System.

If you modify one line in the previous program, you can

' read in the pen string. This is a string that contains
a wealth of data, but right now just look at the first
character in it. This characteris a ‘‘1’’ if the pen

in the stylus is pressed down, and a ‘0"’ if the pen
is not pressed down. The pen parameter for the 9845B

PLOT statement is 1 for draw and O for move without drawing.

Therefore, if you convert tHe string value to a numeric, you can

plug it right into the PLOT statement.

Modify line 110 to read as follows:

110 CURSOR X,Y,P$

Now insert the following line before line 140:

131 PLOT X,Y,YRL(PS)

(I hear a comment ‘‘You said just look at the first character!"’ No
need to worry. The VAL function reads characters for conversion
until it encounters a non-numeric character. The second character
in P$ is a comma. So only the first character is converted. Neat
trick, isn't it. And it's the fastest method of accessing a substring
for conversion.)
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. R ) Now press RUN, and the cursor tracking should be operating
) normally. In addition, you should be able to '"draw’ on the CRT by
pressing down on the stylus tip like you would draw with a pen.

And you thought this would be hard!

) " Here is the whole program, (after renumbering it): : \

19 Setup! !

29 PLOTTER IS 7,6,%“9872R"

308 MSCALE -10,-10

40 FLOTTER 15 13, “GRAPHICS" N

S SHOW 0,301,8,237-

€0 CLIP ©,301, a 213

76 FRAME

=7 CRAPHICS .
38 Begin_loop:!

109 FLOTTER 7,6 15 ON

119 CURSOR ¥,Y,PS$

126 PLOTTER 13 IS ON

120 POINTER ¥,Y,2

140 PLOT X,Y,YALCPS)

150 GOTO Begin_loop !
1€8 EMD

There are two problems with the program we just developed. e

1. Theimage exists only on the display:
2. You're not really digitizing.

Let’s go into a little more detail on both those concepts.

First — all you have so far are some lines on the CRT. The data is
not in machine readable form. This means you can’t do anything

L) but look atit. The real power is gained by converting the data into b
a machine readable form. This enables you to use the computer to '
analyze and manipulate the data. '
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Second — you are looking at the Physical Pen. This means you
are trying to do timing operations far removed from the activities
you are timing. The Graphics Tablet contains some very sophisti-
cated timing and analysis algorithms to handle exactly these oper-
ations. The following section shows you how to use it.

/‘W’O O AN Ve D D, ord w22

e ’r.

% 00 ¥ Where Am I Really At?
S A Digitizing

Digitizing, which takes place in the Graphics
Tablet, and a simple Data Base, which exists
in the 9845B. First, a look at digitizing.

f You are going to look at two concepts now ~

When you press down on the tip of the stylus
on the 9111A, a switch in the stylus is closed.
i~ Assuming that the 9111A is in a suit-
able mode 1t dxgmzes when the switch closes. This means it mea-
sures exactly where the stylus is when the pen closes. It then takes
the location, some mode information, and various other informa-
tion, and combines them into a position and pen status bit in the
Digitize register. This register can be read using a DIGITIZE com-
mand on the 9845B. The question is, when to execute a DIGITIZE
statement. That’s where the Status Word comes in. (The next four
paragraphs describe the Status Word in some detail. You can skip
over them if it's more detail than you feel you want to go into.)

The Status Word is the primary mechanism for communicating the

inner workings of the Graphics Tablet to the outside world. If we
look at the pen parameter passed back from the Graphics Tablet

after an OC command is received, it might typically look like this:

VY~ {mav VV\&C./ ' —‘{(Q/OO@
: /

o 3 ; (&-‘\MV\U\Q \_“.uQ L
- ’ . a\ ) . okl:r,\»z v\,\lv ‘l
o i
- ‘jA PRSVEN

- WEEVN 0 (L

’

Pt

to

radi
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. « The third group of digits is the decimal equivalent of the bit pat-
. N \tern in the status register. This is the status word, and is 11 bits
long, with 9 of the bits representing significant conditions within

the 9111A. A map of the status word looks like this: -

. ; Bit - = Bit Bit Bit Bit Bit Bit Bit Bit Bit Bit
; 10 9 8 7 6 5 4 3 2 1 0

Pen New Prox- Menu : Ini- Dig- -
Press Cursor imity Pick SRQ ‘Error Ready tal- (tized Clear Clear

Position i ized Point

Avail-

able

By checking bit 2 of the statiis word each time we read the cursor

position, it is possible to determine if a point has been digitized

since the last digitized point was read. This allows the program to

sit in the cursor update loop and wait for digitizing to be done by

the 9111A. The program then branches to a digitized point
~ ‘a routine which updates our data base and display.

It is quite simple to analyze the P$ string you have already read in
to isolate the Status Word and then use the VAL function to con-
vert the string to a numeric. The numeric can then be analyzed
using either of two methods, depending on whetherornotanl/0
ROM s available. )

Insert the following line before line 120:

1 Status_word « VAL(PS[61) !

Now, if you have an I/ 0 ROM, change line 140 to:
149 IF BIT(Status_word,2) THEN GUSUB Digitized_point
i ) If you have no I/0 ROM, use the following line:

140 7 IF Status_word MOD (4¥%2) - Status _word Mod 4

THEN GOSUB DigitizZed_point
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The 170 ROM considerably speeds up the process. Whichever
method is used, you still must have a routine to respond to the
digitized point being detected. This brings us to the data base.

A data base is simply an orderly method for storing data. The data
base used in this program consists of three large arrays. The arrays
are dimensioned large enough to hold whatever you intend to put
in them (and isn’t that a circular specification?) To start with, use
100 elements in each array. To do this, insert the following lines at
the beginning of the program. “

OPTION BRSE ©
SHORT X(IBB),Y(IEG)
INTEGER P(1080)>
X(B)=Y(B)=P(0)=Q

b WN -

Now add the following routine to the end of the program:

- 1080@ Digitized_pointi! :
tel10 PLOTTER 7,6 1S ON

1920 I=1 + 1 -
1830 DIGITIZE X(1),Y¢1),P$
1840 P(1)=VAL(PS)

1050 PLOTTER 13 IS ON

1860 PLOT %¢1),Y(1>,PCID)
1078 POIMTER X(I),Y<¢1),2

1880 RETURN

Before you run this program, you need to set up a digitizing mode
on the 9111A. If you have an [/ O ROM, add this line before line
80:

71 QUTPUT 7863 “CNgSF*"

If you don’t have an [/ O ROM you can *'print’’ the commands to
the 9111A. Use these lines: .

71 PRINTER IS 7,6
7z PRINT "CNjSF*"
73 PRINTER 1S 18§

7
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-+, Now RUN the program. It should operate much as it did before, T e R -

- ) except that it will eventually overflow the array, halting operation ) Cont
of the program. “That's an Improvément?!” I hear you say. Well, '
actually it is, but not because you can overflow the array. Rather it
is because you have it stored in the array. To see why this matters,
change line 150 to read

)
150 IF 1<100 THEN GOTO Begin_loop

Now add these lines im.med!ately following it.

‘ 151  GCLEAR

. 152  FRAME

: 153 FOR I=0 TO 100
154 PLOT ®C1),YC¢1),PCI)
155  NEXT 1

Now change line 160 to STOP.

RUN the program again. This time, when the array is filled, the "
- screen will automatically be cleared, and the drawing re-plotted.

o The data is now in a data base (albeit a primitive one) and can be - .
re-used by the machine.

o
.o If you renumber the program, it should look like this:
10 OFTION BASE © ;
20 SHORT %(100>,Y¢100) |
38 INTEGER P(199)
a8 X(@>=Y(B)=P(B)=0 ,
56 Setup: ! . ;
e PLOTTER IS 7,6,%9872R"
70 MSCALE -10,-10
80 PLOTTER IS 13, "GRAPHICS* .
. 99 SHOM ©,301,0,237
(; ) 1ee CLIP ©,301,0,218
2 110 FRAME .
120 QUTPUT 786; “CN;SF" , : '
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130
140
159
160
170
180
130
200
210
220
230
240
2350
260
27

230
290
300
310
320
338
340
359
3¢0

GRR
Begin_1
FLO

PLO

IF I<19
GCL
FRAR
FOR

HEX

STOP
Digitiz

RETURN

.

PHICS .
oop:!
TTER 7,6 IS ON
CURSOR X,Y,Ps
Status_words=YAL(PS(E]?
TTER 13 IS ON
POINTER X,Y,2 .
IF BIT(Status_word,2» THEHN GOSUB Digitized_point
@ THEH GOTO Begin_loop
ERR S
ME
I=0 TO 100
PLOT XCID,¥CI),PCLY
T 1

ed_point: !
PLOTTER 7,6 1S ON
I=1+1 ’
DIGITIZE X<(I),Y<CI),Ps$
P{I>=VAL(PS)
PLOTTER {3 IS OH
PLOT XCI>,YCID>,PC1)
POINTER XCID,¥(1),2

Having the data around in machine readable form enables it to be
replotted on another plotter, analyzed by routines, transmitted to
other computers, stored, or in other words, generally manipulated
by computers. The next step is telling the computer what to do,
without using the keyboard on the 9845B.

Softkeys — coming up.
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What Do I Do Now?
Softkeys -

..-‘" One big advantage of the 9111A
is the built in softkey structure
The sixteen numbered boxes along
the upper edge of the platen can be interpreted
by the Graphics Tablet as Keys, and used to control
the executlon of a program on the 9845B. This allows the user to
go completely into a 'Graphics’ mode of operation without ever
having to come out of it to use the 3845 keyboard.

h-

The Status Word of the 9111A also has a bit which indicates a
softkey has been selected. If a point is selected within one of the
Softkey boxes at the top of the platen, bit seven goes true (=1)
and you can test for this the same way you tested for the digitized
point available bit.

If you have an [/ O ROM, add the following line before line 200:

191 IF BIT(Status_uord,?) THEN GOSUB Which_key
- .
r’lQl

If you have@}_&/o ROM, add the following line before line 220:

211 IF Status_word MOD (128%2>-Status_word MOD 128
THEN GOSUB HWhich_key

The 170 ROM considerably speeds up the process. Whichever
method is used, you still must have a routine that responds to the
Softkey being selected. Two versions of a routine to respond to
the softkey selection are provided below, one for use withanl/0
ROM, and one for use without it.

They both call a second routine (Key1l) which redraws the image
on the screen. Add the appropriate Which_key routine, and then
add the Keyl subroutine.

Compuer
Museun
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1000 !

1818 Which_keyt! For I-b ROM programs - .

1010 OUTPUT 7863 *RS1"

1030 ENTER 706;Key ‘

1840 ON Key GOSUB Keyl,Key2,Key3,Keyd,KeyS,Keyb,

Key? ,KeyS8,Key9,Keyl10, Keyll,
- Keyl2,Key13,Keyld, Keyl1S,Keyl6
19350 RETURN

1080 !

1010 Hhich_key:! For Non 10 ROM programs

102606 Key=VAL(PS$(3))> -

1830 PRINTER IS5 7,6

1840 PRINT *“sSke*

1850 PRINTER 1S 16

1960 ON Key GOSUB Keyl,Key2,Key3,Key4,KeyS,Key6,
Key?,Key8,Key9d,Keylo, Keyll,
Key12,Key13,Keyld,Keyl5,Keylé

1070 RETURN

{The perceptive reader will have noticed that the [/0O ROM
routine sends ‘“‘RS1” to the Graphics Tablet while the non-1/0
ROM routine sends *SK0"’. The RS instruction loads the menu
number into the I/0 buffer, and then clears the status bit for
menu selection available and the menu register itself. The SK
command clears the bit and register, but does not load the buffer.
The value in the pen string is used instead.)

The subroutine that both Which-key routines call is:

1100 !

1110 Keyls! This routine Dumps Graphics to the internal
printer

1120 DUMP GRAPHICS

1138 RETURN

Now that the routines have been added, RUN the program. Draw
a picture, and then press the stylus tip down in the square labeled
1. The picture on the screen should be dumped to the internal
printer.

—
S’

ALl

P ;
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) Now add the following routine to the program:

1200
1210
1220
1230
1240
1250
1260

Key2t! Clear screen and re-initialize array péintors
PLOTTER 13 IS ON -
GCLERR
FRAME
1=0

RETURN

Now you can clear the screen, too — Softkey program control,
and not too difficult. It is obvious that 14 other routines could be
invoked by using the other subroutine calls in the ON Key GOSUB

construct.
Here’s the current program as it looks after it is renumbered.

10 OPTION BASE ©
20 . SHORT X(108),Y(180)>
39 INTEGER P(100)
49 X(@)=Y(B)=P(8>=0
58 Setup: ! )
€0 FLOTTER 1S 7,6,"9872A"
70 MSCALE -10,-10
86 PLOTTER 1S 13, "GRAPHICS™
90 SHOW ©,301,9,237
100 CLIP 9,301,0,218
116 FRAME
120 GUTPUT 706;"CH;SF"
130 GRAPHICS -
140 Begin_loop:!
150 PLOTTER 7,6 IS ON
1€0 CURSOR X,Y,P$
170 Status_word=YAL(P$(61)
180 PLOTTER 13 13 ON ’
150 POINTER %,Y,2
200 IF BIT(Status_word,?) THEN GOSUB Which_key
210 IF BIT(Status_word,2) THEN GOSUB Digitized_point
220 IF 1<189 THEN GOTO Begin_loop ’
236 GCLEAR
240 FRAME t

. 250 FOR 1=0 TO 100
z60 PLOT XCI1),YCI),PCI)
279 NEXT I
280 STOP

it
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290
360
310
329
330
340
3506
368
3706
330
293
400
418
420

430
440
458

460
479
420
498

se0
510
520
52

540

Digitized_point: ! '
PLOTTER 7,6 IS OR

I=1+1
DIGITIZE X{1),¥<I),P$
PCId=VALCPS)
PLOTTER 13 IS ON
PLOT X<I>,¥C(Id>,PCID
POINTER XCI>,Y<I>,2

RETURN ’

1

Which_key: |

QUTPUT 786; “RS1™

ENTER 706;Key '

Ol Key GOSUB Keyl,Keyz,Key3,Keyd,KeyS,Keys,
Key?,Key8,Key3,Keyl0,keyll,
Key12,Keyl13,Keyl4d,Keyls,Keyls

RETURN
{
Keyl: ! This routine dumps graphics to the internal
printer.
DUMP GPAPHICS
RETURN
t
Key2: ! Clear the zcreen and re~initialize the array
pointers. ’
PLOTTER 13 IS ONH
GCLERAR
FRAME
1=9
RETUFN

-

P - , - ' {’,-:‘l\)‘
Sg.“‘l;,f, Jo et e»-t::-'rvn \& oy \\*5‘-'4
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Excuse Me, But ...
Interrupt Driven Processing

Now that you have covered the basics of operating the Graphics
Tablet, it's time to look at speeding up and simplifying the prog-
ram by using Interrupt processing. Interrupts on the 9845B re-
quire an |/ O ROM, so the following section {and all the sections
that follow it) assumes that you have an [/ © ROM.

Interrupt driven operations eliminate the constant checking of the
bits in the status word. Instead, we have the 9111A keep track of
the status, and generate an SRQ (Service Request) when it re-
quires attention. This Service request is then allowed to interrupt
the HP-IB interface which can cause an end of line branch in the
operation of the program.

Here's an outline for an interrupt driven program:

Set Up Graphics Tablet

Set Up Plotter i _
Define End of Line Branch Service Routine

Set SRQ generating conditions in Graphics Tablet
Enable Interrupts '

SIS S

Track Cursor (as long as necessary)

When the interrupt is received, a suitable interrupt response must
be generated. This is handled by what is called a Service Routine.
The Service Routine must:

1. Determine the cause of the End Of Line Branch
If the cause was an SRQ

2. Determine the cause of the SRQ in the device that
. generated the SRQ

3. Respond appropriately to the SRQ

[V SIS PNV S

"
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4. Re-enable interrupts

From this outline, modify the program you already have to re-
spond to interrupts.

First, delete lines 170,200, and 210. Ndw change line 220 to read:

220

GCOTO Begin_loop

Now delete lines 230 to 280. You are back to a cursor tracking
loop. Don't delete the subroutines, as you will use them later.
Next, add the interrupt set up routines. Insert the following lines
before line 130:

121

122 7

123
124
125
126

!

ON INT #7 GOSUB What_happened
QUTPUT 706;"IM,";4+128
CONTROL MASK 7;128

CHARD ENRBLE 7
1

Line 122 sets up the response to the interrupts from card 7. Line
123 tells the 9111A when to generate an SRQ (2° = 4 for digitized
point +27 = 128 for menu selected.) Line 124 tells the interface
card what to interrupt the controller about, and line 125 enables

interrupts from the card.

Now insert the routine to service the interrupt before line 290:

221
222
223
224
22S
226
227
228
229

!
What _happenedt!
OUTPUT 7063 0S"
ENTER 706jStatus_word

IF BIT(Status_word,2)> THEN GOSUB Digitized_point

IF BIT(Status_word,7) THEN GOSUB Which_key
CARD ENRBLE 7?7

RETURN
!

O
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o ) The What_happened routine reads the status from the Graphics
=/ Tablet to determine what generated the SRQ, and then branches
to an appropriate subroutine to handle the Service Request.

Since the program is using interrupt processing, it is possible to
update the pointer position in the digitize subroutine, and then go

1 back to an old location in the cursor tracking loop. To handle this,

merely update the X and Y values before leaving the digitize loop.
Insert the following lines . before line 370.

361 X=X(I>
362 YeyY (I

It will also help to redimension the arrays in lines 22 and 30 from
100 to 10000 elements each to create a larger workspace. (This is
for a 9845T — smaller memories will not allow this large a work-
space.)

28 SHORT X((BGBG),Y(IGGGB)
30 INTEGER P(10880)

Now, when you run the program, the program should respond as
before, but does not require as complicated a series of tests for
branching to the routines needed by the system. This can greatly
simplify the program implementation. The whole program, after
renumbering, is shown below.

18 OPTION BRSE ®©
20 SHORT X(10900),Y<10060)

30 INTEGER P(10080)>
40 X(0)>=Y(0)=P(A)>=@
50 Setup: t
60 PLOTTER 1S 7,6,"9872R"
70 MSCALE ~10,-10
88 PLOTTER IS 13,“GCRAPHICS"
90 SHOW ©,301,08,237
- 100 CLIP 9,301,0,218
LJ) 110 FRAME
120 OUTPUT 706;"CN;SF"
130 '

\or

&+

o
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140
150
160
170
180
190
200
219
220
230
240
250
260
270
289
290
300
319
320
330
340
3350
360
370

380

390
460
419
420
430
440
450
460
470
480
490
Soe

Sie
S2e
530

S40
550
S6e
Sve

S8e

i
ON INT #7 GOSUB What_happened
OUTPUT 706;°INM,";4+128
CONTROL MASK 73128
CARD ENARBLE 7
\

GRAPHICS
Begin_loop:!
PLOTTER 7,6 IS ON
CURSOR X,Y,PS$S
' PLOTTER 13 IS OH
POINTER X,Y,2
GOTO Begin_loop
1
What _happened:! ’ Lo
OUTPUT 7B6;%0S" 3
ENTER 706;Status_word
IF BIT(Status_word,2) THEH GOSUB Digitized_point
IF BlT(Status word,?)> THEH GOSUB Which kiy
CARD ENABLE 7
RETURN

Dlg\ll!td _point: '
PLOTTER 7,6 IS ON
I=1+1
DIGITIZE X(1)>,Y(1)>,P$
PCI>=VRAL(PS)
PLOTTER 13 1S ON
PLOT XCI),YCI>,PCID
POINTER XC(I1)>,¥Y(I)>,2
X=X
Y=Yl

RETURN

1

WHhich_key: !

OUTPUT 7063 "RS1Y

ENTER 706;Key

ON Key GO“UB Keut, KoyZ Key3,Keyd,KeyS,Keyb,
Key?,Key8,Key9,Keyl0,keyll,
Keyl2,Key13,Keyld,KeylS5,Keyld

RETURHN
1

Keyls { This routine dumps graphics to the internal
printer,
DUMP GRAPHICS
RETURN
]
Key2: | Clear the screen and re-initialize the array
pointers.
PLOTTER 13 IS ON

~
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S99 GCLERAR
600 FRAME
610 1=0

620 RETURN ' .

The next step is to add some sound to the program. Beeping The
Beeper, coming up.

What’s That Sound?
Audible Prompts

One nice feature on the 9111A is an easily controlled Beeper. The
Beep instruction enables you to select from a set of musical tones

-and easily specify their duration and amplitude. This makes it

simple to design attention grabbing prompts for feedback to the
operator of the Graphics Tablet.

Short sequences of
tones are easi-
er for users to
deal with than
individual
beeps. They may
be sent by packing the parameters together in :
a string, and then using an OUTPUT (if you
have an 170 ROM) or a PRINT statement (after a
PRINTER IS statement) to send the string. By selecting a set of
standard prompt sequences for the various responses expected by
the program (Ready for poifit; Point accepted etc.) it is easter for a
user to deai with the programs on a long term basis. Certain con-
ventions may also be carried over from an area which has dealt
with sequences of tones for millenia, the field of Music. Use as-
cending frequency sequences to indicate inquiry, and descending
sequences to indicate acknowledgement. Using a modified ver-
sion of the 9111A error tone sequence to indicate errors encoun-
tered can provide some continuity between the hardware and

oy e -,
T

=
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software. The error tone sequence shown in Woops$ ‘below is
derived from the error tone sequence used by the 9111A.

Now add some audio prompts to the program you have been
working on.

First, insert the following lines before line 20 in the program.

4
11 DIn  Softkey_in$(25],Uoops$ (7S] Addre
12 Softkey in$="BP36,50,3; BP34; BP32; BP30"
13 Moops$="BP13,25,5; EP21"4RPT$("; BP18; BP21",3")

J
Now insert the following line before line 500

4914 IF Key > 2 THEN GOTO Error
492 OUTPUT 706} Softikey_ins

and insert this error routine before line 530

321 Error:!
S22 QUTPUT 706;UWoopss
523 RETURN
524 !

Now RUN the program and select a menu item. You should get
the soft key recognized prompt if you select a valid softkey (1 or 2)
or an error tone if an undefined key is selected.

Next, a look at Digitizing Modes, and what they mean.

What’s in a Mode?

Digitizing Modes
The 9111A has two digitizing modes, Single (SG) and Continuous
(CN). The following program modifications demonstrate the
Single and Continuous modes. It also shows the two switch modes

that affect the Continuous mode, Switch Normal (SN} and Switch
Follow {SF).

2



In the Single Point mode, a point is taken when the tip of the

)stylus is pressed against the platen (this is sometimes called a
“picking a point’’ or ‘‘pick’’). In the Continuous mode, points are
loaded into the [/ O buffer at a rate set by the Data Rate.Register.
If a point is not read before a new one is ready, the point is
replaced by the new value.

In the Continuous Mode, it is possible to start and stop the flow of
points using the switch in the Stylus. Two different control modes
are provided, Switch Normal and Switch Follow. Switch follow
operates very intuitively — while you press down on the Stylus,
points are read into the 1/ 0 buffer, and when the pressure is

9111A-9845B System Tutorial T2-23

released, points are no longer taken — rather like drawing with a

pen or a pencil. In the Switch Normal mode, the Stylus switch is
used to start and stop the process of taking points — you press
once to start the flow, and press again to stop it.

These various modes are selected using the SG, CN, SF, and SN
J commands. Since you already have a program running to handle
digitizing and softkey commands, it is a simple matter to add a

new set of softkeys to change the digitizing modes.

You are adding three keys to the Softkey Menu, one each for
Single, Switch Normal, and Switch Follow (Continuous is set by
selecting either Switch Normal or Switch Follow.) Since softkeys
one and two are already used, the new routines are added on
softkeys three, four, and five. Add the following lines to the end of
the program:

1000

1010 Key3:

1020
1830
1040
1850
1060
1070

! Sev Single Poiny Mode,
OUTPUT ?06; “SG*

Begin new line

PLOTTER 13 IS ON
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1OSE kewds ! Zet Contiruous Mods, Syv!ch Fo¥laow, Bagin nsw
Yirme ’

1930 QUTPUT 7983 "CH;3F" -

1100 Filds=

1119 FLOTTER 13 IS O

1129 FPENLUF

1138 FETURHM

1140 !

1159 KewS: ! Set Continuouzs Modes, Switch Horwal, Fejin raswn
1ine

11450 BUTFUT ?@6;"CH;SHY

1178 Pil>=0

1138 FPLOTTER 13 I% OH

1178 FEHUP

1200 RETURK

In each of the mode selecting subroutines, the mode selecting
instructions are sent to the Graphics Tablet, the line contour just
completed is terminated in the data base by forcing the pen
parameter to 0, and then the pen is lifted on the CRT, so that the
current line is terminated on the display.

You also need to allow selection of the added softkeys, so change
line 530 to:

Jo IF Key > 5 THEH GOTO Error

Now /RUN the program. It should operate as it did before — it will
default to Continuous Mode and Switch Follow. Now select
Softkey 3. Press the stylus down in the active area of the platen. A
small dot should appear on the CRT. Press the stylus at a new
location on the platen, and a line will appear between the last
point and the new one. This interconnecting will continue until a
new mode Softkey is selected, which will start a new contour.
Selecting the mode already in effect will continue operation in the
mode, but start a new contour. Use the table below to get used to
the various modes of the Graphics Tablet, and to get used to

Softkey program control. |

O

P
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s \Softkey 1 — Dump Graphics

“i /Softkey 2 — Erase Picture
Softkey 3 — Single Point (Line) Mode
Softkey 4 — Switch Follow Continuous Mode
Softkey 5 — Switch Normal Continuous Mode

Using a table to keep track of what the Softkeys are doing is a little
clumsy. There are three ways to get around this.

1. Write on the Platen Directly
A Felt Tip or Grease pen can be used to write on the platen.
. This is quick and easy to do, but is a bit messy.

2. Generate an artwork overlay
If a 9872 Plotter or illustrating facilities are available, an art
work overlay can be generated. This is very good for pro-
jects which will see repeated use, but is an overkill for a
simple demo.
" o 3. Use a CRT Soft Menu :
Itis possible to simply draw the menu on the CRT, and then

use the pointer-cursor tracking loop for selection. This is
the best technique for fast, temporary operations.

The first method is very simple, as long as the marking pen used
can be easily cleaned from the platen. The last method is the next
topic to be covered. Labels coming up.
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What's Going On?
Labels )

Soft Menus (appearing only on the CRT) can be very useful in
making easily transportable programs for the 9111A.

The first step is generating the Softkey Menu. The Label screen

routine below draws the Softkeys and labels them. There are two
nested loops in the program, because the Softkey boxes are not
uniformly spaced. They are grouped in blocks of four squares
each. The Block loop provides the inter-block spacing, and the
Square loop spaces the individual squares within the block. As
each block is drawn, a label is read for it from the data statement
at the end of the routine. Once the Softkeys are all drawn and
labeled, the active digitizing area is outlined.

1089

1eie Labe)_séreen:!

1820
1038
1049
1850
1060
1970
18ge
105@
1100
11190

1128
1138
1149 .
1150
1160
1179
1180
1190
1200
1210
1220

1240
1258 RETURN

GRAPHICS

Guard=4.1

Radius=13,7
Left=8-Guard-Radius/2

- CSI2E 2.8

LORG S
RESTORE Labels
FOR Block=9 to 3
FOR Squaresi T0 4
X=left+Block#(4*Radius+3#Guard+10.67+
Square*(Radius+Luardd
CLIP X~-Radius~s2,X+Radius 2,222.6,233.8
FRAME
READ Labels
MOYE X, 230
LABEL USING "K"”;Labels
NEXT Square
NEXT Block i
) i
CLIP ©,301,0,218!
FRAME

1
il

123@ Labels: DATA DMP,CLR,SNG,SF,SN,* =, = « = =, % = « « .

’ N
BATR * n’u -" u’u “

¢

R
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.Notice the blanks enclosed in quotes in the data statements. These
Jare for unassigned Softkeys, to be added at a later time.

The routine is not very useful without calls to it. First it must be
called to initialize the CRT. Change line 130 to:

139 GOSUB Label_screen

e

Delete line 140 and 220. Now change line 150 to:

150 GOSUB Key4

It must also be called after clearing the screen. Delete line 690 and
insert the following line before line 710:

@ 7e1 GOSUB Label_screen

Generally any time you erase the screen, the Label screen
routine must be called.

Now run the program. A map of the 9111A will be drawn on the
CRT, along with labels for the Softkey functions. Otherwise, the
program should operate as before. )

10 DPTION BASE ©

<9 DIN Sofrkey_in$l(23),Hoops¥l43]

30 Softkey ins=“BP3&,59,3;BP34;BP32; BP3G"
48 Woops$="BP18,25,5;BF21"sRPTs<";BP18;BP21",3)
59 SHORT X(1B809)>,Y (108885

&0 INTEGER PC1DAD0O)

79 Ki@)="YiB)=P(9>=0 -

80 Setup: !

ET:) PLOTTER 15 7,5,"9872R"

199 MSCALE -10,-19

11e PLOTTER 15 13, "GRAPHICS"

tza SHOW 9,301,9,237

139 GDSUB Label _screen
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FLOTTER 13 IS ON
GCLEAR

I=9

GOSUE Label _scresn

FETURN

! Set Single Foint Mode, Begin Hew Line

CUTPUT POHE; "3G"
F{ly=a

PLOTTER 132 IS ON
PEHUP

FETURHN

2

i

gt Continucous Mode, Switch Follow,

OUTPUT 7a8; "CHy SF°
Fely=o

FLOTTER 13 IS 0OH
FEHUP

RETURH

t B¢t Continuous Mode, Suwitch Normal,

OUTFUT 786; "CH; SH"
Filor=0

FLOTTER 13 15 0OH
FEHUFP

FETURN

1_szcreen: !

GREAPHILCS
Guard=4.,1
Fadiuz=13.7
Left=0-Guard-Radius~/2
CEIZE 2.8
LORG S
FESTOFE Labels - -
FOR EBlock=8 To 3

FOR Square=] TO 4

T2-29

Begin Hew

Begin Hew Lin

“=Lefr1+Block*(4%Radius+3*Guard+18.6)+Squares

Tuz+Guard?
i CLIP X-Radiuss2,X+Radiuser/2,222.6,235.8

FRAME
READ Labels
MOVE %, 239
LABEL USIHG “k";Labels$
HEXT Sguare

NEXT Block

]

CLIP 0,3%01,9,213

FRAME

1

abslz: DATA DHP,CLF, SHG, SF,SH," ", » » w o

DATA o, ' ) ) »

FETURH

d el

et N 3558
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You may have noticed the program has slowed down considera-
bly since the first cursor tracking loop. There are some ways to
overcome this — and that's the next topic. Speed — coming up.

|

~ QOperations
Overall Speed

As more and more features have

been added to the program under

development, certain speed penalties

have been encountered. Several techniques

may be employed to speed up the data transfer operations occur-

ring in various parts of this program. The simplest is to put the

9845B into OVERLAP mode. Insert the following line before line
10 of the program.

1 OVERLAP

Cursor Speed

The next step is to speed up the cursor tracking loop. This is
accomplished by using the Binary Transfer that is the default re-
sponse of the 9111A. If no other data transfer is being underta-
ken, the 9111A will provide six bytes of binary data representing
the X and Y location of the cursor (two bytes each, twos comple-
ment) and the status word of the 9111A {two bytes also.) This
information is always ready if no command has been sent to the
9111A which requires other data to be loaded into the I/ O regis-
ter.

e Faster Horses...
3\,,_ ™ Speeding up
LS . Graphics Tablet

O

v
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To use the Binary Transfer, three integers are needed. Modify line
60 to include declarations for M,N, and Z.

£ INTEGER PC10GG@A), M, N,2

Next, replace the cursor tracking loop. Delete lines 220 to 250.
Then insert the following lines before line 260: o

211 ENTER 786 USING "M,W,W";M,N,2
212 FOINTER 1/40,N-46G,2

Line 211 uses a two byte binary integer handshake specifier (W)
to enter the binary transfer information. Line 212 divides by 40
(there are 40 digitizer units per millimetre) to scale the data to be
displayed on the CRT. Add this line before line 200:

199 FLOTTER 12 I3 0N

If you run the program, the cursor tracking operation should be
considerably faster. '

Digitizing Speed

Even with the faster cursor tracking, continuous digitizing is
slowed down by the overhead of plotting a pointer on the CRT
and returning to the cursor tracking loop after each point is re-
celved. To minimize this overhead, a second digitize routine can
be added. Add this Fast_digitize routine to the end of the pro-
gram.

2uoy !

2019 Fast_digitize:!

2By POINTEFR 1000, 1000

2039 LoopZe!

o4 I=1+1

2950 PLOTTER 7,6 IS ON

2950 DIGITIZE ACIy,¥(ls,P¥
297y Prlo=YALCPS)

s




X 4T

T2-32 9111A-9845B System Tutorial

2080 PLOTTER 13 IS ON

2898 PLOT XCIX,YC(I),PCID
2198 IF P(I> THEN GOTO Loop2

2118 X=X (1>

z120 Y=Y (1D

2130 POINTER X,Y,2

2148 RETURN

The first POINTER statement throws the pointer entirely off the
CRT. A Fast digitizing loop is then used until the pen parameter
goes to zero (indicating the end of a stream of points in the con-
tinuous mode.} Once the fast digitizing loop is finished, the
pointer values are updated, and the pointer itself repositioned.
Then the program execution is returned to the calling routine.

This routine must be called from somewhere. Add the following
line before line 320:

311 IF BIT<S5tarus_word,2 AHD Continuous THEHN GOSUB Fast
digitizs

Then change line 310 to:

316 IF BIT(Status_word,2> AND NOT Continuous THEH GOSUB
Digitize

Now add the following lines to'the varlous mode selection routines
to set the Continuous flag to an appropriate value:

Key3

731 - Continuocus=9
Key4

891 Continuousal
KeyS

571 Cont muousrl .

'd




9111A-9845B System Tutorial T2-33

Now the program selects a fast digitizing routine in the continuous
mode, and the normal routine in the single point mode. Thé com-
pleted tutorial program is listed below.

It is possible to speed up the program even further by using only
the binary transfer data, and decoding it directly. This reguires
you to write your own scaling routines and to interpret the physi--
cal pen parameter included in the status bytes transferred at the
end of the binary transfer. The communication is done entirely
with the [/ O ROM, and can speed up the operation, at some
expense in ease of use. Such a program is beyond the scope of
this tutorial.

This concludes the tutorial section of your 9111A-9845B Systems
manual. The next section deals with various AGL commands
(AGL is the 9845B Graphics Language) and how they affect the
Graphics Tablet.

i OWYERLAP
i0 OPTI0OM BASE ©
20 DIM Saftkey_ins{25],Hoopss(43]
30 Softkey_ ins="BP36,50,3; EP34;EP32;BP30"
4B Woopsss"BP18,25,5;BP21“4RPTE(";EF18;BP21",3)
5 SHORT X<(16086808),Y(10838)
€0 IMNTEGER P(100R0),M,H,2
79 K(BO>=Y(B)»=P(B)=9
88 Serup: ! :
90 PLOTTER IS 7,€6,"9872A"
199 MSCALE -19,-18
119 PLOTTER 15 13,"GRAPHICS™®
120 SHOW ©,381,0,237
154 GOSUE Label_screen
148 GOSUE Keyd
150 |
150 OH INT #7 GOSUB What_happened
179 OUTPUT 7865 1M, ;4+128
186 CONTROL MASK 7;128
196 CRRD ENRBLE 7
191 PLOTTER 13 I3 ON
299 !
213 Begin_tnop:!
11 ENTER 786 USING “W,W,W";M,N,2
P 94 POINTER M-480,H-48,2
258 GOTO Eegin_toop .

B A TR T
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by

288 What_happened:! }

299 OUTPUT 7Q6;"0S"

388 ENTER 708¢;Status_word

310 IF BIT(StaLus_uo:d,Z) AND NOT Continuous THEH GOSUB
Digitized_point ’

311 IF BIT(Status_word,2) AND Continuous THEM GOSUB
Fast_digitize ’ .

329 IF BIT(Status_word,?) THEN GOSUB UWhich_key

339 CRRD EMABLE 7

349 RETURN

359 L

360 Digitized point: !

270 PLOTTER 7,6 IS ON

380 I+l

279 DIGITIZE X{(I)>,¥Y<CI),Ps$

4130 FCId)=VARAL(PS)

418 PLOTTER 13 IS ON

429 PLOT X(I),¥<I),PCI)

4390 POINTER X<(I),¥<(1),2

440 X=X(15

450 Y=Yl

49 RETURN

478 !

488 Which_key: ! .

450 OUTPUT 706; “RS1"

5090 ENTER 706;Key

s1e IF Key>5 THEN GOTO Error

529 OUTPUT 788;30ftkey_ing N

520 ON Key GO3SUB Keyl,Kevw2,Key3,Keyd,KeyS,Keyb,Key

7,Key8,Key9,Key18,Keyll,Keyl2,Keyl13,Kev14,Key15,Keyl6
548 RETURN

559 !

558 Error: !
570 OUTPUT 706;Woopss

584 RETURN :

599 !

€39 Keyl: ! This routine dumps graphics to the internal
printer,

£18 DUMP GRAPHICS

€28 RETURN

639 1

6493 Key2: ! Clear the screen and re-initialize the array
pointers,

6506 - PLOTTER 13 IS OH

€50 GCLERAR

£70 129

689 GUSUB Label screen

698 RETURH -

780 !

710 Key3: ! Set Single Point Mode, Begin New Line

720 QUTPUT PBe;"8G"

730 Pels=0

731 Comtinuous=1

O

e e,
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PLOTTER t3 IS ON
PEHUP

REFURH
!

Keyd: ! Szt Continuous Mode, Switch Follow, Begin HNew

QUTPUT 7?HBE; “CH3 SF"
P{I>»=0

Continuous=
PLOTTER 12 IS ON

PEMHUP et
RETURN
1

350 KeyS: ! Set Cantinuouzs Mode, Switch Hormal, Begin Hew
Lirte
=13 OUTPUT 706; “CH; 5H"
378 P{1>=9
371 Continuous=
8380 PLOTTER 13 IS ON
399 PENUP
293  RETURH
718 !
320 Label_screen: !
328 GRAPHICS
349 Guard=4.,1
958 Radius=13.7
95D . Left=0~Guard-Radius,2
970 C31ZE 2.3
389 LORG S ’
939 RESTORE Labels
1436 FOR Block=06 TO 3
1319 FOR Square=1 TQ 4
18240 X=Left+Block*(4%Radiuz+34Guard+10.5)+Square*
(Radius+Guard) -
1628 CLIP X-Radiuss2,X+Radius-2,222.5,2235.3
1946 FRAME
1050 READ Labels
1869 MOVE X, 239
19798 CLABEL USIHG “K*;Labels
1953 HEXT Square
1330 ’ HEXT Block
1100 !
1119 CLIP ©,301,9,218
1120 FRAME
11%4d !
1143 Labels: DATA DMP,CLR,SNG,S3F,SN,* = " s 0 » n o o w
1156 TDATA om e w e e e e e
1168 RETURN
280a !

Fazt_digivize: !
POIHTER 1001,1089
Loop2: !

I=1+1

T R
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DIGITI . i
Filys [
& FLOTTER
0 FLOT 3
2100 IF Py THEHW SuTd
Z1in M=l -
s NE A i !
1 FOINTEFR 0,7, = : ;
144 FETUFRH
Il
|
1
i
. H
. e~
!
Z
I ’ ;
C-
w
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I

Language Reference
9111A Instruction Set . .

The instruction set for the 9111A GraphicgTablet consists of 27
Hewlett-Packard Graphics Language (HPGL) instructions. Each
instruction is a two-letter mnemonic which can be either upper or
lower case. Depending on the instruction, some of the mnemonics
allow numeric parameters. If more than one parameter is allowed
with an instruction, the parameters must be separated with a
comma. Spaces and carriage return (CR) characters within the
data string are ignored by the graphics tablet.

Data transfer to and from the graphics tablet is in 8-bit ASCII
code. Data placed on the bus by the graphics tablet is terminated
with the carriage return/linefeed (CR/LF) characters. Parame-
ters within the data string are separated with a comma. Instruc-
tions received by the graphics tablet must be terminated with a
linefeed (LF) character, semicolon (;) or the HP-IB END method.
Data termination is discussed next.

Data Termination

The graphics tablet responds to three types of data (instruction)
termination. The three types are explained next. See your control-
ler manual for the output format of your controller.

1. Whenever the graphics tablet receives a data string fol-
lowed by a linefeed character (ASCIl decimal 10), the data
is interpreted as a complete instruction (two letter
mnemonic with any allowable parameters). Any additional
data characters received by the graphics tablet are inter-

- P**}“‘ <upted as another instruction. HP Desktop Computers gen-

erate the CR/LF characters internally for the control of
peripheral devices. This is an operating system function
and to avoid the output of these characters you must
specify certain formats (see the operating manua! for your
computer for more information on its output format).

{

J |
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2. Whenever the graphics tablet receives a data string fol-

lowed by a semicolon (ASCII decimal 59) character, the
data is interpreted as a complete instruction (two letter
mnemonic with any allowable parameters). Any additional
data characters received by the graphics tablet are inter-
preted as another instruction. The semicolon character is
available on the keyboard of the HP Desktop Computers
and must be typed in along with the graphic tablet instruc-
tion. '

HP-IB END refers to a third method of data termination
available with the graphics tablet. This method uses the EOI
(end of identify) interface signal line in conjunction with the
last character in the data string. If EOI is set true (signal
condition) prior to the graphics tablet receiving the last
character in a data string, the last character serves its initial
function (mnemonic or parameter} as well as acting as the
data terminator.

NOTE
HP-IB END is a method of termination involving
hardware as well as software functions. See the IEEE
Std. 488-1978 for more information on this method.

HPGL Compatibility,

The graphics tablet HPGL language differs from the 9874A’s (HP
Digitizer) language in the following respects:

1.

Any instruction with more than one allowable parameter
can have any parameter change without re-specifing the
other parameters again. See the following example.

Assuming we have specified Input Points to be the follow-
ing values.

IP 600,600,11000,8000

Language Reference 5-3
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Later we need to re-specify IP. We want to change the
11000 to 8000. This can be done by just specnf:ng the 8000
as shown next.

IP,,8000

With the 9874A Digitizer you had to re-specify each parame-
ter whether it changed or not. The graphics tablet allows

you to specify just the parameter you want to change pro-

viding you position it through the use¥ of commas.

2. The IP instruction sent to the graphics tablet without
parameters sets IP to default. Default for Input Points is
400,400,11632,8340.. -

Sending ‘'IP,,,”” does not change the current existing values
for Input Points.

3. The binary transfer is unique to the graphics tablet. Thisis a
(controller read initiatéd) binary output mode for fast data
transfer. See the section titled ‘‘Binary Data Transfer” in
this syntax section. ‘ e un S 4T

Methods Used to Represent Syntax

This syntax section uses two methods of representing the instruc-
tion set for the graphlcs tablet. The conventions of each form are
as follows.

Pictorial Representation

All items bolded and enclosed by a rounded envelope must be
received by the graphics tablet exactly as shown {e.g.,
Mnemonics, Commas and Semicolon). ltems in lighter text and
enclosed by a rounded envelope refer to a termination character
or termination method (e.g., Linefeed and HP-IB END). Items
enclosed by rectangular boxes are names of parameters used in
the instruction. A description of each parameter is given in the text
following the drawing. Instruction elements are connected by
lines. Each line can only be followed in one direction, from left to
right. Any combination of instruction elements that can be gener-
ated by following the lines in the proper direction is syntactically

(B Hue i Lineer Ropaoe b )

\
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« correct. An instruction element is optional if there is a valid path
) around it. This form of syntax representation is easy to use, and in
some cases, more formally correct than the alternate form de-
scribed as “"Linear Representation” which follows the next exam-

ple.

n

The Beep instruction syntax is presented next. It is highlighted
three different ways. The accompanying text describes the high-
lighting as well as what the graphics tablet needs to receive if this
example were actually encountered.

I need to program that certain sound, but [ don't know the
_parameters. I'll start by sending BP with default parameters.
Default parameters are 12,150.4.

This is the path on the graphic representation that I'll follow. R S =

This is what the graphics tablet needs to recelve.
BP Linefeed

00000 i
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Oh No! That's the wrong frequency; its not long enough and
its too loud. I'll change all the parameters. I'll send note ‘A"’
above middle C (value 33), specify a duration of 1 second
{value 1000), and soften the tone a little (value 3).

This is the path on the graphic representation that I'll follow.

BP )y ‘:.:
N —c
. 2 &J ,I
This is what the graphics tablet needs to receive.
BP33,1000,3 Linefeed

That's it; no, its still too loud. I'll soften the tone just a little.
Now I don’t want to change the other parameters so | need to
send a comma specifing the place for both the frequency and
duration parameters. This causes the graphics tablet to use
the last specified parameters. Then I'll send a 2 for the
amplitude.

This is the path on the graphic representation that I'll follow.

BP

Frequency

%)

1

This is what the graphics tablet needs to receive.
BP,,2 Linefeed

That's the tone [ want to hear.
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' ) Linear Representation

. This form of syntax representation is included to be compatible
with previous HP manuals. Many user’s are accustomed to seeing
this form. If both forms are new to you, it is recommended that
you concentrate on the Pictorial form.

' Bold Type: All items shown in bold type must be i

‘ received by the graphics tablet exactly o
as shown. The one exception is that the

mnemonics can appear in lower case ;

characters. '

[ ]: Items within square brackets are op-

‘ tional. If the optional items are used,
the comma must preceed the second, .
third, and fourth items in the optional
list.

@ [ : A vertical line between two items reads
as ‘‘or’’; only one of the items may be :
included. ‘ . s
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* Parameter values of 49 thru 255 are accepted, but produce the
same pitch as 48. The following table shows the parameter values
and corresponding notes.

Note N - Note N
4? to 255 |
4
At By 46
45 GraAy 44

43
a1 Fe,Gb 42

40
DtEb 39
38 ciBy 37

35

At.Bb 34
3 Gray 32
Ft'Gb 30

c
B
A
G
F
E
D
c
B
A
G
F 29
E 28 pagy 27
, C:By 25
Middle C C 24
B 23
AtBy 22
° g fé Gr.Ab 20
S 19 Frov 18
d g' {2 D:Eb 15
c 12 CtBy 13
~ 2 ;1 AtBb 10
a9 GEAb 8
° I Fi.Gh ¢
g g DIEL 3
2 ¢ C:Bb 1
Duration

Duration (length the tone i$ generated) is specified in mil-
liseconds. The values accepted are 1 thru 32 767, 3Z 767 mil-
liseconds specify almost 33 seconds of the tone generation.

Amplitude

Values O thru 5 are accepted. O gives no tone whereas 1 gives a
soft tone and 5 gives the loudest tone.

BP 12, 150, 4 is in effect at power on and reset. If the BP
instruction is received without parameters, the tablet beeps using
the last specified values for frequency, duration, and amplitude.
Spaces and carriage return characters contained within the BP
instruction are ignored by the graphics tablet.
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CN Linefeed | ; | HP-IB END

The CN instruction sets the graphics tablet’s continuous sam-
pling mode. Once the CN mode is selected data sampling is con-

trolled by the digitize switch contained within the stylus. Pressing’

the pen tip firmly against the graphics tablet’s active surface in-
itiates continuous digitizing. To stop the continuous digitizing the
pen tip must again be firmly pressed against the tablet's active
surface.

The digitizing mode described above is the continuous sampling
mode with the stylus digitizing switch set to switch normal (SN).
This toggling mode of the digitize switch is the default mode when
CN is specified.,

The SN and SF instructions allows you to program the response of
the digitize switch.

The stylus digitize switch has an alternate mode which is specified
using the SF (switch follow) mnemonic. When the SF condition is




T
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. 3 specified, the continuous digitizing is initiated only when the stylus

' pen is firmly pressed against the tablet's active surface. When the :
downward pressure is lessened causing the stylus digitize switch to
open, continuous digitizing is stopped.

The mnemonics SF or SN can be specified at any time relative to
setting the CN mode. The graphics tablet remembers a digitize
switch condition specified prior to receiving a CN instruction.

CN [At,AD]

For compatibility reasons the graphics tablet allows two paramet- . i
K ers with the CN instruction. The parameters are accepted, but not ' C e
‘ acted upon. P

A recommended sequence for the use of the CN instruction fol- ‘ o
lows:
0 e Set the CN mode. o
e Set the digitize switch mode (SF or SN).
, o Check bit 2 of the tablet’s status. o
S o If bit 2is set, send OD and read X,Y, and pen data.
' o lf bit 2 is not set, keep checking bit 2. : A

When a point is digitized, bit 2 is set.

i
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Cursor Rate

CR 25 iegd

CR [update/sec] Linefeed | ; | HP-IB END

This instruction allows you to specify the data rate of the continu-

ous sampling mode. CR allows you to control the number of data

points going into your data base via time control. Another use for

the instruction would be to establish or eliminate a stylus cursor

o lag (time delay between the stylus from the graphics tablet and a
L ' ‘CRT cursor).

The values 1 thru 60 are the accepted parameter range and cor- _ R
respond to updates per second.

Specifing a CR with no parameters sets the default value which is
60 updates per second. ’
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(E
O,
&

DC Linefeed | ; | HP-IB END

The digitizer clear instruction clears the modes set by the following
mnemonics: DP, SG, CN. In addition to clearing these modes, any

digitized point coordinates are cleared as well as bit 2 of the status '
byte.

)
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5-14 DF

DF

Ling
teed

DF Linefeed | ; | HP-IB END

The DF instruction sets the graphics tablet to a predetermined

power-on state.

The following conditions are set by the default instruction.

Default
Condition Set Value
Cursor Sample Rate 60/second

E Mask 7

S Mask 0

P Mask -0
Status Byte 16 (Bit 4 s set)
Menu Area On
Menu Item 0

Digitizing State (CN or SG) None

Stylus Digitize Switch

Switch Normal Mode




DP is a single point digitizing instruction that is compatible with
the digitizing operation provided on some HP plotters. A

DP Linefeed | ; | HP-IB END

The digitize point instruction prepares the graphics tablet to rec-
ognize the next pen press as a digitized point. The digitize LED is
iluminated. This instruction is used without the continuous or
single sampling mode. If a CN or SG mode is set the DP instruc-
tion is ignored. :

suggested implementation using DP is shown next.

Clear the graphics tablet using DF.
Set the DP mode.
Check bit 2 of the tablet’s status.

If bit 2 is set, send OD and read X,Y, and Pen data.

If bit 2 i5 not set, keep checking bit 2.

Bit 2 is set when a point is digitized.

ol en . e+

por- Ty 4
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Input Masks

IM Emask, Smask, Pmask |

T: M7, 16, 1658

The input mask instruction is used by your controller to selectively
enable the following: the recognized errors, the status conditions
that can cause a service request, and to select status conditions T
. that cause a response from a parallel poll. w

' Error Mask

The summed value of the errors that you want to enable is
specified. See the error mask table.

|

! - IM[E-mask][,S-mask][,P-mask]Linefeed | ; | HP-IB END Do
|

i

The default error mask is 7.

’ Error Mask
Value Bit Error

0 0 No Error ‘ : )
1 1 Instruction not recognized, instruction ex-

: ceeded 45 characters, or OD sent with no fo
{ digitizing mode in effect. - *
‘ Wrong number of parameters
lilegal parameter value

64 7 Inconsistent Stylus Location Data

f S :

w N
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Status Mask

The S-mask value specifies the status byte conditions-that can
send the require service messagé (interface line SRQ). The
S-mask value is the decimal equivalent sum of the bit values of the

selected status-byte bits. See the following table.

Bit Values

1
2
4 -
8

16

32
64
128
256
512
1024

Status Bits

SVWONOU B WN—O

Parallel Poll Mask

The parallel poll response bit is determined through the selection
of the addresses switches. See the next table. An affirmative paral-
lel poll response is enabled by the P-mask matching the status
word, and is programmed using the same techniques as the
S-mask (see table above).

Decimal Value Returned

128
64
32
1

O = N S~ OO

Status| Mask
Meaning
Always Clear

-Always Clear

Digitize Point Available .

Initialized (Completed Power On Self
Test)

Ready (Completed Power On Self Test,
User Self Test, or Beep Instruction)

Error

SRQ Sent

Menu Selection

Proximity

New Cursor Information Available

Pen Switch is Pressed

Parallel Poll
HP.1B Address

N oW N = O

ey

Ll

v
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Initialize

IN e

IN Linefeed | ; | HP-IB END

The initialize instruction performs the self test and then sets the
graphics tablet to its power-on condition.

The following conditions exist after the graphics tablet is in-

itialized:
Condition . . . SetValue
Sample Rate 60/second
E Mask 7
S Mask 0
P Mask 0
Status Byte | 16 (Bit 4 is set)
Menu Area . On
Menu ltem 0
Digitizing State (CN or SG) None
Stylus Digitize Switch Switch Normal Mode
Pl and P2 Values Pl P2

. 400,400 11632,8340

It is recommended that you always follow the IN instruction with
the DF instruction when you are using the binary data transfer
mode.
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Input Points

IP P1X, P1Y, P2X, P2Y

ey

T,IP 40, 40, 9000, 8000 %3

P1X Value

IP[P1 X][, P1 Y][, P2 X][, P2 Y] Linefeed | ; | HP-IB END

" The input points instruction causes the graphics tablet to store
four values specified by your eontroller program. These values
can then be output for scaling purposes.

L5,
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Output Actual Stylus Positiorﬁ

OA fead

OA Linefeed |; | HP-IB END

This instruction is the same as the OC. It causes the graphics tablet
to output the last known X, Y, Pen, Menu Selection, Status, and
Error information. See the OC instruction.

The return parameters and output format is shown next.

XKXXXX ,  XXXXX , X, XX, XXXX, XXX CR/LF

——

X value Y value PEN MENU éTATUS ERROR

A recommended sequence using the OA instruction is presented
next. , b

Set digitizing and digitize switch mode. ,
' Check bit 2 of the tablet’s status. U g BT R

If bit 2 is set, send OA and read the X.Y. and Pen data.
[f bit 2 is not set, keep checking until it is set.




(3)
&
OC Linefeed | ; | HP-IB END

This instruction sets up the graphics tablet to output the following
information: X, Y, PEN, MENU, STATUS, and ERROR. The next
instruction to the graphics tablet (from the controller) is expected
to be a controller input instruction. It is not necessary to read all
parameters into your controller. The OC parameters (output and
format) is shown next.

X value Yvalue PEN MENU STATUS ERROR
XXXXX ,  XXXXX X, XX, XXXX, XXX CR/LF

The parameters X, Y, and ERROR are output using a variable
length format. The X and Y values can have maximum character
field of 5 characters and a minimum field of one character. Smal-
ler numbers (1 or 2 digits) can possibly contain a minus sign if you

are digitizing in the lower left hand corner.

S Ik A
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The error value can have a maximum of three characters and a
minimum of 1 character.

The pen value is a fixed one character field.
The key and status parameters are fixed in length (key = 2 charac-

ters, status = 4 characters) and can contain leading zeros.
o

The parameters are each separated with a comma and the entire '

output string is terminated with a carriage return and linefeed.

O
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OD e

OD Linefeed | ; | HP-IB END

The output digitized point instruction readles the graphics tablet
to output the known stylus position. The next instruction to the
graphics tablet is expected to be a controller input instruction. The
following parameters are available with the OD instruction. It is
not necessary to read all the parameters into your controller.

X value Y value, | PEN

——

XXXXX , XXXXX . X CR/LF

The X and Y values are output in'a variable length field. The field
can vary from 5 ASCII characters down to 1 character. Digitizing
in the extreme lower or left platen area can cause a minus sign to
be sent over with the data.

The pen parameter is a single character field. This character will
always be a one or a zero.
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When digitizing in the CN {continuous) mode, each point will P
have a pen parameter of one except the final (or last) point. This A
last point will always have a parameter of 0. -

Digitizing in the SG (single) mode, the pen parameter will always
be a one.

The output digitized point {OD) instruction is designed to be used
with bit 2 of the status byte. The suggested implementation is
shown next.

o Set digitizing mode (CN or SG).
e Check bit 2 of the tablet’s status.
e lf bit 2 is set, send OD and read the X, Y, and PEN Data.

e If bit 2 is clear keep checking until it's set.

Serr G

ur SG

Chec< B
2 of the
Status

Y

Sene QD

Heas X v
. at ¢}
Pen Da'a
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When the graphics tablet receives the CN or SG instruction, the
green ‘‘Digitize’’ LED will light. The graphics tablet is now ready
to take a point. When a point is digitized, bit 2 of the tablet’s status
is set to 1. To digitize a point place the stylus tip on the tablet’s
active surface and press enough to energize the digitize switch.
Once bit 2 is set then the OD instruction is sent to the tablet and
the controller can read the X, Y, a\nd PEN data.

If OD is received by the graphics tablet and bit 2 of the status byte
is not set, the graphics tablet takes control of the HP-IB control
lines and stops further data communication until bit 2 is set. Sys-
tem [/O communication is halted until a point Is digitized. It is
recommended that you not try using this mode of operation if the
S mask is set to generate an SRQ (interrupt) on bit 2 of the status
byte. ' :

If OD is received by the graphics tablet and a digitizing mode {DP,
SG or CN) is not set, the following controller input instruction
receives the following data: X =0, Y = 0, PEN = —1. Error 1 is
also generated.
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OE Linefeed | ; | HP-IB END

The OE instruction readies the graphics tablet to output its current
error condition. With the next controller input instruction (addres-
sed to the graphics tablet), this current error condition is output.
The graphics tablet’s errors values and meaning are listed next.

Error
Values Meanings
0 No error
1 Instruction notlrecognized,

Instruction exceeded 45 charactérs.
0D received with no digitizing mode set.

Wrong number of parameters
lllegal parameter value
7 Inconsistent Stylus Location Data
When an error is generated, bit 5 of the status byte is set. Bit 5 is
cleared when the graphics tablet receives the ““OE’’ instruction.

Of course, the next instruction to the graphics tablet is expected to
be the controller input to receive output error data.

O




OF Linefeed | ; | HP-IB END

The output factor sets up the digitizer to output two parameters
with the next controller input instruction. The two parameters
represent the X and Y resolution expressed in lines/ millimetres.
The values are 40 and 40. The output data string is shown next.

40,40CRLF

This is the apparent resolution of the graphics tablet; however, the
data is rounded internally to 10 line/millimetres.




OI Linefeed | ; | HP-IB END

The output indentification instruction gets the graphics tablet
ready to output one parameter when the next controller input is
excepted. This parameter is 9111A. This instruction can be used
to identify this device on a large bus system. The output data
string is shown next:

9111ACRLF

Incidentally, this is the only instruction to return a non-numeric
data character.

P
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OK Linefeed | ; | HP-IB END

This instruction sets the graphics tablet to output the selected
menu value upon the receipt of the next controller input instruc-
tion. When you select a menu square (energizing the digitize
switch, contained within the stylus, within a square area marked
on the upper section of the platen), bit seven of the status byte is
set. If you are checking bit seven {via program control) you should
send an OK instruction once bit seven is set. And this is {ollowed
with a controller read instruction.

The OK instruction clears bit seven of the status and readies the
graphics tablet to output a value associated with the selected
square. The following table shows the value associated with each
predefined menu square.

"r"‘ ’ \
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Menu
Output Value Menu Square Selected

1. 1
2 2 )
4 3

8 4

16 5

32 5

64 7

128 8

256 9

512 10

1024 11

2048 12

4096 - 13

8192 14

16384 15

32768 16

’

Energizing the digitizing switch in a square menu area will set a
value (see the previous table). Energizing the digitize switch in the
same square clears the previously set value and bit 7 of the status
byte.

For compatibility reasons with the 9874A digitizer this instruction

is allowed. When used in this manner thls instruction would nor-
mally be followed by the SKO instruction in order to clear the
menu value and menu light.

If compatibility is not a concern, it is recommened that you use the
RS instruction which is more suited for the graphics tablet.

O

o
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OP Linefeed | ; | HP-IB END

This instruction outputs the scaling points. P1 and P2. These are
the same coordinates input with IP (Input Points). The graphics
tablet outputs four points with the next controller input instruc-
tion. The output data string is shown next.

XXXXX, XXXXX, XXXXX, XXXXX CRLF

P1X P1Y P2X P2Y

Each value can vary from 5 characters down to 1 character; the
string contain comma delimeters and a CR/LF as the string ter-
minator.

Incidentally, negative values are allowed if they are input with the
IP instruction.

ol
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OR e

OR Linefeed | ; | HP-IB END

The output resolution instruction sets up the graphics tablet to
output two parameters with the next controller input instruction.
The two parameters represent the X and Y resolution expressed in

lines per millimetres. The values are .025 and .025. The output
data string is shown next.

.025,.025 CRLF

The apparent resolution of the graphics tablet is .025 millimetres;
however, the data is rounded internally to the nearest .1 mil-
limetre. For scaling purposes, consider all data transferred to and
from the tablet as representing .025 millimetre units.

s
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OS Linefeed | ; | HP-IB END

This instruction sets up the graphics tablet to output the decimal
sum of the bits which are set in the status word when it receives
the next controller input instruction. The status word consists of
eleven bits (0 through 10). Different bits are set corresponding to
the graphics tablet’s internal condition. The summed total weigh-
ted value of the set bits is output. See the following status word
table.

)
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5-3¢ OS
The Status Word
Weighted | Bit Set Bit Meaning Instruction to Clear Bit
Value
1 0 | Always Clear
2 1{ Always Clear
4 2| Digitize Point Bit - This bit oD, DC, DF, IN
is set when a point is digitized.
8 3 { Initialize Bit - Completed OS and DF
Power on Self Test.
16 4| Ready Bit - Completed Power Initiating the Power on
Self Test, User Interaction Self Test, User Interaction
Self Test, and Beep. Self Test, or Beep Instruction.
32 5| Error Bit - Error Detected. QE, DF, and IN
64 "6 { Service Request Bit - Clear SRQ
SRQ Generated.
128 7| Softkey Bit - Menu OK, RS, DF, and IN
[tem Selected.
256 8| Proximity Bit - Pen Tip Remove the Pen Tip
within approximately % inch from the active Platen
of the active platen area. area.
512 9| New Cursor Position Bit - Binary Read, DF, IN, and
The Buffers containing cursor oC
positional data are updated.
1024 10| Pen Press Bit - Peniis Lift Pen
pressed against the active
platen area.
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“RC Linefeed | ; | HP-IB END

This instruction sets up the graphics tablet to output the following
information X, Y, PEN, STATUS, and ERROR. Upon the next
controller input instruction, the following parameters are read into
your controller. The RC parameters (format) are shown next.

X value Y Value PEN 532 STATUS ERROR
XXXXX , XXXXX X , XX , XXXX , XXX CRLF

The parameters X, Y, and error are output using a variable length
format. The X and Y values can have a maximum character field
of 5 characters and a minimum field of one character. Smaller
numbers (1 or 2 digit) can possibly contain a minus sign if you are
digitizing in the lower left hand corner. The error value can have a

‘ ] maximum of three characters and a minimum of one character.

The pen value is a fixed one character field.

s oAb
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The key and status pazrameters are fixed in length (key = 2 charac-
ters, status = 4 characters) and can contain leading zeros.

The parameters are separated with comma delimeters and the-

graphics tablet terminates all outputs with a carriage return and
linefeed characters.




RS [menu enable] Linefeed | ; | HP-IB END

This instruction set up the graphics tablet to output a decimal
number corresponding to the selected menu square. This number
is output with the next controller input instruction. See the follow-
ing table for the value output and its corresponding menu square.
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Menu
Output Value Menu Square Selected

(=]

No Square Selected
.

0 N U h W =
W N O A WN

— = O

- o
— 0
o

11
12
13
14
15
16

~
— e e e e
AN s W N

The parameter allowed with the RS instruction can be a one or a
zero. A one enables the menu area of the platen, whereas a zero
disables the menu area. The output value shown in the previous
table is available in any case. RS clears the menu number and
status bit 7. Also, the menu value is cleared after it is read.

e
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SF Linefeed |; | HP-IB END

This instruction places the digitize switch (internal to the stylus)
into a press to digitize mode. Points are digitized only while the
pen is pressed to the platen. This instruction is only used in the
continuous sampling mode. The last point sent out using the QD
instruction will have a pen parameter value of zero.




SG Linefeed | ;| HP-IB END

The SG instruction sets the graphics tablet’s single sample mode. A : U i

When this mode is set, the digitize LED above the active area is ISR

illuminated and the digitize switch within the stylus is armed. ’

When the digitize switch is energized (pressing the pen tip onto the

. active area) a coordinate point is stored in the tablet. This process L .

. sets bit 2 of the status byte. The data is transferred to your control- 4 e e
ler via the OD instruction.




!

SK Linefeed | ; | HP-IB END

The set key instruction clears any previously picked menu value
and also bit seven of the status byte. This instruction is normally
used following an ““OK”’ instruction. It would be used to clear the
graphics tablet between menu selections.

SK [value] is allowed for compatibility with the HP graphics de-
vices. The [value] is read into the graphics tablet and discarded.




SN Linefeed | ; | HP-IB END

SN sets the switch normal (default) mode of the digitize switch.

The first pen press starts the digitizing process; the next pen press - ..
stops the digitizing. This instruction is used in the CN (continuous : o R
sampling mode) and the last coordinate value output (with OD) I R o
will have a pen parameter of zero. .




TD Linefeed |; | HP-IB END

This instruction sets up the user interaction self test mode. You
must digitize the dot on the active surface, which is checked for
accuracy. If any instruction is received by the graphics tablet while
it is waiting for the digitized point, the self test is aborted. See the
section titled “‘Errors and What They Mean"’ for more informtion
on the Self Tests.




‘Take Point

TP e

TP Linefeed | ;- HP-IB END

The take point instruction simulates the pre4ss‘ of the digitize
switch. This is done regardless of the actual pen position {pen
down or pen up).

1

This instruction can be used to force a point to be digitized in the

SG mode or to terminate digitizing a string of data in the CN
(Switch Normal) mode. ‘
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The following instructions are accepted without error,.but cause
no action within the graphics tablet.

AN
AT o
AV '
cC
DD o « b
DR - SR .
W Note: OW is not allowed - ‘
LB :
LT
PA
PC
 PD
. - PG .
B o
' RV
._ SL '
s SP - . R
o - SR

2
(.

Binary Data Transfer

‘A binary data transfer mode is lavailablte on the graphlcs tablet
{ This binary transfer is the default mode of operation and is avail-
able using any of the bus addresses.

Binary transfer is initiated with your controller doing a read opera-
tion. This read operation must follow the hardware guidelines of
the IEEE 488-1978 Standard. The binary data placed on the bus
is 6 bytes of data. The first 2 bytes of data is the binary representa-
tion of the stylus X position. This is followed with 2 bytes of Y

U position and 2 bytes of the tablet’s current status. Each 2 bytesisa

% two's complement binary number sent with the most significant bit
first. Another controller read will initiate another output of binary
data. For most efficient timing your controller read cycles should
approximately match the cursor update cycles. See the CRin-
struction.

Jh,
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