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2 General Information

For the Beginning Graphics Programmer

Graphics is the solution to a problem which is provided by means of graphs or diagrams rather

than by a printed list of numbers.

Example programs are provided throughout this manual to give you some hands-on experi-
ence and to enhance the explanation of various statements. Each of the forty-one graphics

statements for your System 45B is explained at its appropriate place in this manual.

By the end of this manual, you should be able to plot, label and digitize the various solutions to

the problems and equations in your programs.

For the Advanced Graphics Programmer

If you have programming experience using graphics, you can either use the summary pages at
the beginning of each chapter or you may go directly to the tear-out reference card in the back

of this manual.
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Plotting Space

Plotting devices have physically-imposed hard clip limits which restrict pen movement (e.g.,
CRT screen size and plotter platen size). Default hard clip limits and the resulting plotting area
size depend upon which plotting device is being used. As seen later, hard clip limits can be
made smaller under program control (e.g., to fit a piece of paper), or on some plotters, manu-
ally. Whether this area is the default or has been set to a specified size, it is still referred to as the
area within the hard clip limits.

Another set of limits that further restrict pen movement is the soft clip limits. Soft clip limits are
defaulted to hard clip limits, but can be altered under program control. Soft clip limits restrict
pen movement when the User Defined Units (UDU) mode is set and not when the Graphic
Display Units (GDU) mode is set. As seen later, this capability is very useful, since you may
wish to label outside of the plotting area.

Unit-of-Measure Modes

Your System 45B allows you to define or declare dimensions for its X,Y coordinate system.
This allows you to access an X,Y coordinate by using your coordinate system, even though
your System 45B is converting and computing your coordinate system onto its coordinate
system.

There are three unit-of-measure modes that can be selected under program control: Graphic
Display Units (GDU), User Defined Units (UDU), and Metric Units.

One GDU is defined as being one percent of the length of the shortest side of the space
bounded by the current hard-clip limits. Thus, the short side is 100 GDU’s long and the length
of the long side is 100 times the ratio of the long to short dimensions. This unit mode allows
plotter space access on a percent of full scale basis.

UDU:s are the units defined by your application. Statements which operate in the UDU mode
can have values for the parameters directly in user units. Several statements are provided to

allow you to define the units of measure for a particular application.

The unit of measure in the Metric Unit mode is the millimetre. This mode is implemented as a
special case of UDUs, such that plotting statements executed in this mode put a line on the
plotting area physically scaled to millimetres. This mode is useful where correspondence with
physically measurable objects is desirable, as in drafting applications. In some devices such as
the CRT and the thermal printer, metric units are only approximate.
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The term current units refers to the last unit of measure mode that was set.

Most of the statements explained in this manual interpret their parameters according to the last
unit-of-measure mode set (or current units); other statements interpret their parameters in one
of the three modes (GDU, UDU or Metric).

Line Generation

Line Generation refers to the process of producing a line on the CRT, which is similar to
drawing a line with a pen on an external plotter. Unlike the external plotter, the CRT has no
actual pen. The CRT does have a point referred to as ‘‘the pen’’, which when moved,
produces a line if line generation is turned on (pen down). If line generation is turned off (pen

up) no line is produced, but the point moves.

About the Examples

While all of the graphics statements in this manual are keyboard executable, perhaps the best
way to familiarize yourself with the statements is to use the example programs. For your

convenience, there are two types of examples which appear throughout the manual.

The first type of example is a ‘“‘continuing example’’. This example ‘‘grows’’ as each program-
ming syntax is explained. The continuing example is used with most programming statements.
It allows you to develop a complex graphics program by first typing in the initial program lines,
and then adding each statement as it is explained. This provides you with a unified approach to
each statement, as the effects of each statement can be seen as it is executed.

This ‘“‘continuing example’ is shown next. You should notice that there are gaps in the sequ-
ence of the line numbers. These gaps are intentional. Their function is to allow you to use the

continuing example with a minimal amount of inconvenience in typing the program.
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1 FEM  ##% Thiz iz the continuing exampls COOMTY
16 Zet_up: {
28 IRTA %,4 9,28, 48,583,057, 189,99, 5 | Dats for exanple plot
46 GRAFHICS I Erables the CHET
9@ Stard p]ot: !
128 FOR Loo op rdes=l TOS Begios Toopenoc FLOT 5 poing s
148 READ ¥ plot_point,y plot point Pdbtains data coordinmtes
e15a FLOT ¥ plot Cpoint, Y plot_point FRLOT: daty coordinates
168 HERT Loopo irdes I Repeats loop
178 Erbancemnsntss 1
248 Label awest |
250 DATA T, J,F M A, M, T, 0 H..::‘ll H, I P Data for
g FOR ¥ 1-,«,[:1- =8 TO 144 STEF 12 P Imdtializ
1 READ Label$ I READ: dat
HEST ¥ label] b oRepsatzs )
FOR % _Jabel=0 TO 115 STEP 18 U It tatizes loog
£ MEXT _Tabel ! Repeats loop
= Label tewti |
e DEG I Change  too degrees sinde
AE8 Copiest - !
1505 END

Any syntax statements which consistently occur in the example, end with a zero as the last digit
(such as 10, 20, 30). If a syntax statement appears which is not consistently used in the
continuing example, its last digit is a five (as in 25, 35, 45). This way, line numbers which end in
a five can be deleted as soon as possible after you have run the program. The line numbers
ending in zero should be retained. This way you never have to type more than one or two
additional program lines to the continuing example.

Not all of the statements immediately affect the plot in the continuing example. Therefore, a
second type of example is used to demonstrate the explained syntax in a specific application.
These applications are chosen to highlight the statement, rather than a specific graphics appli-
cation. These examples can be found in Chapter 7, Additional Graphics Techniques. If you
choose to alternate between the examples, you may wish to store the continuing example on
tape, to eliminate the re-typing of it.

With all of the examples which appear in your System 45B Graphics manual, a e appears to the
left of the line number which uses the statement being explained.
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The Appendices

Appendix A contains a glossary of terms which are used in this manual.
Appendix B contains the summary of the graphics programming statements.

Appendix C contains various items, such as the equipment supplied, graphics specifications for
the CRT, and installation information for the HP 9872A Plotter.

Syntax Guidelines

The following general conventions apply to the statements which appear in this manual.

All items appearing in Dot Matrix must be entered as shown.

[] All items in brackets are optional and explained in the ac-

companying text.

Customer Comments Card

Your comments are an important part in the creation of our manuals. In order to make it easier
for you to let us know how you like your manuals we have included postage paid comments
cards in the back of the manual.

If the comments card is missing, please address your comments to:

Hewlett-Packard Company

Desktop Computer Division

3404 East Harmony Road

Fort Collins, Colorado 80525 U.S.A.
Attn. Customer Documentation
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Summary

Your System 45B can be used to draw plots of data and digitize data from plots. The plot is
displayed on a graphics display device, such as the CRT. When the plot is displayed on the
CRT, it is plotted on a 560 x 455 dot matrix with the plotted information being stored in a 32k
byte R/W memory.

There are three units of measure for your System 45B Graphics system —

o Graphic Display Units (GDU's) where the shorter side of the plotting area is always equal
to 100; the longer side of the plotting area is always equal to the shorter side times its
ratio.

e User Defined Units (UDU s) where you can set limits on the plotting area for both the short
and the long side.

e Metric units where the plotting area is physically scaled to millimetres. The CRT on the
System 45B approximates the metric units rather than being exact. (20cm is actually 18.4

cm).
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10 Simple Plotting Operations

Plotting Boundaries

All plotting takes place within some type of boundary on the plotting device, whether the
plotting device is the CRT or an external plotter. There are two boundaries which you are

concerned with on your System 45B Graphics system —

Hard Clip Area

The hard clip area can be set to any size, up to and including the physical limits of the CRT’s
graphics raster. This is an area equal to 20 cm horizontally and 16.25 cm vertically on the CRT.

On most plotters, the hard clip area is approximately equal to the platen size.

Soft Clip Area

The soft clip area (also called the clipping area) is the boundary which actually limits the
plotting (i.e. lines cannot be drawn outside of the soft clip area). The soft clip area can be set to

any size, up to and including the hard clip limits of the plotting device.

Both of the soft and hard clip areas can be altered by various graphics statements which are
explained in this manual. However, for simple plotting operations they are not needed. The

statements which alter the soft and hard clip areas are explained in Chapter 3.

Plotting Coordinates

All points within the soft clip and hard clip areas can be referenced by means of a coordinate
system. This coordinate system can be specified by various graphics statements which are
explained in this manual. However, for simple plotting operations which are described in this

chapter the following information should be sufficient.
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Your System 45B uses a coordinate system scaled as shown —

Plotting SE99
Universe

Offset 9E13
Rrea

-9£99 1-9£13  F<RT gr13| g9E99

e
@,0

—-9E13

-3E39S

The acceptable values for processing coordinates are from —9E99 to +9E99 along both the X

and Y axes.

As you can see, the CRT is positioned at the intersection of the X and Y axes (0,0). However,
you can offset the CRT to anywhere from —9E13 to +9E13 along both axes.

The coordinate system which is in effect at power-on is referred to as the “default” system. The

coordinate system is a simple X(horizontal), Y(vertical) coordinate system with the following

values —
min min max max
| X unit | Y unit | X units | Y units
oCRT 0 0 123.127753304 100
09872A 0 0 152 100
eIncremental 0] 0 152 100

In effect, this means that unless you change the plotting coordinate system by means of a
scaling statement (Chapter 3), the only points which can be plotted on the CRT are those which
occur between 0 and 123.127753304 on the X axis, and 0 and 100 along the Y axis. Keep in
mind that while only the coordinates which lie between these limits are plotted, data which

exceeds these coordinates can still be calculated and processed by your System 45B.

11



12 Simple Plotting Operations

GRAPHICS and EXIT GRAPHICS Statements

The CRAEHICS

respectively. If you are plotting on the CRT and want to see what you are plotting, ¢

' statements turn the CRT graphics raster on and off

must be executed. You can plot on the CRT while the alphanumeric raster is on and then switch

on the graphics raster to see what you have plotted.

Syntax:

The graphics raster remains on the CRT until & :is executed, an error occurs, or

either a typing key or the recall key is pressed on the keyboard. If you accidentally get out of

graphics, type @ @ @ @ @ @ @ , to get back into it.

External plotters do not use the Graphics R/W memory. Executing a

statement
when a device other than the CRT is the plotter results in a random pattern being displayed as
the CRT memory contents.
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Example

A

a )

REM  ##% Thiz iz the cortinuing example (COMTL>
Set_ups !
DATA 2,4,6,9,28,48,63,57,189,99,5 | Iata for exampl e plot
GRAPHICS | Erables the CRT
Start plotl !
sop index=1 TO S
f?uf _pointt plot point
FLOT ¥ f]“f IUH'HIT,T f]n‘l’ Ful'{l"‘;'l‘

fan}

13'1
S
o0
a

1
W
L8]]

[
L N

Begins loop to PLOT 5 poivts
Obtains data coordinates
FLOT: data coordinates

Ju L35 R
oA ]
RAPLKY

.,_
i

HEXT ¥ labe)
Label tewt: |

1
1
15
18 HEAT Luup e Repeats lToop
178 Enharncements !
248 Label_a: !
2568 DATH o, I, F MyAcH, J, J,A, 5, 0,H, D P Imta for ¥ oaxis labels
o FiR: 3~]dbkl*u Tn 144 ZTEF 12 P Inivializes loop
= FEAD Labeld ! READs data
3 HEST ¥ Tabel ' Repeatzs loop
" labelt=8 TO 115 STER 18 P Initializes loop
i

I Repeatzs loop

TEG I Charnge to degrees. mode
488 Copiezy
0435  EXIT GRAPHICS ' Returns o alphanumeric raster
SEE EMD
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PEN Statement

The statement allows you to select a specific pen. On the HP 9872A Plotter, this could be

any of four different pens.

Syntax:

{ pen number

The range of the pen number parameter is minus one (—1) through plus four (+4). Non-integer

pen number parameters are rounded (up or down) to the nearest integer value.

Pen number zero (0) selects a blank pen. On the 9872A Plotter all pens are returned to their
i # This

holders. When using a 9872A Plotter, it is a good idea to end all programs with a |
helps keep the pens from drying out.

On external plotters that have more than one pen, the absolute value of the pen parameter is

used to select one of four pens (possibly of different colors).

On the CRT, any positive pen number draws a line. A negative pen number selects an
“eraser”’. A line redrawn with a negative pen number is erased along with the intersecting

points of any intersecting lines.

Jaggies
You may notice an occurrence called ‘‘Jaggies”. Jaggies are caused by the turning on of

adjacent phosphor dots which do not lie in the same direction as the line being plotted. This

becomes evident when you attempt to erase a line which has jaggies.

The proper way to erase a line using ¥ -1 is to re-draw or re-plot it from end point to end

point in the same direction which it was drawn. This ensures that all of the jaggies are erased.

Executing a ¥

type one, (refer to the next section of this manual).



Simple Plotting Operations 15

Example

2\

2\

sl e CCCNT

FLOT
HEET

T

T, I R, S, 0,H, T

144 STEP 12

Twmta o
Imitialize
FEEADs data
e b

i

: Repeat
Lakel -t

DEG
Copiess

BRI

EoChange oo degress mode
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LINE TYPE Statement

- statement selects one of several solid or dashed line types and defines the

length of the repeat pattern for the dashed or dotted lines.

Syntax:

" identifier number [, length]

The identifier number parameter (integer value 1 through 10) selects one of the ten line types

for plotting (see the next example). The default line type is type one.

The length parameter specifies the approximate length of the dashed line repeat pattern, in
GDU'’s. The default length is 4 GDUs.

NOTE

The line type patterns generated by external plotters are
slightly different from the line types drawn on the CRT.
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Examples

FEM  #%% Thiz iz the continuing ssample CCOHTRH

(R
B By |
3

GREAFHICS I Erabd
tart plot! !
LIME TYPE 4
FOR Loop irndewxs=s1 TOS
READ saind, Yoplot point
FLOT ¥ plot point, Y plot point
HEXT Loop indes
Evharc emernt st |
LIME TYFE &
LIME TvPE 1
Label axest
DHTﬁuﬁ,J,F,M,H,M,J,J,H,S,DﬂH,D
FOR ¥ label=8 TO 144 STEFP 12
READ Labelf
HEST ¥ labed
FOR % _label=8 TO 115 STEPR 18
HERT % label
Label tewtl |
IEG P Change Lo degress mods
Copiezt |

EHI

o

s
=

Specitiss dashed LIHE

o

Dotains data o i

FLOT

[ ]

B R PO R N RO B ]

T
[x B r ]

o R

peging Toop to PLOT 5 g

17
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2\

DY,

CRT Line Types

9872A Line Types



Simple Plotting Operations 19

EEM  #x This
LOTTER IS “GRAPHICEY i
GEAFHICE !
FRAME !
SCALE &, 18,-11,8 !
LORG |
FEM
FORE Line=1 TO 18

Labelzs MOVE 1,-Line !

LIME T9PE 1 i

LABEL Line !
LiresiLIHE TYPE Line b S

{

]

i

|

sanple demonstrates the LINE TVPE staten
F i the CRET as the ol

Erablez the DRT

.
[ix]

D]

)
]

) ! e s ary Lhe LIMECTYPE

#% LABEL arnd DREAM awvailable LIHE TYFEsz

R M o

MOVEz wo  LABEL position

= ol dd  LIME TYPE $or L BBEL

e pidmber of Cthe LEME THRE

= LITHE TYPE o Vime o be difvamian
the FEH

to oorigin of View and bowers the PEM

1
1
4
=

T T

kX

]
~ T
o 5

M4

FEMLIF
FLOT 2, ~Line, —
ORAk 2, ~Line
HEAT Lire
EHI

1

dporital Yime

DA

Fepeats the 1oomp

il

E
i
i
i
i
i
1

[ I R P I C O
3o O

=

e
o
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PLOT Statement

The LT statement provides data plotting with an optional pen control parameter. This

statement moves the pen to the X,Y coordinate in current units using the current pen number

and line type.

Syntax:

{ X parameter, Y parameter [, pen control]

The X and Y parameters are interpreted according to the current units mode.

The optional pen control parameter specifies the up or down pen movement, and defaults to

plus one (the pen moves and then drops). The pen control parameter is interpreted as follows.

Odd = Drop pen (pen down or start line generation)
Even = Lift pen (pen up or stop line generation)
Positive =  Pen change after motion
Negative = Pen change before motion

For example,

+1 or no parameter Change pen location, then drop pen

20r0 Change pen location, then lift pen
-2 Lift pen, then change pen location
-1 Drop pen, then change pen location

This pen control parameter is specified in the T and i'T statements. Once you

]

have set the pen control parameter, it remains in effect until it is changed by a default condition,

or by another pen control parameter, a ¥ F ora



Example
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1 EEM  ##% Thiz is the continiing
18 Set_up: !
DATH 2,¢
GRAFHIL
Start plot: !

LIME TYFE 4

LS B RS R )

E BN I I I

]

e ol o S ST Sy I
Ry iy
XN )

Ert@arncement s
LIHE TWFE &
LIME TWFE 1
Label = . !
DATA I, I, F. M, A M, I, 3, A5, 0, N, T
FOR ¥ label=@ T 144 ZTEFR 12
READ Label¥

Copiess

EHT

&

e b e DCOHT4

Imra For e
Erables tThe CET

ims 1o
Obtain
FLOTs
Fepeats oo

GpeeiFies dasbec LIHE TYFE

fovn PLOT 3 mad s
ta rohrid feat
data codrdingt

sampl e plhoy

21




22 Simple Plotting Operations

PLOTTER IS Statement

AF “ statement is used to specify the select code and the type of plotting device to

which successive plotter operations are directed.

Syntax:

size [, number of pens, pen offset [, incremental plotter identifier] ] ]

Statement Parameters

The select code of the CRT {when used as a plotter) is 13 and is used for most examples in this

manual.

The plotter identifier string (string variable or constant) specifies the type of plotting device,
and therefore, the proper [/ O operations which drive the plotter using the specified select
code. External plotting devices (e.g. HP 9872A Plotter) set to a select code other than 13 can
be connected to the computer. The plotter identifier string should specify the type of plotting

device. The three plotter identifier strings and default select codes are:

Identifier String Select Code

CRT
The plotter identifier string,

*, specifies the CRT as the display device.

9872A

The plotter identifier string ° “ can specify either the HP 9872A, 7245A or 7225A as the
plotter which must be connected to the computer via the HP 98034A HP-IB Interface. Refer to
Appendix C and the 98034A Installation and Service Manual for hookup information.
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Incremental

The last four optional parameters of the | = statement provide a means for you to
describe the features of the incremental plotter to the computer, so that the plotter can be
driven properly. If you are not going to use an incremental plotter, do not use the last four

optional parameters.

The default values for these parameters are:

Parameter Default Value
step size .254mm
number of pens 1
pen offset Omm
incremental plotter identifier 1

The step size parameter must be specified if the other three parameters are to be specified. The
assigned value of the step size parameter is plotting device dependent and must be obtained
from the plotter’s documentation.

If one of the last three parameters is to be specified, they all must be specified.

The number of pens parameter is used to tell the computer the number of available pens on the

plotter.

The pen offset is used to specify the center-to-center distance between pens on multi-pen

devices. If the plotter has only one pen, zero offset should be specified.

The plotter identifier parameter is used to specify one of several known incremental plotters
that operate with the computer and the 98040A Interface. This parameter can also be used to
tell the computer whether the offset is in the X or the Y direction. For more information
regarding these four parameters refer to HP 98040A Incremental Plotter Interface Installation

and Service manual.
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Default Conditions
The &

= statement sets the following default conditions when executed.

Activates the plotting device specified.

Sets UDU’s (User Defined Units) as current units.

Sets UDU’s (User Defined Units) equal to GDU'’s.

Reads hardware-set hard clip limits from the plotting device.
Defaults the soft clip area to the hard clip limits.

Clears the graphics display.

Selects pen one.

Selects line type one.

O N e W

Selects the standard character size.

—
@

Selects label origin one.

—
—

Sets label direction as left to right.

—
N

Clears any error conditions.

—
w

Clears character count from any previous : .. statement.

The default conditions can be altered as necessary by executing one or more of the plotter

statements with the proper parameters from the keyboard or from within a program.

Note
Executing the L.I[1I7T statement sets all of the previous de-

fault conditions except default condition number 6.
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Example

BEM  #%x Thiz iz the comtirmting example (COHTS
et L !
TRTA &,4,6,9, 28
FLOTTER IS 13,
GRAPHICE
Start plot !

LIME TYFE 4

295 Dats For oswample plot
! - the CRET as the plotter
P Ermbles the CRT

Specifies daskhed LIHE TYFE
qine logp to FLOT 5 points
Obtaing data coordinaltes

3 data coordinates

Fepeats Toop

Y
by
LR I R R

)

2k
o

cifies dashed LINE TYFE

LIME TYFE i
Labe?max . i
DATH I, J,F, M, A, M, T, J, A, 5,0,H,D !
FoR # labeY=8 TO 144 STEF 12 !

REAT label$ !
MEST ¥ label !

i
11

EE R

FOR % _tabel=8 TO 115 STEF 18
HE=T ¥ _label
Labe! tewxtl |
(v ! Changs to degréss mods
Copiezs |

EHD

Toap
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PLOTTER. . .IS ON or IS OFF Statements

The | F) the

plotting device specified by the select code. When activated, a plotting device responds to all of

F statement activates ({ii) or deactivates (I

the plotting statements and when deactivated the plotting device does not respond. Executinga

i for one select code automatically deactivates all other plotters. If all
plotters are deactivated, the plotting statements are executed but are not directed to any

plotter.

% select code [ , HP-IB device address] %

This statement activates the specified plotting device and deactivates all others. That is, all

plotting statements are directed only to the specified device. This statement DOES NOT set any

of the default conditions described under the & statement.

Syntax:

select code [ , HP-IB device address] I:

This statement deactivates the plotter set to the specified select code. All plotting statements

are executed but the specified plotter does not respond.

NOTE

If you do not have an HP-IB interface connected to the com-

puter, an i 11 is generated by lines 5 and 15.
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Example

L 3= FLOTTER . 7,5 IS O I Directs plotting Lo the S872A
18 St upl !
1% FLOTTER 7,°

1 REM  #xx Thiz iz the continging example (COHTER

L J P irects plotting ausy from the 93
DATA 2,4,5,59 5! Data for ewample plot
5 FLOTTER I3 P Specities the CRT as the plotter
B GRAPHICES I Eviablez the CRT

H Start !;]llf i
LIHE T:FE 4

Gpecifigs dashed LIME TYFE
Begins loop to PLOT 5 points
Obtains data coordirates
FLOTz data coordinates
Fepeats 1oop

5

oy
S TR T

Yoplot point
CElet F:u:nir“x’f»

et I LR | I R T

s
o

Erdanc ement s
LIHE TYFPE & b
LIHE Tr'F’E 1 b

el LIME TYPE
id LIHE TYFE

DMHDVTFMHT1TT A, 5,0,H,1 P Data for # .
FOR ¥ label=8 TO 144 STERP 12 P Initializes loop
FEAD Labels I READ:= data

HEST :"’L Tas] [ & f st o il

FOR % _label=G TO 115 STEF 10 Polmitializes loop

HERT % Tabel ! Bepeats loop
Labwel text: !

TEG VoChange o degress mode
Copiesy |

EHI
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GCLEAR Statement

The ¢ = statement clears the graphics memory and the CRT screen of any previously
plotted data. The !

statement.

= statement does not reset or set the default parameters for any other

Syntax:

. [paper advance]

The |

since ix

...... statement should normally be used between plots, rather than ¢

does not restore the default conditions.

On plotting devices with roll paper, the optional parameter allows you to advance the paper by

a specified amount of millimetres.

On fixed paper plotters (e.qg., HP 9872A) and on the CRT, the paper advance parameter is
ignored.
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Example

\_

FEM  #%% Thiz iz the continuing s=ampls (COMTT
St upl !
DHTH Eydhy By 4o 2.5 ! Data for sxanpls plot
FLOTTER I~ 1,."uFHFHII P Bpecifies the CRT as the plotter
CRAPHICE I Erables the CRT
Start_plot: !
LIHE TYFE 4
FOR Loop index=1 TO 5
FEAT "‘_;FEI]HT F."_l"ll'!'f.l ]:]HT FUIH“IT
FLOT ¥ F?lx‘l‘ !:snThT,'; |:|7n1‘ ':an‘iT
HEXT Lnup frides
Erbanc ements: !
LIME TvFE & I S
LIME TYVPE 1 D Specifies =olid LIME TVPE
Label awxes
DATA D,J,F,M, T, T, 5, 0,H, D

Specifies dashed LIME TYPE
Begins Toop to PLOT 5 points
Obtains data cowdirates
FLOT: data coordirates
Repeats Toop

R
oy i E

[30e3

S
=

~3 Ty O B L B D T D

KA
KA

L R R LY TN - T 1% Y SOy e

Tiata for

i i
FOR ¥ label=@ TH 144 TEF 1_ PoImitializ
FEAD Label¥ ! READ: data
HERT ]abh1 ! Repeats loop
Fig % 1 TO 115 STER 16 P Imitiatizes loop
MHEST ' Repeats Toop

LEG P Change to degress mode
Copiezt |

GoLERR P Clears CRT & Graphics memory

EHD
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FRAME Statement

The F "~ statement draws a box around the current clipping area (the soft clip limits).

Syntax:

The box is drawn using the current pen and line type around the current clipping area. The pen

is positioned at the lower left corner of the frame after the operation is complete.

Example
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REM  #%% Thiz iz the continuing esample (COMTED

BoZet ups !

a DRTA 2y, By T, 28, L " 2,95 1 Data Fopoew

% FLOTTER IS 13, "GRAPHICS® P Specifies the CRT gz the platien
5] GRAFHICS U Erables the CRET

B Ztart _plot: f

48 FRAME JFT LLIP area

=8 LIME TYFE 4 mebmd LINE TYRE

FEMTD FJSI'?~FIn||r;T,| Y F:THT ]:us‘in'l‘. ! Utlf::LH’“z: data costdinates
FLOT ot PPLOT: data coordinates
HEST Luup i U Eepests loop
Erdare ement s i
LIME TWFE & I Spec
LIHE TIFE 1 -
Label awes
DATH T T F.H, H My Jy T, R, 5,0,H, T
FLOR i=-1§._‘l-at»-:"f]-*-l3 TO 144 STER 12
READ LabelF
HE=T ¥ 1
FORE v 1. =
HE=T | 1-3!:»3'1
Label textl 1
TED P Change o degress mode
Coapiegzl |

B

,rﬂ' o I:a;u‘!‘ |:ul'|h

{
i )
FOR Ls__u_s]:l index=1 TO 5 [ oohe PLOT B F.’“Tf'if"
i
!
{

e i o el el s S SN 2% B U B S S

RS B N Y
O 0RO D Ry

h»d LIME TVPE
o LINE-TYRE

P Irdtiatizes loop
I RERD: "J:H“:L

]

270 115 STEF 18

i

o

513 J
it

I Bepeats  Toog
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DUMP GRAPHICS Statement

The 1 : statement allows a graphic display on the CRT to be copied onto the

internal printer. You must have the optional thermal printer installed to execute this statement.

Syntax:

% [lower-bound, [upper-bound] ]

This statement can be executed by the program or from the keyboard while the graphics raster

is off or on.

The two optional parameters allow you to copy any horizontal area displayed on the CRT by

specifying in current units the upper and lower bounds of the area to be copied.
Without the second parameter, the top of the CRT is used as the upper bound.

Without the first and second parameters, the entire CRT display is copied onto the internal

printer.
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Example

FEM  #%% Thiz is the continuing e=ampls (COMTI

Set_upl !
oATA 2,4,6,9,28,48,83,57 bolata for gsanple plot

FLOTTER 15 ib.‘hPHPHILj' | Specifies Th@ CRT @z the plotter
GRAFHICS b Erables the CET
Start plotl i
5 FRAME
B LIME TYFE 4
8 FOR Li:n:lfii_jl‘“ld ==1 TO 5
sl FERD ¥ plot pﬂH:T y_plot_point
8 PLOT A plot_point, Y¥oplot _point
HEAT Loop indssx

T8 Erbancementzr !

4

the SOFT CLIP ars

ities dashed LINE T:F’E
irE loop to PLOT S points
ains data coordinates

0Tz data coordinstes

T D b U e

LIME TYFPE & P Specifies dashed LINE TYFE
LIME TYFE 1 ' Specifies solid LIME TYPE

Label awmesz: !
DATA D, J,F,M,f

FOR 1-atx~1=:1
READ Label$

1

1

i

ORI O B S R

it

U Dats for # axiz labels
Pndtializes Toop
! RERD: data

P Repeats loop

{

1

i

My T T A, S, 0, H, I
T 144 STER 12

MEST X labe
FOR {_ el=0 TO 115 STEF 14
HEXT % labe
Label T.‘ R

TEG b Changs to degrees wmode
Copiest

DUMP GRAFPHICE I Hard copy of CET dizplayw
E1E EHI

Initializes Toop
P Eepsats Toop

aruia]
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PENUP Statement

* statement lifts the pen.

The

Syntax:

On pl.:ing devices with actual pens (e.g. 9872A Plotter) this statement lifts the pen. The pen
can then be moved without drawing a line. This allows you to avoid generating an ink blot on

the paper after a plot has been finished or during a lengthy calculation.

On the CRT this statement turns off line generation. If the pen is moved (with the pen up) its
new location is not apparent on the CRT, but the pen’s coordinate values can be found by

executing the i statement (refer to Chapter 6).

The pen up or down status can be automatically controlled by using the and |

statements or the ! fand i

" statements with the optional pen control parame-

ter.
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2\

\

REM
Tt Ll 1
DRTH 2,4,
PLOTTER 15
GREAFHT
# Start pl
W FRAE
LIHE -THRE 4
FOR Leop indes

oy b
18y "GRAPHI

iz T:“ 5

T

1z
144 FERD ¥ mlot poing, F'i' 4 print
158 PLOT W oplot point,” J. Tot point
168 HEST Loop drdes

@15 PEHUE
178 Evbarmensntsl !

oy

LIME TYFE &
LIMHE TWRE 1
Label a .
DATH D, 04 F,
FR 'i--itF'
FFH]J L:x_tu«;
HE,.T L-i }4}:.»
FoR 5
HE®T -
Labei
DEG
[» sl!:i‘};-«- i
TP GRAPHIC
EMI

Oy H, T
1z

S gl
PR
e
pa}

Begis
Aatas coordd
L ]S:H:l]::i

zothe PEH

UThabioe o deae

EoHaRd s opnd DRT

e SOFT LR
dashert LINE TYFE

ECECJF,_I b PR B Q‘:n“‘!?‘(f'!‘_

HPea

el

i

tasoconrdirates

TYEE

i LlHE THFE

£




36 Simple Plotting Operations

Summary

The second chapter covered —

o simple plotting operations
o plotting boundaries

e hard and soft clip areas

e plotting coordinate system

In this chapter you learned how to enable the CRT, as well as other plotting devices, how to
plot data based on an X-Y coordinate reference system, how to get a hard copy printout on

System 45B’s thermal printer and how to clear the graphic’s memory.

Information concerning positioning and scaling of your plotting area is contained in the next
chapter.
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38 Positioning and Scaling Plots

Overview

Basically, there are two things which you may wish to do with a plot —

e position the plot on the graphics device

e scale the plotting area to some dimensions

Positioning the plot is actually done with three statements —

1T (which defines the hard clip area)
' # (which defines the soft clip area)
o I¥ (which changes the soft clip area to equal the hard clip area)

Scaling the plot is done with four statements —

°! - (which defines the area that is being scaled)

o: = (which defines the X-Y coordinates along dimensions that you specify)
of - (which defines the X-Y coordinates to metric units (millimetres} )

o (which defines one unit of X to equal one unit of Y)
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Current Units

Before you can start positioning the plot, you have to know something about how your plotting
device’s X-Y coordinate system is referenced, or what its current units are. The term current
units refers to whether the X-Y coordinate system in effect is in Graphic Display Units (GDU) or
User Defined Units (UDU).

GDUs sets the shorter of the two axes (X or Y) equal to 100 units. The number of units in the
longer axis then becomes equal to the ratio of the longer axis divided by the shorter axis times
100. The end result of this is that the shorter axis is equal to 100 units, while the longer axis is a
value = > 100.

UDUs are defined by you when you use the : - statement or when you use the |

statement. The = statement allows you to select any numeric units for the axes, while the

- statement defines the X and Y axes to be equal to millimetres.

Positioning
Positioning allows you to designate an area on the plotting device where the plot appears. This

can be very useful for a number of considerations, among them are —

e leaving space for labeling operations
e placing several related plots on the same display or piece of paper

e aesthetic reasons

As previously mentioned, all plotting takes place within the soft clip limits. The default on the

CRT sets the soft clip limits equal to the hard clip limits.

On some plotting devices, such as the HP9872A Plotter, you can manually change the hard clip
limits by using the and keys. The hard clip limits can also be changed under

I statement. Remember, the hard clip limits can never

program control by using the i.

exceed the physical limits of the plotting device.

However, the soft clip limits can be set less than, equal to or greater than the hard clip limits.
This can be done by the -
of the plotting device and are within the soft clip limits, the System 45B can still compute your

* statement. If your plotted coordinates exceed the physical limits

data. Once the plotted data returns to a point within the soft and hard clip limits, it can be
plotted.

If you wish to change the soft clip limits back equal to the hard clip limits, you can use the

39
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Scaling

Scaling is the process of changing the X-Y coordinate reference system values. This is done
when the X-Y reference system which is currently in effect is no longer applicable to your

application (why plot on a 123x100 area when you need an area of 5x127).

Scaling is accomplished by first defining which area of the plotting device is to be scaled. The

defining can be done either by using the default condition of the hard clip area, or by using the

- statement to specify an area.

The scaling is done with two statements —

= allows you to specify values which define the number of units into which X and Y axes
are to be divided.

- divides the plotting area into metric units. On the CRT, this division is not exact due to
the dot matrix of the CRT. This results in a 20cm value actually being equal to 18.4cm.

However on the 9872A plotter, the metric values are exact.

The =HOL statement is similar to a scaling statement where X min = Y min and X max = Y max.
A figure is then plotted into the L. TE rectangle, showing only as much as fits into the
rectangle.

Offsets
The LIMIT

The offset allows you to locate the plotting area away from the lower left hand corner of your
CRT or 9872A plotter.

I and MZ0HLE statements also allow an offset distance in millimetres to be specified.
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Other Statements

Some of the other statements which may prove useful in these applications are —

L} {which makes GDUs the current units.)

i (which makes UDUs the current units.)

it (which computes the GDU ratio of the length of the X axis divided by the iength of
the Y axis.)

LIMIT Statement

The L.IiIT statement allows you to define the “plotting area’” as a subset of the physical
plotting area by setting the hard clip limits. In effect you are describing the size and location of a

piece of paper or a specified area of the CRT to the computer. The computer is NOT allowed to

move the pen outside the specified area without executing a new L. I

This statement overrides any previously set or defaulted hard or soft clip values. If the parame-
ters are specified outside the physical limits of the plotting device, % 11%is generated.

Ifthe i I/ T statement is not executed in a program, the hard clip limits are automatically read
from the specified plotting device. On the HP 9872A Plotter, the default hard clip area is
somewhat smaller than the physical plotting area. The plotting area is scaled in GDUs when
the L.IMIT statement is executed. Nothing can be labeled or drawn outside the currently

specified hard clip limits.

I [Xmin, X max, Y min, Y max]

The first two parameters normally specify the left and right limits and the second two paramet-

ers normally specify the lower and upper limits of the plotting area.

41
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Because you are describing a physical piece of paper or plotting area to the computer, the units
must be actual units of measure. For this syntax the units of measure are always millimetres and
normally the origin (point 0,0} is at the lower-left physical limits of the plotting device. The
default upper-right limit values for the CRT and thermal printer are X max = 184.47, Y max =

149.8. Other plotting devices have their own default upper limit values.

In the normal sequence of parameters, the first two parameters can be exchanged to produce a

reflected plot across the Y axes (i.e. X max, X min, Y min, Y max). Likewise the last

two parameters can be exchanged to produce a reflected plot across the X axes (i.e. L.

min, X max, Y max, Y min). Both the first two parameters and second two parameters can be

exchanged, at the same time, to produce a reflected plot across the origin (i.e. i X max,

X min, Y max, Y min}). Chapter 7 contains more information on reflected plots.

Executing the i. " statement without parameters allows you to digitize two opposite corners
to describe the plotting area. For further details about inputting parameters by digitizing, refer

to the

- Statement in Chapter 6.

The i. statement is the software equivalent of manually setting the graph limits (keys

and . on a 9872A Plotter.

When the HP 9872A is specified in the
executed without parameters, the pen moves to the current n and n coordinates. This is
so you can position the pen at your desired and coordmates which are input as the
i " X min, Y min, and X max, Y max points when the | key on the plotter is pressed.

These coordinates become the default hard clip limits for all subsequent programs until a new

" statement is

% statement and the !

" statement is executed.
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D,
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£t LT i
DATH 2,4,8,%, 28, 48,683,57,
FLOTTER IS 13, "GREAPHICE"
GRAPHICS
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Start plot! !

FRAME

LIME TYFE 4

FoR Loop irde==1 TO 5
RERD
FLOT ¥
HEST Loop indes
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Label awes:
DATA T, F,FyH
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DUMF GRAFHICS
EMI

REM  #%% Thiz iz the continding

L plot point, ¥ _plot_point
plot point,  plot point

Fi, M0, 0,8, 5,0, H, D

wample (COHTLL?

P Dmta for exanple plot

b Spec i the CRT as the plotisy
b Erabl the CRT

U Dedines the HARD CLIF arean

Beaims Toop to FLOT S poinis
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FLOT: data coordibates
Fepeats Toop

Specifiss dashed LIHE TYPE
P Specifies solid LIME TYFE
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P Change to degress siode
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CLIP Statement

The 1.1 statement defines the soft clip boundaries. This allows the soft clip boundaries to be

moved from their default location set by the FL {1 c IE, LIMIT or LOIATE statements.
Soft clipping affects lines plotted in UDU’s, but has no effect on lines plotted in GDU’s or as

labels.

Syntax:

= [X min, X max, Ymin, Y max]

The parameters are interpreted according to current units of measure.

The first two parameters specify the left and right boundaries and the last two parameters

specify the lower and upper boundaries of the clipping area.

Lines plotted from inside this area to points outside the clip boundary extend no farther than
the boundary. Lines plotted outside the i.IF* boundaries are not drawn (unless drawn in
GDUs).

Executing the [l 1F statement without parameters allows you to specify the area by digitizing

two opposite corners (normally the lower-left and upper-right corners).

either case and in the case of plotting commands in GDUs only, the hard clip limit (set by the
L. IMI7 statement or defaulted by the FLIITTER 1% statement) is used as the soft clip area.
Executing FLOTTER IS LIMIT, LOCATE or LIHCL ITF reinstates various default values includ-

ing the soft clip boundaries.

When L. IF is used to set the soft clip boundaries such that the soft clip rectangle is partially in

and partially out of the hard clip limits, UDU plotting is clipped at the hard clip limits.
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Example
f\
/k N
\ N
1 FEM #%% Thiz iz the contiruing example (COMHTIZD
18 Set_up: |
26 DATA 2,4,6,9,28,48,83,57,169,93.5 | Data for example plot
0 PLOTTER IS 1:.“uFHFHILJ P Specifies the CRT &z the plotter
48 GRAFHICE ! Erables the CRT
S8 LIMIT u,l 4 U 148 Defirmes the HARD CLIF area
eva LLIF Z“ Defines the SOFT CLIP ares
98 Start plo
168 FRAME ! he SOFT CLIF are
126 LIME TYFE 4 ! 2 dashed LIHE T:PE
128 FOR Loop dndex=1 TO 5 ! Voop to FLOT I points
148 READ ¥ plot_point,Y piot point ! HbdeN& dats coordinatss
158 PLOT ¥ plot point,Y plot point PRPLOT: deta cookdinates
168 HEXT Loop irdes I Repeats  loog
178 Erhancementss
1 LIME TYFE & FoBpecities dazhed LIHE TYPE
LINE TYFE 1 PEeecitfies solid LIME TYPE

Label awest 1

DRTA I, J, FyM, AL 1M, .0, 5, A,5,0,H, T Plats foro W awis labels
FOR 3_1db~l'ﬁ T 144 STEFP 12 Lrlmdnializes loop
READ Label# LREADE data
HEXT ¥ label U Repeate oo
FoR ¥ label=8 TO 115 STEP 16 Imitializes Toop
HEST % label P Repeatvs loog
Label text: |
DEG I Change o degress. mode
lnph—- {
DUMP GEARPHICE b Hard coper of CET dhisplay

EHD
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boint /F’ 1in’[
2
>‘“*~:,Point
oin o e
4/ 3

*~ Specified CLIP Boundaries
(soft clip)

W Specified LIMITS
(hard clip)

A== Physical Plotter Limits

Plotting in GDUs

Point _/P )1"“
2 =::::
>-~‘-:;Oint
oin -
o 3

< Specified CLIP Boundaries
(soft clip)

W Specified LIMITS
(hard clip)

== Physical Plotter Limits

Plotting in UDUs
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These two figures show the clipping action to expect when drawing a line from point 1, to point
2, to point 3 and then to point 4. The rectangles represent clipping boundaries or limits for the

limits, and the line drawn in the second figure (plotted in UDU’s) is clipped at the soft (&

boundaries.

Another feature of i

i is that you can specify a soft clip area greater than the hard clip area.
The System 45B calculates the plots outside the hard clip area, and the plotted lines re-enter

the soft clip area at the appropriate points.

In effect, the hard clip area then becomes a “‘window’’, while the soft clip area is the known
plotting area. If you wished, you could set the hard clip limits to be the acceptable parameters
of a test, while the soft clip limits could be the results of the test. Any line types which were

plotted could then represent satisfactory test results.
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UNCLIP Statement

The i  statement sets the soft clip boundaries equal to the hard clip limits. This allows
you to draw lines anywhere in the plotting area defined by the L

IT statement while in

UDUs. It is primarily used whenever a - statement has changed the soft clip

area from the default hard clip area.

Syntax:

Clipping is set by executing ¥ . statements. ! and

do not affect the clipping limits.

NOTE

* statement does not override the

Executing an |

scaled area defined by a
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LOCATE Statement

The' " statement allows you to define an area which the : - statement dimensions or
the statement fills. The L. I statement also defines and resets the default soft clip
boundaries.

Syntax:

[Xmin, X max, Ymin, Y max]

The first two parameters specify the left and right boundary limits and the last two parameters

specify the lower and upper boundary limits.

The units are always in Graphic Display Units (GDU) with the origin (GDU point 0,0) normally

at the lower-left corner of the plotting area (or as defined by the . 1i1 17 statement).

The length of a GDU is equal to 1,100 (one percent) of the length of the shorter side of the
plotting area. Therefore, the length of the shorter side is always 100 GDU’s. The length of the

longer side of the plotting area is something greater than 100 depending on the plotting area

aspect ratio. The aspect ratio can be found using the 1 function as shown later.

Executing the - statement without parameters allows you to specify the area by digitiz-

ing two opposite corners (the lower-left and upper-right corners).

I~ statement do not

All lines drawn while in the UDUs mode and after executing the L
extend beyond the soft clip boundaries. The pen can be positioned between the soft clip
boundaries and the hard clip limits to draw labels, but plotted lines do not extend into this area.

Plotting in GDUs, you can always draw lines anywhere within the hard clip area.

The default physical length of the shorter side of all plotting devices is 100 GDUs but the
default length of the longer side is device dependent. For the CRT, the default length of the
longer side is the length / height aspect ratio times the height of 100 GDUs (559 + 454x100 =
123.127753304).

The £ and

| statements assign user definable units of measure (UDU’s) to the area
specified by the L.

i statements act on this area in two

statement. The Fand =

very different ways as can be seen in the next two sections of this manual.



Example

Positioning and Scaling Plots

iz is the cortinging e<ample TOOMTLI43

1)

.f,1ﬁ9,92.5

B

GRAFHIC
LIMIT
LOCATE

i
i
{
1
t

& LIHE THFE 4 I
FOR L i i
HEAD
PLOT
HEXT L
Erdang e
L IME TYFE
LIMCLIE
LIME THPE
Labe ] @
TATA I,
FiR "o
REFT
MiZET
FR
HME=T "x'
Lah el t— 53
EG P Changs to degr
[ iy s |
5 DUMF GRAF HICE P oHard oo
it BRI

s TN I

Pus]

,_u
!T'.
i

51



52 Positioning and Scaling Plots

Statement

Effect on
Hard Clip Limits

Effect on
Soft Clip Limits

Effect on
Scaling Points

Reads the hardware
P1 and P2.

Sets boundaries to area
spec1f' d or digitized
by { statement.

No effect

No effect

No effect

Scaling the Plotting Area

Sets to hardware
P1 and P2.

Sets to hard clip limits
or digitized boundaries
of the L. i statement.

Sets to specified
or digitized boundaries

Sets to boundaries
specified or
dlgmzed by the

i’ statement.

Resets to hard clip
limits.

TE statement.

Sets to hardware
P1 and P2.

Sets to hard clip llmlts
defined by i i
statement.

Sets to the

pomts specified or

No effect

No effect

Once you have specified the plotting area to be scaled, you may wish to dimension, define, or

scale it in units which are suitable to your particular application.

The following statements can be used to define the located area —
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SCALE Statement

The statement defines minimum and maximum values of X and Y for the plotting area

as specified by the |

= statement. This allows you to specify your own units for plotting.

Syntax:

- Xmin, Xmax, Ymin, Y max

This statement automatically sets the current units to the User Defined Units (UDU’s) mode.

The first two parameters specify the values represented by the left and right boundary of the

area specified by the k- statement. The last two parameters specify the values rep-

resented by the lower and upper boundary in a similar manner.

For example, the first two parameters of the = - statement could specify the left edge of the
plotting area as —20 and the right edge as 30. This has the effect of dividing the horizontal
plotting distance into 50 units (30 — ( —20) =50). The last two parameters could specify
different values and therefore a different scale for the vertical direction. These units can be
used to represent distance, volume, time or whatever units your specific problem requires. The
scaling factors for the X and Y directions are completely independent of each other. Thus, plots

are stretched or shrunk independently in the X and Y direction to fit the plotting area (anisot-

ropic scaling). Note that this is not the case with the statement.

For example, if you wanted to plot the average annual rainfall at a weather station for a 10 year

period, the -~ statement might look like this:

where the left edge represents the year 1966 and the right edge represents 1976. Rainfall
would be plotted in the Y direction in units of depth (e.g. inches). This allows the data to be
plotted in years and inches (e.g. 1976, 7) directly on the plotter.
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Examples
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SHOW Statement

The rectangle where one unit of X equals

one unit of Y.

Syntax:

Xmin, X max, Ymin, Y max

The first two parameters specify the acceptable bounds for the X direction and the last two

parameters specify the acceptable bounds for the Y direction.

The

directions so that the specified area fits into the plotting area defined by default or by the

i statement defines an area that is stretched or shrunk proportionately in the X and Y

statement. The aspect ratio of the units is forced to be equal to one (1) by the &
statement. That is, one unit of measure in the X direction is equal to one unit of measure in the

Y direction (isotropic scaling).

The

measure, as in the previous example for the

i statement would not normally be used when you want to plot in two different units of

- statement where inches of rainfall and

years were used as units of measure. But # should be used when you want to plot

something like a map where one mile along the X axis should equal one mile along the Y axis.
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MSCALE Statement

The ¥ F statement sets millimetres as user units and defines the origin. This mode is very

useful where correspondence with physically measurable objects is desirable, as in drafting and

mapping applications. On the CRT and the thermal printer, metric units are only approximate
(i.e. .033 cm per dot).

Syntax:

X offset, Y offset

statement has been

i specifies the current user units as millimetres. Once the ¥*

executed, the soft clip area is defined as follows:

Plotting 9E98
Universe

Offset 9E13
Area

-9£99 |-9r13  F<RT g9r13| 9E99

d

8,9

—-9E13

—-9E39

with the CRT displaying only the area shown. The offset position allows you to position the
“window”” of the CRT anywhere within the range of from -9 E 13to 9 E 13.
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FLOTTER 1%
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FRAME
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More About Plotting Units

The System 45B gives you the choice of using either the graphic display units (GDUs) or the
user defined units (UDUs).

The GDUs are always dimensioned with the shorter side of the hard clip area (either horizontal
or vertical) equal to 100. The longer side then becomes equal to 100 times the ratio of the

longer side divided by the shorter side.

GDUs allow plotter space access on a percent of full scale basis. Some people prefer to do their
plotting in UDUs and then switch back to GDUs to position the pen for labeling their plots.

User defined units are defined by the most recently executed

statement.

The following statements interpret their parameters according to the current units mode

selected:
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SETGU and SETUU Statements

Several graphic statements (as indicated) interpret their parameters using the units currently

selected. These two statements provide the means to change the units mode.

Syntax:

defined units. UDUs are also set by the ¥ .
UDUs are defined to be equivalent to GDUs until a &
executed.

GDUs are primarily intended to position the pen on the plotting device (i.e., the plotting area as

specified by the L. 1# T statement).

UDUs are defined by the most recently executed =

i statement.

Example

D

<
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1
1
e
&
E
i
1
1
1
1
1
1
1

FEM  #%% Thiz is the continaing sxampls (CONTIE
B Set g i

28 DATH &,4,6,° Tata For esanple plob

. PLOTTER IS I Specifies the CRT as the plotter
£ GRAFHICS b Erables the CRT

b Defin the HARD CLIF area

LIMIT &, 134,
5 LOCATE 38,1
6 CLIF 30, 129, 3
G ECALE @, 144,

E et in the area o be scaled
P Tefires the SOFT CLIP ares
SCALE= the LOCATE area to 14421208

s,

XY

B Start plot: P
BB FRAME ! =z the BOFT CLIF ares
B LIME TWFE 4 ! Specifies dashed LIHE TYFE
28 FOR Loop irdex=1 TO S I Begins Toop to PLOT 5 points
46 READ ot _point, 7 plot_point P dbtains data coordinates
58 PLOT ¥ _plot_point,Y plot point ! 2 jata cord inates
EE MEXT Lnnp Trides ! Yoo
TH Erbarcemnsntzs !
28 LIMNE TYPE & ! cifies dashed LIME TYFE

8 LUHCLIF ! SOFT CLIF area to HARD CLIP area

B LIME TsFE 1 P Specifies solid LIHE TYPE

B Label a . !

& TATH I, T,F,M,H,H,J,J,H,S,D,H,D P hsta foro ¥ awis labels

8 FOR & label=8 TO 144 STEP 12 P Indtializes loop

&  RERD Label# P EEAD: data

B HERT ¥ Tabel P Repeats Toop

B FOR % _label=8 TO 115 STEP 16 Plmivigtizes loop

3 HEET % label b Repeats Toop

Label tewmyl |
LEG P Changs to degress mode
SETGL ! Charge back to Graphic Display Units
4 Copiest |
490 DUMP GRAPHICES P Hard cope of CRT displaw
SEE EHD
RATIO Function
The {ifunction returns a value equal to the ratio of the physical dimension of the hard clip

limits; that is, the X dimension divided by the Y dimension.

Syntax:

The function can be used to find the maximum length of the longer side of the hard clip area. If

the X axis is the longer axis, the ratio is >1; if the X axis is the shorter axis, the ratio is <1.

The following program always moves the pen to the opposite corner of point 0, 0 (in GDU’s)

regardless of the size or shape of the plotting area.
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Summary

The following graphics programming statements were covered in this chapter —

In this chapter you learned what current units are, how to position your plots on your graphics
device, and how to scale those plots on your graphics device so the data which is plotted can be

easily interpolated.

The next chapter covers some plotting enhancements, such as relative and absolute plotting,
changing the direction of your plots, and laying out your plots by marking your X and Y axes or

by plotting on a grid.
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Overview

There are other statements which enable the plotting of data. You can use the - statement

to move the pen; you can draw a line with the i statement.

Your plotting can be done in either of two ways, absolute or relative.

I statement

Absolute plotting uses a specific X-Y coordinate that is being plotted to. The

does this, as does the statement.

Relative plotting bases its plot on an origin point. The origin can be the same place for

successive " statements, or it can be the point which was plotted to last as in the 1

statement. In effect, the T statement references all of its lines to a local origin. The i

statement’s origin changes from plotted point to plotted point.

and & statements. The

Interpolation of plots can be made easier by the use of the

. statement allows you to draw an axis, with tick marks, along either or both the X-Y axes.
The

i statement can be used to section the plotting area into a grid coordinate system.

Enhancing the Plotting Area

There are many ways to enhance your graphics plot. One of the most common enhancements

is the use of axes to help your interpolation of the plot.
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AXES Statement

The statement draws a pair of axes, with optional, equally spaced, tick marks.

Syntax:

: [Xtick spacing, Y tick spacing[. X intersection, Y intersection[, X major

count, Y major count[, major-ticksize ]1]]]

The X and Y tick-spacing parameter values are interpreted in current units. The sign of each

parameter is ignored.

The ¢

assuming that these values are within the current user units clipping limits. The axes extend

statement generates an X axis at the Y intersection and a Y axis at the X intersection,

across the soft clipping area. The default value for X and Y intersection is 0,0.

The X and Y major counts are unitless integer values which specify the number of minor tick
intervals between major tick marks. The tick marks are positioned along each axis such that a
major tick mark falls on the origin (whether visible or not). Tick marks may or may not coincide
with the edge of the clipping boundary. The sign of each major count parameter is ignored and

the default value for each is one (i.e. all major ticks).

The major-tick size specifies the length of the major tick marks (end to end) and like the minor
tick marks, they are symmetric about the axes. The minor ticks are one half the length of the
major ticks. The default size of the major tick marks is 2 GDU’s. Both the major and minor tick

marks are clipped at the soft clip limits.

Axes and tick marks are drawn using the current line type and pen number .
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Example
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GRID Statement

't statement can be used as an alternative to the

The % statement when a full grid is

desired.

Syntax:

[X tick spacing, Y tick spacing[. X intersection, Y intersection[, X major

count, Y major count [, major-tick size] ] ] ]

statement. The ©:& I I statement draws the major

The parameters are the same as for the ¥
tick marks as lines extending across the soft clip area, located at the major count intervals. The
minor tick mark intersections are drawn as cross ticks. The way to specify the minor tick size is
to set the major tick mark size equal to twice whatever you want the minor tick mark size to be.

Specifying a major tick mark size of O results in a dot at the minor tick mark intersection.

Also, like the ¥

type and pen number.

statement, the grid lines and tick marks are drawn using the current line

Example
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MOVE Statement

The M%E statement lifts the pen and then moves to the absolute X, Y coordinate in current
units. This statement provides an easy way of moving the pen without drawing a line and
without regard to whether the pen is currently up or down. The pen’s physical movement is

restricted only by the hard clip limits.

Syntax:

X parameter, Y parameter

The X and Y parameters are interpreted according to the current units.

% is equivalent to

Example

A

\ N,
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DRAW Statement

The i statement drops the pen and then moves it to the absolute X, Y coordinate leaving a

line behind it. This is done in current units using the current pen number and line type. This

statement provides an easy way of drawing a line from the current pen’s location to a new

location without regard as to whether the pen is currently up or down.

Syntax:

X parameter, Y parameter

The X and Y parameters are interpreted according to the current units.

Y is equivalent to ¥

The line that is drawn is clipped as described for the " statement. When drawing in GDUs
only the hard clip limits are used. That is, drawn lines extend no further than the hard clip limit
in any direction. When drawing in UDUs the lines extend no further than the soft clip bound-

aries in any direction.

Example
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RPLOT Statement

The FFLIIT statement provides capability for relative plotting with pen control. The origin is
assumed to be the last absolute plotted point. The line is drawn using the current pen number
and line type.
Syntax:

RFLOT X parameter, Y parameter [ , pen control]

The RFLIT statement interprets the X and Y parameters according to current units relative to a

local origin. The local origin is the last absolute plotted point resulting from one of the following

statements.
FLOT TERL MOVE
FREAME 2 e EREID
LHAEBEL IFLOT

The local coordinate system can be rotated about its origin relative to the master coordinate
system by means of the FIiIF (plot direction) statement. That is, a figure can be drawn or
repeated with the FFLT statement at another angle by specifying the angle with the FIIIE
statement.

Pen control for the FFL.[IT statement is the same as the pen control for FLLT and IFLT. The
optional pen control parameter specifies the up or down pen movement and defaults to plus

one (the pen moves and then drops). The pen control parameter is interpreted as follows.

Odd = Drop pen (pen down or start line generation)
Even = Lift pen (pen up or stop line generation)
Positive = Pen change after motion

Negative = Pen change before motion

The pen control parameter remains in effect until it is changed by a default condition, or by

another pen control parameter, FEMLIF or MIVE.

When plotting in GDUs, only the hard clip limits are used. Drawn lines extend no further than
the hard clip limit in any direction. When plotting in UDUs, the line extends no further than the
soft clip boundaries in any direction.
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Example

SHARY

FEM  #% Thiz iz the FFLOT swample (RPLOT
FLOTTER IS 13, "GRAPHICSY P Bpecifies the CRT as the plotter
GRAPHICES P Erables the CRT
DEG P Sets the dedress mods
1
!

e SHUW ares

ZHOW @, 18,-1,1 I
Draws a FRAME arourd the S0FT CLIP area

FRAME
Fig charts:!
FOR Circle=2 TO & STEP =
MOVE Circle,
FOR Arc=1 TO 26
FOIR Ao
RERLOT 1,8
HEST Hrc
Ffar':dcmw__l irness !
FOR Section=1 TO RHD#S+Z
MOVE Cirele, 8
FOIE RHD®I&C
FPLOT 1,8,-1
HEXT Section
MEST Circle
EHI

P Selects one of thres circles

PRAVE to point to draw the circle

P Specify point on circle to draw arc
_—

]

]

o ] O O e G P e s
IO I v B e B B R B WY

oy
ot

)

Specify Plot DIEect ion for “RPLOTY
Draws arc

P Repeats the loop

[ ]
L3 bk b b ek ek bt bk fed ped
AR R

L
Val

Specifu a random number of sections
MOVE to the center of the circle
Specify a random Tine direction

lire section

Fepeats the Taop

Fepeats the loop foroths pext circle

Do S el ws I

DORRY I X R B3 YRR : S U PN I LR B SO v B
5

e
A
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IPLOT Statement

The I i'T statement provides capability for incremental plotting with pen control. The origin

is assumed to be the last plotted point. That is, the origin is always the pen’s position before this

statement is executed.

Syntax:

X increment, Y increment[ , pen control]

The

to a local origin. The local origin is that of the pen position before the

" statement interprets the X and Y parameters according to the current units relative

T statement is

executed (i.e. the current pen position).

The local coordinate system can be rotated about its origin relative to the master coordinate

system by means of the FIi1# (plot direction) statement. That is, a figure can be drawn or

repeated at another angle by specifying the angle with the statement.

The pen control for I " is the same as the pen control for i . The optional
pen control parameter specifies up or down pen movement, and defaults to plus one (the pen

moves and then drops). The pen control parameter is interpreted as follows.

0Odd = Drop pen (pen down or start line generation)
Even = Lift pen (pen up or stop line generation)
Positive = Pen change after motion

Negative = Pen change before motion

The pen control parameter remains in effect until it is changed by a default condition, or
i . When plotting in GDUs only the hard clip

limits are used. That is, drawn lines extend no further than the hard clip limit in any direction.

another pen control parameter, F

When plotting in UDUs the line extends no further than the soft clip boundaries in any direc-

tion.
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Example

~
%

1 FEM  #% This iz the IPLOT emample (IPLOTX
1G FLOTTER IS 13, "GRAFPHICS" | Specifies the CRT as the plotter
28 GRAPHII U Erables the CRT
e MOVE £2.5,58 PHMOVES too the center of the CET
4 FOR Loop=1 TO 25 P SGtarts Toogp

® 5 TPLOT RMD#s, RHD=S5, ~1 FIPLOT at a randon coordipate
£ HEST Loop I Bepeats the 1oop

EHD
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RPLOT vs IPLOT

1T (incremental plotting). In relative plotting,

1T (relative plotting) is different from
the lines are plotted with respect to a fixed point of origin. With incremental plotting, the lines

N

4

\_

>/

1 REM  ## Thiz iz the cortrast betwsen BPLOT and IPLOT R W5 10
) REM  #% The first line plotted iz Relatively PLOTted
i REM  #% The zecond Tine plotted iz Ircremental v FLOTved
149 FLOTTER IS5 “"GRAFHICE® P Specifies CRT as plotter
et GRAFHICS I Erables the CRT
75! DEG I Setz LEGREES MOLDE
44 SCALE @,28,8,2 VSCALEs the SOFT CLIP area to 28 = 20
S DATH 8,1,2,7,4 ot I Data for plob:s
F MOVE 2,82 ! Pozitions the PEH
FE FoR Loop=1l TO 4 P Imitiates the loop
=15 FEAD Flot datal,Plot dataz ! Feads the data
® i FRFLOT Flot datal,Flot datal P RPLOTE the data
188 HEST Loog . | Fepeats the Toop
118 RESTORE 4 b Re-enables the IATH statement
126 WAIT 1068 P HAITE 20 wou caly - see the first line
138 MOVE 2,4 ! Pozitions the FEH
148 LIME TYPE 4 I Specifies a dashed LIME TYPE
1568 FOR Loop=1 TO 4 Volmdtiates the loop
g8 READ Plot datal,Flot dataZ ! Reads the data
®17g  IFLOT Plof_datal,Flod datal PIPLOT: the data
158 HEAT Loop ! Repeats the loop
%6 EHD
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Rotating the Plot

A plot of a figure that has been drawn by the FFLIT or IFL{IT statements can be turned or
rotated. This feature can be used to give apparent motion to a figure, or to provide a different
point of view to a plot.

FLIE is the statement that provides the angle of rotation for rotating the plot. #1i1# is also

helpful in positioning incrementally defined figures.

PDIR Statement

The FLIF statement sets the angle of rotation for relative (RFLOT) and incremental (1

plotting.

Syntax:

FIIE angle or FIIIF run, rise
The angle of axes rotation can be specified in either of two ways:

e As the counter-clockwise angle, in the current angular units set by the DG i, and the

zFHTi statements, between the new X-axis and the horizontal axis.

e The rotation parameter can also be specified as the run and rise units (in current units) of a
vector drawn in the desired direction. The run parameter is the distance out along the X
axis, while the rise parameter is the final height which the line must rise along the Y axis.

Rise
Direction

Angle equals

36.8698976457 Degrees

Angle

Run Direction or

Run = 4 Rise = 3

On the CRT you can make a figure appear to move or rotate by erasing the old figure and

redrawing it after executing a FIIIF: statement with a new angle. To erase the old figure on the

81
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Example

REM %% Thi
EThiz pror

Pa zet of fixed points
}

fun

o shows

T (T
[ SN

e B B R R U
Eace B ]

BT

o
o

,«
2

CRIZE 1a

LORG 5

FOR Mipdte=1 TO
MOWVE 8,8

FOIE Bl -Minute Rl
IFLOT 8,4.5,~2

IPLOT B,.1,-1

Fx
oy
bt}

[

O L I e el e e S L e N A S A X

AN

b

G Ty
£ O

]
3]

s IFLOT &,
5in TRLOT U,ux,“Q

HEST Mirate

EXIT GRAFHICE
IHPUT "Ernter the hours
Hosgr=IHT dHowe > MOT 12

iz the FOIR example
o the FOIR

rIHTTEF I% 13, "GRAPHICS®

IF Mirute HDD 5 OTHEM GOTO 228

LHBEL UEIHS "E'iMirnutesD

Uy Hoigr

IMFUT "Erter the mirgtes", Minute
Mirsdte=IHT M irate » MOD &8

CFDIR

atenstt can Do used Lo rolate

. irn this case, the hands of a clock.

{5ls] PoIans the Vace of a olock

# Erter the current Limneg

i
i
i
i
]

i
|
| Sets ¥ =
i
i

Specifi = the plotter

% Character SIZE 1o 18 GDU s
i A ek
LHESRT 1o spec Mirute mark
MOYE = to the certer of the olock
Flot DIRE tory for Mirate

IFLOT o rim of the clock

IPLOT the Mimdte mark
¥ mot oo 5 Mirute mark, skip to HERT
IPLOT % Mirute mark with Tonger length
Mouss to center of rambse
LABEL with & ﬂumbkr

Fepeat the Toop for the MEST

Mirpat e

P ESIT GRAPHICE for data 1mgout

Erter the Hour

FAdjust Howe o 12 Howe clock

Ertar the Minutes

Ad izt the Mirdte o a o8 Minute Hour
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FH it g= pt e SR s Hour D Combineg Mivwtes and Howrs
GRAFHICS P REeturns o the GRAPHICS wmode
i

Pogsgexs Draw, sraze and rotate vzirg FOIR ard IPLOT ziatemerts

4 Lo !

s GFER -1
upltn B SN s |
=L Seoorns

iocdran TRERC L

bl

FEH 1
GOSLE

Se ored s
ecord THEW FEM -1

o

.,.
Bl
=
e

-
[ix]

= Howr Farnd
nd = 8, increwent Minuate
i Draw (PEH 13
o Minute hand
e b

b

o

IR
T

KX

XX

Ex I

QSR Howr hand
WAIT sva
GOTO Loog
EHI
s Foutives for the Second, Mirute and Hour hasds
i
i

s
o

bl

33
5]

i
i
|
i
i
i
i
i
i
i
i
I
{
i
i

AR Ut B PR i O

L5 U )

Secornd hardy !
FOIRE - it
MOVE ©, 5
IPLOT @,4.4, -2
IFLOT ~. 32, -.¢
IPLOT 4,8
IPLOT - 2,04
RETURH
i
i

LB T Y B N 0 B

(i

e
ol

oy ‘:I! de iy

—
KT R R I

XA

A I BRI B B RN B () OO Y e il

A Minute hands |
FOIR ~Hinute*s
MOVE &, 8
IFLOT
IFLOT .
IFLOT .
IPLOT =~
RETURH
i
!

Howir hards !
PIIE 5 rit g
MOVE G,8
IFLOT -.4,2,-1
IFLOT 4,1
IFLOT .4, -1
B IPLOT -3, -2

g8 RETURMH

PRl B B B N T B
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Summary

The statements covered in this chapter include —

o [AONE

In this chapter you learned how to move the pen, draw a line to a specific coordinate, how to
plot respective to an origin, how to plot an incremental figure, how to plot at an angular

tangent, and how to mark axes and grids onto your plotting area.

The next chapter covers labeling and lettering of your graphic’s plot.
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86 Labeling Statements

Overview

System 45B graphics allows you to label or letter your plots or graphics outputs. Labeling can

be done with the L.F

i statement, while labeling using a format can be done with the

i LISTHO statement. You can also “‘type’” directly onto the plot with the L.k

ment.

If you wish to change the size, aspect ratio or slant of the characters which are being labeled,

you can use the %1 ZE statement.

Positioning of the labeling string can be changed by the L.IiIF statement, so you can label at

any angle.

Justification (alignment) of text can be accomplished by using the L.{#{: statement. In case you

are not familiar with justification of text, the following example is provided for you.

This text is And this text is While this text is
left-justified. centered. right-justified.

The default labeling conditions are characters with a size of .3 cm, and an aspect ratio of 9/15.
The characters are slanted at 0 from the vertical and the text is labeled from left to right on a
straight line (this is similar to the text in this book). All of the labels are left justified (a label

origin value of one).
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LABEL and LABEL USING Statements

The L. i . i1
statements, except that the output is directed to the current plotter as a label. The available

labeling area is defined by the current hard clip area.

Syntax:

list

or

image specifier ; list

and ! follow the same rules as ¥ i and F = with one

exception. The exception is that an ASCII Ex (CHR$(3) ) terminates the labeled output at that
point in the list.

For example, the program

A

1 REM  #% Thiz iz the little example (LITTLED

i@ FLOTTER 12 “GRAFHICS® I Specifies the LRT @z the plotter
26 CRAFPHICE P Erables the CRT

s HMOVE 8,56 P Pogitions the PEH

46 LABEL. “"THIZ IS A"&CHREC P LABEL = text

EMD

results in just

being labeled.

The position and rotation of a label is controlled by the pen positions and the
origin) and L

: (label
(label direction) statements. The size and aspect ratio as well as the slant of
the characters are controlled by the

(character size) statement.

Remember, labeling can be done anywhere within the hard clip limits. The soft clip limits do not
affect the labels.

Note
The | ‘s statement requires the use of image

specifiers with variables and text. Failure to use either

numeric image specifiers with numeric variables or string
image specifiers with string variables results in errors 100

and 101 being generated under program execution.

87
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Example

s 11k L
Scripg Rgve!les
]

AN

GQuotaf

L S

® -~ N W s BB N DB

X X X X X R R X R X
[

Faux-Pes Productions

%

\
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FEM  #%% Thiz iz the contirwing ewample (COMTZE
et L f
DATA 2,4,5,9,28,48,¢

DUl g

Data for example ploy

Zpecifies the CRT az the plovier
Erables the CRT

the HARD CLIF ares

= the area to be zc :tlt-‘d

=2 the SOFT CLIF ars

SCALEs the LOCATE ares tu 144x128

FLOTTER IJ 1J,”bPHFHIF'”
GRAFHICE
LIMIT H.iE
LOCAT
PLIF

OO T O
SOV S O I Y

e A R O LA
L4t m
23
X

Exa i)

30 Start_plos
9E FRAME

AHES 12,18,8,0,3,5,8 ourits

tergth & L:D”

"-_ dazhed LIME TaFE
E‘r:»:”ﬂ:_ Toop to PLOT 5 pn?m'*
Obtains data coordinate
FLOTz data coor sjiﬁiit»E'E«
Fepsats Toop

LIME TYFE 4
FOR Loop index=1 TO S
F‘EHD " F[IIT FIHH‘]T.| l:}”‘r F";'”'f
PLOT F]lx‘l l“l”‘f,; F],T_F"q“f
HE T Luurl ‘H';ljc«
Erharcemsnts:
LIME TYPE &
MOVE @, 54
DRAK 125,54
HHCLIF
LIME TWPE 1
LAREL ¢ Glaota

ERa I R

Specifies dashed LINE TYPE
itions PEM at H=8, Y=cd
= '[iflt: e M= Ty Y
JHFT CLIF ares. to HEED CLIP are
Pid L IHE TVFE

EZ
b }
.
el
5

=
g

N I s B R R e

bl

Label awesl !
DATA L, J,F HaR M, T, I, A, 5, 0,H, T P Imta for & oanis lsbels
FiR = 1abe a TO 144 STEP 1_

L Initializes loop
MOWE ¥ 1
RERD LateT
LHPEL Labe

HEST ¥ label
FUOR 71b =G T0 115 STEF 16
MOWE =25, Y _label
LABEL "#":% Jabels18; K"
HE=T % labet
Labei_Tk S
DEG b Charoge o degrees mode
SETGU P Change back to Graphic Tisplag Univs
POVE 5,98 . P Positiohs PEH sy Heh, =90
LHEEL ”:Lrwpf Fowemlties™ ' LABELs tent
MOVE 15,16 I Fositions PEH at x=15,
LABEL USIHG "KY§"Faux~Pas Froduct ions® P LABEL s test

i ,_(F_;'; el i
DUMF GRAFHICE P Hard copw of CET dizplaw
EMD

1
1
P Fozitions PEM &t B=klabel,vs-8
I EEADIz data

¥ U LABEL: text
I Ef&'l::u‘-:.at. = ];:n::;:;
|
!
i
i

Plinitializes loop

P Positions PEM at H=-25, %= label
PLAEBEL:s tew
P Repeats loop

%

T
[ B

4
4
4

-
L
B3

P

17
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LETTER Statement

statement allows you to draw all keyboard alphanumerics and symbols by typing

them in on the keyboard. The size, slant and direction of the characters are controlled the same

- and L.III¥ statements).

Syntax:

Executing the L. & statement directly from the keyboard or under program control au-

tomatically places the System 45B into the { mode.

The normal lower-left corner of the character is placed at the cursor position. You can preset

the position of the cursor with the i ‘ statement before executing the 1.

ment.

On the CRT, the cursor for the i

position is the center of the flashing line. This is where the pen draws the character.

% statement is a small flashing line. The actual cursor

To move the CRT cursor, press the shifted or unshifted arrow keys =3 =3 3 53 as

needed. The shifted keys move the cursor one dot row each time the key is pressed; the

unshifted keys move the cursor one character cell (refer to the [ E statement) each time the
key is pressed. Pressing moves the cursor to the lower-left corner of the CRT hard clip

limits. Remember, pressing the key firmly repeats the key action.

The ..

CRT. You should wait for the character to be drawn completely before pressing the next

‘ statement is much slower than typing, because the characters are drawn on the

character key.
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Erasing Characters

* erases everything which you have on the CRT in the graphics mode. Erasing a single

letter consists of exiting the graphics mode, changing the pen to a negative number, re-

executing the . * statement, positioning the cursor under the character which you want to

erase, typing the same character, exiting the graphics mode, changing the pen to a positive

number, re-executing the .. " statement, positioning the cursor and pressing the proper

key for the character.

R C
To exit the i. ' mode, press either any special function key (such as &) or
)
The L. i statement leaves both the pen position and the cursor position at the same point

whenever you exit graphics.

The Graphicswriter
The |

ter. This use can be enhanced by using the following available keys.

" statement allows the System 45B to use its graphics labeling similar to a typewri-

(! moves the cursor up one line each time it is pressed.

EJ

moves the cursor down one line each time it is pressed.

=3 moves the cursor left one character space each time it is
pressed.

) moves the cursor right one character space each time it is
pressed.

Pressing the with any of the “‘arrow” keys moves the cursor one resolution unit in that
direction. (On the CRT, this is approximately .033 mm. On the 9872A, this is equal to
.025mm.)

These directional movements are valid even when the label line is at an angle dueto a L.I1 IR

statement.
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Pressing and one of the typing keys generates an ASCII control character: The following

control key combinations may be useful to you as typing aids.

@ Carriage Return. The cursor moves to the beginning of the
line or to the point last moved to with an arrow key.

Linefeed. The cursor moves down one line.

@ Vertical Tab. The cursor moves up one line.
@ Backspace. The cursor moves backwards one character
space.

[ .

The LETTER statement always uses L.{i%7 1. The cursor is always positioned at the lower-left

corner of the character cell.

Example

5 —

$ 11 K
Scrip}&y&l“.l
[
$ 9 P
$ 8K | y
s72k | 4
$6K [ Yz
$ 5K |- —_
s 4K | /
$3K | /
s2Kk | /
$ 1K ,./
/
$ 8 K J 1 1 1 A 1 1 i

Faux—Pas Productions

LETTER starts here but can bs moved with the cursor controls!

\ N
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FEM %2 Thiz iz the cont ining example (COMTES )
St up. l
IATA _.4,-

)
XY

b

oy
fea]

Tata for swample plot

b

perifiss the CRT ag the plotter
LRT

I Defines the HARD CLIF &p
F the ares  too beim
Defines the SOFT CLIP ar
SCALEs the LOCATE area t

IJFHFHIF‘E
LIMIT @,12
LEHZFITE IZI.
CLIF 28,12 33
:LHLE H 144,4,
Start ;}nm
FRAME
HRES f2,18,8,8,3,5,8

o+
o
511

Fa I
it

"_l
plte
51
198

£

fe ] i m

144126

AR T R X}

DTS S S PO | B CURE P B (1 RV ey
XN D]

fax]

- SOFT CLIF area

g 12 M umifw'n“wru EY arits

)

—
2

i

i

I RHE!

PoMajoe TIO ]

! H-n]uf TICK ]»—ru:}fh P L,[iH =
LIME TvPE 4 ! cifies dazhed LIME TYFE

i

i

{

i

[ e T A B
5 Lt P oes o

FOR Lo su{:_l index=1 TO S ! ins Toop to PLOT S opoints
FEHD s plat Fns?rxf,l " plot_point Obtainz data coordinates
PLOT p?nf _point, ¥ plot _paing PLOT= data coordinates

HEST L4 Y e I Repeatz Toop

Evibanc emert = 2 !
LIME TYWFE &
MOWE &, 84

IRAM 125,84

b Specities dazhed LIMHE TYFE

1 g

]
LMNCLIF I g

1

1

! F’-:nait.inm F'EH at Ve
ST =e4
.LIP aren to HARED CLIF area
ies s2olid LIHE TYFE

LR B el i e el e o S S S TP PR N

o g0 oD 00 o T U B 60

e
R O IS ROV B oy By B v

LIME TYPE 1
LABEL " Huuf‘"
Label as !
LATA D, J,F,H,H,N,J,J,H,S,D,H,D !
FOR :=~=f__}=.l:uzvl=t3 TO 144 STEP 12 !
MIVE ¥ Tabel, & !
FEAD Labelf ! READ: data
LAREL Label# ' LABEL s test
HEST H_tabel I Regpeats Toop
1
i
i
1

r

Tata for ¥ axis labsls
Imitializes 1o
I Positions PEH at mEn labelyeed

FoR Y Tabel=8 TO 115 STEF 1 Irivializes loop
HWE-ﬁawlamw ! Posivions PEN &t H==25, ¥=¥ label
LABEL "#"3% Jabel- 18 K" LABEL: text
HEST % label P Repeats . loog
Labe] who o
DEG
SETGL
MOVE 5,98

sl

Chargs to degress mode
Chargs back to Graphic D
Fositions PEM at H=S, Y=
LHEEL "Ecr1p7 Rowaltiez" LABEL s text
HMOVE 15,16 Fositions PEM st H=15, Y=16
LABEL USTHG "K"i"Faux-Pas Froductioems® b LABELs text
LETTER P AT ows ol Lo anmotate vhe plot
Copies: i
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splay Univs

b
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CSIZE Statement

The i ' (character size) statement specifies the size and aspect ratio (character cell) and the

slant of the alphanumerics or symbols to be drawn for labels.

Syntax:

" height[, aspect ratio [, slant] ]

The height parameter is in GDU's and must be given. The default value is approximately 3.3
GDUs (15/4.54) which is set by the ¥

I T statement.

The aspect ratio parameter specifies the character cell aspect ratio, defined as the width/
height. The default value is 9/15. The width of a character cell is defined as the height times
the aspect ratio.

The character cells are adjacent, both horizontally and vertically, as shown here

Width /| Width |

Height

- N W s N ®©

Height
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This results in the spacing between adjacent characters being dependent upon each character’s

positioning in its cell and the i - statement which is currently in effect.

Of course, aline is equal to the height of a character cell, while a space between characters is

equal to the width of a character cell.

Examples

F\( W/ A

Eoya]ties
$ 3K | //
s8K | s
sz | 7
$6 K I // Quotal
$5K | -
saKk | /
s3k | /
sak |7
sik |7
sex U 00 1

Faux—-Pas Productions
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REM
s !

DRTA PRI .L.n,f-'l‘:‘
FLOTTER s
GRAFHIC
LIMIT H
LIOCHTE -

I'L,lF e

#E% Thiz - Cort e

Set

|;,|

2, "GRAPHICE"

b r“’s

y I.' '}u‘l' A | )
F HHE
FAAES

el TS
et
Vi Fit » ¥

i
T
=
~
_F
&
s

Pz int
o et

i:::]f"uf-
F:E((‘T

LA e G P
el {

FLOT ®
MEST Loop
E b e
LIME TYFE
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LHCLIF

LIME TYFE 1
LABEL " G
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-
4
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e e ke i s e
T T
5

ohah

MO '*v"
LABEL
HEXT
b oLakel
IEG

SETGU
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1” 1H

e S, 13
EL H IHLT "EM T Faus-Fas
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DUMP R HFHIE £
EHI
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oltid LIME TYFE
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‘«_!FT iLIF ArEa

= H ey 180Y wnits
F=ES 2 AT £y Y =E
Pajor TH & I 5
fajoe TICK 1 x—ru‘ﬂ b & LIl

CLIF area

ot oratio
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The character slant is an angular measurement, expressed in the current machine mode

(DEG, BHD or GEAD) in effect at the time the 25

statement is executed, which causes the

characters to be labeled at the specified angle.

This program demonstrates the effects that the various modes have on the same angular

setting.

AShF GRIKL
—13GRAD

ASLF GRIKL
—\1951BEG

ASLF GA7AL
— /AL

=y
(]

5] FEM ## Thiz iz the Angle examples (AHGLED
5 FLOTTER IS “"GRAPHICS® P Zpecifies the CRT as the plotter
£ GRAPHICS b Erables the CRT
5 Yposition=13 P Sets Yposition
15} DATH READ, DEG, GRAD U DATA for Mode¥
5] AL b Sets RADians mods
[} GOEUE Sample P Performs LABEL ing
& DEG I G3etz DEGrees mode
5] GOSUE Sampls I Pe rms LABEL ing

GRAD P oSets GRAD:s mods

I Fe

X
X

GOSUE Sample
EHD
Samplet!
CRIZE 18,.8,-15
MOVE 48, Yposition
READ Mode¥
LABEL "RSDFGHIEL"
LABEL “~15"iModed
Yposition=Yeos it ion+zs

RETURM

5]

[
ORI ol il el el o S i S T S W S O W0 3 JY S I (U S

=tz Angle to —15

itions the FEM

Eeeps track of current mode
Characters to be LABELed

Arngu ] ar thirng and current mode
Increments Yposition

O I 3¢ T

T
X

[

1

.,.
A

o
[x]

5}
1
i
5
&
7

,.
)
=
b

b
1
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Another interesting effect which can be obtained with the angle parameter is the re-drawing of

characters while incrementing their angle by a degree at a time. This is shown in the following

program.
N 2
(\( —
COUNT DRACULA
HEMATOLOGY SPECIALIST
By Appointment Only
S e
\( -
1 REM #% Thiz iz the charactsr angle gxample CDREACUL S
16 FLOTTER 15 13, "GRAPHICE® [t fiez the CRET as the plotter
bl GRAPHICES bEn 3 : PT
it TED ton T £
44 FOR Angle=1 TO 17 ! gt 1 degree increments
L Qi fE £, .8, Fngle ! ratio and angle
S MONVE 48,50 ! it ioms the PEH
it LEAREL “COUNT DRACLILAY !
S HEST Hrqlk ! [ R=tals
] EIZE 3 ! . Craractsr S1ZE, ratic and angle
=] MOVE 58, 35 ! i e FEH
188 LABEL "HEHHTHLHG, SPECIALIST® f
elid CEIZE Z t
1268 LEBEL "By Appointment -Onloe? ! 3
138 TP GRAFPHICS ! Thkfmii Primters ot put
148 END
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LDIR Statement

(label direction) statement specifies the angle at which the .

The L and the !
statements draw characters. The label direction is distinct from the character slant.

Syntax:

or

run, rise

The &

the required angle.

statement allows you to rotate a label about its origin (refer to | :) by specifying

The angle rotation can be specified in either of two ways:

® As the counter-clockwise angle, in the current angular units set by the !

i, and the

statements, between the new X axis and the horizontal axis.
e The rotation parameter can also be specified as the run and rise units (in current units) of a

vector drawn in the desired direction. The run parameter is the distance out along the X
axis, while the rise parameter is the final height which the line must rise along the Y axis.

Rise
Direction

Angle

Run Direction

Angle equals
36.8698376457 Degrees

or

Run = 4 Rise = 3

99
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Example

("

\_

“ @® m o ow

sat3 Aoy 3didog

® -~ N oW s D N @

X X X X X X X X X X

Faux—-Fas Productions
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The L.

LORG Statement

labels are placed relative to the current pen position.

Syntax:

The origin position can have a value between one and nine. If

origin position is one.

< and 3

Example

origin position

causes left justified labels. |

7, and * causes right justified labels.

1,5 and &

(label origin) statement sets the label position which determines where subsequent

s not executed, the default

causes centered labels.

\(

(\ 7\
N /
03] $ 18 K |-
0
5 $ 8K P
_5' s 8K e
[ad $ 72K -
n $e6kK [ s
o] —_
$ S K — —
<
il s 4 K /
: $ 3 K r /
- $ 2K /
g $ 1K -/
%
- RS U SR S
D J F M A M J J
Faux—-FPas Productions
A J
Y,
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FEM  #x% This

e SR o G2
i Lad BRI

T
D

T
Cab T
=
kX

b

el

LG ke (0

#
.

§ bk b et et

LIHE
R
FEAD
PLOT
i
Erdans em
LIME TYPE
MOVE 8, 84
DA i
VML TR
LIHE

THFE

e

.
T

SETEL |
MOE 5, 90

Rl el wl
T

v
o

o1 B

iR
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The following example demonstrates the various ways that you can position a label by using the

positions are calculated based upon an upper-case character.

If you would like a hard copy printout and your System 45B has the built-in thermal printer
option, change line 110 to I

Testino
)

l

k//

f\( —— = - —
Te ing
festing
LORG 4
LORG] 3
L ' g )
(o — ) f\ N/\
- Festrryg \ Testing
| LorG s LORG &
- - & S




7~ )
Testing
LORG /
v B,
ﬂ\ » /ﬁ
lesting |
LORG S
e Y

FEM # This

LOTTER IS

"GRAPHICS"

~18, 18

Lnrq “uxue=l T =

) MOVE @,8

=t LAREL "Ta Ting"

s POVE .~ , 5

186  LAEEL "tn9| trlorg valu
118 WRIT 1

178 GULEAR

138 HEHT Lo walue

1483 EMD -

progran demornEtral

Labeling Statements

~ K
\C Y,

CLORGESD
gy frif‘?’h—&"

TLFILE" e
Ih1f1u11”

T - a”‘r{r' i O

MOVE= H:H i H::EJ ’h‘h«’“’“r:‘! b B

LABEL: 1 it LORG curre

MOVE: ot def o gquadeant

L HBE‘L LOBRG which s durvent by oo gffedt
ZE:FIF'HICEI for 1.9 :

LR I

v e ef fect
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, the relationship stays fixed

If the label is rotated by the label direction statement (see

relative to the label, not the plotting area. This is shown in the following example.

Example

<
%

R

ot

= LDIR
HERAPHII

(SR 20 LRI =
PN

£
[ N

T4
B R e R )

ik
]

v o
oT1 §n
PIOT R

1
i

RN
fx]

S R U T I

FMEOVE o point, LA

Ty
P
A
UK

f PSR vR : Hydn

MOVE o point, and

MOVE
LDIR
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Summary

The following statements were explained in this chapter

In this chapter you learned how to label a plot, change the size, aspect ratio, and slant of each
character, change the angle at which a line is labeled, and how to center and align (justify)
labels.

The following chapter covers the statements associated with digitizing and cursor control.
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110 Digitizing and Cursor Control

Pen vs Cursor Concept

All plotting operations are done with a pen. Conversely, all digitizing operations are done with a
cursor. On a lot of plotting/ digitizing devices (such as the 9872A Plotter), the pen and the
cursor can be the same physical component on the device. However, the System 45B considers
the pen and the cursor as two logically separate devices. Consequently your System 45B is able
to keep track of one set of coordinates for the location of the pen, and another set of coordi-
nates for the cursor’s location. Moving the pen does not affect the position that the cursor

occupies.

The i

coordinate. The ¥

* statement is used to position a cursor on your graphic display at a specific X,Y

: statement is also used to select which type of two available cursors

(large cross-hair, or small blinking cross-hair) is currently being used.

The

cursor from the specified plotting device, as well as whether the pen is raised or lowered on the

i statement allows your System 45B to obtain the present X,Y coordinate of the

plotting surface.

The ! " statement pauses the program execution until you have positioned the cursor
C
]

over a specific point on the plot and pressed to enter the X,Y coordinate data. The pen

T

up/ down information is also obtained by the i statement.

The

and the up/ down information refers to the pen which is currently in use.

statement is similar to the statement, except that the X,Y coordinate data

Remember, the pen position is the location at which plotting and labeling operations are done;

the cursor position is the location at which digitizing operations are done.

Only six statements allow the cursor to be used. The six statements are —

. " (without parameters) oF
ol - (without parameters) o i
e :L IF (without parameters)

Of the four statements explained in this chapter, three of them (- and

’

) refer to the cursor position. Only the i statement refers to the pen position.
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POINTER Statement

i statement moves the cursor to a specified absolute position. This is similar to a

Iz statement for the plotter’s pen.

Syntax:

: X parameter, Y parameter[, cursor type]

The X and Y parameters are specified in current units. If the I is positioned outside the

hard clip limit, the cursor is turned off.
The cursor type parameter specifies one of two types of cursors available on the CRT.

e An odd number produces a full screen crossed-line cursor.

e An even number produces a small blinking cross cursor.

Once a cursor type is selected, it is the type used by all other statements that use the cursor (e.g.

and I without parameters) until changed again. The default cursor type for
the CRT is the full screen crossed-lines. For external plotting devices, the cursor type parameter

is ignored.

111
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Example

K R
AN 7
w $ 18 K
0
S $ 3 K +
= $ 8K v
o
ot $ 7K 7
il $ 6K J
0 -
$ 5K —
<
[+ $ 4 K /
o+ $ 3K
a' s 2K
@ $ 1K
$ 8 K 1 l 1 1 l i
F M A M J J
Faux—Fas Productions
Ve \\)




REM %%
Det gl
DATH 2,4
FLOTTER
GRAFHICE
LIMIT &,184,0
LOCHTE

LIME TYF F 4
FOR Loop
EERAD
FLOT =
HERT Lo
Erdmne em
LIME
MOVE
Tl 1
UHCLIF
LIHE TYFE 1
H}";.L... y
Label a
IiHTH D
FOR ¥
Hﬂ‘n‘E

LORG
FOR % Takbe AN 5 ZTEFR

MOYE
LAEBEL
HE=T Y

Labe 5_1}
DEG
= E TG

LABEL
MOVE 1%, 18
LIIR &

err:'z;‘

& HFE* S THEG
1y (Fs'ﬁ ez !

PO HT’EH’

TLIMF
HT

14

Digitizing and Cursor Control
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CURSOR Statement

The i statement returns the cursor’s coordinates and the pen status information to the

specified variables, without pausing program execution.

Syntax:

¢ X variable, Y variable [, pen status string variable]
The returned X and Y values are the coordinate values of the cursor in current units.

The optional third variable must be a string variable or substring. If the pen status string
variable is present, it is assigned the character 0 or 1 depending on the pen’s up or down status.
If the pen is up, O is assigned to the string variable and if the pen is down, 1 is assigned to the

string variable.
Remember, the pen and the cursor are NOT the same thing. On some plotters, they are

physically the same (e.g. HP 9872A Plotter), but the logical location of the pen and the cursor
are kept track of separately by the computer.

Example

f 2\
AN *(

$ 11K |
$ 10K |-

s9k | _
sek | s
s?k |
s6Kk | _
$5K | —

$ 4 K F
$ 3K r
$ 2K r

sai13|ekoy 3diJaog

$ 1K F

sex 0 1oLy

Faux—Pas Productions
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REM  ##% Thiz iz the contirging
Set L !
THTA 2yt
PLOTTER IZ
GRAFHIC
LIMIT
LULHTE

EEN

U‘l

art jala

FHES

LIH TYPE 4 !
1705 !

11 H‘I‘ . XT: {:‘l i

e

HEST Lu:u:-r B
sk S
LIME TYFE &
MOVE &, 584 !
DRAW 125,64 !
LML IR i
LIME TYFE 1 !
LAEBEL
Label
DATH Tn, T, F, M, o F B, DML T !
FOR & label=0 144 STER 12 !
MOVE
PEHB

L E:} bo—-

LORG
FOR
MOVE

LABEL

e
o

o11S STEP

-“: : o i

Lal:nﬂ“_’r_.».
jilan
SETGH
M
CElE
LIIR
LAEEL
MOVE 15,18
i D,{E’ 5

8,5, 10

LA Lfo
L.s“';': i
Tt N“?F'

IHG "R "Faue-F

FRINMT
ERI
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DIGITIZE Statement

The I statement pauses the program and allows you to reposition the cursor and then

c
waits for you to press or a special function key. Once this is done, the coordinate

values of the cursor (in current units) are assigned to the first two variables specified in the

digitize statement. The third variable, if specified, is assigned the pen’s status information. The

cursor type which is used in the statement is the one which was specified last in a

statement.

Syntax:

= X variable ., Y variable[, pen status string variable]

This statement is similar to the computer’s I " statement except that a minimum of two
numeric variables are assigned values from the active plotter. The other difference is that if a

) is waiting for coordinates to be entered, you

cannot ! the program until either the !
program halted by pressing .

- statement has been completed or the

The optional third variable must be a string variable or a substring. [f the pen status string

variable is present, it is assigned the character O or 1, depending on the pen being up (0) or

down (1), just as in the ¢ statement.

On most plotting devices, the pen becomes the cursor for digitizing. On the CRT, the cursor is
separate from what would be considered the pen. The cursor on the CRT has the lower-left
corner of the CRT as its default position. If you wish the cursor to be positioned elsewhere,

execute a

statement for the desired location prior to executing the I

statement.

Digitizing from the CRT

There are two types of cursors available on the CRT: a small blinking cross and full-screen

crossed lines. The cursor type is selected from the last specified cursor selection in either the

i statement.

or its default value set by the

To move the CRT cursor press the =0, (=3, (30, or (33 keys as needed. The shift of the
keys moves the cursor one dot row each time the key is pressed, the unshift of these keys

moves the cursor one character cell. Press to move the cursor to the lower-left corner.
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To enter a digitized point from the CRT press § or or one of the special function keys. If
c

is pressed the computer takes the coordinate of the digitized point and then continues
program execution. If a special function key is pressed instead of the continue key, the compu-
ter takes the digitized point and performs the operation as defined by the special function key.
Refer to the System 45B Operating and Programming Manual for more information on the

operations and definitions of special function keys.

If the L.

waits for the two opposite corners to be entered while in a digitize mode. The cursor on the CRT

‘ statements are executed without parameters, the computer

can be moved and the point entered as described in the previous two paragraphs.

Digitizing with the 9872A

On most plotting devices, the pen is used for digitizing. On the 9872A, a special digitizing sight

is optional for digitizing operations. This sight can be loaded into one of the pen stalls and is

selected with a £ statement for use with the I statement.

When a i
cursor position. The key indicator lights and the program execution pauses. The pen

statement is executed, the plotter’s pen arm moves to the last specified

should then be positioned over the point to be digitized by using the pen arm control keys on
the plotter’s front panel. Press the key to send the coordinate values of the point to the

computer. The program execution automatically resumes after entering the coordinates.

Digitizing with an Incremental Plotter

Points are digitized on the Incremental Plotter in a similar manner to digitizing points on the
CRT. The incremental plotter’s cursor is moved by the four arrow keys ( (=3 (=3 (%3 (“J}on
the System 45B, just as you move the cursor on the CRT. When the cursor is in the proper

C
osition, press | § | to enter the point’s X,Y coordinate.
p R p
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Example

s
n $
0
- $ 9K - V2
- $ 8K s
o $ 7K+ 4
) $6K I /
¢} —_

$SK —
< /
] $ 4 K o
:: $ 3K /
- /
@ $ 2K o,
@ $ 1K

d !
$ 0K PR i N

Faux—-FPas Productions
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i EEM  #%% Thiz iz the cortinding ssample (COHTS
18 St ups !

; DRTR 2,4,6,9,
FLOTTER

GPHPHIP“
LIMIT &,
LOCATE 36
CLIF 24, 1
SCALE m.144 58
Lart ot s !
FFHHE

£ 0
T 5

-,
b

Det ire
Thet i
SCALE=S

e

" plot point
F—l ot gt

Er“;h:u“u::a ot s e |
LIME TYFE &
MOYE &, 84
DREAM 125,64
UHCL TR
LIME TYFE 1
LABEL " funta®
Label a
TATA D JoFL M A M, T, T, H, 5, 0,H, T
FiR: :i’-: :»d:ua}"’H i'!"l idd STER 12

HOVE ¥ label , -8
RERD Labeld
LHFEL Ldtr:’.

ot
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WHERE Statement

The i - statement returns the pen’s coordinate values of the last plotted or moved-to point.

These values are in current units. If the last point is outside the clip boundaries the returned

value does not reflect the current physical position of the pen but rather the logical position of
the pen (its last plotted or moved-to point).

Syntax:

X variable, Y variable[ , pen status string variable]

The returned X and Y values are the logical coordinates of the pen position in current units. If
the pen was sent outside of the soft clip area, its coordinates are returned even though it is

outside the soft clip area.

The optional third variable must be a string variable or a substring. If the pen status string

variable is present, it is assigned the character O or 1, depending on whether the pen is up or

down, similar to the {. ‘and - statements.

Press the space bar after running this example, because the X,Y coordinates are printed on the
CRT.

Example

fg - \TA

sa13|vAoy 3d1uog

ok U 0

Faux—-FPas Productions

(\\
\_
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FEM  ##% This is
Set upl !
ﬁﬁTHLEy
FLOTTER
GEAFHIC
LIMIT
LJ:”:HTE

[Pa—
't
'

-
2

2

Ll
PR B I

RA

(0]

DonpeEd
U Ermbl
boTief i

e
P}

payt-2
[ gt HHFD CLIFP ar
the ares =3

e FT CLIF ars
. the LOCATE ares

e
ol

R

-y LI de
RN

iy

PN O x ) !::‘

T
it

IHE TYPE 4
Fiok L i
FERT
FLOT
l-.

Erbare

TYPE

‘3 AR R uL A

T

PO O IR S S LY I
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122 Digitizing and Cursor Control

Summary

This chapter covered the following statements

Other information in this chapter covered the difference between the pen and the cursor, the

difference between plotting and digitizing, how to position and change the cursor type using the

statement, how to obtain the current cursor location by using the i ‘ statement,

how to enter an X,Y coordinate by using the & statement, and how to find the current

position of the pen by using the

The final chapter in this manual is concerned with some advanced graphic techniques such as
loading and storing the entire graphics display, and curve smoothing. There are also some
other example programs which you may find interesting in an approach to problem solving as

well as in the way certain statements are used.
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124 Advanced Graphic Techniques

GLOAD and GSTORE Statements

The GLOAD and GETORE statements allow you to copy the CRT graphics memory to or from an
integer array within the computer’s R/W memory. The CRT graphics memory contains the
data that produces dots, which make up the CRT graphics display. When copied into the
computer’'s R/W memory the data can be stored (&35 TORE), manipulated, FAT FREIMT ontoa
mass storage device, MHT FEAI! from a mass storage device, and then later copied back

(5L.0HTY) into the CRT memory for display.

A complex graphics display may take several minutes to generate using the plotting statements,

i1, the same display can be re-displayed in a fraction
of a second.
Syntax:

LML integer array name ©# 2

or

'E” integer array name ¥}

The integer array used with these statements must have 36 elements for each horizontal dot

row, plus one extra element for a pointer. The pointer is the first element of the array.

If you want to store the entire graphics display, you need to dimension an integer array with
16 381 elements. One element is for the pointer, plus 36 elements for each row, and there are
455 rows (1+36x455=16 381). If you are using 0OFTIOM BASE £ the subscript of the first

element of the array is zero (e.g., Array(0) ) and the dimension size could be as shown.

Zero through 16 380 equals 16 381 elements.

If it is not necessary to copy the entire graphics display you can dimension the integer array
smaller. An integer array with 8 173 elements (1+227x36=8 173) holds about one half of the
graphics display (227 dot rows).
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For example, by adding the following program lines to your continuing example, the entire
CRT graphics display could be stored into an array which is called ‘‘Array’’. As you can see in
the program, the contents of ““‘Array’ are then stored away onto the mass storage device. At

some later time, you could then read the data file containing the contents of “Array’’ back into

your System 45B, and by using a . statement, re-display your CRT picture.

Example

sai13|ekoy 3d1dog

sok 1

Faux—-FPas Productions
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More About CRT Arrays

The first element (i.e.,A(O)in option base 0) is always used as the load or store pointer and must
be a negative number. The value that you assign to the pointer determines where the load or

store operation begins.

You cannot ! | the integer array which is used in either a : statement.
The range of value for the pointer is —1 to —16 379 as shown next.
(\
-
Column 1
36 ELEMENTS |
560 Dots/16 = 35 Columns |
Column Column
1 33 35 |
T ¢
Row 0 -1 -2 -3 -4 S, ~34 -35 -36
—T C
Row 1 -37 -38| -39| -40 -70 -71| 72
?d—
Row 2 -73| 74| 75 76
>
T
(V] Y Ju (a) N [a] ’Ju Au (V]
r\u r\u h»J hrj r\d f\u r\r hr ﬁr,
> 2
— T ¢
Row 452
>
—T C
Row 453
>
T ¢
Row 454 { 16 345( 16 346| 16347 S, -16 378| 16 379
T ¢

This column required
but not displayed

The number represents the starting address that must be assigned to the pointer to start a load

or store operation at the location represented by the square, as shown above.
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128 Advanced Graphic Techniques

The following expression can be used to compute the starting address for a given dot row.

Note: the assigned value must be negative.

A(0)=—(Rowx36+1)

where the variable Row is the number (0 to 454) that you want to start the load or store

operation. The top row number is zero (0) and the bottom row number is 454,

The program produces a pattern across the top of the CRT at the normal line generating speed.

Then by using & and i the pattern is repeated 15 times down the screen (25 dot

rows at a time). As you can see, the pattern is repeated faster than it can be generated the first

time.

Example
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Reflective Plotting

Reflected plots are those that appear to be upside down, backwards or mirror images of what
would be considered a normal plot. Sometimes it is desirable to produce different types of
reflected plots, such as, when you want to draw on the back side of clear plastic or film to
produce a right reading image when read from the front side. This technique is very useful in
slide generation because the resulting slides are more resistant to handling or wear in addition

to allowing you to mark and erase marks along the top side of the slide.

Reflected plots are produced by exchanging one or more sets of parameters in the following

Graphics statements.

With each of these three statements, the parameters are in the order of

X1,X2,Y1,Y2

If you enter the parameters as X2,X1,Y1,Y2 the resulting plot is reflected across the Y-axis.

If you enter the parameters as X1, X2, Y2, Y1 the resulting plot is reflected across the X-axis.

If you enter the parameters as X2,X1,Y2,Y1 the resulting plot is reflected through its origin.

Labeling is done in the GDU’s mode. Therefore, the i

I statement is the only statement

which reflects labels as well as plots.

The

and = " statements position the labels relative to the X,Y position called for by a

statement, regardless of how that looks due to the reflection.

The following illustrations show the three types of reflected plots:



Plot
Reflected across
the "Y” axis
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Normal Plot

X Axis

Plot
Reflected through
the origin

Y Axis

E2le—-—

Plot
Reflected across
the “X axis
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More About the HP 9872A Plotter

The HP 9872A Plotter responds to a graphics language called HPGL. The advantage of this
language set is that the 9872A can be driven by any controller or computer which can output
these HPGL instructions using proper I/ O formats. The advantage of the unified graphics
statements which are presented in this manual is that the unified graphics language allows you
to go from one plotting device to another plotting device by changing only one statement, as

opposed to changing every HPGL statement in a program.

Some people may wish to incorporate some of the HPGL instructions which are found in
Section IV of the HP 9872A Graphics Plotter Operating and Service Manual .

While all HPGL instructions are accessible to you, you may probably need only the following
three HPGL instructions.

o VA

o VN

e VS

VA (velocity adaptive) allows the pen to plot incoming data at rates approaching the incoming

data rate. Remember that the physical limit of the pen is 36 cm/ sec.

VS (velocity selection) sets the pen speed for each pen at integer intervals of between 1 cm / sec
to 36 cm/sec. You have the option of sending this instruction to apply for just one pen, or all
pens. The VS instruction is very useful for slowing down the pen speed to improve the quality
of your plotted lines on the HP9872A.

VN (velocity normal) returns the plotting speed to 36 cm/ sec. Itis used to clear the VAand VS
instructions from the 9872A.

Once you change the pen speed, consider the fact that a complex plot which takes 1 minute to

plot on the 9872A at 36 cm/ sec, is going to take 36 minutes to plot at 1 cm/sec.
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The method to use to send an HPGL instruction is simple —

"HPGL instruction

inserted after you go into the

mode of your program, with a ¥ [ for each

individual HPGL instruction you wish to use.

The only problem which may arise as a result of this is that executing the ¥ = or the

I statement in the program clears out all HPGL instructions to their default conditions

(i.e. pen speed to 36 cm/sec.). Therefore, you would either have to

1. Not execute the FLOTTER I ori, "statements.
or

2. Put the! “and statements after the ¥ Zand L [ state-
ments.

The following example has been provided to assist you. Remember, if you want to clear out any
of the HPGL instructions, just execute either a ! Ll

" statement.

Example

s 11K
[09] $ 10K —
0 e
5 $ 9K v
- s8K | e
/s

« $ 7K C Guotal
Oz] $ 6 K r //

$5K | -
~ /
Y $ 4K
o $ 3K /
o L
- /
p $ 2K -,
14 $ 1K

/ I
s 2K U S S S S G S P

Faux—-Pas Productions
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Curve Fitting

Curve fitting is a technique by which the general tendencies of data points can be plotted, as

well as the individual points which make up the data for the curve.

There are many curve-fitting applications available. Once you have decided which algorithm

best suits your application, the graphic display can be used to show the results of the plot.

For this example, the Bezier curve smoothing algorithm is used. The program allows you to
specify which data points are to be entered as the basis for the smoothing algorithm. When
using the Bezier technique, only the first and last points actually lie on the curve. The deriva-

tives, order and shape of the curve are determined by the other vertices.

Example

\ b
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4
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Menu Selection

Menu selection is a graphics technique which can prove useful in some applications. Its primary

value is as an interactive tool which enables the operator of the computer to perform things

which require a minimum of programming knowledge, similar to an statement.

The menu selection technique is quite simple in implementation: present a choice of items,
[%

allow the operator to position the cursor at a selected item and press | & | to digitize the X,Y

coordinate, then determine which menu item the X,Y coordinate represents and implement the

appropriate program steps.

In this first example, the menu is used to provide the operator with a menu (literally). Since this
is a simple application, the Y coordinate value is the only coordinate being checked. You
should note that the :

statement is set up and the label is placed to provide minimum

complications caused by positioning the cursor on the boundary between two adjacent items.
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Breakfast

Dessert

Crepes

Huevos Rancheros

Omelette

Return To Menu

Ceasar Salad

Shrimp Teriyaki

Knackwurst

Squab

Return To Menu

Pheasant

Veal Cordon Bleu

Return To Menu

Fruit & Cheeses

Peach Flambe

Chocolate Mausse

Baked Alaska

Return To Menu

Gamay Beaujolais

Bordeaux

Chianti

Return To Menu
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In the second example, the menu selection allows the operator to select a graphics driver

routine. This routine is used in conjunction with further interaction in the form of specifying the

origin and end points of the figure which is to be plotted or erased.

et Y
51 0

]

Rectangle

Erase

Circle

Line

Rectangle

%
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Some Interesting Examples

The programs in this section are given to show some interesting capabilities and programming
techniques. In most cases, each program line has a comment that describes what the line does.
After running the program and understanding how it works, change a few lines to make the

program do something different to fit one of your applications.

SIN(X)/ X Example

£

SIN (X)X

<
%

Ef WE e

ared then

13, "ERAPH]
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Football Field Example

VISITORS
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LOG /LIN Chart Example

LOG 7 LIN Chart
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PLOT Example continued
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FRAME Example

%
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LIMIT Example




Advanced Graphic Techniques 153

CLIP Example
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Histogram Using CLIP Statement

5
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Plotting Outside the Hard Clip Area
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UNCLIP Example

EEM %% Thiz
FLOTTER I
GRAPHICE

CLIF 18,58,
FRAME

£ LMCLIF
T LIME TY¥FE 4

FRAME
END

Lo £
i R

i
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LOCATE Example
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SHOW and SCALE Z=xamples
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SHOM statement CSHWSCL
SOFT CLIP area displaw a squares figure

Specifies the CRT as the plotter
Erables the CRT
:':t‘ HARD CLIFP atre

zcaled area zo 2V = K
Starts loop for figure

SCHLE: LOCATE area to

SHOWz LOCATE area of 4uxd

MIWEs the FEM

Thiz figure iz a4 Tine box

SCALEing the non-square LOCATE arez
draws 1t as a rectangle; while SHOWIRg
dieaws Tt 3E a Square

P MOVEs the PEM

IdentiFT'T the SCALE figure

. e SHOW £1gure
. figure for 3 zeconds
CRET and graphics memor

¢ F-:E'F:'E'-at . thue 1o i ]
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Metric Scale Example

S

18cm METRIC SCALE

\

BEM. %
REM -
BEM
RER

PF

FETE

ii
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GDU and UDU Example




164 Advanced Graphic Techniques

AXES Examples




Advanced Graphic Techniques 165
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| Fa o
FRAME b Draias
ErD




166 Advanced Graphic Techniques

GRID Example

< )

FRAME
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1
1

o
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2

&

F s the POVE
FL 3y "GRAFHICEY
R

gy
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DRAW Example

? 7\
S :

N

FOVE 5,
DRAW 5,
DA
TRFL
TRF

EHI
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LABEL Example

g ﬂ

Hewlett—-Packard
System 45 Desktop Computer

= the CET as whe plotier
e URT

the LOCATE rectangd
SOFT CLIF ar
ter SISE =7 G0U s

the LABEL

tothe certer of o the aldnting Erea
car ULABEL: the Tesy

zhtop Computer D DRBELS she text
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LETTER Example

(°\

Hermit

Park

~

\(

REM &% This
FLOTTER 15
GRAFMICE

SO,
ZE S04

LETTER
ERT

iz the LETTER
3, "GRAPHICE

!
;
i
|
|
{

- CLETTER?
gl al

the plotisr
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2\

CSIZE 3,.5

CSIZE 4,.5

CSIZE 5,.5
CSIZE 6,.5
CSIZE 7,.5
CSIZE 8,.5

csize 3.1
csSIZE 4,1

CsSIZE S, 1
CSIZE &, 1
CSIZE 7, 1
CSIZE 8, 1

<

Thiz 1z the CF

et

FEM

FUTRd e progran demons

§
FLOTTER
GRAFHIL
FRAME
ECALE -5, 18,-18,8

e B o R oA

D%, "GRAFHICSY

B Tar e

g Ty 0
[ e

K
£l

£3

Lt
RN

#%CLHEEL plottirg
R Ledummsl TO 2

5 T8

d
—
-
s

-
[kt

®
o o ok

d LI a0 PR e 30000
5!

e B B T g

35
e

o
k]

ol
i TR

i

e ot ik ke

el

i
fj_!
a
l—l‘

e KDELIES

S S o R -

the CRT &z the platier
- URT
CHOFT-CLETR 5

Spec T e
Evables 1
b

PR Rt

i

wi vk two colunnsof - exanple Uharacter §15Es

1

o o b 8

cifuameof  tun colunns

cifuore ot edaght Character B12Es
s Uk ter SIZE arel aspect Patio
Es FEH o LABEL position

HABEL= plolting ares
Plncrements to HEET &9
UiRepedts for HERT Columey

0

e
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Character Set Example

ﬁ? .
P THESE T (DX +, =
B123456783:;<=>7
@HBCDEF GHI JKLMNO
PORSTUVIWXYZLNIA~
“abcdefghi gk Imno
pqrstuvwxyz{}}w%

\ N

(S )

. £ ° ¢Nn
L OHE S aectaeol
deouaceouRITdRadioe

AIOUE TR

€
7

\_

\(
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REM  #%
FEM  #% Graphics character
OF ERREOR GOTO Ou

019 Labe
FLOTTER

ST, 16

ﬁ?ete

i

MOVE

T

prrintable oha

ey
51

- T Fimdsh
it=LEMNLabe 1§
1+ d=lHREC

LI R

- !::n:r = 5

HEST

xexd LABEL characters in groug
“OR I=1TOO2E STEF I8
LABEL Label#[I, [+153
MERT I
Dt o
TLIMF GRAPHICES
GULEAR
Labeig=t"

HEST Complete

B PR

B
%
i1t

EO R

£
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Slant and Angle Example

38 degree SLANT

fax]

r
5

o

FASCN S o B s IR SN

-
el

R RRAATLE L N I NE Bl

XEl
[RR Rl

Uit

Tiiz iz the SLANT and Angle

[ SURER RNy By )

[
[

(e

[N B O B o
]

o

b

"y
A
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LDIR Example

~ —

@c2 ¥IaN
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-
5

(A}

b ke pde g,
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LORG Examples

2\

-

TESTS

Thi

iE an

s cldred 1k

LORG

D (O O

13, "GRAPHICS®

i

DA R SR R I X )

DR IS Y

4
b}

L3
1
1
i
1

3
45
-

i
]

i u";‘.é ”1,,1:1
LABEL USTIHG "My "TESTSY

Y]
Y

Y

FlR
MOE
LABEL
¥
EHI

AR
nypn

i1 1o

weyed Lo shas bR Tocatioen of

proes i onE

ther LORG ESAMPLE (LORGL
progean labels the word "TES

gin B 4 i

sommal
e o

opdatter

angle fo da=l4d
LI ares
Eoargb aspect ratio

e
i
LAEBEL the word

=
1]

i
]
i
}
i
1
]
|

! o ]::n- i :
it o
P ket
T Position
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({

B

FEM #  Thiz iz ancther LOBEG examp
P This program labelz the word "TES
Puzing each of the LORG paramnet
Pro indicate the position of
FLOTTER IS 13, "GRAPHICZY
GRAPHICE
SOALE @, 18, ~1¢
FEAME
P,

LR G

ar ME"

T

%)

1

X
fxn]

[

% [ABEL the word
# Lhe Yat

it inn=]

“TEZTY
! indicates the
FlaR T2
LORG 2

CElZE 4

MOVE 1 M ~FeE i oo
LABEL USIHG "S5A,D,2R"y"LORG ®

LRS!

CEIZE 3

MOVE &, ~Fasition
LABEL ™=

]

LG P
CRIZE &
o

LABEL
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POINTER Examples

\ b
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CURSOR Example

5]

fxn]

o 5

) . —
|
\C Y

REM % Thiz iz thes CURDS
FLOTTER IS 13, "GRAFPHICS" | Specifies the CRT as the plotier
GRAPHICS P Erables the CRT
FRAME I FREAMEz the SOFT CLIF area

i

I

example SCURSOR

Specifies the Thermal Printer
MOYEs the CURSOR too 50,50
L tuariable, Fen status ¥ D Inputs CURSOR position

o Tuvariable, Per status ¥ ! PRINT= CURSOR position

FRIMT Huari
EHI

L —
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DIGITIZE Examples

~ 2

REM
REM
FEM
REM %%
FLOTTER
GRAFHIT
LIMIT &,

digitizing

AN R %
£t

oty
AREuY]

W POINT

=@ SCALE @,
£ GRID 1,1,
1

FRIMTER
SRS
DIGIT
FRIR
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Appendix A

HPGL — The instruction set resident within the HP 9872A Graphics Plotter.

Isotropic — The X and Y axes units are displayed as equal to each other.

Metric Units — A unit of measure mode where everything is referenced in millimetres.

Origin — The coordinate point at which a plotting operation begins.

Pen — The device which is used to draw or plot lines, and to label characters.

Pointer — The method used to position the cursor, or to select a type of cursor.

Plotted Point — The point which has been plotted or drawn to.

Plotting Coordinates — The X,Y coordinate pair which specifies a plotting point.

Plotting Space — The area within which plotting can occur.

Reflected Plot — A plot produced by interchanging either the X min, X max coordinates, the Y

min, Y max coordinates or both X and Y coordinate pairs to change the plot.

Relative Plotting — Plotting which specifies plotting from an origin rather than to a specific
X,Y coordinate.

Soft Clip — The limits of the plotting device which restricts pen movement for lines drawn in
UDU’s.

Slant — The angle at which a character is drawn, represented in clockwise degrees from the

vertical.

UDUs — User Defined Units. Defined by the program to whatever X and Y units of measure

which are convenient.
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% [lower bound [, upper bound]

statement copies the CRT graphic display onto the internal ther-

The -
mal printer. Any horizontal area can be copied by specifying its upper and/ or lower

bound in current units.

statement returns the CRT to the alphanumerics raster from the

The
graphics raster.

statement draws a box around the current soft clip area.

The i

' [paper advance]
statement clears the CRT and the graphics R/W memory of previously

The

plotted data. The paper advance value specifies how many millimetres of paper to ad-
vance on certain plotters; it has no effect on CRT graphics.

nteger array name -
transfers data from an integer array to the CRT graphics memory. The first ele-

ment in the integer array is the load pointer.

- statement sets the CRT to the graphics mode.

The

[X tick spacing, Y tick spacing[, X intersection, Y intersection[, X major count, Y

major count[ , major-tick size] ]] ]
- statement and is used to

statement can be used as an alternative to the

The
draw a full screen grid.

nteger array name «
- transfers data from the CRT graphics memory to an integer array. The first

element in the integer array is the store pointer.
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" X increment, Y increment], pen control]

The

control is the same as for the ¥

I statement allows incremental plotting from the last plotted point. The pen

1 statement.

. list

The t

statement is used like the ¥ statement to label.

image specifier ; list

: statement is used like the ¥ statement to format labels.

run, rise

The

angle specifies counter-clockwise rotation of the label from the positive X-axis in current

statement specifies the angle at which subsequent labels will be drawn. The

angular units.

The
typing them in on the keyboard.

statement allows you to draw all keyboard alphanumerics and symbols, by

" [X min, X max, Y min, Y max]

The !

sed in millimetres with the origin at the lower left physical limit. When the parameters

I statement defines the hard clip limits (or plotting area). The units are expres-

aren’t included, any two diagonal corner points can be digitized.

~ identifier number [, length]

The §

statement selects one of several solid or dashed line types. The range of
the identifier number is 1 through 10; 4 is the default length.
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[Xmin, X max, Y min, Y max]

The i

expressed in GDU’s. Any two diagonal corner points can be digitized if the parameters are

Wwill fill or = - will define. The units are

- statement sets the area that

not included. also invokes soft clipping at its boundaries.

= origin position

The i

any subsequent labels are drawn relative to the current pen location. The range of the

(label origin) statement sets the label origin position which determines where

origin position is 1 through 9.

- X parameter, Y parameter

The

statement lifts the pen and moves it to the absolute X,Y coordinates.

X offset, Y offset

The §

origin is offset from the first i

- statement sets millimetres as current user units and defines the origin. The

- point (X min, Y min) the specified amounts in

millimetres.

ngle

#run, rise

The

angle supplied specifies a counter-clockwise rotation from the positive X-axis in current

statement sets the angle of rotation for relative and incremental plotting. The

angular units.

{pen number

The §
their holders on the 9872A. Negative pen numbers specify ‘‘erase’’ on the CRT.

statement specifies the pen to be used. Pen O (zero) specifies return all pens to

The ¢

statement lifts the pen.
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iT X parameter, Y parameter [, pen control]

The F

defaults to plus one. The pen control parameter is interpreted as follows:

I statement provides absolute data plotting and pen control. The pen control

Odd =drop pen

Even =lift pen

Positive =pen change after motion
Negative =pen change before motion

% [select code[ , HP-IB device address], ] "plotter identifier string* [, step size[ .
# of pens, pen offset, [incremental plotter identifier] ] ]

The F

three plotter identifier strings and their default select codes are:

I % statement defines where all plotter operations will be directed. The

13

7,5

The default values for the . parameters are:

step size - .254 mm
# of pens - 1

pen offset - Omm
incremental plotter i.d. - 1

select code[, HP-IB device address] 1:

The F

code. All plotting statements are executed but the specified plotter does not respond.

F' statement deactivates the plotter set to the specified select
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select code[, HP-IB device address] I

The Fi

vates all others. That is, all plotting statements are directed only to the specified device.

i1 statement activates the specified plotting device and deacti-

This statement does not set the default conditions described under the ¥

statement.

X parameter, Y parameter[, cursor type]

The

select one of two types of cursor. An even number specifies a small blinking cross; an odd

statement moves the cursor to the specified absolute position and can

number specifies full-screen crossed lines. Cursor type defaults to the full-screen crossed
lines (cursor type 1).

The
hard clip limits. That is, the X dimension divided by the Y dimension.

function returns a value equal to the ratio of the physical dimension of the

" X parameter, Y parameter [, pen control]

The |

used as the origin. The pen control is the same as for the }

T statemnent allows relative plotting from the last absolute plotted point which is

i statement.

- X min, X max, Y min, Y max

The :

statement sets user defined units which dimension the

rectangle.

The

statement sets graphic display units (GDUs) as the current units.

The

statement sets user defined units (UDUs) as the current units.

X min, X max, Y min, Y max

The i statement defines an area that is stretched or shrunk equally in X,Y directions
to fit within the boundaries defined by the ..

tatement.
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The

i statement sets the soft clip boundaries equal to the hard clip limits.

X variable, Y variable[, pen status string variable]

The

Pen status information is assigned to the string variable; & for up, 1 for down.

- statement returns the coordinate values of the last plotted or moved-to point.
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CRT Graphics Specifications

System 45B has two CRT display modes: alphanumeric and graphics. Each mode has its own
display area and raster. Normally the CRT is in the alphanumeric mode and without the
Graphics ROM and hardware, this is the only mode available to you. When the Graphics ROM

and hardware is installed, the graphics mode can be selected.

Display Area
The following figure shows the approximate size and location of the alphanumeric and graphics

display areas.

< )

20cm

23.62cm

16.25¢cm
12.29¢cm

4= Alphanumeric Raster

= Graphics Raster

Graphics Resolution

The horizontal and vertical resolution is approximately .04cm. This results in a dot matrix

pattern for the display area of 560 usable dots in the horizontal direction and 455 usable dots in

the vertical direction.

Line Generation Speed
Straight lines are generated on the CRT at about 200 cm /sec. (The 9872A plotter generates

straight lines at about 36 cm/sec.) Curved lines are generated at somewhat slower speeds

because your System 45B first computes the points and then plots the curved line.

May 2,1



Appendix C 195

Graphics Select Code

The select code of the CRT graphics option is internally set at the factory to 13 and cannot be
changed. If you are going to use an external plotting device (e.g., HP 9872A) refer to the
appropriate Interface Installation and Service Manual and this appendix for information about

how to set the select code.

Graphics Memory

The Graphics ROM automatically decreases the available user memory by 90 bytes. This is

generally not a concern unless you have a large program or large data base.

The 32K bytes of Read / Write Memory (CRT Graphics Memory) installed in the CRT does not
increase your available R/W memory, it only provides a storage location for data which
produces the graphics display on the CRT. When using an external display or plotting device,

this memory space is not used.

HP 9872A Plotter Installation

The 9872A Plotter can be used as an external plotter with the System 45B. Refer to the

i statement for information on how to select the 9872A as the active plotter.

Ensure that the interface select code switch and plotter address code switches are set to the

proper positions as indicated below.

Interface Select Code

The 9872A Plotter is connected to the System 45B via an HP 98034A HP-IB Interface. Refer to
the HP 98034A HP-IB Interface Installation and Service Manual for complete information
about the interface and cables.

The interface is preset to a select code of 7 at the factory. To change the setting, rotate the

switch (shown following) using a small screwdriver.
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€

Select Code Switch

Plotter Address Code

Since each HP-IB interface can have as many as 14 devices connected to it, each device must

be set to a specific address code.

The plotter can be set to any one of 31 HP-IB addresses ranging from O thru 30. Each address
can be selected by setting the switches on the plotter back panel (shown next) to the approp-

riate binary bit positions for the particular address value desired.

The plotter is set to an address code of 05 at the factory. Check your plotter for the proper

switch positions shown below.
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Plotter Address Switches



The following table lists the switch positions for each address value.

Address Switch Positions

Address Codes

Address Characters
Listen Talk
SP @
! A

B
# C
$ D
% E
& F
! G
( H
) [
N J
+ K
L
- M
N
/ O
0 P
1 Q
2 R
3 S
4 T
5 U
6 \Y
7 W
8 X
9 Y
Z
; {
<
= 1
> A

Address Switch Settings
5y 4 3 @
0 0 ¢ 0 0
0 0 [¢] 0 1
0 0 0 1 0
0 0 0 1 1
0 0 1 0 0
0 0 1 0 1
0 0 1 1 0
o] o} 1 1 1
0 1 0 0 0
0 1 0 0 1
¢} 1 0 1 o}
0 1 0 1 1
0 1 1 0 0
0 1 1 0 1
¢] 1 1 1 0
o] 1 1 1 1
1 o 0 0 0
1 0 0 0 1
1 0 0 1 0
1 0 0 1 1
1 0 1 0 0
1 0 1 [¢] 1
1 0 1 1 0
1 0 1 1 1
1 1 0 o} 0
1 1 o] 0 1
1 1 0 1 o}
1 1 0 1 1
1 1 1 0 0
1 1 1 0 1
1 1 1 1 0

decimal octal
0 0
1 1
2 2
3 3
4 4
5 5 «— preset
6 6
7 7
8 10
9 11
10 12
1 13
12 14
13 15
14 16
15 17
16 20
17 21
18 22
19 23
20 24
21 25
22 26
23 27
24 30
25 31
26 32
27 33
28 34
29 35
30 36

Incremental Plotter Installation
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An incremental plotter can be used as an external plotter with the System 45B, using the HP

98040A Interface. Refer to the

. incremental plotter as the plotter.

Ensure that the interface select code switch is set to the proper position.

statement for information on how to select the

Refer to the HP 98040A Interface Installation and Service Manual for information concerning

the select code switch and a list of incremental plotters that can be used with this interface.
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System 45A and B Graphics Comparison

The System 45B differs from the System 45A in the following statements —

incorporates a character slant as its third parameter.

is resident in the Graphics ROM rather than the System 45A Mass Storage
ROM.

is resident in the Graphics ROM rather than the System 45A Mass Storage
ROM.

incorporates a run, rise parameter as a means of specifying an angle.

The line types are slightly different from the System 45A’s line types. A line

type 10 with a major tick mark is now incorporated.

incorporates a run, rise parameter as a means of specifying an angle.

Note
Hewlett-Packard products which use cathode ray tubes are
designed to limit X-radiation levels to values of 0.5
mR/ hour or below. This level has been established by the
United States Bureau of Radiological Health, and conforms
to similar international requirements. All measurements are
made using a Victoreen 440 RF /¢t instrument, and are con-
ducted with the equipment operating under normal as well

as worse case control midadjustment.
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Hewlett-Packard Centre
Daphne Street, Wendywood,

Sandton, 2144
m : 802-10408

: 8-4782
Cable: HEWPACK Johannesburg

Hewilett-Packard South Africa
. Ltd,

P.0.

Howard Place Cape Province, 7450

Pine Park Centre, Forest Drive,
Pinslands, Cape Province, 7405

Tel: 53-7955 thu

Telex: 57-0006

SRI LANKA
Metropolitan Auam:los Ld.
2094 Union

Telsx 1377TMETROLTD CE
Cable: METROLTD

SUDAN
Radison Trade
P.0. Box 921
Khartoum
Tel: 44048
Telex: 375

TAIWAN
Hewilett-Packard Far East Ltd.
Taiwan Branch
39 Chung Hsiao West Road
ﬁ_ul:tion . Tth Floor

a

pei
Tel: 3819160-9,3141010
Cable: HEWPACK TAIPE
Hewilett-Packard Far East Ltd.
Taiwan Branch
68-2, Chung Cheng 3rd. Road

Klohllung

tel: (07) 242318-Kaohsiung
Analytical Only

San Kwang Instruments Co., Ltd.
20 Yung Sui Road

TelepS.G# 5446-9 @ lines)
Telex: 22894 SANKWANG
Cable: SANKWANG Taipei

TANZANIA

Medical O Y

Imemlllona Aeradlo E.A) L.
P.0. Box

Dar s Sl
Tel: 21251 Ext. 265
Teiex: 41030

THAILAND

UNIMESA Co. Ltd.
Elcom Resnvch Bullﬂmg
2538 Sukumvi

Tel :’?932387, 3’9‘80338
Cable: UNIMESA Bangkok

UGANDA

Medicai On

international Aeradio (.A.), Ltd.
P.0. Box 2577

Kampala

Tel: 54388

Cable: INTAERIO Kampala
ZAMBIA

R.J. Tilbu mbia) Ltd.
B3 b ry(Za )

saka
Tel: 73793
Cable: ARJAYTEE, Lusaka

OTHER AREAS NOT LISTED, CONTACT:

Hewlett-Packard Intercontinental
3200 Hillview Ave.

Palo Alto, Califonia 94304

Tel: (41 856-1501

-373-1267
Cable: HEWPACK Palo Alto
Telex: 034-8300, 034-3493

CANADA

ALBERTA

Hewlett-Packard canada) Ltd.
11620A - 168th

Edmonton TSM 3T9

Tel: (403) 452-3670

TWX: 610-831-2431
Hewlett-Packard (Canada) Ltd.
210,7220 Fisher St. S.E.

el
Twx: 610-821-6141

BRITISH COLUMBIA
Hewlett-Packard (Canada) Ltd.
10691 Shdlbriggo W%y
Richmond VEX 2W.

Tel: 604) 270-2277

TWX: 610-925-5059

MANITOBA
Hewlett-Packard {Canada) Ltd.
380-550 Comuw St,

Winnij A3 oY1

Tel: 204) 786-6701

TWX: 610-671-3531

NOVA SCOTIA
Hewlett-Packard (Canada) Ltd.
800 wmmoll Road

h B3B 1L1
Tol @02)469 -7820
TWX: 610-271-4482

ONTARIO
Hewiett-Packard (Canada) itd.
1020 Momson

7
Tsl: 513& 820—6483

Hawieft-| Packard (Cmad:) Ltd.
6677 Goroway Drive

Tel: (416 67‘-9430

TWX: 610-492-4246
Hewlett-Packard (Canada) Ltd.
§62 Newbold Street

London NGE 255

Tel: (519) 686-9181

QUEBEC

Hewlett-Packard Canada} Ltd.
275 Hymus Bivd.

Pointe Ciaire HIR 1G7

Tel: (514)697-4232

: 610-422-3022
TLX: 05-821-521 HPCL

FOR CANADIAN AREAS NOT LISTED:

Contact Hewlett-Packard (Canada)
Ltd. in Mississauga.

219

CENTRAL AND SOUTH AMERICA

ARGENTIN
gewlon Packard Argentina

Av. Leandro N. Alem 822 - 12°

456
TMax 122443 AR CIGY
Cabla: HEWPACKARG

Biotron S.A.C.L.y M.

Balivar 177

1066 Buenos Aires

Tel: 30-4846, 34-9356, 34-0460,
33-2863

Telex: 011-7595

Cable: Biotron Baries

BOLIVIA

Casa Kaviin S.A.

Calle Potosi’ 1130
0. Box

La Paz

Tel: 41530,53221

"f:elex CWC BNX 5298,ITT 3560082
ab e

HeMen-Packﬂrd do Brasil
l.e.C. Lida

Alameda Rio Negro. 750
Alphaville

06400 Barueri SP

Tel: 429-3222
Cable: HEWPACK Sao Paulo

Hmm Packard do Brasil
0.C. Ltda.

R Pldn Chi 32

anto Alegre-os
Tel: 0512 22-2998, 22-5621
Cable: HEWPACK Potto Alegre
Hugm -Packard do Brasil

Av, Elmclo Pessoa, 4664
5050
?r -Rio de Janeiro-R)

H
Teiex: 02141”5 HPBR-BR
Cable: PACK

Rio ua Januvo

CHILE

Jorge Calcay du(m y Cia. Ltda
Vicuna MacKenna 3, Ofic. 1204
Casilla 16475

Correo 9. Santiago

Tel: 34152

Telex: JCALCAGNI

COLOMBIA
Instrumentacion

Henrik A, Lanpsbaek & Kier S.A.
Carrera 7 No. 48-7

m) Atc;og 6287
69-8877

Telex: 44400

Cable: AARIS Bogotd
Instrumentacion

H.A. Langebask & Kier S.A.
Carrera 63 No. 49-A-31

A 54098

Tel: 30“75

COSTA RICA

Cientifica Costarricense S.A.
Avenida 2, Calle 5

San Pedro de Montes de Oca
Apartado 10159

San J

n Jose
Tet: 24-38-20, 24-08-19
Telex: 2367 GALGUR CR
Cable: GALGUR

‘CUADOR
Computadoras y Equipos
Electrdnicos del Ecuador
P.0. Box 6423 CCI
Eloy Alfaro No. 1824,3°Piso
Quito
Tel: 453 482
Telex: 2548 CYEDE ED
Cable: CYEDE-Quito

Medical Only
Hospitalar S.A.
Casilla 3590
Robles 625
Quito

Tel: 545-250

Cable: HOSPITALAR-Quito
EL SALVADOR

IPESA

Bulevar de fos Heroes 11-48
San Salvador

Tel: 252787
GUATEMALA

IPESA

Avenida Reforma 3-48,
Gu-uml

Tel: 316627, 314 86.66471-5,0x0.9
Telox: 4192 Teietro Gu

MEXICO
Hewlm Packard Mexicana,
S.A. deCV.

Av. Periférico Sur No. 6501
Tepepan, Xochimilco
Mexico 23, D.F.

Tel: 905-676

Telex: 017-74-507

gulen l;:ackard Mexicana,

Ave. Constitucidn No. 2184
nterrey, N.|

Tet: 48-71.-52, 48-71-84
Telex: 038-410

NICARAGUA

Roberto Terdn G,

Apartado Postal 689

Editicio Tardn

Managua

Tei: 25114, 23412,23454,22400
Cable: ROTERAN Managua

PANAMA

Electrdnico Balboa, S.A.

Aparatado 4929

Panama §

Calle Samusl Lewis

Edificio “'Alfa”, No.2

Culdad de Panama

Tel: 64-2700

Telex: 3483103 Curundu,
Canal Zon

‘one
Cable: ELECTRON Panama

PERU

Compafia Electro Médica S.A.
Los Flamencos 145

San Isidro Casilla 1030

Lima t

Tel: 414325
Telex: Pub. Booth 25424 SISIDRO
Cable: ELMED Lima

SURINAME
Surtel Radio Holland N.V.
Grote Hofstr. 3-5

0. Box 155
Paramaribo
Tel: 72118 77880
Cable: Surtel

TRINIDAD & TOBAGO
CARTE|

Canbbean Telecoms Ltd.
P.0. Box 732

69 Frodanck Slrm
Port-of-§,

Tel: 62-5%

URUGUAY

Pablo Ferrando S.A.C.el.
Avenida Italia 2877
Casilla de Correo 370

Mont:

Tel: 40-3102

Telex: 702 Public Booth Para
ablo Ferrando

Cable: RADIUM Montevideo

VENEZUELA
Hewlett-Packard de Venezuela

P.0. Box 50933

Caracas 105

Los Ruices Norte

3a Transvavsal

Edificio

Caracas 0

Tel: 239-4133 20 lines)
Telex: 25146 HEWPACK
Cable: HEWPACK Caracas

FOR AREAS NOT LISTED, CONTACT:

Hewiett-Packard
Inter-Americas

3200 Hillview Ave.

Palo Alto, California 94304

Cable: HEWPACK Palo Alto
Telex: 034-8300, 034-8493




JRUPE, NURITH AFRICA AND MIDULE EASI

UNIIEDU OTAILED

-

AUSTRIA

Hewlett- Packam Ges.m.b.H.
Handelskai

P.0. Box 7

A-1205 Vienna

Tel: 351621-27

Cable: HEWPAK Vienna
Telex: 75923 hewpak a

BAHRAIN

Medical Only

Wael Pharmacy

P.0. Box 648
Bahrain

Tel: 54886, 56123
Telex: 8550 WAEL GJ
Cable: WAELPHARM
Analytical On%y

Al Hamidiya Trading
and Contracting

P.0. Box 20074
Manama

Tel- 259978, 259958
Telex: 8895 KALDIA GJ

BELGIUM
gewlen -Packard Benelux

Avenue du Col-Vert, 1,
éGmenkraaulaan )

-1170 Brussels
Tel: (02) 660 50 50
Cable: PALOBEN Brussels
Teiex: 23-494 paloben bru

CYPRUS
Kg pronics
Greuoruos Xenonoulos Street

Nlcosln

Tet: 45628/29

Cable: Kgpmmcs Pandshis
Telex: 3

CZECHOSLOVAKIA

Vyvojova a Provozni Zakladna

Vylkum%ch Ustavu v Bechovicich
97 Bechovice u Prahy

Tel: 89 93 41

Telex: 12133

Institute of Medical Bionics

Vyskumny Ustav Lekarskej Bioniky

Jedlova 6

C5-88346

Bu(lsllvl-l(umln

Telax 93229

DDR

Entwicklungsiabor der TU Dresden

Forschungsinsmut Meinsberg

Waldheim/Meinsberg
‘aldheim; ns|

Tel: 37 667

Telex: 518741

Export Contact b:G Zuerich

Guenther Forgber
Schlegelstrasse 15
040 Berlii

rlin
Tel: 42-74-12
Telex: 111889
DENMARK
Hewlett-Packard AS
Datavej 52
DK-3460 Blrkovod
Tel: (02) 81 66 40
Cabie: HEWPACK AS
Telex: 37409 hpas dk

FINLAND
Hewlett-Packard OY
gagkanousunn 5

0. Box

SF-00211 Helslnki 21
Tel: (90) 6923031
FRANCE
Hewiett-Packard France
Avenue des Tropiques
Les Ulis

Boite Postaie No. 6
91401 Orsay-Cedex
Tel: (1g 907 78 25
TWX: 600048F

Hewlett-Packard France
Chemin des Mouilles
B.P. 162

69130 Ecull

Tel: (78) 33 81 25,
TWX: 310617F

Hewiett-Packard France
Péncenlre de la Cépiére

1081 Touloun-L- Miraif
Lt
Hewlett- Packam France
Le Ligoures
Bureau de vente de Marseilles
Place Rouée de Villsnueve
13100 Aix-en-Provence
Tel: (42)59 41 02
Hewlett-Packard France
2, Allge de la Bourgnette
35100 Rennes
Tel: (99) 51 42 44
TWX: 740012F

Hewlett-Packard France

18, rue du Canal de la Marne
67300 Schl

Tei: (853083 0 10

TWX: 890141F

Hewilett-Packard France

Immeuble péricentre

Rue van Gog

$9|65(goVIl9llmu2vso 0 Ascq
ol

TWX: 13012“

Hewlatt-Packard France

Bureau de Vente

Centre d' aﬂawas Paris-Nord

Batiment Am,

Rnpu de la Commune de Paris

93153 Le Blanc Mesnil Cédex
Tel: ©01)931 88 50
Hewlett-Packard France
Av. du Pdt. Kennedy
00 Mulguac

Tel: 56)97 22 69
Hewlett-Packard France
“'France-Evry” immeuble Lorraine
Bu:)lgv;rg de France

Cedex
Tel: 077 ;Ey&O
Hewtett-Packard France
60, Rue de Metz

57130 Jouy sux Arches
Tel: 87)69 45 32

GERMAN FEDERAL REPUBLIC
Hewlett-Packard GmbH
Vertrisbszentrale Franidurt

Berner Strasse :‘} 7

Cable: HEWPACKSA Nlmburu
Telex: 21 63 032 h
Hewiett-Packard Gth
Technisches Bdro Hannover
Am Grossmarkt §

D-3000 Hannover 91

Tel: (0511} 46 60 01

Tefex: 092 3259
Hewiett-Packard GmbH
Technisches Buro Nurnberg
Neumeyerstrasse 90
D-8500Nurnber:

Tel: 0911;56 30 83

Telex: 0623 860
Hewilett-Packard GmbH
Technisches Biro Miinchen
Eschenstrasse 5

D-8021 Taufkirchen

Tel: (089)6117-1
Hewlett-Packard GmbH
Technisches Biro Berlin
Kaithstrasse 2-4

86
Telex 018 3405 hpbin d

GREECE

Kostas Karayannis
8 Omirou Strest
A

thens 133
Tel: 32 30 3033247 731
Anaiytical Only
INTI

CO
G. Papathanassiou & Co.
17 Marni Street
Al

thens 103
Tel: 5522 915/5221 989
Telex: 21 5329 INTE GR
Gable: INTEKNIKA
Medical Only
Technomed Hellas Ltd.
52 Skouta Street
Athens 135
Tel: 3626 972

HUNGARY
MTA

Mdszerigy és Méréstechnikai
Szolgalata

Hewlett-Packard Service

Lenin Krt. 67, P.0.Box 241

1391Budapest VI

Tel: 42 03 38

Telex: 22 51 14

ICELAND

Medical Only

Elding TraqurCompmy Inc.
Halnamvoll ryggvagotu

|s-n pvlk

Tel: 158 20/1 63 0:

Cabie: ELDING Reyiqavnk

IRAN

Hewlett-Packard Iran Ltd.
eenth St.

P.0. Box 412419
Tehran

Tel: 851082-5

Teiex: 213405 hewp ir
IRELAND
Hewiett-Packard Ltd,

ng Street Lane
Winnersh, Wohngmm
RG11 5AR

ITALY

Hewleit-| Plckard lt;luna S.p.A
ﬂ

Via G. D|
Sul Navi Iio ™M)
Tel: (2) 903691
Telex: 311046 HEWPACKIT

Hewlett- Packaﬂ Italiana S.p.A.

Via Turazza

664888
Talex: 41612 HEWPACKI

Hewlett-Packard Italiana $.p.A.

Via G. Armellini 10
1-00143 Roma

x: §
Cabie HEWPACKIT Roma

Hewlett-Packard Italiana S.p.A.

Ic%so gmvannl Lanza 94
Tel:(011) 682245659308
Medical Calculators Only

Hewlett-Packard Italiana S.p.A.

Via Principe Nicola 43 GC
(-95126 Catania
Tel:(095) 37 05 04

Hewlett-Packard Italiana S.p.A.

Via Nuova San Rocco A,
Capodimonte, 624

1-80131 Napoil

Tel: (081) 7913544

Hewiett- Packam ltaliana S.p.A.
QB

Via E. M:
140137
Tel: O8) 307

JORDAN
Mouasher Cousins Co.
P.0. Box 1387

Amman

Tel: 2490739907
Telex: SABCO JO 1456
Cabla MOUASHERCO

7600040

KUWAIT

Al Khaldlya Trading &
670w 358

P D Box 830-Safat

Tal '42 4910/41 1726

LUXEMBURG
Hextlett Plclurd Benelux

AR
Avenue du Col-Vert, 1
éﬁvocnkrualun)
170 Bruml-
Tel: 02) 672 22
Cable: PALOBEN Bmssds
Telox: 23 494

MOROCCO
Dolbeau

81 rue Karatchi
Casablanca

Tel: 3041 82
Telex: 23051/22822
Cable: MATERIO

Gerep

3, rue d'Agadir
Casablanca

Tel: 27209355
Telex: 23739

Cable: GEREP-CASA

Cogedir
31 rue Omar Slaoui
sablanca

POLAND
Bluro Informaciji Technicznej
Hewlett-Packard

Ul Sliwkl 2 GP

00-9:

Tel: 33.25,8869.67.43
Telex: 81 24 53 hepa p}
UNIPAN

Biuro Obslugi Technicznej
01-447 Warszawa

ul Newelska 6

Poland

Zﬂldaﬂ Naprawcze Sprzetu
Medyczni

Zloac Komnny Paryskiej 6
Tel: 334-41, 337-83

Telex: 886981

PORTUGAL
Telectra-Empresa Técnica de
Equipamentos Eléctricos S.a.r.i.
Rua Rodngo da Fonseca 103
P.0. Box 2531

sbon
Tel: (19&68 60 72

Cable: TELECTRA Lisbon

Telax: 12588

Medical only

Mundinter

lsmorcambm Mundial de Comércio

P.0. Box 2761
Avenida Anlomo Augusto
g 138

Tnl (19&6593 21 31/7
Cabln INTERCAMBIO Llsbon

QATA
Nasser Tradsigg & Contracting
P.0. Box 1

Doha
Tel: 22170

Teléx: 4439 NASSER
Cable: NASSER

RUMANIA
Hewlett-Packard Reprezentanta
n. Balcscu 16
Bucurest!
Tel: 15 80 23113 88 85
Telex: 10440
[.1.R.U.C.
Imranrlnuom Ponlru
Intretind
Si Rlpmru Utilajelor de Caicul
B-dul Prof. Dlmnna Pompel 6
Bucuresti- S
Tel: 88-20-70, 88-: 24-40 88-67-95
Telex: 118
SAUDI ARABIA
Modern Electronic
Establishmant #Hsad Otfice)
P.0. Box 1228, Baghdadiah Street
Jeddah

Tel: 27 798
Telex: 40035
Cabie: ELECTA JEDDAH
Modem Electronic
Establishment ®ranch)
P.0. Box 2728

dh

'
Tol: 62596686232
Cabig: RAOUFCO

Modern Elsctronic

Hewlett-| Packard Espafiola, S.A.
Av Ramdn 1
Eggmo Smnlll pi:ma 9

Tel: 64 44 54758
Hewlett-Packard Es)
Edificio Albia Il 7°
£-Bilbao 1

Tel: 23 83 06723 82 06
Hewlett-Packard Espanoia SA.
Crﬁémon )GOTdI"O

ol S.A.

Tal' 96-361 13 54/361.13.58

SWi
HewIm Packam Sverige AB
Em hetsvagen 3, Fack

72
Clble MEASUREMENTS
Stockhol!

Hewiett-| Packzrd Sverige AB

Frﬂhllsga
Vlltn Frélunda
Tel: 031; 08 50

Telex: 10721 via Bromma office

SWITZERLAND
Hewlstt-Packard demz) AG
trasse

CH-8952 Schileren-Zurich
Tel: 01) 7305240
Telex: 53933 hpag ch
Cable: HPAG CH
Hewlett-Packard {Schweiz) AG
Chateau Bloc 19
CH-1219 Le L non-Gonovl
om0l

ox
Cable: HEwPAwG Geneva

SYRIA

General Electronic Inc.

Nuri Basha -Ahnaf Ebn Kays Strest
P 0 ox B

Tal 33 24 B7
Telex: 11215 ITIKAL
Cabie: ELECTROBDR DAMASCUS

Medical Personal Calculator only
Sawah & Co.

Placs Azmé

8.P. 2308

Damascus

Tel: 16 367-18 697-14 268
Suieiman Hilal El Mlawi

P.0. Box 2528

Mamoun Bitar Street, 56-58
DamascusTel: 11 46 63

TUNISIA

Tunisie EloctvoniTAu

31 Avenue de la Liberte
unis

Tel: 260 144

Corem;

1 fer. Av de Carthage

Tunis

Tel: 253 8

Telex: 12319 CABAM TN

TURK
TEKNIM Comrany L.

Ankara

Tel: 2503 09 - 17 80 26
Telex: 42576 OZEK TR
Cable: OZYUREK ANKARA

UNITED ARAB EHIRATES
Emvtac Lm srea Office)
P.0. B

S|

T 1218

Tel 136

Emmc Ltd sﬂmncn Oftfice)

P O
D'I
Tel 331370/1

UNITED KINGDOM
Hewlett-Packard Ltd.
King Strest Lane
Winnersh, Wokingham

Berks.

Tel: 0734) 784774
Telex 8471784
Hewlett-Packard Ltd.
Trafalgar House
Navigation Road
Altrincham
Cheshire WA14 1NU
Tll 061 &?25 6422

Huwlm Packard Ltd.
Co

West Mldllnds 562 85D
Tel: 021) 550 9911
Telex: 339105

Hewiett- Pacurd Ltd.

Surrey CR4 BXL

: 31 ) 6840103
Telex: 946825
Hewlett-Packard Ltd
10, Wesley St.
Castleford
Yorks WF10 1AE
Tel: £977) 550016
Telex: 557355
Hewiett-Packard Ltd
1, Wallace Way
Hitchin
Herttordshire, SG4 OSE
Tel: 0462) 31111
Telex: 82.59.81

USSR

Hewlett-Packard

Representative Office USSR
Pokrovsky Boulevard 4/17-kw 12
Moscow 101000

Tel: 294.20.24

Telex: 7825 newpak su

YUGOSLA!

Iskra- ShndlrdHQMm Packard
Moldosnccva 38N

Tcl: 3 JB 73?32 1674
SOCIALIST COUNTRIES
NgT SHOWN PLEASE

nmm Packlm Ges.m.b.H
elskai 5

Hand
D-6000 Frankdurt 56 Bsrks Establishment Branch) Riza San Pen P.0. Box 7
- 50-04- GB-| Tel: 27 685 40 Caddesi No. 7
H:V.'fg}é”“‘“"’ As P r - Tel: (39134; a4 Telox: 2173723003 REo, 19 Kavakidors. Ankara Tl pzzz)‘gﬁskzﬁs‘ro 27
DK-81 snk.bovg Telex: 04 13249 hpftm ¢ Teiex: . Tel: 44678-44813 Jol. 275800
Tel: 166 Hewlett-Packard GmbH Cable: wae London NETHERLANDS elex: 4215 MEDITERRANEAN AND
Too'3 409 hpas dk Technisches Biro Bablingen Hewlett-Packard Ltd. Hewlet-Packard Beneiux N.V. Teknim c%ml o MiDOLE g&zrpﬁggs T cgzncr-
Cable: HEWPACK AS Hcrrcnherpev Strasse 11 2 Avonba Industrial Estate Van Heuven Goedhartlaan 121 Barbaros Bulvari 55/ ¥ :
D-7030 Bblingen, Wirttemberg  Long Mile Road P.0. Box 667 SPAIN Besikyas, [stanbul Hewlatt Packard S A
EGXPT Tel: 0703} 667-1 Dubll a NL-Amstelveen 1134 Hewlett-Packard Espafiola, S.A. Tel: 613 546 Meﬂllerrlnain lnd Middle
|nternational Enginsering Associates  Ca1e: oA Boblingen Tel: ©1 ) Sia302 Tel: 020) 47 20 21 Sl ez 3 Telex: 23540 5‘5",&“ fons creat
24 Hussen ) L"'T.?f&ia": g:.:u L’:’i‘;“g:: §ophae ;458 %6 00 (10 lnes) Medicat only Platia Kafgu;?.':; N
asr-el- ewlell-Pac| A Telex: 23515 hpe GR-Kifissia-Athens, Greece
i 7 i NORWAY Muhendislik Kollektif Slrkau
%I' 23 829 Encah:ﬂﬂ?uggfgtrm;sézmgrn) %‘.!.‘.‘:;‘. %%'Xa“’ froand) L. H&‘m—mnm Norge AS Hewlett-Packard Espadfiola S.A. Mediha Eidem Sokak 416 Tel: 8080337/269/429
Telex: 93830 D-4000 Dusseldort QOsterdalen 18 Colonia Mirasierra Yuksel Caddesi FOR OTHER AREAS
Cable: INTENGASSO Tel: (0211) 59711 Oublin 5, Eire P.0. Box 34 Edificio Juban Ankara NOT LISTED CONTACT
T Telex: 085/86 533 hpdd d Tel: 01) 315820 1345 Ostorass % Costa Brava, 13 Tel: 17 56 22 Hewlstt-Packard S.A.
SAMITRO : ) Tel: 02) 1711 80 Madrid 34 Cable: EMATRADE Ankara 7 Tus o Bots-du.Lan
Sami Amin Trading Otfice Hewlett-Packard GmbH Medical Only T 16621 b .
18 Abdel Aziz Gawish Technisches Bura Hamburg Cardiac Servicas Co. elex: 16621 hpnas n Hewlett-Packard Espafiola, 5.A. Anatical only R0 Box
Abdine-Cali Wendenstrasse 23 95A Finaghy Rd. South HewlettPackarg Norge AS Mlll" ﬂ 2123 Yilmaz Ozyu CH-1217 Meyrin 2 - Geneva
An 2?932 ro endenstrasse 23 | Battast U110 Bev M"dm en 1 ) Miki Mudafu Cad 166 ?vaz!;nda 27000
Cable: SAMITRO CAIRO Tel: (040) 24 13 GB-Northern Ireland Tel: C!) 203 6200 5 lines) Kizilay ol: 022)
ALABAMA 9606 Aaro Drive ILLINOIS MINNESOTA NEW YORK OREGON P.0. Box 42816
P.0. Box 4207 P.0. Box 23333 szm Toliview Dr. 2400 N. Prior Ave, 6 Automation Lane 17890 SW Low Boanes 10535 Harwin Or.
8290 Whitesburg Dr. San Diego 92123 Meadows 650008 St. Paul 55113 Computer Park Ferry road Houston 77036
Huntsville 35802 Tel: 714} 279-3200 o c?& 255-9800 Tel: (612) 638-0700 Albany 12205 Juaiatin 97067 Tel: (713) 776-6400
Tel: 205) 881-4591 “Tarzana TWX: 910-687-2260 MISSISSIPPI %(579 ﬁnggq ol: (503) 620-3350 J‘a"c‘;??‘ ios ot
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Your Comments, Please...

Your comments assist us in improving the usefulness of our publications; they are an important
part of the inputs used in preparing updates to the publications.

In order to write this manual, we made certain assumptions about your computer background.
By completing and returning the comments card on the following page you can assist us in
adjusting our assumptions and improving our manuals.

Feel free to mark more than one reply to a question and to make any additional comments.

Please do not use this form for questions about technical applications of your system or re-
quests for additional publications. Instead, direct those inquiries or requests to your nearest HP
Sales and Service Office.

If the comments card is missing, please address your comments to:

HEWLETT-PACKARD COMPANY
Desktop Computer Division

3404 East Harmony Road

Fort Collins, Colorado 80525 U.S.A.

Attn. Customer Documentation
Dept. 4231

All comments and suggestions become the property of Hewlett-Packard.



System 45B Graphics
Reference Card

Graphics Syntax Summary

[X tick spacing, Y tick spacing [, X intersection,
Y intersection [, X major count, Y major count
[+ major-tick size] ]]]

F[X min, X max, Y min, Y max]

eight [, aspect ratio [, character slant] ]

X variable, Y variable [, pen status string variable]

4 X parameter, Y parameter

- [lower bound[, upper bound]

[paper advance]

nteger array name @ # 3

H[X tick spacing, Y tick spacing [, X intersection,
Y intersection [, X major count, Y major count
[. major-tic size] ] 1]

integer array name %

"X increment, Y increment [, pen control]

list
mage specifier j list

‘run, rise

[X min, X max, Y min, Y max]

identifier number [, length]

[Xmin, X max, Y min, Y max]

rigin position

- X parameter, Y parameter

X offset, Y offset

“angle or run, rise

X parameter, Y parameter[, pen control]

[select code[, HP-IB device address], ]
plotter identifier string "' [, step size[, # of pens,
pen offset, [incremental plotter identifier] ] ]

< select code[, HP-IB device address] i

" select code[, HP-IB device address] I:

parameter, Y parameter[, cursor type]

X parameter, Y parameter[, pen control]

X min, X max, Y min, Y max

X min, X max. Y min, Y max

X variable, Y variable [, pen status string variable]

X variable, Y variable [, pen status string variable]

Default Settings

Graphics R/W memory is cleared Characters

Soft clip area = hard clip limits Size = 3.3 GDU's
UDU’s = GDU's Aspect ratio = 9/15
UDU’s are current units Slant = 0°

Pen #1 Label origin 1

Line type 1 Label direction horizontal

(left to right)

Pen Control Parameters

Odd = drop pen

Even = lift pen

Positive = pen change after motion
Negative = pen change before motion

Available Line Types

Label Origins

TESTS:

Graphics Error Messages

Description
Plotter specifications not recognized.

Plotter not previously specified.
CRT Graphics hardware not installed.
7 specifications out of range.




System 45B Graphics
Reference Card

Graphics Syntax Summary

= [X tick spacing, Y tick spacing [, X intersection,
Y intersection [, X major count, Y major count
[ . major-tick size] 111

F[X min, X max, Y min, Y max]
= height [, aspect ratio [, character slant] ]
- X variable, Y variable [, pen status string variable]

X variable, Y variable [, pen status string variable]

i X parameter, Y parameter

[paper advance]

‘integer array name (%}

T

[X tick spacing, Y tick spacing [, X intersection,
Y intersection [, X major count, Y major count
[, major-tic size] ]]]

integer array name <%

" X increment, Y increment [, pen control]

iz image specifier ; list

“ run, rise

"[X'min, X max, Y min, Y max]
identifier number [, length]
[X min, X max, Y min, Y max]
rigin position

X parameter, Y parameter

X offset, Y offset

run, rise

X parameter, Y parameter[, pen control]

% [select code[, HP-IB device address], ]
“plotter identifier string " [, step size[, # of pens,
pen offset, [incremental plotter identifier] ] ]

© select code[, HP-IB device address] I:

select code[, HP-IB device address]

X parameter, Y parameter[, cursor type]

X parameter, Y parameter[, pen control]

X min, X max, Y min, Y max

min, X max, Y min, Y max

X variable, Y variable [, pen status string variable]

Default Settings

Graphics R/W memory is cleared Characters

Soft clip area = hard clip limits Size = 3.3 GDU'’s
UDU’s = GDU’s Aspect ratio = 9/15
UDU’s are current units Slant = 0°

Pen #1 Label origin 1

Line type 1 Label direction horizontal

(left to right)

Pen Control Parameters

Odd = drop pen

Even = lift pen

Positive = pen change after motion
Negative = pen change before motion

Available Line Types

Label Origins

TESTS:

Graphics Error Messages

Description

Plotter specifications not recognized.
Plotter not previously specified.

CRT Graphics hardware not installed.
L. 11T specifications out of range.




Scan Copyright ©
The Museum of HP Calculators
www.hpmuseum.org

Original content used with permission.

Thank you for supporting the Museum of HP
Calculators by purchasing this Scan!

Please to not make copies of this scan or
make it available on file sharing services.



