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Overview

Your HP System 45B Graphics ROM provides CRT graphic solutions and / or hard copy illust-
rations of problems solved by the computer. In addition, graphics provides other valuable
capabilities such as labeling plots, axes, tick marks on the axes, and digitizing from a plot or
graphic display.

Before attempting to use your System 45B and this manual, you should be familiar with the
basic operation of your System 45B. Refer to your System 45B Operating and Programming

manual if you need this information.

Information contained in this manual is specifically directed to the CRT as the graphics display
device. Most information contained in this manual is applicable to other external display or
plotting units, such as the HP 9872A Plotter. Some of the more common differences between a
graphics statement’s effect on the CRT versus the 9872A plotter are mentioned in the discus-
sion concerning the statement.

The simulated CRT graphic drawings used to produce this manual were actually drawn on the
HP 9872A Plotter. Therefore, the simulations in this manual may appear slightly different from
the results you obtain on the CRT.

Chapter 1=

General Information =)
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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.

UDUs 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 zxample (DOMT?

18 Set_upl i

bl ORTA 2y4,5, 9, 20,40, 83,57, 189,99, 5 U Tata: Yor exanple plot

JE L;F'HFHII__ U Erabiles the CET

=I5 !

126 OF irndex=1TO 5 I Begivs oo to FLOT: 5 pointz

14 FEAT E]..t point,¥oplot. pointk I dptains data coordirates
®i%a FLOT ¥ plot_point,y plat o byt L PLOTs data coordinates

166 HEST L.—_n,.p trdes L FEepeats loop

178 Enhancemsmt=s? |

245 Label axesi !

=@ DRTH Dy I F M A My T T R, 5, 0,H,T I Tigta For H ax labis 1=

| TR ¥ label=0 TH 144 ZTEF--12 Ulmitializes loop

A ., akiel¥ I READ= data

B0 HERT ¥ label ! Repeats loop

2@ FOR Y label=8 T 115 STEF 18 e Ikitial izes ]

& HEXT % lakel I Repeats ladp

el tewti |

b ‘ U ChErge to degress ode

4 Copies: |

EHLD

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.

[]  Alitems 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 —

e Graphic Display Units (GDUs) 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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Simple Plotting Operations —

page 12 oGRAPHICS (enables plotting to be viewed on CRT)
page 12 oEXIT GRAPHICS (returns CRT to alphanumeric raster)
page 14 ePEN (selects a pen to draw / plot/label with)

page 16 oLINE TYPE (selects one of 10 lines)

page 20 oPLOT (plots a line)

page 22 oPLOTTER IS (enables/ specifies a plotting device)
page 26 oPLOTTER IS ON (enables a specified plotting device)
page 26 oPLOTTER IS OFF (disables a specified plotting device)
page 28 oGCLEAR (clears CRT & graphics R/ W memory)

page 30 oFRAME (draws a border around current soft clip area)
page 32 oDUMP GRAPHICS (thermal printer printout of graphics R/W memory)
page 3¢ oPENUP (raises the pen)

Terms

eHard Clip Area —The physical limits of the plotting device, beyond which no line
can be drawn.

eSoft Clip Area — The limits of the plotting device which restricts pen movement for
lines drawn in UDUs.

oClipping Area — The area which restricts the pen movement whenever lines are
drawn in UDUs.

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

eUDUs — User Defined Units. Defined by the program to whatever X and Y units of
measure which are convenient.

#GDUs — Graphic Display Units. An X,Y reference system which at default defines
the CRT to extend from X minimum = 0 to X maximum = 123.127753304,
Y minimum = 0 to Y maximum = 100.

Default Conditions Set by PLOTTER IS Line Types

Graphics R/W memory is cleared
Soft clip area = hard clip limits
UDUs = GDUs
UDUs are current units
Pen #1
Line type 1
Characters
Size = 3.3 GDU'’s
Aspect ratio = 9/15
Slant = 0°
Label origin 1
Label direction horizontal

\

Chapter 2-
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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 ¢m 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 9ESS
Universe

Offset SE13
Area

—9r99 |-9£13  }<RT 9k13] 9E9s

”
2,0

-SE13

—-9E399

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
| Xunit | Y unit | X units | Y units
oCRT 0 0 123.127753304 100
09872A 0 0 152 100
elncremental 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
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GRAPHICS and EXIT GRAPHICS Statements

The %5 statements turn the CRT graphics raster on and off
respectively. If you are plotting on the CRT and want to see what you are plotting, ! =
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.

% and EXIT 0

Syntax:

The graphics raster remains on the CRT until & i 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 i:

- 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

| |

\_ Y,

FEM. - ##2 Thiz iz the coptinuding esamnple COONTLD
Set up: !
DATH 2,9, 6,0, 28, 48,565, 57 189,39, 5 8 Tata for example- plot
GRAFHICE VEnables the CET
Start plotl !
FOR Loop dndes=1-T0-5
READ. ¥ plot podnt Y mlot point
PLET Hoplot point o plot point
HEXT Loag irdes =

Enkancemente:

Label guess ! ;
DATA T, T F o My A M T T RS T, T bolmta for s axis’ labels
FOR ¥ lakel=0-To 144 STEP-12 EIndtializes

READ  Labe)F RERDE data

i
i
i

v

S

Begins loop - to PLOT 5 points
Obtaing data coordinates
PLOT=2 dats coordinates
Fepeats Toop

: ]
l—‘-l—l-l—‘uj-!_‘a.f’,‘ll—ll—‘

iy G g TS
SR A

Aot ER W TN Rl oy T N

=
=4

X

[

25

A TR e

D e O N )

Vol xR

HEET- ¥ labe? LRepeatz doop
FOR W o label=@. TO 115 STEF 18 Initiabires Toop
HEAT % Tabe) FoRepeats - Toop
JER-Label tewtlo ]
278 DEG E-Charge toodeghees pode
50 Coptess.
ExIT -GRAFHICE LrReturnz tosabpbanumeris Faster
EMD

i

¥
1

(R3]
L
jior]

L
i

Ll
T

P

0
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PEN Statement

The F

any of four different pens.

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

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
&. 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.

i statement with a negative pen number (the eraser) resets the L. IMHE TYFE to

Executing a F

type one, (refer to the next section of this manual).
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Example
B 2\
. v
|
i
/L \J
\_
1 EEM  #x% This iz the comtinging example (CONTZS
18- St gl } ,

15 FEH .1 VSelects PEH #1

2@ DATA 2,4.6,%,28,48,63,57, 183,558,5 eoeranple pl ot
8 GRAPHICS : i Enables the CRT
B Ztart plot: |

oy

o
)
Y
£
=
]
-t
it
)y
L ]

3 FOR Loopindesx=1-T0 5 U Beging loop too FLOT 5 pairds
@ FEAD W oplot point, Y plon peint 0 Obtains datas comrdimates
fOFLOT Hoplot point, ' glot. poin LRLOT: data coordinaies

B HEST Loop dndex L Repeats loop

=
Ten]

Erbarcenent sl )

Ee e e ) N I By i A S

o Label awesi ]
8 CDATAD, T F M R T, DAL 5. 00, D U Dista foro Woaxnis labels
8- FOR ¥ labet=& TO 144 ZTEP 12 L lnitializes loop
g FEAD Label# | BEAD: datsy
8- HEAT % label L Repeats loop
FlR-% label=8 TO 115 ZTEF 18 Lodmitializes loop
00 HEST 4 label I Bepeats lToop
a8 -Label test?
37e IEG LiBhange to degriess mode
320 Copiest )
SEE- EHD
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LINE TYPE Statement

The LIME TYvFE 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:

LIHE TYPE 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

D

1 REM  #%% Thiz iz the contituing example CCOMTIY

18 Set up: !

2B DATR 2,4,6,9,28,98,63,57,18%,99.5 1 Data for example plot
e GREFHICS I Erablez the CET

CBB Start plotl !
o128 LINE TYFE 4

128 FOR Loop indsx=1 TO S

198 READ & plot_point,¥ pliot point

o8 FLOT ¥ plot_point, Y plot pding

166 HERT Loop_indes

178 Erharcsmettss !
LIME T%FE & Specifies dashed LIHE TYFE
LIME T%FE 1 V' Specifies =olid LINE TYPE
A Label mwesi |

DATA. D, J, Fy M. A, My T, T, B S0, H, B
FOR ¥ label=8 TO 144 STEP 12

READ Label$

HEXT ¥ label

FOR . Jabel=8 TO 115 STEF 18
HEXT ¥ labe]
Label tewuti |

TEG ViThange to degress mod
Copigsl |

EMIH

Specifies dashed LIME TYFE
Begitis loop fo PLOT B points
btains data coordirates
PLOTz data coordinates
Eepests loop

Iats for W axiz labels
Initializes loog

FERD= data

Repeats loop
Initializes loop
Repeats  loop

m
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Y,

CRT Line Types

9872A Line Types
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b REM 22 This eeanple dr»‘me"- =t rrﬂﬂ
1B PLOTTER IS ! r%ﬁmf;ﬂj
& LeAPHlEs
38 FEAME -
48 ECALE B, 1@,*11 i:i
58 Loen 2

:f'T’rF'E stnt enent 'LIHE" .
T\a« fh&‘ 1“: r'ﬁ““” - .

':E;F‘T]v:u::" area
CHTE &"'E‘:l to 16l
= oo the LIHE TYFE

1 REM % LAPEL and DFRN at t:n !abi»- LIHE T‘T‘?E‘-

B FORE Live=1 T0 16 . : L :

A labelsr MOVE 1'-L1r:x§*”” f.xm")’rmn S

& o LIME TYPE 1 1d LIHE TYFE for LFAEEL

g CLREEL Lire . ,mbw* of the LINE TYFE .
B Lines:LIHE TYPE Lmﬁ - HE TYPE for line to be drawr
18 PEMUR - ‘

28 CPLOT 2,-Lire

368 DRAN 7, -L i

43 HEMT Line

S8 EHD "



20 Simple Plotting Operations

PLOT Statement

The FPLT 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.

LT 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 FL.IT, IFLOT and FFLIT statements. Once you

have set the pen control parameter, it remains in effect until it is changed by a default condition,
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1 FEM  ##% Thiz is the continwing examgle tCOMT42
18 Set upl !
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48 GRAPHI I Ernables the CTRT
2@ Start plot: !
126 LIHE TYFE 4 I Eperifies dashed LINE TYPE
126 FOR- Loop iridex=1 TO S UiBegifs Yoop to PLOT 5 points
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@158 PLOT ¥ oplot poirntyy plotopoing LPLOT= data coordinates
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PLOTTER IS Statement

A FLOTTER I% statement is used to specify the select code and the type of plotting device to

which successive plotter operations are directed.

1% [select code [, HP-IB device address], ] plotter identifier string [, step

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 identfer string (sting variable or constant) specifies the type of ploting device,

and therefore, the proper 1/0 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 specity the type of plotting

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

[dentifier String Select Code

CRT

The plotter identifier string, "{F

5" specifies the CRT as the display device.

9872A
The plotter identifier string " %Z7 2", 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 Fi {177 [ % 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 FLTTER I 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.

© ® N O T s W N e

Selects the standard character size.

—
=

Selects label origin one.

—
—

Sets label direction as left to right.

[u—y
NO

Clears any error conditions.

13. Clears character count from any previous L.FHEEL 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 LIMIT statement sets all of the previous de-

fault conditions except default condition number 6.
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FEM = #%% Thiz iz the continuing exanple (COHTS
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PLOTTER.. .IS ON or IS OFF Statements

The Fi. A | = [IFF statement activates (iit) or deactivates (IIFF) the
plotting device specified by the select code. When activated, a plotting device responds to all of

the plotting statements and when deactivated the plotting device does not respond. Executing a

FLOTTER. . .I% 0O for one select code automatically deactivates all other plotters. If all
plotters are deactlvated, the plotting statements are executed but are not directed to any
plotter.
Syntax:

DTTER select code [ 4 HP-IB device address] I:

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

plotting statements are directed only to the spec1f1ed 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 Ei i 11 is generated by lines 5 and 15.
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Example

REM

- FLOTTER.

th up:f, i
FLOTTER
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the 1::~ET o ‘ '
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' =1 10 - 3@0@ 1o PLGT :owntm
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GCLEAR Statement

The GCLEFRR statement clears the graphics memory and the CRT screen of any previously
plotted data. The Giil.EfAF statement does not reset or set the default parameters for any other
statement.

Syntax:

A [paper advance]

T T Lo

The ER IZ statement should normally be used between plots, rather than GCLERR,

since 0 1% does not restore the default conditions.

T

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.g., HP 9872A) and on the CRT, the paper advance parameter is

ignored.
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Example
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1 FEM - #x% Thiz iz the coantinuing exanple CCONTED
18 Set up: !
28 DATH 2,4, 6,9, 28,48, 62,57, 109,9%.5 | Data for exanple plot
26 PLOTTER 1% 13, YGERFHICSY Vo Bpecifies the CRET a2 the plotter
48 ERAPHICE U Enables the CET
99 Start plat: !
t2a- LIHE-TYFE 4 Vo Specifies dashed LINE TYFE
L2 FOR Loop indexs1 1005 Lo Begifis s loop to PLOT 5 Puir’:t—i
146 PEHB F Rt point, Y oplot point Volbtaine dats -Jurd1nuT
156 FLOT ¥ plot. point, 7 oplot poing PLOT: data coordirates
158 - HEXT Laup indei L' Repeats loop
178 Erbancenerts? 1
igm o LIME THYPE & L' Spec ifies dashed LINE TYFE
228 LIHE TYFE 1 LiEpecifies solid LIME TYFE
S48 Label amesy
256 DATA 0, J,F,M,A Aol T A S 0 HT Llista for Hoasis labels
el FOR 3_3zbe}-u TO 144 STER 12 FoInitializes loop
280 FEAD thh1$ L READ= data
@3 HWERT W Tabed VRepegtz. )l oop
Z280 FOR :_Idbel-u T 115 STER 19 FoIrdtializes Joop
S5 HEXT Yo Yabel I Repeatz Joop
260 Label tewt: !
78 DEG L Change bt degress mods
488 Copiest o

e 485  GULERR L Clears CRT 4 Graphics memory

506 - gWHD
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FRAME Statement

The Fi - 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 s=anple CCOHTE)
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DUMP GRAPHICS Statement

The LilMFP REAFHICS 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.

DirP GRAFHICE (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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HERT . % label
FOR: i Tabel=0 TO 115 STEF. 16
HEAT Y label

Label tewts

Example
< )
\/
1 REM- - #%% This iz the conbiruing example. (COHTIY
18 Set upd !
o8 - DATA 2,4 pBy T, 2 E3, 5P, 189, 005 L Iata for exEngle plat
28 FLOTTER I' 13, "GRAFHICS" I Specifies the CRT as the plotter
48 GRAFHICE L Efables the CRT
a8 Start plot: !
188 FRAME boBosses the SOFT CLIP ares
126 LIME TYFE 4 I Specifies dashed LIME TYFE
128 FOR Loop dindex=1 TO S L Begine Toop to PLOT 5 points
145 F:EF!II ::~ Cplat pednt, Y plots poding LOptains data coordinates
156 FLOT p]nt pnithy Y oplot paint FPLOTs data cootdinates
YEE - HEAT Ls:u.np m-:lw ! Repeats lToog
178 Erihanc emerit = !
128 LINE TYPE E- b Specifies dashed LIME TYFE
286 LIME TYFE 1 ViBpecifies solid LINE TYFE
24 Label aweszt |
EEa CTATA Dy Ty Py ML R M T Te RS 0 H, T Data for ©oawis labels
Zek - FOR :x._]n.;tn.:]-u Ti”'l 144 STEF 12 Iriitialyzes logp
226 READ Label$ FERDs data

Fepeats. Toop
Initializes locp
Fepeats  Toop

DEG U Charges e degrees node
Copiesi.
DUMF GRAFHICS ViHard copwoof - CRT display

ENTI
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PENUP Statement

The ¢  statement lifts the pen.

Syntax:

On plotting 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 |

- statement (refer to Chapter 6).

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

I statements with the optional pen control parame-

statements or the }

ter.
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Example
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Summary

The second chapter covered —

¢ simple plotting operations
e plotting boundaries

¢ hard and soft clip areas

e plotting coordinate system
o LEAFHICE

e EHIT GRAFHICE

o FEH

o FLIOTTER. . . I% OH
o FLOTTER. . . IS OFF
o LLLERR
o FRAME
o TILIMF GRAFHICE
o FEMLIF
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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Terms

Positioning and Scaling Plots —

oLIMIT (sets hard clip limits)
o CLIP (sets soft clip limits)
oUNCLIP (changes soft clip limits to hard clip limits)

eLOCATE (defines an area to be scaled)
¢SCALE (makes UDUs, which you can specify, the current units)
eSHOW (causes display in LOCATE area to have X dimensions = Y di-
mensions)
oeMSCALE (makes millimetres the current units)
oSETGU (makes GDUs the current units)
eSETUU (makes UDUs the current units)
oRATIO (determines ratio of longer plotting side to shorter plotting side)

o Hard clip limits — The physical limits of the plotting device, beyond which no
line can be drawn.
o Soft clip limits — The limits of the plotting device which restricts pen movement for
lines drawn in UDU’s.
e Current units — The mode of X,Y reference which is in effect; may be either
GDUs, UDUs or Metric (mm).

Effect on Effect on Effect on

Statement Hard Clip Limits Soft Clip Limits Scaling Points

FLATTER 1S5 Reads the hardware Sets to hardware Sets to hardware
P1 and P2. P1 and P2. P1 and P2.

&2 i Sets boundaries to area Sets to hard clip limits Sets to hard clip limits
specified or digitized or digitized boundaries defined by | i1 7
by L 114 T statement. of the _ TMTT statement. statement.

LICHTE No effect Sets to specified Sets to the

or digitized boundaries points specified or
of the LIILHTE statement, digitized by the
LULHTE statement.
=L TP No effect Sets to boundaries No effect
specified or
digitized by the
"L I ™ statement.
UKL IR No effect Resets to hard clip No effect

limits.

Summary of Scaling Statements

Scaling statements affect the area defined by the LOCATE rectangle.

Scaling statements set UDUs as the current units.
SCALE defines the UDUs.
SHOW causes specified area to have 1 unit of X = 1 unit of Y.

MSCALE specifies millimetres as UDUs.

Chapter 3=




vverview

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 —

I (which defines the hard clip area)

" (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)

£ (which defines the X-Y coordinates along dimensions that you specify)

- (which defines the X-Y coordinates to metric units (millimetres) )

i (which defines one unit of X to equal one unit of Y)




Positioning and Scaling Plots

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 ZZfi.E statement or when you use the [

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

[.E 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
program control by using the i

T statement. Remember, the hard clip limits can never
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

. statement. If your plotted coordinates exceed the physical limits
of the plotting device and are within the soft clip limits, the System 45B can still compute your
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
LI TF statement.
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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

LLICATE statement to specify an area.

The scaling is done with two statements —

SLHLE allows you to specify values which define the number of units into which X and Y axes

are to be divided.

METALE 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 SHOY statementis similar to a scaling statement where X min = Y min and X max = Y max.

A figure is then plotted into the LIZHTE rectangle, showing only as much as fits into the

rectangle.

Offsets

The L IMIT and M=% ALE statements also allow an offset distance in millimetres to be specified.
The offset allows you to locate the plotting area away from the lower left hand corner of your
CRT or 9872A plotter.
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Other Statements

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

e SETLH (which makes GDUss the current units.)

.
T3

e SETLILI (which makes UDUs the current units.)

o AT Il (which computes the GDU ratio of the length of the X axis divided by the length of
the Y axis.)

Computer
“Museum

LIMIT Statement

The LIMIT 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} IT statement for the area.

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, EFFIF 117 is generated.

Ifthe LIMIT 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.

Syntax:

LIMIT [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



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. i I{1IT 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. II{IT X
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. L. If1iT X max,

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

Executing the L.

o desrve the ploting s Forrtherdeals about inputing pameery by i 1l

T statement without parameters allows you to digitize two opposite corners

The 1. 11T 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 FLOTTER

THTT

11 statement is

execufe(l wikhouk paramefers, {\1@ pen moves fo {}\e current l and ! coordinates. This i

$O you can position the pen at your desired and coordinates which are input as the
LIMIT 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

' T statement is executed.
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Example
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1 FEM - #%x Thiz e the continuing ezample (COHTLITD
18 Hetoupg !
26 DATA 2,4,6,%,28,458,63,57,189,99.5 | Iata for example plot
6 PLOTTER IS 130 "GRAFHICE! 1 Specifies the CET as the plotter
i GRRPHICS | Ermbles the CRT

esn  LIMIT &,184,8, 146 P Tefines the HRRD CLIP areq

SE Brart ploty !

1868 EEAME ! ves the BOFT CLIP area

1268 LIHE TYRE 4 U Specifies dashed LINE THFE
156 - FoOR LQ:‘meir’liiE'}{:i TS L Beaing Toop to PLOT S poinds
inG - RERD & plot poing, Y plot point Poobtaine data coohdioates
186 PLOT ¥ plot point, Y plot poing U RLOT: data coordinates

160 HEMT Loop indes Lokepeats 1oop

178 Ernbarcemsntzl.

o tEm  LIHE TYPE & iBnec ivies dashed LINE TYFE
228 LINE TYPE -1 L b Epecifies solid LINE TYFE
246 Label guesl )

ZERCDATAE D B MR N I T A B O ML T | Data for # oaxis labels
2ef FOR B lobel=@ 10 144 STEF 12 P Imitializes T:m;.
28 RERAD Labeld | READ= dats
B8 CHERT ¥ o label b Fepeats Joop
228 FOR i labet=0"T0 115 SIEF 18 LImitiatizes toop
308 HEXT % Tabel L Bepeats loop
] Lﬂh#]wTP*t’ !
IFA DEG - ! rmn.:;a to degress mode

; 48@ l Hf!'{ﬁ"—-' ' . i
490 - DUMF GERFHICE U Hapd copu of CRT display
San EMD
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CLIP Statement

The ZL.IF statement defines the soft clip boundaries. This allows the soft clip boundaries to be
moved from their default location set by the FLIITTER 15 LIMIT or LOCATE statements.
Soft clipping affects lines plotted in UDU’s, but has no effect on lines plotted in GDU'’s or as

labels.

Syntax:

IF [Xmin, X max, Y min, 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 LI boundaries are not drawn (unless drawn in
GDUs).

Executing the {:1l.IF statement without parameters allows you to specify the area by digitizing

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

The soft clip limits can be turned off (by LML IF) or may be set beyond the hard clip limit. In
either case and in the case of plotting commands in GDUs only, the hard clip limit (set by the
L IMIT statement or defaulted by the FLLTTER 1% statement) is used as the soft clip area.

[P
H

Executing FLOTTER I3, LIMIT

‘HTE or UMZL IF reinstates various default values includ-

, LW

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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IRTH Z.8,8,%
FLOTTER IS
GRAFHILS
LIMIT 8,1
CLIP 3@,
tart plats
FRAME
LINE TYFE 4

FIOR Luap indew=l T 5

FEHD opbatopoint, ¥oplet point
PLOT & p]uf oty Y p!uf poiht
MEXT Lﬁop e
Erbarncenents -1

LIHE TYPE &

LTIHE T?PE 1
Label awes I

DATH D.m,F e oM Tl By B0 H, T
FOR 3_1abe]—@ TO 144 STEP 12

READ Label$

HEXT ¥ label

FOR labtl*ﬂ T3o115 STERP 18
HEXT ¥ label
Labe .f*fﬁ stomod

TEG
Copiesss ol

DEMP - GRAFHICS

EHD

13, "GRAPHICS"
S, 145
3@, 100
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2,
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Lollata for
b Specifies the CRT as the plottet

FoDief ines

exampl e plot

Erabdes- the CRT

Lllefines the HARD CLIF &y

BT
tkee SORET CLIF ares
Bomes the SOFT CLIP ares
Specifies dashed LINE TYFE
Beging loop - to PLOT S poifts
Dbtaing data coordipa
PLOTz data coordirates
Repeat=s - Toop

tes

dasked LIHE TYFE
ol ddLIME TYPE

Dats for N oaxislabels
Imitializes lToop
FEAD:= data

FFFJF»:S.T = B il 2
Inivializes loog
Repeats loop

Charge to degress pode

Hard gopu ot CET- disglayw
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>oim< / Ppint

P 1
>--“:>P0int
oin -
a—
*~ Specified CLIP Boundaries
(soft clip)

s Specified LIMITS

(hard clip)
== Physical Plotter Limits
Plotting in GDUs
b i Ppint
oint 1 1
2 <::::
P.\~-___;0int
oint """ 3
4 —1
"~ Specified CLIP Boundaries
(soft clip)

W Specified LIMITS
(hard clip)

A== 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

associated statements (LI[1IT and CLIF).

Notice that the line drawn in the first figure (plotted in GDU’s) is clipped only by the hard clip
limits, and the line drawn in the second figure (plotted in UDU’s) is clipped at the soft (&L 1F)
boundaries.

Another feature of ;L. 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.

47
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UNCLIP Statement

The LIHCL IF 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 LIIT statement while in
UDUs. It is primarily used whenever a LZHZHTE or L IF statement has changed the soft clip

area from the default hard clip area.

Syntax:

]

—i
—
b}
[
T
-
M

Clipping is set by executing FL.OTTER I3 LIMIT r UL I'F statements. SCHLE and

[¢]

ZHE do not affect the clipping limits.

NOTE
Executing an UHCLIF statement does not override the

scaled area defined by a LUHATE statement.
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Example
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p, 4

' N
1 REM. c#2% This iz the cont inging exanple (CONTLS)

15 Set upl !
DATH 2,4,6,9, 28,48, 65,57, 109,99.5 | Tata for esanple plot
PLOTTER IS I3, "GRAFHICE! P Bpecifies the CRT gz the plotter
GRAFHICS I Evables the CRT
CIMIT 8,184,89, 148 P Detines the HARD - CLIR areg
CLIP 20,126,368, 188 Fletines the SOFT-CLIP ares
Start plat: !
5 FRAME
g LIME TYPE 4
8 FOR-Loop index=1 TO 5
1di E:EFIII §=~ Chboropoint Yo plot point
158 PLOT p]m Cpmant Y plot point
1B HEST Loap e
178 Enbarcenents s

Bowez the SOFT CLIP ares
Spiecities dashed LIHE TYFE
Begins loop to PLOT 5 points
Obtains data coordinates
FLOT= dava coordinates
Fepeats -lodp

ek S TR
PO L o o ol all oS o

18 LIHE TYFE & b Specifies dashed LINE TYPE
@i UHCLIP boSete BOFT CLIP area to HARD CLIP aren
3B LIHE TYFE b Specifies solid LIHE TYPE
248 Label awesi :

SR DATA Dyd Foby M I T BeS, 0, H, D U lata for Moaxis labels
268 FOR ¥ label=8 70 144 STEF 12 Claitializes loop

288 EEAD Labels L RERD: data

300 HEXT ¥ labe) L Fepeats loop

SE FOR Y label=00T0-115 STEF 18 FInitializes Toop

256 CHENT Y dabel : L Repeats loop

SEE Label teupi ol

I TEL I Change to degrees niode
428 Copiest )

495 DUNP  GRAFHICS bHard copy of CRT display
SEE - EHI
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LOCATE Statement

The L. I

the = statement fills. The L. - statement also defines and resets the default soft clip
boundaries.
Syntax:

[Xmin, Xmax, 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 LI 1T 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

_i 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).

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 =
specified by the L.

Eand = tatements assign user definable units of measure (UDU’s) to the area

i statements act on this area in two

Eand =

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



Example

Positioning and Scaling Plots

\ A

N /
on .

/
/
/
/
/
/
/
/

A~ e

X S

e R |

oo IHTA IE_’_..-'-'F,':,

B PLDTTER 13

B GRAPHICE

G RTHIT Beisd, 6, 1di
o5l Ll‘u’HTE BBy 18,00

&
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LINE-TYFE 4

FOR Loop indes
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HERT Laop indes

Erfancensntss.
LIHE-TYFE &

oot S A R TR

P e e i Y T e
L6 o Rt B g T e T o o R B KR N

HHECL TF
LIHE TYFE 1
babel axe=d

DATH I, 1,F, r1 Ayl 18,5, 0, M1
FOR Tl b-l“u TO 144 STER 12
READ: Labe 14
HE:‘A:T #odahe
FOR.Y . Tabed =0 T0 115 STEF 18
HEXT. ‘f 1 sk
Labed textl
LEG
Copigzi ]
DUMP - ZRAFHICS
EMD

FEATE #oplat ;.«';m’r.f phot moing

i
I
1
1
i

!

L oDef ipes the HBRD CLIP

e
LoTiefines theares to be ;—:ca‘i =l

REM “#ex Thiz d= the continuing esgmple (QOMTI43

Eelmts for exangle plot
Specifies the CRT sz the plotier

Erables the CET

Detipes the SOFT CLIP mres

gy EQQFT f;hIF A
i dashed LINE TYPE
neoctoop Lo PLOT Srpoinis
imsodata comrdingtes
i1Ts ‘:j:“i'{-a cooPdinsEt es

=4

3 n AR

o
Lean
S

cdashed LINE TYRE
Pies solicd LINE - TYFE

Iata For @ &wiz lakels
Inizializes loog

RERD= data

Repeats loop
Inttialtizes
Fepeats Toop

Charme Lo degress node

Hard copg oft CRET dizsplay

CLIF: area to HERDCLIF
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Effect on Effect on Effect on

Statement Hard Clip Limits Soft Clip Limits Scaling Points

FLOTTER IS | Readsthe hardware Sets to hardware Sets to hardware
P1 and P2. P1 and P2. P1 and P2.

LIMIT Sets boundaries to area | Sets to hard clip limits Sets to hard clip limits
specified or digitized or digitized boundaries defined by LIMIT
by LIMIT statement. of the LIMIT statement. statement.

LOCATE No effect Sets to specified Sets to the

or digitized boundaries points specified or
of the LIZATE statement. | digitized by the
LOCATE statement.
CLIF No effect Sets to boundaries No effect
specified or
digitized by the
CLIF statement.
HCLIF No effect Resets to hard clip No effect

Scaling the Plotting Area

limits.

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 —

e SCALE
e MO

o MECHLE
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SCALE Statement

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

The =

as specified by the LTCHTE statement. This allows you to specify your own units for plotting.

Syntax:

LE 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 LIIZATE 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 SiZHLE 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 ZH{il] statement.

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

period, the Z{HLE 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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LIME TYPE -4

Fil Lo dradessl TOO S

RERD M'Eﬂ ot point Vo plot pednt

PLOT & plot point,oplob point
HE”T Lx %) i’s 1 i"'gl‘ja—-
Evibare v;?ﬁ,»*’f = 1

Ey«q‘ltr»-.
Obtains

ifies the CRT az the plotter
the CRET

Detir the HARD CLIF areq
Hefirms the ares 10 be scaled
Dedires 1he S0FT CLIF area

SCALEz the LOCATE area too194%12@

SOET CLIP area
1E ijai%i"u':"ij LTHE T'l"F‘E
data soor d‘hsf
FLOT= data coordinates
Fepeats Toon

153

LIME THPE &
DMCLIF
LIHETYRE 1
Label axesi o
DRTA D, I F Mo AL,
Fop % label=g O
FEAD Label®
HEXT ¥ Tabel
FOR N labe 1260 T TIS STER L0
HEST ¥ label
Labie] teard |
LES
ri |F'i} e 4
LM GRAFHICE
EMD

RN o R

Ty HpE
144 STEP 12
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. dasked LIME TYFE
CLIF

sobid LIHE TVFE

AHE

] el f:r

Tisbm e tabels
£h171i57~“'
READ= A:i:zt--:x
Fepeass loop
Imdedalizes
Eepeats Toop

Toop
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Chatoe s too degress minde

Hard copuof CRT display

area bo HARIG-CLIP. area
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(- a

EEM - #% This iz the S0HLE
REM- %% Trithiz esanple, 8 iz BOALEd 1o Pepres
EEM - @ wears from 19e8 1 ey anisis BORLED 1
EEM o be 28 dnches of Fainfall,
BRI R R S O N N R SRS SRR R
FLOTTER: 15013, "GRAFHICEY L Specifies the DRT as the plotter
GRAFHILER LB b?e» the CRET
FRAME Uolirans & FRBME around the SOFT CLIP ares

7 !

i

|

& (SCALES

LOCATE 4@ 1oE .

‘ LECATE =n gres within the SOFT LLIF ares
SCALE 1966, 19V6,4, 20 1 ECALE= the LOCATE ares to 1828
ARES - I-de, Lo t9ee B 12 008 | Drguws FRES for the gl
REM % Theomest section PLOTE Gsing randon dats
EEM %% lipes 80, 90,108 geverate and PLOT the sardon data
REM axessweag EEE SRS ssersa ety % % P

HOME 1966,8 L HMOYE to Tower Teft corner of plot
FOR - Fandon data=1Ras T 1978 2TEF {08
PLOT Rardon dats, BHIBE+7 220 THOREndom dataly
HEST Randon dats =
EMD o



SHOW Statement

The ZHil statement displays an area within the LIZZFTE rectangle where one unit of X equals
one unit of Y.

Syntax:

ZHOW X min, Xmax, Y min, 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 ZHil statement defines an area that is stretched or shrunk proportionately in the X and Y
directions so that the specified area fits into the plotting area defined by default or by the
L.OCATE statement. The aspect ratio of the units is forced to be equal to one (1) by the SHI
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 0 statement would not normally be used when you want to plotin two different units of
maasure, 2 inthe revious examele for the CF

<L HLE statoment whete inches of rainfall and
years were used as units of measure. But SHil4 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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Example
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1 FEM - #%x. Thiz ja the continuing example SDONTIGY

18 5et upt 1

20 TATH 2.4 GE VI BB B, BT 1R9,92.5 L Tinta for o exanple plot

28 CFLOTTER: IS 43 "GRAPHICEY FBpecifies the TRT z= the plotter

48 GRAPHICE LEmables the CRT

e LIMIT @ les, o, 148 oDefines the HARD CLIP -area

£ LOCATE ”H,IEE,EE,IE@ Pllefines tHe dred to be scaled

VRO CLTR R, 126, 28, 188 EoDetines the B0FT CLIP area

2@ CECALE @y 144 e, 128 L'SCALEs the LOCATE area to 144x129
@55 - CEHOW @, 88,8568 EBHOM s area gz Loanit of M=o undtoof oY

28 Start plotl 1

1686 FRAME I Bowes the SOFTCLIF are

128 - LIHE TYFE 4 L Specifies dashed LINE TIPE

128 FiR Loop irdes=1 1005 LoBegins loop to PLOT 5 points

t4@ - READ W plot pointyly p?uf o paint I Obtain:s data conrd1nat=2

158 CPLOT ¥ plot _point, plat point LPLOTs data coordinates

168 HEAT Loop indesx " I Repeatz Too

178 Erbarcemsntss ot

128 LIME TYPE & L' Srecifies dashed LINE TYFE
218 UHCLTR L Zets BOFT-CLIF ared to HARD CLIF arca
228 LIME TYFPE 1 ESpecifies zolid LINE TYFE

246 Label amesl !
258 DHTH B,J.F.N Al T T 50 D P leta for doaxis labels
2ER - FOR B Tabe T=0-T0 144 STEF 12 Finitializes loop
280 READ Labeld LV EEAD: data
200 HEXT #1label b Repedts Toop
Folwitialbizes loop
|

226 FOR % label=3 T0 115 STEF 18
56 HEXT ¥ _label

Zen Label_tc<t. !

278 DEG

488 Copdesl

498 - CTUME GEAFHICS bHaed copu of CRET dizplay
586 EHD

: Fepeats Toop

Charnge Yo degrees node



The
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).

il.E statement sets millimetres as user units and defines the origin. This mode is very

Syntax:

X offset, Y offset

i..E statement has been

- specifies the current user units as millimetres. Once the '

executed, the soft clip area is defined as follows:

Plotting gE9g

Universe

Oifset | 513

Area

-9g99 |-9£13  FSRT 9p13] 9E9s

2,0

-9E13

—SESS

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 E13to 9 E 13.
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Setoupl !

IRTA =,4
FLOTTER IS 18, "ERARHICE Y
GRAFHILES.
LIMIT 8,184, 6, 148
LocAaTE -H.liﬁ,ﬁﬁ,lﬁﬁ
CLIF 38,128,800, 188
MELALE dwgip

VP EoRLE B, 144,08, 120

Start pieot: !

FRARE
LIHE TYFE 4
FOR L ol index=1 Tn 5
FEAD ¥ plot point,y plot point
PLOT = p!uf CBninte ¥ piot poing
HEXT Laup 1rdwx '
Evbancementz }
LINE TYFE i:‘.
UHOLIF
LIHE THFE 1
Label awesi |
THTA I, L E ML A I LR 5, 0 H, B
FOoR 4 1abp3-u Tu 144 BTER 1z
FERD Lakels
MEST & labed
FOb % label=@ o 115 ZTEF j6

l uf:)ix:_. 1
e fFHFHIEQ
EHD

4,6,9,28,45,62,57, 109,93, 5

REM  =%x Thiz is the coptirdiing evanple (COMTITS

Data for example plot

Specifies the ORI 2z the plotier
Epables the CRET

Defives 1he HARD CLIP area

Defives the arez to be zcxled
Defines the SOFT CLIP area

Zets SOFTCLIP nona with 18218 of

SCALE= the LOCATE area to 1440120

Boses the S0FT CLIFP area
Zpecifies dashed LINE TYFE
Beginz loop to FLOT 5 pointz
Obtzine dats voordirates
FLOT: data coordinates
Fepeatz 1oop

. dazshed LIME TYPE

3

o=odid LIME TYFE

Iis axiz labels
Ir s DI

Nhange to degrees mdde

Hard copw of CRT dizplay

CLIP area w0 HARD CLIF ar

59



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 ZCHLE, SHOM, or MECALE

statement.

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

selected:

MOE IRl FLOT RFLOT
IELOT CLIF ARED GRID

WHERE FOIMTER DIGITIZE CURZ0R
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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:

SETGU or SETUL
ZETGU sets the current units to graphic display units. SETLHI sets the current units to user
defined units. UDUs are also set by the FLOTTER IS and the LIMIT statements. The default
UDUs are defined to be equivalent to GDUs until a ZCALE, SHO or MZCALE statement is
executed.

GDUs are primarily intended to position the pen on the plotting device (i.e., the plotting area as
specified by the L. I117 statement).

UDUs are defined by the most recently executed Siifi.E, ZHOM or MIZCALE statement.

Example
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I_ . REM: #%% Thiz i thie tortinuing ou wafip e COOMTIE
18 Set upl ! .
28 DATA 2,4,8,9 e e S N R e e
=t i e e e i e s ] @t
~H F_’LI_'TTEF 1513, "GRAFHICEY D Zpecifies ‘rhwfi ;de:' the ot ter
48 GRAFHICE VEpables the ORT Ak
B L e
58 _LI]:TP d, 184,06, 146 Dlefines the HRARD CLIP afes
;::L:'l L_Ei!_:HTF;' S0, 120, 58,108 Pelievines the mres to be :-
B CLIP 28,128, %3, 100 I Diefines the SOFT CLIF are
58 SCALE 1441, 126 | SCALE= the LOCATE sres to z
sl p}nt. ; LECALES the LOCATE ares to 1d4w1s0
i‘:g SF'F!HE | Bowes the SO0FT CLIF ares
1i: EHE TYFE 4 ! uj:,lr:!,"i‘!"kw- dasked LIHE TYPE
.;xl:":'l EiR Lo ::11('.) H‘*d# vl TS ! Bt:i.:lih‘— .JHFl T FL! iT5 }'.n'ﬂf'lf’-
131;:3 RERD 4 plot point, v i LObtain:s dats conr :th‘ﬂ-’
1.__&;1 FLOT X plot point, Toplot point LELOTE data voordinates
Tl HEST L-.u.qn il L Repeats Toop :
178 Erbarcensrtar |
iu':ﬁ‘l;j LItjE TYFE & DEpecifiss dashed LINE TYFPE
aig Ef;;:u!glfr e Lerz SOFT CLIP area to HARDOCLIP srea
=28 H LEpecifies anlid L1
248 Label axeso | oo - AR TIR
258 I!HTH D,J,F‘H ..H Jyd H.M, H I LI
T nlm ‘
BEa e :
2Hi HEHTJ aheld !
288 HEAT ¥ labe? !
S28 FOR Y Tabel=8 TO 115 STEF 18 !
B Tk
s BEAT T label :
20 Labe] tewty |
,Ef;f }3{{!}~ U Change to degrees mods
O.:R‘ 8 BETEH Plhange back to Graphic Bizplaw Uaits
480 Copfest | :
498 TUNP. GRAFPHIES bHaed copl of CRT display
00 B |
RATIO Function
The F i*function 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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Example

\ =/

REM %% Thiz s the BATIO suanple CRATION

L This program DREANS & 1Tine bo the opposite corner from GO paint 9,8
Pogivirg wou the mayinomn waluss of ctheoplotter Timits

Eoim GRS HOTES The mindnun value i aluavs B8

1

FLOTTER T% 13, "GRAFHICS !

cifes ths CRT &2 the platter
SRHFHI:: 1 Eﬁab es fe CRT

LIMIT &, 124, 47,8, 148,82 Plzes the fulbl CRT area
i

-

o

T e B w R IR 0 L Y
O R R

28 FRAM LFRAME= the SOFT CLIP area

aa S HMOVE B8 DOMOVEs boopodnt 8B in GDUS

118 !

1268 f SRt mak S Rins valuss (BIM s of the size of the plotting area
® 128 o gdu pEss LERHIAN O L ERATIO
®148 Yodumax=1BB*AN L, TCRRTION

1563 1

Teg . IRAR Hgdu mas, Yod nas PDREAME A Tine o the opposite corbst

i7a o EHD
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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.



Plotting Enhancements —

page 67 oAXES (draws an X and/or Y axis)

page 70 oGRID (divides the plotted area into a grid reference)
page 72 eMOVE (moves the pen)

page 74 eDRAW (draws a line)

page 76 eRPLOT (plots from a fixed reference point)

page 78 oIPLOT (plots from the last plotted point)

page 81 oPDIR (plots at an angular tangent)

Terms

eAbsolute Plotting — Plotting to a coordinate which has its X and Y values specified
in the current user units.

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

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

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

Pen Control Parameters

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

Implementing an Angular Tangent

Rise
Direction

Angle Angle equals

36.86598876457 Degrees

Run Direction

Run = 4 Rise = 3

ﬁ

\

Chapter 4=
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Overview

There are other statements which enable the plotting of data. You can use the MJ%'E statement

to move the pen; you can draw a line with the 1=l statement.
Your plotting can be done in either of two ways, absolute or relative.

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

does this, as does the LiFfid statement.

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

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

statement. In effect, the ©FL.{iT statement references all of its lines to a local origin. The IFLIOT

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

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

The Lk 11 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 S+ES

= 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 ]]]]

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

The A

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 .

67
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Example

\(
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e
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=1

Plotting Enhancements

Cb"‘hiputer

Museum

REM % Thiz iz the contiruing ekample (COMT19

Set up! !

DATA 2,4,6,9,28,48,563,57, 189,99,5
FLOTTER 12 13, “GRAPHICS®
GRAPHICS

LIMIT @, 154,08, 144

LOCATE 38, 120,38, 169

CLIF 3&,128,30, 199

SCALE ©,144,8, 126

98 Start plot: !

168
o118
111
112
113
128
13
148
156
166
178
186
218
226
248
256
268
288
266
320
358
360
378
380
428
496
538

FRAME
AXES ‘12, 18,8,8,3,59,6

LIME TYFE 4

FOR Loop index=l TS

FEAD ¥ plat pointYoplot point
FLOT % plot_point 5 plot point
MEXT Loop indesx

Erbhanc ements . !

LIHE TWPE B

UHCL IF

LIME TY¥FE 1

Label amxesi !

DARTA I, J,F My A M, I, T RS, 00, T
FOR ¥ _labe1=3"T0 144 STEP 12

READ Label#

HEXT # Tabel

FOR Y Tlabel=@ TO. 115 STEF 18
NEXT. ¥ _label

Label textt |

LEG

SETGU
Copies: !

DUMP: GRAPHICS

EHD

i
I
1
|
!
!
!

1
i
I
I
1
1
1
i
i
]

Tata for example plot

Zpecifies the CRET as the plotier
Enablez the CRET

Iefines the HARD CLIF area
Defines the area to be =scaled
Defines the SOFT CLIP-area
SCALES the LOCATE area to- 1442128

Eoxez the SOFT CLIF area .

TICKz ewery 12 K urritsieusry 18- % units
ASES intersection at X=@, Y=8

Major TICKs eGgry 3 Ky evera- 50

Ma jor TICK “lengthkio - LI s

Specifies dashed LIME TYPE

Eegits-loop to FLOT D points

Obtains data coordinates

FLOTz data cogrdinates

Repeats Yoop

ee dazkied LINE TYFE
OF T CLIFP area to HARD CLIF area
Figs zolid LINE TYPE

Data for ¥ axis labels
Iritializes Noop
FEADs data

Hepeats loop
Initializes loop
Repeats Toop

Charnge to degress node
Change back 1o Graphic Displag Ukits

Hard copo of CRT displaw

69
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GRID Statement

The SR II statement can be used as an alternative to the AXES statement when a full grid is
desired.

Syntax:

GRID [Xtick spacing, Y tick spacing[, X intersection, Y intersection[, X major

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

The parameters are the same as for the H:E= statement. The R ILi statement draws the major
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 0 results in a dot at the minor tick mark intersection.

type and pen number.

Example

et E LT
+H++++++FT ++
FEE TRt T
e E T
L+t + L+ + T+ + -
=+
SR o T A
N
e
R R ot It T S

v b
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FEM  #x2 Thiz is the cont imding example CCOMTZED
St upd !
DATA 2,4

[Ey

2, AR, BT IBE 95 5 L Diats. for ewample plot

FLOTTER Iz "bPHPHIL‘" Specifies the CRT az the plotter
GEAFHICS Erables the CRT
LIMIT &

Llll ‘ATE JH,].FU _!L_,lﬁu‘j
CLIF 38, 128,38, 160
SCALE &, 144,00 120

E-Thefares s the s z,
U Defines the :UFT CLIF ar

I
I
!
L-Hefines the HARD CLIF area
|
i
|

x]

B R e L
N B T 8 S S o R v

SCALES the LUICATE ares too 1444128

B Etart plot] !

183 FRARE L Boxes thie S0FT CLIF sres

g TRMESR 18,189,686, 8,3, 5,6 !TUk,wmv'Lifmnu;mwﬂlu1tmm:
111 LUARES - int ction At A=l el

i1z Upaior TICK: euwerw 3 K3 EUPFy S

113 Piagor TICE: Tength & LaDU

115 GRID 12,189,728 ,590,3, 5,8 L GRITTICK s ewery 12 ;hueru 185 units
118 o lepersect fon &t v =50

117 Ve or TICK S suety 3oA 5 euery 30N

118 LoFirmoe TICK lengtho 4 GOU 7=

126 LIME TYVFE ¢ L Specities dashed LIHE T|FE

128 . FOR Lnup ihdex=1 TO 5 L Fegine loop to PLOT 5 points

144 REHD - plat pu1nf.| platpairt IObtaThns data coorditates

1568 - FLOT % ;1nt pu1nt,: p]nf point CPLOTE data coordinates

LEE - HEST Lmup 1nd I Repgats Yoop

178 Erbaind efistits ! .

188 LINE TYFE 5 o Sperifies dashed LIME TYRE

1A UHCL TP 1 : SIOF T CLIF grex to HARD -CLIP ares
228 LIME TYFE 1 I Hpecities solid LIME TYFE

248 L ghe] o ANezd
256 DATA T, 1,F,M,A, My Ty J.H, 5, 0,H,D
ZEE - FOR R ]ahpl‘B TD 144 BTER 12

z READ Label#

HEST = labe]

FE8 - FOR N latel =8 T 115 STEF ‘1@
358 HEST Y Yabel

366 Label temt: !

5

Data for ¥oaxizs labels
Initializes loog
RERDE data

Fepest=s loop
Imitializes Yoop
Repeats Toop

Z¢B- - IEG L Change to deghess mode

AEE. SETGU Vo Chamges back o Graphic Displaw Ueits
428 Copiest 0

498 DUMP: GRAFHICE PoHard copu of CRET - displan

BEE - EWD :
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MOVE Statement

The MWE 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.

£ #, Y is equivalentto !

Example

A\

%

k//




EEM. - #xs Thisis
g !
DATR Zidi8,2
FLOTTER I3
GRAFPHICS
LIMIT &,
LOCATE 2
ILIF g5

the

Set

\j:l

..‘._.qw:x th_» 57 .1!3'3," o5

14.”ﬁPHFHIF”"

e R o

=
L v

R
T

-Tarf p]nf
FFH”E
HAXES 12418, i, 3,.59,58

o - LR X X Rt 3 ) B N
1,
|§|

P
ok Ty Y
e

11z

188 LINE TYFE 4

138 “Fii Ll:u:lr:'_i nidex=l TOS

4@ READ Hoplot-point % plot peikt
15E - FLOT #oplot point, "I"___Eﬂ of - poing
1R HEAT  Locyp indes

178 Erbanc ements | !
20 LIHE TYFE &

MOVE By
UNCLIF
LIME T¥PE 1
Label awmes
LATH I, J. .H,H M dy LA B O M T
FOR. ¥ Tabel=8 TH 144 ZTEFP 12
PIOYE ’] abel,~&
RERD Label$
HEXT # habed
FOR % Tabel=d TE 115

o L e I ey
{10 B I A RO A B W% Al N

I PTG T Ted e

STER 18

° NU”E =25, Jabe
ME=T % ]:Ltlﬁ-‘]
Label tewtr |

TEG

SETEU

HOVE 5,96

HOYE 15,1@
Copigs !

HLMF uPHFHIFa
EHD

I
1
i
f
i
i
i

bohmta Yo

L Enables

Plotting Enhancements

cont irging exankd e CCOMTELT

saanple Bl ot
Specifies the CRET as the plotter

the LET
! DeFineg the HAED CLIF area
Hefines the area to be =caled

Bﬁ+1ncw the SOFT CLIF - area
SCALEs the LOCATE area to l4du176

- SHAFT {"LIF HFEd
5 e

Yonrits
HHES it
s jor
Hainr
Specifties

e
letigtly &

bﬂd
dazhed L1HE T”FE
egins Toop o FLET- 5 points

Obtains-data coordinates
FLoTs data coordinates
Repeats loopg

f'F"!F')"I‘F'IF- dasked LINE TaFE

i FEN &t #=8, NY=5d

CLIF ares to HHRD CLIF: ares
Specifies solid LINE- TYFE

Data for Hiaxis
Irdtializes Toop
Fozit tons FEM at
READS data
Regests oo
Initializes lonp
Fositionz FEN gt H==23,
Bepeats loog

Tabued:

113

Az label, Y-8

v=7 label

Changs to degress mode
Charge back to Graphic
Fositions FEH at H

Positionz FEH at %ﬁlﬁ,

Dizplas Umits

Hard cop of (CRET dizplag
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DRAW Statement

The TiEFH statement drops the pen and then movesiit 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:

LFEAM X parameter, Y parameter

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

The line that is drawn is clipped as described for the L. 1 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-

aties in any direction.

Example

K\F ﬁ/a
-
Ve
- v
L Ve
L Ve
//
B -
A /
[
/
[/
A D TR R
3 4
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i REM #%% This Az the continging ssxample (COMTEZ:

13 Zet up !

26 DATH Zydye, B 20 4B R RV IGG 99 8 Tara for eanple plat

2 CPLOTTER TS 13, "GRAPHICSY bSpecifies the CRT Az the plotter
48 GRAFHICE | Erables the CRT

S8 CLIMIT B, 1848, 14 o Defines the HARD CLIF area

28 LACATE 38, I‘L’!.v@ 186 U Defines the ares to be scaled
e UU,la@,-@ 168 Fohefines the SOFT CLIF area

SR BCHLE B, 144, 8 1200 VECALE: the LOCATE ares ta 144v1¢9
SA St rﬂr.f 1

186 FRAME i

18 BEES 12,18,8,8,32,5,5 I Y ounits
111 !

112 !

113 ! -]

128 CLIME-TYFE 4 | —pucifze; da’%ej LIHE TYFE

138 FOR Lﬁnp indess=l TS U Benins Toop to PLOT 5 points

148 FEHIl Aoplot point, Y plot poing Uibbtains data coordinates

158 PLOT & plov point f p?ut L point RLOT: data coordivates

16 HEAT Lnup mdn- s L Fepeats Toop

178 Enbancement s !

186 - LIHE TYFE 5

1968 CMOVE 8,04

S TRAM 125,64

218 SUHCLIR

228 LIHE TYFE 1

248 Label iVEE: !

DATH By LBy M A M T, TR, 5, 0 H, 1
FOR 5 ]abw?’H Tﬂ 144 BTER 12

Spec i¥ies dashed LIME TYFE

Fozitions PEN at H=8, Y=£4

Draws line to #2125, Y=64

Sers SOFT CLIP area to HARD CLIF area
Specifies solid LIHE TYPE

Iata for/Hiaxis labels
Initializes 1uc=§:r

i
!
IFE - MOVE 7o labely-8 A Pozitions PEH at Hsd label,¥==2 ¢
288 READ Label$ VREAD: data
2EB.CHERT B labe] f Vokepeats loop
JEB - FOR Y lat-el—ﬁ T 115 2TEF inm Lidritializes Joop
s HMOVE T label ! Positions PEH &t M=-2%, ¥=Y label
HEE O HEHET Y }dt:rzi : I Bepeats loop
358 Labe] tE sl
27 DEG L Charge to degress mode
288 BETGU U Change: back to Graphic Dizplay Units
FEE O MOVE 5, 98 L Positions PEM at H=5, v=9h
426 HNOYE 1‘-.112! I Pozitions PEM at ¥=15, ¥Y=i8
488 To l!:“l} Sy [
A2E o OUMP. GERPHICS LHard cope of CRT displa
oEg . EHD
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RPLOT Statement

The RFLOT 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:
EPLOT X parameter, Y parameter[ , pen control]
The FFLIT 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.

The local coordinate system can be rotated about its origin relative to the master coordinate
system by means of the FIil& (plot direction) statement. That is, a figure can be drawn or

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

Pen control for the #FLT statement is the same as the pen control for LT and IFLOT. 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

ALIF or MIOVE.

another pen control parameter, FE!

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

ANV

\(

\(

REM  #% Thiz 1= the RPLOT example CRPLOT I
FLOTTEER IZ 13, "GREAPHICE" L-Specifisgs the CRT az the platter
GRAFPHICS I Erables the CRET
IEG P Set s the degriees mindeg
i
1

SHOW &, 18, -1,1 DSets the SHOH ares
FRAME Vo Irais - FRAME araurd the SOET CLIP atea
Fie_chartsi]
FOR Circle=2 TO & STER 3
MOVE Circle, 8
FOR Arc=1 TO 368
FOIF Arc
RFLOT 1,8
HEST Ars
128 Rarndon_ 1ines it
148 FOR Sectior=1T0 RHOS5+2 P8pecifu g randon runber of 2ections
1513 MONE Cirele,n LROVE to the center of the circte
1&8 FOIE RHIZEE Specifioa randon Tine direction
]
1
i

O O i D e e

Selectz ons of thitee Circles

MOVE fopoint oo draw the oircle
Specifu-point et circ e oo diaw arg
specif-Flot DIRect ion o "RRLOTY
Draisz are

Fepest s the oo

[y R

[l et o BN W §
08 IR et o I 1 o TR S R At I v B s )

ThN]

o 17E RFLOT. 1,8,=1 P Drawz-a linezection
VoRepegts the Toog
Poiepeats the loop for the nedt ircle

Y
)
1)

5 HEXT ZSection
19& HEST Tircle
S EMD
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IPLOT Statement

The IFLIT 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:

IFLOT Xincrement, Y increment[ , pen control]

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

to a local origin. The local origin is that of the pen position before the IFLIT 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 FI.IF (plot direction) statement. That is, a figure can be drawn or
repeated at another angle by specifying the angle with the FIILF statement.

The pen control for IFLIT is the same as the pen control for FLUT and FFLOT. 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.

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
another pen control parameter, EEHUF or MOYE. 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.
When plotting in UDUs the line extends no further than the soft clip boundaries in any direc-

tion.
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Example

By,

1 REM #% Thiz iz the IPLOT ssample CIFLOTH
18 FLOTTER 15 12, "GEAPHICE! | Specifi the CRT @ the plotter
28 GRAFHICE | Erables the CRT ;

28 MOVE £2.5,58 o L HMIWES 1o the center of the CRT
48 - FOR Loop=1 TO 25 b Brares Toop
i
¥

e IPLOT RHD*e, FHliss, ~
BH MERT Loop
i EHD

IFLOT at 5 random coordinate
Eepeats the loop
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RPLOT vs IPLOT

FFLOT (relative plotting) is different from IFi.IT (incremental plotting). In relative plotting,
the lines are plotted with respect to a fixed point of origin. With incremental plotting, the lines

are plotted with respect to the last plotted point. Running this example program should clarify

the difference between the Fi-L{1T and IFLOT.
,
/
/
/
/

=
\

L/\ Q\J
/7

1 FEM %% This is the comtrast betwsern RELOT and IPLOT (R VS 1D
2 BEH . %% The First Tine plotted 12 Relavively FLlTred

3 BEM. &%, The' second 1ihe Fﬂn_ﬂ‘ﬂ:d {2 Tnooemnerdaldy FL“TTF‘d

15 FLOTTER 15 - VLEEAFHIEZEY VEpecities AR & = phptter

5 GRAFHICE
28 DEG

48 SCALE &, 28, u
a8 DATH B,I 2y

B MOVYE 2,

5] Rk L.:..:-p:-—i TO 4

I Erabdes thie E;F:T
LBt I!EGR'EE; MODE
VarALES tHE SOE T CLIE arey ta - 2R w28
Lo DNata Fut ;ﬂu,_
FoPEE it i gne s the PEH
U Thiviates the boop
L= READ Flot datalyFlaot data? U Readsz vhe data
[ §elc] FELOT Plat dmdl Pl cdatad LERLOTz vhie data
1067« « HEAT ooy Vo Hepeaty e Toog i
P RESTORE - 58 I Re-enabbes the” DATH statemett :
128 WAIT 1088 WAL T2 mo soall cak see the First Tine
13‘3 HQ"-"E 2.4 i Pl,l_'ltlun_ the F'EH .
140 LIHE TYRE ‘4 Voo I F es . A dashed LIME: TYPE
150 - FOR Loop=1. T0 . 4 IRt iaves the loop
fEm- - RERAD Flaot. dataly Flot-dataz U Eeads vhe data
[ 3@ TFLOT BT d-:.t::.l Flat dafﬂ.; VO TRFLOT 2 - the adate
16 - HERT Loop 1 Fepeats: theloop

198 EHB
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Rotating the Plot

A plot of a figure that has been drawn by the EFLOT or IFLOT 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.

FIIER is the statement that provides the angle of rotation for rotating the plot. FIIIE is also
helpful in positioning incrementally defined figures.

PDIR Statement

The FLiIF statement sets the angle of rotation for relative (EFL1T) and incremental (IFLIT)

plotting.

T T i

FIIE angle or FLIE run,rise

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

Rngle equals

36.8698976457 Degrees

Rngle

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

CRT, either execute a 2L EAR statement or redraw the old figure using a negative pen number.
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Example

FEM #% Thisz iz the PLIR @xanple (FDIR:

LTk grogran. shoms how the PRIE statement car-be used to rotate
g ozet of Fixed points, in this case; the hands of a clock,

!

FLOTTER 15 13, "GRAPHICEY b Zpecifids the CRT as the plotter
GRAFHICS I Emabiles the CRT

SHIM -6, 6, 6,6 bgEts o= Y

FEHME I FRAMES the” SOFT CLIF area

DEG I Set s degrees omods

3

=
S

FoDraw the- Face of & o lock
C3IZE 18

LORG S

FiR-Minute=1 TO. 58

MONE B, 8

LStz Character SIZE to 18 GDU s
U Specifycentered runbers
DEORGVHERT 1o specify Minute mark
MEYEZ to the center of the clock
FDIR 3&E#C1-M1aute <080 L Flot DIRection for Minute
IPLOT &,4.5, =2 FOIRLOT toorin of the clock
IFLOT 8,1, -1 EOIFLOT thesMibdte nark
IF Miroatoe MO S THEW -GOTO 229 U Brmot gie 5 Minute mark, skip to HEXT
IFLOT By02 LLIFLOT- 5 Mirute mark: with langer length
IFLOT B,.7,-& Pifoues b center of  number
LABEL USIHG MM iMirutess U LRBEL with a3 tumbetr
I

HEXT Minute | Bepeat the loop for the MERT Minute
1

O T e e RE il e T ey e R i B £ W e s U iy TN | R S S 1 L0 W
SN T I8 S e o W K O B T el e M S o I oM s B R h R W o

S 0 o ol e I b R Y B8 R I o e Rl o T e

-
S

boesexs Erter bhe ourretts L ine
ExIT GRARPHICS

IHPUT " Ertet the oy Hour
Hour=INT cHoar oo Mah 12

IHPUT “"Erter the minttes";Minute
Mipute=THTMinutes MOL-GF

EXIT GRAFHICS for data input
Etiter 1hig Hour

Adjust Hour to 12 -Howe olock

Exter the Minute

Rdjust the Minute to a 68 Minute Hour

P AT B
LicA R0 B o i o R O AU

[ NI N O N L



M1 rit e =M1t e HEEsHour
GRAFHICES
|

5 Voxxxxs Draw, srase and
B Loop: !

FEN -1

GOSUE
Seeopnd
FEM 1
GOELE Second_hand

IF HOT cotvd THEM FEM. -1
GOEUE Minute harnd

GOSUE Howr hand

arrd_hard
=cond+lr MOD &5

FEM 1

GOELE Mirute hand

LGOSUE Hour hand

WRIT Z7&

GOTO Lo 3]

EMD

Poeesxs Boutives for the
1

¥ Second bhand: !
FIIR -Eecondss
MIVE &,8

IFLOT &,4.4,-2
IFLOT - 2,-.4,-1
IFPLOT . 4,8
IPLOT -.2,.4
FETLIRH

1

|

o B o I B e )

L2 ) ) )

=
)

i}
Ja]
=
v
2
i

T T G

-
A

Mirte hand: !
FUIR —Minutess
MOYE &, 8
IPLOT -.2

(30 I WY I

IFLOT -,
RETURH

I

!
Hr_ﬁur'-__ hand: |

FDIFE “Mirutess- 12
MOYE &,H

IPLOT -.4,2,-1
IFLOT .4,1

IFLOT .4,-1

IFLAT -.4,-2
RETURM

ST R S Al x (B A R ) I O (S R

[ I o o I S TR v % S B o S B oy B B w

[ S W Bt I Bl (R Bt B’ Y (R N O S 6 VR T 0 Oy TR o B (O

[ B R

IF HOT Second THEN Minute

Plotting Enhancements

FoCambine Minwtes and Hours
I Returrs to the GEAFHICES mode

rotate using FIIE and IPLOT statementz

Zpecify erase (PEM -1
Erasze Zecond hand

secobpds

cohid Band

Specify erase if Second = @
= Mirate band

Draws =

Draw ot erase
rases Hour hand
=i rnate+1 If Second = By increment Minuts

Specify Draw CFEM 13
Draws Minute hand
Draws Hour hand
Maits to adjust ol
Eepeats loop for n i
Loau mgdst g STOF to STOF
Second, Mirwte and Hour hands

1
1
I
|
i
1
! =
I' DIiraw ar e
1
i
i
1
i
i
|
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84 Plotting Enhancements

Summary

The statements covered in this chapter include —

o HIOWE
o TiRFil]

...... e
o FFLET

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.



F

page 87
page 87
page 90
page 94
page 99

page 102

Terms

eHard Clip -The physical limits of the plotting device,beyond which no line can

eAngle — The direction at which a line or label is drawn, represented in degrees
counter-clockwise from the horizontal.

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

oOrigin -The coordinate point at which a plotting operation begins.

Implementing the LDIR Angle

Labeling Statements —

oLABEL (labels characters on plotting area)

oLABEL USING (labels formatted characters on plotting area)
oLETTER (labels characters under keyboard control on plotting area)
o CSIZE (specifies character size, aspect ratio and slant)

oLDIR (specifies angle at which characters are labeled)

oLORG (specifies relationship of labeled characters to an origin point)

be drawn.

wiing Label Origins

Directiaon

Run

Angle E —]—' .
Run Direction
4 7

Angle equals

36.8698976457 Degrees

= 4 Rise = 3

Chapter 5=



Overview

System 45B graphics allows you to label or letter your plots or graphics outputs. Labeling can
be done with the L!

‘El. statement, while labeling using a format can be done with the

i statement. You can also “‘type’’ directly onto the plot with the LETTEFR state-

i - i 1o
SR Y (NS AW SR AW St

ment.

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

i statement.

Positioning of the labeling string can be changed by the LI} IF statement, so you can label at
any angle.

Justification (alignment) of text can be accomplished by using the .0 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 defaultlabeling conditions are characters with a size of 3 em, and an aspect ratio of 915,

The characters are slanted at O 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).



Labeling Statements

LABEL and LABEL USING Statements

The LAEEL and LAEEL LISTHG statements are very similar to the PR IMT and FE INT LSIHG

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:

image specifier 3 list

L.ABFEL and LAEEL U : follow the same rules as 4
exception. The exception is that an ASCII Ex (CHR$(3) ) terminates the labeled output at that

point in the list.

For example, the program

1 REM %% Thiz iz the little example (LITTLED

€5 FLOTTER 15 "GRAPHICE! DiSpecifies the CRT as the plotter
=8 GREAFHICE | Erables the CRT

iz} MOYE 8,56 U Positiars. the FEH

413 LRBEL "THIS IS AYLCHRECEZMIITEST L EHBEL: - et

o EHD

results in just

TH

being labeled.

= (label

origin) and i.T'IF (label direction) statements. The size and aspect ratio as well as the slant of

The position and rotation of a label is controlled by the pen positions and the i.

the characters are controlled by the { E (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 LAEEL HSIHG 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.
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88 Labeling Statements

Example

L S S O S T T Sy
® - M W a O N @

9

$ 11 K
Scr(p} fﬁ)’*l

X X X X X X X X X X

Frux—Pas Productions




Labeling Statements

REEM  #2% Thiz iz the continding esample (COMTZEY
Set - ups !

SH.5

wamp e plot
. the CRET as the plotter
e CRT

TR

1
1

1 Erut? =
boTefines. the HARD. CLIF

! s thiearea oo be s
! CLIR

|

Define caled
Defimes the S0OFT CLIP area
SCALEs the LOCATE arsa to 149x126

AN ounit s

T it I xx Tt Sl T8 | B ool s 6

(RSP S % T L% M L 2 won [ s T icx B §

—
Py
P o= aG

1
i
i
! . =,
113 t Eodength & GO =
28 LIME TYPE ¢ ! EJe_1+1 dazhed LIHE TYFE
S8 CFOR Loop_indews=1TO-S PoBegins loop to FLOT 5 points
44 REARL plot point, " plot point b oObtains data coordinates
S8 FLOT ¥ plot _point,y plot paicd FPLOTs data coordinates
SR CHERT Luup 1ndhx U Repeats loop
B Erbanc ement s I
26 LIME TYPE E :J=L1+1=; dd_hhd LIME TYFE
96 MOYE 8,854 Ay T

L Lo R e

LMZLEIFR
LIME TYFE. 1
LAEBEL " fhaota”
Label axes
DATA n,J1, F M H My o Taf S, 0,H, T !
FOR: E_‘ubwl—ﬁ TH 144 ZTEFR 1; 1
MOVE » label, IPositionsg PEH At
READ Labels VREATs data
LAEEL Lakel# VLABEL= text
|
I
I
|
i

1
]
DRAM 125,64 i
1
I
|

)
A

LABEL = t

L

[

Hata for X axiz label=z
Irvitializes loop

i

(Y T O T 5T (T (O 8 LR T [ R S i e Tl el i
ST AN AR G e T

o

®
o e

jax

HE=T. ¥ lake] : [
FOR- % Tabkel=0 TOO 115 STER 1

MOYE =25, label]

LABEL. “&Ys r’ labels1EgtEn
HEHT "l"__]th']
Label texti. |
1 TEG
SETGY

]
ol

amy
1

Folmisial
FoiPazition
LOLABEL=

Fepeats

Changs to degress mods
5] Charge -back to Grapkic Display Unitz
B MOYE 5,58 Fositions PEM at xS, v=3
K LHEEL " Soript FHU-:UT1"" LHEEL <ottt
B MEVE 15,18 Fozitions
5]
5
5
5]

fucal

; V=14
EAEEL "LIEIHG “K"§YFaus-Fas Frnjurflun‘” I“LAREL = 1
Copiisss {
DUMP. GRAFHICS PoHard copy of CET display
EHT

®
[ B R e e I L e o WN B
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90 Labeling Statements

LETTER Statement

The LETTEFR 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
as with the L.AEEL statement (by the ZZIZF and L.IIIF statements).

Syntax:
ETTER
Executing the LETTEF statement directly from the keyboard or under program control au-

tomatically places the System 45B into the SRFAFHITE 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 F1IHTER statement before executing the LETTER state-

ment.

On the CRT, the cursor for the LETTEF statement is a small flashing line. The actual cursor

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

To move the CRT cursor, press the shifted or unshifted arrow keys &3 3 3 D 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 iz IZE 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 LETTER statement is much slower than typing, because the characters are drawn on the
CRT. You should wait for the character to be drawn completely before pressing the next
character key.



Labeling Statements

Erasing Characters

3CLEHAR 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 L.ETTEFR 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 L.ETTER statement, positioning the cursor and pressing the proper
key for the character.

=200

To exit the LETTER mode, press either any special function key (such as (x3J) or

The LETTEF statement leaves both the pen position and the cursor position at the same point

whenever you exit graphics.

The Graphicswriter

The LETTEF statement allows the System 45B to use its graphics labeling similar to a typewri-
ter. This use can be enhanced by using the following available keys.

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

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

(e moves the cursor left one character space each time it is
pressed.

=3 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 due to a LI!IF:

statement.
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92 Labeling Statements

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 LET

corner of the character cell.

i. The cursor is always positioned at the lower-left

Example

S 3

$ 11K L
Snrlp‘, myklﬁlau

soak |
sek | s
s72k | 4
s6K [ ~
ssk L I

$4K L /
$3K L
s2xk L
s 1k |
$ B K i 1 l 1 i I 1 1 l

Faux-Pas Productions

LETTER starts here but can be moved with the cursor controls]




Labeling Statements 93

1 REM #%x Thiz iz thecortinuing esample (COHTZ4 )

1B Set up: !

26 DATH 2,9 ,5," .95, 5 eData for exanpte plot

28 FLOTTER ESpecifiss the CRT az the plotter
4@ GRAFPHICE L Erables vhe CRT

2etc o LIMIT B, FTefines the HHPE CLIF area

e} LOCATE 28,128, ! e athEal o b oscaled

A CLIP 39,125, 3 I - SOFT CLIP area

=l SCALE &, 144 ! iz Li-lE-HTE area to 144128
SH - Etart FZI]l:!f

183 FRAME i SOFT CLIP zrea

e AXES 15,18,8,9,323,5,% | 12 ¥ umitsyeu

111 oy ! BCLiGn At

11z i 143 F“hru SN
113 LoMa o shigthe & GILE =

128  LIME TYPE 4 | “Bpiec 1 fes dashed LINE T1PE

138 FOR Loop index=1.TO 5 ViBegins Yoop to FLOT S paints
2148 FEAL ¥ plot pﬁ?nT,r plot point todbtainz data coordisates .
1598 - PLAT = . plot Flu"l'lf.,l Cplat poing PEOTs 'data codrdingt s

168 HEYT Loop index U Repeats Toop

LIME TYFE &
MEYE 9,64
TRAW 125,54
1ECUHCL TR
3 LIME TYFE 1
LABEL " Sunta
Labe] awest o)
DATA T, J,F, M, A, 1, 1, 7,8,3,0, h,B
FOR W label=@ TO 144 STER 12
MOVES o labsl, -8
READ Lakels

B Erbarcenstitz il
H —';‘-P-‘ ifigs daskhed L THE TYFE
i F’u- Ttiors PEM &t #=E =

I

Tlru;' Lo e

R i R

Data for #Hoaxis
Imitiglizes Too p
UiPositions PEH st W= label,¥=-8

P READ: data

El G A

i
I
i)

i i

S50 CLBEEL Labeld CUUNLAREL S et

A CHEST Ok laked ] Ukepeats loop o

ZEEFOR {*iab91=u TV STER 18 ' Pidmiriatizes doop

B3 MOVE 25,7 Tabel ERozivions PEM st M=-28, Y=Y label

240 LAEEL "i"'? Takels 1“'"%“ PLRABEL = text

2587 HERT %;1abh] FPoRepeats Joop

268 Label tewt: ol

AT CDEG Charnge: 1o

SETGU
HMIVE 5,246
LAEEL "Scrdipt Rovalvies! Hf;f
FOVE 15,18 Pz
LAREL USTHG "EY s "Fauyx-Pas Frudusznn # VILABELE tent
LETTEF SO ALhonE wou e annorate the plot
[ '-’F =21 1 :

TLME bPHPHILq il Haedicopu o CRT displan

o i Lo ’

Charge back to Graphic Displaw Units
Fositions FEM at ¥=5, ¥=38
£0

s, v=i@

£ AU\ 8o Sl OO T e B b g |

LU w 0 e e e RO F O SRR X

|
N e e e



94 Labeling Statements

CSIZE Statement

The T IEE (character size) statement specifies the size and aspect ratio (character cell) and the

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

CZIZE height[, aspect ratio [, slant] ]

The height parameter is in GDUs and must be given. The default value is approximately 3.3
GDUs (15/4.54) which is set by the FL.OTTER 1% orthe L.IMIT 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

- Vi - Yidh ,

Height
o]

R A N .

1 2 3 4 5 6 7 8 9

Height

1 2 3 4 5 6 7 8 8



Labeling Statements 99

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

positioning in its cell and the - " 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

ioyalties
s9Kk L

$ 8K - v
$ 72K - d

Quota]

$ 6K -
$ 5K — —
$ 4K - /

$ 3 K L
$ 2K L
$ 1K L

sexk LY o4 by

Faux—-Pas Productions

<
\(




96 Labeling Statements

1 FEM %% This iz the continuing examgple CCONTISS
16 Set_up: !

28 DATA 2,4,6,9,28,48,63,57, 199,99.5
38  PLOTTER IS 13, "GRAFPHICS® I'Specifias the CRT as the plotter
48 GRAPHICS ! Enab]#: the CET

I Data for example plot

]

|
58 LIMIT @,184,8,144 U Defines the HARD CLIP area

1

1

]

&8 LOCATE @ 12a, 30, 165 Defings the area to be scaled

78 CLIF 38, ’@,DM iaa ! Defirees the SOFT CLIP area

28, SCALE 8,144,8,126 I SCALEs the LOCRTE area to 14421328
94 Stary_plgt: !

188 FRAME

118 AXES 12,18,8,8,3,5,6

Boxes the SOFT CLIFP ar
TICK=s every 12 ¥ units ety 18w s

111 HEES ihtersection
112 Major TICK=s ewverw 2 . S
1132 Major TICK length & hDU

1z2@ LIHE T¥FE 4

138 FOR Loop index=l TO 5

148 FEAD X piot_point,% plot_point
158 FLOT ¥ plot pnwnt,x plot point
168 HEXET Lnnp 1hdes

178 Erbarc ement =l !

Specifigz dashed LINE T1FE
Begins loop to PLOT 5 points

- Obtains data coordinates
PLOTs data coordinates
Repeats loop

128 LIHE TYPE & Specifiez dashed LINE TYPE
128 MOVE 8,54 FPositions PEN at X=8, Y=54
288 DRAW 125,54 Traws Ti Y=t

218 UHCLIF

Zz8 LIME T%PE 1

238 LABREL " Quota™

248 Label_axez: !

758  DATA n,J,F,M,A,M,J1,7,A,5,0,H,D
268 FOR ¥ ]abel'ﬁ TD 144 STEF 12
276 MOVE #_label,

Sets SOFT CLIF area rn HARED CLIP a
Specifies solid LIME TYFE
LABELs text

ITr
]

[2y

1

Dgta for X axis labels=
Initializes Toop
Positions PEN at X=¢ label,Y=-8

i
1
!
258 RERD Label$ " RERD= data
2905 LABEL Label# ! LRBELs text
288 MEXT ¥ label ! Repeats Toop
228 FOR ¥ label=@ TO 115 STEF 14 I Initializes loop
330 MOYE —=23,% _label L Positions FEN at X=-23, Y=%V_label
242 LRABEL “#";%_label~-1@;"K" P LABEL=s text
358 HERT %_label | Repeat= loop
368 Label textl !
3F8 DEG ! Change to degrees mods
88 SETGU ! Change back to Graphic Displaw Units
98 MOVE 5,328 P'Positions PEN at ®=3, %¥=98
e 432 CSIZE 5,.7 I'"Set= Character BIZE and azpect ratio
4Z8  LABEL "Script REowaltiss" I LABELs tizxt
428 MOVE 15,18 ! Pu“itiﬂh_ FEH at =15, ‘'=1@
®4558 CsIZE 8,.5,13 I Sets the SIZE, aﬁpect rat1 o, and =slant
473 LABEL USIMG VKM "Faux—Pas Fruduct1on'" ! LHBELi tew
433 Copiest |
423  DUMP GRRFHICS b Hard copy of CRT display
Suwi EMD



Labeling Statements

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

(DE:,FEAD or GRATD) in effect at the time the =1 7E 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.

18
2
el
4@

£

R
]

Ing
=
(R U ot B Uy T B I o )

R e LA A 8 I el YR Y R Y]

| i e e e e e S W I Y R I
AN

[y
2l

ASHF GRIKL
—15GRAY

ASLF GHIKL
—\9DEG

ALY GF7AL
— SR

P -
v

REM *% This iz the Angle example (AWGLEX

FLOTTER I3 “GRAFHICSY
GRAPHICE
positian=15

DATA RAD, DEG,LREAD
FRI

GOSUE: Sampl s

DES

GOSUE Sample

GRAD

GOSUE Sample

EHDI

Sanapl et !

CSIZE 19,.6,-15

FMOVE 48, Yposition

FEAD  Moded

LABEL “ASDFGHIKL™
LAREEL "-15";Mode$
Yposition=Yposition+2s
RETURH

LSpecifies. the CRT az the plotter
Erables the CRT

Sets Yposition

DATA for  Mode¥

Sets KADians mode

Ferforms LABELing

Setzs DEGrees mode

Performs LAREEL ing

Sets’ GRAD= mode

Perfaorms LABELing

I'Bets Angle to —135

P Pozitions the PEM

FEeeps track of current mode

! Characters to be LAEEL=d
LArgular setting and current mode
|

Increments Yposition
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98 Labeling Statements

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.
< W)
HEMATOLOGY SPECIALIST
By RAppointment Only
/k \
\ N
1 REFL#% This 1= the character angle Le fDRACULY
15 PLOTTER IS 13,"CRAFPHICEY ; the CRT as the plotter
24 GRAFHICE - CET
e TES bk OrEEs Mot
36 FDF Arglesl: T 17 LHEEL* 11 times at 1 degres ihorements
® 5i S1ZE & -:' Flr“:-_?e Sets fharactes BIZE, ratio and angle
&8 HH"E 48 ,':‘»3 Pozitions the FEH
e LAPEL MCOUMT DRRCULAY VLHBELE revt
1z HERT Hn;;e Fepeats the Jjoop

i
1
1
1
1
i
i
|
i
i
1
1
1
i

= E’Z ZE 3068 Sets Characrer SIEE, patic and apgle
=] OWE BB, 59 PoPositions the PEH
166 LHZE:E‘ "HEHHTE(LCBS"«" SFECIRLISTY ULHBEL: test
elll LRIZE F L Zets Tharacter BIIE
128 LABEL "By Bppointnent Onju’ U LHEBEL= et
138 DUMP CREAPHICE FoThermal Printer output
148 EMD



Labeling Statements

LDIR Statement

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

The & and the !

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

or

= run, rise

The !

the required angle.

statement allows you to rotate a label about its origin (refer to i

by specifying

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

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

, and the

i 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 cut along the x

axis, while the rise parameter is the final height which the line must rise along the Y axis.

Rise
Direction

Rngle

Run Direction

Angle equals

36.8698376457 Degrees

Run = 4 Rise = 3
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Example
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LORG Statement

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

labels are placed relative to the current pen position.

Syntax:

: origin position

s not executed, the default

origin position is one.

# and * causes left justified labels. i

4 % and % causes centered labels.

&t and ¥ causes right justified labels.

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

L OR statement. All LR positions are calculated based upon an upper-case character.

festing

LORG| 3

\/,
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If the label is rotated by the label direction statement (see

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

Example
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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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Digitizing and Cursor Control =)

page 111 o¢POINTER (positions the cursor and specifies the type of cursor

page 114 ¢CURSOR (returns current cursor coordinates and pen up/down infor-
mation)

page 116 oDIGITIZE (allows positioning of cursor before returning current cursor
coordinates and pen up/down information)

page 120 eWHERE (returns current pen coordinates and pen up/down informa-
tion)

Terms

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

eCursor — The device which is used to obtain digitizing information.

eDigitizing — The process of obtaining an X,Y coordinate pair based on the location
of the cursor.

Digitizing Information

Device Cursor Moved by Coordinates Entered by
(e | o i e |
CRT &%) or any &3

and @ and

=) !
HP 9872A @ E’ E]
=]

Incremental (e s § e | mcn

G (&)

Pl or any
alfer and @ and

Chapter 6=
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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 ~ statement is used to position a cursor on your graphic display at a specific X,Y
coordinate. The ?

: 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

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 XY coordinate data. The pen

7

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 —

T (without parameters)

{without parameters)

' (without parameters)

and

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

statement refers to the pen position.

*) refer to the cursor position. Only the
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POINTER Statement

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

The F

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 ¥ 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.

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

o 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.
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Example
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CURSOR Statement

The 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, 0 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
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DIGITIZE Statement

The DIHITIEE 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 I statement is the one which was specified last in a

FOTHTER statement.

Syntax:

e ———
FREREY R

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

This statement is similar to the computer’s IHFLIT statement except that a minimum of two

numeric variables are assigned values from the active plotter. The other difference is that if a

statement (ora L. I1MIT or L0

'I2) is waiting for coordinates to be entered, you

cannot EI*I T the program until either the Ii]

program halted by pressing .

statement has been completed or the

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 0 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

.......

F = or its default value set by the ¥ L. 11M17 statement.

To move the CRT cursor press the 53, &3, &3, or T3 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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C

To enter a digitized point from the CRT press | § | or or one of the special function keys. If
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 4 statement for use with the 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 ( (=2 (=3 (53 (Z3) on
the System 45B, just as you move the cursor on the CRT. When the cursor is in the proper

(o3
position, press to enter the point’s X,Y coordinate.
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WHERE Statement

The

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 0 or 1, depending on whether the pen is up or

down, similar to the = statements.

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

Example
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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 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 - statement.

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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page 124 o¢GLOAD (loads integer array from R/W memory to CRT /graphics
memory)

page 124 ¢GSTORE (stores CRT /graphics memory array into integer array in
R/W memory

Terms

eReflected Plot — A plot produced by interchanging either the X min, X max coordi-
nates, the Y min, Y max coordinates or both X and Y coordinate pairs to
change the plot.

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

Reflected Plots ST,
Parameter Sequence Resulting Plot

X min, X max, Y min, Y max Normal

X max, X min, Y min, Y max Reflects Across Y Axis

X min, X max, Y max, Y min Reflects Across X Axis

X max, X min, Y max, Y min Reflects Through the Origin

Array Specifications for GLOAD and GSTORE

Array Type — Integer
Maximum Number of Elements — 16 381
Pointer — First Array Element

Chapter

Advanced Graphic Techniques —,




124 Advanced Graphic Techniques

GLOAD and GSTORE Statements

The LLOATNand RETORE 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 (2= TORE), manipulated, AT FRINT onto a
mass storage device, MHT FERL from a mass storage device, and then later copied back
(LL2AD) into the CRT memory for display.

A complex graphics display may take several minutes to generate using the plotting statements,
but by using ZETORE and then later GLOAL, the same display can be re-displayed in a fraction
of a second.

Syntax:

:L0OAT integer array name %
or

L5TORE integer array name &% 3

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 DFTION BAZE & the subscript of the first

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

18 OFTIOH ZRSE &

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 {i statement, re-display your CRT picture.

Example
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More About CRT Arrays

The first element (i.e.,A(0Q)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 canno

i the integer array which is used in either a

The range of value for the pointer is —1to —16 379 as shown next.

(
.

Column 1

36 ELEMENTS
560 Dots/16 = 35 Columns

Column Column
1 55 35
T C
Row 0 -1 -2 -3 -4 —-34 -35 —36
bEp]
CC
Row 1 -37 -38 -39 —-40 3 -70 -71 -72
L
Row 2 -73 -74 -75 -76
DD
CC
~v [aW) ~x ~ ~n ht ~ ~N A"
[ ~ ~ ~ mn [ N\
O Y Y N o A R o

D2
T C

Row 452
> 2
T C

Row 453
J(()

Row 454 |~16 345|-16 346| - 16 347 55 -16 378| - 16 379

T C

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.



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.

- and

Then by using ¢ ,, 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.
1f 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.

r statement is the only statement

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

which reflects labels as well as plots.

statements position the labels relative to the X,Y position called forby 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

Advanced Graphic Techniques

Normal Plot

X Axis

Plot
Reflected through
the origin

Y Axis

Plot
Reflected across
the “X’axis

131
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Example
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LOTTER IS
GRAFHI
LIMIT 124,
LOCATE

CLIF

plrotter

ASES 12,18,8,8,3,5,8 : Mt

pri r

HE®T

1
Eriatc

LIHE -t
MOVE LF
DR 125, 6 LD
UHCLIF P

LINE TYFE 1 !
LAEEL "

Labe]

HTH D, F, F, M A, M Iy T H, o Tia
FOR % label=& TO. 144 STER- 12 L
abel, =& ey
FERD Labei® !
LABEL takel# 1
HE=T labe] !

FiR

FOVE —2f

bge
bota
LA
} ot

R PR
Feiin e

DUHE CRAFHI

SRR - ENT

T
IJ_‘
o




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 1/0 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
oVN

o 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 penis 36 cm/ sec.

i i 1 cm/sec
VS (velocity selection) sets the pen speed for each pen at integer intervals of between 1 ¢

v . i. PO . ly

to 36 cm/se

pens. The VS instruction is very useful for slowing down the pen spee

of your plotted lines on the HP9872A.

i the VA and VS
VN (velocity normal) returns the plotting speed to 36 cm/ sec. Itis used to clear the

instructions from the 9872A.

. . to
nsider the fact thata complex plot which takes 1 minute

nge the pen speed, €O
Once you chens . going to take 36 minutes to plot at 1 cm/ sec.

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

oyt

" "HPGL instruction”

inserted after you go into the

= mode of your program, with a i T for each

individual HPGL instruction you wish to use.

The only problem which may arise as a result of this is that executing the ¥ i% 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 ¥ i statements.
or

2. PuttheF i%Z and "statements after the Zand i T 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 ¥

S oralk { statement.

Example

$ 11K b
$ 10K —

$9K ,
seK /s

7K i Quot al

$ 6K o Ve
$5K - —
$ 4K +
$ 3 K F
$ 2K o

sa1131 | Aoy 3diL4Dg

$ 1K r

$ 0K —

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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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
statement.

which require a minimum of programming knowledge, similar to an

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

c
allow the operator to position the cursor at a selected item and press to digitize the XY
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
statement is set up and the label is placed to provide minimum

should note that the
complications caused by positioning the cursor on the boundary between two adjacent items.



Examples
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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 Mousse

Baked Alaska

Return To Menu

Gamay Beaujolais

Bordeaux

Chianti

Return To Menu
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o

FEM %% Thiz iz the Memu plat ¢HENIS

L P i

N f

i oon o O]

¥

W R a0
I"_-:lv P il

1B LosuR f--,:-—j it'
2 1 BHD
ZIRIE

8 :
L) IATH Breib+'-t’LuﬁchqBiﬂjep.
o L ;

.

oy
R
I

l"»vil-_'?' THEHM GOEUE Breaky
. Tr‘]Ei“i rﬂ ,i ik L]"’n b

b : ‘-
.i’;::: L ot
413 AHD Fimple
€153 FAHD ! -:-t:F:-* g
elca AHD: CYs2s L
178 LD CTHEH Set un
18 -
198 !
=E :
= ng :
IF Cysds AHn =1
Y écﬂwrﬁ“hjmmwﬂﬁrwumimm
EETUREH
=, — S
! Irs;:su.
Lo Y mes b S
P Clear at f.-f W3 memory & CRT

hﬁ'x‘i'f

ERAME L FRAMES plotting ar
1

FOR - Cucle=% TOO1 STEP =3 Lelpitialires the f
EERD Heafi U oBtaine tewst

MOYE .25, Tpele FPozit fonz the PEH

LAREL "E T " rfeals L EABEL =t st

HEST D e V' Repeats the loop

EETURH

itiohs the DHTA B i mter

W%Wul%ﬂﬁﬁm&ﬁmﬂemefﬁﬂthAw=PIWWJ

[
Ty
[

T AT
5o U
ok

RETURH

4
F|

455 Luth:!
445 EEZTORE 458
456 LATA Cesszar
TN e GOSHE. 5

47H FETLIRHM

L0 0
ol

Fhrimp Terivak i, Knackugrst,

the IATH pointer
v T Men

ot the DRTA pointer
Caordor-Eleu, Beturn To Metw

Lrositions the DATH pointer
eacn Flanbe Uhooolate oy Babked Alazka,Feturn To Meris

oxitions fhe DATA paipter

ba, Berdesui, Bhine, Chiantd, Feturn To Herid




Advanced Graphic Techniques 141

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.

Computer
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("
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Line Line
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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

L//

{ REM. % This Tzt o ABIHAH L
ia U Thids phograi pio fom —d4P Dt AP T,
28 U The progran Bxiss for e sao ihe CURSD

g Py pointyand then prints the ard U us ez,
i !

o8 !

=i PLOTTER 12 13, "GRAPHICSY !

sl GRAPHICE !

= FraME !

9 FRIMIER 12 8 | Spec

iga RED !

11 LOCHTE 18,129, 08,90 i ledines ares 1o be

OE T te DIGITISE
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Football Field Example

HOME 21, VISITORS 14
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LOG /LIN Chart Example

2\

LOG 7/ LIN Chart
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PLOT Example continued
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FRAME Example

§

(\ —
\_

2 the FEAME oua

mrte tFRARE Y
o GRARHICEY i

iies she CET as the plotter
ot e DRY
ERAME arcund the SOFT CLIF arex

X FEA ]

0%

L P

g
R B N



152 Advanced Graphic Techniques

LIMIT Example
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CLIP Example
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=6 GRAFHICE DEnables the UET
Z6 FRAME oDraws g FRAME arourd the S0FT CLIF ares
4 SLALE. B, 188,800 LSUALES the LOCATE area to 106488
56 CLIF 18,58,25,35 LiSperifies hGF'“ CLIF grea
& LIHE: TYFE 4 i-Specifies £ CLIF ares
TE FRAME ol a FFRHE aridred L e
A EHD
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Histogram Using CLIP Statement

§ )

s

FLEOTTE

FRAFE
58 FOR Far=1 T0
B ‘!E‘Zr"!gt}“:ﬁ k.

CLIP - Ba

(SN B
Uex Gy

=) FRAME
S8 HEET Eak
18 EHD
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Plotting Outside the Hard Clip Area

[ ]
et e e G O S e S g e T P e G

0 P Tl e T R U T D sy R D R

U R O |

i

P

(s

2\

%

k/

REM =% This example demorstrates plotting
FEM #% outside of the phusical plotting
FEM. #% Timitz of the dewices (LOST?

FLOTTER IS "GRAPHICS"
GRAPHICE
LIMIT &,154,8, 149
FRAME

CLIE &, 1088, 8, 10

LIHE T
MOVE S,
TRAW 7

LINE TYPE S
TRAW &, TEk

LIME TYFE &
DRAM 25,25

EHII

1
!
|

Specifies the CRET as the plotter

LoEmabtes the CET

Fets LIMITe at phosical amdsinium for the CRT
Iraws border arcund the S0FT CLLIF area
Setz BOFT CLIP ares greater tharn

HARDE CLIF area

Changes the LINE TYFE

MOVES near the center of the CET

DREAM= Vine beginning dnside and ending
outside the HART CLIF area

Changes LINE TYEE

IREAME a- line beginning and erditg
outside the HART CLIF ares

Changess LIHE TYFE

DEAb: 2 1ine beginting outside and
ending inside the HAFD CLIF ares
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UNCLIP Example

®
e e

Sy R B

REM %% This is the UMCLIF esample (UHCLIR

FLOTTER 15 13, "GERRHICS

GRAFHICE
SCHLE &, 186,
CLIP 1u_,'”:?u,;
FRHAME

HHCEIR

LIHE TYFE 4
FRAME

EHn

8,7
5,3

z_u n“l
i

ot

i
i
|
i

i
i
i
I

Specifics the CRT az the plotter
Erpablez the CET

SORLEs the LOCRTE rectangle too 1HEEH
Sepeciftes 2 new BOFT CLIF ares

| Drawe = FRAME around the SOFT CLIP arem

C han:::«; the S0OFET CLIF aves back to default
Specifies dasked line for rnew Z0FT CLIP ares

o

L sz 3 FFH?‘EE avound the BOFT-CLIFP area
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LOCATE Example

REM- % Thiz iz the LOCATE sxanple (LOCATED

REM - #% Mote while dr the UDU s meds, “plotted lines ran not Be deaun
REM- - ## cuteide the "LOCHTE" boundaries, LABEL= rar be positioned
REM %% swuubere within the JEIFMITY 1imits

FEM osaxss B
FLOTTER 15 13, "GEAFHICE" | Specifics the CRT 22 the plotter
GREAPHICS LErables the TRT

LIMIT A5.154156 16, 1a+iol | Specifies the plotting ares
FRAME Plvags 8 PREME aroursd the SOFET CLIF ares
LOCATE 16, 50, 38,98 LULOCATEY & rectangular abes

LWou car sssign unite of peasure to thiz ares
]

i

!

t

»

The parameterz are in GIU = & thew are a
pEPCentags of Moy oset e thie LIMIT statement
Specifies g dashed Hire

Traws 3 FRAME sround the SOFT CLIF ares

LIME TYPE 2
FERME
ERD

Lo O G R R e R e G P e

o o BT L TR S o s Al
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SHOW and SCALE Examples

N )
\( AN N
—2,-4

REM: " #x -Thiz iz armovher SCALE & mp‘-
REM %% Hote that s HH?T“HF"mkES
REM> %% enual a un1f~n§~m

FEM . $33ixrsiasss

5] FLOTTER
Et GREAFHICE F.T
5] TEG 2 e
L s SCRLE -2 25 LﬂlﬂTE rectangle o

LIME TYFE &

%}

f3$1&‘!”t;~ 'j:l..:xht:fj LIHE: TYRE

§ GRID 1,1 Iraws a GRID for the PLOT
G LIME TYFE 1 Sy =al id LINE TYPE
B FRAME

1
4
i
=
4
5
=

FEM - #% The next sec
EEM I Hl R - 1

HEH 4++++**¢**&+#++*+++44*++

;‘E MOYE "8, f MOVE toths tm:;mmnq af e circle
188 EOR HHIIHE:E’F T 228 VEOR. ¢ o HERT Joop te specify arn Angle
116 o DRAW SIHCHmg e CE I Draw - the cirche

Y28 o HESET Fhale UiRepeaty The Toop

138 EHD

ol e o D o S o o

as Thv— F]nTh;P

the SOFT CLIE ares

iz nu* raunﬁ : the SCHALE statement
‘x: FEEXEREFFEXEEEEEE



[T

0 [ (R 5 R R T o by e Do G o R e N N o B S ey e

ny

ot R e R A

£

O L T L T

ETR I}

S o B TR i JRLics M v Sy e IR Y AN

%
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FEM . #% Thiz iz the SHOW seample
F Tivis progran demonstrates
L plotting area. Mo
Vard the % directiomars sguaty
I

FLOTTER IS 1%, "GRAPHICS!
GRAPHICE

TES

SHOM 2,2, 4,4

LIME TYFE =

GRID 1,1

LIME TYFE 1

FREAME

1

s DRAW A CIRCLE FOR THIS EXBMPLE
MOVE 8,1 DMOVE to thegtart of  the circie
FOR Argle= 2 VROELG G GHEST Toop toospecif

DRAW SIH VODRAM cirele

HEXT Hngle ikepeat Toop

EHD

that the

e T
R P ]

W FEEHE sl sire e
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(\\ — B
SHOW

/¥ S
N D,
F\ﬁ )

SCALE

/k N

i W,




[ 2%
ey R B B0 8 A SO N T N LV ]

U o SRR b B AU o i cn U v |

[nx(]
Py

118
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REM %% Thiz example shows the SHOW statement (SHWSCLD
SOFT CLIF area displawv a sgquare figure
FLOTTER IS “"GRAFHICS!

FEM ++ making

GRAFHICS

the =

LIMIT @, 158,a, 148

LOCHTE 8, 1008,48,
FOR Loop=1 TO 2
FRAME

IF Loogp=1 THEM
IF Loop=2 THEM
MOYE 1,1

IFLOT @,1,-1
IFLOT 1,8

IFLOT &, -1
IFLOT 1,8
MOVE 1.2,1.5

IF Loop=1 THEHN
IF Loop=2 THEHW
WAIT Zp86
LCLERR

HEXT Loop

EMD

b=

SCALE @,4,8,4

SHOL

LABEL. "SCRLE"

LABEL

f,4,8,4

"EiHl:lN n

1
3
]
I
|
i
1
i
I
|
I
)
|
!
|
!
1
1

Specifies the CRT :as the plotter
Enabiles the CRT

Zets HARD CLIFP ares

Sete zcaled area o (ExYI = K
Startz loop for figure

FEAMES the SOFT CLIP area

SCHLE= LOCATE area to 4wd

SHOW= LUCATE area of  4xd

MOYE= the PEHM

This figure iz 24 1ine bax
SCALEing the ron-square LOCATE area
draws: it asz a rectarigle; while SHOWRG
draws 1t as a =quare

MOWE= thie FEM

Identifies the SCALE +igure
Identifiez the SHOW figure

Displavs figurs far 3 Seconds
Clears CRT and graphics memnoty
Fegeats the loop

~Coinputer

. Museum

161
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Metric Scale Example

S

1@cm METRIC SCALE

Fii

i

éEb1 FEE e
FLOTTER IS 13, 'GRAPHICEY !
GREAPHICS !
i
1

L CRT
FREEME around thie 030

L B0 bon W e

FRAME
METALE - 28,5

AR

FT CLIF area
S L cared  28mm

REM o5 Ml Lty eTs i it o —meas e
REM #Efeedeehd %3 s SEREFEFEEELEFR R BT

e R x N P AR A
CLIF |,io0g,18 boter e SOFT CLIP area
FREAME !
SR U O P O K U Dree TICE marks ale
{
1
i
i

R (e T W P e

ESR, 32 : tecahe center. of the
LORG 5 fz the LABEL

LAFEL "18em METRIC SCALEY
TUMF CRAPHICS

EHIH

W s e e e L s B S =

EoTheenaloprinter output

5
B
1

16
116
128

| Draws a FRANE arourd the SOFT

| LABEL= inzide the SOFT CLIF ar

FRAME

SOFT-CLIF area

CLIF &

M
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GDU and UDU Example

3
%

PRI LTS o o I i S 2 A 0 o O R 308 B s T

g
=
2
m
s
D

L
PR
"

FEM - %% Thiz example
TATH GDU, LDw

FLOTTER 1% “CRAFPHILS!
CRAFHILS

[y
i

(R 3 S ¥ R O N 3

FRAME
SETEH
LIEUE Tews
SETLIU
GUSLUB - Tawt
EMD
Text
L INE
FOYE
REAT
LAEBEL T
RETURH

F s o M ) 0 o o S ) I
X

I 5 S I AN

T

AW

P RO R A 8
TR A I % O

5

(¥
x|
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AXES Examples

a T)
i Il [ — l 1 } [l ] ] ) i I 4]
1 I 1 I | T T T T LIRS I ! T T 1
1
1
, !

\( D,

REM =%

i s omanpl e deron
"GRAFHICE

1
18 FLOTTER !
25 |
e !
@4 I
41 !
42 !
45 ! A
44 i i
1 Iy

it

=
o e

[

FRAME i
EHD

Ty Ui

e
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k//

BEM %% Thiz exanple al
"‘LHTTE': I- "GRAPHICE

‘HLE —1»1 13,
EZ 1..-_,—1f1

FREAME
EHE

;
1
1
1
1
]

L
]
I
1
!

iy ®
Pl o S LT hs

TI’fl-f' S T]x_lh :11'.» =i, 1
S minor t
r:-e-r‘- 4
Major tick size iz 2 GDU =

Draws & FRAME arourd the S0FT CLIF aresa
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GRID Example

REM: - ¥% This
FLOTTER 15

HFHIC

AR A

e
A

[aF

S U e G P ek e
]
=t
=
m
i

IS ]

e

! I

4 ! o

: i

45 L

56 FRAME !
of EMI



MOVE Example

Advanced Graphic Techniques

(s

\(

REM  wx
ELOTTER 12

GEAPHICE

FOR Loop=1 TO 5
o MOYE REHI1 23, RHD=100
i

=

i B B e
F A I Y o i o S R M ]

i
e

s
L

PEFE]
R
)

= FMOYE e

o

PO N N

£

s

gl e

T
Py
o
i3

e
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DRAW Example

REM =% Thiz sz the DEAM
PLOTTER 1% 13, "GEAPHICS!Y

=

1 £
1 !
8 GRARPHICE ¢
A MOYE 3, b ; .
e45 TRAW 5 b IRAE Hine
o5 IRAN = LDRANE 3 Folin 3
ech OEAL TE, 62 LORAMs = diagoral lire doun too
{ s TFEAM 123, 188 U IRAke g dimgone]  Bine oup to 123,
2

EHII

s
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LABEL Example

(\\ /A

Hewlett—-Packard
System 45 Desktop Computer

\ )‘\J

REM %% This iz the LABEL
FLOTTER IS 13, “GRAPHICE"
GRAPHICS

SCALE ~1,1,-1,1

FRAME

A

oErghles the CRET
L SCALEs ke LOCATE rectangle to Zxd
P FREAMES whe SOFTOCLIF area

i
i
I
1
CSIZE 7 UiSharacter SIZE =2 7 GIW =
1
I
|

=y
iR

! £ e LAREL

FMoYEs to the senter of Sthe plotiing ares
VLHBEL = the dent

stem 45 Desktop Compter DLABELs the tekt

LORG S

MOYE R,8

LABEL  "Hewlett-Fackard"
LABEL 3w
EMII

% DA 57 S 1% O R A U )

1%

e I S R ) Y S N B (U )

fion S o )
Dox



170 Advanced Graphic Techniques

LETTER Example

Hermit

Park

\(

REM ## Thiz iz the LETTER evample ©
PLOTTER 1% 13, "GRAFHICS"

GRAPHICS
CESIZE Sy .4

LETTER
EHD

1
Sperifies
Erables th

{ e DET az the plotter
!

I Character
!

i

|

I7E = SOGo =




CSIZE Example

SOTH I 8 e I B e i s

Tl TR A T P

Advanced Graphic Techniques

2\

estzE 3,.5
CSIZE 4,.5
CSIZE §,.5
CSIZE 6, .5
CSIZE 7,.5
CSIZE 8,

CSIZE 44,1
CsSIZE 5,1
CSIZE 6,1
CSIZE », 1
O CSIZE 8

s ,
N N
BEM. s o Thissdeothe CRIEE -example AURIEES
Lo ThLs cprogran demonstrates some of the different

Foiharzcter SIZEs and aspect rati
!

FLOTTER -I2 13, "GEAFPHICES!
GRAFHICG

&
i
i
~ I
M|I'F_ 'Fcﬂlm =1 !
hHBEL L,‘:lIt'l[: ‘"} £14 . ni "“T-‘E 1 E,;i 25'5 1t
HEAT: Zize }
HMEST Tl umty !
EHD

Ly Calumpe 2

fos

Specifies thie CRTas the plotter
Erablez the CRT

FEAME: the SOFT-LLIP area

SCALE= ke plotting area to 18, 5x18

thc o colunys of ekanple Character 3I1ZEs
Specifv ore of tuo columns

Spec ity oneoof elagbt Dharacter SIZEs
Zets Character SIZE and aspect ratin

MOMEZ FEM w0 LHEBEL position
ILHBELZ ﬁ1u?ting AFEa
Incrementz o HEAT Bize

Regeats ol HEAT Colums

171
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Character Set Example

f? 7
(’——#$Z&’()%+,—./
B123456783:;<=>"7
@RBCDEF GHIJKLMNO
PORSTUVWXYZINTA
“abcdefghi jk Imnao
ogrstuvwxyz {|3~%

v )

(\— <

£ ° ¢Nn

P oHE S aéotaeol
JeodaeoUATdRdA o
AT OUETR

\/,




o
K

SR =Ty T G, ek P e
B o S SO B B o O

D NSNS b M on S
5] T

T
2%

A

b L
o B ol o L R B e

T
AN sl A

PR
T i ()

R A e Ll L £ R e e
St G P
P n

REM #x This ezanple desoss b
REM #%. Graphics character se

0 ERROR GOTO Out
TIM Label$[3E8]

FLOTTER IS 13,"GRAFHICE!
EEHPHD
LIMIT &
[ 5 1;
DATH 32, 157,168,222
FOR Congpl et e set=1 T2
FRAME
MOVE S
T P Hsaians At peintable

RERD Character,Finish
FOF - C=Chata CTO Fieieh
Character pn~11*L¢H'Lab91$?
Label#lCharacter pos
HEXT

(124,05, 148

]
(IR 2 LHEEL characters
FH S8R CETER - 1

ahel1$01,1+15]

Dt ot
DHMF GEAFHICS
GCLEARR
Lakeld=t"
HEXT Complete
EHD

=et

Advanced Graphic Techniques

a1 :

Lol 3
Ezoape for Buropsan character 2ot
Dmensions string
Specities the CRT as - the piotter
Erabiles &
He¥ites b LIMIT=

_h:ar Eb o

Th AL I=CHRESODD

(5

~ SIZE and aspect ratiao
lhiracfwr
Initialyzest ‘l_ll_IF:l

Trge g FFF! iE aruund thie
MOVEs to

SOFTCLIF abea

EEﬁﬂ
Tﬂlf?a

1
1

! Dcfhtnnr cE T 1ok
[

i

1 gronpEsnt 1s

of G

U Spnecdfi orne characters

U LHBEL 18

el
characters

mp =

E Fepeat et ]

LT bt

LoD imae p? e m e CLET
PMul ooy Label ¥

U iRepeats the Toog

173
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Slant and Angle Example

("

38 degree SLANT

T )

Ly
r
1
ey
-
Tt
=
et
£
=
i
bl
T

GREAPHTC
LIMIT @, 154, 8,145

CHIZE S5, 5,58

T T T T

MOVE 16, 26

i

°
iy A SRRl B R S R S (R

=
2

]
el e Rl kLA A AN ¢ 4

{5 B S v S LR R ¥ e )

B B W
=
pea)
e
T
~
=
iy
L
it

=
%
1T
U]
€I
X
g
hid

ERD

i

L e
LTy AT

I
m
]

Chargcte if:
itdors FEM

'

1
M
i
(T3]

oo A -0 |

Characts



LDIR Example
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-

LDIR S@

@¢2 ¥I1an

>

FRAME

b R L O e e
Ol o oy B e i o B o B

A
IRE

w
A

AR
i

(%

MOVE &,

EHD

BEEM % This

LDIR Tiegres

LABEL "—>——=— LOIR": Deg

HEXT Degree

175
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LORG Examples

(-

TESTS:

\(

1 FEM- %% Thiz iz ancsther LORG EXAMELE (L ORGL Y
18 " Thiz progran Tabele the word "TESTSY and then lab
ZE fopumbet s arognd the word bod show the S Tocat ton aof

Lithe nime ferent LORG positions
i

N
R TS

13, "GRAFHICS"

u O |
e iy
R
ac
T
T3
xI
=+ {1}
Al
[
E )
-
I

ss the CRT
BUALE =2, 2 ~7, T 2

CEIZE 28
LOEG o

MOWE &, @ !
LABEL USIHG - " TEEZTSY FALREBEL - thie agard “TEZSTSM

ke LHEEL s

#e¥¥ MOVE and LAEEL rumber:s around the word
ZE 4 b Zete Character SIFE &
FORE ‘Fosition=1-T0 9 U Specify o one of mine
MOYE IMT O Fositton—12
LAREL USIHG "DYMiFosition FULABEL  positior numbet
HEST F it I Repeat, for HEXT Fosition
EMD

(i BSOS TR B et b B8 o U J

L B B W R R o B e 8 Ao Y s AUk

Y A B B ] e e i e Y R

)
SR GE R I

i ifigs the LRT az the plotter
1
I BCALEE the LOCATE rectangle to dxld
FRHME POEREAMEs ke SOFT CLIF area
I ;
1
1

. Character - 2I8E and aspect ratio

tolthe center of the platting ares

Za=lytFosdition—10 MOD - 3-1- 1 Calculate position
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“Museum

REM =% 0 Thiz s anciber LORG =
UThis progran 1abci¢ e word
Vazging oeack of the LORG parameters: an "HY 12 deaun
Lovoodindicate fhw poEition of the FEH for o each LIREG

FLOTTER 15 13, "CERRHICSY b Seecifies the CRT &z the plotter
GRAFHICE b Erabies the LR
BCALE 8,10, -168,8 PECALEs the LOCHTE Peotargle fo D=6
FRANE oA FPHHE the S0FT CLIP area

e LREEL v mﬁFu YTEST wuzing sach LHPu
the g0 dndicates the b
tidn=1 TH 9

s
WiF

=
i,
4iﬁt”

uxd

SEUCDE = T R I e

T o T o I o Bl e S o o

S ek

i W.{

Fig ke LORG

Frife pes 1t ions

=i

LORG -2

CEIZE 4

MOVE 1 ~Fosition
LAEBEL USTHG "SR, D, 2R s LORG Y Pu—'
|

Lo¥ssas MOVE o point, LABEL an "BY ro dndicats dnitial FPEH Pazition
LORG -5 ! &pé ifies LORG For the 2N

CSIZE 3 | Sets Character SIZE for the "3

o § s bt o3t AT hs

=
P
el
s
[T
r
T
e
18
et
5

84 QR o SR s |

.
ik
0o T
Rl

150 MOVE: & Ttk i Er Rl o
HEEL the s fo dndicate “LH Foasitio

e

l‘u

&B3  LREEL it
1

boessas MONVE o point, LBBEL with the
LORG Fn‘—'l tion !
CEIFRE B

MOVE &, ~Fazitian
LABEL *Tect”

o i

o bR word. U Teae!
L “IZF Fars Ak oiord M TaseY

s L e

“othe HEST  LURG

U e BT g PR

e e e e
e

oo R
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POINTER Examples

1 REM %% This

1% PLOTTER

28 GRAFHIC

28 FRAME

48 SCALE 4,16,
®5H  FUINTER 7,¢

&0 EMD
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REM %%
FLOTTER
GRAFHICE
FRAME
ZCALE 8,
FOIMTER 4
EHD
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CURSOR Example

|
|
|
|
|

L "

\_ >

EEM %% Thiz s the CURSOR erample <LURSORY

FLOTTER 15 13, "GREAFHICE" | Specifies the CRT as the plotter
GRAFHICS 1 Erables the CRYT

FEAME I BEAME: the S0FT CLIP area

FRIMTER 12 & ! Bpecificz the Thermal Frinter
ROIMTER 50,58 L MOVEs the CURSOR to 50,00

CURROR: Muariable, Yogriable, Pen statne £ b Trpgts CURSOR position
FRINT swariable,YoariablePen status % LPRINT: CURSOR position
EHD '

e
Ol e

s Bhodh R ol

)
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DIGITIZE Examples

L Py e

pxx

=
(k=]

DU B2 LA I SR A A I el %

Ty

= Ty Ty T

DR n B R R SR PN (N B oy B

1%

N

o
1)

s e S0
[ AR R
AR )

M-S S

REM
REM
REM
REM  #
FLOTTER
GRAFHIIE
LIMIT @,
FOINTER

= thie digitizing ey
Fat  the cursor arnd

AT wloin o this

aii ey Lrat

VAT

RO RETRY y

50,

oo

IR

i
)

o
Cad

FRINTER I=

DIGITIZE #,% !
FRIMT ’
=OTO
EMI

181
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R 0 o]

TR

4

Sk %

s b T
& ! e

i E

o
T

R
£ .
T FRINTER IS @ i

aE ity i

s
)
)

HHERE Tr s o

HA PRIMT (SN0 E A
@118 - DIGITI: !
5| FRINT i

G
ErD

ey }

ey e O
o EO Tk e
L M



((

Absolute Plotting — Plotting to a coordinate which has its X and Y values specified in the

current user units.

Angle — The vector at which a line or label is drawn, represented in degrees counter-clockwise
from the horizontal.

Anisotropic — The X and Y axes units are not displayed as equal to each other.
Axes — Plural of axis.

Axis — A line drawn within the Cartesian coordinate system along either the horizontal (X)
direction or the vertical (Y) direction.

Clipping Area — The area which restricts the pen movement whenever lines are drawn in
UDUs.

Current Units — The mode of X,Y reference which is in effect; may be either GDUs, UDUs or
Metric (mm).

Cursor — The device which is used to obtain digitizing information.

Digitizing — The process of obtaining an X,Y coordinate pair based on the location of the
cursor.

GDUs — Graphic Display Units. An X,Y reference system which at default defines the CRT to
extend from X minimum = 0 to X maximum = 123.127753304, Y minimum =0to Y
maximum = 100.

Hard Clip — The physical limits of the plotting device, beyond which no line can be drawn.

Appendix A

Glossary —

O

\
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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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A=ES [X tick spacing, Y tick spacing [, X intersection, Y intersection [, X major count, Y

major count [, major-tick size] 1] ]
The F+E= statement draws a pair of axes with optional tick marks.
CLIF[X min, X max, Y min, Y max]

The CLIF statement defines the soft clip boundaries. Omitting the parameters allows any
two diagonal corners to be digitized.

25 1ZE height[ , aspect ratio[, slant]]
The CZIZE (character size) statement is used to specify the size, aspect ratio and slant of
characters used in labels. The height defaults to approximately 3.3 GDUs (15/4.54). The
aspect ratio (width / height) defaults to 9./ 15). The slant defaults to 0 degrees.

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

The CURESIIRE statement returns the values of the cursor coordinate to the specified vari-

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

DIGITIZE X variable, Y variable[, pen status string variable]
The DILITIZE statement pauses program execution and allows you to reposition the
cursor; execution is resumed by pressing the key, any SFK or the key. The
coordinate of the cursor is assigned to the specified variables. Pen status is assigned to the
string variable; &t for up, 1 for down.

LEAL X parameter, Y parameter

The LiF:FAlL} statement drops the pen and moves it to the absolute X,Y coordinate.

(a
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% [lower bound [, upper bound]

statement copies the CRT graphic display onto the internal ther-

The 1 =
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

‘ [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 i #:
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.

- integer 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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3T statement allows incremental plotting from the last plotted point. The pen

control is the same as for the .37 statement.

L list

The i.

statement is used like the [ statement to label.

- image specifier; list

The i.

iz statement is used like the ! -7 statement to format labels.

angle

ori. run. rise

The L.

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

T [X min, X max, Y min, Y max]

" statement defines the hard clip limits (or plotting area}. The units are expres-
sed in millimetres with the origin at the lower left physical limit. When the parameters

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

“E identifier number [, length]

- 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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LOCATE [X min, X max, Y min, Y max]

_E will define. The units are

Wwill fill or =

The LHIHTE statement sets the area that -

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

TE also invokes soft clipping at its boundaries.

not included. L.

Lz origin position

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

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

origin position is 1 through 9.

E X parameter, Y parameter

The {4E statement lifts the pen and moves it to the absolute X,Y coordinates.

HLE X offset, Y offset

The |
origin is offset from the first LIHTE point (X min, Y min) the specified amounts in

millimetres.

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

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

angular units.

ki pen number

The { statement specifies the pen to be used. Pen 0 (zero) specifies return all pens to
their holders on the 9872A. Negative pen numbers specify ‘‘erase’’ on the CRT.

The FEHLIF statement lifts the pen.
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F1.0T X parameter, Y parameter [, pen control]

The Fi.iiT statement provides absolute data plotting and pen control. The pen control

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

Odd =drop pen

Even =lift pen

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

FLOTTER I8

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

The FLOTTER 1% statement defines where all plotter operations will be directed. The

The default values for the I

L. parameters are:

step size - .254 mm
# of pens - 1

pen offset - 0 mm
incremental plotter i.d. - 1

& select code[, HP-IB device address] 1=

The §

' statement deactivates the plotter set to the specified select

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

189
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k select code[ . HP-IB device address] 1= {iH

The

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

il statement activates the specified plotting device and deacti-

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

statement.

kX parameter, Y parameter[, cursor type]

The

select one of two types of cursoer.-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.

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

3T X parameter, Y parameter [, pen control]

The i

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

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

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

The ;

- statement sets user defined units which dimension the .

The :

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

The

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

i X min, X max, Y min, Y max

The
to fit within the boundaries defined by the L.

il statement defines an area that is stretched or shrunk equally in X,Y directions

'E statement.
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- X variable, Y variable[, pen status string variable]

The HHERE statement returns the coordinate values of the last plotted or moved-to point.
Pen status information is assigned to the string variable; © for up, 1 for down.

Computer

Miseum
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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.

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.

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.



Appendix C 195

HP 9872A Plotter Installation

The 9872A Plotter can be used as an external plotter with the System 45B. Refer to the

FLOTTER 1% 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 below) using a small screwdriver.

Select Code Switch
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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.

ADDRESS
' HPIB -

Plotter Address Switches



The following table lists the switch positions for each address value.

Address Switch Positions

Address Characters

Address Switch Settings

Address Codes

SP

1

W o N O s W N = O

Listen

Talk

S e . M N < xS <CAHA®WTOUOVOZEFQrXC —IEOTMMOO®>»E

g
=
8
=

PPN « I = B o B o Bl o I e B o B e e B e = o 2 =2 = = I =)

4 4 4 4 a4 L 0D OO0 00D O a4 4o a2 00000000
W 4 4 0O 0O 0O = = 4 2 0000 o 4 4 40000 - = 2 20000
L 00 4 2m OO0 = - © 0 4 200 o =+ 00 = =200 = 00 <+ 4 00
O 4 0O - O 4 0O 2 0 40 20 20 =0 =0 =020 40 =0 -0 <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
11 13
12 14
13 15
14 16
15 17
18 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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Note
Hewlett-Packard products which use cathode ray tubes are

designed to limit X-radiation levels to values of 0.5

oo or e, This vl s b el y

United States Bureau of Radiological Health, and conforms
to similar international requirements. All measurements are
made using a Victoreen 440 RF /¢ instrument, and are con-
ducted with the equipment operating under normal as well

as worse case control midadjustment.
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63 JL. Raya Gubeng

Surabaya

Tel 443

{SRAEL

Electronics & Engineenng Div
of Motorola israel Ltd

17, Kremenetski Street

P 0. Box 2

Tel-Aviv
i 38973

Telex: 33563

Cable: BASTEL Tel-Aviv

JAPAN

Yokogawa-Hewlett-Packard Ltd

Ohashi Building

59-1 Yoyogi 1-Chome

Shibuya-ku, Tokyo 151

Tel 03-370-2281/92

Telex. 232-2024YHP MARKET
TOK 23-724

Cable: YHPMARKET

Yokogawa-Hewlett-Packard Ltd

Chuo Bldg . 4th Floor

4-20, Nishinakajima 5-chome

Yodogawa-ku, Osaka-shi

Osaka, 532

Tel: 06-304-6021

Yokogawa-Hewlett-Packard Ltd

Nakamo Building

24 Kam Sasajima-cho

Nakamura-ku. Nagoya . 450

Telk: (052) 571-5171

Yokogawa-Hewlett-Packard Ltd

Tanigawa Buitding

2-24-1 Tsuruya-cho

Kanagawa-ku

Yokohama, 221

Tel: 045-312-1252

Telex: 362-3204 YHP YOK

Yokogawa-Hewlett-Packard Lid

Mito Mitsu Building

105, Chome-1.5San-no-maru

Yokogawa-Hewiett-Packard Ltd
Kumagaya Asah

Hackijuni Building

4th Floor

3-4. Tsukuba

Kumagaya. Saitama 360
Tel' 0485-24-6563

KENYA

Technical Engineering
Services(t.A.jLid

P.0. Box 18311

Nairobi

Tel: 557726/556762

Cable” PROTON

Medical Only

International Aeradio(E.A.)Ltd

PO Box 19012

Nairobi Airport

Nairobi

Tel' 336055/56

Tetex. 22201:22301

Cable: INTAERIQ Nairobi

KOREA

Samsung Electronics Co . Ltd

20th FI Oongbang Bidg. 250. 2-KA
C.P.0. Box 2775

Taepyung-Ru Chung-Ku

oul

Tel (23) 6811

Telex: 22575

Cable: ELEKSTAR Seou!

MALAYSIA

Teknik Mutu Sdn. Bhd
2 Lorong 13/6A
Section 13

Petaling Jaya, Selnngor
Tel- 54994/549

Teiex: MA 37605
Protel Engineering
P.O Box I917

Lot 259. Satok Road
Kuching, Sarawak

Tel. 2400
Cable: PROTEL ENG

MOZAMBIQUE

AN Goncaives. Lta

162. 1 Apt. 14 Av. D. Luts
Caixa Postal 107
Lourenco Marques

Tel: 27091, 27114

Telex: 6-203 NEGON Mo
Cable: NEGON

NEW ZEALAND

Hewlett- Packard (NZ )l
P.O. Box 9443

Courlenay Place
Wellington

Tel: 877-199

Cable: HEWPACK Wellington

Analytical:Medical Only

Medical Supplies N 7. Ltd
Scientdic Division

79 Cartton Gore Rd.. Newmarket
PO Box 1234

Auckland

Tel. 75-

Cable OENTAL Auckland
Analylical:-Medical Only

Medical Supplies N.Z. Lid

P.0 Box 1994

147-161 Tory St

Wellington

Tel 850 799

Telex

Cable OENTAL wellington
Analytical:Medical Onl Field Technical Sales
et Supplies N 2. Lig 45 Kelvin Road North
PO Box 309 s 3459

RHODESIA

9 St d Salisbu
%SNis'aéT:'(ghRoa Tel 705231 (5 lines)
Tel 892-019 Telex. RH 4122
Cable: OENTAL. Christchurch SINGAPORE

Analytical/Medical Only
Medical Supplies N.Z. Ltd
303 Great King Street

Hewien Packard Singapore
(Pte ) Lid
1150 Depot Road

P.0. Box 233 Alexandra P 0. Box 58
Dunedin Singapore 4
Tel 270-2355

Tel. 88-817
Cable” DENTAL. Dunedin

NIGERIA

The Eleclronics
Inslrumentations Ltd

N6B.770 Oyo Road

Oluseun House

Telex. HPSG RS 21486
Cable: HEWPACK. Singapore

SOUTH AFRICA
Hewlett-Packard South Africa

(Pty.), Ltd
Private Bag Wendywood

PMB 5402 Sandton. Transvaal 2144
Ibadan Hewlett-Packard Centre
Tel 61577 Daphne Street, Wendywood

Telex- 31231 TEIL Nigeria Sandton, Transvaal 2144

Cable THETEIL tbadan Tel: 802- YOdO
Telex 8-4782
I -
The Blectronics Insirumenta Cable: HEWPACK JOHANNESBURG
144 Agege Molm Road. Mushin Service Depariment
P 0 Box 664 Hewlett-Packard South Atrica

). Ld
P.0. Box 39325
Gramiey. Sandton. 2018
451 Wynberg Extension 3
Sandton, 2001
Tel 636-8188/9
Telex 8-2391

Cable THETEIL Lagos

PAKISTAN

Mushko & Company. Lid
Oosman Chambers
Abdullah Haroon Road

e 512027 Hewltt-Packard South Atrca
Telex 2894 {Pty.). Ld

P.0. Box 120

Howard Place. Cape Province, 7450
Pine Park Centre, Forest Drive,
Pinelands. Cape Province, 7405

289
Cable: COOPERATOR Karachi

Mushko & Company, Lid
38B. Satellite Town

?;\a;n‘l indi Tel: 53-7955 thy 9
g SA— Telex 570006

Service Depariment
PHILIPPINES

Hewlett-Packard South Africa
The Online Advanced Lid

).
P.O. Box 37099

TAIWAN

Hewlett-| Packard Far East Ltd.,
Taiwan Branch

39 Chung Hsnao Wes( Road
Sec 1 7th B

Tel 381916074

Cable: HEWPACK TAIPEI
Hewlett-Packard Far East Ltd
Tawan Branch

68 2 hung Cheng 3rd. Road

Tei 107) 2"2319 Kaohsiung
Analytical Only

San Kwang Instrumenls Co. Ltd.,
No 20 Yung Sui Road

Te\ 37\5l7| 4 {5 lines)
Telex: 22894 SANKWANG
Cable: SANKWANG TAIPE)

TANZANIA

Medical Only

International Aeradio (E.A.). Ltd
P.0. Box 861

Dsr es Salaam

Tel. 21251 Ext. 265

Telex: 41030

THAILAND

UNIMESA Co., Ltd

Elcom Research Building
2538 Sukumw( Ave
Bangk

Tel 3932387 3930338
Cable: UNIMESA Bangkok
UGANDA

Medical Only
internationa) Aevadta(E A) L,
P.0. Box 257

Kampala

Tel: 54388

Cable: INTAERIO Kampala

ZAMBIA
R.J Tllbury &Zambwa) Ltd
792

Luukn

Tel 73793
Cable: ARJAYTEE, Lusaka

Blue Star Ltd Mito. Ibaragi 310 Hewilett-Packard (N.Z ) Ltd Systems Corporation OTHER AREAS NOT LISTED, CONTACT:
Guam Medical Supply. Inc. 119171 Tel:: 0292-25-7470 ngu;ar'v(qa Pmlassngnal Centre ::co Holuse H s gvek;po; Qurban 4067 m;mg:ar;\!vénmmnunenm
! -Hewlett-P. 267 Pakuranga Highway morsolo cor. Herrera Str ral ouse
‘?I’E)E)Elaisuex %lgllid;ng Foom 210 gﬂsz:f-‘:ﬁgﬂsoo 003 Ivno;lfeg?a:ﬁd:‘:g fet-Packard L Box 51 02 e Legaspi Village, Makan 641 Emge Road Palo ARo, Cafifomia 94304
Tamuning 96911 Tel: 70126, 70127 1348-3, Asahi-cho, 1-chome P-kurln - Metro Manila Durban. 4001 Tei: (415) 49:4—15017
Tel: 646-4513 Cable: BLUEFROST Atsugi. Kanagawa 243 Tel: 569- Tel: 85-35-81. B5-34-91 Tel 88-7478 TWX. 910\572‘(26}%
Cable: EARMED Guam Telex: 015-459 Tel: 0462-24-0452 Cable HEWPACK Auckland Telex: 3274 ONLINE Telex: 6-7954 Cable: HEWPACK Palo Afto
ONTARIO
ALBERTA
Hewlett-Packard {Canada) Ltd 1;45;(;93& Pac)gar:dolr()anada) Lid
11620A - 168th Street Otta or'zlst 8K7
EdmontonT5M 3T9 Tel, (;’1‘3) 820-6483
Tel (403) 452-3670 MANITOBA WK 0063 e QUEBEC
TWX: 610-831-2431 BRITISH COLUMBIA Hewlett-Packard (Canada) Ltd :OYA §CST<|1A|C .y Howen.pa ka’-d Canaca) L ;i;;l;t;r::sciglrv% (Canada) Ltd
wlett-Packard (Canada) Lid 513 Century St lewlett-Packard (Canada ewlett-Pacl la ] 6
Heowlgtztzgaak%m Canada) t g§7 E. Cordova é(veel ! St Jamesw 800 Windmill Road 6877 Goreway Orive Pointe Claire HIR 1G7 T LISTED:
Calgary T2H 2H8 Vancouver V6A 3R2 winni R3H QL8 Oartmouth 838 1Lt Mississauga L4V 1M8 Tel (514) 697-4232 FOR CANADIAN AREACS NOT LISTED:
Tel: (403) 253-2713 Tel: (604) 254-0531 Tel: (204) 786-7581 Tel: (902) 469-7820 Tel {416) 678-9430 TWX: 610-422-3022 Contact Hewlett-Packard (Canada)
Twx: 610-82(-614} TWX 616-922'5059 TwX: 610-671-3531 TWX: 610-271-4482 HFX TWX: 610-492-4246 TLX: 05-821521 HPCL Lid. in Mississauga

CENTRAL AND SOUTH AMERICA

ARGENTINA
Hewlelt-Packard Argentina
A

Av Leandro N Alem 822 - 12
1001Buenos Aires

Tel 31-6063.4.56 and 7
Telex 122443 AR CIGY

Cable HEWPACK ARG

BOLIVIA
Casa Kavhn S A
Calle Potos)” 1130
0 Box 500
La Paz
Tel 41530.53221
Telex CWC BX 5298.1TT 3560082
Cable KAVLIN

BRAZIL
Hewleti-Packard do Brasil
teC Lida

Avenida Rio Negro. 980
Alphavilie

06400Barueri SP

Tel 429-3222

Hewiett-Packard do Brasit
teC Lida
Rua Padre Chagas. 32
90000- Porto Alegre-RS
Tel (0512) 22- 2998 22-5621
Cable HEWPACK Potto Alegre
Hewlett-Packard do Brasi
1EC Ltda
Rua Siqueira Campos. 53
Copacabana
20000-Rio de Janeiro
Tel 257-80-94-DDD (021)
Telex' 391-212-1905 HEWP-BR
Cable HEWPACK

Rio de Janeiro

CHILE

Calcagm y Me(ca"e Lma
Alameda 580-0f

Casila 2118

Santiago. 1

Tef 398613

Telex 3520001 CALMET
Cable CALMET Santago

COLOMBIA

fnstrumentacidn

Hennk A. Langebaek & Kier S A
Carrera 7 No 48-75

Apartado Aérec 6287

Bogotd, | O E

Tel 69-88-77

Cable AARIS Bogota

Telex 044-400

COSTA RICA

Crentifica Costarncense S A
Avenida 2. Calle §

San Pedro de Montes de Oca
Auar\aﬂu 10159

San

Tel 24 38 20, 24-08-19
Telex 2367 GALGUR CR
Cable GALGUR

ECUADOR

Calculators Only
Computadoras y Equipos
Electronicos

P.0. Box 6423 CCI

Eloy Alfaro #1824.3 Piso
Quito

Tel 453482

Telex 02-2113 Sagita Ed
Cabie: Sagia-Qutg

EL SALVADOR
Instr

MEXICO
Hewfett-Packard Mexicana
SA deCV

Av. Periférico Sur No. 6501
Tepepan. Xochimilco
Mexico 23, D F

Tel: 905-676-4600

Hewlett-Packard Mexicana

PERU
Companfa Electro Médica S.A

SA deC.V Los Flamencos 145
Ave. Constitucidn No. 2184 San Isidro Casilia 1030
Monterrey, N.| TL‘;n;1 32

g:exdaogé 221048 s Caple ELMEO Lima
NICARAGUA PUERTO RICO

Hewlett-Packard inter-Americas
Puerto Rico Branch Office
Calle 272.

No 203 Urp Country Club

Robero Terdn G
Apaniado Postal 689
Edificio Terdn

Electronico de e/ Salvador
Bulevar de los Heroes 11-48
San Salvador
Tel 252787

GUATEMALA
IPESA

Avenida La Reforma 3-48
ona §

Guatemala City

Tel 63627 64786

Telex 4192 Telero Gu

Carolina 00924
Tel: (809) 762-7255
Telex. 345 0514

Tel 25114 23412.23454
Cable ROTERAN Managua

PANAMA
Electrdnico Balboa, § A URUGUAY
P.0. Box 4929 Pablo Ferrando S A

Comercial e Industrial
Avemda Italia 2877

Casitla de Correc 370
Montevideo

Tel 40-3102

Cable RADIUM Mentevideo

Calle Samuel Lewis
Cuidad de Panama
Tel 64-2700

Telex 3483103 Curunda

Canal Zone
Cable ELECTRON Panama

VENEZUELA
Hewlett-Packard de Venezuela

P.0. Box 50933

Caracas 105

Los Ruices Norte

3a Transversal

Edilicio Segre

Caracas 107

Tel* 35-00-11 (20 hines)
Telex 25146 HEWPACK
Cable: HEWPACK Caracas

FOR AREAS NOT LISTED, CONTACT:

Hewlett-Packard
Inter-Amencas

3200 Hillview Ave

Palo Alto, Califorma 94304
Tet. (415) 493-1501

TWX 910-373-1260

Cable HEWPACK Palo Ao
Tetex 034-8300. 034-8493








