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The Ship Research Institute of Norway (NSFI) has
implemented GPGS-F on the HP-3000 series computer and is
responsible for HP-versions of the system.

GPGS-F is a system near to the standards for graphic
systems proposed by standardisation organizations in
several countries and is choosen as standard graphic
system by the Norwegian Co-operation in Computer Graphics
(NORSIGD). This organization is responsible for the
basic development of GPGS-F which is carried out on a
Univac 1100 series computer by the Computing Centre at
the University of Trondheim (RUNIT). '

The system is implemented on various diffirent computers
and has device drivers for many of the common.graphic devices.
In this paper GPGS-F will be described from a functional
point of view, aiming to give potential users of the system
an overview of it's capabilities.
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1. HISTORY

The GPGS system was originally designed by Rekencentrum,
Delft University of Technology, The Netherlands and Science
Faculty, Catholic University Nijmegen, The Netherlands in
1972. A version of the system written in standard Fortran
has been developed by NORSIGD. The first Fortran Lased
version was released in 1975 and named GPGS-F. GPGS-F has
been under continous development since the first version
was released. This work has been guided by annual user
meetings. The result of these meetings has been new
features and minor changes to the system.

2. DEVICE CONTROL

GPGS-F provides device 1ndependent programm1ng with choice
of graphic device at run-time.

Figure 1 shows how the device independancy is obta1ned The
device independant part produces the same picture code for
all devices, and the device driver(s) translates this code
to the bit pattern required for the actual device. The
device independant code is put on such a level that advanced
graphic devices may be used in an efficient way. Examples
of 'such functions are character, circle and marker genera-
tion. G?GS-F will also be able to take advantage for_ the
functions of more advanced refresh display such as hard-
ware scaling, rotation and depth quing. The graphic devices
currently supported in the HP-3000 version 0Gg GPGS-F are:

Tektronix 4010/4014
Tektronix 4662
Calcamp plotters

HP 7221 plotter

HP 2648 graphic screen
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3. GRAPHIC ELEMENTS.

By single calls to the basic routines of GPGS-F, the
following graphic elements may be generated:

- straight Tlines

- set ¢f straight lines
- circles/circle areas
- text

- markers

- functions

A11 graphic elements may be hardware generated by tne graphic
device.

The elements are defined in a user defined coordinate system
(2-or 3-D Kartesian) and are fully transformable.

4. COORDINATE SYSTEMS

The GPGS-F user defines the graphic elements related to 2
userdefined coordinate system (2- or 3-D kartesian).

For the graphic device's drawing surface, a standardized
cocordinate system (2- or 3-D kartesion) is used. In this
syétem the length of the shortest side of the device is set
to be 1.0. : '

When the user defines a drawing ‘in user coordinates, the
system will map this drawing into the device's coordinates.
The user defines the part of the user coordinate system
which is to be mapped into the device's drawﬁng surface by
specifying a window. Examples of 2D and 3D windows are
shown in fig. 2.

The part of the device's surface where the data inside the
window are to be shown is defired by setting a viewport.
Example of viewport and mapping from user coordinates into
device coordinates are shown in fig. 3.
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DIMENSION W (4)
DATA W / 2.0, 4.0, 1
CALL WINDW (W)
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DIMENSION W(6)
DATA W/ 2.0, 4.0, 1.0, 3.0, 0.0, 2.0/
CALL WINDW3 (W)

EXAMPLES OF 2D AND 3D WINDOWS
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Definition of vieﬁport:
DIMENSION V(4)
DATA V / 0.1, 0.9, 0.1, 0.9 /

CALL VPORT (V)

VIEWPORT AND MAPPING FROM USER TO DEVICE COORDINATES



When a 3-D picture is shown on a 2-0 drawing surface a pro-
jection is made. By default the picture will be projected
parallelly into the X/Y plane part of the window box and
then mapped intc the viewport. Later in this paper other
projections will be discussed. '

5. TRANSFORMATIONS

GPGS-F system transformationschange the coordinates a user
passes to the system before théy are viewed through the
window. The change is carried out as a matrix multipli-
cation of the input coordinate elements and a transfor-
mation matrix. Let (x,y,z) be the input points and T the
current transformation matrix (homogenous), then the trans-
formed point (x', y', z') will be:

R
(x', y'y z', 1, = 1 Y
: z

)

As the GPGS-F user can access the transformation matrix,

any type of transformation that can be contained within

the 4 x 4 square matrix can be performed.

Some transformation types are standard, and special routines
provides automatic modification of the transformation matrix.

A list of the available transformations without user mani-

pulation is given below:

- translation
- scaling

- rotation

- shearing

The effect of these transformation types are shown in fig.

4 based on examples in 1
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Example-:
CALL XLAT(20
CALL HOUSE

.0,40.0)

'ROTAD(Dongle,

ROTATE

ROTA(ANngle, laxis)
laxts)

Angle=raduians
Dangle=degrees

laxits=1 X—axis
laxits=2 Y—-axis
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| / \ ExompLe
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Transformations may be combined, and are relative to either
current or original coordinate system depending on the trans-
formation mode. (See fig. 5, from "2] )

The current transformation may be'stacked in up to 10 levels
for later restore. This is useful for example in a drawing
subroutine with internal transformations.

6. PROJECTIONS

When a 3-D drawing is viewed on a 2-D device, the drawing
will be projected parallelly into the X-Y plane if nothing
else is specified.

Routines for spesification of the projection are provided by
GPGS-F.

Two types of projections are provided, parallell and per-
spective. The projection is set up by means of a single

routine call specifying the eye point. Examples of pro-

jections are shown in appendix A.

7. PICTURE SEGMENTS
Picture segments are a collection of graphic elements form-
ing a picture or picture part that may be separately ider-

tified for example for lightpen picking.

Picture segments may be stored in primary or on secondary
storage by means of a pseudo driver for later use.

Picture segments fetched from such store may be retransformed.
Figure 6 shows how this facility is linked to GPGS-F.
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8. INTERACTIONS

For access of interactive facilities of the graphic devices
GPGS-F uses reference to logical tools. In this way device
independany i's ensured.

An example showing how this works is that digitizing equip-
ment for an interactive plotter, crosshair for a storage
tube and graphic curser for a raster graphics terminal will
all be considered as the same tool from GPGS-F.

It goes up and cown L Wfo
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9. GRAPH AND HISTOGRAM PLOTTING

Also available is a subroutine package for general graph and

histogram plotting called GRAPHISTO 3 . Output of com-
puted results is an often used task and having the results
plotted gives a much better view of the data *harn havin-

them printed in columns on a printer.

This package is designed to remove the programmer from doing
all the drawing details like finding range of datas, drawing
axes et.

It uses GPGS-F basic routines for drawing and will therefore
give the user easy access to all the graphic output devices
available through GPGS-F. Other facilities like changing
pén-co]gur to get different colours on different curves,

plotting in true scale, and so on can be used together with

GRAPHISTO.
P15.12



GRAPHISTO provides 4 so-called 'chart' routines that will in
answer to a single call draw a complete diagram with anno-
tated axis, texts on axis and datapoints.

The types of plots provided through these 4 routines are:

- Histogram with labels under each bar and Tinear or
lTogaritmic axis in x and y.

- Table of lines with straight lines betwecen plots.

- Smooth curve through specified points.

- Pie chart.

These 4 routines use the basic GRAPHISTO routines as axis
drawing, range computation, 'nice' value computation and
curve plotting. The lower level routines are also avail-
able to the user and offers possibilities for sophisti-
cated non-standard plots like multiple axis, marking special
data points etc. Appended to this chapter are some plots

to demonstrate the use and possibilities of GRAFHISTO.

Available facilities are:

Chart plotting:

- Simple and smooth (cubic spline) curves in diff -on:
linestyles.

- Histograms. They may be plotted with or without ra.c
"ing of bars in any angle.

- Pie charts with texts and percentage of total pie.

Axis drawing
- Near to plot on either side of plot.

- Through any data or page value.
- Several parallell with different units.
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AXxis

annotation:

On either side of axis
Numeric or text labels .
Any character size and angle
dpper and lower case

Extra tick marks

Title

Along x- or y-axis
Linear or logaritimic
Any 1ine type or '+' at grid crossings

Dataplotting:

Misce

Table of values in x- and y or functions
Simple connected points _
Interpolated curve through points
Markers at points

'Undefined' points

Automatic data indexing

Automatic data incrementing

layout:

Centered heading

Positioning of dataplotting area in users window
Bar and curve legends '

Frame

1laneous:

'‘Best-fit' range computation of data contained in
arfay or function.

'Best-fit' label format computation.

Conversation between coordinates in users wiﬁdow

and in plotting coordinates.
P15.14
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Error Reporting:

- The routines in the GRAPHISTO system uses the error
system of GPGS-F. This includes parameter checking
and print of routine number, where error occured. Also
the number of calls. made to GRAPHISTO routines and
wrang parameters are printed, This makes it easier
for the user to find place and recason of error.

10. 3-DIMENSIONAL SURFACE PLOTTING

Newly developed by the graphic group at RUNIT is a package
called SURRENDER 4 (SURface RENDERing) that is presented
to the user as a means for visualizing bivariate surfaces on
some graphic device. This package uses GPGS-F basic routines
for drawing and GRAPHISTO routines for axes drawing and curve
smoothing.

Base for all SURRENDER plotting is a rectangular x-y grid
(matrik) with z-values in each node. A surface with M grid
points in x-direction and N grid in y-direction will be
stored in a Fortran DIMENSION ARRAY (N,M).

This grid may be rendered as a 3-D perspective plot of the
grid (Isolines for x and y) with hidden lines removed or as
a 2-D contour map (Isclines for z). Also other usefull
facilities 1ike drawing axes, marking points etc. are avsil-
able and will be further explained later.

The package is built up much the same way as GRAPHISTO with

- some routines that makes a complete plot in one call, and
others to add features for a more sophisticated plot.
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Example of minimum effort plot:

'y
~r

DIKENSION 1WORK(2C0),vVP(L), 2T031.31) . 10T (¢
DATA TDEV/E/.V®/C.0,6.3,G.6.0.3/
DATA 1BLUE/20/, IhrD/GO/ .

c .
c COM“UT" ‘THE FUNCTION 'SIN(X)*SIh(Y)/(Y’Y)' -
c
DO 1000 IY=-15,15
Y=FLOAT(1Y) ~
SINYY=1.0

IF (1IY.NE.O) SINYX SIN(Y)/Y

DO 1600 1X=-15,15
X=FLOAT(TX)
STNXX=1.0

IF (IX.NE. 0) SINXX= SIN(X)JX
ZMAT(IX+16,1Y+16)=10.C*SINXX%SINYY

1000 CONTINUE

c L
C MAKE MINIMUM.EZFFORT BLO:
C .
CALL NTTDEV(IDEV)
CALL BGNPIC(1) _
CALL PLOVA3(ZMAT.31,31.-15.,15.,-15., 16,  1LOKK, 260)
CALL ENDPIC L - _

By default the hidden lines will be removed. To dc Lhis
the system uses.a working array to be supplied by user. As
the needed size of this array is dependant upon thec numlcr
of points to plot, this method gives no restrictions atcut
number of points.

Setting focal point and eye position. The surface may be
seen from any point in space and some routines are used to
set this point either using cartesian or spherical coordi-
nate system. The viewing may be either axonometric or
perspeetive.
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Adding axes to the plot.

Axes may be added by a call to a single routine giving
standard axis annotation or by several calls to GRAPHISTO
Axes routines for special labels and format.

Contour plots.

Contour plots consists of isolines in the z-direction. The
range and number of contour lines may be given, and they
may be added to the perspective plot or plotted as a separ-
ate 2-dimensional plot.

W)/ <

Default contour plot.

A

The SURRENDER package is not yet available on HP-éOOO,

but this can easily be done on user requests.
P15.1s



11. USING GPGS-F ON HP-3000.

The HP-3000 version of GPGS-F is kept as near up to the
standard version as possible and only a few routines has
been changed from the users point of view. As seen from
the foregoing text the system contains of many logical
parts like the basic routines, a device driver, a plotting
package and so on. 2 USL-files are used to contain the
system and these are segmented into a number of segments
each containing a logical part of GPGS-F.

One USL-file contains the basic routines and the mo«<t common
used drivers. This is copied to users own USL with FCOPY.

The other contains the rest of GPGS-F, and wanted segments
are copied using the SEGMENTER. This is done to save disc
space for the user and preparation time.

A RL-file must be referenced at preparation time. This
file contains dymmy entry-points for drivers and buffer-
filesystem when not in use.

A complete set up for running GPGS-F on HP-3000:

COMMENT copy basic part of GPGS-F

RUN FCOPY.PUB.SYS A

FROIM = GNES.CPGS; TO = USERUSL,; NHEW EXIT
COMMENT compile your program

FORTRAN USERSOOR, USERUSL

PREP USERUSL, USERPROG; RL = GPGSRL.GPGS
RUN USERPROG

Aproximate segment sizes are as follows (decimal)

Basic drawing routines: 8400 (6 segments)
Incore buffer system: 2000
GRAPHISTO 9100 (3 segments)
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Drivers:

Pseudo and file 400 each
Tektronix screens 2500 each
" plotter 4662 3100
Hewlet Packard 7221 3900

“ 254 3500

12. ERROR HANDELING

Inproper or inconsistent use of GPGS-F is possitle and
requires informative error messages.

GPGS~-F provides the following informations in an error
message: ’

1. Error number - indicates the type of error
which occured

identifics the routine that was
called causing the error

2. GPGS subroutine no.

3. Parameter no. - indicates which parameter, if any,
caused the error

4, Severity code - indicates which action GPGS-F
will take

5. Call no - indicates number of calls to GPGS
since the program started

6. Argument value - value of the parameter in errcov,
if any.

A GPGS-F user can instead of using the standard error
handeling code his own error routine and in this way pre-
vent error termination. This is done by dynamical change
of eventual arguments with bad values.
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PROGRAM USED TO CRCATE FIGURES ON TITLE PAGE

PhUOGhnt: WOIRNDY

c
c MATN PEOGEAM FUA GENERATTON AND FFRSPECIIVE VIEWING
E OF° A hOIATTON BODY
c DIMENSION L1YC100),UFF¢100,2),FEYE(3)
c SELECT 1Yi'E. OF GRAPVIC DEVICE (FNIER DEVICI COiE)
c
DISPLAY *DFVICE NO.*
ACCEP1 1D
c
¢ INITIATE GPGS-F WI1M SELECIFD DRVICE
c
CALL NITDEV ¢ID)
c
c GENERA1E 1HE CON1OUR 10 .BE KOIATED CKEALING 1WE KOIAL 10N RORY
o
CALL RGNPICC(1)
CALL GENPICC(RUFF,L1Y)
CALL ENDPIC
IPIC = 1
10 CON1INUE
c .
E SELECT EYEPOINI F(Uii PERSPEC]IVE VIEW
DISPLAY *EYEPQINI
ACCEP1 EYE
c
c STACK CURKFNT 1RANSFOKMAIION FOh LATER hESIORFE
C .
CALL BGN1kN _
IF (EYE(1).CGE.2999.) GO 10 100
IF (AHBSCEYE (] )4EYE(2Y4EYE(3Y)eGl 0.01)
1 CALL PEKS (EYE(1),EYE(2),EYE(3))
c
c CLEAh DihA% ING SULFACE
c
: CALL CLKDEV(ID,N)
C
c INITIAIE NEw PICTUhE SEGMENI
Cc
IPIC = IPIC + 1
CALI. BGNPICCIPIC)
.
g DRA% HOK1ZONIAL CONIOUK L.INES
c CALL HOKCNI (BUFF,LIY)
c DREAW VEKTICAL CON1OUL LINES
c
CALL VERCNT CRUFF,L1Y)
CALL. ENDPIC
C
c POp LATEST SIACKED 1HANSFNRNMATTON
c

CALL. FNADILN
GO 10 10
1na CNNTINUE

c
c END - 1ERMINALE GFGS-F
C

CALL KLSDEV(ID)

S0P

END P15_21
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SUBLROUTINE GENPIC (BUFF,L1Y)

SUBKOUTINE 10 GENFRAIE A CONTOUKk CONSISTING OF
UP T0 99 STEAIGPET LINES (VISIBLFE .OK INVISIRIL.E)

DIMENSION 1.TY(100),BUFFC100,2) -
DalA 1L/2HL /,1P/2HP /,1S5/2HS /
TRE FIRSET INPUT POINT }S USED AS A DPOINT ON

KOTATION AX1S

/:
(=)
—a
~
3
7
-
-
-t
N
e
2

- CALL CUKWIN (ICH,DX,DY)

THE COORDINATE SYSTEM 1S TRANSLATED TO ENABLFE DRAWING
RELATIVE 10 AN ORIGIN IN THE FIRST POINT ON 1HE CONIOUR

CALL XLAT (DX,DY}
MARK FIRST POINT WITH A CROSS (MARKER NO 4)

CALL LINE (0+5,0050)
CALL MARKER (4
BUFF(151) 3 §4

BUFF(1.,2) = 0o
LTY(1) = 0

GENETATE 1ME OIHER POINTS ON THE CON1O0UhL,

END OF CONFOUR IS INDICATED BY ENTERING 'S' WIlV IHE POINI,

BLANK LINE TO POINT WJTH °P°

DO 10 1 .= 2,100
CALL CURWIN (ICH,X,Y)
IF (ICH.EQ.1S> GO TO 20

LINTYP = 1
'F (ICH-.EQ.IP)Y LINTYP = 0
X = X - D¥
Y =Y - DY

VFERIFY INPUT BY DRAWING

CALL LINE (X,Y,LINIYP)
)
)

BUFF(I,1) = X
BUFF(1,2) = Y
Ebdf 1o LIVTYP
RETURN

20 CONIINUE

LINEIYPE -1 INDICAIES END OF DNATA ON CONIOUhL
LTY(I) = =]
RETURN

_END %
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SUBLUUTINE CunWIN C1CHAL, 21 s, Yoo

CUEWTIN BFTULYS A CONEDIRATE POINL AND A CVALACT FR

TRPUY BY MEANS UF THE Ghaiigc DEVICE S o1y 1

PARANMETFKS ¢
QUTPUT: 1CHAK - 1YPED CHAk (Al FUhMe)
XPOS = X CUDLDINALY (i INPUI PV
YPOS - Y COURDIRALYE OF INPUL PN

DIMFERSTON THIC2),FAKCD)
DIMENSTON W(6),Uc6)
DATA yyp s201,-1/

FETCH CURKENT DEVICE NO., INDOw AND VIEWPD:HG FhUr

CALL DATDND (1D)
CALL DATWIN (b)
CALL DAt (V)

SET UP POSITIONING TOOL FOK ACIJVF DEVICE
AND WAIT FOR INPUT FRO¥ TELMINAL USEK

I = INWLAIT (-1.,1ED, ICHAR,1,FAK,2)
CONVERT FROM DEVICE 10 USKR COURDIKATES
YPOS = WlI) « FARC) yucicry-ac1yy /(v (Py-vl sy

YPOS = wW(3) + FARC2Y 4 (R ()= (837 (v(hy-n ()
TF (ID.NE«11«ANDID.NF«12) RE]URN

"IF DEVICE IS INTERACTIVE PL.OI'IFh, NO CHAKACTER CAN

FRO TVE PLOIMFR DIRFCILY -
CHAKACTFR 1S 1HE READ Fh 1uF ATINACED TFER-INAL

CALL Y“KITOL (2,0,0,0.,0)
I FJiakal ¢ EKIER CHAKNC L ER ")
YHITE (6,19
2 FOaMnl n1)
I\“P;/\,D_ (5,2) I1CHAL
i T URN

END

s i

:

'l
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(eleNe] a0 an aa

S aao.

SUBhUUIL INE VEKRCNT (BUFF,L.IY)

SUBKOU1 INE TO DRAW 1HE VEKI ICAL ‘CONIOUh
IN 35 POSITIONS KOIATED AKOUND 1HE thAllD@ AXIS

DIMENSION L1YC100),BUFF(C100,2)
SiACK CURHARENI 1hANSFOKMALIOUN

CALL BGNTRN
DO 100 g = 1,35

DEAW CONTOUR IN CURKEN1 COOKDINA1E SYSTEM

DO 10 I = 1,100

LINIYP = LTY(1)
IF LINTYP.LT.N)> GO TO 20

CALL LINE (BUFF(I:I);BUFF(I;Q).LIN]YP)

10 CONT INUE
20 CONTINUE

ROTAIE COOKDINAIE SYSTEM 10 DEGS. AKOUND Y-AXIS (hOl. A¥15)

‘a0a caon

an

OO O aaan

aQaoq

CaALL ROIAD (10.,2)

100 CONTINUE

PGP LAIEST STACKED 1HANSFORMA1 10N

CALL ENDTEN
RETURN
END

SURADOUT INFE WORCNLI (BUFF,LIY)

SUBRMOIINE 10 Dhnw HOWIZONTAL CONIDQuh LINES ¢Ci:.CL.

DIMENSION LIYCINA)Y,RUFF(I1NN,2)
LAOOP OVER ALL POINTS ON IHE VERTICAL CUNI Ouh

DD 100 I = 1,100

IF (LIYCI)eLT.0> REIURN
BUFF(I51)

BUFF(1,2)

F (ABRS(¥).1.1.0.001) GO 10 100

X
Y
1

DisAw HORIZONIAL CIKCLES IFROUGH A POINI ON IER vEni TCAT

CONIDOULR LINE wIIH CENIRE IN IWE hOIAILTUN AXIS

CALL LINE (X,Y,0)

lnn'gﬂk[.’ClRD3 (NDesYsNosXsYs¥s36N6s51)

1 INUE
RELURR

END P15.24
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