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Information transfer from/to human beeings is a central part

of a computer system. We wi I I here show how Computer Graphics

can make man machine communication extreemely much more

efficient. A case study of a Norwegian mining company,

A/S Sydvaranger, wi I I illustrate this fact. This company uses

Computer Graphics for information transfer between people at

all levels.

The graphic system in use for the above mentioned appl ication

is G P G S - F (General Purpose Graphic System in Fortran) which

is the standard graphic system for Norwegian users.

This standardization has been p~shed through by N0R~IGD, The

Norwegian Cooperation in Computer Graphics, formed by Norwegian

users.

GPGS-F wh i ch here wi I I be br i ef I y descr i bed (A more deta i led

description in (I) ) is implemented for 12 different computer

types with device drivers for 17 different graphic devices.

There are approximately 70 instal lations of the sysyem today

throughout the wor I d, 10 of theese are HP 3000 i nsta I Iat ions.
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BRIEF DATA ON AKTIESElSKABET SYDVARANGERs PRODUCTION

THE BASIS for the company's existence are the
very substantial iron ore deposits situated on the
Kirkenes-peninsula combined with excellent deep
~a harbour facilities ih Kirkenes, only 5 miles
'rom the main orebody at Djernevatn.

\KTI~ELSKAIIET SYUVARANGER \\115
'ounded in 19Ob. The company today has 2JOO
ihareholders. The Norwegian 80vemnlent owns
)IDID of the sham.

rHE PLANT is today desilned and buill for a to
al production capacity of 2.5 million metric tOilS
ron pellets (minimunl bScro Fe).

THE MINING in BjtJrnevatn is carried out as an
open cast operation. The OPeIl pit is considered
large by Norwelian standards. The present pro
duction plans.operate with a strippin8 ratio of 2,5: I,
i.e. IS million Ions of waste have to be removed to
enable recO\'el)' nf our annual produclion of app-
rox. b million tons of magnetic ore which contains
about 300

/ 0 irun.

DRILLING is malad)' carried out by means of By
cyrus Erie bO R rotaI)' drills producin8 holes of 12
1/4 inch diameter.

BLAST CHARGING is done with ANFEX (Am
moniunl nitrate-fuel explosives) and TNT-slurr)·.
Each hole is charged with approximately I ton of
explosives. Totul blast size varies between 75.000
tons and 750.000 tuns or material broken, and the
equivalent amount nf explosives used varies
between JO and JOO tons.

LOADING OF MATERIAL is carried out with
track mounted P" H electric shovels with 7 mJ
bucket capacity and one Marion 191 and one
P eft H 2100 shovel. each wUh II 'm (IS Jyds) buc
ket. In addition to this several wheel loaders are
used. the laraest of which is a 10 Iyds Caterpillar
992 and Dart 600 12 Iyds.

ORE AND WASTE TRANSPORT is laken care
of by a Deet of 100 and ISO Ions Leetra Haul and
Haulpack trucks.

PRIMARY CRUSHING is done in Bjernevatn by
means of U"'o) 54" Nordbera gyratory crushers
(54" wide intake openini'. which is normally set at
5'/2" closed .side. giving ore crushed down to app
roX. minus 5".

ORE CODDING is carried oul on conveyin8 it
over larae masnetic drums separating mosl of the
waSle (IS~o - 20 CVo) front the ore before it Is dis
char8ed inlO the ore storage silo.

THIS CRUSHED ORE is transported by our own
railway in bO tons capacity cars and dumped in la
rge nre bins al our secondary crushing plant.
Each Irain has 20 cars and thus carries approx.
1200 tons.

OUR TWO STAGE SECONDAI{Y CRUSHING
PLANT uses 7"Symonds cone crushers and re
duces the ore in size to approx. minus I inch.

PRIMARY GRINDING of this n,aterial is carried
oul in a two sta8e ball mill process ""here waler is

added as a carryin8 ~8ent. After this 8rindinl
approx. JOOJo of the material is separated out as
waste over series of magnetic drums. Thi$ product
or concentrate. is 8round further to make it suit
able for pelletizing.
This concentrate contains approx. 68e,o Fe.

PELLETIZING, a process which transformes the
concentrate into the shape of small 111" diameter
balls is carried out by addin8 approx. 10"0 of a
binding a8enl called bentonite (basically a spec
ial, dry, finel)' ground clay). This mixture is rolled
in larae'inclined drums which produl'e small balls
(green pellets).
These are dried over a travelling grate. prehealed
and sintered. The -pellets- will have a ten'perat
ure in excess of 1000" C when leavin8 the grate.
From here the)' enter a rOlating oven or kiln where
they are heated further to approx. IJ5O° C.
The hot pellets are now discharging into a cooler
section where they are cooled down to 26-300 C by
a forced air draught.
This product is stored in a lafRe 400.000 tons ca
pacity silo blasted into the mountain.

THE HARBOUR in Kirkenes is a good natural
harbour which has little problem wilh ice in win
ter. in spite of its location at 70° North.
The harbour facilities has a capacity for luadillg
ships up 10 150.000 Ions al a rale of
approx. 4.000 I/h.

AKTIESELSKADET SYDVARANGER today
has approx. 1250 employees in Ser-Varanpr
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1.2 An EDP pioner in Norway

A/S Sydvaranger installed its first EOP equipment in 1963.
At that time a computer was a scarcity even at the norwegian
universities.

The first machine was an IBM punched-card-based 421.

Part of the companies staff-department-routines were implemented
in the first place and soon afterwards a first version of a
stock controlling and accounting system.

In 1966 a new and more powerful computer was installed (IBM 360/
20) and the main part of the companies accouting system was
"'oomputerized tt •

An information system for the mining operations was also devel
.loped.

In 1974 the 360/20 was scrapped and after a short interludium
where different alternatives were tested, the company in 76
bought and installed a HP 3000.

Today A/S Sydvaranger heavily depends on the computer in the
following areas:

• Production reporting
· Accouting
· Stock control
· Payment of wages

The companies data flow
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Within a year a process control machine (Siemens R 30) will be
installed to improve production quantum- and quality control
.in the pelletizing plant.

We are also testing out a mineral evaluation system (Mineval),
which is a program based on first generation gr"aphical methodes.

The total investment in EDP equipment so far amounts to approxi
mately 5 mill. kroner. (1 mill. $)

The hardware configuration consists of approx 30 terminals
of all kinds - six of them at the companies headquarters in
Oslo.

The EDP-department today counts 11 persons, 7 of them are
programmers.

Our main effort is to improve the information contained in the
great variety of EDP-reports, and also get the computer and
computer methods accepted everywhere in the company.

Considering the fact that EDP less than 20 years ago was a rarity,
it is not surprising that use of the modern microprocessorpowered
computers have created a lot of discussion, - both seen from the
economic and social point of view.

What is the outcome of the millions that have been invested in
EDP-equipment the manager is asking. What will happen with my
job is the workers question.

One of our projects to r~assure both parts is to supplement the
numerical reports wi thbetter understandable ·one's. Today
this is ~ossible not least due to computer graphies.

Drawing machines, plotters, graphical screens, digitizers etc.
has moved the computer a big step towards the people.
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1.3 Graphic Hardware

The hardware is a mixture of a number of units as shown below.

1.4 Graphic Software

Hardware is mentioned - computer journals are full of visuali
zation units of all kinds. Less is spoken about software.
How do you program a 3 dimensional rotation picture; how do
you program a histogram? Do you hav to write a special program
for every graphical output unit?

So many questions. And so many traps to be caught in.

MAIN
OFFICE
OSLO

/

PROSPECTING
OFFICE
OSLO

Ala SYDYARANGER
CONFIGURATION'
GRAPHICAL
E ttUIPM£NT.

HP 3000
GPGS-F

MINE
OFFICE
KIRKENES

EOP
CEPARTMENTS
KIRKENES.

PEU.ET PLANT
KIRKENES

One way to get rid of most of the difficulties is to choose
a standardized graphical software package.

The GPGS-F is such a system. Standardized by NORSIGD, a
no .... ~ve'1la~ organization formed by peopl,= interested in graphics.

GPGS-F is fortunately impleme~ted on the HP3000 system. The
system basis is a set of fundamental routines drawing lines,
circles, character strings, numerics etc ..

Besides the routines already mentioned the system coptains a
number of special drivers for the most popular and common
graphical units.

The system is very well documented and easy to learn.

All units is online to the HP3000. Some of them are multi
plexed on medium capasity telephon lines.
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1.5 System philosophy

The graphical system is an online one. On the user's commands
itareofetching data from the big databases containing up-to
date information about the stock, the production, the ~~~oup

ting etc .. The extracted data is then presented as diagrams ..

The user's of the system are not computer specialists, they
might ~ot even be interested in computers. They are mine
foremen, geologists, production planers, clerks, directors etc ..
Therefore the user interface to the system is very important.
The online dialog should be adapted to the user's language
and way of thinking.

This is obtained by giving the user a series of commands to
choose be t\'.:een.

A valid command leads to a conversation like the followir.g

· command name identifying the user's main topic of
interest

· additional information f.ex. machine number
· period of interest
· output media

Not valid input at all levels are followed by a very friendly
sorry - and a recommended continuation.

The language is plain and simple norwegian, not a word is re
minding the user of the bits and bytes, the full duplex, the
recursive procedures, the interlaced memory - and whatsoever.

As a first aid the HELP command gives an overall information
about the system.

1.6 Data collection
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ONLINE
DATABASES

FOR

SlOe K CONTRa.
ACCOUNTINi
PRODUCTION

ONLiNI GRAPHICAL

GRAPHICAL
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(GP GS )
.\

DRIVERS

REPORTING SYSTEM "/~ SYDVARANGER.
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The systems practical value fully depends upon the quality of
the information put into the databanks. Tt has therefore been
necessary to establish a data reporting program.

A great number of reports is collected and registered into
the computer.

This is also done online by means of masking technics.

On the next page the data collection system for the production
data is shown.
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1.7 Examples

The example section is devided in three parts.

Part one contains examples from the economics reporting system
(diagram 1 - 3).

Part two shows some mining reports (diagram 4 - 6).

Part three shows how the pelletizing plant has been run
(diagram 7 - 8).
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2 GPGS-F, A PORTABLE DEVICEINDEPENDENT GRAPHIC SYSTEM

2.2 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 based
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.

2.3 Device control

GPGS-F provides device independent programming with choice
of graphic device at run-time.

2.1 Background

During the early seventies, computer graphics was introduced

in the research and commision work of The Ship Research

Institute of Norway (NSFI). In this process lack of suitable

standardized basic software was very badly felt.

About the same time simi I iar problems arose in other rosnarch

institutions and in the industry.

A national special i~T8rrest JrouD in computer graphics grew

up from the loose attempts of cooperation between the involved

parts.

NORSIGD (The Norwegian Special Group in Computer Gri';tJil!CS)

was founded in 1975 and has since then formed the basis of

a very good cooperation between most Norwegian computer

graphics users.

The main task for NORSIGD hils been developing a standard

graphics softw~re system for ~orway.

J5 21

Figure 1 shows how the device independancy is obtained. 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 charactir, circle and marker genera
tion. GPGS-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.
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Table 1 shows the current implementation status for GPGS-f.
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· . . .-------- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----· . . .
:TEK 4027:

: ALPH '.'DUS ~<

:PSEUDO

:TEK 4010: }C

:TEK 4662:

:RAM 6002:

:HP 7221 :

:FILE

:TEK 4663:

:TEK 402S: X

: '.'ERSATEC:

:PRINTER: X

:CALCOMP :· . . . . . . . .--------.-----.-----.-----.-----.-----.---_.-.-----.-----.-----.-----

:SURRENDER X

: GPGS-F

: GRAPH I STO ~{

:FILSYS

The status for GPGS-F implementation5 pr AU9U~t 1,1981 is shown bclow:

:KINGMATIC X: : : X: : : X : X________ - - - - : - - - 1 _

:~~===~==:=====:=====:=====:==~==:===:=:=====:=====:=~===:=====:=====:

:--------:-----:-----:-----:-----:-----:-----:-----:-----:----- -----
:ICAN ~.~

:~======:::====:=====:==:==:~~===:~==:=:====~::====:=====:=====:=====:

UV\~ro"d (fr~l~\v\(1':j) iMr'-G~<"'~~O~S H~V'\ejuJ(..LL Eu.U,
H'tc..~~ 1
c..~O\1 E HLO ~ Wl''-t'05 J5 23 J5 24



2.4 Graphic elements

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

- straight lines
- set of straight lines
- circles/circle areas
- text
- markers
- functions

All graphic elements may be hardware generated by the graphic
device.

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

2.5 GRAPHISTO - Graph and Histogram plotting

, ... {)OC:'J up and elm.." l,.{l llt 0

GRAPHISTOlb)is a subroutine package which using the basic
routines of GPGS-F can produce curve-, bar- and piecharts.
The package was designed to remove programming effort from the
tasks of producing standard plots. GRAPHISTO is aimed at easy
presentation of one variable data.
An advantage when using this package is that it can be entered
at different levels. When the user wants to produce one of the
standard charts of the system this can be done by one simple call.
If this standard chart does not satisfy the requirements for the
plot, user can enter the system on a lower level, composing the plot
he wants. The user can even go down to the basic routines of
GPGS-F and mix these with the GRAPHISTO calls.
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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 linear or
logaritmic axis in x and y.
Table of lines with straight lines letwe~n 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 GRAPHISTO.

Figure 7 Shows some plots produced with GRAPHISTO.

Available facilities are:

Chart plotting:

Simple and smooth (cubic spline) curves in different
linestyles.
Histograms. They may be plotted with or without hatch
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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Figure 7. GRAPHISTO example plots.
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Axis annotation:

On either side of axis
Numeric or text labels
Any character size and angle
Upper and lower case
Extra tick marks
Title

Grid:

AlonQ x- or y-axis
Linear or logaritimic
Any line type or '+' at grid crossings

Dataplotting:

Table of values in x- and y or functions
Simp1e connected points
Interpolated curve through pOi.nts
Markers at points
'Undefined' points
Automatic data indexing
Automatic data incrementing

Page layoL't:

Center~d he~ding

Positioni~g of dataplotting area in us~rs window
Bar and curve legends
Frame

~li scellaneous:

'Best-fi t I range computa t i on of da.ta conta; ned ; n

array or function.
'~est-fit' label format computation.
Conversation between coordinates in users window
and in plotting coordinates.
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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
wrong parameters are printed. This makes it easier
for the user to find place and reason of error.

10. SURRENDER, 3-D SURFACE PLOTTING

Base for all SURRENDER plotting is a rectangular x-y grid
(matrix) with z-va1ues 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 (Iso1ines any combinations of x,y and z) with hidden lines
removed or as a 2-D contour map (Iso1ines for any of x,y or z).
Also other usefull facilities like drawing axes, marking points
etc. are available and will be further explained later.

Example of minimum effort plot:

c
C COH~U'l'!~ 'i'H~ FUtiCl'lON 'SIN(X)¥.Sll~(Y)/(y'·Y)'

C

CALL NIT~~V(lD~V)

Cl\Ll. BGtJt'lC(l)
CI\LL ~LOt~A1(ZN/\T.11.11 .-15. ~ 1~ .... l~ .. l~ •• ~\·:(lrd~.~I.;C)

CALL SI~I>°l('

DO ~ooo TY=-13.15
'i :. FLO 1\ 'r ( 1Y )
STt'!YY:; 1.0

IF (lY.~~.O) Sl~YY=SlN(Y)/Y

DO 1000 lX=-l~tl~

X=FLOAT(lX)
SINXX::l.0

IF (lX.N~.O) 51tXX=SIN(X)/X
ZHAT(lX+1G.IY~16J=10.C!SlNXX~SlNYY

1000 CONTINUS
C
C MAK~ ~lNIMUN ErrORT DLOT
C

1>1 r-;!~I~S 1Q/'1 1\~f)Hl~ (;~r.~) ) • v() (I; ) ,ZI.:. T ('i 1 •.~ 1 ) ~ iG';)~' Co) )
D,' TA I ()~: vIt~ / • Vu / C • 0 • (I • 1, G• 0 • G••~ /
DI,TA IbUJ~;/~O/, 1 h!::D/60/

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.

SURRENDER (S) is a subroutine package for ~rawing bivariate
surfaces in 3 dimensions. GPGS-F basic routines are used for
line drawing and GRAPHISTO routines for axis drawing and curve
smoothing.
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Hidden line removal: Contour plots.

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

Contour plots consists of ;solines ;n the z-direction. The
range and number of contour 1;nes may be given, and they
may be added to the perspective plot or plotted as a separ
ate 2-dimensiona1 plot.

))

/ 1~\\"~~-;2.r ----.~
/, ,~ 1'/ ,--------

I CO ""'- ...J.2 ----.--------...
, ./ .I 1~ ---' .------/' '2 ....--.---

,/ ---- ~~------
.~ ----/
~r C
t'\\~:;i:'~
lhY.JJ

Aoding 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.

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
coordinate system. The viewing may be either axonometriq or
perspective.
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