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| NTRODUCTI ON

SIAG is the Norwegi an abreviation for the Central Institute
for Industrial Research (CIIR = SI) and the Aker Goup (AGQ,
a cooperation which has |asted for alnost 20 years.

SRS is also a member of SIAG acting as the exclusive marketing
organi zation at the same tine as participating in the devel opnent
proj ects.
The SI AG cooperation is working with a nunber of devel opnent
projects, of which the two najor ones are AUTOKON and AUTCFI T.
Both are sizeable projects with the sane ultimte goal, to
devel op CAD systens for the 1980-ies. The projects have many
things in conmon, even if they cover two different engineering
fields, steel and piping. Therefore, this presentation consist
of four parts:

1. Basic assunptions for the Sl AG CAD devel opments.

L Description of Interactive AUTOKON

3. Description of AUTCFIT

4. Hardware considerations

of which the first and the |last are common.
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PRESENT SI AG DEVELOPMENT

PART 1:

Basi c assunptions

Presented by
P.F. Sorensen, SRS
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1.1

1.2

THE SH PYARD S MARKET PLACE HAS CHANGED

It is only natural that the needs of the Aker Group have been and
are of the greatest inportance when it cones to the question of
setting the systems requirenents. The Aker Goup's market place
has changed dramatically over the last 5 years. From being

Nor ways bi ggest shipbuil der, accounting for about half of the
total tonnage delivered from Norwegi an yards, shipbuilding is now
reduced to less than 20% of the groups activity and will probably
have |l ess and | ess inportance. 80%of the activities are now
concerned with engineering, production and outfitting of struc-
tures for the North Sea oil exploration. These changes are not
significant for the Aker Goup otherw se than that Aker has managed
to switch in time. The whole shipbuilding world is facing the
same probl ens.

Di versification of products

In addition to ships a number of other products have grown in
| nport ance

0

Speci al i zed offshore oilfield exploration and service
vessels, frequently of the sem subnersible platform
type. Fig. 1

Ofshore oil production facilities, “off shore cities"

Fig. 2. | Steel structures of the typical curved or flate

panel” type are replaced by pipe-truss structures, f.inst.
for jackets.

Concrete is substituting steel structures such as in
the CONDEEP design. Fig. 3.

These are just exanples. Wo knows what kind of products
the present shipbuilder will have to cope with in the
1980-ies ?

The increased i nportance of outfitting

Some of the offshore products are a conbination of a vessel and a
process plant, a fixed or floating factory. Typical exanples

are the CONDEEP oil production platformand the Kvagner's

arge pr

Fig. 4.

oject with gas liquidation plant and storage facilities.



Valhall/Hod

The fourth large project
on the Norwegian Continental
Shelf. )

When finished,the central part of
the Valhall field will consist of
3 steel platforms:

Z -accommodat i on ptatform
. drilling platform and
I production platform

Fig. 2
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Floating gas liquidation plant and storage tanks.
Behind the plant a gas carrier is |oading

Fig. 4
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1.3

1.4

1.5

Qutfitting problems are increased by a factor 5 - 10 conpared with
convectional shipbuilding. Pi-ping systens, in particular, are of
consi derabl e size and conplexity. The demand for efficient
conputer tools to handle piping engineering is therefore inmminent.

The products are very conplex prototypes

Little is left of the nice period of repetitive production of

| ong series of ships. Not only are the product nmore conplex in
design, they are prototypes to a very large degree. There is |ess
previous experience to build on. The frequency of design changes
is very high. Both design and production engineering represent a
tremendous task of coordination. Mst problems occured are due

to lack of proper product documentation which is either incorrect
i nconsi stent or m ssing.

Expl osi on in demand for documentati on

Break downs in operation of the offshore structures may have
enornous econom cal and environnental consequences. Extensive
non destructive testing is required and puts heavy demands on
adm nistration of the quality control procedures and in
particular on the docunentation of results. Mssing material
certificates or inadequate reference of X-rays films to actua

pi eces of pipes or steel plates may cause costly replacenents
during production. This information is closely tied up with pro-

duct itself.

Further the clients demand all kind--of reports as regarding the
status of engineering and production. This was something quite
different fromthe experience with shipowners, who normally did
not care about the, builders procedures and methods, as long as
the ship was delivered in tinme and according to specifications.

Lead tine is short

Considering the fact that the products are conplex prototypes, the
lead time is nuch shorter than was the case with nost ships.

87



1.6

1.7

Very heavy denands are put on “engineering” projects, detailed design
docunentation for prefabrication, shop assenbly and field assenbly.
And not to forget materials supply!

Short lead time nust be expected to be the rule rather than the
exception in the future.

Product in focus

The shipbuilder is used to a kind of function oriented managenent,
like a “production line” where sinmlar engineering tasks on al
products are “passing” the various engineering departnments.

A nuch nore product or project oriented managenent is denanded.
In other words, the products is in the focus and all functions,
either technical or admnistrative have to organize thensel ves,
around the product.

The produtcts itself iSthe-source of all essential and necessary
information for all functions supporting engineering and production.

More subcontracting

Due to the size and conplexity of the projects we have seen
exanpl es where both engineering profabrication and assenbly
work have been farnmed out to a number of conpanies spread al
over the continent. It is evident that this puts some heavy
demands for coordination on the main contractor.

What would be the main source of information to be able to control
it ? First of all, proper products docunentati on.

These facts of life have some inportant bearing on what kind of
conput er aids we should look for, and they put some pretty heavy
demands on systens devel opnent.
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2.1

2.2

DEMANDS ON SYSTEMS DESI GN AND | MPLEMENTATI ON

If we look back on the AUTOKON devel opnent, the very fact that
triggered it off, was the desire to feed a piece of work shop

equi prent with N C burning tapes as efficiently as possible,

The systens designed for the 1980-ies nust incorporate quite
substantially nore and be radically nore efficient than systens
avail able in 1978.

H gh degree of products i ndependence

This demand on systems design should be obvious from the previous
section. Interactive AUTOKON will not be associated with stiffened
“steel” panels only, but be equally applicable to any type of
geometry and nmaterials. AUTOFIT will be independent of purpose

of piping systems: ship system process plant systems for petro-
chem cal or chemcal purposes. In AUTOFIT the goal is even higher,
since the concept is basically general for anal ogueous out-

fitting problens: piping, ducting, electrical

Source f or generation of product docunentation

By tradition any product is inplicitly described by its draw ngs
The drawi ngs, tables and other docunents represent the “database”.

The sane product (f.inst. a ship) my be documented in-just as many
different ways as the number of yards building it, according to

| ocal needs and practices. And the same ship can be split into
quite different prefabrication arid assenbly units depending on

| ocal practice and facilities.

The nucleous of the systemis therefore the conputer based
product mdel which represent the product “reality”. The product
documentation is basically reflections of this nodel in terns of

conposed |ayouts, presentation of different views, merging of

drawings and tables etc., in other words, manipulated information
with its origin in the product nodel
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2.3

2.4

2.5

Serve as docunment files (archives)

The conputer based docunent file shall be the “original”. \en
the product model is nodified the database “original” will be
automatical ly updated, or at |east the system shall advise on the
consequences of the nodifications. On the other hand, draw ngs
may contain a variety of information which do not directly affect
the product nodel itself. The advantage of having the “original”
in the systemrather than as a transparent paper in a cabinet
drawer, is obvious. Technologically one is very close to sol-
ving the problem of using ordinary TV-screens to vizualize data
bank contents, which may have a dramatic effect on distribution
of documentati on.

Serve as source of information in general

To be nentioned

Anal ysis and cal cul ations

CGther design and production engineering functions
Materials supply

Met hods and pl anni ng

Qual ity control

Cost contro

Shop aut omation

O O O O o o o

In fact, the product model and docunent file conprise the very
source of alnost all information needed by any other function in
engi neering and nmanufacturing of the product.

In conparison with nost technical systens of to-day, the potential
“harvesting" effects are tremendous. The information system
aspects arej ust as inportant as the “conputer aided design”
itself.

Excel | ent user communi cations are required

The above mentioned itens are concerned with the properties of the
information system as such. However, with to-days batch technol ogy

we woul d be very badly off when communicating with it. Therefore,
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2.6

2.7

on-line interaction is a necessity to provide proper comuni-
cation between the user and the system It concerns both inter-
active graphics and on-line selective information retrieval on
al pha nuneric termnals.

Frequenlty, we see interactive graphics evaluated nmore as a

goal in itself, rather than as a neans of comunication with an
information system

Hi gh degree of hardware i ndependence

In our devel opnent we are aimng-at separating what to do from
how to do it. The first aspect of the information systemis
rather statical over time, while the other is dependent on the
current conputer technology available. A mmjor objective is
therefore to create an infornmation system which conmply with the
needs of the user without forcing himinto conpl ete-hardware
dependency.

Software portability shoul d be considered inportant by any user
because he will have to face the rapidly changing devel oprments

in conputer technology. For us and fromthe point of view of
marketing portability is crucial. W are convinced that the

wi de distribution of AUTOKON is partly to be credited to the

fact that the system was reasonably portable. portability is

not granted free of charge, it nust be deliberately built into
the system during devel opnent.

Standardi zati on of software conponents

In order to obtain the desired inplenmentation independency the
systens are made selfcontained with regard to such facilities

as database software, picture file system comand processor,
segmentation system general picture graphics, system etc.

Most of these software conponents are of general - purpose nature.
Apart from serving above needs, they also facilitates standardi-
zation, which again neans | ower system devel opment costs and
system nai ntenance costs.



3.1

3.2

THE | NTEGRATED PRCDUCT MODEL

ne of the ways to neet the various demands inposed on the system
is the introduction of the product nodel. Since so nuch em-
phssis is given to the product nodel, this section will be
devoted to an el aboration of this concept.

The problemto be described

What is to be described in the nodel ? The products which ar e
consi dered here can be viewed in many ways. |If interested only
in the funciional purpose of the product as a whole, certain
performance paranmeters may be sufficient.

If interested in structural detail, it may be necessary to have
an exact description of shape and position of the detail. Due to
the enormous amount of detailed structure which may be present in
the considered products, the representation in the database is
essential for a successful system

Al'so the functional relationships in the detailed structure and

the way such details are put together to formlarger logical units

is essential and nust be reflected by the |ogical description in
a sinple and efficient manner.

To the model which thus energes must be added various user functions
like the output of reports/draw gs, generation of meshes for

finite elenent analysis, etc. Also to be considered is the efficient
handl i ng of nunerous updates and changes which is so typical to the
process.

Sone functional requirenents

0 It nust be possible to communicate with the nodel inter-
actively by neans of information in draw ngs, text and tables.

0 The data must be available for new and possibly unforeseen

applications. The data nust be stored and structured in a
tidy and “nodul ar” manner which allows restructuring.
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3.3

0 Description of the nodel nust be possible even though exact
or final paraneters are not available. The sane nodel nust

still be valid when final paraneters shape has been
det er nm ned.

0 The consequences of updatings must either be considered
automatically or the user nust be told where and what to
updat e.

0 Redundant data shoul d be avoided as nuch as passible.

A consequence of this (which has nore nmeaning) is that if
we feature is to he changed this should nean only one

| ogi cal update in the database even if consequences are
numer ous.

The integrated product nodel

The purpose of a CAD)CAM systemis to solve one or nore design or
manuf acturing problens. Consequently the total data base nodel nust
primarily reflect the requirenents of all the relevant applications
However, existing applications change and new ones are added. This
inplies a need for a central description reflecting the product in
a_general way rather than any applications. This central product
nodel is the common denonminator to all applications? |deally it is
not effected by changes or additions in these

Applications do exist, however, and nust be appropriately integrated
in the system The different applications in a total system may
conmuni cate with the product nodel in a nunber of ways|(fig. 5).

1 The application works on a common data description (centra
product nodel). This nmodel contains all the relationships and
other information needed

2. The application derives its data fromthe nodel. The derivation
may be perforned through procedures (prograns) which produces
new data. |If the procedure is considered a part of the nodel

then the nodel is said to be procedure oriented.
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DATA BASE H0DE

-t
:

CENTRAL PHODUCT MODEL

<

OTHER SYSTZM

PROGRAMS

APPLICATION

GEOMETRICAL S P _
DESCR1PT105i OF | Refers TOPOL1GICAL Uses | APPLICATIOHN
PRIMITIVES - to | DESORIPTION PROCEDURE
. ',;’e ' Refers Produces
/0 to .
‘ MODEL DERTVED
MR G o e e
PARAMETERS PROCEDURE DESCRIFTION |
Uses Uses Uses
INTERFACE - APPLICATION APPLICATION J
PROGKAM ~* | PROGRAM' Al . |ProGRAM - //,gl
Uses

Fig. 5 How various applications may conmunicate
with the product nodel.
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3. Interface programs transformall relevant information to a
suitable formwhich is used by the application. This solution
results in several representations of the same data and hence
consi stency problems. It nmay, however, result in sinpler data
structures.

4. Data are derived manual ly fromdraw ngs, tables etc.

The product oriented nodel is the nost static elenment in the
overal | database model

The product nodel is change oriented

A comon way of describing geometry in interactive graphics is
by a number of closed or open planar pol ygons where each side
of the polygon is described by referring to the endpoints. If
any such point is displaced then all polygons involving that

point will be changed as well. W wish to generalize this effect
by using |ogical references for curves and surfaces as well as
for points. The effects we wish to obtain is perhaps best illu-

strated by the follow ng.

AL N

N ()

Fig. 6

Inffig. 6|« have for exanple started off with a description of

thestrape—of a ship hull. This hull may be defined in a variety
of ways, but for the same of argument the representation may be a
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set of transverse frames (:) . The important point is that the
longitudinal frame .and the flange of the web frame Ais
defined relative-to -the hull.description. This means-that pri-
marily the-data base contalns -a~description of -how and (g) is
derived fraom the hulL«descrlptlon for example. by .a reference
to a parallel routine and the relevan}( parameters (parallel
distance). Furthermore the bracket is again defined relative
to (é) .and (:>’¢ Note :that; even if the geometry has not yet been
descrlbed the other féatures may
The purpose of the product model is to describe the product by
1dent1fy1ng its functlonal entities and their relationships or
"connection structures". These connection structures we refer to
as the topology of the product. The topological description is
separated from, but may refer to, the geometrical descriptions.
In cases of geometrical changes -the topological description refers
to sufficient information to generate the new geometrical solution.

This approach has the follow ng advantages:

Only’s mininum of geonentrical data is needed to describe
the structure (mninum of data redundancy). Thus it neans
less work in the initial definition of the product.

The descriptions of topology and geonmetry are separate

and i ndependent of each other which means that for a ship

the internal structure may be defined prior to havin

defined the hull shape. Mre generally this allows ?Iex-
ibility as concerns—the work sequence in a typical engineering
design process| (fig. 7).

Work

£ 0. .. fDetaling o
s \ /7 (geometrdefnition)
‘ ',’\De!m{ing o
7 (togical descreption)
// Hull shape
{geometry)

»Lead time

Fig.. T:- Reduction .in lead time. - . ) - .



3.5

Al'l the geometric consequences of a change in scantling

(the nost typical change) will inherently be taken care of
without additional changes to the data base. The ability

to handl e changes and updates is certainly a major problem
area. The topol ogi cal description should reduce this problem
to a mninmum giving a change oriented system

Addi tional or alternative geometric representations are
easily introduced. This is due to the fact that the major
part of the product description is geometry independent and
therefore does not change.

Ceneral |ayout of the database

At the top-level of database design, the system may be considered

as consisting of two parts (see fig. 8)

1.

Integrated product nodel:

This part constitutes the internal nodel of the object
(product, drilling rig, ship, production platform jacket
etc. or only part of these). Note how the “topol ogical des-
cription” (TOPOLOG CAL UNITS) are separated from the para-
metric descriptions (SURFACE-, PO NT-, CONTOUR UNITS) the
former only referring to the latter.

Commi i ni cations:’
This part takes care of the comrunication with the central

dat abase and also contains the archives of the reports/
docunents which have been made.
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INTEGRATED PRODUCT MODEL

VOLUME , TECHNICAL
DESCR. PRODUCT DATA
SURFACE
DESCR. \\\\\\\\\\\

.|  TOPOLOGI-

CAL UNITS

CONTOUR ,/’////f/
DESCR.
POINT GENERAL
DESCR. INFO. STANDARDS

Fig. 8 THE COMMUNICATION DATA STRUCTURE




PRESENT S| AG DEVELOPMENTS

PART 2

I nteractive AUTOKON

presented by
P.F. Serensen, SRS
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FRESENT AUTOKON APPLI CATI ON | N BATCH TECHNOLOGY

It is considered appropriate to give a sunmary on the present
AUTOKON before el aborating on the new devel opnents.

The existing AUUTOKON applications in batch-technology is based
on the use of a set cf FORTRAN prograns |abelled AUTOKON- 76 with
a library of ALKON systems Norns. |[See fig. 1

Fig. 1 AUTOKON information system
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The “shell structure” nmodul es of autokow-76 have proved to be
equal Iy usefull as design” and lofting tools. Actually, these

tools do the same job, whether early or late in the process.

The benefit to the designer is a matter of his attitude and willing-
ness to use it in his work.

As concerns “internal structure”, ALKON and the Systens Norns
library may performlofting in an efficiently way. However,
extended use of ALKON in design and production preparation re-
quired an enhanced norms |ibrary.

A special norms library for extended use on $hips was devel oped
in the Aker Goup. This design and production norms |ibrary
conpri ses “packages” for a number of purposes:

0 Norms to establish data structures. These are general and
we do believe in particular that the production phase data
structure is a convention which may be used by all ALKON
users. This structure provides the possibility to extract
a number of information by drawing norns and |ist norns.

0 Norms to describe surface and surface structures (plates
and stiffening). These packages are nostly “function”
and “geographically” oriented: Double bottom web franes
in engine room etc. They have been run on several ship
projects and have been nodified for increased generality.

0 Norms to describe types of codes (f.inst. material identi-
fication for plates and profiles) and various standards.

0 Drawi ng norms for design and production draw ngs, either
ordinary block drawings or levels .of draw ngs reflecting
the assembly structure.

0 List norms for generating various types of tabular informa-
tion, stiffener lists, assenbly lists, weight and center
of gravity of blocks and sub-assenblies, etc.

The above norm packages nuke,’ of course, frequent use of the basic
“System Norns“ in possession of all ALKON users.

The integrated design and production normmakes it justified-to
classify AUTOKON-76 an “information systenf, .even if the batch
technol ogy leaves a lot to be desired as regards conmunication wth
the database.

ives a schematic outline of the various norm packages and
their place in the downstream process.
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[t must be admitted that these eﬁdhéncéd norms libraries did
not create a break through of ALKON in design.

First of all, the batch technology is not very suitable for
convincing the designer that the conmputer can beat himin

making a drawing. Since he has to.face changes, the conputer
woul d rather delay himthan speed” up his work. He is not wlling
to accept that even if sonebody down stream obviously would bene-
fit bv reduced work |oad and hi gher accuracy.

‘ However, notw thstanding batch deficiencies, a great deal of
the short comngs cane fromthe way ALKON was used, and not from
basic limtation in ALKON itself, since it is probably one of the
most powerfull geometry conpilers avail able.

0 It was not fully apprehended that a very thorough system
anal ysis of the “design process, “formalized procedures and
extensive standardization work were fundanental prior to
coding an “hierarchy of ALKON norms to cope with design:

o It was not fully understood that norns devel opment of this
magni tude was genui ne systenms devel opnent, and that the
basic requirements as to user specifications, systems design,
systens programming and docunmentation were valid. No matter
whet her the programming |anguage, was ALKON.

0 The efforts involved and demands on qualifications of parti-
ci pants were underestimated

0 Lack of time for creating, sufficient “generality” because
of pressure from production schedul es.

o Wen the norms were ready, the majority of Aker G oup
ship contracts were cancelled and efforts turned towards
of fshore structures.

In spite of above experience,. the norns library has proved useful
for the Aker Goup. both"for ships and” sem -subnersi bl es.

The power and felxibility ,of.ALKON has really been proved in
connection with' unusual:constructions such as pipe-trusses (jackets).

At the Aker Verdal yard they managed to increase work preparaticn

efficiency considerably by creating a special norms library for
jacket design, [fig. 3.] *,
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After a few weeks the first normwere actually used in produc-
tion preparation. The norm which generates the tenplate for

the cutting of truss connections (activity 8) produces a tenplate
in 20 - 30 mnutes. Mnually a good craftsman” woul d manage 2 to
3 tenplates a day.

The accuracy obtained using a nunerical method was far better and
a substantial saving and better product quality was registered
Let us just mention that in 12 |leg Jacket which has been built
there were 560 such tenplates. The tubes in the Jacket had a
diameter of up to 1.5 meters and a plate thickness of up to 70
mllimeters. The actual truss-connections may be very conpl ex
often with tubes intersecting eccentrigally.

| NTERFACI NG THE PRESENT AND FUTURE AUTOKON

3years ago it was decided to develop a new AUTOKON system for
the 1980-ies. Based on the requirements previously setforth
and the know edge of short comings .of present AUTOKON, it is
obvious that Interactive AUTOKON had to be established on an
entirely new concept.

The devel opnent project started with AUTONEST, the new operati o-
nal interactive nesting system and has another 3 - 4 years to
go. However, since short term results was demanded, the goal is
to provide the user with the best total systemthroughout the
devel oprment period until the present AUTOKON is finally replaced

Hence, it is not the intention to throw the present AUTOKON
overboard. On the contrary it represents a powerfull and flexible
tool that has reached a remarkably high operational reliability.

Qur devel opnent policy is to get short termresults which can
extend the present. AUTOKON usage at the same time as being inte-
grated parts of the new system

W believe this devel opment policy is to the.advantage of all

present AUTOKON-76 users, since it wll allow themto change
gradually towards the full Interactive AUTOKON if desired
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Fig. I is a description of IA in terms of functions and/or.
applications to be covered. The figure reflects the demands

on modern technical.information system previously mentioned
.and demonstrates the ceptral; position of the product model as

a source of information. - In,fact, the Ffigure is valid for all
technical information systehms covering different engineering

- fields (steel, piping, e}ectrical,.etc.) . =

It mobe of interest.to .cornpare,these. functions with the, nodul es
of Autokon—76. It should be kept in mind that all functions are
based on use of interactive graphics, hence this is not partice-
larly mentioned under each item

Product rmodel building.’

This function is perhaps the nost vital since it. is the beginning
of the process. Mdel building incorporates separate topol ogica
and geonetrical description as well ‘as data on -functional require-
ments, material properties,ete. The product nodel includes both
a design oriente’'d. (functional’) ‘structure and a production -oriented
structure. :A-particular.part belongs to deck A at.the. sane tine
being included in subassenbly B. .

Conpared. .to. AUTOKON-76 .this function includes FAIR LANSKI, SHELL,
ALKON and in par%iicular the enhanced norns Library. *

< o !' . . .>.

Prodﬁct docunentation’ . . . .-

This f unction offer powerfull facilities for verification,.and
mani pul ation bf product in informationin ternms of draw ngs, tables,
etc.. It means a significant diference from the batch tehnol ogy,
which is rather inflexible as regards conposition, presentations
etc.:other .than.~ programmed”. .It represents.the “draftsman” and
is really a reflection.of the fact that~""there are many ways to

visualize and verify a Product..“. . -

In AUTOKON-. 76”.tihe drawing/printing functions. are found inherence
inall programnodul es.; and: in the enchanced norns. |ibraty.

In 1A this functidn is more a “general drafting tool” which also
have the responsibility to admnistrate the document file
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Interactive AUTOKON, outline of main functions
107

Fig. k.

SaNI1 y SANIIOVH
$$300¥4 Slzouod | /N
TV R AN >
SWILSAS
- SNCILORAL
T04LNOD NOILVHOLOY ¥0d *YLSINIAQY
) . ALTTv0b Ezﬂwoﬁzou \.I/
Ke—>t  /wonaou HOLLVY3NZO : _
SLNIHND04 - |
T0¥LN0D .
~ - ~~ 1 . , [
\ Korlonaoud | - $3553008d A”Hv
) 403 ONIYOLDVIANVR llV
HOLLVINZHATOQ . A”v oL SLINA - viva
A.IIJ.LV 40 K= §0115000¥d ' ONIRAVT v
HOLLVY3NGD QILNITO INI1LYITY
NOTLVLNIHAD0Q RO1LONCO¥d
HO11JNCO¥A .
) o ) - >
—— AaHaSSY 9 P ~o K= . o
Pl ~ © NOILYOTHAVIIYd ya N d . I ’ .
. \ D B — g : ) .
SINIH3TI Rl GIINITYO- P ’ :
. HMOO NvENE : no1sag
. . . * 1agoH . SKIAUNS
_— IYI¥ILYH Ar1||.IL«V H“v HILSAS
1o0a0¥d HOLLVYLS
viva -INIHQY
NOTIVINIHNO0G AnnthJV KOLLYINZNND0G AHV AHV m._.auuuwma mﬁﬁmmx TVI¥ILVH
100a0¥d 29na0ud IVI¥ILVH
. do HSTT4VLST >
voi NOLLYH3N3D .
IATHOY —_—_—
041NOD
13000 : 1502
100g0¥d SHYHDONd .
an 0VAEAINL . A_,“V
30 oN101109 SHVED0Ud
e HOTIVINDTVD .
2L 9
saLsis SISATVRY
NOLLVHYONI
Vo INIDaL

¥IHL0




3.3

3.4

3.5”

Break down of production manufacturing el enents

Starting fromthe design product nodel, this process will be
nore or |ess automatic. The efforts cbnsumed will be drastically

reduced conmpared with traditional “part coding” which will almst
di sappear.

Based on this production oriented product nodel, generation and
mani pul ation of work shop documentation will be nmade in the sane
way and by the same tools as in 3.2.

Conparing with AUTOKON-76; this function incorporate features

found in the programs LANSKI, OSHELL, LFRAME, TEMPLATE, JIG ALKON
and. NEST.

Product/quality control functions

Such facilities are non-existent in present AUTOKON- 76.

The new functions are generally concerned with providing specia

drawi ngs convenient for control and for establishing “as built’”
information+ The second nmajor objective is to tie-up all kind
of testing and certificate data’'to the product nodel and adm n~-
strate the cohtrol documentation.

Generation of control info for ,shop automation

This function is”"the, link to CAM Since the product nodel contains
all information regarding both finished parts and finished product,
it is a mtter of post processing such data to control information

Mre inportant is the fact that the product nodel contains infcrm-
tion to control robots f.inst. welding robots. The potential exists
for sibilating welding procedures.

In this respect I A opens up for a wide range of CAM applications,

conpared to AUTOKON-76, which is limted to NC data in SHELL and
NEST
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3.6

3

3.8

3.9

Mat eri al demands

AUToKON- 76 of fers little in this respect, especially in early
stage for material ordering unless the enhanced normlibrary is

used. In this respect A wll nean a great’ step forward. This
function will maintain a full 1:1 correspondance between enginee-
ring and material status, ‘keeping track of consequences of

design changes on material s’specification vice versa. A
variety of material sumaries will be available and the mteria
demand, file is the source of information for the maferial adnini-

stration system 1‘ o

Relating poduct units to nmanufacturing

This function will provide facilities for calculations for proces-
sing tinmes (cutting; welding etc.) and for relating parts and
assenblies to shop equi pment and production flow to ease production
planning and control.. O even nore potential value is the possibi-
lity of interactive simulation to investigate production 'methods

Interface to calculation and analyses pr ogr ams

Typi cal exanples are hydrostatics” hydrodynam cs, structural analyses.
These programs mayeither be inteegrated directly with the product
nodel (f.inst.’ hydrostatics) or work on derived (sinplified) design
nodel s, such as, in the case of generating meshes for finite elements
cal cul ati ons. 8

Communi cation with other technical systens

The most typical exanple is the need for structural information

as “background” when doing piping layout. O vice versa, the piping
information system wlll. provide exact position of all pipe penetra-
tions in structures.

The outline of functions 31. - 3.9 above is equally valid for
other technical information- systens..
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BRI EF DESCRI PTI ON OF | NTERACTI VE AUTOKON “ MODULES®

General on termnol ogy”

In AUTOKON-.76 a nodule is a program performng a well defined

task. Tne nodule structure is rather rigid and is self contained
with output routines -

In the previous section the 1A functions were briefly described.

A function may contain a nunber of applications or procedures
which make up the totality of jobs or tasks either froman organi-
zational point of view or because it is a convenient and natura
way to group tasks.

Exanple: Material take-off” and making bill of materials for steel
plates and Dbars.

A certain procedure may be required and incorporated in different
responsibilities at different points of tine.

F.inst., the interactive nesting system AUTONEST cotains 3 clearly
di stinguishible and (froma systenms point of view) separate phases:
preparation, lay-out (nesting) and cut/mark sequencing. Together

t hese, 3 procedures cover the total task to conplete nesting as a

| oft function with the ultimte’ goal to generate a N C tape

On the other hand, the lay-out (nesting) procedure should be avail -
able to the material take-off’ man who is working several nonths
earlier than the loftsman. In other words, the same procedure may
appear in different functions. A procedure may be small or large
in terns of EDP progranms. The basic level is an action routine
governed by conmmands.

An efficient conmand processor is avaiiable to link,together action
routines to higher level procedures, procedures organized into tasks
and tasks organized into functions.

Froma systems point of view, therefore, |IA nmust be regarded as a
tool kit, a big library of basic tools (action routines) which my
be organi zed as described above.

The “user manual” asweknow it, will be reflecting how to Perform
a task by means of a particular collection of action routines. The
command processor allows the user to switch quickly fromone proce-
dure to another, even if he may see each procedure as “fixed”.
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4.2

Therefore, a nmodul e does not have the same neaning in |A as in
AUTCKON-76 . However, certain names have been selected to

express functions as a total or to signify procedures or appli-
cations as part of functions. These nanes may change, so may al so
the “contents” relative to the nane.

Due to the relatively long term period of the IA devel opnent, the

specifications are not of equal degree of detail, depending on
the priority given to them

Nanes of functions and applications

Figo 5 is the.previous.fig. 4 supplied with nanes presently
given to, either functions or. procedures/applications in IA

The main functions are covered by

AUTOMODL Design and production oriented nmodel building
i ncluding break down of product structure for
prefabrication and assenbly purpose.

AUTODRAW General drafting tool for visualization of product
model and for generation of design and production
docunent ati on,

AUTOCONT Serving product/quality control functions

AUTOPROD Providing link between CAD and CAM GCeneration
control information for shop,automation.

AUTCPLAN Rel ating product units to manufacturing |ines
and processes.

AUTOSPEC Serving the material take-off function

Wthin the functions hows the follow ng procedures or

applications , with a circumscribed nane:

AUTOPART The “bottom |evel” of AUTOMODL, providing a subset
for interactively generating parts or dividing or
modi fying ALKON parts from AUTOKON-- 76.

AUTONEST Interactive parts nesting generating NC tapes for
nested sheets.

AUTODRAW( S) Subset of AUTODRAW intended for generation and
mani pul ation of shopdrawings with a short term
goal to use Autokon- 76 dat a.
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AUTOVATO Subset of AUTCDRAW to generate and edit various
ki nds of shop drawings for collar plates, narking
of stiffeners, stiffener lists, etc. To sone
extent AUTOVATO will serve material take off
function al so.

AUTOCONT( S) Subset with the linmted objective of providing
special control drawi ngs for followup during
construction.

AUTOPART, AUTONEST, AUTCDRAWS), AUTOMATO and AUTOCONT(S), represent
the short termresults of the IA devel opnments.

By communication with the AUTOKON-76 database, they provide effficient
interactive tools to manipulate A-76 data in a way that cannot be
done within A-76 itself. This connection is indicated in
They assune all “shell nodules” of A-76 to be used., Further, the
more extensively ALKON and norns |ibraries are used to build up the
structure (the A-76 product nodel), the nore information is available
for further manipulation by the interactive procedures

At the sane tine, as already pointed out, the sanme procedy
subsets of the final 1A system which should be seen fromffig. 7. |

In this way, the devel opnent policy expressed in section 3 is

i npl emented by offering the AUTOKON user the best total system
throughout the devel opment period. These short term "results effi-
ciently attack the product-ion preparation area, which account for
sone 50% of the engineering hours in handling of steel structures.

In addition to above mentioned procedures, |fig. 5|do al so include
2 interface programs to analysis, prograns.

AUTOPREL Making the | A product nodel available for a net
PRELI KON system planned to be devel oped in
cooperation between SIAG and the other Norwegi an
parties.

AUTOFEM CGenerating a derived design nodel for providing
meshes to finite elenment calculations.

In the followi ng figures some of the above nentiofied functions or
applications are briefly outlined in a sinple, pictorial form which

hopefully is self-explanatory, see and succeeding figures..

However, as regards AUTONEST, AUTOPART and AUTODRAW nore details
are given bel ow.
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4.3

L.k

AUTONEST -

This appllcatlon is brlefly described in the attached brochure.
AUTONEST has been in operatlon for more than-one year in Aker zzi
in Verolme Rozenburg yard in Holland. We beleive it passed the
acid test at Verolme and we quote from the paper giveq at the

AUC-T8 meeting (they‘are using 2 screens simultaneously):

"Figures about savings in time and money, comparing

batch and interactive versions, are very difficult to
caluculate. VDSM traditionally pays very much attention

to nested formats; Cutting combination, use of more torciss,
heat distortion and edge preparation does influence the <ime
needed for the nesting procedure; it's our yard-policy, ¥aich
has to be followed, Performing this sometimes elaboratiws
way of nesting interactively did show a substantional reluc-
tion of manhours and calendertime, even in splte of all zhe
problems which have been mentioned.

Roughly, using.l - 2 manhours,in 2 - 3 days for a plate
filled with 4 - 12 parts in batch, now interactively 3 - 5
plates of this kind can be done in about 1 hour. (Max.
performance 12 formats in 1 hour).

Additionally, one format filled with 67 parts, some of ttzse
with inner contour, did take slightly more than half a dzy,
against 2 - 3 days in the old way."

AUTONEST operational on a NORD 10/S computer with a minimum cors
requirement of 64 K words (16 bits).
AUTOPART

As already mentioned, AUTOPART is a subset of AUTOMODL, with the
following features included.

Basic part coding:

o . Basic geometrical definition (SL CIR, etc.)
o) Defining and referring to predeflned contours
o Treating standards (cutout, holes, etc.)

Advanced: part coding:

Split contours”

Editing contours o
Generate and refer to parallel contours
Divide surface units (parts) ‘

O 000
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b5

Model building

o Definition of design and production units.
In fact AUTOPART may be considered also as a stand alone part
coding system just’'as ALKON basic.

RS

AUTODRAW

The purpose of AUTODRAW is to-provide to following facilities.

a. Verification of:
o) Contbﬁrs
o Tables
o . Text
b. Generation of drawings:
o  "Composition"-lay-out
o Completion of drawings with
Text
Symbols

Dimension linesg
Identifications/references
Applying drawing "standards"

o Generate other veiws

Orthogonal -
Perspective .
Axionometric

Isometric

Removal of hidden lines

c. Build and administrate the documentation file:

The subset of AUTODRAW will include a), parts og b) and c) as
far as shopdrawings are conterned.
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DEVELOPMENT SCHEDULE

AUTONEST is operational and available.

The other applications (subsets) shown in|[fig. 6.

AUTOPART
AUTODRAW(S) - S
AUTOMATO ) :

. AUTOCONT(S) )

are scheduled for completion in a NORD-10/S version within medio
1979 and expected to be available for release utlimo 1979.

The remaining functions are partly developed in parallel to the
extent needed for coordination, but are treated in the following
order of priority:

AUTOMODL

AUTODRAW (enhanced version)

AUTOSPEC

AUTOCONT (enhanced version)

AUTOPREL

AUTOFEMI : .
AUTOPROD )

: AUTOPLAN '

The entire development program is scheduled to be completed in
1982. :
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PRESENT SIAG-DEVELOPMENTS

PART 3

AUTOFIT
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INTRODUCTION

AUTOFIT is an abbreviation for automated outfitting.

AUTOFIT is a computer based technical information for piping design
and production engineering. The system includes all main functions
such as design, lay-out, work preparation and material take off.
AUTOFIT provides a "product model" which is instrumental as a source
of information to other.tasks or functions: analyses, planning,
shop automation and not to forget other engineering functions.

AUTOFIT as a system concept is common for all outfitting problems of
similar nature, such as piping, wiring and ducting, even if implemen-
ted only for piping and instrumentation.

AUTOFIT is basically independent of product which makes it equally
applicable to any piping system irrespective of purpose: ships,
offshore vessels, petrochemical and chemical plants, whether off-shore
or on-shore. . ’ )

Communications between the user and the AUTOFIT information system is
based on extensive use of interactive graphics techniques.
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OUTLINE OF AUTOFIT

hows the major tasks involved in the total process of piping
design and production éngineering, including material take-off.

Done in the conventional way, these tasks may be divided 1nto three

rather logical phases:

o functlonal de51gn resultlng in a P & I diagram with all
associated information 1n the form of drawings, llsts etc.

o lay-out design, using either orthogonal arrangement drawings or
) building a small scale phy51cal model, both v1sullzlng the final
arrangement;.

Both phases inﬁplves a variety of calculations and analyses.

o preparation of work shop documentation, such as isometrics,
price drawings, material lists, etec.

In parallel with these tasks, the designer has to do material take-off.

The figure indicates which tasks of conventional process are included
in the computerization. It appears that design of flow diagrams or
systems schematics is assumed to be done manually.

shows a ‘general view of AUTOFIT, divided into main functions or

sub systems, which correspond very closely to the sub-division of work
Jjust described.

DIAGRAM : covering functional design

LAYOUT

covering layout design

ISOMET

: for workshop documentation
. - .
MTO :, for material take-off
CALCUL LI covering analyses and célchlations

A brief descrlptlon of each subsystem is given below together with the
status.
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2.1 DIAGRAM

Covers the process up to and include complete P + 1 dlagrams.
Besides offering interacdtive drawing: facilities, DIAGRAM is used
to establish the flow-structure’ (topology) of the various piping
systems and their instrumentation in the data base. TFurthermore
the database will contain pipe specification, standards and norms,
component and instrument data. The DIAGRAM database provides input
data to MTO for initial material summaries for purchasing and to
LAYOUT for physical layout and routing and to CALCUL for various
calculations.

The interactive schema drawing fa0111t1es are operational on NORD-10
using Tektronix 4o1k/1. The screen menue is operated by the cross-
hair. Drawings may be hard copied or directed to the plotter when
final drawings are desired.

The remainder functions of DIAGRAM now under implementation are
mostly interactive, but some intended for bulk input will use card
reader as alterantlve.' However, totally, DIAGRAM will be operated
on NORD—lO Since NORD-10 is used also as RJE terminal, card reader,
line printer and paper tape punch are available.

DIAGRAM is scheduled for completion within 1979.

Norwegian mini computer produced by Norsk Data, Oslo.
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2.2

LAYOUT S

Covers the contlnued process for prov1d1ng complete plplng systems
arrangement with the correspondlng numerical "model" in the data base.
LAYOUT offers interactive facilities for definition of surroundings

and constraints, volumes.of components and restricted areas, for simple

or automated routing and. interference control ‘and powerful facilities

for vizualization and drawing. LAYOUT contains facilities for automatic
selection of fittings according to. standards and norms.

The LAYOUT database provides input to MTO for updated material “summaries
for purchas1ng, to ISOMET for generatlng work shop 1nformat10n and to
CALCUL for various calqulatlons.

This subsystem is spec1f1ed and’ deslgned. An experimental" version

will be ready in August 1978, the purpose of which is to gain experience
with interactive. graphies in component and lay-—out definition and simple
routing.

A first version of LAYOUT is scheduled for completion first half of 1980,
and an enhanced version with numerical interference control and automated
routing primo 1981. - )
Since this subsystem is characterlzed by a very high degree of inter-
activity, it will be 1mplemented on NORD-10. Tektronix L4014/l will be
used, but it is planned to use refresh screen as well.
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2.3
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ISOMET

Covers the continued process of. breaking down the arrangement in assemblies

and pieces for prefabrlcatlon and automatic generation of the necessary drawings
and other work shop informaton, including N/C bending tapes. If necessary, the
drawings may be edited and manipulated 1nteract1vely '

The ISOMET database provides 1nput to MTO for final material summaries for pur-
chasing. Since the ISOMET database contains full description of pipe elements,
this information may be utilized also for various shop automation purposes.

The present version of this subsystem is a stand alone ver31on operated partly
on Univac, partly on NORD-10. By nature ISOMET is a typical "output” system
vith the purpose to convert, manipulate and present data base information in a
rather repetitive and standarlzed way (isometrics, pipesketches, llsts) The
need for interactivity is less than in DIAGRAM and LAYQUT, and ISOMET is there-
fore characterized by a very high degree of automatic output. The ISOMET input
programs are temporary and intended for bulk input lifted from a model or a
conventional arrangment drawing. The input as well as the output programs pro-
viding automated output and therefore operated on Univac, while interactive
editing of this output is performed locally on NORD-10.

When the databases from DIAGRAM and LAYOUT are available on NORD-10, the ISOMET
subsystem will naturally be residing on the same computer.
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2.4

MIo

MTO extracts information from the "product” database and generate

material demand summaries corresponding to the current englneerlng

status. MTO provides materlal requisitions automatically and may

also give material summaries sorted on different criterias such as:

11ne no., area (block) no., group,no., (for cost summary), activity
(for plannlng), on materials code (for bulk ordering), contract

type (for billing of extras), type of work (prefabrication or assembly),

etec. MTO is command oriented -and is presently operated in batch.

fMTO prov1des 1nformatlon to the materlal admlnlstratlon system for

order follow-up and warehousing. The purchase order no. is' fed into
MIO, which is capable of giving a complete status or requisitions and
orders versus demands. ’ |

MTQ is operational on Unlvac llOO as a stand alone system with output
as described, however, partly with provisional input programs, awaiting
the availability‘fo the final product data base from DIAGRAM, LAYOUT
and ISOMET. By then, MTO will become a typical output system. -

The necessary links are designed and are scheduled for 1mp1ementat10n
concurrently with the completion of the previous subsystems. The '
intention is also to 1mplement 1t on NORD-10 for operation in conver-—
sational mode.
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2.5

CALCUL

The flow-structure (topology) description and function data from the
DIAGRAM data base and the 3-dimensional numerical model from the
LAYOUT database serve as reference for various calculations which are
performed in the respective phases. Such calculations may comprise
mass balance, pressure drop, structural strength, analyses, ete.  The
extent and type of calculations will depend on type of piping system,
industry, rules and regulations and other user dependent demands.

Therefore, CALCUL is more an opening to each user of AUTOFIT to rewrite
present programs or develop his own new programs in interface with the
AUTOFIT data base, rather than an off-the-shelf library provided as
standard AUTOFIT routines.

Calculation and analysis programs are usually batch or in some cases
operated in dialogue mode. -Possibly except for structural calculations
by advanced FEM systems available on large main frame, it is assumed

. that most calculation programs may be accommodated on the same computer

as AUTOFIT.

There are no specific plans to develop calculation programs as off
the shelf packages as part of AUTOFIT. '
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HARDWARE

Great efforts are made to devélop AUTOFIT as a portable and self-
contained software w1th the highest p0551ble degree of hardware
1ndependence.

Neverthéless, cértain hardware have been selected during development,
mostly because of availability and partly because of choice for

several concurrent developments.

*The hardware being used:coiprise general purpose equipment such as:

o , Univac 1110 as central main frame.

o  Nord-10 as local machine for' interactive graphics, for RJIE
terminal connection:to Univac.and for plotter control.

o Tektronix 4014/1 with EGM option, tablet and hard copy unit.

"The operational mode of the various subsystems are already described.

However, it does not necessarily represent the final solution when
AUTOFIT is completed.

Since AUTOFIT is basically portable, the user is given a certain amount
of freedom to pick hardware such as computer, screen and plotter.

As appearant today, a minimum computer requirement for accommodation. of
AUTOFIT will be 192 K words, 2 discs drives, 1 tape station, card reader, ’
line printer, paper, tape punch The final configuration in terms of
capacity cannot be specified in detail now, simply because the system is
not yet completed. .

Other capacity demands such as number of work stations (screens) are

set by the user environment: volume of work to be performed, the geo-
graphical distribution of work and whether the same hardware and work
stations are intended also for other applications. The core requirements
on Nord-10 will 1ncrease .with the number of work stations in a multi user
mode 0perat10n . T i . .

It is technlcally fea31ble to- operate AUTOFIT on Univaé 1100. The -
efficiency is, however, entirely. dependant on the computer‘center opera-
tion policy and work load .
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PRESENT SIAG-DEVELOPMENTS

PART &4

Hardware Considerations in the

AUTQOKON/AUTOFIT projects
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Introduction

This part of the AUTOKON/AUTOFIT will deal with the following aspects

Trends in Hardware development
AUTOKON/AUTOFIT hardware considerations
Graphics hardware development

How does the "turnkey" systems fit into the total AUTOKON/
AUTOFIT system

SRS — SIAG development policies

1. What types of systems are AUTOKON and AUTOFIT ?

Let us review two important points

a

Information Systems

This means: They are to be considered a central information
source from which the different application programs
(which belongs to AUTOKON/AUTOFIT) fetches and stores data.

Topological product model

The key to this information is a product model which is a
logical description of how the different parts and prices
of the product are tied together.

To administer this information consisting of topology and geometry
requires a powerful and resource demanding Database system. The
storage requirements are also great.

In addition several applications,with several users each, may wish
to access this informations simultaneously.
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Finally most of the applications wish to. utilize interactive Com-
puter graphics as a means of communication between the user and
the information system.

In order to evaluate the possible hardware configurations for these
resource demanding systems it is necessary to take a look at hard-
ware development trends in general.

«

Hardware trends

The hardware development trends for todays MINI/MIDI computer can be
explained by the following points

0 The introduction of LSI (Large Scale Integration) technology
is bringing the price and size down on basic components.
(CPU's, memory etc.)

o Due to this fact there is a tendency to move in the direction
of 32 bit hardware (instead of 16 bit).

o  MICRO computers will‘bq used as logical componehxs for
functions such as

~ driwing plotters and digitizers
- interfaces towards equipment
- ete., ete.

0o MULTI - CPU architectures where a particular CPU may be
assigned one particular function or task

ex., - Database function
~ -display handiing

bt

o Distributed processing utlllzlng several computers connected
together. This hds a p031t1ve influence on the following
factors

- Expandability

~ Total system downtime

- Graphics devices may be connected through short
high speed lines :

i

etc.

Example of the last two points are shown on [fig. 1| and| 2.
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AUTOKON/AUTOFIT estimated performance

We have tried to estimate resource demands based on equipment we

already kunow.
The machine configuration for the estimate is a NORD 10/S 16 bit mini

computer with

192 - 256 K 16 bit word memory

o

o 5 - 6 terminals (of these 3 tektronix LOIlL)
o Mass storage 66 - 100 Megabytes

o Magnetic tape station

o

On line plotter

The following performance was "estimated".

LOAD:

3 - 5 users simultaneously

- on same or different sub-systems

on same'or different database

- sporadic communication with systems on other machines

RESPONSE TIMES:

- Graphical interaction 2 - 5 sec.
— Updating database 1 = 30 sec.
- switching application 1 - 5 min

- changing (redefining)
product model 1

6 hours

It should be noted that data given for storing on the database covers
aspects from storing of simple geometry to complex topological
structures.
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Graphics Hardware development

Just like for the MINI computer the LSI technology will make a huge
impact on the Graphics hardware '

A typical Graphics System will contain one or more microcomputer -
performing different functions such as

~  Picture processor for Refresh System. This indicates that
refresh systems will be more attractive(maybe in connection
with storage capabilities)

- Communication processor to host computer
- Basic Graphics functions such as

- 2D/3D transformations
- Window/viewporting
~ "Hidden line" removed

On the whole this indicates cheap workstations capable of acting

as stand alone systems for certain input/output function, f. inst.
digitizing, drawing editing etc. in much the same way as the Turnkey
systems of today only at a much lower price.

However, we see these work stations only as graphic input/output
devices for the total information system capable of doing some stand
alone functions,not as a medium for implementing the total system.

This would only serve to concentrate the processing problems as the

work station instead of distributing the processing between the
workstation and the total information system.

How do we prevare for known and unknown turnkey systems 7

The introduction of graphical turnkey systems or work stations allows
ns to reduce the processing load on the host computer(s).

However, they do introduce the problem of defining "software inter-—
section” between the host computer(s) and the workstation since no
two turnkey systems look alike

o  they supply different functions

o they represent data differently (f.inst. geometry)
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In order to reduce the amount of work involved in integrating a
turnkey system the following aspects have been given attention

e}

(o]

To separate the Topology and Geometry description of the
product. While many turnkey systems handle geometry
adequately they do now handle your particular products
topology
To separate functions that

~ manipulate topology

~ manipulate geometry
To separate functions that manipulates graphics data

- Display code generation

- Display code manipulation

- 2D & 3D transformation

- ete.
To base the development on identical software packages or
building blocks to reduce overal maintenance and adjust-
ment to new turnkey systems
- Database/file systems
- Command processor
— Graphics software
— Geometry routines
~ Text manipulations

— Documentations

- ete.

Development policy

We would like to finish by summing up our development policies
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PORTABILITY

We do want to make portable systems. This means independance
af hardware, both computer and turnkey/workstation, although
this does not allow us to optimize on a given configuration
initially. It allows us to adjust to new hardwyare that comes
along (or hardware already in a yard).

SOFTWARE STANDARDIZATION

We are attempting to base our development on common software
packages.

We develop for 16 bit minis with an address space of 64 words
although we believe that the 32 bit machines will dominate in
the future.

We believe in MINIS (or MIDIS) for interactive work either
connected to other MINIS (MIDIS) or to main frames.

We do develop using Tektronix L4014 but try to accomodate the
cheap, intelligent work stations that we believe are comming.
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Additional copies of this report can be obtained from the
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