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ABSTRACT

The organi sation of a yard may be strongly influenced by the information
systemit takes into use. The converse should al so be true: Systens

devel opnent shoul d be subordi nated the desired evolution of the

organi sation. The principle of Conmunicating Data Processes is introduced
as a tool for building information systens that are easily noul ded for
fitting an existing organisation and for adaption to its continuous

devel opnent. A description of the principle is given, as well as an outline
of a new system designed for testing it out in practical shipbuilding.

1. | NTRODUCTI ON

The nodern ship is an extrenely conpl ex product requiring the co-ordination
of a great variety of skills, materials and nachines for its producti on.
The good nmanagenent of a shipyard therefore presupposes advanced tools for
t he pl anning and nonitoring of production, and requires the consideration
of econonic, technol ogical and social factors.

Informati on systens for various purposes are beconing inportant tools for
shi pyard managenent. It is our firmbelief that there is strong interaction
between an informati on system and the organisation it serves. As long as we
want to maintain a conscious devel opnent of our organisation, we have to be
very careful in introducing new information systenms where organi sati ona
consequences are not well understood.

In this paper we shall present a general framework within which we intend
to build various data processing systens for adm nistrative purposes. The
framework i s based upon the principle of Conmunicating | nfornmation
Processes. Its nain purpose is to enable us to nould a new i nfornation
systemto fit an existing way of organising things, the resulting system
being sufficiently flexible to be easily adapted to changes in this

or gani sati on.

Qur major requirenments to systens devel oped within the franework are:

1) W want to build man-machi ne systens. Manual override on automatically
produced results nmust be a routine matter, and the systens nmust be able
to conpute the consequences of such overrides.

2) Responsibility, authority and conpetence will be spread out anbng groups
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of people in the shipyard. Qur total data processing system nust be

di vided into subsystens that are attached to the various areas of
responsi bility. The subsystens shall be controlled by these groups and
further devel oped by them

3) A subsystem nust be transparent to its responsibility group, so that its
owners may fully understand their systenis behavi our

4) Al subsystens nmust be open-ended, so that they may be attached to other
subsystens bel onging to the same or other responsibility groups.

5) The total system nust be capabl e of continuous growth, it nust be
possi bl e to add new subsystens or change ol d ones without disturbing the
total system It nust be possible to include "foreign" systens devel oped
by ot her people without upsetting the total system The painful
transition fromone "generation" to the next can no | onger be tolerated.

2. COVMUNI CATI NG | NFORMATI ON PROCESSES

Systens engi neers have for a nunber of years been devel opi ng systens for
handl i ng separate functions. Such systens integrate a particular function
t hroughout the conpany. One exanple is conputer-aided design: Fig. 1 shows
a sinmplified picture of Autokon, that spans the design function fromthe
Proj ect stage through O assification, Steel design and Lofting to the
manuf acturing of parts (1). This exanple illustrates that functionally
oriented systens may becone very large. O her systens, for exanple MAPLI S
for materials planning, are still expanding and may becone equally
conmprehensive (2). Intinme, the yard will be utilising a nunber of such
systens, and the need for sonme sort of integration is grow ng. Today,
functions are manually linked together in the various departnents, each
departnent being responsible for parts of several functions. Integration of
each function is by formal and informal conmuni cation between departnents.
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FIG 1. | NTEGRATI ON ALONG THE DESI GN FUNCTI ON ( AUTOKON)
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FIG 2. A PART OF THE DESI GN FUNCTION IS LINKED TO THE MATERI ALS' FUNCTI ON
THROUGH THE STEEL DESI GN OFFI CE PREPARI NG A LI ST OF THE REQUI RED MATERI ALS

We want our data processing systemto support both the |inking of functions
within a departnent, and the integration of function parts between
departnments. Further, we want to be able to do this without |osing the
advant ages gai ned by viewi ng each function as an integrated unit. W thus
want to organise our total systemin a matrix form In this matrix,
functions run as efficiently as possible along one axis, while the autonony
of the organisational units is maintained along the other axis. (See Fig.
2.)

MARY
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SYSTEM

FIG 3. A DATA SYSTEM AS SEEN FROM I TS USER

A large systemwhich is built around these concepts may be viewed from
various angles. W nmay study it fromthe functional viewpoint, and will
find a systemvery sinmilar to the functional systens of today.
Alternatively, we may study the systemfromthe individual users' point of
view. W will then find a subsystemthat is his personal system its
purpose being to aid himin his work. (See Fig. 3.)
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FIG 4. COVWUN CATI ON W LL BE THROUGH THE TRADI TI ONAL
CHANNELS AND THROUGH THE NEW COVPUTER SYSTEM

Qur aimis that all users shall have such a subsystem at their disposal. By
i nterconnecting these subsystens, we will get the additional benefit of an
i mensely powerful channel of communication. (See Fig. 4.) The

conmuni cati on through these channels nust, however, be controlled by both
sender and receiver. Oherw se the individual may | ose the authority over

t he happenings in his own subsystem and the close correspondence between
the data processing systemand the organisation it serves, will be |ost.

We can now sketch the principle of Communi cating Information Processes. A
total systemw |l be deconposed into a nunber of conponents.

Each component will be responsible for a well-defined part of the total job
to be done. The conponent will include the data and instructions (know how)
needed for perfornming its job, and it may conmuni cate with other conponents
by sendi ng and receiving nessages. A conmponent mnmay be manual, automatic or
a conbi nation of the two. A process represents the part of a conponent that
exists in a conputer. This concept is defined in Section 4.1.

The conponents may be hierarchically organised, so that a conponent is
controlled by its superior conponent. The top of each hierarchy is
connected to the departnment in the yard which is responsible for that set
of conponents.

Wthout regard to the hierarchical ordering, any conponent nmay send a
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nessage to any other conponent, but since this comunication is controlled
by both sender and receiver, it is in reality controlled by pertinent units
of responsibility in the yard.

Fig. 5illustrates howthis permts us to integrate our data processing
system for each function, w thout disturbing the normal |ines of
responsibility and authority in the yard.

department department

function 1

function 2

FIG 5. TWO DECOVMPOSED FUNCTI ONS. EACH COVPONENT | S
CONTROLLED BY THE RESPONSI BLE DEPARTMENT.

3. OUR RESEARCH PROGRAM

We have established a research programfor realising systens according to
our general principle. W expect this to be a | ong-term endeavour, and will
therefore split the programinto a nunber of projects. Each project wll
hopefully lead to a result which is useful in itself, and at the sanme tine
representing a step towards our general goals.

The project results nmay be of nmany kinds: Ceneral methods, insight into the
operation of shipyards, special hardware or software needed for some cl ass
of applications, the realisation of a particular application in the yard,
etc. For all projects, however, the quality of the results will be neasured
by their utility in practical shipbuilding, because this is our prinmary
field of interest.

The probably nost inportant class of problens we have to tackle, relates to
the various functions of administrative control, such as strategic
pl anni ng, control of materials and production nmonitoring. W wll, of
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course, build on previous work done both by ourselves and by others, but
al so plan a sizeable effort within the present research program

Secondly, there are a nunber of inportant problens associated with the
future organisation of a yard: Questions of distribution and co-ordination
of responsibility, authority and skills, and of how the various
departnents, sections and groups shall interact in order that the tota
yard may be running snoothly and each job be as satisfactory to the

i ndi vi dual as possi bl e.

Thirdly, there are questions associated with devel opi ng information
systens. Qur aimis to enable the yard of tonmorrow to exploit the data
processi ng techni ques of tonorrow, and we will devel op the hardware and the
program nodul es needed to make this exploitation possible.

This research program may seem anbitious, and it is. But it should be
remenbered that we do not aimat perfect solutions or at solving all

probl ems within our general franework. On the contrary, we will be rather
opportuni stic, trying to solve the pressing probl ens of nodern shipbuil di ng
inaway that will fit in with the expected future devel opnents.

4. A SYSTEM FOR PRODUCTI ON CONTROL: PROKON

We have built a conmputer programfor enabling us to experiment with the
princi ples of comunicating information processes, and are now using it for
experinmental planning in close co-operation with the planning departnent of
Stord Verft. Qur first version of the conputer programis called Prokon-0.
Thi s program enabl es the conputer to interpret instructions witten in the
Prokon-0 | anguage. This is an ad hoc | anguage sel ected for m ni mum cost of
i mpl ement ati on. Prokon-0 is based upon Alkon (1), which is the plane
geonetry program of Autokon, and nost features of Prokon-O0 will also be
found in Al kon.

The zero in Prokon-0 indicates that its main purpose is experinentation. It
is our intention to build a Prokon-1 based upon the experiences with
Prokon-0. The Prokon-1 | anguage will be nore problemoriented, and will
contain a nunber of features not existing in the experinmental version.

Prokon-0 is a batch programin the sense that each run on the conputer is
initialised, the input cards are read in and acted upon, and the results
are printed out. At the end of the run, however, the state of the systemis
stored in Prokon's own Data Base, so that the next batch run will be a
direct continuation of the previous one.

The central concepts of Prokon-0 are the concepts of Processes and
Conmuni cati on

4.1 Process

Let us imagi ne a bounded set of storage |locations in a conputer. The

| ocations contain data and instructions (procedures). The procedures may
operate upon the data so that the contents of the storage |ocations vary
with tinme. This variation with tinme we call a process.

A process is born, lives its life and dies. It is thus dynamic. W may at
any point in time take a snapshot of the process. This snapshot will show
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the state of the process at that tine. A process snapshot is thus static.

4.2 The Birth of a Process

Processes may give birth to new processes. The nother process builds up the
required locations within herself, and assigns initial values to these

| ocations. At birth, a special command detaches these locations fromthe
not her process and gives themtheir own nane. The |life of the new process
has then begun.

4.3 Comruni cation

The processes communi cate by sendi ng nessages to each other. This is the
only neans of conmunicati on between processes. A nessage may consi st of any
nunber of integer values. In theory, it is sufficient that sender and

recei ver agree upon the significance of the data in the nessage. In
practice, we have found it useful to standardi se nessages, so that a
nessage of a certain type has a fixed significance for any sender and
receiver. The following information is associated with a nessage:

Sender' s name
Recei ver's nane Message type
The integer nunber of the nessage itself

Processes are passive nost of the tinme, residing in the Data Base. A
process is activated when it receives a nessage. It is then noved into
core, and one of the procedures of the process is executed.

The choice of procedure is determ ned by table | ook-up. Each process
contains a double-entry table showing the correspondence between the type
of an inconm ng nessage and the nane of the procedure that will handle it.
Si nce each process has its own table, a given nessage nay be handl ed
differently in different processes. This corresponds to the manua

transni ssion of nmessages within an organi sati on: Both sender and receiver
nmust be able to interpret the nmessage, but it is the receiver who decides
what to do with it.

Prokon-0 is running on a conputer with only one processor. Only one process
may therefore be active at a given point in tine. This active process wll
be left running until ternination of the nessage-receiving procedure. The
procedure nmay of course give birth to new processes, and it may send out
any nunber of nessages. Al nessages will be queued up by the Prokon-0
system Wen the active process has termnated, the systemwll select a
nessage fromits queue and activate the correct procedure in the receiving
pr ocess.

4.4 Conponent

In the chapter on Communi cating Informati on Processes, we used the term
“conponent". In our data system conponents will be represented by
processes. W expect our data systemto contain additional processes that
are not recogni sed as separate conponents by the outside world. The word
"conponent" is thus oriented towards the organisation in the yard, while
the word "process" is oriented towards the conputer.
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5. PILOT PROJECT: EXPANDED NETWORK PLANNI NG

Stord Verft, the largest yard in the Aker G oup, is the pilot yard for our
work with adm nistrative control systens. This yard has for a nunber of
years been planning their hull assenbly and outfitting activities with
networ k techni ques. They have for sone tinme been feeling the limtations of
t hese techni ques for handling the great variety or conditions and
restraints round in shipbuilding.

Qur first application project is to build a new systemfor the planning and
nonitoring or hull assenbly and outfitting. The systemw Il initially be
based upon a relatively sinple nodel, that will be continuously inproved as
the yard gains experience with the new tool

In the nodel, the yard with its operation is deconposed into a nunber of
conmponents. Each conponent represents sone inportant part of the whol e:
Some conponents representing nmaterials, some representing resources and
some representing the product and the operations that have to be perforned
in order to produce this product.

In accordance with the requirenents set out in Chapter 1, we want the

di fferent conponents to be controlled by the departnments responsible for

that particular part of the yard. Fundamentally, the actual planning wll
take place within the departnents and by conmmuni cati on between them but

the tedious and repetitive part of the planning will occur automatically
Wi thin processes in the conputer and through conmunicati on between them

Qur total planning nodel will be a conplex one, but we think of each
component in a sinple way: W inagine a conmponent to behave |ike a person
who has wel | -defined goals and field of responsibility and who ensures that
his goals are net through comunication with others. For exanple, a
conmponent being responsible for the manufacture of a certain building bl ock
by a certain date nust reserve the necessary resources for the work and
nmust make sure that the required nmaterials are available. Simlarly, a
component responsible for a particular resource nmust plan the utilisation
of it in a manner consistent with the considerations which apply to that
resource.

We do not intend to build such a total nodel at once. On the contrary, we
will start as sinply as possible and then | et the nodel evolve as the yard
finds it desirable. The nodel we intend to start with, is a nodel very
simlar to the network nodel the yard enploys today. Qur first job is
therefore to nodel a network by means of Conmmuni cating | nformation
Processes.

5.1 An Alternative Network Mde

W will let each network activity be represented by one conmponent. The
actual planning will take place in three stages: Frontloadi ng, backl oadi ng
and conputation of sl ack.

Each activity conmponent mnust at |east contain the follow ng information:

The nanes of its predecessor(s)
The nanes of its successor(s)
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Procedure for frontl oadi ng

Procedure for backl oadi ng

Procedure for conputation of slack

Time and resource requirenments

Earliest start and finish (after frontl oadi ng)
Latest start and finish (after backl oadi ng)

Free and total slack (after conputation of slack)

In frontl oading, each activity is done as early as possible. The foll ow ng
nmessage will be used for this part of the planning:

Type: Frontl oadi ng
Message: Predecessor's nanme and earliest finish tinme

Initially, such a nmessage is sent to all start activities, the tinme being
the earliest starting tine for the conpl ete networKk.

An activity conponent will expect one such nessage from each predecessor.
The procedure handling the front |oading nessage will therefore just
renenber the inconing nessage until nessages have been received from al
predecessors. (See Fig. 6.) The activity conponent will then select the

| atest incomng finish tine as its earliest starting tinme. On the basis of
the activity's tinme and resource requirenents, its own earliest finish tine
may be produced. Frontl oadi ng nessages may then be sent to all successors.
The frontloading thus works its way through the network, | eaving behind

i nformati on about early start and finish times in every activity conponent.

It is a procedure residing in the conponent itself that produces the
earliest finish tine when the earliest starting tinme is known. For some
activities, this production may be a sinple sum based upon a fixed activity
time. For others, it may require comrunication with production resource
conmponents or nmaterial's conponents. In sone cases, it might even be
conveni ent to use subnetworks. The net hod thus gives a considerabl e
flexibility in the nmethod of planning.

Backl oadi ng and conputation of slack follow the sane pattern, and will not
be discussed here.
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FIG 6. TYPI CAL FRONTLQADI NG PROCEDURE.
These procedures may be different
for the different activities in the
same network. For sone activities,

t he scheduling may be based upon a
fixed activity tine. For others, it
may i nvol ve conmuni cation with the
rel evant resource conmponents, and in
sonme cases it nmay consist of the
front- | oading of a subnetwork.

6. CONCLUSI ON

Qur starting point was the requirenents of a real shipyard as we could see
them These requirenents led to the fornmulation of a basic tool in data
processi ng: The principle of Comrunicating |Information Processes. This
principle will first be applied to today's nost pressing set of problens in
the yard: The detail ed planning of hull assenbly and of the daily
nonitoring of production. The result of this devel opment will be a system
succeedi ng several older systenms in the yard, for exanple their network

pl anni ng system

We expect the new planning systemto be a valuable result in itself. It is,
however, only a specific exanple of a nunber of systens that nmay be built
using the principle of Communicating Information Processes. W are
presently investigating the use of Prokon-0 in such diverse applications as
t he conputer-ai ded design of electronic circuits and in studying the
effects of pollution on our environnent.

Finally, we would like to stress that we view the principle of
Conmuni cating Informati on Processes as a tool to be used together with the
other tools of data processing. The key factor for further devel opnent in
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the shipyard will still be the individual persons working in the yard,
their conpetence and their engagenent in the advancenment of the yard.
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