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General remerks:

In this paper, references, specimens and examples are given from programnes
devised by DSRI and other centres.

It should be noted that the examples shown may be superseded later by newer
issues where the properties of the specimens herein discussed may no longer
apply.

iLxamples are only given to indicate the principles involved.

Illustrations are numbered in accordance with the original pzper of which this
is a precis.,

Abstract:

This paper reviews some of the virtues and desirable properties which should be
inherent in good shipbuilding conputer programmes and their production.

Introduction:

The uapplication of computer technigues to theoretical ship calculations has
been a tenmpting prospect since these techniques were first developed &s a
commercial possibility.

Initial proposals foy using digital computers for stability calculations were
made by sdams (1) ¥/ in 1949, In 1954 Commander Vasam (2§ of the United
States Naval Service presented ideas for the use of clectronic computers in
the Shipbuilding Industry. Shortly afterwards the couputer "Besk" was built
in stockholm by the committee for mathematical machines from drawings prepared
in the United States. HNMr. Kantorowitz, a Dunish graduate, prepared his first
hydrostatic programme on this nachine in 1957,

The first D nish Computer "Dask", modelled on "Besk", was built and during
1957-58 a number of programnes were recoded to suit it.

x) Figures in brackets, refer to the bibiiography at the end of this paper,

The Danish Shipbuilders Computing Centre, established in 1958, primarily to
supply computations to Danish Shipyards and Shipping Companies, was almost
immediately called upon to extend its services to other countries. In the
first half year of its existence the centre computed 20 vessels,

In 1963 the Shipbuilders Computing Centre was renamed the Danish Ship

Research Institute and computations were produced on the first transistorized
computer, the "Gier". By 1965 about 300 vessels per year were being computed and
at the close of 1969 a total of 2,700 vessels had been computed and the Lines

of 215 vessels faired.

Development of the Institute's Fairing Programme was commenced in 1960 by

Hr., Kantorowitz. First coded for "Dask" the prograrmme was later recoded for
"Gier". In the light of experience and the wide use of the programme throughout
the world it has been developed and supplemented for simplicity and ease of use in
the daily run. To-day the programme caters for plate development and numerical
cutting.

Since 1958 a number of "centres" in various countries have offered solutions
and programmes, and ample description and publication of these programmes have
been given, both of detailed solutions and programme experience.

There is, therefore, no particular object in adding to that already available,
but rather to give on the basis of experience gained since 1958, a summary of
the virtues and qualities that should be inherent in such programmes and their
developement that are both useful and valuable from the practical view of
shipbuilders and repairers,

1. Precisec definition of input data for entry on preprinted data form.

3ince the inception of computer calculation techniques one of the major sources
of error has been incorrect input data manually compiled., Even the best of
programmes will fail if extensive manual work is required to complete the

input data.
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One method of reducing input errors, is to provide clear and concise data
forms, thus removing possibilities for error due to misunderstanding exactly
what data is required.

4 second essential is to ensure that the volume of data is the minimum
required and to arrange the programme itself to keep the data input to a
minimum, but still adequate o provide an output of a sufficiently high
stanaard.

Therefore, the production of any new programmne must start with the development
of easily understandable data forms requiring the ninimun of data. This
illustrated by examples.

Fig. 1 shows a suitable nethod of defining the body of a vessel for aspecific
computation. The hull is broken up into a number of parts, two portions

above and below the height B, an after part and also appendages (3).

i further cxample is illustrated in fig.2. Here each frame Or cross section
is fefined by offsets, both horizontally and diagonally, giving an accurate
definition of the hull shape by utilizing the large angle of intersection
between the line of offsets and the section (4). This approach has now been
superseded by other methods.

A third method defines the frome or section shape by a combination of &
trapezoid, arcs of circles and the corresponding distance between the mid-
point of the arc and the trapezoid.

Use of trapezoidal integration does, in some instences, result in comparatively
conplex programme sequences because of the introduction of the arcs, necessary
to give a reasonable approxination of the frame shape, and & necessary equiv-~
alent to that when using Simpson's first rule.

Therefore, the initial neasured input data must be partially transformed into
a compensated parabclic form which can complicate the programming, test and
fault detection.

slides 3 and 4 are data forms for & nethod (6) which uscs a parabolic arc
approximation to the frane shape between consecutive pairs of section or
waterlines.

41idc 3 show the hull split into pairs of equally spaced waterlines and frames,
with closer station and waterline spacing introduced in areas of pronounced
surface curvature. oSlide 4 is the associated data fornm. .

To permit the variation in spacing, the progranune can handle 19 sections and
39 waterline variations in the spacing, which have pecn sufficient to handle
all the requirements of the 2,700 vessels computed to date.

The advantage, over the evenly spaced manual calculations, of variable spacing
to more accurately define areas of excessive curvature is self evident.,
Simpson's 1st rule, moreover, simplifies the detection of computation errors
and the simplicity of the data forms permits persons, with little or no
knowledge of the computer techniques involved to provide the essential
nccurate offset data from the ship's plans.

As an indication of the variation possible, depending on the hull shape, in
some cascs the data provided is for 60 stations with a meximum of 50 water-
lines (5), whilst another computer centre (6) preferred 79 yaterlines in
combination with a maxirum of 39 stations.

The Clussification Socicty, Germanischer Lloyd (7), required that the nunber
of scctions used should be about 30. Vertical inflection points, knuckles,
chines and regions of large curvature should be accurately defined.

30 stations, 30 waterlines and 50 other additional figures would result in an
input of some 950 numbers, or more gencrally, between 700 and 1200 input
offsets.

This rather high number certainly requires carefully checking to ensure that
the data is correct,

is has been mentioned, some programmes for the computation of arcas and moments
use Simpson's 1st rule (see fig.S) which assumes that the curvature between
ordinates is” parabolic. : e :

Thercfore, a drawing machine directly coupled to the computer can produce &a
continuous series of parubolic curves between each pair of waterline spacings

giving computers "image" of the lifted sections and allowing a visual quality
cheek on their fairness.
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This illustrated in fig. 6., The upper sketch being the initial curve of
the lifted offsets drawn by an on-line plotter.

The discontinuity, found in the area of intersection between the bilge and
the flat of bottom is due to insufficient input waterlines to give precise
definition in that area. Additional waterlines were added and the result
is shown in the lowerdiagram with the area now fairly accurately defined.

With the offset generated in, manual calculations, prior to modern computer
computations, this same discontinuity could well have occurred resulfing in
a higher displacement figure than was actually the case. This in turn would
result in too high a lightship weight at the draught obtained from the
inclining experiment, making it impossible to reconcile the result with the
weight obtalned from the detailed weight estimate,

It is therefore, considered that com?uter calculations, well performed, are
a safeguard against such discrepanciesi

To sum up: 4 desirable feature of a good ship computer programme is simple,
easily understandable data forms with the minimum amount of input possible,

2e Flexibilitx of data forms and grogrammeg‘to accommodate modifications
and unorthodox ship hull forms.

Hull forms, until about 10 years ago, had ornly small deviations from the
orthodox, but now it is not unusual to incorporate, bulbous bows, bow
thruster openings etc., and also it is netessary to be able to accommodate
non ship-shape forms,for instance; oil drilling platforms require stability
investigations to be performed;

Computations are also required for modifying or rebuilding existing hulls,
such as jumboizing or lengthening ships., Extensive design computations are
also essential to investigate the effects on stability of variations in beam
or superstructure length., The abcve variations in hull forms require that

the data forms can easily accommodate the additional data. The lengthening
of a vessel, by the insertion of parallel middlebody can be accommodated by

by cdaing twu station spaces, equivalent to the length of the additional
niddlevody.

For jumboizini, either additional waterlines may be added, or & new exiended
superstr&&ture migzht be accounted for as a "boxform" appendage volume as in
the D3inl programme.,

kelatively few ship computer programmes consider appendages. Soue define

them by a volume concentrated at a point, by a sphere or compensate the
appendage by the introduction of a "boxform" (6). The position of the sphere
is defined by its centre of gravity m-ordinates.

The boxform compensation is considered to be more suitable because it provid:s
not only for position and volume, but also for waterlinc area and mouent of
inertia.

In addition, vhe sphere gives discontinuities in the iteration process when
finding the isucarene condition in the stability calculation, due to the

error induced in the change of hceled volume when compared with the tolerances
acceptable during the iterative procedure.

with appendages compensated for by a "boxform", as used at DSkI (6), & negative
volume may also be considered so that a deducted volume, corresponding to a
bowthruster tunnel for example can be incorporated.

The maximum pumber of appendage volumes normally epplied by DSkI is 24, although
this may be extended to 60 for the definition of floating drilling platforms,
These platforms often consist of torpedo shaped buoyancy chambers which are
submerged at the drilling site. These horizontal torpedoes are then inter-
connected by circular, vertical pillars which support the working platforums,
drilling tower, workshops, accommodution and heliport. By the substitution
of "boxform" appenaages for the pillars and torpedoes all the form—-stability
properties can be calculuted.

A guod example of the flexibility of a programme is that for the calculation
of capacity, sounding and ullage tables.
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This programme was offered in its basic form as an interpolation programme

only, which required certain pre-calculated volume figures to establish the
sounding tables - disregarding trim and its effectss A4t DSRI the original
programme calculated the volume when full and a number of other volumes between
empty and fulle. The sounding tables were then obiained by interpolation,

The above method is still that most commonly used, but at DSKRI, the programme
has been developed and augmented and now gives the following items as output.
The sounding volumes are computed directly for any arbitrary trim and/or heel
value,

The complete programme net only prints out the full volume, the centre of
graviiy co-ordinates and the noment of inertia, but also the bale volume and
five ‘other values just below the value when tank is completely full to ensure
that the maximum value of the moment of inertia is found.

The headings of the pages giving trim values, units of volumes and soundlngo,
may be printed to the customers requirements and in any of nine principal
langueges., )

The input data caters for a wide variation of shapes, for instance, sea valve
chests, circdular pillars and even allows for the thickness of the insulation
inside the frames to obtain the ecorrect hold volume in reefer ships, Transe
verse and ;bngitudihal bulkheads and recesses may be defined with slope in any
direction and sounding pipes can Ve accommodsated with bends in all three planes.
The programme input nay be casily transferred.to investigate grain stability,.

A4 redent example of the use and flexibility of couputer programme technigues

is the fairing of a ship's lines on a large scale} The fairing procedure used
by DSRI and described .in (8), is the only known programme that fairs the lines

by describing the hull in all three dimensions by a number of mathematical
polynomia without requiring specific frames or sectlons. This has the effect

of reducing the number of offset input figures required to describe thr hull
‘from about 800 - 1000 to about 150 - 300 figures for both fore and after body.
Originally the hull was subdivided into only a fore and after body at midships,
but experience during the first six months of running the programme commercially
has shown that it is extremely difficult to fit a polynomial to areas of reflex
curvature as found in the after body. The programme was therefore modified,
within a montk, so that the vessel may be split up into 3 or more regions described
by polynomia., The fore-body can frequently be described by one single polynomial.
The programme initially allowed for 2 knuckle lines (chines) but it was found
desirable to increase’ this: smumber to 5, _

4 final example is wvhen :considering the bottom region of a vessel with a variable
rise of floor, Originally the programme was designed to handle only constant rise
of floor throughout the vessel, OUn one occasion, a vessel that required fairing
had variable rise of floor, but the programme was easily adjusted to accommodate
this and the fairing carried out without undue delay.

3a Results presented for direct usc.

The way in which results from the computer ouput and/or a computer ccntre is
presented, is of great importance in evaluating the quality of the service.
Groups and columns of figures without text is the simplest way to present output,
but the location of the figures nmust correspond to the given explanation of the
output sheets

This method cannot be varied ea511y to suit the enstomers specific needs and is
only really suitable if the results are to be used internally and immediately

by persons familiar with the results.

It is more convenient, however, if the sheets are printed out simultaneously with
column headings as shown in slides 11,12 and 13.

Often results of theoretic ship computationsare to be used in documents or tabuw
lations in a pormenent form or for several users, the text and headings sihould
then be arranged to suit the requirements of the owners, authorities or yards.
Programmes should therefore be designed in their initial stages to give various
headings and columns so that unnecessary misunderstanding of the results can be
avoided.

The DSkI capacity, sounding and ullage tables, as mentioned in the previous
chapter, are a good example of the flexibility of output to suit the individual
customers requircuents.
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Plotters governed directly by the computer or via special governors controlled
by magnetic or punched tape have opened up the possibility of avoiding the manual
transition of tabulations into curves and thus avoid the possibility of human
error.

Often, the output from one computer has to be used as input for another, e.g.,
the output of a technical calculation from one centre used as input for
adninistrative programmes at another or for other smaller specialized programmes.
The results in these cases should be transmitted in a given code, or directly
over a telephone or teleprinter.

The above shcws that large variations exist in the ways in which results can be
delivered by a comput%r centre so that the results can be used directly and in
the most suitable way ¥ne customer. The customer should pay strict attention to
the way in which the results arc presented.

4. Internal ciiccks «nd compilacion of datu.

Generally the running of progranmes on a computer is rather expensive, and iv is
necessary te easure that: 1) the input data is correct, 2) the computer has
read the input data corrcctly, 3) thut progressive computations are running
correetly and that probable crrors are detected carly to avoid any undue wastage
of computer time.

The best check of the input date is to reprint it as output. 4All half=breadths
offscis that have been used Lo define hull shape arc reprinted in scme DNV
programnes, (5).

At DSRI (6), for some programmes a check of the helf-breaath offsets is made by
gsumming all the station half-breacth figures. The sum of the computer generated
figures is checked ajainst a sum manually perfurmed at the bottom of the appro=
prizte columns, anu any diffcrences arc printed out as an error indication. Thus,
it is clear whether the computer has rcad all the offsets correctly and simul-
tancously whether the half-breadths have been iifted accurately.

The above checking is supploumented by visual inspection of & drawing made by a
compuior-iirected plotters This arawing, fi.. 14, represenis the lifted half-
brosdtn offsets on ecach stution which are connccted by parabolae between pairs
of equidistant waterlines.

In programmes using a large awount of special daty, such as the capacity, sounding
or fairing programmes, & gpeciul test should be arranged vhich compares the
guantities of corresponding dimension figures to check whether data has been
correctly filled in.

The programses at the Technical University of Hanover (9) check the input by a
syscem of checks for fairness of the frames and any discontinuitices recorded.

At DSkI, the computation which is basea on the result of a fairin;; procedure
need less checkings The offset data tape is first nade from fuired results from
a reasonably faired vessel, and checking is accordingly reduced.

another method of reducing crrors due to nonual lifting of the data, is to usc

a machine for lifting co-ordinutes from body plans and transfer the figures onto
a magnetic tape. Further handling of the lifted data can then be done in the
programme., ’

During the fairing process, it is mandatory, that frequent checks and print-outs
of intermediate results are madc. .
inother check of the quality of the faired surfaces is from visual inspection of
the sections on 10 or 20 stavions drawn by a computer-controlled plotter. This
is shown in figs 16 for surfacc in the ares of & bulbous bow.

It will be appreciatea that a full faziring procedure computed in one week is a
very fast procedures The schedule at DSRI is generally as follows: t%ifting a
scaling offset data from the customers lines on a scale between 1/10°" to 1/50
depending on the size of the vessel, during the weekend. Monday and Tuesday,
fairing of two dimensional projected curves, which describe the transition of the
polynomial surfaces of the stenm, midships, bilge and other sreas. iednesday and
Thursday, fairing of the polynomial regions is performed which finally results
in & "ship definition tape" containing a full description of the hull by means
of coefficients ete., of threce dimensional surface polynomial expressions, and
of the two dimensional transition curves already mentioned. This tape is then
used on Friday to print the mould loft book and produce the control tape for the
plotting of 1/10th scale optical marking drawings etc.

To sum up, t0 save expensive computer time and to achieve correct output, it is
important that cffective use is made of small test programmes to ensure that
running time is reduced tc the essential minimum.
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Ss Agsuracy of results.

Since manual ¢alculations for ships are now more or less superseded by computer
calcéulations, the standard of accuracy of the results has improved, This must
be true, if only from the fact that the offsets are lifted generally from about
30«40 stations and 30«70 waterlines, and corresponds tc considerably more and
eloser spaced ordinates, than in hand calculution.
It_musb be admitted that there are many inaccuracies in the construction of a
ship; such as welding distortion, which leads us to ask "issuch a high degree
of accuracy nccessary": v
The real point is that the achievement of a high degree of accuracy should be
the goal of each and cvery step in the ficvld of ship calculation and productions
The acecuracies or standard errors of computer results has been describzd by
tirs s Kaentorowitz (11) and (12), The errors in the results are duc to the
following:
1) The error, k, due to the use of Simpson‘s formula, is the

inherent crror in approximating ship curves to parabolac,
2) The end<point orror, &, duc to the waterlines onding in

points which do not coinecide with the values derived from

the use of Simpson's formula.
3)  Hrror due to measuring inuccuracies in the halfgbreadths,

Iy which may be reasohably approximated by 2’.4o 9% of the

half-breadth of the vesscls
4) The error due to rounding off of figures may be neglected

as the computer uses 9 significant digits,
The ultimate stendard error is thus expressed as:

U="\/R2+E2+£/12

Applying this formula the following standard errors are found:

VesSelét. 31 waterlines and 29 stations nmeasured.
Vessel 2. 21 waterlines and 17 stations measured.

ILiglative error in o

Displacement LGB relative WL area Damage stability

to L/2. Glo_ reguired
- of Kii
Vessel 1 H 0.04 0.04 OQOB Oo13
Vessel 2: 0.14 0,18 0,16 0.26

These figures show that a much greater accuracy is achieved if 31 waterlines
and 31 stations arc used to define a vessel instead of the 21 waterlines and
17 stutions normally used in hand calculutions.

It is perhaps interesting to note that vessel on a building berth 150 n length
{500 ft,) and heated on one side by sunlight to 20° G aboye “ve temperature

of the other side will be digtorted about 0.036m or 0.24%7°°° on on¢ side
relative to the other, which'8f & magnitude greater than the standard computation
errors, it temperature differcnces between the lMediterranean and Northern
Buropean Seus of 250, 7he volumetric difference for 150 m length vessel are

of the magnitude of 1 0 000.

On o 100,000 tons tonker of about 900 ft. in length the temperature differential
in a building doek has in some cases resulted in a % inch lift of its cnds

and the sun/shadow differential has caused 6 inch deflection horizontally.

Such inaccuracies in the building of the vesscl show that a stundard error in
caleulations equivalent to vessel 1 is suffieient.

For the DSRI fairing procedure, the full seale deviations may have o maximum
error of 3-4 cm (1.2°= 1,6 inches) from the half-breadth given i%gut from &
reasonably welleprepared lines drawing on scales of 1/50 - 1/100"" used (8).
Gonsidering that this includes the fairing of the lines and the measuring
orrors from the input lines-plan, the above deviations may be considered
satisfaetory. It is also worth noting that rcading errors from drawings are

1=2 cm (0.4 = 0.8 inches) almost the same as that anticipated from the fairing
process. .

The mould loft book is a print of the faired waterline half-breedths to the
nearest mm (0.04 inch). 'Iterations to find, for example, buttocks and
diagonals produce offsets to + vm (0.02 inch).
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For damage stability a nuunber of equilibrium equations (13) govern the iteration
proceduxe., The tolerances for the weight balance in thss? jterations is

Vo m” which gives a tolerance of the magnitude of 1/8o 0%,

8000

To sum up, in order to prepare & computer programme to producc good results, it
is necessary to carefully asscss the accuracy to which the results are required
and take the neccssary steps to ensurc that output accuracy. The contemporary
trend to higher precision in the production of ships' units and sections also
increases the requirement of the analysis of possible errors.

6. Basy checkipof results.

It is not only for the sake of the iuthorities and customers who will check the
computation results, but also it is e¢ssential for the computer centre itself,
that the output should contain features which facilitate a check on the results,

Te The packaging of computer results.

The development of single programmes to solve theoretical ship problems is of
course of great importance but the full benefit of then is more effective when
several ship calculations are simultaneously calculated on block or as a package.
To solve one problem only, it is mandatory to scale off the offscts of the

vessel in order to define the hull shape for the calculations. To perform
another hull calculution at another centre would necessitate the rescaling and
compilation of the data with an additional outlay of both time and money. Theree
fore it is of comsiderablc advantage to perform ship computations as packages
where, for a number of computations, it isonly necessary to 1ift the data once,.
“hen a shipyard requests the hull fairing procedure, the output is in the form
of a punched tape that completely defines the hull and fronm this a second tape
which represents the hull for all the other calculations is easily derived,

thus saving much time in subsequent calculations,

The above features have been worked into full scale package offers by sonme
computer centres to include almost all ship calculations lincd to the identity

of the hull shape (8), (19). Computation "package deliveries" can of coursc
include some further investigations on specific problems,

Bxamples are basic designs for new vessels where the lines are investigated in
respect to ship stability, and a full report presented from which the regulatory
authorities may directly ascertain whether the proposed vessel will comply with
the existing regulations. -

inother example may be an investigation required for a large passenger liner,
with respect to floodable length and damage stability, resulting in a full report
covering all aspects of the vessel's symmetrical.or unsymmetrical flocd, during
the entire period of flooding.

fo sum up, it is of advantege both to the user who is relieved of the detail
work for a specific computation and also to the computer centre, which obtains

a more complete view of the whole problem, to deliver the results as a full report.

The full DSRI puckage list is given in fig. 20,
FIG, 20

hevicw of DSRI Computer
Calculations.

Pairing of vessels lines

liould loft book preparation (9 languages)

BSSI or TELEX code tape preparation for plotter

Drawings of faired bodyplan, stem, stern and waterline
(scale 1/10 or others%.

Plate oxpansion results as tabulations or plotter
expanded drawings :

Hydrostatic curves and drawing, 6 alternative results
availablc

Stability curves and drawing, still water, waves, deckedge
submergenee printed, constant trim or trimmouent, i.e¢s 5
alternatives

Heeling experiment analysis

Prim and stability booklet = loading conditions

Grain stability
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Trimdiagram and drawing, 6 alternatives based on draught
nark readings or draught and trim

Capacity

Sounding calibration tables, any alternative representation

Ullage calibration tables, any alternative representation

Floodable length and drawing

Damage stability and drawing, 6 alternatives

Cross=flooding equipuent

Longitudinal strength, 3 alternatives

Launching

Shaft alignment

P.rtal franes

8. Collaboration and intcraction betwecen the computer centre
and thc customer,

In previous chapters, cspecially 1, 2 and 3, it hes been alrcady shown that a
good programme cannot be developed by a couputer centre alone but only as the
result of close co-operation between the programmers and the customer.

It is worth noting that those who fill in the data forms are not always the
same persons as those who will usc the results. The educational background

of those¢ who programme is a subject for much debate., The optimum, and
unattainable, is a mathematician, with a thorough tuition in systems analysis
and computer programmaing and with an intimate knowledge of the professions

of shipbuilding and ship design, including a knowledge of the technical terms
and expressions used in these professions, Programmers need to discuss the
problems in detail with shipyard personel to clarify specific important

points to generate good data processing programmes but which sre often taken
as granted in the manual calculations.

A satisfactory solution is that the prograwmers should work in groups with
professional shipbuilders ana/or designers who have undergone & short
preparatory course in computer technigues and their cowmbined effort should

be sufficient to solve most of the possible problems,

From expericnce at DSRI, it is considered that shipbuilders are an
indispensable part of this collaboration, unless the individual computer
specialists have shown outstanding ability in ¢ ompletely absorbing ship
calculation techniques and have been able to develop programmes thet are

both useful and practical., As an example, o great number of very sophisti=
cated scientific solutions of ship fairing problems exist which are not, and never
will be, used comucreially, because the contact with the shipbuilder and his
techniques was locking in the developuent stages,

It is also very helpful if & computer centre can have a "service" staff, so
that when a new programme is being developed the computer staff can readily use
the "customer contact" and also that the service staff should check that the
input and output of new programmes will be suitablc for commercial use. Such
personel may also be used to compile and obtain the necessary dats for existing
Programmes . '

The service staff should co-operate closcly with -Naval asrchitects and their
staffs so that close communication meybe maintained with owners and shipbuilders
at all times. ‘
Summing up, the philosophy currently accepted by practically all whe use
electronic data processing it is considered that the professional staff from
the practical field that are released from mundane computations by computeri-
zation must collaborate fully and directly with the programmers and in the
programmes to make the new system work effectively.

9. Programmer~computer interaction and tcam-work.

4s the main object when cstablishing programmes is to facilitate their
commercial use, the initial stage in the programme development procedure should
be to prepare input data frems and the layout of results, ’

The next step, is to review the main issues to be computed and as many sub-
programmes, available from other programmes, should be incorporated as is
feascible and that new sub-programmes should be developed with an eye to their
future incorporation into other programmes,

The sub-programmes arc esscntial for the standardization and streamlining of
programuing work.




Page O,

It should be cmphasized that some shipbuilding programmes, that for fairing

for instance, are so complex that they may take many years to establishs The
effort being so great requires that a large amount of planning and thought should
be directed into developing the programme,

It is quite normal that one third of the programme will be taken up just for
reading and testing the data. Suberoutines, as part of the total programme;

are sections that have been thoroughly tested and may beconfidently incorporated
into other programnes, thus saving manpower and timo,

4 typical sub-routine necd in the hydrostatics and stability field at DSRI, is
the calculation of area, moment of area, and waterline half-breadth of an
arbitrary submerged portion of a framo,

A similor suberoutine is thut which calculetes the same properties for a
componbatlng "boxforn" appeondagces

These sub=routines areused in numerous programnes auonyg them the followings
hightlng arm curves,; inclining experiment analysis, damage stability, hydroe
static curves, bonjean tables, trim tables and launching calculations.

The mathematical fairing procedure which defines the hull by three-dimensional
polynomial surface coefficients is called "ship definition" and is used as a
"Sub Routine" in other prograumnes such ast

Hould loft book, plotting ESSI and shell expansion programues and for gcnbr&ting
offsets for other programmes,

In all programmes, a serics of suberoutines, such as "Read in Ship Definition®
is useds This procedure can define ardiirary p01nts on contour eurves and
intersections betwcen curves, e.geé the stem and sheer curves

A large part of the total couputer progranme tinme and eontent is need performing
these various sub-routincs, therefore any effort to increase the effectiveness
or efficiency of such routines is amply rewarded.

Por new staff also it is much easier to become familiar with programmcs if

the sub-routines are well established.

Group and team work are essential to the preparation of new programmes and
provided that every member of the group is familiar with construction of the
total programmcs or sub-routines the following advantages are apparent:

1 No difficult situations develop if a steff member changes his job

2. The "breaking in" of a nev man can be shared among more personnel

3 It is casier to resolve programming difficulties by discussion as
a group .

4. It is less probable that offort and time will be wasted in "dead

end" work.

Somce disadvantages in tean work are that it requires, close planning, the
goodwill and co-opcration of all the staff and that certain ultra-sophistiecated
proposals must be simplified so that the whole stvaff can absorb and understand
them,
The internal structurc of a programme is normally determined by the size and
configuration of the computer that is used,
The sizec of a computer is often defined by its capacity given as a K value in
units of 1000 words (orders) or 1000 figurcs with 8 -~ 10 decimal digite.
A %2 K couputer may have a core store capacity of 32,000 words in the store
where the arithnetic process takes place., Combined with core store or
auxiliary stores are drums, magnetic tapes, and/or disc files having a much
larger capacity, but requiring the transport of the stored programmes and dat

to the core store for processing. Lastly, data may be stored on paper tape or
punched cards, Both have unlinmited storage capacity but very long access tine.
It is possible to preparc any ship computation for any computer. If the store
capacity is larger, the programming effort and computation time are generally
reduced. Storage capacity can be so small that computer time becomes excessiyve

and uneconomical,

Solutions of the ship problems normally considered can be handled by computers
with a core capacity greater than 1 K, and a supplementery storage capacity of
100 K or 2 - 4 magnoctic tape stations.

Generally it is advantageous to have separate computers for technical or
dninistrative computations.
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The problem of fairing vessels lines has been solved on greatly differing
computers, at DSRI with acore store of 1 K and approximately 38 X drumstore
and at other computer centres with up to 24 K core and 400 K drum store and
4 magnetic tape stations.

10. The importance of a large turn over in the use of commercial
Prosranues.

Vhen the first computer prograumes were developed it was a rather widespread

belief that once a programne was satisfactorily developed and established that

it would remain unaltercd and give good results for several years, requiring

no further effort to maintain the programme, /fter some twenty years, since

the initial inception of computer progrzmming, experience has shown a very

different situation,

First of &ll it is manifest, cspecially for the more complex programmes, that

very considerable time is used during the initial test stages. Later, a

number of modifications and additions must be made to the programme as it is

used more frequently for coumercial runs.

In the full text of the puper presented by Hr, Johannsen, sceveral exanples

are given of the necessity of frequent modification and addition tc progrummes

1o satisfy unusual ship forus, the requirements of Classification Societies

and Muritime Authorities and the general progress of the Shipbuilding Industrye

Sonclusion.

Good ship computer programics clearly state the nmeasurements and data used in
the computation and shoulu be casily readable and usable and should be based
on u detailed dofinition of the hull.

Complex prograunmcs should have & lurge turn-over to eradicate all possible
sources of error in «ll cases and to cnsure a short delivery time,
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