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INTROONC TION

The applicability of the computer to evervRay Resign tasks has come about

throuqh two parallel Revelopments. First, of. course, the nature anR general

accessibility of the computer itself has changed almost hevonR recognition

since the aqe of the Rinosaurs, less than forty years ago. To maintain some

pe rs pecti ve on this time spa n i t may be use f ul to remember that the ti rs t

"higher-le ve 1" programmi nq lanquaqe, FORTRAN I, was introRuceR by IRM in 19S6.

Prior to tha t, anyone who useR a computer harl to he more or less ini tiateR

into the mathematics and mystery of how the machine workeR. Todav, by

contrast, the microcomputer has become a fairly common householR appliance,

and graRe-school chi lRren are routinelv taught both computer use anR
proqramminq.

second, and equally important from the Resiqner's point of. view, the

application of the computer to the Resign process has RenenReR on the:

development of. computer graphics. To a great extent, this Revelopment has

been manifesteR in the form of peripherals, mainly input and output Revices
suitahle for handlinq information in qraphic form, anR the sof tware to use
them .

Not much more than twenty years ago computers were still reqarReR, even

by many knowleRqeahle Resiqner s and engineers, as somewhat esoteric things, an
attituRe that is Rifficult to recall at this point. Any substantial computing
capability required an extravaqantly large and expensive installation, which

placeR the use of computers primari ly in the hanRs of ma d'or scientific

resear ch, the defense establishment, larqe manufacturinq anR industrial firms,
and banks. For the most part, the computer was viewed as a tool of highspeeR
mathematical analysis or large-scale Rata process i nq. >e high or i ce of.



computinq limited the applications to a small set of large problems.

Apart from the restrictions on computer»se Rue to unavailability and

expense, the typical desiqner faced another limitation of the machine: its

re la ti ve blindness to pictorial inf orma tion. While the computer was already

well established as a tool for hiqh-speed calo»lation and data storage and

retrieval, the ability of the machine to deal with drawings was not vet well

developed . %is was especially tr»e wi th regard to input functions . since

the only common input device was the kevhoard  either throuqh a teletype or a

keyPunch!, Rata entry for qraphic work involved typinq in large sets of

numbers even for relatively simple drawings, This was laborious, to sav the

least. It was also, quite of ten, an exerci se in producinq errors, and

there f ore not worth the ef f ort. ln addi tion, the storage requi rements For

graphic data were larqe, placing an added expense on syste~ owners and users

of commercial time-sharing services. ~erioherals for graphic output were

still expensive, although the technoloqv was fairly well-known.

In 1963, a major developmeht was introduced at NIT, namelv, the first

practical interacti ve graphics svs tern. 1%is system, SKFTCHPAO, included a

cathode-ray tube on which graphic information could be disr laved, just as on

an oeci llOSCOpe. mOreOVer, graphiC informatiOn COuld he entered on the SCreen

by drawinq with a light-oen. This was the decisive ingredient: the desi qner

and the computer were now in a position to communicate usinq the des iqner ' s

own principal language, the drawing. For a time, graphic systems based on the

RKFfCHPAD concept remained expensive and exotic, Rue to their high demands on

computer Storaqe and prOCeSSinq-time reSOuroee. Thie Waa partiC»larlV the

case since the computers of the era  both mainframes and minicomputers! were

quite slow bv today's standards.



0»ri nq the remainder of the 1q60' s the maior factor in hr inqi�
nqi. nq the

computer to a la roe r number of. Res iqners was the development of

machines with price tans in the 4100,000 ranqe. While this expansion of
minicomputer market obviously could not brinq a computer into every

office, it did place more comp»tinq power at the disposal of, moderate].y sized

companies, p»ttinq them in a position to consider the possible advantaqeg of

computer -aided desi qn, amonq other applications . There was a secondary

benefit as well for mainframe and time-sharinq»sers: the minicomp»ter co»ld

be applied to controllinq qraphic inp»t and output Functions, thus

more expensive storaqe and processinq time of the main computer for hiqh-speed

calculation and data handlinq.

A number of early sof tware packages Rirectlv related to comp»ter-aided

desiqn were developed d»rinq the 1960's. However, manv of these were

motivat ed by the introduction of numericallv controlled flame cut tinq

equipment, rather than by the potential »se of similar proqrams to control and

aid the drawinq process. Thus, in a sense, computer-aided manu f act»re was

parent of computer-aiRed desiqn, rather than the reverse.

with a broader market for computer applications, incl»dinq desiqn,

advances took place in the technoloqv of qraphic Risplav and input "evices ~

number of distinct tvpes of visual Risplav units were developed,

improved plotters and electrostatic hard copv uni ts: the diqi tiser

introduced for qraphic inp»t. Thus, the electromechanical devices

most vital for computer-aided desiqn were already in a suitable

" mi cr ocompute r exp los 1 on " hi t, beqi nni nq some time in the la t te r rt of the

1 970' s. Conceptually, at least, the sof tware arr anqements for

microcomputer-based CAO also existed hv the mid-70' s.



The microcomputer, of course, has been Time Ma<razine ' s machine of the

year, a distinction never ronferred on mainframe computer s or minie. we are

now livinq in the midst of. computers. The cost of. serious professional

comp»tin<T power is within the reach of even moRe st husinesses, consultants,

and home users. W number of microcomputer systems incorporate substantial

qraphics capability, and are compatible with a varietv of qraphic input and

output devices. system rosts for a mirrocomputer-based cAr! rapahilitv,

includinq the processor, Risk drives or other hulk storaqe devices, all

required input and o»tp»t peripherals, and sof tware, mav ranqe From SS,GOO to

S SO, 000, the cos t Rependinq primarily on sof tware requirements anR the number

and type of peri pherals. Storaqe capacitv, which was once the main

determinant of svstem expense, is at last relativelv cheap, and qettinq

cheaper.

Aqain< history repeats itself.. The result of. increased availahi 1 i tv

decreased cost has been to expand the applications market to a broader

spectrum of Resiqners. ln turn, the larqer market has stimulated the

development of more capable svstems, in both th! hardware and sof tware fields.

With the advent of the next qene ration, the 32-bit microprocessor, we wi 11

undoubtedlv see more computinq power at the disposal of. more users.

So, what are the uses of increased computinq power? First, increased

storaqe capacity and speed permit multi-user systems to he based on a micro.

Eventually, accountinq, enqineerinq, and production may he able to use the

system simultaneously. Second, larqer and more detailed databases are

accessible more rapidlv. This has a marked effect on Resiqn work, and

particularly on qraphics. Third, more challenqinq analytical Resiqn methods

are becominq feasible on the microcomputer. These methods mav ultimately



incl»Re alqorithms that are now confined to mainframe installations
y reason

of larqe storaqe or processinq-time requirements . Analvses

previously performed either on commercial time-sharinq systems or

cong»l tinq firms will event»ally he done in-house ~ ~o»rth larqer

memory capacity will permit sof tware writers to create more "user-friendlv"

desiqn systems and application proqrams, wi th better error' protection

recover v, qrea ter qeneralitv and convenience, and more transparency

will he reflected in shorter learninq times for a qiven apr lication

fewer mistakes, and happier Resiqner-users.

There is another kind of "comp»tinq power," however, that is not measureR

in ter'ms of memorv size, cvcle time, or the capabilitv anR convenience of

off line storaqe and input/output devices. This is the power of the»sere

themselves . At the moment, the microcomputer market is still in re vol»tion.

with technoloqica l advances chas inq one another the re is alwa vs a real problem

of rapid obsolescence, which is confusinq enouqh by itself.. In addition,

however', with a larqe seement of new and relativelv inexperienced users,

f rus tr ation has been perhaps more prevalent than it should have been.

market matures and stabi li zes, which it seems to be showinq siqns of Roinq i

users will finally be in a position to Real with suppliers of

and sof tware on a more nearly equal basis.

In addition to commercial ho»ses, there will always be

"Ro-it-yourself" types amonq computer»sers in our own f j,eld,

not necessarily fascinated by the machine for its own sake, hut

enouqh about systems and proqramminq techniques to see how sownethi "qhinq miqht he

done hetter for their own spec if. ic needs . In a fi eld as compact as the mar'roe

industry, such people  anR their com panies ! sho»ld be able to proofit from a



free exchange of information, methods, and s»pport. Among the majority of

users, such healthy exchange has alreadv hecome a "tradition," an established

part. of the microcomputer cult»re.  This seems to he true of mos t novel

technical interests he fore the practi tioners get too commercial to cooperate

with each other. ! In the case of our own industry, in particular, it might

a qood thinq to remember.

Nith the increasinq familiarity and availability of computers, and

particularly micros, the computer has become an essential part of. manv

desiqners' equipment, in almost everv field. Ohviously, computer-aiReR Resign

and computer-aiRed manufacture are now important and expandinq disciplines,

with a widening circle of participants. As a result of this rapiR and

extensive growth, however, the phrase "computer-aided Resign" has acquired

a certai n "buzz-word" stat»re, so that it is now used as a convenient short-

hand expression for many of the computer applications that prove usef ul to

desiqners in qeneral. ln ef Feet,   AD has come to mean many things to manv

people: the words may therefore have lost some of their original precision of.

meaninq, to the point of indicatinq some vaq»e and mysterious communion of. the.

designer and his computer .

Part of the reason for this is that "Resign" is an extremely genera l ized

process, while the computer is itse1 f an extremely generalized tool. To

establish a framework for looking at the computer in terms of what the

designer can Ro with it, let us aqree that the computer represents an

extension of three fami liar tools of the designer:



  1 ! The computer is a calo»lator. ~

�! The computer is a notebook or File.

  3! The computer is a sketchpad or a draf ti nq table, with instrumentins .r<lments.

To these three basic roles we miqht add a fo»rth- the compute r is

communication device, an extension of: the stamped envelope or the

These are very mundane detinitions, of course, vet there are a Hew facts

that make these simple zoles into a powerf»l tool for the desiqner. p'irst,

the ze is the fact that a sinqle machine  with the appropriate set of.

electromechanical attachments and operatinq instructions ! can he»sed Foz

mathematical analysis, storaqe and recall of information, and <zraphic

presentation of the results of desiqn. The compute.r is a qenera lized machine

doinq a qene ralized job.  Rote the use of the word information, rather than

data. The computer can stor~ and recall not only ~xternallv meanin»F<il

numbers J such as weiqhts, weld-lenqths, costs, and the density of water, hut

it can also store and recall the oroceduz'es that a desi aner miqht »se to

re la te these numbers to the desi<zn of a vessel . !

Second, there is the fact that a computer does hest what h<iman hei n«

usually find difficult: the routine, dull, nitpickina husiness of repeated

calculations, fi linq and sortinq, and drawinq accurate lines on a sheet of

mylar .  The computer, unlike the human, is not suhject to boredom

attention, stray thouqhts, cramped finqers, or eyestrain. ! <-onversel v, the

human beinq does best exactly what the computer does poorly, or not at

recoqni tion of a pat tern or a orob lcm for which the re az e no

solutions, intuition, and qenera1 learninq ~  The man, unlike mp<>ter is

not bound within the circle of a mere alqorithm.!



Third, there is the fact that what the computer does, it does fast.

Final l v, the compute r provides a means hv whi ch the Resign anR

manufacturinq processes can he "inteqrateR," a word which has also acquireR

more than a hint of huzz over the pas t few years. It means this: design is

the creation of a specific idea  of ten a verv complex idea! of. a product, from
a mass of Rata, requirements, experience, anR even intui tion. Manuf acture is

the creation of a phvsica 1 product from this idea, plus material, plant

equipment, and lahor . The essence of "integration" is that these two

processes are so closelv relateR  or shoulR he! that manv of their elements

can he shared hv hoth: calculation anR analvsis, storaoe anR recall of.

information, the production of. drawinqs and other forms of communication, anR
even the control of the building process. This sharina of information hetween

the Res iqn anR production processes, if. it is done right, is at the heart nf

moder'n industrial aims . Zt is particular 1 v appli cahle to the creation of

large, complex products, such as commercial vessels, where quali.tv of the

product and profitahility of the creative processes are the two relateR hasic
ohjectives.

Et is a truism that no computer can Ro desiqn. Desiqn is an act of

creation, and while the machine may manifest "intelligence"  accordinq to

clefinitions larqely constructeR hy computer scientists!, no pure machine

system has yet shown siqns of creativitv. However, the svstem composed of the

desiqner and the computer is a creative partnership, in which each memher

contributes effort according to the kinds of work which he  or it! performs

most efticiently. Xt shoulR qo without saying that in a properlv Resiqned

system it is the man who uses the computer, and not vice versa, althouq'h the
system 'uses" them hoth. Here endeth the lesson.



The ohj ec ti ve of. this brief ove r view is to provide some preliminary

ins iqh t into the areas where computer aids can be applied to Res ion tasks in

the small yard. The Retails of both hardware and sof tware operation will be

lef t to the relevant owner ' s manuals and proqram documentation. Rere, we will

introduce some of the»nderlyinq concepts, s»rvey the most important

application areas, and provide, if passible, some oeneral q»idance for the

selection and assessment of available svstems and proarams.

In particular, we will be lookinq at these concepts from the point of

view of the averaae»ser, the Res iqner who needs results, rather than the

computer scientist who needs to know what is hapoeninq inside the machine or

inside the proqram. Furthermore, the application of microcomputers will be

stressed, in the belief that these»biq»itous and relatively inexpensive

systems will of fer the best value in most small shipvards.
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In this section we will he discuss inq the use of the. microcomputer as an

aid in the analytical parts of Resiqn work, as Ristinquished from qraphi cs.

That is, we wi ll he consiRerinq the use of the computer as a combineR

calcula tor and filinq svstem. Rather than Rea 1 with the speci fi cs of a larqe

number of indi vidual applications pr oqrams, we wi 1 1 at tempt to see what

features may combine to make a qiven proqram  or packaqe of. proqrams! more or

less useful in everyday Resiqn work ~

As in most enqi nee rinq fields, shi p Resiqn is characteri zeR hy a number

of tasks involvinq lenqthv anR repetitious calculations: preliminarv lines

development, fairi nq, hydros ta ties, anR per f ormance preRi ction, to name hut a

f ew. In most cases, these tasks involve not only repeateR calculations, which

may be quite simple individually, hut which entail a hiqh Reqree of.

orqanization and bookkeepinq detai 1 . For many of these tasks, one of the most

impor'tant feature of any methoR, whether it is manua1 or computerizeR, is the

deqree to which the method allows a convenient orqanization of. the task

i tse 1 f . For this reason, the structure of. the nrocedure or proqram is ver v

impar tant.

As an example of proqram orqanization, consiRer the case of hvRrostatic

calculations. The procedure can be vieweR as cons istinn of three Ris tinct

parts: input, computation, anR output. Formallv, input to the proqram

consists of a few underlyinq "constants," such as the Refinition of. units, and

the entry of water density, plus a qeometric Rescription of the hull form.

1Jsually, thiS ReSCriptiOn ConeiStS Of the entrV of certain StatiOnS, qivinq

their location alonq the lenqth of. the hull, and the Refinition of a number of

points on each station, each point beinq Refined bv a heiqht relative to some

$0



arhitraz'v baseline, and an offset, the transverse distance of the point from

the centerplane of the vessel. In addition, for purposes of calo»lation, some

particulars of the vessel may also he reg»ireR: lenqth, hearn, and des iqn

draft, for example. The desired waterlines and trims for calculations will

also be entered, as the designer sees fit

The method of entrv for offsets mav he manual, hv measurinq from a hodv

plan, or it ma V be aided by the use of Rigitizer, which will described in

qreater detail suhseguentlv. Furthermore, the input process mav he direct

from the desiqner's notes or calculations into the computer, via the kevboard,
in which case the user must note and use the exact order in which the program
requires the input, or the program mav provide prompts for the»ser to enter

certain Rata at certain times luring the input process. The input Rata mav

also be transferred from the memorv into a Risk file for suhseguent checkinq

or modification, and because the offsets will he »sed at several other stages
of the design process.

Regardless of the Retails, once the input Rata is avai lahle to the

computer, the computation of hvdrostatic results can proceed. In most

application proqrams, computations mav he performed to vield a number of

dif fez'ent sets of results: Ris placements, moments and centers, form

coef f icients, moments of inertia, etc. The alqori thms used for these

calculations vary. Some are mere ly computeri zati ons of. the standard tahular

forms used hy naval architects for decades, while others mav first require the
computer to calculate interpolated stations and offsets before performinq the
usual numerical integrati.ons ~

Finally, af ter the computations have been performed, the results mav he

displayed on the screen, printed out on hard copv, or stored in a results file

-11�



on Risk for further reference anR work.

prompts the user through the input, calculation, anR o»tput phases, anR

whether the proqram permi ts the user to specify exactly what calculations he

wants to have per formed during the execution of. the program. From the point

of view of the user, it is of ten more con~ient to Real with an interactive

program, since he is then remindeR by the proqram of exactlv what kinds of

data must he entered, and the requireR order of data. entrv is in effect

remembered by the program itself. Furthermore, the user mav save time bv
9

decidinq whether he can omit certain calculations, or aRd new waterl ines anR

tr i ms for computation, as the results Reve lop from pre vi ous cond i ti one .

the other hand, interactive proqrams are inherently larger anR more complex,

since they must contain the material to generate prompts, reaR and interpret

the user ' s responses, and transfer to the requesteR computational parts of. the

program.

Single-purpose desiqn programs,
1: ji

handle one particular aspect of the rlNHkf~

are those tha t

Act&,nq else.

whether thev are interactive or not, these proqrams must involve the three

basic elements: input, computation, anR a>tput. However, it mav be ohvio»s

that certain classes of proqrams require e@Iar input items. For example,
t

hydrostatics, lines fairinq, transverse stability, flooRable length, and

launchinq calculations all require the input of hull offsets, For this

reason, a siqnificant saving of the Resiqner's time anR effort can be

realized by constructinq a packaqe of proqrams so that one input session can

establish the required information for a number of single-purpose programs.

12

The sinqle-purpose proqram, such as a hydrostatics proqram, mav be either

interactive or non-interactive, the major Ri f ference being whether the proqram



This concept involves linking a numbe r of programs into a unified "design

system," in which various subprograms, or modules, are related by common

interactive commands, directing the user through an entire session of input,

computations of various kinds, and output of results. The structure of a

typical design package, or system, is shown in Fig. 1. The components of the

system are described in greater detail below.

The Design Executive

In most systems, the linking of the various computational and utility

modules is accomplished by providing a single program through which the user

can gain access to each module as he desires. %is program, which serves as a

central "control program" for the design session, is of ten called the design

executive, and may be conveniently named DEX The DEX program itself performs

no calculations, and in fact it need not perform any input or output functions

except for those prompts and response evaluations that allow the user to

transfer cont.rol to other modules. The DEX program must perform the following

functions:

�! Display prompts that ask the user to state what module he is
interested in using next.

  2 ! Interpret the user ' s responses, which are normally the names of
other modules in the system.

�! Check the user's responses to see that he is asking for modules
that are def ined and available  usually in a file on one of the disk drives ! .

�! Load the required module.  Often, when a specif ic application
module is loaded, the DEX program is unloaded, temporarily, in order to free
additional 8AM capacity for input data, results, and the computational
algor i thm for the application. When the computations are completed, or at the
user's command, the application module will cause the DEX program to be
reloaded.

�! Direct the transfer of data  whether input or results! to and from
data files.

-13-
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Figure 1. Structure of a typical Resign svstem. Xn this diagram,

control functions are shown hy solid lines, while Rotted lines indicate the
flow of design data, >wch individual module shown hv a single block is
genera l l y loaded into RAM se par ate 1 v. Thus, the over-all size and comple xi t v
of the system is limited hv Risk-storage considerations rather than hy %e
capacity. However, the complexitv of each individual module is constraineR hv
RAP ~



The DRX proqram qenera lly contains c=a1 le to various subroutines of the

machine's operatinq system to perform these functions, as well as statements

to prompt and respond to the use r ' s c".ommands .

Computational or Applications Ikodules

Each application module is, in effect, a sinqle-purpose proqram.

However, because of the structure of the desiqn system, it is of ten possible

to economize on the writinq of suhproqrams by comhininq certain computational

alqori thms that are used bv a numher of modules.  For example, manv of the

modules may use numerical inteqration or curve-fittinq alqorithms. !

Therefore, the individual applications modules mav be loaded toqether with

common alqori thm material stored in another file. Thus, althouqh each module

may act in exactly the same way as an isolated, sinqle-purpose proqram, it

need not follow that the contents of an applicatinn proqram disk file

 operatinq as part of a desiqn system! include all the statements that would

be required in a "stand-alone" oroqram.

The applications modules may also contain interactive prompts For

specialized input and computational direction, and for direction of output to

the scree~ and/or the printer. Finallv, each applications module must be able

to return control to the HEX proqram hef ore terminatinq.



Design system Utility hkdules

In most design systems, a large common body of input information  for

example, ship particulars, units, water characteristics, building-material.

characteristics, and hull definition! may be shared by many of the

applications modules. To facilitate the input of this data, and its

subsequent edi.ting, modification, and correction, it is often convenient to

provide specific modules for handling these functions independent of any

nodules, and often include ~enecal input and output routines, and editors.

In some systems, applications and utility modules are arranged to make

use of the concept of a "design database," a special data file configured to

store all relevant design data, whether the specific values for data items are

supplied by the user directly  as input! or are computed by one of the other

applications modules.

The Desi n Database

The design database is usually nothing more than a specific data file,

intended to store and retrieve the relevant design parameters for a particular

vessels ln its simplest form, the DB houses an array of numbers, indexed by

~sition, each position correspondi ng to a .particular design variable, such as

length, beam, or draf t, etc. In more sophisticated systems, access to various

items in the DB can be obtained by name, rather than by location. For

example, the DB may contain an item named LBP, the length between

perpendiculars, In such an advanced DB, the value of LBP may be stored at any

~sition in the file. The user, or an application or utility nxlule, accesses

the information by referring to the name LIP. At present, most design systems
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for microcomputers use a rather simple form of database, in which access to

information is done bv location in the. storaqe array.  This is primarily

because the use of access by name entails a qreat deal of. storaqe-capacity

overhead, storaqe which is usually available only on larqer machines. !

In many cases, it is advantaqeous to maintain two or more separate fi les

as sub-parts of. the des iqn DR, This permi ts the separate storaqe of larqe

collections of. closely related data, such as of f sets, without requiri no the

loadinq of offset i~formation to modules that don't require it.

In addition, for a verv detailed desiqn database, it is useful to

seqreqate various "levels" of the database: e.q., ship par ticnlars and

miscellaneous problem "constants"  units and water characteristics !, of f sets,

and other desiqn details, such as block, assembly, and even part

descripti.ons.

Common Besiqn Alqorithm Kdules

As mentioned above, various applications modules may use common alzori thm

seqments, such as inteqrators, spline-curve proqrams or other forms of

interpolators, and frequently, certain tabular lookups. To save space on

disk storaqe, such commonly used alqorithm seqments may he stored in files

separate from the proqrams that actually make use of them. In order to load

and unload these alqorithms durinq the runnin«T of. other modules, special

operatinq system commands must he used, or the submodules themselves can be

desiqned to reload the proqrams that have called them at the proper time

durinq execution.



ADVANTAGFS OF THF. UFS I ;14 SYSTFM APP RhhCH

To a qreat extent, the advantaqe of a unif.ied Resiqn system over a

collect.ion of "stand-alone" desiqn application proqrams depends on the

convenience and "user-friendliness" of the Resiqn executive, toqether with any

interacti,ve features found in the applications anR utility modules. Recall

that the purely computational features of a proqram have very little to Ro

with how much effort is involved in usinq the proqram. Resides, an efficient

and accurate alqorithm can he made a part of either a stand-alone or a system:

underway.

The question that arises is this: what makes an interactive proqram in

qeneral, or a desiqn executive in particular, convenient and user-friendly

The answers are larqely sub/ective, Rependinq on personal preference as much

as anything else. Nevertheless, there are a few qeneral considerations that

would meet wide aqreement. Let us examine a few "proverbs" relatinq to these

elements.

�! The user must see at least one of two thinqs before he has even a

decent chance of masterinq a new system: either qood documentation, or very

qood prompts. If the user hopes to learn a new system without violence, then

he must either have a fairly clear picture of the over-all structure nf the

system  from documentation!, or the proqram itself must take him by the hand

and lead him throuqh it. My own personal preference is for Rocumentation, and

I have lots of reasons. First, qood documentation, unlike top-heavv

"educational" promptinq material, Roesn' t take up proqram storaqe. The

storaqe that is available can be better used for qood interactive prompts,

error checkinq, and error recovery. Second, and more important, if I have
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a qood user' s manual in my lap, I can see what I'm supposed to Ro while I'm

actually lookinq at the problem, not at a screen full of explanat.ions that

I' ll have to erase  and probably forqet! before I qet a chance to push the

riqht button. Third, the printed paqe happens to be easier on the eye than

the cathode ray tuhe, and I ' d rather read extensi ve instructions on paper .

Fourth, excessive explanations on the screen waste my time, and that isn' t

what I want to use a computer for . Finally, I would rather turn paqes than

"press return to continue." It is much easier to flip backward than it is to

interrupt an entire proqram just to see the contents of the last screen.

�! Interactive prompts should he clear, hut short, and they shoulR

appear at times that make sense. The prompts should say exactly what vou have

to enter, whether it be a command, an item from a "menu," or a Rata entry.

But they should not qive you too many Retails about what the entry means; that

should be in documentation. If the prompt is to enter an item from a menu,

and there is more than one menu in the proqram, the prompt shoulR tell you

which menu you ' re on. Similarly, if there are several Levels of commands,

then somethinq in the prompt should tell you which level you' re on.

The best order of prompts is hard to judqe until you ' ve used a system a

couple of times, at least. The oqre to avoid is the situation where vou have

to mess what. to Ro next. Often enouqh, this happens when a system Roesn' t

prompt you when you expect it to. l!sually, it means that you will have to Ro

somethinq wronq in order to shock the Resiqn executive into qivinq you an

error message.

�! Errors in commands, menu items, or even some had Rata, should result

in an error messaqe and a return to the previous prompt, rather than a system

interruption or, even worse, transfer to an unexpected place. This should be



too obvious to require elaboration, hut it sometimes happens.

�! Nodules shoulR be able to be restarteR after' you realize you' ve put

in bad data, without qoinq all the wav throuqh or terminating the entire run.

Again, this is a very obvious advantaqe that many systems .Ro not provide.

�! The commands or menu items should be verv alphanumeric and

transparent to Pnqlish. If, ho~ever, menu entries Ro consist merelv of

numbers from a list, as is sometimes the case, then the list must he displayed

along with the prompt to enter an item. Otherwise, it's hopeless.

�! 'Ihe proqram' s responses to all commands or menu entries shoulR obey

the principle of least amazement. Similarlv, had Rata in the run should cause

only module interruption, with a return to DEX perhaps, and not a svstem

interruption that involves the loss of all computeR results, Hnfortunatelv,

this is not always the case: for example, cons i Re r the calcu la tion of block

coef ficient when you have forqotten to enter either length, beam, or draft,

and the ref ore one of them is Ref ined as zero, In calculations l ike this, it

is fairly straightforward to write in protection against zero denominators,

which should he considered as a part of error checkinq.

As a final note, the main advantages of the svs tern approach ar e

convenience anR speed of operati on hy the user . However, these advantages can

be more than neqated by poor interactive features in the modules, or even

ahorse, a dumb DEX. Systems that Ron't qive satisfaction on most of the

criteria listed ahove can make for some very lonq Rays.



DESIGH AIDS IH HAVAL ARCHITECTURE AHD SHIP PRODUCTIOH

The general utility of computers derives from the fact that ~an procedure

that can be described in sufficient detail can be programmed. In the marine

field, most of the supporting calculations for design are quite repetitious,

and are therefore excellent candidates for computerization.

In a larger sense, the entire process of ship design is also one of

repeated calculation, although in this greater context the "repetition"

implies the continual refinement and modification of a conceptual vessel until

the design requirements have been met to the designer ' s satis f action. This

process of sue cess i ve ref i nements and alterations cons ti tutes the design

spiral." In a manual design process, the ship designer customarily uses

computing aids  such as a desk calculator!, together with design data and

rational or semi-rational methods  usually from a file system, old design

notebooks, or publications! . During the design process, he also maintains

his own records of the successive steps in the spiral by hand, in the new

design notebook.

As mentioned previously, the computer can be used to combine the

functions of the computational aid, the design data file, the store of

procedures, and the new design notebook, all within the framework of a single

machine. Obviously, with the use of a computer, the design-system approach

allows the user to proceed around the design spiral far more rapidly than he

could by hand. This is true not only because of the high computational speed

offered by the machine, but also because the whole process of design decision

making, as embodied in the design spiral, can be compressed. With much of the

required information available at a single work station, on a single display,

the designer can move from calculation to calculation efficiently and quickly.
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To support thi.s process, however, the Resiqner must have at his Risposal

the required applications proqrams, whether these are in the form of.

stand-alones or are incorporated as modules within a Resiqn system. The

followinq revi.ew of application areas is not intended to be exhaustive, nor is

i t intended to convey the impression that every possible application has found

expression in a commercially available proqram ~ Some of the more common

applications, in fact, are a vai lab le in a number of pr oqra ms, whi le others

have not yet been developerl in a form suitable for microcomputer work.

Rome applications are relativelv easv to proqram. These mav be

proqrammed by the desi qner himself, with reasonable' proqrammi nq skills. Rtill

others are probably too time-consuminq to be proqrammed in-house, and the

availabi lity of proqrams must wait for further expansions in the Resiqn

software market..

Hydrostatic Caicttlations

The area of hydrostatic calculations, and related applications, has been

relatively well Reveloped commerciallv. This is fortunate, since hydrostatic

calculations are aeonq the most essential  and 5 Rious ! elements in the Resiqn

spiral. Commer'cially available packaqes usuallv cover the followinq qenera 1

types of computations:

� ! Displacements, moments and centers, curves of form, and hull-form
coef f icients, for various input waterlines and trims.

�! Calculation of vessel Rraft and trim for a qiven vessel weiqbt and
lonqitudinal center of qravity, and trim due to shif t of weiqht.

  3! Intact stability, includinq curves of statical stabilitv and
cross-curves of riqhtinq arm, either with a fixed displacement and center of
qravity  free to trim!, or with a fixed trim.  A feature which is not
contained in most. qeneral hydrostatic packaqes, but which could be addeR with
relatively straiqhtforward proqram modifications, is the calculation of

-21-



required stability criteria from intact stahility results.!

4. Floodahle lenqth calcu la tions .

5. Launchi nq ca 1 c» la ti ons .   moth these and f loodah le le nqth
calculations f ol low directly from the calc»lation of Ron jean ' s curves, which
are an inteqral part of nearlv all hydrostatics packaqes. !

6. Tankaqe and compartment volume calculations. Since the Rata entrv
and numer i,ca 1 inteqrati on routines used to calculate tota 1 hu1 1 volume can
just as easily he used to calc»late the volume of a part of. the hulL, most
commercial hydrostatics packages can also he useR to calculate compartment
volumes fox the purposes of. tankaqe and ullaqe schedules anR c»hic capacities .
The principal difficulty ari ses in connection with compartments or tanks that
are bounded inboard bv lonqitudinal hulkheads not on the vessel's centerline.
In such cases, additional input information anR some modifications to the
computational scheme are required, and these must he incl»Red in the packaqe.

7. Damaqed stahility calc»lations. In neneral, anv hvdrostatics packaqe
that can handle compartment volume calculations with the more oeneral
compartment Rescription mentioned above can also he used to qenerate Ramaqed
stahility information. A number of packaqes that Ro so are now availahle.
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Line anR Hul.l Fairinq Programs

Fairing of plane curves, such as stations, water lines, and butts, can be

accomplished hy a numher of well-known algorithms, such as cubic splines. The

creation of a fair threedimensional surf ace, such as a hull, is a more

generalized and complicated process. However, three alternative methods are

now widely useR in commercially available packages:

t, 8-Splines ~

2.  !irect mathematical definition of hull forms.

3 ~ Systematic alteration of previously faired parent hull forms .

The first method uses a relatively small number of "master stations,"

usually on the order of five or seven. For each of these stations, a.

relatively small number of "control points," generally placed at keel, lower

turn of bilge  or lower chine!, upper turn of hilqe  or upper chine!, topsiRe

knuckle, and sheer, define the shape of the station. Between master stations,

the plan anR elevation views of the curves formed by similar control points

are faired using some form of plane-curve smoothing procedure, generally cubic

splines. The result is a method hv which corresponding control feints can he

located on stations not included in the original set of master stations. From

these derived control points, the shapes of intermediate stations can he

determined, and the lines of the vessel establisheR. This method has already

proven successful, and has even been implemented on hanR-held programmable

calculators.

Direct mathematical generation of hull forms begins with the premise that

the hull offsets will he described in the form of a mathematical function.

Several alternative forms of mathematical Rescription have been proposed for
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use, and a number of these have been implementeR in programs. However, most

of these applications programs are only now in the Revelopmental stage, anR

az'e supporteR on 1.y by mai n-f'rame installations. The use of mathematical

Rescription for hulls using either Reve lopable sur faces or straight-frame

construction is a relatively simple programming application. With enough

demand, commercial programs for this kind of hull Ref inition will probablv be

developed for microcomputer-baseR systems in small vards.

The alteration of parent forms involves taking offsets from an existing,

faireR hull, and mathematically scaling the station spaci.ngs, heights, anR

transverse offsets, thus resultinq in an altereR, but still fair, "of f spring"

hull form. With a suitable librarv of parent forms, an extremely wiRe varietv

of of fspring hulls can be qenerateR verv rapidly. Microcomputer programs to

alter parent forms ars fai r 1y simple to implement, althouerh the use of this

methoR has not yet yieldeR any commercial proorams.

Calculations related to hull surface definition include the preparation

of hull plating expansions. 4 number of main-fz arne baseR Resign svstems

currently include algorithms for mathematical hul,l Refinition and plating

expansions. However, these programs are in general rather large anR complex,

and versions suitable for microcomputers are not vet commercial lv available.

Weight Hchedule programs

Calculations of weights and centers of crravitv are simple but repetitious

applications of plain arithmetic. The computer can easi ly be useR to keep

track of vessel weights and centers, using weight infor'mation supplieR

directly by the user, but this is an almost trivial application. A more

advanced weight program would incluRe estimation eguations for various fairlv
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detai led items of weight.

Ideallv, a weight proqram should enable the user to proceed from a fairlv

gross division of weiqht items  in the early stages of design!, to more

detailed estimates at a later staqe, and finally to perform exact weight

calculations at the level of final desiqn. Presently, onlv a relatively

simple weight and center edi tor is commerciallv available; however, this could

be extended to include weiqht estimation routines with modest proqramminq

effort, provided reliable weight data and some analvtical skills are available

at the yard.

Performance Prediction Programs

The usual methods of preliminary resistance prediction for displacement

vessels are based on systematic series results, and are. usually calculated

using reqression methods. Ruch results are widelv availahle for large

commercial vessel hull forms, such as Taylor Standard Series and Series FO,

and for smaller vessels such as the AS%A trawler series and the Ridgely-Nevitt

hiqh displacement-lenqth series. For chined displacement hull forms, tvpical

of many of f shore work and supply vessels, results are not presently widelv

available, hut they could he, if a suitable hodv of information could he

gathered from cooperatinq desiqners and model basins.

For planinq craf t, a number of similar empirical data presentations also

exist: Series 62, 63, and 65. In addition, the Savitskv semi-analytical

methods  and related corrections > have been implemented on a numher of small

computer systems, and some of these proqrams are now commercial lv available .



Propel le r C.'alen la ti ons

In many cases, propeller sele ction consists larqelv of inspection of

desiqn charts, toqether with the application of. zouqh empirical cavitation

data. The process is qenerally one of repeateR calculation and araphical

solution on the charts themselves� . Hsua1 1 v, the oriqinal Resiqn charts are

derived from test Rata, and are drawn bv cross-fairinq experimental results,

with the aid of some z'eqressi on techniques . In such cases, the reqressi on

equa ti ons themse 1 ves can be compu ter i zeR, and the tedious use of the cha r ts

avoideR, althouqh the itez'ation process woulR still he lef t under the

desiqner's direct control. Simple cavitation criteria are also easily

pz'oqrammahle.

As a z'efinement, computerized optimization schemes for the selection of

propellers from Resiqn charts have already been imolementeR, althouqh these

are not yet commercially available to microcomputer users. with increasinn

use of the micro, such sof tware will undoubtedl,v become available in the

relati ve1 y near future.

Relatively stz'aiqhtf orwarR rational Resiqn methods, such as lif tino line

calcu la tions, may he the next step for microcomputer-ass is ted prope 1 ler

desiqn. Nore sophisticateR propeller Res iqn methods, such as lif tins surf acr

proqrams, have been used with success on mainframe installations. However,

the computational requi rements for these proqrams are extremely larqe, both in

storaqe capacity and run time. Thus, the chances of the microcomputer oominq

i.nto its own for such calculations, on a comnetitive footinq with larqer

systems, are sliqht, at. least for the present..



Ship dynamics Ca].C»lati one

The use of the comp»ter for seakeepinq and maneuverinz prohlems is well

estahli shed, although the commercial lv availahle programs are presently

implemented on lamer corn p»ters. For certain applications, however, empirical

recrression methods using either full-scale or model test data may become

avai lahle i f a demand for microcomp»tr r-based analytical tools develops.

These possible areas may include seakeepinq  i.e., motions and accelerations !

for small craft and certain standard commercial vessel hull forms.

For maneuverinn and position-keeping prohlems, a possihle future

application for the microcomp»ter might involve direct time-step simulation.

Much model development work will have to he done before this application is

rea lixed commercially, ho~ever,

Rtr»ctural Calculations

Simple structural analvsis programs have already heen written for

microcomputers, and a few are commerci a 1 lv availahle. For tAe most part these

involve the analysis nf re lati vsly simple memhers, such as hearne, platino, and

trusses. Xn addition, the calculation of hull section modulus is

straightforward matter of programming.

Bore sophis tire ted struct»ra 1 analysis methods, such as fini te-element

analysis, are currently available for mainframe and minicomputer

installations. The practical use of these methods on microcomputers is now in

a fairly early staqe. as the capacity of microcomputer svstems increases,

however, the use of fini te-element analysis for strenoth, def lection, and

vibration problems may hecome a part of the microcomputer repertoire.



Bore immediatel v, the comp» ter i za ti on of empi ri ca I str»ct»ra l des ion

methods, such as the ARS rules for s tee 1 ve s se 1 s, sho» l d become a va i labia

within the near future. ln addition, the»se of the microcomp»ter in

empirical estimatinq methods for hull qirder and local loads should prove a
val»able Resiqn aid.

Other Desiqn and Production Applications

The potential uses of. the microcomputer for qeneral ship Resiqn are many,

althouqh only a few applications are currentlv available in commercial form.

Sof tware speci ficallv intended for other branches of enqineerinq, such as

electrical and mechanical enqi neer inq, mav also prove useful in the shi pvard .

Applications proqrams related more Rirectlv to ship oroduction ar also nf

qreat potential usefulness, altho»qh these are described elsewhere in this

series. Some micro proqrams already exist in the followinq qenera 1 areas:

electrical system desiqn calculations.

Pipinq and pump heaR and flow calculations,

Peat balance and steam table rale»lations.

Control systems.

<generalized ontimization alqori thms.

Proqram areas related to ship production incl»de:

Statistical packaqes  useful for developinq new reqression models, and
for quality control and productivity analvsis! .

Oatahase manaqement svstems  useful for maintaininq part Rescrintions,
pallet lists, specif ications, and standards ! .

Cost estimation proqrams for vari ous kinds of work, inc ludinq
s tr»ct»ra 1 steel and some items of o»tf it equipment.

pFRT and cri tical path proqrams.



In many case>
use of the computer as a Resicn aid, even in its role

grata storaqe device, is supported and extended hy qraohic

s«mple, in many applications, craphic presentation of hoth

~Y Faci li tate the design process hv allowing the des'qner

i>formation more rapidly: hody plans, curves of form,
resistance and prod ll

us, although computer qraphics mav he thoucht of as a distinct

application, an s~g<>sion of the conventional Rraf tinq methods used in

i~Formation, it may also he seen as an intearal nart of manv

+Publications ~ In anv cas, computer qraphic applicat'on

are. a vital factor i n thr application nf. microcomrsiters to the desicn process.
Zn the remainder oF this paper we will consider some of. the hardware and

software concepts Mat are most useful in microcomputer-hased Resicn qraphi cs.
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mrCROCONPIJTFR  ,RAPHD.S HARD<+>+

s nentioneR previ ous l y, the Re ve lo omen t of comPuter-aiReR Resign has

e n q eatly enhanceR hy the exnanReR ability of the computer to Real with

>np«anR output in graphic form. Zn the field of mj.crocomputer-baseR Resign

systems, this development has therefore RepenReR to a great extent on the

capabilities of specializeR peripheral harRware, as we Ll as on aRvances in the

technology of the microprocessor itself . Ln this section, we will take a more

detailed look at some of these peripherals.

Diqi tize rs anR Table ts

A drawing can always be described as a set of. rmints, that is, x anR v

coordinates, together with the lines and curves connecting them. Prior to the

development of the Riqi tizer, these coordinates, anR the computer instructions

to Rraw the reguireR lines, had to he lahorious lv entereR in. numerical torm

usinq a conventional keyboard.

The Riqitizer is a table or hoard through which the x anR v coordinates

of a point can he entered electronically by the use of a hand-held cursor

This can he moved to any desired location and then ceuseR to aiveai ve a signa 1

which transmits the coorRinates directly to the computer witho tou t ma nina l

measurement and entrv. Tn its most common Form, the Rigit' zer hoigitizer boa rR contains

an accurately constructeR wire qrid which can recieve e signal from the

cursor. As the cursor is moved from one part of, the hoarR to another, onl v a

small subsection of the grid around the cursor is actj.v t Ri vated. This switching,

which is handled entirelv automaticallv, allows evenn a laroe Riqitizer to

maintain an absolute accuracy of hetter than one-hunRr 4th freRth of an inch,

reqardless of the position of the cursor ~ Since resolution is the ref ore
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inRe.pe.nRent of Ri»itirer size, thore is in pri no ingle no restriction on

s ize of the. Rrawinq the t can he hanR leR. 0ioi ti zers of 4 ft bv ~ f t anR

La r ver are common.

The cursor, or "mo»se" is fitteR with a cross-hair for acc»rate

posi tioninn of the entereR points, anR us»al92, v with a small mauni f ier as well.

One {or usually more! buttons are installeR on the. hoRv of the. cursor to

control the. nene ration of the signa 1 that is senseR bv the. wire nriR in the

Riqitizer boarR. {The provision of multiple entrv buttons, in effect a small

keypaR, on the mouse, allows the opera tor to nonvenientl v enter Ri f ferent

types of points, or to "f lao certain special Rata points witho»t inter r»ptino

the process to turn to a separate kevboarR. The sional oenerateR then carries

this aRRi tiona1 information to the comp»ter when a particular button is

presseR.!

SeCauee Of the ailtpmatic Swi tchino of the acti ve re»ion, anR the

reso1»tinn ofpoints within the acti ve re@i on, each location on the entire

diqitizer SurfaCe iS»nic»ely RefineR, anR the proceSS of enterinn Rata ROeS

not RepenR on the computer beinn able to "track" the mo»se contin»ous 1 v.

Thus, the cursor can he moveR at wi1!, or eve n removeR from the, s»rf ace

completelv anR replaceR, anR the comp»ter will not lose track of the.

location�. For »ra phi c input of Reta i leR inf orna tion, the Ricri t i zer allows the

Res inner to enter information both tr anR from a Rrawina.

tablet is a small, relativelv low-resol»tion Riqitizer, »s»ally abo»t

the same size as the stanRarR visual Risplav screen. %e user ente rs Rata

f rom the tablet in much the same wav as on a full-size Rioitizer. <usual 1v,

however, the position of the cursor is direct].y echoeR" on the screen.
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The Rizitizer or tahlet can he. use 8 not onlv for the direct entrv of

uraphic information  point coordinates!, hut, also tn rontrol various computer

functions. This is usual lv accomplished hv Ref ininq an area of. the r92ioiti ter

surface  outs i ~he the main 3rawinq area! as a menu" area ~ physical I v, the

menu consists of a paper' or plastic overlav taper! on the Riqitizor. Various

label leh rectanoles Brawn on the menu over lav are then»seri to ~ef ine

available set of commands. Rv movinn the cursor to a narticular labelled

and press inq one of' the cursor buttons, "hits" mar!e on a Ref incr! menu area are

interprete1 hv the computer as system or proqram commands rather than

qraphic coors!inate input. The use of a Rioitixer-controlled menu is an aid to

user efficiency, since it frees the operator from the necessi tv of constant 1 v

movinq between the 1izitixer and the keyboard.

visual r!is p1 a v Ha rRwa re

All popular microcomputer svstems incorporate a visual displav screen,

e i ther Rirertl v couplers in the same cabinet as the processor or in the form of

separate monitor. In most systems, this display is ouite similar to

convent.ional TV picture tuhe: the imaqe consists of a series of parallel

lines, or rasters, scanners hv a mor!ulateh eler tron hearn to vary the

briqhtness. Recause of the discontinuous nature of thj.s imaqe, resolution mav

limited hy tPe hisplay sert en itself. In some svs terna, each line is

f ur ther su%i viper! into small, discrete imaqe uni ts ca 1 leh pixels, each of

which is either set on or off . p~e to the finite number of pixels available,

the resolution is usuallv notsui table for very accurate displav of line

drawinqs on the screen. However, in some more arlvancer! qraphic svstems based

on this type of screen, resot,ution can approach one one-hone re1th of an inch.

In either case, the entire screen surface must he scanne~ hv the movinq
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electron hearn.

In most Resign applications, however, the user is not concerned with the

visual texture of the enti re screen sur face, as in a W pic ture. tJsual 1 v, the

relevant information is confineR to actual discrete lines, as on a drawing

In this case it is not necessarv to scan the entire screen on each pass of the

electron beam; in fact, it would he undesirablv slow to Ro so. Instead, the

beam merelv traces out each line of the Rrawinq on the screen. As in ths

r~ster system, it is possibl,e to varv the hriqhtness of the imaqe hv

modulatinq the intensity of the beam as it traces out the 4rawinq. however,

in most such systems only two voltaqes are used, full and zero, so that

actual briqhtness modulation is not avai labia .

More importantly, in both raster anR line-tracinq svstems the imaoe on

the screen must be maintaineR either hv scannina the entire surface of the

screen line bv line, or bv retracinn the drawn lines, manv times per second.

The apparent steadiness of the imaqe is then Rue to the brief' persistence of

screen phosphorescence after the electron beam has passed. In s»ch systems,

the imaqe is "refreshed" continuous lv, anR therefore this tvpe of display is

commonly referred to as a "ref rash screen." Ohviouslv, the retracino must

occur before the imaqe fades, or the Risplav will appear to flicker. If the

picture is complicated, or involves lenqthv additional calculations, the

retracinn frequency will fall, anR th* imaqe will Main to flicker. To avoid

this problem, some systems incorporate an auxiliarv orocessor, in aRRition to

the main processinq unit. The so-calleR "Risplav processor has as its sole

function the maintenance of the imaqe on the screen. This is an expensive

solution, of course, and it is not particular lv useful in microcomputer-baseR

s ystems ~
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An alternative method of qraphic display which avoids these prohl~~z

ref resh screens is the direct visual storaqe tube, or DVST. In this
aF

displav the conventional electron qun which qenerates the Rrawinq beam

supplementeR by a seconR "flooR qun" and a qriR electrode in the scree~

i tse1f . The main drawinq beam causes the qrid electrode to pick up a

charqe in the immediate area of the imaqe only. Then, the flooR qun ca~~ e,~

this charqed area to qlow contin»ouslv, witho»t anv further retracinq.

the imaqe is not suhj ect to flicker, and there is no need for an a»xi li ar v

display processor in the computer.

However, there are some Risadvantaqes of the OVST svstem as opposed

the refresh-screen svstem. Since the entire imaqe is maintained hy tha

constant irradiation of the flood qun, eras inq of the imaqe can onlv

accomplished bv clearinq the entire screen, rather than by simply modif'vince nr

updatinq the display information used hy the ref resh system. mv the sanI+

token, satisfactorv "movinq" qraphics are difficult to achieve because t4+

picture can only be chanqed hv rapid replacement of the entire Risplav

HOWever, for most Resiqn qraphiCS applications the nVST VieldS acCeptahl+

capabilities, while providinq a steadv imaqe and placinq modest 0emands

microprocessor .

Tn some ref resh svstems qraphic inf ormatio» can he input Ri rect 1 v tea

display screen, usinq a cursor on the screen. The location of' the cure~<

usually displayed by a small cross or circle, which can he moved either

means of a separate jovstick or hall control  or equivalent cursor con«~

h»ttons!, or by a liqht pen, used Rirectlv on the screen.
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Pen Plotters

The plotter is a graphic output device that produces act»al ink lines on

paper' or mylar, replacinq the conventional Rrawi nq hoard and instruments ~ The

plotter consists of a Rrawinq surface  which may or mav not he the usual flat

surface! plus an electromechanical linkaqe to support and move the pen from

point to point, and to raise and lower the pen onto the Rrawinq surface..

Th»s, the pen can he moved either to produce a line  with the pen "down" ! or

simplv to shift to a new position without makinq a line  with the. pen "up" ! .

One of the most common forms of plotter use.s a rotatinq drum, rather than

a flat tahle, as the Rrawinq surface. The paper is fed ovr r the drum, with

sprockets at the ends of the drum enqaqinq corres pondi nq perforations near the

edoes of the paper to maintain aliqnment. The pen is carried on a holder

which moves alonq a fixed qantrv parallel to the axis of the drum. %us,

rotation of the drum, with the oaper attached, orod»ces apparent pen motion

alonq one axis, while the actual linear motion of the pen alonq the qantrv

produces the other coordinate. Two separate servo-motors control these two

motions, res pond i nq to impulses qenera ted hy the computer, to produce the

drawing

The principal advantaqes of the drum plotter are compactness, relativelv

low cos t, and the fact that the lenqth of the Rrawinq oroduced is limit d on 1 v

hy the lenqth of the conti nuous paper roll that is fed over the drum .   Since

paper rolls are typically supplied in lenqths of 100 ft or more, this is

really no U.mit at all. ! On the other hand, the width of. the Rrawina is

limited hy the width of the drum itself, minus an allowance of a few inches

for the sprocket holes at the edqes.  The usual drum width is 3h inches, with

a useful drawinq width of 33 inches.! furthermore, the paper used must %



speci f ica 1 1 y manuf act»red for Rr»m plotter applications, wi th the required

perforations. this mav ad<9 zo the expens» of prod»cinn Rrawinqs. >Jormallv,

however, these limi tations are not, cri tical for practical R»siqn work.

An alternative arranqement is the f lath»R plot ter. In this type of

plOtter, the qantry Carryinq the pen travels on a seConR Set of hearin<zS SO

that two-dimensional motion of the pen itself is produced. The paper is laid

out on a flat sur face, and is held in place»i ther hv a sliqht vacuum aoplied

to small openinqs in the sur face, or el»ctrostaticallv. Aqain, the two

motions of the pen are controlled hy separate servo-motors.

The chief advantaqe of the f lathed plotter i s its abilitv to draw on anv

kinR of paper, cloth, or mvlar, without the ne»R for special perforations.

Purthez'more, with a f lathed plotter, the user is ahl» to view the entir»

drawinq surface at int»rmediate stages Rurinq the Rraftinq orocess, as in

conventional Rrawinq-hoard work. Comhination Riqi tiz»r-f lathed plot ters are

now under development, vieldinq a conveni»nt and comoact installation for hots

qrsohlc inp»'t and o»tput ~

In most commercial plotters, th» pen holder act»al 1v incorporat»s three

or fo»r separate pens, so that a selection of Ri f f erent line widths oz

di f f erent ink colors can he made availahle without manual replacement of the

pens whi le the Rrawi nq is produced . The se lection of the oen is

automatically accordinq to ins tz uctions fz'om the computer.

In many cases, the plotter can he driven either directlv hv th» computer

or from ins tructions previouslv stored on maqnetic media, such as tape or

disk. Some plotter systems are also capable of recievinq instr»ctions over a

tel»phone line for direct qraphic communication with remote computers.



Several of. the more sophisticated plot ters actual 1 v contain thai r own

mi cro processors. This permi ts elementarv fi q»re components  s»ch as circles,

arcs, ellipses, and other curves! to he pre-proqrammeR into the plotter�'s

repertoi re, allowinq relatively simple instruc tions to the plotter to be

trans lated into more complicated shapes.

All pen plotters, reqardless of. the ir arranqement, share a number of

obvious drawbacks. first, the electromechanical svstem drivinq the pen is

subject to p»rely mechanical limitations on drawinq speed, arisinq not only

f rom maxim»m motor speeds, hut also from the maximum accelerations achievable

by the drum or qantrv and pen holder. Th»s, the production of. a drawinq bv a

plotter of ten requires manv minutes. while this is obviouslv incomnarablv

fas ter than conventional draf tinq, it must he rememhe red that this operation

ties up the microcomputer, too, unless the plotter is driven hv of f-line

maqne tie media rather than bv the computer itself .

Second, the quality of the drawinq produced depends on the neneral

c leanli ness of the drawinq sur face and, especi a 1 1 v, on the care f»l mai ntenance

of the pens. Wlthouqh plotters can use a wide varietv of inkino methods, such

as rapidoqraph, nylon point, or even hall point pens, problems with line

quality will result if the pens are lef t exposed to air for lenqthv periods

wi 'thol 1t else ~

electrostatic Plotters or Hard-Copy <>nits

An alternative to the pen plotter is the electrostatic hard-copv unit.

This device consists of. an electrostatic matrix which prints small dots on

charqe-sensitive paper'. The drawinq is produced in a raster-tvpe format, as

described in the previous section on visual displays. Since matrix densities
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of up to 200 dots per inch are avai la hie, resol ution is hiqh enouqh to produce

acceptable line quality for many apolications, althouqh not all.

Electrostatic units, since they require no mechanical movement of' a pen

holder, drum, or chantry, yield extremelv hinh plotting speeds, and plottinq

widths up to 72 inches are cur rentlv availahle. However, the electr osta tie

olotter requires special paper and chemicals. Furthermore, the drawinq

information m»st be preprocessed into raster format For plottins, if' it is

initially in another form for visual display on the screen, such as &ST.

As a secondary application, the electros tati c hard-copv uni t can also he

used as a printer, usually to reproduce the contents of a raster-format vis»al

display screen. Its advantaqe over a conventional Rot-matrix nr daisy-wheel

printer is speed, pure and simple, while the character quality is»s»all v

inferior to a qood quality daisv-wheel.

Graphic Display Usinq a Conventional printer

The conventional printer iS, of courae, a hasiC hardware reauir ement For

almost every serious microcomputer installation, reqardless of the area of

application. Printers have the ref ore been des cr ihed in adequate de ta i 1 in

another paper in this series. The application of the conventional printer to

qraphic output is ohvi,ous1y extreme l v limi ted

Nevertheless, for very simple qraphics, such as har charts, histoqrams,

and even rouqh schematic drawinqs, the conventional printer can he manipulated

to qi ve an approximation of qraphic output. Thus, for these simple qraphic

applications, a printer mav be used as an alternative outp»t device, reducinq

the load on the pen plotter nr electrostatic hard-copy»nit ~ 'However, the



conventional printer can in nn ~av he re<rardeh as wn insxnwnsiv~ s»haiti t»t~

for w oen plot ter or ha re-cor>y»ni t. >or the. oro 3»ction of real drawings, en~

therefore for nearly all qraphic 3esinn annlirations, the rasol»tion avail ahle

from a conventional printer is ohvio»slv ina1eo»ata.



Computer zraphirs is at the heart of coma»ter-aiRe8 Resign, anR thr fislih

of «aphic applications is extensive. Tndeeh, entire colleqe.-level courses

have heen richtl v +vote~> to «aphics alone, At the same time, the

Operational Retails of qra phi C svs te ms fOr var in»S miC YOComp«ters are dive Yse

an4 hiqhlv machine-Repeni3ent. Thus, For th» p»rposes of this brief surv~ v,

.4e ta i 1~4 mesc Yiption nf the. hi f fe rent str»ctures, commands, anR options nf

various «aphic systems must he Ief t to the. applicahle svstem doc»mentation

a ng ~isa Y man»a le ~

'However, there are several ke v concepts that are relevant ta nearl V all

systems for qraphics applicatinns, Yeqarrlle.ss of. the 1i f ferent wavs in which

theae conceotS are rea li ZeR in vari o»s machines ansi Sof tware paCkaqee. 1n the

followinq sections we will introduce some of these. f»nlamentals, with an eve

toward Ref ininc some of the cap*hi l.i ties that make comp»ter «aphics such

powerful tool for the ries iqne r .

Coo ruinate ~yStems anR pen or Curaar antral

As mentioneR previo»sly, the qraphi c information neeReR to BF fine

drawinq consists of a set of points, specified hy x an1 v coordinates, the

compute r its tructions tr Rraw lines or curves he tween these paints and to

<describe the var ious lines  pen thickness an1 tvpe of line!, and the

information to he inoorparateh inta the 1rawinq in Character for'm  annotation

and lahellinq! . The firSt requirement, hO~ever, is the anility tO Soecifv the

location of points on the Rrawinq, Refininq a coordinatesvstem.

F' ar most 1rawinq applications, the»s»al rectanq»lar ~ordinate svstem is



adopteR, with the x dire ction horizontal anR positive to the right, and the v

direction vertical anR positive up, as seen on the. Rispla v screen, and on the

drawinq.  The variable name act»al1 v associated with the two dimensions is

arbitrary, of course, h»t x and v are useR in most mnemonics associated with

qraphic systems. !

To beqin with, everv qraphics device has a built-in coordinate svstem,

cortes pondinq to the s»r f ace of. the Risplay screen, Riqi ti zer, or plotter .

This coordinate svstem is, in effect, determined hv the electronic and

mechanical Retails incorporated i.n the device. It cannot be altereR bv the

user, either with respect to the location of the oriqin, the uni ts, or the

scale. This intrinsic coordinate system for a par tie»lar device is referreR

to as the absolute coordinate system.

For example, a visual display screen on a partic»lar machine mav be

defi ned in absolute coordinates as 130 uni ts wide anR 100 uni ts high, ~wth the

absolute origin at the lower lef t corner of the screen. Thus, the ahsol»te

coordinates of the center of the screen would be �5, 50! . Note that the.

phvsical lenqth of a "unit" is Refined only in terms of the size of the:

display screen: it has no ~ther significance. Thos, we can produce a drawing

on the screen in absol»te screen coordinates, even though we have not vet

Ref i ned the scale. In this particular svs tern, for example, the command

seqixence

mvz �, 0!
DRAW �30,0!
DRAW �30,100!

DRAW �,100!
DRAW �,0!

will produce a solid borderline around the useful screen area,  The command

MOVF. causes the "Pen" to move to a designated Point, without producinq a line,
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while the command DRAW causes the. "pen" to move from its current position to

the designated point while producinq a line. ! Rote that the above sequence of

commands leaves the pen at the point � 0!, nam lv, the lower lef t corner of

the screen. Thus, if the next sequence of commands is

DRAW �30, 100!

MOVE �, 100!
DRAW � 30, 0!

the result will be to draw the two diagonals of the rectangular screen, and

leave the pen at the lower ri qht corner,

Similarly, a diqitizer  or flatbed plotter! may be set up with absolute

coordinates 72 by 48 uni ts, again with the absolute origin at the. lower le f t

corner   the lower le f t corner of the use f ul drawi no area is the conventional

absolute origin for most devices and svstems ! . Rowever, for the digi tizer or

plotter, the physical drawinq surface mav also happen to be 72 inches wide and

4 R i nche s high. Thus, the le nqth of the absolute coord i nate uni t would, i n

this case, be exactly 1 inch, a convenience.

l'n fact, anv drawinq, reqardless of how complicated it is, can be

generated in absolute coordinates alone. ! t does not follow, however, that

absolute coordinates are most convenient for the desiqner: thev are certainlv

not.

mor example, in drawinq a profile of a vessel, the designer will want

position the baseline at some distance above the bottom ot the drawing area,

and he may want to refer to the height of points  y-coordinates! from this

baseline. Similarlv, he mav also want to define the zero point. for length

coordinates in the prof i le  x-coordinates ! at, say, the fore perpendicular f

which he will not want to be at the very edoe of the drawing area. <inallv,
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the Resiqner will want to enter both heights and lonqitudinal locations in the

profile not in terms of screen width, or even absolute inches, but rather in

terms of the actual dimensions of the vessel, expresseR in full-scale Feet or

meters. ln fact, he coulR scale his Res ireR Rrawinq to the absolute

coordinate svstem of the screen or plotter, and enter all his points in

absolute coordinates. Rut the computer can perform the requireR calculations

far more easilv anR rapiRlv, and the user shoulR be more than happv to let it.

Therefore, instead of scalinq manually anR enterinn Rrawinq information

in ahsolute coordinates, the»ser must be abls to Refine a new set of

coordinates that are convenient for him. On anv worthwhile graphic svs tern,

this transformation can he set up with a few elementarv commands. Wereaf ter,

the user will enter points not in absolute coordinates, but in his own Ref.ined

coordinate svstem, in which he can:

  '! ! Place the oriqin at anv convenient location on the Rrawino. For

example, he mav want to instruct the computer that the oriqin in the profile

is to be at the intersection of the baseline anR fore perpendicular, located,
sav, 24 inches up from the bottom of the paper, anR 10 inches from the ! ef t
hand edqe,

�! Define the scale so that coorRinates can be entereR Rirectlv in terms
of full-scale units anR dimensions. For example, he mav want to instruct the
computer that his Refined input units  full-scale feet! are to be interpreteR

as one-eiqhth of an inch on the diqitizer or the plotter, or !/400-th of the
screen width on the visual Risplay. At the same time, he may want to Refine

the positive directions as either left or riqht, up or down, reqardless of the
machi.ne 's internal conventions.

This Refined coordinate svstem is often referred to as the user

coordinate svstem, the scaled coordinate svstem, or the relative coordinate

system, to Ristinq»ish it from the absolute coordinates of the device, as

shown in Fiq. 2 ~

Various systems have different forms of command for establishinq the»ser



Y abs

Drl.gin

Piqure 2. ahsolute and userWefined coordinate svstems.
the user oriqin for the profile is defineR as the interse cti on o+
and fore perpendicular. Note also that the positive x direction
user-coordinate system is directed to the lef t, since the how is
riqht. In mahV systemS, thiS reVersal of directiOn is aChieved
he qati. ve scale factor .
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coordinate system. Most, however, simplv allow the user to enter the desired

abso 1» te coordinates of the or iqin of. the new svs tern, anR the sca le f ac tor,

for the purposes of diqitizinq or plottinq, anR to enter an over-all imaqe

size and ranqe of user, coorRinates for the purposes of set tinq»n the screen

display.

In summary, the provision of a user-RefineR coordi nate system allows the

desiqner to enter qraphic input in a form that is most convenient tor him,

rather than relvinq on an arbi trar v built-in coordinate svstem. Anv qood

qra phi c system should have this feat»re.

Once the Resiqner has set up a scaleR coordinate system, some»rapbic

packaqes also permi t some additional flexibilitv in the commands»seR to

control the movement of the pen or cursor. The usual method of pen movement

control is referred to as fixeR-orloin control, in which the location of anv

specif ic point is qiven with respect to a»pique, fixeR oriqin. ln the above

example, a profile, this oriqin was specifieR in»ser coordinates as the

intersection of the baseline anR the fore perpendic»lar. Thus, anv point is

entereR in terms of its x coordinate   from the perpendicular !, anR its v

coorRinate  f rom the baseline!, as shown in Fiq. 3.

An alternative is the so-calleR trailino-oriqin control methoR, shown in

F'iq. 4. In this approach, the oriqin of the svstem moves from reint to point,

f ol lowino the pos i tion of the cursor, Thus, for example, in trai 1 i no-or iqin

mode, the command to MOvE �0, 15! woulR be interpreteR as an instr»ction to

move the cursor 10 units in the positive x direction anR 15 units in the

positive v direction, from its current position  the trailinq oriqin beinq the

current position of the cursor! . In some applications, trailinq-oriqin mode

is more convenient than fixeR-oriqin, since it permits the Rirect entrv of
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Fiqure 3. Fixecl-origin cursor movement. The cursor is assumeR to hecrin
at the oriain, �,0! . The command sequence is:

HOVE �0,10!
DRAW �,10!

DRAW �0,0!
DRAW �~-10!
DRAW  -1{!,0!

Note that each cursor movement is specifierl hy the coordinates of the
end-point of the Line seamen t.
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Fiqure 4. Trai li nq-nri qi n cursor movement. The axrsor heqins at the

oriqin, �,0! . The command sequence is irlentical to that of Fiz. 3. Zn this
case, however, each cursor movement corresponds to a vector heqinninq at the
current position of the cursor.
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indiviR»al line lenqths and directions, rather than end points in the fixed

cooz Rinate svs tern. Rote that the sea linn of Rata from full-scale to Rrawi no

uni ts is exactlv the same in trai linq-oriqin mode as in fixed-ori pin: that

is, the»ser mav still enter the cursor movement commands in terms of

full-scale uni ts, such as feet, whi le the computer automatica1lv trans f orms

this motion  as seen on an o»tp»t device! accordinq to a previo»slv entered

scale factoz .

work Space and l4lenu Spare

AS noted previOualV, the enti re available area Of a qraphic input device,

whether it is a diqitizer or the Risplav screen  used with a cursor control!,

need not he filled bv the Rrawinq. Often, in fact, it ie more convenient to

define a subsection of the device's available area as the workinq space.

Thus, the drawinq will be confined to a nartir»lar section of the Risolav or

diqitizer, known as the wor!z space, or the Rrawinq area. The remai nina

portion of the displav or the Riqitizer is then free for»se as an a»xi liarv

azea, foz enterinq system commands, calculatinq and Risplavinq results, and

other functions that are not intended to he shown Rirectlv on the Rrawinq.

Commonly, this auxiliarv area is devoted to the Risplav and manip»lation

of a menu, consistinq of a phvs ical representation of the avai lahle system

commands� . The principal reason for Ref ininq a menu space alonq wi th the work

space  Fiq. 5! is to save the user from the inconvenience of diviRinq his

attention between two separate input devices, such as the Riqitizer and the

keyboard. Where the interaction is confined to the visual Risplav screen, the

provision of an auxiliary Risplav area also eliminates the inconvenience of

"clutter'inq" the Rrawinq display with svs tern prompts anR commands. '%is mean~
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Fiqure 5. Work space and menu space, shown on a Riai tizer hoard. The

menu reqicnS Shown are similar to thOSe Of the  KADH qraphiC ReSiqn SVc tern,
currentlv implemented on WP-11 minicomputers.  adapted from C.R. Resant,
COmputer-Aided DeS iqn and Hanuf acture, 2nd Fd,, Ellis Horwood, Chi ches ter,
Enqland, 1983.!
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that the user will not have to clear the entire Risplav and instr»ct the

computer to redraw the main Risolav area periodicallv in order to eliminate

the clutter.

The abi litv to def ine auxiliarv areas independent of the. main Rrawinq

displav, on the same device, is an important feature of qooR qraphic svs terna.

Three-Dimensional Cora phi c Inp»t and Qi splav Features

Within the Rrawinq area itself, the user mav wish to Refine several

reqions, usually correspondinq to several views of the same part or assemhlv.

As a more specific example, the reqions so Refined mav correspond to the

profile, half-breadth, anR body plan of a hull. within each reqion, separate

two-dimensional coordinate svstems mav he Refined . lf these coordi nate

svstems are chosen properly, the result is the ahilitv to enter a point in

three dimensions. For example, a point on the sheer mav he entereR in the

profile, and then in the half-breadth plan, qivinq its position in

threedimensional soace,. and on the hodv plan, as shown in Fin.

The details of three-dimensional Rata entrv from the Riaiti zer varv

widely Erom sytem to system. However, the kev concept is the ahilitv to

divide the work space into separate reqions cor res pondi nq to or thoqona I views

of the object. For most normal Resiqn ar plications, a narticular reference

plane  such as a station, waterline, or buttock! is selected first, hv

enterinq its location in an appropriate view.   For example, the location of a

station may be entered in the profile or half-hreadth. ! Then, hv shif tina the

cur sor into the proper viewinq reaion   for stations, the hodv plan !, the

points on the speci f ied station wi I l be entereR in two-dimensional form, wi th

the computer automaticall v sunplvinq the. requi reR thi rR dimension.



Figure F. Direct thrs e-dimensional definition of an object on the
diqitizer. 4 point entered at a specified station in both profile and
half-breadth viewS iS lOCated in three dimeneiOnS, and Shawn in the hodV plan ~
For the usual qraphic format of the hody plan, special additional proarammino
is required to cause the display of the forebody on one side of the
centerline, the af terhody on the other.
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Ohviouslv, the. ability to obtain a three-dimensional representation of an

object is most convenient if. the svs tern permi ts this division of reqions

within the Rrawinq space. The three-dimensional nature of the object can then

be directly entered from the Riqitizer as a sinqle, continuous input process.

However, even in simpler svstems that Ro not permit this simultaneous

viewinq, an object can be Refined in three-dimensions hv sequentiallv enterino

two-dimensional Rata at various cross planes, althouqh the entire three-view

drawinq may never appear on the Risplav at the same time. <eedless tc sav,

with verv complicated three-dimensional objects, such as pipinq assemblies,

the abi li ty to see and work wi th the thr ee views at the same time is a ma j or

convenience to the desinner ~

'Ihe definition of an object in three Rim> nsions permits the desi qner to

perform numerous operations, both computational and crraphic. For example, in

hvdrostatic proqrams, the required input is a threedimensional Rescription of

the hull form, althouqh the Retails of the input process are not essential to

the ope ration of the pr oqr am pro vided the noi n ts are entered in the correct

order.

For more complex qraphic operations, such as rotation, perspective

drawinqs, and overlayinq of one Rrawinq onto another, the three-dimensional

nat»re of the object must of ten be RescribeR in qreater Retail. without a

input process, the labor required to produce this finer Rescription mich t be

excessive. Thus, for advanced qraphic Resiqn, the abilitv to Riqitize on a

three � view drawinq is a verv important factor in system selection.
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Windowinq and Rlow-Dp

When viewinq a Rrawinq on a visual display screen, it is important to

remember that the display is»sually only about R bv l1 inches, while the

drawinq may represent an area  on the Riqitizer or plotter ! far laroer in

size. In fact, with an auxiliary Risplav area occupyinq part of. the screen,

it is not unusual to have a main Rrawinq display area only one-twelfth the

size of the actual Riqi tized or plotted Rrawina. Th»s, the Retai ls of the

drawinq may become far too small for inspection on the screen.

For this reason, most qraohic svstems incorporate the ability to Refine a

windo~, usually by enterinq opposite corners of a rectanqular portion of

displayed drawing, and then hlowinq»p the Refined portion to the full size of

the display. The command sequence varies from sys tern to s vs tern, of. cour s e,

but it is an essential concept.

Findinq a Previously Fntered Point

Often, the user may want, to position the pen or cursor accurately at a

previously entered point, in order to add  or even to remove! a point or line

in a previously worked Rrawinq. Of. course, this mav be Rane bv calculatinq

the precise coordinates of the desired point and then movinq the cursor to

this exact point with the usual commands. Sometimes, tho»oh, this is not

easy. Alternatively, point and line revisions can also he accomplished bv

editinq the Risk files correspondinq to the Rrawinq. However, to facilitate

this operation bv direct qraphical means, some svstems have a feat»re that may

be calleR  qenericallyI the FIND command.

To FIND a previouslv entered point in a Rrawinq, the user simply moves



the cursor manually  usinq a joystick, for example! into the vicinity of the

deeired pOint. r3Sinq the FIND option, the cOmputer SearChes for the entered

point nearest to the cursor, Risplavs the coordinates of the point for

checkinq, and then moves the cursor to this "found" point. Failure to find

any previously entered point within some small radius of the cursor us»allv

results in a message to that ef feet.

Data Levels in Graphic Input and Output

In many Resiqn applications, and guite of ten in shin Resign, the

geometric elements  e.q., points and lines! that miqht he shown in one

particular drawing are of computational or qraphic significance in many

systems. Nevertheless, all of these systems wo»ld not normallv be shown on

the same drawinq, for reasons of visual clutter.

To cite one example, the points Rescrihino the shape of hull plating at a

particular station must he related to the locations of lonait»dinal hull

stiffeners at that station, and must also define the outer edges of transverse

frames or bulkheads at that station. However, these structural Retai ls would

not normally be shown on the lines drawing. Similarly, the str»ctural steel

drawings are obvio»sly of importance to the 'layout of piping, nenetrations,

and other internal arranqements, although these Retails would normallv he
shown in another drawing.

In conventional drawing practice, it would he usual to pr epare these

related system drawinqs by overlayino or tracing the relevant parts of

previous drawinqs. In fact, however, with a computer-based qraphic system

much of. thi s labor becomes unnecessary. Significant points may he entereR

once, and subsequently used hy various system designers, workinc wi thin



the same graphic system ~ Thus, an entire set. of. system drawings may be

supported by a single graphic database, in which the. various svstem designers

can have access to the qraphic data supplied bv the others.

within the files describing a particular drawing, or rather a particular

geometric area of the vessel, the user mav define an arbitrary division of the

data into several levels, each level corresponding to an individual svstem.

Bv callinq on one particular level, the operator can then Risnlav, edit, and

process just those items of inf ormation corresponding to the svstem of

interest. while this single level is active on the displaved drawing, all

other levels remain available for rapid checkina of inter ferences, and for

modif ication as necessary. Available systems provide up to 16 data levels.

Bv storinq and usina qraphic data in this stratified wav, the designer

can reduce the zequi zed display and processing time   parti oui ar Lv with regard

to graphic input!, reduce the requirements for manual editinq of the graphic

support files, and still obtain clear drawinqs of the various categories of

data corresponding to particular svstems.

Filing and Display Functions

Data entered graphically is stored within the computer svstem in a

pOrtiOn of random aCCeSS memOrV, juet aS anV Other form Of data would be

stored internally. The region of internal RAM storage used for this aranhi c

information is of ten referred to as the "work space," corresponding to the

term used for the drawing itself. Long-term storaae and retrieval of

i nformati.on is usuallv managed throuqh disk files. Therefore, the graphic

system must be able to handle storage and recall functions during t' he course

of a graphic session.
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The followinq forms of. filinq and recall operations should be provideR

within the oraphic svstem.

�! Transfer from the work space  RAM! to a Resionated Risk file. The

specified file must not he locked. The contents of the work space, which mav
consist of only a sinqle level of Rata, will he transferreR into the file,
replacinq the correspondinq level of Rata in the file.

�! Transfer from a Risk file to the work space. The contents of the
selected file will be addeR to the work space in the currentlv active level of.
data, and displaved.

�! Direct displav from a Risk file. The contents of the selected file
will be displaved on the screen, but without modif vinq the work space. In
this mode, the user will also be able to Risplav the Risk Rirectorv or other
filed material without disturbinq the Rata in his qraphic work space. This is
a very important convenience if the Resiqner is to have access to other forms
of. computerized information while he is workino on qraphics.

�! Creation of new files on the disk. This is another important utilitv
that should be available without interrupting the qraphi c session.

�! Destruction or emptvinq of disk files,

FAi tinq Functions

Editinq describes the user ' s abilitv to make amendments to the Rrawino or

the FM work space in the most convenient wav, without havings to rework the

enti re Rrawinq.  !sually, the editinq tunction includes the abilitv to move or

delete entereR points, and occas iona llv lines. Of ten, there is also an

editinq option to delete entire levels of Rata, anR to edit character inform-

ation and special symbols  such as macros, described in the next section ! .

The basic element, however, is the point editor . <7sua1 l v, this command

is similar to the FIND option mentioned previouslv ~ The user positions the.

cursor manually, and then, hy invokinq the point editor, finds the nearest

entered point and is qiven an opportunitv to delete it, or to reposition the

cursor. If he does move the cursor, the edited point is moved with it.



0, more advanced feature, the line editor, permits the user to position

the cursor and find the nearest line, rather than the nearest point. He is

then given the opportunity to delete the line.

Nacros

A macro is a graphic symbol for a standard drawing element, or more

generally, a sub-drawing of an item that appears frequently in the user' s

graphic work. Typically, macros may include pipe fittings, valves, structural

shape cross-sections, weld symbols, and the like, as shown in Fig. 7.

A macro may be defined by the user by entering the graphic data to

describe it in the usual way, as if it ~re a complete drawing in itself. In

some systems, the macro may be defined as a three-dimensional object. The

macro must also be given a set of reference ints to fix its location when it

is used on another drawing . For a three-dimensional macro, three reference

points are needed to completely specify the location and orientation of the

macro. Usually, a scale is also specified.

Predefined macro data is stored in a specific graphic support file, the

macro library. Typically, a set of commonly used macro symbols is also

represented in an auxiliary area of the digitizer or the display screen. From

this area, which is in effect part of the menu space, the designer can select

the desired macro at any time during the graphic session, by merely indicating

the item with the cursor. Once a macro has been selected and rescaled to suit

the drawing, the user simply specifies the location of the predefined

reference points on the main drawing, as shown in Fig. 8.

Obviously, the user must study his graphic work in advance in order
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Reference Points

Re f e r ence P oi nts

Fiqure 7. Typical macros. The valve assemblv macro is shown as a
simplif ied three-view drawinq, permi tti nq the macro to he entered in anv
orthoqonal view. Advanced systems may also permit qeneral rotation of the
mac ro be f ore inse r tion into the mai n dr awinq, althouqh automatic hidden line
removal is qenerally not availahle. 'Phe structural cross-section and weld
symbol are simple two-dimensional macros.
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Fiqure 8. Installation of a macro  a douhle moorinq hit! on a Reck
layout. Each location of the macro is achieveR hy fixinq one of the macro
re f erence-point locations on the rlrawinq, and speci f yinq a line seamen t to
qive the anqular orientation of a second reference point.
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decide which qroups of. qraphic data can he conveniently put in the form of

macros. The ability to define, store, and recall macros is a meat advantaqe

to the computer-aided desiqn process, narticularlv in structural, pipinq, and

other system desiqn tasks.

Per spec ti ve Drawinqs, Rotation, and From

The perspective drawinq, in lieu of the usual orthoqonal projection, is

occasionally an advantaqe in certain areas of desiqn. With the present

emphasis on modern production techniques in the shi pvard, a qreat deal of

enqineerinq information is passed to production in the form of construction

sketches, which mav be more ef fective if they are perspective drawinqs.

Graphic systems for producino such drawinas now exist, althouqh thev have not

yet been implemented on very small computers.

In constructinq the perspective drawinq, the desiqner first enters a

three-dimensional description of the object or assembly in the usual wav, as

on a diqitizer or screen. Subsequentlv, the svstem permits the user to

specifv both the position of the viewinq Wint, and the position of the

prcjeCtiOn plane, in Order tO qenerate a perSpeCtive drawinq of the objeCt.

Rv movinq the "eye" and the projection plane, the object can be qiven anv

apparent rotation and maqnification  zoom! . The computer performs the

required coordinate transformations and displavs the resultinq drawinq on the

screen, from which it can be modified or saved for plottinq. While the

details of the rotation and zoom trans formations are too complicated to

discuss here, they are sufficientlv qeneral that the desiqner will be able to

choose a view that is effective in conveyinq production information.



Two advanced features are desirable for perspective Rrawinos aenerated bv

computer systems. Both, however, are relativelv complicated and Rif ficult to

obtain ~ Thev are:

  1 ! Automatic hidden line removal.

�! Automatic shading

The autOmatiC removal of hidden lineS iS mathematiCallV fairly complex,

while the provision of automatic shadinq requires substantial computer and

plottinq time, and will not show up on the usual DVST or pixel Risnlav screen,

which Ro not incorporate briqhtness modulation.

For these reasons, such advanceR techniques ma v not he available on

microcomputers for some time. However, even the semi-automatic production of

perspective drawinqs mav he of some advantaqe in the creation of construction

sketches, with hidden line removal and shadi nq performeR hv hand af ter the

computer has drawn out the initial perspecti~ie view.

Computerized Annotation of Drawinqs

The entry of alphanumeric information into Rrawinqs is qenerallv

accomplished af ter all lines have been completely entered, The location of.

leqends, witness lines, and dimension lines is usuallv first established bv

hand on a preli minarv plot, so that the Resiqner can decide how to lav out the

information to hest ef feet.

Finally, the actual lines, arrowheads, and alphanumerics are entereR from

a special annotation svmbol menu, which is usually brouqht into the menu space

just for the purposes of finishinq of f the Rrawino. The locations and anqles

for alphanumeric and symbol Rata ar'e specified with the cursor, and the
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desired "strinqs" of alphanumerics are. constructed usinq the entries from the

menu space. Alternativel v, and perhaps more convenientlv, the alphanumeric

strinqs can he composed on the keyboard, before the entrv locations are

specified with the cursor.

Standard character sets for letterinq title blocks and qeneral annotation

of drawinqs are furnished with the qraphics system. The user mav also have

the option of chandi no the size  and some times the slant or propor tions ! of

the characters to suit the scale and application, during annotation. for

editinq alphanumeric material i.n a drawinq, a special qraphic editor function,

the symbol editor, may be provided.


