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INTRODICTION

The applicability of the computer to evarvday desian tasks has come ahout
through two parallel developments., First, of course, the nature and general
accessibility of the computer itself has chanaed almost hevend recoaqnition
since the age of the dinosaurs, leas than forty years aqo. To maintain some
perspective on this time gpan it may be useful tn remember that the first
"higher-level™ programming landguage, FORTRAN I, was introduced by IBM in 1954,
Prior to that, anyone who nged a computer had to he more or less initiated
into the mathematics and mystery of how the machine worked. Todav, hy
contrast, the microcomputer has become a fairly common household appliance,
and arade-school children are routinely taucht hoth computer use and

pProgramming.,

Second, and equally important Ffrom the designer's point of view, the
dpplication of the computer to the Aesign process has depended on the

development of computer araphics. To a great extent, this Adevelopment has

been manifested in the form of peripherals, mainlv input and output devicasg
suitahle for handling infarmation in qraphic form, and the software to nge

them.

Not much more than twenty vears age computrers were still reqarded, aeven
by many knowledgeahle desiqners and endgineers, as somewhat Aagsoteric things, an
attitude that is Aifficult to recall at this point, Any substantial computineg
capahility required an extravagantly large and expensive installation, which
placed the use of computers primarily in the hands of major seientific
research, the defense establishment, large manufacturing and industrial Eirms,
and banks. Por the most part, the computer was viewed as a tnol of high-speed

mathematical analysis or large-scale Aata processing. The hidh nrice of
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computing limited the applications to a small set of larae problems.

Apart from the restrictinns on computer use Aue to mnavailability and
expense, the typical designer faced another limitAation of the machine: its
relative blindness to nictorial informatinn, While the computer was already
well estahlighed as a toeol for high-speed calecnlation and data storage and
retrieval, the.ahilitv of the machine to deal with drawinas was not vet well
developed., This was especially true with ragard to iLnmit functions: since
the only common input device was the kevhoard (either through a teletvpe or a
keypunch), data entry for qraphic work involved typing in larde sets of
numhers even for relatively simple Arawings, This was lahorious, to sav the
least. It was also, quite often, an axercise in nroducing errors, and
therefore not worth the effort. 1In addition, the storage reguirements for
graphic data were large, placina an added expense on system owners and users

of commercial time-sharing sarvices. Peripharals for araphic output were

still expensive, althouah the technoloagy was falrlvy well-known.

In 1963, a major developmemt was introducerd at MIT, namely, the Ffirst
practical intaractive qraphics svstem. This svstem, SKETCHPAD, included a
cathode-ray tube on which graphic information could bhe digplaved, just as on
an nscilloscope. Moreover, qraphic information could be enterad on the screen
hy drawing with a light-pen. This was the Aecisive ingredient: the Aesiqgner
and the computer were now in a position to commuinicate using the desiqner's
own principal lanquage, the drawing. For a time, graphic svstems based on the
SKETCHPAD concept remained expensive and exotie, Aue to their high demands on
computer storage and processing-time rescources. This was particnlarly the
case since the computers of the era {hoth mainframes and minicomputers) were

quite slow by today's standards.




During the remainder of the 1960's the major factor in bringing the
computer to a laraer number of designers was the development of more capable
machines with price taas in the $100,000 range. While this exXpansion of the
minicomputer market obviously could not bring a computer into every desjiqn
office, it did place more computina power at the disposal of moderataly sized
companies, putting them in a mposition to consider the rossible advantaqes of
computer-aided desian, amonq other applications. There was a secondarv
benefit as well for mainframe and time-sharing users: the minicomputer could
be applied to controlling qraphic input and output functions, thus savinag the
more expensive storage and processing time of the main computer for high—-speed

calculation and data handling.

A number of early software packaqes directly related to computer-ajded
design were Jdevaloped during the 1960's. However, many of these wers
motivated by the introduction of numericallv contrnlled flame cutting
equipment, rather than hy the potential 'se of similar progqrams to control and
aid the Arawing process. Thus, in A sense, computer-aided manufactnre was the

parent of computer-aided desiqn, rather than the reaverse,

With a broader market for computer applications, including desian, rapid
advances toock place in the technoloqy of araphic display and input devices. A
nunher of distinct types of visual displav unifs wera developed, alona with
improved plotters and elactrostatic hard copy units: the dinitizer was
introduced for qraphic input. Thus, the electromechanical devices that were
most vital for computer-aided desiqn were alreadv in a suitahle form when the
"microcomputer explosion” hit, bheginning sometime in the latter part of the
1970's. Conceptually, at least, the software arrangements for

microcomputer ~based CAD also existed hy the mid-70%s,
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The microcomputer, of coursa, has heen Time Maqazine's machine of the
year, a distinction never conferred on mainframe computers or minis. We are
now living in the midst of computers. The cost of serious professional
computing power is within the reach of even modest husinesses, consultants,
and home users. A mumber of microcomputer systems incorporate suhstantial
qraphics capability, and are compatible with a variety of agraphic input and
output devices., System costs for a microcomputar-hased CAD capahility,
including the processor, disk drives or other bulk storage devices, all
required input and output peripherals, and software, mav range from 55,000 to
$50,000, the coat depending primarily on software requirements and the number
and type of peripherals. Storage capacitv, which was once the main
determinant of system expense, is at last relativelv cheap, and gqetting

cheaper,

Again, histnry repeats itself. The result of increased availahilitvy and
decreasaed cost has heen to expand the applications market to a hroader
spectrum of designers. 1In turn, the larger market has stimulated the
development of more capable svstems, in hoth the hardware and software fields,
With the advent of the next generation, the 32-bit microprocessor, we will

undouhtedly see more computing power at the disposal of more users.

So, what are the uses of increased computing power? First, increaserd
storage capacity and speed permit multi-user aystems to he based on a micra.
Eventually, accounting, engineering, and production may bhe abhle to use the
system simultaneously. Second, larger and more detailed databases are
accessible more rapidly. This has a marked effect on design work, and
particularly on graphics. Third, more challenging analytical desiqn methods

are becoming feasihle on the microcomputer, These methodas mav ultimataly




include alqgorithms that are now confined to mainframe installatigng hy reason
of larqge storage or processing-time requirements. Analyses that ware
previonsly performed either non commercial time-sharing Systems qp wy outside
consulting firms will eventually he done in-house. Fourth, largeyr nroaram
memory capacity will permit software writers to create more "USEr-friendlv“
desiqn systems and apnlication programs, with hetter error Protectinn and
recoveryv, greater qenerality and convenience, and more transparency, This
will he reflected in shorter learning times Ffor a agiven apnlication ar systen,

fewer mistakes, and happier desidqner-users.

There is another kind of “"computing power,™ however, that i3 not measured
in terms of memory size, cvele time, or the capabilitv and conveniance of
offline storage and input/output devices. Thig is the power of the users
themselves, At the moment, the microcomputer market is 3till in revolutinn,
With technoloqical advances chasing one another there is alwavs a real prohlem
of rapid obgolescence, which iz confusing encuagh by itself. In addition,
however, with a large geament of new and relatively inexperienced users,
frustration has heen perhaps more prevalent than it shonld have heen. As the
market matures and stahilizes, which it seems to be showing signs of Aoine,
users will finally he in a position to deal with suppliers of hoth hardware

and scftware on a more nearly egqual hasis,

In addlition to commercial houses, there will alwavs he a cadre of earnest
"do-it-yourself" types among computer nusers in onr own field, meople who are
not necessarily fascinated by the machine for its own sake, hut who know
enough about systems and proqgramming techniqnes to see how something might he
done better for their own specific needs, In a field as compact as the marine

industry, such peopnle (and their companies) shonld he ahle to profit from a
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free axchange of information, methods, and support. Among the mijority of

users, such healthy exchange has alresady hecome a "tradition," an estahlished

part of the micraocomputer culture. {This seems to ha true of most novel

technical interests hefore the practitioners get too commercial to cooperate

with each other.) 1In the case of our own industry, in particular, it might he .

4 good thing to rememher.

w ok ok ko

With the increasing familiarity and availability of computers, and

particularly micros, the computer has become an esgential part of manv

desiqners' equipment, in almost every field, Ohviously, computer-ajided desian
and computer-aided manufacture are now important and expanding disciplines,
with a widening circle of participants. As a result of this rapid and
extensive growth, howaver, the phrase "computer—aided desian® has acquired

a certain "huzzeword" stature, so that it is now used a3 a convenient short-
hand expreasion for Mmany of the computer applicatinns that prove useful to
designers in qeneral. In effect, CAD has come to mean many things to manvy
penple: the words may therefore have lost some of their original precision of
meaning, to the peoint of indicating some vague and myaterious communion of the

designer and his computer.

Part of the reason for this is that "desian® is an extremelvy generalized
process, while the computer 1s itself an extremely gqeneralized tool. To
establish a framework for looking at the computer in terms of what the
desiner can gg'with it, let ug agree that thé computer renpregents an

extension of three familiar tools of the Aesiqner:
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(1) The computer is a calculator.
{2) The computer is a nnotebook or fila.

{3) The computer is a sketchpad or a draftina tahle, with instriuments,

To these three hasic roles we might add a fonrth: the computer is a

communication device, an extension of the stamped envelcope or the telephone.

These are very mundane definitions, of course, vet thers are a few facts
that make these simple roles into a powerful tool for the desiqner. Firse,
there is the fact that a single machine (with the appropriate set of
electromechanical attachments and operatina instructions) can he used for
mathematical analysis, storage and recall of information, and araphic
pregentation of the results of design. The computer is a generalized machine
doing a generalized job. (Note the use of the word information, rather than
5331' The computer can store and recall not only exteraally meaninaful
numhers, such as weights, weld-lenaths, costs, and the density of watar, hut
it can also store and recall the nrocadures that a desiqner might use to

relate these numbers to the desian of a vessel, )}

Second, there is the fact that a computer does hest what human heingas
uswally find difficult: the routine, Aull, nitpickinag business of repeated
calenlations, filing and sorting, and drawing accurate lines on a sheet of
mylar. (The computer, unlike the human, is not suhject to horedom, wanderinc
attention, stray thoughts, cramped finaers, or evestrain,) Conversely, the
human being does hest exactly what the computer does poorly, or not at all:
recognition of a pattern or a problem for which there are no predefined

. . . . . e is
golutinns, intuition, and general learning. (The man, unlike the computer,

not bound within the circle of a mere alqorithm.)

-1-



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

Finally, the computer provides a means by which the degiqn and
manufacturing processes can be "inteqrated," a word which has alse acaquired
more than a hint of buzz aver the past few vears. It means this: Hdesian is
the creation of a specific idea (often a very complex idea) of a product, from
a mass of data, requirements, axperience, and even intuition. Manufacture is.
the crsation of a physical product from this idea, plus material, nlant
equipment, and laber. The essence of "integration" ig that these twe
processes are so closely related (or should he) that manv of their elements
can he shared hy hoth: calculation and analysis, storage and recall of
information, the production of drawings and other forms of communication, and
even the control of the huilding nrocess. This sharing of information hatween
the design and production processes, if it is done right, is at rhe heart of
modern industrial aims., Tt is particularly applicable to the creation of
large, complex products, asuch as commercial vesgels, whera quality of the
preduct and profitability of the creative processes are the two related hasic

ohjectives,

It is a triuism that no computar can do design. Desgiagn is an ast of
creation, and while the machine may manifest "intelligence" {according to
definitions largely constructed hy computer Scientists), no pure machine
system has vet shown signs of creativity, However, the svstem composad of the
desigqner and the computer is a creative partnership, in which each membar
contributes effort according to the kinds of work which he f{or it) performs
most efficiently. It should go without saying that in a properly desimmed
System it is the man who uses the computer, and not vice versa, although the

system “uses” them hoth. Here endeth the lesson,
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The objective of this hrief overview is to provide some preliminary
insight into the arasas where comphiter aids can he applied to desiqn tasks in
the small yard. The details of hoth hardware and software operation will! he
left to the relevant owner's manuals and program documentation. Here, we will
introduce some of the nnderlying concepts, survey the most important
application areas, and rravide, if possible, some aeneral midance for the

selection and assessment of availahle systems and procrams.

In particular, we will he locking at these concepts from the npoint of
view of the average user, the desianer who needs results, rather than the
computer scientist who needs to know what is hapoening inside the machine or
inside the program. Furthermore, the anplication of microcomputers will he
stressed, in the helliaf that thege hiquitous and relatively inexpensive

gystems will offer the hest value in most small shipvards,.
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ROUTINE CALCHLATIOMS IN THE SHIP DESIGN PROCESS: PROGRAMS AND SYSTEMS

In this section we will he Aiscussing the use of the microcomputar ag an
aid in the analytical parts of desiqn work, as Aistinquished from qraphics.
That is, we will be congidering the use of the computer as a combhined
calculator and filing system. Rather than deal with the specifics of a large
numbher of individual applications proqrams, we will attempt to see what
features may comhine tn make a aiven proaram {(or package of programs) more or

less useful in evarvday deaiagn work.

As in most engineering fields, ship desinn is characterized hy a number
of tasks involving lenathy and repetitious calculations: preliminary lines
development, fairing, hydrostatics, and performance prediction, to name bhut a
few. In most cases, these tasks invelve not only repeated calculations, which
may be guite simple individually, hut which entajl a hiah Adearee of
organization and hcokkeeping detail. For many of these tasks, one of the most
important feature of any method, whether it is manual or computerized, is the
deqree to which the method allows a econvenient orqanization of the task
itself, For this reason, the structure of the nrocedure or program is very

important.

As an example of proqram ormsanization, consider the case of hydrostatie
calculations. The procedure can be viewed ag consisting of three digtinek
parts: input, computation, and output,. Formallv, input to the program
consists of a few underlying "congtants," such as the definition of units, and
the entry of water density, plus a feometric description of the hull form.
Usually, this description consists of the entry of certain statiens, gqiving
their location along the length of the hull, and the definition of a number of

points on each station, each point heing Aefined by a3 height relative to some
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arhitrary baseline, and an offset, the transverse Ajistance of the point from
the centerplane of the vessel. In addition, for purposes of calculation, some
particulars of the vesgzel miy alsoc be required: length, heam, and Adesign
draft, for example. The desired waterlines and trims for calculations will

dlso be enterad, as the desiqner sees fit.

The method of entrv for offsets mav he manual, by measuring from a body
plan, or it may be ajded by the uge of digitizer, which will Aescribhed in
greater detail suhsequently, Furthermore, the input process may he direct
from the desiqner's notes or calculations into the computer, via the kevhoard,
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 nser to antar
certain data at certain times during the input process. The input data mav
also be transferred from the memory into a disk file for subseguent checking
or medification, and hecause the offsets will be used at several other staqges

of the design process.

Regardless of the details, once the input data is available to the
computer, the computation of hydrostatic results can proceed, In most
application programs, computations may he performed to vield A numher of
different sets of results: displacements, moments and centers, form
coefficients, moments of inertia, etc. The algorithms used for these
calculations vary. Some are merely computerizations of the standard tabular
forms used by naval architects for decades, whila others may first recuire the
computer to calculate interpolated stations and offsets befora performing the
usual numerical inteqrations.

Finally, after the computations have heen performed, the results mav he

displayed on the screen, printed out on hard copy, or stored in a results file
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on digsk for further refarence and work.

The single-purpose program, such as a hydrostatics proaram, may he either

interactive or non—interactive, the major difference heing whether the program

prompts the user through the Linput, calculationr and output phases, and
whether the program permits the usexr to apecify exactly what calculations he
wanta to have performed during the execntiqn of the proqgram. From the point
of view of the user, it igs often more comvemient to deal with an interactive
program, since he is then reminded by the progqram of exactly what kinds of
data mist he entered, and the required order of data entry is in effect
remaembered hy the program itself. Furthermg;e, the user may save time hv
deciding whether he can omit certain calculéiiéns, ar add new waterlines and
trims for computation, as the regulta develop from previous conditions, Mn
the other hand, interactive programs are inherently larger and more complex,
since they must contain the material to generate prompts, read and interpret

the user's responses, and transfar to the regquested computational parts of the

program.

Single-purpose desiagn proqrana,,aqhgbvu'
LI
handle nne particular aspect of the dbﬂfﬁﬁ--
whether they are interactive or not, these proqrams must involve the thrae
basic elements: input, computation, and output. However, it mav he chvious
that certain classes of programs requiré\siééxar input L[tems. For example,
hyirostatics, lines fairing, transverse stahility, floodable length, and
launching calculatibhs all regquire the input of hull offsets, For this
reason, a significant saving of the desiqgner's time and effort can he

realized by constructing a packange of programs so that one input session can

estahlish the required information for a number of single-mirpose programs.
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This concept involves linking a number 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. This program, which serves as a
central “"contrel program® for the design session, is often called the design
executive, and may be conveniently named DEX. The DEX program itself performs
no caleuwlations, and in ﬁact it need not perform any input or output functions
except for those prompts and response evaluations that alleow the user to
transfer control to other modules. The DEX program must perform the following
functions:

{1) Display prompts that ask the user to state what module he is
interested in using next.

(2) 1Interpret the user's responses, which ara normally the names of
other moduleg in the system.

{3) Check the user's responses to see that he is asking for modules
that are defined and available (usually in a file on one of the disk drives}.

(4) Load the required module. (Often, when a specific application
module is loaded, the DEX program is unlecaded, temporarily, in order to free
additional RAM capacity for input data, regults, and the computational
algorithm for the application. When the computations are completed, or at the
user's command, the application module will cause the DEX program to be
relcaded.

(5) Direct the transfer of data (whether input or results) to and from
data files.
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Figure 1. Structure of a typical desiagn svstem. 1In this
control functions are shown by solid lines, while dotted lines
flow of design data, ®ach individual module shown by a single
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The DEX program generally contains calls to various subroutines of the
machine's operating system to perform these functicns, as well as statements

to prompt and respond to the user's commands.

Computational or Applications Modules

Each application module is, in effect, a sindle-purpose nroaram,
However, hecause of the structure of the desian system, it is often npossible
te economize on the writinq of subprogqrams by combining certain computational
algorithms that are used hv a number of modules. {(For example, many of the
modules may use numerical integration or curve-fittinag algorithms.)
Therefore, the individual applications modules mav he loaded together with
common algorithm material stored in another file. Thus, although each module
may act in exactly the same way as an isnlated, single-purpose program, it
need not follow that the contents of an application program disk file
(operating as part of a design svstem) include all the statements that would

be required in a "stand-alone" program.

The applications modules may also contain interactive prompts for
specialized input and computational direction, and for direction of output to
the screen and/or the printer. Finally, each apnlications module rmist bhe ahle

to return control to the DEX program hefore terminating.
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Design System Utility Modules

In most deaign 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 mcdules. To facilitate the input of thlis data, and its
subsequent editing, modification, and correction, it is often convenient to
provide specific modules for handling these functions independent of any

specific computational taska. These subprograms are called sygtem utility

modules, and often include general 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 Design 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
vegsel. 1In its simplest form, the DB houses an array of numbers, indexed by
position, each position corresponding to a particular design variable, such as
length, beam, or draft, etc. In more sophisticated systems, access to varicus
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, 1In such an advanced DB, the value of LEP way be stored at any
Egsition in the file. The user, or an application or utility wmodule, accesses

the information by referring to the name LBP. 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 hy location in the storage arrav., (This is primarily

because the use of access by name entails a great deal of storage-capacity

overhead, storage which is usually available enly on larger machines,)

In many cases, it is advantageocus to maintain two or more separate filesg
as subw«parts of the desiqgn DB, This permits the separate storage of large
collections of closely related data, such as offsets, without raquiring the
loadina of offset information te modules that Aon't require it.

In addition, for a very detailed design database, it is useful to
seqregate various "levels® of the datahase: €.4T., ship particnlars and
miscellaneous problem "comstants” {unita and water characteristics), offsets,
and other desiqn details, such ag block, assembly, and aven part

descriptions.

Common Nesigqn Algorithm Modules

As mentioned above, various applications modules may use common algorithm
segments, such as inteqgrators, spline-curve programs or other forms of
interpolators, and frequently, certain tabular "lookups."” To save space on
disk storage, such commonly used algorithm seqgments may he stored in files
separate from the programs that actually make use of them. 1In order to load
and unload these algorithms Auring the running of other modules, special
operating system commands must be used, or the submodules themselves can he
desiqned to reload the programs that have called them at the proper time

during exsacution.
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ADVANTAGRS OF THE DESIGN 3YSTREM APPROACH

To a great extent, the advantaqge of a unified desiagn system over a
collection of "stand-alone” desigqn application programs depends on the
convenience and “user-friendliness"_of the desian executive, together with any
interactive features found in the applications and ntility modules. Recall
that the murely computational featuras of a program have verv little to do
with how much effort is involved in using the program. Resides, an efficient
and accurate algorithm can be made a part of either a stand-alone or a system:
the comggtaticn will proceed the same wav in either case, once it gets

underway.

The question that arises is this: what makes an interactive proagram in
general, or a desiqgn executive in particular, convenient and user-friendlv?
The answers are largely subjective, depending on personal nreference as much
as anything else,., Nevertheless, there are a few general considerations that
would meet wide agreement., Let us examine a few "proverha" relating to these

alaments.

(1) The user must see at least one of two things before he has even a

decent chance of mastering a new svstem: either good documentation, or yery
good prompts. If the user hopes to learn a new system without violence, then
he must either have a fairlv clear pictiire of the over-all structure nf the
system (from documentation), or the program itself must take him hvy the hand
and lead him through it. My cwn personal preference is for documentation, and
I have lots of reasons. First, qood documentation, unlike top-~heavv
"educational” prompting material, doesn't take up program storage., The
storage that is availahle can he better used for good interactive prompts,

error checking, and error recovery. Second, and more important, if I have
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2 qood user's manual in my lap, I can see what I'm sunppesed to do while I'm
actually looking at the problem, not at a screen full of explanations that
I'll have to erase (and probabhly forget) hefore I get a chance to push the
right hutton. Third, the nrinted page happens to be sasier on the eye than
the cathode ray tuhe, and I'd rather read extensive 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 wonld rather turn pages than
"press return to continue.” It is much easier to flip hackward than it is to

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

{2) 1Interactive prompts should he clear, hut short, and they should
appear at times that make sense. The prompts should say exactly what vou have
to enter, whether it he a command, an item from a "menu," or a data entrvy.

But they should not give vou too many details 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 program, the prompt should tell you
which menu you're on. Similarly, if there are several levels of commands,

then something in the prompt should tell vou which level vou'rs on.

The hest order of prompts is hard to judge until vou've used a system a
couple of times, at least. The oqre to aveid is the situation where vou have
to quess what to do next. Often enough, this happens when a systen doesn't
prompt you when you expect it to. flsually, it means that‘jgg will have to do
something wrong in order to shock the design executive into giving you an

arror message.,

{3} Errors in commands, menu items, or even some bad data, should result
in an error message and a return to the previous prompt, rather than a system

interruption or, even worse, transfer to an unexpected place., This shonld he
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too obvious to require elahoration, hut it sometimes happens.

{4) Modules should be able to he restarted after you realize vou'wve put
in had data, without going all the way through or terminating the entire run.

Again, this is a wvery obvious advantage that many systems .do not provide.

{5) The commands or menu items should he verv alphanumeric and
transparent to Fnglishk, If, however, menu entries do consist meraely of
numbers from a list, as is sometimes the case, then the list must he displaved

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

(6) Te progqram's responses to all commands or menu entries should sohey

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

only module interruption, with a return to DEX perhaps, and not a system
interruption that involves the loss of all computed results. Mmfortunatelvy,
this is not always the case: for example, consider the calculation of hlock
coefficient when you have fargotten to entar either length, bheam, or draft,
and therafore one of them is defined as zero., In calculations like this, it
is fairly straightforward to write in protection against zern denominators,

which should be considered as a part of error checking,

As a fipal note, the main advantaqes of the svatem approach are
convenience and speed of operation hy the user, However, these advantanes can
be more than negated hy poor interactive features in the modules, or even
worgse, a dumbh DEX., Svstems that Aon't give satisfaction on most of the

criteria listed ahove can make for some very long davs.
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DESIGN AIDS IN NAVAL ARCHITECTURE AND SHIP PRODUCTION

The general utility of computers derives from the fact that any 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 desigher's satisfaction. This
procass of successive refinements and alterationsg constitutes the “design
gpiral."” 1In 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.,

A3 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 notebock, all within the framework of a single
machine. Obviously, with the use of a computer, the design-system approach
allows the user to proceed arcund the design spiral far more rapidly than he
could by hand, This is true not only because of the high computational speed
cffered 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 this process, however, the designer must have at his disposal
the required applications programs, whether these are in the form of
stand-alones or are incorporated as modules within a desion system. The
following review of application areas is not intended to he exhaustive, nor is
it intended to convey the impression that every pogsihle application has found .
exprassion in a commercially available program. Some of the mores common
applications, in fact, are available in a numbher of programs, while others

have not yet heen developed in a form suitahle for microcomputer work.

Some applications are relatively easv to proqram. These mav he
programmed hy the desiqner himself, with reasonahle programming skills. Seill
others are probably too time-ronsuming to he programmed in-house, and the
availability of programs must wait for further expansions in the degian

sof tware market,

Hydrostatic Calcnlations

The area of hydrostatic calculationa, and relatad aprplications, has heen
relatively well developed commercially. This is fortunate, since hvdrostatic
calculations are among the most essential (and tadious) elements in the desiqn
spiral., Commercially available packages usuallv cover the following general
types of computations:

(1) Displacements, moments and centers, curves of form, and hull-form
coefficients, for various input waterlines and trims.

(2) Calculation of vessel draft and trim for a given vesgsel weight and
longitudinal center of gravity, and trim due to shift of waight, .

(3) Intact stahility, including curves of statjical stability and
cross-curves of righting arm, either with a fixed displacement and center of
gravity (free to trim), or with a fixed trim. (A feature which is not
contained in most general hydrostatic packages, but which could bhe added with
relatively straightforward program modifications, is the calculation of
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required stahility criteria from intact stahility results.)
4. Floocdabhle langth calculations.

5. Launching calculations. (Roth these and flonodable length
calculations follow directly from the calculation of Bonjean's curves, which
are an intearal part of nearly all hydrostatics packages.)

6. Tankage and compartment volume calculations. Since the data entrv
and numerical inteqration routines uged to calculate total hull volume can
just as easily be used to calenlate the volume of a part of the hull, most
commercial hydrostatics packacges can also he used to calculate compartment
volumes for the purposes of tankage and ullaae schedules and cubic capacities.
The principal Aifficulty arises in connection with compartments or tanks that
are bounded inboard by lonaitudinal hulkheads not on the vaesgsel's centerline.
In such cases, additional input information and some modifications to the
computational scheme are required, and these must he included in the packaqe,.

7. Damaged stability calculations. In feneral, any hydrostatics packaae
that can handle compartment volume calculations with the more general
compartment description mentioned above can also be nsed to cenerate damaged
stahility information. A number of packages that Ao S0 are now availahle.
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Line and Mill Fairina Programs

Fairing of plane curves, such as stations, waterlines, and hutts, can he
accomhlished by a numher of well-known alaorithme, such as cubic splines. The
creation of a fair three-dimensional surface, such as a hull, is a more
generalized and complicated process. However, three alternative methods are

now widely used in commercially availahle packages:

t. B-Splines.
2, DNirect mathematical definition of hull forms.

3. Systematic alteration of previcusly 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 gtations, a
relatively small number of "control points," generally placed at keel, lower
curn of hilge (or lower chine), upper turn of hilgqe (or upper chine), topside
knuckle, and sheer, defina the shape of the station. Between master stations,
the plan and elevation views of the curves formed by similar control points
are faired uaslng some form of plane-curve smoothina procedure, generally cubic
gsplines. The result is a method hv which corresponding control moints can he
located on stations not included in the oriqinal set of master stations. From
these derived control points, the shapes of intermediate stations can he
determined, and the lines of the vessgsel estahlished, This method has already
proven successful, and has even been imnlemented on hand-held programmable

calculators.

Direct mathematical generation of hull forms begins with the premise that
the hull offsets will bhe descrihed in the form of a mathematical function.

Several alternative forms of mathematical Aescription have heen proposed for
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use, and a rumber of thege have heen implemented in programs. However, most
of these applications proqrams are only now in the developmental staaqe, and
are supported only by main-frame installaticons. The use of mathematical
desecription for hulls using either developable surfaces or straigqht-frame
construction is a relatively simple programming application. With enocuqgh
demand, commercial progqrams for this kind of hull Aefinition will probahly he

developed for microcomputer-based systems in small vards.

The alteration of parent forms involves taking offsets from an existing,
faired hull, and mathematically scaling the station spacings, heights, and
transverse offsets, thus resulting in an altered, but still fair, “offsprinag”
hull form. With a suitable librarv of parent forms, an extremely wide wvariety
of offspring hulls can he generated verv rapidly. Microcomputer programs to
alter parent forms are fairly simple to implement, although the use of this

method has not yet vielded any commercial programs.

Calculations ralated to hull surface definition include the preparation
¢f hull plating expansions. A number of main-frame hased design svstems
currently include algorithms for mathematical hull Aefinition and plating
expansions. However, these programs are in general rather large and complex,

and versions suitahle for microcomputers are not vet commerciallv available.

Weight Schednle Proqrams

Calculations of weights and centers of qravity are simple hut repetitious
applications of plain arithmetic. The computer can easily be used to keep
track of wessel weiqhts and centers, using weight information supplied
directly by the user, but this is an almost trivial apnlication. A more

advanced weight program would include estimation equations for various fairlv
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detailed items of weight.

Ideally, a weight program should enahle the user to proceed from a fairlwv
gross division of waiqght items {in the earlv stages of desiqn}, to more
detailed estimates at a later stage, and finally to perform exact weight
calculations at the level of final desigqn. Presently, only a relatively
simple weight and center editor is commercially avajilahle; however, this could
be extended to include weight estimation routines with modest proaramming
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 ngnally calculated
using regression methods. Such results are widely availahle far large
commercial vessel hull forms, such as Taylor Standard Seriea and Series A0,
and for smaller wessels such as the BSRA trawler series and the RiAgely-Newvitt
hiqgh displacement-length series. For chined Adisplacement hmll forms, tvpical
of many offshore work and supply vessels, results are not presently widely
available, but they could he, if a suitahle hody of information could bhe

qathered from cooperating desiqners and model hasins.

For planing craft, a numbher of similar empirical data presentationa also
exist: Series 62, 63, and 65. In addition, the Savitsky semi-analytical
methods (and related corrections} have bheen implemented on a numher of small

computer systems, and some of these programs are now commerciallv available.
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Propeller Calonlations

In many cases, propellar selection consists lardely of inspection of
design charts, together with the application of rough empirical cavitation
data. The process isg qenerally one of repeated calculation and gqraphical
solution on the charts themselves, ﬁsuallv, the original design charts are
derived from test data, and are drawn hy cross-fairing experimental rasults,
with the aid of some reqression techniques, In such cases, the regression
equations themselves can bhe computerized, and the tedious use of the charts
avoided, although the iteration process would still he left under the
designer's direct control. Simple cavitation criteria are also easily

programmable,

As a refinement, computerized optimization schemes for the selection of
propellers from design charts have already been implemented, although these
are not yet commercially available to microcomputer users. With increasina
use of the micro, such software will undoubtedlv hecome available in the

relatively near future.

Relatively straightforward rational design methods, such as liftinag line
calculations, may he the next step for microcomputer-assisted propeller
desiqn, More sophisticated propeller design methods, such as liftinag surface
programs, have heen used with success on mainframe installations. However,
the computational regquirements for these programs are extremely larqge, hoth in
storage capacity and run time, Thus, the chances of the microcomputer coming

into its own for such calculations, on a competitive footing with larger

systems, are slight, at least for the present,
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Ship Nynamics Caleulations

The uze of the computer for seakeeping and maneunvering prohlems is well
egtablished, althounoh the commerc:ially availabhle prodgrams are pregently
implamented on larqer computers. For certain applications, howevar, ampirical
reqrassion methods using either full-scale or model test data may hecome
avajilahle if a demand for microcomputer-hased analvtical tonls develops.
Thege posaible arsas may include seakeening {(i.e., motions and accelerationa)

for small craft and certain standard commercial weasel hull forms.

For maneuvering and position-kesping prohlema, a poasihle futura
application for the microcomputer mintht involve Airect timm-step aimulation.
Muych model dsvalapment work will have to be done hefore this application ia

realized commercially, howaver,

Structural Calculations

Simpla structural analvsis nrograms have already heen written for
microcomputers, and a faw arm commarciallv availahla., For the most part thaesge
involve the analysis nof ralatively simple memhersms, auch as heama, platinca, and
trugsaes, In addition, the ralculation of hull ssctinon modulus is a

straightforward matter of programming.

More sophisticated gtructural analvsis methods, such as finite-alement
analysis, are currently availahle for mainframe and minicomputer
installations. The practical use of these methods on microcomputers is now in
a fairly early stage. As the capacity of microcomputer svstems increaseg,
however, the use of finite-element analysis for atrenagth, deflection, and

vibration problems may hecome a npart of the microcomputer repertoire,
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More immediately, the comonterization of empirical structural Admsian
methods, such as the ARS rules for steel vessels, should hecome avallahle
within the near future. 1In additinn, the use of the microcomputar in
empirical eatimating methods for hull agirder and local loads shonld prove a

valuable desigqn aid,

Dther NDegign and Production Applications

The potantial uses of the microcomputer for neneral ship design are manvy,
althouqgh only a few applications are currentlv availahle in commercial form.
Software specificallv intended far other hrancheg of ancdinearing, such as
electrical and mechanical engineering, may also prove ugetful in the ghipvard.
Applications programs related more directly to ship production are also of
great potential usefulness, althouqgh these are described alsewhere in thisg

series. Some micro programs already exist in the following aenaral areas:

+ Flectrical system desian calculations,

+ Piping and pump head and flow cfalculations,
+ Heat halanc¢e and steam table caleulations.
« fControl systems.

» Generalized ontimization alqorithms.
Program areas related to ship production inclnde:
» Statistical packages {useful for developing new reqression mxiels, and

for quality control and productivity analveis).

» Natahase management systems {useful for maintaining part dascrintions,
pallet lists, specificationsg, and standards),

+ TCost estimation programs for various kinds of work, including
structural steel and some items of outfit equipment.

« PERT and eritical path proqgrams,
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In many cases the 4a of the computer as a design aid, even in its role

as a calculating anqg data storaqe device, is supported and extended by qraphic
capabilities. For €Xample, in many applications, araphic presentation of hoth

input and resultg MAY facilitats the desiqn process bv allowing the desianer

to see and interpret Lnformation more ranidly: hody plans, curves of form,

regsistance and Provellay curves, ete.

Thus, although Tomputer qraphics may he thought of as a distinct
application, an extension of the convantional drafting mathods used in
conveying desiqn information. it may also he 3een as an inteqral part of many
computational design applications. In anvy case, computer graphic applications
are a vital factor in the application of microcompiters to the desinn process,
In the remainder of thig papar we will consider some of the hardware and

software concepts that are moat useful in micrecomputer-hased desian aqraphics,
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MICROCOMPUTER GRAPHICS HARDWARF

.

As mentioned previnougly, the Aevelopment of computer-aided desian has
been greatly enhanced hy the expanded ability of the computer to deal with
input and output in graphic form. 1In the field of microcomputer-based desiqn
systems, this development has therefore depended to a dgreat extent on the
capahilities of. specialized neripheral hardware, a3 well as on advances in the
technoloqy of the microprocessor itself. In this section, we will take a more

detailed look at some of these peripherals.

Digitizers and Tablets

A drawing can always be descrihed as a set of noints, that ig, x and v
coordinates, together with the lines and ourves connectine them. Prior to the
development of the digitizer, these coordinates, and the computar instructions
to draw the required lines, had to be lahoriously entered in numerical form

using a conventional kavbhoard,

The digitizer is a table or hoard through which the x and v coordinates
of a point can he entered electronically by the itse of a hand~held cursor,
This can he moved to any desired location and then caused to aive a signal
which transmits the coordinates directly to the computer without manual
measurement and entrv. In its most common form, the digitizer hoard contains
an accurately constructed wire grid which can recieva the simnal from the
cursor. As the cursor is moved from one part of the hoard to anocther, only a
small subsection of the arid around the cursor ig activated. 'This switching,
which is handled entirely Automatically, allows even a larce diqitizer to
maintain an ahsolute accuracy of hetter than one~hundredeth of an inch,

regardless of the pogition of the curser. Since the resolution is therefore
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independant »f Aigitizer size, there ia in nrincinle no restriction on the
3i7za of the drawinag that can he handled, Digitizers nf 4 ft hy & £t and

larqer are common.

The cursor, or "mouse® is fitted with a crosa-hair for accurate
pogitioning of the antered points, and usnally with a small maanifier as well,
Nne (or usually more) buttons are installad on the mdvy of the cursor to
contrnl the aeneration of the signal that is sensed hy the wire arid in the
diqitizer board, (The provision of multinle sntrv huttona, in affact a asmall
keynad, on the mouase, allows the saperator to conveniantly enter differant
tynes of npoints, or to "flag™ certain apecial data moints withont interrupting
the process to turn to A separate kavhoard. The sianal qenarated then carries
this additional information to the rompnter when a particular hutton is

nressed.)

Racauge of the automatic awitchina of the active region, and the
reaolution of points within the active reginn, sach lecation on the antire
digitizear surface i3 uniquely defined, and the nrocess of anterinag data does
not depand on the computer baing able to “track” the monsa continsouslv.

Thus, the cursor can he moved at will, or avan removed fraom the surface
completaly and replaced, and the computer will not losa track of the
locatinn., Foar oraphic input nf detailed information, the diaitizer allows the

desiqner to enter information hoth tn and from a drawinga.

A tablet iz a small, relatively low-regsoluntion Aigitizer, nmanally abot
the game size ag the standard visual Aigplay screen. The user entersa data
from the tablat in much the same wav ags on a full-size Adimitizer, flsually,

however, the position of the cursor is directly "echoed® on the screen,
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The digitizer or tablet can he used not only far the direct entry of
graphic information (point coardinates), hut alas tn eontrol various compiter
functiona, This is usuallv accomplished hv defining an area of the diaitizer
surface (ontside the main drawing area) as a "menu" area. Phyaicallv, the
menu consigts of a paper or plastic overlav taped on the diqitizer. Various
lahellad rectanales drawn on the menu overlavy are them uzed tn define the
available set »f commands. By movina the mirsor to a particunlar labelled araa
and nressing one of the cursor huttona, "hits® made on a defined menu area are
interpreted hv the computer as system or proaram commands rather than as
araphic coordinate input. The unse of a diaditizar-controlled menn is an aid o
user afficiency, since it frees the operator from the necessity of constantly

moving between the dicitizer and the kevhoard.

Visual Nisplay Hardware

All ropular microcomputer svystems incorporate a visual diaplav screen,
aither directly coupled in the same cahinet as the nrocessor nr in the form of
A separate monitor. In most syatems, this Aisplay is quite similar to a
conventional TV picture tube: the image consists of a saries of parallel
lines, or rasters, scanned by a modulated electron heam to vary the
brightness., Because af the discontimious nature of this image, resolution mav
he limited hy the diaplay screen ttself. In some svstams, each line ;s
further suhdivided into small, discrete image units called pixela, each of
which is aither set on or off, Due tn the finite numher of pixels availahle,
the resclution is usuallv not suitable for very accurate dAisplay of line
drawings on the screen. However, in some more advanced araphic¢ svstems based
on this type of screen, resolutinn can apnroach one sne-=hindredth of an inch.

In either case, the entire screen surface rmust he scanned hy the moving
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elactron beam.

In most desian applications, however, the user is hot concerned with the
visual texture of the entire gscreen surface, as in a ™ picture. Hsuallv, the
relevant information is confined to actual Aiscrete lines, as on a drawindg.

In thig case it is not necessarv to scan the antire screen on each pass of the
electron beam; in fact, it would he undesirably slow to o so,. Instead, the
beam merely traces out each line of the Arawing on the screen. As in the
rastey system, it is possible to varvy the bhrightness of the image hy
nmodulating the intensity of the heam as it traces out the Arawing. Howavar,
in most such systems only two woltages are used, full and zero, so that

actual brightness modulation is not availahla.

More importantly, in both raster and line-tracing svstems the imace on
the sereen must he maintained either bv scanninag the entire surface of the
screen line hy line, or hy retracina the drawn lines, many times per second.
The apparant steadiness of the image is then Aue to the hrief persigtence of
screen phoaphorascence after the alectron beam has nasszed,., Tn anch systems,
the image i9 “"refreshed" continuonslv, and therefore this tvpe of Aisplay is
commonly refarred to as a "refregh screen." Ohviouslv, the retracing must
ogcur hefore the image fades, or the dAisplay will appear to flicker. TIf the
pircture is complicated, or involves lengthv additional calenlations, the
ratracina frequency will fall, and the image will hegin to flicker. To avoid
this problem, some systems incorporate an auxiliary orocessor, in addition to
the main processing unit. The so~called "display processor” has as its sole
function the maintenance of the image on the screen, This is an expensive
solution, of course, and it is not particularly useful in microcomputer-haged

systems.
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An alternative method of agraphic displav which avoids these prohlamsg

refresh screens is the direct visual storage tube, or DVST. In this tune oFf

displav the conventional electron qun which aqenerates the drawing heam jq
supplemented by a second "flood qun" and a aqrid electrode in the screen

itself. The main drawing heam causes the rrid electrode to pick up a local
charge in the immediate area of the image only. Then, the flood gun CAuSsasg
this charged area to qlow continneously, without any further retracing, Thus,
the image is not suhject to flicker, and there is no need for an axiliarvy

display processor in the computar.

However, there are some disadvantages of the DVST svstem azs opnesed ta
the refresh-screen svstem. Since the entire image is maintained by the
constant irradiation of the flood gun, erasing of the image can onlv he
accomplished hy clearing the entire screen, rather than by simply modifwvina or
updating the display information used by the refresh svstem. Ry the same
token, satisfactorv "moving™ gqraphics are diffieult to achieve hecause the
picture can only he changed hy rapid replacement of the antire Aisplav.
However, for most desiqn graphics applications the DVST wvields acceptahle
capabilities, while providing a steadv imagde and placing modest Aemands on the

microprocessor.

In soma refresh svstems qraphic information can he input Airectlvy on the
display screen, using a cursor on the screen. ‘The location nf the cursor 18
usually displaved by a small cross or circle, which can be moved either DY

means of a separate jovstick or hall control {or equivalent cursor contrcol

buttons), or by a light pen, used diractlv on the screen.
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Pan Plotters

The plotter is a araphic sutput device that rroduces actnal ink lines on
paper or mylar, replacing the conventional drawing hoard and instruments. The
plotter consistg of a drawing surface (which may or may not be the usual flat
surface) plus an elactromechanical linkage to support and move the pen from
point to point, and to raise and lower the ren onto the Arawing surface.

Thus, the npen can ha moved ejither to produce a line (with the pen "down") or

simply to shift to a new position without making a line (with the pen “up").

One of the most common forms of plotter uses a rotating Arum, rather than
a flat tahle, as the drawing surface, ‘The maper 13 fed over the drum, with
sprockets at the ends of the drum engaqing corresponding perforations near the
edaes of the paper to maintain aliqnment, "he pen ia carried on a holder
which moves along a fixed qantry narallel to the axis of the Arum, Thus,
rotation of the drum, with the naper attached, nroduces anparent pen motion
alona one axis, while the actual linear motion of the pen along the nmantrv
produces the other coordinate. Two senarate servo-motors control these two
motions, responding to impulses generated hy the computer, to produce the

drawing.

The principal advantages of the drum plotter are compactness, relativelv
low cost, and the Ffact tha; the length of the drawina produced iz limitad anly
hy the length of the continuonus paper roll that is fed over the drum. (Since
paper rolls are typically supplied in langths of 100 ft or morae, this is
really ne limit at all,) On the nther hand, the.giigﬁ of the drawing is
limited hy the width of the dArum itself, minus an allowance of a few inches

for the gprocket holes at the edges. {The usual Arum width is 36 inches, with

a useful drawing width of 33 inches,) Furthermore, the paper used must e
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specifically manufactured for drum plotter applications, with the regquired
perforations: this may add ta the expense of producinag drawinqgs, Mormally,

howaever, thesa limitations are not critical for practical Aesian wark.

An alternative arrangement is the flathed plotter. In this type of
plotter, the gqantry carrying the pen travels on a second set of hearinas s=o
that two-dimensional motion of the pen itself ig produced. The paper is laid
out on a flat surface, and is held in place either hvy a slight vacuum arplied
to small omenings in the surface, or electrostaticallvy. Again, the two

motions of the pen are controllad by separate servo-motors.

The chief advantage of the flathed plotter is its ahilitv to draw on anv
kind of paper, cloth, or mvlar, without the need for special perfarations,
Furthermore, with a flathed rlotter, the user is ahle t5 view the entire
drawina surface at intermediate stames Auring the Adrafting nrocess, as in
conventional drawina-hoard work. Combinatisn digitizer-flathed plotters ara
now under development, yielding a convenient and compact installation far hoth

graphic inpnt and osutput,

In most commercial plotters, the pen holder actuallv incornorates three
or four separate pens, so that a selection of Aifferent line widths or
different ink colors can bhe made availahle without manual replacement of the
pens while the drawing Is produced. The selection of the nen is made

auvtomatically according to instructions from the computer,

In many cases, the plotter can he Ariven either directlv by the computer
or from instructions previously stored on magnetic media, such as tapa or
disk. Some plotter systems are alsn capable of recieving inatructions aver a

telephone line for direect qraphic communication with remote computers,
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Several of the more sophisticated plotters actually contain their own
microprocessors. This permits alementary figure components {(such as circles,
arcs, #llipses, and other curves) to he pre-proqgrammed into the plotter's
repertoire, allowing relatively simple instructions to the plotter to he

translated into more complicated shapes,

All pen nplotters, reqardless of their arrangement, share a numbher of
obvious drawhacks. First, the electromechanical svstem driving the pen is
subject to purely mechanical limitations on drawing speed, arising not only

from maximum motor speeds, but also from the maximum accelerations achievabhle

by the drum or gantry and pen holder. Thus, the productinn of a drawinag bv a
plotter often reguires many minutes, While this is obviously incomparably
faster than conventional drafting, it must be remembered that this operation
ties up the microcomputer, too, unless the plotter is Ariven hv off=line

magnetic media rather than by the computer itself.

Second, the muality of the drawinag produced depends on the ageneral
cleanliness of the drawing surface and, especiallv, on the careful maintenance
of the pens, Althongh plotters can use a wide varietv of inkina methods, such
as rapmidograrh, nylon point, or even hall moint mens, probhlems with line
cuality will result if the pens are left exposed to air for lengthv perindsg

withont nage, -

Flactrostatic Plotters or Hard-Copv 'nits

An alternative to the pen plotter is the electrostatic hard-=copv unjit.
This device consists of an electrostatic matrix which prints small dots on
charge-sensitive paper. The drawing is produced in a raster-tvpe format, as

described in the previouns section on visual Aisplays. Since matrix densities
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of up to 200 Adots per inch are available, resolution is high enouagh to praduce

acceptable line quality for many applications, althongh not all,

Electrostatic nnits, since they require no mechanical movement of a pen
holder, drum, or mantry, vield extremelv high plotting speeds, and pleotting
widths up to 72 inches are currently availahle. However, the electrostatic
rlottar requires special paper and chemicals. Furthermorae, the Adrawing
information mist be preprocessed inton raster format for plottina, if it jis

initially in another form for wvisual display on the screen, such as hVST,

As a secondary application, the electrostatic hard-copv unit can alan he
used as a printer, usually to reproduce the contents of a raster-format wvisual
Aisplavy screen. Tts advantage over a conventional Adot-matrix nr daisy-wheal
printer is speed, pure and simple, while the character cqualitv is nsually

inferisr to a good quality daisv-wheel,

Graphic Display Using a Conventional Printer

The conventional printer is, of course, a hasic hardware reauirement For
almost every serious microcomnputer installation, reqardless of the area of
application. Printers have therefore been described in adequate detail in
another paper in this series. The application of the conventional nrinter to

graphic output is obhviously extremely limited,

Nevertheless, for very simple aqraphics, such as har charts, histoagrams,
and even rough schematic drawings, the conventional printer £an be manipulated
to qive an approximation of qraphic outpnt. Thus, for thege simple araphic
applications, a printer may be used as an alternative output device, reducing

the load on the pen plotter or electrostatic hard-copy wnit. However, the
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conventinnal printer can in ne way be redarded a8 an inaxnensive auhgtitnte
far a pean plotter or hard-copv unit. For the orodnction of real Arawinas, and
therafara for nearly all graphic Aegian apnlications, the resolution availahle

from a canventional printer i3 obviously inadedquate,

-10-




RASTO MONCERTS IM (XIMPBIITER GRAPHICS

Computer ararhics ia At the heart af commiter-aidad Adesian, and the field
of araphie applications is extensive, Indeed, entire collagqe-level courses
have bheen rightlv devoted to araphics alone, At the same time, the
operatinonal Adetails of araphic svatema for varions microcomputers are Adlivarse
and hinhly machina-dspendent, Thus, faor the nurposes of this hrief survev, a
darailed Adescription of the different structuresa, commands, and options of
various araphic systems must he left to the applicahle svstem Aocumentatian

and user manuals,

Mowever, there aire several kev concepta that are relevant to nearly all
sysgtems for qraphics apnlications, regardless of the different ways in which
these concepts are realized in various machines and sonftware packages. In the
following sections we will introduce zome of thege fundamentals, with an ave
toward definina some of the capabilities that make computer araphics such a

powarful tonol for the designar,

ffoordinate Systems and Pean or Tursor Zontral

As mentinned previously, the araphic information needed to define A
drawing consists of a set of roints, specified by x and v coordinates, the
computer instructions to draw lines or curves hetwaen these points and to
descrihe the wvarious lines {pen thickness and type of line}, and the
information to he incorporated into the Arawing in character form (annotation
and labelling}, T™e first requirement, however, is the ahility to snecifv the

location of moints on the drawing, defining a coordinate svsten,

For most drawing applications, the usital recrtangnlar ~ocordinate svstem is
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adopted, with the x Airection horizontal and mpositive to the right, and the v
Airection vertical and positive up, as sean on the displav screen, and on the
drawing, (The variable name actuallv associated with the two dimensions is
arhitrary, of course, hut x and v are used in most mnemonics associated with

graphic systems.)

To begin with, avery graphics device hag a huilt-in coordinate system,
corresponding to the surface of the display screen, Aiaitizer, or plntter,
This coordinate gystam i3, in effect, determined hy the electronic and
mechanical details incorporated in the Aevice. It cannot he alterad by the

ugser, aither with respect to the location of the origin, the mnits, or the

scale. This intrinsic coordinate system for a marticular device is referred

5

to as the ahsolute coordinate svstem.

For example, a visual display screen on a particular machine may he
defined in abhsolute coordinates as 130 units wide and 100 units high, with the
absolute origin at the lower left corner of the screen., Thus, the ahsolnte
coordinates of the center of the sacreen would he (£S5, 50). Note that the
rhyvaical length of a "unit" is defined only in terms of the size of the
display screen: it has no other significance. Thus, we can produce a drawina
on the screen in ahsolnte screen coordinates, even though we have not vet
defined the scale., In this particular system, for example, the command
sequence

MOVE (0,0)
DRAW (130,0)
DRAW {(130,100)
DRAW( (0, 100)
DRAW (0,0}

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

MOVE causegs the "pen™ to move to a designated point, without producing a line,
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while the command DRAW canses the "pen® to move from i1ts current position to
the designated point while producing a line.) Note that the abhnve sequence of
comnands leaves the pen at the point {0,0}, namely, the lower left corner of
the screen. Thus, if the next sequence of commands is

DRAW {130,100}

MOVE (0, 100)

DRAW (130,0)
the result will he to Araw the two diagonals of the rectangular screen, and

leave the pen at the lower right corner.

Similarly, a digitizer (or flathed plotter) may he set up with ahsaolute
coordinates 72 hy 4B units, again with the ahsolnte origin at the lower left
corner (the lower laft corner of the useful Arawing area ia the conventional
ahgolute origin for most devices and svstems). However, for the diagitizer or
plotter, the physical drawina surface may also happen to be 72 inches wide and
48 inches high, Thus, the langth of the ahgsolute coordinate EﬂiE would, in

this case, be exactly 1 inch, A convenience.

In fact, anv drawing, regardless of how complicated Lt 18, can he
generated in abhsolute coordinates alone. It Aoes not follow, however, that
ahsolute coordinates are most canvenient for the desiogner: thev are certainlw

not.

Par example, in drawing a profile of a vessel, the dAesianer will want to
position the haseline at some distance ahove the hottom of the Arawing area,
and he may want to refer to the height of points (v-coordinates} from this
baseline, Similarly, he mavy also want to define the zero point for length
coordinates in the profile {(x~coordinates) at, say, the fore perpendicular,

which he will not want to be at the very edage of the Adrawing area. Finallw,
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the desiqner will want to enter both heiahts and longitudinal locations in the
profile not in terms of screen width, or even ahsolute inches, hut rather in
terms of the actual dimensions of the vessel, expressed in full-scale feet or
meters. In fact, he conld scale his desired Arawing to the absoluta
coordinate svstem of the screen or plotter, and enter all his points in
ahsolute coordinates., PRut the compinter can perform the required calculations

far more eagsilv and rapidlv, and the user should he more than happv to let it.

Therefore, instead of sacaling manually and enterina dArawing information
in abhsolute coordinates, the user mist he ahle t5 define a ew set of
coordinates that are convenient for him. On anvy worthwhile araphic svatem,
this transformation can be set up with a few elementarv commands., Thereafter,
the user will enter points not in ahsolute coordinates, hut in his own defined
coordinate system, Ln which he can:

{1) Place the origin at any convenient location on the Arawina. For
example, he may want to instruct the computer that the origin in the profile
is to he at the intersection of the haseline and fore perpendicular, located,

say, 24 inches unp from the bottom of the paner, an? 10 inches from the laft
hand edge,

(2) Define the scale so that coordinates can he enterad directlv in terms
of full-scale units and Aimensiona. For example, he mavy want tn instruct the
compliter that his Adefined input units {full-scale feet) are to he interpretad
ags one-eighth of an inch on the digitizer or the plotter, or 1/400-th of the
screen width on the wvisual display. At the same time, he may want to define
the mositive directions as either left or right, up or down, redardless of tha
machine's internal conventions.

This defined coordinate system is often referred to as the user
coordinate system, the scaled cocrdinate svstem, or the relative coordinate
system, to distinguish it from the ahsolute coordinates of the device, as

shown in Fig. 2.

Variocus systems have different forms of command for estahlishing the user
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Fiqure 2. Ahsolute and user-defined coordinate svstems. TIn this rmase,

the user origin for the profile is defimed as the intersection of the haseline
and fore perpendicular. Note also that the positive x direction in the
user-coordinate system is directed to the laft, since the how is drawn to the

right. 1In many systems, this reversal of direction is achieved hv enterina a

negative scale factor.
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coordinate system. Most,'however, simply allow the user to enter the Aesired
ahsolute coordinates of the origin of the new system, and the scale factor,
for the purpeses of digitizing or plotting, and to enter an over-all imaqe
size and range of user coordinates for the purnoses of getting un the screen

display.

In summary, the provision of a user-defined coordinate svystem allows the
desiqner to enter qraphic input in a form that ix most convenient for him,
rather than relving on an arhitrarv built-in coordinate svstem. Anv good

graphic system should have this feature.

Once the designer has set up a scaled coordinate systen, some nraphic
packages also permit some additional flexihilitv in the commands uged to
control the movemant of the pen or curscor. The usual method of pen movement

contral is referred to aa fixed-oriain control, in which the location of anv

specific point is given with respect to a unique, fixed oriain. In the ahove
axample, a profile, this origin was specified in nuser coordinates as the
intersection of the haseline and the fore perpendicular. Thus, anv point is
enterad in terms of its x coordinate (from the nerpendicular), and its v

coordinate {from the haseline), as shown in Fia. 3.

An alternative is the so-called trailing-oriain control method, shown in

Fiaa. 4. In this approach, the origin of the system moves from mint to noint,
following the position of the cursor. Thus, for example, in trailing-oriain
mode, the command to MOVE (10,15) would he interpreted as an instruction to
move the cursor 10 units in the positive x direction and 15 units in the

positive v direction, from its current posgition (the trailina oriagin heina the

current position of the cursor). In some applications, trailing-origin mode

is more convenient than fixed-origin, since it permits the Adirect entryv of

-44-




-10

=10

Figure 3., Fixed-origin cursor movement. The cursor is assumed to heqgin
at the origin, (0,0), The command sequence is:

MOVE {10,10)
NDRAW (0,10)
DRAW (10,0}
DRAW (0,=10)
DRAW {-10,0)

Note that each cursor movement is specified hy the coordinates of the
end-point of the line segment,
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Fiqure ¢, Trailing-nriqgqin cursor movement, The cursor hegins at the
oriqin, (0,0}. The command secuence ia identical to that of Fiq. 3. In this
case, however, each ocurser movement corresponds to a vector heaginning at the
current position of the cursor.
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individual line lenagths and directions, rather than end points in the Fixed

coordinate svstem, Note that the scalina of data from full-scale to drawing
units is exactly the same in trailing-crigin mode as in fixed-oriain: that
1s, the nser mav still enter the cursor movement commands in terms of
full-scale units, such as feet, while the computer automaticallv transforms
this motion {as seen on an output device) according to a previouslv entered

scale factor,

Work Space and Menu Space

As noted previously, the entire availahle area of a araphic input Adevice,
whether it is a digitizer or the displav screen {used with a cursor control),
need not be filled hv the drawina. Often, in fact, it is more convenient to
define a subsection of the device's availahle area as the workina space.

Thus, the Arawina will he confined to a partieular section of the displav or
dinitizer, known as the work space, or the drawing area. The remainineg
portion of the displavy or the Aigitizer is then free for use as an anxiliarvy
area, for enterina system commands, calculatiﬁq and displaving results, and

other functions that are not intended to he shown diractly on the Arawina,

Commonly, this auxiliarvy area is Aevoted to the Aisplav and manimilation
of a menu, consisting of a phvsical representation of the availahle svstem
commands. The principal reason for defining a menu space along with tha work
space (Fig. 5) is to save the user from the inconvenience of dividinag his
attention hetween two separate input devices, such as the digitizer and the
kevhoard. Where the interactien is confined to the visnal Aisnlav screen, the
provision of an auxiliary displav area also eliminates the inconvenience of

"cluttering” the Arawing Aisplav with svstem prompts and commands. This means
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Figqure 5, Work space and menu space, shown on a digitizer hoarA. The
menu regions shown are similar to those of the GCADS araphic desian system,
currently implemented on PRP-11 minicomputers., (Adapted from C.R, BResant,
Computer-Aided Design and Manufacture, 2nd Fd., Fllis Horwood, Chichester,

England, 1983.,)
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that the user will not have to clear the entire diaplav and instruct the
computer te redraw the main disrlav area periodicallv in order to eliminate

the elutter.

The ability to define auxiliarv areas inderendent of the main Arawing

display, on the same deavice, is an important featiure of good graphic svstems.

Three-Dimensional Graphic Input and Nisplav Features

Within the drawing area itself, the user may wish to define several
regions, usually corresponding to several views of the same part or assemhlv,
As A more specific example, the regions so defined mav correspond to the
profile, half-breadth, and bhody plan of a hull, Within each region, senarate
two-dimensional coordinate systems mav he defined. If thege coerdinate
svstems are chosen properly, the result is the ahility to enter a moint in
three dimensions. For example, a npoint on the sheer mav he antered in the
profile, and them in the half-hreadth rlan, giving its nosition in

three-dinensional space,. and on the body plan, as shown in Pia. 6.

The details of three-dimensional Aata entry from the digitizer vary
widely from svtem to system. Howevaer, the kev concept is the ahilitv to
divide the work space into separate reqgions corresponding to orthoagonal views
of the object., Far most normal Aesian anplications, a partienlar reference
plane (such as a station, waterline, or huttock} is selectad first, hv
entering its location in an appropriate view. (For example, the lacation of a
station may be entered in the profile or half-hbreadth.) Then, hy shiftina the
Qursor into the proper viewing reogion {(for stations, the hodv nlan), the
points on the specified station will he entered in two-dimensional form, with

the computer automaticallv supplving the required thirAd dimenaion.
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Fiqure 6., Direct three-dimensional Aefinition of an ohject on the
diqitizer, A point entered at a specified station in hoth profile and
half-breadth views is located in three dimensions, and shown in the mody. nlan.
¥or the usual graphic format of the hody plan, special additional programming
is reguired to cause the diaplay of the forehody on one side of the
centerline, the afterhody on the other.
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Obviously, the ahility ko ohtain a thrae-dimensional representation of an
ohject is most convenient if the sygtem permits this division of regions
within the Arawing space. The three-dimensional nature of the ohject can then

be directly entered from the digitizer as a single, continuous input PrOCess.,

However, even in simpler svstems that do not permit this simultansous
viewind, an ocbject can he defined in three—dimensions bv sequentially entering
two-dimensional data at various cross planes, although the entire three-view
drawing may never appear on the Aisplay at the same time. WNeedless to sav,
with verv complicated three-dimensional ohjects, such as piping assemhlies,
the ability to see and work with the three views at the same time is a major

convenience to the desiqner.

The definition of an ohject in three dimensions permits the desianer to
perform numerous operations, hoth computational and araphic. For aexample, in
hvdrostatic programs, the required input ig a three-dimensional Aescription of
the hull form, although the details of the input process are not essential to
the operation of the program provided the points are entered in the correct

ordar.

For more complex qraphic cperations, such as rotation, perspective
drawings, and overlaying of one drawing onte another, the three-dimensional
nature of the ohject must often he described in qreater detail., Without a 3-n
input process, the lahor required to produce this finer description might bhe
excessive. Thus, for advanced qraphic desiqgn, the abilitv to digitize on a

three-view drawing is a verv important faecter in system selection,
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Windowing and Blow-Ilp

When viewinag a drawing on a visual Aisplay screen, it is important to
rememher that the digplay is usually onlv abhout B hy 11 inches, while the
drawing may represent an area {on the Aigitizer or plotter) far laraer in
gize, In fact, with an auxiliarv displav area occupyina part of the screen,
it is not unusual to have a main Arawing display area only one-twelfth the
size of the actual Aigitized or plotted Arawina. Thus, the details of the

drawing may hecome far too small for inspection on the screen.

for this reason, most gqraphic systems incorporate the ahility to define a
window, usually by entering opposite corners of a rectanaular portion of the
displayed drawing, and then blowinag up the defined portion to the full size of
the display. The command seauence varies from system to svatem, of course,

but it is an essential concept,

Finding a Previously Pntered Point

Often, the user may want to position the pen or cursor acourately at a
previously entered point, in order to add (or even to remove) a point or line
in a previously worked drawina, ©Of course, this mav be done hv calculating
the precise coordinates of the desired noint and then movinag the cursor to
this exact point with the usual commands. Sometimes, thouah, this is not
easy., Alternatively, point and line revisions can also he accomnlished hv
editing the Adisk files corresponding to the Arawing., However, to facilitate
this operation by direct graphical means, some svstems have a feature that may

e called (generically] the FIND command.

To FIND a previcuslv entered point in a drawing, the user gimply moves

-48-



the cursor manually (using a jovstick, for example) into the vicinitv of the
desired point, fsing the FIND aption, the computer searches for the entered
point nearest to the cursor, displavs the coordinates of the point for

checking, ard then moves the cursor to this "found" point. Fajilure to find
any previoualy entered point within some small radins of the cursor usuallv

results in a message to that effect.

Pata Llevels in Graphic Input and Mutput

In many design applications, and quite often in shinp deaiqn, the
Jeometric elements {e.aq., points and lines)} that might bhe shown in one
particular drawing are of computational or qraphic significance in many
systems., Nevertheless, all of these svstems would not narmallv be shown on

the same drawing, for reasons of visual clutter,

To cite one example, the nﬁints describina the shape of hull platina at a
particular station must be related to the locations of lonaitudinal hull
stiffeners at that station, and must also define the outer edges of transverse
frames or bulkheads at that station. However, thegse structural details would
not normally be shown on the lines drawing. Similarly, the structural steel
drawings are obviously of imrortance to the layout of piping, nenetrations,
and other internal arrangements, although these Adetails would normallvy be

shown in another drawina.

In conventional Arawing practice, it would he usual to prepare thesge
related system drawings by overlavinag or tracinag the reievant parts of
previcus drawings. In fact, however, with a computer-based aravhic svstem,
much of this labor becomes unnecessary. Significant points may he entered

once, and suhsequently used by various svstem desianers, workinag within
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the same gqraphic system. Thus, an entire set of system dArawings may he
supported by a single qraphic database, in which the various svstem desiqners

can have access to the qraphic data supplied hv the others.

Within the files describing a particular drawina, or rather a marticnlar
qeometric area of the vessel, the user mav define an arbitrary division of the
data into several levels, each level correspondina to an individual svstem.

Bv calling on one particular level, the orerator can then displav, edit, and
process just those items of information corresponding to the system of
interest, While this sinagle level is active on the diaplaved drawina, all
sther levals remain available for rapid checkina of interferences, and for

modification as necessary. Available systemsa provide up to 16 data levels,

By storing and using graphic data in this stratified way, the desioner
can reduce the required display and processing time (particularlv with regard
tc graphic input}, reduce the requirements for manual editing of the araphic
support files, and still ohtain clear drawings of the various cateqories of

data corresponding to particular svstems.

Filing and Nisplavy Functions

Data entered graphically is stored within the compuiter svstem in a
portion of random access memory, just as anv cther form of data would he
stored internally. The region of internal RAM storage used for this araphic
information is often referred to as the "werk space,™ corresponding to the
term used for the drawing itself. Lona-term sterage and retrieval of
informaticn 1s usually managed through disk files. Therefore, the agraphic
aystem must be able to handle storage and recall functions during the course

of a graphic session.
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The following forms of filina and recall operations should be provided

within the araphic svystem.

(1) Transfer from the work space (RAM)} to a desianated disk file. The
specified file must not he locked. The contents of the work space, which mav
congist of only a single level of Aata, will he transferred into the file,
replacing the corresponding level of data in the file.

{2) Transfer from a disk file to the work space. The contents of the
selected file will bhe added to the work space in the currentlyvy active level of
data, and displaved.

{(3) Direct display from a disk file. The contents of the selected file
will be displaved on the screen, hut without modifving the work space. 1In
this mode, the user will also be ahle to display the Aisk directorv or other
filed material without disturhing the data in his graphic work space. This is
a very important convenience if the designer is to have access to other forms
of computerized information while he is workina on graphics.

(4) Creation of new files on the disk. This is another important ntilitv
that should be available without interrupting the aqraphic session.

{S) Destruction or emptving of disk files,

Fiiting Functions

Editing describes the user's abilitv to make amendments to the Arawina or
the RAM work space in the most convenient way, without having to rework the
entire drawing. Usually, the editing function includes the abilitv to move or
delete entered points, and occasionally lines. Mften, there i3 also an
editing option to delete entire levels of Aata, and to edit character inform-

ation and special symbols (such as macros, descrihed in the next section).

The basic element, however, is the point editor. Usually, this command
is similar to the FIND option mentioned previously. The user positions the
cursor manually, and then, by invoking the point editor, finds the nearest
entered point and is given an opportunity to delete it, or to reposition the

cursor. If he does move the cursor, the edited point is moved with it.

-51-—



A more advanced feature, the line editor, permits the user to position
the curser and find the nearest line, rather than the nearest point. He is

then given the opportunity to delete the line,

Macros

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-~gsections, weld symbola, and the like, ag shown in Pig. 7.

A macro may be defined by the user by entering the graphic data to
describe it in the usual way, as if it were a complete drawing in itself, In
gome sgystema, the macro may be defined as a three-dimensional object. The

macro must also be given a set of reference pointsg to fix its location when it

ig 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 apecific graphic support file, the
macro library. Typically, a set of commonly used macro symbols is also
repreganted 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 deszired 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. 9.

Obviously, the user must study his graphic work in advance in order to
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Reference Points

Raeference Points

Fiqure 7. Typical macros. The valve assembly macro is shown as a
simplified three-view drawing, permitting the macre to he entered in anv
orthogqonal view. BAdvanced systems may also permit general rotation of the
macro before insertion into the main drawing, although automatic hidAden line
removal is generally not availahle. The structural ereoss—section and weld
symbol are simple two-dimensional macros.
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Figure 8. Installation of a macro (a doubhle mooring hit) on a deck
layout. Each location of the macro is achieved hy fixing one of the macro
refarence=point locations on the drawing, and specifving a line seoment to
aive the angqular orientation of a second reference point.
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decide which groups of araphic data can be conveniently mit in the form of

macros. The ahilitv to define, store, and recall macros is a areat ardvantage
to the computer-aided desiqn process, nmarticularly in structural, piping, and

other system desiqn tasks.

Perspective Drawings, Rotation, and Zoom

The perspective drawing, in lieu of the usual orthoacnal projection, is
occasionally an advantaoge in certain areas of design. With the present
emphasis on modern production techniques in the shipvard, a great desal of
enqgineering information is passed to production in the form of congtruction
sketches, which mav be more effective if they are perspective drawinas.
Graphic systems for producing such drawines now exist, althouagh thev have not

yet been implemented on very small computers.

In censtructing the perspective drawina, the Aesigner first enters a
three-dimensional description of the object or agssemhly in the usual way, as
on a digitizer or screen. Subseguently, the system permits the user to
specify both the position of the viewing point, and the position of the

rrojection plane, in order to generate a perspective drawing of the ochject,

Rv moving the "eye" and the projection plane, the ohject can he given anv
apparent rotation and maanification (zoom). The computer performs the
required coordinate tranaformations and displavs the resulting drawing on the
screen, from which it can be modified or saved for plettina. While the
details of the rotation and zoom transformations are too complicated to
discuss here, they are sufficiently general that the desianer will he ahle to

choose a view that is effective in convevying production information.
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Two advanced features are desirahle for perspective rdrawinags generated by
computer systems. Both, however, are relativelv complicated and difficult to

obtain. Thev are:

{t) Automatic hidden line removal.

{2} Automatic shading.

The automatic removal of hidden lines is mathematicallv fairly complex,
while the provision of automatic shading requires subhstantial computer anpd
plotting time, and will not show up on the ugual NDVST or nrixel disnlav screen,

which do not incorporate brightness modulation.

For thege reasons, such advanced techniques may not he available on
microcomputers for some time., However, aven the semi-automatic production of
perspective drawings mav be of some advantage in the creation of construction
sketches, with hidden line removal and shadina performed bv hand after the

computer has drawn out the initial perspective view.

Computerized Annotation of Drawinags

The entry of alphanumeric information into Arawinas is generallv
accomplished after all lines have heen completely entered, The location of
leqgends, witness lines, and dimension lines is usually first estahlished by
hand on a preliminary plot, so that the degigner can decide how to lav out tha

information to hest effect.

Finally, the actual lines, arrowheads, and alrhanumerics are entered from
a special annotation symbol menu, which is usually brought into the menu space
just for the purposes of finishing off the drawino. The locations and angles

for alphanumeric and svymbol data are specified with the cursor, and the
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desired "strings” of alphanumerics are constructed using the entries from the
menu space. Alternativelv, and perhaps more conveniently, the alphanumeric
strings can be composed on the kevhoard, hefore the entrv locations are

specified with the cursor.

Standard character sets for letterinag title blocks and general annotatinn
of drawings are furnished with the qraphics system. The user mav also have
the option of chanaing the size (and sometimes the glant or proportions) of
the characters to suit the scale and application, during annotation. for
editing alphanumeric material in a Arawing, a special agraphic editor function,

the symbol editor, may be provided,
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