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                                Sumlnary

   
'1'o

 build a  computer  aided  design system,  it ifs ne{:essary  to [Ievelop  a  $uitable  model  for
representing  design objects  like a ship  and  design processes that f/letermines  thc mechanism  of

redesigning  strategy.  In this research,  design object  is describecl as  a  ebmbination  of  a date structure
and  a  set  of  constraints  whieh  restricts  tl)e behavior ef  some  related  desigfl parametei's.  Ana design
proccss is representcd  as  if--then rules  which  are  expressioR  of  a skillfull  engineeFs  knowhow  of

design.

   The object--orieHtecl  representation  fc)rm is en'tpioyed  to develop u computer  aitiec{ ship  basic
designir]g /.ystem.  In this system,  design object,  design pararneter,  con",traimt  ancl  clesigner  are

represented  as  
"object",

 An obj  ect  is n date struetm'e  witli  argoriri/hms  calieci  method  describing it$ own
bt).haviov or characteristic.  Obieet-･orientecl represcntation  is guitable  for constructing  design systenis
because : (1) Complieatecl clat.e. structures  Etn{l theiy l)ehas,iuv can  he easi}>,  s'c･f)resented,  (2) Using the
funetion of  inheritance one  cnn  put man)r  similar  ebjects  in order  effiei{tntiy,  (3) Message  passing
paradigm makes  it easy  te erganize  the whole  system,  (4) An otsject  is inclepen･ilant and  seli--supperting

so  the system  eperating  on  the objeet--orier]ted  enviremnent  has exesilegce  in fnai]itenancEL.  -Ie
implemented constrainL-rientefi  system  by defining t'tonstraints  as  e'bjecZ,i.

   In using  Lhis systeni.  -ve.  ean  easily  acid  or  clelete  des{gn pararriete['s, consh'aints  and  if--then r'ules.
se  wc  at'e abie  to build o]' rnodify  the modtl  struckire  and  l{nowledge-bast,i flexably. Fimal}y, some

upplicatien  resultfs  of  basic [/tf}sign of  ships  ar'e pri'sente{i i.o sho-,  the eft'g,･e.tiveness  of  the  svstem.

a. .katmeduction

  The performance  of the I.}reliminar}, design
of  ships  is stiil heavily depe]'iclant on  the, skl'11
of  experienced  designers in spite  c)f eonsicler-

able  amount  ef  computerization.  Toda}Ys CAEf'
CAD  syste,ms  caB  clo much  with  precise analy-
sis and  pretty drawings, but t,hey are  t'aulted
for their inability to deal "rith  the designer's
intent and  the l<nowledge hiclden behincl th(t
data anci  clrawings. The  situation  hold$ net

only  for ship  design bul. also  for engineering

design in general.  Although the application  of

expert  systems  to design is expected  to brillg
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bi'eag<throughs, an('j though  some  efforts  have
been  made,  inso,Lhod('slogy  ancl tools for develop-
ing practical exl)erl/  $ystems  for design have
]]ot. been establisht.,d  yeti)･2)･3L4),5xio).

  In this res.earch,  ;i, design t/ool was  developed
a,nd  applied  to v.he preliminary  de:sign of  ships.

Thu tool js a kind oi  expert  system  bui]ding toul
ancl t/s intended to l/}e used  by a designer from
the  beginning. A  dt',isigner is expc,,cted  to de-
tscribe, his design I{newledge during the design
using  the t.ool. In erder  to provide a suitable

frameworl( to represent  the clesign  knowledge,
the knowledge  was  classified  into eategories,

i.e, kno,wledge abe.'it the clesign object  and

knowledge  about  th･e design process, which  are

dctscribed in ch･aptftr  2,

  More  attention  wi･ks paid to knowledge  about

the design object,  bctcause it requires  a  specifie
representation  

'while
 knowlegde  about  the de-

sign  process is considered  rather  easily  repre-

sentable  using  general and  conventional  if-
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1hen  riiles.  iX set  ofdiosjgti  I,'jai'ametc'.r.g. nncl  a seL

o,f eonsttrnjnts  deterillliie the struc[vr('  aiid

behavior e'[ a  clesig.n objbct  in L'hc cl'e'velopecl

too]. A  constraiiit  orientecl  ap. p'roach, in v,,hieh

t'.enstraint/  s pla},r an  gmpori.an･ t. rolFa iii t]ieir own

es,'a':/uat2on  and  
"propE

±glition, ",･as t.alwn in tbis

resenyeh5Lii)'iLt).  The  igiip'ie'mcntation vias-

made  rela.'tii.iely easl'l･>,･' bse. :.dopting  ob.iect

oyl/ented  pros,'runiming i/.ntro,tluc(.'cl/ in eha.pter

3,7)'g). The coflfigliration  und  .l'ttrjctiuns of  th,e

ciev･eloped  tool ai'e describ('d in chapter  
t4.

  The teol was  applied  to the preljm'lnar'},

d･esign oi  ships  and  pr()ved to be useful  as

desc:ribed in ehapter  5.

2. ¢ laassilfgcagis)rm of  DesigEa･ KwaowEedi.cre

  ln order  to bi]ild a sophisLicatecl  ccnnputer

nicied  design system,  designer- s' unstructured

design knowledge  should  be organized  and

represented  clearly  on  n computer  systein.

Classification ot  design knowledge  js helpful in

erganizing  design kllowleclge and  develol)iug

kno",ledge representation  for a design tool. ]n

tlnis researeh,  design knoiNrledge was  clas.'sified

 into two  categories,  i,e. knowledge  aboat  t'he

 design object  ancl  knowied.cr.e about  tlie design

 precctss, as  described in the fol,lowillg sectioiis.

 Requireinents for a  design tool te deal with

 each  category  of knowledge  are  also  discussed

 below.

SI-Tr)IIZLL

2.1 Kgeowiedge abont  t.'lee 1.}esggem 0ojef:t

  It is necessary  j,n design to clarify  what

design parameters  the clesign object  has and

what  relations  exist  among  t.he parameters.
These  tw･o design elements,  i,e. design para-
meters  and  relations,  are  very, important' as

design kno'wledge since  they, determine the

structure  and  behavior of  the design object,

  The  vaiue  oi each  desigll parameter  is

restricted  by its relations  with  other  para-

meters.  Those  relations,  or  constramLs,  are

imposed  as  physical laws, legal regulations,

specifieation  requirements,  etc.  Intricately cou-

pted constraints  make  it difficult to get the

optimal  or  a  satisfactory  set  of  the  design

parameter  values.  Therefore, the role  and

behavior･of constraints  in the design problem

"F:ikeo
 KoyAllA

s･hGugd  b-e vLrell unde.rsteod.  

'l'ke
 i'oliow'mg tvv'e

nspee'f.s  ol coz'istraint.s  k're. £ ensider'ed  to bc

iniD()rtaiiL for deve-lopin.[s a  tlesign  tool.  '

  C,'iL) .gtatus tvaluatl,on

    Diu'irig the desj,ff.n, a  c'iesigner  decicies ivhat/

    tc) c]o b)i ewtaminin.g.'  d/}'Le constrzints  t'e se-.e

    t'hei,' are  satisiiec{  or  violated,  In orcioi' to

    heli) t.he activit.y  of  t.he [lesigntr.  a con-

    stru.int' $hould  be ye--e.'xr!iluaiLed aute  nati-

    ca}1.v whetiever  any  
'rel',itecL

 parame'L/ers are

    chaiiged,

  (B) multi---directional  pre.)')agatieri

    A  desig.ner not  only  examines  thc con-

    straints  bu'L also  uses  them  to determine

    the satisfactory  values  of the (lesign  para-
    ameters,  A  eo' llstraint  does noL  defille a

    rigid  proceciure to determine a  relatecl

    design parameter. but declares the rcla-

    tions ameng  paramters. Therefore, a de-

    sign  tooi shougd  support  the  f,uncti'on of

    imi]ti-  diractiona} propagation. For exam-

    p}e, an  equation  with  n  parameters should

    be able  to be used  to calculate  the value  ef

    any  one  pa'rarneter, i.rrespective of

    whethcr  it is in the  left hand  side  or  the

    right  hancl side,  when  the rest  of  ez 1

    parameters  are  determined.

  tL'･onstraint  oriented  programming5)'ii)･i2),  in

whic  each  const'raint  is represented  declar-

atjvely,  is conside.red  to be a  g)romising

appreach  to realizing  a  design tool with  the

functi'ons described above.  The  approach  was

t.aken  in this research.

  The design paramet.ers ancl  the constraints

should  be able  to be added,  mociitied  or  deleted

easily  diiring work  with  a  design tool, because

the structiire  of the  design ob.iect  is gradually

 cl.efippd  through the design process by stepwise

 r. etmement,

2.2 KEkowgedge  abeut  tke g)esggm Praeess

  Knowledge about  the dcsign object  stated  in

22.1 is eoncerned  with  the static,  ana]ytical

and  loca} status  of the design object,  There  is

anoLher  lcind of  design 1<nowledge: dynamic,

strategic  and  global  knowledge about  the de-

sign  process, such  as  which  parameter  should

be set  first when  there are  many  to be set,

NII-Electronic  
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 ivhieh  parameter  shuu}d  l)e chai'ig.ecl in cast]  el

 coupled  cDn.strai]its  violations,  etc.  Kiio"xledge

 about  the design pt'ocess i'epresented  as  if-･
 then rules'U  j.s expeeted  to be albe  to clrivo  the

 desig/;n e:vcle of  generation, evaiuat'ion  anfl

 modification6].

3. eajee# Orieritedi Yr(pgrauaitging. 
;')'8)

  ln this rcs{,.arch,  ssnallt,alk--80.  one  of  the

mo'b't  common  object  oricntc,d  progra.r}'rruing
langiiages, was  usecl  to develop a desigfi tool.
The basic featurus oi  objl ect' orieilted  progruni-
ming  uTith  some  respects  f.o design probiems
are  cleseribed in this chaptftr.

  A" n  obf'ect  irt object  oriented  programming  is
an  entity  whl/ch  eont,ains  stri}etured  data and
assoe2at.ecl  procedure.:. AII kinds of  duta, sueh
as  num}]ers,  lists ancl  booleans, are  dealt with
as  objccts.  A  progr.am.mer can  ciefiiie a  new

objcct  with  a  suitable  da±a  sT.ructure  fer lhis
purposes. Sgnce the data contained  ln an  object

are  also  objacl.s,  a ceniplex  data structura  ean

be handled  hierai'chicall.y to any  depth.

  Procedures  contairtecl  in objeets  are  called

7･}zethods. A niethod  of nti. object  is invoked by ,ri

message  sent  to the object,  Thus, in object.

oriented  pr'ograrBnling, execut/iroll of  a pregrani
is realized  by series  ef  message  passing events
among  a  niiniber  of  objoct.s,  Becatise the data
and  the methods  are  eneapsu}ated  in an  object

and  message  passing is the oitli y, way  to access

them,  each  object  has very  h･lgh modularity.

This  prograinming  style  helps in developing･ a

system  by  describing the local relations  declar-
atively  when  the overall  procedure  is difficiilt
to reecg.njze  as  in design problems. Akagi and

F' ujita  hancllo.d the network  of  the basic design

parameters  of  a  ship,  such  as  the length, the
breadth and  the draft, with  object  oriented

programming  successfully9}･iO).

  Data structures  and  methods  are  clefinecl  in
abstraet  objects  called  classes,  wriich  are  a kind
of  prototype  of  each  instance. Classes are

organized  in a tree-like hierarchy, A  subclass

object  tnheidts the data structures  and  the

methods  ot  its superclasses  in the hierarchy. A

programmer  can  define a  supercEass  by ex-

tracting the common  characteristics  and  1)ehd-

the I'v(,',liminar)r Begign of  SIiips 169

  vier･ s among  siinllar  obJ'ects,  and  then he onlv

  has te define speclfjc  thii}gs in each  subclass,

  thus  the prog:,'ainj/･ning effictte.ncy  and  the iriain-

  t.ainabilit'Lv of  the program  ai'e increasecl. The

  cjass  hierareh.y ,slso  heli.}sil to organize  the

  c.ori .tepts  in the pr"bleni, whieh  is important in
  

'Lhe
 desi..'n problt.･in.

  aj. CfinfigutragGcs'trk thitiftrf Fasnctgoits of  the
     Deft'iggfl Wo(}l
  4.g ()veerviewar

    1"he conf'igliras.'i,on  of  the objeet  oriented

  design l.ool clevc'i,oped  in this research  is

  {)ut/lineci iiE I'ig. I,. A 
"desi.crn

 object"  and  a

  
"c]esigt'ter",

 cc}rre$poncling  Lo knowleclge about

  tlie de'sign ol)ject- anci' knowledge  about  the

  flesig,'n })ro¢ ess  y'/'spectivc･ly,  are  the major

 {.}bjects  in the  t･[)ol. The design proceeds
 thro{igh  rnessage  passing between  the two

 o, bj e･cts, The  struel.iire  and  the behavior o.f. each
 clasfs of  objeets  ar'e deseribed in 4.2.

            (trliilr,b-eSxsLt,trliab

r
N

 -gll--

l'l

Fl1

llt

     <t/IIt,i'IE･r intema51e) 

ny

]

Objeet Orienteci De$ign Tool

    Fig. 1

  The interfaee 
tLor

 accessing  the

obgect"  and  the `[designer"
 is very  

'

f'or a human  desi.oner. The  user

the tool is descriY)eci in 4.3.

4.2 ?rgn¢ ipaR Oljects
4.2.g Design  Oajeet
(1) Cgnfigllratiova
  A  class  

"Desis,n

 Object" waS

The Coma fr'Igurution ef  the Design Tool

                      
"design

                    lmportant

                  interface ier

defined to

NII-Electronic  
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represent  knowlecige about  the design object,  A
"'design

 object"  eentains  a set  otF design para-
menters"  and  a set  of  coRstraints  as  illustrated

in Fig. 2. The relations  umong  the design

parameters  are  defined by the constraints,

Each ol the design paramet/ers has pointeys tc･

its reLated  c()nsii'.rai'nts and  each  ui' Lhe ces-

tt'raints has poninters to i't.s reLlg.Lted desig,n

parameters. A  set  ebject  is a king of -st with

variable  sizc,  and  elernents  can  be aclded  and

removed  froelv. Tr/ihe characrt'e.rist'.ics ol' thc

elen]ent  object''s of tb,t` two sets  are  t'urthcr

clcscribed  in (2) and  C'3).

SHLX･2IZU,'I"akeo KoyAMil

setvaiueto5

  f'  
-"---m"latt%

 f  XL

fS' Desigrl Oinlect 
"Box'J

 
t･,

/ )

{ rencipa'ecr,l  ,,."
i.....

 Fff]ir}e.ers ...,"
   ---tnvt.ttnvtttttttwtttttt-tttt/t-tv ttt.ttt.t.t.tt.t .tttt-'umtNttla-ttt/Httngtttttt'ttffttut.

       Fig. 2 iXn  T']xauipk,' of  a  ])tsi:/,n ('-hjcc}.

(2)･ sc'c}sfig'em L/"'ne"nifne`.feirs

   i'X 
"ciesl,gn

 pararpete.r'' has e, va)ue  anci a  1;'st

of  l ointers  to relnted  coiist,rr,,Int.s, A  vaf'iet'>f e.f

de',ta, such  as  "urnber,  a string.  a truth  v,alue  oy

st.rtieturtsd  data consisting  of  those primittiL'e
design para.meters, shouicl  be tiandled as  the

va]ue  of  :i design parameter, though .principly

numerie  values  were  considered  in th' c pre-

totype s.ystem  developed in th's research.

   Any  change  of a value  is made  onl/y  by

sending.  an  appropriate  rnessage  to the design

parametcr  ebject,  and  the method  invoked  by

tha iRessage  not  only  changes  the i,･ alue  but also

sends  re--evuludtion  messagcts  to its related

constraints  using  the Iist of pointers, which

guarantees  the  eonsistency  of  the status  of  the

 constz'aints  with  thc  values  of  the design

 parameters. (Fig.. 3)

EIIIFFs,

nkgfi Oaject "Box"

 fiiSSiil[gneters
 l,({i.llliug-.tii>#"vii'EIEiikJ"ti"M'
             i

       vi
   x"'li5ffe l

(Ttonstraints

pt

ajgec)
i tqfftuv"lli)

l

'

He.',.Lgh.'"c\!tof#gr,xxk2,dP"Ililll)

attueg"?.t./:/!.":.d`,ill)

Krwtmtt-agbeS-:,]

l'

                                              f
Y" -diY  

d"･4e
 M-/.y

  s.rv,-  --. - -Num.uff.- "

    li'ig. 3 Set'ting thc, Value of  t.L 1)esigu 1'arampter

(3) tny(must/"-agif?ts

   tti cf}nstrain ±
"

 contaitis  tl'ie bedy  c･// t'he.

,",onst'.raint,  its si,.atus, a  }isl'. oE,' r]ein/tttt's to t'lie.

:'ct!aLccl  (}esign  I,)areTne!.erg ancl  ('esign  ack,i-'a.

   F.quz･lltEes allci lnequali'i'ie:s //onsistljng;  o's

ac ciitloi',, stib' trae.tl,or't, inull.'.iplication  u"d  d.ivi'-

ft.'io" "cr'c)  n.nairglv  cons{de.;'e(1  ns  co.n.st/i'aints kll

th]s i'esearch.  .X,Lere g(･ll/,e.rat x".:mtt".ions in tii//
              t t

 
'}rie･

 oi  />,=i'(x.1. xl,',i,) ,.,, x(V  c/,ui tttlso :'],e

lh.anfilcd u･ith  tiic uiev  lop'f.･c/1' )ol/ Li',oug'h  th.ey

eannot  l']g prop･Lo.'ated[. s]ulti-cJiirectio'rtal]･' E i

(icserib,trd  I'al.ev.

   iA'.L tonst,rainL  e.･.'pression,  inp･'il'. a's ,i. st.'ln,c,; }.)y

 t/, tli;er. is pa"hse,[i anc'] ci.F'r.'ofilpo$e,t;t il].L'o ;1 /･],el o.f

 x)i'irr]ltive eonstrainl'/  object's,/ tlhe,se eoT/.sitnt /･

 the boclv ol' the coll･st.i'aint. (Fig.r,. tli ) ,tl:// t.he sa:,te

 tl/nie, a  tist o.f p]oii]t</,rs' to reltited  param(ters  
'ts

 j.iLiiera{.ed, and  2z poinLer to ULe const'f'ain//. 1'tsel'f

 i.E/, adcled  to tl'ie eonstrain･t  lisl/ ()f each  o][ its

 L'ens'tituent  parameters, to niainta.in  Lhe sybs-

 tem's  consistency.  New  design pararneteres arcr

 generated  if the design par'amcters refer･ re.ci to

 by tht constraillt  do not  exist  }ret.

   Each constraint  has its sclf-evaluatiov

 method  which  is invoked  by a message  from  a

             
"A+H=:CxB-E"

                    v
          LFR
       / ×

  L== A ÷ S R== nl -E

                     x
                    Rl =CxO

Fig. 4- DecompositionofaConstraint
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 related  design parameter  as  described in (2).
 The  resuit  o.[' an  evaluation  is assigned  to the
 status  of  the eonstraint.  The  status  of  a

 constramt  is  one  of  the four:

      
"statisfied"

 
-'---

 The constraint  is satis-
        fied,

      
"violated"

 
-L'

 The  eonstraint  is
        vielated,

      
"to

 be used"  
'T'

 The  constraint  caniiot

        be evaluated  because  of  an  un-

        assigned  desigi'i parameter, but eaii

        deterrnine the value  of  the trnassigned

        design parameter  to sai.isfv  the con-                              v
        stt'aint.

      
"not

 used"  
'---'

 The  eonstraint  canpot

        be evaluated  or  propagated  because

        of  toe many  unassi.crnad  design par:j-
        metel's.

Ai} exarnt)ie  ef  the stattus  of  a cens,traint  is
sho'";n in Table l.

         
'Tdl)le

 1 St,atus c}fa  Con:straint
r--.'l

 Values oi Vesi n PafametersD

  
nii

   
ns'II

  5

 2

  In order  to cleai with  loose constraints,  a user

can  deiine th･e 
"margin"

 for each  constraint

specifying  the di±
'ference

 to be ailowed  betweem
the }eft hand  side  and  the. right  hand side.

  The propagation oi  
"to

 be usecl"  eonstraints

is multi-directiona]  ; e.g. a  eonstraint  
"Area:=

Length'  Width" can  determine the ta.rea  from
the Length ancl  the Wridth, and  can  aiso

determine the Length from the Area  ancl  the
"ridth. In order  to realize  the funetion, each  of

the  primitive constraints,  e.g. adder,  has a

propagation method  as  in the example  below.
propagate
  if status="to  be used"

    if a=='i'nil

     a:=b+c

   else  if b==nil
     bi =a-c

   eise  if c=nil

'ters'7'invSta
±i's"6ti;±hecQnsr,ttn-/uz'

E -A+B-CxO--E･'

.rmn;'1 ttmttttuanetuseci-.--...

niF-..-..-notused.un
-u.

rnU .rT-tobsusetit--

ett..tmtttNt.tobeused
17tttm satisfieurt-tL.tt-.t

s
-victated.t

t+mrmwot- mu-t

the
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        cl ='=  a-  t]

    end  if

  Once those primitive rrtethods  are  prepared, a

  complicated  forrnuln, being clecemposed into a

  set  of  primitive censtraints,  can  propagate to

  any  of  the related  parametey's  depending on

  which  is unassigzied.  A  sequence  of  message

  passing  which  cart"Ees  out  constraint  propaga-
  t.ion is illustrated ln Fig. 5,

                              ptepagate

 [Oesign Oaject 
"Sox"

 i' Dusign
 l gearameters

  l (J/'Us 
se{x"?ttg

    gtptit'} /･･
      --T.-.--.

   (!iLfePtii 
evraleNuati"n

( .u..e..:"y,..;b 
-'-'

V-.wH.-::....
 s.-....       ,n.ny-H-op.t.--"t.t.ll

        F'ig. 5 Con,/='traint Pe'opagation

  A  tiser  can  sl)eci//'y one  o'l･' tLhe related  ciesign
.pa.ramc:ters a's 

"dc,f'ign

 aclvice"  ior the con-

straint.  "Jhen  :.i cot,,st.raint. is violated  during
the  pvopag.latior[ prcjcess, the clesign  parameter
speciiied  by the desJlgn adir'lce  is s'ecalculated

automaticaily  te cluar  the  violation.  This func-
tioii is helpful iri l)･nndling a  group  of  coup]ed

.

Ctonstraints

HelghtxVNactthxOepth-10
3tatusHtosatsdiues:.df)

..nvH wu

l,'HesEg.ht.i.M".fiit67,',lii)
n 5epth.3trv-sx
-lts.rtains.thbedeJ.eddf)>

,=--neE
tt TtmTny--

constraints  in whic'.h  t-he proper  reealculation

order  ir} ease  of  ii'Eolations  is known.

4-.2.2 E)esigmer

  A  ciass  
"[)esigner"

 was  cEefined  to represent
knowledge about  th {? design process. The  object

eontin'ins  a  lcnowledge 1}ase consisting  of  if-
then  rules  as  an  ii'istance variable  and  infer-
ence  mechanisrns.as  methods,  The rules  repre-

sent  heuristic knewktdge o[  human designers in
the torm of  

"If

 <the/･ stattts  of design object>,

then  <designlredesi.v.n actioR>".  Modularity of
the rules  makes  it easy  to generate, modifv  aRd
mf･Lintain the  knowicdge  base4). HUMBLEi3),  a
ruie  based system  t.ool in smalltalk-80,  was

used  in the designer object,  HUMBLE  performs
backward  reasoning'  and  can  deal with  uncer-
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i.ail'lt･ Ji,' Llsirlg so  caUe('L ,:c,,i't.':1irit'Ili' i'actcrF,

  ii "iesi.ailt.r' oipieet  l/s t"]p.  e'ii/'L'(j ).o repla,ce  the

}tc,1/t of  a 1,wn'}an desig. neT'  b' lr, tisin/ g, i i'- t'.h' v,'e riiles

;,n the l<nt')",iedgrv bnse. Et coyits'olts t.lie .des,igiL

'v"roce.ss.'  of  gene'i'ati:,ig anct  ivodih.,ing,  l.ht- /'tesit/,),-n

nrtii'aL"L Tnodel  reprf?.sentc.'cC' l'],/v l/ine ob,iects  dv-

scr':bed  io ,'1,.?.1.  It i.-!itt.1'it be c.ensiclereiS  1/- be

p･ossibl･e tc) simuiai/e  th{t ceol.).fb'ratiN,'e desi/tFn

/t;,re-cc/ss f)'[' ;.). groL.n') oi' deslg.n,.?rs 
'1,yL

 
'Llit-/

 .r･.-.zl

woi'lci bJ>r " t.'LEnrtint'.k],g  sert.'ee'!･,,l dcsignc/･r oivj,.'..':'i'/s
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Lijol 1')e.caust design is csseilLia]ii ),i ari int.er'aetive

e//.ct.i･vit･.v betwctctn a hun]an  [le.sigi!er a'd  s

design artifact  u]o[ieY. A  ciesigner dcL'i/ cles wh:.Lt

tte do by inspecting t'S'je 1'.eii,il,/,erary de.sign

art.ifacL  meclel,  and  tj'!e r'esul't ef  his actioll u,ii

i.he moclel  is i'ecl bac]k' to him L,e. stiTnulai'.t, 1tis

l.hinkimg about  
'the

 ncx'L  
'actioji.

 :l,n this r<,,f,;tr'rca,
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 c" 
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Fig. 7ti.tldingaNe'",Ctjnstr{}int

pararneter pane. ConsLraints move  t.e･ the
appyupriate  parie, e.g, the to--be--used  pan'ie in
1.he bottom  Seft, is,hen  thcir status  are  changed

as  a  resu}t  of  a change  ol' a design paraineter
value.  

'l'he

 four pane  systefn  ef constra.lnts

visua]ly  heil)s a  designer to recognize.  t.he

present status  of  the cleslgn  obice.t.  A use.i' can

also control  the propagatioi] and  s:tisjlaetiun  of

constraints.  By nianipLilating  the design par'a-
Biete.rs  aiid  the constraints  as  described abeve,
a  user  can  rcpresent  his ki)owle.dge abotit  the

design object  interactive]y.

  The  tool can  be used  "rithout  any  designer
ebjects.  In fact, in the first use  of  the tooi in a
given  field, it is appropriate  to do the desigrL
without  desigrier ob]'eets  ; a lv.]man dosigner ;Ls

better. During  the design process conducted  bv
a human  designer, some  patterns of  design
actions  (e.g, the way  a  vltolated  constraint  is
satisfied)  rnay  be found. Then, this 1<nowiedg.e
about  the design process can  be writt'en  down
as  if-then ruies  using  the rulc  edjtor  shown  in
Fig. 8. Knowledge base can  gt'adualiy grow  up

in this way.  A  designer object  with  the een-

structed  knowledge  base aecesses  the ciesign

object  t/o perfo･ri'ti the desi,gei when  
'[l'IU/MBLE"

is seieetecL  in t/he pep  up  i]c:'.nu in I.he clesi.cr. r,
'L)l'OIE,JS(".r,

3. Ap.gelgeatg{)fi

  The  design too2' devFloE')e･cl' iii this research

was  nppled  to the },,'relirnihary design of  ships.
I/"irst, the desig'n p:-wajeters and  constraints  in
ship  dcsign ivere  i'ecog.;nizecl/ ancl  represented

usiag  the tool, SL',toncl, knowledge about  the
desis.}'n process 

!Nats
 extracte({  as  if-then rules

vLThitc  observin,n..' th{' design proce$s. After those
two  steps,  a  simllar  design va'ith  different
:.equn'eme]nts  was  performe.cl ,automaticaily  by
the teol.

she,'.g g'>esigyu (ivkajeg/ts

  During  the ciefinition of  the design para-
meters  ancl  the  colistral,nts,  it ",as  tound that
there  were  too m[･}.ny.dcsigil  paran}eters  and

constraint.s  in prellininary  ship  design to hand-
le at  a time. Severa.i design ob.iects  were  defined
to deal wit.h  a  ship  by meaningfully  decoposing
it, The  major  four objects  were  principal

particulars, powering, rnidship  seetiond  anc{



The Society of Naval Architects of Japan

NII-Electronic Library Service

TheSociety  ofNaval  Architects  of  Japan

174 Takao  S]'iKI"･io'['o, ?<enS]IIMIZT/,Takeo Koy,x"･{,x
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'comrnenk
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Zyiolareci')
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    i't..',1.UI}Xg
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'I'h･

 e prin:ipal ;).a/,'ticttiurs centtain.,,x} tl'}c 1/)･]' i r/ -

t/'ipnl clin}ensl'･ons aixi  lthe chm'nc'.teriE"i･e  ;':･f/1'.i'i-

lx'L //es c'f a  shi//) (. e.E.;･. .[.･/ 1/en//sftl/',, /l: bre. g,d',/h, c'1 i

ti･rai't, C'b/ l')'iock ee?./liie//tt.nilj as  t'lva desi･gll

pa-/ran}ete}rti ;±n(i. Ll'ie rc/la/tioirLs an'}･ollg thc･]/t' Ce,g.
"L

 
:k''
 B*d  

*Cb
 
*
 1 ,O ll 5 '-  dispiac/ ement",  

"[l

 ls-

plzcemen[' r=dead",eigh'L+l{,ghtwejgh't"]
 af, the

cofisttraint's. Loose 
"staEistlc

 consk'aints"  x',v(/re

als() de.fined, siich  as  an  e:･npirical  c]st.i･mati,oi}

formula ot' the hiill stee}  we,i'ght  taking  L, ]'S `',,n{a

Il) as  /paranieters. Th/e po",erlng. containeci  the

cstimation  formula{t o:' the ru.sistaiK:e  coeffi-

cieRts,  the formtilae to ealculate  reqttircd  horse

power, ete. The n)/idship secti,on represent' 
'Lhe

forms  anca  the nrrans,emen'L  oiC ihe shelil, 
'Lhe

decks and  the iongitttdiiial bull<heads in the
transverse sectlen  of  the s'hip. The  compart-

ments  contained  the positions of  the bul]{heads,

formula to calculate  the longitudinal moment  of

the cargo  in a  compartmentt  considering  the

uTejght  and  the center  of gravity, the inequali-

ties defining t.he range  of  the trini allowed  b[v
legal regLilations,  etc.  A  functlon to tnaintajn

the consistency  among  the duplicated data in

:';ll'i･ese. .folir o/b,i,,.'ei/s 
'"ie]'e

 i/m,/)lctineivktcl' ln tb.e
't{)c)l/.

l5-.t,] 1.l),e.si,gr, ifb/,"k,""ei'ess

  
'i:

 ti,ie beginnin.p.; o.f the  closig'n,  r･:,c"/,t el  T.l's.e

d{/n,i,gi,t pa'i'ainet'e. i's. I,'sad u{) yal'Li･gs 2.nci mos'tt o.F･
'l.lt,e

 con:str･ air'its  had  not-useci  st.ai.u.s. icii l'll.m/,um
designer assig.  ned  vait,ies  te sci･tne oS' 'Lhe

 clesi..u'n

purarrieL'ers at this poi.n/L. T' hen, sc}ine of  the
coRstrai  /ts  chai}f:,ed  their statu$  to 

"to
 be u- sed".

F,fi this phasc, 
'Lhe

 huinan cletsSgner  assigrie(l/

v･ a,lv,e.Li to other  dc,:','i,t.v, parameters  b)i controil-
ing the propagatiens of  t.he to-be-used  con-

straints  as  weil  as  by settiiig  values  expiicit']y.

Knowledge abouL'  thc coiistraint  propancr. ation

c(')･ntrol, such  as  whieh  eonstraint  te choose

when  there are  maiiy  to-be-used  cons/Jraints,

was  captured  and  represented  as  if-then rule･s.

T･ hough  t.he propagatecl  cons'traints  not  satis-

i[ied, seme  of the constraints  became  vio}ated

while  the number  of  assigAed  desi.c.n para-
Tneters  increased, 

'Fig.
 9 exemplifies  the situa-

tion. In this  case,  tha  displaeement calculated
from the huU form is conflicting  with  the sum  of

the estimatcd  lightweight ancl  the  required
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.OOOO

iXn  llZ xarnp}e  of  Certstvnint Violation,i

deadweight. 1"he hunian desigi]er satisfied't}'ie
vjolated  cJonstraint  by rcsetting.' the (llsplacte-

ment,  Some. of  t'he sirnple patterris to reset  the
design parametc,,rs "rc're stoi'ed  as  

"design

advie.e']  for the constraints,  and  the other

patterns wer'e  representcd  as  if--then rules.

  In the application  example,  several  designer
objects,  such  ns  principal  partjculars deslgner
ancl  a compartnients  des2gner, were  instanti-
atec] reflecting  the fact that several  clesign

objects  were  deflned to represent  a ship.

  For example,  the cempartments  designer hacl
a rnle  shown  below:

    If (the trim reqtti,rement  is violated),          '
    then  Cchcange the position of  the co]lision

    butkhead).

  Fig. 1 O shows  an  example  of the design by a
designer object.  The  upper  window  is the
monitoring  window  of the designer object

whjch  is deciding what  to do for the desigrt
ebject, The status  of  the design object.  The
status  of  the design object  is shown  in the

design browser  window  below in the figure.

  The  design iinished when  all of  the desjgn
parameters  had  a value  and  none  of  the

ce[isti'aints  stayeci  nn  the violated  status  list.
!Nfter  several  rin'is o/i the clesjgn,  during  ",hich

i i' --then rv.les  s･vtrc captured,  it l)ecame pessible
te pcrlorni the who:,  t,,, proeess o/[ desig. n  wi'th  the
dc,signer object's.  ･iit t/his stagq  the htiman
dosi.gner finly  ln:td te input de/iign specgfications
such  n.s requircd  d(tnciweight or service  speed.

6. Cowacituzsfieems

  A  resec,u'ch  proj ect  to c.leveiop  a  sophisticated

cornputer  tool 'for
 l.he preliminary  design of

ships  has been caJ".v, ied out.

  It was  recognized  T.hat there are  two  kinds of
design knowledge, Le. knowledge  about  the

design object  and  knowledge about  the design
l)rocess. A  genera] r/･･urpose clesign  tool to deal
with  the bot.h kinds of  desi.ff.n knowledge was
developed with  objebct  eriented  programming.
The  features of  tha design too! are  as follews.

  (1) A  
"design

 ob,ieet" and  
"designer",

 cor-

  responding  to knowledge  about  the design

  object  and  knowk,dge about  the  design pro-
  cess  respectively,  we-re  defined as  the major

  objects  in the tciol. The  {lesign  proceeds
  through  message  passing between  the two
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"

 l?dgv base c/'o7i s.tsun{･;oi' ti-'L'h,oilt rnle>,

                                           . s'  1 ' 'l
i12) A des!gn c}}),icc l/ tonsisis  of  sot  o[  c'/esigfl

par';mietc)rs zu d aset  ei e('vsu'tnnts,  wl/,ick

cap  bJ{± adcled.  modike(S  and  renje'vtecl  freelv

cl/LrmfJ. L/he d'esign. :'.n}  ch:･mge  cf  t{ clesj,p.fi

=aruineter  is posted to its re;'at.ed eenstraints
bl,, ISKiSSage  PSSF,IIIEJ. tC 1'C-E,YatL.iatt, tYle[i] ,

thvs, Lhe  eonsist"ncies  bet"'oen  thu desi.gn

parorneters  and  Uie consLrai.its  are  gvaran-
t(,e.d(3']

 I.,}ach collstrai.iit  is .represenLecl  as  ibtr -

niula,  wiu'ch  is easy  to h;vi(l]v fo] a h',nuan

designer, and  has  fttnctiops noy  only  ro

evaluate  itself biit also  to propngatc  itself  to

deter'mine the valuc  of its yelatecl  (k.?sign

parameters  mu]ti-dcreevonnlLy.

                                          1/, r; o vv  -

                                          K.  I) 1' e-                                            l

  SC/.fiLIIIg. U. tltllnlell  CLL,Sl.PrlC,r S K･ilOi,L---1]O,",.  tC.all

  conr,'ol  the {iesign  proces.s.

  ',51/  ;.Jser  uiLerf.z,cr.･  L.,v'ii'h /mult//p･ie wiiidow's

  :ncl  pop  iip  v]e!ivs  hr]ps a iiumap  clesignvi' Lo

  cart'v eiiL/ tll,c dtsl,gn, "'hieh  is aTt･ int'vractiLc

  E!etlx･ily  by  n･eLLLre.

  
'l'lve

 teol "ias  apphed  
'Lo

 tne -relimliiaT'y

d'esi,gn <Jf ships,  }1"'irst, tine dosign parame'L'ers
und  tho.. constraints  iri ship  desjg{i were  rceog-

nized  and  rcpcesentcxl  usii]g  rhe toel, Second,
1<noiviedge ati/out tht design p,roeess vtras ex-

tracLod  as  ii- then rules  white  observing  Lhe

aesign  process.  
'l"he

 freedem to add/inodify/

remove  the elements,  the constraints'  fuuetiens

ot autoinatic  ra--c'valuazion  and  multi  -direc-
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tional propagation, and  the friendlv user  inter-                              tt  'iace
 were  very  helpful for a  human  designer.

AfLer those twe  steps,  a simila}'  design with

different requirements  was  performed  aui.o-

matieally  by the tool.

  Some  points  werc  recognized  as  the t,opics

for ±urther  research.  It was  iound 1/hat a  single

desjgn objeet  became difficult to deal with

when  the number  of  clesign parameters  and

constraints  increased : it is  desirabgex to allow  a

design object  to be constructed  as  a  part--
whole  hierarehy, In order  t/o represent/  the
forms ancl  the spatial  arrangements  of d{)sign
objects,  not  oniy  arithmetie  coiistraints  but aiso

geometric c()ne}iLraiilts should  be implemented  in
the t.ool.
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