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~~~ TO B! EFFI~ I~ NT -— A ~ 1~~I ’ E  INTRODUCT J CN TO

By chin Fqr

Row ~~~~ One ‘i~~’i~~n ~ r a1rer ,~~ w hich ha~ a ~‘tni~~u’r welwht

y~~ ~~ v fj .ç  
~~~‘
.t

~
y an’i “.1l.~ 11~~~v r,uir.,r.r~~~? How can

an ‘-q~”~ “~ a ’ 1~ ~a i i a nw ’  ~~~ae ‘~~~t~~ a ~1”r ‘~ ‘ke—off wp~~~-hP ?

u.ct’or~ ~ik. ~~~~ ‘mn ~~ ‘.~~~.ri •af t h  th~ help of Optipt7.ttor .

•op tl I ! I l 7atl on ” i~ new f’1’ld l’i ~ o~~ rn ~c1,n t1 f 1c  ~~~~~~ ‘ ~nlo~y.

• It ha~ h.er only a 
few decades — partir~ul~ r1y the last. ~~ca~ie 

—

• ~1nc~ 
¶
~ 

¶
~ i ” p ’.~qs a speelal bran~’h of ~e~ sarc h in

te~ hnolo~y. It~ prowres~~ ~an not ~ p p~~~~i ’~~~~ frOm t .chnolo~ y

a’~”qnee. ~“--‘ v~ -ica l ~em.rvi , a~v~ ‘he p g~-ess qnd pooularity of

... O~~pIJ$-e,~’ se~~~’c .

The Origination of ~h° NOptimi7ation* Idea

The 1Ae~ of ‘ opttmi7a t. ior ha~ been w i t h  us for a long tiire .

For an e~~ rr1., w~v 
hack in qneient ~ i’r e peool e qlrea’~y bati

qn~~w.”eei th e  r,~~ectj on of wh~~ is i-he ~har e  of ~ ~ closel curve

formed by a rope of eon~ tant len~~ h ~~~~~ has a ma,rimu~ ~~‘e~ ?

The ans~’ev i~ ~he share of a c1~~~le ha~ ~h’ largest area compare’~

~o any o~her ehane . Its t o~’et~~rq 1  proof w~~ rOt p~~ovt~ier i u n t i l

th e  1°th century .

In 169~ . John ~ern orelli ‘~ade public a le t ter .  In which he

aek ed n~athenat1eians to pay attentio~ to 
th~ so called brachis—

~ochrone nro)~1em . This we fl —kn own problem Is to find the curv e

joining two poin’-a , alOn g “hich a p-’rtiele falling from r~st

~~~ influence ~ ~rav1 ty tr~~rels from the higher point A to

the lover point R in the l’q~ t t i m e . ( Fj gure 1) An Initial ~~uesa

I

— ~~~~~~—.•— -.



Iq ~h~it ~~e s~ raiwht l1~~e between A and B is the answer,sin~ e

It is t~~~ s~ o~~ e t ~ist~ n~~ b”twe~ ’i these t~~ p oints ; heres the

leaet ti~~C . Actu ally ~‘1s I s no~ t~ ue. After eareful s~ u1y,

it turned out th’ t ~~‘-e cur~’e for hra~~ 1stos (~ hor~e~ t ) t ime (chron os)

is evelol i . The r,~son 1~ ~hq ’ al~~h o i g h  t~~e pat~’ Is longer

than strq i g~~ line , in most part the particle is traveling at

a hi~~h.r creed o~ a cyc l oid path. It “as ~bc analyc i~ o~’ the

eI~~~1. ar~ hra’~~istoehrone that l~-~ o the foranil f’Ounda t iOn of

th e  eql~ t,lijs o~ v~ r~qtto~’. Calculus of varl ’tlon is v~rv important

in e~ l~ri~~ o~ t i m l?9 t~~On n”o~-~lems .

In ehines. histo~~~~her, i~~ the ~ t ory of horse ~~~~ be~ween the

ki ng of Chi and Lord Tie,, see.  Once upon a time , t h e  k i r~~ of Chi

wan ted to  have q r~ ce het ’ een his  horSes and Lord Tien ’s. The

rules called 4’or each o~’ them to selec t one horse each from their

three stq~~1~~~: super , med ium , ~~~~~ regular . The stake is a

thousard g-ol’ ~Oins 1’or each c~tagory . Since th e  horses of t h e

King of Chi ’s were bett~~r than those of LOr~ m i e n ’s in the

eorrespon~’tn~ groups , Sun Pin; Lord Tien ’s advi~ or , devised the

following ~~~~~~~~~ He sent regular horse to race against the

King ‘~~~ sup er hors° , the super one against th e  king ’s medi um , and

the medium o~ e q~ gins t the king ’s re~u1ar. Lord 1
~1en came out a

~hou~~n’~ gold coins ahead . This is a stmpl.e example of

“optimization ” ,

From the abov e mentioned aTample, we ean unr1,r~ tand the  reason

1’or origi~~~l thinking and develonment of “optimization ” id ea.

It shoul~i be Pointed out that it can eTperienee fact progress oni ’

when soei.~y h~s practical need for 
j t . During world ~ar II,

______ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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T
due ‘0 ~ ‘ e r,r~~1ca1 “eels  In production organi7atlon , distri-

~‘u’ ion o~ m. eriql ’ , ieployment of forces , an tI -~~uhmarinp warfare,

~te., theories ~f r l ann i r p  a ’ d  c ounter measur • st arted to e”er~~e .

Radar t “b n o l o w y  wa ’- I r” en t e~’ ~n’~ a p 1 1 e ’~ “ur1r~ world w’r 11, it

was a ~-iant teeh~ ol ogy “ v qr e , e wh er  cc~~pire~1 ~~~~~ method or

loe a1Ir~r qirera rt’~ “v liF ’~~’-’lng ~~ ‘b e  soun d ci t’ th eIr .rs g- i~~ ø.- ,

This a lvc,re . i f l er .av e~l ~~‘e prn~~~ i l1 t v  - f  i fl ’ercept i flw enee~y

bombers to t n” ~1— .s  ~~i~~ b~~r ~~~~ pr .”I~~ is ~ e’hod •

C op *j . r i 7 a~~tOr ~ r~~~’e~ u”e ,1t w~i’ pushe 4 ‘ “ t~~py~t~~’ ‘ l ”es .  Th is

eya’”pl~ 1 llu~ tra te’~ the fae~ tha t ~he research and a pl ication

of “opt1’n1”a~ ior ” has prac icaI meaning- . k.rtlrularly, in the

l.s’ ei eeq de , t b~ “e”qnl of prec i sion , r.llahllitv , and high speed

or au~ omqt’ c ‘ ‘on ’- rol ‘‘v’~te’rs q~~d apace navigati ~n 
cy teas

creq t.~ ~ ~e’-te” od~ tq sk~ for “Optiri7at’on ”. At the sam e t i m e ,

because the advance In ~orpu ter eel eflcp , these pro”lers not only

can ~~ e ‘~es.r1h~’~ theore tically In th m~~ tir .al models hut can

be actually solved numeri-ally. Cr ‘be Other hand , beg~~U 5e th e

popularity r’~’ c~’mru~ er + e~~~~v iolO gy , peocle can use “optlmt7’ ltion ”

technique ~o solv e -~o~’e prae~ I~~~l rrohlers and dra w n’ore attention .

“Optimum ” means good . Good ar~ bar’ ar~ ~‘~~lat I i , e . Ry “optimiza

‘- ion ” , ‘~e ~‘e~” ‘hat we try to reach th e  best ohjeetiv~ und er a

given set of cc~r’iitions . In “ally life , when we talk about good

0nd ~- “d , it Is only ~ qualitative concept . How good is “goO~”~i

It has no -ieqn~~ut standard . TherefOre ‘hen ~~~~~ study practical

prohl e~ s , it is not enough to speak of “good “ or “bad ” . We must

a lso set a -i uantitati’re standard . I~ we can set up a standard

for m’-asuring “good” or “had” based on the reqairement o~ pr actic al

problems and express all ~ o~ st -rq~ nt s  in ,~q tb~~m qt ~~r.~~1 terms , L

.5
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‘-her we “q r  onvert a rr~c~~ic’)1 pro~ 1 e’.’ i n t O  a

probl.~~. This i~~ ~~‘e ~~~~~~~~~~~~~~~~~~ ‘i” 1”~ o~’ “optI’rl7a ’lon .”

S.l.c~ ion of B ef t p r

Ney t- , ~‘e w ill 11~~cu~~ an eyam ”lp , Suppose tb ~~ we - i n ’ to

make a certai~’ tv r’~’ m a c h in e , ~v ’~rv ma chI n e need t h ~~.e

dIl’ferert size of aiec A , B , anr’ C. The •pectqe~ t ’ ons are

the following*

Type 
- 

Parts ~~p ec , ( ’n e t . r)  No. of parts

L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

per m achine

A 2 .9  1

B__ _ _ _ _  _ _ _ _

Th e’~~e ey e~~ have ~-O  “~ C i t  fr”m cylindrical r o ds .  Each of the  rods

is ~ .cm long. T’he q u est i on  is :  how ‘~any rod s does  one nee d

~ O ‘~ake  10 0 mach ines ? This is rase where we w3nt to cut do’n

Or w a s t e .  Thi s  prohl~~’r can he solved through emp i r ica l  method . F
For an example . t hk e  ~0 steel rod s ~n’-’ -u t .  two typ e  A and One

type ~ from each rod . One can o ’t  100 type A and cc ‘-ype  C.

th en  take anO her ~~ ~~~~~ rods and cut two type ~ and Two type

C from each r o d .  We now have ~‘1f t y  t y ne B and fif’y ‘-ype C,

‘4. ~ t i l l  ~ ped fif~y ‘-ype ‘
~ or 17 steel rods. For t h i s  method ,

we use r in ty - t wo  steel  D o d s .  Cf course , t h i s  is a po554hl’ way. F
However , is triis th, most cost—effective way~ ‘~‘e can

not aniwer I t .  If not , can we use mathema tics to find

the “opt cost -effective

We ~a~’u1 g t e  the diffe~ ert cuttin~ method s in the followings
S
’

4
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No. of ‘.9m No. od’ 7.iys, No. of 1.~ m Left over
m et h o d  No.  rod s (A ) rods (B) rolv ( c )  ma ’-ertal (me~ er)

‘1 0 1 0.1 ‘-

1 2’ 0 0.3

1 0 0

0 ‘ 2 0.7 H
c 0 0 1.1

- _________ i 1 1 0.9

the tq h~~e , r y e  r e e  
~~~~~~~~ ~u’ ’- ir’  me ’hod~ ~ ~ h~~’~ more

left —over — q t e r ) q ~~c n’~ are no’ ~uj ’ q b le .  Me ’”- o’l 1 ‘~ “d 3 have

le~~ 1 e~~~ — over  — q ~~er i~~ 1 s b~~t can not m a ke  ~ ~omp le ’- e set ; t he” e

~~e ~~ ? .l m  ~-oi~ ~vq~ lq bl .. Hence.  “e mus t c on sI d er method c 2’

a ” 4 ‘I’ ar’~ ‘~‘e1r proper c h~~~ tir~r .  Now our prob 1~~r i s :

tJsin~ met ht~~is 1. ‘, ~~~, and ‘
~~~ , how mq ”y  r o ds  “o w e need ‘c ~ provid e

our 100 ~~~~~~ ~ nd th e  lea~” ~‘~‘r ”er ~~ orb -m el “or’s?

Let t~’e rum~ or of ~oi t c’ fo r  me’ho’i I be

the r m ~ -e~’ r i ’  rod s for ne’hod 2 be

t h e  n umb er  of rode for me ’b o d  ‘
~ be X1,

the n”’r~~’.” of r~~1~~ for m e t~~Od ~1 h~ V p~ ,

Then ru m ~~~~ or type A = ~ 5 ~
B = 2 X 2

C = x 1 ~~3X 3 + 7 X 4
For one hund”e-~ r omnlete 5e 4 r , “e r an  oht~’in the following

+ 5 + X.~ 100

2X 2 ~~2X4 j00

+ + 2X 4 
= 100

x1~~ 0, i = 1 , 2 , 3 .  ~~.

Th. t o t a l  number of rod s ~~~~~~ are

x~. x~, x4 ) = + x2 + + ( 2 )

5 -~~~~~ • •~~~~~~ -•~~~~~~- .- .
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Cur ~u,st ion i q  ~ hg t unde r  ‘b e  cOn~~’-”~~1n ’ of e~~ua t I o n  ( i ø

i’m ”  the least “glue “or ( 7 ) .  (~~) I s  call  ‘he t i r ~-e ’- f u n e t l o r

and C i )  I s  ‘hi~ - r nc rq ir t . ar e ‘-he ‘* rar ia~m le c . ‘9~I s  1~~ an

“ o p’ -i !ra?a Plon ” probl em. The s~~lu ion e gr e ;

= 20, 5 = !~0, = 2° , ~~ = 10 ;

= 10 , 
~2’ 

= ~° ‘ 
‘
~~~ -~ 

= ~ O , ~~ = 0, or . r
T her efor e , a totql ci’ rin ’-v 1~~1r~ l r~~~ q qrc  re~~~ ir e~~. Th1~~

s-h. mOs t co c~t_ e i ’f ’r s r s -j i r e  w9V ~i’ ‘~ O~~flg-  I t .

!vq mlnlno-  ‘-he a bo”. ,iy~~m nl. , t s -  I~ c~~~ ’ 1r ~~’~~ s - k i~~ ‘b er ~~ i~ no

fl r S r ,Ue ~o~ u tIoy ’  c- en ~‘O’ vp ys ~~ a ~imp 1e nr n~~lem . If ‘~~e ‘ry ‘o

u~’e emp i~ - i eq l ~~’t r I q l  qr 4 error ” me ’hod , Q”t ~~~” i 7 e~~ s o l u t i o n  will :
no’- 1’e found . ~~‘er ‘~~~‘ ‘~‘e r r~~~~h ‘be r~~~”- so1ti ’i~~” ‘hr o,~wh t r i a l

an” error , we °q n no’ 4 et er mj r e  11’ P is ‘he op’imwu~ solu tion .

Usi ng- a e m q s - I~~~~, ‘he oo ’-lonum solu ’ior  can ~e e i s i l y  f c : r ~~.

There q — e  m any i es s - u r~nc’ in  en in . s~~r i n Q  w b i - h  ca n ~‘e h ir ~~le ” by

‘he  “ OP t1m 1~~ q t I or ” m e th o d , t On qyi oy q m ~~~~e~ 14 ’’ . want ‘-o design

• i , l s - i _ C ’ s- e r °”k~~’ qr ~ ~‘~~- ‘u ir ~ ‘ha s- i s -  h qs  t he  1e3.st  amount

of i’n~’l con~ umnt-1or vet re~~cb  g pre_det .rm ir~~ ~ pe~ d . )r , i’or

a given w e I g h t ,  a log - 1-’ql  4Pt r1~ ’n ’~~on of t.T~ tght  q”’ ong ~ he r i l f f e -r er t

s t q g - e~ ~ O r e a ch  the m a y i m u m  range . Another example is :

r i e~~i Q-n ar qi~~crqi ’t  r~1t h ‘he minimum weigh t  ye t  sa t i s fi es  c~~
45 ety

~n ” r e l i a b i l it y r e i u i I ~~~ mer t s .  Oth er  problems are (least

t i ~’. “o r)  air In’-er-eption , chqnpirg of spac’ orb it als . et c ,

~~~~~~ prohleir r ci’ ~ our ~’e ~i re mor e c o m p l ic a t e d t h a n  the “or’ c ut t i ng

problem . U~ ’r~ “trial and error” method , even a la rge  amount of

work -‘crc “one , only a pO~sihle way can b~ found . If “optbml7ation ”

Is applie” , the con ’~i l e rq t i o n  of .“cry p o s sib i l ity  is b q~ pd on a

pqr ’lc e i l ar  st r a t e oy  ‘0 rrach optimum but avoid ~ t t q c k i ng  t h e  problem

bl indly ~~~ can reach ‘he goa l ~peed~~ly . ~hen compute r  I s  used , •

It will ‘rack down ‘-he best method automatically.

- • • — - ~~~~~~~~~~~~ .• • • —• ~~ ~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~ 
-



Bes t Design

~~~ e~~~1~~~ ri~~~~ ~rd ‘- ech n~ lo~ y pr owres~ • every branch r~~’ s~ u”y iM

every f~~efl  of ‘cchnolo~y offrr a ler~ e number o~ Optim izatlon

pro bl em s .  There a”e  mq~~y 11i’4’e ”.n’ types of pr ohle~~s,  One

car’ cl~.”~ 14’y s~h e m  in ’’ ~~i4 ’ l’er .nt r r q rebe~ accordl r7 to their

~hqr*ctert sti~~~. From ‘-b e  ~‘an~ poi r’ oi’ e~~
i reerir~ qt )plicqt1nn ,

~~~~~ m]q~~c~~fy th eir  I n s-c ‘b ree eq t q-~-or1es : first, p””~-’l em of

c o” ’ r c 1 l I n ~~ nroees~~~, i .e . ,  o-’ $- Im um control  p~~~ ’lem . cecor l

~~~i’ D~q” , I , e., opt1— um derign . The thlr4 or’e P

s- e~~~s~~~ng probl em , i . e . ,  onti ’~’,:m t~ stir~~.

Here . ‘-“ ar .  g O in g  t o  i r tr o d~j ’~~ cpt ’mum d~~ %gn concept . W$uen

w~ are  workbn7 ~n t-.~-s- q i n  enwir’e” 1n ~ n-olect , ‘c almays wish ~o

~ele~ t a b et ter  plan “ or im p l e m en t a t i O n . However if  comnliegted

a”e involved , d.~~igners may not reach their goa l I f  con —

.renti oral ~p s ign t ec~’n ’~,ue i s  adop ’-~ d .  For ar e~ qmp l e , t f  we are

t~~ de~~i g ~~ an ai r c ra f t  q’cor’ijrg to ‘-he conventional method ,the desj -n~r WiLl.

select the initial design parameters b -.-ed ~~ experience to form te r ’- a t 1 v~

plan . Thrr be cql~~ l~ tce vari ous eha rgeteplstics of this design

and cn~nqre ‘-~ ‘ e —  w ’ tb  re-,n 1rr-~er t s .  In gen~ r~l the first ectima te

will not sas-I sfy the requirements. ‘er tgl fl parpm’ters have to be

rh an g e d  to form ‘-he second d~ s1gn and the above mentioned process

‘n il be repe~~s-~~~~, c .ve~~al i t er at ion s  hav, to he made until the

r,iuirewents ar e  ~gt1~~f1e
4 . ~‘or t b~ ch a r a e  of any desb~ n parameter ,

othertpe~’.reters such a~ we~ g bt , propulsi on , aerod ynamics, etc.

have to he estimated to calculate s-he characteristics of the

aircraft which reiuire~ a ~reat deal of work . flencö the number

of iteration s h~ c to be lim it ed . In general , only se’reral parameters

“
~~, a’ljested (such as propulsl.on , wing load , aspect ratio of 

—~~~~~— .-  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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wtr g . qn .~’l e  o4’ ‘‘4 irJ ‘~1n~~, et ~~~. ) .  At ‘h e  s’ime t i ’r e . prqcticgl

~n s i g~ ‘-‘o’-k ~~~~~~~~~~~~~ ~~eq t t r ~~ q ‘0 verify ‘h e  ~esj~~fl, Dun n: s - h e

4enlwn ~~‘ q~~e , s-.~ s-In~ s -‘~ich ge  w in 5 tunnel s- est  a”e very costly

a n ” t akel lone t l ” e . rhere ø’ c re . the nuP’~~er nf  teste hg’~ ‘~~~~

l im i t e d , h.  l e - i o-n ‘~— i ’ h  i 5  do”. q’ eo”'1n~ ‘0 s - h i e  prore~~ r q f l

only ~ q~~~oi’y the ~-eiu1re~~er s- 04’ w pr~ c~~~ al “.s1~~r” 
‘ fl ’ n O t

“on~~im,~m “ . i ’r ’ ” .

U~’i r ’g  e 1e e ’ r Ofl~~C ~fl” ’ ’—r s-~ “ .~~l~~ u ’1 a t e  ~ ~ qr ~~~ r ’m h e~~ ni various

“ or vq ri~~u ’  d es~~gr~~ i ” a shor t t i m e  q i~~~~~~~ 4’acili tqte

‘~ “ e se l~
.
~~’ i o n  ~~4’ q ~~~~~~ s - m r  “ e~~ ig r ’ . ‘Vb i ~~ “e s- hod i~~ hes-ter ‘b ar

“‘-rial ar ” rror ” m e s - h o d  ‘. ‘bPh Is ~~~~~~~~ on a “cry smq l1 numb er

c” 4 e s i c ~r~ b9~~ed ~r .T p cr ic~n ce  or qrbi’rcrv ~u~’1~ c’ive considera ’-lOn .

‘#le ~ b o iu l~ poi n ’- oti s- , ho’-’a’-er , s- ha ’- •ven though compu ’-,” Is u~ e1,

P ‘- e  ‘~~‘~~~~~ none o” the d e~~i~gy~e calcul a ted by s-be c o~’nu ’er i~

ons-i~~i’”' . ~~~~~~~~~~ car  “c “~~“~~~a ~ 
me t h o d  - ..~~I c h ~ll rn ’- cql~~u la t~

all ‘he n~ s5i”le 
4 es~~ gns  ye ’- t 3 ~. O m t i m i m e d  “e~- 1gn cart b~ found ?

The qns~.rer I~ yes. C p t i m ~~~ a~~thr  ‘- b* Ory ~~-d prac ice ; osr~
1 ’ularly

non—l inear “ro~rar’mt”~~; provides s-ha bas i s for optI”I7atio’

s - h r~~~j~~ h comnu ’~~r. As mention.4 rrr..’l ou-lv , ‘~~~~~ eon’~e~ t a pra t Ir al

prc~ ’~~e~ l n ’-o a ~ q ’b c m q * i r q l ‘sr ~~ — i e m  oi’ op t i m i 7 a t i o n  an ” form a

math model  to e r t a ’~ lj s h  q 3 t art ~~qr d for good o” h~~” . The

ca 1 ~~~~~~~~ ~i ’e1 res~jlt o” every desigfl can he compared with t h e  previous

one. ~~g 5 e i  on a ~pccial de~ri~
-ed stan d ard . a large number of

b-~ “eslgr’c can ~‘e djsc&rd ed and rot all s-he parameters reed to

be ca l c u l a t ed i n  order  to  “~ rid t h e  optimum design . This  is an

op t 4 m i~~q ’- i or  prcc’ss.  T h i s  pr ocess Is called optimum design .

4~~~ord i~~g to 1’~~r e~~gvi r eport s , BoeIn~ Company of the U. ~~. used

an op t i m u m  nro?r qm to or~~i ”~~~e t h e  cqnacItv of a hIgh s~~ecd

8 
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tr~~~ ’t ~~rt ci i r ~~rq ” t . ‘~~~e r . s u Is -  i~~ to l~~~~r eaq e  t h e  p.ssaflP~er

ca~’a’1 s - ’.’ from ~ne hun dre d s~ ’~~ nlri ’-y -.two ‘0 ‘ ‘0 hundpe 5 a n~~

~i” s - v -’~~’ee; an ¶rf’”ease of ~‘1r ~~Y c~~e p ercen t .

Rignt now, tre field oX optimum design for ~ -“~c ’-u”*’- -~r - ~ ‘,erv 
~~~~~~~~~~~~~~~~~~ 

For

~~ ‘ mp l  e ~~~~~~~~~~~ i~~re , cr ~
- • m i t —  ‘e~~i rn ~ ~n sa” . m a t e r 1 als ou ~e~’er

pe rC efl’ “~- e n  . Om fl qr ed  ~~~~~~~ e on”ar ’ ’ i onql d p s~~ g~~~, ~ or m Or ~

5 t r f l~~s- u ] r e , s - h e  sq~t i n 7  i s’  a ’ O~ i ’- ‘-- .‘er ’t~ ’ pert-en ’- ‘i n  ‘r i te” ’i q l  a n ”

“ c”s- v r er e” ’- i~~ ~~~~~~~ ~~or ~~ ‘ y i m ~~le , accordir~ to ava 1lahle

l~ te r q ”~r~~, q pplvIn~- r ’-’n — l i r t e~~r p r o2r ~~.r r r 1 r g  t o  ‘-h e  stru cture of

be  ~~~~~~~ c~~r r ~~~~~ s-he wc1~~bt  ~‘v thirty—five pereent . Optimum *

0 4’ ~~~~~~~~~~~~~ no’- bnl y results i r  l ’ i g b t  u.,e 1~~ bt  
~t ru ctu r e

b ul s- also “,suP-s I’~ ‘b~ selec s- lort of logi~~~l structure shape .

A st rn ~~t u r ~ u 1 s u , - ~ ll~,r ~ or~- i - t s of n a r y  par ’ s.  ‘~I f fe r e r t  parts ‘~‘i l l

have ‘i~~”4 . r e n s- impact on ‘-he str,uctur. a~’ 
q ‘~h o l e .  r~ e ma 1—

fur~~’-ior of’ any one ‘~~~Tt ‘.~i 1 1  have dif4’.rort influence or thc

“~‘o ’ ,tr u~~~nr e . There i’ore t h e  ~rob At ility of fq i l u” -  0” i if fj r ~ rit

parts ~qn ~~e q~~~1~~~e1 d 14 ’ f’ e~ - ep , t va lues . Imoortar’t pqrt s should

bav° l ob’ values an~ u~~~m~ or t ar t pqr ’- c can have Mgber values. H
Tb 1 s i~~ a ~‘O~~~ ec o n o m i -  •~~ y ‘.~hen comp ared ‘i t ~’ t h~~~ ‘-‘qy ~-bere every

part  have th - ~ ca me st re n ,-tb . I s- q l”o  1 r~~”eq se ‘-he  - a f ’ety  f a c t o r ,

‘-‘e ~~~ vt ‘~~~e , there qr. m a ny  merits i n  u s i ng  c o mput e r  for

Opt 4 ’rtiTr de~-I gn. I’- sbnit l-~ also ~~ t~o’in ted out tha t even though

human desi~~n i t s  d e f e ct s , i t  has  ce~’ta ir  m er i t s  t Oo .  Because

human ~-ej ~~~gs hav~ long peribd of practical o’Tpenie~ c,, he can

~~~~~, ir s ’s- ar t  “celsior for  modl i’icqtlon durin~ t h e  desi gn process

“b ich is semething ‘be computer is incapa ble of doing . The

auestlon s-hen is t h i s ’ s  can we com bine t he  h i g h  speed of a Computer
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with ‘-he experience o~’ h n mqn  “.‘i np’c’ ? “ 0.1cm technology now

mak es  t h i s  a ro ss ib iu ity . Ri~~ bt rc~’, cnmnu ’-er can do d ’ .f t i n g

an d ‘~% s ’ p l a v .  A d e s i c ” n blue print car b~ nhy~ t~~.’ly ~eal 1 zed

0~ a .‘0~~flu ’- er , “Li ght pen” eqr  b~~ u sed t c  make correction s

Or’ “i”Pi ay (fir. 2). r’oruse- .u,e rtl y, d~~~~j r ’g  the comout thg process

s- b e  d e~~~~.gner ear  iytte~~T~~nt the computation ,,  u- or.’e~ t ‘-he ln”tit

da t , a”d chanc’. i-b. q
~

q1vs ” i~ 
r r o c ees  as  i-he C a5 .  mq~~ b~~.

Rumar ’ erp~~ri.~’~~c art d ~ o~~n,i ’- er ~~nee ” a r. ~~n ’t e ~ ‘-ogethe~~ to make

the  op t imum d~~~ i~~n a re . -u lt  
~ f’ human—machine interaes-lOn .

tjn nes,q r ” calculation 1~ elt m l fl g s-ed qnd efficiency is 1r~ reased .

At ‘-he sam. time,ynor. ‘in ’-1o-h t ~i’ ‘r q ly s ’i~~ process i s ’  Palfle4

‘-hrrm Q-b t b i s  m is ’- u q l  ¶ r ’-e’-qc i-ion wh ich  r’-’s’ult in ‘sore efl’ .e t ive

U se  of’ a c er t a i n  s’n.c’t -u ’l rules and not following ‘-he n hlir”l,v.

This’ r ,rO ess i s  frr °”r as’ ,somn u t er q i de d  da~~ign (C~~D) which is

widely “r e ” in aerospace industry . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A

Figure I BrachistochrOna 
_____

Figure 2 UsIng light ~en to corre~t computer display

- 
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