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Development of Enhanced Artificial Life Algorithm

for Optimum Design

Jin-Dae Song

Department of Mechanical Engineering,
The Graduate School
Pukyong National University

Abstract

This paper presents a combinatorial method to compute the solutions of
optimization problem. The present hybrid algorithm is the synthesis of an artificial
life algorithm(ALA) and the random tabu search method. In the ALA for the
function optimization, the emergent colonization is accomplished through the
metabolism and the reproduction in the artificial world. The optimum solutions are
found on the emergently colonized region. ALA can be applied to the irregular
function and do not depend on the initial value. But, this ALA has demerits that
after it is congregated, not only does the converge speed become very slow, but

also the solution accuracy is not good. Moreover, how to decide the three major

locations have a very important influence to the efficiency of ALA. So, to
improve the efficiency of ALA, this paper applies the random tabu search method
to ALA. Through it, the converging speed and accuracy can be improved, and
ALA can be enhanced to have the distinguished efficiency. The developed
algorithm is applied to optimization of high-speed short Journal bearings and the
performance is compared with the existing ALA. Finaly the developed algorithm

is used for optimum design of MR fluid mount used in car.



o1& A (artificial life)o] & &-o]= 1987 Langtono] F#3 x| 13 <lz4m
workshopoll 4| €] Al 25| 91t} Langton”®&

“AAA L] AoldE Ax"o] YEHE AFLS mod= A& A 25l
st A Hop

2 AFAPE Felshrh A3 AP ARH F]

.

AAHRD e 2AS dojd stee AEBAS FHATOZN 0 Yo
9ol delg wrelu, 4%l A4 e selss o v, 237el
SxE AW =94 guE F23s Ao
HH3E A8 V1) Ay FnAETTe gae Ao A A
= RANA Gel g RobFuA gae) del HYHE wass welg
A< 31 2] F(Immune-Genetic  Algorithm, IGA)ol| H]3) = TS TE Kl
“1ejuh thefHd 9o e] 5(Simple Genetic Algorithm, SGA)ol| 1] &) 4 el Ay
e AAe BACl Us FRE RS} ol we] vk
= EwelAlE V1Ee] A HsE Y deAgLd e EY olejd EAS )
a7l fsl 71E daelse gAg 5ol 9 sl o] MY s
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shutel @els thel i dodom Histe] waali= dgr gy
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2. Q1A (Artificial Life)

Az el 7bd & 54 A H(synthesis) Hel gl S, WA
=9 @t AR s A gl o ¢FAlE Alartificial organism)9} 2739
e e s

i

&-(dynamic interaction)?] A2 WAISIE Alagl FFEo] B3
7ol AdA o g yephhes d4E Bttt o] “i(emergence)ol gt FHrt.
S

A7) %A, e, A5 5 Aol AXE BAA AL wod UL f%
@ 5 gon, AgAgel i 4B Fe AARckE a7 oA
£ AFH AT B ADAPCM ASHF A (life-as-it-could-be)
A5k

Jon von Neumann& 2z} 7] A(self-reproduction)dt= 7| AlE w& A AT
2% 19 olo|t]jo] & A 3 2= x}(Cellular Automata, CA)E o] &3t} &l 25t
&3, 712] A}Eo] Arthur W. Burksell 2)38] Z 9=k Neumanng z}7] &
A =24 2425 FEHHJL, 19 TEUJY Burkst v 2ol

}2

?-9

2ol

“ What kind of logical organization is sufficient for an automation to reproduce
itself 7 This question is not precie and admits to trivial versions as well as
interesting ones. Von Neumann had the familiar natural phenomenon of
self-reproduction in mind when he posed it, but he was not trying to simulate the
self-reproduction of a natural system at the level of genetics and biochemistry. He

wished to abstract from the natural self-reprodection problem its logical form.”

von Neumann& %7]¢ AF2A3 oA universal constructor® A z+é} 9l o}
Universal constructori= WHg 7] Ale| o, upeba] zxp7] zpAl o] A A E(description) &
AEspE Ar] 2AS wrE £ QA Hi= Aolrh. zelar zp4le]l MdAE

‘._‘(_

(description copien® §7] SelAA k. oldA dowH wHojn 77



Bal A7) NS BAT + QA Dok delrh i o]F FABS AE w
dlo zkolrh 1¢]ar olof sk 2 Mo 2 A X x}F A (Cellular Automata, CA)
2 AzZ+altk von Neumanng 29712 Ae] & 2 gk ¢ 9 209o wet=

HER ol Fold = A CA AxE pasdth 7o CA mde 4w
oA wA BHA A% A o8 olFold & ks AL W
U AN NA DA W BWE A N s
(description)of] E3rEl A B E 7] R 2 02 F 7hx ez A} gsfor gt

s Aotk =,

=]

B E2A58 ve= Ao M A(instructions) & 4] &) Al 5| o] A}&-3} a1,

B ESAZoA HAalEold deEys A s A e dlo]H 2 AR g

Burkso] Q& 7oA e &Qle 4 %ol 1o #¢2 DNA°| AlH[7} WA
A7) olHde] HAo=m AL 1ol AEES dlE AHsta AqY. 1o A

[e]
=AY 544 ABoztH =gd dHS FEH A0R, o= nw

Tl Fste T4 H2l Aol
198731 99 w=Zo] gaoiejrre] omatoln] A HME ] 160 il
HIEl Ashat, S8k Qlipekaf, ol & e sl g fAdeA, Asstal, gE
o

B4, a1 el RFE F gl 259 epdEe] Ry 15

Christopher G. Langton®] ©JsiA F3s “# 13] AF3AdHE fJayrez dHz
“Interdsciplinary Workshop on the Synthesis and Simulation of Living Sysems"ol|

AQxAFelgt= %52 FA= it Langton2 "Artificial Life"&d &2 %3)
AdeAEE thF3 2ol Folsta gk

“Artificial Life is the study of man-made systems that exhibit behaviors

characteristic of natural living systems.”

Langton2 A} 13]

(e
& ABele 53R A4 pANA g

)
o
=
.‘2
N
:
:
e,
B
..1.4

(Life-as-it-could-be)& AW sle]i= Almolw, of 7|oji= Al-gtsta AE, 737
Bl dy el & o) B A0 = EEvh ity o Bl o
O WAL ALE A, WEhA qrReAl dojibs A Eo] BFE AT F A9
Adet, = 71 =2l deE FE3 Aol FFAR] Faeta &
At <Ql& A H(Artificial Life)?o] shube] sHizftofz Al&bg Zlo|th



2.2 24}

1941 7] d=ro] A8zt H. G. Lewis7} # =3 o] #H(emergence)olet= 7y
doto =Ygt 22l 59 FEAE A C. Lloyd Morgana o] 74
o] &3t AExste] HaleA HlfH o BEFEo| Mgste BH5S AW

0]’»\]:]'

rhlo fije

S doxlowy A gAhEo] Ho &WstA AAZAE FASHA sty o]

HA M oS Adistr 2AAQ FE27F A dEepbdT) ol dk F& 3

%k9] feedbackoe| H}= Z3F}o|r}

2249 4EAge BUslel WelAw of He Qg
A FEE A8 WL Ack o] ANFEeE A

[-'O
ol
N
- 7
o
A

= o
b Hew o g 2o A 2 0] A g
Langtone 19 CA = d(loop)”d] AZ
HeE 03 IAbelth AV Yo nAdHE e, AW 7AW
& 7 Atk A9 Fro] A deh¥ AF A (automata)= A E ol A 7133. iu“é o]
| ol=531 AAEZT7E H X3t = AAC ®o o] RBE A dele] AAIGH
2 7A e A E et °"E::Jl7} U s gEje] AtelE YErdth A
© o felg FAAN THRT T
ole)sk Hole] AﬂﬂA%”%-E%ﬂ BxAel sby BAHel
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kl
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AAH e A%t AAA 74
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[

) b
(behavior) & & Jj}Zé(process) I AAelt}. 1FAEe] AdA Ay g
TS WEH e o AgEE Wy E2 Langtono] T3l “botton-up” WP
o dEAdEe N gF e oidS AR 2AAHQ AW, FUIRAR sl
+ wet-ware, hardware, software “18] 1 Z3AQl EA7XE Tt 9
Y o o}z stREAH o g AYR| x| e FHopojrt, ¢lFAHH A I|AS
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Zk2=

Zb= A A Hup AR E 278 A (self-reproduction B self- rephcatlon),

o] 7] (origin of life), 2} 7] % ] 3}(self-organization)Z It

>
mkn

2.3.1 A7 5A

2} 7] B4 = o]u] von Neumannol] ¢J3} EAX oz 757y A)zgion C.
G. Langtono] HE o]t} Langton2 von Neumann2] CAXR @S 7+eFs) &9
t}. Langton®] CA R do A z} A(cel)E 8702 AE|E 71& ,
Az FAERew A “Q et @t AV EAE nelg &3l EAZ
& shEo] Wep

o] 2o % James Thatcheri= von Neumann2| %}7]E-#] CA X9
Atk E. F. Coddi= Z} Alo] 879] AelE 3 5 2= CAR
t}® o] m9l& C. G. Langtone] el tha Z2+3

2.3.2 27| =23}

DNATZo) 2te Wal7h Base dalol digs) & Wslr} dojddn
da5e weldtth Kauffmanwhe 7]z 4olehs @ol 2E FH =g
Aol Agsn Ackn VAL ol E P& A4S Aol AEE DA
o Aelz wdal ¥l Fdonie ANE fret WD AAH o
2 EASE Aol TS AW BuH el TRA JTALEL
A AR R BBS A,

Kauffman& DNAS| %= #}7] Z2lolgts Flo] z&atm, FAdz ~93 AW
of A& Wele Aol ASHE dAstA dAR 327t ofvel #y] 32 9
doleta TR zplAe] MEAT vz e Ao xr)zz el AbE



e
o
BN
L

A4 AAucte g4 Hgd e A

«
2 8 & e Aotk

ojt}. wetA o 2
Tbesttke Az
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Fol Adso deow, 1 AFEe] dA FEHIE s ARMEA L] GHE Z
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Kauffmane 2w o] RNA<S] A AllA A= NS siAFdhe L il
Kauffman®] o] &8 Ado] Hae} AAYAet= F 7HA] 715 S o9 A AA
NAE7M JF A Kauffman] 27 524 gAY E 2 3l

AN
oAk ol ARAARRH 2A L AUAE FFAN W) ANES £4)-
A7+ ARtk WelA gaE 5 .

Kauffman®] o] 2o A Wl7]= w3t a2 ad53 9=y, o &%

T -
o= retAl(monomen® EEo} Utk olE9 e Bt o) 3
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A, Eststwd e 2lH = wpded o zRafon FASEAY. o] 2
# 2Me Kauffmane] 7}A, = 913 wekA|e} 23A7 &3 37 Zojd 2
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2 ABHoR AUY & U= Edi ey A@Res do
2 ylel gl Avoleb: Kauffmane] 38 ZFel: Sud 2% nag
F ool sgets Aol

JICE

B Development
M Differentiation
Evolutionary dynamics
Adaptive dynamics
Cooperation
Collective behavior
el 594 Ag dAA we A
Az 2 AefsA s AT iAo Ha
JAFAHE ATste dHeole tdd E'_Célfeol Ab& ¥ 1 Q. Charles E.
Taylor™= Wyl 2o webx vk o] #57ata 9l
1) Computer viruses : Eugene H. Spaffordtg)oﬂ ol&] #edA A te] wvlurf

oo, 1 Mg A A Aoz A Uedw Qo

olﬂ...

ol gom, AHlA

o]

2) Evolving computer processes : C. E. Taylori= o]2{gF Zdlo A 4o}l
AL AFE7b okl process “L AAehE AE G2t Norman H.
Packard''”e] male 9 A9 7—]£(adaptive behavior)2 #ztstr) §1 R &

2344 o] 4k WRIo| “burg’s} AHglo] PEHOYI. ol FUF L AT}



3) "Biomorphs" and ontogenetically realistic processes : A3t Ql H 7 o}
2 = ‘3}8 Fito]l wjde #o] glom, o] s A+ Dawkins®] "biomorph"

programs "1} Lindenmayer®] L- system(l 'S 5 £ 9o

4) Robotics : o] & st=glo]H Q0 FwH o gt §F o
A7 BN ZATFSATR)A A FdE L e “RAFH” T2 4
thoo] AW A9 7 2 oy A AV EA wHE JHAA Fh=

5) Autocatalytic networks : 7| HAle} 2+-& Ao 54 AFE Hole ¢
&% processE0)th 1 % 3 o= hypercycle!®, o]& 75 How AAd
71 AAAshE AAZE AR HEE dZE e s, A AR e vt
IMA R RS dodjE Fawrse] g oo 54 dEol e

(16)

o] ¢]o & Stuart Kauffman'", Farmer'”, Rasmussen''®%¢] =52
o5 S & U
6) Cellular automata : Cellular automata®'= &3 e] A(cel)S 2 FAEHH,

7 AEe oW AHE thehith o AEe] AAF AYHQ o AEel 4
Hlol wel WaitHel ols) AujRch W= /EHow RE s h
g0 WS Aoz g

7) Artificial nucleotides : 1-& AL AFo st FdHE Ao] ofg}
T A& oA AFHAT HA sErEAERI Y e daE
pholymers} 7 ZHE)ES ol &= wWolrh 19603 ] 2] Spiegelman''® % of
g8 29e = 5 du Ao BAAEsel Qoldel wae o4 Fow
& 435S et A

8) Cultural evolution'”

“o)F Ao Bk 7k S o & C.G. Langtonol] &]& 1987\l ] 13 AF A
1A ko] A ol Artificial Lifeg}i= g Alg-3= 8H37F nj=2 3 9
A ol E S k. theee] Aol WbE e H 1 dqte] FAQ Sy

o] =
Aee & F Ack L@ AAREFAN ] $EATI} ol FoiHa gk

(‘Ll
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3. ¥AE QFAH <] 5(EALA: Enhanced

Artificial Life Algorithm for function optimization)

3.1 J|E9 gr=2HtE fie ASYY A2 S

NEe F4ANLE A ATHYLRYEALATS AAA ] YeAEZ
Rdste] ATAA Ul 28 oI9Sl ASHEA GF EAdl
(metabolism)2} A Al (reproduction) 12| 11 o] 5(movement)S 3 A&7} =

A Aol A ;”a‘r% 63*3*171 e A o3 @%“u*—%‘—% FozH af

1o
2
i
(lm
ih‘
<
I
J!"l
bl
I
e
=
e
X
b
)
153
L
i)

A EAR D, 244
N R D EEY

O - = I -
3 AEEE A

AAE AAsteE Aol
HolAd A= AT MA} b2 MAE E¥sE 4] T4 BAE
Aol F= A olt). g HAsgtel AMRHE Y Us AWy g2 S
™ o] o1 4] 7 Z(circular food chain)?"Z A o] ¥t}
o1 & Al A (artificial world) =
ximin, x l.max = Rn (2:1’2, - n) (31)
o A Blslo = st m7rom Aodi, o] 7tz (resource)o] & A

i, QlE A Fee 2 “FETe) AEAvE A4a dvka s 4
T 4EF olF A5 A (White, Red, Green, Blue)7t EAst ALz 814, ©]

5 Alolol = Fig. 3.1 Z& stagdold g ahAzE glon, zpxlo]l 25l z)

A& o] TA o) A )
AEA 7L 2palo) date AdS AdFste] diAbE dastd WReuAE f
A GREE F7MA 73, UALE 4 %

7| E(waste)S QAL o] H7| &2 Fgulold gtz we o *@37 A e

_11_



het APe s FHoh
tgog R A I He FHHE FAHFHE HAH)

et X g FeohA "ok

o3 AL Ba AAEES WS 4% GG P TYS o F
A "ok b HA el AR A S ol FA Hi HA"E Aol 9
s dEade BnE 9e & Atk 1 A%EA Pt 2o 48 A 5
ATH

Resource(B)
White/ -\ Blue
Ok, o
White artificial organism
/ metabolize Resource(B)
and make Waste(W)
D Resource(W) Resource{G)
’Waste(W) becomes
Red's Resource
Red \./Green
Resource(R)
O : Artificial oreanism [ : Resource
Fig. 3.1 Circular food chain of artificial organisms"”’

VEHo R o HE= I o AA oEFT. olE & WkE AL
zo] FAFFANE ouisch gaA] TPl v AR 2 e A=
E 47 SeliA w2 ANE Fas)oF .

A4st 2 2ol THIAS Avhd W) shesbh ALAY) QelA
1735 A%e A9at 124 adlelth B AAREA Akl %Lt}
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(o]
Mol e AAsHE Fad wrlo] k. o= YEFwAe &L AAY
ol o
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R
=
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1o
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5 A (R): AANAY Ao 27928 Aot B,

A A (V) A AR EA Ao e A9 A

A olelsk A 4A @clol AHs FA e AFAY dFe AAA W
g 23dow Y2 9AE dvhy medor ALt Fad BA
7 e

(98]
N
N
2

&

.
N
N
2

Fig. 32% o2 JQZMAEZ Aozl 229 o 23 Z( = )
o] Al FMEANET Yol zhz 3N At RS T, 478 o] AT A

SoAFelE elm gYAFNA AATFE de AAEE BWF Rolvt
duow d 9 4749 AAe) 299dal vols o) olFUL wel =
dAe 717k ofuigch. Ao de HAH(@ WP FuNe w9
=8

V :random moVement WM A Artificial lives
—-—-- R : Reproduction O A Artificial resources
——— M : Metabolism B Selected locations

Fig. 3.2 Important factors to effect on the efficiency of optimization

ALAG A= oleld A 7bd S 7 AAe 2uede 4 () ol
golotn 2dedulel AWH AAE AAats WEe Adstn Aok 2

uooleldk Aol s g&Hor olFoohd A Hed vs g2

7o)},
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cr

C={xe R"| lx— x| <Dy (3.1)
D= Dye “/7e (3.2)
olu], Dy “NEF 27|A"2 Hxd AAGHYdE 2Wdger & 5 d=F BF
s, X AV HA, Te T3 Hg Ao, = dAY Ad, o=
e AU AFHEAM AFHoZ HAAA “REAH QX (radius factor)”
o]t}
71E AF YL F(ALA) A
DETEC TR ER O
@) Aol U Fagh ol9le ABE ashx) =t
@) FEael WA g 1GH AN BAT + Yo
@) 23 taol A4aE FA gL & A
T S5 548 HAn Aok

a8y e HAsE EAEE & 45 IGA(Immune Genetic
Algorithm)el]  H] &} "?”‘}l: 5 BAAESE RHoF3 QA NE SGA(Simple Genetic
Algorithm)B o} = 573+ 3| & Z+

=

o] =] - ) A
S Q3% AE ¢ F

3.2 Y EHSYEYY (Random Tabu Search Method, R-Tabuly)

Hue Glover7t 319bgh Tabud A& 7f&Fato] R-TabudS Al<tsta

Mo AwbAel Fxzde] A HHHE A HEsaAch A e R
(R-Tabu)*ol = A28 stepF N, count Neo) 2709 A5 Aojgot
Stepiz wAetaA s 2wdede) Aol n, countiz Atel 2R
galsts 3o 4@ vehdich gange

D Aekzxies wEshE oo x & A 12k ARV )R HAg P

2) xg F9lol 2ede NC xg, k)& Fig. 3a) 2 ()¢ 2ol A3t o7
A h{i=1, ", N)i= stepZ, N= stepFoltt. Algtstes o8] S(EALA)O)

M A9 stepd el e 4 32 FojAE 2wddoer g & =D,

_‘]4_



3) 7t steplell A Al A% "ol A7 f(x)nd ow, 1 A
& steplel AW o2 V19T, F ()7 (xR ad, f(x)7)

f(x) o zhe #Hol A" W7hA] countvHE WM FCK(Fig. 3.3(c). ©f

BAE BEE stepoll A Faste] 7} stepoll it TSR] Y9t

X saves — {xsaue(z') I xsave(z‘)eN(x(}’ hi)’ 1= ]-’ ”"Ns}

g Fau
4) X et AX o)) HAZ 32 X e® 23 AV 2 dok(Fig.
3.3(d)).
5) 1)~ 4yhH o) BAS Ho e s 9 wEa)
o] W] EHPMo 7=
D g e 277 e oe] dgor RaaiA &S shy) wjie] 7
= gL w3 5 o, uehd FAe Rad 52 22U 5 9
2) AP S 57 wFo] FAH HAde] WA= AL He F 9: zd
ad AHsg Fate el shssith
3) b2 A wya 2ol AHEFoRA AEsE B F3, HH s
TEEE FHEEE 02 4L F ot

_.*]5_



f(x)

X0

h,
> -

hoy
— <

ko
< >
v »

(a) Set neighbour

X)) (ak<xk<by),k=1,...,N,
N, : the number of design variables

Initial value (x,)

N (Xo, hn)

hn= hn1/ step ratio

m=lla-Dbl|
hy= hy / step ratio

(b) Initializing Neighbor

_16_



Save value, Xsave(1)

Count Loop

New neighbour

(c) Comparing

Select Optimum Value

/]

Xsave(l Xsave(2 Xsave(3)

Xsave(n)

(d) Selection and setting new value

Fig. 3.3 Flowchart of random tabu search method'”
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3.3 =g 12| S(EALA, Enhanced Artificial Life Algorithm for

function optimization)

el A AAFetdEol ALASIAE SHAGA S Mg ol ANt 45
of Al 8L Tk ojo] EALAGIAE SRS of e stepo i Lol
AL S5 RTbugs) 31 St G5 ol Ay
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5) 4RA ] AF A ANE 19F FAAAE

6) BHS Agsch Y5 A Rolgol Ha Aol Naw Hiel
UA Reolgel WRAUAE 7HAE 7 AAE A5 FEe B
g Sgdeel A b e AAR 9D F9% 2L wEem
RAHE Reol wel BAE skl Bk dold Ade] 2AAAE ¥
A Zhzkel 7o) e GG RTabud S A & 3ol
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8) 27 $4E ARARENF R,

taburd o] 1)~4)7hA) ] 7
AolA ofih 29l o

o714 Retabu§ & o] & u], 3230]4 4
o BHY SRR ol ATABAI BB
b

AE AT 7ML Az E = o EdAolt.

=
HJ;U

Initial distribution

!

Search resource

T

Movement using R-Tabu

Metabolism using R-Tabu
Age = Age +1
Gen =Gen +1

v

Make offspring using R-Tabu

Fig. 3.4 Flowchart of combined algorithm
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(b) Error after 3,000 generation

Fig. 3.5 Effect of parameter «
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Fig. 3.6 Effect of step and count numbers
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Fig. 3.7 Effects of number of species
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Table 3.1 Parameters of EALA

Symbol Value Symbol Value
E, 10 a 12
G, 50 R, 3
I, 150 R, 150
L, 5 R, 0.0002
L; 125 N, 3
N, 5 R, 10
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T A 288 okt B AMANRS 25t Y. EALAY A ¢
oAt B8 A9e 35 gadM mHdue s d Algte]l 2aF7] Wi

)

2 HI oo

_27_



A7k wow o g AMALE a8 "ok WA =% AT obF
g gol disiM= EGAC uls] 23] Al te] wobxAl d

HA R FAATH AGAEE vwst7] 98] Rosenbrockd<r, &
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(GA)el ] AAZrel $-58 FdE FALTE FEGA) P H] B o] A

1) Rosenbrock &F<~(banana function)

flxy,x) = 100(x, — 22+ (1 — x7)? (3.4)
(—2.0 <x;, x,<2.0)

o] ¥ Fig. 3.8% o] 1719 A9 HAs @& A AHH Xy =

(1.0, 1.0) 2 AA f(x,,) =0 o]t}

20004
-

o

Fig 3.8 Shape of the banana function
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(b) EALA

Fig. 3.9 Contour line and emergent colonization for

Rosenbrock function after 3000 generation
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10 S 2 '
10’ 10’ 10°
Number of generation

Fig. 3.10 Convergence characteristics of colonization to optimum solutions for

Rosenbrock function

Table 3.2 Comparison of optimization results for Rosenbrock function

Method Opi;‘;‘u‘;m g{:z;azi ) S;l:p(t;t)ing
ALA 0.0 3,000 18.8
EALA 0.0 21 0.192
EGA 0.0 2.83
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(b) Distribution of artificial organisms at 5 generation



(d) Distribution of artificial organisms at 15 generation
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() Distribution of artificial organisms at 200 generation

Fig. 3.11 Colonization of artificial organisms by EALA
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2) th8A &< (multimodal function)

f(x,, %) = (cos2mx; + cos2.5mx; —2.1)x(2.1 —cos3mx, — c0s3.57x,)
(_1.0 le,XZSI.O)

(3.5)
o) Gtz arhe) Fa Hase} 4o A Had) Xy
-16.0917& 7}=it}.

(0.4388, -0.3058), (-0.4388, 0.3058), (-0.4388, -0.3058)}

= {(0.4388, 0.3058),
ul

Ak SOx ) =

Fig 3.12 Shape of the multimodal function
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Fig. 3.13 Contour line and emergent colonization
after final generation
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Fig. 3.14 Convergence characteristics of colonization to optimum solutions for

multimodal function

Table 3.3 Comparison of optimization results for multimodal function

Method Optimum No. of (;omputing
value generation time (s)
ALA -16.09172 3,000 48
EALA -16.09172 60 / 430 1.28 / 9.43
EGA -16.09172 3.0

_36_



-1 08 -D6 -04 02 0 02 04 06 08 1

- ® © ¥ N O &N T © © <!



1 08 -06 -04 -02 0 02 04 06 08 1

- © © ¥ N O N ¥ © © =

10 generation

organisms at

of artificial

ribution

(c) Dist

-1 -08 -06 -04 02 0 02 04 06 08 1

(d) Distribution of artificial organisms at

-0 e I N O N o5 O © @ f

_88_



"1 Q08 06 -04 02 0 02 04 06 08 1
"1 08 06 -04 02 0 02 04 06 08 1

- © © ¥ N O N ¥ © © = - ® © ¥ N O N ¥ © @ !

ganisms at 30 generation

rtificia

of a

(f) Distribution
Fig. 3.15 Colonization
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2] & 2W 4= <= (variable separation function)

Me

3) ¥

Fxy, %)= F(x;) F(x,) (3.6)

(_2.0 le, ngz-O)

_ (cos@mc)+1)
A7) 4 FO="50750. 1

ojm, o] F5o HPE FL

Fig 3.16 Shape of the variable separation function
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(a) ALA

=7

@

(b) EALA

Fig. 3.17 Contour line and emergent colonization after final generation
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Fig. 3.18 Convergence characteristics of colonization to optimum solutions for

variable separation function

Table 3.4 Comparison of optimization results for variable separation function
Method Optimum No. o.f (?omputing
value generation time (s)
ALA 0.9998 3,000 49
EALA 1.0 25 0.59
EGA 1.0 2.2
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() Distribution of artificial organisms at 40 generation

Fig. 3.19 Colonization of artificial organisms by EALA
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Minimize : J(X) = qSAT(X) + a,5,0(X) 4.1)
Design variables : X' = (C, A, x) (4.2)
Constraints : &(X) =0, (7 =1~ 10) (4.3)

g =C.. — C, g =C -C_..S

g = Aun — A 8 = A = A

g = Upn — M 8 = M — Hy,

g =h, — C{l — &(X)},

g, = AT(X) - AT,
g =0 — o, (X), (4.4)
gIO = pmax(X) - pu

g7 Qs A, %ﬂu b= Z+7} weighting factors ¥} scale factorsolt). 2

@l X S HA mind maxt 2tz s@ ARge o w ok

J
)
il
-
2
—
B
BN
o
=2
>
ol
i
rir
X
ful
(B
o
1o
.
2
of

>

RA6\ 1 R36 & 9z\ 4 0z G, Ro6 " ot (4.5)
S FA kot Hit Reynoldsg R.&= thg-3 o] Aojwth

W X)=C(1 + &(X)cos §) (4.6)

R(X) = -‘OS—U (4.7)

283, FAAS % dRERAAS G Yolsz So dde npe} 2}

7 thg 3 o) Fejgrl.
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*

R, < 510 : a, =1, G, = 1/12

510 < R, < 1125 : a, = 5914R*¥, G, = 2.915R*7
1125 < R, < 13500 : a, = 0.798, G, = 2915R°7
R, > 13500 : a, = 0.756, G, = 1445R°7

(4.8)

Woj Al 7HF F 23 =4 Sommerfeld % o3 2oh 28 #H

8
€)= ©] Sommerfeld <=2 g2 FTH AT

He
_ nuD’A
48G,C*W (4.9)
E = exp(—2.236am/1\/§) (4.10)

agla A Eel e Al FeghE e &3 2o] dojxin.

_ mnuD’alA’ g, sing,
Bmax 8G,C* (1 + gco0s6,) (4.11)
L= 1+ 248
¢, = cos
4s, (4.12)
2% Aduolde] AYERY P IAHoF Yoz 5o oo

waha kg s 2ol Fojzch
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R <1125 :

P e Jrzyn_‘,Du{ 1 L 15 }

TM8G,C |1 -5 (- &)

1125 <R, < 13500 :

2 3
F = THRD A | 0952 — 1490z, + 2.748)
- 48G.C

R, > 13500 :

2 3
- %(mg%g - 152352 ~ 3.697s, + 8.734)
14

I

(4.13)

Q = _n‘cCDth (4.14)
F Rw 2F

AT = = .
p CO p CDCg (4.15)

W=\ & 0.0584exp(6.99€5 ") — 1.318¢; + 2.873) (4.16)

Table 412 KA 3o A& ¢ slaluole Zheol 1, Fig 412 Hdwojd o] &

e e 3
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Table 4.1 Input parameters for optimum design®

Minimum radial clearance

Crmin = 40 (um)

Maximum radial clearance

Crax = 300 (um)

Minimum length to diameter ratio

Amin = 0.2

Maximum length to diameter ratio

Amax = 0.6

Minimum lubricant viscosity

Kmin = 0.001 (Pas)

Maximum lubricant viscosity

Kmax = 0.03 (Pas)

Allowable minimum film thickness |4, = 10 (um)
Allowable maximum film pressure b, = 10 (MPa)
Allowable film temperature rise 4T, = 70 (. K)

Density of lubricant

p = 860 (kg/m’)

Specific heat of lubricant

C, = 419x10° (J/kg. K)

Journal diameter

D = 0.1 (m)

Journal rotational speed

ng=40 ~ 240 (rps)

Applied load to bearing

W= 10, 20 (kN)

Scaling factor

By =1, B =10

Weighting factor

a’l/ﬂ’g = 5/1

Fig. 4.1 geometry of high-speed short journal bearing

_52_




4.3 HA A3

Fig. 423 4 33o0] 10, 20N wel HHs8 4ANTES Yeh)x
gom, FEi: BT MA AV FERE SHL HAD BF 2L go
2 o] BASA ¥tk AAXET 4 55 BAEANY AAHA A%
e Zrkstn gom, ERut Zasn 28 BAR & vk

43.1 ALAS}9) Asuw

Fig. 43& 2t $-H&ko dfs] ALASH EALA9IS] A3l 458 Hus7
As HFAAZA AFATHR HFAGA BESF ZE JRA i 1 5FH
o] AFH T LA (rms)E A @.17)0 o3 Fahg ok

1 & 3
E =[x Z} (A % op) =K x )] (4.17)

AN N& HAZYENA 5, Xop = AdEHADN H2o EAHTFUS

e AANsHR, X ASTASAAY i M A 2 dANS S

ALAE 30,0004 08 $33tgom, EALAE 60004 S a3t} AA

A FHa 3ufell A Ao 10084 7hA] Abel7h va glek o] 715 &ary
ol 23 sje) =g xolv] Hal B2 AdE s WiEolx, =3
ol s MAr7t SIEAT] Wzoltt. FHATA QlojA] e AFHE
71Z3t1 e ALAQ 8% 10kNe| £ HE%7} 240rpse] S 30,0004t =
465—3}-3 tﬂoﬂ 52,784%7F Qo 60004 0E FHEE o A8 A
& 5284%0]n, EAL9 7§T 6,0004 t) A 42427} 22 F A o]
73-?——5— 22 60004 S 3B ste el 71Ee) daelEo] 108 o] A
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Table 5.1 Mount parameters used in numerical simulation

Parameters Original value
Effective piston area 4, 2.19 x 1073 m?
Fluid inertia /, 8.67 x 10 N-s?/m?
Fluid resiatance R, 4.63 x 108 N-s/m?

Imaginary spring rate

4
of rubber K, 1.40 x 10* N/m

Imaginary spring rate

4
of rubber X, 998 x 104 N/m

Top

A 10 5
volumetric stiffness K, 9.13 x 10! N /m

Bottom

9 5
volumetric stiffness X, 2.10 x 10° N /m

Rubber damping R, 0 N's/m
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Table 5.2 Optimized parameters of the fluid mount

Parameters

Original value

Effective piston area 4 .

2.19 x 103 m?

Fluid inertia If

8.67 x 106 N-s2/m’

Fluid resiatance R,

4.63 x 108 N-s/m’

Imaginary spring rate
of rubber X,

1.40 x 10* N/m

Real spring rate
of rubber K,

9.98 x 10* N/m

Top
volumetric stiffness K,

9.13 x 101N /m’

Bottom
volumetric stiffness K,

2.10 x 10° N /m°

Rubber damping R,

0 N-s/m

Table 5.3 Property of the original and optimized mount

Original | Optimized Remark
mount mount

T (@) 1.74 1.58 -9.20%

D(w,)) | 1.15x105 | 896x10* | -22.1%
o, (Hz) 3.6 3.1 -132%
T(w,,) | 0623 0.398 -36.1%

6 6 +25.0%

D(@,,) | 10410° | 130x10° | "7
w,, (Hz) 184 24.1 o
T(w,) 0.436 0.320 -26.6 %

D(a,,) 1.64x10° 1.39x10° -152%
w,s (Hz) 7.4 7.9 +6.62 %
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