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Three and a half years is an important part of my life. That is not just
about study, also a lot of things happened. Maybe that made me dejected or
arrogant. But | know this is the sign from god to force me grow up. At least |

learned what the real world is.

Like the song “Hero” mentions
~And then a hero comes alone. With the strength to carry on. ~

My teacher Chris Lan, he is that hero. He taught me a lot. Not just
learning but real life. | thought he is another father to me. And | swear | will
follow him forever.To be his supporter.
There are many friends | met at NHU to be my supporter with all their heart.
They are 38z &~ # ~ # &4 ~ £ /x4 and 4. | really appreciate all u do
for me.

Finally, my family to be my bolster forever and ever, | am definitely sure
one thing that all of u know | would be ur bolster forever and ever.

Love u all

~When you face the world alone. No one reaches out a hand for you to hold.
You can find love if you search within yourself. ~
Of course | met bad guys too. The only thing | thanks to is they made me saw

this world through.

There's a hero If you look inside your heart
You don't have to be afraid of what you are
There's an answer If you reach into your soul

And the sorrow that you know will melt away
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Abstract

This research proposes a mathematical model called Simplified
Production System (SPS) model and a two-staged solving procedure. SPS
model not only considers the two-dimensional layout of a multiple
production-line system under the constrained factory space to achieve the
minimal total material transportation flow but also selects a specific site to
deploy the production system for achieving the least complexity. ACO
algorithms is firstly applied to arrange a minimal total material transportation
flow of a production system. Then place this arranged display in a limited
factory space by minimum fractal dimension for a simplified factory layout.
Because a simplified factory layout leads to employee comfortable, it could
transform to catch the employee satisfaction. Employee satisfaction will
finally switch to become the better performance. In summary, this research
applies computer programs to solve the SPS model, and thus it owns a
repeated characteristic. Actually, this research can be regarded as a valuable
decision support tool because it can easily duplicate to solve other cases by

changing its input parameters only.
Keywords: Simplified Production System (SPS) Model, ACO Algorithms,
Fractal Dimension
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entities.)e | > FHMIFES B EF - BRIFE > w7 A L BAFRE &
Bodok BT BEOSIGNEY A BREY P BRRF T
# | »zkit {7 5 (Bonabeau, Dorigo and Theraulaz, 19995 %8 i7 £ ¢ &4k
HBE S A m;;-]ai(MI”er 2007)° G4obf bk A 30 38 FF R 154
v g'stigmergy” (Grassé, 1959) “stigmergy” #_ - B #7: > Grassét|:d
TEEBE o AR SRR R 7 A RS B HE R A
AP Mk Y RFRGOE I TpF1 v, > Grasséi o 0 £
Tk A G- ehd TR Pljgcfedn 4 - FWFEY e b
2RI RS SR SR L L VIR NS frﬁj&'lz"%{,% HH b (#71%
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2,4V F35) 0 BAEERH A fod ¢ B4 aH $ (Reynolds, 1987)

222 MHikiFE 2

BERYS S 4 2 AL RBE o A RUBIREE L off & > i £ SUBIRE & o0
T MR ] EA0F F LT WRF RAeIRLT o A e
JRE R &5 0 B ol w IREE o WERF Y E A ok p N IE R
AL S ¢ LAuBRE Y BT T - A4 -7 % (pheromone) T
- SRR TP R FRA KRG A Fl vy A RRIE > B

-

RS GETRE A 0 B P FRR RS R R L R (W

Yo AR 5 — SIRFHE RAS P74 T BRIR A AAR - Sk
FHEE RLGFATEATREY Tl - @Ry 0 @ FIREC FRERR
AR IE e g, CRTARFELS L - REERAS TRIFH > J F
T @ hvs SRS BT o B GBS d ST T AR SR E
PR EEFRIY ERER RN 0 A AP HRAER TR T R P
g X 24w gl @TTHRRETF A REBIRATRETF
KRB DR LEE- KT

S Nest
Nest e Food Nes
A ot i oy *_'ﬂ! ;ii‘ﬂl‘ =: " I

W

Food Nest
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74 kR : Dorigo M., V. Maniezzo and A. Colorni, (1991a), Thet System: An
Autocatalytic Optimizing Process, Technical Report No. 91-016 Revised, Politecnico di

Milano, Italy.

223 WHRIF R E R BT

15 8% % XL(Ant Algorithms, AS)Y_Dorigo, Maniezzo and Colorgil991
£ ATk deh- BATEOE B EOE 54 UF § 2 (Meta-heuristics) (Dorigoet al.,
1991a) o s ffaant LTS A S L 2 TR R B LA R
{ BF i > @ 21996 Dorigo% 4 i - # k¥ % ¥(Ant Colony
System, ACS¥ A F1:f @)% & /2 ~ #5239 L g & ;2 (Simulated Annealing)
g N iF B 2 U TSPLIB R ™2 G ATE (70 o k3 A Sordid N % iR
W H R E R 0 R AR 1997F Ma X st AAS > @ 3 R X
L(Ant Colony System, ACS) ( Dorigo and Gambardella, 1997#)% ¢ 12
FpoTfR AR AL 0 A A LR E R e R R e
(routes building)~ # 4 ;% | (transition rules¥ % % % L #7(pheromone
updatel 4] - Flm A 4 § x50 52 > 5 Ant-Q(Watkins and
Dayan, 1992; Gambardella and Dorigo, 1995% * — 4& /|- #5 &% & 4t
(MAX-MIN Ant System, MMAS) (Stitzle and Hoos, 1997; Stitzle, 1998;
Stutzle and Dorigo,1999; Stiutzle and Hoos, 1999 % &5 ik % it
(Rank-Based Version of Ant System, ASrank) (Bullnheimer, Hartl and
Strauss, 1999 - & {sDorigo et al., (1996) #-ASe ACS# 74t ¥ # if it R
R B L5 P & LR & 72 (Ant Colony Optimization, ACO)

ACO: B a#r B* W R2i Aol s i iditp i
(Combinatorial Optimization Problems): |4 »z {7 3241 § #° 42 (Traveling
Salesman Problem, TSP)# i i 4% (Vehicle Routing Problem) = =
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4p % I 4E (Quadratic Assignment Problem)x i® =k 2t rT R 42 (Job Shop
Scheduling Problem) g2 $&i= #° 42 (Network Routing Problens) B§] 2 % ¢

i 42 (Graph Coloring Problen®) (Dorigoet al., 1991a, 1991b; Dorigo, 1992;
Dorigo et al., 1996; Bullnheimer, Hartl and Strauss, 1997; Dorigo and
Gambardella, 1997a, 1997b; Caro and Dorigo, 1998; Gambardella, Taillard
and Dorigo,1999; Chu, Roddick and Pan, 2004; Kuan, Ong and286;

Yin and Wang, 2006) ACOEI2 4 1k Sufasy p F iglgeandPz 7 5 > &

¥ AR * kgpscd & - B 42(Dorigoet al., 1996)-

MORFCRFEE L 2 KRR 1 N AR A4 M 2 ptF Zwaan and
Marques (1999) & * H b« = 1 R 5 §ocdpth > 7 P EE 1 iF
B F IR ERE Y MIRFEFEZRLE T 0B EL S HH
TS EE R P F A {f’% WK R R o BT i
SURLAR PR AT b o kR FF B 02 o R EF 2 48 hf2 - Zhang, T., Yu, Zhang, Y., and
Wenxin, (200738 * sk & 3L & A F a5k d Sifod £ S0 BB kWt
PEiE P~ B B T R 4E(VRPSPD) 12 = R & B4 #-3] VRPSPD
BRI TRS DHEE 7o RN S g S e
ok < 7 £ '] - McMullen (2001) & * ACO %k o g2 T s 2 & & b
(Just-In-Time, JIT)R* AL > ™ Ric 59 &2 & § L P FedF i~ sl |2 3 7 iR 4%
PP FaE 4 > Ay P NACOFR E 22 H s prgNim s
PF AR 0 KESY FIACOFE 2L 4L A KR o

PR RE B FOREES A2 4 A RARE]) AT MACORE R

2w B

224 H RIGiRFE 2
PHEIRAFRFERR S Fl At FRFRR G
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T, = G Vi,j (1)

HeCR¥f ittt iRy ’Jf ZaPp iy o EJleﬁ-"li“ﬁ—X/?i._"

Rymas o FRLRERL G AT 2 G

fom
g
(dn
b
i
My
ol
o
e
I
P
>_L

F MBS S FRFRA
2 BT R IER A o T

T . o

7;;(t+1) = (1 — p)7;;(8) + Aty (2)

T (O 1+ DR EERERIP G5 28] APFFEpETt +1
2,
F

R R RRPEFEFREIHEE Lo pRFATFF - 20<p
<L At R AR RIS R R AT E 0 8
o

Aty = {Q/Ls if (i,j) €L’ 3)

0 otherwise
FURIRSTR A L BLRE B QR Sl R A FRFORA

SHcE G - TRAPED ;O camE R ¥R F1000 KA 7 B RBRE

o ## % 4% % (transition probabilityp (t)i& 7 7 ~ &
Bz EH o BT E TR ZRAFRATE DY EnREER):
[Tij(t)]ax[nij]ﬁ . . .
PS(8) = Tusormrxmar T €S0 4)
0 otherwise

(R 2503 etz 77 kE OR & 3L Ry
i2 WGikSH AP EMIT R ANy s Y E R RTINS

B R @8 AR R FEIERAEE & P2 S0 T F

a>
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o= 0> T 205k EJIFRP BB NMRIT Y (F5 T - B2 8L @ £B=0"

25
RIRAENFRFERFIERT - Bl > 2272 JEH AR

2.3 F &R

=+ kA 0 Taylor (1911)¢1 fug Renigsk? # B N5 Lan T
BAWEA bR ERBALAA FELITF aF g TN
kreE G ha TR Y 2 L EE B A e % EUNCE S
AT FRBEFIRZ 2 2RFEAF P ZME PRI B R EA 2 0F
Faw ;3B AZIALITELERFEFFE RA ?4.%'14\%52%1;’2’1 A e
FE BT & F R oM d-K Tayorft & it 72 chFrank and Lillian (1920)

P i L A AN Rt

ﬁt

EFRY AR FURTITAR R R A
TRLRE > AT EFG S ITNF S BREE TG LB

GERBLIEG FS > LAY FR FIHFTHI TRERIL N
LREIITEIL IR T »4pl (Carlopio, 1996 » # w353 > § 2 2

HE- BRI SFFOFTHLIERSES BAF PHRABIIERL
En EF AR ERDIGE TP ELBTYT -

WART AL > W a2V RBESFERE - T R
Blfe3 I %2 49 B 14£(Gen, Lin and Zhang, 2009)fF % :* % & B > ¢
KEFREEASPRT - BR2an G BT g H R FEFD S A
ﬁé’ﬁiﬁﬁﬂwﬁh}i%”"&é Rl Foring » 4ok &
E -FF - RPFFEA SR 1 foXF-HRER > EEFTHFEF FARLG
A - BRI R T R A DG oy hol IR
FOU RO s #F L R PR o F # # f2 & (Tommelein, Levitt and
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Hayes-Roth, 1992)

231 F1AiR
"R LA - h S d £ Hoppock 3t 1935 & “ii 1 Gn i

g
\¢

BAAELR 1 A EdEa S G HREFEABLEE o T wE

\_.\
E"

¥ FFB i Bk & - Reiner and Zhao (1999 7 & % # 31 171k

SR TERE R ELFPFLFELLLFF 2L - - Dole
and Schroeder(2001) Pl i 1 TR L BT & 5 - BAHE I TRR
Pl F J& - Arnett, Debra and Charlie(2002) 7 7 45 211 17758 & & &
Aoifa fripeiomel > L0 H 1 &4 L~ B4R~ 1 FRA
B4R R 5 - Williams (2005)2 5 1 1Fis & & R 1 5 d 1 i@ AR ik
EIMEHY TAL 2 - e iR f FERREERER o f 1K
S ST R SRR TIE T SN - S =1 T SR I
1ERREL TR ES S FF o k3 R ERe R
¥ 7% & (Gouldner, 1960; Vroom, 1964; Smith, Kendall and Hulin, 1969;
Wexley and Yukl, 1984; Spector, 1997)

David and John (198 % B 1 1 T/ &% > ¥ F KA 1 s 43 p
BRpBEE R AEI T £ 4 A4 KF 0 Haep REF - Bandura and
Jourden(1991) 3 #FF 7 » BIR ITH RJP W iEARY o 11T
A FFOBASIERLRTHF S dﬂz £ 3 & w B % -Robbins(1994)
2 AR FRIAARALERITEAA 2RI ERME NERBFALIKE
B o v 2 H 1 74 5z - Madu, Kuei, Lin and Chu-Hwa (1998)% - /%
BER RS PBELFFFL DT > PR PO TR SRR
M ARz Bie rg > 29 2 - TR 1% EL AR - Black and
Gregersen (1997) :u5 1 (e ¥»cr 1 (8 R A F M - A HF B 1 A
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FrEr g MARTLARL TR ST MG B

232 BAIEH

% Benoit B. Mandelbrotf # 143 > 3% 5 85 7F R p R A5 37 5 )
e Bldedirg s fEA e R R A B 2 a4 B R
B F g zbﬁipf%?“Chaos”o Ft 312 & 7 _Freeman Dysorg #iE @ T~ p
RE TS R BIRE > 4 FL 4P el E R LB o L p R
~ £ %r2 ¢ , - Benoit Mandelbrot (1977) » 3£ 7 “Clouds are not spheres,
mountains are not cones, coastlines are not circles, and bark is not smooth,
nor does lightning travel in a straight line. A fractal is a shape made of parts
similar to the whole in some ways"& 4 1 &k > % 7 8 1 45 32354k & Jf
AFeAR A A Wi R R A A g RAFSE 0 X VR AR H
T2 AE R A FE U 3 AR DS 2 hE miFFY (13 ER
B E - - ) o TS AHE S FAT o [ H D
N giEE 44 (John Briggs and F. David Pest, 1989

1919# Felix Hausdorfit § % » 474 (real analysis * g & #%
(measure theory # J\ 2 g2, 8 & 5 M cha B £ £ % 4 —Hausdorff
measurg 327 % % | & ) fvHausdorff dimensiof 387 % £ 2% ) » ¥ *
Py ARESOn R AR LRI P s 220 S fcas
A#HBE RIToa “Fractal(#25)"i&B 3 1 p 7 ~fractus 2 L T
AR P Ak i 0 d 4N 0 &Y E B #cd RBenoit B.
Mandelbrot: 1967& 4 8 #p 7| ¢ #rgf £ cnl & R % LA E W fAR7G §

£ Qs p iAo A AR | T h Libo
A A e Eﬁf.%p\ Ao IE T —‘FT' H §_4& #enia B (Fractal Dimension

B ch B H It — B ML R B MBS R ¥ 2
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¥ > 4efe Von Koch curvel (Helge von Koch, 1904)\on Koch curvef_d
- HEERZRIF4oB22 FRAETRIEY Fenl/30 £ vz gkl

=13

e

1160°% Mrhk Ttk 0 B P R R (B23) MEREBERTE S
B AR A35 0 FR AR F - F o 4eBl24 PIRERERT € 5 B2.2
£ R E016/9% 4 g Ao i EE BB WL R H R A R A4/3
2o d B Y 5 1+log(d): Flt Bk Fl2.22 REE R L1 BIF2.32
Von Koch curvekt & i €1+log(4/3)=1.2619 # 77 &2, eh/ i ¥ 2L 5 &
#i o

f8]2.2Von Koch curvel (1)
A TR KR AFEY

g1

f8]2.3Von Koch curvel (2)
TALKR AR IR

f812.4Von Koch curvel (3)
TR AR AL R



ET R E_p A 4p it (Self-similarity) - p 2\ Ap i T2 85 0k 30
GEEMAR L e R K R L S 0 TR e
ERFPXFp AP PR A BREES B FIREG TR
g4E XY 3w oo &z gBLRH & Azt B 4 (Unlimited Expansion »
Renif BR Ay 2 4 B Ap gt g 2 SR Ay
B € F4F - 1R oo B fd AT ahds i 12 (Chaotic dynamics > & % 4~ 4y i e
Bl i EERAEZIFPNER 4 27 L DAL 27 R £
2R A R g IR o

FAiend LAV S AR 0 A BT SRR AT A 4 hR A o Y
Cantor Set (Cantor, 1883)5 - Cantor Setf_ip /1 >+ 0 | 1 2. & & #cs fx &
BLire & el £ > Cantor Seti_fg, R # 5 #_Cantor#t3& 1! » Cantor Set¥_
BE- REER S LW 25y #L3oaa 42 850 £ #9 B i 4 (B

1
2.6) PR E RS (D) Lo 2 R ke S BT AR (R 27) 0

2
2, v 2 Ly 24 N 727 LI v
B E R 1(5) L>#R15% $7E A4k (7> 4B 2.8% B 29> B8 E B &

o

i8] 2.5Cantor Set (1)

TR KR kYRR

i8] 2.6Cantor Set (2)

FTH KR 2P ER

22



i8] 2.7Cantor Set (3)

TR kR AT ORI

i8] 2.8Cantor Set (4)

TR KR AL R

i8] 2.9Cantor Set (5)

‘}'jw)h”l AT R

& Mandelbrot Set- & #&2j4pF £ 3 & & - B HF
Mandelbrot Setf_%4f #i-T w + & - 2. z=a+bi ] * & & 5% f(x,44) =
Xh+zo X = 0XBTRTE J #ice % AT fHIDRRFT T
&_Mandelbrot Set j¥_Mandelbrot Seﬁ%‘u? 7% (] 2.108] 2.13) > %¢ <
S BHcH A > Y BF I AR OSBRI BT IR o
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#) 2.10Mandelbrot Set x1 # 2.11Mandelbrot Set x100

7k % & : Mandelbrot, B. B. (1982), The

Fractal Geometry of Nature, Freeman, Sar'Fractal Geometry of Nature, Freeman, San
Francisco.

74 &R - Mandelbrot, B. B. (1982), The

Francisco.

B 2.12Mandelbrot Set x1000 B 2.13Mandelbrot Set x100000

7 %k © Mandelbrot, B. B. (1982), The 7 % /& : Mandelbrot, B. B. (1982), The

Fractal Geometry of Nature, Freeman, SarFractal Geometry of Nature, Freeman, San

Francisco. Francisco.

% Julia Set # j 12 22 Mandelbrot Setp 12 > Julia Set¥_z R # %
%< GastJulia >+ 1920 & & #1 £] i3 &> [terated system> &

Complex dynamical fractati 4] > o 7 & & #27)ehp stqp k2 v 5B

PR

% % § Deterministic chaosif i » + R pliit i @ J ik 2% ¢ 5 7

24



FAEH L R LA E BT S 2 T AL A G T e 4o Bl

3] 1970 i #4 R _Benoit B. Mandelbrot+ 7 *4% Bl ;480 AL - H

Jt

RERA LA RTG P E - Bz=at+ b A f, oy =xh 4
Coxo=2z> Wh=dcg LR miek - FE2ARF dlp L dcd B
& < ] g R ek kG Y CA- B B AT SR
FIF BN FNC A R B AR mER RN SN ehE

P om B3 BRI 3o B HETE FATE F 0 BT € FATTTE

B g T kL) hdulia Setl 214 z = z'3+C>C% 0.125+0.8j;
B 2150 8. z=2"3+152"2+C > C 5 -0.52+0.61j

® 2.15Julia Set (2)

B 2.14Julia Set (1)

TR KR A AR

FRAR: 2] R

2.3.3 BAREL
William Whewell (1794-1866 & & Bl&lif~ § = - Fleapt § 3o
e § 475 o & 1840 & #7# "The Philosophy of the Inductive

Science™ % ¢ - % - =t Jis“Consiliencefe il ) iz B ' gl | PRI &
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Fd EHBERPOER I INTF s 2mA# LR - Bh kol
A RITERRE - A s J’fu%l?u AR AR BB R 5 &
PREFEYAFOT EEHE T EREET XL G AH S A
BB TR ) IR E - BRREEREF S 2 T TR TR
FREEGFANEWE R F TR T LT LT SR LB R mﬁﬂb °
bR E R Renp (T IE Y {3 L S RIL % 6] 0 ERA
NomhaFat ot o s B p AT RIS M C
Escher] 2.16)~ Op £ v % B. Riley(®] 2.17)fr & X #K- 2 Fhg A4
Louis Sullivan(®) 2.18)it 5 » m %2 L A2 % p 23 7 EBABAE T 54
ARz R (R 219y A g L ORR BHE R A
Mo BFETTHEL Y A AIEHER G ORY I0 1D E
(Artificial Life) ~ & #1;% & (Genetic Algorithms) % ;& ;4 12 Z4Chaos Theory)

(A

|

B R &% i 32 34 (Fractal Geometry Theorsd (Paul, 2006)

I P i
B i e e
PP~ P
TS el el
I i~ i
e e
I P S~
e i e
B
B Sl el
e i
Bl — il
[ )
el il
e e
[ e o |
GG~
T e
) 2.16 Relativity B 2.17 it 5@

7L %% © M. C. Escher, Lithograph, 1953F # % ik : B. Riley
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A GCEOMETRICAL PLAYGROUND

B 2.19% 4= L+ B4 2 " iprase

8] 2.18 A System of Architectural
Ornament ] 5= 17)

74 &R : Louis Sullivan, 1922 = 45,
1924 & 4~ 15

Boan o U BRIEGERY  ARDRERXF AL CEAL B
VER F XA RN R 2 RERY B ARTERTH
B¢ e 3 3>k (Barnsley, 1988; Zhang, Sugisaka amd Li, 1998; Chen,

1999; Barlow and Bass, 2000; Valor, Albert, Gomis and Contero, 2003;
Wang, 2001, 2003; Yan and Deng, 2003-rauenberger, Stockman, Putz and

Holdrich, 2005 - Venkatadri, Rardin and Montreuil (1997) and Montreuil,
Venkatadri, and Rardin (1998) #-2; % ¥ BB » £8-2 & “73 & &

S A E Al - RPRAREGE .
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B A LT <L 4 > Porter(1980) # = B F * kAgAxA
e N A . e SEIVALT AR W SN 45 TN 3 15 S 2K
PR AR TR R A g 0 - g e A s AR g FAR
Q?ﬂ%?ﬁ&%#mAwgg»%%$$%i PRERES T
DA ek i 2 o d % Tompkins and White (1984) 4% 5| i3

‘%_‘\

AP o 1 EBEEE S AR 1 2 A 20%T] 50% 3 sxenin B - {F
4 A & ks 10%5] 30%. 4c b E k& N RY AR R AT 0 4w kR
P AHE > PRb L EPRB2ZLAITERA > @ B 2D M R
TR BEARF NP P R T LA fiv R
(Apple> 1977) « Bl ®F§ 92 23 5 do | AR @R R 2 3 A 4
A A A A o

# ¢ Holthaus and Rajendran (20§%)' 7 & 2 S ikif & 2 > i 4L
FACO(fast ant colony optimization)-j% ¥ % %, 4v g 2 & & | 1 et 47 R
o TR IR F R 2 ot o g% ko FACO st RE#E D
f# ; Liao and Juan (200 7 A HE BB T L R EA P REEFFR
(sequence dependent setup times)+| @ * MEkkF 5 2 KRB pF
Bo | it enpEAR YRR > T ABRMRIE B2 DR R F RIS » BEIEE 2 UL
Lo HSE ARG BATIFEZ R LEFZ R B Rt
Ffircdk o Pt AR L ER ACO 345 4 2 SRR 2 B A AL i in
£ .

Bl FEES>OMGIE: AFRL G FEOE AR S
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VR - R A K AART Ho o LR g Fo AR ke
GG A F R B A AR RES > A E NS AR R

1 4 i' (Decenzo and Robbins, 1997- lvancevich and Matteson (1980)

%

Kinicki and Kreitner (2006 :%.% R 1 1 #/& 4 A 11 T8 R -
ERBIERIAR 2T HEFG TN F B EE Dl %
AE e S e FL o ALY FR B I HT M PR
MmEOUREL R E IS E A5 7 g » 4p (Carlopio 1996)-Cheng, Lee,
P.J. and Lee, T.Y. (19997 © A Tt Aj4c R » B8 B <]
Rl o R £ I FEEVE I RBATAVARDE  FRS
BE RFVARAIERFRT G F BRI ApHE AR DE R o
BAAR ROl o REF RS R R B RRBRSE 0 £ T A4 K
Bt o d BRAVAR BRI E o F AT IR RR WL R D T
3R 2 —E»ﬁﬁﬁ%ﬁl—ﬁ@lﬁ%ﬁ’Fﬁﬁﬂﬁl%%§°

ARG RO R G S B 2 Ak 03] (Simplified Production

N

System Modet fi f SPS#-7]) 2 f54& (B 3.1) - ¢+ SPSH-3] % i & 71
B B R 8 @], e AL B Y DT R AR S A

Simplified Production System Model

STEP 1:353%% 3% 5 % STEP 2: 73 4 FE
L el + BB EMEA AR
4B GHE Bk K e E

B 3.177 3 P RI(# 47 1 F32)

FR&R: 2] R
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32 B 3§ ER

2AF 7 BRI E P E K B0l B REEGRSE 3 A SRR R

e drk 4 AMY 1 (Frhchd FOF R kT >R TR Tk o

4. RFE R TER R O IR R g Ap AR e 1 TRk 2 ¢ s BERAE o

5. AFTY R4 T2 AN 5 F ML TRFEEE R
SAMBEEE X AR LB R AL D S0tk o

<J>
6. AL HHFEZFT AN RS ZEFBRULETEV2Z 53 B oo

33 BIRFE 2
AEE 2 F - PR A UG T H LA A FiT 1 (rapjend
S A & T ERLEEERETE SRS F SO

LA R - PAIRRFE S (PR E IR ) 2 RG] o AE Y
LS SENDE S L A = ek 2 S @?J,ﬁ % ( total materiatransportation flow)

2 ARG R 0 RppE %fﬂii%T
F:Zi,j fl]dll (5)
BHejjrida 324 dH A i 2 A8 ~ijF g 541

>
Ady A2 AE AN ORRg FLE | iht T 24 2 F Ry = 14
R AiAr T oL Bldy=2;0E | A ekl S gpE s p
dj = 00, {5 17 - B | PR E R E

Hm bR F B2 L - 0 B PELEP T

pE(E): % t NP % kB2 A¥ Ao v g% chidi %F 2 = | i
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() ¥ kB2AE A =] hpikFE-

NE(E): % t P> § kB2 2 H <etaub listr v £.p w7 3z d

0 o) R a)iplz#;.al‘\ﬁxﬁq

(Mosaic-MovingTechnique)-
B win F s A3 & PUBE F X Aot 0 B Y B 4e T
FD: #=; % & (Factal Dimension)
b: Bfjg 5z B RTR2LE 3w il bEL o

C(b): Ru% 2 B9 1 fvsbard 52 > fodico
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i = 1 (Exb B 7 % Fehdo ) B I EEYL o
ki =3 ivxben? BBbendo ] JEd s B9 k> 2r +dpy, 0 ¥ 0 K7
EBREZFLTGESIRER o

N: 1 i'xhenid #c o
(L)): * BV HEIRAOEE A A& BV FELIFzzE a3
‘}*7}% TRk CEGR 0 K AR AFRT o - B2 AR

REFHER- 1 Fzhe B P i R AT AT a5y 7)o
EEIEE
[f]: f B~ Gaussd #ik o

A Ay = {(
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] =1,2,..ng

o "”k)}#,a B KEBETRT S LT

At AT Al 5 DTW]

Be: Be ={DIGHBE >t K A FEXATRSZE RS
V(i j) € Ak} -

Jii e =Ar =B RIE A KR53z FPERIFETRE RS S
e v imE i B2 o
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35 A i

Fla— 4 AMABHS 2 G BV ET A AT AT T TH 2 SPS
PRl A g BRI 34 AR S 2 FARE UF Rz
Wik URAT TEOLEFLAMY L TEpRY] o

K 5 & AR AR Fb 5 BEAET 905 B2 et n > B [0 = my it 4

Aok o A R(E B2 et i 0 ,?b{;;u y RT3 T A Aim R o
v D L,
i*“&iiﬁv’“f’:a“‘*f%lf]=nk oo PTIL B t Rs 2R AT

TR RBIZ AR G oMy Xy B L K TR E N T )
FIMECr 8 2 SR Y E 3 5 RS A A
2Bz 1 Pk BN ¥ obs TS KB KBS ene i 4f 5 1 (T ak
2 ho R R R KT R AR E N2+ dyyyy o E

Z Py
Indhul

B
E

K 5@ paie ivxb2 R pE3 PN B Tz 37 % NAagrei
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Kﬁ-ﬁ—_
Bzt S JUE RS I
for( t=1,2,...,1000) {
for( k=0,1,..., TN-1)
for( i € NX(®))
(1) Calculate the deployed probability:
7/ (0)

k
Zfezv’,g o Te ()

pli(t) =

Withthis probability, selectaneighborlocation

i JEN5(®).
(2) Deploy i -th child on ] -th neighbor location.
(3) Save the data in LE (1.
}

if(has deployed all units in space of the factory) {
(1) calculate the transportation flow c(t).
(2) Update the pheromone
for(k=0,1,..., TN-1)
for(" i,j € L (1) {
AT = By - e~ (c(®=c1)

k _ .k
T =T + At
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7,

Initialization: a=0,5=0

Step 0: Giverk

x=12,..,m
[l = e [ = e amane = foenp 205

The position vector form a set of configuration for a SPS systemXi.e.,

X = {51,555, .., SN}VS; € Ji

Speifically, X, = {(xsl,xsl), (xSZ,xSZ), s (xsl.,xsi), s (xSN,xSN)}

The four end-points (vertex) for a SPS system inZomtial and vertical axis are

X, = min{x|x = Xs,» Xs,» ...,xSN}; Xgp = max{x|x = Xg,, Xs,) ...,xSN}

yp = min{y|y = s, Ve, e Vou i Yu = max{y|y = ¥s,, Vs, o» Vsy }

Stepl: Shift the SPS configuration to the lower-left corner as the initial

candidate solution

X = X5, —Xp,
=Ys;, = Yp

FD(a, B) = the fractal dimension of X(a, )

Step2: Determine the candidate solutions

B=p+1
Xm¢>=ﬂzm

X(a,p) = {(x 2] = Vi=1,2, ...,N}

X =Xg,— X+ a
y= ysl Yo+ 8"
IF max{y} < n;, THEN

Calculate FD(a, B): the fractal dimension of X(a, 8)

Return step2
ELSE

a=a+1
IF max{x} < m; THEN

Set f = —1, Return step2
ELSE

=1,2, ...,N}
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Goto step 3

ENDIF

ENDIF

Step3: The optimal solution is

FD* = min{FD(a, f)Va, ; and the configuration is Xy (a, £)}

and corresponding optimal configuration is

X* =XFD*(“:.8)
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