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Abstract

The ocean is the origin of life on earth. It approximately occupies
seventy percent of the Earth's surface area. The ocean is the largest and most
important living system on Earth. It provides human beings with fresh air,
sustenance, and plays the role of climate regulation. Its resources are
relatively richer and more precious than the land on Earth. However, people’s
frequent overfishing and the environment pollution lead to the constant
depletion of marine resources. In recent years, nations by the ocean have
invested enormous amounts of money in restoring marine resources by
constructing artificial reefs which have been shown to be capable of attracting
and gathering marine life. It’s not easy to choose the right location. If the
artificial reefs are placed in the wrong location, they will become big wastes
which destroy the seabed structure. Due to the complicated seafloor
topography, the difficult exploration work requires lots of funds to choose a
proper location to locate the reefs. Therefore, the construction is actually
affected by the government's fiscal austerity. In fact, the policy of deploying
artificial reefs is no longer during the promotion in governments now. We all

know the marine ecosystem restoration is an imperative, not a slogan. If we



forecast the right location accurately, most problems will be saved. In this
paper, we apply genetic algorithms to construct 3D artificial marine
ecosystems which can adapt to environmental changes to construct habitats
for marine life and naturally attract various sea animals to settle and form
marine ecosystems. The higher concentration of nutrients in the seawater
surrounding Taiwan mostly locates in 5 to 50 meters ocean deep. Therefore,
we work on the study of constructing the 3D artificial marine ecosystem
below the sea level to fit Taiwan’s coastal waters. Because there have not
been any accurate data of quantifying the efficiency and benefit, we apply the
neural network to predict the fish quantity of different seasons and quantity
the actual results of restoration in the 3D artificial marine ecosystems. This
study can be achieved in the marine ecosystem restoration and the global
warming mitigation. Most of all, the construction of 3D artificial marine
ecosystems will provide the marine eco-tourism, promote diversified
developments of marine industries, and further enhance national economic

developments.
Keywords:Artificial Marine Ecological, Genetic Algorithms, Fractal

Dimension, Neural Network
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%E'.-';’E’lﬁ@/fﬁ_n/z mi]ﬁ‘*&‘? (I 'FK{T@"E};E&EL;‘*E\}?&J R HE
T S T A T A I g N T

IR
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BGFEFS LT BAA B hE A Back 301996 & fFah T
I fadcE #* g BE Y > b7 o7 (Back ,1996) ¢

(1) & € 23

ALEAE A AHFHY ERPECABN ., FIF RDB
B3k 33 BAS[Xar, Xaoy Xazy Xasy Xas] 5 © N R UXy I X5 2 T BRHcAL T B
WHEME BEYA 7L ERS - BEhs RIS A B A AT[Xa, Xa, Xaz,
Xaa, Xa5]: A-

(2) #33

BAPER - BN BRHACREIATESA B A BHF 0 LE
WPEE- BLABHEPM R - B2 FHFLFABMHOFEHR P+ &
BREA T i FHE 5 A'=[Xoz Xo2, Xo3, Xpa, Xbs] ©

(3) ¥ &7

FAMPESR BRABM NACB SRS BRABH
B BRABRY B A BHA BB T PiTo3 & BHA
Ao Ao A'S[L2( Xar F Xor), 2( Xap + Xp2)sninn. 1/2( Xag + Xps)] °

(4) 23343

BHECASE 0 > F AP ERACB SR PEARB N B B
A¥B Byl BRENEY - BIFLFIABHOY - BRE £
EATPCEREH Y - B R B C =[Xe, Xe2, XC3, Xeay Xes] > D=[Xq1,Xd2, Xa3, Xaa,
Xgg] » FEHEWHCEDRBR AR 2B FHPE Y - BIFL T ABRDE2

B Pl A BRST - BRET & 5 B'=[Xan, Xa2 e 1> 245t

g0 A K A ERE A B BB B R R
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BABB BHOY]l BHRBEENTHOETL T ABRHOY]L B L
AP ERB DT - B LA B > C=[XeXeaXea XearXes)
D=[Xq1,Xd2,Xd3,Xaa,: Xas] > #-C~ DB M H % 2@ R DT 2EFLF+ A B
52 BRE NF ABROD 2B LET w5 B=[1/2(Xa + Xp1 ),1/2(Xcp +
Xg2)....] » H AR HP] & o

EEE Y ]
TR R S LR § LY T

FRAE e d 2P AR FHTHE S > T A e e A 4 Rl

gl

"~
>_L
€
\\‘%
e
|
[
3

b

B R ER R G TN e E o 27 SRR EE TR RS
AEBAET IR TS EER 2 JIERIEE (G2 7 194) -

2.1.3 77 v %] (Evolutionary Programming : EP)

v L 4] J Fogel & 4 321966 £ % 4 » Fogel 12 3 'k i ¥ 41
( Finite State Machine, FSM ) % f2ffix i* gl eni= 5 058 0 F "Lk i 154
Hd - BAg KRG ﬁ%»frﬁ% R LT - Bk TS frd
Ry~ R R PR B FIA 2 7 - R T 7S AR
LOF LA eh R % 4] (Fogel, Owens and Walsh, 1966) o d &g it 23| ©
A MBI T RG> F U] F LA B o Fogel 1992 & & #
B RS Rnp B B LN R A R4 AR o R
AR A I ARRE T R RERAIER Y L] R EH AR
3 A AT B iE R AT e SRR 1 Wk (% v (Fogel ,1992; #F E frer e d
%0 R99) > A F  Michaleewicz »v1993# #-jit i | iT= - 2 e p

FEEE A4 a S MBI F 3 vk d Y F & 2 (Michaleewicz,
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1993) » Bl - AP IES R F A I FEAPEFY R L5
(Back, 1996) > Fogel 3 3 ;& it R\ cFum L AR H d A T gt 32
I FAB AT (FREE > 2094) ¢
Procedure EP
{
k=0;
Randomly generate initial population P(k);
Evaluate P(k) to obtain its fitness;
repeat{
count = 0;
while (count < N) { //N is the size of a population
Select one individual from P(k), each one will be selected
once and only once;
Mutate the individual to produce the child;
Evaluate the child;
count = count + 1;
by
Generate P(k+1) from both P(k) and the N children based on their
fitness;
k=k+1;

}until (termination is met)
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2.1.4 i5i%7% & ;= (Ant Colony Optimization : ACO)

SHIR AR F o B p HBLE 2 E > EF R AALE
BRSO B s s e LOHB S §ART 4% G5 0 LA
FATEREHEA g RN G o om0l P EF S R A H0F R LT RIS A
Feyrn o B ol BRI c BBIRIFE 2 R AT R A E P F

G 6 AR BT T A RP-F R %(Pheromone) » T - LIBIRIT €

3

i u“'%"‘%‘f A JER A (TA_ 0 d TSR PR By IV PR i AR
rga@kﬁ&’lﬁjJﬁé%’@{%%%ig“%%@ﬁﬁ%’
Bt 3k TR A B B BRI ho 223 -

Nest ”e Food Nest

A ™ e T e

FI2.3 sBukiw B2 3

# L kR : Dorigo, Maniezzo and Colorni, (1991a).

RS
s
=y
i
=

AR 5 - BORFEACE RIS 07 7 AR T, BRIRI L GAR
FHEE RGP E AT %l - |y 0 @ TP F EERE
FARTIE G F =B CR RS & 2 KBRS Su L - d

¢ =

-
—-\\

FhreZ FERIZOEED B o R ST D IR F AR T RE

AR LIRS S S TV ERERE TR SR R

20



Ay
) YA f%@ﬁ EREFGE L5
(Fhzgy &g V101w 82 % Faeis
7

BEIN LR ER > TR At BT ER 5

HeCL ¥ ifAEREE jhdad ey o Bl ifljem

gg’ ‘\/ o
R

REASIOF R AFIRR RFRLS o FLRERE BT 2 (R
Faagdwt o nig¥FEARAT
(Pheromone Trail) » &2 mdk3F A F e F /2 5 ° LHF 2 BRI K ITH A > F
B e R RAE € BRE > Fp LRISDF EFLAT A A
T o
Tij(t‘l'l) = (1 —p)Tij(t)‘I‘ATL’j ................................................ (2)
;% 7+ DAL EER=RIDaF 8] AFFtE Tt +1
2,
P

ATU =

{Q/LS if (i) €L* )

0 Otherwise T
S5 BHIRSHT R A 20 BT

## H 4% & (Transition Probability) P/ (t)i& 7 7 - &
FLER BB PIATHE TR TR RFRRC DL EnEEER):
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P5(t) =

[Tij(t)]ax[nij]ﬁ ' _ .
Yuess [T (®]19x Ml if jeJs@ "

0 otherwise
;El: ‘:{ Tl](t)i)’: z\ //4' JJ ) L_EEF'Et7 \ ()/‘; %Ik)’ﬁ ]S(l’) ]L‘ ~ Iﬂ—r’\“é; ~ /f‘_'_‘BE’?_
Hp

2 SRS AL BT R B B, b Y

Al

o FERERIDSF =
BjE R 2 B BoofEE Y VAT R FEIEREE &2 S0 Tt F
o= 0> T Z iR EHIFPR S TAIT 2 F5 T - BEEL A Ep=0"
RIREA TG RFERTLERT - BT ) > 223 Y EHF RS

A8 o

2.2 ¥EA 5 ¥ (Neural Network : NN)

$pAd 55 e it (Neural Network) i fENN > 2 & @708 < B9 87 4 0 e B e

7 =
BFEALNE S o D~ DT RS G B E R p AT
oA FHAS TR T ER S T AT~ IR P

F s TG AR WAL RS BN p

A B R REE S B (BB T 800 3 AR H A > o
91 +k% i3 » % 89)

A SRR A A SR @GR o AN ek A S

FEd A g AR T o MR P A SRR DT UL 4 o B T

B o0 T A «fﬁé‘“‘%&*ﬂ;f-%é’L PGS 3l Y

AP EH i A A EAREF A A SRR 4 (EsE 0 &

89) 4 14 Mg AE S b A E R VA AR A FHE AR
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BRSO G - T EARG AR BB E R R T A
& A7 7 B Bh 2o (Distributed  Associative Memory) ~ 7 454 ~ ¥ 3 i 4
(Adaptive) ~ ¥ p BREE Y £ 41 > @ T ABAFES ~ F S R LA
AH AL ~ B RRAGFIL ~ B R REHE S AR AT RAERR SR -
AR LA ERY AMIMEE (i 193) -

KA SRR E o - Lt ERARS &S £.1982# Hopfied:h
Py o A SgEe Peand & Rz - > BTN SRBEPHATY
R RAFERHE R LR - @ 1986 McClell2 Rumelhart=7 < 4 %5

B @R R BT P A B d S i R Y fr(Kirrane,
1990; Martin and Howard, 1991) » is i@ 43540 5 e 2 LEOER Jk o € EEA e
Bt S RAlAz: R B4R > T3 S P2 PR o

TR A e hE - A LRI 0 T4 BEA SRR
FH o W AEA SRR OERT A S e B8 (Feed-Forward) 4 %
¥ 4% ;¢ (Feedback, Recurrent)= #f o fo BF > - 454 S pe A1 & §F ¢
SV enggal o K B (Supervised) ~ 2t E 5 (Unsupervised) - B 8 5
(Associated) 2 % & iz i & * (Optimization Application)(Wong,1997) » # gt
- BT H w g o

221 %M KRR FEH

BA SRR BT A Lo i BN 2 v A A A (Ao F124) ¢
H2Eh A hFo a2t R i@ BEN pRAR242FY > 7 g7
B A A R gD B AL v UAFRE EPAEE S
Be* oo & 900 A SR AR B @RS o

WA ’“ﬁ%k':%%mﬁvv%iwﬁmﬂan—izo—;a

Tooe BRI CRRIAFERR ST LR o NgAL - &



AT EE= L 5y

@ iEmm

ON i —— R BA
O wmam

R12.4 #F4 SRR ERT L F
7R kR - Wong, Bodnovich, and Selvi, (1997).

222 WA SR BB Y B

b
LR

m

AEpR Y3 N F o iuTe A EERS > 289!
«\?33%, 23
SE AR E ST SIS LEREERE SENE ST

‘%%w#%’L%?ﬁ#mﬁﬁﬁ LA EVERLIE RS %2

=
PR

-
%\7»

ez g2Y %m%ﬁ%%moiﬁﬁﬁﬁﬁﬁ*ﬁﬁééﬁ%
Pl ervgt 4 0 % SRR REEAR B P B U B 0 @ F o~ R
ﬁi@wﬁﬁ%%%’ﬁ%?%ﬁﬂ@fﬂ”ﬁﬂﬁiimiéﬁ#%
IR E B =2

RE SRS IS VSRR PN NIy LR EIE
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= IS 'E"\ﬁ ¥ np ad R oY ﬁs«l e g EaL e
TR CIRRE LN 0 blde D B F B RE - R TSR
WA GRR Y e g 1R
2. 2EHENFY B

EEEIEV B TS LSRR g o AERNE
VORE S~ TR FIS LG B E g AL > S B SR A R
Foo DI AR - TR BV RAR SRR R R
FREAARERROBEEEL ) RERT P LMY - REITl I

J@’j\
!

)
-

PV AR A ksl blde: B B £ 4R I2 % % B (Adaptive Resonance
Theory Network) ~ p 2 %% p & 5] % i (Self-Organizing Map Network) ~
B8 Y ik (Associated Learning Network) e

3. b P FY NIV B R R A et aATERE B o Y R
AR 2 22 e 0 b e B B R Se (R 4 Ba(Bi-Direction Associative
Memory Network) ~ # & = 4§ (Hopfield Neural Network) ~ & if i* Ji& *
i g (Optimization Application Network) o

4, R R RE KRR H FHcE > s P iEg 2 T o 3
B ek P AR bde DA S5 e EE (Annealed Neural Network) ~ 22 —32 5

i §% (Hopfield-Tank Neural Network)

2.2.3 5] B B SRR

WA SRR D REA SRR YRS S B ER LT R
B A eaficst 2 - o 21974& Werbos 401982 & Parker © 3% 12k &%
4 o B F|1985# > g 2 4~ & chRumelhart ~ Hinton feWilliams & ) 7 &

4 & ¥ 2 pl(Propagation Learning Rule) > £ f3id * % §E;2 B (Generalized

Delta Learning Rule)> 4 #4558 S &2 5 5 2 Pl & 2 & (2 @2 &~ >
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291 $h2 % > X89) -
B G S d A R I A% S '8 2 (Gradient Descent
Method) » #2524 Snffcd | t&m L E DL ZR - BB AZER T
DO RE R g 'zﬁx%‘fﬁvmmﬁ o
By R > EAREE A B A N T OUEP ARREY
P g e ac | - BRUKRE g3 T ot - g & o
BB RRR RILEA ) A R BB e B B BEES
BEEERA S A I PF Y S e R~ AR
MR TR S e B L R m% B R A S A D R
gt - Koo e QIR G B e i B B AP LS

LATRREE o £ 2 2 LA R NEFRD L EDLE > 2L AT
£

\_

BB S E T RF L BT E] R LGRS BA T

1. B (ConnectionN)

ui(k+1)=JZ=1:Wij(k)aj(k)+6?(k) ............................. (1)

2. &% (Activation)

g (k+1)=f (u; (k+1),u, (k)@ (K)o, @)

HimA bl BEFMER (F% a1 (50 {374 52 b ahivr g3 o

B BATEOIEF BAAL > TREIABH G (D@ EFE K
o ol PRSI 1 R #ﬁﬁ"k * 57 { Fren= oYL nipa ;;bmﬁ%l aig s W
LAFIBH AR IR CARIEEE 027 81BN LN M
PHEE N 278251 RH SAmeatd S 1fcp « I8 £1995%
A s mre ¥ oA froan i i 1 9718 (Lo, Chen, Hou, Lan and Kuo, 2013) -
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2.3 BRAWA

Hausdorff 437 % ~ 74 (Real Analysis) ® g & % (Measure
Theory) |z 4% £ & P4 —% 27 % £ | & (Hausdorff Measure) fr%
#r % X & (Hausdoff Dimension )# 3% st - E R MA B R aR 5 M o
kﬁpfﬁwé%ﬁﬁ’ﬁ\ﬂﬁﬁ&@ﬁﬂﬁﬁﬁﬁﬁi%’faﬂ
T ABREDAHET RIL - FL HEFHp AR A Bl 2
PR A F 2 Ak o B AL s B~ R R FUREE S Rk 507
A E o FREEEFT TR A (Chaos) ) 2 iR o B R R T R 21967 &
AEHI Y g koo T RS ARE Rays ARG FE 253 4p o
A #icsa & (Mandelbrot, 1967) ¢ & 21 “#22; (Fractal) " F 5 » 3 3 %

BT 2 Fractus 0 & L AL T RS 2 R e B ek e

231 ApRE:E® -%:':—i’ifk

log L=logN + (1 - D)logr
D= 10g N+ 1000 1/t i e e (2)
L= /% AMBE
N= R & H =B #&
r= REF LR
D= 4 & (B8R )
EEEA R a2 R EHE R P IR R ,7*»

T p i 5 B IR MR WL 0 4oB2.5 o
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'” '\ ‘ | ir’ --. /)
f~r \ i X '&:;\ A ‘w—( \
v 1‘? \\\ ‘\J? \ ‘{'J \ rj J\
12 / é ) 2>\, b
f /) [ % { / & 3
"\z\d/ L ey ” 5 V R:
po)2| Fe d| 22| > s
200 mile 100 mile 50 mile 25 mile
vHER | v HERE AR R %
200 & v@ 7 1,400 #&¥¥
100 & v® 16.25 1,625 & r@
50 & 40 2,000 & v
25 & v 96 2,400 & +¥

B25 7 4728 =2 F R ARE R R

F#L % & : Bovill, C. (1996).

John and David A 1989 & » #& 3 £ A &k » A PR 47 58254 2 F
FAFsefe A A W ko L AT IR RS X VALY HHE
T2 rAg s EF S v A Nwa I E hE I E SN (L ZR
AR E - - ) o R vd R E TR [H D
i FE Y (5 4 4 (John and David, 1989) -

Pt BN PIEAERY P ARB TR R op 2P B

Rk AR AN CRER T R L U CBEAER
3+ % (Barnsley, 1988; Zhang, Sugisaka and Li, 1998; Chen, 1999; Barlow

and Bass, 2000; Valor, Albert, Gomis and Contero, 2003; Wang, 2001, 2003;
Yan and Deng, 2003 ; Frauenberger, Stockman, Putz and Holdrich, 2005 )

A B S IR p AR Pk 2 3] e M. C. Escher ~ B % 3%
¥ F g A 4 Louis Sullivan f= Op £/ 7 B. Riley » 2 -+ ~ 4 % p
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AEFERABRE G FRASE SBAIER 0 R DY AT AN
2o it 4o A 3 4 & (Artificial Life) ~ 2 54 32 345 (Chaos Theory) g4 75417 A
@ 3@ % (Fractal Geometry Theory) % (Paul, 2006) - William Whewell
(1794-1866 ) #1840 & #7347 The Philosophy of the Inductive Science |
- % ¢ #& 2 g (Consilience)iz B » ' pil | H.5d B5AEE Y 5 & 7
g AFOT L BT R REET ST G A R
BEE oA Rl - BR R AEREAH S T TRl ) VR B
AR 25 T AT REE 5F $ R LA L g & (William,
1840) - Venkatadri and Montreuil (1997)¢2 Montreuil, Venkatadri and Rardin
(1999)#74#% M 2 A2 B BREL L - ~ A5 24,5 B REE -2 7 77

A g 3 oo AR ] - ReOFH AL TR o MR BT H P IZ AR

gﬁiﬁ Wang # * % 1999 & 1 firh i e 55 MR 3R i B i
ﬁ’&“*%@i’ﬁﬂyﬁféuﬂwk¢ﬁ$%’%@pia,j
Fl* pAp itk Bl > R E AESA TR AR B HEE

-

AL T B A m;l*ﬁg,a(l‘ﬁ%%?] v % 91) -

2.3.2 BRAHR

BMREBEZBARP IR SPE >R HY 0 A g BEM -
—af e R oM PP LAdcB 2.6 rdp it o KB 26 ¥ F
N=rPH? N ZoEdc 8 riq 6 D 2R E. F

logN;:ié%@Z.G r2 NZBEAYSF ~ » 7@

LEEFEE o vHED=
logr

D=1% D=2 - D=3 =44 -
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http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=3mtJ.j/search?q=auc=%22%E9%99%B3%E4%BA%AE%E7%91%9C%22.&searchmode=basic

D=1 D=2 D=3

N=4 I

=3

N=3 N=9

B2.6 &< SR B4 B

TR kR - Bourke, (1993).

BARER LG v B % - 28 R (Fractal Dimension ) % ~ #& »
BAyeh R T AR Bl o d R R R - - R N F S
BB FIPL A TR AR T L Bl H - 5 op Apini
(Self-Similarity) » p 2 4p 02 1 L ARZRA) 1/ 30 6 & FE R AR 10 > fT&{

- M- RRED E’v’ﬂ‘iﬁﬁi P ML BT TR N E IR 0 T VR
AP AR EORREAEBSRREREY F TR T XY D e o

¥ Z 2R E g "Lenat B 1 (Unlimited Expansion) » & ' éat B 142 4, 4

-

7 ER A R éf;&ﬂif SR A ETR - HRA R § - R
% o B fé I AT b f 14 (Chaotic Dynamics) > & 4~ 4~ 8 & 7 | % 1

'JE’J/”LZ'F’]:‘;‘ s lE"" T\ , ﬁpi\%ﬁ‘ E' 4 y I;F’Tl?ljlt}_ ) ;}‘3—,1
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24 A1 AaE2 R
ALAEA G A A B RS A GO E T L
s BN Rk i B o IR R sl ik (Nitrate) B
(Phosphate) ~ #” i (Silicate) & 4% % B> 554 + B A  FE o ¥H kL 8
A BRE@EAEA P2 BARE B ENBES BT 0 WA

w

‘\1

¥ id
AERET R FI T E RE R LR RA EE TP ARET LG R
5142 R EN A A1 d o T A AL & (Ambrose and
Swarbrick, 1989; Bohnsack , 1989; Bohnsack, 1990; Bohnsack, and Johnson,
1991) » P b PEiR A i defs

24.1 R4 HER

PA19704E R B e (7 A 1% 2 B e 0 1945 40
752 YRBEINES S S RIESNE Sl R P AFCRS
ERT

‘z

*’ﬂ%

AF RPN AL AEER  EEAKY S FEAM o 5 RA
FENAL GEPF FORLLF T IRAEL B FRRE Y
N E A 0 FAFE R0 A F e g RIS 0 S iy ®

B VIFRRE T RERETRE 0 LR b

T

rToA
B PR] G MBS B 19708 RASEAndR el 1 A 3 B HF 5 A
2 AR R AT
ZRAA DAL ARKE o F M L9T0E FTREE b B AT A B RS A

P

o R TR Y NG KRR o R LY B

n>

=

dkejp A 7 1 iF > 2 ¢ Randall(1963) ~ Turner(1970) 2 Stone(1974)
% A iF1 gﬁpigﬁﬁgp;z » A AL é(;”et/pgiﬁ }"%151%4‘; ‘,/,%zm;ré,;; » F]
BT E RONE SRR B A KB AL AR E(FET > 196)
REFEZFALARDILIBRD OEFESHERPRE > 2 HKEA L AR
M F S F A RBALAAL N5 P RB R R o
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242 FAp 2 BRI

ARO2&E d AR ET IR EF Y REREFEX X &g
FEWNFELEP Y R P HEROLASY By X BB FHOR g
BRI IF AP ALABRET DR A EF P ARG3E F 4o A
I AR 3R REFE S TR AABE S AR s HAFEE 2 B RT)
LR RRECRE NN A L ARR R FOL o2 T2
22 (AeBI27) 0 VPRERE T > AL F SR ATH RRE AR MK
R TL S JRERBEEY 6 FE s N SRR A AT L AP
REEXL O NE B RmAS-FI L2 T g BRGE L LR
¥2 kB EAL 2L A (GhESF o R101) > (1 FIF T A M‘Pjﬁzﬂfﬂ”ﬁ v TR
AL SRR R A RARR  EHE G e BRI S L E A
Bltiigse  H B Rk A 2 3rsdrrif A o H b ayde R

%

EWSTRRE LG ERT L L E el ERRE . %)
CLRRRAA S L E L B o W R B R G R
"B WRITE KR

[}

K

&AL 1 bR ;},\%g;#g_m],fﬁ%\? v A R b ts

"»
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V%l
I — G om eters.
0 12525 50 7% 100

RBl2.7 -#f A 1 4 kAT F
TR LR Fra B EL R €A EF 0 (1101) -
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1. -RRFE

=

PURERS MR E A s E At s 2 R B LR AR
Pz gAML 0 R H ﬁm*%f1$3&ﬁ~%%ﬁﬂ%ﬁ~ﬁﬁﬁ
FAeE - 2 A BAS A REY R il o Ry

AR S L B Ao W28

h

» =*iie ‘S_-"; ;&{?i@‘ s ’\‘J

P ‘-_i_"_ﬂ-s-i_"‘
B]2.8 kK&
FARAR FRLELR fMEE o (1101) -

2. BT

MEFE LT OIS LE ORI ABER I RO EA S
o dhE b T2 TR RIS 0 89127 1P At oAt BRIk R A
I ARFHBREAEF D ST OPHRERAZ TR R EFEI L bR
EETRE Y &4 ﬂﬁ**’ﬂﬁﬁﬁm@%ﬂ’*ﬁﬁﬁéi’
R AP P AR FRAAFRIRPBREZIF(LEF > A
101) -
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F2.9 BT ##
TR kR AR LR EF o (2101

3. A
g RS > KRR ARE E o Uit R
EHMEF - BRFXE T EREGrERY) AR ERE
O H W RE R @7 4eF210 - G E B 2101) -

B12.10 4 5 Hk
TR AR AR R YL R €A EF > (R101) -
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4, F g

BIF IR ESF e E 4> p ARBIE 25 0 K3 gk
SERE YL AR B Y RGE(dr 4 2.1) 0 "f e PRt
PR T FRavE o B ER T E p’éﬁﬁﬁﬂ;ﬁ%ﬁ‘ﬁm@" )

211 G %% > 2101) -

\_

)~ ~=h
I

fu

X‘:F.

/JS

F\?

Er

221 Bagwm s 4

B LA A=y A pE
LR BRSNS 2000/11/19
el B = % 2000/12/16
5 15 [ERTa R 2001/10/13
B 4 AT R R 2001/11/02
40 A BA ) m ok 2001/12/09
¥ B W 2002/10/31
B4 RO 2002/11/09
% e 4 TEHER AR 2002/11/10
S o Bd s 2002/11/29
7B A i b 4 e 2003/01/09
I A AR S NS TR S, 2003/03/29

RS cREE P R ER 2003/04/11
g ﬁg*: IR 2 SRR S B/ 2003/04/19
FH AR ARl LR €4E%F 0 (3101 -
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F2.11 & 5L )
FHKR D FHRAR AR B ELR fAET > (R101) -

25 AED BFT
BEL A GBEA A T adr R W R AR FHT0% > A AKEe P
BARY BFEFAF ER LI PRI LR - e B
L EEHLs L o 2 (Spergel and Melissa, 2004) > F] 474 3R A g
TR F R A R EEE T AL - EARRL LA B 27
FOREALF TR LAERP Y D PARRT > H T WRASE S T
B L A AT RS AR R % 30 TS BF %A E 2 9 (United Nations
Convention on the Law of the Sea) » ¥t % o 22k & it ia L L =4~ /5 4
ARFRAIL T AAILE B G £ & enfy W (v % (Chy, 2011) -
251 R EYT RR
1. #8= .
PSR TR T F B ERRE AR EFRZS e 5T
&g 0 01064 T 2R EIN AR RS & 2 h E3I0hR Foo %
RAETRBE LS RFAERGF RN EELAEE AT 6
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http://zh.wikipedia.org/wiki/%E4%B8%BB%E6%9D%83
http://zh.wikipedia.org/w/index.php?title=%E6%B5%B7%E6%B4%8B%E8%B5%84%E6%BA%90&action=edit&redlink=1
http://zh.wikipedia.org/w/index.php?title=%E6%B5%B7%E6%B4%8B%E8%B5%84%E6%BA%90&action=edit&redlink=1
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3.5/ 4 2 §* £ 4 (Recreational Vessels and Passenger Carrying Vessels )
4.4 ~ 3 4 (Sport/Game Fishing) ~ 5./ % # B (Ocean Scenery ) -~ 6./
Ao F s 2 iv % s @ (Marine Park ~ Culture and Seafood ) ~ 7.3 %4 4=

3 % (Interaction with Marine Organisms )
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FR% ¥ LEddeacd hv(local) b ik B 0 LR S ELAfe o Y
%&r‘f (Lan et al., 2013) :
1. %% (Coding) -
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2. % 7 (Multiplication) :
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Column #1 Column #2 Column #3 Column #4 Column #5 Column #6 Column #7 Column #38 Column #t
| TST [1521 3423 2063 2967 4182 1724 1875 2258 2522
| TST | 2867 4591 3399 3127 4770 2058 3308 4058 1368
TEN | 4167 1018 2582 1599 1600 3498 2830 4131 3089
(TRN {1070 2152 4702 3507 4593 1539 3575 3475 2589
| TST | 3660 2041 3591 1030 2072 4603 3488 4853 2071
| TST |1264 1926 4062 4643 4012 2535 3371 2684 1500
(TRN [3024 1126 4398 4233 1539 2874 3023 4274 2901
| TRN |1332 2255 1154 2410 1633 1405 1701 2505 2115
| TRN | 2435 2641 4527 3805 2309 2785 2156 3202 3725
| TRN |2544 1401 3569 1836 3895 3368 1750 2704 1827
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| TST |3242 1569 4731 1293 3407 2584 4781 1120 4960
| TST |1081 3234 2403 4452 4096 4487 1386 1605 1874
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| VLD |1054 4512 1638 4581 1561 3291 1091 1674 3359
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1 [8-1-1] 11 0.00091 1098.568481 |0.002712 0.03654 0.191221 955. 154963 All iterations done
2 [8-14-1] 141 0.000914 1094.527466 |0.001563 -0.001556 -0.009095 9581.669922 All iterations done
3 [8-9-1] 91 0.000913 1089.72937 0.001856 0.003326 0.081899 978.933777 All iterations done
4 [8-5-1] 51 0.000925 1079.689697 |0.002439 0.191973 0.455141 869.126587 All iterations done
5 [8-7-1] 71 0.000873 1145.493042 |0.002274 0.211435 0.479477 847.767944 All iterations done
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