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Abstract

Environmental facility siting (EFS) must consider various criteria and factors for
evauating the suitability of a candidate site. EFS also needs to process a massive
amount of spatia information before a proper EFS decision can be made. This study
was thus initiated to develop a decision support system (DSS) to facilitate EFS
analyses. The system includes three core modules. optimization analysis, spatia
anaysis, and paralel computing modules. This study developed four sub-systems for
raster-based landfill siting, vector-based landfill siting, water monitoring station siting,
and air monitoring station siting. The raster-based landfill siting sub-system includes
three mgjor modules for landfill siting optimization, spatial analysis, and pardle
computing. For establishing the vector=based. landfill siting sub-system, a specific
algorithm and data format were developed to improve .its computational efficiency.
The vector-based landfill‘siting sub-system includes an optimization module using the
specific algorithm and‘a spatial analysis module. The water quality monitoring station
siting sub-system consists of an optimization: module to determine a monitoring
network, a spatial analysis module, and a siting summary and. comparison module.
The air monitoring station siting-sub-System aims to assist-users in designing an
appropriate air monitoring network.and comprises an optimization module, a spatia
analysis module, and a Siting summary and comparison module. The results of
paralel computing show that the parallelized agorithm and computing environment
can increase the speed by about three to seven times while compared to the original
algorithm implemented on a single computer. The vector-based landfill siting program
can significantly improve computational efficiency, at least 29 times faster than the
time used by a previous model. The sub-system is thus able to find candidate sites
with good suitability. The system and all sub-systems have been applied to several
illustrative cases to demonstrate their applicability in improving the quality of

decisions for EFS problems.

Key words: environmental facility siting; parallel computing; decision support system;

optimization; and sustainable environmental systems anaysis.
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BERG R TS BRERG TR FERPERE G NREPR S g EY S
A BERE S AR EF DN Se s FIp % B 2R REE B3N R 42 - Kao and Lin (1996)
Flm BT - BRRNELBER R RER RS U EKE
PEHARERGR G e N PR 1200 POATH R T R fEad o B AR iR
R e AL RjEonE o REF S RHNES T DARFTELE- Hrrd R
fared o Kao(1996) ie- #H# B 1~ Bl ik 2> £ 1 CEFTHR T - B
fest Koy L- HRBOIACRIHGREE AT KR 0z 7
AT R R B L A dedf(bridge)E sl e sript 1 S F £ B

A

FALPT - AR E T BB AR kB R L AL SRR

- B R R o SRR A R g okt e E kil o

L R R B AR R S B KR G B A G
w & 3 $53] o Church (20025 3£ 1t P i i 0 A2 - h7F i | Flde™

1 e B &SP prene 38 Aoyt o
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4. G E S ITHHATE RS e
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dem friE o P AR RERSZE TR AR R EE LT R
vy e ENER R AT & f2/40Linand Kao (1998) # & 7 - w & 3V iE nt iRiE
B ot BV RERG RO R R RERS > d e 20 E 445 g2 Y
B G A e G A 0 TR R RS R U g S o

LR R M B KT o P PRI G APMFEE 2T R
PO RAFLFERE- BREZEE BN P RpUFEZER T AN P

-HFRLTEARER LR LS S B NER BERCE U f ER

%

A - &k T o AU B R AR BE TR AR St AEH N i S o R
HER RN T AL o S5 Ra RSP KRR eHEFs 3 &
& Ffz42 % - Paprzycki and Stpiczynski (2008} B2 2RI & T ey B ik R

¥ Moore'’s Law#77g ip| 5 4u 38 8 scay > 2 (AL A F R REAE Se R i K o gL g

Y RTFEEMLBEALHETAEEENIE S E > & Armstrong and

<

Densham (1992) # %2 T #:8 5 ¥ i 5 B (4 F]3 ;¢ (spatial models)r % &
A EFE A %, Vb AR W Y T FEE 5975 ¢ > 4o Babendreier and
Castleton (2004 * T 785 > Z&FHF T AP § LRGP G F 5 1L
AKX > Vrugtet. al (2006) Jis * & (738 K3 RSB P S lehR R - &
BuAggte TEFELR* &3R4+ > 4 Thomas and Li(1996) & * -~
FEY ffR- s Ly @ ER 4L 2 Sziveri and Topping(200@) 1 *
MIMD h %78 1 > 3 & Rz 5 F At areS o AP UL FEY kit d

gﬂﬂi‘?r‘ﬁ“—‘- X '\I‘% F\: ‘SE °
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MR RE T FEE KfELX A F 5 o Viugtetal. (2006%% 5 T (T E & A
Bt » B9¥ Rl - 5 HAFEAEIES o 528 F¥2 & 4o Armstrong and
Densham (1992 #% - # % ﬁ Z ¥R~ 45N (sequentiaf i #g ) 0 re s T (A
L5 4 7T 7iE E R & o Pirozzi and Zicarelli (2000} o) — 4+ T {73iF &
o TR FEE 0 4o £ B i A 0B 84 f2(decomposingy ¥ T (FiEE R B0 &
RJL B LA+ i T (communication data between processors) 2 ?fimﬁg?l
IR RIEE A N AD L AR R A il A R R

AL s RARGFTFEEMR AL ER PRI AP MR AE LA

FOFERFITFEL R R KRG SN RFRRES T R A WAL

BT B R BN 4245 F kA 4 (Flynn's. taxonomy) (Paprzycki and

Stpiczynski, 2006) @ Be4n 4 i(instruction)}? 7 it (data Streanyy 4 & v 47

1. SISD (singleinstruction stream/single data stread)y 4 i~ » ¥ 7L n -

2. MISD (multiple instruction streams/single data strearjip 4 i - 8 30

v

‘I”“ o

‘m}ﬁ

3. SIMD (single instruction stream/multiple data stream#&), £ i» > % T

N
in-

o

4.MIMD (multiple instruction streams/multiple data stregms$ 45 £ 7/ > 7 ¥

Paprzycki and Stpiczynski (2008 iz 4 x4l ? > 12 SIMD ¥ MIMD
LR E* A o a & MIMD Z4¢ - 3 - f&+ %3] 5 SPMD (single
program/multiple data) (Algorithm and Theory of Gmutation Handbook, 2004) &,
TE - BT E (processordy AR e AR 0 & p #EG p o 0 F LN (data
stream) i=fA > N F R L LB AT RS TERE > AT H T SPMD
RERTFEL SR RAFRTEREF O FFERD)FIRESIFEL D
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TERFUIRFEE e A - % AR AT B R YIRS S AT

TOoOFRE- BT UREFREFRGERARAFTOTFELRR -
25 BB ZEHATLE AN

BERFTERALNE AT HFRT  Z L RN R TS £
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BELFF EZHFAG AEFLCEL TR TG REMTE IR A EE L
WEFIE MRGE R 3R MR N RERB P E AT A F Rehf o
P - S Bde B R E R g AP doie e doanie (TR
sTE AR ST Kpi«?{m— BEEPRWFM AT FE AL LR

A B a ik fA 45 4 R R -

AR L3 e s B 19708 R e A5 20 4o Little(1970)% ¥ = & - £
5 R S AR AR R el AT B B e R e ik

gt 4 oL 5 .
o A P Al

K412 o @ Gorry and Morton (1978 - % 5L 32 )« 2 ;

sm

SR AR ARG 0 R W T AR A BT IRE R A TN 0 AR
IR -’T—éc)»/,,\ﬁ' FIH R 2 S ket ¢J-+?‘LFB 150 7 W IRE AN

£ % g ety > 4o Turbanet al. (2006) #73h » A 4 4% % 3e 8 F slfrens ¥ 3

N

PR R UE BRI DB LR HUTE O AT P o r"kvﬁ-" AR g

RFE R RPR e

LEET RS SRR T S 2 2 ﬁﬁ:ﬂ@ﬁ?fﬂ—gﬁa -

15 5 A% 248 % Aeng o (Turbanet al., 2006): @ $35 H2k % ab ik R 3

e

EA LB F AR T > SIS AR LR Fa Bt 4

El

B TR HARK L 32k Y(spatial decision support systemTrosslandet al. (1995)
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FROBAFTAESE 2 (R I FHPEANAE LAV RE]L T %F DH
RBET > BT ARP REFA{T FRERAER ZE2HT 3 Rz 7
AT IR R A A AR Bl R F AT B RY P BET AR
Bii #Buanz ol 0rREIRF- TokT SRS 7S ;3 4
%ﬁfﬂ%%%’ﬂﬁﬁLﬁxﬁj&ﬁ%éiiﬂﬁ%?%iimﬁﬂ’Qﬁ
PHLAEENEA TR R RAFRARET A Fle BRI EE S

B 47 enif Bl > 2 B TR B3k 25aF pl iU 3 k5L 6

F_&

M oah R Ak Al e gt B+ > Turbanet al. (2006) 5 ~ % #icid * ;‘fi
7 {ﬁz;‘;{%—*ﬁ DA PR RS R R e B R RR s IR RN E
Famd B 22 g g &S S RFLLE T J RS R F e Sl
P e AR EH )R R EETR S S TR R L R R L 4R
RPRERY - B S AN A R e e LT SR
o N ROEHR Y KT B B FE R A AT PR KL A
BORE AT R AR TT SR RRTER LR A s B AR AR

F oo

wARE S APM A P - R E R A T o
FrFER 7 ¢ o Siddiguiet al. (1996) £ Seneret al. (2006)7 & & & 47/
(Analytic hierarchy process AHP): & GIS & (735 B 335 W BH F 8 4 47 o
Charnpratheept al. (1997) &2 Gemitziet al. (2007)$ 2L AHP £ 2 GIS et » g%
B 2 (Fuzzyys 178 1 Fl+ 2 a2 47 07 s > B 5 FF S0 % B 0 é
i o Kontosetal.(2005) & % P A 172 ~ 2 B Ar 8z B3> 2 > % & GIS

FJLER FF 3 B FE TR AR R AT o Y F RIS GIS B &
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> DSSiz L AR 447 o
Kaoet al. (1996) % 12— i LR M F R K EE > - BRBEIKGHEHR
B ah Rk M B3 A MR A - B RGTRAT BAS 0 2 2 RS

@ Al-Jarrah and Abu-Qdais (2008)* -k #48 > ;2 (fuzzy logicyE = iE x4
WA RE S B 3F % Fuzzy IF-THEN rulese (7 #1350k if & B %40 » a¥te
F B HR R FIERG 2R 2 Changet al. (2008)% & AHP 2 ~ GIS & fifs
BmEzz BEARRE S e rEFpeF@fmEge i gl fhi ¥
- FAREA i ey kL e Ak L IRIE AL 4 o BRARIpE Z B AR F A E R
ARAE I REI s e Bowidl VIEES N Fla - Bl L aiER S %

FOE A AARA AT D] BB AL e

ok & iRl sk306 o Dixon and Chiswell (1996)3,w A 4p b < x> & -k FF
TRESEERP R FTHEAE - RFHES > J ¥ adx sk - Dixon et
al (1999)% ¥ £ 2| %35 R iR oL F T s P B B £ AP S 2 B AP
FF G PR TR LGE B2 RB d 0 E RIS A R (2000)0] £ 3 4 54

PR B AR ST s B R T LR

AT AR A AR R L 2R A e R (90F) ¥ 1SR R
BET Rl TR WA b5 B TR K SN AR v o

PR R T RERIEG AT E R R A RaE 2 kA e A T o

Flpt A g BIfG Kaoet al. (2008) 4 B - #-k %ok TR RISERHG 0 %
Dixonetal. (1999) 73k 2. @ F kP ~ PEE R ZRIBE 5 ff F1F 20 > {4
NEAFESRFERBLS TG NP FREREFTLL G TS AB e
REN 2PN EERERE PR ET R R FNE PR REEAS G o
fori b O E AF R LS RO RERY F AR A A st
- BRI ERPERES PR PERSFRALAETS D EEZR
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AN EES G TR SRS AE PR R UREZES NG e X
THPATAEHHRRAZFSTERCE 1 ERSAREY 2L E S DN
Pk Ft g g E 7 RG] o Nolletal (1977)1 5.3 ERF A5 5
PR 7 b 0] PR ks L RE 7 E RIS E AL E 0 Arbeloa(1993) &
IR ORIE B e < B A AR R B A S B g ] B2 Bt a2 iE
TR o Lipt RfE2 NG o A g 3 BE > & ALEE- P Rivg std 2
fe o M7 B Kao.and Hsieh (2008) @ 2 1. # plig X% ; 2. 1Rl 3 4k B
B3 Bplap A A BE e R SR SN £ RS F AN e
FrhpeR E A4 5 PP AT N o e P BT R RE A
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Frofes RZE - BEE KM BET B F s Fla LAEY P -
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e o R B E RIS AT R

FHEBERBNIE TG 3 AL F B AR AR A AT Bl
MacDonald (1996} & & F s sesr AN 81 2 S A A8 s FLE ol
AR FmATE LT TR PR DR R Y H B R
BB B PDPE  L997)R iR R FA KA a2 o
FIEImE B s RF kR 2 T3P o I oA iRk F s o
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B e S s Ao E R FEREA L ZFAITL L 2
BEIMITHERENT FEL PR F RN R ER F AR EL L2

Ratrifenid ¥ 2 231 5% a3 AR B - B

T oo TR Rk s Bk K A e B ek (s 3 K
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Siting
Optimization
and specific
algorithm for

EFS

Siting Optimization
module for EFS

Parallelized
algorithm for
EFS

Spatial
analysis tool
for EFS

Parallelized
computing module
for EFS

EFS-DSS

Spatial analysis
module for EFS

|
Water quality |

| monitoring site |

N

Environmental Facility Siting

-
-
-
-
-
-
-

~
~
~
~
~
~

Landfill site
(Raster-based)

Landfill site
(Vector-based)
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41 RN FREN AR RE RN E

Bt R R S E R A AR 0 BE AT B R Y F AR AT R
REPENGEFTH  RY VR BEFRLAER TS B35 BRrESFa o
gl AR A AT B R F A A AT e g Bl g N RO A A 4T RE
R i A ki 3 B o AP REREKeEFEZw o AL wF R
eV E R IRIE AR o d YR B A g B 2 RN BE 53¢ (Minor and
Jacob, 1994; Wright et al.,1983) 7 £ #ic% #ic® "4 ~ § el 8L FRF 3 F
WL AT EFS § 22 - BRE R (Lin and Kao, 1998; Kao and Lin, 1996)

EEEEY N LR IV A T ]

i=m [=n+1
MinY. 3V
i=0 j=L
Subject to
21 = g~ L 7Y, 20 0L0O{0,...,m}; O O{1,...,n+1}
i=m j=n
> g 2A 0i0{1...m}; 0. 0{1,...n}
i=1 j=1
i=m j=n
C, My=G" OkO{%..., p}
i=1 j=1
l; ;1s[0,1] integer

other constrainsor bounds

He N la i P Vips2h) S8 A3 Las L2 ER N b uiss
PRI 0 iR R0 RReh 0l $ifc N AR EITE B ARE SR - e s J
Ic? » AT F 8~ > £ 1d? CY 5% i) #RaEnFs ki G5
Ba H KFF T rUE sl N A - e s T - BATBCH S - B R
o DG - WIS T ERRRE B SRR E R R R

% o ffRsidt 2w H @A T B e 2e ¥ 20 8 2+ (Linand Kao, 1999) -
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B1 B L B R P i B AR SR TR EFE R A 4T o F A
3 #iE 2 A | (Kao, 1996) %78 e N B Tk W E R C EF 3 T a1y
JAVA (Sun Microsystems, Inc., 2009) £ Geotool (Geotools PMC, 2006):& - # % & 3
FRAREFRTEDHG R FEETREDLL A E TR
T FREER TR A T s Sl B BEHCE L BRSOl
Mo E R TREA T APM I T U R F E R A F o a BEH
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AR sy o A AELTESFET - Be £V iEE R (Lin and Kao,

1998) » 27 H5 4o 71
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422 v RN ER BEFE 2

BAHHEAY FREGRALEXERMR S FH T B BEHG KR
MR PBEEERE AL FINFREFRE- BT T2 MRS
ARG AL FAFEE - Fe BN ER L BaFEiE 2 TGN R AT
PAAPETAFRREE AR LI AT LB BEEEEN, TV R g
FE BT RN KR d WIRE R E R P K D K A 2 S
B R Bl end R A AP 2 R e Y e Bl
¢ * Branch-and-Bound (B&B)#£% pF » 7 12 4 w2 2F 3 & * chbranches: 7]t &

R R o AP o B d BRI E 8 BE A T )

Algorithm: Vector-based Branch-and-Bound Siting Search

Prepare and read mask and-factor map layers;

Generate the LandParcel and BorderEdge arrays from the mask map layer;

Read the options specified by the user, including the weights.for factor map layers, an
initial optional best bound for the objective value, acceptable limit for site
compactness value, bounding-rules:(e:g:; site-area, compactness value, etc.),
constraints, and other options;

Initialize and empty the land parcel set for current.candidate site, CandidateSite, and
the array of adjacent parcels, AdjacentLandParcel;

Select the one with lowest objective value, in the LandParcel array as the

TopLandParcel and then do Site search().

Site search():
Add current land parcel into the CandidateSite, current candidiate site;
Check current candidate site against the specified bounding rules, if not acceptable,
then stop branching further;
If the size of the current candidate site is acceptable,
then do Site Appropriateness() and then Checking best();
else
collect adjacent polygons that can be branched into the AdjacentLandParcel
array;
select the land parcel with lowest objective value in AdjacentLandParcel as

the current land parcel polygon and do Site search() recursively.
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Site appropriateness():
Compute the compactness value of current candidate site based on its area and
total length of all peripheral edges;
If the compactness value does not satisfy the specified limit, discard the current

candidate site and do not branch further. (optional)

Checking best():
Check feasibility with constraints specified by the user;
Check noninferiority; (optional)
If it is a valid site, output or record the associated information;
If the objective value of the valid site is better than the currently best value, the

result is recorded and the current best value is updated.
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——————» TopLandParcel to

Read input data in the
specific vector-based
format

A

Read user-
provided
options

Score each
LandParcel

Start from

A

A~B: Read data and default values by the spatial analysis module

C: Score each LandParcel

D: Implement the VectorSearch Branch-and-Bound Siting algorithm
E: Implement Site search()

F: Implement pre-specified bounding rules

G~I: Implement Site appropriateness()

J~K: Implement Checking best()

Acceptable
compactness?

the last one

A,

No

Add the current
LandParcel

Satisfy the bounding rules

atisfy specified limits or
constraints?

Any possible
further branch?

Obtain the optimal
landfill site

W42 % FRGELPERET HANRFRAER



%7 f— BERSRRENAER AT FEE L %/ﬁ—; =5 e

&ﬁ&ﬁmﬂ%ﬁﬁﬁﬁﬁﬁﬁﬁﬁ’ﬁ%?%éiﬁ%ﬁgﬁ&ﬁaﬁ

FnREALLS TR o KA § X B RHER P

B

=1
=

A

KA st E s » HRA S RE LR B TEFY  RRAFES

FROGETEL 2 ZHRFE e TS e FE T 5 RS

L
Pty

o PFAE T o e N e

)

=

&
o

T - BT EERRBAER 0 R FRFARG OT AR R AN
T FEL SRS BRI BN OHRAERAEEE Y 0 57 RBREX

BERKNAT FEET AR e TR R L BRI E e T 7

LiFEE s L ST TR ,Laiflﬂ?ﬂ”{ﬁ’r;’ BRRE MR E o BRR A
F ok KA K R0V R T R A R Ao g b AP AT il A
P A MAEN R - S RERE TR 2R IR R R B G R ARE

AN B A

HEER AL AT R IEE g TR T FEE 2G0T KR e
P FA 2 {0 R RRSBEEXCER N T FELE R AL A e i
A s W E ) B ANG RS ITTE S T e

Eﬁ.”_&a%{i °

TEFEE R UK E - B R T T ook SRR R R RN h

-

TEEN RS A ARED AFLEE R RE SRR FERENT 7 A
i

BT E @S LS a R RE A ER T FEN R T - -

35



51 Ti7it 24

BRERFABRFEXCER ST FELERFLZ 2 g EY o BEn
B fefaAe p T A S A BB, LT S er R RN R BN g T F
FE R AW EF Bk om 27V RS- TEMERPMATERY &
ERABFERGEL Y O FENTVIFTIFELLRREHRL - BELY

oA EAREL > BREREERARAEIAEL cNT AT E R

WHF R RJRT 7 AL LR KT E R R R

ALEBEC RE O T d 5 SRR EEERR 0 BISLAT L RN RR
RIS TR N A Ll e A IR R SR VAR R - - I S
FHRBARLTAREY LELRIGETEABRE LA F AT FE

P RFEPEQ P IER b R E - BRI R - BERET R T

_\\
¢
3.’?
=

&

cRAY R 2 R FIRE 0 RE F B(TopCell) e fz 5 ¥ iF
MRS Z P R RE IR T ERE R - BR A Y T R

Tty 17 TopCell B AsRjz > T (777 5 i3 B0 F = S imlpl 2. o

36



siting factor layers

NN
Iay. pd
L 4

-

b 4

Y

mask

—

P4
N

-

7

top cell A

FrTECT

[| i

|
1L

rs
T~
N

m
u
M

liw]

by

i

Bound

MEL R T FEE R ERET LT

37

\1
\._Inl -‘71__1




B2RRNTFEY kf2d BiwEi

RN ER RN T FEY K25 K w8 2 4o Algorithm: Raster-based
Parallel Siting #771] » 4 % Paralle siting £2 B&B siting = %4 - % Parallel siting
o pAh Sover RN PEFERFHFETRT T L ¢ 55F 0 BRS
BRRGELEGTFFTR o LR F /,;\ﬁ—*ﬁ??;{a{ﬁiﬁ ekl 20 Client 7 %%
WRETFEY 0 & Client T % B 4o ik dy Lz ds TopCell (1 ™ 7= 4L 5 RE p
)47 B&B Sting i &2 & 3l frdp wehd b cell S0k 0 2FT FEE BER

f2 0 BREE Client & %97 fenifEf2e b FEn > X7 HEpE L Client

B&B siting i & i Al3x* Kao(1996)p* »r4% M ervw b 2 - B&B siting i# &
% 1 & ¢ 4% Branch &2 Bound & =<3 3 o e Branch 35 i> » f&3E ¥ 5 TopCell B 47
35T B hdn > B= Bpl B d Ap ARt dt e & 5 heff] 5il #r 7 0 2 TopCell A
0 AT F e RRFER-€ & L~ i branch-and-bound tree : 7 #F 4 sub-trees

H ?ﬁg‘@g%% v B R R E > L 30F D BE {2 sub-trees | & Bound 7‘55’?]:'3

Btk o 7 F40F > dot 7 a0 0 sub-trees oo R iBiE oS

Ao T RIE F s B&BIFE gl B AR A S BB R EFT 7R
B7 €5 FEFSRBRANE IO FL s H 3 R AN BER R
iehd Branch ig 73+ % » @ Ao P BRI E ﬁ%kﬁéi%ﬁlkm
Az BLER 4038 B Ae > @ 2 £ F T 7 (Data paraleism)= ;¢ o dok EF AT 7 a0
FoR AT RAER €7 ﬁ{g*f&ﬂ’_§ﬂlmvm%h%lgﬁm”°
PR AZ T EETFRGE K FE L eLFESRET Y A
A TopCell 5 2 TR fFendoxw » 22 E 2B R § ﬂl:i‘j%ﬁ‘_@f;g ERE SIS

AAEFLHAFEREAL AR o

38



Algorithm: Raster-based Parallel Siting

Parallel Siting
Read mask and factor map layers;
Read the options selected by the user and each computer is assigned to solve a pre-specified
range of cellsastop cells;
Activate each computer running in parallel to implement the Algorithm: B&B Siting for
solving the siting problem for the pre-specified range of cells;
Display the final globally best result as the solution.
B&B Siting
For each candidate cell being severed as atop cell, do Branch();
Branch():

(Note: For ease of explanation, bounding rules are not listed in the same order shown in
the program. Instead, they are grouped into two categories of general and optional
rules.)

General bouding rules:

-possible cells only;
-bounds on estimated site factor values;
-obj ective function improvement based onan estimated objective function val ue;

Optional bouding rules:

-maximally allowable width and/or height to topCell;

-maximally allowable width.of ahorizontal-bridge;

-maximally alowable number of corner cells;
If apossible siteis found, do Check() to check feasibility and/or noninferiority;
Collect candidate branching cells that-can-be'branched into array adjacentCell;
For each cell in adjacentCell do Branch().

Check():
Check feasibility with constraints provided by the user;
Check noninferiority; (optional)
If itisavalid site, output or record associated information.
If the objective value of the valid site is better than the locally best one, then
the locally best oneis updated.
If thelocally best one is better than the globally one, the global one is replaced by the

local one; otherwise the global oneis copied to the local one.
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2 & 359 H3% (Uniform-Cost, UC model) :

Min Zlu +v (33
ST. (3b)
Xave_ui +vi —xi =0 [0
2%
Xave =\ (3c)
Sy, =M (3d)
By, >x i (3)
y, =1 (30)
_ U - (3h)
zlpgl yk DpDCk,DkDA| i
=17 (31)
rEIsz z”
= [F )0 3j
j%ﬁﬂ = (3)
0z =1 O, | (3k)

He NZRPEEMEFERRESX 5 RREGFEEREILZ v @ A TFF E; Xave

::;':"—i—’ﬁ X 2. TIDE; U~ Vs B 5 XIERETIDE XgeZo kv f A B B, Y & 2 %70
FE LT AE SRk FER R L A0 B - A 2 Yl 75 A

O~12 &> 827 2o = fcHc s

‘\’J\\-

FEA L0 A &% RSP | ARG
FEh i E G Rk E R R E S A FERI g FER
e (gigri)giegirh]ot) GERDEEIRIFRE] TR
AT o N Bagr 3D A BT Uy F U & Rk enE E ehd A FS 0 8 3
LR D Xave s 70 3d T AT Y i e A AE BB M S Y 3e vy B iz E B
FEAE LR N amirgEei @K EF o x=0; M 3gF R Y=l TET
PEIP LR R R UFE R E AT P b 3 3N F E R R KB R K

BATi:EF2 PR PRALEAFE Z B EFFIN 0 2 Zp=05 38 3 AR
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Bj&f - @ mag 3 r Ut Ew@ma AFTE N 3KEAFIRER AR

FEBITRER 0 Zj 5 1o

B E )4 351 5% (Coverage Elimination Uniform Cost, CEUC model)

MR AN B A IR RARRPE A TAFERERE 0 A F R
shid EH R 0 e Ft R S o gt BN R AL R R E RS H
A SR ER T o PSS SIS I ASE R ¥ A IR U B R 5 S S
R IEPET o BB T4 UCHSS o N F e

Min § u +v. +p.S (4a)
=L
ST.
Xaya 7l +V. —X =0 [i (4b)
Xave = ﬁ (4C)
M
— (4d)
y. 0[01 O (4€)
y A > i (4f)
in =X (49)
X = yiAI - jEzUi xj + P i (4h)
B(l- yi) >p, Cli (4i)
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PR AT AT

Max WDCODC +WDDCODDC +WDAODA +WPPOPP (6)

B 05 P+ 2piRE WEFFeigpd > THRG & 73 45> DC 5 Bl

4 (Detection capability) ~ DDC

iy

| & 1 B st 4 (Dosage detection capability) ~ DA

ED

= 4 7§ Fl(Detection ared) 2 PP % + r i%:& #i(Population protection) - r/ ™ f§ &
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1

£ = 1 plit 4 (Maximum detection capability, DC) : _

MAX 0y = ledi

i=1

ST.

d<>y O

iom,

0<d <1 O

J
2. ¥ 5Q
=1

yj = [0)1] DJ

(7b)

(7c)

(7d)

(7¢)

2 d 5T ARy RO R TR T b

o My E2T e et B 4 Q EE plek e b L.

B~ HE ZaplRe 4 (Maximum dosage detection capability, DDC) : F & 4%

EHEBTAFEAMER B 0 RAAEI AR

MAX' Oppc = Z(chj)*y,

=1 i1

ST.
Same as constraints (7d) and (7€)
He CiaJEini et s LM -

A % # (Maximum detection area, DA) : &

GEHT L g

>N\

(8)

B
Bt ehg ff 0 Flpt L R RO RIFEREE T RApT FEE 2N 0T
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ST.

9b
<, (5b)
ioN,
. (9c)
0<t <1 [

Same as constraints (7d) and (7€)

B N Rt ERlF oo RIp 20 b8, 447 8] LT HER:
/J-'_%_bg’f’@ °
4. = %3#E 4 v #i(Maximum population protection, PP) @ iz #8117 £ % 7%

Lk g en- BER RS HAGET
J
MAX 0y =) Py, (10)
j=1

ST.
Same as constraints (7d) and (7€)
HP Pjief]mi vdce
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# (A)
Tt I
-+ (©)
Scenario Weight
Land slope Land soil Land cost
A 1 0 0
B 0 1 0
C 0 0 1
D 1 1 1
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(a)

6
——[—— Single computer
—— - Five computers
o 4
g CPU Time (Unit: Second) -
(5]
@ /
& Scenario Sing|e(A) Parallel® @)®
s
z A 2,554 821 3.1
E
: 7 B 24 7 34
2
= 2 c 353 04 38
D 3,609 788 46 /
- m
° == |
A B c X
Scenarios for 16 cells
(b)
250
200 ——[J—— Single computer /
L | Five computers
E CPU Time (Unit: Second) o
8 150 — ’
4 Size  Single® Parallel® */®
o
& 16 3,609 788 4.6
§ 17 14,499 3483 4.2
2 00
g 18 21636 5359 4.0
E
19 157,575 21,581 7.3
20 224910 39,142 57
50
/ ]
- m
s o
L
* i 8 19 20

Size (Number of cells)

W83 THENAMEWRRX S ERPEFF 2 .@) o HE KL 16
RTLFRERTIEF; D) FRAD P HERE 165 208
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Bk o2 i %o @ fde) 8.4 2 A100P1500 vs. A100V 1500 (8.153x10” 12 ) > B 8.5

2. B100P1000 vs. B100V1000 (3.702x10° i) » ] 8.6 2 C1P2500 v.s.C1V2500
(7.161x10° ) ~ C1P3000 vs. C1V3000 (2.920x10° &) ~ C10P3000 vs. C10V3000
(1.031x10° i) ¢2 @) 8.7 2= D10OP2000 vs. D100V2000 (3.460x10° i) i 5
To{ VRl P I L o R F R BN ERFE 2 BET S

AT TR FRBELE Rk o

AT TE BT GRS B i w BB 0 Tkl 2w g g
BaEa BERGUTIE R RSN 7 B4R 0 oB] 8.8 7 o R RRT
SRS E S AT A € L 4cB) 8.8(@)% 8.8(b)wiw 0 # A u L B1P2000
£ B1V2000 hip % » # 5 4 BIP2000 sk % 7 ik > & P & B1V2000
or AR RE > i B R o B1V2000 Sk 60 B ntizid & o Bl 8.8(C)
8.8(d)f] +* #% D10P1000 ¥» D10V 1000 i % » faym7nag iz » D1I0V1000 #iF & i&
Bt -7 Bl dek 824 86 BT s By TN

Rop O HEE R AT R E A T R
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%82 w BN FEHESE

Case = Case FEpFr | Case By R Case iE g
¥ ¥

A1P1000 0mO0.717s A1V1000 0m0.002s | C1P1000 0m0.083s C1Vv1000 0m0.002s
A1P1500 0m0.359s A1V1500 0m0.003s | C1P1500 0mO0.355s C1v1500 0m0.002s
A1P2000 0m0.663s A1V2000 0m0.002s | C1P2000 0mO0.465s C1v2000 0m0.002s
A1P2500 0m0.388s A1V2500 0m0.003s | C1P2500 23mb52.214s | C1V 2500 0m0.002s
A1P3000 0m0.313s A1V3000 0m0.002s | C1P3000 97m20.368s | C1V3000 0m0.002s
A10P1000 0m0.829s A10vV1000 O0m0.002s | C10P1000 0mO0.123s C10v1000 0OmO0.002s
A10P1500 0m0.405s A10vV1500 O0m0.002s | C10P1500 0mO0.441s C10v1500 0OmO0.002s
A10P2000 0m0.732s A10vV2000 0m0.002s | C10P2000 0m1.864s C10v2000 0OmO0.002s
A10P2500 0m0.508s A10vV2500 O0m0.003s | C10P2500 0m4.451s C10v2500 0OmO0.002s
A10P3000 0m0.206s A10vV3000 O0m0.002s | C10P3000 34m21.490s | C10V3000 0OmO0.002s
A100P1000 Omb5.756s A100V1000 ' 0m0.002s | €100P1000 0m17.407s | C100V1000 OmO0.002s
A100P1500 4m44.580s | A100v1500 0Omo0.003s | C100P1500 -0m14.147s | C100vV1500 Omo0.002s
A100P2000 0m9.108s A100V2000__0m0.002s | C100P2000.  1m25.041s | C100vV2000 OmO0.002s
A100P2500 0Om3.150s A100V 2500-—0m0.003s |*C100P2500 " 1m23.361s | C100vV2500 OmO0.002s
A100P3000 0Omb5.686s A100V3000-0m0.002s |- C100P3000. 1m41.558s | C100vV3000 OmO0.002s
B1P1000 0m0.122s B1Vv1000 0mO0.002s | -D1P1000 0mO0:103s D1V1000 0m0.002s
B1P1500 0m0.464s B1V1500 0mo0.002s | D1P1500 0mO0.406s D1V1500 0m0.002s
B1P2000 0m0.127s B1Vv2000 0mo0.002s | D1P2000 0mO0.058s D1V2000 0m0.002s
B1P2500 0m0.134s B1Vv2500 0m0.002s | D1P2500 0mO0.075s D1V2500 0m0.002s
B1P3000 0m0.076s B1V3000 0m0.002s | D1P3000 0mO0.065s D1V 3000 0m0.002s
B10P1000  OmO0.368s B10V1000, = 0mO0.002s |-D10P1000 0mO0.307s D10vV1000 0OmO0.002s
B10P1500 0mO0.237s B10vV1500 Om0.002s | D10P1500 0OmO0.157s D10Vv1500 0OmO0.002s
B10P2000  0OmO0.131s B10vV2000 0OmO0.002s | D10P2000  OmMO.070s D10v2000 0OmO0.002s
B10P2500 OmO0.175s B10vV2500 0OmO0.002s | D10P2500 0OmO0.276s D10v2500 0OmO0.002s
B10P3000  OmMO0.066s B10V3000 0OmO0.002s | D10P3000  0OmMO.088s D10Vv3000 0OmO0.002s
B100P1000 12m20.328s | B100V1000 0Omo0.002s | D100P1000 2m16.277s | D100V1000 OmO0.002s
B100P1500 0m47.960s | B100vV1500 0Om0.002s | D100P1500 0Om7.510s D100v1500 0mO0.002s
B100P2000 2m31.818s | B100vV2000 0Om0.002s | D100P2000 11m31.922s | D100V2000 OmO0.002s
B100P2500 0Om7.517s B100V2500 0m0.002s | D100P2500 1m7.140s D100v2500 0mO0.002s
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|£] Applet %83 - nctu/fensys/WasteDSS class

= @] =

[

i ' Control Panel

o (otrsins |
™| oy E
[PICIVIOg= =] sus o] -
. Casel ["] Use Parallel Computing Module
Land Gost Max. Length:
. Land Soi Min. length: -
. slope
Bridge cells:
. i
Corner cells:
siting factors and weights
[ ] landcost
:O:
5 15 25 35 45 55 65 75 85 95
[] landsoil
EEW—
5 15 25 35 45 55 65 75 85 95
[ landslope
i:
5 15 25 35 45 55 65 75 85 05
status | on | % | 218680 | ¥ | 2720778
Applet SETED -
I\ 1 +d . I § » 2 v W -
W89 AFEIFEN LTAEF AR IR Ao
(2 =5 )
Result# Land cost Soil Slope Land costweight| Soil weight Slope weigh Score
Result1 Y Y Y 38 57 41 {Q{
Result2 Y Y Y 38 24 41 S~——
Result3 Y Y Y 61 24 41
Resultd M M Y G1 24 41
3 =g 4
Results M Y M G1 24 41 é—ig:h}:m%é’]'
Resultd Y Y M G1 24 41 ﬁ ﬁ 3%#%
Result? Y Y M 44 24 69
Resultd Y Y M 44 24 69
Resultd Y Y M 44 33 69 920 |
|
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|| Applet 3 : netufensysAdast

e

class

Applet

. Case|
_] Land Cost.
. Land Saoil
. Slope
. Grid
. resultd

Control Panel =

Raster Siting

[] With Parallel Computing Module

Max. Length: ]
Min. length: ]
Bridge cells: b ]
Corner cells: ]
Decision of Layer and Weight
[Jlandcost
_l

5 15 25 35 45 55 65 756 B85 95
[¥] landsoil
o

5 15 25 35 45 55 65 75 85 95
[v] landslope

C 1

5 15 25 35 45 55 65 75 85 95

i status "
Applet DERED -

on

:
| % |

217538 | v

2719417
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'@ Applet B8 - nctu/ensys/V\WasteDSS class

7 Control Panel

Applet EERED =

status | on

2753159

e g R
| 5 15 25 35 45 55 65 75 8 95
[ tandsoil

e [
=0

v 0w A
“ 5 15 25 35 45 55 65 75 85 95
[ tandcost

o —

® 8.13
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|&] Applet %382 - nctu/ensys/VWasteDSS class

=

=

pxd

Applet

status

Startto Load Images in Themes.

8 Control Panel ﬁ
s« -

Siting factor and weight
population den.

Limit: 10

[E =
Result# Pop den. Land soil Land cost Pop. den. weight|  Soil weight Costweight Score
Result1 Y Y Y 36 10 10 68513
Result2 Y Y Y 36 56 10 72193
Result3 Y Y Y 36 56 38 74242
Reszultd Y Y Y 36 56 38 74242
Results Y Y Y 36 23 38 71602
Resultf Y Y Y 36 58 38 75202
Result? Y M M 12 58 38 54358
Resultd Y M M 12 58 38 54358
Resultd M Y M 12 65 38 [54178
Result10 M M Y 12 65 38 54118
Result11 M M Y 12 65 38 54118
Result12 M M Y 12 65 38 (54178
Result13 M \d M 12 65 38 54118
Result14 M Y M 12 80 38 86551
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|£] Applet 123822 : nctufensys/WaterDSS.class [ESRREA X" ]

Control Panel L

status | on | x | 285008 ¥ | 2669673

Applet EERED -

Model
@ uniform cost
) coverage elimination uniform cost
Cost factor
Numbers of reaches
Bank length
Subcatchment area
TP
™
Sediment
# of stations

H

Qoo goo

92




|&| Applet #5828 - netu/ensys/WaterDSS class i

[ Applet

6890.1797...
1.6489795...
32.15510204

57.767

<

isNsllolis o]

W7 Control Panel

Model
uniform cost

) coverage efimination uniform cost

Cost factor
Humbers of reaches
Banl length
Subcatchment area
™
™
Sediment
# of stations

status I on l x: | 276622 ¥ | 2692276

Applet ELRRED -
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Applet 1883 ¢ nctu;ensys/wmiﬁés class
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r@] Applet #82 - nctu/ensys/WaterDSS class =|B] X

(M1 W0 W23 24 20 W3

status
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(2] Applet 5828 : nctufensys/AIrMDSS.class

[ Apptet
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[£] Applet #3528 - nctu/ensys/AifMDSS class ==

iR b S
. 2&ETEER
2. 2EHRAER
3. AT BA

status 5
%;

Obiecti

Applet EEvEY -

Max. detection capability:

Max. detection area:

Max. population protection:
o7~
P I

numbers of station:

® 823 B 1%3.&%?1 PN
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