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Survivable Network Design Model for Earthquake Disaster
Student: Peng-Hsi Hou Advisor: Dr. Yuan-Ching Hsu

Institute of Traffic and Transportation
National Chiao Tung University

Abstract

Disaster-prevention network is a crucial system in a disaster prevention city. Therefore, how to
establish design principles for the network becomes an important issue. In this paper, we proposed the
method to assess the spatial performance and the importance against disasters in individual road
sections. In the viewpoint of comprehensive network, we proposed the network design model with
respect to the characteristics of earthquake disaster based on survival network theories. The design
goals are to achieve features of rapidity, connectivity, and efficiency. Three network models: Shortest
Path Forest Network (SPFN), Systematic Detour Network (SDN), and Mutual Assistance Network
(MAN), are developed and integrated in the survivable network model. The proposed survivable
network for earthquake disaster has significant advantages. The SPFN promises the shortest path
within the responsible territories. The structure of SDN assures the network connectivity wherever any
road link fails. The bridges of MAN let the supply units in different territories connect to each other
hence insufficient self-capacity of one supply may be allowed. Finally the survivable network model
was implemented with Java technology. And a case in a test network of grid pattern was given to show
the features in the scenario of evenly scattered demand areas with two supply resources. It was found
that where the two resources were increasingly separating from each other, the average travel cost
steadily decreased; detour cost dropped dramatically and then declined slowly; mutual assistance cost
gradually increased; network cost seriously varied in the initial stage, but converged to a gently

decreasing trend afterwards.
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PR EEAE - N E BHERT > SRS ERHE - b - IR BT - IR REEE
ERELRCK B Z B FCE ST FTAR 4) > B S e SR 4a S LR S B (i FRIAVRA (%

2.2 [ K RF A5 AH BRBA 52

2.2.1 EBEFAHERER

1. BB ThEE A ER

R~ 5 (1999) fEZNAIHE R 5 - DURTRER LAV B IIRE - HafE -

(1) raEsiAILE : fiE ﬁ%ﬂtb FotrtiEsyeE (H) BEERRE (D) ZHEXK -
ZEEEEEDNBZE BEE ~ 1-2B8R/EHE - L EBURHER 2 1 2350 PSR
o BHREBEA > RAKER ﬁﬂx IRZfEhatt - MisthElRs - Y EIR R R



2E > MRS RER A 2 81T

(2) Yt « ERYILEEERNE N E 2R - TR E W 2 2
FYEEARRFIEEE - 28 - SLIEERERHTR SRR B EP B ER AR EE ZRN
2 ARy o QB BRI EE A M U B

(3) ESER NCIEMELL ¢« B AT AL - fEHTE — RS ERHYBRAURCR - & h B
N EEE AR NEEAE 2 - AR R R

(4) SEkEMERRE: - SR E - BRI HETT ~ Brg - SRyt SRR
W& BE S 258 - BEMEREE - DUSCE T B4R - ER FiSE i ER e ~ i
J& T Fea T 78 P e A i T

(5) {FEFLER REHEEMELY] : BB EEEERERER R % R EENR
# o ARFEMEE B BEIR 2= - MR T ER SRR 2K -

(6) HEERWHE TY) - ERR YRR ER - BA A RE R M R E R IER
ZINRE - RILAEE R P SE R4 2 RS - FERE S W I 75 VIR IS T 38 4 - iERRATis S
VIS AER - BYIONG ~ BT AR - ERIEE -

2. 1HEER

TEFF IS - PRENEETTEE RS - ERENNEEENREANEE LRSS - HIt
Tsukaguchi Jung( 2002 )t 1 —FE#r Y 7 A K B a8 16 2= B VL B /2 & & 3 Tsukaguchi and
Jung » 2002) - {ME{ERCER{EA SR (occupancy indicator of traffic flow ) YRR AT
J&  BRHUHHME AR - EEF R T DA B e 2 B R E R B A E - A o et
FENEREE B —RE Ee o e le - IR T AR R (E O s I B /KR Y 704 -

3. AMfTEER

217 Nt J5 T8l - Mori ~ Tsukaguchi (1987 ) f2HEIfEA [FHY 775 @ s — AN 1T AT A
Sl o SS—HEANE AR TT ARVEREAEHS (Mori and Tsukaguchi 1987) BT NEEE
PEEEFIAE - KM R AT ENRESE - AN —RRER - ATEE LUK 21T AR
(pedestrian flow) - (RIS —fE DT AN AITERIRIRII LA & - B A R ArA
HIAITHE » FFALRIT ORI ALTE 5 128 AERH T AORBY N ATHE

2.2.2 BRAFEEEER

BRI A S - DIEMR SRR LT &L ¢



1. EHE IR

EF (1981) FiiE 28 2 B METEAE > (5% T S N A RS o ol B 2 RS & 2 B IB e &
HUBEAE M EiE > S8 Ty B BEAE FE( Adjacency Matrix )sR15: F5[8l ks fif B 4 1 [E]( Simple
Undirected Graph) » RIEZ 4B T & A {O 1} RTINS > i~ A RIB T s |

AERHEE
e ,31,%1,7(“1)/2

s RS > G0l o SRR ()M RGBS TRR S« U
g > TRERIY 5 BILPTAT SIS % - A A 1y - TERS AR
R G - B MR B R - 05ETE0=C =15 JEREE
AT » A ETRA C > WO -

5 (1998) BB Ky - s IEIRLIT AP TTHVBEACERS - SR R R E b - N —E8 R
FEFITIIER Cy =0 Ry ELHSHE Y Bk o DRI S R0 DL Gy ARHLREL G

’

O

_2¢
-4
s e =[In(p) xIn{m) xIn(v)|x/ - FAKIERTA (p) ~ #E (m) 5 (v) =iz
B2 o LURBEERRRE | - SF RE B BB BT T B - Yo BonERmE

EOREEE - BE TITERS ) RIS REER e HRVAERD 5 Y e AIFRIE BB S IERE T -
TR ) 2R HEEE e [EHAVAER -

HEMEISIE A AT « SR MEEERYRR M - RIE - AR E BN HORHIRR RIS » AT4REH)
ETER 48 /KLERY B - 28T > 5 AR SE R Rl SERS AR BRI 275 > I o] TR e B Ry
T3 o T A A B B B R AR PR AR EE S

2. REBEEHE

B~ (1999) 2k - SEEHBAVIRTE » BARR 2 SOERF R ~ DU B P8 A T Ry 2 U HY BR % -
TRER ELER BV ERRE > RIEURTA BN ARSIV EE RS RURE - BB BT T B R ps (R4 E
B oy % B PRI S SE TR FT I SO B B AR R4 & Z A BE - BRI E Ry i E BRI A SV EE RS
EEHYFERSE - B

TG -TG;

- TG
B TC RN BB i ZEEEE JAY R RS IRITECA » TC RS PR B R ARV E L T - sk i &
BTG j AT R RS RIRTTECA - F RIE R &5 » MAN RS R {EE L AVEREE 2 ] SCIRAVER
RIS -

x100%

AV R AR B E L FHE R - R ERE A T BB RIS © FEft > 5%
FESEHIE Fol5 SE RS GEMBIHI 2% - RN n B B IRRER B BHRHY T3 > J5 B tH A B B 3l el
TR I ER S -



3. BEmMREM

h ~ = (2005) $2H » SEE BRI R & SOt (8 FI R LR L - B S P AV B, > T2
FoliR SR FR B - BREZRRIEME - (RIERRME T - (RIBEEF B Pl E Z I > BlREE s
(Depth-First Search) #y7J57% » SHRE(EE R F(E RS ELHY S TERTREME - SKREUIH S AT A AT RE
I T ZERE - DUAAHIA @ S B AR - MBS B m S R R e P (B DL B R - 3% R Bl
Rl SRS B

BRSRERS EGHY I A » m] DASRER B AGRR AR I SR - S EAE KRR Rols SERRE MBI 275 » IR H B8
TRBEES EL B IREY T30 FRINBRASREREL - A LLPATERAVAR ST - 2R LR - BR4E T > QAT
AERELHIRH S MR - BRI S - AR g -

2.2.3 B&E5FM

FERG B EHAE T > SPAAZPRIEIEEEE » M T RIS A DU FERS B PR - 1T FE A R S
THEERHEIEIE A - FAE ST E(LBE A BT - ESYEE > DSBSk - g
BFARE S AN - BB A DGR HEE - RMHEER S Skt - 5 UE(ET7 i © =
BGRER R AR - WIEEERE © MERE T 2B A A E -

MAERPT S E T2 BT - AIERFGHVKEERRE > BEMRAT e AR DE 2 - HERS - P75
ZINREELEL - RIEAESERET S -

ERAENT KRR AFHIRTAL - ZERLUKEHT » SIREREBIRAYEEEIRU  AGEITEREGES © iy EE A
RFfE] ~ HUBLAHEEMEATEL - M SKEBEETE - ZERNIREBIRZBIR: » BB RAN ]R8 KA TE
R DRSS

2.3 BRYEIETIAEBRRE ST

[Elsw (Graph Theory) ZHETERAGIEAIN £ RIS J77A 2 — » B 4SHE(RERRS - BaRRIRETT R AGHRL -
FEFDENGEBHUIEE - TR ~ RS  fIL > EAERR SN R A —EEY - fidR
HIREBAE RS B 2 > IR R BR PRI ~ SRARTTHRIE] - BR 4B AE B A 31 2 B IR E R > A<t
FeiRaT Z 7 SRR AR - 25 1R [ S Rk S T O A B B B

231 RERE

1. Bellman-Ford @ & 3

Bellman-Ford;#:% (Bellman » 1958) » Jy&{ S I T - B ACR ZRIGHS 10237
MRS - FTBRRSERS - EVRAEHIRAEA FET - uB]v AR AR T » HE R R

10



EEGEEHAEREEKLEP - ZhMiBellman-Ford H BIART R ELDijkstrali FA(R - RIEE 2% AT EE
e aHAEEHIEL -

2. Dijkstra@ & &

Dijkstra’fi %)% (Dijkstra - 1959) 47 VS FIE2 5 Dijkstra (1930-2002) Frigth « #ZHH
EEEARRIFAREEIE (nonnegative edge) 2 AHE (directed graph) o - BL—AFHY
FIBSIR[IRE - Dijkstrajii BUASCICRUBERLG - B E S BE B ET R AR RS 1% - TE18 18 & EHE
K o B Fd 2 P R S RS AR -

3. Floyd-Warshall algorithm

Floyd-Warshall# &% (Floyd » 1962 ; Warshall » 1962) - JhEEREEA HE T - FrERCE >
SRR IR - ROMEUARR R ABEEAERE (Adjacency Matrix) i AJE » LI I (V, E) 5 »
BETHESOG - ZOHEE A REBANTE - AR AR M B & (cydle) - 30
SHEHUE IR o R MRS -

4 A BBREE

A* =0 E (Hart, Nilsson, and Raphael » 1968 ; Hart, Nilsson, and Raphael » 1972) R
EEJcf= (best-first search) WY J77AZ — -« [EJP 145 E —(EFERGEL —(E4% R, - 320sBUA LIRSS
HFHE T - HEEER R EREFHE T UHT - i &/ MEB GRS -

5. Johnsonfy @ & 3%

JohnsonfyE % (Johnson » 1977 ) - JYAEMRLFTA HC B HY S AL BS (LR - B2 s A T
Bellman-FordjsRA K ig & G EBHIIE > f1% F4E & Dijkstrajii BUEACKHURE -

2.3.2 BEME
1. BERME

=ZAGE: (bridge) R (Tarjan - 1974) JjdTarjanfrigtl - #&E2 E%% - BIFEE - iz
EREEERIATA RS - B0 IR B ¢ L BREL RIS Ry B -

SR B (vow) B G 2 HGE - B EME v S wiE T 2 i Hw)sw - B
L(W) >w- ND(W) o

T BrafRs

v—w  {EETRL v EEHRE wHIER S

1"



v —-w 8 G R B & THIERE (v, w)
v =NUMBER(v) : figi#; &

ND(v) : B T ehit v 7 FRVRESSOR (615 v AERD)

s(v)={w|v;w}u{w|3u(v;wand u——w]}

H(v) = max(S(v))

L(v) = min(S(v))
15 B M RETRE 2 BR A s TR A o B AV & » TR s B E W SBE R A 5 26 AS 17 b YRR 18 77 =0 > 281 —
BRSEEERT - FrA Y ESSER i A P A8 h — B Bh -

2. BRERMEE

Bt PrEEZEME (most vital links ) [y} 19824 CorleyfISha (1982) fitt » il {fIEy Ry B
— A B BPRERHIRE - 19834F > Malikfi SCHEtH T S RLER 1 2 Kk i o B B R - [T 19894E K - Ball
FAMFER T LA E BT (Ball, Golden, and Vohra »1989) ~fEXH{LLAYF&(E T #IMalik
BIREDTIE - T Malik R 20 E A EL G S0 Skt > I EEMittal ~ Gupta Sk[EI 38R0 - LIS f A %
87 ki EE R EAHEUA 2 #ENE (Malik, and Mittal > 1989) 3% SCHREMIERIAUE K i B2
BB 2 HEUEAWR > 5341 o iR ptBDijkstralE FUARTEIN RIAHE 2 HEUE o AR R E R
bR [ -

AR NS B E R AV > BRSSP SR R L T - E PR AV B » RS R E R
] B R P e P R IOAS

3. ZEME

Nardelli < A f> 1998 £ ZE i 1 % B B % 1% 2 M/ > B 5 i A0 B8 78 b o e 57 2 R R B
(detour-critical edge) Z'Rih: - GER& IR 1 [Blsm o —ERAF PRHVEURL © Frafigess - B
SRR BRI 2 B AR T o A RSB TI - AR T - S — RS BRI
WYELE S o Mt PIFR I HERDE - JOES IR RS BRI T - SR iR S S BT
J& o B£4P20014EF - NardelliZe \FF e B FEIBERIERE - 2068 T EARERAET T A © A R 2K
detour-critical edgefy ]~ - R HUHS FL B ZMEEGRAY W) IR - B RS I HY A EE R B (the

most vital edge ) -

TR FTE SR R o > S - DURGRRSER TBS BRIV IESUE RS © 45 Po(r, o) B fBmE G i -
B E r o~ RIENE: s 2 [0 B 4 B8 5 > FTafi £ v ER LAY 628 (detour ) » HE&E R -
uEPG(r, s)=<r,...,u,v,...,s> B R RS PG_e(u, s) e u?ﬂsK{EFﬁ?UE@E&e%u,v)ePG(r, s) o
T+ GERSERTRBSEL 7 36 1 @(r,s) = max {do o (51.5)- do(s,5)} -
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IMEEs A H AR > g fEfk g sz 4 e*(r.S) LRSS BT - N BRI S - iSLER
RHIBHE e SRR 2 [ - SERERE o R AR AR -

2.3.3 ZEKRA

El5m 2 B — 29 g o BUEAEREI A 8E (fault-tolerable ) B4R > 1 2 RfF G4 (survivable
network) - B A B ERAEHEUEURIR, - RIRF 19694 - iSteiglitz - Weiner - fiKleitmanFfi# i -
{17 4 40 P 2 5 B AR i OIS ~ IS (ARG - pefer 5 BB {3,456} « fn {6} : EEZER
HI SRS R R AR DR £ 5P 2 5 B AR ( Grotschel et al » 1995) -

TR E AR PR ST AUHINS - fyENEL - S EEERVEE] | BRI EEE A RS n s - A
5|4 mT 5ERE (network reliability ) 1VE1& - 5 RV 0] SEMERRE - ©&H - kKIGuE0]5EM: (k-terminal
reliability ) ~ T & (Reachability) -~ s,ti#45F (s.t-connectedness) 5 o D) 3% 488 H B X 2R E
HIZG(ED TR R - fEEBEAEARE o kG ST EENPREE (NP-hard ) AYRTRE ~ 170 7] Ktk
FOHEGEERIE P5epk (P-complete ) HYRERE -

IMERES B E E R T FISEE AR ER IS HEFIAH S HIFIRE © 2R - DUARHITAVERE - P 2
SEHEHY - BEARCES - BIREBHRZ TREME - BB S - AME T EREME ) BE /D 2 TR EAR ?
W EfER ? B EOAEE P DRI AR AR NI EAT It TR BB S E A&
s+ B - ERESRENT KRR AR IE R MRS Y - B0E R R EAE AR ~ RIFRIBRZ T - oPRFFHE
T dn E AR > 7 Ry B R

RFIAES B AR SRR ) o3t A SRS 4. S E (connectivity ) » HEfE 2
B S B AR BRI A B 7 ¢ DURBIRO AT S - 0 SRS BRI O T AP A0 B 4 » DU ABR GBI
ST TS R HEE PR -

FIERR A R AR SE R R R E L0 505 FERMETRENER - HEZER > NZIEHXAIE
AN EREEGAEFAERE o 2L - AIJeH DU OB RIS 2R -

AR TR P&, (survivability) o BIJESS + #AEERKEEN - IAREIERBHEREZE
(Grotschel etal., 1995) : [ATREAVEASEE RN - FERRAEPHITE © B4RBER - SRETERUE - i1 - BA
FEMERESYE - Bl R FERs4a -

17 IS HETE [l 5w Ay 55— TdHER A - BllJ& k#BEE (k-connected graph, k-CON graph) - [& GHYEBEE
(connectivity ) Ffi K(G) (B GREERENEISE S S > PI{HEE G - SR ~ s Fl—(E &1L - AFEE G
e x(6)-|is) -

KPR > FRa TR - BRI B E R o ATDUAET S - WEERREHIMIER - ThPreEP iz
FEPZT - ZEFEGRE S RS AT S - WEARAIMER - V3R B SR - 2R k
#7lE (k-edge connected graph, k-ECON graph) : {HJ » RCZ AR + gh@at - kIEEEEE RO
JE kEREE - N AT R KRR BRI B R O S Y ki R -

13



1. FERBBXRE

frm A EUEAY - fRfiGrotschel (1995) SEELEFHEH - HINA R TS MRME ) (k4
BAFEEZRHE  FEREARIE B a0 - B SR - DUT 2RI EH AT H 2 e
F AR -

HEP GPREIRSEE RV - MV P E—TEEWHE—JTRER s - BW\VESTHE—TT
ARt 2 FEED rg GEREEBD PR FEIEATEEE - AT ry RETY GV BEERRM -

FRINE U 5 GR EA OUBIRE © 25V P — TS ZOOR By kg GEREED - TiRSH: 2@
W - ZEE—TT iR s 81 (W - Z2)\(V - Z) =Pt — T R t 2 B e E D dy (IE
BB REEFR BB » IR Ky~ dy B Gy T BEERRA: ) - TEES > BT
BEAH 2 (PRI « Horp > con(W ) BIBTEIEIRME - d(Z W) BN R BEE IR -

con(W) = max{rst |sEW,tEV\W} (2-1)
d(zw) :=max{ds,|seW\z,tEV\(ZUW)}forZ,ng (2-2)

o5 HE—(ERE x; RKFEREY G BB E ENE—TTER B e (EilkL7 ~TIETRE j ZRIHVE) -
AR S gt TR B bR T YRR SR A PRI R

> Ex,}zcon( ),forallWQV,qnéW#V (2-3)
iEW jev\W

S Yx; =d(Z,W),foralleligible(Z,W)of subsetsof V (2-4)
IEW jev\(zuw)

O0s<Xj<1,foralljeE (2-5)
X integral, for all ij € E (2-6)

He B—HIRAEI (2-3) - BFERE " BAERAE,  SBTRREIR (2-4) - BIfEwE T #
EhfRfE ) B= 0 BB AT —IRHE (2-5) ~ (2-6) - FLEIF SR MR - S {EfF
JEERAEHEEEA o S T S BIREI Ay kKiEH#PEE (k-edge connected graph - k-ECON
&)~ 5B ARGy kEHEEEE (k-connected graph > k-NCONIE] ) Wit {7/ERE4E - 1M 75 2 [H]
kf5 B R PRI AV ETY - HF AR D & - TRIERS (BidR) B2 R 2 B - By Kz
BRI - ATRTER DL k2 ] B AR AY -

14



2. TBEEER

HAERBREZBEELY > Ko g DI 8 Ei A B A KSR b pAR N2 IEA -
B R R R AR TPy — (B0 —(ERSARERIE B T R RE - AR AR 8
BYTESLT > BLES 48] 5 23 Tz - AR 5 (8 e 48 Fy 38 i (two-edge connected - fijiH
2ECON) - E{EAFHVHA » BRA K ZE/VEBERIEL LHE T G REs =
PRI EF LR SR -« B REEAAIT -

S Sx;=2,forallWCV,¢=W =V (2-7)
iEW jEV\W

0<X; <1,forallj€EE (2-8)
X integral, for all ij € E (2-9)

BERIH R G B AR ALY S5 IR MBI - W% rg =2 © MR AR WIS RS - Al
BB IR S5 IR A r LA S LRI ARE QBRI AV B H B2 - 2RI RS 445 2
AR AT -

3. FERMBHEMREZE

FERSAEHA] - BRI R ARV E SR E A R M ARG RIRE - MHBEERR AR L - Z1RA
B L - a0

(1) BfHEEE © H (ear) Zf5EIP+—EE AHIESE (maximal path) » H
NERELAIFE (degree of vertex) 552 - Hf#kE (ear decomposition) HIE$E @ 4HAL
EBER ... Bt RE—EE - PERU...URRH—(EE » Hri=1- " HEE
HigtEAMERUINRIG S8 L —(AEPEE 5 —EEEE - 5 B s % EA
1 (Whitney, 1932) -[Xit Bz T/ DiEry B2 [E (edge-minimal 2CON Graph ) >
AT H A HIRE P AT (Lovasz & Plummer, 1986) - S5 H % (greedy ears
construction heuristic ) fH%ARER » B A BB E A R - E e —(E
B A (desired nodes ) [l - FFEE =] DUREACERINVE. » B FIFTH AR
B EE Rk o RIS R —{E w7 Ry 3 -

(2) WEMSSREREEEE © IR SRS EE (random sparse construction heuristic ) >
BB RARE I E— T8 E W ESIRE B - BRI —ER
FAERZE Z PrYE - DREEIL—ERE - BEX > BERIASERIARENE - B2
HIFFREL S 4 A2CONE - ZA1M0 - A PERR ARG AN A B A &R
BEEt TS 2455 - R BRI i/ N fig -

(3) aZHaE - 22 #a#E (interchange heuristic ) B14& © —#&f{£ (one-optimal ) %
“Hefd: (two-optimal ) SZ#ik ~ DR = HfE (three-optimal) A% < {£:fa]—{H2CON
2/ EEE—ERE s E T HEETR > BRIERIE RS REAMIE
s R — AT - EERS - BN SCHOARESE - —RESHEE SR LA ERE

15



2.3.4 ZEEHW

EE AR B R £

HY—(E%8 > AR R Ry — (88 - R R HEY S EES R
EAVE SRR AR (8 - AR ERY HEY R > =SS00EAZ FR A =(E -

(4) ik Bk (tree heuristic ) YT BBIRBITY AU BB e
e OB B FI I > IREIEE X(0(W)) = r(W) #905#F (Goemans & Bertsimas,
1993) 5 X, = 2T DIRRRE RIS efE I T x, % » LUBM RIS MR 2 FII -

L%Ei?a? SRR S BSOS EEISEIEE A - BHEBILMEE - AR 0 AT

FEIRBREHY TR I 2 S5 G > PIAFE SRR IR AL TR BARER T RE © BIANGERS IR - [FIRFREE
ZAEFEKE - MIREE —fGS  APBRECORANEDE 2 - 1E51 > DR BB EIRREAL - ARERES

R PR

R T sen A% © (bt - HOREIERHB U T it 2% -
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F=F XBEIH

3.1 FREBRAL

B3 SE B4 3T 2 R S B DR TR - RN ER PRI A S S ThRERIE ] - HE SOB BB SR iE
BAREE - BCERG KRR HE A LA SR0E © AR > PR ZRRE - T AT 2SR N R A Y
IR K - TEA BT — R SCBARK > BATT 53 Bl F 5 S R 4 AR s P e O T

3.1.1 RRFEE

H SEERTSRAENIEH B - A EMEE RIS T - DSBS~ HE SR - hi b —f K
FERARS - ZEUNAER IR S IEL - R IR RIS K EE B iE s 2 TRV 5 o A1 H RS 3
sTHVAEARE - (£ 7] DU — Rt 2 LISmBRE By TR T > sk = 5 B o PNILa] DAGR H AL
HEIERG SERS ﬁﬁ@ﬁéﬁ:m@ﬂ%& HEESAAE R SR Z (EH] - PR 2 B - EERN BRI
SERCRCK REEE S BN AT AR Z P S ERS S A R (T L R AR - DARE R K R B B M AT 2 IIE% A H Y8
BEEEEIN S - EEREBIRIGE 7 NS 2 RIRFIR (K - Bl MBI ET N RIS a5 g 2 H
2 o DUT R AHT o S Sl B 2R 51 2 MR R

1. HEEERHEZE

(1) EFKE - BRVEREKEE > GiEERETH - EREE - EE TR - B
%o GRS A A T

(2) FREEE - SAEMEKE > G - BRY) - SAVEREIRIHEER  —REHE
GIERCGER AR 2N - 1A - ERE L e Pl ERE o EE Fﬁz’i‘ﬁﬂ%
PezE > ERBAGRE - E2ER T ZES - B8 ERYnE o SRERIRE T

L

(3) MEHFIEGT + BARIIREEIASE - PS> 2y KA S BFH
SEEHII RS - EEEFTIR A ZHD Sl 2 SR & - EROKBEAR R - A
THAE » RUSECARYRERHER - PIAIERSE - SRR 2 R AR I & Ay (F 22 ]
B o

(4) ZIN(EM - BREBFEREFEEFEEREEMERED © M4 EER - MR RS
R SIAHEBEABRS - SR EMR S FERREOE RIS - MEER
BEOWAEH 5 TS F P - ATRE & A IR RER IS FHORANIM A5 A RS AVIE L+ st
BEg B G BLEA AR HAY Z SRR OR & > I RETDRICGE TR BE

17



2. KEHRIBHNTIBEEML

B S B 4B BRI BN R K - AR N R AT S 3 AR AR ~ 220 - DLBOR BIER4RATZE T
B KRR o BEAD - FHORIEEAEANE - PN EATRON SE F 8 A AR - 1 RS BRIt e AL
TVE IIRER Ry 2 iR 5+ [FIREHE - FoRER - APRMER—REVKEE 20 HEAFEKMIEE -

3. RERBHRE KB

ARSI ATRE] 2 B A ] LA E A - S SE A AR B - TR PR At > 1T RS
AR  HIL > HEHIRRAE - AR S 2 HIRE -

4. BBERINEE N T IAME

HFO AL HIRRAE - OB AT - KoE - BE - VEWXFERRKIOCA BB ILAVE R - B
AKX HAY Z 3R AE i A A RS © Nt - SR RSREIRIGERATEEE -

5. HeHRME

(1) BRZfEiER R - R SEERE AR H E TR - A B A
TEOLT > B SEHTBUS A B HE S ¢ 58 — M KE AR > ZRER T RE SRR
SGIESS > [NIE > $HERRE— R E A > (B0 SERBIREIRE) - ROFTARIEM
FHERE NI > BT HRHEAAEE - FBEEERE > O AII A S EER
THEE °

(2) GRZES4EENRFE N T BRI A e - SR oAV - Bl s R B
FARAVER - R E R AT R AR - (R A S & TC IR
T R A O A4S R -

(3) Br=seEN SSER 2 St 2ER « EREETHYAEZE - — RIS DI m BRG
B Bk = P B - ARSI FTRER S b —(E £ N ER - AR K SEER R
STERAERET > (NIRRT A B sy SE B I R B B, A RO T T

3.1.2 FERE

WAKET ¥ EARRERR H R TT 2 - B ZAENTRS SE R A AR ARG 5 7 H R P SE B4R - TTREME— D ERA RS
4 LIETTRERG St a iR T ~ FEEHI IR E o MIMENL RS Z FrfE Rl B AR SR Z EERE T E - AR R
WHFE AR - o — (B RE SR - REHR At SE B M B E S B 1T Z B AE45H - TE ey
B4 > DAVO{E 5 58 — R RS AR S A T E AT EE AR ] SRR RF MRS AR - R IR TR
FR % R (S R 4 AE S R 2 Tk 8 P RE YRR SR RIS ¢ = B AR Bt Repe B A 2 FR SR ek PR EE R S 4
G 5 DUR M REORES G RS 22 Ry 22 et - FEDL EVUERBE o > N SEER 25 B E B ESE
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5.3 i

B 0 2 D, 5 Pr, (On) ~ Pro)(Di) 2 S6 [ 3ok m: - BB B (B B P T 5 2
Py, (Dw)= (D1, Dy ... Dy, ... Dy D)~ 52 P, (DN)={;,D2,...,DS,...,Dk ..... Dy
et Pry (Dw) ~ Pr, (On) e aps s - 25 9, (Do D) < dr, (Do, Dy)
511 Pr, (D) et E 2 Prs,(DN)=<;'Dz’---vDs ----- Dicr-o D ) 5580 + 22 758K PR
(% D=D ;% % AL E) U5 B2 AR — 2 AR R P ( Dy 2 E %

D, € {Pr, (D) Pry (OW)] + D,y Py, (D) VS EN -t st T % D,
R > FEL[D =0 -

TR Dy o3 ERHEAEERE S; ~ S; o3 i3 I 2 B SRS IS B IR S B D, BRI S8 2
Fil— &k Dy R EH S; 380 2 S F R (SR 2 R - RIB R — RIS Dy HYBS AL E > 3SEHY Dy
FEARSIN 8l - 52 > % Dy €{Pr, (D) Py (Du)} ~ 1D, 1 & Pr (Dy) YmEN - 11}{D, )| <1<
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ERIRIR | ASTHER
5.4 fHE—

ST 0 5 D, Pr (Dn) « Pro,(Dn) 2 SR e BB 6 5 I P 7T 22 7 B
Pr. (Dw)= (D1, Dy..... Dy ... Dy, 2Du) 5P, (DN) <D1,Dz,---.Dm,---,Dk ----- DN>;

3 PTI,(DN)CPTJ,(DN) . ) D;=D, .Djyy=D, .01 =Dy Dy =Dprrec + Bl
ouH-0 : 5 (04}t (00} ~{D1 €K MR- s 4]0
FRER IR B (A8 o 2 - — R B S 682 Dy, AUGE Dy, DURAVBS (S &
—HEBE T Dy Bk TIRFIEE  RIE[Dn)|= 15 B[ Dy} <1

3. fE=

7 KB D i FR AT 4R S; RIFTA 1E Dy BUE— RImEhEs Dy 2 EIHY 75 K e %S ITftss
®oMoS - B M A a7, (PTSi (Dk )) - Vglgs{def (PTS/ (Dk ))} Al
dTSi (PTSf (Dk +1)) = svgsrr]‘ig ES dTS/‘ (PTSJ (Dk+1)) ’

(1) FiEHER - PTs,v (DN) = <S/, D, D,, ..., Dy, ...,DN> R T, b (4585 S, 51
#F R % Dz B A E T (PTsi(DN)) <7, \Prs, (DN)) el
de,- (PTSI. (Dk )) < dej (PTs, (Dk )), VYkeN -

w9

A FRA

# Pr, (D) € Pr, (Dw) : B s 7 5
PTS.(DN)= Sj’D1’D2 ..... DN’Si’D1’D2 ..... Dk""’DN N EU

dej- (Pr, (D)) = e, (Pr, (S1))+ i (P, (DO YHEN s g e i 35 2 - i
dr, (Prsj (S,-)) >0 > bl oy, (P, (D)) <dr, (Prsj (D )), VKEN -
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2 Pr, (Ow) NPy, (Dw)={Du} + gy 9, (Pr, (D)) <, (PTsj (D )) —e Yk k=N | g5
5 dr, (P, (Ow)) <, (Pr, (DN)) » FitLdr, (Pr, (D)) <, (PTSj (D4 )) VKEN -

1 Pr, (Dw) Py, (Du) ={Deh kEK N, K[> gy — - iz — o [{ D} =1
ST RIS 2.2 42 © © Dy BV 68 - k< MES B2 k> M
BB % o 1 g o (P (D)) <o, (Pr, (1)) k=M

o (Pr, (D)) < d, (P 7, (D )) KM il dr (Pr (D)) <dr, (PTSj (D )) VKEN -

(2) fEE=HH
A. EBEDER
PR — TR IR S| = 28R -

B. H4v IR

BEE|S|=n 5 n=2 W5 75 A T 0 BIRY n B o 7 42 Pr (Dn) ETs, i 13
(P, (Dul) = _gmin _ e, (P, (00) . 45 [S|=n+1 - mfEm = ERE R

(04)
ar (P (Dn))<dr (P (OW) ¢ W@ wom o @ W o A
(

514 EELEZEE®.

FETEH = (P AR — ~ R w2 1 A B B 2 AR - fE =5 T » AR
ZAELAGETRE B 1T R RS ISR AV BBl TRl — R e B2 TTA  MifE/HER
ERREPEREATRERD, - HEA R IR EESCE - W& S N R EVEES & - ESEETEZ
SR o EEFE TR ORENRL AT 2 B BHAG ETREE Ot IR ~ HAEBUAE /N (BRERY) HEA
A BT IE B IRE Z HAE -
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BRIRIE | AATER -

[E5.5 FEEEFEAMS

HESEETFARMISAES.S - Hok > BATAREREA (4R EEZEE T - RARS ==FE
YRR A 2 o ¢ HR > SREAERARLERAE Z SBA RS — (R T35 2P IR - DU R AR OK G » Aok Bl
B T PRIV RCATE R o EAFIRE T3 2P A 2 M - I — KBRS » AIETT B bR - B
= BB TR T AR B s (B ED B QBN BEEE R AR K2 B
FEBREET - RUBR T T oKBEER TN C - R Jesk FoK B RABHY T8 - BB AR - PRy T
BT RA IR B R - SEEIRANE AR - IR AETETT - BRI ERREGRE A T35
A REVZER] > BETEREILSER ©

38



5.2 ARG EREIEE

AUTFE R SRS AR SR KRS BN L Z AL — ¢ ISP R A R R AR A
FIERR AR E PR PR A R4S S 2 FTRE - AERRIDUERS 2 BHavBURL - B2 15 A0 7 JE (o E I AR s AU
REVTTE - NI 2R 4E - Ry NEE RS m] RE B BR AT 15 -

FERR A [ R4 - DIOREREZE R » SUEiRE T EEE AR RERIVRT s - mHTE
SHMERIRR AN - B (ERTE UER SRR HYAE © [RIE - D5 SEBRAEARET - AIRERF GRS BICAHYRF AR A
FE - WRMENFE SRR G EHEEEREERRCE - SRR R GIEAER - HRITAE
B EAVEIS - Fraf (RS AIERMFERGHBRET - E—Rths - S48 R 2 HEREHIh
T - B o e S S AR RS AR ERUE— (L E - BB B B R REROES - LRI AT AL
ZAFEER AL ¢ 2RI - BERSER TR A BB ZIIRESN o A BRI RA - (MR 2B
18 R AR 2 Z SRBR B 1S » BIEEAS AT LU G FR ARG - [ERtBCE IR S » k& THRESHES -
PRIt - SERRE7H & A RS ISAVIES: » MRS EAIR AL T U775 » DUSHERE TR — B 2 BHR - KSR
B AJBAVERRERICA  FIH - A AT SR SRR AN R N 2 B BB 1R > DU SRS S4TSR - ER Sy
GRPR AL SERR AR Z iR

AW FEATER ] Z SRR - (RriNardelliF B2 gt © sZRH e IRaT i RS A At o (R B ] 2 I 4R H 45
B FIRE 5 2 W T < A R B (S TP — PR BRI T > RV SRER A T > $am 50— BRI AR IHE T
Bl BERIRSERS ¢ A — BB AT - WGP F M B 2 BERR i > SRR R Seis 2 BeRk SRR B -
AUTFEAIFI RSB - e S R Bt A

5.2.1 RGBT ER

"RESERS A RREBUEAVEIE T BRI BRI G DSHE SR RG M 2R -
FHFA S SS BRI > RHEE VS » BT — PR ESE 2 B % » Ae T BN U IBEL > AT » RIS
BRAERHRABIRE - WAERF R LY BN ZRAR AL » A St B YRR SR 5 A e -

5.2.2 ABERZER

PR R RIS A R 30 - AR/ N ERR A S R B - B ERE —ES R
AT ] A8 A R SR G R AR A T TR {1 B RG A L2388 © 2RI SRS U IR A - WA B & SR A
AMERIIES: 5 AL - IEEEERRAE4ETE THYSERE A » A ATRE B AR GERS Z B IS A S AT % -
R GRS RIS R (SR ¢ 1. RIS v RE M SR - AAREE (TS B RBAVIEIE T > &
ESREARME © 2 RFUSEEREM AR RER KGR EE R KNG T B ERGRIBEEE R
KRG IR SRS RICASEY IME -

A 2 BT SRR - A RBEENE - R B RRER 4518 - HE MBS 2 A & B —
G 22 ELH [ T KPR R SR BR A RCR AV BE 4 AR BN 704 - 2RI BISERS A T Bt — a2
& (cutedge)  HYHHIE - R HERELHUASE (fault tolerance) BEJT © FTlL » (E—EREEHERZIT -
HE A B b —(E R DL VRS R HIIB T3 4E i Lo R SR IR R IR A RE B L 45 G 1 = i
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B HAERISERR ARV G AIFUERR " RRRISNA | - R B B IER ARS8
BT - DRSS R MEZ =BT - EAGRRIE A AT 2 (G RR A -

5.2.3 AR RE
ZSR RS AL ANES.6 - DUR LT SR E Fesi B -

T TR B GIGRS St » BB (root) B 5 d(s,r) 2T G P E— ik s AR r RS
Po(s.r) aBEE - TR =0 e 2 Ur o BEEFIRII T (subtree) Ly, o =T, ~Ur o - @
F B TAR - FRIENardelliss A\ RIHIZE » 78 efbhiis - Ur o TR A98:EE r 2 RAURARESS R
ST AT Ly o PRS- 2 RAOREEATE AN - 2 Br o(ma) 5 Ly 81 Ur > FiG
B (miely oTiateUn o) » d(Br.o(m &) semmmesnmis : fitkns rerarmim e By, o(m.a)
RS IS Ly o cP IR — 86 - T EL R PR A & « R - JEAS Ly o TFTEH9E: - 4
BT, SN » AT S < BRI T — (B » AR L o AT
BGRPA TR VAR © R AR A

SDC; _, - D {d(s,m) +d(By, o(m.a)) + d(a,r)} (5-1)

SMELy, o arelr ,

FIR GRS Ry FA AR R EH T e Fs [REFT A EEE Y GERE B ALE & - AT ERE LATEE T P s
{845 L1, o HINFRE K ENRE - R Ur o YRR SKENBLE AR GERR BT E0%E - 280 - fREAEH - WRE
— 1l Ly, o HEEI B R R A A BRRS Y EIY - #VAEIEA B CHUIGES BT“e(m,a) REZE r - AllEREZ A]
Bl HIRS HE4EHS - TEILAT G A TarjanfgG B nuite: - Jefet T LEGE: | mvBUA IR (LS 4945
& eWiishk - MM Ly o hIFRAVESAE4EHE - SFTA H P HYETEL TG R BE 4a45 1S > 2y
TEW—(EEEEEBE m - 7 A [E ARG B BT“e(m,a) ARENEE r o RIRCAHE n] RMERE(R o 1 EE Y %2
& RCAS R RE(E A Ry L FIRE R AV BRI R - ARBH5e » RS REAV R EREE Ry 4 88ps 8 (SD
Problem) - Z&G&EREHIEES " HEEGR: - LEMBE, 2Rk - RIMEEET T S—ES80k
firE L EESIRA - R ERA (Merging Cost) -

MCG(m)= > d(s,m) (5-2)

seG
SRR AR Ly o TP AT ABEE i FL o B SR mAVARRERE - R > S VL, BT B Ly, o HUHS
BHEES > AURTIL Y 28 8eR&picA SDCr _o 5t T DABHEY, -

SDCT,—e = MCLT,,e (m) +‘ VLTrve

x[ d(BTr‘e(m,a))+d(a,r)] (5-3)

Ho S —IHFRR R Ly, o ENRGAERR SR B m VR EERA » 55 “IHRAIFOR B 820 m BRR r 092 Ak
K HpEE TSR IR R BUE AR a &£ r iVEERENISE - FSR b Ly o PHYEIRIEH -

FIRBEREHIBA Fs T4 Ly, o POV —(EETEL - SERS AR rAVEERRAE S - L7 20RT S GRS
ARG FoTE BRI ~ HEA AR ¢ (e o DLSEHR > SRR ACE SR - AR R R ST 11
WYL E 2RI - L, o THAVERBEEC R IR /E A ARCA  EL T Ry B — BT R A B A A RER (L
R — I ERE A HE ARA BHE 280 - RN F R ER R S i A A S
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NIMAE 7 HEARIVALE © M H GRS ~ HE ARSI R - S [EAG B Wy (A8 © AL
AITEIAE] - SR EERLELE AR R B OB T SEREIL RIS -

RN I e R AR EI8E - ERAEt R AR R EL T B - thET
g —(EEREL R tH 328 - TR RS - NE R ERAERS  (HFEE LR
BAEAREFE - AR EESRHIER - BIFRRE 2R G h Ef — BB ZARAIER L &
EE R - WH A - BEEREE - SUA DU B RERNA > 5 (5-4) - ZEil BTy
LA [ES.6.2 358 - AT S PR ERAY IS TR R A

MCLT,.e(m)= > { . > w(e,-)— > W(ej) (5-4)

s€ly, , m,r)UPG (s,r) e;EP; (m,r)IPG (s,r)

BRI | FHFTER -

[E5.6 ZaFers

RIEE - A/ IMbZ 4 GRS FTRE IR Ry T =

MSDC; _, = min  SDCr _, (5-5)
r meLy, o, a€U, o r

T8 Je AR i/ M B 2 B G P R BRI B Bl sy

MSDE; _, ={ By o(m.a)|meL; ,,a€ Uy o, SDC; o =MSDC;,_,} (56)

PRIIEL - R S RS At — PR ESTRIIBIRAITSTE » AT A A GERR R ELRI %y
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DET,, = U MSDET,—G (5-7>

e€T,

Bf% » FHTESAEERERA ~ DL SRES AR BEA - TRBIR 2 SR BERE A e/ N — 2 - Bl Ry -
2ECON; =T, UDE; (5-8)
5.2.4 RFHBZRE*
R GEHE AR A TP EE
1. $B—: HREREA
FRERR 2 BEAERE IR - SR RS R T, » WECEk BEAEHRE 2 —F KB Z IV R B -
2. B EREARERBER

IR PERS R I AVAT A B - IRT R B IRRREL - I IR BBy By e itaa B 2 E
FhUr o ~ BIRBEFRKREMAZ TR L o

3. PB=: BHRAKKBBARNZEERBR
BTN (5-3) KFHRAMGER A » WOKHWEA B/ N AR A 216 Br 6
4. DRBRN: ARHEHEAZHEN

M AT A B - TAREBRZ RS HEERKBEZES > HAR/D RS
7-r U( UT BT,,,G) °©
€1,

e

5.3 HIERRERE

BT S PRAGEE - FRELATA 7R K BEERGE B AL 2 RIS RIS S S el » HECRIE—RRER A
2 BES BN Z R EA REMBE RGN R ) - A REEGEE > DR ERRITTR - #
HORETENZTHKE > S22 FERET EHREREAL -

53.1 ERBPTER

"Hi%,  WESENFELTHENE  BEESETHIRERRL - REEREETE - E S ZEIESR
T BURAER B ARENENE o TR B E S @SN MR B A AR S - DB E SHIRERR
£ - BARBESI R WetErR - S B ERER AL K F R AEAVRZ] > BILRIRIE LGRS &R ~ KSR
I -

42



5.3.2 BEEBMAZEIR

i R RAR AL BT B R RS~ ZRARBEM 2 Z RIS B HEBRE - A RERE)Y
M EARAEITTE » A e BB R ERR A4S 2 el -

OIRBEHEFETEREZEZR - FERUASGRIETRE Z B ET B - BT ERIRAERE
M BB R/ METRE 2 TR - HTRIIRR R R BHIRRAY - OREE HEEEE T EBRE L BE
[ Rt BT BLRR SR BE 2 P B VBRI ]+ A FI 2R > AR R EEE A —H 2 2 G - AR
MR H 2 21585 - 28 BiEw L SUEEATBURL T S > QAE S PRI GERR VM RRR 4R - M EREE R AR
A RER A EERTSREE ¢ [RIL - fE Iy & o G I - 8 R DU e vy [ B A o 0 L2
TESL IR T - (R TR ERE MRS (2 BRAEESHS - BB LSRR - I - Z404%
BRI Z AL > KN EAE D& Z SRR 1T PR 2 B AL > RIN ZSARERES 1S » by i
HIF ISR Z B 48 Ry R B N 2 S R A4 - IR RIRTT Ry BAENKEST ENBIRRIAE
St EREN e ZE -

HP B T — 6k - BB —EErE  Hit > BB SREEA &R - %Eﬁ@
JBER A Z BE4E Ry 2 SRR AU AT - TRIT T B RS TR, AVEBUE R B BB AVES4E
AE/D BRI ENSE o RERERRIE S &SR 2 B R T SRR T ) AR - BRIt
oy R RIS - B BRI R RES S et T RA 20 GRS D ERYSE - B
DUEEEL - BB KR SEEE - o DA TR EIFTR -

Supply Vertex
Demand Vertex
Accessing Vertex

Merging Vertex

ERRIR - SHEER -

5.7 [/ KRk A4

FEEERETEN > WFEH LBEE IR MR - SR EHIEEER - DUREMZSSS R > fri
ARG Z45ME © 0T > BESEZME > DS EESEREA - EEREEREL > SRR
faELAite o DNILAERS. 700 > Wikl ~ 11~ NI~ BIVHET R FEIREEY ek > R LA 45 D08 BRIk A Y RF % - 1 2
R PRI AERA RIS > ACET TR R AT G AT
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5.3.3 EEBPAZIRE

OERMZHE - JHEe e R AL A R B e & 2 % - DEBREAE  BSEsENEIERAE
— iR - AR RAUE S B & 2 A RERATES A - I > F—F(E 0 &R TR s R A &

1R HAE 2 Rk B MG BRE el - XA R MR e B HGBEAI AT 2 HC G E
REAR el - P Bt &a B RRA R B L At - DUES.8 & - SR E &N - BHE —BEREAL It
BbRBEALIEE EIER - RPN HMZE - W& - KT EEREET B EER T REREAL - 2400
HEE R HAN & 2 Tk > QIR EREN R ER SN - BRNE A RS N B B S & 2R EE o (F Ry
ea B A EE - ZENEDIRQEETORZ ¢ FRFREA AR - 2R D EREEFR R - WiE
B Z B NRE TR AT BE Ky [R]— B -

B R E R A TR
KA EHES
D
[
C

ERRR | ATRAR -
[E5.8 I ik 4R

HIREE R - AR NRITIRHE A Z B > (il S BES B Z S EGE: - ESF L EHE
ARELE - ANSREST B WEMEAE  EEGRERMARTAE o B EERFER > SAETIRIE
SCREPTENLE - PRELF AR B A st BE 4T > PROLUEARIRLRL - BISOORHUGES MRS 2 T =T AE R
KBS Z A B EBIMERA - (FREGEA AT - AEFET SR R EAL - BIJeK
HUHst 4 NRG 2 & R BB Z SRR - 5 BRI MEEL A - fi% - i Z A FTA A RE R KB Z SR pA
BRIMEELRA ~ ZEANREREA 2 AL =TT RAFR S & - SN2 lAH S - BT AS - FoK
AT o A S RN T IRRRAE -
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5.3.4 BEERPBZEE .
B4 EEE - oy BT ESEE -
1. $B—: BB EEHIIGEEBEBER

H5.161. TS B AR » BT ESEE S BB TR S S - IS - S S E
PB4 G YRR - DL S TR S NG - 5T B TS 48 7
R G B (AT B (23 B B4 © S S B S ST L A+ DL 1y TS R I
g3 - 2lptsEs B(Cw Ciw) » BEIEHENE S HTBANESC, , » IR LEANEL (L E
R B4 » TSI RHES E S, HIBRANES C, o BATRAE -

2. BB RKEUREBSNEIRIE
B I EFE R AREUR R SRS Rt o BFR A& - ORI ZIEAE -
(1) WRsMREBEAGTITEAE © F DAfr & 20 o MR 2 & P L4 BEpE R -
Sls, « = daecong, (CS)) (5-9)

(2) BRSNESRROKIEFEAE « F DAy &SR 2 6 N AT 7K B R S (A B AT -

Dis, \ = EdZECONSI. (Ci, k> Dn) (5-10)
3. PB=:. ERBHERHES

FHEEDE SIRETREN S, | B8 S;BESBNHIINGC (o  LhEEB(C, v, C, ()
BEHCEEDEANZESNEC FEEEZEANSTFKE RERESE S ZRARRZE
BN R MAC;, -

MACs, - m’nj[S/sp ¢ +0(B(Cy, Gy )| + Dl ] (5-11)
4. BN : EREEEN

OB MA > BB A B EE 2 e -

MA = i’j%k,B(c,,k,cj,k,) (5-12)
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5.4 [ E RS 4Bl R =X

AW BEAEIERL - HEZ M - A AR FIsgdii ¢ 2800 - B S e 2 e RIR SR (A
EIRG— 2 PR AR o EEDIHIBT R G IR B 2 (B - RAREIR A SRR AT > 5 TR o
i > AEILAR]SE ~ PREE ~ 22 HAE > SREHE5E ~ PE - SEBCREEEIE > rJHEERER T > WIE
Fo—ESHE T SEEEGERIIE > DIBTRYFIBR ST SRS G BIAC B 5 2K Z (B Ehdk -

5.4.1 P FFIERR AR

H15.1 £ 5. 361 A E T K481 RESCUE ; H& T @ 284S Z BAE T @S 2ECON » DUR G121

HMA -

RESCUE =2ECON UMA (5-13)

5.4.2 FrKFIERRAREER

1.

2.

A&

(1) EAmxEEREA (Longest Detour, LD ) : fEA{E A &ERERHVE R T
S TR BERT o (5F P LA R ER A AR AR RS NI R I RIS TR E R A (RRCR -

LD-maxi S dacon, (PzECONTS,. (s Dk)) D €D, e€E(SPTs)} (514)
"= | D ev(2Econy )

(2) &R HEER A (Average Mutual Assistance Cost, AMAC) : H#E{FE A&
FREMRARAIN o B EANREREA B AL TAVIR S - QIFE AR L E AR
B ACHETT IS N RCEE » RIE B B2 6RO B (R (18 A B8 BE A Az PR i e i R
i

SMACs
AMAC =3 (5-15)

s}

REE

(1) FIRITHA (Average Travel Cost, ATC) : fiHEEFRERS » HEATIRITHY
KA I(E -

DkEED (mig{dRESCUE (Dk’ Si )})

o]

ATC= (5-16)
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(2) HwAIRITHA (Maximum Travel Cost, MTC) : SG¥H{IEEERERE » HE/NRTT
FRAEEAE - B T BERAVRCE - M4 T > S RAVIRT T AT R i 2 Y RO 80e% »
RILLAE Byl 2 BER RN BB A5 -

MTC = g?gg{dmowrs, (S D) ‘ D, € V(2ECONTSI_ )} (5-17)

3. 2EBX

(1) BE4ERA (Network Cost, NC)  [FSEESEIVE B - BEEANIIFE EH &2
HIRIE > ATEMEIR SEER B R IR T > AR RAYER A - MRE(TEEEIR - (NILER A
A Ry EHBERAI 2% -

NC = Ewexe,xe =1if e€ RESCUE , x, = 0 otherwise (5-18)
eeE(G)

5.4.3 MKEFEBRPZEEME

& B GEAFTRE & B RIS - I TS R - ST R £ 40
T -

f(LD) +f(AMAC) f(ATC)+f(MTC)

E=13 +f(NC) + 5 (5-19)

Horf o f(x) Byl b -

1, if x is better than RS, ,
f(x) _ x-RSy « ’
RS, x -RSy «
0, if x is worse than RS, ,
RS, © B x SRR 2 EREHE -
RSy, x + B x e ARZHI2 B REE -

if x is betweem RS, , and RS, , (5-20)
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BARE HEEERERER

6.1 BREFEERE
BRAELE I L R OB LU A P B RAR A TPy DT0% > AT
6.1.1 BRI 4EE

1. B35 (Singly-linked list, SLL)

BHEBHTRI(Er M © 1 E B SR A & — (B TR ~ DUREEEE] N —(EEnRiHIEISR CE T —
{EEIRAEAE - AIZEIR R ZEGISR) © 2. B —(F o] UGS SIS —(H iR RIH (CEHRE#Y]
RZERE > ISR RZEIR) - HERERATRRAT -

[o <t J<to Jeto I<fo J<fo <o)

BHRIFKR : Java Collection (Watt and Brown, 2001)

[&6.1 B
2. #3#%| (Doubly-linked list, DLL)

AR EHESIRE: 1 (Y& —ETER - FUEEEE] E—(EERAVEIR Ch - —{EE
BIATEAE - AIZENR B2 iR )~ DURHESE T — (B ERGHVEI SR G T —(SEBAFAE - HIRLE
GURZEENGR) 2. 8EBE —(E A DUBEEE S — (ER ik —EETR IR CESEy | HhZEES
AIZ AR Rz SR - HEREEHAFRoRaT

|°¢.lﬁ*.lsi*.li1*.ﬁ*.lf>1*.lﬂ

EFIEKiE - Java Collection (Watt and Brown, 2001)

[E6.2 &5

R FE 2 RS (S AR - IR ARAE MR 2 i IR BT 2 et - DA BRI T R 22
Ml > WG APERIZEEMLES ~ FROKBLZ FEAVERTE - DU i RS 1 A
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6.1.2 BEMNRRTE

EIZHYITE - 157 Rkl (nodelvertex) ~ 43 (link/edge/arc) ~ Edffj (polygon) - fEpg&ECEF » RIILL
B GRBFEICE - It > FREEEEAGR - A ABEBGR TR ES (set) o BiESHGESIEE
ARG - TR R - SRl EREE S BIREES  IRIARNY T2 > S R ENIREE -

we9 vy
ei/ TC
s L T b u—f X
| }
g

BRI ¢ Java Collection (Watt and Brown, 2001)

[E6.3 4]

[Ez@m (Graph Theory) > EFERFRE RN BIEHEES - MEES - MBS =EHE R
WETZFRE - AHsE 2 WattédBrownFfiE Java Collections 7 fE48& (51 ([E]6.3) - zkaR B Ik = FE =
ForiE T R

1. BEM

FERIBEaFoRE BB EE TR A RVE - BRI —HES - W EP T R BHEES
THEHE 5 7 7ERN AR Y -

BRIHR © Java Collection (Watt and Brown, 2001)

[E6.4 2 5A
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2. BEKS

AR aToRE > BB THIATAR: - BEE A —EES - RS ERAVATREES

B B TERR R HTETE -

L

EEIKR © Java Collection (Watt and Brown, 2001)

3. MEmE

~N o g A~ W N = O

HAHIHKR © Java Collection (Watt and Brown, 2001)

P C. NN A P P R I (Y N g Ry Ey

[E6.5 #IEES

[E6.6 HlHErE

PE=ERNANER > FEFIGEREVEARARE - BESEREA - B LFER T
SYRESER TS ~ IBEEG o BEIBRAEGEREAVIERE - B MR  BAOVNRR) AR R E R
AR RRER > B BRI S - AR » A3 2 RERVEGER G R REGHFRRE
AINTRIBES  MRER 2 - FEVERGEH - SERNEEEREEANER Zh  WTE
Ao - ZEFERMEE - B EREPRRESFmSE -



#*6.1 [EFRALER

BTk s s i
el | gimEDLL O(e)

PIARE | 5 AB#ADLL o(1)

s A | A% ADLL o(1)

T B 2 DLL
TR (@)

BHR | s s s soLL ©

BiE | MBEEADLL o(1)

al | SRR ASLL o)

PIARE | 5 ABE#ADLL o(1)

N HAMBEEASLL o1

S WA ;{Jﬁtiz%u @

A S O(e

W % (E & SLL ©

BRE | MR ASLL o(d)
. o(1)

AR | EHsERET - 5 o(m)

B MGE | s o(1)
B | SRR - 5 o(m)
. o(1)

BERIARJE - Java Collections (Watt and Brown » 2001)
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6.1.3 M—EBERFENELTER

K FEREENR T BilJavalf B S VIR - AR ERE S BREGHIRA (G - AHFEILF]
MJavat2 s(EE S A AT IE R SEER AR - DU 4 — 21855 = (Unified Modeling Language,
UML) #9550 ZRERIARS A - REELIE P pl Y B T 45 1 -

1. B

[ ([E6.7) HYTZRERK - WERAE © EREAATER: - BEIGAYSERE » fIa : E—E
HIRRE RS ~ FL—BATRI(ERL - DURE T2 & B A S (ER L PRE S ¢ Bt5h - BRI REA
SRS FRFERIAE - DURSH S E B P AT el SR Bt R R R &5 ¢ BRI AAI7R6 2T -

*6.2 BN A

[ {E R TiETR ThRERE Al
Void addEdge(Edge edge) R P A—RE -
Void addNode(Node node) B A —{EEL -
Vector adjacentNodeSet(Node node) | [EI{EEE T H—BIAUATREELES -
Vector getDemandNodeSet() [EEHE T TR R KB ES
Edge getEdge(Node n1, Node n2) [E 0 {8 B [ -
Vector getSupplyNodeSet() [EIEEE A SRS -
boolean hasEdge(Edge edge) El{Etruedl R EF FHHE—FE -
boolean hasNode(Node node) El{Etruedl R & A —(E 5 -
Vector incidentEdgeSet(Node node) [E{EHE I e — B R R E S -
void removeEdge(Edge edge) R E T — R -
void removeNode(Node node) TEBRIE T Ay 3 —(E S -
[Javalang |

|_Object

emnetgraph |

emnet Graph emnetalgorithm
| LFrame te——+ GraphAlgorithm | |
emagui % o addEdge( : void ’em““_grfp,"
= % &' addNode( : void _—_—
[Map ———— s & Vector | ===t S
o % & getDemandNodeSet() : Vector il Y
‘ emnetio & & getEdge() : Edge Edge || Node
e % o getSupplyNodeSet() : Vector ——
[L10Graph & & Graph( : void Javaio
P % o hasEdge() : boolean | REE rerm——
emnet.thread & o hasNodk0 : boolpan —+ PrintStream
| Center || Detourist | D ||_Helper |[ MAManager |[ Roamer |[ walker | % o' incidentEdgeSet() : Vector [ia b |
| |—)s & removeEdge() : void Lo b
> tvoid | pr—— e ]
] y v
¢ sint String || System
& o edgeSet : Vector o e R
- = ¢ o nodeSet : Vector
java.util P NodeNum : int
[ Vector e+

BRI - HEER -

[&6.7 &2
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2. B

B R ([E6.8) EANIFTREIE TR — R EEEEET
REAREFNFEINVERRT « UGHFFRRIERCHIITE © 990 T TR AR
B RN SESTE FRET R R S - HERFIREIERS R - 5

FREnEIEEN ¢ AL

AR B

BHESERZ A > [F] IR — (8RR g (e BB AR I - fE ST AR

B » AR
IR ST -

LA T oA HE AR

AT

#*6.3 BiHYTA

IR TSRS e

/gﬁ%ﬂfj fFEE
TR ET H ARBTG5 SR T

Lemnetalgorllhm J_

ERRIR - HEER -

[E6.8 HEAHA!]

54

& o visit) : void

L@u

[ R R Tk THRERS I
boolean isOccupied() TRz B R S IE AU &
boolean isVisited() R B S RS o
void leave() SEE X B B A IR AR -
void occupy() BT R B A LIRS -
void setNeutral() SRTEL B B L EEL -
void unOccupied() | &7Ex% BB EEIRRE | Blleave()THAEAE(E] »
void visit() SE BT -
avaiang|
[Object J|
[ermnetaraph |
emnetthread | P Sl I
EEE b el
R R

| emnetio |

¢ o access : boolean
¢ of' demand : boolean
¢ & dummy : boolean
¢ o label : int

& o merge : boolean
¢ & source : boolean
¢ ' supply : boolean
¢ ' x: double

¢ 'y : double

he——{10Graph | |
emnet.thread

p— —— Walker 1‘




3. &

B (E6.9) BETHREZENIITER - WHBEFE NN RREEBE - kS EEEEE

FHEESBEER - BEEEILEE
g HAHE R —BEAYIE -
JBH (TR Ay Tk

ERNAERE (loop)
SFA A6 4PN -

#*6.4 BNITE

(SR (R T REAE A - A bR B R4 -
- NBLATA B AR (EmE: © 2 i—iEkR

[ {E A TiEATR ThRERE Al
int getN1Label() BB -
int getN2Label() BB -
boolean isSMAEdge() eSO RE -
boolean isMATestEdge() T e R TR S -
boolean isVisited() ORI B R ST TR -
void setMAEdge() REZ B AIRE -
void setMATestEdge() SRE 18 Ry AR MRS -
void setNeutralEdge() REEZEEPHE -
Node theOtherNode(Node n) EVSRE R % 18 H R By Bhinfy 55 —%h -
void visit() SRERZ 1B CHFFR

o= ey e |
javaang [

emnet. graph ]
emnetthread Edge } emnet
[=—— ~|‘ Frame

|[ Helper | Roamer |
[

¢ @ makEdge : boolean

¥ @ maTestEdge : boclean

& (@ name : String

BRI - AR -

¢ & preNode : Node
& @ visit : boolean

O | em..w.-,.,ﬂ
| [Node } 1 S o Edge( : void B Cranh I
| S &' Edge( : void -
Javalang % &’ getN1label() :int mﬁ.
Csting | & o getN2Label( - int \ oul] |
] % o’ isMAEdge) : boolean (—--4.- |
& &’ isMATestEdge() : boolean
& & isVisited() : boolean | emnetio |
% &’ setMAEdge( : void ey
N & SetMATestdge0 void | H-——HL 10Graph ]|
% o setNeutralEdge : void — T
% o theOtherNode() : Node emnetthread |

& & visit() : void

| Cerlnerl MAManager || Waiker i
|

# ' detourEdge : boolean

# & detourTestEdge : boolean
¢ & dummyEdge : boolean

¥ & fastEdge : boolean

& & label :int

# & nl:Node

# & n2 : Node

# o testEdge : boolean

& & weight : double

[E6.9 =¥
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6.2 BENE

6.2.1 BHEMEZ

ARRLES (SRR B B d 2% i R A B AT 4H I BR A - PR AR B (S B — B S WY B AR 1 > (R
% FLER IS AR B 2 W SRR RS ISR M - i IR i 2 R A B RS M R A A 5%
[EEGES Tl A

6.2.2 RERE

FEWIMRES 4 2 T > Java® TRITERVRITRERCS e M E0E - (B8 At AaMHE AT FIRHR TE R A RS 12
B o B RR I (roamer) ZJava¥ff o DI HEAEEE RRIR - 2% B KB HB T HY R RS
&i5t 5 SRS M = A B E R L (B E ZJavaiff » AU R g 2R E ) Brgsk
GRS SR RORTIR RS - Rl 2 S BT DL R RS RO BUAER © Bl R 2 ISR L EREL - ﬂEEﬁ?J%BA%‘E
RAGHRERARU NI 2 T BB BRI - 2 ATA R S E N iR e 2P
R AIE 6. 10F7

( Start

»
>

roamer
ompleted 2

Current node
visited?

»

A

Dijkstra: 1. enlarge visited set 1. remove subtree from
| | 1. find the new & best <« 2. set node/edge relations the original tree

incident edge 3. set/update cost to supply 2. add the subtree to

2. update finish condition 4. move to the current node my visited set

\ 4
Stop

BRI | AHRAR -
[@6.10 FHitoE 2 HERE
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6.3 RHBERL

6.3.1 REMS

1 N 2SR el 2 HAR > ESAEH N ES B BRI S B o S LTI IB Y © 2800 > 22 IRER B FTAE
rE ~ RAEEVFTFRIGRHARMAEL ZT » BUAS EEE R B - B HE Mg - Wit
ZERBREEA BN S BB R N R RS ISR B B BURIZ - RIER N ER AR R S i BB AR
BV > R PRTBER KB AR « BOMERER A & R NVETREEER KL - EFREN
ENGR S

6.3.2 RERE

TEEJER ISR - BEifdn 2 R8s (detourist) ZJaval)ff » DU/ NZRERRA - R S — 1R (RBE
4> DUEEF ST N HTRER BT - HoehlisE i AR h e — B B - PR R IR (R - SRR IRHUE
BRA ~ ERERA R/ NI 1EIRLEE - RS R RIS BRI A R N b - B ZE BY
BRI N RS i R AS > HUBBURIZ A AIIE 6.1 1FR -

<%

L detourist
l" completed ?

current node
supply?

!

1. add supply to visited set

2. set node/edge relations
current detour 3. set/update systematic
cost less? detour cost

Y
1. enlarge visited set \/

Dijkstra: .
s 2. set node/s relation
1. find the new & best set node/edge rela ons
— . |¢— 3. set/update systematic Stop
incident edge
detour cost

2. update finish condition 5. move to the current node

BRI | AT -
[E6.11 ZERLEES 2 HEAE
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6.4 HiRERHE

6.4.1 REMZ

EB[H A R4 2 AR - (e RN B — Bt B AL R BBATSR i © BB BN BN RS iR
SRR 2T A B AR KIS A - BEBM S (helper) ZJavalft: » fEe%
B[ S MG ALK U EG RAVAH S plA - B8 R R BB T DA LA S A Z & R B4
G ETHZFTA SIS NEEER S B E R KR Z R ~ SIMERERCA S Ry NI
BEEBLESLS > DUVE Ryl [ i O PR Re A

6.4.2 RERE

B JeHUS SR A B S R 4 2 A I B RG - DA TR RS M 2 WA RERE - R & R R A& N R R K
A~ EEERERAR NIFETT O 1R - R EGEEEIMEE B R R/ N Ry 1k > RIERR{E
SEELALREENY - MO R - HIREMZ IR LIESE.12F TR -

helper
completed 2

current node
ther supply?2 ! *
1. set source supply
2. add supply to visited set
current MA 3. set node/edge relations
cost less? 4. set/update mutual

assistant cost
A

Dijkstra: 1. enlarge visited set

X 2. set node/edge relations ‘
— 1 f.md bl < 3. set/update mutual Stop ———
incident edge N
assistant cost

2. update finish condition 4. move to the current node

: T @
< D
=1

BRAR | ATRAN -
[E6.12 T #Ep&4E 2 BRI

58



6.5 % 4 & B B #R 17

6.5.1 BKEAEE

FHATAICE. 162 B ~ SRB EMIGST R - B SR I BRI M - FE B IR - R R (R A =k -
R T o EE > AR RAEI AR T ER © BrvsNEEN: - BIRHEER - A SRR NS
PRAS IEHIEEAE 28 - BEAVER A (G EFERAY AR A « XA « YIESEEE=IR © A D50 SR S0 AR
sHeEIE Z e RE (BT ER f Microsoft Excel) » LU Ry @ MEBELAL ~ 51 R B BRAL - i dmti Ll " tab
B[R 2 S S0 A AP X F4RER RS o DitabfIfEE M « T @ BEETRIN TR - EREFR4
SCFREE > DR R AR 2 I A&

ene | node_grid.txt )
=3 A | 8 C D E F e
== 0 5 6.995046291 M
2 1 10.9999698 7.470581839

3 2 16.04336598 5.867098917

4 3 21.19274899 7.399195933

5 4 26.91884144 8.04704323

6 5 32.36215759 5.876884598

7 6 37.88696503 8.060870285

8 7 5.179658763 11.64717227

9 8 10.50747921 13.09214943

10 9 15.5981632 10.89126212

11 10 21.18509842 11.96297584

12 11 26.23314901 11.13659759

13 12 32.07505912 10.94186654

14 13 37.2767013 11.78695587

15 14 5.878006732 17.59193425

16 15 11.17979277 15.67431361 r
17 16 16.94001017 16.86363794

18 17 22.32619066 17.23393603

19 18 27.36785549 18.08131376

20 19 32.44720654 17.96284229

21 20 37.48251212 15.96981261

22 21 5.338179651 23.08471869

23 22 11.28586382 21.88527869

24 23 17.06134815 23.0325544

25 24 22.54979031 21.67342032

26 25 27.84046321 21.81737452

27 26 33.26021465 22.08370219

28 27 38.57902903 21.78317434

29 28 5.080119814 26.94680703

30 29 10.65351148 27.44807827

31 30 16.04957813 27.07026019

32 31 21.07502903 26.69425369

33 32 26.67513375 26.49937505

34 33 32.30607899 27.9819518

35 34 37.47004062 27.89196014

36 35 5.282828519 32.82639291 a
37 36 10.92794025 33.01136698 v
ElE : 1 node_grid.txt [ ——— <M
(EIEEIE) eady

BRIKR : SHEEER -
[E6.13 BEE R i A S

Bt EiEExcel Z BLECRNTNAE - B A —ELILLS (R Rl fRrvAi s s R Zok: - 4008 6.13F7
o MR ARRERIEER AT - BB R REHIXIEE AR ~ AL C AR YRR » DI—FI B—E &R IRFFEAE
ERTARIRE R A SR - TR F 4 Anode_grid xIsEyfg st » H g AiEinode IR AR Fy
BHEDRL - B T& Brgridff allBE L i - BIAE AaxIs IR R A8 FAE IS B N TS BUAE ~ DARGE S
ERE R AR e 2 Bk AE = -
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AFEERLAMicrosoft Exceldi e i R % ~ SRR A TR - Z 18 HEiF Ky Ditab By fEle 2 41507

B RIEANE 6. 14T

node_grid.txt

@ Save As:
|

Srm—

m

O wmes

e |
) iBook L

A percyhou
A ERER

]

w Em

|~ desktop ’

graphFiles [

Format:
Description

[ Text (Tab delimited

B

Saves the active worksheet as text that uses tabs to separate values in cells. Cell properties, formulas,

graphics, and other formatting are not preserved.

Learn more about file formats

B Append file extension

( Options... ) K Compatibility Report... )

( New Folder )

ERRIE : SHRER -

[E6.14 BLERHERE 5

Compatibility check recommended

(Ganee) Come)

©® O O 7| node_grid.txt
5

6.995046291

a

1 10.9999698
2 16.84336598
3 21.19274899
4 26.91884144
5 32.36215759

5.179658763

7.470581839
5.867095917
7.399195933
8.84704323

5.876854598

13.89214943
160.89126212
11.96297584
11.13659759
168.94186654
11.78695587
17.59193425
15.67431361
16.86363794
17.23393683
18.88131376

8 10.50747921
9 15.5981632
10 21.185089842
11 26.23314901
12 32.87505912
i) 37.2767013
14 5.878006732
15 11.17979277
16 16.94601617
17 22.32619066
18 27.36785549
19 32.44720654
20 37.48251212
21 5.338179651
22 11.28586382
23 17.86134815
24 22.54979831
25 27.84046321
26 33.26021465
27 38.579082903
28 5.080119514
29 16.65351148
38 16.84957813
31 21.87502903
32 26.67513375
33 32.386087899
34 37.470084062
35 5.282828519
36 16.92794825
37 16.80876227
38 21.81542716

17.96284229
15.96981261
23.88471869
21.88527869
23.8325544

21.67342032
21.81737452
22.88370219
21.78317434
26.94680703
27.44807827
27.87026819
26.69425369
26.49937505
27.9819518

27.89196014
32.82639291
33.81136698
31.80063216
32.42883625

=4
5]

o

AR P avat i sy - i ARG BRI, B R ATIE R S FE - &
SE{ESE SR o - EIEL B2 8 - %7 Microsoft Excel S BEkL » FTIA M sUIHAE AL itab

SFBEIESC T ERE R - LA TR AT AR 2 A8

Fo T 458G ~ BERAIERAY AN > DUE S AZR(E Z IEREN: - AUTZERAUBE G RRAACE R |

BEiB Y AR BAREAATE - BE—ImBAY RS - 18 50— (IimBhAY B AR R 2 i S = H

o

g A 07 FUEBER & S T AR AR sk PG - DI R MR BT ~ PR RHBRAL - Stk Litab By
IR Z &S 1 5 AT E S 4R es T - DltabfEfRE M « TR BEERRY 50 EREFEREISL

FHEZE > DUERA D ITIREE Z 0 AR - [E6. 150 E@BEGTNE - KRB 2 Fik -
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‘806 ") edge_grid.xls

(il

== A | B c D E F
= 0 0 1
2 1 1 2
3 2 2 3
4 3 3 4
5 4 4 5
6 5 5 6
7 6 0 7
8 7 1 8
9 8 2 9
10 9 3 10
11 10 4 11
12 11 5 12
13 12 6 13
14 13 7 8
15 14 8 9
16 15 9 10
17 16 10 11
18 17 11 12
19 18 12 13
20 19 7 14
21 20 8 15
22 21 9 16
23 22 10 17
24 23 11 18
25 24 12 19
26 25 13 20
27 26 14 15
28 27 15 16
29 28 16 17
30 29 17 18
31 30 18 19
32 31 19 20
33 32 14 21
34 33 15 22
35 34 16 23
36 35 17 24
37 36 18 25
1 edge_grid —— — —
fEom ), Reeerid) S i

BRRIR : AHER -

[E6.15 B &k b A5t

[FIREH - BB EXCel 2 RAR T > i A —(Elffs Rt B AEVIEE R - M ARBHIEEE AT -
fifir B Fya% 18 5t —(ImRE RS AR AT ~ ML C ek 8 55— MImBEHYRE a1 - DI—3I B —S &R - K
P A B ZFTAERVEE R A S S - IR R+ Fredge_grid xIsHyfg st H i+ fiFredgef#
TN Ry B AR B grid i AUB ERE 2 Rt - BIREAAXIs R RaZ A ZE AE L P B2 R r i BS 3UAE ~
DUR A E I R AR FE o ik ie 2 Bkt A8t -

P2 > [FIEERHMicrosoft Excel#(F 2B &K} - BN F R Ll tab PR YA B RS - DUER
ARG ArRAR I A SR RS AR Q8616 Z P2 5
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-

O O O 7 edge_grid.txt
Save As: edge_grid.txt 2] b o 1
) 1 1 2
| 2 2 3
f<lal 0 N 3 3 4
— \__i R ] Q search ; : :
® w0 [F desktop » 2 g f‘l
) iBook |7 graphFiles P — 7 1 a
8 2 9
| 19 3 10
o4 u
@ percyhou 111 5 12
112 6 13
A Rt [ 13 7 8
r % ' Eg g 2
-
i Bh 16 10 1
L HE 2 &
= 19 7 14
| mxRE 28 8 15
(] 21 9 16
gL | 22 10 17
p- 23 11 18
T 24 12 19
Format: | Text (Tab i p 3 P4
: Description 26 14 15
Saves the active worksheet as text that uses tabs to separate values in cells. Cell properties, formulas, 2 15 16
graphics, and other formatting are not preserved. ;g ig i;
Learn more about file formats P 18 19
31 19 28
BAppend file extension 32 14 21
33 15 22
( Options... ) ( Compatibility Report... ) . Compatibility check recommended 34 16 23
35 17 24 -
3 18 25 3
(Cancel ) (@ESave) AECR
4 38 28 27 7

ERRIE : SHRER -

6.16 & RHERE H
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6.5.2 EHRHE

1. ERBA

B R ER ARG SR B AE R — &z > AFY T common dir | fRiz s A ALFAE
i Z B E AL ¢ 24&5Y T node file ) MR ABREUREZE A - T edge file , MRz AE
HURE AT © Sefe s T Az "import ) 5 ANE6.17 2 /2R EIFR © B - HIETREEAELERENY
WEEZ - HELEEENWER RRERBIRESHE  UREZEMESTE JBEE
(2ECON) fft: » HEBEHIEAEE T ~ DUEIRHY T BRI LR ~ ARSI T
R AE NI 5 18617 2 A 2R EFR o

806 = EMNet 2006 :: e06 :: EMNet 2006 ::
File Help File Help
>
>
n/a
[no graph ] [ graph components: 49 nodes, 84 edges | supply O, demand 0]
common dir: | rcyhou/Desktop/graphFiles| O supply O demdnd O neutral ( run common dir: rcyhou/Desktop/graphFiles () supply O demand O neutral (  run
node file: node_grid.txt — gﬂr expert node file: node_grid.txt result = expert
edge file: edge_grid.txt ATC 0.0 step 2_2 e: edge_grid.txt ATC 0.0
node | edge LD 0.0 node | edge LD 0.0
Tabel x Y
AMAC 0.0 0 5.0 6.9950462... SMAC 0.0
NC 0.0 1 10.9999698 7,470581§A.,m NC 0.0
2 16.04336598 5.8670989...
E: [ plsffill "expert” tab ] 3 21.19274899 7.3991959... E: [ pls fill "expert” tab ]
4 26.91884144 8.04704323
» 5 32.36215759 5.8768845... ir: /Users/percyhou/Deskto... save
—_— 6 37.88696503 8.0608702... —
7 5.179658763 11.647172...
8 10.50747921 13.092149... o
9 15.5981632 10.891262... |
10 21.18509842 11.962975... ¥

BHRE  SHRAR -
[E6.17 HhiE &t A
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2. HEERE

Ei S ER EAt4E (supply)

SR (demand ) [YEEIEE

SER  DUBBRERER

AR (AR
rEst Trun g o

AIF L&

TERLAEE (AL

ZSERRS ~ OPRE

) BIFEOREL (BECUTEL)

TH 7 B& 48 6 5h
WE6.18F77 5 BLik FEE T

B4 = (ERR IR RS - HEIRFRT -

en0e6 :: EMNet 2006 :: en06 :: EMNet 2006 ::
File Help File Help
o
a2
@6 34 @6
a0 A3 &
e G
[ graph components: 49 nodes, ply 3 , demand 0] [ graph components: 49 nodes, 84 edges | |supply 3 , defnand 4 )|
common dir: rcyhou/Desktop/graphFiles demand O neutral (  run common dir: rcyhou/Desktop/graphFiles () suppl D neutr. I@
node file: node_grid.txt ( result | expert | node file: node_grid.txt expert
edge file: edge_grid.txt 0.0 edge file: edge_grid.txt A [k
2econ! import ) MTC 0.0 2econ! import ) MTC 0.0
node | edge | LD: 0.0 node | edge | LD: 0.0
label x ¥ label x ¥
0 5.0 6.9950462 m AMAC 0.0 0 5.0 6.9950462. AMAC: 0.0
1 10.9999698 7.4705818. NC 0.0 1 10.9999698 7.4705818. NC 0.0
2 16.04336598 5.8670989... 2 16.04336598 5.8670989.
3 21.19274899 7.3991959... E: [pls fill "expert” tab | 3 21.19274899 7.3991959... E: [pls fill "expert” tab ]
4 2691884144804704323 4 2691884144804704323
5 3236215759 5.8768845... dir: /Users/percyhou/Deskto... ( save ) 5 3236215759 5.8768845... dir: /Users/percyhou/Deskto... ( save )
6 37.88696503 8.0608702... et 6 37.88696503 8.0608702... et
7 5.179658763 11.647172... 7 5.179658763 11.647172...
8 10.50747921 13.092149... 8 10.50747921 13.092149...
9 15.5981632 10.891262... * 9 15.5981632 10.891262... *
10 21.18509842 11.962975... | 10 21.18509842 11.962975... |

AR - AR

6.18 fLFEELE

SE TR
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3. BMRARBBIEER

B FUEE 2 5 KRR AR A AR RE St e T A - AR PTIE A Z BRAFREAR B} - I AR (R A 2
RSN - 15 CER4E 2 SR ERRRAY - FEFH DABARBLAL By 00 Z B G IS SE B 445 © 1R
A EEE BLAL AP sk 2 ] - Rl DSk R4 2 T PR S 4B R AT © AIE6. 197 -

FEBE RGN - FFa T RIEEEE AT Z B AR S R E - IE6. 19725 -

‘806 :: EMNet 2006 :: i [ XSX5) :: EMNet 2006 ::
File Help File Help

bh6.2 @8° ° 6:3.8 @B

A7:4.2 @8 6

a0 &3
A

O

[ graph components: 49 nodes, 84 edges | supply 3 , demand 4 ]
common dir: rcyhou/Desktop/graphFiles O supply @ demand O neutral {  run

N
node file: node_grid.txt {result | expert
edge file: edge_grid.txt ATC: 12
2econ! (_import MTC: 19.07
node | edge LD: 21.12
label x v -
0 5.0 6.9950462... AMAC 30.9%
1 10.9999698 7.4705818... m NC 126.8
2 16.04336598 5.8670989. -
3 21.19274899 7.3991959... E: [pls fill "expert” tab step 2
4 26.91884144 8.04704323
s 32.362157595.8768845. dir: /Users/percyhou/Deskto... ( save )
6 37.88696503 8.0608702... ~—
7 5.179658763 11.647172...
8 10.50747921 13.092149...
9
1

15.5981632 10.891262... 4 step 3
0 21.18509842 11.962975... .
<5

BHKR  SHABH -
[E6.19 PRAEHEFEER

65



4. ERRREFHESHER

R 2 SR AR TEE - (RSB AT SE ~ £EBER « PEE=(Eim - RHAEEEZ R |
BN AT R AHERER - B WEmEEMEE - RS EPY 20575 - NP UE
GG EHETERE - ISR EARA BB LR - RETHRESD ~ BT R BGRMERIGRAT TS
AT o BT AR THE(E Ry 4S5 2 120% 8180 % » [RFL{E L THRS B T IR EE - B4Ess
Gafd{E /0.5 ¢ WE6.20 2 ZEFE AR - 280 - HIE&#E2 ETFREE - ERERGGHEH
Bz - oy R HUTS G A E R 2

EHEREWRATAERE LT R AZE - G T ROEHE Tsety AR SRS RS
RIRESIEIEZ BT EBGMERR et R O~V AE SR S5 IRE » M =8I T RIS TR A
EEEZ IRt R - SE AR AE L E 2 I E o &k 0 [BIEE] (result, AYREER
Hil - S SE s R e a o HEE ") BEESE  ARERFELS - A1[E6.20
ZHEHHATR -

MR Rt G RE B 2 B AFFD - SEaE "R -

6066 :: EMNet 2006 :: 6066 :: EMNet 2006 ::
File Help File Help
i 4
3.2 32
2 1 i) 3
161 o554 161 o554
=627, 85.4 @8 =627 85.4 @8
e % " e 2

&

A7:4.2 o8 555 A
30 B 30
S A3 >
A S A

[ graph components: 49 nodes, 84 edges | supply 3 , demand 4 ] [ graph components: 49 nodes, 84 edges | supply 3 , demand 4 ]

common dir: rcyhou/Desktop/graphFiles

O supply @ demand O neutral (

common dir: rcyhou/Desktop/graphFiles run O supply ® demand O neutral ( run

AR -

node file: ‘node_grid.txt {result_~expert} node file: ‘node_grid.txt (result |_expert
edge file: edge_grid.txt acceptable range: edge file: edge_grid.txt ATC 12
2econ! ((import ATC: (9.6 ~144 2econ! (import ) MTC: 19.07
{'node | edge MTC: 1526  ~ 22.89 node | edge LD 21.12
label x . 4 - 16 80 | ~ 2% 24 | label x Y
o 5.0 6.9950462... et B bl o 5.0 6.9950462... amac 3051
1 10.9999698 7.4705818... m AMAC: W-T 1 10.9999698 7.4705818... m step 2 126.8
2 16.04336598 5.8670989. 2 16.04336598 5.8670989.
3 21.19274899 7.3991959... NC: 10144 |~ 152.16 | 3 21.19274899 7.3991959... _
4 26.91884144 8.04704323 4 26.91884144 8.04704323
s 32.36215759 5.8768845 — s 32.36215759 5.8768845 dir: /Users/percyhou/Deskto... {—save
6 37.88696503 8.0608702... 6 37.88696503 8.0608702... 1
7 5.179658763 11.647172... 7 5.179658763 11.647172...
8 10.50747921 13.092149... step 1 8 10.50747921 13.092149...
9 15.5981632 10.891262... * 9 15.5981632 10.891262... *
10 21.18509842 11.962975 X 1 21.18509842 11.962975 X

FHFRER -

[E6.20 B E R ZHiA S
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FLE HBAREREIT

7.1 A

FRIFFHAATRERIRAVREE - DUEER R ATHEERZER - AT T7 Z AR A (F R

ES 4 5]

BERAUBEATORE > WIET 1 - BESTHE B B USR5
®RBITRIIBR A - A 55— 7

AR S TR AR T AR, S T RS 7 e IR ER S SN B AL - BRAGEERE 2 T VAR
BE T BN RIE R %
BhEE G YA —(EES - BA(REORA

DUR R TimfB R S M AR SR

BRI GE - NSRRI 2 p 4 e &y B - (Nt —R 2/ D e B R (8 DL EAYRA R - DA
KRy T it R A TR BT ~ (BT RV % -
edge set 0 | » 1 |[¢—> <+“—» m |+—> <—>’ M
RS IR v o
vertex set 0 |« > 1 |(—> <> n |<—> <«—>» N

BERIRIR - SHRAR -

7.1 BEEFRTE

DU s Ry MIEAT 7 IETT R

HEER AT > REELES 2 PR A SRS IR AL - IpIBER G RNANVES - BERIIRT A »
Ho gk e g =M EEE M - R7ATEUR - BRI JTA - I PS50 B AR RS 4 T Ay i —

EEUURIRBTEN XY B

IR AR A T Y — 1

SRR AEAHTRE BRI AR SRR o [T B RS AR P AT R B PR AEAR

RO e R IPN v S

R GRS 4 R &R

* FHLLEAER S 2 o - K720 BUR - B8R R BRIHRETT A - IEHI PATSS

RO X AR Y AR | RGEER X EERR Y R | BSIRER X R Y R
0 5 5 17 20 15 34 35 25
1 10 5 18 25 15 35 5 30
2 15 5 19 30 15 36 10 30
3 20 5 20 35 15 37 15 30
4 25 5 21 5 20 38 20 30
5 30 5 22 10 20 39 25 30
6 35 5 23 15 20 40 30 30
7 5 10 24 20 20 41 35 30
8 10 10 25 25 20 42 5 35
9 15 10 26 30 20 43 10 35
10 20 10 27 35 20 44 15 35
11 25 10 28 5 25 45 20 35
12 30 10 29 10 25 46 25 35
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13 35 10 30 15 25 47 30 35
14 5 15 31 20 25 48 35 35
15 10 15 32 25 25
16 15 15 33 30 25

®7.2 AR B &R

B Gl T2 | B Gl T2 | EEE Gl k2
0 0 1 28 16 17 56 32 33
1 1 2 29 17 18 57 33 34
2 2 3 30 18 19 58 28 35
3 3 4 31 19 20 59 29 36
4 4 5 32 14 21 60 30 37
5 5 6 33 15 22 61 31 38
6 0 7 34 16 23 62 32 39
7 1 8 35 17 24 63 33 40
8 2 9 36 18 25 64 34 41
9 3 10 37 19 26 65 35 36
10 4 11 38 20 27 66 36 37
11 5 12 39 21 22 67 37 38
12 6 13 40 22 23 68 38 39
13 7 8 41 23 24 69 39 40
14 8 9 42 24 25 70 40 41
15 9 10 43 25 26 71 35 42
16 10 11 44 26 27 72 36 43
17 11 12 45 21 28 73 37 44
18 12 13 46 22 29 74 38 45
19 7 14 47 23 30 75 39 46
20 8 15 48 24 31 76 40 47
21 9 16 49 25 32 77 41 48
22 10 17 50 26 33 78 42 43
23 11 18 51 27 34 79 43 44
24 12 19 52 28 29 80 44 45
25 13 20 53 29 30 81 45 46
26 14 15 54 30 31 82 46 47
27 15 16 55 31 32 83 47 48
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7.2 BrREIESE ST

N EIEES A 20 FoRBLEA ST ¢ R - NGRS - AR F KR R R 2

AL - BIRESKEEATALAE RS F50 ~ 3~ 6~ 21~ 24 ~ 27 ~ 42 ~ 45 ~ BA8 7 ([ E - K7 .3 E(LAaRE 2 15 5L
aETECE © PR ARG B O R Z (RSt R INMTERELZ » B (st RIS RS 4 7 IE R i
AT CEE SR R (R - HIREEHE - BTEREZEENE - MEREE ZAHEE - GETEIL136
EAFEZECE (FERMSR— k=) o E7.2 RH Rt Ak -

o6 EMNet 2006 :: o6 EMNet 2006 ::
File Help File Help

[ graph components: 49 nodes, 84 edges | supply 0, demand 0]

common dir:  rcyhou/Desktop/graphFiles| ) supply O demand O neutral (  run )
node file: ﬁode,qr.d,euual.txt ] { result = expert
edge file: edge_grid_equal.txt ATC. 0.0
2econ! (_import ) MTC 0.0
{node | edge LD 0.0
T label x ¥
0 30 5.0 AMAC: 0.0
1 10.0 5.0 m NC 0.0
2 15.0 5.0 :
3 20.0 5.0 " g
E: [pls fill "expert” tab
4 25.0 5.0 lp B !
5 30.0 5.0 dir: /Users/percyhou/Deskto... ( save )
6 35.0 5.0 —
7 5.0 10.0
8 10.0 10.0
9 15.0 10.0
10 20.0 10.0

ERRR  SHAAR -
7.2 HA T OREES 4E
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£7.3 SEUABETET

BT B2 | A1 BHR2 | A1 BNA2 | A1 BNA2 | Bt fhia2
40 8 7 10 7 41 14 8 14 43
40 15 7 11 7 43 14 9 14 44
40 16 7 12 7 44 14 11 14 46
40 29 7 13 7 46 14 12 14 47
40 36 7 14 7 47 14 13 17 1
40 30 7 15 10 1 14 15 17 2
40 37 7 16 10 2 14 16 17 8
40 32 7 17 10 8 14 18 17 9
40 39 7 18 10 9 14 19 17 10
33 9 7 19 10 14 14 20 17 14
33 11 7 20 10 15 14 22 17 15
33 15 7 22 10 16 14 23 17 16
33 16 7 23 10 22 14 25 17 22
33 18 7 25 10 23 14 26 17 23
33 19 7 26 10 28 14 28 17 28
33 29 7 28 10 29 14 29 17 29
33 30 7 29 10 30 14 30 17 30
33 32 7 30 10 31 14 31 17 31
33 37 7 31 10 35 14 32 17 35
33 39 7 32 10 36 14 33 17 36
32 16 7 33 10 37 14 34 17 37
32 18 7 34 10 38 14 35 17 38
7 1 7 35 10 43 14 36 17 43
7 2 7 36 10 44 14 37 17 44
7 4 7 37 14 1 14 38

7 5 7 38 14 2 14 39

7 8 7 39 14 4 14 40

7 9 7 40 14 5 14 41
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7.3 B et &SR

AWt FR G TR Z G - R PEIIRITER ~ BRBRITRCA ~ B RBRERRA ~ PH R ~ B8
WERANEIES - Sy BLAIE 7.3 ~ [E7.4 - [E7.5 - [E7.6 - RE7.7 > R (Cartesian) Z&XihF Rt
G5 B REAE T OB AR RS Z YA ER GBI AR Z PR YRR S BAETRE 2 AT R B (8 2 YRR A A 2
b > o3RI DAL BR45 R 22 B ORERVEERE - DUR Bt 2 PRV EEAT YW & BRI % - 2R IE RO B B AL e R
EEAE Z AV BRI Zoh R S R R AR B AL AR E] > o3 R AR AR R B -

M7 SHREEL A3 3R - SPINRIT A S HEE EE (an Rl 2 IRy BEEEIZ M I AR - 28 RIFomAH B Y
RAGHREICE - AT AL RO R S TR ORBAVA AT D - INILBE&ERE AL B P BR HY R SRR R K

M S R TR © [ESh > PIHRIT AL S BLAG R ELEEEEAT - Ty 8o (o BERE B2 > B PEPRERAT -
B OB AT HE LML - AR IR -

Fd
0
3

]

o

8
x

ATC

To Center In Between

an

@

3
x

n
o
8

X ATC

Ave Travel Cost (%)
N
in
g
X X

@ ovce

| s
-'é; I M
{
w I
g 8

X XXX X X
XX XX XX

X OXXXXXXXX XX

XX XXX XXX X XXX

XX XXX XX XX XXX X x

XXXXXXX XXX XXXXX

X X XX X XX X

o
o
3
|
o
S
a
o
S

6.00 8.00 10.00 12.00 14.00
Cost to Center (%)

x

% . 5.50

n
o
8

X ATC

XX XXX X XX X
X XX XXX XX

>

o

3
x

---------

op
Ave Travel Cost (%)
&
o
8
X XXXXXXXX XX
XXXXXXXXXXX
X XXXXXXX X
XXXXXXXX

XXX XX
XXX XX
X

-
Qo
3

oo
o
8

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
Cost in Between (%)

EHRE | SHRAH
E7.3 ATC &%,
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7. AU > BEIRE AHRTT BN A 7 i 2 e (i 4 Tl P Y BRI AT DB/ D 6824 - 28T B Y B AR TT K
RAEHEAGBEAHEES 95 %G gt AR HH B > HL 45  FRE B RF I IOV I T 7 B R IRAT BAR A
MECE T > R BB T E W A4S RS 2 AV R E B R R AR AR 10.71% 255 (@I
BREV1SME) > S AMRITHANE @84 - ERUNHIL AHEEEN AL - E 2B ERENEGH
o B ATA RS - LR RE - KA S 4 FE TR R B (40 E 2 [ PR DRy AT REME: - Tl
7.3 SPIRIT AR IR F10.71% (B RE91.56% ) IF > thEBESEAIREAVIRG: » BUR R
SR PR YRS AR S - BIGEOZ PR B - AR A B IR s LS BE R (R L . - YR
F&RKIME > BRI T A S e HE Ee it 4 sRE AR S b » INTIAERS B iE 2 - JEZ A HIRRE -

13.00 °
12.00 o o o o MTC
3 11.00
s © ° ° ° ©
§ 10.00
o J
s ° ° ° ° ° ° ° o MTC s
g 9.00 o [
= wel o o |
H < © < < < © < < < vooe .
z 80 ety o | To Center In Between
7.00 o ° o ° © o ° X
L
6.00 ° ° o o ° < — 'Q
..
5.00
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

Cost to Center (%)

14.00
o
12.00 <
8 < o o o e
o sece

- ° A i o goopipeces
< 10.00 Sedesset et @
g ° ° ° ° ° o ° o sefeetedee
i3 ol % %00
]
o ° ° ° ° ° ° ° ° ° o | | g eseecc’
3 8.00 omTC
H
H
: ° ° ° ° o ° ° °
x
£ 6.00 ° ° ° ° ° ° ° °

4.00

2.00

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

Cost in Between (%)

EHRE | SHRAH
[E7.4 MTCi&%%
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&7 SEUR MG A RRET T > GRS (LSS - SRRRAA N E SR 2 F L B AVEEEE NS hi 22
4.76%I; - ZAEIA RAREREAVIR S - MR AR AR B © ILRURH - SRRSO Z [ RAE it
GRCEIEBEMHATN - AIRESIVNCR - BEWE MG E RN - By A iERE s A - aeATR
HRREE A o TE A SRS RE L EANATI - ARELIE SRS - IS W (as BEREEE 0 Bh 2 22T SRR
FERRR S - BN H GRS pl A B 4G RE R o Ok 2 R RO WRERA (4 - 1 81 (R4S 0IE = Ay PE R
ELiA R -

60.00
LD 50.00 o
o
3 40.00
: o
= o o
3 o o
$ 30.00 o oL
a o o o o
T E" o E B o f
°*s.t ] o ] o o
To Center In Between Se < 20.00 c g B E
e o o 2} o E B E
80 e o o o o o
" . ° 10.00 o = =
b At O
° ° |
—+ o |
« 0.00
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
: Cost to Center (%)
60.00
50.00 o
.: t o
| 3 40.00
o ll-'! g o o
1 = o o
o i q .l e 3 o o
° [=]
. l } 8 30.00 o o o ow
L i g 8 o °
- 2 o o
S 20.00 o o o
4 g B 8 B a
o g o 2| 8 B o
o o o o =] o
10.00 o o o o
0.00
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
Cost in Between (%)

ERIRR | AFRH -
[E7.5 LD %%
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7 BN I ELFR R A B (4R A IEHIAREE B (5 - WS (4o 2 IRVEERES I - PR A 23T
BARVEREIE & - O IRES4E B B PR Bt A R AE 21 [FERISRAY FR oK RE - DLUZE RIS 48 A5 SHAE I 2 DHRE
RIEE - B ERpA & (e B EE AL TR SRS I - W i - [FIRRAYEES th 3% A AE BLaaREREEE o 0 fir
B LB R (X)) - fGRE FERVEERE () ORISR (Z2) Z[ > EF Z=c-aX-bY
28 BUNME BT » AHaERE Rt R DU BE o L BEREEE - BA AR (4 -

AMAC

% XXX

XXX X

X AMAC

6 XN

X M S

XN M K HOMRONK
XOROORNNK X M K
XX XK

Iy -i;.‘f To Center In Between
.f
L]

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
Cost to Center (%)

X AMAC B

tual Assistance Cost (%)
PO
& &
s o
g 8
R R X
O R
HHHHIOC X X
FOUOBHK
*
P

w
o
=)
8
2% HORX
MO SOHC X X
SHHOMIOK X

x

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
Cost in Between (%)

HRRR - TR -
[E7.6 AMACZ t&%4
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7. 7R - B YRR A B AR PREBRATAEAD - NP RRE RN IR 85 - SRR - TR
% O e s BB » BB 46 2 BB A M % » LSS S TRRRLL I
B - R GBS IREREN - ARSI Y MIRCER G B B SRR - I R
FEE B L HE » IO RRRE IR  TEWRIL S RS MM EOALS A RGBTSR -

90.00
NC 85.00
— - Zsom
. T T K
e 8 ONC
o
203 fue H
* S @ 2 75.00
. &= g
To Center In Between 3.3- e
&RV | 70.00
P
65.00
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
Cost to Center (%)
90.00
85.00
? e o
5
IR 80.00
Y S
T
: % g o o o o o
. HILJ 2 : 75.00 o o o o o o o ONC
T H
H
g
Z 70.00
65.00
60.00
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
Cost in Between (%)

ERIRR | AFRH -
E7.7 NCi&s%

Sro bl B2 B3R o B HASREMEE AR - PIIRIT IR R BRI T AN M (R - SRS At &
e T 5 PRI e 2 e han B 2 R R R R I A3 - W9 & Z A IEAHBRRYRZEE - h/ 9P
P 0 R Ry B [F] R Y P 75 KRG E BRI MILAERERTARBA T Btaaht /o R BB AT R EHRE
ARLES (SRR 2 BE G & (1S F5 SRORG R FT REAV B AT HLALA5TRE » (RIL - (HASRE A B RE (U 2 5 KRG
ZRTE > Fr AR 4aBE FRIAVEERER I - gl R e FoR T P AR AR I -

BESh > FEBraGRE 2 P RYEEEE 2 $15.95% (RLHIEIE T REEERIT N D 2 1) DUE » SRR T A L4
B AEA R BRI N RE - Y BHE R RE A e s 2 o o IR S (TR MRS Ry i RS 4
RN RZ — 5 EFRCPHEIRITRA - BERA - T iEE —ftaa R 2 RIS I M R @R - P
AR 2 R & o RS fHSRICE iU R IR IERAAES BT R - F5KEY
AR Z B 2 2% -

75



HAEDL RAEIR > OGRS - SRR - BT AEE L G S ER ARG EREREY T - iERS
WAFHIRCER > FTERA DU R

(1) “PIIRRATRA © B SRR RS W s NI PR R TRICAS - fih4a BRI 2 1A REE -
& FyiZ IEJT ERIRIE R AY0.83~1.5f% Z i -

(2) BARBRITRA - IR ARSI TR » Rea AL 2 FRVEERE - (3% B 7 @ iiE
REIF0.5E LU ERF > RIS HIEZ AR N2 B -

(3) BEEEEA © GERRRA R/ INIEIE - S A Ataa B 2 IRV EE B 2% 1E 7 @8
FRMJ0.67~1.33(F 2] - [0.67 (% Z BHEE T B fE -

(4) EHEEA © IR ARE (A B 2 ARV REEE R IERE (4 - Btaa SR AL Rt Z [ ge
LI DN WU

(5) BRUERLA - BERGAR EIRS A pl A i/ N4 AR A (46 B 2 AT RE A R % IE T RSB
0.33(&MF - MlE fras BLAL I IE 2 FIRSENT - sZpAC I & th & PRER (K -
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FBNE GwdER

il i 4 T R R TR R RO AL BB BRI 70 - AR SE B P 2R B W E M AT B
B o REFFEE S iR AL T B R ARG » DIBHSEME - ZERIREEAY 0 0 B ZE M R - WA EEMEAIE R
BB > DAME B8 A B l5 SOB RS HI R ERRE B2 20 - FF IR BG4 r VIR - SR A S m B et 4t -
DUEFIRERCSEAY HEY 5 ERARERAE T > 105 E TP RUE - PIAIRREEAEE - SLESEEEL - Ztes
HRBAE © APTZEA AR LSS - BRI TERAEIEAL - WiRH HIEETTE - &i% - MR AR
LT DIBER EE A -

AU FEZ BRFEZ — » RN A SGERAVERS » G SRR A - s SRR e T IR - B2
HATSE ~ PREENV IR B IR E A A 5 RS T  JLEIEEL 7T F DARERS B/ Y 2 S e A
BETR R — W Ey T A I IR R o AR ARSE TR AT S (EEL » WATEILE B SRR A 0 IR
ol BRI E SEE PP AREVET 2 AR E I

8.1 &

(1) AbtFefetH—EE S KB 2t T%ﬁt*ﬁ%%ﬁ(ﬁ%ﬁiﬂﬁﬁﬁ DU R R
R 2l AT 2 BB - SRR A T A - iR AR PR S ML I B 2= T
BETE  EESG N EEIEE 2 VAN KRR A ’ﬁé%%ﬂ%%%éﬁéﬂﬁﬂﬁi%ﬁ%%%
GrEIERE o FRHIEER S HAR R DS SR a4 2 T AR A T NG T S P
B T 2[5 SE R A4S -

(2) KRR ES BRI M 2 U0 - sz ﬂﬂ%ﬁ&ﬂ%ﬂi@ﬂ% #7550
ESRRANTE] - S350 S BR Ay LA R 5 B T vl e PR RO B4R TR R
AT RE G TR 2 2 BR B DATE R BB D KR 2 B B -

(3) AWTFeHEth =4 2= Rt A o B BeZe I E 7y Fy A B 2= AT AP 22 ]
AT ZE AT o3 B L HRZE B MR ZE ] - 1 i 22 R 1E I o DAR HET T A B 2 S A5

B et SR FREEERN T > WiiE E%%“’B% BHEE - BEYEE - NTER

FEE - DUERETEEDT Kt 2 B ENR -

(4) AUTFerERRT KRR A 2 St AL o PSSz o > [ SERS A R 52 25 R S 20400
FE(E 2 B RN K ERE R Z B > WaT e SEEAER] > 2T
KRR pt BB aa A > BRI 2 B & - NI - AELATSEM: ~ PREENE -
EHME=HE - R R DR # 25 -

(5) B EAMIERIER T B HGERTEETE - AT RBERE AT K
EEHZRMEE - FEEARTTES B Rk e AR SR - FEEE AL EA
Dijkstra B sHENE - SRECPHTZ TRE L » GEREEEER - DIREETHR
HH 2 (it 4t 22 25 B OROREAY B R R (AR R
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(6) &#fagat o PURRAIMEZ B4R FIRea T 2ERIHORE T B34 - A RIEE
B ZAFAE 5 ARMAWTFER R AR B M E LAz S - AU HECRES ERBARIETE T
AR RS - BEOh - BRINBLFERRE BB RSN - ARG A F E > L
BRHABRRE  AGRERZHPEAE B SUEEEE5 2 BRI R 2 S
FRAHTSE - B AR A RS GEREECATEAR > BL9SERTT T Z AR R - LU
EENES RS Pk 00 %N N ol S

(7) EiEpsigaRat - G ERsaaeat - o taRmERE 2B &8 - (0 KR4I
IagaT o T EAS R ELRE B  MEER RS B RR A S AN ARSER
SERbIEGE B VR > DINECRDS SR S S A Bt A R M - (P SE S EE T
PR T B AR RSN - Tt T Bt R E SR AT SR -

(8) AWTFTREIP KRRMRR TR - AR ZBEEA N ERE - Arae i AvEELE
EAFTZSR - AUTFTSE IS « EE - 2EReRERE > BEEHBERTEEE - Kk
MR E B > BRI SAREE S S T IREREEE - KA B AR BT R
ZHBRE -

(9) KBTI K B4 T B Ah e T m e A B B S B 4 Z FE P 1 » B AT AR Ry DA
BEGHM 2R - BRYWESSCTE - BERSCTAE R L Tab Bl - S E R -
XHEAARE ~ YRR =B iz BB AE Ry LA Tab Fs[Eihg - B &3R8 - 8 Wiy
BOEE SR = (BN LB A ER R LA ~ FOKRELZ (EBELE - DU HR A E
TERRATSOE 2 LT AIRME ¢ S SR BB b b7 SRS 4EEE - SPARITRCR ~ &K
FRITRA ~ BN RS ~ SR AR ~ B E T EEIRE - DUkt
BWHEZEFE LT FRIRMERFTEG RN KRR ST E -

(10) TEREQLAES 5 RRoRAVH AR ZUER GBS T - AW eisie 1 36T R FIHY PG SEAFIERE
Mz st o WS FR RN 20 An HILAE R 2 e B T B B - PRt T A
BT - BEEHERHEE A E » S OUERE 2 T & SR Ry IAE - SPIRIT AR
MR FoRBHE B AR R KR UL BT

(1) MEESE S > BEAEEI L IEEE - SRS AH e R 2 @2 - 1L 980R
it 2 M B rERE - AUEEREN WG AR BURVE & - JRRIFoR s E A A4S
FRETETHEERE BB D GRRR A HEHTBUR © O P pl A RIS Z AL R TRy BE R
AR - DRI Bk B AL A B AR NKF » FEFF RIS B IR 2 3B B - DU
feftss b e o

(12) ﬁ’ﬁ@ézﬁﬁzﬂAFfﬁZEﬁzﬁﬁ%gﬁ? » FBREEI 5] A L BLAERERHATET - (4t
FCEAH G BN AR - EBEATT 2 HRER TSR - BURH & a2 [
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4.23
4.90
5.55
4.50
4.23
4.23
4.23
4.50
3.97
3.97

MTC
10.71
9.52
8.33
7.14
7.14
8.33
9.52
8.33
5.95
5.95
9.52
8.33
8.33
8.33
7.14
5.95
5.95
9.52
8.33
8.33
9.52
8.33
7.14
8.33
9.52
8.33
8.33
5.95
9.52
9.52
11.90
9.52
9.52
9.52
10.71
9.52
8.33
9.52
8.33
7.14
5.95
8.33

LD
44.05
28.57
13.10
13.10
13.10
15.48
30.95
26.19
13.10
13.10
17.86
16.67
13.10
16.67
17.86
16.67
15.48
16.67
16.67
16.67
22.62
16.67
20.24
19.05
17.86
13.10
16.67
15.48
15.48
15.48
20.24
22.62
15.48
15.48
20.24
15.48
26.19
15.48
15.48
15.48
15.48
15.48

AMAC
36.31
36.31
35.12
36.90
42.26
44.64
32.74
35.12
41.07
42.26
35.71
35.12
39.88
39.88
45.24
44.64
47.02
38.69
38.69
42.26
45.24
44.64
48.21
55.36
42.26
44.64
47.02
50.60
33.33
32.14
33.93
30.36
34.52
30.95
28.57
33.33
2917
39.29
36.31
32.14
30.36
43.45

NC
75.00
80.95
77.38
75.00
73.81
72.62
72.62
73.81
73.81
73.81
73.81
76.19
73.81
75.00
80.95
72.62
72.62
79.76
73.81
72.62
75.00
71.43
71.43
69.05
76.19
70.24
72.62
72.62
78.57
80.95
83.33
80.95
77.38
75.00
76.19
77.38
77.38
79.76
79.76
85.71
73.81
73.81
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s1
10
10
10
10
10
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
17

S2
36
37
38
43

o g B~ N -

11
12
13
15
16
18
19
20
22
23
25
26
28
29
30
31
32
33
34
35
36
37
38
39
40
41
43
44
46
47

To Center
7.14
5.95
476
8.33
7.14
10.71
9.52
9.52
10.71
9.52
8.33
8.33
9.52
10.71
8.33
7.14
7.14
8.33
9.52
7.14
5.95
5.95
7.14
9.52
8.33
7.14
5.95
7.14
8.33
9.52
10.71
9.52
8.33
7.14
8.33
9.52
10.71
10.71
9.52
9.52
10.71
7.14

Between
7.14
5.95
476
8.33
7.14
3.57
476
7.14
8.33
2.38
3.57
5.95
7.14
8.33
1.19
2.38
476
5.95
7.14
2.38
3.57
5.95
7.14
2.38
3.57
476
5.95
7.14
8.33
9.52
3.57
476
5.95
7.14
8.33
9.52
10.71
5.95
7.14
9.52
10.71
476

ATC
3.97
3.97
3.97
3.70
3.70
5.42
5.29
4.50
4.23
5.82
5.16
4.23
4.23
3.97
5.82
5.29
3.97
3.97
3.97
5.55
4.63
3.70
3.70
5.55
5.16
5.03
3.97
3.97
3.84
3.70
5.42
5.03
4.76
4.23
4.63
3.97
3.70
4.63
4.50
4.23
3.97
4.63

MTC
7.14
5.95
5.95
5.95
5.95
11.90
11.90
9.52
8.33
11.90
10.71
8.33
8.33
8.33
10.71
11.90
7.14
7.14
8.33
9.52
8.33
5.95
5.95
9.52
9.52
9.52
8.33
7.14
5.95
5.95
10.71
9.52
9.52
9.52
9.52
7.14
5.95
9.52
9.52
9.52
8.33
8.33

LD
15.48
15.48
15.48
15.48
15.48
38.10
48.81
20.24
13.10
25.00
17.86
13.10
13.10
13.10
33.33
20.24
10.71
15.48
10.71
35.71
26.19
13.10
10.71
20.24
15.48
22.62
26.19
17.86
16.67
10.71
20.24
20.24
20.24
20.24
26.19
13.10
13.10
20.24
20.24
20.24
15.48
13.10

AMAC
40.48
37.50
34.52
43.45
39.29
34.52
38.10
44.05
44.64
36.31
38.69
36.31
38.10
44.64
2917
33.93
35.71
38.69
47.02
29.76
33.93
36.31
39.29
32.14
33.33
34.52
33.93
39.29
41.67
46.43
35.71
34.52
41.07
39.88
40.48
46.43
49.40
38.10
39.29
47.62
48.21
37.50

NC
73.81
73.81
73.81
75.00
76.19
82.14
75.00
75.00
71.43
86.90
80.95
76.19
76.19
73.81
79.76
80.95
70.24
72.62
75.00
82.14
76.19
73.81
73.81
82.14
80.95
77.38
80.95
77.38
73.81
75.00
78.57
76.19
70.24
79.76
70.24
71.43
71.43
75.00
75.00
75.00
71.43
76.19
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S1
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

S2

10
14
15
16
22
23
28
29
30
31
35
36
37
38
43
44

To Center
5.95
5.95
476
3.57
5.95
476
3.57
3.57
2.38
5.95
476
3.57
2.38
7.14
5.95
476
3.57
7.14
5.95

Between
3.57
3.57
2.38
1.19
3.57
2.38
1.19
3.57
1.19
5.95
476
3.57
2.38
7.14
5.95
476
3.57
7.14
5.95

ATC
4.50
4.50
4.90
4.76
4.76
4.90
5.03
4.50
4.63
4.10
4.36
4.36
4.46
4.10
4.63
4.10
3.97
3.84
3.70

MTC
8.33
8.33
8.33
8.33
11.90
8.33
8.33
8.33
8.33
8.33
8.33
7.14
8.33
8.33
8.33
5.95
5.95
5.95
5.95

LD
13.10
13.10
14.29
15.48
20.24
19.05
17.86
13.10
19.05
13.10
19.05
19.05
19.05
19.05
23.81
19.05
19.05
19.05
13.10

AMAC
31.55
31.55
27.98
26.79
33.33
30.36
25.60
2917
25.60
36.90
33.93
29.76
22.62
39.88
35.12
31.55
30.36
37.50
35.12

NC
79.76
77.38
79.76
78.57
84.52
79.76
79.76
76.19
79.76
76.19
76.19
80.95
67.86
78.57
71.43
75.00
72.62
75.00
73.81
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3 supply nodes: 16, 30, 33; 4 demand nodes: 4, 9, 14, 27
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3 supply nodes: 8, 27, 44; 5 demand nodes: 10, 14, 20, 29, 33
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3 supply node: 12, 21, 47; 3 demand nodes: 17, 30, 34

BRKR | THARER -
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3 supply nodes: 16, 26, 37; 2 demand nodes: 11, 43
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3 supply nodes: 15, 19, 38; 1 demand node: 24
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2 supply nodes of 136 scenarios; 9 demand nodes on equal intervals: 0, 3, 6, 21, 24, 27, 42, 45, 48
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2 supply nodes: 40, 8; 9 demand nodes on equal intervals: 0, 3, 6, 21, 24, 27, 42, 45, 48

! E
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2 supply nodes: 40, 36; 9 demand nodes on equal intervals: 0, 3, 6, 21, 24, 27, 42, 45, 48

! a
| |
g Q.5 2 & 35 4.5 5.5 ﬁ
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2 supply nodes: 40, 39; 9 demand nodes on equal intervals: 0, 3, 6, 21, 24, 27, 42, 45, 48

|
1
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g Q.5 1 1.5 2.5 = 35 4 5 5.5 E{j
b5 ] B:5 B.5 10:5 11:5 12:5
| 13:5 14:5 2] 15.5 ‘ 16:5 11 ‘ 18:5
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2 supply nodes: 14, 34; 9 demand nodes on equal intervals: 0, 3, 6, 21, 24, 27, 42, 45, 48

g Q.5 1.5 2.5 = 3 4 5 5.5 E{j
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GraphAlgorithm.java

package emnet.algorithm;

import java.util.Vector;

import emnet.graph.Graph;
import emnet.graph.Node;
import emnet.graph.Edge;
import java.util.lterator;

import emnet.thread.Center;
import emnet.thread.Roamer;
import emnet.thread.Detourist;

import emnet.thread.DetourManager;

public class GraphAlgorithm {
public GraphAlgorithm() {

try {
jblnit();

}

catch (Exception ex) {

ex.printStackTrace();

public static Graph copyGraph(Graph oldGraph){
Vector oldNodeSet,oldEdgeSet;

oldNodeSet=oldGraph.getNodeSet();
oldEdgeSet=oldGraph.getEdgeSet();

return copyGraph(oldNodeSet,oldEdgeSet);

public static Graph copyGraph(Vector oldNodeSet,Vector oldEdgeSet){
Vector newNodeSet=new Vector(),newEdgeSet=new Vector();
for(int i=0;i<oldNodeSet.size();i++){

/I new node setting:
/1 1. check label
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/I 2. check supply/demand
/I 3. check visit
Node tempOldNode=(Node)oldNodeSet.elementAt(i);

Node tempNewNode=new Node(i);

if(tempOIldNode.isSupply(){
tempNewNode.setSupply();
lelse if(tempOldNode.isDemand() )

tempNewNode.setDemand();

if(tempOldNode.isVisited()){

tempNewNode.visit();

newNodeSet.addElement(tempNewNode);

for(int i=0;i<oldEdgeSet.size();i++)

/I new edge setting:

/1 1. check label

/Il 2. check n1/n2

/I 3. set weight

/I 4. set previous node

/1'5. check fast

/1'6. check detour

11'7. check visit

Edge tempOIdEdge=(Edge)oldEdgeSet.elementAt(i);

int n1=tempOIdEdge.getN1Label(),n2=tempOIdEdge.getN2Label();

double weight=tempOIdEdge.getWeight();

Edge tempNewEdge=new
Edge(i,(Node)newNodeSet.elementAt(n1),(Node)newNodeSet.elementAt(n2),weight);

if(tempOIdEdge.isFastEdge() X
tempNewEdge.setFastEdge();

if(tempOIdEdge.isDetourEdge()){
tempNewEdge.setDetourEdge();
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if(tempOIdEdge.isVisited(){
tempNewEdge.visit();

newEdgeSet.addElement(tempNewEdge);
}

return new Graph(newNodeSet,newEdgeSet);

public static Graph getSubtreeWithCertainNode(Graph tree,Node certainNode,Edge ruinedEdge){

Vector nodeSet=new Vector(),edgeSet=new Vector();
Vector currAdjacentNodes,currincidentEdges;

Node currNode=certainNode;

int maxLabel=0;

Vector tempTreeNodeSet=tree.getNodeSet();

Node tempTreeNode;

for(int i=0;i<tempTreeNodeSet.size();i++){
tempTreeNode=(Node)tempTreeNodeSet.elementAt(i);
if(tempTreeNode.getLabel()>maxLabel)

maxLabel=tempTreeNode.getLabel();

Vector preNodes=new Vector(maxLabel+1);

for(int i=0;i<(maxLabel+1);i++)
preNodes.addElement(null);

boolean finish=false;

do{
currAdjacentNodes=tree.adjacentNodeSet(currNode);
currincidentEdges=tree.incidentEdgeSet(currNode);
if(currincidentEdges.contains(ruinedEdge))

currincidentEdges.removeElement(ruinedEdge);

currAdjacentNodes.removeElement(ruinedEdge.theOtherNode(currNode));

Iterator itrAdjacentNodes=currAdjacentNodes.iterator();

if(lnodeSet.contains(currNode))
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nodeSet.addElement(currNode);

int i=0;
currNodeAssign:
do{
if(itrAdjacentNodes.hasNext(){
Node tempNode=(Node)itrAdjacentNodes.next();

if(lnodeSet.contains(tempNode) ¥
preNodes.setElementAt(currNode,tempNode.getLabel());
currNode=tempNode;
break currNodeAssign;
telse{
i++;
if(i==currAdjacentNodes.size()
if(currNode==certainNode){
finish=true;
break currNodeAssign;
}
Edge
tempEdge=tree.getEdge(currNode,(Node)preNodes.elementAt(currNode.getLabel()));
if(ledgeSet.contains(tempEdge)){
edgeSet.addElement(tempEdge);

}
currNode=(Node)preNodes.elementAt(currNode.getLabel());
}
}
telse{
finish=true;

/Ibreak currNodeAssign;

}
twhile(itrAdjacentNodes.hasNext());
Iwhile(!finish);

return new Graph(nodeSet,edgeSet);

public static Vector getAdjacentNodes(Graph graph,Node currNode){

return graph.adjacentNodeSet(currNode);

public static Vector getincidnetEdges(Graph graph,Node currNode)}{
return graph.incidentEdgeSet(currNode);
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}

public static Graph getSubtreeWithoutSupply(Graph tree,Edge ruinedEdge{
Graph subtreeWithoutSupply=null;
Graph subtreeN1=getSubtreeWithCertainNode(tree,ruinedEdge.getN1(),ruinedEdge);
Graph subtreeN2=getSubtreeWithCertainNode(tree,ruinedEdge.getN2(),ruinedEdge);
Vector subtreeNodeSetN1=subtreeN1.getNodeSet();
Node tempNode;
for(int i=0;i<subtreeNodeSetN1.size();i++)
tempNode=(Node)subtreeNodeSetN1.elementAt(i);
if(tempNode.isSupply())
subtreeWithoutSupply=subtreeN2;
}
if(subtreeWithoutSupply!=subtreeN2)
subtreeWithoutSupply=subtreeN1;
return subtreeWithoutSupply;

public static Graph getSubtreeWithSupply(Graph tree,Edge ruinedEdge){
Graph subtreeWithSupply=null;
Graph subtreeN1=getSubtreeWithCertainNode(tree,ruinedEdge.getN1(),ruinedEdge);
Graph subtreeN2=getSubtreeWithCertainNode(tree,ruinedEdge.getN2(),ruinedEdge);
Vector subtreeNodeSetN1=subtreeN1.getNodeSet();
Node tempNode;
for(int i=0;i<subtreeNodeSetN1.size();i++)
tempNode=(Node)subtreeNodeSetN1.elementAt(i);
if(tempNode.isSupply())
subtreeWithSupply=subtreeN1;
}
if(subtreeWithSupply!=subtreeN1)
subtreeWithSupply=subtreeN2;
return subtreeWithSupply;

private void jbinit() throws Exception {

}

public static Vector getincidentEdgeSet(Roamer roamer, Vector nodeSet){
Center center=roamer.getCenter();

Graph graph=center.getGraph();
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Edge myEdge=center.getMyEdge(roamer);

Vector visitorSequence;

Vector edgeSet=new Vector();

Edge tempEdge;

Node n1,n2;

for(int i=0;i<nodeSet.size();i++ )
Vector tempEdgeSet=graph.incidentEdgeSet((Node)nodeSet.elementAt(i));
for(int j=0;j<tempEdgeSet.size();j++){

if(ledgeSet.contains(tempEdgeSet.elementAt(j))
edgeSet.addElement(tempEdgeSet.elementAt(j));

tempEdge=(Edge)tempEdgeSet.elementAt(j);

n1=tempEdge.getN1();

n2=tempEdge.getN2();

/Iremove edges included in the routeEdgeSet

if(nodeSet.contains(n1) && nodeSet.contains(n2))
edgeSet.removeElement(tempEdge);

/Iremove dummyEdges

if(n1==center.getDummyNode() || n2==center.getDummyNode())
edgeSet.removeElement(tempEdge);

/Iremove visited edge

if(nodeSet.contains(n1)){
visitorSequence=center.getVisitorSequence(n2);
if(visitorSequence.contains(roamer))

edgeSet.removeElement(tempEdge);

}else if(nodeSet.contains(n2)){
visitorSequence=center.getVisitorSequence(n1);
if(visitorSequence.contains(roamer))

edgeSet.removeElement(tempEdge);

}

if(edgeSet.contains(myEdge))
edgeSet.removeElement(myEdge);

return edgeSet;

public static Vector getincidentEdges(Detourist detourist,Vector nodeSet){

Graph usableGraph=detourist.getUsableGraph();
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DetourManager dmr=detourist.getDetourManager();
Center center=dmr.getCenter();

Edge myEdge=dmr.getMyEdge(detourist);

Vector incidentEdges=new Vector();
Edge tempEdge;
Node n1,n2;

for(int i=0;i<nodeSet.size();i++ )X
Vector tempEdgeSet=usableGraph.incidentEdgeSet((Node)nodeSet.elementAt(i));
for(int j=0;j<tempEdgeSet.size();j++){
tempEdge=(Edge)tempEdgeSet.elementAt(j);
if(lincidentEdges.contains(tempEdge))
incidentEdges.addElement(tempEdge);

n1=tempEdge.getN1();

n2=tempEdge.getN2();

if(nodeSet.contains(n1) && nodeSet.contains(n2))
incidentEdges.removeElement(tempEdge);

if(n1==center.getDummyNode() || n2==center.getDummyNode())

incidentEdges.removeElement(tempEdge);

}
if(incidentEdges.contains(myEdge))

incidentEdges.removeElement(myEdge);
return incidentEdges;
public static Vector getinterfaceNodes(Graph subject,Graph environment){
Vector interfaceNodes=new Vector();

Vector environmentEdgeSet=environment.getEdgeSet();

Edge tempEdge;
Node n1,n2;

for(int i=0;i<environmentEdgeSet.size();i++){
tempEdge=(Edge)environmentEdgeSet.elementAt(i);
n1=tempEdge.getN1();

n2=tempEdge.getN2();

if(subject.hasNode(n1) && !subject.hasNode(n2))
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if(linterfaceNodes.contains(n1))
interfaceNodes.addElement(n1);
}
if(subject.hasNode(n2) && !subject.hasNode(n1))
if(linterfaceNodes.contains(n2))

interfaceNodes.addElement(n2);

}

return interfaceNodes;

public static double networkCost(Graph graph){

Vector edgeSet=graph.getEdgeSet();

Edge edge;

double networkCost=0.0;

for(int i=0;i<edgeSet.size();i++)
edge=(Edge)edgeSet.elementAt(i);
networkCost=networkCost+edge.getWeight();

}

return networkCost;

public static double pathCost(Vector edgeSet){
double pathkCost=0.0;
Edge edge;
for(int i=0;i<edgeSet.size();i++ )X
edge=(Edge)edgeSet.elementAt(i);
pathkCost=pathkCost+edge.getWeight();

}
return pathkCost;

public static Vector intersection(Vector set0,Vector set1){
Vector intersection=new Vector();
Object temp;
for(int i=0;i<set0.size();i++){
temp=set0.elementAt(i);
if(set1.contains(temp))
intersection.addElement(temp);

}

return intersection;
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}

public static Vector union(Vector set0,Vector set1){
Vector union=new Vector();
Object temp;
for(int i=0;i<set0.size();i++){
temp=set0.elementAt(i);
union.addElement(temp);

}

for(int i=0;i<set1.size();i++

{
i);
)

union.addElement(temp);

—~ ~

temp=set1.elementAt

if(lunion.contains(temp

}

return union;
}
/Idetour

public static double getMergeCost(Detourist detourist,Node node){

Center center=detourist.getDetourManager().getCenter();

double mergeCost=0.0;

Graph downstream=detourist.getDownstream();

Vector downstreamDemandNodeSet=downstream.getDemandNodeSet();

Graph mergeNode ToSupplyPath=getPathToSupply(node,center);
Vector mergeNode ToSupplyEdgeSet=mergeNode ToSupplyPath.getEdgeSet();

Vector tempEdgeSetUnion=new Vector(),tempEdgeSetintersection=new Vector();
Node tempDemand;

Graph tempDemandToSupplyPath;

Vector tempDemandToSupplyEdgeSet;

for(int i=0;i<downstreamDemandNodeSet.size();i++){

tempDemand=(Node)downstreamDemandNodeSet.elementAt(i);

tempDemandToSupplyPath=getPathToSupply(tempDemand,center);
tempDemand ToSupplyEdgeSet=tempDemand ToSupplyPath.getEdgeSet();

tempEdgeSetUnion=union(mergeNode ToSupplyEdgeSet,tempDemandToSupplyEdgeSet);
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tempEdgeSetintersection=intersection(mergeNode ToSupplyEdgeSet,tempDemand ToSupplyEdgeSet);

mergeCost=mergeCost+pathCost(tempEdgeSetUnion)-pathCost(tempEdgeSetintersection);
}

return mergeCost;

public static Graph getPathToSupply(Node node,Center center){
Vector nodeSet=new Vector();

Vector edgeSet=new Vector();

Node currNode=node;
Edge preEdge;
while(currNode!=center.getDummyNode()){

preEdge=center.getPreEdge(currNode);

if(center.getPreNode(currNode)!=center.getDummyNode()){
if(lnodeSet.contains(currNode))
nodeSet.addElement(currNode);
if(ledgeSet.contains(preEdge))
edgeSet.addElement(preEdge);
telse{
if(lnodeSet.contains(currNode))
nodeSet.addElement(currNode);
}
currNode=preEdge.theOtherNode(currNode);
}

return new Graph(nodeSet,edgeSet);
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package emnet.graph;
import java.util.Vector;

public class Graph {
private Vector nodeSet,edgeSet;

int supplyNodeNum,demandNodeNum;

public Graph(Vector nodeSet, Vector edgeSet){
this.nodeSet=nodeSet;

this.edgeSet=edgeSet;

public Vector getNodeSet(){

return this.nodeSet;

public Vector getEdgeSet(){

return this.edgeSet;

/lincident edges of node n
public Vector incidentEdgeSet(Node node){
Vector incidentEdgeSet=new Vector();
for(int i=0;i<this.edgeSet.size();i++){
Edge tempEdge=(Edge)edgeSet.elementAt(i);
if(tempEdge.getN1()==node || tempEdge.getN2()==node)}{
if(lincidentEdgeSet.contains(tempEdge)){
incidentEdgeSet.addElement(tempEdge);

}

return incidentEdgeSet;

/ladjacent nodes of node n
public Vector adjacentNodeSet(Node n){
Vector adjacentNodeSet=new Vector();
for(int i=0;i<this.edgeSet.size();i++){
Edge tempEdge=(Edge)edgeSet.elementAt(i);
if(tempEdge.getN1()==n && !adjacentNodeSet.contains(tempEdge.getN2()){
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adjacentNodeSet.addElement(tempEdge.getN2());
lelse if(tempEdge.getN2()==n && !adjacentNodeSet.contains(tempEdge.getN1())){
adjacentNodeSet.addElement(tempEdge.getN1());

}

return adjacentNodeSet;

public Vector getSupplyNodeSet(){
Vector supplyNodeSet=new Vector();
for(int i=0;i<this.nodeSet.size();i++){
Node tempNode=(Node)nodeSet.elementAt(i);
if(tempNode.isSupply())
supplyNodeSet.addElement(tempNode);

}
return supplyNodeSet;

public int getSupplyNodeNum(){
return getSupplyNodeSet().size();

public Vector getDemandNodeSet()}
Vector demandNodeSet=new Vector();
for(int i=0;i<this.nodeSet.size();i++){
Node tempNode=(Node)nodeSet.elementAt(i);
if(tempNode.isDemand())
demandNodeSet.addElement(tempNode);
}

return demandNodeSet;

public int getDemandNodeNum(){

return getDemandNodeSet().size();

public Edge getEdge(Node n1,Node n2){
Edge edge;
for(int i=0;i<edgeSet.size();i++ )
edge=(Edge)edgeSet.elementAt(i);
if(ledge.getN1()==n1){
if(edge.theOtherNode(edge.getN1())==n2)
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return edge;
lelse if(edge.getN1()==n2)
if(edge.theOtherNode(edge.getN1())==n1)

return edge;

}
System.out.printin("error: no edge can be returned!");

return null;

public void addNode(Node node){
if(lnodeSet.contains(node))

this.nodeSet.addElement(node);

public void addEdge(Edge edge){
if(ledgeSet.contains(edge))
this.edgeSet.addElement(edge);

public boolean hasNode(Node node){
if(nodeSet.contains(node) X
return true;
telse{

return false;

public boolean hasEdge(Edge edge){
if(edgeSet.contains(edge)X
return true;
telse{

return false;

public void removeNode(Node node){
if(nodeSet.contains(node) X
Vector incidentEdges=this.incidentEdgeSet(node);
Edge templincidentEdge;
for(int i=0;i<incidentEdges.size();i++){

templincidentEdge=(Edge)incidentEdges.elementAt(i);
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if(edgeSet.contains(templncidentEdge))

edgeSet.removeElement(tempincidentEdge);

}

nodeSet.removeElement(node);

public void removeEdge(Edge edge){
if(edgeSet.contains(edge))

edgeSet.removeElement(edge);
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package emnet.graph;

public class Node{
private int label;
private double x,y;
private boolean demand,supply,merge,access,source,dummy;

private boolean visit,occupy;

public Node(int label){
this.label=label;
this.demand=false;
this.supply=false;
this.merge=false;
this.access=false;
this.source=false;
this.dummy=false;
this.visit=false;

this.occupy=false;

public Node(int label,double x,double y )X
this(label);
setX(x);
setY(y);

public void setDemand(){

this.demand=true;

public void setSupply(){
this.supply=true;

public void setNeutral(){
this.supply=false;

this.demand=false;

public void setMerge(){

this.merge=true;
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public void setAccess(}

this.access=true;

public void setSource(){

this.source=true;

public void setDummy(){

this.dummy=true;

public synchronized void visit(){

this.visit=true;

public synchronized void occupy(X

this.occupy=true;

public synchronized void unOccupied(){

this.occupy=false;

public synchronized void leave(){

this.occupy=false;

public boolean isOccupied(}

return this.occupy;

public boolean isDemand(){

return this.demand;

public boolean isSupply()

return this.supply;
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public boolean isMerge(){

return this.merge;

public boolean isAccess(){

return this.access;

public boolean isSource(){

return this.source;

public boolean isDummy/(){

return this.dummy;

public boolean isVisited()}

return this.visit;

public int getLabel(){

return label;

public void setX(double x){

this.x=x;

public void setY(double y){
this.y=y;

public double getX(){

return this.x;

public double getY(){

return this.y;
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package emnet.graph;

public class Edge {
private int label;
private double weight;
private Node n1,n2;
private boolean fastEdge,detourEdge,testEdge,detourTestEdge,dummyEdge,maTestEdge,maEdge;

private boolean visit;

public Edge(int label,Node n1,Node n2){
this.label=label;
this.weight=0.0;
this.n1=n1;
this.n2=n2;
this.fastEdge=false;
this.detourEdge=false;
this.testEdge=false;
this.detourTestEdge=false;
this.dummyEdge=false;
this.maTestEdge=false;
this.maEdge=false;

this.visit=false;

public Edge(int label,Node n1,Node n2,double weight){
this(label,n1,n2);
this.weight=weight;

public synchronized void setFastEdge(){
this.fastEdge=true;

public boolean isFastEdge(){
return this.fastEdge;

public synchronized void setDetourEdge(){

this.detourEdge=true;
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public boolean isDetourEdge(){

return this.detourEdge;

public synchronized void setTestEdge(){
this.testEdge=true;

public boolean isTestEdge(){

return this.testEdge;

public synchronized void setDetourTestEdge(boolean detourTestEdge){

this.detourTestEdge=detourTestEdge;

public boolean isDetourTestEdge(){

return detourTestEdge;

public synchronized void setDummyEdge()}

this.dummyEdge=true;

public boolean isDummyEdge(){

return dummyEdge;

public synchronized void setMATestEdge(boolean maTestEdge){
this.maTestEdge=maTestEdge;

public boolean isMATestEdge(){

return maTestEdge;

public synchronized void setMAEdge(){

this.maEdge=true;

public boolean isMAEdge ()X

return maEdge;
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}

public synchronized void setNeutralEdge(){
this.fastEdge=false;
this.detourEdge=false;
this.maEdge=false;
this.testEdge=false;
this.detourTestEdge=false;

this.maTestEdge=false;

public void setWeight(double weight){
this.weight=weight;

public double getWeight(){

return this.weight;

public Node getN1(){

return this.n1;

public Node getN2(){

return this.n2;

public Node theOtherNode(Node n){
if(n==this.n1)
return this.n2;
lelse if(n==this.n2){
return this.n1;

}

return null;

public synchronized void visit(){

this.visit=true;

public boolean isVisited()}

return this.visit;
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}

public int getN1Label(){

return n1.getLabel();

public int getN2Label(){
return n2.getLabel();

public int getLabel(){

return this.label;

121



package emnet.gui;

import emnet.graph.Graph;

import emnet.graph.Node;

import emnet.graph.Edge;

import javax.swing.JPanel;

import java.awt.BorderLayout;
import java.awt.Dimension;

import java.util.Vector;

import java.awt.Graphics;

import java.awt.Color;

import java.awt.event.MouseEvent;
import java.awt.event.MouseAdapter;
import emnet.Frame;

import java.text.DecimalFormat;

import java.awt.Font;

public class Map extends javax.swing.JPanel{
Frame frame;
JPanel map=new JPanel();
Graph graph;
boolean dataln;
boolean supply,demand,neutral;

DecimalFormat myFormatter=new DecimalFormat("### ### #");

public Map(){
init();

public void init(){
this.setLayout(new BorderLayout());
this.setSize(new Dimension(600,400));
this.setPreferredSize(new Dimension(600,400));
this.add(map,BorderLayout. CENTER);

this.dataln=false;

this.addMouseListener(new Map_MouseAdapter(this));

public void paint(Graphics g){
if(dataln){
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drawNodes(graph,g);
drawEdges(graph,g);
frame.setSeperator(graph);
telse{
g.drawString("n/a",this.getWidth()/2,this.getHeight()/2);

public void setGraph(Graph graph){
this.graph=graph;
this.dataln=true;

this.repaint();

public Graph getGraph(){
return this.graph;
}
public void sentFrame(Frame frame){

this.frame=frame;

public Map getMap(){

return this;

private void drawNodes(Graph graph,Graphics g){
double ratio=scaledRatio(graph);
double newOX=newOX(graph);
double newOY=newQY(graph);
int1=12,m=10,s=8;

g.setFont(new Font(null,Font.PLAIN,12));

Vector nodeSet=graph.getNodeSet();
Node node;
for(int i=0;i<nodeSet.size();i++ )

node=(Node)nodeSet.elementAt(i);

if(node.isSupply(){
g.setColor(Color.RED);
g.drawOval(new Double((node.getX()-newOX)*ratio).intValue()-1/2,new
Double((node.getY()-newQY )*ratio).intValue()-/2,1,1);
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}else if(node.isDemand()){
g.setColor(Color.BLUE);
g.drawRect(new Double((node.getX()-newOX)*ratio).intValue()-m/2,new
Double((node.getY()-newQY )*ratio).intValue()-m/2,m,m);
telse{
g.setColor(Color.LIGHT_GRAY);
}
g.drawString(""+node.getLabel(),new Double((node.getX()-newOX)*ratio).intValue(),new
Double((node.getY()-newQY))*ratio).intValue());

if(node.isAccess() && node.isMerge()){
g.setColor(Color.DARK_GRAY);
g.drawString("A & M",new Double((node.getX()-newOX)*ratio).intValue(),new
Double((node.getY()-newQY )*ratio).intValue()+20);
}else if(node.isAccess()){
g.setColor(Color.DARK_GRAY);
g.drawString("A",new Double((node.getX()-newOX)*ratio).intValue(),new
Double((node.getY()-newQY )*ratio).intValue()+20);
lelse if(node.isMerge(){
g.setColor(Color.DARK_GRAY);
g.drawString("M",new Double((node.getX()-newOX)*ratio).intValue(),new
Double((node.getY()-newQY )*ratio).intValue()+20);

}

if(node.isSource(){
g.setColor(Color.DARK_GRAY);
g.drawString("$rc",new Double(

Double((node.getY()-newQY )*ratio).intValue()+20
}

node.getX()-newOX)*ratio).intValue(),new

)

(
)

private void drawEdges(Graph graph,Graphics g){
double ratio=scaledRatio(graph);
double newOX=newOX(graph);
double newOY=newQY(graph);

Vector edgeSet=graph.getEdgeSet();
Edge edge;

g.setFont(new Font(null,Font.PLAIN,10));
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for(int i=0;i<edgeSet.size();i++ )
edge=(Edge)edgeSet.elementAt(i);
Node n1=edge.getN1(),n2=edge.getN2();
int n1x=new Double((n1.getX()-newOX)*ratio).intValue();
newQY)*ratio).intValue();
)
)

int n1y=new Double((n1.getY

( ()-
(n2.getX()-newOX ;
( ()-

)

int n2x=new Double intValue

0
0
0
0

)

newQY)*ratio).intValue

(
( )
( *ratio)
( )

int n2y=new Double((n2.getY

if(edge.isFastEdge()){
g.setColor(Color.BLACK);
else if(edge.isDetourEdge()){
g.setColor(Color.ORANGE);
lelse if(edge.isMAEdge()){
g.setColor(Color.GREEN);
lelse if(edge.isTestEdge(){
g.setColor(Color.MAGENTA);
lelse if(edge.isDetourTestEdge()){
g.setColor(Color.CYAN);
lelse if(edge.isMATestEdge()){
g.setColor(Color.MAGENTA);
telse{
g.setColor(Color.LIGHT_GRAY);

if(ledge.isDummyEdge() X

Double weight;

if(edge.isMAEdge(){
g.setFont(new Font(null,Font.BOLD,11));
g.drawLine(n1x,n1y,n2x,n2y);
weight=new Double(edge.getWeight());
g.drawString(""+edge.getLabel()+":"+myFormatter.format(weight)+" @B",new

Double((n1x+n2x)/2).intValue(),new Double((n1y+n2y)/2).intValue());

g.setFont(new Font(null,Font.PLAIN,10));

telse{
g.drawLine(n1x,n1y,n2x,n2y);
weight=new Double(edge.getWeight());
g.drawString(""+edge.getLabel()+":"+myFormatter.format(weight),new

Double((n1x+n2x)/2).intValue(),new Double((n1y+n2y)/2).intValue());
}
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private double scaledRatio(Graph graph){
Vector nodeSet=graph.getNodeSet();
double maxX=0.0,maxY=0.0;
double newOX=newOX(graph),newOY=newQY(graph);
Node node;
for(int i=0;i<nodeSet.size();i++ )
node=(Node)nodeSet.elementAt(i);
if((node.getX()-newOX)>maxX){
maxX=node.getX()-newOX;
lelse if((node.getY()-newOY)>maxY )
maxY=node.getY()-newOY;

}
return Math.min(map.getWidth()/maxX,map.getHeight()/maxY);

private double newOX(Graph graph){

Vector nodeSet=graph.getNodeSet();

Node node=(Node)nodeSet.elementAt(0);

double minX=node.getX();

for(int i=1;i<nodeSet.size();i++ )
node=(Node)nodeSet.elementAt(i);
if(node.getX()<minX){

minX=node.getX();

}

return minX;

private double newOY (Graph graph){

Vector nodeSet=graph.getNodeSet();

Node node=(Node)nodeSet.elementAt(0);

double minY=node.getY();

for(int i=1;i<nodeSet.size();i++ )X
node=(Node)nodeSet.elementAt(i);
if(node.getY ()<minY){

minY=node.getY();

}

return minY;
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public void nodeSetting(boolean supply,boolean demand,boolean neutral){
this.supply=supply;
this.demand=demand;

this.neutral=neutral,;

void mouse_clicked_actionPerformed(MouseEvent e){

double ratio=scaledRatio(graph);

double newOX=newOX(graph),newOY=newQY(graph);

Vector nodeSet=graph.getNodeSet();

Node node;

interr=10;

for(int i=0;i<nodeSet.size();i++ )X
node=(Node)nodeSet.elementAt(i);
int x=new Double((node.getX()-newOX)*ratio).intValue();
int y=new Double((node.getY()-newOY)*ratio).intValue();
if(Math.abs(e.getX()-x)<err && Math.abs(e.getY()-y)<err){

if(supply){
node.setNeutral();

node.setSupply();

}

if([demand){
node.setNeutral();
node.setDemand();

}

if(neutral){

node.setNeutral();

class Map_MouseAdapter extends MouseAdapter{

Map adaptee;

Map_MouseAdapter(Map adaptee){

this.adaptee=adaptee;

public void mouseClicked(MouseEvent e){
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this.adaptee.mouse_clicked_actionPerformed(e);
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package emnet.io;

import emnet.graph.Graph;
import emnet.graph.Node;
import emnet.graph.Edge;
import java.util.Vector;

import java.io.File;

import java.io.FileReader;
import java.io.lOException;
import java.io.BufferedReader;

import java.util.String Tokenizer;
public class I0Graph {
private Graph g;

public IOGraph(String dirName,String nodeFile,String edgeFile) throws IOException {
File inputNodeFile=new File(dirName,nodeFile);
File inputEdgeFile=new File(dirName,edgeFile);
Vector nodeSet=new Vector();
Vector edgeSet=new Vector();

g=new Graph(nodeSet,edgeSet);

/Iread node.txt
FileReader nodeln=new FileReader(inputNodeFile);

BufferedReader buffNodeln=new BufferedReader(nodeln);

String strLine;

Node node;

while((strLine=buffNodeln.readLine())!=null){
//delimiter of Tab is "\t"

String Tokenizer strToken=new String Tokenizer(strLine,"\t" ,false);

String[] nodeAttr=new String[3];
for(int i=0;i<3;i++){
nodeAttr[i]=strToken.nextToken();

}

node=new
Node(Integer.parselnt(nodeAttr[0]),Double.parseDouble(nodeAttr[1]),Double.parseDouble(nodeAttr[2]));

nodeSet.addElement(node);
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buffNodeln.close();

nodeln.close();

/Iread edge.txt
FileReader edgeln=new FileReader(inputEdgeFile);
BufferedReader buffEdgeln=new BufferedReader(edgeln);

Edge edge;
while((strLine=buffEdgeln.readLine())!=null){
//delimiter of Tab is "\t"

String Tokenizer strToken=new String Tokenizer(strLine,"\t",false);

String[] edgeAttr=new String[3];
for(int i=0;i<3;i++){
edgeAttr{i]=strToken.nextToken();

Node n1=(Node)nodeSet.elementAt(Integer.parselnt(edgeAttr[1]));
Node n2=(Node)nodeSet.elementAt(Integer.parselnt(edgeAttr[2]));
double
weight=Math.sqrt((n1.getX()-n2.getX())*(n1.getX()-n2.getX())+(n1.getY()-n2.getY())*(n1.getY()-n2.getY()));
edge=new Edge(Integer.parselnt(edgeAttr[0]),n1,n2,weight);
edgeSet.addElement(edge);
}
buffEdgeln.close();

edgeln.close();

public Graph getGraph(){

return this.g;
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package emnet.thread;

import java.util.Vector;
import emnet.graph.Graph;
import emnet.graph.Node;
import emnet.graph.Edge;
import emnet.Frame;

import emnet.algorithm.GraphAlgorithm;

public class Center extends Thread{
/ICenter
Graph graph;
Frame frame;
boolean finish,available,detourCenterFinish,maCenterFinish;

Node dummyNode;

/InodeCenter
int nodeNum;
Object[][] nodeCenter;

/IroamerCenter
int roamerNum;

Object[][] roamerCenter;

/lfastCenter
Object[][] fastCenter;

/ldetourCenter
int edgeNum,detourManagerNum;
Object[][] detourCenter;

//MutualAssistanceCenter
Graph emnet;

int maManagerNum;
Object[][] maCenter;

public Center(Graph graph,Frame frame){
/ICenter
this.graph=graph;
this.frame=frame;

finish=false;

131



available=true;

/InodeCenter

/InodeCenter[node][0]: occupy(Boolean)
/InodeCenter[node][1]: distance(Double)
/InodeCenter[node][2]: preNode(Node)
/InodeCenter[node][3]: preEdge(Edge)
/InodeCenter[node][4]: visitorSequence(Vector)
/InodeCenter[node][5]: supply(Node)

/InodeCenter[node][6]: detourDist(Double)???

nodeNum=this.graph.getNodeSet().size();
nodeCenter=new Object[(nodeNum+1)][6];

dummyNode=new Node(nodeNum,0.0,0.0);

for(int i=0;i<(nodeNum+1);i++){
nodeCenter[i][0]=new Boolean(false);
nodeCenter[i][1]=new Double(0.0);
nodeCenter|i][2]=null;
nodeCenter|[i][3]=null;
nodeCenter[i][4]=new Vector();

nodeCenter|[i][5]=null;

/l[roamerCenter
/froamerCenter[roamer][0]: myNode(Node)
/[roamerCenter[roamer][1]: myEdge(Edge)
/IroamerCenter[roamer][2]: currNode(Node)
/froamerCenter[roamer][3]: routeSet(Graph)
roamerNum=graph.getSupplyNodeSet().size();
roamerCenter=new Object[roamerNum][4];
for(int i=0;i<roamerNum;i++){
roamerCenter[i][0]=dummyNode;
roamerCenter][i][1]=null;
roamerCenter]i][2]=null;

roamerCenter][i][3]=null;

/lfastCenter

/[fastCenter[demand][0]: fastPath(Graph)
/[fastCenter[demand][1]: supply(Node)
/[fastCenter[demand][2]: fastPathLength(Double)
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fastCenter=new Object[nodeNum][3];

for(int i=0;i<nodeNum;i++){
fastCenter [i][0]=null;
fastCenter([i][1]=null;
fastCenter(i][2]=null;

/ldetourCenter
//detourCenter[edge][0]: downstream(Graph)
//detourCenter[edge][1]: upstream(Graph)
//detourCenter[edge][2]: mergeNode(Node)
//detourCenter[edge][3]: accessNode(Node)
//detourCenter[edge][4]: detourPath(Graph)
//detourCenter[edge][5]: systematicDetourCost(Double)
//detourCenter[edge][6]: mergeCost(Vector)
edgeNum=graph.getEdgeSet().size();
detourManagerNum=graph.getSupplyNodeSet().size();
detourCenter=new Object[edgeNum][7];
for(int i=0;i<edgeNum;i++){

detourCenter[i][0]=null;

detourCenter{i][1]=null;

detourCenter{i][2]=null;

detourCenter[i][3]=null;

detourCenter{i][4]=null;

detourCenter]i][5]=new Double(0.0);

detourCenter[i][6]=new Vector(nodeNum);

//mutualAssistantCenter
/ImaCenter[supply][0]: fastTree(Graph)
/ImaCenter[supply][1]: territory(Graph) 2ECON
/ImaCenter[supply][2]: source(Node)
/ImaCenter[supply][3]: icpSet(Vector)
/ImaCenter[supply][4]: maPath(Graph)
/ImaCenter[supply][5]: within territory supply-demand ratio(Double)
/ImaCenter[supply][6]: mutual assistant supply-demand ratio(Double)
/ImaCenter[supply][7]: maCost > source to supply
maManagerNum=graph.getSupplyNodeNum();
maCenter=new ObjectinodeNum][8];
for(int i=0;i<nodeNum;i++){

maCenter]i][0]=null;

maCenter]i][1]=null;
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maCenter]i][2]=null;
maCenter[i][3]=new Vector();
maCenter]i][4]=null;
maCenter[i][5]=new Vector();
maCenter[i][6]=new Double(0.0);
maCenter[i][7]=new Double(0.0);

public void run(){
startRoamerCenter();
startFastCenter();
startDetourCenter();
startMutualAssistanceCenter();
startOutputReport();

/lcenter method
void startRoamerCenter(){
/l[roamerCenter
//send roamers to find fast paths (Shortest Path Forest, SPF)

sendRoamer();

Vector nodeSet=graph.getNodeSet();
int demandNodeNum=graph.getDemandNodeNum();
do{
int total Times=0;
watching:
for(int i=0;i<nodeNum;i++){
Node tempNode=(Node)nodeSet.elementAt(i);
/ffinish condition is focused on demand nodes only
if(tempNode.isDemand()){
if(getVisitorNum(tempNode)==roamerNum){
totalTimes=totalTimes+roamerNum;

if(totalTimes==(demandNodeNum®*roamerNum))

finish=true;
}
else{
finish=false;
break watching;
}
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}
Jwhile('finish);

/Iroamer center finished!

void startFastCenter(){
/lfastCenter
/[fastCenter[demand][0]: fastPath(Graph)
/[fastCenter[demand][1]: supply(Node)
/[fastCenter[demand][2]: fastPathLength(Double)

/ffinding fast paths from demand nodes to the dummyNode
try{

sleep(1);
}catch(InterruptedException ex){

/[fast center cannot sleep!

Vector demandNodeSet=graph.getDemandNodeSet();
Node tempDemand,tempNode;

Edge tempPreEdge,tempEdge;

double length;

Vector tempFastNodeSet,tempFastEdgeSet;

for(int i=0;i<demandNodeSet.size();i++){
tempDemand=(Node)demandNodeSet.elementAt(i);

tempNode=tempDemand;

tempFastNodeSet=new Vector();

tempFastEdgeSet=new Vector();

find:
while(tempNode!=dummyNode){
tempPreEdge=(Edge)getPreEdge(tempNode);
if(tempNode.isSupply()X
fastCenter[tempDemand.getLabel()][1]=tempNode;
if('tempFastNodeSet.contains(tempNode))
tempFastNodeSet.addElement(tempNode);

/Inode of fast route belong to the same supply

Node tempNode2;
for(int j=0;j<tempFastNodeSet.size();j++)
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tempNode2=(Node)tempFastNodeSet.elementAt(j);
nodeCenter[tempNode2.getLabel()][5]=tempNode;

}

break find;

telse{

if('tempFastNodeSet.contains(tempNode))
tempFastNodeSet.addElement(tempNode);

if('tempFastEdgeSet.contains(tempPreEdge))
tempFastEdgeSet.addElement(tempPreEdge);

tempPreEdge.setFastEdge();

}
tempNode=tempPreEdge.theOtherNode(tempNode);

fastCenter[tempDemand.getLabel()][0]=new Graph(tempFastNodeSet,tempFastEdgeSet);

length=0.0;

for(int j=0;j<tempFastEdgeSet.size();j++){
tempEdge=(Edge)tempFastEdgeSet.elementAt(j);
length=length+tempEdge.getWeight();

}

fastCenter[tempDemand.getLabel()][2]=new Double(length);

/ImaCenter[supply][0]: fastTree(Graph)

Vector fastTreeSupplyNodeSet=graph.getSupplyNodeSet();
Node tempFastTreeSupply;

Vector fastTreeDemandNodeSet=graph.getDemandNodeSet();

Node tempFastTreeDemand;

Graph tempFastPath;

Vector tempFastPathNodeSet;
Node tempFastPathNode;
Vector tempFastPathEdgeSet;
Edge tempFastPathEdge;

Vector tempFastTreeNodeSet;

Vector tempFastTreeEdgeSet;
for(int i=0;i<fastTreeSupplyNodeSet.size();i++){

tempFastTreeNodeSet=new Vector();

tempFastTreeEdgeSet=new Vector();
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tempFastTreeSupply=(Node)fastTreeSupplyNodeSet.elementAt(i);
if('tempFastTreeNodeSet.contains(tempFastTreeSupply))
tempFastTreeNodeSet.addElement(tempFastTreeSupply);

for(int j=0;j<fastTreeDemandNodeSet.size();j++ )X

tempFastTreeDemand=(Node)fastTreeDemandNodeSet.elementAt(j);

/ffast paths with different demands of the same supply
if(fastCenter[tempFastTreeDemand.getLabel()][1]==tempFastTreeSupply
tempFastPath=(Graph)fastCenter[tempFastTreeDemand.getLabel()][0];
tempFastPathEdgeSet=tempFastPath.getEdgeSet();
for(int k=0;k<tempFastPathEdgeSet.size();k++){
tempFastPathEdge=(Edge)tempFastPathEdgeSet.elementAt(k);
if('tempFastTreeEdgeSet.contains(tempFastPathEdge)){
tempFastTreeEdgeSet.addElement(tempFastPathEdge);

tempFastPathNodeSet=tempFastPath.getNodeSet();
for(int k=0;k<tempFastPathNodeSet.size();k++){
tempFastPathNode=(Node)tempFastPathNodeSet.elementAt(k);
if('tempFastTreeNodeSet.contains(tempFastPathNode)X
tempFastTreeNodeSet.addElement(tempFastPathNode);

}
maCenter[tempFastTreeSupply.getLabel()][0]=new

Graph(tempFastTreeNodeSet,tempFastTreeEdgeSet);

/ImaCenter[supply][5]: within territory supply-demand ratio(Double)
if(getFastTree(tempFastTreeSupply).getDemandNodeNum()!=0){

this.setTerritorySDR(tempFastTreeSupply,1.0/getFastTree(tempFastTreeSupply).getDemandNodeNum());

telse{

this.setTerritorySDR(tempFastTreeSupply,1.0);

/Ifast center finished!

/ffinalization
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Vector edgeSet=graph.getEdgeSet();
Edge clearEdge;
for(int i=0;i<edgeSet.size();i++ )X
clearEdge=(Edge)edgeSet.elementAt(i);
if(IclearEdge.isFastEdge())
clearEdge.setNeutralEdge();

void startDetourCenter(){
/ldetourCenter
try{
sleep(1);
}catch(InterruptedException ex){

/ldetour center cannot sleep!

detourCenterFinish=false;

Vector supplyNodeSet=graph.getSupplyNodeSet();

Node tempSupply;

for(int i=0;i<supplyNodeSet.size();i++){
tempSupply=(Node)supplyNodeSet.elementAt(i);
new DetourManager(i,this,tempSupply).start();

while(!detourCenterFinish){
//detour center waiting for detour managers finish their jobs

}

/ldetour center finished!

void startMutualAssistanceCenter(){
try{
sleep(1);
}catch(InterruptedException ex){

/Imutual assistance center cannot sleep!

/lwhere are supply nodes:
Vector nodeSet=graph.getNodeSet();
Node tempNode;
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for(int i=0;i<nodeSet.size();i++ )X

tempNode=(Node)nodeSet.elementAt(i);

/linitialization
Vector edgeSet=graph.getEdgeSet();
Edge tempEdge;
for(int i=0;i<edgeSet.size();i++ )
tempEdge=(Edge)edgeSet.elementAt(i);
if('tempEdge.isFastEdge() && !tempEdge.isDetourEdge())
tempEdge.setNeutralEdge();

maCenterFinish=false;

Vector supplyNodeSet=graph.getSupplyNodeSet();

Node tempSupply;

for(int i=0;i<supplyNodeSet.size();i++){
tempSupply=(Node)supplyNodeSet.elementAt(i);
new MAManager(i,this,tempSupply).start();

while(!maCenterFinish){

/Ima center waiting for detour managers finish their jobs

/lemnet
Vector emnetNodeSet=new Vector();

Vector emnetEdgeSet=new Vector();
Graph tempTerritory;

Vector tempTerritoryNodeSet;
Vector tempTerritoryEdgeSet;

Graph tempMAPath;

Vector tempMAPathNodeSet;

Vector tempMAPathEdgeSet;

for(int i=0;i<supplyNodeSet.size();i++){
tempSupply=(Node)supplyNodeSet.elementAt(i);

tempTerritory=this.getTerritory(tempSupply);
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tempTerritoryNodeSet=tempTerritory.getNodeSet();
tempTerritoryEdgeSet=tempTerritory.getEdgeSet();

emnetNodeSet=GraphAlgorithm.union(emnetNodeSet,tempTerritoryNodeSet);
emnetEdgeSet=GraphAlgorithm.union(emnetEdgeSet,tempTerritoryEdgeSet);

tempMAPath=this.getMAPath(tempSupply);
tempMAPathNodeSet=tempMAPath.getNodeSet();
tempMAPathEdgeSet=tempMAPath.getEdgeSet();

emnetNodeSet=GraphAlgorithm.union(emnetNodeSet,tempMAPathNodeSet);
emnetEdgeSet=GraphAlgorithm.union(emnetEdgeSet,tempMAPathEdgeSet);
}

emnet=new Graph(emnetNodeSet,emnetEdgeSet);

//ma center finished!
/ffinalization
for(int i=0;i<edgeSet.size();i++ )
tempEdge=(Edge)edgeSet.elementAt(i);
if('tempEdge.isFastEdge() && !ltempEdge.isDetourEdge() && !tempEdge.isMAEdge())
tempEdge.setNeutralEdge();
}

/Ima center closed!

void startOutputReport(){
/ImaCenter[supply][6]: mutual assistant supply-demand ratio(Double)
double 1d=0.0;
Vector supplyNodeSet=graph.getSupplyNodeSet();
Node tempSupply;
Vector tempFastTreeEdgeSet;
Edge tempRuinedEdge;
for(int i=0;i<supplyNodeSet.size();i++){
tempSupply=(Node)supplyNodeSet.elementAt(i);
tempFastTreeEdgeSet=this.getFastTree(tempSupply).getEdgeSet();
for(int j=0;j<tempFastTreeEdgeSet.size();j++){
tempRuinedEdge=(Edge)tempFastTreeEdgeSet.elementAt(j);
if(this.getSystematicDetourCost(tempRuinedEdge)>Id)
Id=this.getSystematicDetourCost(tempRuinedEdge);

}
frame.setLD(Id);
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double mac=0.0;

for(int i=0;i<supplyNodeSet.size();i++){
tempSupply=(Node)supplyNodeSet.elementAt(i);
mac=mac+this.getMACost(tempSupply);

}

frame.setAMAC(mac/supplyNodeSet.size());

frame.setNC(GraphAlgorithm.networkCost(emnet));

double fastCost=0.0;

double maxFastCost=0.0;

Vector demandNodeSet=graph.getDemandNodeSet();
Node tempDemand;

for(int i=0;i<demandNodeSet.size();i++){

tempDemand=(Node)demandNodeSet.elementAt(i);

if(getFastCost(tempDemand)>maxFastCost)

maxFastCost=getFastCost(tempDemand);

fastCost=fastCost+this.getFastCost(tempDemand);
}
frame.setATC(fastCost/demandNodeSet.size());

frame.setMTC(maxFastCost);

/lcenter field:
public synchronized Graph getGraph(){

return this.graph;

public synchronized boolean isFinished(){

return this.finish;

void sendRoamer(){
Node supply;
for(int i=0;i<this.graph.getSupplyNodeSet().size();i++)
supply=(Node)this.graph.getSupplyNodeSet().elementAt(i);
roamerCenter[i][0]=supply;

new Roamer(i,supply,this).start();
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public Node getDummyNode(){

return this.dummyNode;

public synchronized void takeKey(Roamer roamer){
if(Mfinish){
while(lavailable){
try{
/roamer is waiting to take!
wait(1);
}catch(InterruptedException e){

/ltakeKey: cannot wait!

}

/roamer took the key!

available=false;
telse{

available=false;

/lroamer took the key, but center is finished!

public synchronized void putKey(Roamer roamer){
if(Mfinish){
while(available){
try{
/roamer is waiting to put...
wait(1);
}catch(InterruptedException e){

/IputKey: cannot wait!

}

/lroamer put the key!
available=true;
telse{
/roamer put the key & center is already finished!

available=true;

//detour manager take key
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public synchronized void takeKey(DetourManager dmr){
if('detourCenterFinish){
while(lavailable){
try{
//dmr is waiting to take!
wait(1);
}catch(InterruptedException e){

/ltakeKey: cannot wait!

}

/ldmr took the key!

available=false;
telse{

available=false;

//dmr took the key, but detour center is finished!

public synchronized void putKey(DetourManager dmr){
if('detourCenterFinish){
while(available){
try{
/ldmr is waiting to put...
wait(1);
}catch(InterruptedException e){

/IputKey: cannot wait!

}
/l[dmr put the key!
available=true;
telse{
/ldmr put the key! detour center is already finished!

available=true;

//ma manager take key
public synchronized void takeKey(MAManager maMr){
if(lmaCenterFinish){
while(lavailable){

try{
//maMr is waiting to take!
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wait(1);
}catch(InterruptedException e){

/ltakeKey: cannot wait!

}
//maMr took the key!

available=false;
telse{
available=false;

/ImaMr took the key but maCenter is already finished!

public synchronized void putKey(MAManager maMr){
if(lmaCenterFinish){
while(available){
try{
//maMr is waiting to put...
wait(1);
}catch(InterruptedException e){

/IputKey: cannot wait!

}
//maMr put the key!

available=true;
telse{
//maMr put the key! and maCenter already finished!

available=true;

public void updateDetourCondition(){
detourManagerNum--;
if(detourManagerNum==0)

detourCenterFinish=true;

public void updateMACondition()}{
maManagerNum--;
iflmaManagerNum==0)

maCenterFinish=true;
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/InodeCenter method:

/InodeCenter[node][0]: occupy(Boolean)

public synchronized void setOccupy(Node node,boolean occupy){
nodeCenter[node.getLabel()][0]=new Boolean(occupy);
notifyAll();

/InodeCenter[node][1]: distance(Double)
public synchronized void setDistance(Node node,double distance){

nodeCenter[node.getLabel()][1]=new Double(distance);

public synchronized double getDistance(Node node){
Double distance=(Double)nodeCenter[node.getLabel()][1];

return distance.doubleValue();

/InodeCenter[node][2]: preNode(Node)
public synchronized void setPreNode(Node node,Node preNode){

nodeCenter[node.getLabel()][2]=preNode;

public synchronized Node getPreNode(Node node){
Node preNode=(Node)nodeCenter[node.getLabel()][2];

return preNode;

/InodeCenter[node][3]: preEdge(Edge)
public synchronized void setPreEdge(Node node,Edge preEdge){
nodeCenter[node.getLabel()][3]=preEdge;

public synchronized Edge getPreEdge(Node node){
Edge preEdge=(Edge)nodeCenter[node.getLabel()][3];

return preEdge;

/InodeCenter[node][4]: visitorSequence(Vector)
public synchronized void addViditor(Node node,Roamer roamer){
Vector visitorSequence=(Vector)nodeCenter[node.getLabel()][4];

if(lvisitorSequence.contains(roamer))
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visitorSequence.addElement(roamer);

nodeCenter[node.getLabel()][4]=visitorSequence;

public synchronized Vector getVisitorSequence(Node node){
Vector visitorSequence=(Vector)nodeCenter[node.getLabel()][4];

return visitorSequence;

public synchronized int getVisitorNum(Node node){
Vector visitorSequence=(Vector)nodeCenter[node.getLabel()][4];
int visitorNum=visitorSequence.size();

return visitorNum;

public synchronized Roamer lastVisitor(Node node){
Vector visitorSequence=(Vector)nodeCenter[node.getLabel()][4];
Roamer lastVisitor=(Roamer)visitorSequence.lastElement();

return lastVisitor;

/InodeCenter[node][5]: supply(Node)
public Node getSupply(Node node){
return (Node)nodeCenter[node.getLabel()][5];

/[roamerCenter method:
/froamerCenter[roamer][0]: myNode(Node)
public synchronized void setMyNode(Roamer roamer,Node myNode}{

roamerCenter[roamer.getID()][0]=myNode;

public synchronized Node getMyNode(Roamer roamer){
Node myNode=(Node)roamerCenter[roamer.getID()][0];

return myNode;

/[roamerCenter[roamer][1]: myEdge(Edge)
public synchronized void setMyEdge(Roamer roamer,Edge myEdge}{

roamerCenter[roamer.getID()][1]=myEdge;
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public synchronized Edge getMyEdge(Roamer roamer){
Edge myEdge=(Edge)roamerCenter[roamer.getID()][1];

return myEdge;

/IroamerCenter[roamer][2]: currNode(Node)
public synchronized void setCurrNode(Roamer roamer,Node currNode}{

roamerCenter[roamer.getID()][2]=currNode;

public synchronized Node getCurrNode(Roamer roamer){
Node currNode=(Node)roamerCenter[roamer.getID()][2];

return currNode;

/froamerCenter[roamer][3]: routeSet(Graph)
public synchronized void setRouteSet(Roamer roamer,Graph routeSet){

roamerCenter[roamer.getlD()][3]=routeSet;

public synchronized void setRouteSet(Roamer roamer,Vector routeNodeSet,Vector routeEdgeSet){

roamerCenter[roamer.getlD()][3]=new Graph(routeNodeSet,routeEdgeSet);

public synchronized Graph getRouteSet(Roamer roamer){
Graph routeSet=(Graph)roamerCenter[roamer.getID()][3];

return routeSet;

public synchronized Vector getRouteNodeSet(Roamer roamer){
Graph routeSet=(Graph)roamerCenter[roamer.getID()][3];
Vector routeNodeSet=routeSet.getNodeSet();

return routeNodeSet;

public synchronized Vector getRouteEdgeSet(Roamer roamer){
Graph routeSet=(Graph)roamerCenter[roamer.getID()][3];
Vector routeEdgeSet=routeSet.getEdgeSet();

return routeEdgeSet;

public synchronized void addEdge(Roamer roamer,Edge edge){
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Graph routeSet=this.getRouteSet(roamer);
Vector routeNodeSet=routeSet.getNodeSet();
Vector routeEdgeSet=routeSet.getEdgeSet();
if(IrouteEdgeSet.contains(edge))
routeEdgeSet.addElement(edge);

this.setRouteSet(roamer,routeNodeSet,routeEdgeSet);

public synchronized void addNode(Roamer roamer,Node node){
Graph routeSet=this.getRouteSet(roamer);
Vector routeNodeSet=routeSet.getNodeSet();
Vector routeEdgeSet=routeSet.getEdgeSet();
if(IrouteNodeSet.contains(node))
routeNodeSet.addElement(node);

this.setRouteSet(roamer,routeNodeSet,routeEdgeSet);

public synchronized void removeEdge(Roamer roamer,Edge edge){
Graph routeSet=this.getRouteSet(roamer);
Vector routeNodeSet=routeSet.getNodeSet();
Vector routeEdgeSet=routeSet.getEdgeSet();
if(routeEdgeSet.contains(edge)){
routeEdgeSet.removeElement(edge);

}

this.setRouteSet(roamer,routeNodeSet,routeEdgeSet);

public synchronized void removeSubtree(Roamer roamer,Graph subtree){
Graph routeSet=(Graph)this.roamerCenter[roamer.getID()][3];
Vector tempNodeSet1=routeSet.getNodeSet();
Vector tempEdgeSet1=routeSet.getEdgeSet();
Vector tempNodeSet2=subtree.getNodeSet();
Vector tempEdgeSet2=subtree.getEdgeSet();

Node tempNode;
for(int i=0;i<tempNodeSet2.size();i++){
tempNode=(Node)tempNodeSet2.elementAt(i);

boolean nodeExist=tempNodeSet1.removeElement(tempNode);

Edge tempEdge;
for(int i=0;i<tempEdgeSet2.size();i++){
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tempEdge=(Edge)tempEdgeSet2.elementAt(i);

boolean edgeExist=tempEdgeSet1.removeElement(tempEdge);

public synchronized void addSubtree(Roamer roamer,Graph subtree)}{

Graph visitedRouteSet=(Graph)this.roamerCenter[roamer.getID()][3];

Vector tempNodeSet1=visitedRouteSet.getNodeSet();

Vector tempEdgeSet1=visitedRouteSet.getEdgeSet();

Vector tempNodeSet2=subtree.getNodeSet();

Vector tempEdgeSet2=subtree.getEdgeSet();

Node tempNode;

for(int i=0;i<tempNodeSet2.size();i++){
tempNode=(Node)tempNodeSet2.elementAt(i);
if(tempNodeSet1.contains(tempNode) ¥
telse{

tempNodeSet1.addElement(tempNode);

Edge tempEdge;

for(int i=0;i<tempEdgeSet2.size();i++){
tempEdge=(Edge)tempEdgeSet2.elementAt(i);
if(tempEdgeSet1.contains(tempEdge) )
telse{

tempEdgeSet1.addElement(tempEdge);

/lfastCenter
/[fastCenter[demand][0]: fastPath(Graph)
/[fastCenter[demand][1]: supply(Node)
/[fastCenter[demand][2]: fastPathLength(Double)
public double getFastCost(Node demand){
Double fastCost=(Double)fastCenter[demand.getLabel()][2];

return fastCost.doubleValue();

//detourCenter[edge][0]: downstream(Graph)
public void setDownstream(Edge ruinedEdge,Graph downstream){

detourCenter[ruinedEdge.getLabel()][0]=downstream;
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}

public Graph getDownstream(Edge ruinedEdge){
return (Graph)detourCenter[ruinedEdge.getLabel()][0];

//detourCenter[edge][1]: upstream(Graph)
public void setUpstream(Edge ruinedEdge,Graph upstream){
detourCenter[ruinedEdge.getLabel()][1]=upstream;

public Graph getUpstream(Edge ruinedEdge{
return (Graph)detourCenter[ruinedEdge.getLabel()][1];

/ldetourCenter[edge][2]: mergeNode(Node)
public void setMergeNode(Edge ruinedEdge,Node mergeNode){
detourCenter[ruinedEdge.getLabel()][2]=mergeNode;

public Node getMergeNode(Edge ruinedEdge){
return (Node)detourCenter[ruinedEdge.getLabel()][2];

//detourCenter[edge][3]: accessNode(Node)
public void setAccessNode(Edge ruinedEdge,Node accessNode){

detourCenter[ruinedEdge.getLabel()][3]=accessNode;

public Node getAccessNode(Edge ruinedEdge){
return (Node)detourCenter[ruinedEdge.getLabel()][3];

//detourCenter[edge][4]: detourPath(Graph)
public void setDetourPath(Edge ruinedEdge,Graph detourPath){
detourCenter[ruinedEdge.getLabel()][4]=detourPath;

public Graph getDetourPath(Edge ruinedEdge){
return (Graph)detourCenter[ruinedEdge.getLabel()][4];
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//detourCenter[edge][5]: systematicDetourCost(Double)
public void setSystematicDetourCost(Edge ruinedEdge,double sdc){
detourCenter[ruinedEdge.getLabel()][5]=new Double(sdc);

public double getSystematicDetourCost(Edge ruinedEdge{
Double tempDouble=(Double)detourCenter[ruinedEdge.getLabel()][5];

return tempDouble.doubleValue();

//detourCenter[edge][6]: mergeCost(Vector)
public void setMergeCost(Edge ruinedEdge,double cost){
detourCenter[ruinedEdge.getLabel()][6]=new Double(cost);

public double getMergeCost(Edge ruinedEdge{
Double mergeCost=(Double)detourCenter[ruinedEdge.getLabel()][6];

return mergeCost.doubleValue();

/ImaCenter
/ImaCenter[supply][0]: fastTree(Graph)
public Graph getFastTree(Node supply){
return (Graph)maCenter[supply.getLabel()][0];

/ImaCenter[supply][1]: territory(Graph) 2ECON
public synchronized void setTerritory(Node supply,Graph territory){
maCenter[supply.getLabel()][1]=territory;

public Graph getTerritory(Node supply){
return (Graph)maCenter[supply.getLabel()][1];

/ImaCenter[supply][2]: source(Node)
public synchronized void setSource(Node supply,Node source){

maCenter[supply.getLabel()][2]=source;

public Node getSource(Node supply){
return (Node)maCenter[supply.getLabel()][2];
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}

/ImaCenter[supply][3]: icpSet(Vector)
public synchronized void setICPSet(Node supply,Vector icpSet)
maCenter[supply.getLabel()][3]=icpSet;

public Vector getICPSet(Node supply{
return (Vector)maCenter[supply.getLabel()][3];

public int getiCPNum(Node supply){
Vector icpSet=(Vector)maCenter[supply.getLabel()][3];

return icpSet.size();

/ImaCenter[supply][4]: maPath(Graph)
public synchronized void setMAPath(Node supply,Graph maPath){
maCenter[supply.getLabel()][4]=maPath;

public Graph getMAPath(Node supply
return (Graph)maCenter[supply.getLabel()][4];

/ImaCenter[supply][5]: within territory supply-demand ratio(Double)
public synchronized void setTerritorySDR(Node supply,double territorySDR){
maCenter[supply.getLabel()][5]=new Double(territorySDR);

public double getTerritorySDR(Node supply
Double territorySDR=(Double)maCenter[supply.getLabel()][5];
return territorySDR.doubleValue();

/ImaCenter[supply][6]: mutual assistant supply-demand ratio(Double)
public synchronized void setMAsdr(Node supply,double maSDR)
maCenter[supply.getLabel()][6]=new Double(maSDR);

public double getMAsdr(Node supply){
Double maSDR=(Double)maCenter[supply.getLabel()][6];
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return maSDR.doubleValue();

/ImaCenter[supply][7]: maCost > source to supply

/lincluding maPath cost & merge cost with respect to territory demandNum

public synchronized void setMACost(Node supply,double maCost){
maCenter[supply.getLabel()][7]=new Double(maCost);

public double getMACost(Node supply){
Double maCost=(Double)maCenter[supply.getLabel()][7];

return maCost.doubleValue();
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Detourist.java

package emnet.thread;

import emnet.graph.Node;

import emnet.graph.Graph;

import java.util.Vector;

import emnet.graph.Edge;

import emnet.algorithm.GraphAlgorithm;

public class Detourist extends Thread{
intid;
Node start,supply,access;
DetourManager dmr;

Center center;

Node currNode,preNode,myNode;
Edge preEdge,myEdge,currRuinedEdge;
Graph usableGraph,downstream,upstream,bridge,routeSet,detourPath;

Vector routeNodeSet,routeEdgeSet,upstreamNodeSet;

int downstreamDemandNum;

double mergeCost,systematicDetourCost;

boolean detouristFinish;

public Detourist(int id,Node start,DetourManager dmr){
super(""'+id);
this.id=id;
this.start=start;
this.dmr=dmr;
center=dmr.getCenter();

supply=dmr.getSupply();

int edgeNum=dmr.getGraph().getEdgeSet().size();

Node dummyNode=this.center.getDummyNode();
dummyNode.setDummy();

Edge dummyEdge=new Edge(edgeNum,start,dummyNode,0.0);
dummyEdge.setDummyEdge();

dmr.getGraph().addNode(dummyNode);
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dmr.getGraph().addEdge(dummyEdge);

Vector routeNodeSet=new Vector();
routeNodeSet.addElement(dummyNode);

Vector routeEdgeSet=new Vector();
routeEdgeSet.addElement(dummyEdge);
dmr.setRouteSet(this,routeNodeSet,routeEdgeSet);

dmr.setMyNode(this,dummyNode);
dmr.setMyEdge(this,dummyEdge);

dmr.setCurrNode(this,start);

Vector nodeSet=dmr.getGraph().getNodeSet();

Vector edgeSet=dmr.getGraph().getEdgeSet();

Vector usableEdgeSet=new Vector();

Edge tempEdge;

for(int i=0;i<edgeSet.size();i++)
tempEdge=(Edge)edgeSet.elementAt(i);
if(tempEdge!=dmr.getCurrRuinedEdge())

usableEdgeSet.addElement(tempEdge);

}
usableGraph=new Graph(nodeSet,usableEdgeSet);

downstream=dmr.getCurrDownstream();
upstream=dmr.getCurrUpstream();

upstreamNodeSet=upstream.getNodeSet();

currRuinedEdge=dmr.getCurrRuinedEdge();
downstreamDemandNum=dmr.getDownstreamDemandNum();
mergeCost=GraphAlgorithm.getMergeCost(this,start);

systematicDetourCost=0.0;
dmr.setCurrDetourCost(this,dmr.getMyNode(this),mergeCost);
dmr.setPreNode(this,start,dummyNode);
dmr.setPreEdge(this,start,dummyEdge);

detouristFinish=false;

public int getID()}

return id;
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public Graph getUsableGraph(){

return usableGraph;

public Graph getDownstream(){

return downstream;

public Graph getUpstream(){

return upstream;

public DetourManager getDetourManager(){

return dmr;

public Center getCenter(){

return center;

public Node getMergeNode(){

return start;

public Node getAccessNode(){

return access;

public Edge getRuinedEdge(){

return currRuinedEdge;

public double getMergeCost(}

return mergeCost;

public double getSystematicDetourCost(){

return systematicDetourCost;

public Graph getDetourPath(){
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return detourPath;

public void run(){
dmr.takeKey(this);

/l::map init::
Vector edgeSet=center.getGraph().getEdgeSet();
Edge tempEdge;
for(int i=0;i<edgeSet.size();i++)
tempEdge=(Edge)edgeSet.elementAt(i);
if('tempEdge.isFastEdge() && !ltempEdge.isDetourEdge() && !tempEdge.isMAEdge())
tempEdge.setNeutralEdge();
}

/l::map init::

detouring:
while(!detouristFinish){
if(dmr.getCurrNode(this)==supply{
double
sdc=dmr.getCurrDetourCost(this,dmr.getMyNode(this))+dmr.getMyEdge(this).getWeight()*downstreamDemandNum;
dmr.setCurrDetourCost(this,dmr.getCurrNode(this),sdc);

dmr.addNode(this,supply);
dmr.addEdge(this,dmr.getMyEdge(this));

dmr.setPreNode(this,supply,dmr.getMyNode(this));
dmr.setPreEdge(this,supply,dmr.getMyEdge(this));

dmr.updatMinSDC(this,dmr.getCurrDetourCost(this,dmr.getSupply()));
dmr.getMyEdge(this).setDetourTestEdge(true);

break detouring;

lelse if(dmr.getMinSDC(this)!=0.0 &&

dmr.getMinSDC(this)<dmr.getCurrDetourCost(this,dmr.getMyNode(this))){

//lsome detourist has already found a shorter detour path
break detouring;

telse{
dmr.addNode(this,dmr.getCurrNode(this));
dmr.addEdge(this,dmr.getMyEdge(this));
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dmr.setPreNode(this,dmr.getCurrNode(this),dmr.getMyNode(this));
dmr.setPreEdge(this,dmr.getCurrNode(this),dmr.getMyEdge(this));

double
sdc=dmr.getCurrDetourCost(this,dmr.getMyNode(this))+dmr.getMyEdge(this).getWeight()*downstreamDemandNum;
dmr.setCurrDetourCost(this,dmr.getCurrNode(this),sdc);

dmr.getMyEdge(this).setDetourTestEdge(true);
dmr.setMyNode(this,dmr.getCurrNode(this));

/ffind currEdge & currNode, assign new myNode
dijkstra(null);

try{
sleep(1);
}catch(InterruptedException ex){

}

//set access node

Vector detourPathNodeSet=new Vector(),detourPathEdgeSet=new Vector();
Node tempCurrNode=dmr.getSupply();
detourPathNodeSet.addElement(tempCurrNode);

Edge tempPreEdge;
Node n1,n2;
do{
tempPreEdge=dmr.getPreEdge(this,tempCurrNode);

if('detourPathEdgeSet.contains(tempPreEdge))
detourPathEdgeSet.addElement(tempPreEdge);

n1=tempPreEdge.getN1();
n2=tempPreEdge.getN2();

if(ldetourPathNodeSet.contains(n1))

detourPathNodeSet.addElement(n1);
if(ldetourPathNodeSet.contains(n2))
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detourPathNodeSet.addElement(n2);

if(lupstreamNodeSet.contains(n1) && lupstreamNodeSet.contains(n2)){
access=n1;

}lelse if(upstreamNodeSet.contains(n2) && lupstreamNodeSet.contains(n1))
access=n2;

telse{

access=null;

tempCurrNode=dmr.getPreNode(this,tempCurrNode);

twhile(tempCurrNode!=start);

if('detourPathNodeSet.contains(start))
detourPathNodeSet.addElement(start);

/Iset detourPath
detourPath=new Graph(detourPathNodeSet,detourPathEdgeSet);

/Iset sdc
systematicDetourCost=dmr.getCurrDetourCost(this,supply);

dmr.setSystematicDetourCost(this,systematicDetourCost);

dmr.updateCurrRuinedEdgeFinish();

dmr.updateDetourCenter(this);

dmr.putKey(this);

void dijkstra(Edge canceledEdge){

/ffind out the best incident edge
//define new myEdge & currNode

Vector tempRouteNodeSet=(Vector)dmr.getRouteNodeSet(this);

Vector incidentEdgeSet=GraphAlgorithm.getincidentEdges(this,tempRouteNodeSet);

Vector exclusivelncidentEdgeSet=new Vector();

for(int i=0;i<incidentEdgeSet.size();i++){
if(l{dmr.getRouteEdgeSet(this).contains(incidentEdgeSet.elementAt(i))){

exclusivelncidentEdgeSet.addElement(incidentEdgeSet.elementAt(i));
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Edge tempEdge;
Node n1,n2;

if(exclusivelncidentEdgeSet.size()>1){

tempEdge=(Edge)exclusivelncidentEdgeSet.elementAt(0);

dmr.setMyEdge(this,tempEdge);

n1=tempEdge.getN1();

n2=tempEdge.getN2();

if(tempRouteNodeSet.contains(n1) && !tempRouteNodeSet.contains(n2)){
dmr.setMyNode(this,n1);
dmr.setCurrNode(this,n2);

lelse if(tempRouteNodeSet.contains(n2) && !tempRouteNodeSet.contains(n1)){
dmr.setMyNode(this,n2);
dmr.setCurrNode(this,n1);

telse{

/[dijkstra error 1: not incident edge! check GraphAlgorithm.getincidentEdgeSet()

double

min=dmr.getCurrDetourCost(this,dmr.getMyNode(this))+dmr.getMyEdge(this).getWeight()*downstreamDemandNum;

for(int i=1;i<exclusivelncidentEdgeSet.size();i++ )
tempEdge=(Edge)exclusivelncidentEdgeSet.elementAt(i);
n1=tempEdge.getN1();
n2=tempEdge.getN2();
if(tempRouteNodeSet.contains(n1) && !tempRouteNodeSet.contains(n2)){
if((dmr.getCurrDetourCost(this,n1)+tempEdge.getWeight()*downstreamDemandNum)<min){
min=dmr.getCurrDetourCost(this,n1)+tempEdge.getWeight()*downstreamDemandNum;
dmr.setMyEdge(this,tempEdge);
dmr.setMyNode(this,n1);
dmr.setCurrNode(this,n2);
}
}else if(tempRouteNodeSet.contains(n2) && ltempRouteNodeSet.contains(n1)){
if((dmr.getCurrDetourCost(this,n2)+tempEdge.getWeight()*downstreamDemandNum)<min){
min=dmr.getCurrDetourCost(this,n2)+tempEdge.getWeight()*downstreamDemandNum;
dmr.setMyEdge(this,tempEdge);
dmr.setMyNode(this,n2);
dmr.setCurrNode(this,n1);
}
telse{

/[dijkstra error 2: incident edge error!
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}

lelse if(exclusivelncidentEdgeSet.size()==1){
tempEdge=(Edge)exclusivelncidentEdgeSet.elementAt(0);
dmr.setMyEdge(this,tempEdge);
n1=tempEdge.getN1();
n2=tempEdge.getN2();
if(tempRouteNodeSet.contains(n1) && !tempRouteNodeSet.contains(n2)){
dmr.setMyNode(this,n1);
dmr.setCurrNode(this,n2);
lelse if(tempRouteNodeSet.contains(n2) && !tempRouteNodeSet.contains(n1)){
dmr.setMyNode(this,n2);
dmr.setCurrNode(this,n1);
telse{
/[dijkstra error 3: not incident edge! check GraphAlgorithm.getincidentEdgeSet()
}

telse{
detouristFinish=true;

/Irenders all nodes visited
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package emnet.thread;

import emnet.graph.Node;

import emnet.graph.Graph;

import java.util.Vector;

import emnet.graph.Edge;

import emnet.algorithm.GraphAlgorithm;

public class DetourManager extends Thread{

intid;

Center center;

Node supply;

Graph graph,fastTree,territory;

Vector edgeSet,nodeSet,fastTreeEdgeSet,fastTreeNodeSet,detourists,territoryNodeSet, territoryEdgeSet;

int detouristNum,downstreamDemandNum;

/InodeDept

/InodeDept[detourist][node][0]: currDetourDist
/InodeDept[detourist][node][1]: preNode
/InodeDept[detourist][node][2]: preEdge
Object[][][] nodeDept;

/ldetourDept

//detourDept[detourist][0]: myNode(Node)
//detourDept[detourist][1]: myEdge(Edge)
//detourDept[detourist][2]: currNode(Node)
//detourDept[detourist][3]: routeSet(Graph)
//detourDept[detourist][4]: detourLength(Double)
//deoutrDept[detourist][5]: bridge(Graph)
Object[][] detourDept;

/IsdcDept

//sdcDept[ruinedEdge][0]: minSDC
Object[][] sdcDept;

Edge currRuinedEdge;

Graph currUpstream,currDownstream;

Vector currDownstreamNodeSet;

boolean currRuinedEdgeFinish,available;
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/lone manager controls one territory

public DetourManager(int id,Center center,Node supply){
this.id=id;
this.center=center;

this.supply=supply;

graph=center.getGraph();
edgeSet=graph.getEdgeSet();
nodeSet=graph.getNodeSet();

fastTree=center.getFastTree(supply);
fastTreeEdgeSet=fastTree.getEdgeSet();
fastTreeNodeSet=fastTree.getNodeSet();

1 detouristNum=fastTreeNodeSet.size();

nodeDept=new Object[fastTreeNodeSet.size()][nodeSet.size()][3];
detourDept=new Object[fastTreeNodeSet.size()][6];

if(fastTreeEdgeSet.size()!=0){
Edge tempFastTreeEdge=(Edge)fastTreeEdgeSet.elementAt(0);
int maxEdgelLabel=tempFastTreeEdge.getLabel();
for(int j=1;j<fastTreeEdgeSet.size();j++){
tempFastTreeEdge=(Edge)fastTreeEdgeSet.elementAt(j);
if(tempFastTreeEdge.getLabel()>maxEdgeLabel)
maxEdgelLabel=tempFastTreeEdge.getLabel();

}
sdcDept=new Object[maxEdgeLabel+1][1];

public void run(){

if(fastTreeEdgeSet==null){
center.updateDetourCondition();
destroy();

}

center.takeKey(this);

for(int i=0;i<fastTreeEdgeSet.size();i++){
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/linitialization
currRuinedEdgeFinish=false;

available=true;

for(int j=0;j<fastTreeNodeSet.size();j++){
Node tempNode;
for(int k=0;j<fastTreeNodeSet.size();j++)
tempNode=(Node)fastTreeNodeSet.elementAt(j);
nodeDept[jltempNode.getLabel()][0]=new Double(0.0);

for(int j=0;j<detouristNum;j++){
detourDept[j][0]=null;
detourDept[j][1]=null;
detourDept[j][2]=null;
detourDept[j][3]=null;
detourDept[j][4]=new Double(0.0);
detourDept[j][5]=null;

Edge tempFastTreeEdge;

for(int j=0;j<fastTreeEdgeSet.size();j++){
tempFastTreeEdge=(Edge)fastTreeEdgeSet.elementAt(j);
sdcDept[tempFastTreeEdge.getLabel()][0]=new Double(0.0);

currRuinedEdge=(Edge)fastTreeEdgeSet.elementAt(i);
currUpstream=GraphAlgorithm.getSubtreeWithSupply(fastTree,currRuinedEdge);
currDownstream=GraphAlgorithm.getSubtreeWithoutSupply(fastTree,currRuinedEdge);
currDownstreamNodeSet=currDownstream.getNodeSet();

detouristNum=currDownstreamNodeSet.size();

Node tempNode;

downstreamDemandNum=0;

for(int k=0;k<currDownstreamNodeSet.size();k++){
tempNode=(Node)currDownstreamNodeSet.elementAt(k);
if(tempNode.isDemand())

downstreamDemandNum++;

/lone detourist tests from one node when one currRuinedEdge is simulated
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Detourist tempDetourist;

detourists=new Vector();

for(int j=0;j<currDownstreamNodeSet.size();j++){
tempNode=(Node)currDownstreamNodeSet.elementAt(j);
tempDetourist=new Detourist(j,tempNode,this);
detourists.addElement(tempDetourist);

tempDetourist.start();

/l[dmr waiting the currRuinedEdge finish
while(!currRuinedEdgeFinish){
}

/lcurrRuinedEdge finish: all situations simulated

//set detour edges on the shortest detour route

Detourist bestDetourist=(Detourist)detourists.elementAt(0);

Detourist tempDetourist1;

double minSDC=bestDetourist.getSystematicDetourCost();

for(int j=1;j<detourists.size();j++){
tempDetourist1=(Detourist)detourists.elementAt(j);
if(tempDetourist1.getSystematicDetourCost()<minSDC){

minSDC=tempDetourist1.getSystematicDetourCost();

bestDetourist=tempDetourist1;

Vector bestDetourPathEdgeSet=bestDetourist.getDetourPath().getEdgeSet();

Edge tempEdge1;

for(int j=0;j<bestDetourPathEdgeSet.size();j++){
tempEdge1=(Edge)bestDetourPathEdgeSet.elementAt(j);
tempEdge1.setDetourEdge();

/I::maCenter[supply][1]: territory(Graph) 2ECON::

Graph territory=fastTree;

Edge tempRuinedEdge;

Graph tempDetourPath;

Vector tempDetourPathNodeSet,tempDetourPathEdgeSet;
Node tempDetourPathNode;

Edge tempDetourPathEdge;

for(int i=0;i<fastTreeEdgeSet.size();i++){
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tempRuinedEdge=(Edge)fastTreeEdgeSet.elementAt(i);
tempDetourPath=center.getDetourPath(tempRuinedEdge);
if(tempDetourPath!=null){
tempDetourPathNodeSet=tempDetourPath.getNodeSet();
tempDetourPathEdgeSet=tempDetourPath.getEdgeSet();
if(tempDetourPathNodeSet!=null){
for(int j=0;j<tempDetourPathNodeSet.size();j++)
tempDetourPathNode=(Node)tempDetourPathNodeSet.elementAt(j);
if(territory.hasNode(tempDetourPathNode))
territory.addNode(tempDetourPathNode);

}
if(tempDetourPathEdgeSet!=null){

for(int j=0;j<tempDetourPathEdgeSet.size();j++){
tempDetourPathEdge=(Edge)tempDetourPathEdgeSet.elementAt(j);
if(territory.hasEdge(tempDetourPathEdge))
territory.addEdge(tempDetourPathEdge);

}

telse{

/ltempDetourPath is null!

center.setTerritory(supply,territory);
/I::maCenter[supply][1]: territory(Graph) 2ECON::

center.updateDetourCondition();

center.putKey(this);

/ldetourDept method:
public synchronized void takeKey(Detourist detourist){
if(lcurrRuinedEdgeFinish){
while(lavailable){
try{
wait(1);
}catch(InterruptedException e){

/ltakeKey: cannot wait!

}

available=false;
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telse{

available=false;

public synchronized void putKey(Detourist detourist){
if(lisCurrRuinedEdgeFinish()){
while(available){
try{
wait(1);
}catch(InterruptedException e){

/IputKey: cannot wait!

}

available=true;
telse{

available=true;

public synchronized boolean isFinished(){

return currRuinedEdgeFinish;

void sendDetourist(Graph downstream){
Vector fastTreeNodeSet=downstream.getNodeSet();
Node tempNode;
for(int i=0;i<fastTreeNodeSet.size();i++){
tempNode=(Node)fastTreeNodeSet.elementAt(i);

new Detourist(i,tempNode,this).start();

public synchronized void setCurrRuinedEdgeFinish(boolean currRuinedEdgeFinish){

this.currRuinedEdgeFinish=currRuinedEdgeFinish;

public Edge getCurrRuinedEdge(}

return currRuinedEdge;

public Graph getCurrUpstream(){
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return currUpstream;

public Graph getCurrDownstream(){

return currDownstream;

public Graph getGraph(){

return center.getGraph();

public void setPreNode(Detourist detourist,Node node,Node preNode){

nodeDept[detourist.getID()][node.getLabel()][1]=preNode;

public Node getPreNode(Detourist detourist,Node node)}{
return (Node)nodeDept[detourist.getID()][node.getLabel()][1];

public void setPreEdge(Detourist detourist,Node node,Edge preEdge)}{
nodeDept[detourist.getlD()][node.getLabel()][2]=preEdge;

public Edge getPreEdge(Detourist detourist,Node node){
return (Edge)nodeDept[detourist.getID()][node.getLabel()][2];

public int getDownstreamDemandNum()}{

return downstreamDemandNum;

public Center getCenter(){

return center;

public Node getSupply()}{

return supply;

public int getID()}

return id;
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public synchronized void updateCurrRuinedEdgeFinish(){
detouristNum--;
if(detouristNum==0){
currRuinedEdgeFinish=true;
telse{

currRuinedEdgeFinish=false;

public synchronized boolean isCurrRuinedEdgeFinish()}

return currRuinedEdgeFinish;

public synchronized void updateDetourCenter(Detourist detourist){
Center center=detourist.getCenter();
DetourManager dmr=detourist.getDetourManager();

Edge ruinedEdge=detourist.getRuinedEdge();

//detourCenter[edge][0]: downstream(Graph)
//detourCenter[edge][1]: upstream(Graph)
//detourCenter[edge][2]: mergeNode(Node)
//detourCenter[edge][3]: accessNode(Node)
//detourCenter[edge][4]: detourPath(Graph)
//detourCenter[edge][5]: systematicDetourCost(Double)
//detourCenter[edge][6]: mergeCost(Vector)

/ImaCenter[supply][1]: territory(Graph) 2ECON

double detouristDetourLength=dmr.getSystematicDetourCost(detourist);
double centerDetourLengthRecord=center.getSystematicDetourCost(detourist.getRuinedEdge());

if(centerDetourLengthRecord==0.0 || detouristDetourLength<centerDetourLengthRecord){

center.setDownstream(ruinedEdge,detourist.getDownstream());
center.setUpstream(ruinedEdge,detourist.getUpstream());
center.setMergeNode(ruinedEdge,detourist.getMergeNode());
center.setAccessNode(ruinedEdge,detourist.getAccessNode());
center.setDetourPath(ruinedEdge,detourist.getDetourPath());
center.setSystematicDetourCost(ruinedEdge,detouristDetourLength);

center.setMergeCost(ruinedEdge,detourist.getMergeCost());

//detouristDetourLength is smaller than center record
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telse{

//detouristDetourLength is larger than center record

/ldetourDept method:
//detourDept[detourist][0]: myNode(Node)
public synchronized void setMyNode(Detourist detourist,Node myNode){

detourDept[detourist.getID()][0]=myNode;

public synchronized Node getMyNode(Detourist detourist){
Node myNode=(Node)detourDept[detourist.getID()][0];

return myNode;

//detourDept[detourist][1]: myEdge(Edge)
public synchronized void setMyEdge(Detourist detourist,Edge myEdge
detourDept[detourist.getID()][1]=myEdge;

public synchronized Edge getMyEdge(Detourist detourist){
Edge myEdge=(Edge)detourDept[detourist.getID()][1];

return myEdge;

//detourDept[detourist][2]: currNode(Node)
public synchronized void setCurrNode(Detourist detourist,Node currNode){

detourDept[detourist.getID()][2]=currNode;

public synchronized Node getCurrNode(Detourist detourist){
Node currNode=(Node)detourDept[detourist.getID()]1[2];

return currNode;

//detourDept[detourist][3]: routeSet(Graph)
public synchronized void setRouteSet(Detourist detourist,Graph routeSet){
detourDept[detourist.getID()][3]=routeSet;

public synchronized void setRouteSet(Detourist detourist,Vector routeNodeSet,Vector routeEdgeSet){
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detourDept[detourist.getID()][3]=new Graph(routeNodeSet,routeEdgeSet);

public synchronized Graph getRouteSet(Detourist detourist){
Graph routeSet=(Graph)detourDept[detourist.getID()][3];

return routeSet;

public synchronized Vector getRouteNodeSet(Detourist detourist){
Graph routeSet=(Graph)detourDept[detourist.getID()][3];
Vector routeNodeSet=routeSet.getNodeSet();

return routeNodeSet;

public synchronized Vector getRouteEdgeSet(Detourist detourist){
Graph routeSet=(Graph)detourDept[detourist.getID()][3];
Vector routeEdgeSet=routeSet.getEdgeSet();

return routeEdgeSet;

public synchronized void addEdge(Detourist detourist,Edge edge){
Graph routeSet=this.getRouteSet(detourist);
Vector routeNodeSet=routeSet.getNodeSet();
Vector routeEdgeSet=routeSet.getEdgeSet();
if(IrouteEdgeSet.contains(edge))
routeEdgeSet.addElement(edge);
this.setRouteSet(detourist,routeNodeSet,routeEdgeSet);

public synchronized void addNode(Detourist detourist,Node node){
Graph routeSet=this.getRouteSet(detourist);
Vector routeNodeSet=routeSet.getNodeSet();
Vector routeEdgeSet=routeSet.getEdgeSet();
if(IrouteNodeSet.contains(node))
routeNodeSet.addElement(node);

this.setRouteSet(detourist,routeNodeSet,routeEdgeSet);

public synchronized void removeEdge(Detourist detourist,Edge edge){
Graph routeSet=this.getRouteSet(detourist);
Vector routeNodeSet=routeSet.getNodeSet();
Vector routeEdgeSet=routeSet.getEdgeSet();
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if(routeEdgeSet.contains(edge)){
routeEdgeSet.removeElement(edge);

}
this.setRouteSet(detourist,routeNodeSet,routeEdgeSet);

public synchronized void removeSubtree(Detourist detourist,Graph subtree }{
Graph routeSet=(Graph)this.detourDept[detourist.getID()][3];
Vector tempNodeSet1=routeSet.getNodeSet();
Vector tempEdgeSet1=routeSet.getEdgeSet();
Vector tempNodeSet2=subtree.getNodeSet();
Vector tempEdgeSet2=subtree.getEdgeSet();

Node tempNode;
for(int i=0;i<tempNodeSet2.size();i++){
tempNode=(Node)tempNodeSet2.elementAt(i);

boolean nodeExist=tempNodeSet1.removeElement(tempNode);

Edge tempEdge;
for(int i=0;i<tempEdgeSet2.size();i++){
tempEdge=(Edge)tempEdgeSet2.elementAt(i);

boolean edgeExist=tempEdgeSet1.removeElement(tempEdge);

public synchronized void addSubtree(Detourist detourist,Graph subtree){

Graph visitedRouteSet=(Graph)this.detourDept[detourist.getID()][3];
Vector tempNodeSet1=visitedRouteSet.getNodeSet();

Vector tempEdgeSet1=visitedRouteSet.getEdgeSet();

Vector tempNodeSet2=subtree.getNodeSet();

Vector tempEdgeSet2=subtree.getEdgeSet();

Node tempNode;

for(int i=0;i<tempNodeSet2.size();i++){
tempNode=(Node)tempNodeSet2.elementAt(i);
if(tempNodeSet1.contains(tempNode) ¥
telse{

tempNodeSet1.addElement(tempNode);
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Edge tempEdge;

for(int i=0;i<tempEdgeSet2.size();i++){
tempEdge=(Edge)tempEdgeSet2.elementAt(i);
if(tempEdgeSet1.contains(tempEdge))
telse{

tempEdgeSet1.addElement(tempEdge);

//detourDept[detourist][4]: detourLength(Double)
public void setSystematicDetourCost(Detourist detourist, double sdc){

detourDept[detourist.getID()][4]=new Double(sdc);

public double getSystematicDetourCost(Detourist detourist){
Double sdc=(Double)detourDept[detourist.getID()][4];

return sdc.doubleValue();

public void setCurrDetourCost(Detourist detourist,Node node,double sdc){
nodeDept[detourist.getID()][node.getLabel()][0]=new Double(sdc);

public double getCurrDetourCost(Detourist detourist,Node node){
Double tempDouble=(Double)nodeDept[detourist.getID()][node.getLabel()][0];

return tempDouble.doubleValue();

/ldetourCenter:

public synchronized void updateMinSDC(double sdc){
double currSDC=center.getSystematicDetourCost(currRuinedEdge);
if(currSDC==0.0 || sdc<currSDC)

center.setSystematicDetourCost(currRuinedEdge,sdc);

public synchronized double getMinSDC(){

return center.getSystematicDetourCost(currRuinedEdge);

173



DetourManager.java

//deoutrDept[detourist][5]: bridge(Graph)
/IsdcDept
//sdcDept[ruinedEdge][0]: minSDC
public synchronized void updatMinSDC(Detourist detourist,double sdc){
Edge ruinedEdge=detourist.getRuinedEdge();
DetourManager dmr=detourist.getDetourManager();
double currSDC=dmr.getMinSDC(detourist);
if(sdc<currSDC)
sdcDept[ruinedEdge.getLabel()][0]=new Double(sdc);

public synchronized double getMinSDC(Detourist detourist){
Edge ruinedEdge=detourist.getRuinedEdge();
Double minSDC=(Double)sdcDept[ruinedEdge.getLabel()][0];

return minSDC.doubleValue();
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package emnet.thread;

import java.util.Vector;
import emnet.graph.Node;
import emnet.graph.Graph;
import emnet.graph.Edge;

public class Helper extends Thread{
int id;
MAManager maMr;

Node start,source;

Node currNode,preNode,myNode;

Edge preEdge,myEdge;

Graph maPath;

//maCost = mergeCost + demandNum * bridgeLength(maPath)

double maCost;

/ffor merge cost
/lwalkerCenter[node][]:
/InodeDept
/InodeDept[node][0]: currCost
/InodeDept[node][1]: preNode
/InodeDept[node][2]: preEdge
Object[][] nodeDept;

/lwalkerDept

/lwalkerDept[0]: myNode(Node)
/lwalkerDept[1]: myEdge(Edge)
/IwalkerDept[2]: currNode(Node)
/lwalkerDept[3]: routeSet(Graph)
Object[] walkerDept;

boolean helperFinish,longer,exclusivelsZero;

public Helper(int id,Node start, MAManager maMr){

this.id=id,;

this.start=start;
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this.maMr=maMr;

this.source=null;

/InodeDept
nodeDept=new ObjectimaMr.getGraph().getNodeSet().size()][3];

/lwalkerDept
walkerDept=new Object[4];

Node dummyNode=maMr.getCenter().getDummyNode();
dummyNode.setDummy();

int edgeNum=maMr.getGraph().getEdgeSet().size();

Edge dummyEdge=new Edge(edgeNum,start,dummyNode,0.0);
dummyEdge.setDummyEdge();

maMr.getGraph().addNode(dummyNode);
maMr.getGraph().addEdge(dummyEdge);

/Ihelper init, set to maMr

Vector routeNodeSet=new Vector();
routeNodeSet.addElement(dummyNode);
Vector routeEdgeSet=new Vector();

routeEdgeSet.addElement(dummyEdge);

maMr.setRouteSet(this,routeNodeSet,routeEdgeSet);
maMr.setMyNode(this,dummyNode);
maMr.setMyEdge(this,dummyEdge);
maMr.setCurrNode(this,start);

double mergeCost=getECONMergeCost(start);

maMr.setCurrMACost(this,maMr.getMyNode(this),mergeCost);
maMr.setPreNode(this,start,dummyNode);
maMr.setPreEdge(this,start,dummyEdge);

maCost=0.0;

helperFinish=false;

longer=false;

exclusivelsZero=false;

public int getID()}

return id;
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}

public Node getStart(){

return start;

public MAManager getMAManger(){

return maMr;

public double getMACost(}

return maCost;

public Graph getMAPath(){

return maPath;

public Node getSource(){

return source;

public void run(){
maMr.takeKey(this);

/l::map init::
Vector edgeSet=maMr.getCenter().getGraph().getEdgeSet();
Edge tempEdge;
for(int i=0;i<edgeSet.size();i++)
tempEdge=(Edge)edgeSet.elementAt(i);
if('tempEdge.isFastEdge() && !ltempEdge.isDetourEdge() && !tempEdge.isMAEdge())
tempEdge.setNeutralEdge();
}

/l::map init::

maHelping:

while(!helperFinish){
if(maMr.getCurrNode(this).isSupply() && maMr.getCurrNode(this)!l=maMr.getSupply()X

source=maMr.getCurrNode(this);
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double
currMACost=maMr.getCurrMACost(this,maMr.getMyNode(this))+maMr.getMyEdge(this).getWeight()*maMr.getDemanNum();
maMr.setCurrMACost(this,maMr.getCurrNode(this),currMACost);

maMr.addNode(this,maMr.getCurrNode(this));
maMr.addEdge(this,maMr.getMyEdge(this));

maMr.setPreNode(this,maMr.getCurrNode(this),maMr.getMyNode(this));
maMr.setPreEdge(this,maMr.getCurrNode(this),maMr.getMyEdge(this));

maMr.updateMinMACost(maMr.getCurrMACost(this,maMr.getCurrNode(this)));
maMr.getMyEdge(this).setMATestEdge(true);

break maHelping;

lelse if(maMr.getMinMACost()!'=0.0 &&

maMr.getMinMACost()<maMr.getCurrMACost(this,maMr.getMyNode(this))){

//lsome detourist has already found a shorter detour path
longer=true;
break maHelping;

telse{
maMr.addNode(this,maMr.getCurrNode(this));
maMr.addEdge(this,maMr.getMyEdge(this));

maMr.setPreNode(this,maMr.getCurrNode(this),maMr.getMyNode(this));
maMr.setPreEdge(this,maMr.getCurrNode(this),maMr.getMyEdge(this));

double
currMACost=maMr.getCurrMACost(this,maMr.getMyNode(this))+maMr.getMyEdge(this).getWeight()*maMr.getDemanNum();
maMr.setCurrMACost(this,maMr.getCurrNode(this),currMACost);

maMr.getMyEdge(this).setMATestEdge(true);
maMr.setMyNode(this,maMr.getCurrNode(this));

/ffind currEdge & currNode, assign new myNode
dijkstra();

try{
sleep(1);
}catch(InterruptedException ex){

System.out.printin("maMr "+maMr.getID()+", helper "+getID()+" cannot sleep: "+ex);
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}

/Ihelper finished!
/ImaPath setting:
if(llonger && lexclusivelsZero){
Vector maPathNodeSet=new Vector();

Vector maPathEdgeSet=new Vector();

Node tempCurrNode=maMr.getCurrNode(this);
Edge tempPreEdge;

maPathSetting:
do{
if(lmaPathNodeSet.contains(tempCurrNode))
maPathNodeSet.addElement(tempCurrNode);

tempPreEdge=maMr.getPreEdge(this,tempCurrNode);

/ltempPreEdge!=null
if('tempPreEdge.isDummyEdge() X
if(lmaPathEdgeSet.contains(tempPreEdge))
maPathEdgeSet.addElement(tempPreEdge);

tempCurrNode=maMr.getPreNode(this,tempCurrNode);
telse{

break maPathSetting;

twhile(tempCurrNode!=start);

if(lmaPathNodeSet.contains(start))
maPathNodeSet.addElement(start);

maPath=new Graph(maPathNodeSet,maPathEdgeSet);

/lupdate mutual assistant path to center
/ImaCost setting:
maCost=maMr.getCurrMACost(this,maMr.getCurrNode(this));
}
maMr.updateMAFinish();
maMr.putKey(this);
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}

void dijkstra(){
/ffind out the best incident edge
//define new myEdge & currNode
Graph tempRouteSet=(Graph)maMr.getRouteSet(this);
Vector tempRouteNodeSet=(Vector)tempRouteSet.getNodeSet();

Vector incidentEdgeSet=getincidentEdgeSet(maMr.getUsableGraph(),tempRouteNodeSet);

Vector exclusivelncidentEdgeSet=new Vector();
for(int i=0;i<incidentEdgeSet.size();i++){
if(lmaMr.getRouteEdgeSet(this).contains(incidentEdgeSet.elementAt(i)) X

exclusivelncidentEdgeSet.addElement(incidentEdgeSet.elementAt(i));

Edge tempEdge;
Node n1,n2;

if(exclusivelncidentEdgeSet.size()>1){
tempEdge=(Edge)exclusivelncidentEdgeSet.elementAt(0);
maMr.setMyEdge(this,tempEdge);
n1=tempEdge.getN1();
n2=tempEdge.getN2();
if(tempRouteNodeSet.contains(n1) && !tempRouteNodeSet.contains(n2)){
maMr.setMyNode(this,n1);
maMr.setCurrNode(this,n2);
}lelse if(tempRouteNodeSet.contains(n2) && !tempRouteNodeSet.contains(n1)){
maMr.setMyNode(this,n2);
maMr.setCurrNode(this,n1);
telse{
/[dijkstra error 1: not incident edge! check GraphAlgorithm.getincidentEdgeSet()
}
double
min=maMr.getCurrMACost(this,maMr.getMyNode(this))+maMr.getMyEdge(this).getWeight()*maMr.getDemanNum();
for(int i=1;i<exclusivelncidentEdgeSet.size();i++ )
tempEdge=(Edge)exclusivelncidentEdgeSet.elementAt(i);
n1=tempEdge.getN1();
n2=tempEdge.getN2();
if(tempRouteNodeSet.contains(n1) && !tempRouteNodeSet.contains(n2)){
if(maMr.getCurrMACost(this,n1)+tempEdge.getWeight()*maMr.getDemanNum()<min{
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min=maMr.getCurrMACost(this,n1)+tempEdge.getWeight()*maMr.getDemanNum();

maMr.setMyEdge(this,tempEdge);
maMr.setMyNode(this,n1);
maMr.setCurrNode(this,n2);
}
lelse if(tempRouteNodeSet.contains(n2) && !tempRouteNodeSet.contains(n1)){
if(maMr.getCurrMACost(this,n2)+tempEdge.getWeight()*maMr.getDemanNum()<min{
min=maMr.getCurrMACost(this,n2)+tempEdge.getWeight()*maMr.getDemanNum();
maMr.setMyEdge(this,tempEdge);
maMr.setMyNode(this,n2);
maMr.setCurrNode(this,n1);
}
else{

/[dijkstra error 2: incident edge error!"

}

lelse if(exclusivelncidentEdgeSet.size()==1){
tempEdge=(Edge)exclusivelncidentEdgeSet.elementAt(0);
maMr.setMyEdge(this,tempEdge);
n1=tempEdge.getN1();
n2=tempEdge.getN2();
if(tempRouteNodeSet.contains(n1) && !tempRouteNodeSet.contains(n2)){
maMr.setMyNode(this,n1);
maMr.setCurrNode(this,n2);
lelse if(tempRouteNodeSet.contains(n2) && !tempRouteNodeSet.contains(n1)){
maMr.setMyNode(this,n2);
maMr.setCurrNode(this,n1);
telse{
/[dijkstra error 3: not incident edge! check GraphAlgorithm.getincidentEdgeSet()
}
else{
exclusivelsZero=true;
helperFinish=true;

/Irenders all nodes visited

double getECONMergeCost(Node node){
Walker walker=new Walker(this,node);

walker.start();
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while(!walker.isFinish(){

/Iwait for walker to calculate merge cost

}

return walker.getTerritoryMergeCost();

Vector getincidentEdgeSet(Graph usableGraph,Vector routeNodeSet){
Edge myEdge=maMr.getMyEdge(this);

Vector incidentEdges=new Vector();
Edge tempEdge;
Node n1,n2;

for(int i=0;i<routeNodeSet.size();i++){
Vector tempEdgeSet=usableGraph.incidentEdgeSet((Node)routeNodeSet.elementAt(i));
for(int j=0;j<tempEdgeSet.size();j++){
tempEdge=(Edge)tempEdgeSet.elementAt(j);
if(lincidentEdges.contains(tempEdge))
incidentEdges.addElement(tempEdge);

n1=tempEdge.getN1();

n2=tempEdge.getN2();

if(routeNodeSet.contains(n1) && routeNodeSet.contains(n2))
incidentEdges.removeElement(tempEdge);

if(n1==maMr.getCenter().getDummyNode() || n2==maMr.getCenter().getDummyNode())

incidentEdges.removeElement(tempEdge);

}
if(incidentEdges.contains(myEdge))

incidentEdges.removeElement(myEdge);
return incidentEdges;
/lwalker methods:
/InodeDept[node][0]: currCost

public void setCurrCost(Node node,double cost){

nodeDept[node.getLabel()][0]=new Double(cost);

public double getCurrCost(Node node){
Double tempDouble=(Double)nodeDept[node.getLabel()][0];
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return tempDouble.doubleValue();

/InodeDept[node][1]: preNode
public void setPreNode(Node node,Node preNode){
nodeDept[node.getLabel()][1]=preNode;

public Node getPreNode(Node node){
return (Node)nodeDept[node.getLabel()][1];

/InodeDept[node][2]: preEdge
public void setPreEdge(Node node,Edge preEdge){
nodeDept[node.getLabel()][2]=preEdge;

public Edge getPreEdge(Node node){
return (Edge)nodeDept[node.getLabel()][2];

/lwalkerDept[0]: myNode(Node)
public void setMyNode(Node node){
walkerDept[0]=node;

public Node getMyNode(){
return (Node)walkerDept[0];

/lwalkerDept[1]: myEdge(Edge)
public void setMyEdge(Edge edge )
walkerDept[1]=edge;

public Edge getMyEdge(){
return (Edge)walkerDept[1];

/IwalkerDept[2]: currNode(Node)
public void setCurrNode(Node node){
walkerDept[2]=node;
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}

public Node getCurrNode()}{
return (Node)walkerDept[2];

/lwalkerDept[3]: routeSet(Graph)
public void setRouteSet(Vector nodeSet,Vector edgeSet){
walkerDept[3]=new Graph(nodeSet,edgeSet);

public Graph getRouteSet(){
return (Graph)walkerDept[3];

public void addNode(Node node){
Graph routeSet=(Graph)walkerDept[3];
Vector nodeSet=routeSet.getNodeSet();
if(lnodeSet.contains(node))

nodeSet.addElement(node);

public void addEdge(Edge edge){
Graph routeSet=(Graph)walkerDept[3];
Vector edgeSet=routeSet.getEdgeSet();
if(ledgeSet.contains(edge))
edgeSet.addElement(edge);
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package emnet.thread;

import java.util.Vector;

import emnet.graph.Node;

import emnet.graph.Graph;

import emnet.graph.Edge;

import emnet.algorithm.GraphAlgorithm;

public class MAManager extends Thread{

intid;

Center center;

Node supply;
Graph territory,usableGraph;
Vector icp,helpers,usableGraphNodeSet,usableGraphEdgeSet,interfaceNodes;

int demandNum,helperNum;

/InodeDept

/InodeDept[helper][node][0]: currMACost
/InodeDept[helper][node][1]: preNode
/InodeDept[helper][node][2]: preEdge
Object([][][] nodeDept;

/ImaDept

/ImaDept[helper][0]: myNode(Node)
/ImaDept[helper][1]: myEdge(Edge)
/ImaDept[helper][2]: currNode(Node)
//maDept[helper][3]: routeSet(Graph)
Object[][] maDept;

/ImaCost
double minMACost;

boolean available,maFinish;
public MAManager(int id,Center center,Node supply){
this.id=id;

this.center=center;

this.supply=supply;
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territory=center.getTerritory(supply);

if(territory.getDemandNodeSet().size()!=0){

demandNum-=territory.getDemandNodeSet().size();
Vector territoryNodeSet=territory.getNodeSet();

/licp init, usableGraph init
Graph graph=center.getGraph();
Vector graphEdgeSet=graph.getEdgeSet();

usableGraphNodeSet=new Vector();
usableGraphEdgeSet=new Vector();

icp=new Vector();

Edge tempEdge;

Node n1,n2;

for(int i=0;i<graphEdgeSet.size();i++)
tempEdge=(Edge)graphEdgeSet.elementAt(i);
n1=tempEdge.getN1();
n2=tempEdge.getN2();

if(territoryNodeSet.contains(n1) && !territoryNodeSet.contains(n2)X
if(lusableGraphEdgeSet.contains(tempEdge))
usableGraphEdgeSet.addElement(tempEdge);
if(lusableGraphNodeSet.contains(n1))
usableGraphNodeSet.addElement(n1);
if(lusableGraphNodeSet.contains(n2))
usableGraphNodeSet.addElement(n2);

if(territoryNodeSet.contains(n1) && !territoryNodeSet.contains(n2)¥
if(lusableGraphEdgeSet.contains(tempEdge))
usableGraphEdgeSet.addElement(tempEdge);
if(lusableGraphNodeSet.contains(n1))
usableGraphNodeSet.addElement(n1);
if(lusableGraphNodeSet.contains(n2))
usableGraphNodeSet.addElement(n2);
if('tempEdge.isDummyEdge()){
if(licp.contains(n1))

icp.addElement(n1);
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}

if(territoryNodeSet.contains(n1) && territoryNodeSet.contains(n2)¥
if(lusableGraphEdgeSet.contains(tempEdge))
usableGraphEdgeSet.addElement(tempEdge);
if(lusableGraphNodeSet.contains(n1))
usableGraphNodeSet.addElement(n1);
if(lusableGraphNodeSet.contains(n2))
usableGraphNodeSet.addElement(n2);
if('tempEdge.isDummyEdge()){
if(licp.contains(n2))

icp.addElement(n2);

/Iwhile territory is not convex
if(territory.hasEdge(tempEdge) && !usableGraphEdgeSet.contains(tempEdge))
usableGraphEdgeSet.addElement(tempEdge);
if(lusableGraphNodeSet.contains(n1))
usableGraphNodeSet.addElement(n1);
if(lusableGraphNodeSet.contains(n2))
usableGraphNodeSet.addElement(n2);
if('tempEdge.isDummyEdge()){
if(licp.contains(n1))
icp.addElement(n1);
if(licp.contains(n2))

icp.addElement(n2);

}
usableGraph=new Graph(usableGraphNodeSet,usableGraphEdgeSet);
interfaceNodes=GraphAlgorithm.getinterfaceNodes(territory,graph);
helperNum=icp.size();
nodeDept=new Obiject[icp.size()][graph.getNodeSet().size()][3];
for(int i=0;i<icp.size();i++){

for(int j=0;j<graph.getNodeSet().size();j++){

nodeDept[i][jl[0]=new Double(0.0);

}

maDept=new Object[icp.size()][4];
minMACost=0.0;
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available=true;
maFinish=false;
telse{

maFinish=true;

public void run(){
center.takeKey(this);

/Imap init
Vector edgeSet=center.getGraph().getEdgeSet();
Edge tempEdge;
for(int i=0;i<edgeSet.size();i++ )
tempEdge=(Edge)edgeSet.elementAt(i);
if('tempEdge.isFastEdge() && !ltempEdge.isDetourEdge() && !tempEdge.isMAEdge())
tempEdge.setNeutralEdge();

if(territory.getDemandNodeSet().size()!=0){

helpers=new Vector();

Node tempNode;

Helper tempHelper;

for(int i=0;i<icp.size();i++){
tempNode=(Node)icp.elementAt(i);
tempHelper=new Helper(i,tempNode,this);
helpers.addElement(tempHelper);
tempHelper.start();

while(!maFinish){

/lwatching

/ffinding supply source finished: all situations simulated
//set ma edges on the shortest ma route
/ffind a subject helper
Helper bestHelper=(Helper)helpers.elementAt(0);
for(int j=1;j<helpers.size();j++){
if(bestHelper.getMACost()==0.0)
bestHelper=(Helper)helpers.elementAt(j);
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}

/ffind a competitor helper
Helper tempHelper1;
double minMACost=bestHelper.getMACost();
for(int j=1;j<helpers.size();j++){
tempHelper1=(Helper)helpers.elementAt(j);
if(tempHelper1.getMACost()!=0.0 && tempHelper1.getMACost()<minMACost){
minMACost=tempHelper1.getMACost();
bestHelper=tempHelper1;

updateMACenter(bestHelper);

Vector bestMAPathEdgeSet=bestHelper.getMAPath().getEdgeSet();
if(bestMAPathEdgeSet.size()>0){
Edge tempEdge1;
Node n1,n2;
Node source=bestHelper.getSource();
Graph source Territory=center.getTerritory(source);
for(int j=0;j<bestMAPathEdgeSet.size();j++){
tempEdge1=(Edge)bestMAPathEdgeSet.elementAt(j);
tempEdge1.setMAEdge();

n1=tempEdge1.getN1();

n2=tempEdge1.getN2();

if(territory.hasNode(n1) && !territory.hasNode(n2))
n1.setMerge();

if(territory.hasNode(n2) && !territory.hasNode(n1))
n2.setMerge();

if(sourceTerritory.hasNode(n1) && !source Territory.hasNode(n2))
n1.setAccess();

if(sourceTerritory.hasNode(n2) && !sourceTerritory.hasNode(n1))

n2.setAccess();

if(j==(bestMAPathEdgeSet.size()-1)){
if(territory.hasNode(n1) && sourceTerritory.hasNode(n1)){
n1.setAccess();

n1.setMerge();

}
if(territory.hasNode(n2) && sourceTerritory.hasNode(n2)){
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n2.setAccess();

n2.setMerge();

}

telse{
bestHelper.getSource().setSource();
}
telse{
//demandNum=0

/ImutualAssistantCenter

/ImaCenter[supply][2]: source(Node)
/ImaCenter[supply][3]: icpSet(Vector)
/ImaCenter[supply][4]: maPath(Graph)
/ImaCenter[supply][7]: maCost > source to supply
center.setSource(supply,supply);
center.setlCPSet(supply,territory.getNodeSet());
center.setMAPath(supply,territory);
center.setMACost(supply,0.0);

//ma manager finish its job!
center.updateMACondition();
center.putKey(this);

public int getID()}

return id;

public Center getCenter(){

return center;

public Node getSupply()}{

return supply;

public Graph getGraph(){

return center.getGraph();
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public Graph getUsableGraph(){

return usableGraph;

public Graph getTerritory(){

return territory;

public int getDemanNum(){

return demandNum;

public int getICP(){

return interfaceNodes.size();

public synchronized void updateMinMACost(double currMACost){
if(minMACost==0.0 || currMACost<minMACost)
minMACost=currMACost;

public double getMinMACost(){

return minMACost;

public void updateMAFinish(){
helperNum--;
if(helperNum==0){

maFinish=true;

public synchronized void takeKey(Helper helper){
if(lmaFinish){
while(lavailable){
try{
wait(1);
}catch(InterruptedException e){

/ltakeKey: cannot wait!
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available=false;
telse{
available=false;

/Ihelper took the key, but center is finished!

public synchronized void putKey(Helper helper){
if(lmaFinish){
while(available){
try{
/Ihelper is waiting to put...
wait(1);
}catch(InterruptedException e){

/IputKey: cannot wait!

}
/Ihelper put the key!

available=true;
telse{
/Ihelper put the key, maFinish=true!

available=true;

/InodeDept

/InodeDept[helper][node][0]: currMACost

public void setCurrMACost(Helper helper,Node node,double maCost){
nodeDept[helper.getID()][node.getLabel()][0]=new Double(maCost);

public double getCurrMACost(Helper helper,Node node){
Double maCost=(Double)nodeDept[helper.getID()][node.getLabel()][0];

return maCost.doubleValue();

/InodeDept[helper][node][1]: preNode
public void setPreNode(Helper helper,Node node,Node preNode){
nodeDept[helper.getID()][node.getLabel()][1]=preNode;

public Node getPreNode(Helper helper,Node node){
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return (Node)nodeDept[helper.getlD()][node.getLabel()][1];

/InodeDept[helper][node][2]: preEdge
public void setPreEdge(Helper helper,Node node,Edge preEdge){
nodeDept[helper.getID()][node.getLabel()][2]=preEdge;

public Edge getPreEdge(Helper helper,Node node){
return (Edge)nodeDept[helper.getiD()][node.getLabel()][2];

/ImaDept

/ImaDept[helper][0]: myNode(Node)

public void setMyNode(Helper helper,Node myNode){
maDept[helper.getlD()][0]=myNode;

public Node getMyNode(Helper helper){
return (Node)maDept[helper.getID()][0];

/ImaDept[helper][1]: myEdge(Edge)
public void setMyEdge(Helper helper,Edge myEdge){
maDept[helper.getID()][1]=myEdge;

public Edge getMyEdge(Helper helper){
return (Edge)maDept[helper.getID()][1];

/ImaDept[helper][2]: currNode(Node)
public void setCurrNode(Helper helper,Node currNode){
maDept[helper.getID()][2]=currNode;

public Node getCurrNode(Helper helper){
return (Node)maDept[helper.getID()][2];

//maDept[helper][3]: routeSet(Graph)
public void setRouteSet(Helper helper,Vector routeNodeSet,Vector routeEdgeSet){
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maDept[helper.getID()][3]=new Graph(routeNodeSet,routeEdgeSet);

public Graph getRouteSet(Helper helper){
return (Graph)maDept[helper.getID()][3];

public Vector getRouteEdgeSet(Helper helper){
Graph routeSet=getRouteSet(helper);
return routeSet.getEdgeSet();

public synchronized void addEdge(Helper helper,Edge edge){
Graph routeSet=this.getRouteSet(helper);
Vector routeNodeSet=routeSet.getNodeSet();
Vector routeEdgeSet=routeSet.getEdgeSet();
if(IrouteEdgeSet.contains(edge))
routeEdgeSet.addElement(edge);
this.setRouteSet(helper,routeNodeSet,routeEdgeSet);

public synchronized void addNode(Helper helper,Node node){
Graph routeSet=this.getRouteSet(helper);
Vector routeNodeSet=routeSet.getNodeSet();
Vector routeEdgeSet=routeSet.getEdgeSet();
if(IrouteNodeSet.contains(node))
routeNodeSet.addElement(node);

this.setRouteSet(helper,routeNodeSet,routeEdgeSet);

public synchronized void updateMACenter(Helper helper){
//mutualAssistantCenter
/ImaCenter[supply][2]: source(Node)
/ImaCenter[supply][3]: icpSet(Vector)
/ImaCenter[supply][4]: maPath(Graph)

/ImaCenter[supply][7]: maCost > source to supply
MAManager maMr=helper.getMAManger();
Center center=maMr.getCenter();

Node supply=maMr.getSupply();

center.setSource(supply,helper.getSource());
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center.setlCPSet(supply,interfaceNodes);
center.setMAPath(supply,helper.getMAPath());
center.setMACost(supply,helper.getMACost());
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package emnet.thread;

import emnet.graph.Node;

import emnet.graph.Edge;

import java.util.Vector;

import emnet.algorithm.GraphAlgorithm;
import emnet.graph.Graph;

public class Roamer extends Thread{
Node supply;
intid;
Center center;

boolean roamerFinish;

Node currNode,preNode,myNode;
Edge preEdge,myEdge;
Graph graph,routeSet;

Vector routeNodeSet,routeEdgeSet;

public Roamer(int id,Node supply,Center center){
super(""'+id);
this.id=id;
this.supply=supply;
this.center=center;
roamerFinish=false;
graph=center.getGraph();
int nodeNum=graph.getNodeSet().size();
int edgeNum=graph.getEdgeSet().size();

/l[roamerCenter init
/froamerCenter[roamer][0]: myNode(Node)
/[roamerCenter[roamer][1]: myEdge(Edge)
/IroamerCenter[roamer][2]: currNode(Node)

/froamerCenter[roamer][3]: routeSet(Graph)

Node dummyNode=this.center.getDummyNode();
dummyNode.setDummy();

Edge dummyEdge=new Edge(edgeNum,supply,dummyNode,0.0);

dummyEdge.setDummyEdge();

this.graph.addNode(dummyNode);
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this.graph.addEdge(dummyEdge);

Vector routeNodeSet=new Vector();
routeNodeSet.addElement(dummyNode);
Vector routeEdgeSet=new Vector();
routeEdgeSet.addElement(dummyEdge);

this.center.setRouteSet(this,routeNodeSet,routeEdgeSet);

this.center.setMyNode(this,dummyNode);
this.center.setMyEdge(this,dummyEdge);
this.center.setCurrNode(this,supply);

/InodeCenter init

/InodeCenter[node][0]: occupy(Boolean)
/InodeCenter[node][1]: distance(Double)
/InodeCenter[node][2]: preNode(Node)
/InodeCenter[node][3]: preEdge(Edge)

/InodeCenter[node][4]: visitorSequence(Vector)

this.center.setDistance(supply,0.0);
this.center.setPreNode(supply,dummyNode);
this.center.setPreEdge(supply,dummyEdge);
this.center.addViditor(supply,this);

public int getID()}

return this.id;

public Node getSupply()}{

return this.supply;

public Center getCenter(){
return this.center;

public void run(){
roaming:

while(!center.isFinished() && !roamerFinish){

/ltake the key to have the right to run
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center.takeKey(this);

if(center.isFinished()){
center.putKey(this);

break roaming;

/ltest currNode is visited or not
if(lcenter.getCurrNode(this).isVisited()
/lcurrNode is not visited
center.getCurrNode(this).visit();
updateVisitorSequence(0,this,center.getCurrNode(this));

/lupdate myEdge, myNode, currNode, preNode
/lupdate currNode distance by myNode & myEdge
/lupdate routeSet (myNode, myEdge)

//set fast edge
center.addNode(this,center.getCurrNode(this));
center.addEdge(this,center.getMyEdge(this));

center.setPreNode(center.getCurrNode(this),center.getMyNode(this));
center.setPreEdge(center.getCurrNode(this),center.getMyEdge(this));

double distance=center.getDistance(center.getMyNode(this))+center.getMyEdge(this).getWeight();
center.setDistance(center.getCurrNode(this),distance);

center.getMyEdge(this).setTestEdge();

center.setMyNode(this,center.getCurrNode(this));

dijkstra();
telse{
/lcurrNode is visited
/[Comparison: change to new location to find myEdge to find currNode, and update to myNode
Vector visitorSequence=center.getVisitorSequence(center.getCurrNode(this));
if(lvisitorSequence.contains(this)){
/lcomparison
double currDistance=center.getDistance(center.getCurrNode(this));
double myDistance=center.getDistance(center.getMyNode(this));
if(myDistance+center.getMyEdge(this).getWeight()<currDistance){
/[closer! subtree finding!
/1. find out who the last roamer is

Roamer lastRoamer=center.lastVisitor(center.getCurrNode(this));

/12. update visitor sequence [finish condition]
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updateVisitorSequence(1,this,center.getCurrNode(this));

/13. find out where the last roamer is now

Node lastRoamerLocation=center.getCurrNode(lastRoamer);

/4. remove last roamer's subtree

Graph lastRoamerRouteSet=center.getRouteSet(lastRoamer);

Graph
subtree=GraphAlgorithm.getSubtreeWithCertainNode(lastRoamerRouteSet,center.getCurrNode(this),center.getPreEd
ge(center.getCurrNode(this)));

center.removeSubtree(lastRoamer,subtree);
center.removeEdge(lastRoamer,center.getPreEdge(center.getCurrNode(this)));

center.getPreEdge(center.getCurrNode(this)).setNeutralEdge();

//5. add myEdge and the subtree to current roamer's RouteSet
center.setPreEdge(center.getCurrNode(this),center.getMyEdge(this));
center.setPreNode(center.getCurrNode(this),center.getMyNode(this));
center.addSubtree(this,subtree);
center.addEdge(this,center.getMyEdge(this));
center.getMyEdge(this).setTestEdge();

/6. relocate last roamer's place to preNode to prevent missing, relocate current roamer
using dijkstra

center.setCurrNode(lastRoamer,center.getPreNode(center.getCurrNode(this)));

/I7. update the distance in the subtree

Vector subtreeNodeSet=subtree.getNodeSet();
Node tempNode;

double saving;

for(int i=0;i<subtreeNodeSet.size();i++){

tempNode=(Node)subtreeNodeSet.elementAt(i);

saving=center.getDistance(center.getCurrNode(this))-(center.getDistance(center.getMyNode(this))+center.getMyEdg
e(this).getWeight());

center.setDistance(tempNode,center.getDistance(tempNode)-saving);

dijkstra();
telse{
/Inot closer, remove myEdge from routeEdgeSet, find new myEdge

/lupdate visitor sequence: downstream subree
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updateVisitorSequence(1,this,center.getCurrNode(this));
center.removeEdge(this,center.getMyEdge(this));

dijkstra();
}
telse{
/I visited this node before
dijkstra();

}
center.putKey(this);

try{
sleep(1);
}catch(InterruptedException ex){

/Iroamer cannot sleep

}

/lroamer finished his job!

void dijkstra(){
/ffind out the best incident edge
//define new myEdge & currNode
Graph tempRouteSet=(Graph)center.getRouteSet(this);
Vector tempRouteNodeSet=(Vector)tempRouteSet.getNodeSet();

Vector incidentEdgeSet=GraphAlgorithm.getincidentEdgeSet(this,tempRouteNodeSet);

Vector exclusivelncidentEdgeSet=new Vector();

for(int i=0;i<incidentEdgeSet.size();i++){
if(lcenter.getRouteEdgeSet(this).contains(incidentEdgeSet.elementAt(i)) X

exclusivelncidentEdgeSet.addElement(incidentEdgeSet.elementAt(i));

Edge tempEdge;

Node n1,n2;

if(exclusivelncidentEdgeSet.size()>1){
tempEdge=(Edge)exclusivelncidentEdgeSet.elementAt(0);
center.setMyEdge(this,tempEdge);
n1=tempEdge.getN1();
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n2=tempEdge.getN2();

if(tempRouteNodeSet.contains(n1) && !tempRouteNodeSet.contains(n2)){
center.setMyNode(this,n1);
center.setCurrNode(this,n2);

lelse if(tempRouteNodeSet.contains(n2) && !tempRouteNodeSet.contains(n1)){
center.setMyNode(this,n2);
center.setCurrNode(this,n1);

telse{

/[dijkstra error 1: not incident edge! check GraphAlgorithm.getincidentEdgeSet()

double min=center.getDistance(center.getMyNode(this))+center.getMyEdge(this).getWeight();
for(int i=1;i<exclusivelncidentEdgeSet.size();i++ )
tempEdge=(Edge)exclusivelncidentEdgeSet.elementAt(i);
n1=tempEdge.getN1();
n2=tempEdge.getN2();
if(tempRouteNodeSet.contains(n1) && !tempRouteNodeSet.contains(n2)){
if(center.getDistance(n1)+tempEdge.getWeight()<min){
min=center.getDistance(n1)+tempEdge.getWeight();
center.setMyEdge(this,tempEdge);
center.setMyNode(this,n1);
center.setCurrNode(this,n2);
}
lelse if(tempRouteNodeSet.contains(n2) && ltempRouteNodeSet.contains(n1)){
if(center.getDistance(n2)+tempEdge.getWeight()<min){
min=center.getDistance(n2)+tempEdge.getWeight();
center.setMyEdge(this,tempEdge);
center.setMyNode(this,n2);
center.setCurrNode(this,n1);
}
else{

//dijkstra error 2: incident edge error!

}

lelse if(exclusivelncidentEdgeSet.size()==1)
tempEdge=(Edge)exclusivelncidentEdgeSet.elementAt(0);
center.setMyEdge(this,tempEdge);
n1=tempEdge.getN1();
n2=tempEdge.getN2();
if(tempRouteNodeSet.contains(n1) && !tempRouteNodeSet.contains(n2)){
center.setMyNode(this,n1);

center.setCurrNode(this,n2);
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lelse if(tempRouteNodeSet.contains(n2) && !tempRouteNodeSet.contains(n1)){
center.setMyNode(this,n2);
center.setCurrNode(this,n1);
telse{
/[dijkstra error 3: not incident edge! check GraphAlgorithm.getincidentEdgeSet()
}
else{
roamerFinish=true;
/Irenders all nodes visited
Vector nodeSet=graph.getNodeSet();
Node tempNode;
for(int i=0;i<nodeSet.size();i++ )
tempNode=(Node)nodeSet.elementAt(i);
center.addViditor(tempNode, this);

void updateVisitorSequence(int sort,Roamer roamer,Node currNode }{
/Iroamer to be updated....
//selection choice:
/lcase 0: currNode is never visited

/Icase 1: currNode is visited

Vector myVisitorSequence=center.getVisitorSequence(center.getMyNode(this));
Graph routeSet,subtree;

Edge preEdge;

Vector subtreeNodeSet,tempSubtreeNodeVisitorSequence;

Node tempSubtreeNode,tempPreNode;

Roamer lastRoamer,tempRoamer;

switch(sort){
case 0:
/lcase 0: currNode is never visited
center.addViditor(currNode,roamer);

break;

case 1:
/lcase 1: currNode is visited
//add visiotrs to downstream: subtree
/Isubtree of currNode

lastRoamer=center.lastVisitor(currNode);
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routeSet=center.getRouteSet(lastRoamer);
preEdge=center.getPreEdge(currNode);
tempPreNode=center.getPreNode(currNode);
subtree=GraphAlgorithm.getSubtreeWithCertainNode(routeSet,currNode,preEdge);
subtreeNodeSet=subtree.getNodeSet();

for(int i=0;i<myVisitorSequence.size();i++){
tempRoamer=(Roamer)myVisitorSequence.elementAt(i);
for(int j=0;j<subtreeNodeSet.size();j++){
tempSubtreeNode=(Node)subtreeNodeSet.elementAt(j);
tempSubtreeNodeVisitorSequence=center.getVisitorSequence(tempSubtreeNode);
if('tempSubtreeNodeVisitorSequence.contains(tempRoamer))

center.addViditor(tempSubtreeNode,tempRoamer);

}

break;

}

/lupdate visitorSequence finish!
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package emnet.thread;

import emnet.graph.Graph;
import emnet.graph.Node;
import emnet.graph.Edge;

import java.util.Vector;

public class Walker extends Thread{

double territoryMergeCost;

Helper helper;
MAManager maMr;
Graph territory;

int demandNum;
boolean finish;

public Walker(Helper helper,Node start){
territoryMergeCost=0.0;

this.helper=helper;
maMr=helper.getMAManger();
territory=maMr.getTerritory();

demandNum-=territory.getDemandNodeNum();

int edgeNum=maMr.getCenter().getGraph().getEdgeSet().size();
Node dummyNode=maMr.getCenter().getDummyNode();
dummyNode.setDummy();

Edge dummyEdge=new Edge(edgeNum,start,dummyNode,0.0);
dummyEdge.setDummyEdge();

maMr.getGraph().addNode(dummyNode);
maMr.getGraph().addEdge(dummyEdge);

/Ihelper init, set to maMr

Vector routeNodeSet=new Vector();
routeNodeSet.addElement(dummyNode);
Vector routeEdgeSet=new Vector();

routeEdgeSet.addElement(dummyEdge);

helper.setRouteSet(routeNodeSet,routeEdgeSet);
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helper.setMyNode(dummyNode);
helper.setMyEdge(dummyEdge);
helper.setCurrNode(start);

helper.setCurrCost(helper.getMyNode(),0.0);

helper.setPreNode(start,dummyNode);
helper.setPreEdge(start,dummyEdge);

finish=false;
public double getTerritoryMergeCost(){
return territoryMergeCost;
public void run(){
walking:
while(!finish){
if(helper.getCurrNode().isDemand())X{
updateFinish();

helper.addNode(helper.getCurrNode());
helper.addEdge(helper.getMyEdge());

helper.setPreNode(helper.getCurrNode(),helper.getMyNode());
helper.setPreEdge(helper.getCurrNode(),helper.getMyEdge());

double currCost=helper.getCurrCost(helper.getMyNode())+helper.getMyEdge().getWeight();
helper.setCurrCost(helper.getCurrNode(),currCost);

territoryMergeCost=territoryMergeCost+currCost;

if(Mfinish){
helper.setMyNode(helper.getCurrNode());
dijkstra();

telse{

break walking;

telse{
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helper.addNode(helper.getCurrNode());
helper.addEdge(helper.getMyEdge());

helper.setPreNode(helper.getCurrNode(),helper.getMyNode());
helper.setPreEdge(helper.getCurrNode(),helper.getMyEdge());

double currCost=helper.getCurrCost(helper.getMyNode())+helper.getMyEdge().getWeight();
helper.setCurrCost(helper.getCurrNode(),currCost);

helper.setMyNode(helper.getCurrNode());
dijkstra();

void updateFinish(){

demandNum--;

if(demandNum==0)

finish=true;

public boolean isFinish(){

return finish;

void dijkstra(){
Graph tempRouteSet=(Graph)helper.getRouteSet();
Vector tempRouteNodeSet=(Vector)tempRouteSet.getNodeSet();
Vector incidentEdgeSet=getincidentEdgeSet(territory,tempRouteNodeSet);
Vector exclusivelncidentEdgeSet=new Vector();
for(int i=0;i<incidentEdgeSet.size();i++){
if(lhelper.getRouteSet().hasEdge((Edge)incidentEdgeSet.elementAt(i)) X

exclusivelncidentEdgeSet.addElement(incidentEdgeSet.elementAt(i));

Edge tempEdge;

Node n1,n2;

if(exclusivelncidentEdgeSet.size()>1){
tempEdge=(Edge)exclusivelncidentEdgeSet.elementAt(0);
helper.setMyEdge(tempEdge);
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n1=tempEdge.getN1();
n2=tempEdge.getN2();
if(tempRouteNodeSet.contains(n1) && !tempRouteNodeSet.contains(n2)){
helper.setMyNode(n1);
helper.setCurrNode(n2);
lelse if(tempRouteNodeSet.contains(n2) && !tempRouteNodeSet.contains(n1)){
helper.setMyNode(n2);
helper.setCurrNode(n1);
}
double min=helper.getCurrCost(helper.getMyNode())+helper.getMyEdge().getWeight();
for(int i=1;i<exclusivelncidentEdgeSet.size();i++ )
tempEdge=(Edge)exclusivelncidentEdgeSet.elementAt(i);
n1=tempEdge.getN1();
n2=tempEdge.getN2();
if(tempRouteNodeSet.contains(n1) && !tempRouteNodeSet.contains(n2)){
if(helper.getCurrCost(n1)+tempEdge.getWeight()<min)}{
min=helper.getCurrCost(n1)+tempEdge.getWeight();
helper.setMyEdge(tempEdge);
helper.setMyNode(n1);
helper.setCurrNode(n2);
}
}else if(tempRouteNodeSet.contains(n2) && ltempRouteNodeSet.contains(n1)){
if(helper.getCurrCost(n2)+tempEdge.getWeight()<min )}{
min=helper.getCurrCost(n2)+tempEdge.getWeight();
helper.setMyEdge(tempEdge);
helper.setMyNode(n2);
helper.setCurrNode(n1);

}

lelse if(exclusivelncidentEdgeSet.size()==1){

tempEdge=(Edge)exclusivelncidentEdgeSet.elementAt(0);

helper.setMyEdge(tempEdge);

n1=tempEdge.getN1();

n2=tempEdge.getN2();

if(tempRouteNodeSet.contains(n1) && !tempRouteNodeSet.contains(n2)){
helper.setMyNode(n1);
helper.setCurrNode(n2);

lelse if(tempRouteNodeSet.contains(n2) && !tempRouteNodeSet.contains(n1)){
helper.setMyNode(n2);
helper.setCurrNode(n1);
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telse{
finish=true;

/Irenders all nodes visited

Vector getincidentEdgeSet(Graph usableGraph,Vector routeNodeSet){
Edge myEdge=helper.getMyEdge();

Vector incidentEdges=new Vector();
Edge tempEdge;
Node n1,n2;

for(int i=0;i<routeNodeSet.size();i++){
Vector tempEdgeSet=usableGraph.incidentEdgeSet((Node)routeNodeSet.elementAt(i));
for(int j=0;j<tempEdgeSet.size();j++){
tempEdge=(Edge)tempEdgeSet.elementAt(j);
if(lincidentEdges.contains(tempEdge))
incidentEdges.addElement(tempEdge);

n1=tempEdge.getN1();

n2=tempEdge.getN2();

if(routeNodeSet.contains(n1) && routeNodeSet.contains(n2))
incidentEdges.removeElement(tempEdge);

if(n1==maMr.getCenter().getDummyNode() || n2==maMr.getCenter().getDummyNode())

incidentEdges.removeElement(tempEdge);
}
if(incidentEdges.contains(myEdge))

incidentEdges.removeElement(myEdge);

return incidentEdges;
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package emnet;

import java.awt. Toolkit;
import javax.swing.SwingUltilities;
import javax.swing.UIManager;

import java.awt.Dimension;

public class App {

boolean packFrame = false;

[r*
* Construct and show the application.
*/
public App() {
Frame frame = new Frame();
/I Validate frames that have preset sizes
/I Pack frames that have useful preferred size info, e.g. from their layout
if (packFrame) {
frame.pack();
}
else {

frame.validate();

/I Center the window
Dimension screenSize = Toolkit.getDefaultToolkit().getScreenSize();
Dimension frameSize = frame.getSize();
if (frameSize.height > screenSize.height) {
frameSize.height = screenSize.height;
}
if (frameSize.width > screenSize.width) {
frameSize.width = screenSize.width;
}
frame.setLocation( (screenSize.width - frameSize.width) / 2,
(screenSize.height - frameSize.height) / 2);

frame.setVisible(true);

/**
* Application entry point.

*
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* @param args String[]
*/
public static void main(String[] args) {
SwingUtilities.invokeLater(new Runnable() {
public void run() {
try {
UIManager.setLookAndFeel(UIManager.getSystemLookAndFeelClassName());

}
catch (Exception exception) {

exception.printStackTrace();

/Iread in node & edge data

//add to table

/Ipicture the map

/lframe.add table & map

//set supply & demand nodes

/Iresponse in map

[lafter press "start" button, new ant & antCommunicationCenter
/Ishow fast routes, detour routes, mutual assistant routes
/Ishow evaluation indices

/linput expert acceptable time

/lillustrate radar digram and standardized evaluation value

new App();
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package emnet;

import java.awt.*;
import java.awt.event.”;

import javax.swing.*;

public class Frame_AboutBox
extends JDialog implements ActionListener {

JPanel panel1 = new JPanel();
JPanel panel2 = new JPanel();
JPanel insetsPanel1 = new JPanel();
JPanel insetsPanel2 = new JPanel();
JPanel insetsPanel3 = new JPanel();
JButton button1 = new JButton();
JLabel imageLabel = new JLabel();
JLabel label1 = new JLabel();
JLabel label2 = new JLabel();
JLabel label3 = new JLabel();
JLabel label4 = new JLabel();
Imagelcon image1 = new Imagelcon();
BorderLayout borderLayout1 = new BorderLayout();
BorderLayout borderLayout2 = new BorderLayout();
FlowLayout flowLayout1 = new FlowLayout();
GridLayout gridLayout1 = new GridLayout();
String product = "Earthquake Mitigation Network Design";
String version = "version 1.0, percy.itt.nctu.tw";
String copyright = "Copyright (c) 2006";

String comments = "Decision Making Tool for Network Design";

public Frame_AboutBox(Frame parent) {
super(parent);
try {
setDefaultCloseOperation(DISPOSE_ON_CLOSE);
jblInit();
}
catch (Exception exception) {

exception.printStackTrace();

public Frame_AboutBox() {
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this(null);

[r*

* Component initialization.

* @throws java.lang.Exception

*/

private void jbinit() throws Exception {

image1 = new Imagelcon(emnet.Frame.class.getResource("about.png"));
imageLabel.setlcon(image1);
setTitle("About");
panell.setLayout(borderLayout1);
panel2.setLayout(borderLayout2);
insetsPanel1.setLayout(flowLayout1);
insetsPanel2.setLayout(flowLayout1);
insetsPanel2.setBorder(BorderFactory.createEmptyBorder(10, 10, 10, 10));
gridLayout1.setRows(4);
gridLayout1.setColumns(1);
label1.setText(product);
label2.setText(version);
label3.setText(copyright);
label4.setText(comments);
insetsPanel3.setLayout(gridLayout1);
insetsPanel3.setBorder(BorderFactory.createEmptyBorder(10, 60, 10, 10));
button1.setText("OK");
button1.addActionListener(this);
insetsPanel2.add(imageLabel, null);
panel2.add(insetsPanel2, BorderLayout. WEST);
getContentPane().add(panel1, null);
insetsPanel3.add(label1, null);
insetsPanel3.add(label2, null);
insetsPanel3.add(label3, null);
insetsPanel3.add(label4, null);
panel2.add(insetsPanel3, BorderLayout. CENTER);
insetsPanel1.add(button1, null);
panell.add(insetsPanel1, BorderLayout.SOUTH);
panell.add(panel2, BorderLayout. NORTH);

setResizable(true);

/**
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* Close the dialog on a button event.
* @param actionEvent ActionEvent
*
public void actionPerformed(ActionEvent actionEvent) {
if (actionEvent.getSource() == button1) {

dispose();
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package emnet;

import javax.swing.JDialog;
import java.awt.GridLayout;
import javax.swing.JLabel;

import java.awt.Dimension;
public class Frame_TermBox extends JDialog{

JLabel
label_eva=new JLabel(" E: Overall Evaluation"),
label_Id=new JLabel(" LD: Longest Detour Cost"),
label_amac=new JLabel(" AMAC: Average Mutal Assistance Cost"),
label_nc=new JLabel(" NC: Network Cost"),
label_atc=new JLabel(" ATC: Average Travel Cost"),

label_mtc=new JLabel(" MTC: Maximum Travel Cost");

public Frame_TermBox(Frame parent){
super(parent);
try {
setDefaultCloseOperation(DISPOSE_ON_CLOSE);
jblnit();
}
catch (Exception exception) {

exception.printStackTrace();

void jblnit(){
Dimension d=new Dimension(250,25);
this.setTitle("Terminology");
this.getContentPane().setLayout(new GridLayout(6,1,5,5));
label_eva.setPreferredSize(d);
label_Id.setPreferredSize(d);
label_amac.setPreferredSize(d);
label_nc.setPreferredSize(d);
label_atc.setPreferredSize(d);

label_mtc.setPreferredSize(d);

this.getContentPane().add(label_atc);
this.getContentPane().add(label_mtc);
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this.getContentPane().add(label_ld);
).add
).add

this.getContentPane().add(label_eva);

this.getContentPane label_amac);

this.getContentPane label_nc);

()-add(
()-add(
()-add(
()-add(

this.setResizable(false);
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package emnet;

import java.awt.*;

import java.awt.event.”;

import javax.swing.JFrame;
import javax.swing.JPanel;
import javax.swing.JMenuBar;
import javax.swing.JMenu;
import javax.swing.JMenultem;

import javax.swing.JLabel;

import emnet.gui.Map;

import emnet.graph.Graph;

import java.util.Vector;

import java.io.lOException;

import emnet.io.lIOGraph;

import javax.swing.J TextField;
import javax.swing.JButton;

import javax.swing.SwingConstants;
import javax.swing.J TabbedPane;
import javax.swing.JRadioButton;
import javax.swing.ButtonGroup;
import javax.swing.JSplitPane;
import javax.swing.table.DefaultTableModel;
import javax.swing.JTable;

import javax.swing.JScrollPane;
import emnet.graph.Node;

import emnet.graph.Edge;

import emnet.thread.Center;

import java.text.DecimalFormat;

public class Frame
extends JFrame {
JPanel contentPane;
BorderLayout borderLayout1 = new BorderLayout();
JMenuBar jMenuBar1 = new JMenuBar();
JMenu jMenuFile = new JMenu();
JMenultem jMenuFileExit = new JMenultem();
JMenu jMenuHelp = new JMenu();
JMenultem jMenuHelpAbout = new JMenultem();

JMenultem jMenuHelpTerm=new JMenultem();
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JPanel panel_gridbag=new JPanel(new GridLayout(4,1,2,2));

JPanel panel_setting=new JPanel(new BorderLayout());

JLabel label_dir=new JLabel("common dir: ");
JTextField txt_dir=new JTextField();

JLabel label_node=new JLabel("node file: ");
JTextField txt_node=new JTextField();
JLabel label_edge=new JLabel("edge file: ");
JTextField txt_edge=new JTextField();

JLabel label_dataln=new JLabel("2econ?");

DefaultTableModel node TableModel,edge TableModel;
JTable
nodeTable=new JTable(nodeTableModel),
edgeTable=new JTable(edgeTableModel);

JLabel seperator=new JLabel("[ no graph ]",SwingConstants.CENTER);

JRadioButton radio_supply=new JRadioButton("supply");
JRadioButton radio_demand=new JRadioButton("demand");
JRadioButton radio_neutral=new JRadioButton("neutral");
ButtonGroup radioGroup=new ButtonGroup();

JButton button_run=new JButton("run");

JTextField
txt_atc_low=new JTextField(),txt_mtc_low=new JTextField(),
txt_ld_low=new JTextField(),txt_amac_low=new JTextField(),

txt_nc_low=new JTextField(),

txt_atc_up=new JTextField(),txt_mtc_up=new JTextField(),
txt_Id_up=new JTextField(),txt_amac_up=new JTextField(),

txt_nc_up=new JTextField();

JLabel
atc_output=new JLabel("0.0 "),mtc_output=new JLabel("0.0 "),
Id_output=new JLabel("0.0 "),amac_output=new JLabel("0.0 "),
nc_output=new JLabel("0.0 "),e_output=new JLabel("[ pls fill \"expert\" tab] ");

JLabel save_dir=new JLabel();

Map map=new Map();

217



Frame.java

Graph graph;
Center center;

DecimalFormat myFormatter=new DecimalFormat("###,### ##");

public Frame() {
try {
setDefaultCloseOperation(EXIT_ON_CLOSE);
jblnit();
}
catch (Exception exception) {

exception.printStackTrace();

/[Component initialization
private void jbinit() throws Exception {
contentPane = (JPanel) getContentPane();
contentPane.setLayout(borderLayout1);
setSize(new Dimension(600, 700));
setTitle(":: EMNet 2006 :: ");
jMenuFile.setText("File");
jMenuFileExit.setText("Exit");
jMenuFileExit.addActionListener(new Frame_jMenuFileExit_ActionAdapter(this));
jMenuHelp.setText("Help");
jMenuHelpAbout.setText("About");
jMenuHelpAbout.addActionListener(new Frame_jMenuHelpAbout_ActionAdapter(this));
jMenuHelpTerm.setText("Term");
jMenuHelpTerm.addActionListener(new Frame_jMenuHelpTerm_ActionAdapter(this));
jMenuBar1.add(jMenuFile);
jMenuFile.add(jMenuFileExit);
jMenuBar1.add(jMenuHelp);
jMenuHelp.add(jMenuHelpAbout);
jMenuHelp.add(jMenuHelpTerm);
setdMenuBar(jMenuBar1);

Dimension big=new Dimension(146,20),big2=new Dimension(185,20),med=new

Dimension(100,20),small=new Dimension(65,20),xs=new Dimension(30,20);

JPanel panel_bottom=new JPanel(new BorderLayout());

JPanel panel_left=new JPanel(new BorderLayout());

panel_gridbag.setPreferredSize(new Dimension(275,120));
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label_dir.setHorizontalAlignment(SwingConstants.RIGHT);
label_dir.setPreferredSize(med);
txt_dir.setPreferredSize(big2);
txt_dir.setText("/Users/percyhou/Desktop/graphFiles");
JPanel gridBag1=new JPanel(new GridBagLayout());
gridBag1.add(label_dir);

gridBag1.add(txt_dir);

label_node.setHorizontalAlignment(SwingConstants.RIGHT);
label_node.setPreferredSize(med);
txt_node.setPreferredSize(big2);
txt_node.setText("node_grid.txt");

JPanel gridBag2=new JPanel(new GridBagLayout());
gridBag2.add(label_node);

gridBag2.add(txt_node);

label_edge.setHorizontalAlignment(SwingConstants.RIGHT);
label_edge.setPreferredSize(med);
txt_edge.setPreferredSize(big2);
txt_edge.setText("edge_grid.ixt");

JPanel gridBag3=new JPanel(new GridBagLayout());
gridBag3.add(label_edge);

gridBag3.add(ixt_edge);

label_dataln.setHorizontalAlignment(SwingConstants.RIGHT);
label_dataln.setPreferredSize(med);
JButton button_import=new JButton("import");

button_import.addActionListener(new Frame_button_import_ActionAdapter(this));

JPanel panel_import=new JPanel(new BorderLayout());
panel_import.add(label_dataln,BorderLayout. WEST);
panel_import.add(button_import,BorderLayout.EAST);

panel_gridbag.add(gridBag1);
gridBag?2);
gridBag3);
panel_gridbag.add(panel_import);

panel_gridbag.add

(
(
panel_gridbag.add(
(

panel_left.add(panel_gridbag,BorderLayout. NORTH);

JTabbedPane jtabbedPane=new JTabbedPane();
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jtabbedPane.setPreferredSize(new Dimension(300,300));
JScrollPane tab_node=new JScrollPane(node Table);
JScrollPane tab_edge=new JScrollPane(edgeTable);
jtabbedPane.add(tab_node,"node");
jtabbedPane.add(tab_edge,"edge");

panel_left.add(jtabbedPane,BorderLayout. CENTERY);
panel_bottom.add(panel_left,BorderLayout. WEST);

JPanel panel_right=new JPanel(new BorderLayout());

/Iradio buttons: supply, demand, neutral

panel_setting.setPreferredSize(new Dimension(300,120));

radio_supply.addActionListener(new Frame_radio_ActionAdapter(this));
radio_demand.addActionListener(new Frame_radio_ActionAdapter(this));
radio_neutral.addActionListener(new Frame_radio_ActionAdapter(this));

button_run.addActionListener(new Frame_button_run_ActionAdapter(this));

JPanel panel_radio=new JPanel(new GridBagLayout());
radioGroup.add(radio_supply);
radioGroup.add(radio_demand);
radioGroup.add(radio_neutral);
panel_radio.add(radio_supply);
panel_radio.add(radio_demand);
panel_radio.add(radio_neutral);
(

panel_radio.add(button_run);
panel_setting.add(panel_radio,BorderLayout. NORTH);

/lexpert bounds

JTabbedPane jtabbedPane_right=new JTabbedPane();
jtabbedPane_right.setPreferredSize(new Dimension(300,200));
JPanel tab_index=new JPanel(new BorderLayout());

JPanel panel_index=new JPanel(new GridLayout(9,1,2,2));
JPanel tab_result=new JPanel(new GridLayout(9,1,2,2));
tab_index.add(panel_index,BorderLayout. NORTH);
jtabbedPane_right.add(tab_result,"result");
jtabbedPane_right.add(tab_index,"expert");

JPanel panel_expertO=new JPanel(new BorderLayout());

JPanel panel_expert1=new JPanel(new GridBagLayout());
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JPanel panel_expert2=new JPanel(new GridBagLayout

JPanel panel_expert3=new JPanel(new GridBagLayout());

)

)

)

)
)
)
JPanel panel_expert5=new JPanel(new GridBagLayout())

)

( (
( (
JPanel panel_expert4=new JPanel(new GridBagLayout(
( (
JPanel panel_expert6=new JPanel(new BorderLayout())

JLabel
label_mtc=new JLabel(" MTC: ",SwingConstants.RIGHT),
label_atc=new JLabel(" ATC: ",SwingConstants.RIGHT),
label_Id=new JLabel(" LD: ",SwingConstants.RIGHT),
label_amac=new JLabel(" AMAC: ",SwingConstants.RIGHT),
label_nc=new JLabel(" NC: ",SwingConstants.RIGHT);

JLabel
label_atc_unit=new JLabel(" m",SwingConstants.LEFT),
label_mtc_unit=new JLabel(" m",SwingConstants.LEFT),
label_Id_unit=new JLabel(" m",SwingConstants.LEFT),
label_amac_unit=new JLabel(" m",SwingConstants.LEFT),

label_nc_unit=new JLabel(" m",SwingConstants.LEFT);

label_atc.setPreferredSize(small);
label_mtc.setPreferredSize(small);
label_Id.setPreferredSize(small);
label_amac.setPreferredSize(small);

label_nc.setPreferredSize(small);

txt_atc_low.setPreferredSize(small);
txt_mtc_low.setPreferredSize(small);
txt_ld_low.setPreferredSize(small);
txt_amac_low.setPreferredSize(small);

txt_nc_low.setPreferredSize(small);

txt_atc_up.setPreferredSize(small);
txt_mtc_up.setPreferredSize(small);
txt_ld_up.setPreferredSize(small);
txt_amac_up.setPreferredSize(small);

txt_nc_up.setPreferredSize(small);

label_atc_unit.setPreferredSize(xs);
label_mtc_unit.setPreferredSize(xs);
label_Id_unit.setPreferredSize(xs);

label_amac_unit.setPreferredSize(xs);
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label_nc_unit.setPreferredSize(xs);

JButton button_set=new JButton("set");

button_set.addActionListener(new Frame_button_set_ActionAdapter(this));
panel_expert0.add(new JLabel(" acceptable range:"),BorderLayout. WEST);

panel_expert1.add(label_atc);
panel_expert1.add(txt_atc_low);
new JLabel(" ~"));

panel_expert1.add(txt_atc_up);

(
(
panel_expert1.add(
(
panel_expert2.add(label_mtc);
panel_expert2.add(txt_mtc_low);

new JLabel(" ~"));
panel_expert2.add(txt_mtc_up);

(
(
panel_expert2.add(
(
panel_expert3.add(label_ld);

txt_ld_low);

new JLabel(" ~"));
panel_expert3.add(txt_Id_up);

(
panel_expert3.add(
panel_expert3.add(
(
panel_expert4.add(label_amac);
panel_expert4.add(txt_amac_low);

new JLabel(" ~"));

panel_expert4.add(txt_amac_up);

(
(
panel_expert4.add(
(
panel_expert5.add(label_nc);
panel_expert5.add(txt_nc_low);

new JLabel(" ~"));
panel_expert5.add(txt_nc_up);

(
(
panel_expert5.add(
(

panel_expert6.add(button_set,BorderLayout.EAST);

)

panel_index.add(panel_expert0

)

panel_index.add(panel_expert1

)

panel_index.add(panel_expert2

panel_index.add(panel_expert4

)

panel_index.add(panel_expert5

)

( )
( )
( )
panel_index.add(panel_expert3);
( )
( )
( )

panel_index.add(panel_expert6

)
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JTextField txtField=new JTextField("[indices]",15);
txtField.setBackground(Color.WHITE);
txtField.setEditable(false);

JPanel panel_outputO=new JPanel(new GridBagLayout());
JPanel panel_output3=new JPanel(new GridBagLayout());

1 JPanel panel_output29=new JPanel(new GridBagLayout());
JPanel panel_output4=new JPanel(new GridBagLayout());

I JPanel panel_output49=new JPanel(new GridBagLayout());
JPanel panel_output5=new JPanel(new GridBagLayout());
JPanel panel_output1=new JPanel(new GridBagLayout());
JPanel panel_output2=new JPanel(new GridBagLayout());

( )

JPanel panel_output6=new JPanel(new BorderLayout());

JLabel
label_atc1=new JLabel(" ATC: ",SwingConstants.RIGHT),
label_mtc1=new JLabel(" MTC: ",SwingConstants.RIGHT),
label_Id1=new JLabel(" LD: ",SwingConstants.RIGHT),
label_amac1=new JLabel(" AMAC: ",SwingConstants.RIGHT),
label_nc1=new JLabel(" NC: ",SwingConstants.RIGHT),
label_e=new JLabel(" E: ",SwingConstants.RIGHT);

JLabel
label_atc_unit1=new JLabel(" ",SwingConstants.LEFT),
label_mtc_unit1=new JLabel(" ",SwingConstants.LEFT),
label_Id_unit1=new JLabel(" ",SwingConstants.LEFT),
label_amac_unit1=new JLabel(" ",SwingConstants.LEFT),
label_nc_unit1=new JLabel(" ",SwingConstants.LEFT),

label_e_unit1=new JLabel();

label_atc1.setPreferredSize(small);
label_mtc1.setPreferredSize(small);
label_Id1.setPreferredSize(small);
label_amac1.setPreferredSize(small);
label_nc1.setPreferredSize(small);

label_e.setPreferredSize(small);

atc_output.setPreferredSize(big);
mtc_output.setPreferredSize(big);
Id_output.setPreferredSize(big);
amac_output.setPreferredSize(big);

nc_output.setPreferredSize(big);
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e_output.setPreferredSize(big);

atc_output.setHorizontalAlignment(SwingConstants.RIGHT);
mtc_output.setHorizontalAlignment(SwingConstants.RIGHT);
Id_output.setHorizontal Alignment(SwingConstants.RIGHT);
amac_output.setHorizontalAlignment(SwingConstants.RIGHT);
nc_output.setHorizontalAlignment(SwingConstants.RIGHT);

e_output.setHorizontalAlignment(SwingConstants.RIGHT);

label_atc_unit1.setPreferredSize(xs);
label_mtc_unit1.setPreferredSize(xs);
label_Id_unit1.setPreferredSize(xs);
label_amac_unit1.setPreferredSize(xs);
label_nc_unit1.setPreferredSize(xs);

label_e_unit1.setPreferredSize(xs);

panel_output0.add(label_e);
panel_output0.add(e_output);
panel_output0.add(label_e_unit1);

panel_output1.add(label_atc1);
panel_output1.add(atc_output);

panel_output1.add(label_atc_unit1);

panel_output2.add(label_mtc1);
panel_output2.add(mtc_output);

panel_output2.add(label_mtc_unit1);

panel_output3.add(label_ld1);
panel_output3.add(ld_output);
panel_output3.add(label_Id_unit1);

panel_output4.add(label_amac1);
panel_output4.add(amac_output);

panel_output4.add(label_amac_unit1);
panel_output5.add(label_nc1);
panel_output5.add(nc_output);

panel_output5.add(label_nc_unit1);

save_dir.setPreferredSize(new Dimension(200,20));

JButton button_save=new JButton("save");
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I button_save.addActionListener(this);

panel_output6.add(save_dir,BorderLayout. WEST);
panel_output6.add(button_save,BorderLayout.EAST);

)

tab_result.add(panel_output1

)

tab_result.add(panel_output2

)

tab_result.add(panel_output3

tab_result.add(panel_output5

)

tab_result.add(panel_outputO

)

( )
( )
( )
tab_result.add(panel_output4);
( )
( )
( )

tab_result.add(panel_output6);
panel_setting.add(jtabbedPane_right,BorderLayout. CENTER);
panel_right.add(panel_setting,BorderLayout.EAST);
panel_bottom.add(panel_right,BorderLayout. CENTER);
panel_bottom.add(seperator,BorderLayout. NORTH);

map.sentFrame(this);

JSplitPane sp=new JSplitPane(JSplitPane.VERTICAL_SPLIT,map,panel_bottom);
sp.setDividerSize(8);

sp.setDividerLocation(270);

sp.setResizeWeight(0.5);

sp.setContinuousLayout(true);

sp.setOne TouchExpandable(true);

contentPane.add(sp,BorderLayout. CENTER);

public void setATC(double atc){
atc_output.setText(myFormatter.format(atc)+" ");
txt_atc_low.setText(myFormatter.format(atc*0.8));

txt_atc_up.setText(myFormatter.format(atc*1.2));

public void setMTC(double mtc)
mtc_output.setText(myFormatter.format(mtc)+" ");
txt_mtc_low.setText(myFormatter.format(mtc*0.8));

txt_mtc_up.setText(myFormatter.format(mtc*1.2));

public void setLD(double Id){
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Id_output.setText(myFormatter.format(ld)+" ");
txt_ld_low.setText(myFormatter.format(ld*0.8));

txt_ld_up.setText(myFormatter.format(ld*1.2));

public void setAMAC (double amac){
amac_output.setText(myFormatter.format(amac)+" ");
txt_amac_low.setText(myFormatter.format(amac*0.8));

txt_amac_up.setText(myFormatter.format(amac*1.2));

public void setNC(double nc){
nc_output.setText(myFormatter.format(nc)+" ");
txt_nc_low.setText(myFormatter.format(nc*0.8));

txt_nc_up.setText(myFormatter.format(nc*1.2));

public void setE(double e){

e_output.setText(myFormatter.format(e)+" ");

void jMenuFileExit_actionPerformed(ActionEvent actionEvent) {

System.exit(0);

void jMenuHelpAbout_actionPerformed(ActionEvent actionEvent) {
Frame_AboutBox dlg = new Frame_AboutBox(this);
Dimension dlgSize = dlg.getPreferredSize();
Dimension frmSize = getSize();
Point loc = getLocation();
dlg.setLocation( (frmSize.width - digSize.width) / 2 + loc.x,
(frmSize.height - dIgSize.height) / 2 + loc.y);
dlg.setModal(true);
dlg.pack();
dlg.show();

void jMenuHelp Term_actionPerformed(ActionEvent actionEvent) {
Frame_TermBox dlg = new Frame_TermBox(this);
Dimension dlgSize = dlg.getPreferredSize();
Dimension frmSize = getSize();

Point loc = getLocation();
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dlg.setLocation( (frmSize.width - digSize.width) / 2 + loc.x,
(frmSize.height - dIgSize.height) / 2 + loc.y);

dlg.setModal(true);

dlg.pack();

dlg.show();

void button_import_actionPerformed(ActionEvent actionEvent){

setATC(0.0);
setMTC(0.0);
setLD(0.0);
setAMAC(0.0);
setNC(0.0);
setE(0.0);

/lread in files: node.ixt & edge.ixt, assign to field argument
try {
I0OGraph ioGraph=new |IOGraph(ixt_dir.getText(),txt_node.getText(),txt_edge.getText());
this.graph=ioGraph.getGraph();
Vector nodeSet=graph.getNodeSet();
Vector edgeSet=graph.getEdgeSet();

Node tempNode;

boolean econ=true;

for(int i=0;i<nodeSet.size();i++){
tempNode=(Node)nodeSet.elementAt(i);
if(graph.incidentEdgeSet(tempNode).size()<2){

econ=false;

if(econ){
label_dataln.setText("2econ!");
telsef

label_dataln.setText("not 2econ!");

}
catch (IOException ex) {

System.out.printin("Data Read-In Problem!");

ex.printStackTrace();
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save_dir.setText("dir: "+txt_dir.getText());

map.setGraph(graph);
this.seperator.setText("[ graph components: "+graph.getNodeSet().size()+" nodes,

"+graph.getEdgeSet().size()+" edges ]");

this.fleshTable(graph);
this.repaint();

void radio_actionPerformed(ActionEvent actionEvent){
map.nodeSetting(radio_supply.isSelected(),radio_demand.isSelected(),radio_neutral.isSelected());

this.repaint();

void button_run_actionPerformed(ActionEvent actionEvent){
center=new Center(graph,this);

center.start();

this.repaint();

void button_set_actionPerformed(ActionEvent actionEvent){
double e=1.0;

double atc=new Double(atc_output.getText()).doubleValue();
double low_atc=new Double(txt_atc_low.getText()).doubleValue();
double up_atc=new Double(txt_atc_up.getText()).doubleValue();

double std_atc=standardN(atc,low_atc,up_atc);

double mtc=new Double(mtc_output.getText()).doubleValue();
double low_mtc=new Double(txt_mtc_low.getText()).doubleValue();
double up_mtc=new Double(txt_mtc_up.getText()).doubleValue();

double std_mtc=standardN(mtc,low_mtc,up_mtc);

double amac=new Double(amac_output.getText()).doubleValue();
double low_amac=new Double(txt_amac_low.getText()).doubleValue();
double up_amac=new Double(txt_amac_up.getText()).doubleValue();

double std_amac=standardN(amac,low_amac,up_amac);

double Id=new Double(ld_output.getText()).doubleValue();
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double low_ld=new Double(txt_Id_low.getText()).doubleValue();
double up_ld=new Double(txt_Id_up.getText()).doubleValue();
double std_ld=standardN(ld,low_Id,up_lId);

double nc=new Double(nc_output.getText()).doubleValue();
double low_nc=new Double(txt_nc_low.getText()).doubleValue();
double up_nc=new Double(txt_nc_up.getText()).doubleValue();

double std_nc=standardP(nc,low_nc,up_nc);
e=(1.0/3.0)*((std_atc + std_mtc)/2.0 + (std_Id + std_amac)/2.0 + std_nc);

this.setE(e);

lIpositive
double standardP(double x,double low,double up){
if(up<=x){
return 1.0;
lelse if(low<=x && x<up)}{

return (x-low)/(up-low);

telsef
return 0.0;
}
}
/Inegative

double standardN(double x,double low,double up){
if(x<low){
return 1.0;
lelse if(low<=x && x<up)}
return (low-x)/(low-up);
telsef

return 0.0;

public void setSeperator(Graph graph){
int nodeNum=0,edgeNum=0;

Vector nodeSet=graph.getNodeSet();
Vector edgeSet=graph.getEdgeSet();
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Node tempNode;

for(int i=0;i<nodeSet.size();i++){
tempNode=(Node)nodeSet.elementAt(i);
if(ltempNode.isDummy())

nodeNum++;

Edge tempEdge;

for(int i=0;i<edgeSet.size();i++){
tempEdge=(Edge)edgeSet.elementAt(i);
if(ltempEdge.isDummyEdge())

edgeNum++;

seperator.setText("[ graph components: "+nodeNum+" nodes, "+edgeNum+" edges | supply
"+graph.getSupplyNodeNum()+" , demand "+graph.getDemandNodeNum()+" 1");
this.repaint();

public Map getMap(){

return this.map;

void fleshTable(Graph graph){
Vector nodeSet=graph.getNodeSet(),edgeSet=graph.getEdgeSet();
Object nodeData[]=new Object[3];
DefaultTableModel node TableModel=new DefaultTableModel();
nodeTableModel.addColumn("label");
nodeTableModel.addColumn("x");
nodeTableModel.addColumn("y");
for(int i=0;i<nodeSet.size();i++){
Node node=(Node)nodeSet.elementAt(i);
nodeData[0]=""+node.getLabel();
nodeData[1]=""+node.getX();
nodeData[2]=""+node.getY();
nodeTableModel.addRow(nodeData);

}
this.node Table.setModel(node TableModel);

Object edgeData[]=new Object[3];

DefaultTableModel edge TableModel=new DefaultTableModel();
edgeTableModel.addColumn("label");
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edge TableModel.addColumn("n1");

edge TableModel.addColumn("n2");

for(int i=0;i<edgeSet.size();i++){
Edge edge=(Edge)edgeSet.elementAt(i);
edgeData[0]=""+edge.getLabel();
edgeData[1]=""+edge.getN1().getLabel();
edgeData[2]=""+edge.getN2().getLabel();
edgeTableModel.addRow(edgeData);

}
this.edge Table.setModel(edge TableModel);

class Frame_jMenuFileExit_ActionAdapter
implements ActionListener {

Frame adaptee;
Frame_jMenuFileExit_ActionAdapter(Frame adaptee) {

this.adaptee = adaptee;

public void actionPerformed(ActionEvent actionEvent) {

adaptee.jMenuFileExit_actionPerformed(actionEvent);

class Frame_jMenuHelpAbout_ActionAdapter
implements ActionListener {
Frame adaptee;
Frame_jMenuHelpAbout_ActionAdapter(Frame adaptee) {

this.adaptee = adaptee;

public void actionPerformed(ActionEvent actionEvent) {

adaptee.jMenuHelpAbout_actionPerformed(actionEvent);

class Frame_jMenuHelpTerm_ActionAdapter
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implements ActionListener {

Frame adaptee;

Frame_jMenuHelpTerm_ActionAdapter(Frame adaptee) {

this.adaptee = adaptee;

public void actionPerformed(ActionEvent actionEvent) {

adaptee.jMenuHelpTerm_actionPerformed(actionEvent);

class Frame_button_import_ActionAdapter implements ActionListener{
Frame adaptee;
Frame_button_import_ActionAdapter(Frame adaptee){

this.adaptee=adaptee;

public void actionPerformed(ActionEvent actionEvent){

adaptee.button_import_actionPerformed(actionEvent);

class Frame_radio_ActionAdapter implements ActionListener{
Frame adaptee;
Frame_radio_ActionAdapter(Frame adaptee){

this.adaptee=adaptee;

public void actionPerformed(ActionEvent actionEvent){

adaptee.radio_actionPerformed(actionEvent);

class Frame_button_run_ActionAdapter implements ActionListener{
Frame adaptee;
Frame_button_run_ActionAdapter(Frame adaptee){

this.adaptee=adaptee;
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public void actionPerformed(ActionEvent actionEvent){

adaptee.button_run_actionPerformed(actionEvent);

class Frame_button_set_ActionAdapter implements ActionListener{
Frame adaptee;
Frame_button_set_ActionAdapter(Frame adaptee){

this.adaptee=adaptee;

public void actionPerformed(ActionEvent actionEvent){

adaptee.button_set_actionPerformed(actionEvent);
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