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A Study on GA Approach for the Railway Traffic Conflict Resolution
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ABSTRACT

This paper is to investigate adoptability of the genetic algorithm to the railway traffic
conflict resolution problem. We categorize the problem in two cases, one is the specific
-boundary case and the other is not. GA is may be used in the first case, but not for second
case. For a sample problem, an GA is designed, and the GA is being compared with
Ho's[2,31.

#A2HE 9 WEYINH £AH(simultaneous) o2 F8HE Dale = tizgk 509 gd) o]
i @t} Ztzte] daEe ulE] AR AHtiming)® AR(path)d] wel SPEHEE ApA) 2
AZ=H o "y BE dAEL Fo)A 2A1FE EFd s, 2 2AEL dF 5
Rojojor gt ey Al FALHBoAN A R(conflict)ed WE AATAL #HE 5 ¢
2rgro]l @k Zt FRAAJAIFEAS AR L Y E(rain dispatchers) & B7luletAl wdse AAe
E2AE HA2gs67] Y8 sFE FBL JAAA L FPdd. A o A EAHL 4
Az"ge) Fx7F BRsAs, 228 BAA(punctuality)ol tiEd & FFFol EolPd wal ¥
o oY1 ik wakA oleid EAe A&43A &Y F e A2y Age] yHoT
At

AZHAE7IEATLAME ol EAd TLHoZE Ulgdy] 8 ‘AsY WA A=
(iTMS, Intelligent Traffic Management System)2] HAEE AW S 3 7| EQF AANE 53
St glow B =82 odd Hale Ay Fo HRESHE 8 2% (solution approaches) 7}
¢d §32 4185 (GA, genetic algorithm)e) & A3 Aol

AAAFE TAAM ABdoldd T P2y BFHEI KONIG & STAHLKIS70)E #7714
(junction)@} AT R HolAe] $94%88 AEHAT F U= T2 3P L AHdeden, Zhu &
Schnieder(2000)= G149 4388 Coloured Petri Netso.2 23318 A EHolEE A3 A
t}. Schaefer & Pferdmenges(1994)= A&7} N2 7)28 427289 dF L dis A2gS
A3t} Berge-Brezetz et. al.(1998)2 &Ald did ¢4A AF53d JAIAA AA g AY
e AAsgon, ojd wel FH718Hrule-base) 7IPL o] 4% AL AFY T2 WL A<t
et A FHIN A2 BRIV AAd Z HAH st ofd Bedde ALV 2
@3l Berge-Brezetz et. al.(1998)= olg|d ©¥ & JFEF 7] 9 Tabu Search 7l¥te)l ¢z
Z (AN S0} ‘iterative repair i BEI)L FrHoZ AANFA. Stolk(1998)= vidd= AR
dqA AE 2 o= 2 H2E & ALFL Axged FFH 2 AEE AR
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Mazzarello & Copello(2000)2 FHIAF(EC)e] A ¥d MARCO(Multilevel Advanced Railways
Conflict Resolution and Operation control) Z2AE ] Y&& 271518t MARCO =2 A E
e 43T dLE 98 HATHigh Traffic Area)®} GAN(Global Area Network)g F#3}o
TAE A48 B&B, B&C, SA, GA § v ¥ 71HE 9789 2™ greedy rule-based 713
2 A E)ls}.cdq

T. K. Ho(Hong Kong Polytechnic University)e= @743 &4 EAd da& 2 d7(T. K.
Ho, J. P. Norton and C. J. Goodman, 1997, T. H. Yeung and T. K. Ho, 2000, T. K. Ho and T.
H. Yeung, 20000 352 oH, 32 GA ¢azFd 93 AL PES AA &R

o] =RME EAAY dF D &la EAd g EAFAE 21444 AT A3 AT
A AAFE TASY 2 FAHEE 9% AIHEA dis nddd 2248 dAAFE L E
Aol GA ¢nelEg HE4E W) FH, 24AF, 732 73 2 neighbourhood?) F& Fell ol
dA HAEET 230 A APFA G4 A0 i GA enEe HEd s EHsin
ulxge g 3FeiME FE L FF AFHEE AAs

1 #2489 2 32

QA3TY A% 2 Azl BAY ¥e

ERY de Ao AR IS &A=
2% 7)5eoltt. KONIGS STAHLI(1970)E Z&e]l RSt 438 4 A o2 o
o] 5ol AL A3 V2E ¥ 9, oj= Al 2 A2E ¥3Y AU 78 BAHde

AZn Adtgdct & T. H Teung & T. K . Ho(2000)= ‘A7 A& o7} 719 HJE ]
2719} queue] WA 3, 2 AYEol st A6l A AHeE o, Ax (P&
o £859%E 713 ZGATe) #(sum of total weighted tardiness)S HA&sts EaAzln &
o)st At
22 olgh e Aje Ao AP EAE da @i dyE Q4% dield, Schaefer
Pferdmenges(1994)= B ¥ ‘3119 A Y(eg. track section) & 2712 Fzp7} F A4 79%73‘}34
EANE B AA 2AF25Y olgd £3 IuEgn HHAd. dA d2HT e B &
P A P4 vy BFsiy, oo WE A 94 F FHE oY sA 9 o‘%°]
BRHor AT AEAHQ AEY Qo= d29 n, AF9 n uPAFY &3,
AN (5, 21F 2 JlE 90 g3, Mz L B HoeF 239 AE 8EIAY &
g 5L E F o, olg & HUdd ol A <A(delay conflict), 23 - dls] A HH
(sequence conflict), EHRE Ag WA (platform conflicts), }HFE-8& W (trainset routing
conflict), =5 9§ W A(rostering conflict), 3% & 7Hsynchronization conflicts) 59 A% 4
Bl 7} 2A s}

B AFNNE HEL 'Y 9L 9% 2E 4 - A% £F Q0] AHA 94
o g3E olgso LY== AN Fyolgtm AHddm ’*]Zl—i\l HHE J9EYe] FPHE
ANZro 2, T FHAEQA UHE A - AF - 5T “’“34_ 288= B 2 AFAz gk o
2 ZHog HoHE: FH EAE e ¥o2 ¥ HEdrie ofiey, d4dd A
4317] el E AL AEH)AMMD nld S48 Z2aW9 YH2 FAHojor ¥ A

o
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ojt}, B AFgME ojgid &8 Z2IYGTMS)Y HARE /APLe Exoz 3 gon, B
=84 f3A ¢nEFY L&At d3 FED

G E AFeFAR AgaAA FA U F2YPEL AFAA WS ggE G Ee] AE
5 th. Berge-Brezetz et. al.(1998)7} AJl8 AE7L AlA¥(eg. Komaya & Fukuda, 1989),
Branch & Bound(e.g. Higgins et al, 1996), AW (eg. Chiu et al, 1996), Fuzzy(Chang &
Thia, 1996)llE AlE ol <3 49, FA7ige] o3 vy ve Faxgd o xd¢
A By 5o whio] AxHYCH

B S AN AL A% 2 ANEHHA 93 FYP H2WEl(Swlk,
1998), Mazzarello & Copello, 2000) AAIH 3 Utk A EAE FFsL: E49 A=
AN #2eteE $9A7H(solution time requirements)e] S FHEH, 6032 ol 108 59 4
3& dFse 59 2ol AANHR g (Stolk, 1998).

AFdE 2 da A ol FTAE AN VYESNIE dJoR = FAs Yegel F
& AoE BUPY FojAE EAE BF daAY ANFLEE EAJ HJE= 9F 99, 42
57 ¥ 458 2 Ne~gAny 73 & AW 245355 SPHE B 25-EY v)EA
9 B -%F AA 5 AR REFI0 F risAde] wrh oy EAGIL dA FANHe
2 I AA) BRAEX ¢ Afelny, 1 AAY BAEY dEME d4 doHE o] &% A

349 AYENL Sa ARY AUl Atk olsh go| FAQGAY FA BRE el Sl
29, e Felad, AdA 9 $hol HYY Aok, BAIIY AA BERY F

T olgg iRy T Axge] A& AESo} & Aoz wdd

22 fHA ¢ FY HE

FAz gagEe EZY FAS HIsE=d ue Lolde, 79d FHE AN
(formulation) 8 7] o8¢ FAE 44 TEE 4 JAHGEN & CHENG, 199).

Hot #AA gungFd 9% 94A4Y sd 292,318 AN A Hoe QA48 EAS
&M7 A ZAYEo) 2719 dir1gB(quene)dl Soldn, & o7 P AgEe] st 74
(single process)d 98 HeEHE Aoz 2R3 FHHuh Hod =AM FA W (decision
variable)e Z1AldA HEHE 4 29 £ME BASE Aol HUR, 53 (objective function)
2 71E ZAYA9 F(sum of total tardiness)S HAd s FA7 H0d.

a2 Hool EAMAL dx13d 2 fitness value Aol o] AU A Ga3 o, &
o] girjgded g0 e AJ(IAHEL ZZe T uiel FEHD, 7 Fdo w2 (AA
g S EA7) gelol ok X fitness valueE T37] H¥ 2R HAte] flo} WAoo
g slotd = 9% 23 (interlocking logic)e] dl¥-% 2 HX ¢ 3ol

8 =RgAs dA3Ede R, aF23L na3# fitness valueE A4 go#, Hozl Al
&3t neighbourhood T2 dlal 713 ¢ F2E Agtalydth. Ad neighbourhood T2 B
o #4449 Fxen AGHY, WA 1 X&) vEE Y Folvh

1 2 3 4 5 6 7 8 9 10

HSR1 HSR2 HSR3 HSR4 SE1 SE2 SE3 MUl Mu2 MU3

a4 1 #3#% 7Et=
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Hot

[] 1

I

Ho2

o 1 4 5

3| s s-algj

1':455-819_]
1-4555-4|Q

29 2 Hod +& a9y 3 At 7=

a{|lw

Ho3

oflo

a9 18 f3zHchromosome)d] 71EFZ2H Z12te] M A(gene)d] e JAUIE v
t}. 28 2= Ho7l A ¢+@ neighbourhood TZ2A R WAL AHd a9 £HE vAdE T

Z, £ AdE Adax = & %9 dAENE N
BAHE FE, A AT QR R 28 % wens (orsprings)
o 9 &M W¥A}E FZE Jed 28 3 5
& B =F49A AdsdE F2EA 94T 2 A9 1 6
Ex7t +A(shifting) st T+ E vedh 7

M4 (population size)= Ho¢l 274} wa] 107 3 .
E F9<o9, A9 (generations)E 504 ti7HA] 9 9
ZASE PAES2 o 4 AUty AA4e 1d (Survive) 10
48} o] A 4MAME oS MM AEs, (Offspring)
wA JiAE 5 A s BAdE F 23 4 Az AN 72

neighbourhood 7=} wel J2& HE 1§

23 AJAEA

AdY 44X gnAZ e Fois] A8 AAEAZ FHAYYG. 29 59 2& Na27zEs 2
g 639 2 7] da AFEE a8 P

w000

£

29 5 A272(9A) B S
29 6 2 AAE(A)

a8 1949 vtAAR 1~48 9= 1494932 BAdA 2stn, 5~73 dxe= Aok,
8~10 A= B IIE BF AYdA &3t Fold AAZAA A/BY el do AL
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9 Aol BAHoZ AN, FnIEFL A2 F 1 AYEF 73
9o A3 wudd 71F  H'dE(weighted — Y
penalty)7} HAQ FAAF Foldch 47N # Scheduled | QA Tl A =719 AY
A7 2R AL 4 dapt CHd =FdsE Sequence | 8 2AZ wal 394,
Aoz, YrA g4 &% % =X A FCFS | &8t &£Axy=s g39.
FHe) ©2ck. F 1.& KONIGSH STAHLI(1970) — 93 ds a7 12 949
o) ANE FAEoIT AAEAY FmFAN PO | 5 o cxo) wa wu
= FCFS(First Come First Serve)®] 7¥¢] wg  Maximum | ¥} 3ol H=F ¥IP
2 2 £a¢M7 2RED. Capacity | B

gaelEo] AAY FAA) CY EXEASG A/BYAA 2 AXEY AREANd T =
g7t 4% 580] BsY A$AE BVl (infeasible solution)Z2A #3eE FAAE #i¢
e HYEs 2AYR, 234 & A$dE 7M5 8 (feasible solution)2A |F 22 wat F
walzto] AAE I, o) AZFS 2R H fitness value’t AR 2¥ 7L ol 4% vehdd

Delay Propagation & £ @ HE TrackOf sk RM& X o'
@ w

b ST,

A
@ ©

[Jefslefs]efrle]efn]

(1) (5 (infeasie) Feasible
[1]20s]4] GTslel2le s3] [1o]2]
B Feasitle

[ Tslefs[2]s[e]7 ]3]
7 Y

Infeasiie

19 7 Fitness Value A4t

3. 32 &

o) E AAAY A2 A UF FAX gnFY FHEd BY 7o LA dF
vjo} ol AAAY HATANE I Yo AZHNYL, o EAME °]F FIAA &2
dz9 Fgd d& FEHAUT. P FEE BFEY AL AEHo kY AlYeln], AR
AES ANSE d&3 2.

AR AAEAY EAGYL FFAE AN YEAIE A2z IFrlE oHE B oY
By, 2 AEAE 24 ¢¢ A2 IET. gy YEQI Fe AP AF diF 23
HolHE £M3d £Ar7 9 99¢ BF 7dd ot dth 47 HE 99e &3 22
27A 9 A4t @ 5 Ao

- case-1: 999 ZA £ 2BF.

1) 2AYAS AR A VAL AFALE A7)7] ofdY.
2) FANoz BAsHE AP0 AFAY e UAE 9L A9 9 ALz duIY
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o

case~19] - case-29] ®igl #E 77 IFHA ATE T8 2 &Y FIHol A
A ¢ g Aoz waHY, oed FHaye dideERs %011*154 Z2ol FEY, WE Fo
28, AlEHold 5& & ] =& AstE 44 ¢ndFs olq
g fEg gote]l @ 4 S ReE wadd,

case-2%} 2o] AAZ ol Fg-o disilME FEIe dYPE] FHY oz HAoH,
of WL Z AojARx AL YEY APH xF-5-(know-how)7} TZEE Wd wi} F
E5olok dtm, FEH AL dFdA B FBL AHdER A ojol S22 case-19
visl F71H9 A7st 2oy Aoz wukdd,

iITMSAl M= Z3Re2 5 71X9 AS 2%
opslm, welA ztzhe] ASo oig A3 E AW
weh

- case-2 @ Go9] AAS fuist AL,

2

& E8AQ Fi(solution)E AFTE F Yo
A dzbd wel saserd Ao o

o
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APPENDIX

= P

CONGA2 {
set initial feasible solution.
for generation = 1:GENERATIONS
for CHR = 1:POPSIZE
CalFitness (CHR) ;
end
Reproduce MOON1 (generation);
end

CalFitness (CHR) {
if 0 == CalculateTime (CHR)
return infeasibility.
else
calculate the fitness value.
end

CalculateTime (CHR) {
A,B departure is all same.
for all gene
if the gene is possible to arrive C according to CHR.
calculate the C-arrival time of the gene.
else
return infeasibility.
end
calculate C-departure/D-arrival time of the gene with FCFS rule.
end

Reproduce MOON1 (generation) ({
if the generation is the first generation
copy the initial feasible solution to all others chromosomes.
else
get the chromosome whose fitness value is best and overwrite it to 8, 9,
10th chromosomes.
get the chromosome whose fitness value is 2nd best and overwrite it to
6, 7th chromosomes.
get the chromosome whose fitness value is 3th best and overwrite it to
5th chromosomes.
for CHR = 5:10 // 1,2,3,4th best chromosomes survive.
PIVOT = SelectPivot_ UNIF(generation, CHR);
Pivoting (CHR, PIVOT) ;
end
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