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(1) Generate a feasible solution quickly by modifying the original schedule.

(2) Seek alternative solutions by improving the temporal solution
while maintaining feasibility.

Phase 1 | Output the best solution
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Fig.4.5: Rescheduling Based on Generate and Test Method
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Fig.4.6: Prototype System
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Fig.4.7: Experimental Data 1 : Small Railway Line
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Fig.4.8: Experimental Data 2 : Large Railway Line
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Fig.4.12: Evaluation Values of the Solution (Small Railway Line)

0413000000000000000000000@0MO0O0000 30000000
0000000000000000000000000000000001000000
0000000000000000000000000000000000000000
D000000000000000 f000000 ¢pesD 00 52=x100 (%)0 000

goo

OOoobobooobo4i3bobooobobooboboboi1ooboboboobooboon
OO00000O000O00b000b0o0200000000 15251%0000000000
OO0O0o00obooO0obooOOoboOobo0obooboooboboOobboOo250000b000D
OO00O0o0booobobo0obooooboooooil1oboobogon 290000000
gobobbboobobbbobobbuooooooobbobobbboboooooooonbn

gbbobooogbbbooogbob

61



040 0OLOOO0OOOOOObDOObOOObDOObOODbOoODbO

~ 200
R
o 150
5
E @ 100
T 2 50
® 3 2.96
o] -g 0 - .
@ Proposed Proposed
Method 1 Method 2

0413:000000000000000
Fig.4.13: Deviation from the Best Lower Bound (Small Railway Line)
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Depot A Depot B Depot C
In/Out 2 2 2
Siding 0 2 2
Waiting 15 15 16
Working 7 7 7
Total 24 26 27

gobbbboooooooobobbbbbouooooooobbbobbbodaoaa
goobobboboogoobobbbobbbbotododoooooooobboboonb
gobobboobbbouodoooooobobbobobobbotbdooooooobboobn
gobbobbboogoooobbbbbbodoooobobbbbooooooonon

Ooboooobobooobobooob 1200000 b0oboOoboooDobooooDoD

93



050 0Oboobobobobboboobooboobooboon

00130000400 000o0obobledboboobooooobooobooooD
Ooboooboooobl1obbodb0o oo 13o0ooooooooooogon
gobbobbboodgoooobbbbbiooooooobboobobbbouoooonn
gobbobobbboouooooobbbbboogoooooobobobbouooooon
gobbobbbouoogooobobbobbbouoooobboboobbbooooooonbn
gobbobbbooooooobbbbboooooobbbbbbooooooobob

gooboooon

OO00o0b0obOobo0oobooboobob0oi13noboobooogoo 129000000
gobbbougoooobbbbbbodoooooobbooboboboooooooobon
O00000000000O0ODOORISSHOOOODOOoOooooooog @rioooo
gobbobobboodoooobboobobbtboodoooooobobobbboooouno
oobooboobbogooboiooboooobooboobooooboboboobooooobo

O00000RSSRE OO0 non-trivielDOO0O0OO0OOO0O

gooo

5220000000000 0O0O0OODOD 3000000

O@QoOo0oooooooood

0000000000
min Zﬁm
ieOT

0@)00000000000
m-1

min " ¢(.6,8)

i=1

94



050 0Oboobobobobboboobooboobooboon

gooo

goooboboooobooobboooooooboobooobo 200b000oooObDOo0On

goboboboobbooooooobobbooooooobboboobboodgooo
gobbobobboooooobobbbbbbooooooobboobbbuouooonbn
OO000o0o0oobo0ooboooboobooobooooboooobooss.1ngooooooo
Obooboooooooobobos3tbonouooooboboooboobobogiIsy

gboboogooobooaobo

obmoboboboobobobooboboobobobooboboboon
oboobobooboobobooboobboobboobooboobbooboo
gobobbotooogoooobboobobbtoodoooooobbobbboooouonon
gobboobboogooobobobbboooooobbobbbooooooobn
gbbodgbboogguooobboobbooobbuoobbooobboobbood

gbbbuooggbbbuooobbbuooobobbobduooobbbooooobobo

gobobooobboogoooobbbbouooooooboboobobboogogao

goboobodgog

goobooo

OOo0oO0bOobOobobooocPUseGHZOOD 206GBUOOOOO PCODOOO

543 UU00ODOOO0OODOOODDbOOOOO

Ooobooooobooooobboooboboooobboooboobooooboogn se0d
Oo0OooOob0obobobooobooooooboob A00OOOoOoOooOOooboOooboD

gooboogobobooogn

95



050 0O0000OO0bOO0bOoOobOobboOobOoOobOoOobOoobo

= FRVEREHE
Fed il wHF
l e | @Rk 1_mtm |agz=vs])
A1
B8 5B8% fil:=3 7BF aBF 9BF 108F 1EF 120F 138F 1408F 1585 16065 178% 186F 100

it i2iaMis (ol iziaia 5|01 2

12:31415101112:31415 1314:510111213141510:1 12,3415 1011 12131415011 1213415 (00112:314 15|01 12:314:5)|011:213:415 001 12131415|01 1213

Rl b ]

T ELEH
TEEA1 B

BEISER

059:.0000000000000000000000000
Fig.5.9: Scheduling Result from Scratch (Depot A)
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Table5.2: Processing Time from Scratch (sec)

Depot A Depot B Depot C
3.10 \ 3.42 \ 3.24
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Fig.5.10: An Example of Setting Changes in Operational Conditions (Incoming Delay)
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Table5.3: Experimental Results (Schedule Feasibility)

Num. of Success | SuccessRatio (%)
Depot A 360 100.0
Depot B 341 94.7
Depot C 353 98.1
Total 1054 97.6

0540000000000
Table5.4: Experimental results : All Depots

All Depotsé& All Data Avg. Std. Dev. Max Min
Processing Time(sec) 0.16 0.80 10.83 0.02
Num. of Track Changes 0.06 0.43 7.00 0.00
Track ChangeRatio (%) 0.09 0.61 9.86 0.00
Num. of MoveOrder Changes 1.57 1.93 9.00 0.00
MoveOrder ChangeRatio (%) 2.70 3.33 15.52 0.00
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Table5.5: Experimental results : Depot A

DepotA Avg. Std.Dev.  Max Min

Processing Time (Sec) 0.05 0.11 159  0.02

Num. of Track Changes 0.01 0.10 100 0.00

Wi o | TekChengeRaios) | 001 01 141 000
Num. of Move Order Changes | 1.83 151 700  0.00

Move Order ChangeRatio (%) 3.16 2.59 12.07  0.00

Processing Time (Sec) 0.17 0.08 044  0.03

Num. of Track Changes 0.05 0.22 100 0.00

lncor?ﬁ; éelay Track Change Ratio (%) 0.07 0.31 141 0.00
Num. of Move Order Changes |  3.46 2.15 8.00 0.00

Move Order ChangeRatio (%) | 5.96 371 13.79  0.00

Processing Time (Sec) 0.05 0.01 0.06 005

Num. of Track Changes 0.00 0.00 0.00 0.00

out ggf:gg lay | Trock ChangeRatio (%) 0.00 0.00 000 0.0
Num. of Move Order Changes | 2.08 0.51 300 1.00

Move Order ChangeRatio (%) 3.59 0.89 517 1.72

Processing Time (Sec) 0.10 0.12 1.59 0.02

Num. of Track Changes 0.03 0.16 100 0.00

All Cases Track Change Ratio (%) 0.04 0.23 141  0.00
Num. of Move Order Changes | 4.39 3.38 13.79  0.00

Move Order ChangeRatio (%) | 2.54 1.96 8.00 0.00
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Table5.6: Experimental results : Depot B

Depot B Avg. Sd.Dev.  Max Min

Processing Time (Sec) 0.37 1.84 1083  0.03

Num. of Track Changes 0.08 0.37 3.00 000

W Ocrzsg él " Track Change Ratio (%) 0.12 0.53 423 0.00
Num. of Move Order Changes || 0.42 1.01 500 0.00

Move Order ChangeRatio (%) | 0.72 1.75 862  0.00

Processing Time (Sec) 0.16 0.07 034 003

Num. of Track Changes 0.00 0.00 0.00 0.00

o Ori?rf‘g* 2 da | TEkChengeRaio®) | 000 000 000 000
Num. of Move Order Changes | 0.00 0.00 0.00  0.00

Move Order ChangeRatio (%) 0.00 0.00 0.00  0.00

Processing Time (Sec) 0.08 0.04 019 005

Num. of Track Changes 0.33 0.65 200 0.00

out ggfrfgg lay | Trock ChangeRatio (%) 0.49 0.97 303 0.0
Num. of Move Order Changes | 2.25 0.45 300 200

Move Order ChangeRatio (%) 3.90 0.77 517 345

Processing Time (Sec) 0.27 1.35 1083  0.03

Num. of Track Changes 0.06 0.30 3.00 0.00

All Cases Track Change Ratio (%) 0.08 0.43 423  0.00
Num. of Move Order Changes | 0.51 1.47 862 0.0

Move Order ChangeRatio (%) 0.30 0.85 500 0.00
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Table5.7: Experimental results : Depot C

Depot C Avg. Sd.Dev.  Max Min

Processing Time (Sec) 0.08 0.38 516 003

Num. of Track Changes 0.15 0.75 400 0.00

W Ocrzsg él " Track Change Ratio (%) 0.21 1.06 563 0.0
Num. of Move Order Changes | 1.79 221 9.00 0.00

Move Order ChangeRatio (%) |  3.09 3.81 1552  0.00

Processing Time (sec) 0.16 0.08 052  0.03

Num. of Track Changes 0.00 0.00 0.00 0.00

o Ori?rf‘g* 2 da | TEkChengeRaio®) | 000 000 000 000
Num. of Move Order Changes | 1.89 171 6.00  0.00

Move Order ChangeRatio (%) 3.26 2.94 10,34  0.00

Processing Time (Sec) 0.06 0.04 017 005

Num. of Track Changes 0.58 2.02 7.00  0.00

out ggfrfgg lay | Trock ChangeRatio (%) 0.82 2.85 9.86  0.00
Num. of Move Order Changes | 2.58 1.68 700 100

Move Order ChangeRatio (%) 4.45 2.89 1207 172

Processing Time (Sec) 0.11 0.28 516 003

Num. of Track Changes 0.10 0.66 700 0.0

All Cases Track Change Ratio (%) 0.14 0.94 986  0.00
Num. of Move Order Changes || 3.21 343 1552  0.00

Move Order ChangeRatio (%) 1.86 1.99 9.00 0.00
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