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Figure 3- 14 Meta-heuristics algorithms and evaluation values

3.5.4. RITHIEETE & DR
AT T Y X 5% O THEEFHEOMER ATV, BUTEEFHE & e L7,
(1) REERET VT X LOFEERRE R
3.4.5 DAEERET VTV AL EY, FIHAEDOREEIT 12, REALL L FHLFE D
Rt% % Figure 3- 15 (2739, B &5 D1E, 10 MR OEERICHY 35, REAK
11 ARDE & T, FHIEOMEIX 14,698,071 L7257, BUTH A YD IR LA, O£
DAEBTH D, KIZ, A UICHFFHMIMEZ, R0 482 [M./45] o RENE O

27



374 [,/ 53] \ZEEL, FRRICABGERE 2R AT, ZORER, BUTHX AV ELFELTT, 12
Sy BB OERRIAIY T 5, REAH I RE o7,
Q) A YHBT LAY X LOERRER

DOAERRET VT XNTER S, BREAK 11 KOk, L Okox
DIT, FHEFIH 10 A& UTHER Lok a gL LC, ThEhsd A Y®R7 IV

Y RLEETLIE, LT, Zhb 2 O0OWBHOEEE &, 12 /MO EiE T
EABR 9 ROBATEIEFHE O, F1 3 D OEFHEIZ DUV TFMEE A FHE L7z, FEMfE D
LA Table 3- 212, A7V U XL TR S AUk G0 2 Figure 3- 16 1273, 72
B, KPOORNIHEmHEM) D OHIX %2, ARNIH M ~D AX 2R,

Figure 3- 16 ("7 L 512, A7 /T Y XADNER L7-lkstmix, B1~BR 18 fiT
ETF11AR, BRI1I8~ER25 T ET 9ARTH -7z, BUTHEFHEIXEXETIARTH DM

O, WEOZWIR18 £ TIHBITLVZ L, U1~ 25 1FBUTLRILAK TH 5, %7z,
BR18 1LE W DTV FIHIE, £ 10 /3 OITIRFFF T RV FIE L LTHIRT, 2Dk 51z, K
TNAIY XNTHE, KEIZ L DTEOENE KB L FHERENFRER Z & DN HER TE D,
F7z, Table3-2 DL EBY, AREGHET NVITY XAATREE SN, FIHEARE 11 K%2Y)
Wi & U TR LIRS, RSB RB & 7o o7z, BUATH A YD 9K, LU 10 A% 4
frl L72B/A L0 bR, AT VIV XAOFMENHERTE D,

UbzEEonl, RETK@E AT 22T~ RT—2 & LTHEH LIZFERD
FERL, 7v ) R APBAT OGS FH TS A ) L 2 & , BUEDOF LR
1% B U 7= B S A ik G ) mw&ﬂ%fyﬂm%;%%%@A7yx%kémkﬂu
BT %, EWHITATTBNHERRI LRI,

Passengers' Disadvantage | « +a+ Passengers' Disadvantage
+Operational Cost -«&-- Operational Cost

(thousand yen) —a=Total Social Disadvantage
20,000

=

15,000

10,000

5,000

M=

0 2 4 6 8 10 12 14 16 18 20 22 24 27
Num. of Trains
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Table 3-2 Timetables and evaluation values (ordinary passengers)

Timetable number of trains (train interval) | Evaluation value
Currently applied 9 (every 12 minutes) 14,776,950
Proposed from the initial )
10 (every 11 minutes) 14,628,077
solution with 10 trains
Proposed from the initial )
11 (every 10 minutes) 14,626,200

solution with 11 trains

12 13 14
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Figure 3- 16 Proposed timetable (m m m : timetabled trains)
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Table 3-3 Timetables and evaluation values (passengers on the event day)

Timetable number of trains(train interval) Evaluation value
Currently applied 9(every 12 minutes) 28,221,037
Proposed from the initial )
) ) ) 17(every 7 minutes) 26,333,088
solution with 17 trains
Proposed from the initial )
] ) . 18(every 6 minutes) 26,273,707
solution with 18 trains
Proposed from the initial .
) ) ) 19(every 6 minutes) 26,474,657
solution with 19 trains
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Figure 3- 17 Proposed timetable for the event day
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Figure 4- 2 An example of network for passenger’s path search
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Figure 4- 4  Screenshots of the simulator
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- i valuation valuation

Simulatorf Trar:po.rtat'on —> - Evaluation for P>
ervice method Timetable B Value
Experienced

4.4.2.

Timetable B

Figure 4-5 Approach for timetable evaluation

AT iffi R BE

BRI O FHEN 4 2 Ml 2 HEE 5 72 0121E, AR Dlnkh— e 2 ) 12
X LEFIAE D EOREDFHZ F9 0, T72bh, wkstmiIx3 25 HE O
e, FAHMEREZHALNCTDRERDH D, ZHITHOWTIL, BREFFOM R 2 ~—
ZlZ LT Sz, R R RESh WDl R AEIE, L FoX(4-212 &
D, FEHEH, SRR, RMEEFEORMEOAMEESR 2, FIH R AR OE N
LTRSS,

DisutiEtime+2 X wait+600 X trans+ Y (inter_timeX cong formula) ...................... (4-2)
- Disutil: FIMFE O HE
- time: FEHERH B~ R HEREE £ TORFRE ()
- wait: FEFCCRMR TOFFAE LM OGE (B))
- trans: FHEHC ([A)
- Inter_time: F| OB ETTR Y (B))
- congestion: B OIRHMER (EEIZHT HEIE)
- cong _formula: BEOIRHMEEIZ LY, LIT O A0 H
(Dcase 1: the congestion is under 1.0
cong formula=0.0270 X congestion
@case 2: the congestion is between 1.0 and 1.5
cong formula=0.0828 X congestion-0.0558
(@case 3: the congestion is between 1.5 and 2.0
cong formula=0.179 X congestion-0.200
@case 4: the congestion is between 2.0 and 2.5
cong formula=0.690 X congestion-1.22
(B®case 5: the congestion is more than 2.5

cong formula=1.15X congestion-2.37
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Table 4-1 Timetable comparison summarized by the origin-destination pairs

Ti ble A Destination Station
imetable Stal  |Sta2  |Stad  |Stad |Stah  |Stak
Sta 1 399 1273 880 | 2715 | 3128
Sta? 524 1,108 773 | 2645 | 3308
Origin [Sta3 1293 1,130 1017 | 3,059 919
Station |Sta 4 919 852 855 2108 | 3022
Stah 3149 | 2885 | 2836 | 2561 1,331
Stab 3215 | 3286 | 4120 | 3305 | 1275
. Destination Station
Timetable B 1o 1 [6ta2  [Sta3d  |Stad [Stab  [Stab
Sta 1 408 | 1275 882 | 2716 | 3131
Sta? 524 1110 775 | 2844 | 3392
Origin |Sta3 1292 1,130 1021 | 3058 917
Station |Sta 4 917 851 955 2197 | 2957
Stas 3072 | 2834 | 2850 | 2490 1,331
Stab 3.301 3350 | 3788 | 3005 1271
. Destination Station
Difference (A-B) = Sta.2 Sta.3 Stad  |Sta5  |Sta6
Sta 1 A876] A233 A212] A126] A 235
Sta? 057 A 168 A174 0904| A 1375
Origin [Sta3 052] A 005 A 385 1.07 1.69
Station |Sta 4 169 098 0.04 124] 6524
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Figure 4- 7 Proportion of passengers becoming convenient or inconvenient
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Figure 5- 1 Train choice behavior under timetable disruption
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Figure 5- 3  Estimation method of necessary time for passengers’ destinations

ENERERBRL-FIAETBHETIL
ﬁ%?ﬁnﬁ:ﬁ%%:ﬁ&éné?W%ﬁkﬂ%%ﬁ%@%%:ov%‘ﬁ%if
%Eﬁ%ﬂ*iz ABFSE TIFANHETIHERD T RICMGTE 2D L T 5L A
THHRNTRIITEG TE WA OITEIET V2 RIS 5, AWFZETIE, uT@rﬁW
Ll ZATE TBRAHY ] ZATD2O02RET D,

(1) BARLEAT

BRCTORNR, A L D2 ERIENENGEEZHELZET L THSH, 20X
A T ORIAFIL, EARMICRIIERGE S A VB0 ICED LT 528, BUEEOFH
FHHEDBUAF R DFNHEIZONWT DR, BBIEFRZBEIL, £ DR R TOERIER Sy
M U7 SRR RN 24T 5, E 72, EBRFIZ L0 MBI FIHEIZ OV TE, DR
DIFE—FHEDOFNENRE Lo & X, TOFHENERLIZZ 20T 5, ZoxA4~7
OF|A#EIX, Figure 5-1 D7 —ATlE, BERTENLTWDPIESEICEYHZ 5,

(2) Z#RNHY ZA4T

(1) &1 C, BRCOEN, AL A EHRIEICL Y, 2 TOFHEOE TR
EHETIHAEBELEET LV THD, 20X A TORRAEFIL, EINEOE TR G2
JE, EIRTE) AERICHEM L TWD, E£o, SH%OEITREZNZOWTIE, BEDOKSIHE
DIFEFERES) #%@iiﬁﬁ#é%@k%zéo;@&47@%@%& Figure 5-1 MO/
—ATIE, BERTERTWAPGESHEIZRD #ix 3, S@HET CHE T’ I,
BREIZITLHEAA, ﬁlj\m:d@é%é\f‘% ZORNNDENTETFEM, EfER S OD,
RIZENE =L LT, FIAERZENE ENZEE UHEREZIGHAT 20, FIAEOIT

58



5.3.4.

5.3.5.

B G20, L, RERREROAENS ORI, BIU—EORHRD
TEHT 2Rz, FIHEE 2 6 UCREMICREST 2 01%, BEMICIINETH S, F
=, BN L/ &Y omfasm o R 2BE, 52 & T, PRRZRRILT TORHME
X, TOHANLHEERETH D, €I TARMIEDOEND Y 7 A 7 TiE, FIHEZE~DRE
PIZEMIZ RS, FFAEERAERZ 2EICER LIERT2 b0 L35,

ERNFAVICKDHEERITEIETILOEE

R OREATENET VAL I 2 b—2a U VAT ACEETH 720, RNA A T &0
IMEAEANT D, BNF AT LIL, FEYAVTOEBREHNENETINDIZAY (5
A Y) SI3RR Y, FIHE DR E COFIEFMRRR 2 HERT H1-DIZFHT 5,
[(B% DRI ITHNENETINDIEAD | EBZDXATYThHD, Licno TENY
A ¥ix, EEE LT, SFRAZOHEOTICHDH A YT, KHHAHEOIEETIEHR,
BIOENERICH L, FOREELWNEBX 00, ICESEERINDL, 2055,
ENEREELWNEGULEAGWICEA LT, ORI AFICKT 552 HFOHE, B
FOHEIL, BENCIIR#ETH D, LB TRIFZETIE, [UEETIERIC L 5w
DHEFRIT D, BAERICIE, AIEITRE L 2 2D A 7 Z2HHH OB RIG BN L
L, &BREORNERIIE CImRBNL A Y EERT 5,

—7, BRAFEOERIAFEIEL, 2 ORI HEBEERHASIC L 0 ETERICT 7 &
AT HNENEN D, FIHFIC L DHE T TR, FIHE DBLEE 2 BT ORI
BB GEITIRIMENR D H 50570, WYIZRETIHFRENN RSN TWNDENE I D) b
REET D, AT, FIREOERIBSBIEREICHZY, Table 5- 1 DX
\Z, R QBT MG BN, IROBNBMEOW S 2 KBL, Wb & bic TZNR L]
DEGHEIZDORH TR LB OFIHF L LT, BENRLOBAORNS AT (GEREE,
NE P28 B A AN SR S V7R WTE & A YY) CHIHRMRR SRR 24T 5. oFIHAH# L (4
NhHVJEM] L, ZENOYOLEEORERNTA Y (BT, EFEELRBR LI A7)
THREHEITI, ThIZEY, RCTORNOFER, EFAFOITE, BLOEE LT
DFfRERENC & D X 9 728 % RET O, HRREEOBRIZ OV T HFEBATRE L 725,

Table 5- 1 Definition of informed and non-informed passengers in this case study

Personal information Guidance in the station
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Table 5- 2 Estimated number of passengers getting on each train under rescheduling alternatives 1 and 2

(without rescheduling guidance for passengers)

Estimated Num. of Passengers under Rescheduling Alternative 1

DEP. Stal | StaH | StaG | Sta.F | StaE | StaD | 5taC | StaB

ARR. StaH | StaG | StaF | StaE | StaD | StaC [ StaB | Sta A
Train E1 J19 319 319 319 319 J19 319 183
Train L1 253 169 168 408 217 204 225 112
Train R1 | 1119 [ 2044 | 2147 | 2147 739 739 739 475
Train E2 310 310 310 310 310 310 310 310
Train L2 223 169 a2 80 113 64 49 23
Train LJd 772 11391 | 1.281 | 1.281 220 220 920 J11
Train RZ | 1,095 205 a1 103 150 25 25 14

Estimated Num. of Passengers under Rescheduling Alternative 2

DEP. Stal | StaH | StaG | Sta.F | StaE | StaD | 5taC | StaB

ARR. StaH | StaG | StaF | StaE | StaD [ StaC [ StaB | Sta A
Train L1 293 169 168 221 61 45 64 34
Train E1 319 319 319 319 319 319 319 183
Train L2 223 169 a4 248 152 141 129 ai
Train R1 | 1119 [ 2047 | 2135 [ 21435 745 745 745 478
Train L3 310 310 310 310 310 310 310 310
Train E2 772 11,392 | 1,295 | 1,295 219 219 219 309
Train B2 | 1,101 204 90 1343 218 a7 al 28
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Table 5- 3 Estimated disutility values under rescheduling alternatives 1 and 2

(without rescheduling guidance for passengers)

Contributing Factors Rescheduling Rescheduling Comparing
Alternatives (D Alternatives & & with @
Whole Time on Train Cars 6 676,368 6,479 631 Decrease
Waiting Time for Trains 19176922 19,071,800 Decrease
Times for Transferring —193.,200 —180,000 Increase
Train Congestion 173,754 173,453 Decrease
Inconvenience
in Detour Line 1,608 960 1,988,200 Decrease
Total Disutility
(sum of above factors) 27,442 804 27,133,084 | Decrease
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HEFE S LB B MR T 2 DT, B2 L2 L ONAFAEREIC X 0 IRMEEMK S D 2 & iX
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T, FIZIE G R=A ROFAFE 2 FIHE L2 28R A BUCR S BRI b 6
T, BNNENTZDOFTEOBEITIEF L &%, B<EET DPHERL @R LCEEICL DS
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HUNCRERNTHLERH D E W25, Tihbb, FIHEORIEEMEEOT- D, F3EE I
ZOQOMEFEED X 978, FORAEBEFAL AT T, TABFIHAFTICEAN SN
W& FIMEERELROIENFEH KRN NS, 2O XD, APETIHEREHIC
B AHHABE~DORNOEEMICHOWT, EEMICHHET S Z & bARETH 5,

Table 5- 4 Estimated number of passengers getting on each train under rescheduling alternatives 1 and 2

(with rescheduling guidance for passengers)

Estimated Num. of Passengers under Rescheduling Alternative 1

DEP. Stal | StaH | StaG | StaF | StaE | StaD | S5taC | Sta B

ARR. StaH | StaG | StaF | StaE | StaD [ StaC [ StaB | Sta A
Train E1 J19 319 319 J19 319 J19 319 183
Train L1 253 169 168 408 217 204 225 112
Train R1 | 1119 [ 2044 | 2147 | 2147 739 739 739 475
Train E2 310 310 310 310 310 310 310 310
Train L2 223 169 a2 20 113 64 49 23
Train LJd 772 11391 | 1.281 | 1.281 920 220 920 311
Train RZ | 1,095 205 91 103 150 25 25 14

Estimated Num. of Passengers under Rescheduling Alternative 2

DEP. Stal | StaH | StaG | StaF | StaE | StaD | S5taC | Sta B

ARR. StaH | StaG | StaF | StaE | StaD [ StaC [ StaB | Sta A
Train L1 293 169 168 221 61 45 64 34
Train E1 319 319 319 319 319 319 319 180
Train L2 223 169 290 4384 289 274 298 137
Train R1 | 1,119 [ 2022 | 1,890 [ 1,890 618 618 618 390
Train L3 310 310 310 310 310 310 310 310
Train E2 772 11392 | 1,279 | 1,279 a2} 227 a2} 323
Train B2 | 1,101 229 115 158 218 a8 a2 28

Table 5-5 Estimated disutility values under rescheduling alternatives 1 and 2

(with rescheduling guidance for passengers)

GContributing Factors Rescheduling Rescheduling Comparing
Alternatives (D Alternatives @ @ with D
Whole Time on Train Cars 6,664,713 6,939,870 Decrease
Warting Time for Trains 19.192 366 18917,428 Decrease
Times for Transferring —195,000 217200 Decrease
Train Congestion 173527 191,428 Decrease
Inconvenience
in Detour Line 1.608.960 1,996,180 Decrease
Total Disutility
{sum _of above factors) 27,444 566 26,983 706 | Decrease
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