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ARG 3C“Vulnerability of Transportation Networks to Cascading Failure”(%, LA FDO4 6 TR I D.

B EIFmTHY, B, BHE, SRCERICOWTERA, ERTEMR Ry FT—7 V2T A
X, KRS, ERINSREENER L > TUAT AEENHREICHS. 208 ) BB Ar—
Rz (cascading failure) E FEIZN TR Y, v b =7 BZICB O THIENER L TS, 26 OHF
22D IIMEBELITBEEEEZH I LOTHY, > FNRET VT 2003 4F A X ) 7 KIEEROE
EW R E— o HRELT D, LPRRISHORRIEINRFAET . Barabasi (2016)1X 7 A & — Rl
NRAETDLFRY NI =T VAT AOMWEEZ/RLTWAD, BHMECEEMICIRS T, @b RIS
FOMWEEM-TIETTHS. LrL, ThETRBEMICET IS LITITEA LRI T L, X
v NI = BRIBEOL LD DL Ry T —7 VAT AOWEIZHOWTHIET 2R TH DI L BD
57, ZOWRWIFIARBARATSHD. WHFHILE HITFRy NU—7 Ofegatk2 O L SO FES SR E LTE
0, BOTOENFERCHAET S 2 LT, NFOFEMERITEICRE S RET L2 ERMFHTE
L. ZOREREMOOERICIANT T, AETIE, Fv U —27B% L 2@ T ROm BT D %
v b U — 7 WEgs I B ARG D 2R A BB O RFERNCH O N L BT, WIS Ll
A — RigEOMHEOHIBEB LN 27 vV A 2 OB EITV, HADOFERIES O FTHENE & 4
#BOFEPEIZHOWTERTS.

B 2ETIE, BIHRY NU—70EHWT, RBLYERY MUY= RZOWSBHIZE TRy
kU — 7 WEga P C B B RFE D kG B RO BRI LN LZ. £, A T4 0l
F—H _R— 2T % Web of Science 7> 5, “network”$ L Ovulnerability”% ¥ —7U — K& LTHT 5 X
T ER&EL, W% /—F, s|HEREAMY 7 LT 53y N BRBE L. RIS, BEXR
F9EEE RSy 24 U7z £ C, Louvain algorithm 2@ H 35 Z L Cala =7 4 HEEHL NI L. &
LT, a3 a2=T A4 LTAAL RAGHEZEHT 52 LT, ala=7 4 NIZBT DR
RAEHOMNIL, LEa—%1To72. &6, a3 a2=7 « NHO3| R % Sankey X % T A[#H
b2 ZLI2kV, 2y bU—7 B2 L 38T FEOMW B M O IE T 725 | R 2 E '&HIRT &
EBIT, WA — REERFGE L A8 R v b U — 27 OMEggEAFZE ORI IZ 5 THUHER S IE & A S
FAELRWZ L &R LT,

BI3ETHE, *y NI RRIBT DI AT — REEET LERANWT, Xy hT—27 OREMEIC
ERT DMK EBEEDOEREZRT L EHIZ, DA — REICRHT 287270 ) A7~ Rx A M ERE
L7-. #BRFET, BV —2 %3y RU—ZIZBWTEEEOE influencers O iE 2 YLIE D
PERBHAEZE A~ D IS AN ZE T B LTV 5 collective-influence & FEIEH 5 FEIE %, BETEHFSE & 13 ERCHIC
W5 Z & C non-influencers Z#4FE L, TNHEBEXRICIKET S 2 Try NI —7 2K EZF#ET D
LOTHD., BFETEE KL TRIBICFE A MBHIB SN D721 T, FRCEEEOR VR v
FU—21Zx LT, KR ELRE CEL 2L a7

FARETIE, 7y Ry 7 258800 Ay — RigkEes LT A7 BT, FEI3IHDI AT v R
AV NEISHT 2T, VogbkE ) CLD2VARAI~R3x VA MERELZ. AL—T v bR
ProRETHL7 Y v Fry ik, A7 — NEEOKIREBIHYT 20 THY, Ry NU—
7% U CIRER e GBI & 70 > TIRIEMIIZZ Y » R v ZICE S T25E, T0—#HOBS
I AT — RPETHD E V2D, AR TIE, @ISV TEE & S AR RIITE A E
D RN H- 2 BEBIZONWTHHT LIz, ZL TRy NT—2 hARa Y —0bThiZmRNRE g
L, BREEIITENC L > THRIZZ Y v Na v 7 ZEERET 2000 & FEE O & Ik S 2 F @)
SIRWMRBDZ LEZRLTE. &1L, Vo7HBICED Y A7~ A FORRITH L THERKE
FATEI NS BT L2 2R LTz,

5 ETIE, AIEE CICEOLNIARICESE, HEEOFEAIMEIC OV TEMEMICHE M L7 LT,
AS%OFEMEICOWCiEm L7z, £9°, 2 BIBEL T, ZNETEECKRy N —7 BZ0F
N PIENRZ B~ E WA SN CEZZ AR T i, U2 7 BN LES AL A2 BN O Bh 1) R




PEZ XA CIoH SV THEasEmr e nER L T =R es R L7z, RIZ, F3, 4sETHELNLE
FEREBE X ET, X2y N =B TRICHIERI R L 7> TV D BEROE R vy T — 213,

ZOMETREN Ry FU—7 bR Ul X ESND EEZ N0, 7u—TT /L& itk L
THY AT LAOMWEN KD WAREMEZER Lz, EEEO LS ICREEO®m Ry hT—27 O
Magattlx, *y =7 BZIZBWNTHEVFEm SN TRV END, ZORICEBWTRELEN
5xy b= BEAOEICHIZ L D2 EMBIIFFCTE 5. &KL, S%OFHMEICEELT, H5
DHFX Yy NT =T VAT KTBIT D0 A — FESRPEU LR E AN - TRAE L TV 5 5EE
IZOWTHRA, VAT ATRAETDHH A7 — REFRIZBWTYH ZOEEMENER N S5 AT gErt
NHDHZ LISk LT,

HeEIIMMTHY, A TELNIZREB L OS % OMEZ KA LT,

8% - WSCEEIE, I3 2000 52 & 5830 300 5B 4 LIRS ORI 50y, b L<IEIE3C 800 554 LR H L T< 720,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
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This dissertation, titled “Vulnerability of Transportation Networks to Cascading Failure”, consists of six
chapters. Complex networked systems sometimes collapse caused by localized shocks or errors. Such a
phenomenon is called cascading failure and it has been studied in a scientific field, complex networks (also
known as network science). So far, most existing studies have discussed blackouts or communication
disturbances and there are some successes in engineering applications such as expressing patterns of failure
propagation in the ltalian blackout in 2003. Barabasi (2016) shows the natures of the systems where
cascading failure can occur, taking power grids or communication systems as examples. However, not only
these systems but also transportation systems should satisfy these natures. Nevertheless, there has been
little mentions about transportation systems. This situation seems strange, because complex networks
should be a study of any complex networked systems in the real world. The aforementioned two fields have
network vulnerability as a research topic in common. Actually, studies on network vulnerability in the two
fields emerged at almost concurrently about 2000 and they have been grown rapidly. However mutual
understanding between these two fields is currently still lacking. Therefore it is expected that both
academic fields will develop further by interdisciplinary fusion of concepts in different fields. In order to
achieve this great objective, this dissertation aims to objectively and comprehensively clarify the overall
picture of the studies on network vulnerability in the two fields, to investigate cascading failure and
propose risk management, and to discuss the possibility of interdisciplinary integration of concepts and the
future directions.
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