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Retrieving and analyzing interpersonal relationship from large-scale mobility data.
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This paper is extended abstract of our recently published paper[Asatani 18]. Interpersonal relationship affects our
daily activity. In this paper, we consider the link between them by analyzing large-scale mobility data. In the past
studies of human mobility, owing to the difficulty of associating mobility data with interpersonal relationship data,
previous studies on the link between interpersonal relationships and mobility are limited to the specific activities

of particular users.

In this paper, we propose a method for detecting interpersonal relationships from mobility

data, while distinguishing these relationships from those of familiar strangers such as commuters. In the method,
persons who take diverse variations within the same activities are recognized as a pair. From IC card data covering
the daily mobility of six million people over three years, we detected millions of frequently co-located pairs. Under
certain conditions, most of the detected pairs are confirmed as not being familiar strangers, but rather to have an
interpersonal relationship. Next, we analyzed the detected pairs and found that the density of the relationships
between groups was divided by gender and age and was found to be asymmetric by gender. For example, an elderly
male person is not likely to take trips as a pair with a same-gender elderly person, and this result is data-based
evidence for the isolation of retired men. In addition, group trips are confirmed to have an extraordinal character
and sometimes converge spatiotemporally. These findings indicate that interpersonal relationship is a strong factor
to determine their mobility and group observation is potentially useful for event detection.

1. FL®IC

AL [Asatani 18] THFK L 7zNAD Extended abstract
Thd. NOBEZIELFHT S I &k, BYYEML, R
WORHL, 1R MREREDE L DIEHIZDRNRDE. T
NETOMFEDOKEIN L, AHOBETH [Gonzalez 08] X%
Fr DKM [Giannotti 11] IR ZHTH I & TARMOBH %
HfiE - FRLCTEZ. WL O DIEAN AR, JLIEDATEE
M [Bogomolov 14] & HH#iF| A [Grauwin 17] D/8X — ViEA
MOBEMEICEDOWTHETE S ZERLTWVWS. UL, &
X E RIS L D NHOBENI 2T - TS
Z &l TER\ [Song 10]. TDOKERERD DX, AMD
BENI LI UVIEABBRIC L > THNY shs 22 ThHD L
FEALND.

H B HATHIRNE T — ZRENTIC & 0 th 2 0HE B /R 2 A
MOBEHOFHUICHELERTHLZ 2R LTWVD
[De Domenico 13]. tLRMID72A%0 & NI OB EE & DBIFR
ZOWT I ANYEATWS. [Fan 17]. LAL, Zho D
ZEOMNRYIM PR L 25 AFIZFEFHICESLTWE. 22
T, T REAVRVHGRNRT Ta—F It k5 AHBRE®
FIZOWVWTOELEThbNE 2 Miller 05]. 2D & 512 AM
@%Etkﬁ%% ZL DEBPILDLON TV IIZEL1D 5

—fDOANBEOHEIZB T 5 ZN S ICET 2HMIEH £ 0 i
Aﬁwaw.ttzﬁ,E@;o&Abﬁéﬁuﬁﬁbfmé
, AHIBEGEPBENC G 2 28 3, JV—TTOBHO
Rl E DB OCITH T 2 FRIFEA TV,

LOIROXRTE A B &, AMBIRIZ AR h2 0 SR 2
FTHY, MAOKMNE X OCRAIRELEBE#L T2
[Newman 12]. ZH % T% < OHZEH I, 1/94 va3a=
T 4 RE§ILE Y — B X [Cheung 15] 1281 5 a7z A
BROHER, AMBEREA Y R—%y b ETOEE & O
AL T E 7z [Pllieger 10]. 727U, INH6DTF—RFH1—
F—DREDOEFNIZREINTE Y, HxOHEDFTEHR &<
RINTWET— K EAVTAMEREZHFET 2 Z & HBBET
Hb. TODEIBRTFT—RD DL LT, LHPHIZDT > TINE

RS AR, R KE TFRIR, S AR

7-3-1, asatani@gmail.com

INAFOBEIT—203HIFonsd. HlxiE, REHED
ANZIZE 5T, BBV AT LD 5OBET — R I3 /s D
HEEROEH DL 2 XKML TWS [Shimosaka 15]. U7z
MoT, ANHEBERT — X %2 AMBGR SN 5 2 & 23k
X, BB H 2D ANRIOMHEEHZ L K <HRETE 5775
5. LLahs, T—X0fIRE 7I 14 —DREN S,
IDEIBRTF—REMELEDZ LITIIHEMCH LN EE X
5b.

AgETlx, AEOBE & AMBEREMRD 727 — X 5%
VR T A OB B & AFIBERIZET 2 koM zE5d 2
7=z, ANEOBEZFDOE DS NFEREHET 2 Hik2H
FL7z., TR LT, BMEE (KK, A, BR, Z4%24
LHART 2 BHICKEWAHRE) 225 600 JAEGRE LT3
ERNZIE S Nz 22 (EOBEIO 7% W2, EHEIZ L 5BE)
&, ICH—RZMHLCEETEETS A% DH % DIEENC
RAIRTH D720, THoDTF—RIFS X ABOH
M/ HE 2 B# %2 E0IMHDO% < 2 KL TS, Kif5ET
i, —EBL Lo/ HoMEbIZEWTH— M) v
7 (AU BN [ U R E 2 Z ) 247> T0W5
ZADARIORNIZ EANBRERH D L AR LT

EHZUZTFEEZAWTBEIT — 20 S HBICEZT 2805 15
EDOANEBGREHE L. 72, BHURWE— MY Y %28
BIZT 2RO WARES CEBEERY) & ANEBGR D 5
ANDHMEHDMZXRT B72D17, 24 LERY 1~ FolED
ZALIZE L TR N A ADHIEGED#RWEBIE LK. H5
ST T, BT ¢ R ORI S iz = A0 A&
HIZEZ DHEDPNE L, MBI N ADHAEEDKERS X
— BT AEVWEEEZ RO AR ZR > TWD HEl X
N7z, il U7z A L, REBTIC B 1 B 2 IZ 7R
AR T 7 28iggd 52 22k, MWl X5 ARBEGRD
HEWEHSDII U, 51, #ire BT itk
2N OFHOEAL (Bl 2 FHBHT RN E Z A1/ R Y)
X, JNV—TTOBE (NEBEFRKD DAL OFRKBE) H
ZEREINZINR T 5 Z & 2B S T L.



2D5-0S-1b-02

The 33rd Annual Conference of the Japanese Society for Artificial Intelligence, 2019

2. T—%4

I WE T —X1%, 2014 FE 4 95 2016 £ 3 HE T
O OETEE (KB, #F, ®E, ®#@zE50HAT2 HHIZ
RERAHE) 2B 5 600 HADEZL—F—I12 X5 22 f&
B OB THS. EEDALDH 25%I2H7-% 500 /3 AH 3
FERTT 100 FIBA ESREZFHLTWS, £/, SBEIIFEH
BR& B BRI B 1) 2 Fe o /fREH O R 230 AL TREgR S T
5. F7z, &R0 33%D =Y —IZBH L TlX 10 £ Z & O Fili
TRV EERIDOERRE TN TWES, £/, T—XIZIRED
=Y -z ANMBERED 202 R THERITEETNT VR,
3. Fik

Fx T ALEBRERME T 22012875 2 DDk %z R
U7z, TNFNOFEIFE ST, HEICREBREIT 5 - ADH

GEEHELTWE. 12K TH—MY vy Tl THS.
ZDHETE, e d tig D~y 72925 ADH

HED, HEZAREEHT 5 - AOMATE L THRITIINS.
R 1 > R VIED w = 1(min) OBE, SMEAHE U HK
& [ U S & 2 g B TR S /iR LT
PEFE— MYy TLiRb. w>2 DO5E, ZADHADHFE
il & BIEREZ DD w — 1(min) BANOBEIZF— NV v 7
cHmEING, D ety OFA— M)y 72ILETE AN
,y SHEBICARBET 2 - A0MAaE L ARINS. 1. Z
DAD IT" (z, y) 1&, KT« Y R UlRw TOIZ—H—g &
y O OFR—OBFOEM (1,0) ZEKLTW5.

(1)

tigw _ )1 nUTey)w) 2 tia
Pia (@y) = {O else

Fl— b~V FTHHEETE, BU@E#L—- N2 Ed50L
DORIMS HEFTEN AOMET & U THE S0 5 ATREMEA
H5. MPRIZTFDITREN g DfEZE E 572 LThH, HBHEU
b — b ORI Esr O ENIE 72 b O NERRA S 2 & Hlir L
TLES. ZOZ LB 570, FRICEMBIICHZET—
R3B GG NEBERD H 5 N~ 3%  ORSEOBH %
T2 EREL, D Ed ty, DER 2O WM/ HFE
WoMAEDLETH— Ny 7275 ZADOMEEE2RET S
[Z=—2)b— ML 28RELZ. Ko ERCE, 2al
&d t,, OHWHL/HFBROE Y NCTH— M)y 72475 21—
F—z,yld, AFEERDZ - AOMAEELRAET. (X2 %
7;3?\\5\). :@ﬁf, ITS(ZY y), w ii, :’—‘—'*jj'— X t Y ﬁiﬁﬁfﬁv a1
VRO w TH— MY v 72745 B L 1P RO (JIH
M) #EHRT 5.

1 n({ITS(I,y)»w})ZtW
0 else

ﬁ?“@w)={ (2)

4. Results

4.1  AFEREROHSH

EUoIT, HEICFENBEIT 2 - ADMAETOFEREE
2535, 9 1(a) 1E, WY 4> FYlE w 223 ERn
5, (a) A— MY v TRHET tig 2EAARDS MRS hr- %
IZRABES 5 — AOMEEH Nig, (b) 2=—2)—FFik
T tyr ZEZEDN ML I N HBEICRRNEEIT 2 - ADMEA
HH N, ZRLTVWS. M (a) KEHT 2L w=1Tl, tu
EHRP U2 & Nig ICRERANELS R TS, () DD %
% (b) THEN L D B ETABRICBAT S, —A—ADT
BLBENETDENET DL tig ¥ tur DREL IR0 L &
D Nup ¥ Nig DD ZIEHEEBIITH D, ZMFOEUED
EFNEDBEEZNITELSPFALTNVS. Lh > T, HEIZH

KREEId 2 ~ ADAEEMIA2 U & DERTHZL KFEELTW
LeFEZOND.

BB EE S 5 — ANDMEE A AHBIERA S 5 M+
RODPEERENZ LD RMSQFRFEETHE0 BT 572
dIT, BTN ANOMEE ORI BIE/-Y « >~ K ViR
w DFFBEFLR U . RES BFHEE O ANOFM A5 #HIZ
Feolz DR L2 DT BREBEWCHBELTADES Z LR
Wz, w BRELRDITONTHREBEITRIEICENT %
EFEZOND. —F, NHBEGROD LS = ADOMEE O ITEIX
w DEMIZKRESHEEZ TRV EEZSNS. W/IRL S0
RIS 256, %< DEEIRXD T PER AN Sl Z 8@
BWETB7DTHD. LizhioT, BibINZZADMEENS
RAS BIAFEEN T TIIBIN I T WD GA, Ky« v Ry
g w PKREL Lo THRE I NS -~ AOHMEGEBITZNIZY
Bz wEeEZONS.

w N e

w

IS

n 0
FI-Y

—— Nurlw =2)/Nylw = 1)
—— Nyw =3)/Nylw=1)
—+— Nurlw = 4)/Nyw = 1)
—— Nyw =5)/Ny(w=1)

N
3

—— Nig(w =2)/Njg(w =1)
—— Niglw =3)/Nig(w=1)
—— Nig(w = 4)/Niglw =1)
—— Niglw = 5)/Niglw =1) B

2..5) to Nig(w
2..5) to Ny(w

5

Ratio of Njg(w
“
Ratio of Ny (w

B 1: (a, b) A— kY v THREE (a) E2=—2)I— MRH
% (b) THRE SN, SHRICARBET 2 - ADHEAEEDOH.
M, F— MYy TREEOR U E W tia, tu., HEHHIZH
BIZEBEHT 2 - ANOMEToHERT. ST, K
T4 Y RUMRw & 1.5 ICEAERER LB TTH Y b,
(¢, d) w=2.5ICHF2MBEICARBET 2 _-ADHEEGED
HDow=1DBRICNY 2EE

M1(a, ¢) &0, A—kYy FFECEIERY 1 > K YIEw
DIz & B 72 > TR X W HEIZ AR EIT 2 = ADME
B Ny OB KIFIZENT 22 2305, Z0Z&ickDd
Fl—D R~y THEZL > THRHEI W ZRE I AOHME
BiziE, RASHhREENLZCEEFhTWERLEEZIONS. £
D—FHT, 2=—27)— MNEDEFE, w DL KB A
DGR Ny O, tyr > 3 TRHRENFERE TR
W (K1) (b, d)). 204G, MInzZ AOMETIZIERE
HoRFERENIZEAEETNTVWEVWEEZOND. SV
ZAUE, TS OMH X 723 O R OB D IR 25 1358\ RERE
WICGR U, B AIZIEMECH URRIICBEIT 2 & W\ S iV B2
HBoTwa iz ns,

72, tyr > 3IZBVWTH w =2 TOADHAERHEED
w=1&DE2EFEREWV. LML, w=3,45%& w &2
PULEZE o8ISR, ZoMEIx, ANERYEH L —
P —DEBEIT 5 & S (2L & @ B R SRS EAL T H B 4
EEENBEI N —EDHERTHET IS L EEZIONS.
L7zhoTCw=1TlER w=22#YRXT7A-2cH
Z5.

BLEXD, tyr >3 Da2=—2)b— MNECTHZEIZFKGES
HANDMERDIFL AN, BERMIZFA—M) vy 7235 A
MR 2R > TWA - AOMAEEL el TE 5. ZhsDH



2D5-0S-1b-02

The 33rd Annual Conference of the Japanese Society for Artificial Intelligence, 2019

HD S, KX TENTA =K by, =3, w=22FELEZ—
BON— N HiEEFHT 5.
4.2 FEMRIC L B3 ABRBEGROBE

ED &SR A T DN DENC NEERDEAET BRI
W ERTERT 57012, 70— THOBBROHXEE D@, 5)
M 2iz7ay MU/ Didea—¥ - v o2%E DI
WD, WHETHIN—TEDOIN—TEE D(i,5) DG
Thb.

F4EEH D 2L — 7OMEHLEDBIZIE, %< O ANBEGED
FAET S, 10 K95 20 ROA X IXFE UMD 7V — T %K
S BIEREA D B, 30 mEbA LD A % 1% E UAER O BIE /2o
TN—=T%BRT 5. ZOMEMIZAROLEE2 KL TWS :
N Rz DREL BES, $HT/A— b F—eRKHEF->TW»
L. INSORRIE—BRIcGTEL TR -BLTWS.
72720, MlE K ORI OBIAD» S, NHBIREE O R
LHEAOLNDEHERLIIU TN THS.

BB o1 1 oss 01 01 0w

351119 06 06 0.23 0.02 0.03

Q 047 241 038 027 07 0.1 003 0.06 268 0.71 049 155 029 007 0.11

146 161 081 0.35 006 001 g 008 0.72 203 041 016 021 0.02 0.01 107 06 044 098 0.1 004

BB 022 36813 010 029 013 |

112 15 044 01 003 ., Q 099 029 073 137 027 009 01 003 & 076 066 0.39 0.63 0.16

s
=

Male
80 70 60 50 40 30 20 10

12 087 0.08 01 092 055 020 0.79 164 0.15 0.08 0.16 09 062 0.44 0.97

091 051 017 013 025 033 023 1.02 277 0.24 0.18 147 131 083

PEE] 65
694

10 20 30 40 50 60 70 80

135 167 01 002 009 02 013 157 468 1.07

80 70 60 50 40 30 20 10

80 70 60 50 40 3

163 007 004 002 013 020 02 SHIEESY

10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
Male

al Female

2: D: MR - FEBID VI — TR OREROBENBE £ 5,
Bk BN, B/ L, 2/ ZMEDERBI D 7V — T DB
DOHXEE D 271y b Uiz,

1. 40~50 i DAEMEE DL & 10 RO #EFH D NFRBFR D %
1%, 40~50 D EME D BIEE 10 fROEHEDIFIE 2
f2Thsd. i, REHVPAHIFETHOMEEZ23 52
LI TWARWE WS FEEZKILLTW5.

2. il (60 L) TIE, B/ BIEO AHEBERIE, 2/
BB KO/ LD ANHIBIfRE KL TEhTH 5.
Z ORI, FEIOBMED HPETY 5 KEND RN
WO HERZKML TS

3. DB & NLMEDE DO AFEBIGRIE, FHWBME LA
RoZEDOHDO NG KDL BEINDE. ZniFE
P& D BIRD IR &2 K LT\ 5.

NIRA=R t,, DIEZE 2D5 10 (IZEFE L TH RRDMEA D
EEMESNZ. IS DRERIE, HADOHEAEEOEEIZE
FRELWHEEZEBIHLTH Y, HRIZBIISY v X =12k
B D% R U IR HE [Schwab 16] ZEHf 155D
Thb. ¥, SmBEERRMEOKANEBEIZ2T5Z13HF
D7V E WS FERITEH BN O TH S, Tk, &
WFEOEMFRIZL DT v — MEEICE OBy —HLTW»
% [Beach 14]. ZD X512, KEOBHT —X&2H#lET L2
LIZE T, HaFBLUCEEFZORB TREINKGH % K
BT — A oER Lz WR 5.

4.3 T —THEIORMHE

KEBTHIZ BT 2MEAOBENIIH ~ DHBUZ X 0 RMAF1T 60
TW5. [Wang 15, Gonzalez 08, Song 10]. Z ZTl¥, AlH
AR AN OB ENZ BT 2MHDOREERNTH 5 Z & 2 FEFFT
57202, FUDIZTNV—TBEOIHE LB 2553 5.
IV — THE X AR T E 2 Z AOMAaE & i
BELEBEITH L. W7V —TBE LIV —TBEID S
L RHERE EHEEAE URE), Fflo v — THE) & X FEER
ResBRD &5 5D ANE UBEIZ X 9. BEIOR Y R (7
B, [ URANDmAIOEIFERIE & Z OIRDEFE R & D]
D), TOBHOEHEEEZEEZRT. BHORE D KH
A1 H~EHEE N, ToOBENIEH N RBE) & X
N5, £z, INV—TBEIE T 55 DRADRE D REOFH

2, NEEOZOBROEBHZMEHLTVWEY, JV—T%
BRI IZE - TRV, F72, 22— —2E U HIZERAfifE
PEEIE T LG, Tho 2B —0OBEIE AT, KD
Moo (RFE) HROMEIEM 3127 ey bUT.

All clusters All clusters
a o044 b1og
0.2 0.8 o
0.1+
0.01 = 04 e L
= ] U 4 / o
o 0.0014 é
3 0.2 -
1 —— AllTrip
0-000115 —— One side group trip
1 —— Both side group trip 01

238 10 20 50100 365
x = Return time(Day)

235 1020 50100 3
x = Return time(Day)

a

3: (RE) RYBHEODOERS. (a) : 2BHIORE D KO
WHESM. (b): ERHORBEMELMA. KRIZBWT, W\
270N — T8 (), FRZV—TBE (&), 288 (F5)»
oy hENTWS.

X3 kb, ROEMOMERIMIIREFANIKL->TWVWSZ
DML, T OFERITIITIRG [Song 10] DFFER L —FL T
Wa. REFANTIAN, 7 OHEBOHEAMNE 3 HEDR D KO
MERIZEWMEE & b, T A OBEROTHECmEE) - @
BB THKRADAT Y 2a— L EKMLTWA LNV 5.

X 3(a,b), VRSO REMERNHEIZE T 2 2BH & 70—
THEHOEVEFRERL TV, 2KROBEO 43% (KD 5
% 3(b)) TIFBHIZHEUBRIZE S Dxt L, Wil 27y — 7 H)
EHT0 26% (MO AR THD. Lini->T, Wifllorin—
TREZBEAHEDEDTH L L ERINS. ZOMEIZ AR
MIEAHM B2 E7-56T 22 RLTWA.

a b

300000

g
3 200000
3

8
= 100000

O.Jhuunﬂh“h .

300000

15 18 21 24
Hour

M 4: (a) BEBIBBECEH kK ((KRHEZAD) THHELET
(b) 7 —TRBEIDERELLELMT, FH/ERDMEE LRI
Jay b,

AHIBERD B B N4 & OB EINIEH HERLBE Th 5T
EBPREHNI EDERNEZELT L7012, WD, ¥DX S R
NI EWE T—RIIBET 200 %N, 2 =—T)b— |
FHETIE, 2BFO 9.7%23 7V —TBE e LT h, =
NS ITFE DRI ET DAL H D 72, X 4(b) ITRT &
212, WD 20— TBEIOEEIEEHO H b & E Rz HE L
2. IS S OIEIZIZ— A TOBENL \ N EERD N2
FeEzionsd, £72, ZV— THBEONLERERIL 25 HFE L,
ERREOFIRRE D 28 S L D EWKER o7z, Zhik, 7
N—"T ) ANOHMEEDOEERE S0 ADHFT, A4 DER
DEODEIA NI TNWEILEZRBLTWS,

4.4 TN —THBEIOEEZEREMLES

L EDOT/ N — TBEEIEHENaEE 2R >Tnwa
Z Mot TIZTIE, ZV— TRBREIEEE O K
E DB ER L TWA Z 2 2R, KERERY
D < DFR (4 5(a)) LMD (K 5(b,c) DY N — THE# &
BB OR R ZBZE L. X 5(a) TlE, WL D200k
RE—IDRTHNDD, TNSIFARXRITLATA RV NHHH
fEEN=HEIFIFEMII—HBLUTWS., — 5T, 1 HORBE)
BOY— 271341 XV bDFEA U 72 A & OFBENI IR A 70,

g
£ o005 I
oo L1
6 12

9

leekend

200000

= 100000

o Laall
6

9 12 15 18 21 24

Hour



2D5-0S-1b-02

The 33rd Annual Conference of the Japanese Society for Artificial Intelligence, 2019

7z, HHOMEEER (be) TRV — THBREBETSZ
L2k oT, 2 ALEA (b) & 12 AHE (c) IZENENA NV
FARFELTZZ D Dh B

£ N N a N N \o o
Qﬁg,a; o “.,;ﬁ»p < 3@ ot n,ﬂwwdw &P

o e g0 e g e
4“.‘1“ e LSS “@_-ﬁ o ‘\%Q'L“
W o o ¥ = ¥

X 5: 1 BOYI—THBEEMBBER. 1 HDO L —THE)
(k) CRBER (F) 270y b (a) 1RV FRGFDEL
DB, ERBIZA XY MO SPNEZHEZIKBTNT F14 LT
W3, (b, c) fEEHzdH B,

INSDEENS, EEY T4 2N UL ABOME/ERD—
ﬁ%a%%#ﬁﬁ?a.u%#of,ﬁ%awﬁﬁi4«/b
ffﬁthd)ﬁ%ﬁf%éhﬁf%é DFD, HAFUIBIFBEEANE
—HBIZE D B2 ADEIGIE, BROEL TIRY FHBFELTWS
ZeERTDODOTHEELTEMNTH S.

5. B
AT, KABIEE LY 51 F— 25 ARG E T 3

FIEERE L. BEFRIIBWTEHRAEEOR—BE %2 &
BN NOMAERE LTRSS NS, EROT—X %204

L7z 25, MEEINZ ADMERIZIERMN S hEEE I
FeAEGENTOWRVWEHEI N, 207 7a—FIizA
MOMAEHEZ T =200 HRIT 2 Z LITIGHREZ & X
5%, PEREIT— XIZIMAT, {H8kINANROEI RN
Y, BIERC NRIOME/ERIZBE T 28H), HlxIXGPSa
TTF—=R, Uz T = NOEHPHAD I REEINT WS,
WL DORDOIFETIE, V—vbry YU — 7 RE(GILE Y —
V2IZHOWT, -V -RoRE#HELLS I ELTWVWS
[Cheung 15]. AHIFETIRE L=, RUE#HINV—T DA% %
BoTEHITTITRAZHRET 2R, INs5DTF =213 +4
IZEWHRIZ b s CalikE ez, fioF—&&y Mz
LHEMATREE Z 2 oD,

LETDE ) 71 12T 2095 TlE, AB-5r 0 BRMEEZ %
Y22 L2k NEOBE) % HfE - $HIL T E 72 [Wang 15].
BRELZTEZD L, L OBENIRKAREH - HRDOANE
GO EHRE LTIFLND DT, AMOBENIIARM- AR
DR EN—ZZHRT A2 a[fETH 5. AfETlE, AM
BEE@EPELY T DE S —DOREERNTH DI L E2MHERL
7. Tz DFERM AR OB ENNED B 2 AR 220 2 17 & A
FTEEHODIT—Vy hR—ADT TO—FIZETEI %
HFELTWS.

X 51z, BEhD S HER X 72 NI ER D BRI (LM I O AR i 12
FoTHEZY, MEIZLDHEEFEDENET — R 5 HAHL
nrz. WA, EROLMEE IR L T, EEOBEMEREWIZE
W5 ZLiED o7z, FEOFH DN LR b Dfha
DOHCTEELRFETH 5 [Beach 14]. THITMA T, 30~50
WD & #FHHOMNAFAET B BEBROMERIL, 30~50 D%
MeHEHEDTNEITERIZER S, FEOBEENFEDNE X
DFEWNEBET ARV WO SERIE, FETIZBY
LMEXEERLTVS. ZOFERIE, BERRES T XY hEHEIZ

MRITREZAEILE 72D 5 3723 5.
S Bk

[Asatani 18] Asatani, K., Toriumi, F., Mori, J., Ochi, M.,
and Sakata, I.: Detecting interpersonal relationships in
large-scale railway trip data, Journal of Computational
Social Science, Vol. 1, No. 2, pp. 313-326 (2018)

[Beach 14] Beach, B. and Bamford, S.: Isolation: the
emerging crisis for older men, London: Independent Age
(2014)

[Bogomolov 14] Bogomolov, A., Lepri, B., Staiano, J.,
Oliver, N., Pianesi, F., and Pentland, A.: Once upon a
crime: towards crime prediction from demographics and
mobile data, in ACM ICMI, pp. 427-434ACM (2014)

[Cheung 15] Cheung, M., She, J., and Jie, Z.: Connection
discovery using big data of user-shared images in social
media, IEEE Transactions on Multimedia, Vol. 17, No. 9
(2015)

[De Domenico 13] De Domenico, M., Lima, A., and Mu-
solesi, M.: Interdependence and predictability of human
mobility and social interactions, Pervasive and Mobile
Computing, Vol. 9, No. 6, pp. 798-807 (2013)

[Fan 17] Fan, C., Liu, Y., Huang, J., Rong, Z., and
Zhou, T.: Correlation between social proximity and mo-
bility similarity, Scientific Reports, Vol. 7, (2017)

[Giannotti 11] Giannotti, F. and Nanni, M. e.: Unveiling
the complexity of human mobility by querying and min-
ing massive trajectory data, VLDB, Vol. 20, No. 5, pp.
695-719 (2011)

[Gonzalez 08] Gonzalez, M. C., Hidalgo, C. A., and
Barabasi, A.-L.: Understanding individual human mo-
bility patterns, nature, Vol. 453, No. 7196, p. 779 (2008)

[Grauwin 17] Grauwin, S. and Szell, M. e.: Identifying and
modeling the structural discontinuities of human interac-
tions, Scientific Reports, Vol. 7, (2017)

[Miller 05] Miller, H. J.: Necessary space—time conditions
for human interaction, Environment and Planning B:
Planning and Design, Vol. 32, No. 3, pp. 381-401 (2005)

[Newman 12] Newman, P. and Matan, A.: Human mobility
and human health, Current Opinion in Environmental
Sustainability, Vol. 4, No. 4, pp. 420-426 (2012)

[Pflieger 10] Pflieger, G., Rozenblat, C., Mok, D., Well-
man, B., and Carrasco, J.: Does distance matter in the
age of the Internet?, Urban Studies, Vol. 47, No. 13, pp.
27472783 (2010)

[Schwab 16] Schwab, K., Samans, R., and Zahidi, e.: The
Global Gender Gap Report 2016, in World Economic Fo-
rum (2016)

[Shimosaka 15] Shimosaka, M., Maeda, K., Tsukiji, T., and
Tsubouchi, K.: Forecasting urban dynamics with mobil-
ity logs by bilinear Poisson regression, in Proceedings of
the UbiComp 2015, pp. 535-546ACM (2015)

[Song 10] Song, C., Qu, Z., Blumm, N., and Barabasi, A.-
L.: Limits of predictability in human mobility, Science,
Vol. 327, No. 5968, pp. 1018-1021 (2010)

[Wang 15] Wang, Y. and Yuan, N. J. e.: Regularity and
conformity: Location prediction using heterogeneous mo-
bility data, in SIGKDD, pp. 1275-1284ACM (2015)



