
3-�NPEFM�BOE�"EWBODFE�#FIBWJPS�.PEFMJOH
:VLJ�0ZBNB

4IJCBVSB�*OTUJUVUF�PG�5FDIOPMPHZ
"DUJWJUZ�-BOETDBQF�%FTJHO�-BC�

4FQUFNCFS���
�����

#FIBW JP S �.PEF M JOH � JO �5 SBOTQPS UB U JPO �/FUXPSLT
-FD UV SF � 4F S J F T � �� � � � 	 �� � �� � �� � �� 




3FDBMM�UIF�MPHJU�NPEFM
$IPJDF�QSPCBCJMJUZ�

��EFUFSNJOJTUJD�VUJMJUZ�PG�J
��FSSPS�UFSN

��DIPJDF�TFU

7BMVF PG DIPJDF�TJUVBUJPO�	XFMGBSF
�

P JT�IPX�NVDI�BO�BMUFSOBUJWF�DPOUSJCVUFT�UP�UIF�WBMVF�GPS�EFDJTJPO�



ˑ%JE�ZPV�LOPX����
UIFSF�BSF�PWFS���
����EJGGFSFOU�ESJOL�DPNCJOBUJPOT BU�4UBSCVDLT ˒

$IPJDF�JT�PGUFO DPNCJOBUJPO�PG�FMFNFOUBM�DIPJDFT

$IPJDF�TFU DBO CFDPNF�IVHFBOE�JT�EJGGJDVMU�UP�EFGJOF���

F�H�
�BDUJWJUZ�QBUUFSO�	)
�8
�0

�NPEF�DIPJDF�	.BB4

�UPVS�QMBOOJOH���



3PVUF�DIPJDF�JT�B�UZQJDBM�FYBNQMF

O

D

O

D

O

D

O

D

3PVUF����$PNCJOBUJPO�PG�MJOLT

XBZ�NPSF�UIBO�4UBSCVDLT���



8IBU�DBO�XF�EP� 
/PU�DPNCJOBUJPO CVU�4&26&/$& PG�DIPJDFT��

$IPJDF 4FRVFODF�PG�DIPJDFT

"
#
$

B
C
D

�
�

�
!
�˘



)PX�UP�NPEFM�TFRVFODFT� 

̤ 4FFNT�FBTZ˘
�CVU�XIBU�JT�MJOL�DIPJDF�QSPCBCJMJUZ FYBDUMZ 

*O�UIF�DBTF�PG�SPVUF�DIPJDF
�B�SPVUF�r DBO�CF�EFTDSJCFE�BT�

B�TFRVFODF�PG�MJOLT
3PVUF�DIPJDF�QSPCBCJMJUZ�

��-JOL�DIPJDF�QSPCBCJMJUZ�DPOEJUJPOBM�PO�UIF�QSFWJPVT�MJOL



8IBU�TIPVME�CF�DPOTJEFSFE�JT����
UIF�PVUDPNF�HJWFO�CZ�UIF�QSPEVDU�PG�MJOL�DIPJDF�QSPCBCJMJUJFT�TIPVME�CF�DPOTJTUFOU�XJUI�UIF�PSJHJOBM�NPEFM
�J�F�


5IJT�JT�BDIJFWFE�CZ�DPOTJEFSJOH�GPSXBSE�MPPLJOH�NFDIBOJTN
�XIFO�BTTVNJOH�MPHJU�NPEFM



7BMVF�GVODUJPO
�� .ZPQJD�� 'PSXBSE�MPPLJOH

D

D

��-JOL�DIPJDF�VUJMJUZ
��7BMVF�GVODUJPO

(PBM�JT�NPEFMJOH NFDIBOJTNT�PG�CFIBWJPS

D�G��4IPSUFTU�1BUI 	41
 QSPCMFN�

7BMVF�GVODUJPO�JT�UIF 41�DPTU GSPN�aj UP�EFTUJOBUJPO

3BOEPN�VUJMJUZ
(FOFSBMJ[BUJPO



(VNCFM�EJTUSJCVUJPO�IBT�B�OJDF�QSPQFSUZ�

7BMVF�GVODUJPO�JT�UIF�TPMVUJPO�UP�

B�TZTUFN�PG�MJOFBS�FRVBUJPOT�

7BMVF�GVODUJPO 8FJHIU�JODJEFODF�NBUSJY 6OJU�WFDUPS

	3FDVSSFODF�SFMBUJPO




-FUˏT�DIFDL�UIF�$POTJTUFODZ�
-JOL�DIPJDF�QSPCBCJMJUZ�JT�HJWFO�CZ�

�MJLF�MPHJU�CZ�BTTVNJOH
/FX�EFUFSNJOJTUJD�VUJMJUZ

5IFO�XF�IBWF�

3PVUF�VUJMJUZ�JTTVN�PG MJOL VUJMJUJFT
&YQ��.BY��PG�BMM�QPTTJCMF�QBUIT

̤ $POTJTUFOU XJUI MPHJU�SPVUF�DIPJDF�NPEFM�XJUI�UIF�VOJWFSTBM�DIPJDF�TFU

� �



4P
�XIBUˏT�UIF�QPJOU� 
/PX�ZPV�DBO�NPEFM�SPVUF�DIPJDF�CFIBWJPS�XJUIPVU�FYQMJDJUMZ�EFGJOJOH�DIPJDF�TFU

�� %FDPNQPTF�SPVUF�DIPJDF�JOUP�TFRVFOUJBM�MJOL�DIPJDFT�

�� %FTDSJCF�GPSXBSE�MPPLJOH�CFIBWJPSBM�NFDIBOJTN�CZ�WBMVF�GVODUJPO�
3FDVSTJWFMZ�DPNQVUFE

5IJT�	FGGJDJFOU
�DPNQVUBUJPOBM�NFUIPE�PG�NPEFMJOH�JT�DBMMFE�
ˑ3FDVSTJWF�-PHJU�	3-
�NPEFM˒



.PEFMJOH�TFRVFODF JT�TPNFUIJOH�NPSF
UIBO�KVTU�EFBMJOH�XJUI�UIF�DIPJDF�TFU�QSPCMFN��

B
C
D

�
�

�
!
�

:PV�DBO�BMTP�USZ�PUIFS�TFRVFODFT�UIBO�SPVUF�DIPJDF�
• .PEF�DIPJDF��VOMJOLFE�USJQ�DIPJDFT
• 5PVS�DIPJDF��TFRVFOUJBM�EFTUJOBUJPO�DIPJDFT
• 5JNJOH�DIPJDF��ˑBDUJPO�	EP
�TUBZ�	EPOˏU
˒�DIPJDF�BU�FWFSZ�QFSJPE
• FUD�



"DUJWJUZ�QBUI�NPEFMJOH
3PVUF�DIPJDF�DBO�CF�JOUFSQSFUFE�BT�TFRVFOUJBM�TQBDF�DIPJDF

y

Space

x

tTime

y
t

x

: Node

(a) (b) (c)

: Link

1 2 3 4 5

6 7 8 9 10

11 12 13 14 15

16 17 18 19 20

21 22 23 24 25

t=1

t=2

t=3

t=4

t=5

move 
from 8 to 9

from 9 to 14

at 14

from 13 to 8

move 

from 14 to 13
move 

move 

stay

*OUSPEVDJOH�B�GJYFE�UJNF�JOUFSWBM�	ĥ
 GPS�EFDJTJPO�NBLJOH�ZJFMET�

JOUFHSBUFE�NPEFMJOH�PG�SPVUF
�BDUJWJUZ�QMBDF�BOE�EVSBUJPO�DIPJDFT�



"DUJWJUZ�QBUI�NPEFMJOH�	DUE�


1 2 3 4

5 6 7

8 9

10 11 12 13

14 15 16 17

18 19 20 21

1 2 3 4

5 6 7

8 9

10 11 12 13

14 15 16 17

18 19 20 21

1 2 3 4

5 6 7

8 9

10 11 12 13

14 15 16 17

18 19 20 21

5

0

15

25

10

1 4 7 13 15 17 18 19 20 21 1 4 7 13 15 17 18 19 20 21 1 4 7 13 15 17 18 19 20 21

: 100

Link !ow

: 250
: 500
: 1000

(min./person)

(a) (b) (c)

Staying node number

Activity duration

1 2 3 4

5 6 7

8 9

10 11 12 13

14 15 16 17

18 19 20 21

1 2 3 4

5 6 7

8 9

10 11 12 13

14 15 16 17

18 19 20 21

1 2 3 4

5 6 7

8 9

10 11 12 13

14 15 16 17

18 19 20 21

5

0

15

25

10

1 4 7 13 15 17 18 19 20 21 1 4 7 13 15 17 18 19 20 21 1 4 7 13 15 17 18 19 20 21

: 100

Link !ow

: 250
: 500
: 1000

(min./person)

(a) (b) (c)

Staying node number

Activity duration

6QQFS��QFEFTUSJBO�GMPXT PO�TUSFFUT-PXFS��BWF� BDUJWJUZ�EVSBUJPO BU�QMBDFT



	"QQY�
�.BSLPW�EFDJTJPO�QSPDFTT�	.%1

5P�NPSF�HFOFSBMJ[F
�EFGJOF
• "DUJPO��DIPJDF�CFIBWJPS�	XIBU�BHFOU�EPFT

• 4UBUF��TJUVBUJPO�	XIFSF�BHFOU�JT�JO
�UIBU�DIBOHFT�BT�SFTVMU�PG�BDUJPO

�*O�SPVUF�DIPJDF�	SFDVSTJWF
�NPEFMJOH��"DUJPO JT�EJSFDUMZ�DIPJDF PG 4UBUF

"DUJPO

4UBUFUSBOTJUJPO

*OJUJBMTUBUF

4UBUF�USBOTJUJPO�QSPCBCJMJUZ



	"QQY�
�3FJOGPSDFNFOU�-FBSOJOH�PS�3FDVSTJWF�-PHJU� 
.%1 3FJOGPSDFNFOU�-FBSOJOH

3FDVSTJWF�-PHJU *OWFSTF�3FJOGPSDFNFOU�-FBSOJOH

-FBSO�PQUJNBM�BDUJPO�QSPCBCJMJUZCZ�B�OVNCFS�PG USJBMT���SFTVMUT
(FOFSBM�NPEFMJOH�GSBNFXPSL�PG TFRVFOUJBM EFDJTJPOT

.PEFMJOH�BDUJPO�QSPCBCJMJUZVOEFS�36.�BTTVNQUJPO -FBSO�VUJMJUZ�	SFXBSE
�GVODUJPOGSPN�PCTFSWFE�BDUJPOT1BSBNFUFS�FTUJNBUJPO

%ZOBNJD�%JTDSFUF�$IPJDF�.PEFM

4UPDIBTUJD

"DUJPO���4UBUF(VNCFM

#PMU[NBOO QPMJDZ	UFNQ� � ��TDBMF




• JT�DPNQVUBUJPOBMMZ�FGGJDJFOU
• /P�OFFE UP FYQMJDJUMZ�EFGJOF�DIPJDF�TFU

• EFTDSJCFT�EZOBNJD�TFRVFOUJBM�EFDJTJPOT
• /PU�POMZ�GPS�SPVUF�DIPJDF�NPEFMJOH

• TIBSFT�DPNNPO�NBUIFNBUJDBM�GPVOEBUJPOTXJUI�PUIFS�TUBUF�PG�UIF�BSU�TUVEJFT�
• *ODMVEJOH NBDIJOF MFBSOJOH

5P�TVNNBSJ[F
�3FDVSTJWF�-PHJU�NPEFM



.BKPS�QSPCMFN
3-�NPEFM�BTTJHOT�IJHI�QSPCBCJMJUJFT�UP�PWFSMBQQJOH�QBUIT EVF�UP

• **"�QSPQFSUZ PG�MPHJU�NPEFM
• DPOTJEFSJOH�BMM�GFBTJCMF�QBUIT JODMVEJOH�DZDMJD�QBUIT

• BTTJHO�GMPXT�	QSPCBCJMJUJFT
�PO�UIF�TBNF�MJOLT�NBOZ�UJNFT
• PGUFO�DBVTF�DPNQVUBUJPOBM�JOUSBDUBCJMJUZ

• /FUXPSL�(&7 CBTFE�NPEFM
• 5JNF�TQBDF�OFUXPSL XJUI�UJNF�DPOTUSBJOU

⇓
"�TPMVUJPO�JT�VTJOH�



/FUXPSL�(&7 SPVUF�DIPJDF�NPEFM
%JSFDUMZ�USBOTMBUF�B�	TUBUF
�OFUXPSL�UP�B�(&7�OFUXPSL�

J
K
L

N
O

.VMUJMFWFM�DSPTT�OFTUFE�TUSVDUVSF

4UBUF�	OPEF


DPSSFDUFE�UP�DBQUVSF�UIF�DPSSFMBUJPO

�TZTUFN�PG�OPOMJOFBS FRVBUJPOT



5JNF�TQBDF�OFUXPSL�SFQSFTFOUBUJPO
JT�JOIFSFOUMZ�BDZDMJD BOE�EFTDSJCFT�NPSF�SFBMJTUJD OFUXPSL�TUSVDUVSFT�

4UBUF� /PEF 	PS�MJOL
 1BJS�PG�UJNF�BOE�OPEF 	PS�MJOL

$POOFDUJPO�



5JNF�TQBDF�OFUXPSL�SFQSFTFOUBUJPO
JT�TJNQMZ�DPNQVUBCMF BOE�SFTUSJDUT�OFUXPSL�TUBUFT CZ�UFSNJOBM�TUBUF�

*OQVU�
0VUQVU�
1. t = T
�� 8IJMF�5SVF�
�� GPS�
�� GPS
�� JG
��
��
��
�� FOE�GPS
��� FOE�GPS
��� t := t – 1
��� JG�t == 0��CSFBL

T

T�

T�

��BMM�TUBUFT�BU�U
��BMM�TUBUFT�DPOOFDUJOH�UP�T
��JG�BQQFBSJOH�GPS�UIF�GJSTU�UJNF

��VQEBUF�UIF�TUBUF�TFU
��JOJUJBMJ[F�UIF�TPMVUJPO

��SFDVSTJWFMZ�VQEBUF�UIF�TPMVUJPO

U ��UFSNJOBM�TUBUF�	5
�E




-PHJU -PHJU�XJUI�UJNF�DPOTUSBJOU /FUXPSL�(&7 XJUI�UJNF�DPOTUSBJOU

• $PVOUFSDMPDLXJTF�XBZ��NPSF�PWFSMBQT BOE�MPHJU�PWFSFTUJNBUFT�UIF�QSPCBCJMJUZ
• 8JUIPVU�UJNF�DPOTUSBJOU��NPSF�QSPCBCJMJUJFT�BTTJHOFE�UP�DZDMFT



3BO�PVU�PG�UJNF���
CVU�XF�SFDFOUMZ�QSPQPTFE�BO�FGGJDJFOU�EVBM�UZQF�BMHPSJUIN GPS�/FUXPSL�(&7�CBTFE�46&
�XIJDI�JT�BMTP�VTFGVM�UP�
• 1BSBNFUFS�FTUJNBUJPO

• GPS�FOUSPQZ�DPOTUSBJOFE�GPSNVMBUJPO
• %ZOBNJD�QSJDJOH

• CBTFE�PO�DBQBDJUZ�DPOTUSBJOFE�BTTJHONFOU�GPSNVMBUJPO

�BWBJMBCMF�BU�BS9JW�

https://arxiv.org/abs/2009.02033


2VFTUJPOT� 
PZBNB!TIJCBVSB�JU�BD�KQ

mailto:oyama@shibaura-it.ac.jp


3FGFSFODFT
3FDVSTJWF�MPHJU�NPEFMT�

• 'PTHFSBV
�.�
�'SFKJOHFS
�&�
�,BSMTUSPN
�"�
�������"�MJOL�CBTFE�OFUXPSL�SPVUF�DIPJDF�NPEFM�XJUI�VOSFTUSJDUFE�DIPJDF�TFU��5SBOTQPSUBUJPO�3FTFBSDI�1BSU�#��.FUIPEPMPHJDBM ��
���ˊ���
• .BJ
�5�
�'PTHFSBV
�.�
�'SFKJOHFS
�&�
�������"�OFTUFE�SFDVSTJWF�MPHJU�NPEFM�GPS�SPVUF�DIPJDF�BOBMZTJT��5SBOTQPSUBUJPO�3FTFBSDI�1BSU�#��.FUIPEPMPHJDBM ��
����ˊ������GPS�BDUJWJUZ�QBUI�NPEFMJOH�
• 0ZBNB
�:�
�������"�.BSLPWJBO�SPVUF�DIPJDF�BOBMZTJT�GPS�USBKFDUPSZ�CBTFE�VSCBO�QMBOOJOH��1I%�UIFTJT
�5IF�6OJWFSTJUZ�PG�5PLZP�
• 0ZBNB
�:�
�)BUP
�&�
�������1SJTN�CBTFE�QBUI�TFU�SFTUSJDUJPO�GPS�TPMWJOH�.BSLPWJBO�USBGGJD�BTTJHONFOU�QSPCMFN��5SBOTQPSUBUJPO�3FTFBSDI�1BSU�#��.FUIPEPMPHJDBM ���
����ˊ����

/(&7�SPVUF�DIPJDF�NPEFM�
• )BSB
�:�
�"LBNBUTV
�5�
�������4UPDIBTUJD�VTFS�FRVJMJCSJVN�USBGGJD�BTTJHONFOU�XJUI�B�OFUXPSL�(&7�CBTFE�SPVUF�DIPJDF�NPEFM��+PVSOBM�PG�+BQBO�4PDJFUZ�PG�$JWJM�&OHJOFFST
�4FS��%��	*OGSBTUSVDUVSF�1MBOOJOH�BOE�.BOBHFNFOU
 ��
����ˊ����
• .BJ
�5�
�������"�NFUIPE�PG�JOUFHSBUJOH�DPSSFMBUJPO�TUSVDUVSFT�GPS�B�HFOFSBMJ[FE�SFDVSTJWF�SPVUF�DIPJDF�NPEFM��5SBOTQPSUBUJPO�3FTFBSDI�1BSU�#��.FUIPEPMPHJDBM ��
����ˊ����
• 1BQPMB
�"�
�.BS[BOP
�7�
�������"�OFUXPSL�HFOFSBMJ[FE�FYUSFNF�WBMVF�NPEFM�GPS�SPVUF�DIPJDF�BMMPXJOH�JNQMJDJU�SPVUF�FOVNFSBUJPO��$PNQVUFS�"JEFE�$JWJM�BOE�*OGSBTUSVDUVSF�&OHJOFFSJOH ��	�

����ˊ��������PQUJNJ[BUJPO�TPMVUJPO�BMHPSJUIN�
• 0ZBNB
�:�
�)BSB
�:�
�"LBNBUTV
�5�
�������.BSLPWJBO�5SBGGJD�&RVJMJCSJVN�"TTJHONFOU�CBTFE�PO�/FUXPSL�(FOFSBMJ[FE�&YUSFNF�7BMVF�.PEFM��BS9JW������������




