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The 	disclosures 	herein 	relate 	to 	a 

congestion 	management 	apparatus, 	a 	congestion 

10 	management 	program, 	and 	a 	congestion 	management 

method. 

[Background Art] 

It 	is 	generally 	known 	that 	traffic 

15 	congestion 	occurs 	when 	crowds 	of 	people 	use 

transportation after a large-scale event or when the 

supply 	of 	transportation 	services 	significantly 

decreases due to a train delay or accident. 

Conventionally, 	a technique 	is 	known that 

20 	guides 	user 	so 	as 	to 	relieve 	congestion 	by 

displaying 	available 	transit 	systems 	along 	with 

congestion status of the respective transit 	systems 

on a 	terminal 	device 	upon 	receiving 	a 	request 	for 

presenting transit systems together with a departure 

25 	location 	and 	a 	destination 	location 	from 	the 

terminal device. 
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[Summary of the Invention] 

[Problem to be Solved by the Invention] 

The 	above-described technique 	is 	intended 

5 to provide uniform information to a large number of 

unspecified users, 	and is not intended to take into 

account whether or not an individual user makes any 

changes such as changes in a transit system used and 

a departure time in order to avoid congestion. 
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Therefore, 	depending 	on 	the 	number 	of 

users who change transit systems or departure times 

in 	order 	to 	avoid 	congestion, 	the 	conventional 

technique may be insufficient to reduce congestion, 

and 	further, 	the 	conventional 	technique 	may 

15 sometimes cause congestion in another transit system 

or 	in 	another 	time 	slot. 	Accordingly, 	it 	is 

difficult 	for 	the 	conventional 	technique 	to 

contribute to sufficiently reducing congestion. 

It 	is 	a 	general 	object 	of 	the 	disclosed 

20 technique 	to 	provide 	a 	congestion 	management 

apparatus, 	a 	congestion 	management 	program, 	and 	a 

congestion 	management 	method 	that 	allow 	an 	action 

contributing to reducing congestion to be selected. 

25 [Means to Solve the Problem] 

According 	to 	an 	embodiment, 	a 	congestion 

management 	apparatus 	includes 	an 	option 	generating 

unit 	configured to 	generate 	action options 	by time 

slot 	for 	a 	user; 	a 	choice 	probability 	calculating 

30 unit configured to calculate for each of the action 

options 	generated 	by 	the 	option 	generating 	unit, 

choice 	probabilities 	of 	the 	action 	options 	with 

respect 	to 	the 	user; 	a memory 	configured to 	store, 

on 	a 	per-action-option 	basis, 	upper 	limits 	on 

35 numbers 	of 	users 	allowed 	to 	be 	guided 	to 	actions 

indicated 	by 	the 	action 	options; 	and 	an 	estimated 

number calculating unit configured to calculate for 



each 	of 	the 	action 	options, 	estimated 	numbers 	of 

previous 	users 	assumed to 	have 	selected the 	action 

options, 	based 	on 	choice 	probabilities 	of 	each 	of 

the 	action 	options 	with 	respect 	to 	the 	previous 

5 users, 	wherein 	the 	option 	generating 	unit 	is 

configured to extract, 	based on the upper limits and 

the estimated numbers for the action options, 	action 

options to be presented to the user. 

The 	above-described 	units 	may 	be 	a 

10 computer-readable 	recording 	medium 	having 	stored 

therein a method or a program for causing a computer 

to execute processes of the respective units. 

[Effects of the Invention] 

15 It 	is 	possible 	to 	allow 	an 	action 

contributing to reducing congestion to be selected. 

[Brief Description of the Drawings] 

FIG. 	1 	is 	a 	drawing 	illustrating 

20 presentation of action options; 

FIG. 	2 	is a drawing illustrating a system 

configuration 	of 	a 	congestion 	management 	system 

according to a first embodiment; 

FIG. 	3 	is 	a 	drawing 	illustrating 	a 

25 hardware 	configuration 	of 	a 	congestion 	management 

apparatus; 

FIG. 	4 	is 	a 	drawing 	illustrating 	an 

example 	of 	a 	user 	database 	according 	to 	the 	first 

embodiment; 

30 FIG. 	5 	is 	a 	drawing 	illustrating 	an 

example of a guide upper limit database according to 

the first embodiment; 

FIG. 	6 	is 	a 	drawing 	illustrating 	an 

example of a congestion level database according to 

35 the first embodiment; 

FIG. 	7 	is 	a 	drawing 	illustrating 	an 

example of an estimated number database according to 



the first embodiment; 

FIG. 	8 is a drawing illustrating functions 

of the apparatus 	and a terminal device 	included in 

the 	congestion 	management 	system 	according 	to 	the 

5 first embodiment; 

FIG. 	9 	is 	a 	drawing 	illustrating 	action 

options according to the first embodiment; 

FIG. 	10 	is• a 	flowchart 	illustrating 	an 

operation 	of 	the 	terminal 	device 	according 	to 	the 

10 first embodiment; 

FIG. 	11 	is 	a 	flowchart 	illustrating 	an 

operation of the congestion management apparatus 200 

according to the first embodiment; 

FIG. 	12 	is 	a 	flowchart 	illustrating 	a 

15 process 	of 	an 	option 	generating 	unit 	according 	to 

the first embodiment; 

FIG. 	13 	is 	a 	drawing 	illustrating 	a 

process 	for 	determining 	a 	set 	of 	action 	options 

based on choice probabilities according to the first 

20 embodiment; 

FIG. 	14 is a first drawing illustrating an 
example of a set of feasible action options; 

FIG. 	15 	is 	a 	second 	drawing 	illustrating 

an 	example 	of 	the 	set 	of 	the 	feasible 	action 

25 options; 

FIG. 	16 	is 	a 	drawing 	illustrating 	an 
example of action options displayed on the terminal 

device according to the first embodiment; 

FIG. 	17 is a drawing illustrating a system 

30 configuration 	of 	a 	congestion 	management 	system 

according to a second embodiment; 

FIG. 	18 	is 	a 	drawing 	illustrating 	an 

example 	of a 	user database 	according to the 	second 

embodiment; 

35 FIG. 	19 	is 	a 	drawing 	illustrating 	an 

example of an upper limit database according to the 

second embodiment; 
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FIG. 	20 	is 	a 	drawing 	illustrating 	an 

example of a congestion level database according to 

the second embodiment; 

FIG. 	21 	is 	a 	drawing 	illustrating 	an 

5 example of an estimated number database according to 

the second embodiment; 

FIG. 	22 	is 	a 	drawing 	illustrating 	an 

example 	of 	a 	coupon 	information database 	according 

to the second embodiment; 

10 FIG. 	23 	is 	a 	drawing 	illustrating 

functions 	of 	an 	apparatus 	and 	the 	terminal 	device 

included 	in 	the 	congestion 	management 	system 

according to the second embodiment; 

FIG. 	24 	is 	a 	drawing 	illustrating 	action 

15 options according to the second embodiment; 

FIG. 	25 	is 	a 	flowchart 	illustrating 	a 

process 	performed 	by 	an 	option 	generating 	unit 

according to the second embodiment; 

FIG. 	26 	is 	a 	drawing 	illustrating 	a 

20 process 	for 	determining 	a 	set 	of 	action 	options 

based 	on 	choice 	probabilities 	according 	to 	the 

second embodiment; 

FIG. 	27 	is 	a 	drawing 	illustrating 	an 

example 	of 	action 	options 	displayed 	on 	a 	terminal 

25 device according to the second embodiment; and 

	

FIG. 	28 	is 	a 	drawing 	illustrating 

functions 	of 	a 	congestion 	management 	apparatus 

included in a congestion management system according 

to a third embodiment. 

30 

[Mode for Carrying out the Invention] 

(First Embodiment) 

In the 	following, 	a 	first embodiment will 

be 	described 	with 	reference 	to 	the 	accompanying 

35 drawings. 	FIG. 	1 	is 	a 	drawing 	illustrating 

presentation of action options. 

In 	a 	congestion 	management 	system 	100 
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according to the present embodiment, 	upon receiving 

a 	request 	for 	presenting 	available 	transit 	options 

together with a departure location and a destination 

location 	from 	a 	terminal 	device 	300 	of 	a 	user, 	a 

5 congestion 	management 	apparatus 	200 	causes 	the 

terminal 	device 	300 	to 	display 	candidate 	transit 

options. 

At 	this 	time, 	the 	congestion 	management 

apparatus 	200 	according 	to 	the 	present 	embodiment 

10 first extracts transit options based on a departure 

time, 	the 	departure 	location, 	and 	the 	destination 

location. 	Next, 	for 	each 	of 	the 	extracted 	transit 

options, 	the 	congestion 	management 	apparatus 	200 

refers to information in which an upper limit on the 

15 numbers of users allowed to be guided to each of the 

transit 	options 	is 	respectively 	associated with 	an 

estimated 	number 	of 	users 	assumed 	to 	have 	been 

previously 	guided 	to 	each 	of 	the 	transit 	options. 

Then, 	the 	congestion 	management 	apparatus 	200 

20 extracts available transit options that do not reach 

the 	respective 	upper 	limits. 	The 	congestion 

management apparatus 200 causes the terminal device 

300 	to 	display 	the 	extracted 	transit 	options 	in 

descending 	order 	of 	contribution 	to 	reducing 

25 congestion and also of probability of being selected 

by the user. 

In 	the 	present 	embodiment, 	by 	displaying 

candidate transit options on the terminal device 300, 

it 	is 	possible 	to 	allow 	an 	action 	contributing 	to 

30 reducing congestion to be selected. 

A transit option according to the present 

embodiment refers to an option that allows a user to 

select a transit method including transportation, 	a 

time, 	and 	a 	route 	from 	a 	departure 	location 	to 	a 

35 destination location. 	The upper limit on the number 

of users allowed to be guided to each transit option 

and 	the 	estimated 	number 	of 	users 	assumed 	to 	have 
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been previously guided to 	each 	transit 	option will 

be described later in detail. 

In 	the 	following, 	the 	transit 	option 	is 

also 	referred 	to 	as 	an 	action 	option. 	The 	action 

5 option 	according 	to 	the 	present 	embodiment 

represents 	an 	option 	that 	can 	be 	taken by 	a 	user. 

The transit option 	is 	an example of an action that 

can 	be 	taken 	by 	the 	user 	for 	transit. 	The 	action 

option according to the present embodiment includes 

10 not only a transit 	option, 	but 	also an action that 

can 	be 	taken 	by 	the 	user 	such 	as 	shopping 	and 

dropping in at a restaurant. 

Further, 	in 	the 	present 	embodiment, 	a 

request 	for 	presenting 	transit 	options 	transmitted 

15 from 	the 	terminal 	device 	300 	to 	the 	congestion 

management apparatus 200 is an example of a request 

for 	presenting 	action 	options. 	In 	the 	following, 	a 

request transmitted from the terminal device 300 to 

the congestion management apparatus 200 	is referred 

20 to 	as 	a 	request 	for presenting 	action options. 	The 

request 	for 	presenting 	action 	options 	according 	to 

the present 	embodiment 	is 	a 	request 	for outputting 

(suggesting) 	favorable action options that are easy 

to be accepted by the user and are suitable for the 

25 user's preference. 

Referring 	to 	FIG. 	1, 	an 	operation 	of 	the 

congestion 	management 	apparatus 	200 	will 	be 

described 	below. 	In 	the 	example 	of 	FIG. 	1, 	in 

response 	to 	a 	request 	for 	presentation 	from 	the 

30 terminal 	device 	300, 	transit 	options 	of 	railway M, 

bus 	B, 	and 	taxi 	T 	respectively 	operating 	in 	time 

slots 	of 	17:00 	to 	17:14, 	17:15 	to 	17:29, 	17:30 	to 

17:44, 	and 	17:45 	to 	17:59 	are 	extracted 	in. 

accordance with a departure location, 	a destination 

35 location, 	and a departure time. 

At 	this 	time, 	the 	congestion 	management 

apparatus 	200 	refers 	to 	a 	memory 	that 	stores 	the 
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upper limits 	on the numbers 	of users allowed to be 

guided 	to 	the 	respective 	transit 	options 	and 	the 

estimated 	numbers 	of 	users 	assumed 	to 	have 	been 

previously guided to the respective transit options, 

and extracts transit options whose estimated numbers 

do not reach the respective upper limits. 

In 	the 	example 	of 	FIG. 	1, 	three 	transit 

options of railway M and bus B operating in the time 

slot 	of 	17:00 	to 	17:14 	and 	bus 	B 	operating 	in 	the 

10 time 	slot 	of 	17:15 	to 	17:29 	reach 	the 	respective 

upper limits. 

Therefore, 	the 	congestion 	management 

apparatus 	200 	excludes 	the 	above-described 	three 

transit options, 	and extracts the remaining options 

15 as 	available 	transit 	options. 	The 	congestion 

management apparatus 200 causes the terminal device 

300 	to 	display 	the 	available 	transit 	options 	in 

descending 	order 	of 	contribution 	to 	reducing 

congestion and also of probability of being selected 

20 by the user of the terminal device 300. 

In 	the 	following, 	the 	congestion 

management 	system 	100 	according 	to 	the 	present 

embodiment 	will 	be 	described. 	FIG. 	2 	is 	a 	drawing 

illustrating 	a 	system 	configuration 	of 	the 

25 congestion management system according to the first 

embodiment. 

	

The 	congestion 	management 	system 	100 

according 	to 	the 	present 	embodiment 	includes 	the 

congestion management apparatus 200 and the terminal 

30 device 300. 	The congestion management apparatus 200 

and 	the 	terminal 	device 	300 	are 	connected 	to 	each 

other via a network. 

The 	congestion 	management 	apparatus 	200 

according to the present embodiment includes a user 

35 database 	210, 	a 	guide 	upper 	limit 	database 	220, 	a 

congestion 	level 	database 	230, 	an 	estimated 	number 

database 	240, 	a 	map 	database 	250, 	and 	a 
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transportation 	operation 	database. 	Also, 	the 

congestion management apparatus 200 according to the 

present embodiment 	includes 	a congestion management 

processing unit 270. 

5 Upon 	receiving 	a 	request 	for 	presenting 

transit 	options 	from 	the 	terminal 	device 	300, 	the 

congestion management processing unit 270 	according 

to 	the 	present 	embodiment 	refers 	to 	the 	databases 

and 	causes 	the 	terminal 	device 	300 	to 	display 

10 extracted 	transit 	options 	in 	descending 	order 	of 

contribution 	to 	alleviating 	congestion 	and 	also 	of 

probability 	of 	being 	selected 	by 	the 	user 	of 	the 

terminal device 300. 

In 	other 	words, 	upon 	receiving 	a 	request 

15 for 	presenting 	action 	options 	from 	the 	terminal 

device 	300, 	the 	congestion 	management 	processing 

unit 	270 	refers 	to 	the 	databases 	and 	causes 	the 

terminal 	device 	300 	to 	display 	extracted 	action 

options 	in 	descending 	order 	of 	contribution 	to 

20 alleviating 	congestion 	and 	also 	of 	probability 	of 

being 	selected 	by 	the 	user 	of 	the 	terminal 	device 

300. 

In the example of FIG. 	2, 	the map database 

250 	and 	the 	transportation 	operation 	database 	260 

25 according to the present embodiment are included in 

the 	congestion 	management 	apparatus 	200; 	however, 

the 	present 	embodiment 	is 	not 	limited thereto. 	The 

map 	database 	250 	and 	the 	transportation 	operation 

database 260 may be included in an external device. 

30 Further, 	the 	other 	databases 	according 	to 	the 

embodiment 	may 	also 	be 	included 	in 	an 	external 

device. 

Next, 	referring 	to 	FIG. 	3, 	a 	hardware 

configuration of the congestion management apparatus 

35 200 	according 	to 	the 	present 	embodiment 	will 	be 

described. 	FIG. 	3 	is 	a 	drawing 	illustrating 	the 

hardware configuration of the 	congestion management 
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apparatus. 

	

The 	congestion 	management 	apparatus 	200 

according 	to 	the 	present 	embodiment 	includes 	an 

input device 21, 	an output device 22, 	a drive device 

5 23, 	an auxiliary storage device 24, 	a memory device 

25, 	a processing device 26, 	and an interface device 

27, 	which are connected to each other via a bus B. 

	

The 	input 	device 	21 	is 	used 	to 	input 

various 	types 	of 	signals 	and display various 	types 

10 of information. 	The 	input 	device 	21 may be a mouse 

or a keyboard, 	for example. 	The output device 22 	is 

used to output various types of information, 	and may 

be a display, 	for example. 

The 	interface 	device 	27 	includes, 	for 

15 example, 	a 	modem 	and 	a 	LAN 	card, 	and 	is 	used 	to 

connect to a network. 

A 	congestion 	management 	program 	is 	at 

least 	a 	part 	of 	various 	programs 	that 	control 	the 

congestion management apparatus 	200. 	The congestion 

20 management program is, 	for example, 	distributed from 

a 	recording medium 28 	or downloaded via a network. 

Examples 	of 	the 	recording 	medium 	28 	storing 	the 

congestion management program include various types 

of 	recording mediums, 	including 	a 	recording medium 

25 that optically, 	electrically, 	or magnetically stores 

information such as a CD-ROM, 	a flexible disk, 	and a 

magneto-optical 	disc 	and 	including 	semiconductor 

memory that electrically stores information such as 

ROM and flash memory. 

30 Further, 	when the 	recording 	medium 	28 

storing the congestion management program is loaded 

into the drive device 23, 	the congestion management 

program 	is 	installed 	from 	the 	recording 	medium 	28 

through 	the 	drive 	device 	23 	into 	the 	auxiliary 

35 storage 	device 	24. 	Also, 	when 	the 	congestion 

management 	program 	is 	downloaded 	via 	the 	network, 

the 	congestion 	management 	program 	is 	installed 	in 

10 



the 	auxiliary 	storage 	device 	24 	through 	the 

interface device 27. 

The auxiliary storage device 24 stores the 

installed 	congestion 	management 	program 	and 	also 

5 stores 	required 	files 	and 	data, 	for 	example. 	At 

startup 	of 	a 	computer, 	the 	memory 	device 	25 	reads 

the congestion management program from the auxiliary 

storage 	device 	24 	and 	stores 	the 	congestion 

management 	program. 	Further, 	the 	processing 	device 

10 26 executes various types of processes according to 

the 	congestion 	management 	program 	stored 	in 	the 

memory device 25 as will be described later. 

The 	terminal 	device 	300 	according 	to 	the 

present 	embodiment 	is 	a 	commonly 	available 	tablet 

15 computer, 	a 	smartphone, 	or 	the 	like. 	The 	terminal 

device 	300 	has 	the 	same 	hardware 	configuration 	as 

that of the congestion management apparatus, 	except 

that 	the 	terminal 	device 	300 	includes 	a 	display 

operation device 	instead of an 	input device and an 

20 output device, 	and thus, 	a description thereof will 

be omitted. 	Further, 	the terminal device 300 may be 

a terminal device other than the tablet computer and 

the 	smartphone. 	Specifically, 	the 	terminal 	device 

300 may be a notebook computer or may be a commonly 

25 available desktop computer. 

Next, 	the 	databases 	included 	in 	the 

congestion management apparatus 200 according to the 

present embodiment will be described. 

FIG. 	4 	is 	a 	drawing 	illustrating 	an 

30 example of the user database according to the first 

embodiment. 	The 	user 	database 	210 	according 	to the 

present embodiment 	stores parameters 	for each user. 

The 	parameters 	are 	used 	to 	calculate 	utility 	for 

each 	user 	on 	a 	per-action 	option 	basis. 	In 	the 

35 present 	embodiment, 	the 	congestion 	management 

processing 	unit 	270 	performs 	a 	process 	for 

calculating 	utility 	of 	an 	action 	option 	for 	each 
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user 	by 	using 	the 	parameters 	stored 	in 	the 	user 

database 210, 	which will be described later. 

Utility 	of 	an 	action 	option 	is 	a 	concept 

used 	in 	the 	microeconomics 	field 	and 	represents 	a 

5 satisfaction 	level 	obtained 	by 	a 	user 	from 	the 

action option. 

The 	user 	database 	210 	according 	to 	the 

present 	embodiment 	includes, 	as 	information 	items, 

"user 	ID," 	"ASCm," 	"ASCB," 	"ASCT," 	"Pfare," 	"PTT," 

10 "pDT," 	and "PCG. " 
In the user database 210 according to the 

present embodiment, 	the item "user ID" is associated 

with the other items. 	Information including the item 

"user ID" and the other items is referred to as user 

15 information. 

	

Further, 	in the user database 	210 	in FIG. 

4, 	the 	item "user 	ID" 	is 	associated with the 	other 

items; 	however, 	the 	present 	embodiment 	is 	not 

limited thereto. 	In the user database 210, 	the user 

20 ID 	may 	be 	associated 	with 	a 	user 	name, 	age, 	and 

gender in addition to the parameters illustrated in 

FIG. 	4. 

The 	item 	"user 	ID" 	is 	identification 

information for identifying a user. 	Further, 	in the 

25 item "user ID" according to the present embodiment, 

when 	the 	terminal 	device 	300 	is 	used 	only 	by 	a 

specific 	user, 	identification 	information 	for 

identifying the terminal device 300 may be used as a 

user 	ID 	in 	the 	item 	"user 	ID" 	according 	to 	the 

30 present embodiment. 

The 	item "ASCM" 	represents 	a 	satisfaction 

level 	obtained by 	a 	user 	from railway M. 	The 	item 

"ASCB" represents a satisfaction level obtained by a 

user 	from 	bus 	B. 	The 	item 	"ASCT" 	represents 	a 

35 satisfaction level obtained by a user by from taxi T. 

Values 	of 	the 	items 	"ASCM," 	"MOB," 	and 

"ASCT" 	are 	constants 	uniquely 	determined 	for 	the 
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respective transit options. 

The item "Peare" represents weight given to 

a 	fare 	charged 	by 	selecting 	an 	action 	option. 	In 

other 	words, 	the 	item 	"Pfare" 	represents 	how much 	a 

5 fare 	contributes 	to 	a 	satisfaction 	level 	of 	an 

action option selected by a user. 

The 	item 	"131r" 	represents 	weight 	given 	to 

a 	transit 	time. 	In 	other 	words, 	the 	item 	"PTT" 

represents how much a transit time contributes to a 

10 satisfaction level of an action option selected by a 

user. 

The 	item "I3DT" 	represents 	weight 	given 	to 

a waiting time. 	A waiting time is a period of time 

from 	the 	current 	time 	to 	a 	time 	at 	which 	transit 

15 starts. 	In 	other 	words, 	the 	item 	"PDT" 	represents 

how 	much 	a 	waiting 	time 	before 	transit 	starts 

contributes 	to 	a 	satisfaction 	level 	of 	an 	action 

option selected by a user. 

The 	item "RcG" 	represents 	weight 	given 	to 

20 a congestion level of a selected action option and a 

corresponding action. 	In other words, 	the item "Pce 

represents 	how much 	a 	congestion 	level 	contributes 

to a satisfaction level of an action option selected 

by a user. 	The "congestion level" means a congestion 

25 level 	of 	a 	transit 	option 	when 	an 	action 

corresponding to a selected action option represents 

transit. 	Also, 	the 	"congestion 	level" 	means 	a 

congestion 	level 	of 	a 	store 	at 	which 	to 	make 	a 

purchase when an action corresponding to a selected 

30 action 	option 	represents 	shopping. 	Namely, 	the 

congestion level according to the present embodiment 

indicates 	a 	congestion 	level 	experienced 	when 	an 

action corresponding to a selected action option is 

taken. 

35 In 	FIG. 	4, 	in 	the 	case 	of 	a 	user 

identified 	by 	a 	user 	ID 	"001," 	the 	item 	"PCG" 

indicates the smallest value of "-2" among the other 
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items 	indicating 	weight. 	Accordingly, 	it 	is 	seen 

that the user tends to dislike congestion. 

	

Next, 	referring to FIG. 	5, 	the guide upper 

limit 	database 	220 	will 	be 	described. 	FIG. 	5 	is 	a 

5 drawing 	illustrating 	an example 	of 	the 	guide upper 

limit database according to the first embodiment. 

The 	guide 	upper 	limit 	database 	220 

according to the present embodiment stores the upper 

limits on the numbers of users allowed to be guided 

10 to 	respective 	transit 	systems 	in 	time 	slots. 	An 

upper 	limit 	on 	the 	number 	of 	users 	allowed 	to 	be 

guided may be 	a 	number 	functioning 	as 	a 	threshold 

above 	which 	it 	is 	determined 	that 	discomfort 	is 

caused to many people from congestion. 

15 In the 	following, 	the 	upper 	limit 	on 	the 

number of users allowed to be guided is referred to 

as a guide upper limit. 

The example of FIG. 	5 	indicates 	four time 

slots 	of 	17:00 	to 	17:14, 	17:15 	to 	17:29, 	17:30 	to 

20 17:44, 	and 	17:45 	to 	17:59. 	In 	the 	following, 	when 	1 

denotes a time slot, 	a time 	slot "1 = 0" represents 

17:00 to 	17:14, 	a time 	slot 	"1 = 1" represents 	17:15 

to 	17:29, 	a 	time 	slot 	"1 	= 	2" 	represents 	17:30 	to 

17:44, 	and 	a 	time 	slot 	"1 	= 	3" 	represents 	17:45 	to 

25 17:59. 

30 

Also, 	in 	FIG. 	5, 	transit 	by 	railway 	M, 

transit 	by 	bus 	B, 	and 	transit 	by 	taxi 	T 	are 

illustrated 	as 	examples 	of 	the 	above-described 

transit 	systems 	in each of the time slots; 	however, 

the 	present 	embodiment 	is 	not 	limited thereto. 	The 

guide upper limit database 220 may store guide upper 

limits for any number of transit systems. 

In FIG. 	5, 	a guide upper limit for railway 

M is 	500, 	a guide upper limit for bus B is 300, 	and 

35 a guide upper limit for taxi T is 100 in each of the 

time slots 1 = 0 to 3. 

In other words, 	in the example of FIG. 	5, 
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the 	guide 	upper 	limit 	for 	an 	action 	option 	of 

transiting by "railway M" 	in the time 	slot 	"1 = 0" 

is 	500. 	Similarly, 	in 	the 	example 	of 	FIG. 	5, 	the 

guide upper limit for an action option of transiting 

5 by "bus B" in the time slot "1 = 0" is 300. 	Further, 

in the example of FIG. 	5, 	the guide upper limit for 

an 	action 	option 	of 	transiting 	by 	"taxi 	T" 	in 	the 

time slot "1 = 0" is 100. 

As described, 	in the example of FIG. 	5, 	a 

10 combination of 	a time 	slot 	and a transit 	system is 

regarded as one action option. 

The 	guide 	upper 	limit 	database 	220 

according to the present embodiment is preliminarily 

stored 	in 	the 	congestion management 	apparatus 	200. 

15 For example, 	a 	guide upper 	limit may be determined 

based on an operating frequency of transportation by 

time slot, 	a capacity of passengers per car, 	and the 

like. 

Further, 	in 	FIG. 	5, 	a 	combination 	of 	a 

20 time 	slot 	and 	a 	transit 	system 	is 	regarded 	as 	an 

action 	option; 	however, 	the 	present 	embodiment 	is 

not 	limited thereto. 	For 	example, 	an 	action 	option 

may 	be 	a 	combination 	of 	a 	time 	slot 	and 

participation in an event. 	Alternatively, 	an action 

25 option 	may 	be 	a 	combination 	of 	a 	time 	slot 	and 

watching a movie. 	In this case, 	a guide upper limit 

may be determined based on a seating capacity of an 

event site, 	a seating capacity of a theater, 	and the 

like. 

30 Further, 	in 	FIG. 	5, 	the 	time 	slots 	1 	= 	0 

to 3 are set; however, 	the present embodiment is not 

limited thereto. 	The guide upper limit database 220 

may include any time slot. 	In the guide upper limit 

database 220, 	guide upper limits may be set in time 

35 slots from early morning to late at night, 	and also, 

duration of time slots may be any duration. 

Next, 	referring to 	FIG. 	6, 	the 	congestion 
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level 	database 	230 	will 	be 	described. 	FIG. 	6 	is 	a 

drawing 	illustrating 	an 	example 	of 	the 	congestion 

level database according to the first embodiment. 

The 	congestion 	level 	database 	230 

5 	according 	to 	the present 	embodiment 	stores 	transit 

systems by time slot in association with congestion 

levels. 	In 	other 	words, 	the 	congestion 	level 

database 	230 	stores 	action 	options 	each 	associated 

with a corresponding congestion level. 

10 	 In the present 	embodiment, 	the 	congestion 

level 	database 	230 	is 	preliminarily 	stored 	in 	the 

congestion management apparatus 200. 

In the example of FIG. 	6, 	combinations of 

the transit 	systems 	"railway M," "bus B," and "taxi 

15 	T" 	and 	the 	time 	slots 	"1 	= 	0 	to 	3" 	are 	each 

associated with a corresponding congestion level. 

The 	congestion 	levels 	according 	to 	the 

present 	embodiment 	are 	defined 	for 	each 	transit 

system. 	To be more specific, 	the congestion level of 

20 	"railway M" 	is 	classified 	into 	levels 	1 	to 	3. 	The 

congestion 	level 	1 	indicates 	that 	seats 	are 

available. 	The 	congestion 	level 	2 	indicates 	that 

seats 	are 	not 	available, 	but 	discomfort 	is 	not 

caused. 	The congestion level 	3 indicates 	that seats 

25 	are not available and discomfort may be caused. 	The 

congestion 	levels 	according 	to 	the 	present 

embodiment may be determined based on, 	for example, 

statistics of passenger occupancy rates. 

In 	the 	case 	of 	"bus 	B," 	similarly to 	the 

30 	railway, 	the congestion level in the bus 	itself may 

be 	classified 	into 	levels 	1 	to 	3. 	Further, 	the 

congestion level of "bus B" may combine a congestion 

level 	in 	the 	bus 	itself 	and 	a 	congestion 	level 	on 

the road. 

35 	 Further, 	in 	the 	case 	of 	"taxi 	T," 	it 	is 

conceived 	that 	the 	congestion 	level 	is 	classified 

into levels 1 to 3 based on a waiting time at a taxi 
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stand. 	In the present 	embodiment, 	when 	the 	waiting 

time 	is 	less 	than 	5 	minutes, 	the 	congestion 	level 

may 	be 	regarded 	as 	the 	level 	1, 	when 	the 	waiting 

time 	is 	less 	than 	15 minutes, 	the 	congestion 	level 

5 may be regarded as 	the level 2, 	and when the waiting 

time 	is more than 	15 minutes, 	the 	congestion 	level 

may be regarded as the level 3. 

	

Further, 	action 	options 	each 	associated 

with a corresponding congestion level include action 

10 options other than those illustrated in FIG. 	6. Also, 

similarly 	to 	FIG. 	5, 	the 	time 	slots 	stored 	in 

congestion level database 230 may be any time slots. 

Next, 	the 	estimated 	number 	database 	240 

according 	to 	the 	present 	embodiment 	will 	be 

15 described. 	FIG. 	7 	is 	a 	drawing 	illustrating 	an 

example 	of 	the 	estimated 	number 	database 	according 

to the first embodiment. 

The 	estimated 	number 	database 	240 

according to the present embodiment is updated each 

20 time the congestion management apparatus 200 	causes 

the 	terminal 	device 	300 	to 	display 	action 	options 

upon 	receiving 	a 	request 	for 	presenting 	action 

options from the terminal device 300. 

The 	estimated 	number 	database 	240 

25 according to the present embodiment stores, 	by time 

slot, 	the 	numbers 	of 	users 	assumed 	to 	have 	been 

previously guided to the respective transit systems. 

In 	other 	words, 	the 	estimated 	number 	database 	240 

stores, 	by 	action 	option, 	the 	numbers 	of 	users 

30 assumed 	to 	have 	previously 	performed 	actions 

indicated by the respective action options. 

The 	number of 	users 	assumed to have been 

previously guided is hereinafter referred to as the 

"estimated number". 	Namely, 	it can be said that the 

35 estimated number 	is the number of users 	assumed to 

have 	been 	guided to 	an 	action 	option presented by 

the congestion management apparatus 200 and assumed 
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to have selected the presented action option. 

FIG. 	7 	illustrates 	the 	estimated 	number 

database 	240 	that 	stores 	the 	estimated numbers 	for 

respective 	combinations 	of 	the 	transit 	systems 

5 "railway 	M," 	"bus 	B," 	and 	"taxi 	T" 	and 	the 	time 

slots 1 = 0 to 3. 

In 	the 	example 	of 	FIG. 	7, 	the 	estimated 

number of users assumed to have previously performed 

an action of "transiting by "railway M" in the time 

10 slot 	1 = 0 	(17:00 to 17:14)" 	is 	250. 	Further, 	in the 

example 	of 	FIG. 	7, 	the 	estimated 	number 	of 	users 

assumed 	to 	have 	previously 	performed 	an 	action 	of 

"transiting by "bus B" in the time slot 1 = 0 	(17:00 

to 	17:14)" 	is 	100. 	Further, 	the estimated number of 

15 users assumed to have previously performed an action 

of 	"transiting by "taxi 	T" 	in the 	time 	slot 	1 	= 	0 

(17:00 	to 	17:14)" 	is 	10. 	A 	method 	for 	calculating 

the 	estimated 	number 	according 	to 	the 	present 

embodiment will be described later in detail. 

20 

	

Further, 	the estimated number database 240 

according 	to 	the 	present 	embodiment 	stores 	the 

estimated numbers for the respective combinations of 

the 	transit 	systems 	"railway M, 	"bus 	B," 	and 	"taxi 

T" 	and 	the 	time 	slots 	1 	= 	0 	to 	3; 	however, 	the 

25 present 	embodiment 	is 	not 	limited 	thereto. 	The 

estimated 	number 	database 	240 	according 	to 	the 

present embodiment may have the same action options 

as 	those 	stored 	in 	the 	guide 	upper 	limit 	database 

220. 

30 For 	example, 	when 	a 	guide 	upper 	limit 

corresponding 	to 	an 	action 	option 	of 	"event 

participation" in a time slot of "18:00 to 20:00" is 

stored 	in 	the 	guide 	upper 	limit 	database 	220, 	the 

estimated 	number 	for 	the 	same 	action 	option 	is 

35 stored in the estimated number database 240. 

Next, 	the 	map 	database 	250 	and 	the 

transportation 	operation 	database 	260 	according 	to 
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the present embodiment will be described. 

The 	map 	database 	250 	according 	to 	the 

present 	embodiment 	stores 	information 	related 	to 

roads. 	The 	information 	related 	to 	roads 	is, 	for 

5 example, 	information 	represented 	as 	networks 

including 	nodes 	and 	links. 	The 	information 	related 

to 	roads 	includes 	intersections 	and 	various 	points 

of 	interest 	(POIs), 	their 	latitude 	and 	longitude, 

road 	lengths 	and 	widths, 	the 	presence 	of 	traffic 

10 lights, 	and road traffic control 	information. 	Also, 

the 	information 	related 	to 	roads 	may 	include 	road 

traffic information obtained in real time by various 

types 	of 	in-vehicle 	sensors. 	Further, 	the 	traffic 

information 	may 	include 	time 	required 	for 	passing 

15 sections of roads. 

The 	transportation operation database 	260 

according 	to 	the 	present 	embodiment 	stores 

information related to operations of transit systems. 

The 	information 	related 	to 	operations 	of 	transit 

20 systems includes boarding/exiting places of stations 

and 	bus 	stops, 	lines 	connecting 	between 	the 

boarding/exiting places, 	and information related to 

transfers 	between 	lines. 	Further, 	the 	information 

related 	to 	operations 	of 	transit 	systems 	includes 

25 information 	related 	to 	prices 	such 	as 	fares, 

timetable 	information 	about 	departure 	times 	and 

arrival times of the boarding/exiting places, 	and a 

capacity of passengers per car. 

Next, 	referring 	to 	FIG. 	8, 	functions 	of 

30 the 	apparatus 	and 	the 	device 	included 	in 	the 

congestion 	management 	system 	100 	according 	to 	the 

present 	embodiment 	will 	be 	described. 	FIG. 	8 	is 	a 

drawing illustrating the functions 	of the apparatus 

and the 	terminal 	device 	included 	in 	the 	congestion 

35 management system. 

In 	the 	congestion 	management 	system 	100 

according to the present embodiment, 	the congestion 
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management 	apparatus 	200 	includes 	the 	congestion 

management 	processing 	unit 	270. 	The 	congestion 

management 	processing 	unit 	270 	according 	to 	the 

present 	embodiment 	is 	implemented 	by 	causing 	the 

5 processing 	device 	26 	of 	the 	congestion 	management 

apparatus 	200 	to 	execute 	the 	congestion management 

program 	installed 	in 	the 	congestion 	management 

apparatus 200. 

The 	congestion management processing unit 

10 270 	according to the present 	embodiment 	includes 	a 

request 	receiving unit 	271, 	a response transmitting 

unit 	272, 	an 	option 	generating 	unit 	273, 	a 

congestion-reducing 	contribution 	level 	calculating 

unit 	274, 	a 	congestion 	level 	obtaining 	unit 	275, 	a 

15 choice 	probability 	calculating 	unit 	276, 	an 	option 

determining 	unit 	277, 	and 	an 	estimated 	number 

calculating unit 278. 

The 	request 	receiving 	unit 	271 	according 

to 	the 	present 	embodiment 	receives 	a 	presentation 

20 request 	transmitted 	from 	the 	terminal 	device 	300. 

The 	presentation 	request 	includes 	specified 

conditions 	such 	as 	a 	user 	ID, 	an 	action 	date, 	a 

desired action start time, 	a desired action end time, 

and an 	action 	start 	location. 	For example, 	when an 

25 action 	option 	is 	a 	transit 	option, 	a 	presentation 

request 	includes 	a 	user 	ID, 	a 	date 	on 	which 

transportation is used, 	a desired departure time or 

a desired arrival time, 	a departure location, 	and a 

destination location. 

30 The 	response 	transmitting 	unit 	272 

transmits 	action 	options 	determined 	by 	the 	option 

determining unit 277 to the terminal device 300. 

The 	option 	generating 	unit 	273 	refers 	to 

timetables 	of various transit 	systems 	stored in the 

35 transportation operation database 260, 	and generates, 

as 	action 	options, 	transit 	options 	from 	the 

departure location to the destination location based 
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on the presentation request. 

5 

The congestion-reducing contribution level 

calculating unit 274 refers to the guide upper limit 

database 22.0 and the estimated number database 240, 

and 	calculates 	congestion-reducing 	contribution 

levels of the respective action options generated by 

the 	option 	generating 	unit 	273. 	A 	method 	for 

calculating a congestion-reducing contribution level 

will be described later in detail. 

10 The 	congestion 	level 	obtaining 	unit 	275 

refers 	to 	the 	congestion 	level 	database 	230, 	and 

obtains 	the 	congestion 	levels 	of 	the 	respective 

action 	options 	generated 	by 	the 	option 	generating 

unit 	273. 

15 The 	choice 	probability 	calculating 	unit 

276 	calculates 	choice 	probabilities 	of 	the 

respective 	action 	options. 	The 	choice 	probability 

represents 	a 	probability 	that 	an 	action 	option 	is 

selected by a user. 	In other words, 	for each subset 

20 of 	a 	group 	of 	the 	action 	options 	generated by the 

option 	generating 	unit 	273, 	the 	choice 	probability 

calculating unit 276 calculates choice probabilities 

of the respective action options included in each of 

the 	subsets. 	A 	method 	for 	calculating 	a 	choice 

25 probability 	by 	the 	choice 	probability 	calculating 

unit 276 will be described later in detail. 

The option determining unit 277 determines 

action options 	to be output 	to the terminal 	device 

300 based on the choice probabilities calculated by 

30 the choice probability calculating unit 276 and also 

based on the congestion-reducing contribution levels 

calculated 	by 	the 	congestion-reducing 	contribution 

level calculating unit 274. 	To be more specific, 	the 

option 	determining 	unit 	277 	calculates 	expected 

35 values of the respective action options generated by 

the 	option 	generating 	unit 	273 	based 	on 	the 

congestion-reducing 	contribution 	levels 	and 	also 
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based on the choice probabilities. 	Subsequently, 	the 

option 	determining 	unit 	277 	obtains 	a 	set 	P 	of 

action options having the highest expected value of 

the 	congestion-reducing 	contribution 	level. 	The 

5 option determining unit 277 determines the set P of 

action options as action options to be output to the 

terminal device 300. 

When the action options are determined by 

the 	option 	determining 	unit 	277, 	the 	estimated 

10 number calculating unit 278 determines the estimated 

numbers of the users assumed to have been previously 

guided to the respective action options, 	and updates 

the 	estimated 	number 	database 	240. 	A 	method 	for 

calculating 	the 	estimated 	number 	will 	be 	described 

15 later in detail. 

The 	terminal 	device 	300 	according 	to 	the 

present 	embodiment 	includes 	an 	input 	control 	unit 

310, 	a 	request 	transmitting 	unit 	320, 	a 	response 

receiving unit 330, 	an output control unit 340, 	and 

20 a 	GPS 	(Global 	Positioning 	System) 	unit 	350. 	These 

units are implemented by causing a processing device 

of 	the 	terminal 	device 	300 	to 	execute 	programs 

installed in the terminal device 300. 

The 	input 	control 	unit 	310 	according 	to 

25 the 	present 	embodiment 	receives 	input 	of 	various 

types of information. 	The request transmitting unit 

320 	transmits, 	to 	the 	congestion 	management 

apparatus 200, 	a presentation request 	in accordance 

with the input. 

30 The response receiving unit 330 receives a 

response 	to 	the 	presentation 	request 	transmitted 

from the 	request 	transmitting unit 	320. 	To be more 

specific, 	the 	response 	receiving 	unit 	330 	receives 

information 	indicating 	action 	options 	transmitted 

35 from the congestion management apparatus 200. 

The 	output 	control 	unit 	340 	causes 	the 

display operation device of the terminal device 300 
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to display the information included in the response 

received by the 	response 	receiving 	unit 	330. 	To 	be 

more 	specific, 	the 	output 	control 	unit 	340 	causes 

the 	display operation 	device 	to 	display the 	action 

5 options received by the response receiving unit 330. 

The 	GPS 	unit 	350 	receives 	position 

information 	indicating 	the 	current 	position 	of 	the 

terminal 	device 	300 	based on a GPS 	signal 	received 

by the terminal device 300. 

10 

	

In 	the 	terminal 	device 	300 	according 	to 

the 	present 	embodiment, 	the 	request 	transmitting 

unit 	320 	may 	transmit, 	instead 	of 	a 	departure 

location, 	position information obtained from the GPS 

unit 350 together with a presentation request to the 

15 congestion management apparatus 200. 

Next, 	action 	options 	according 	to 	the 

present 	embodiment 	will 	be 	described 	prior 	to 

describing 	operations 	of 	the 	congestion 	management 

apparatus 200 and the terminal device 300 according 

20 to the present embodiment. 

FIG. 	9 	is 	a 	drawing 	illustrating 	action 

options 	according 	to 	the 	first 	embodiment. 	In 	the 

present embodiment, 	as illustrated in a table 	91, 	a 

set 	of 	action 	options 	of 	transiting 	by 	a 	transit 

25 system n in a time slot 1 is represented as Pfl, 1. 	To 

be more specific, 	an action option of transiting by 

railway M in a time slot 1 = 0 is represented as pm, 

o. 	In the 	following, 	an individual action option 	is 

represented as pn, 1, 	and a 	set of action options 	is 

30 represented as 	Pri, 1. 

	

Herein, 	a 	set 	of 	transit 	systems 	n 	is 

represented 	as 	a 	set 	N. 	A 	set 	of 	time 	slots 	1 	is 

represented as 	a 	set L. 	A set of action options 	of 

all combinations of transit systems n and time slots 

35 1 	is 	represented 	as 	a 	set 	P. 	Also, 	when 	a 	set 	of 

feasible 	action 	options 	is 	represented 	as 	a 	set 	F 

and 	a 	set 	of 	action 	options 	to 	be 	output 	to 	the 
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terminal 	device 	300 	is 	represented as 	a 	set A, 	the 

sets 	P, 	F, 	and A 	have 	a 	relationship 	indicated by 

the following formula 	(1). 

Formula 	(1) 

Ag.F.CP= [NA 	• • • Formula (1) 

n E N,1 E L 

N: set of transit systems {II, B, T} 
L: set of time slots 

5 

The 	set 	F of 	the 	feasible 	action 	options 

is 	a 	set 	of 	action 	options 	that 	are 	provided with 

transit 	systems 	in 	each 	time 	slot 	and 	that 	have 

estimated 	numbers 	not 	reaching 	respective 	guide 

10 upper limits. Also, 	the set F is a subset of the set 

P. 	Further, 	the 	set 	A of 	the 	action 	options 	to 	be 

output to the terminal device 300 is a set of action 

options 	to 	be 	presented 	to 	the 	user 	of 	the 

congestion management system 100. 

15 Next, 	operations of the units 	included in 

the 	congestion 	management 	system 	100 	according 	to 

the 	present 	embodiment 	will 	be 	described. 	First, 

referring 	to 	FIG. 	10, 	an operation 	of 	the 	terminal 

device 300 will be described. 

20 FIG. 	10 	is 	a 	flowchart 	illustrating 	the 

operation 	of 	the 	terminal 	device 	300 	according 	to 

the first embodiment. 

When 	the 	input 	control 	unit 	310 	of 	the 

terminal 	device 	300 	according 	to 	the 	present 

25 embodiment receives a request for presenting action 

options 	from 	a 	user 	(step 	S1001), 	the 	request 

transmitting 	unit 	320 	transmits 	the 	presentation 

request 	to 	the 	congestion management 	apparatus 	200 

(step S1002). 	At 	this 	time, 	the terminal device 	300 

30 may 	transmit 	a 	departure 	location, 	a 	destination 

location, 	and a desired departure time or a desired 
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arrival 	time, 	which 	are 	input 	along 	with 	the 

presentation 	request, 	to 	the 	congestion 	management 

apparatus 	200. 	Further, 	the 	terminal 	device 	300 

transmits a user ID of a user of the terminal device 

5 300 	together 	with 	the 	presentation 	request 	to 	the 

congestion management apparatus 200. 

Further, 	if no departure location is input, 

the 	terminal 	device 	300 may transmit, 	instead of 	a 

departure 	location, 	position 	information 	of 	the 

10 terminal device 300 obtained by the GPS unit 350 to 

the congestion management apparatus 200. 	Further, 	if 

no departure time is input, 	the terminal device 300 

may obtain the current time from a clock function of 

the 	terminal 	device 	300, 	and 	may 	transmit 	the 

15 current 	time 	instead 	of 	a 	departure 	time 	to 	the 

congestion management apparatus 200. 

Next, 	the 	terminal 	device 	300 	receives 

information 	indicating 	combinations 	of 	action 

options 	from the 	response 	receiving unit 	330 	(step 

20 S1003). 	Next, 	the 	output 	control 	unit 	340 	of 	the 

terminal 	device 	300 	causes 	the 	display 	operation 

device to display the combinations of action options 

indicated by the 	received information 	(step 	S1004). 

The process ends. 

25 Next, 	referring 	to 	FIG. 	11, 	an 	operation 

of the congestion management apparatus 200 according 

to the present embodiment will be described. 	FIG. 	11 

is 	a 	flowchart 	illustrating 	the 	operation 	of 	the 

congestion management apparatus 200 according to the 

30 first embodiment. 

The 	request 	receiving 	unit 	271 	of 	the 

congestion 	management 	processing 	unit 	270 	in 	the 

congestion 	management 	apparatus 	200 	receives 	a 

request 	for 	presenting 	action 	options 	from 	the 

35 terminal 	device 	300 	(step 	S1101). 	To 	be 	more 

specific, 	the 	request 	receiving unit 	271 	receives 	a 

desired departure time, 	a departure location, 	and a 
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destination 	location 	along 	with 	a 	request 	for 

presenting 	action 	options 	from the 	terminal 	device 

300. 	The request receiving unit 271 may receive the 

current time as a desired departure time. 	Also, 	the 

5 request 	receiving 	unit 	271 	may 	receive 	position 

information of the terminal device 300 	instead of a 

departure location. 

The 	congestion 	management 	apparatus 	200 

according to the present embodiment also receives a 

10 user 	ID 	of 	the 	user 	of 	the 	terminal 	device 	300 

together with the presentation request. 

Next, 	the 	option 	generating 	unit 	273 	of 

the 	congestion 	management 	processing 	unit 	270 

generates feasible action options 	(step S1102). 

15 A 	set 	F of 	the 	generated 	feasible 	action 

options 	is 	a 	subset 	of 	a set 	P. 	The 	set 	P is 	a set 

of 	action 	options 	including 	all 	combinations 	of 

transit systems n and time slots 1. 	In other words, 

the 	set 	F 	is 	a 	set 	of 	action 	options 	that 	are 

20 provided with transit systems in each time slot and 

that have estimated numbers not reaching respective 

guide upper limits. 

Next, 	the 	choice 	probability 	calculating 

unit 276 and the option determining unit 277 of the 

25 congestion management processing unit 	270 determine 

combinations 	of 	action 	options 	based 	on 	choice 

probabilities 	(step 	S1103). 	In 	other 	words, 	the 

congestion 	management 	processing 	unit 	270 	selects, 

from subsets A of the set F of the action options, 	a 

30 set 	A* 	of 	action 	options 	to 	be 	displayed 	on 	the 

terminal 	device 	300. 	Step 	S1103 	will 	be 	described 

later in detail. 

	

Next, 	based on the choice probabilities of 

the 	respective 	action 	options 	determined 	to 	be 

35 presented 	to 	the 	user 	by 	the 	estimated 	number 

calculating 	unit 	278, 	the 	estimated 	number 

calculating 	unit 	278 	of 	the 	congestion 	management 
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processing unit 270 calculates the estimated numbers 

for 	the 	respective 	action 	options. 	Then, 	the 

estimated 	number 	calculating 	unit 	278 	updates 	the 

estimated number database 240 	(step S1104). 

5 Next, 	the 	response 	transmitting 	unit 	272 

of 	the 	congestion 	management 	processing 	unit 	270 

outputs the set A* of the action options determined 

by 	the 	response 	transmitting 	unit 	272 	to 	the 

terminal device 300 	(step S1105). 	The process ends. 

10 Next, 	referring 	to 	FIG. 	12, 	a 	process 	of 

the 	option 	generating 	unit 	273 	according 	to 	the 

present 	embodiment will 	be 	described. 	FIG. 	12 	is 	a 

flowchart 	illustrating 	the 	process 	of 	the 	option 

generating unit according to the first embodiment. 

15 The 	option 	generating 	unit 	273 	according 

to 	the 	present 	embodiment 	determines 	whether 	the 

process as of step S1202 is performed for all action 

options 	pn,1 	(step 	S1201). 	In 	step 	S1201, 	when 	the 

process 	as 	of 	step 	S1202 	is 	performed 	for 	all 	the 

20 action options p.,1, 	the process ends. 

When the process is not performed for all 

the 	action 	options 	PrI,I, 	the 	option 	generating 	unit 

273 	refers 	to 	the 	map 	database 	250 	and 	the 

transportation 	operation 	database 	260, 	and 

25 determines whether a transit system n for transiting 

from a departure location to a destination location 

at a desired departure time 	is 	available 	in a time 

slot 1 	(step S1202). 	This time slot 1 is a time slot 

that is assumed based on the departure time. 

30 In step 51202, 	when no transit system n is 

available, 	the option generating unit 273 causes the 

process to return to step S1201. 

In step S1202, 	when a transit 	system n is 

available, 	the option generating unit 273 	refers to 

35 the guide upper limit database 220 and the estimated 

number 	database 	240, 	and 	determines 	whether 	the 

estimated 	number 	C„,1 	is 	less 	than 	a 	guide 	upper 
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limit Clu n,' 	(step 	S1203). 

In 	step 	S1203, 	when 	the 	estimated 	number 

C„,1 	is 	not 	less 	than 	the 	guide 	upper 	limit 	CmAxn,if 
namely 	when 	the 	estimated 	number 	C,„1 	reaches 	the 

5 limit Cmaxn,i, 	the option generating unit 	273 	returns 

to step S1201. 

In 	step 	S1203, 	when 	the 	estimated 	number 

C„,1 	is 	less 	than 	the 	guide 	upper 	limit 	CmAxn,i, 	the 

option generating unit 273 adds an action option pn4  

10 to a 	set 	F of 	feasible action options 	(step S1204), 

and causes the process to return to step S1201. 

Now, 	the estimated number Cn,1  according to 

the 	present 	embodiment 	will 	be 	described. 	In 	the 

present 	embodiment, 	0n,1 	can 	be 	expressed 	by 	the 

15 following formula 	(2). 

Formula 	(2) 

n-1 
00 Crij==Probn,/ 	 • • • Formula (2) 

k=1 

The 	estimated 	number 	Cn,1 	represents 	the 

number of users assumed to have previously selected 

20 an 	action 	option 	pn,i. 	Formula 	(2) 	indicates 	the 

estimated 	number 	C„,1 	in 	which 	the 	current 	user 	is 

represented as an nth  user. 	A method for calculating 

a 	choice 	probability 	Probn,i(X) 	in 	the 	formula 	(2) 

will be described later. 

25 As 	is 	seen 	from 	the 	formula 	(2), 	the 

estimated 	number 	Cn,1 	according 	to 	the 	present 

embodiment is a value obtained by cumulating choice 

probabilities Probn,i(X) 	of respective action options 

Pn4 for a n-lth  user and preceding users when the nth  

30 user requests presentation of action options 13/1,1. 
As 	described, 	the 	option 	generating 	unit 

273 	according 	to 	the 	present 	embodiment 	extracts 

action options whose estimated numbers do not reach 

respective 	guide 	upper 	limits, 	from action 	options 
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(transit 	options) 	searched 	based 	on 	a 	desired 

departure 	time, 	a 	departure 	location, 	and 	a 

destination location. 	Thus, 	according to the present 

embodiment, 	an action option whose estimated number 

5 has reached its guide upper limit is prevented from 

being 	selected by users, 	allowing 	congestion 	to be 

relieved. 

Next, 	a 	process 	performed 	by 	the 

congestion 	management 	processing 	unit 	270 	to 

10 determine 	a 	set A* 	of action options 	(a pattern of 

action 	options) 	based 	on 	choice 	probabilities 	will 

be described. 

In 	the 	present 	embodiment, 	a 	decision 

variable 	xi,,i 	is 	employed 	to 	determine 	whether 	an 

15 action 	option 	Pn,1 	is 	presented 	to 	the 	user. 	To 	be 

more 	specific, 	in the present 	embodiment, 	when the 

decision variable xri,1  = 	1, 	the 	action option Pn,1 	is 

determined 	to 	be 	presented. 	Also, 	in 	the 	present 

embodiment, 	when the decision variable x„,1  = 0, 	the 

20 action option 13,,,i is determined not to be presented. 

In 	the 	present 	embodiment, 	an 	unfeasible 

action option P,„1  is not presented to the user. 	Thus, 

for 	any 	unfeasible 	action 	option 	P11,1, 	the 	decision 

variable 	xn,1 	always 	indicates 	0. 	A 	matrix 	X 

25 expressed by the 	following 	formula 	(3) 	is 	a matrix 

indicating 	a 	candidate 	set A of 	action options 	Pn,1 
to be presented to the user. 

Formula 	(3) 

X = {XII,/  lxim  E OM} 	• • • Formula (3) 

Xro = 0 	Vpn,/  E F 

N: set of transit systems {M,B,71} 
L: set of time slots 

30 The option determining unit 277 	according 

to the present embodiment determines, 	as a set A* of 
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action options to be presented to the user, 	a set A 

of 	action 	options 	having 	the 	highest 	congestion- 

reducing 	contribution 	level 	calculated 	by 	the 

congestion-reducing 	contribution 	level 	calculating 

5 unit 	274. 	This 	is 	formulated 	as 	an 	optimization 

problem as indicated by the following formula 	(4). 

Formula 	(4) 

maxI 	Rn 
 '
iProb,m(X) 	• • • Formula (4) 

I X nEN 	/EEL 

S. 	Xnj = 0 	VPn,l (% F 

In 	the 	formula 	(4) 	above, 	Probno.(X) 

10 denotes a choice probability of an action option pn,i 

included in a set A of action options indicated by a 

matrix X. 	This 	choice probability 	is 	calculated by 

the choice probability-calculating unit 276. 

In 	the 	formula 	(4) 	above, 	Rno. denotes 	a 

15 congestion-reducing 	contribution 	level 	that 	can 	be 

obtained when the action option pn,l  is selected from 

the 	set 	A 	of 	the 	action 	options. 	This 	congestion- 

reducing 	contribution 	level 	is 	calculated 	by 	the 

congestion-reducing 	contribution 	level 	calculating 

20 unit 	274 	by 	using 	the 	following 	formula 	(5), 	for 

example. 

Formula 	(5) 

Cmi  
Rn,i 	1 MAX = 	 • • • Formula (5) r 

'-'71,1 

Cn,1 	denotes 	the 	estimated 	number 

25 associated 	with 	the 	action 	option 	pn,l 	in 	the 

estimated 	number 	database 	240. 	CmAxno_ 	indicates 	a 

guide upper limit associated with the action option 

pn,i in the guide upper limit database 220. 

According to the present embodiment, 	as is 

30 seen 	from the 	formula 	(5), 	as 	an 	action 	option Pn,i 

having a smaller ratio of the estimated number to a 
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guide 	upper 	limit 	is 	selected, 	a 	value 	of 	a 

congestion-reducing contribution level Rn,1  increases. 

Namely, 	as 	an 	action 	option 	p,,,i 	having 	a 

larger difference between a guide upper limit elAxn4  

5 and the estimated number Cri,1  is selected, 	a value of 

a 	congestion-reducing 	contribution 	level 	Rn,1 
increases. 	The 	congestion-reducing 	contribution 

level 	Rn,1 	may 	be 	calculated 	by 	using 	a 	formula 

different from the above formula. 

10 The 	option determining unit 	277 	according 

to 	the 	present 	embodiment 	calculates 	a 	product 	by 

multiplying 	a 	choice 	probability 	Probn,i(X) 	by 	a 

congestion-reducing contribution level R,„1 	for each 

action 	option 	pn,1 	included 	in 	a 	set 	A 	of 	action 

15 options 	indicated 	by 	a 	matrix 	X. 	The 	product 

obtained 	by 	multiplying 	the 	choice 	probability 

Probn,i(X) 	by 	the 	congestion-reducing 	contribution 

level 	R„,1 	is 	an 	expected 	value 	of 	the 	congestion- 

reducing contribution 	level 	for each 	of 	the 	action 

20 options pn,i• 

The option determining unit 277 calculates 

an 	expected 	value 	of 	a 	congestion-reducing 

contribution 	level 	for 	each 	action 	option 	pri,1 
included 	in 	a 	set 	A 	indicated by 	a 	matrix 	X. 	The 

25 option determining unit 	277 	obtains the 	sum of the 

expected 	values 	and 	sets 	the 	sum 	as 	an 	expected 

value of a congestion-reducing contribution level of 

the 	set 	A. 	The 	option 	determining 	unit 	277 

determines, 	from among 	sets 	A, 	a 	set A having 	the 

30 highest 	expected 	value 	of 	the 	congestion-reducing 

contribution level as a set A*. 	Accordingly, 	action 

options pri,1 included in the set A* are presented to 

the user. 

Next, 	a 	calculation 	of 	a 	choice 

35 probability 	Prob,,,l(X) 	by 	the 	choice 	probability 

calculating unit 276 will be described. 

In 	the 	present 	embodiment, 	it 	is 	assumed 
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that 	a 	user 	selects 	an 	action 	option p,,,i 	according 

to 	a 	multinomial 	logit 	model 	(MNL). 	Accordingly, 

when a set A indicated by a matrix X is presented to 

the 	user, 	a 	probability 	(choice 	probability) 

5 Probn,i(X) 	that 	an 	action 	option 	pri,1 	is 	selected 	by 

the user is calculated by the following formula 	(6). 

Formula 	(6) 

xn  ,1  exp(Vn,i) 
Probnj(X) = 	 • • • Formula (6) v  

Lin'EN E1'EL Xn' ,1' exp(ini,r) 

X: decision variable 

1 
X = tXn,/) 	Xn j = to  

In the 	formula 	(6) , 	V,,,1 denotes utility of 

10 the action option pn,j_. 	Utility V„,1  can be calculated 

by the following formula 	(7), 	for example. 

Formula 	(7) 

VII  j = ASCr, + I3fare  x fare + fin, X TT + PDT  x DT + leo  X CG 	• • • Formula (7) 

ASC: 	alternative-specific constant 
fare: fare 
TT: 	transit time 
CG: 	congestion level 
DW: 	waiting time 

To 	be 	more 	specific, 	the 	choice 

15 probability calculating unit 276 refers to the user 

database 	210 	and 	obtains 	user 	information 

corresponding 	to 	a 	user 	ID 	obtained 	from 	the 

terminal 	device 	300. 	Then, 	the 	choice 	probability 

calculating unit 276 substitutes each value included 

20 in the user information into the formula 	(7). 

Further, 	the 	choice 	probability 

calculating unit 276 may refer to the transportation 

operation database 260, 	obtain a value indicating a 

fare 	required 	for 	a 	transit 	system, 	and 	substitute 
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the value into the formula 	(7). 

Further, 	the 	choice 	probability 

calculating unit 276 may cause the congestion level 

obtaining unit 275 to refer to the congestion level 

5 	database 	230 	and 	to 	obtain 	a 	congestion 	level 

associated 	with 	the 	action 	option 	pfl,I. 	Then, 	the 

choice 	probability 	calculating 	unit 	276 	may 

substitute the congestion level into the formula 	(7). 

Further, 	based on a desired departure time input in 

10 	the terminal device 300 and time slots of the action 

option pn,i, 	the choice probability calculating unit 

276 may calculate a waiting time and may substitute 

the waiting time into the formula 	(7). 

Referring 	to 	FIG. 	13, 	determination 	of 	a 

15 	set (combination) 	A* 	of 	action 	options 	based 	on 

choice 	probabilities 	will 	be 	described 	in 	more 

detail 	below. 	FIG. 	13 	is 	a 	drawing 	illustrating 	a 

process 	for 	determining 	a 	set 	of 	action 	options 

based on choice probabilities. 

20 The 	process 	illustrated 	in 	FIG. 	13 

indicates 	a 	calculation 	process 	performed 	in 	step 

S1103 of FIG. 	11. 

When 	feasible 	action 	options 	Pn,1 	are 

generated 	by 	the 	option 	generating 	unit 	273, 	the 

25 	choice 	probability 	calculating 	unit 	276 	calculates 

choice 	probabilities 	of 	the 	respective 	action 

options 	pi,,i 	in 	a 	set 	A 	(in 	an 	action 	option 	group 

P11,1) indicated by a matrix X 	(step S1301). 

To 	be 	more 	specific, 	the 	choice 

30 	probability calculating unit 	276 refers to the user 

database 210 and obtains user information associated 

with a 	user 	ID. 	Also, 	the 	choice 	probability 

calculating unit 276 refers to the congestion level 

database 	230, 	and obtains 	congestion 	levels 	of 	the 

35 	respective 	action 	options 	pn4, 	namely 	congestion 

levels of respective transit systems n in time slots 

1. 	Then, 	the choice probability calculating unit 276 
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calculates utility Vn,1  by the formula 	(7). 

Namely, 	the choice probability calculating 

unit 	276 	calculates 	values 	indicating 	satisfaction 

levels 	of 	the 	user 	with 	respect 	to 	the 	respective 

5 action options pn,' included in the set A. 

Next, 	the 	choice 	probability 	calculating 

unit 	276 	calculates 	choice 	probabilities 	Probn,i(X) 

by the formula 	(6). 

Namely, 	based on the values indicating the 

10 satisfaction levels of the user with respect to the 

respective action options pri,1  included in the set A, 

the 	choice 	probability 	calculating 	unit 	276 

according 	to 	the 	present 	embodiment 	calculates 

choice 	probabilities 	of 	the 	respective 	action 

15 options action options pn,i• 

In other words, 	in the present embodiment, 

as a satisfaction level of an action option pn,1 that 

can be obtained by the user becomes higher, 	a choice 

probability becomes higher. 

20 Next, 	the congestion-reducing contribution 

level 	calculating 	unit 	274 	calculates 	congestion- 

reducing contribution levels Rn,1  for the respective 

action options pn,1  in the set A 	(step S1302). 

To 	be 	more 	specific, 	the 	congestion- 

25 reducing 	contribution 	level 	calculating 	unit 	274 

refers to the guide upper limit database 220 and the 

estimated 	number 	database 	240, 	and 	obtains 	guide 

upper 	limits 	CmAxn,1 	associated 	with 	the 	respective 

action 	options 	pri,1 	and 	also 	obtains 	estimated 

30 numbers 	C„,1 	associated 	with 	the 	respective 	action 

options 	P11,1. 	Then, 	the 	congestion-reducing 

contribution 	level 	calculating 	unit 	274 	calculates 

congestion-reducing 	contribution 	levels 	Rn,1 	by 	the 

formula 	(5). 

35 Next, 	based 	on 	the 	choice 	probability 

Probn,i(X) 	and 	the 	congestion-reducing 	contribution 

level Rn,1  calculated for each of the action options 
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Pri,i, 	the 	option 	determining 	unit 	277 	calculates 	an 

expected value of a congestion-reducing contribution 

level of the set A 	(step S1303). 

To 	be 	more 	specific, 	the 	option 

5 determining unit 277 calculates an expected value of 

the congestion-reducing contribution 	level 	for each 

of the 	action options 	p„,1. 	The 	expected value 	is 	a 

product 	obtained 	by 	multiplying 	the 	choice 

probability 	Probr„i(X) 	by 	the 	congestion-reducing 

10 contribution 	level 	Rn,1 	by 	using 	the 	formula 	(4). 

Then, 	the 	option 	determining 	unit 	277 	obtains 	the 

sum of the expected values of the action options pr,,,_ 

as 	an 	expected 	value 	of 	a 	congestion-reducing 

contribution level of the set A. 

15 

	

Next, 	the 	option 	determining 	unit 	277 

determines 	whether 	expected 	values 	of 	sets 	A 	that 

can 	be 	obtained 	from 	the 	set 	F 	of 	the 	feasible 

action 	options 	pflo_ 	are 	calculated 	(step 	S1304). 	In 

step 51304, 	when the expected values of all the sets 

20 A 	are 	not 	calculated, 	the 	option 	determining 	unit 

277 causes the process to return to S1301. 

In step S1304, 	when the expected values of 

all 	the 	sets 	A 	are 	calculated, 	the 	option 

determining 	unit 	277 	determines, 	as 	a 	set 	A* 	of 

25 action 	options p„,1  to be 	presented to 	the 	terminal 

device 	300, 	a 	set 	A 	having 	the 	highest 	expected 

value of the congestion-reducing contribution 	level 

(step S1305). 	The process 	ends. 

In the following, 	referring to FIG. 	14 and 

30 FIG. 	15, 	a process 	for determining a set A* will be 

described in detail. 

FIG. 	14 is a first drawing illustrating an 

example of a set of feasible action options. 

In 	the 	example 	of 	FIG. 	14, 	a 	combination 

35 of a transit system n and a time slot 1 indicated by 

a 	circle 	mark 	is 	an 	action 	option 	whose 	estimated 

number 	C,,,i 	is 	less 	than 	a 	guide 	upper 	limit 	CmAxn,ir 
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and 	thus 	is 	a 	feasible 	action 	option 	pn,i. 	In 	the 

example 	of 	FIG. 	14, 	a 	combination 	of 	a 	transit 

system n and a time slot 1 indicated by a cross mark 

is 	an 	action 	option 	whose 	estimated 	number 	C/1,1 
5 reaches 	a 	guide 	upper 	limit 	CmAx.,1, 	and 	thus 	is 	an 

unfeasible action option Pn,i• 

In 	the 	example 	of 	FIG. 	14, 	as 	feasible 

action options pn,i, 	an action option of n = railway 

M and 1 = 1, 	an action option of n = railway M and 1 

10 = 2, 	and an action option of n = railway M and 1 = 3 

are 	generated. 	Also, 	in 	the 	example 	of 	FIG. 	14, 	as 

feasible action options pn,i, 	an action option of n = 

bus B and 1 = 1 	and an action option of n = bus B 

and 1 = 3 are generated. Also, 	in the example of FIG. 

15 14, 	as feasible action options n ,r1,1, 	an action option 

of n = taxi and 1 = 0, 	an action option of n = taxi 

and 1 = 2, 	and an action option of n = taxi and 1 = 

3 are generated. 

Namely, 	in the example of FIG. 	14, 	a set A 

20 of 	the 	feasible 	action 	options 	pr„1 	includes 	n ,Meto,l, 

PMeto, 2, 	PMeto, 3, 	PBO., 	P13,3, 	PT,Or 	PT, 2, 	and 	IDT,3. 
FIG. 	15 	is 	a 	second 	drawing 	illustrating 

an example of the set of the feasible action options. 

In FIG. 	15, 	among the action options pr„1  included in 

25 the set A illustrated in FIG. 	14, 	a candidate set of 

action 	options pn,1 to be presented to the user are 

represented as a matrix X arranged in n rows and 1 

columns. 

FIG. 	15 	(A) 	illustrates a pattern in which 

30 all 	the 	action 	options 	pri,1 	indicated 	by 	the 	circle 

marks are presented to the user. 

In 	this 	case, 	a 	table 	Pr-1 	illustrates 

information 	indicating 	choice 	probabilities 

Probr„i(X) 	associated 	with 	the 	respective 	action 

35 options P114. 

As 	illustrated 	in 	the 	table 	Pr-1, 	the 

choice 	probability 	calculating 	unit 	276 	does 	not 
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present any action option pn,1  that corresponds to an 

element 	of 	"0" 	in 	the 	matrix 	X. 	Thus, 	a 	choice 

probability thereof is not calculated. 

As illustrated in the table Pr-1, 	upon the 

probabilities 	Probn,i(X) 	of 	the 	respective 	action 

options pn,1  being calculated, 	the option determining 

unit 	277 	according 	to 	the 	present 	embodiment 

calculates 	expected 	values 	of 	congestion-reducing 

contribution 	levels. 	The 	expected 	values 	are 

products 	obtained 	by 	multiplying 	the 	choice 

probabilities 	Prob.,i(X) 	by 	the 	respective 

congestion-reducing 	contribution 	levels. 	Then, 	the 

option determining unit 	277 	obtains 	the 	sum of the 

products 	as 	an 	expected 	value 	of 	a 	congestion- 

reducing 	contribution 	level 	of 	the 	set 	F. 	This 

expected value is an expected value of a congestion-

reducing contribution level calculated based on the 

choice 	probabilities 	indicated 	in 	the 	table 	Pr-1, 

and is 	also an expected value 	of the 	set A of the 

action options pnj indicated by the matrix X and to 

be presented to the user. 

FIG. 	15 	(B) 	illustrates a pattern in which, 

among the action options pn,1  indicated by the circle 

marks, 	the action option pr,0  is excluded from action 

options 	to be presented to the user. 	Thus, 	a value 

of a corresponding element in the matrix X is "0". 

In 	this 	case, 	a 	table 	Pr-2 	illustrates 

information 	indicating 	choice 	probabilities 

Probn,i(X) 	of 	the 	respective 	action 	options 	pn,i. 	In 

the 	table 	Pr-2, 	a 	choice 	probability of 	the 	action 

option pu,,0 corresponding to 	"n = taxi 	T 	and 	1 	= 	0" 

is 	not 	calculated. 	Similarly 	to 	FIG. 	15(A), 	the 

option 	determining 	unit 	277 	calculates 	an 	expected 

value 	of 	a 	congestion-reducing 	contribution 	level 

based on 	the 	choice probabilities 	indicated 	in the 

table Pr-2. 

FIG. 	15 	(C) 	illustrates a pattern in which, 
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among the action options pn,1  indicated by the circle 

marks, 	the action option p14,1  is excluded from action 

options 	to be presented to 	the 	user. 	Thus, 	a 	value 

of a corresponding element in the matrix X is "0". 

5 In 	this 	case, 	a 	table 	Pr-3 	illustrates 

information 	indicating 	choice 	probabilities 

Prob,,,l(X) 	of 	the 	respective 	action 	options 	pn,I. 	In 

the 	table 	Pr-3, 	a 	choice probability of the 	action 

option pm,1  corresponding to "n = railway M and 1 = 

10 1" 	is 	not 	calculated. 	Similarly 	to 	FIG. 	15(A), 	the 

option 	determining 	unit 	277 	calculates 	an 	expected 

value 	of 	a 	congestion-reducing 	contribution 	level 

based on the 	choice 	probabilities 	indicated 	in the 

table Pr-3. 

15 In 	the 	present 	embodiment, 	as 	described 

above, 	expected 	values 	of 	congestion-reducing 

contribution levels are calculated for all possible 

patterns 	(sets A) 	of action options pn,l. 

In the 	example 	of 	FIG. 	15, 	the 	number 	of 

20 the feasible action options pn,1  is 7, 	and the matrix 

X 	has 	"0" 	and 	"1" 	as 	values 	of 	elements 

corresponding to 	the 	respective action options Pn,i• 

Accordingly, 	the 	determining 	unit 	277 	calculates 

expected values 	of 	congestion-reducing contribution 

25 levels for 2 to the power of 7 patterns. 

In 	a 	pattern 	having 	the 	highest 	expected 

value of the congestion-reducing contribution level, 

the option determining unit 	277 	determines 	a 	set A 

of 	action 	options 	pn,1 	whose 	corresponding 	elements 

30 have values of "1" as a set A* of action options to 

be presented to the user. 

At this time, 	the option determining unit 

277 	causes 	the 	terminal 	device 	300 	to 	display 	the 

action 	options 	pn,1 	included 	in 	the 	pattern 	having 

35 the 	highest 	expected 	value 	in 	descending 	order 	of 

choice probability Probn,i(X). 

Further, 	the 	congestion 	management 
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apparatus 	200 	according 	to 	the 	present 	embodiment 

may 	transmit 	congestion 	levels 	associated with 	the 

respective action options p„,1  to the terminal device 

300. 	For 	each 	of 	the 	action 	options 	pn4, 	the 

5 terminal 	device 	300 	may 	display 	information 

indicating 	congestion 	status 	of 	a 	corresponding 

congestion level. 

Referring to FIG. 	16, 	an example in which 

action 	options 	p„,1 	are 	displayed 	on 	the 	terminal 

10 device 	300 	will 	be 	described 	below. 	FIG. 	16 	is 	a 

drawing 	illustrating 	an 	example 	of 	action 	options 

displayed 	on 	the 	terminal 	device 	according 	to 	the 

first embodiment. 

FIG. 	16 	illustrates 	the 	example 	in 	which 

15 the 	pattern 	illustrated 	in 	FIG. 	15(A) 	having 	the 

highest 	expected 	value 	of 	the 	congestion-reducing 

contribution 	level 	is 	displayed on a 	screen of the 

terminal device 300. 

A 	screen 	301 	illustrated 	in 	FIG. 	16 

20 includes a display field 302 and a display field 303. 

The 	display 	field 	302 	displays 	action 	options. 	The 

display 	field 	303 	displays 	information 	indicating 

congestion status of each of the action options. 

An 	action 	option 	pn,1 	of 	"transiting 	by 

25 taxi 	T 	between 	17:30 	and 	17:44," 	which 	has 	the 

highest 	choice 	probability 	Probn,i(X) 	in 	the 	table 

Pr-1, 	is 	displayed at 	the 	top of the 	display 	field 

302. 	Also, 	information 	indicating congestion 	status 

equivalent 	to 	the 	congestion 	level 	2, 	which 	is 

30 associated with the action option of "transiting by 

taxi T between 17:30 and 17:44," is displayed in the 

display field 303. 

Also, 	in the display field 302, 	an action 

option pn,1  of "transiting by bus B between 17:15 and 

35 17:29," 	which 	has 	the 	second 	highest 	choice 

probability 	Probn,l(X) 	in 	the 	table 	Pr-1, 	is 

displayed next. 
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Also, 	information 	indicating 	congestion 

status 	equivalent 	to 	the 	congestion 	level 	2, 	which 

is associated with the action option of "transiting 

by bus 	B between 	17:15 	and 	17:29," 	is 	displayed 	in 

5 the 	display 	field 	303. 	For 	example, 	the 	congestion 

level database 	230 may store information indicating 

congestion 	status 	associated 	with 	a 	corresponding 

congestion level of each transit system. 

In 	the 	example 	of 	FIG. 	16, 	the 	terminal 

10 device 300 displays the action options in descending 

order 	of 	choice 	probability; 	however, 	the 	present 

embodiment 	is 	not 	limited 	thereto. 	In 	the 	present 

embodiment, 	for example, 	the terminal device 300 may 

display 	action 	options 	in 	order 	from 	the 	highest 

15 expected value of a congestion-reducing contribution 

level. 

	

According 	to 	the 	present 	embodiment, 

action 	options 	to 	be 	displayed 	on 	the 	terminal 

device 	300 	of 	the 	user 	are 	determined 	based 	on 

20 choice 	probabilities 	and 	also 	based 	on 	congestion- 

reducing 	contribution 	levels 	for 	respective 	action 

options. 	The 	choice 	probabilities 	are 	each 

calculated 	based 	on 	a 	value 	indicating 	a 

satisfaction level. 

25 Thus, 	according to the present embodiment, 

it 	is 	possible 	to 	present 	an 	action 	option 	that 

takes 	into 	account 	both 	a 	probability 	of 	being 

selected 	by 	a 	user 	and 	contribution 	to 	relieving 

congestion. 
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Further, 	in 	the 	present 	embodiment, 	the 

estimated number database 240 is updated every time 

a request for presentation of action options is made 

by 	each 	user 	of 	the 	terminal 	device 	300. 	Thus, 

according 	to 	the 	present 	embodiment, 	a 	user 

35 requesting 	presentation 	of 	action 	options 	can 	be 

provided with action options that take into account 

the 	latest 	congestion 	status. 	Further, 	according to 
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the 	present 	embodiment, 	by 	updating 	the 	estimated 

number 	database 	240 	every 	time 	a 	request 	for 

presentation 	of 	action 	options 	is 	made, 	it 	is 

possible 	to 	prevent 	the 	same 	action 	options 	from 

5 being 	continuously 	presented. 	As 	a 	result, 

congestion can be relieved. 

(Second Embodiment) 

In the following, 	a second embodiment will 

be 	described 	with 	reference 	to 	the 	drawings. 	The 

10 second embodiment differs from the first embodiment 

in 	that 	an 	action 	option 	presented 	to 	a 	user 	is 

determined 	based 	on 	a 	sales 	contribution 	level 

instead of a congestion-reducing contribution level. 

In the following second embodiment, 	only differences 

15 from 	the 	first 	embodiment 	will 	be 	described. 

Elements having the same functions or configurations 

as those in the first embodiment are referred to by 

the same numerals used in the first embodiment, 	and 

a description thereof will be omitted. 

20 FIG. 	17 is a drawing illustrating a system 

configuration 	of 	a 	congestion 	management 	system 

according to the second embodiment. 

A 	congestion 	management 	system 	100A 

according 	to 	the 	present 	embodiment 	includes 	the 

25 terminal 	device 	300 	and 	a 	congestion 	management 

apparatus 200A. 

The 	congestion 	management 	apparatus 	200A 

according to the present embodiment includes a user 

database 210A, 	a guide upper limit database 220A, 	a 

30 congestion 	level 	database 	230A, 	and 	an 	estimated 

number 	database 	240A. 	Further, 	the 	congestion 

management 	apparatus 	200A according 	to 	the 	present 

embodiment 	includes 	the 	map 	database 	250, 	the 

transportation operation database 	260, 	and a coupon 

35 information 	database 	280. 	Also, 	the 	congestion 

management 	apparatus 	200A according 	to 	the 	present 

embodiment 	includes 	a 	congestion 	management 
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processing unit 270A. 

The 	congestion management processing unit 

270A according to the present embodiment outputs, to 

the 	terminal 	device 	300, 	an 	action 	option 	that 

5 combines 	a transit 	action by transportation with a 

purchase action at a 	store. 	Further, 	in the present 

embodiment, 	an action option that takes into account 

a 	contribution 	level 	with 	respect 	to 	sales 	from 	a 

purchase action is output to the terminal device 300. 

10 Sales from a purchase action are, 	for example, 	sales 

of a store presented as a drop-in place. 

In 	the 	example 	of 	FIG. 	17, 	the 	map 

database 	250, 	the 	transportation operation database 

260, 	and 	the 	coupon 	information 	database 	280 	are 

15 included 	in 	the 	congestion 	management 	apparatus 

200A; however, 	the present embodiment is not limited 

thereto. 	The 	map 	database 	250, 	the 	transportation 

operation 	database 	260, 	and 	the 	coupon 	information 

database 	280 may be 	included in 	an apparatus 	other 

20 than the congestion management apparatus 200A. Also, 

the map 	database 	250, 	the 	transportation 	operation 

database 	260, 	and 	the 	coupon 	information 	database 

280 	may 	be 	individually 	included 	in 	separate 

apparatuses. 

25 Referring 	to 	FIG. 	18 	through 	FIG. 	22, 	the 

databases 	included 	in 	the 	congestion 	management 

apparatus 	200A 	according 	to 	the 	present 	embodiment 

will be described below. 

FIG. 	18 	is 	a 	drawing 	illustrating 	an 

30 example of the user database according to the second 

embodiment. 	The user database 210A according to the 

present embodiment includes an item "pi-  in addition 

to 	the 	items 	included 	in 	the 	user 	database 	210 

according to the first embodiment. 

35 The item "pi-  represents weight given to a 

monetary value 	provided to 	an 	action 	corresponding 

to 	a 	selected 	action 	option. 	In 	other 	words, 	the 
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item 	"pi” 	represents 	how 	much 	a 	monetary 	value 
provided 	to 	an 	action 	option 	selected by 	the 	user 

contributes to a satisfaction level of the 	selected 

action option. 

5 A monetary value is a coupon, 	for example. 

Namely, 	in 	a 	case where 	the 	user's 	action 	includes 

dropping in at a store, 	the item "pi- represents how 
much a coupon having a monetary value contributes to 

a satisfaction level of the action when provided to 

10 the user. 

The items other than the item "Pi" in the 

user database 210A are the same as those in the user 

database 210 according to the first embodiment, 	and 

a description thereof will be omitted. 

15 FIG. 	19 	is 	a 	drawing 	illustrating 	an 

example of the upper limit database according to the 

second 	embodiment. 	The 	guide 	upper 	limit 	database 

220A 	according 	to 	the 	present 	embodiment 	stores 	a 

guide 	upper 	limit 	associated with 	each 	combination 

20 of a transit 	system n and a time 	slot 	1. 	Also, 	the 

guide 	upper 	limit 	database 	220A 	according 	to 	the 

present 	embodiment 	stores 	a 	guide 	upper 	limit 

associated with 	each 	combination 	of 	a 	store 	and 	a 

time slot 1. 

25 Further, 	in the guide upper limit database 

220A 	of 	FIG. 	19, 	the 	number 	of 	stores 	associated 

with 	guide 	upper 	limits 	is 	1; 	however, 	the present 

embodiment 	is 	not 	limited 	thereto. 	The 	number 	of 

stores associated with guide upper limits may be any 

30 number. 	Similarly, 	the 	time 	slots 	1 	illustrated 	in 

FIG. 	19 may also include any time slot. 

For 	example, 	in 	the 	example 	of 	FIG. 	19, 

store K has a guide upper limit of 20 in a time slot 

1 = 0, 	and has a guide upper limit of 50 in a time 

35 slot 	1 = 1. 

FIG. 	20 	is 	a 	drawing 	illustrating 	an 

example 	of 	the 	congestion 	level 	database 	according 
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to 	the 	second 	embodiment. 	The 	congestion 	level 

database 	230A 	according 	to 	the 	present 	embodiment 

stores congestion levels of railway M, 	bus B, 	taxi T, 

and store K as a drop-in place in time slots 1 = 0 

5 to 	3. 

Further, 	as 	in 	FIG. 	19, 	the 	time 	slots 	1, 

the transit 	systems n, 	and the 	store illustrated in 

FIG. 	20 may include any time slot and any action. 

FIG. 	21 	is 	a 	drawing 	illustrating 	an 

10 example 	of 	the 	estimated number 	database 	according 

to 	the 	second 	embodiment. 	The 	estimated 	number 

database 	240A 	according 	to 	the 	present 	embodiment 

stores estimated numbers 	for railway M, 	bus B, 	taxi 

B, 	and store K as a drop-in place in time slots 1 = 

15 0 	to 	3. 

Further, 	as 	in 	FIG. 	19, 	the 	time 	slots 	1, 

the 	transit 	systems 	n, 	and 	the 	drop-in 	places 

illustrated in FIG. 	21 may include any time slot and 

any store. 

20 FIG. 	22 	is 	a 	drawing 	illustrating 	an 

example of the coupon information database according 

to 	the 	second 	embodiment. 	The 	coupon 	information 

database 	280 	according 	to 	the 	present 	embodiment 

includes, 	as 	information 	items, 	"store 	name," 

25 "coupon 	availability," 	and 	"location". 	The 	item 

"store 	name" 	indicates 	a 	name 	of 	a 	store. 	The 

"coupon availability" indicates whether a coupon can 

be obtained. 	The "location" 	indicates a location of 

a store. 

30 To be more specific, 	when the item "coupon 

availability" 	indicates 	"available," 	it 	means 	that 

an 	incentive 	such 	as 	a 	coupon 	that 	has 	a monetary 

value and that can be used at a corresponding store 

is 	provided 	to 	the 	user. 	Namely, 	when 	the 	item 

35 "coupon 	availability" 	indicates 	"available," 	it 

means 	that 	an 	incentive 	is 	provided 	for 	a 	user 

dropping in at a corresponding store. 
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When 	the 	item 	"coupon 	availability" 

indicates 	"unavailable," 	it means that an incentive 

such as a coupon that has a monetary value and that 

can be used at a corresponding store is not provided 

5 to 	the 	user. 	Namely, 	when 	the 	item 	"coupon 

availability" indicates "unavailable," it means that 

an incentive is not provided for a user dropping in 

at a corresponding store. 

Further, 	the 	coupon 	information 	database 

10 280 	illustrated 	in 	FIG. 	22 	stores 	information 

indicating coupon availability on a per-store basis; 

however, 	the 	present 	embodiment 	is 	not 	limited 

thereto. 	In 	addition 	to 	stores, 	the 	coupon 

information database 280 may include 	facilities and 

15 transit 	systems to which incentives are issued, 	and 

also include incentive availability thereof. 

For 	example, 	in 	a 	case 	where 	transit 	by 

taxi 	T 	is 	selected 	as 	an 	action 	option 	and 	a 

discount 	service 	is 	available, 	information 	that 

20 associates 	transportation 	"taxi 	T" 	with 	incentive 

availability indicating "available" may be stored in 

the coupon information database 280. 

Next, 	referring 	to 	FIG. 	23, 	functions 	of 

the 	apparatus 	and 	the 	device 	included 	in 	the 

25 congestion management system 100A will be described. 

FIG. 	23 	is 	a 	drawing 	illustrating 

functions 	of 	the 	apparatus 	and the 	terminal 	device 

included 	in 	the 	congestion 	management 	system 

according to the second embodiment. 

30 The 	congestion management processing unit 

270 	included in the congestion management apparatus 

200A 	according 	to 	the 	present 	embodiment 	includes 

the 	request 	receiving 	unit 	271, 	the 	response 

transmitting 	unit 	272, 	an 	option 	generating 	unit 

35 273A, 	and 	a 	sales 	contribution 	level 	calculating 

unit 	274A. 	Also, 	the 	congestion 	management 

processing 	unit 	270A 	according 	to 	the 	present 
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embodiment 	includes 	the 	congestion 	level 	obtaining 

unit 275, 	a choice probability calculating unit 276A, 

an 	option 	determining 	unit 	277A, 	the 	estimated 

number 	calculating 	unit 	278, 	and 	an 	incentive 

5 providing unit 279. 

Based 	on 	a 	desired 	departure 	time, 	a 

departure location, 	and a destination location input 

into the terminal device 300, 	the option generating 

unit 	273A 	according 	to 	the 	present 	embodiment 

10 generates 	feasible 	action 	options. 	To 	be 	more 

specific, 	the option generating unit 273A according 

to the present embodiment refers to the guide upper 

limit 	database 	220A 	and 	the 	estimated 	number 

database 	240A, 	and 	extracts, 	from 	combinations 	of 

15 transit 	systems 	n 	and 	time 	slots 	1, 	combinations 

whose 	estimated 	numbers 	are 	less 	than 	respective 

guide 	upper 	limits. 	Then, 	from 	stores 	that 	can 	be 

combined with the transit systems n in time slots 1, 

the 	option 	generating 	unit 	273A 	extracts 	stores 

20 whose 	estimated 	numbers 	are 	less 	than 	respective 

guide 	upper 	limits, 	and 	combines 	the 	extracted 

stores with the transit systems n as action options. 

25 

When 	stores 	whose 	estimated 	numbers 	are 

less than respective guide upper limit do not exist, 

the 	option 	generating 	unit 	273A 	combines 	transit 

systems n with time slots 1 as action options. 

The 	sales 	contribution 	level 	calculating 

unit 274A according to the present embodiment refers 

to 	the 	coupon 	information 	database 	280, 	and 

30 calculates 	sales 	contribution 	levels 	of 	respective 

stores in accordance with incentive availability. 

A 	sales 	contribution 	level 	according 	to 

the present embodiment indicates how much a selected 

action 	option 	contributes 	to 	sales 	of 	a 	commercial 

35 facility 	located within 	a 	predetermined 	range 	from 

the position of the terminal device 300. 

The 	choice 	probability 	calculating 	unit 
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276A according to the present embodiment calculates 

choice 	probabilities 	of 	the 	respective 	action 

options, 	based 	on 	utility 	of 	each 	of 	the 	action 

options. 	The 	utility 	is 	calculated 	by 	using 

5 parameters stored in the user database 210A. 

Based 	on 	the 	choice 	probabilities 

calculated 	by 	the 	choice 	probability 	calculating 

unit 	276A 	and 	the 	sales 	contribution 	levels 

calculated 	by 	the 	sales 	contribution 	level 

10 calculating 	unit 	274A, 	the 	option 	determining 	unit 

277A according to the present embodiment determines 

action options 	to be output 	to the terminal 	device 

300. 	To 	be 	more 	specific, 	the 	option 	determining 

unit 	277A 	calculates 	expected 	values 	of 	the 	sales 

15 contribution levels based on the 	sales 	contribution,  

levels 	and 	the 	choice 	probabilities 	of 	the 	action 

options generated by the option generating unit 273A. 

Then, 	the option determining unit 277A obtains a set 

of action options having the highest expected value 

20 of 	a 	sales 	contribution 	level, 	and 	determines 	the 

action options included in this set to be output to 

the terminal device 300. 

In 	a 	case 	where 	action 	options 	generated 

by the option generating unit 273A are each combined 

25 with a 	store and also a coupon is 	available at the 

store, 	the 	incentive 	providing 	unit 	279 	sets 	an 

incentive 	i 	to 	"1". 	To be more 	specific, 	in a 	case 

where 	a 	store 	is 	included 	in 	an 	action 	option 	and 

"coupon availability" 	for the 	store 	is 	"available," 

30 the incentive providing unit 279 sets an incentive i 

to "1". 	Further, 	in a case where a store is included 

in 	an 	action 	option, 	the 	incentive 	providing 	unit 

279 	refers 	to 	the 	coupon 	information 	database 	280 

and 	sets 	an 	incentive 	i 	to 	"0" 	when 	"coupon 

35 availability" for the store is "unavailable". 

Functions 	of 	the 	terminal 	device 	300 

according to the present embodiment are the same as 
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those 	described 	in 	the 	first 	embodiment, 	and 	a 

description thereof will be omitted. 

FIG. 	24 	is 	a 	drawing 	illustrating 	action 

options 	according 	to 	the 	second 	embodiment. 	As 

5 illustrated 	in 	Tables 	91A-1 	and 	91A-2, 	the 	present 

embodiment 	includes 	action 	options 	to 	which 

incentives are provided and action options to which 

incentives are not provided. 	Thus, 	an action option 

according to the second embodiment is referred to as 

10 an action option P -11,1,i, 	where 	i 	denotes 	presence 	or 

absence of an incentive. 

In the present embodiment, 	i = 	0 when no 

incentive 	i 	is 	provided. 	Thus, 	as 	illustrated 	in 

Table 91A-1, 	an action option whose incentive i is 0 

15 is represented as an action option Pn,i,o• 

In the present 	embodiment, 	i = 	1 when an 

incentive 	i 	is 	provided. 	Thus, 	as 	illustrated 	in 

Table 91A-2, 	an action option whose incentive i is 1 

is represented as an action option P -11,1,1. 

20 In the present embodiment, 	an incentive i 

is provided when a store is combined with a transit 

system n and a time slot 1 and also a coupon having 

a monetary value is issued to the store. 	Even if no 

store is combined with a transit system n and a time 

25 slot 	1, 	an 	incentive 	i 	may 	be 	provided 	if 	a 	fare 

discount is available to the transit system n. 

Further, 	in 	the 	present 	embodiment, 	no 

incentive 	i 	is 	provided 	when 	a 	store 	is 	combined 

with 	a 	transit 	system n 	and 	a 	time 	slot 	1, 	but 	a 

30 coupon having a monetary value is not issued to the 

store. 	Also, 	no 	incentive 	i 	is 	provided 	when 	no 

store is combined with a transit system n and a time 

slot 	1. 

Next, 	an 	operation 	of 	the 	congestion 

35 management 	apparatus 	200A according 	to 	the 	present 

embodiment 	will 	be 	described. 	An 	operation 	of 	the 

congestion management processing unit 270A according 
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to the 	present 	embodiment 	is 	the 	same 	as 	the 

operation illustrated in 	FIG. 	11, 	and a description 

thereof will be omitted. 

Referring to 	FIG. 	25, 	a process 	performed 

5 	by the option generating unit 273A according to the 

present embodiment will be described below. 

Steps 	from S2501 through S2504 	in FIG. 	25 

are the same as 	steps 	from S1201 through S1204, 	and 

a description thereof will be omitted. 

10 Following 	step 	S2504, 	the 	option 

generating 	unit 	273A determines 	whether 	there 	is 	a 

store 	at which 	the 	user 	can 	drop 	in within 	a 	time 

slot 	1 	(step 	S2505). 

To be more specific, 	the option generating 

15 	unit 	273A 	receives 	position 	information 	of 	the 

terminal 	device 	300 	along 	with 	a 	request 	for 

presenting 	action 	options 	from the 	terminal 	device 

300. Then, 	the 	option 	generating 	unit 	273A 

determines 	whether 	the 	coupon. information 	database 

20 	280 stores 	store 	information 	located 	within 	a 

predetermined range from a position indicated by the 

position 	information. 	When 	the 	coupon 	information 

database 	280 	stores 	a 	store 	located 	within 	the 

predetermined range, 	the option generating unit 273A 

25 	determines 	that 	there 	is 	a 	store at which the user 

can drop 	in. 	When 	the 	coupon 	information 	database 

280 does 	not 	store 	any 	store 	located 	within 	the 

predetermined range, 	the option generating unit 273A 

determines 	that 	there 	is 	not 	a 	store 	at 	which 	the 

30 	user can drop in. 

In step S2505, 	when the coupon information 

database 280 does not store any store located within 

the predetermined range, 	the option generating unit 

273A causes the process to return to step S2501. 

35 In step S2505, when the coupon information 

database 	280 	stores 	a 	store 	located 	within 	the 

predetermined range, 	the option generating unit 273A 
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causes the process to return to step S2503. 

Next, 	a 	process 	performed 	by 	the 

congestion 	management 	processing 	unit 	270A 	to 

determine a set 	(a combination) 	A* of action options 

5 based on choice probabilities will be described. 

In 	the 	present 	embodiment, 	a 	decision 

variable 	x,,,i,i 	is 	employed 	to 	determine 	whether 	to 

present 	an 	action 	option 	P„,3_,i to 	the 	user. 	To 	be 

more 	specific, 	in the 	present 	embodiment, 	when the 

10 decision variable 	xn,i,J. 	is 	1, 	the 	action 	option 	P,,I, 

i 	is 	presented 	to 	the 	user. 	When 	the 	decision 

variable 	x„,i,j. 	is 	0, 	the 	action 	option 	Pn4, i is 	not 

presented to the user. 

Herein, 	the 	option 	determining 	unit 	277A 

15 according to the present embodiment determines, 	as a 

set A* of action options to be presented to the user, 

a 	set A of action options having the highest 	sales 

contribution 	level 	calculated 	by 	the 	sales 

contribution 	level 	calculating 	unit 	274A. 	This 	is 

20 formulated 	as 	an 	optimization problem as 	indicated 

by the following formula 	(8). 

Formula 	(8) 

max 	 RrojProb,m,i (X) 	• • • Formula (8) 
x 	1 1,  1EL 	1E01} neN 

S. t. 	X rigi,i  = 0 	Vpn,/,i 	F 

In 	the 	above 	formula 	(8), 	Prob,,,i,i(X) 

25 denotes 	a 	choice 	probability 	of 	an 	action 	option 

Pri,i,i_ 	included 	in 	a 	set 	A 	of 	action 	options. 	This 

choice 	probability 	is 	calculated 	by 	the 	choice 

probability calculating unit 276A. 

Also, 	in 	the 	above 	formula 	(8), 	Ri1,1, 	i 

30 denotes a sales contribution level obtained when the 

action 	option 	Pr1,14 	is 	selected 	among 	the 	action 

options included in the set A indicated by a matrix 

X. 	The sales contribution level is calculated by the 
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sales 	contribution 	level 	calculating 	unit 	274A 	by 

using the following formula 	(9), 	for example. 

Formula 	(9) 

RI1311 = 1 (1 + a0 	 • • • Formula (9) 

5 In 	the 	formula 	(9) , 	a 	denotes 	a 

predetermined constant. As is seen from the formula, 

a 	sales 	contribution 	level 	Rn,11i 	increases 	as 	a 

waiting 	time 	before 	transit 	becomes 	longer. 	When 	a 

coupon 	is 	provided, 	the 	sales 	contribution 	level 

10 Ri.„1,i 	further 	increases. 	Also, 	the 	sales 

contribution 	level 	Rno.,i 	may 	be 	calculated 	by 	a 

formula different from the above formula. 

The option determining unit 277A according 

to 	the 	present 	embodiment 	calculates 	a 	product 	by 

15 multiplying 	a 	choice 	probability 	Probn,i,i(X) 	by 	a 

sales 	contribution 	level 	Rn,i,i 	for 	each 	action 

option 	pn,i,j_ 	included 	in 	a 	set 	A 	of 	action 	options 

indicated 	by 	a 	matrix 	X. 	The 	product 	obtained 	by 

multiplying 	the 	choice 	probability 	Prob„,i,i(X) 	by 

20 the 	congestion-reducing 	contribution 	level 	R„,,11i 	is 

an 	expected 	value 	of 	a 	congestion-reducing 

contribution 	level 	for 	each 	of 	the 	action 	options 

pn,1,i• 

The 	option 	determining 	unit 	277A 

25 calculates an expected value of a sales contribution 

level for each action option pn,i,i included in a set 

A 	indicated 	by 	a matrix 	X. 	The 	option 	determining 

unit 277A obtains the sum of the calculated expected 

values as an expected value of a congestion-reducing 

30 contribution 	level 	of 	the 	set 	A. 	The 	option 

determining unit 277A determines a set A having the 

highest 	expected 	value 	of 	the 	sales 	contribution 

level 	as 	a 	set A*. 	Accordingly, 	action 	options P11,1,3. 

included in the set A* are presented to the user. 

35 Next, 	a 	calculation 	of 	a 	choice 

probability 	Probn,l,i(X) 	by 	the 	choice 	probability 
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calculating unit 276A will be described. 

In 	the 	present 	embodiment, 	when 	a 	set 	A 

indicated by a matrix X is presented to the user, 	a 

probability 	(choice 	probability) 	Probn,i,i(X) 	of 	an 

5 action 	option 	pn0_,i 	being 	selected 	by 	the 	user 	is 

calculated in the same way as the formula 	(6) 	except 

that 	utility v,,,1 	is 	replaced with vri,l,i. 

Utility 	vri,i,i 	can 	be 	calculated 	by 	the 

following 	formula 	(10). 	In 	a 	case 	where 	a 	store 	is 

10 included 	in 	feasible 	action 	options 	pr,,i,i 	generated 

by 	the 	option 	generating 	unit 	273A, 	the 	choice 

probability 	calculating 	unit 	276A 	according 	to 	the 

calculating 	unit 	276A 	refers 	to 	the 	coupon 

information 	database 	280. 	Further, 	when 	the 	coupon 

15 availability 	for 	this 	store 	is 	"available," 	the 

choice 	probability 	calculating 	unit 	276A 	sets 	an 

incentive to i = 1. When the coupon availability for 

this 	store 	is 	"unavailable," the choice probability 

calculating unit 276A sets an incentive to i = 0. 

20 Formula 	(10) 

Vrai = ASCn + &are  x fare + AT  x TT + igm,  x DT + I3CG  x CG + 13i  x i 

...Formula (10) 

fli  : parameter for each variable 

To 	be 	more 	specific, 	the 	choice 

probability calculating unit 276A refers to the user 

database 	210A 	and 	obtains 	user 	information 

25 corresponding 	to 	a 	user 	ID 	obtained 	from 	the 

terminal 	device 	300. 	Then, 	the 	choice 	probability 

calculating 	unit 	276A 	substitutes 	each 	value 

included 	in 	the 	user 	information 	into 	the 	formula 

(10). 

30 Next, 	referring 	to 	FIG. 	26, 	determination 

of a set 	(a combination) 	A* of action options based 

on choice probabilities will be described in detail. 

FIG. 	26 	is 	a 	drawing 	illustrating 	a 	process 	for 
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determining a set of action options based on choice 

probabilities. 

Upon 	feasible 	action 	options 	Pri,11i 	being 

generated 	by 	the 	option 	generating 	unit 	273A, 	the 

5 choice probability calculating unit 	276A calculates 

a 	choice 	probability 	of 	each 	action 	option 	Pri,l,i 

included in 	a 	set A 	indicated by a matrix X 	(step 

S2601). 

To 	be 	more 	specific, 	the 	choice 

10 probability calculating unit 276A refers to the user 

database 	210A 	and 	obtains 	user 	information 

associated 	with 	a 	user 	ID. 	Also, 	the 	choice 

probability 	calculating 	unit 	276A 	refers 	to 	the 

congestion 	level 	database 	230A 	and 	obtains 

15 congestion levels of transit systems n in time slots 

1 	indicated 	by 	the 	action 	options 	Pn,l,i• 	Then, 	the 

choice probability calculating unit 	276A calculates 

utility Vn,1,j_ by the 	formula 	(10). 

	

Next, 	the 	choice 	probability 	calculating 

20 unit 	276A 	calculates 	choice 	probabilities 

Probii,i,i(X). 

	

Next, 	the 	sales 	contribution 	level 

calculating unit 	274A calculates 	sales 	contribution 

levels 	Rn,11 j. 	of 	the 	respective 	action 	options 	pn,i,J. 

25 included in the set A 	(step S2602). 

	

Next, 	based 	on 	the 	choice 	probabilities 

Probn,i,i(X) 	and 	the 	sales 	contribution 	levels 	Ri1,14 

of 	the 	respective 	action 	options 	n ,r1,1,i, 	the 	option 

determining 	unit 	277A calculates 	an 	expected 	value 

30 of 	a 	sales 	contribution 	level 	of 	the 	set 	A 	(step 

S2603). 

To 	be 	more 	specific, 	the 	option 

determining 	unit 	277A 	calculates 	an 	expected value 

of 	the 	sales 	contribution 	level by multiplying 	the 

35 choice 	probability 	Probw(X) 	by 	the 	sales 

contribution 	level 	Rii,i,i 	for 	each 	of 	the 	action 

options 	pr„1,i 	by 	using 	the 	formula 	(8). 	Then, 	the 
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option determining unit 277A obtains the sum of the 

calculated 	expected 	values 	of 	the 	action 	options 

p,i,i 	as 	an 	expected value 	of 	a 	sales 	contribution 

level of the set A. 

Next, 	the 	option 	determining 	unit 	277A 

determines 	whether 	expected 	values 	of 	all 	sets 	A, 

namely 	all 	patterns 	that 	can 	be 	obtained 	from the 

set 	F 	of 	the 	feasible 	action 	options 	n rri,l,ir 	are 

calculated 	(step 	S2604). 	In 	step 	S2604, 	when 	the 

expected values of all the sets A are not calculated, 

the option determining unit 277A causes the process 

to return to S2601. 

In step S2604, 	when the expected values of 

all 	the 	sets 	A 	are 	calculated, 	the 	option 

determining 	unit 	277A 	determines, 	as 	a 	set 	A* 	of 

action options pr„14  to be presented to the terminal 

device 	300, 	a 	set 	A 	having 	the 	highest 	expected 

value 	of the 	sales 	contribution 	level 	(step 	S2605). 

The process ends. 

Referring to FIG. 	27, 	an example in which 

action 	options 	Pr„1,1. are 	displayed 	on 	the 	terminal 

device 	300 	will 	be 	described 	below. 	FIG. 	27 	is 	a 

drawing 	illustrating 	an 	example 	of 	action 	options 

displayed 	on 	the 	terminal 	device 	according 	to 	the 

second embodiment. 

A 	screen 	301A 	illustrated 	in 	FIG. 	27 

includes a display field 304 and a display field 305. 

The screen 301A displays, 	as an action option, 	each 

combination 	of 	a 	transit 	system 	and 	store(s) 	in 	a 

corresponding time slot. 

In 	the 	display 	field 	304 	of 	the 	screen 

301A, 	combinations 	of 	transit 	systems 	n 	and 	time 

slots 	1 	are 	displayed. 	In the 	display 	field 	305 	of 

the 	screen 	301A, 	store 	information 	associated 	with 

each 	of 	the 	combinations 	of 	the 	transit 	systems 	n 

and the time slots 1 is displayed. 

The example of 	FIG. 	27 	illustrates 	a 	case 
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in which a combination of "transiting by taxi T from 

a 	taxi 	stand A between 	17:30 	to 	17:44" 	is 	selected 

by 	a 	user 	in 	the 	display 	field 	304. 	In 	this 	case, 

the display field 305 displays store information 307 

5 of a store associated with this combination. 

	

When 	"coupon 	availability" 	for 	a 

corresponding 	store 	is 	"available" 	in 	the 	coupon 

information database 	280, 	the 	store 	information 307 

may 	include 	a 	URL 	(Uniform 	Resource 	Locator) 	of 	a 

10 web 	page 	on 	which 	a 	coupon 	is 	displayed. 	Further, 

the 	store 	information 	307 	may 	include 	a 	URL 	of 	a 

home page of the corresponding store. 

15 

In the 	example 	of 	FIG. 	27, 	when 	a 	coupon 

button 307a of the store information 307 is operated, 

a 	coupon 	may 	be 	displayed 	on 	the 	screen 	301A. 

Further, 	in 	the 	example 	of 	FIG. 	27, 	when 	a 	details 

button 307b of the store information 307 is operated, 

a 	home 	page 	of 	store 	K 	may 	be 	displayed 	on 	the 

screen 301A. 

20. In 	the 	example 	of 	FIG. 	27, 	congestion 

status of each of the transit 	systems is displayed, 

and congestion status of the store is not displayed; 

however, 	the 	present 	embodiment 	is 	not 	limited 

thereto. 	For 	example, 	when 	a 	drop-in 	place 	is 	a 

25 facility 	such 	as 	a 	theater 	or 	a 	restaurant 	whose 

seating 	capacity 	is 	limited, 	congestion 	status 

indicating 	a 	congestion 	level 	of 	a 	corresponding 

facility 	stored 	in 	the 	congestion 	level 	database 

230A may be displayed. 

30 As 	described, 	in 	the 	present 	embodiment, 

expected 	values 	of 	sale 	contribution 	levels 	are 

calculated based 	on 	choice 	probabilities 	by 	taking 

into account incentives, 	which are each provided by 

selecting 	a 	corresponding 	action 	option, 	and 	an 

35 action option having the greatest expected value is 

displayed on the terminal device 300. 

According to the present embodiment, 	for a 
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user having 	a 	high 	satisfaction 	level 	with 	respect 

to 	an 	incentive, 	an 	action 	option 	to 	which 	an 

incentive 	is 	available 	can 	be 	presented, 	allowing 

the 	presented 	action 	option 	to 	be 	selected by 	the 

5 user with high probability. 

	

Accordingly, 	it 	is possible 	for an action 

that 	contributes 	to 	reducing 	congestion 	to 	be 

selected 	even 	when, 	for 	example, 	transportation 	is 

congested. 

10 (Third Embodiment) 

In the following, 	a third embodiment will 

be 	described 	with 	reference 	to 	the 	drawings. 	The 

third embodiment differs 	from the 	first 	and 	second 

embodiments 	in 	that 	both 	a 	congestion-reducing 

15 contribution 	level 	and 	a 	sales 	contribution 	level 

are 	used. 	In 	the 	following 	third 	embodiment, 	only 

differences 	from 	the 	first 	and 	second 	embodiments 

will 	be 	described. 	Elements 	having 	the 	same 

functions 	or 	configurations 	as 	those 	in 	the 	first 

20 and second embodiments 	are 	referred to by the 	same 

numerals 	used 	in the 	first 	and 	second embodiments, 

and a description thereof will be omitted. 

	

FIG. 	28 	is 	a 	drawing 	illustrating 

functions 	of 	a 	congestion 	management 	apparatus 

25 included in a congestion management system according 

to the third embodiment. 

A 	congestion 	management 	system 	100B 

according 	to 	the 	present 	embodiment 	includes 	the 

terminal 	device 	300 	and 	a 	congestion 	management 

30 apparatus 	200B. 	The congestion management 	apparatus 

200B 	according 	to 	the 	present 	embodiment 	includes 

the databases included in the congestion management 

apparatus 	200A according 	to 	the 	second 	embodiment, 

and also includes a congestion management processing 

35 unit 270B. 

The 	congestion management processing unit 

270B 	according 	to 	the 	present 	embodiment 	includes 

56 



the 	request 	receiving 	unit 	271, 	the 	response 

transmitting 	unit 	272, 	the 	option 	generating 	unit 

273A, 	the 	contribution 	level 	calculating 	unit 	274, 

and 	the 	sales 	contribution 	level 	calculating 	unit 

5 274A. 

Also, 	the congestion management processing 

unit 	270B 	according 	to 	the 	present 	embodiment 

includes 	the 	congestion 	level 	obtaining 	unit 	275, 

the 	choice 	probability 	calculating 	unit 	276A, 	an 

10 option 	determining 	unit 	277B, 	and 	the 	estimated 

number calculating unit 278. 

In order to determine 	a 	set A* 	of 	action 

options to be output to the terminal device 300, 	the 

option 	determining 	unit 	277B 	according 	to 	the 

15 present 	embodiment 	calculates 	congestion 	reduction 

and 	sales 	contribution 	levels 	of 	the 	respective 

action 	options. 	Then, 	the 	option 	determining 	unit 

277B 	calculates 	the 	sum 	of 	the 	products 	of 	the 

congestion 	reduction 	and 	sales 	contribution 	levels 

20 and 	choice 	probabilities. 	Further, 	the 	option 

determining 	unit 	277B 	calculates 	an 	expected 	value 

of 	a 	congestion 	reduction 	and 	sales 	contribution 

level 	for 	each 	set 	A. 	The 	option 	determining 	unit 

277B determines a set A having the highest expected 

25 value as a set A*. 

A 	congestion 	reduction 	and 	sales 

contribution level can be expressed by the following 

formula 	(11) 	by 	using 	a 	congestion-reducing 

contribution level and a sales contribution level. 

30 Formula 	(11) 

ncong 	nsale 
Rn,111 = alt(n,l,ti 	+ agtn,i,li 	 • • • Formula (11) 

In 	the 	formula 	(11), 	Ftc°ng.,i,i 	denotes 	a 

congestion-reducing 	contribution 	level, 	Rsaien,i,i 

denotes 	a 	sales 	contribution 	level. 	Also, 	in 	the 

35 formula 	(11), 	al and a2 are predetermined constants. 
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The 	constants 	al 	and 	a2 	represent 	weight 

given to the congestion-reducing contribution 	level 

and the sales contribution level, 	respectively. 	Thus, 

by 	setting 	constants 	al 	and 	a2 	as 	desired, 	the 

5 congestion-reducing contribution level and the sales 

contribution level can be weighted separately. 

As 	described, 	according 	to 	the 	present 

embodiment, 	action options having a high probability 

of 	being 	selected 	and 	taking 	into 	account 	both 	a 

10 congestion-reducing 	contribution 	level 	and 	a 	sales 

contribution level can be presented to a user. 	Thus, 

according to the present embodiment, 	it is possible 

for 	an 	action 	contributing 	to 	relieving 	congestion 

to be selected. 

15 In the above description, 	the formula 	(11) 

is 	used 	in 	the 	third 	embodiment; 	however, 	the 

formula 	(11) 	may 	also 	be 	used 	in 	the 	first 

embodiment and the second embodiment. 

When the formula 	(11) 	is used in the first 

20 embodiment, 	the constant al may be set to 1 and the 

constant 	a2 may be 	set 	to 	0. 	When the 	formula 	(11) 

is 	used 	in 	the 	second 	embodiment, 	the 	constant 	al 

may be set to 0 and the constant a2 may be set to 1. 

_Further, 	the 	present 	invention 	is 	not 

25 limited to these embodiments specifically disclosed, 

but various variations and modifications may be made 

without 	departing 	from 	the 	scope 	of 	the 	present 

invention. 

30 [Description of the Reference Numeral] 

100, 	100A, 	100B congestion management system 

200, 	200A, 	200B congestion management apparatus 

210, 	210A user database 

220, 	220A guide upper limit database 

35 230, 	230A congestion level database 

240, 	240A estimated number database 

270, 	270A, 	270B 	congestion 	management 	processing 
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unit 

273, 	273A option generating unit 

274 congestion-reducing contribution level 

calculating unit 

5 274A sales contribution level calculating unit 

276, 276A choice probability calculating unit 

277, 277A, 	277B option determining unit 

278 estimated number calculating unit 

279 incentive providing unit 

10 300 terminal device 



CLAIMS 

5 

1. A 	congestion 	management 	apparatus 

comprising: 

an 	option 	generating 	unit 	configured 	to 

generate action options by time slot for a user; 

10 a 	choice 	probability 	calculating 	unit 

configured 	to 	calculate 	for 	each 	of 	the 	action 

options 	generated 	by 	the 	option 	generating 	unit, 

choice 	probabilities 	of 	the 	action 	options 	with 

respect to the user; 

15 a 	memory 	configured 	to 	store, 	on 	a 	per- 

action-option 	basis, 	upper 	limits 	on 	numbers 	of 

users 	allowed to be 	guided to actions 	indicated by 

the action options; 	and 

an 	estimated 	number 	calculating 	unit 

20 

25 

configured 	to 	calculate 	for 	each 	of 	the 	action 

options, 	estimated numbers of previous users assumed 

to have selected the action options, based on choice 

probabilities 	of 	each 	of 	the 	action 	options 	with 

respect to the previous users, 

	

wherein 	the 	option 	generating 	unit 	is 

configured to extract, based on the upper limits and 

the estimated numbers for the action options, 	action 

options to be presented to the user. 

30 

2. The 	congestion 	management 	apparatus 

according 	to 	claim 	1, 	wherein 	the 	action 	options 

35 extracted 	by 	the 	option 	generating 	unit 	to 	be 

presented 	to 	the 	user 	are 	action 	options 	whose 

estimated numbers are less than the upper limits. 
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5 3. The 	congestion 	management 	apparatus 

according 	to 	claim 	1 	or 	2, 	wherein 	the 	choice 

probability 	calculating 	unit 	is 	configured 	to 

calculate 	the 	choice 	probabilities 	of 	the 	action 

options, 	based 	on 	values 	indicating 	user 

10 satisfaction 	levels 	upon 	selecting 	the 	action 

options. 

15 

4. The 	congestion 	management 	apparatus 

according 	to 	claim 	3, 	wherein 	the 	memory 	is 

configured 	to 	store, 	on 	a 	per-user 	basis, 	user 

information used to calculate the values indicating 

20 the satisfaction levels. 

25 5. The 	congestion 	management 	apparatus 

according to any one of claims 1 to 4, 	comprising an 

option 	determining 	unit 	configured 	to 	determine, 

from 	the 	action 	options 	extracted 	by 	the 	option 

generating unit, 	an action option to be presented to 

30 the 	user 	based 	on 	congestion-reducing 	contribution 

levels obtained from the action options. 

35 

6. The 	congestion 	management 	apparatus 

according 	to 	claim 	5, 	comprising 	a 	congestion- 
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reducing 	contribution 	level 	calculating 	unit 

configured 	to 	calculate 	the 	congestion-reducing 

contribution 	levels 	based 	on 	the 	upper 	limits 	and 

the estimated numbers for the action options. 

5 

7. The 	congestion 	management 	apparatus 

10 

15 

according 	to 	claim 	5 	or 	6, 	wherein 	the 	option 

determining unit is configured to 

generate, 	from 	the 	extracted 	action 

options, 	all 	patterns 	of 	action 	options 	to 	be 

possibly presented to the user, 

calculate, 	for 	each 	of 	the 	patterns, 

products 	of 	the 	choice 	probabilities 	and 	the 

congestion-reducing 	contribution 	levels 	of 	action 

options so as to obtain a sum of the products, 	and 

determine 	action 	options 	included 	in 	a 

20 pattern 	having 	the 	largest 	sum of 	the 	products 	as 

action options to be presented to the user. 

25 

8. The 	congestion 	management 	apparatus 

according to any one of claims 1 to 4, 	comprising an 

option 	determining 	unit 	configured 	to 	determine 	an 

action option to be presented to the user from the 

30 action 	options 	extracted 	by 	the 	option 	generating 

unit, 	based 	on 	sales 	contribution 	levels 	obtained 

from the action options. 

35 

9. The 	congestion 	management 	apparatus 
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according to claim 8, 	wherein the sales contribution 

levels 	are 	calculated 	based 	on 	the 	time 	slot 	and 

presence or absence of monetary values, 	the monetary 

values being obtained from the action options. 

5 

10. The 	congestion 	management 	apparatus 

10 

15 

according 	to 	claim 	8 	or 	9, 	wherein 	the 	option 

determining unit is configured to 

generate, 	from 	the 	extracted 	action 

options, 	all 	patterns 	of 	action 	options 	to 	be 

possibly presented to the user, 

calculate, 	for 	each 	of 	the 	patterns, 

products 	of 	the 	choice probabilities 	and the 	sales 

contribution 	levels 	of 	action 	options 	so 	as 	to 

obtain a sum of the products, 	and 

determine 	action 	options 	included 	in 	a 

20 pattern 	having 	the 	largest 	sum of 	the 	products 	as 

action options to be presented to the user. 

25 

11. The 	congestion 	management 	apparatus 

according 	to 	claim 	7 	or 	10, 	wherein 	the 	action 

options 	included in the pattern having the 	largest 

sum 	of 	the 	products 	are 	displayed 	on 	a 	terminal 

30 device 	of 	the 	user 	in 	descending 	order 	of 	choice 

probabilities of the action options. 

35 

12. The 	congestion 	management 	apparatus 

according to any one of claims 1 to 4, 	comprising an 
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option 	determining 	unit 	configured to 	determine 	an 

action option to be presented to the user from the 

action 	options 	extracted 	by 	the 	option 	generating 

unit, 	based 	on 	congestion-reducing 	contribution 

5 levels 	and 	sales 	contribution 	levels 	obtained 	from 

the action options. 

10 

13. A 	congestion 	management 	program 	for 

causing a computer to execute processes of: 

generating action options by time slot for 

a user; 

15 calculating 	for 	each 	of 	the 	generated 

action 	options, 	choice 	probabilities 	of 	the 	action 

options with respect to the user, 	and 

calculating for each of the action options, 

estimated numbers of previous users assumed to have 

20 selected 	the 	action 	options, 	based 	on 	choice 

probabilities 	of 	each 	of 	the 	action 	options 	with 

respect to the previous users , 

wherein 	the 	generating 	includes, 	by 

referring 	to 	a 	memory 	in 	which 	upper 	limits 	on 

25 numbers 	of 	users 	allowed 	to 	be 	guided 	to 	actions 

indicated by the action options are stored on a per- 

action-option basis, 	extracting action options to be 

presented to the user based on the upper limits and 

the estimated numbers for the action options. 

30 

14. A 	congestion 	management 	method 

35 performed by a computer, 	the method comprising: 

generating action options by time slot for 

a user; 
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calculating 	for 	each 	of 	the 	generated 

action 	options, 	choice 	probabilities 	of 	the 	action 

options with respect to the user, 	and 

calculating for each of the action options, 

5 	estimated numbers of previous users assumed to have 

selected 	the 	action 	options, 	based 	on 	choice 

probabilities 	of 	each 	of 	the 	action 	options 	with 

respect to the previous users, 

wherein 	the 	generating 	includes, 	by 

10 	referring 	to 	a 	memory 	in 	which 	upper 	limits 	on 

numbers 	of 	users 	allowed 	to 	be 	guided 	to 	actions 

indicated by the action options are stored on a per- 

action-option basis, 	extracting action options to be 

presented to the user based on the upper limits and 

15 	the estimated numbers for the action options. 
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