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Mo/va/on		



Mo/va/on	
Silverstein,	2014,	calculates	the	fares	for	a	sample	trip	of	5	miles	in	10	minutes	under	car	
speed	of	30MPH	with	no	waiEng	Eme. 	



Mo/va/on	

Source: h*p://bruegel.org/2014/09/the-economics-of-uber/




Mo/va/on	

ConvenEonal	public	transportaEon	services	are	not	personalized.	
Fixed	route,	Fixed	schedule,	Low	frequency	etc.	

	
Most	people	cannot	afford	using	taxi	service	on	a	daily	basis.	
	
Personalized	transportaEon	services	using	mobile	apps	are	emerging	Uber,	LyP,	GrabTaxi.	
	
	
	
	
	
	
	
	
	



Problem	defini/on	

How	to	increase	operator	profit	and	user	sa/sfac/on?		
	
Flexibility	to	demand	fluctuaEons	is	necessary.	
Currently,	due	to	lack	of	the	flexibility:	
	

Off-peak:	
	=>	Drivers	cannot	find	passengers	

On-peak:	
	=>	Passengers	cannot	find	drivers.	
Some	passengers	may	give	up	taking	public	transportaEon.	
	=>	Operator	lose	revenue	opportunity.	

	



What	is	FMOD?	

Flexible	Mobility	on	Demand	
Real-Eme	system	
Flexibility	to	demand	fluctuaEons	

Concepts	
Dynamic	allocaEon	of	vehicle	to	service	modes	
OpEmized	travel	menus	are	offered	to	the	customer	

Dynamic	allocaEon	of	vehicle	to	service	modes	
Same	vehicle	is	dynamically	reassigned	to	different	service	modes	according	to	
the	evolving	demand.	



FMOD	



FMOD	



Modes	of	transport	

•  Serves	a	single	passenger	at	a	Eme		
•  Provides	door-to-door	service	
•  No	fix	locaEon	for	pickup	and	delivery	
•  Fastest	alternaEve	
•  Highest	fare.		
	

Taxi	



Modes	of	transport	

•  MulEple	passengers	in	the	same	vehicle		
•  Provides	door-to-door	service	
•  Arbitrary	locaEons	for	pickup	and	delivery	
•  Travel	Eme	may	increase	due	to	the	pick-up	and	drop-off	

of	other	passengers.		

Shared	Taxi	



Modes	of	transport	

•  Fixed	routes		
•  Pick-up	/	drop-off	locaEons	are	predetermined		
•  Adapted	schedule	for	passengers	similar	to	the	shared-taxi		

Mini	bus	



FMOD	app	

taxi	
Shared	
taxi	

Minibus	



Integrated	choice-based	op/miza/on	framework	

Assortment	
OpEmizaEon	

Choice	
Modeling	

Dynamic	
Pricing	

Vehicle	
RouEng	



Simula/on	(Sequen/al	framework)	
Product	

A	service	on	a	vehicle	deparEng	at	a	certain	Eme	period	
Feasible	product	

A	product	that	saEsfies	the	capacity	and	scheduling	constraints	
Vehicle	capacity	
No	conflict	with	exisEng	schedules	
DeviaEon	from	preferred	Eme	window	

Assortment	
A	list	of	feasible	products	on	the	travel	menu	

Ref: Atasoy, Bilge, et al. "The concept and impact analysis of a flexible mobility on demand system." Transporta)on Research Part C: Emerging Technologies 56 
(2015): 373-392.




Simula/on	(model)	

Ref: Atasoy, Bilge, et al. "The concept and impact analysis of a flexible mobility on demand system." Transporta)on Research Part C: Emerging Technologies 56 
(2015): 373-392.


𝑁：set of vehicles,	
M：set of service modes	
L： set of time periods	



Integrated	choice-based	op/miza/on	framework	
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OpEmizaEon	
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Assump/ons	

•  IntegraEng	vehicle	rouEng,	assortment	opEmizaEon	and	dynamic	pricing.	
•  Flexible	service	providing	
•  Homogeneous	fleet	with	the	same	capacity	of	8	persons.	
•  Dynamic	change	of	role	among	taxi	and	shared-taxi	
•  InformaEon	of	the	ride	request:	

Origin	and	desEnaEon	of	the	requested	trip	
Preferred	departure	Eme	interval	or	preferred	arrival	Eme	
Number	of	passengers	
	

	
	
The	passenger	could	accept	or	reject	the	proposed	opEon.	
The	the	server	may	reject	the	request:	

(1)  there	is	no	vehicle	available	to	serve	the	customer		
(2)  the	associated	profit	to	the	offered	choices	is	negaEve	
	

•  IntegraEng	vehicle	rouEng,	assortment	opEmizaEon	and	dynamic	pricing.	
•  Flexible	service	providing	
•  Homogeneous	fleet	with	the	same	capacity	of	8	persons.	
•  Dynamic	change	of	role	among	taxi	and	shared-taxi	
•  InformaEon	of	the	ride	request:	

Origin	and	desEnaEon	of	the	requested	trip	
Preferred	departure	Eme	interval	or	preferred	arrival	Eme	
Number	of	passengers	
	
	



Assump/ons	
Arrival	/	departure	/me	

A	Eme	window	(in	minutes)	is	received	
Fare	

Base	fare	charged	once	
Price	per	kilometer	(shortest	path	between	O-D)	
Three	levels	of	price	

U/lity	of	taxi	and	shared	taxis	
	



Nota/ons	



Time	window		

Vehicle		
capacity	

Individual	
Customer	
behavior	

(rou/ng	and	
assortment	link)	

Rou/ng	



Computa/onal	results	

Customer Offer Profit Time Selection
1 2,3,6 5.3 0.75 2
2 3,6 10.068 1.55 6
3 2,7 16.36 0.91 7
4 2 19.2203 0.92 2
5 3,4 8.8821 1.42 4
6 1,8 12.54 1.81 8
7 6,3 12.084 1.39 6
8 6,4 13.42 1.25 6
9 4 20.16 1.28 4
10 2,3 8.04 0.91 2
11 7 4.01 2.06 7
12 3,4 4.96 1.24 4
13 8 16.18 1.5 8
14 6,2 11.66 9.42 2
15 5,6 15.02 4.05 5

AlternaEves:	
	
•  Two	type	of	scheduled	delay	
•  Two	price	levels		
•  Two	types	of	vehicles	
	
Individual	based	opt	out	
included	
	
IniEal	cost	and	per	
kilometer	cost	is	different	
from	taxi	to	shared	taxi.	
	
Profit	is	defined	for	the	
assortment.	
	
	
	



Computa/onal	results	



Conclusion	

•  Integrated	framework	for	FMOD	
•  Adding	minibus	in	the	system	
•  More	sophisEcated	pricing	planning	
•  Intelligent	heurisEc	for	large	size	network	
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Conclusion	


