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Introduc1on	

•  	We	present	here	a	hybrid	methodology	that	
uses	op1miza1on	and	simula1on	techniques	
to	analyze	different	cases	in	transport	and	to	
be	able	to	find	some	that	require	op1mal	
solu1ons	
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Objec1ve	

	 	 To	design	 a	flexible	methodology	 to	 analyze,	
evaluate	 and	 op1mize	 transport	 processes	
and	 services	 through	 the	 combined	 use	 of	
op1miza1on	and	simula1on	techniques	
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Rela1onship	simula1on	and	
op1miza1on	
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Background	
Since	its	incep1on,	simula1on	teams	have	sought	to	
op1mize	the	problems	they	solve:	
•  1995	 Promodel	 includes	 SimRunner	 with	
evolu1onal	algorithms.	

•  2004	 Arena	 includes	 Optquest	 with	 sca#ered	
search	algorithms.	

•  2010	 Simio	 includes	 OptQuest	 that	 uses	
metaheuris1c	procedures,	including	Tabu	Search,	
Neural	 Networks,	 Sca#er	 Search,	 and	 Linear/
Integer	 Programming,	 into	 a	 single	 composite	
method.			
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Methodology	

•  Drawbacks	if	they	work	separatedly	
Simula'on:	limited	scenarios	set.	
Op'miza'on:	Does	 not	 consider	 fluctua1ons	
in	 the	 model.	 Just	 in	 LP	 programs	 the	
sensi1vity	analysis.	

•  Advantages	if	they	are	together	
Improvement	 in	 analysis	 aspects	 and	
consequent	op1miza1on	when	possible.	
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Simula1on	and	Op1miza1on	
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Case	1	Boarding	process	

The	boarding	process	of	an	aircra_	is	part	of	the	
cri1cal	 path	 in	 the	 turnaround	 process	 of	 an	
aircra_.	 This	 case	 presents	 a	 binary	 integer	
programming	 model	 to	 solve	 the	 problem,	
tes1ng	different	configura1ons	with	simula1on.		
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Boarding	process	

	The	turnaround	1me	(TAT)	of	an	aircra_	is	the	
temporary	space	between	consecu1ve	flights	
when	the	aircra_	is	in	the	airport.		

30	Anniversary	Symposium:the	influence	
and	use	of	simula1on	in	transport	

industries	



Different	1mes	according	with	
business	

TAT	of	a	Low	Cost	Carrier	(LCC)	is	much	smaller	than	the	one	for	the	Full	
Service	Carrier	(FSC).	
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Reducing	TAT	

	 In	order	 to	 reduce	 the	 TAT	 it	 is	 necessary	 to	
reduce	 as	 much	 as	 possible	 the	 1me	 of	 the	
steps	that	compose	the	cri1cal	path.		
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Boarding	strategies	
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Boarding	strategies	used	
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Methodology	

	The	current	methodology	presents	an	integer	
programming	 (IP)	 model	 that	 allows	 to	
integrate	the	characteris1cs	that	play	a	role	in	
the	 boarding	 process	 and	 also	 to	 check	
different	 configura1ons	 with	 the	 IP	 model	
using	simula1on,	since	the	 IP	model	does	not	
have	a	sensi1vity	analysis	available.	

	

30	Anniversary	Symposium:the	influence	
and	use	of	simula1on	in	transport	

industries	



IP	Model	
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Constraints	
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Constraints	2	
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Simula1on	results	
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Results	for	an	A320	economy	section	138	passengers	

Speed	0.8	m/s	 AVG	 MIN	 MAX	 HALF	WIDTH	
Rear	to	Front	OUT_IN	 9.2928	 9.0434	 9.5242	 0.0317	
Rotating	Zone		OUT-IN	 9.3495	 9.1	 9.5809	 0.0317	
Block	Boarding	(Ordered)	 9.2928	 9.0434	 9.5242	 0.0317	
Block	Boarding	(Random)	 9.753	 9.5165	 9.9892	 0.0309	
WiLMA	(Outside-in)	 9.2928	 9.0434	 9.5242	 0.0317	
Reverse	Pyramid	 9.2928	 9.0434	 9.5242	 0.0317	
Random	assigned	 9.9674	 9.7319	 10.2313	 0.0318	
Steffen	 9.2798	 9.0303	 9.5112	 0.0317	
Random	selected	1	 9.4661	 9.2167	 9.6976	 0.0317	
random	selected	2	 9.3387	 9.0893	 9.5702	 0.0317	
random	selected	3	 9.3786	 9.1227	 9.621	 0.0321	
	



Ranking	based	on	max	
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Speed	0.8	m/s	 AVG	 MIN	 MAX	
HALF	

WIDTH	

Steffen	 9.2798	 9.0303	 9.5112	 0.0317	
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Reverse	Pyramid	 9.2928	 9.0434	 9.5242	 0.0317	

random	selected	2	 9.3387	 9.0893	 9.5702	 0.0317	

Rotating	Zone		OUT-IN	 9.3495	 9.1	 9.5809	 0.0317	

random	selected	3	 9.3786	 9.1227	 9.621	 0.0321	

Random-	selected	1	 9.4661	 9.2167	 9.6976	 0.0317	

Block	Boarding	(Random)	 9.753	 9.5165	 9.9892	 0.0309	

Random		assigned	 9.9674	 9.7319	 10.2313	 0.0318	

	



Ranking	based	on	min	
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Speed	0.8	m/s	 AVG	 MIN	 MAX	 HALF	WIDTH	
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random	selected	3	 9.3786	 9.1227	 9.621	 0.0321	
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Random	assigned	 9.9674	 9.7319	 10.2313	 0.0318	











Conclusions	

	 Based	 on	 this	 research	 we	 found	 a	 good	
boarding	 scheme	 but	 more	 experiments	 are	
needed,	 for	 different	 aircra_	 models	 and	 to	
compare	 the	 IP	 program	 with	 other	
mathema1cal	models.	
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Case	2	Mexico	city	mobility	

•  The	ac1vi1es	of	managing	and	planning	 services	
in	 a	 context	 of	 ci1es	 entails	 a	 lot	 of	 work	 and	
par1cipa1on	of	experts	in	different	areas.		

•  Such	 is	 the	 case	 of	 transport	 that	 currently	
represents	 a	 challenge	 for	 researchers	 from	
different	areas.		

•  There	are	three	measures	used	for	transporta1on	
analysis:	traffic,	mobility	and	accessibility.	
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Introduc1on	

•  Mexico	City	 is	divided	by	sectors;	each	sector	
has	 its	 own	 local	 responsibil i1es	 of	
management.		

•  A	 research	 about	 certain	 aspects	 of	 Mexico	
City	should	be	conducted	at	different	levels.		
ü Considering	the	complete	city,	at	macro	level.	
ü Second	 level	 the	 rela1onship	 between	 the	
different	poli1cal	sectors.		

ü Third	level	analyze	each	sector	individually.	
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Map	of	Mexico	City	with	sectors	

30	Anniversary	Symposium:the	influence	
and	use	of	simula1on	in	transport	

industries	



Traffic	conges1on	

•  Last	 year	 Mexico	 City	 ranked	 the	 highest	
conges1on	level	on	the	road	network,	causing	
more	 than	 90%	 extra	 travel	 1me	 for	 ci1zens	
during	busy	hours.		

•  The	 aim	 of	 this	 study	 is	 to	 carry	 out	 a	
diagnosis	 about	 the	public	 transport	 network	
in	 Mexico	 City	 for	 proposing	 a	 per1nent	
theore1cal	tool	to	op1mize	its	opera1ons	on	a	
daily	basis.		
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Socio-economics	KPI´s	of	Mexico	City	

Periods	 of	 high	 growth	 without	
effec1ve	 planning	 and	 increasing	
motoriza1on,	 have	 pushed	 Mexican	
ci1es	 towards	 a	 “3D”	 urban	 growth	
model:	 distant,	 disperse,	 and	
disconnected.		
The	 3D	 model	 is	 a	 direct	 result	 of	
na1onal	 policies	 subsidizing	 housing	
projects	 in	 the	 outskirts	 of	 urban	
agglomera1ons,	managing	urban	and	
rural	land	poorly,	and	priori1zing	car-
oriented	solu1ons	for	transporta1on.	
	
The	alterna1ve	 is	a	3C	urban	growth	
model:	 Compact,	 connected	 and	
coordinated.	
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Total trips per day 
(2007) 48.8 million (Metropolitan area) and 32.0 million (Federal District) 

Daily trips per 
person (2007) 2.5 (Metropolitan area) and 3.6 (Federal District) 

 
 
 
 
Trips and modal 
share in the 
Federal District 
(2007) 

Mode Trips % Total % Public transport 
Non motorized 8,600,000 26.9%  
Private vehicles 4,800,000 15.0% 
Microbuses 9,448,800 29.5% 50.8% 
Metro 4,984,800 15.6% 26.8% 
Autobuses 1,878,600 5.9% 10.1% 
Taxis 1,041,600 3.3% 5.6% 
Metrobus 762,600 2.4% 4.1% 
Trolley (RTP) 204,600 0.6% 1.1% 
Suburban train 167,400 0.5% 0.9% 
Light train 111,600 0.3% 0.6% 
Total 32,000,000 100.0% 58.1% 

Road network 
(2007) 10,200 km (91% local roads) 

 
 
 

Total vehicles 
(Federal District, 
2001) 

Cars 4,460,386 
Taxis 225,302 
Motorcycle 11,920 
Microbuses 20,459 
Buses 8,240 
Combis 3,519 
Metrobus – articulated buses 322 
Metrobus – regular buses 54 
Metrobus – biarticulated buses 27 
Totals 4,730,228 

 
 
 

Road safety (2010) 

Total number of accidents 14,729 
Number of deaths 1,026 

 
Involved vehicle in deaths 

81.0% Car 
5.6% Truck 
3.5% Microbus 

 
Involved victim in deaths 

52.0% Pedestrian 
20.0% Car driver 
14.0% Motorcycle driver 

Emissions 
(contribution by 
vehicle type) (2006) 

Pollutant Cars Taxis Microbuses Buses Motorcycles Trucks 
CO2 58.0% 6.2% 13.2% 1.9% 6.0% 14.7% 
NOx 46.2% 6.9% 11.4% 10.2% 1.0% 24.3% 
PM2.5 14.2% 2.4% 1.6% 25.2% 1.5% 55.1% 

 

Mobility	in	Mexico	City	
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The	public	transport	network	in	Mexico	City	context	
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Management	of	Public	Transport	

•  The	 management	
o f 	 t h e	 p u b l i c	
transport	in	Mexico	
City	 is	 fragmented	
and	 this	 makes	 it	
difficult	to	establish	
s ome	 p l a n n i n g	
po l i c ies	 for	 i t s	
improvement	
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Complex	networks	

The	public	transport	networks	 in	Mexico	
City	 are	 considered	 complex	 and	 both	
vulnerability	and	resilience	are	important	
factors	to	take	 into	account.	As	Reggiani	
(2015)	 states,	 the	 following	 ques1ons	
need	to	be	answered:	
•  Is	 a	 complex	 network	 a	 necessary	

condi1on	 for	 the	 emergence	 or	
presence	 of	 transport	 resilience	 and	
vulnerability?	
	‘‘the	term	‘complexity’	embeds	both	
the	assemblage	of	different	units	in	a	
system	and	their	intertwined	
dynamics.	
		Furthermore,	connec1vity	is	one	of	
the	essen1al	elements	that	
characterize	complex	networks.	
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Complex	Networks	
•  Several	 indicators	 of	

r e s i l i e n c e 	 a n d	
vulnerability	 co-exist;	 are	
these	 differences	 related	
to	 spec ific	 fie lds	 o f	
transporta1on	research?	
	 R e s i l i e n c e 	 a n d	
vulnerability	 condi1ons	
associated	with	such	hubs	
can	 then	 impact	 on	 the	
resilience/	vulnerability	of	
the	whole	network.		
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Complex	Networks	
	 C a n	 c o n n e c 1 v i t y 	 o r	
accessibility	 be	 considered	 as	
a	 unifying	 framework	 for	
u n d e r s t a n d i n g 	 a n d	
interpre1ng	–	 in	 the	transport	
literature	 –	 the	 concepts	 of	
resilience	and			vulnerability?	
	 For	 op1mizing	 urban	mobility	
in	Mexico	City,	we	propose	 to	
carry	 out	 a	 network	 analysis	
based	 on	 traffic,	 mobility	 and	
access ib i l i t y	 aspects	 to	
develop	a	simula1on	model.		
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An	example	of	disconnected	network	

In	Buenavista	-	an	area	of	
Mexico	City	where	three	
modes	of	transport	
converge	–	travellers	must	
walk	up	to	1.5	km	to	
transfer	from	one	mode	
to	another.	Close	to	
150,000	users	use	this	
disconnected	transport	
hub	every	day	with	
significant	costs	for	users	
as	well	as	for	operators.	
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Suburban	train	
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Different	modes	
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Centroids	
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Disconnected	nodes		
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General	view	
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Conclusions	
•  Recent	studies	that	have	been	made	on	mobility	in	Mexico	

City	have	a	transporta1on	management	approach,	but	they	
have	not	used	a	systemic	approach	and	made	use	of	
quan1ta1ve	tools	such	as	simula1on	and	op1miza1on.	

•  As	we	can	see	the	analysis	proposed	is	innova1ve	because	it	
considers	the	transport	network	as	a	complex	network	that	
has	as	an	important	issue	with	the	disconnec1on.	

•  At	a	macro	level,	connec1vity	analysis	is	verified	through	an	
op1miza1on	algorithm,	then	the	simula1on	is	used	to	design	
simula1on	scenarios	and	search	for	feasible	solu1ons.	

•  For	future	research	some	results	in	the	macro	level	will	be	
available,	a	mezzo	and	micro	level	analysis	will	be	developed.	
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THANK	YOUU!!	
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