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Remi	ABGRALL,	University	of	Zurich,	Switzerland	
Some	comments	on	the	numerical	approximation	of	compressible	multiphase	
flows	with	complex	equation	of	states	
	
The	 simulation	 of	 multiphase	 compressible	 flows	 is	 not	 an	 easy	 task	 for	 several	
reasons.	 First,	 there	 are	 many	 relevant	 models:	 how	 to	 choose	 the	 "good"	 one.	
Second,	most,	 if	 not	 all	models,	 pose	 complex	mathematical	problems.	One	of	 the	
big	 questions	 is	 how	 to	 deal	 with	 non	 conservative	 systems,	 since	 most	 of	 these	
models	writes	in	non	conservation	form.	
In	this	talk,	starting	from	first	principles,	I	will	show	how	one	can	derive	models	and	
where	 the	 issues	 come	 from.	 Then,	 I	 will	 show	 how	 to	 use	 this	 formulation	 to	
construct	numerical	schemes	where	the	question	of	non	conservity	is	not	any	more	
an	 issue	 (of	 course	 the	 problems	 moves	 somewhere	 else).	 Then	 I	 will	 show	 the	
connection	of	this	construction	to	well-known	models	such	as	the	Baer	and	Nunziato	
one,	of	the	drift	flux	model	used	in	oil	industry	

*******************************************************	

Weizhu	BAO,	National	University	of	Singapore,	Singapore	
Modeling,	analysis	and	simulation	for	degenerate	dipolar	quantum	gas	
	
In	 this	 talk,	 I	 will	 present	 our	 recent	 work	 on	 mathematical	 models,	 asymptotic	
analysis	 and	 numerical	 simulation	 for	 degenerate	 dipolar	 quantum	 gas.	 As	
preparatory	steps,	I	begin	with	the	three-dimensional	Gross-Pitaevskii	equation	with	
a	 long-range	 dipolar	 interaction	 potential	 which	 is	 used	 to	 model	 the	 degenerate	
dipolar	quantum	gas	and	reformulate	it	as	a	Gross-Pitaevskii-Poisson	type	system	by	
decoupling	 the	 two-body	 dipolar	 interaction	 potential	which	 is	 highly	 singular	 into	
short-range	 (or	 local)	 and	 long-range	 interactions	 (or	 repulsive	 and	 attractive	
interactions).	 Based	 on	 this	 new	 mathematical	 formulation,	 we	 prove	 rigorously	
existence	and	uniqueness	as	well	as	nonexistence	of	the	ground	states,	and	discuss	
the	 existence	 of	 global	 weak	 solution	 and	 finite	 time	 blowup	 of	 the	 dynamics	 in	
different	parameter	 regimes	of	dipolar	quantum	gas.	 In	addition,	a	backward	Euler	
sine	 pseudospectral	 method	 is	 presented	 for	 computing	 the	 ground	 states	 and	 a	
time-splitting	sine	pseudospectral	method	 is	proposed	 for	computing	 the	dynamics	
of	 dipolar	 BECs.	 Due	 to	 the	 adoption	 of	 new	mathematical	 formulation,	 our	 new	
numerical	methods	avoid	evaluating	integrals	with	high	singularity	and	thus	they	are	
more	 efficient	 and	 accurate	 than	 those	 numerical	 methods	 currently	 used	 in	 the	
literatures	 for	 solving	 the	 problem.	 In	 addition,	 new	mathematical	 formulations	 in	
two-dimensions	and	one	dimension	for	dipolar	quantum	gas	are	obtained	when	the	
external	 trapping	 potential	 is	 highly	 confined	 in	 one	 or	 two	 directions.	 Numerical	
results	are	presented	to	confirm	our	analytical	results	and	demonstrate	the	efficiency	
and	accuracy	of	our	numerical	methods.	Some	 interesting	physical	phenomena	are	
discussed	too.	
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Eric	CANCES, Ecole	des	Ponts	ParisTech,	France	
Electron	transport	in	semiconductors:	towards	first-principle	simulation	
	
Electron	transport	in	materials	is	a	very	complex	topic,	not	yet	fully	understood	from	
a	 physical	 point	 of	 view.	 Some	 of	 the	 key	 mechanisms	 at	 the	 origin	 of	 electron	
transport	have	been	 identified	 though,	and	a	wide	variety	of	mathematical	models	
have	 been	 proposed	 to	 account	 for	 these	 phenomena,	 among	 which	 the	 classical	
Drude	model	 (1900),	 the	Bloch	model	 (1928),	 the	BCS	model	 (1957),	 the	Anderson	
model	(1958),	the	Hubbard	model	(1963),	or	the	Haldane	model	(1988).	
In	the	special	case	of	(possibly	doped	semiconductors),	most	of	the	available	models	
are	based	on	the	one-particle	picture	of	quasi	Bloch	electrons	and	holes	scattered	by	
phonons,	 impurities,	 and	 effective	 two-body	 interactions.	 These	 phenomena	 are	
described	by	a	hierarchy	of	models	ranging	from	many-body	quantum	models,	to	the	
drift-diffusion	model.	
In	the	last	two	decades,	it	has	become	possible	to	compute	(more	or	less	accurately)	
the	various	parameters	of	these	models	from	first-principle	calculations.	In	this	talk,	I	
will	 explain	 how	 to	 compute	 approximations	 of	 these	 parameters	 from	 Density	
Functional	 Theory	 (DFT)	 and	 Green’s	 function	 methods	 (GW,	 Bethe-Salpeter	
equation),	 and	 present	 some	 of	 the	 mathematical	 properties	 of	 the	 latter	
first-principle	models.	
	
*********************************************************************	

Jingwei	HU,	Purdue	University，USA	
A	fast	spectral	method	for	the	Boltzmann	collision	operator	with	general	collision	
kernel	
	
We	propose	a	simple	fast	spectral	method	for	the	Boltzmann	collision	operator	with	
general	 collision	 kernel.	 Compared	 to	 the	 classical	 spectral	 method	 (Pareschi	 and	
Russo,	 2000)	which	 requires	$O(N^6)$	memory	 to	 store	precomputed	weights	 and	
$O(N^6)$	numerical	complexity	 ($N$	 is	 the	number	of	discretization	points	 in	each	
velocity	dimension),	 the	new	method	runs	 in	complexity	$O(MN^4\log	N)$	 ($M$	 is	
the	 total	discrete	points	on	a	 sphere	and	$M\ll	N^2$).	 Furthermore,	 it	 requires	no	
precomputation	for	variable	hard	sphere	(VHS)	model,	and	only	$O(MN^4)$	memory	
to	 store	 precomputed	 function	 for	 general	 collision	 kernels.	 Although	 a	 faster	
spectral	method	exists	(Mouhot	and	Pareschi	2006)	(complexity	$O(MN^3\log	N)$),	
it	 only	works	 for	 hard	 sphere	molecule	which	 limits	 its	 use	 for	 practical	 problems.	
Our	new	method,	on	the	other	hand,	can	apply	to	arbitrary	collision	kernels.	A	series	
of	 numerical	 tests	 is	 performed	 to	 illustrate	 the	 efficiency	 and	 accuracy	 of	 the	
proposed	method.	

*******************************************************	
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Song	JIANG,	IAPCM,	China	
On	stabilizing	effect	of	the	magnetic	field	in	the	magnetic	Rayleigh-Taylor	problem	
	
We	investigate	the	stabilizing	effect	of	the	vertical	equilibrium	magnetic	field	 in	the	
Rayleigh-Taylor	 (RT)	 problem	 for	 a	 nonhomogeneous	 incompressible	 viscous	 	
magnetohydrodynamic	 (MHD)	 fluid	 of	 zero	 resistivity	 in	 the	 presence	of	 a	 uniform	
gravitational	field	in	a	horizontally	periodic	domain,	in	which	the	velocity	of	the	fluid	
is	 non-slip	 on	 both	 upper	 and	 lower	 flat	 boundaries.	When	 an	 initial	 perturbation	
around	a	magnetic	RT	equilibrium	state	satisfies	some	relations,	and	the	strength	of	
the	vertical	magnetic	field	of	the	equilibrium	state	is	bigger	than	the	critical	number,	
we	can	use	 the	Bogovskii	 function	 in	 the	 standing-wave	 form	and	adapt	a	 two-tier	
energy	 method	 in	 Lagrangian	 coordinates	 to	 show	 the	 existence	 of	 a	 unique	
global-in-time	(perturbed)	stability	solution	to	the	magnetic	RT	problem.	For	the	case	
that	the	strength	of	the	vertical	magnetic	field	is	smaller	than	the	critical	number,	by	
developing	new	analysis	techniques	based	on	the	method	of	bootstrap	instability,	we	
show	that	the	nonlinear	RT	instability	will	occur.	The	current	result	reveals	from	the	
mathematical	point	of	view	that	 the	sufficiently	 large	vertical	equilibrium	magnetic	
field	 has	 a	 stabilizing	 effect	 and	 can	 prevent	 the	 RT	 instability	 in	MHD	 flows	 from	
occurring.	 Similar	 conclusions	 can	be	also	verified	 for	 the	horizontal	magnetic	 field	
when	the	domain	is	vertically	periodic.	The	corresponding	compressible	case,	which	
is	related	to	the	Parker	instability	in	astrophysics,	will	be	also	discussed.	 	 	
(Joint	work	with	Fei	Jiang)	
	

*******************************************************	

Qin	LI,	University	of	Wisconsin-Madison,	USA	
Computation	of	the	transport	equation	in	curved	domain	
	
In	 this	 talk	we	 study	 the	 Knudsen	 layer	 for	 the	 transport	 equation	 in	 its	 parabolic	
regime.	In	particular,	we	study	if	curvature	correction	is	needed	for	non-flat	geometry.	
In	 2015	 Wu-Guo	 proved	 an	 unexpected	 result	 which	 showed	 that	 the	 classical	
boundary	layer	analysis	fails	over	the	unit	disk	B(0,1)	in	2D	due	to	the	curvature,	and	
we	show	in	this	talk	that	such	inconsistency	does	not	propagate	into	the	interior,	and	
the	 classical	 half-space	 equation	 still	 provides	 a	 valid	 boundary	 condition	 for	 the	
interior	Laplace	equation.	We	validate	 the	 result	numerically	at	 the	end	of	 the	 talk	
too.	
	

This is a joint work with Jianfeng Lu and Weiran Sun. 

	
	
*********************************************************************	
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Liu	LIU,	University	of	Wisconsin-Madison,	USA	
An	 Asymptotic-Preserving	 Stochastic	 Galerkin	 Method	 for	 the	 Semiconductor	
Boltzmann	Equation	with	Random	Inputs	and	Diffusive	Scalings	
	
In	 this	 talk,	 I	 will	 introduce	 the	 generalized	 polynomial	 chaos	 approach	 based	
stochastic	 Galerkin	 (gPC-SG)	 method	 for	 the	 linear	 semi-conductor	 Boltzmann	
equation	with	 random	 inputs	 and	diffusive	 scalings.	 The	 random	 inputs	 are	due	 to	
uncertainties	 in	 the	 collision	 kernel	 or	 initial	 data.	We	 study	 the	 regularity	 of	 the	
solution	in	the	random	space,	and	prove	the	spectral	accuracy	of	the	gPC-SG	method.	
We	then	use	the	asymptotic-preserving	framework	for	the	deterministic	counterpart	
developed	 in	 [1]	 to	 come	 up	 with	 the	 stochastic	 asymptotic-preserving	 gPC-SG	
method	 for	 the	 problem	 under	 study,	 which	 is	 efficient	 in	 the	 diffusive	 regime.	
Numerical	 experiments	 will	 be	 presented	 to	 validate	 the	 accuracy	 and	 asymptotic	
properties	of	the	method.	This	is	a	joint	work	with	Prof.	Shi	Jin.	 	
References:	
Discretization	 of	 the	 multi-	 scale	 semiconductor	 Boltzmann	 equation	 by	 diffusive	
relaxation	schemes,	S.	Jin	and	L.Pareschi,	J.	Comput.	Phys.,	161:	312-330,	2000.	
	

*******************************************************	

Hanqing	LU,	University	of	Wisconsin-Madison,	USA	
An	Asymptotic-Preserving	Stochastic	Galerkin	Method	for	the	Radiative	Heat	
Transfer	Equations	with	Random	Inputs	and	Diffusive	Scalings	
	
In	this	talk,	we	present	an	Asymptotic-Preserving	(AP)	stochastic	Galerkin	scheme	for	
the	 radiative	 heat	 transfer	 equations	with	 random	 inputs	 and	 diffusive	 scalings.	 In	
this	 problem	 the	 random	 inputs	 arise	 due	 to	 uncertainties	 in	 cross	 section,	 initial	
data	or	 boundary	data.	We	use	 the	 generalized	polynomial	 chaos	based	 stochastic	
Galerkin	 (gPC-SG)	 method	 [1],	 which	 is	 combined	 with	 the	 micro-macro	
decomposition	based	deterministic	AP	 framework	 [2]	 in	 order	 to	handle	 efficiently	
the	diffusive	regime.	For	linearized	problem	we	prove	the	regularity	of	the	solution	in	
the	random	space	and	consequently	the	spectral	accuracy	of	the	gPC-SG	method.	We	
also	 prove	 the	 uniform	 (in	 the	mean	 free	 path)	 linear	 stability	 for	 the	 space-time	
discretizations.	 Several	 numerical	 tests	 are	 presented	 to	 show	 the	 efficiency	 and	
accuracy	of	proposed	scheme,	especially	in	the	diffusive	regime.	
[1]	 Shi	 Jin	 and	 Dongbin	 Xiu	 and	 Xueyu	 Zhu,	 Asymptotic-preserving	 methods	 for	
hyperbolic	 and	 transport	 equations	 with	 random	 inputs	 and	 diffusive	 scalings,	
Journal	of	Computational	Physics	289	(2015),	35-52.	
[2]	Axel	Klar	and	Christian	Schmeiser,	Numerical	passage	from	radiative	heat	transfer	
to	 non-linear	 diffusion	 models,	 Mathematical	 Models	 and	 Methods	 in	 Applied	
Sciences	11	(2001),	no.	05,	749-767.	
*********************************************************************	
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Pierangelo	MARCATI，University	of	L’Aquila,	Italy	
Splash	singularity	for	the	free-boundary	of	the	2-D	incompressible	Oldroyd-B	
model	at	infinite	Weissenberg	number	
	
These	results	are	container	in	[4]	and	are	a	joint	collaboration	with	E.	Di	Iorio	and	S.	
Spirito	Numerical	computations	in	viscoelasticity	show	the	failure	of	many	numerical	
schemes	when	the	Weissenberg	number	is	beyond	a	critical	value,	[1].	The	existence	
of	 singularities	 in	 the	continuum	model	 could	be	 the	way	 to	explain	 the	numerical	
instability	at	discrete	level.	
We	consider	here	a	2-D	Oldroyd-B	model	at	High	Weissenberg	number	and	we	show	
the	 existence	 of	 the	 so	 called	 splash	 singularities,	 (namely	 points	 where	 the	
free-boundary	 remains	 smooth	 but	 self-intersects).		 In	 our	 case	 we	 assume	
physically	 realistic	 	boundary	 conditions	 given	 by	 the	 equilibrium	 of	 all	 the	 force	
fields	 	acting	at	the	interface	 	Similar	results	have	been	obtained	in	[2]	for	the	free	
boundary	of	the	2-D	Navier-Stokes	equation.		 Our	strategy,	as	in	[2],	is	based	on	local	
existence	 and	 stability	 results	 applied	 to	 a	 family	 of	 smooth	 suitable	 initial	
configurations,	which	evolve	 into	a	self-intersecting	configuration.	Necessarily	there	
exists	 a	 positive	 time	 T=T*,	 where	 the	 configuration	 has	 a	 splash	 singularity.		 To	
prove	 local	existence	and	stability	we	 first	apply	a	conformal	 transformation	 to	 the	
interface,	 in	 order	 to	 separate	 the	 splash	 contact	 point	 and	then	 we	 pass	 to	
Lagrangian	 coordinates	 to	 fix	 our	 domain.	 Hence	 we	 implement	 an	 iteration	
procedure	inspired	to	[3].	
	
[1]	R.Keunings   	 On	 The	 High	 Weissenberg	 Number	 Problem	 	Journal	 of	
Non-Newtonian	Fluid	Mechanics,	20	(1986)	209-226	
[2]	A.	Castro,	D.	Cordoba,	C.	Feerman,	F.	Gancedo	&	J.Gomez-Serrano,		
Spash	singularities	for	the	free	boundary	Navier-Stokes	equations	,	arXiv:		
1504.02775,	(Submitted	on	10	Apr	2015).	
[3]	T.Beale	 The	 initial	 value	 problem	 for	 the	 Navier-Stokes	 equations	 with	 a	free	
surface	,	Communications	on	Pure	and	Applied	Mathematics,	34(3):	359-392,	1981.	
[4]	E.Di	Iorio,	P.Marcati,	S.Spirito	 	Splash	singularity	for	the	free-boundary	of	the	2-D	
incompressible	viscoelastic	Oldroyd-B	fluid	 	model	at	infinite	Weissenberg	number	 		
	
	
	
	
	
	
	
	
	
	
*********************************************************************	
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Michael	MELGAARD,	University	of	Sussex,	Great	Britain	
Resonant	tunneling	for	perturbed	Dirac	operators	
	
Motivated	 by	 quantum	transport	 based	 on	 resonant	tunnelling,	we	 prove	 the	
existence	 of	resonances	for	 the	three-dimensional	Dirac	 operator	
$\ham{D}_0$	perturbed	 by	 smooth,	 bounded	 and	 real-valued	 scalar	
potentials	$V$	 decaying	 like	$\langle	 x	 \rangle	 ^{-\delta	 }$	 at	 infinity	 for	 some	
$\delta	>0$.	By	studying	analytic	singularities	of	a	certain	distribution	related	to	$V$,	
we	 prove	 that	 the	perturbed	 Dirac	 operators	 possess	resonances	near	$\sup	 V	 +	
1$	and	$\inf	V	-1$.	Furthermore,	for	smooth	compactly	supported	Hermitian	matrix	
$V(x)$,	 we	 establish	 a	 global	 Poisson	 wave	trace	 formula	 for	 resonances	of	
$\ham{D}=	\ham{D}_0	+	V(x)$.		
	
	
	
	
*********************************************************************	

Lorenzo	PARESCHI, University	of	Ferrara,	Italy	
Implicit-explicit	methods	for	hyperbolic	and	kinetic	equations	 in	the	compressible	
Navier-Stokes	limit	
	
In	 this	 talk	 we	 will	 survey	 some	 recent	 results	 on	 the	 asymptotic	 properties	 of	
implicit-explicit	 (IMEX)	methods	 for	 hyperbolic	 and	 kinetic	 equations.	Most	 of	 the	
results	 in	 the	 literature	 refer	 to	 the	 asymptotic-preserving	 property,	 which	
corresponds	 to	 the	 capability	 of	 the	 schemes	 to	 capture	 the	 leading	 order	 of	 the	
Chapman-Enskog	expansion.	Here	we	will	 consider	 the	behavior	of	 the	 schemes	 in	
the	 more	 difficult	 case	 of	 the	 O(\epsilon)	 term,	 originating	 the	 compressible	
Navier-Stokes	 system.	 We	 consider	 both	 the	 case	 of	 Runge-Kutta	 and	 Multistep	
methods	 for	 hyperbolic	 relaxation	 systems	 and	 in	 the	 challenging	 case	 of	 the	 full	
Boltzmann	equation.	We	will	show	that	additional	order	conditions	are	required	for	
Runge-Kutta	schemes	whereas	these	are	not	necessary	for	multistep	schemes	based	
on	Backward	differentiation	formulas.		
	
	
	
	
	
	
	
	

*******************************************************	
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Benoit	PERTHAME,	Université	Pierre	et	Marie	Curie,	France	
PDE	models	for	neural	networks;	analysis	and	behavior	
	
Neurons	 exchange	 information	 via	 discharges,	 propagated	by	 membrane	
potential,	which	trigger	firing	of	the	many	connected	neurons.	How	to	describe	large	
networks	of	such	neurons?	What	are	the	properties	of	these	mean-field	equations?	
How	 can	 such	 a	 network	 generate	 a	 spontaneous	 activity?	Such	 questions	 can	 be	
tackled	using	nonlinear	integro-differential	equations.	These	are	now	classically	used	
in	the	neuroscience	community	to	describe	neuronal	networks	or	neural	assemblies.	
Among	them,	the	best	known	is	certainly	Wilson-Cowan's	equation	which	describes	
spiking	 rates	 arising	 in	 different	 brain	 locations.	Another	 classical	 model	 is	 the	
integrate-and-fire	 equation	 that	 describes	neurons	 through	 their	 voltage	 using	 a	
particular	 type	 of	 Fokker-Planck	 equations.	 Several	 mathematical	 results	 will	 be	
presented	 concerning	 existence,	 blow-up,	 convergence	 to	 steady	 state,	 for	 the	
excitatory	 and	 inhibitory	 neurons,	with	or	without	 refractory	 states.	 Conditions	 for	
the	transition	to	spontaneous	activity	(periodic	solutions)	will	be	discussed.		
One	 can	 also	 describe	 directly	 the	 spike	 time	distribution	 which	 seems	 to	 encode	
more	 directly	 the	 neuronal	 information.	 	This	 leads	 to	 a	 structured	 population	
equation	 that	 describes	at	 time	 $t$	 the	 probability	 to	 find	 a	 neuron	 with	 time	
$s$	elapsed	 since	 its	 last	 discharge.	 	Here,	 we	 can	 show	 that	 small	 or	 large	
connectivity	leads	 to	 desynchronization.	 For	 intermediate	 regimes,	
sustained	periodic	 activity	 occurs.	A	 common	 mathematical	 tool	 is	 the	 use	 of	 the	
relative	entropy	method.	
This	talk	is	based	on	works	with	K.	Pakdaman	and	D.	Salort,	M.	Caceres,	J.	A.	Carrillo	
and	D.	Smets.		
	
*********************************************************************	

	

Christian	SCHMESTER,	University	of	Vienna,	Austria	
Hypocoercivity	and	macroscopic	limit	for	a	reaction-dominated	kinetic	model	
	
A	two-species	kinetic	transport	model	for	a	pair	generation-recombination	reaction	is	
presented.	 Two	 methods	 for	 proving	 hypocoercivity,	 based	 on	 the	 abstract	
approaches	of	Mouhot,	Neumann	(2006)	and	Dolbeault,	Mouhot,	Schmeiser	(2015),	
are	 compared.	 In	 both	 cases	 local	 asymptotic	 stability	 of	 the	 equilibrium	 can	 be	
proved	 based	 on	 linearized	 stability.	 The	 second	main	 result	 is	 the	 derivation	 of	 a	
macroscopic	nonlinear	diffusion	equation	for	dominating	reaction	terms.	
(Joint	work	with	Lukas	Neumann)	

 	

*******************************************************	
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Chi-Wang	SHU,	Brown	University,	USA	
Positivity-preserving	high	order	finite	volume	and	DG	schemes	for	kinetic	problems	
	
In	this	talk	we	first	give	a	survey	of	our	work	with	collaborators	on	the	construction	
of	uniformly	high	order	accurate	finite	volume	(FV)	and	discontinuous	Galerkin	(DG)	 	
methods	 which	 satisfy	 strict	 maximum	 principle	 for	 nonlinear	 scalar	 conservation	
laws	 and	 passive	 convection	 in	 incompressible	 flows,	 and	 preserve	 positivity	 for	
density	and	pressure	for	compressible	Euler	systems.	The	bound	preserving	property	
is	guaranteed	for	the	first	order	Euler	forward	time	discretization	or	strong	stability	
preserving	 (SSP)	high	order	 time	discretizations	under	 suitable	CFL	 condition.	 	 We	
then	 discuss	 our	 recent	 work	 on	 designing	 high	 order	 positivity-preserving	 DG	
schemes	for	steady	and	time-dependent	 (with	 implicit	 time	discretization)	radiative	
transfer	equations.	Unlike	the	time-dependent	case,	we	can	no	longer	use	a	similar	
scaling	limiter	without	affecting	the	high	order	accuracy.	We	design	a	combination	of	
the	 scaling	 limiter	 and	 a	 new	 rotational	 limiter	 which	 can	 be	 shown	 to	 maintain	
positivity	and	high	order	accuracy	simultaneously.	Numerical	tests	demonstrating	the	
good	performance	of	these	schemes	will	be	reported.	
	
	
	
	
	

Takis	SOUGANIDIS,	University	of	Chicago,	USA	
Viscosity	solutions	for	multiple	junctions	

I	 will	introduce	 a	 notion	 of	 state-constraint	 viscosity	 solutions	 for	 “junction”-type	
Hamilton-Jacobi	 equations	 with	 nonconvex	 coercive	 Hamiltonians	 in	 one	 space	
dimension	and	study	its	well-posedness	and	stability	properties.	I	will	also	show	that	
viscosity	approximations	either	select	the	state-constraint	solution	or	have	a	unique	
limit,	 and	 we	 introduce	 another	 type	 of	 approximation	 by	 fattening	 the	 domain.	
Finally	I	will	discuss	make	connections	with	existing	results	for	convex	equations	and	
discuss	extensions	to	multi-dimensional	problems.	This	is	joint	work	with	Pierre-Louis	
Lions.	

	

	

	

*******************************************************	
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Min	TANG	(Shanghai	Jiao	Tong	University,	China)	
Understand	the	memory	effect	in	E.COLI	chemotaxis	by	kinetic	models	
	
It	 is	of	great	biological	 interest	 to	understand	 the	molecular	origins	of	 chemotactic	
behavior	 of	 E.	 coli	 by	developing	 population-level	models	 based	 on	 the	 underlying	
signaling	 pathway	 dynamics.	We	 derive	 macroscopic	 models	 for	 E.coli	 chemotaxis	
that	match	quantitatively	with	 the	agent-based	model	 (SPECS)	for	 all	 ranges	of	 the	
spacial	 gradient,	 in	 particular	 when	 the	 chemical	 gradient	 is	 large	 such	 that	 the	
standard	Keller-Segel	model	is	no	longer	valid.		
Our	 work	 provides	 an	 answer	 to	 the	 question	 of	 how	 to	 determine	 the	
population-level	 diffusion	 coefficient	 and	 drift	velocity	 from	 the	 molecular	
mechanisms	 of	 chemotaxis,	 for	 both	 shallow	 gradients	 and	 large	 gradients	
environments.	

*******************************************************	

Athanasios	TZAVARAS,	KAUST,	Saudi	Arabia	
Kinetic	models	for	the	description	of	sedimenting	suspensions	
 

I	 review	 some	 works	 on	 modeling	 and	 the	 mathematical	 theory	 for	 dilute	
suspensions	 of	 rigid	 rods.	 Such	 problems	 appear	 in	 modeling	 sedimentation	 of	
suspensions	 of	 particles.	 Similar	 in	 spirit	 models	 are	 also	 used	 for	 modeling	
swimming	micro-organisms.	Here,	we	focus	on	a	class	of	models	 introduced	by	Doi	
and	 describing	 suspensions	 of	 rod-like	molecules	 in	 a	 solvent	 fluid.	 They	 couple	 a	
microscopic	 Fokker-Planck	 type	 equation	 for	 the	 probability	 distribution	 of	 rod	
orientations	 to	a	macroscopic	Stokes	ow.	One	objective	 is	 to	compare	such	models	
with	 traditional	models	 used	 in	macroscopic	 viscoelasticity	 as	 the	 well-known	 Old	
royd	model.	 In	particular:	For	the	problem	of	sedimenting	rods	under	the	influence	
of	 gravity	 we	 discuss	 the	 instability	 of	 the	 quiescent	 ow	 and	 the	 derivation	 of	
effective	equations	describing	the	collective	response.	We	derive	two	such	effective	
theories	 :(i)	 One	 amounts	 to	 a	 classical	 diffusive	 limit	 and	 produces	 a	 Keller-Segel	
type	of	model.	 (ii)	A	 second	approach	 involves	 the	derivation	of	a	moment	closure	
theory	and	the	approximation	of	moments	via	a	quasi-dynamic	approximation.	This	
produces	 a	model	 that	 belongs	 to	 the	 class	 of	 ux-limited	Keller-Segel	 systems.	 The	
two	 theories	are	 compared	numerically	with	 the	kinetic	equation.	 (Joint	work	with	
Christiane	Helzel).	
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Li	WANG,	State	University	of	New	York	at	Buffalo,	USA	
The	uniform	convergence	of	generalized	polynomial	chaos	(gPC)-based	numerical	
methods	for	multi-scale	transport	equation	with	random	input		
 
We	 consider	 gPC-based	 numerical	methods	 for	 the	 linear	 transport	 equation	with	
random	scattering	and	initial	data.	In	the	diffusion	regime,	these	methods	may	suffer	
from	 slow	 convergence	 due	 to	 the	 small	 scales.	 We	 show	 that,	 as	 long	 as	 the	
numerical	 scheme	 is	 asymptotic	 preserving	 in	 the	 random	 space,	 the	 numerical	
scheme	enjoys	a	uniform	convergence	independent	of	the	small	parameters.	For	the	
stochastic	 collocation	 method,	 the	 proof	 relies	 on	 the	 regularity	 of	 the	 solution,	
whereas	 for	 the	 stochastic	 Galerkin	 method,	 we	 also	 need	 to	 take	 care	 of	 the	
position	of	the	scattering	term.	This	is	a	joint	work	with	Shi	Jin	and	Qin	Li.	

*********************************************************************	

Tong	YANG,	City	University	of	Hong	Kong,	China	
Global	well-posedness	of	the	Boltzmann	equation	with	large	amplitude	initial	data	
 
The	 global	 well-posedness	 of	 the	 Boltzmann	 equation	 with	 initial	 data	 of	 large	
amplitude	has	remained	a	long-standing	open	problem.	In	this	paper,	by	developing	
a	new	L1xL1v\	L1x,v	approach,	we	prove	the	global	existence	and	uniqueness	of	mild	
solutions	to	the	Boltzmann	equation	in	the	whole	space	or	torus	for	a	class	of	initial	
data	 with	 bounded	 velocity-weighted	 L1	 norm	 under	 some	 smallness	 condition	
onL1xL1v	norm	as	well	 as	defect	mass,	 energy	and	entropy	 so	 that	 the	 initial	 data	
allow	 large	 amplitude	 oscillations.	 Both	 the	 hard	 and	 soft	 potentials	 with	 angular	
cut-off	are	considered,	and	the	large	time	behavior	of	solutions	in	L1	x,v	norm	with	
explicit	 rates	of	convergence	 is	also	studied.	This	 is	a	 joint	work	with	Renjun	Duan,	
Feimin	Huang	and	Yong	Wang.	

*******************************************************	

Xu	YANG,	University	of	California,	Santa	Barbara,	USA	
Frozen	Gaussian	approximation	and	its	applications	
	
We	 propose	 the	 frozen	 Gaussian	 approximation	 for	 the	 computation	 of	 high	
frequency	 wave	 propagation.	 This	 method	 approximates	 the	 solution	 to	 the	 wave	
equation	by	an	 integral	 representation.	 It	 provides	a	highly	efficient	 computational	
tool	based	on	the	asymptotic	analysis	on	phase	plane.	Compared	to	geometric	optics,	
it	provides	a	valid	solution	around	caustics.	Compared	to	the	Gaussian	beam	method,	
it	overcomes	the	drawback	of	beam	spreading.	We	will	present	numerical	examples	
as	 well	 as	 preliminary	 application	 in	 seismology	 to	 show	 the	 performance	 of	 this	
method.		
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