


Contents

1 General Information 2

2 Schedule 3
2.1 Day 1, 24 July, Tuesday . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.2 Day 2, 25 July, Wednesday . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.3 Day 3, 26 July, Thursday . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

3 Abstracts 5
3.1 Day 1, 24 July, Tuesday . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.2 Day 2, 25 July, Wednesday . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
3.3 Day 3, 26 July, Thursday . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1



1 General Information

Brief Introduction

The “International Conference on Applied Mathematics and Computational Neuroscience” at
Shanghai Jiao Tong University (SJTU) is dedicated to late Professor David Shen-ou Cai, who
passed away on October 21, 2017 at the young age of 54.
David Cai not only made significant contributions in many areas of applied mathematics and
neuroscience, he has also contributed to the development of applied mathematics in China with
tremendous energy and passion. He played a pivotal role in making SJTU an active player in
modern applied mathematics at the international stage.
This memorial conference also intends to bring leading experts in applied mathematics and
computational neuroscience together to discuss the cutting-edge research results and explore
possible collaborations.

Date

July 24-26, 2018

Venue

601 Pao Yue-Kong Library, Minhang Campus, Shanghai Jiao Tong University

Organizing Committee

• Weinan E, Peking University

• Dan Hu, Shanghai Jiao Tong University

• Shi Jin, Shanghai Jiao Tong University

• Weike Wang, Shanghai Jiao Tong University

• Douglas Zhou, Shanghai Jiao Tong University

Organizer

• Institute of Natural Sciences, Shanghai Jiao Tong University

Co-organizers

• School of Mathematical Sciences, Shanghai Jiao Tong University

• Key Laboratory of Scientific Engineering Computing, Ministry of Education

• School of Physics and Astronomy,Shanghai Jiao Tong University

• Zhiyuan College, Shanghai Jiao Tong University
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http://ins.sjtu.edu.cn/faculty/caishenou
http://www.casad.ac.cn/aca/372/sxwlxb-201112-t20111213_3412298.html
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http://ins.sjtu.edu.cn/faculty/jinshi
http://ins.sjtu.edu.cn/faculty/wangweike
http://ins.sjtu.edu.cn/faculty/Zhoudongzhuo


2 Schedule

2.1 Day 1, 24 July, Tuesday

Time Speaker Title
08:15 - 08:40 Registration
08:40 - 09:00 Opening Remarks: Xuemin Xu, Weinan E, Shi Jin

Morning Session: Chaired by Shi Jin
09:00 - 09:40 David McLaugh-

lin
Large-scale Computational Model of Mouse V1

09:40 - 10:20 Weinan E Machine learning and multi-scale modeling
10:20 - 10:40 Coffee Break
10:40 - 11:20 Song Jiang Magnetic stabilizing effects on the Rayleigh-Taylor

instability in non-resistive magnetohydrodynamics
11:20 - 12:00 Gang Bao Inverse Source Scattering in Wave Propagation
12:00 - 13:55 Lunch

Afternoon Session: Chaired by Song Jiang
14:00 - 14:40 Benoit Perthame Fom voltage-conductance kinetic models to inte-

grate&fire equation for neural assemblies
14:40 - 15:20 Louis Tao A Coarse-Graining Framework for Spiking Neu-

ronal Networks: from Strongly-Coupled Integrate-
and-Fire Neurons to Augmented Systems of ODEs

15:20 - 15:40 Coffee Break
15:40 - 16:20 Roberto Camassa Hydrodynamic models and boundary confinement

effects
16:20 - 17:00 Chun Liu Topics in diffusion: boundaries and temperature
18:00 - 20:00 Dinner
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2.2 Day 2, 25 July, Wednesday

Time Speaker Title
Morning Session: Chaired by Weike Wang

09:00 - 09:40 Tatsien Li Exact boundary controllability of nodal profile for
Saint-Venant system on a network with loops

09:40 - 10:20 Xiaoming Wang The coupling and decoupling of free flow and porous
media flow

10:20 - 10:40 Coffee Break
10:40 - 11:20 Peter Markowich Continuum Modeling of Transportation Networks

with Partial Differential Equations
11:20 - 12:00 Jingfang Huang A Fast Hierarchical Algorithm for Computing

High Dimensional Truncated Multivariate Gaus-
sian Probabilities and Expectations

12:00 - 13:55 Lunch
Afternoon Session: Chaired by Douglas Zhou

14:00 - 14:40 Guoqiang Bi Neuronal learning - from synapse to network
14:40 - 15:20 Si Wu Push-pull Feedback Implements Hierarchical Asso-

ciative Memory
15:20 - 15:40 Coffee Break
15:40 - 16:20 David Hansel

/ Carl van
Vreeswijk

Emergent orientation selectivity from random net-
works in mouse visual cortex: Mice are not Cats -
An (almost) exact proof

16:20 - 17:00 Katie Newhall Synchrony and Information Flow in Integrate-and-
Fire Neuronal Network Models

18:00 - 20:00 Banquet

2.3 Day 3, 26 July, Thursday

Time Speaker Title
Morning Session: Chaired by Dan Hu

09:00 - 09:40 Jianfeng Feng Peer into your brain via contiguous scale data
09:40 - 10:20 Estaban Tabak Conditional Density Estimation through Optimal

Transport
10:20 - 10:40 Coffee Break
10:40 - 11:20 Xiaohui Zhang Circuitry Mechanisms for Associative Learning and

Cortical Activity Oscillation
11:20 - 12:00 Victor Barranca Reconstruction of Sparse Connectivity in Neuronal

Networks Using Compressive Sensing of Network
Dynamics

12:00 - 13:55 Lunch
Afternoon Session: Chaired by David Mclaughlin

14:00 - 14:40 Longnian Lin Neural Information Coding in the Amygdala and
Hippocampus

14:40 - 15:20 Chengyu Li Relationship between cross-region correlation in fir-
ing and neuronal response to behavioral events

15:20 - 15:40 Coffee Break
18:00 - 20:00 Dinner
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3 Abstracts

3.1 Day 1, 24 July, Tuesday

Large-scale Computational Model of Mouse V1

David McLaughlin, New York University
09:00 - 09:40

In this lecture, I will use our work in visual neural science to illustrate the potential that large-
scale computational modeling presents to neural science today. Neural science is primarily an
experimental science, with major advances following closely upon advances in experimental
technology. Similarly, advances in computational technology over the past two decades have
positioned computational scientists to contribute to the theoretical understanding of neuronal
systems. For some time now, our group at NYU has been developing a large-scale computational
representation of an input layer of the primary visual cortex (V1) of Macaque monkey –the
“front end”of the monkey’s visual system. Neurons in V1 are“edge detectors”– detecting

the orientation of edges within the visual scene. Very recent experiments on mouse V1 from
the Scanziani and Tao labs have used opto-genetics techniques to observe for the first time
“thalamus to cortical”excitation separately from“cortical to cortical”excitation. These and

many other experimental studies have produced a vast amount of information about Mouse
V1, which has many differences from Monkey V1. For example, while Monkey V1 is tiled by
an ordered map of orientation preference, mouse V1 is tiled by a disordered“salt and pepper”
map. In recent work, we have developed a large-scale computational model of mouse V1, and
have studied its neuronal response. Our mouse model reproduces experimental observations,
and allows us to analyze the mechanisms by which the model achieves the observed responses
–with its disordered map of orientation preference.

Machine learning and multi-scale modeling

Weinan E, Peking University
09:40 - 10:20

Magnetic stabilizing effects on the Rayleigh-Taylor instability in non-resistive mag-
netohydrodynamics

Song Jiang, Beijing Institute of Applied Physics and Computational Mathematics
10:40 - 11:20

The Rayleigh-Taylor (RT) instability is well known as gravity-driven instability in fluids when
a heavy fluid is on top of a light one.It appears in a wide range of applications in science and
technology, such as in inertia confinement fusion, Tokamak, supernova explosions.In this talk,
mathematical analysis of the magnetic RT instability in both incompressible and compressible
fluids will be presented,in particular, effects of (impressed) magnetic fields upon the growth of
the RT instability will be discussed and analyzed quantitatively.We shall show that a sufficiently
strong (impressed) magnetic field can inhibit the RT instability; otherwise, instability will still
occur in the sense that solutions do not continuously depend on initial data. Moreover, we shall
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give an explanation of physical mechanism for the magnetic inhibition phenomenon based on
mathematical analysis.

Inverse Source Scattering in Wave Propagation

Gang Bao, Zhejiang University
11:20 - 12:00

Fom voltage-conductance kinetic models to integrate&fire equation for neural as-
semblies

Benoit Perthame, Laboratoire J.-L. Lions, Sorbonne Universite
14:00 - 14:40

The voltage-conductance systems for neural networks has been introduced by late D. Cai and his
co-authors. In terms of mathematical structure, it can be compared to a kinetic equations with
a macroscopic limit which turns out to be the Integrate and Fire equation. This talk is devoted
to a mathematical description of the slow-fast limit of the kinetic type equation to an I&F
equation. After proving the weak convergence of the voltage-conductance kinetic problem to
potential only I&F equation, we prove strong a priori bounds and we study the main qualitative
properties of the solution of the I&F model, with respect to the strength of interconnections
of the network. In particular, we obtain asymptotic convergence to a unique stationary state
for weak connectivity regimes. For intermediate connectivities, we prove linear instability
and numerically exhibit periodic solutions. These results about the I&F model suggest that
the more complex voltage-conductance kinetic equation shares some similar dynamics in the
correct range of connectivity.

A Coarse-Graining Framework for Spiking Neuronal Networks: from Strongly-
Coupled Integrate-and-Fire Neurons to Augmented Systems of ODEs

Louis Tao, Peking University
14:40 - 15:20

Homogeneously structured, fluctuation-driven networks of spiking neurons can exhibit a wide
variety of dynamical behaviors, ranging from homogeneity to synchrony. We here extend our
partitioned-ensemble
average (PEA) formalism to systematically coarse-grain the heterogeneous dynamics of strongly
coupled, conductance-based integrate-and-fire neuronal networks. The population dynamics
models derived successfully capture the so-called multiple-firing events (MFEs), which emerge
naturally in fluctuation-driven networks of strongly coupled neurons. Although these MFEs
likely play a crucial role in the generation of the neuronal avalanches observed in vitro and in
vivo, the mechanisms underlying these MFEs cannot easily be
understood using standard population dynamic models. Using our PEA formalism, we system-
atically generate a sequence of model reductions, going from Master equations, to Fokker-Planck
equations, and finally, to an augmented system of ordinary differential equations. Furthermore,
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we show that these reductions can faithfully describe the heterogeneous dynamic regimes under-
lying the generation of MFEs in strongly coupled conductance-based integrate-and-fire neuronal
networks.

Hydrodynamic models and boundary confinement effects

Roberto Camassa, University of North Carolina at Chapel Hill
15:40 - 16:20

Confinement effects by rigid boundaries in the dynamics of ideal fluids are considered from
the perspective of long-wave models and their parent Euler systems, with the focus on the
consequences of establishing contacts of material surfaces with the confining boundaries. When
contact happens, it can be shown that the model evolution can lead to the dependent variables
developing singularities infinite time. The conditions and the nature of these singularities are
illustrated in several cases, progressing from a single layer homogeneous fluid with a constant
pressure free surface and flat bottom, to the case of a two-fluid system contained between two
horizontal rigid plates, and finally, through numerical simulations, to the full Euler stratified
system. These illustrate the qualitative and quantitative predictions of the models within a set
of examples chosen to illustrate the theoretical results.

Topics in diffusion: boundaries and temperature

Chun Liu, Department of Applied Mathematics, Illinois Institute of Technology
16:20 - 17:00

The boundary effects and thermal effects in various transport
systems play crucial roles in real life applications. These problem give
formidable challenges to the mathematical analysis and numerical simulations.
I will demonstrate the difficulties and subtleties by looking at these effects in various
general diffusion dynamics.

3.2 Day 2, 25 July, Wednesday

Exact boundary controllability of nodal profile for Saint-Venant system on a net-
work with loops

Tatsien Li, Fudan University
09:00 - 09:40

Two kinds of exact boundary controllabilities: the exact boundary controllability and the ex-
act boundary controllability of nodal profile are first recalled and compared. For hyperbolic
systems, both the exact boundary controllability and the exact boundary controllability of
nodal profile can be realized on a tree-like network with general topology, howeverr, the exact
boundary controllability can not be realized generally on a network with loops. In this talk, we
consider the exact boundary controllability of nodal profile on a network with loops. Precisely
speaking, on a network with a triangle-like loop, when nodal profiles are given at various kinds
of nodes, different constructive methods can be used to get the corresponding exact boundary
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controllability of nodal profile for Saint-Venant system by means of boundary controls act-
ing on suitable nodes, respectively. This reveals that the exact boundary controllability of
nodal profile is quite different from the usual exact boundary controllability, and has relatively
distinctive behaviors and characters.
This is a joint work with Kaili Zhuang and Gunter Leugering.

The coupling and decoupling of free flow and porous media flow

Xiaoming Wang, Fudan University and Florida State University
09:40 - 10:20

Many physical, biological and engineering processes involve the coupling of free flows with flows
in porous media. Well-known examples include filtration processes, flows in karstic geometry,
hyporheic flow, and PEM fuel cell among many others.
We focus on three interrelated important issues associated with the coupled system: (1) phys-
ically relevant interface boundary conditions that couple the free flow and the porous media
flow; (2) accurate numerical schemes that are able to decouple the two sub-systems so that
legacy codes can be utilized to efficiently simulate the long-time transport phenomena; and (3)
physically important parameter regimes where the system can be reduced to decoupled effec-
tive systems. Analytically, numerical and experimental tools will be employed to demonstrate
several recent results in these directions.

Continuum Modeling of Transportation Networks with Partial Differential Equa-
tions

Peter Markowich, King Abdullah University of Science and Technology
10:40 - 11:20

Continuum Modeling of Transportation Networks with Partial Differential Equations

A Fast Hierarchical Algorithm for Computing High Dimensional Truncated Mul-
tivariate Gaussian Probabilities and Expectations

Jingfang Huang, University of North Carolina at Chapel Hill
11:20 - 12:00

Multivariate Gaussian distribution is one of the most important continuous distributions. If
some components are restricted to an interval, either finite or semi-finite, it is referred to as
the truncated multivariate normal (TMVN) distribution. Many statistical algorithms rely on
the evaluation of some expectations with respect to a TMVN, especially in the expectation-
maximization (EM) type algorithms. In this talk, we present a fast hierarchical algorithm
which can reduce the computational complexity of evaluating a class of p-dimensional TMVN
probability and expectation integrals to the asymptotically optimal O(p), by utilizing the low-
rank and low-dimensional structures in the inverse of the covariance matrix, and by processing
the compressed information efficiently on a hierarchical tree structure.
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Neuronal learning - from synapse to network

Guoqiang Bi, Univeristy of Science and Technology of China
14:00 - 14:40

Being able to learn and to adapt to a changing environment through learning is fundamental
for the survival of living organisms. Furthermore, the capacity of learning, to a large extent,
defines the successfulness of both biological and artificial intelligence. In the brain, synaptic
plasticity, by virtue of its capability of altering the connectivity and thus dynamics of neuronal
circuits based on neuronal activity, serves as a cellular substrate of learning and memory. In
this talk, I will describe several observations of learning and plasticity made with hippocam-
pal neurons in culture, including the properties of spike-timing-dependent synaptic plasticity,
the features of quasi-rhythmic network dynamics with conserved temporal patterns, and the
intricate interactions between the two that is reminiscent of Hebb’s cell assembly theory.

Push-pull Feedback Implements Hierarchical Associative Memory

Si Wu, Peking University
14:40 - 15:20

Emergent orientation selectivity from random networks in mouse visual cortex:
Mice are not Cats - An (almost) exact proof

David Hansel / Carl van Vreeswijk, University Paris Descartes
15:40 - 16:20

We study the connectivity principles underlying the emergence of orientation selectivity in pri-
mary visual cortex (V1) of mammals lacking an orientation map. We present a computational
model in which random connectivity gives rise to orientation selectivity that matches exper-
imental observations. It predicts that mouse V1 neurons should exhibit intricate receptive
fields in the two-dimensional frequency domain, causing shift in orientation preferences with
spatial frequency. We find evidence for these features in mouse V1 using calcium imaging and
intracellular whole cell recordings.

Synchrony and Information Flow in Integrate-and-Fire Neuronal Network Models

Katie Newhall, University of North Carolina at Chapel Hill
16:20 - 17:00

3.3 Day 3, 26 July, Thursday

Peer into your brain via contiguous scale data

Jianfeng Feng, Fudan University
09:00 - 09:40
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With the available data of huge samples of contiguous-scales both for healthy controls and
patients including depression, autism and schizophrenia etc, we are in the position to quantify
human brain activities such as creativity, happiness, IQ and EQ etc and search the roots of
various mental disorders. With novel mathematical and machine learning approaches, we first
introduced functional entropy and entropy rate of resting state to characterize the dynamic
behaivour of our brain. It is further found that the functional entropy is an increasing function
of age, but a decreasing function of creativity and IQ. Its biological mechanisms are explored.
With the brain wide associate study approach, for the first time in the literature we are able to
identify the roots of a few mental disorders. For example, for depression, we found that the most
altered regions are located in the lateral and medial orbitofrontal cortex for punishment and
reward. Follow-up rTMS at the lateral orbitofrontal cortex demonstrated significant outcomes
of the treatments. Finally we discuss some of our recent results on brain-inspired AI and their
applications.      
 

Conditional Density Estimation through Optimal Transport

Estaban Tabak, New York University, Courant Institute
09:40 - 10:20

Conditional probability estimation and simulation provides data-based answers to all kinds
of critical questions, such as the response of specific patients to different medical treatments,
weather and climate forecasts, and the response of a neuronal system to external signals. In
the complex systems behind these examples, the outcome of a process depends on many and
diverse factors and is probabilistic in nature, due both to our ignorance of other relevant factors
and to the chaotic nature of the underlying dynamics.
This talk will describe a general procedure for the estimation and simulation of conditional prob-
abilities based on two complementary ideas: the removal of the effect of covariates through a
data-based, generalized optimal transport barycenter problem, and the reduction of complexity
through a low-rank tensor factorization/separation of variables procedure extended to variables
of any type, including distributions and images.

Circuitry Mechanisms for Associative Learning and Cortical Activity Oscillation

Xiaohui Zhang, State Key Laboratory of Cognitive Neuroscience & Learning, Beijing Normal
University
10:40 - 11:20

Diverse types of neuron are interconnected via local or long-range synapses to form distinct
neural circuits, which are basic modules for different brain functions and behaviors. Dissect-
ing the circuit connectivity and function is one of fundamental studies to understand how the
brain works. In the talk, I would present our recent findings on circuitry base for associative
learning and cortical oscillations, by using electrophysiology and optogenetic approaches. The
first part shows that in the entorhinal cortex (EC)→hippocampus CA1 direct circuit, lateral
EC excitatory projection neurons selectively form direct synapses onto a specific population
of morphologically complex, calbindin-expressing pyramidal cells in the dorsal CA1, forming
a distinct circuit for olfactory associative learning. The second part will introduce some of
our latest results of differential and cooperative roles of two major inhibitory interneurons, so-
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matostatin (SOM)- and parvalbumin (PV)-expressing cells, in orchestrating diverse oscillatory
activities in the visual cortical circuit.

Reconstruction of Sparse Connectivity in Neuronal Networks Using Compressive
Sensing of Network Dynamics

Victor Barranca , Swarthmore College
11:20 - 12:00

There are different types of memory, each of which is involved with different regions of the
brain. For example, working memory is involved with the prefrontal cortex; emotional memory
is processed in the amygdala; and the formation of declarative memory depends on the hip-
pocampus. In our lab, we mainly focus on neural information coding in mouse amygdala and
hippocampus by using multi-channel in vivo recording techniques.
We found that a group of BLA neurons could respond to diverse menaces such as heights and
moving objects. We also found another group of BLA neurons displayed a characteristic firing
pattern, which was directly correlated to a gradual development of anxiety-like behaviors in
multiple tests of anxiety such as open-field and elevated plus-maze tests. Our results suggest
that two distinct populations of BLA neurons could be involved in encoding instinctive fear
and anxiety, respectively.
We design a circular track to study how long it takes a place cell to occur in a new environment，
And our data showed that place fields can appear very suddenly. We also have discovered“nest
cells”in the mouse hippocampus. They can be classified into “transient-on”、“persistent-on
”and “persistent-off ”types based on their firing patterns. These “nest cells”appear to
encode the abstract concept of“nest”regardless of its shape, color, odor, texture, construction
material, spatial position, environmental context etc.

Neural Information Coding in the Amygdala and Hippocampus

Longnian Lin, East China Normal University
14:00 - 14:40

Experimental data has revealed that in addition to feedforward connections, there exist abun-
dant feedback connections from higher to lower layers in a neural pathway. Although the
importance of feedback modulation to neural information processing has been widely recog-
nized, the detailed mechanism of how it works remains largely unknown. The present study
investigates the role of feedback modulation in hierarchical memory retrieval. Specifically, we
consider a multi-layer network which stores hierarchical memory patterns, and each layer of the
network behaves as an associative memory model. We find that to achieve good performance,
the feedback modulation needs to be dynamical: at the early phase, feedback is positive (push)
to suppress inter-class noises between memory patterns; at the late phase, feedback is negative
(pull) to suppress intra-class noises between patterns. Overall, memory retrieval in the network
progresses from rough to fine. Our model agrees with the push-pull phenomenon observed in
neural data.
We analyze the effect of push-pull feedback theoretically and demonstrate that our model works
well for real images. We hope that this study gives us insight into understanding the general
principle of feedback modulation in hierarchical information processing.
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Relationship between cross-region correlation in firing and neuronal response to
behavioral events

Chengyu Li, Chinese Academy of Sciences
14:40 - 15:20

Cognitive behavior inevitably recruits activity of multiple brain regions. However, it is un-
clear how neuronal activity of multiple regions is temporally coordinated. Here we simultane-
ously recorded neuronal activity from four associative brain regions [medial prefrontal cortex
(mPFC), premotor cortex (M2), medio-dorsal thalamus (MD) and dorso-medial caudate puta-
men (dmCP)] of mice performing olfactory working memory tasks. Global network states can
be defined by correlation and trajectory analysis from neuronal activity of these regions. We
found strong correlation between the baseline global states before sensory delivery and those
in sensory-delivery, delay, or decision-making periods. The baseline global network state is
also gradually modulated through training and the degree is correlated with behavioral per-
formance. Furthermore, behavior-related neuronal coding and performance are impaired by
optogenetic perturbation of mPFC baseline activity that can modify initial condition of global
network state. Thus the baseline state of global neuronal activity is important in orchestrating
global neuronal dynamics in performing cognitive behavior.
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Institute of Natural Sciences
Shanghai Jiao Tong University

5F, Pao Yue-Kong Library
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