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KEYFEHRE 7: Robust Generalization Requires Exponentially

Large Neural Networks
®E A TR EEKXE HIF
wERE: 2022847831 B (E8H) 4 10:45—11:30

&S : 1t is well-known that modern neural networks are vulnerable to adversarial examples.
To mitigate this problem, a series of robust learning algorithms have been proposed. However,
although the robust training error can be near zero via some methods, all existing algorithms
lead to a high robust generalization error. In this paper, we provide a theoretical understanding
of this puzzling phenomenon from the perspective of expressive power for deep neural networks.
Specifically, for binary classification problems with well-separated data, we show that, for
ReLU networks, while mild over-parameterization is sufficient for high robust training accuracy,
there exists a constant robust generalization gap unless the size of the neural network is
exponential in the data dimension d. Even if the data is linear separable, which means achieving
low clean generalization error is easy, we can still prove an exp(€2(d)) lower bound for robust
generalization. Moreover, we establish an improved upper bound of exp(O(k)) for the network
size to achieve low robust generalization error when the data lies on a manifold with intrinsic
dimension k (k<d). Nonetheless, we also have a lower bound that grows exponentially with
respect to k -- the curse of dimensionality is inevitable. By demonstrating an exponential
separation between the network size for achieving low robust training and generalization error,
our results reveal that the hardness of robust generalization may stem from the expressive power

of practical models.

EREMN: L2k, LR KFHL RARFENS F 2R 50,

BEMEF ] BRI NR LB KFEL 150 &k 2EA
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RETHE: Correlation decay and partition function zeros: Algorithms and

phase transitions
| E A XEW ERXE
wEFHE: 202257 830 H (E875) T4 14:00—14:30

WEHGE: We discuss connections between the phenomenon of correlation decay and the
location of Lee-Yang and Fisher zeros for various spin systems. In particular we show that, in
many instances, proofs showing that weak spatial mixing on the Bethe lattice (infinite A-regular
tree) implies strong spatial mixing on all graphs of maximum degree A can be lifted to the
complex plane, establishing the absence of zeros of the associated partition function in a
complex neighborhood of the region in parameter space corresponding to strong spatial mixing.
This allows us to give unified proofs of several recent results of this kind, including the
resolution by Peters and Regts of the Sokal conjecture for the partition function of the hard core
lattice gas. It also allows us to prove new results on the location of Lee-Yang zeros of the anti-
ferromagnetic Ising model.

We show further that our methods extend to the case when weak spatial mixing on the Bethe
lattice is not known to be equivalent to strong spatial mixing on all graphs. In particular, we
show that results on strong spatial mixing in the anti-ferromagnetic Potts model can be lifted to
the complex plane to give new zero-freeness results for the associated partition function. This
extension allows us to give the first deterministic FPTAS for counting the number of q-colorings
of a graph of maximum degree A provided only that =2 A . This matches the natural bound for
randomized algorithms obtained by a straightforward application of Markov chain Monte Carlo.
We also give an improved version of this result for triangle-free graphs. Based on joint work
with Alistair Sinclair and Piyush Srivastava.

E X B 47 : Jingcheng Liu is an Associate Professor at Nanjing
University. Before that, I completed undergrad at SJTU and PhD at UC
Berkeley, then I was a postdoc at Caltech. I am broadly interested in
theoretical computer science. Recently my focus has been on the
® interplay between phase transitions in statistical physics, locations of
zeros of graph polynomials, and algorithmic questions such as the

tractable boundaries of approximate counting, sampling and inference.

I am also interested in data privacy, as well as other topics such as

“

average-case problems, spectral graph theory, and theoretical machine learning.
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SERRLIEFBRE 2
WEEE: FRILHBBEM Secret Sharing
| & A XXRE ERKE

WERHE: 2022878308 (B8I7%) TFF 14:30—15:00

WMERE: AR LRFAEY, AR LRAMIL, TARRLT H A 69L
+HH. HAGYRIEEHE secret sharing. private simultaneous messages (PSM). conditional
disclosure of secrets (CDS). . X R REHRT A n N E5E, T2FRKEMEALE, O
fot) ETFRZ A 154 £ 96, 4o secretsharing RAFEIAER 0(2M), MmRAFHIEG TR
£ 0(n?).
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SERRLIEFBRE 3
WEMBE: Strongly polynomial time algorithm for weighted general factors

W& A BD hERAY

WEFNE: 202247 30 H (E8175) T4 15:00—15:30

WEME:  General factors are a generalization of matchings. Given a graph G with a set =
(v) of feasible degrees, called a degree constraint, for each vertex v of G, the general factor
problem is to find a (spanning) subgraph F of G such that degF(x) € m (v) for every v of G.
When all degree constraints are symmetric delta-matroids, the problem is solvable in polynomial
time. The weighted general factor problem is to find a general factor of the maximum total
weight in an edge-weighted graph. Strongly polynomial-time algorithms are only known for
weighted general factor problems that are reducible to the weighted matching problem by gadget
constructions.

In this talk, we present the first strongly polynomial-time algorithm for a type of weighted
general factor problems with real-valued edge weights that is probably not reducible to the

weighted matching problem by gadget constructions.

ERESr: ShuaiShaoisa faculty member in the School of Computer
Science and Technology at USTC. Prior to that, he was a postdoc at
Edinburgh, and a postdoc and junior research fellow at Oxford. He got
his Ph.D. degree from the University of Wisconsin at Madison, and his
B.Sc. degree in the HUA Loo-Keng talent program in mathematics from

USTC.

I His research interests lie in theoretical computer science. Currently, he
is working on the complexity classification of counting/decision/optimization problems in the
Holant (also known as edge-CSP) framework. He is also interested in approximate counting
algorithms and their connections with the phenomenon of phase transitions in statistical physics.
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SERRLIIFBIRE 4
WEMB: Joint Pricing and Inventory Management with Demand Learning
| & A: AR BEXRE
EERTE: 2022 7 A 30 H (287X T4 15:50—16:20

WEWE: In the problem of joint pricing and inventory management the retailer makes

simultaneously a price decision and an inventory order-up-to decision at the beginning of each
review period. The demands are being modeled as either a parametric or nonparametric function

depending on the prices.

In this talk, I will introduce two of my recent works advancing this problem: the first one deals
with fixed ordering costs under the backlogging setting, with a parametric (generalized linear)
demand model. The second one studies nonparametric demand models with censored demands
and lost sales. The techniques involved include a novel UCB analysis over trajectories of (s,S,p)
policies, and a noisy comparison oracle constructed for censored demand models.

This talk is based on the following two papers:
https://papers.ssrn.com/sol3/papers.cfm?abstract 1d=3632475

https://papers.ssrn.com/sol3/papers.cfm?abstract id=3750413

LR ®r: Dr. Yuan Zhou is an Associate Professor at the Yau
Mathematical Sciences Center, Tsinghua University. Before joining
Tsinghua, he was an Assistant Professor at the University of Illinois

- | Urbana-Champaign, an Assistant Professor at Indiana University
‘ Bloomington, and an Applied Mathematical Instructor at the
Massachusetts Institute of Technology. He obtained his Ph.D. from
Carnegie Mellon University.

Dr. Zhou's research interests include but are not limited to online learning and decision making
(e.g., bandits and reinforcement learning), combinatorial optimization, and their applications to
revenue management problems such as dynamic pricing, inventory control, assortment
optimization, etc. He currently serves as an Associate Editor for Operations Research Letters.
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BEBRRIEFIERE 5
REWHE: Order Selection Prophet Inequality
& A EEE BEMEXRE
wEETiE: 20227 A 30 B (287X THF 16:20—16:50

WEHGE : In the classical prophet inequality, a gambler faces a sequence of items, whose values
are drawn independently from known distributions. Upon the arrival of each an item, its value
is realized and the gambler either accepts it and the game ends, or irrevocably rejects it and
continues to the next item. The goal is to maximize the value of the selected item and compete
against the expected maximum value of all items. A tight competitive ratio of 21 is established
in the classical setting and various relaxations have been proposed to surpass the barrier,
including the i.i.d. model, the order selection model, and the random order model. In this paper,
we advance the study of the order selection prophet inequality, in which the gambler is given
the extra power for selecting the arrival order of the items. Our main result is a 0.725-
competitive algorithm, that substantially improves the state-of-the-art 0.669 ratio by Correa,
Saona and Ziliotto (Math. Program. 2021), achieved in the harder random order model. Recently,
Agrawal, Sethuraman and Zhang (EC 2020) Xiao, Liu and Huang (AAMAS 2020) proved that
the task of selecting the optimal order is NP-hard. Despite this fact, we introduce a novel
algorithm design framework that translates the discrete order selection problem into a
continuous arrival time design problem. From this perspective, we can focus on the arrival time
design without worrying about the threshold optimization afterwards. As a side result, we
achieve the optimal 0.745 competitive ratio by applying our algorithm to the i.i.d. model.

EREIFr: Zhihao Tang is an associate professor at ITCS, Shanghai
University of Finance and Economics. He has obtained his PhD degree
in Feb 2019 under the supervision of Dr. Hubert Chan at the University
of Hong Kong. Before that, he received his BSc in Mathematics and BA
in Economics from Peking University in 2014. He is broadly interested
in theoretical computer science, particularly in algorithms under
uncertainty. More specifically, he works on online algorithms and

algorithmic game theory.
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SERFBERIZEBIREG 6
RETE: Simultaneously Learning Stochastic and Adversarial Bandits with

General Graph Feedback
| E A D EBRBEXRE
meERtE: 202257 A 30 H (2HI7%) T4 16:50—17:20

WEME: The problem of online learning with graph feedback has been extensively studied
in the literature due to its generality and potential to model various learning tasks. Existing
works mainly study the adversarial and stochastic feedback separately. If the prior knowledge
of the feedback mechanism is unavailable or wrong, such specially designed algorithms could
suffer great loss. To avoid this problem, Erez & Koren (2021) try to optimize for both
environments. However, they assume the feedback graphs are undirected and each vertex has a
self-loop, which compromises the generality of the framework and may not be satisfied in
applications. With a general feedback graph, the observation of an arm may not be available
when this arm is pulled, which makes the exploration more expensive and the algorithms more
challenging to perform optimally in both environments. In this work, we overcome this
difficulty by a new trade-off mechanism with a carefully-designed proportion for exploration
and exploitation. We prove the proposed algorithm simultaneously achieves polylog T regret in
the stochastic setting and minimax-optimal regret of O(T'2/3) in the adversarial setting where T
is the horizon and O hides parameters independent of T as well as logarithmic terms. To our
knowledge, this is the first best-of-both-worlds result for general feedback graphs. This work is
published at ICML 2022.

ER®r: Shuai Li is currently an Assistant Professor in John
Hopcroft Centre, Shanghai Jiao Tong University. She received her PhD
degree in Computer Science from the Chinese University of Hong
Kong in 2019. She has collaborations with top universities and top
research labs, like University of Alberta/University of California
Berkeley/Microsoft/Huawei/Adobe/DeepMind/Tencent, and is a
recipient of Google PhD Fellowship 2018. Her research interests

include bandit algorithms, machine learning theory, recommendation
systems and natural language processing.
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