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Public Transport for Smart Cities

Janny M.Y. LEUNG, The University of Macau

WwERR: 12 H 14 H (A=), 19:00-20:00

wEME: The idea of a smart city is one that utilizes IoT technologies and data
analytics to optimize the efficiency of city operations and services, so as to provide a
high quality of life for its citizens. For a smart city, the goal of public transportation is
not simply the movement of people, but the facilitation of mobility for living. Public
transport must offer ubiquitous access, real-time response capabilities, convenience
and quality service, and energy-efficient operations. To meet these goals, an integrated
co-ordinated multi-modal public transportation system is needed, leading to
substantial increase in planning and operational complexity. This talk will discuss the
challenges in network design, operations planning, scheduling and management of

smart public transport systems.

H & A 4. Janny Leung is the Master of Choi Kai Yau College, Professor at the
Faculty of Business Administration and the State Key Lab of Internet of Things for

10



Smart City of the University of Macau. She obtained a Ph.D. in Operations Research
from the Massachusetts Institute of Technology. Her main research interests are
combinatorial optimization, logistics & supply chain management and transportation
planning. She serves on the editorial boards of the leading journals in her field. She
is a Fellow of the Chartered Institute of Logistics and Transport (2014) and a Fellow
of the Institute for Operations Research and the Management Sciences (2020). She is
the President of the International Federation of Operational Research Societies

(IFORS) for 2022-2024.

Metaheuristics: Rise, Fall and Rise Again?

Marc Sevaux, Université de Bretagne-Sud

WERE: 12 H 14 H (A=), 20:00-21:00

WEHE: The lecture will focus on metaheuristics and will present a general view of
these methods used to solve combinatorial optimization problems over the ages. The
talk will present a vision of what has been a glorious past (the golden age) of
metaheuristics. Over the last 20-30 years, they have been successfully used to solve
various optimization problems. Many different techniques such as Simulated
Annealing, Tabu Search, Variable Neighborhood Search, GRASP, Genetic
Algorithms, Memetic Algorithms and others have shown their efficiency and
superiority on many problems. A more recent trend in metaheuristics publications has
seen the appearance of too many nature-inspired metaheuristics. All these methods are
“polluting” the domain and for most of them do not bring anything from a scientific

point of view. The talk will quickly explain why we have reached this situation. The

11



lecture will end with the presentation of recent and future works at the crossroad of
metaheuristics and machine learning that should bring a bright future to the

metaheuristic community.

#H4E A M. Mare Sevaux is a Professor at the Université de Bretagne-Sud (Lorient,
France). From 2008 to 2010 and from 2016 to 2020, he serves as deputy director of
the Lab-STICC Laboratory, a CNRS-affiliated laboratory (UMR 6285).Since January
2021, Prof. Marc Sevaux is the President of EURO. Prof. Marc Sevaux is primarily
interested in combinatorial optimization research, particularly in developing generic
solving methods for optimization problems. After working several years in production
planning and scheduling, he has worked on routing problems, and on various
optimization problems from electronic design. He is now interested in collaboration
with industries and work on different problems such as wireless sensor networks,
target tracking, integrated planning and scheduling, warehouse management, routing,

etc.

12
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The Stochastic Gradient Descent Algorithm for Machine Learning
SRYERg  AERUREE

ERA: kAL

RERE: 12 7 16 H &1, 10:00-10:50

W& ME: The stochastic gradient descent algorithm (SGD) is the most popular
training algorithm in machine learning. In this lecture, we discuss some basic
theoretical issues of this algorithm, including: (1) the convergence behavior, (2) the

optimal learning rate and batch size and (3) in the over-parametrized regime, the

selection of the particular global minimum that SGD converges to.
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Distributed Statistical Inference under Heterogeneity

/N S AN

1
4

FEEAN: FEHE
WERE: 12 H 16 H (BT, 10:55-11:45

& E . We consider distributed statistical optimization and inference in the
presence of heterogeneity among distributed data blocks. A weighted distributed
estimator is proposed to improve the statistical efficiency of the standard
"split-and-conquer" estimator for the common parameter shared by all the data blocks.
The weighted distributed estimator is at least as efficient as the would-be full sample
and the generalized method of moment estimators  with the latter two estimators
requiring full data access. A bias reduction is formulated for the weighted distributed

estimator to accommodate much larger numbers of data blocks than the existing
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methods without sacrificing the statistical efficiency at the same time. The mean
square error bounds, the asymptotic distributions, and the corresponding statistical
inference procedures of the weighted distributed and the debiased estimators are
derived, which shows an advantageous performance of the debiased weighted

estimators when the number of data blocks is large.

A joint work Mr Jia Gu, A PhD Candidate at Center for Statistical Science at Peking

University

WEANFA: AR, bR KR EeR, PEBEER L. EERA RS S
+, B EETRE R, KESGIEESL, ERgT#EaSitsRn. BT
The Annals of Statistics, Journal of Business and Economic Statistics, Journal of the

American Statistical Association 1 Environmentrics [t 4% Z= fll Statistics and Its
Interface HJBEE 39 o

ARG oA SRS K EE S TR
s b K

FEAN: &5
WERE: 12 H 16 H (B, 15:05-15:55

REME: FEHLUCAARE Y R B 0 R SR b FL iR SRR S RE N0 A 5 DI R, {EAESE
ik m X DA B 221 ] — A LA R BE AL 20 A o R ) 2 o B S B b i SR R Bl AR
BRI AR . 2T Geih oA (B i B S8R 1 57 S Bkt AT Ok,

G AFAE — € B AN AT P R HRURE o 110 20 A B M LA 5V AT LR (1 AR R 23 A
AL, I EERIMER BRI . A NE U SR AE T2
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B L s NE 5 5E B PN Lo A CRIE, ST, RIRTRER,
FE), JHRYE R AR R EAR A M i AUE TV - 2. QT A B HR BOUT R (BERR 0
SHEOHE JUA-TE) SRNEER S Bhsea %, 3. FF T 0 Al F AR i) A et
S MR AN, IR PRI S g o A O R AN S

WE AR HE, ERMERERRE. AT, AR T E R
RRFHE R, EHFBP R R[EEAE L0, YRR KB
%, MPEHEEEDSHE, Bkl S53HE, FiETieEhaer S
H, FEMAMBONEENAER, KSEEHENA, 3K 2014 FEHEEZEE
MeFERE, ERETEARAREZEYX, SERSENLEACEHRTE AH
2021 FEINFORMS %% £Franz Edelman% 1 3% ] .

BRI ENSAEE: Bid KA PR SEE
ffi e AN =

FEAN: kE)
WERE: 12 516 H (A1), 16:00—16:50

REME: FIRTHENRA S SRS, AL BRI ER
FiIEAN . L EBEERMAIAIR, ERER, He 5 FIEETT RS
Mo EYFEE, sl OB THENL SR = 1 — 28T H SCBORR— T HEAR T
SN EEAE R IR TR YR T7 2U7E AR R FH % 3 Hh A5 e 5 R A
SR BE T

WENEA: e, BB TR E A, HRERES. hSREN
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HibTtEV L = REHGI . Q00 2 Vst EEARTT R, 5EAKN&
AP ERRA T 2 IR EAE . BRI 2 R & K205 B b d, Bt
HHEFES A0 FEAE. 2009 4 1 A TEERF I ENLRRIE L5460 g3
T R AT ENL, HEFEESH SRR S, EEIR TR =R i
STOC/FOCS/SODASL & £ 30 &5 . ZRFIKICALP2007. FAW2010. ISAAC2010
S H I PR iR S 0 . JHIFFAW-AAIM 2012, WINE 2017, FAW 2018,
ISAAC 2019 S E PR WHEF & R <BE E N, LLAZ IRFEAESTOC, FOCS,
SODASE TN H R i FE TR e 1. R IRACMAHBHEE AL (2019),
% )\Umt F A NBEE R R SICCME X (R RMEUER) R (2019, HETF

LB FERER (2014). MERF#H (2008). iHHERFERELEL (2007)
At 25 0t
SFRE o

Endogenous Merger Decisions among Competitors: Impact of Limited Capacity

and Loyal Segments
RHS& BHRE

FEFEAN: kER
WERE: 12 516 H (A1), 16:55—17:45

HwEME: We study endogenous merger decisions among three competing firms with
asymmetric capacity: One large firm has ample capacity, and two small firms have
limited capacity. Each firm can either operate independently or merge with another
firm. Due to antitrust laws, all three firms merging is not permitted. When two firms
merge, the merged entity and the remaining independent firm use the resulting
capacity to capture their own “loyal buyers” and compete in price for price-sensitive

“disloyal switchers”. We first consider a base model where the size of loyal buyers for
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different firms is symmetric. We find that either there is no merger or the large firm
will merge with a small firm. We explain how the equilibrium structure is driven by
the price effect and the demand effect. Specifically, the mixed merger which can most
effectively reduce price competition is the equilibrium for relatively competitive
market conditions. We also extend to the case with asymmetric size of loyal segments,
and show that two small firms merging can be the equilibrium structure when the
large firm has a much larger loyal segment than the small firms. The impacts of
mergers on social welfare and consumer surplus provide practical implications from
the antitrust perspective. The antitrust agencies who are concerned about social
welfare can approve a mixed merger under certain conditions. Small mergers, though
sometimes are not the equilibrium structures, can improve both social welfare and
consumer surplus. In such cases, the government can appropriately promote small

mergers.

WEANEN: RER, SARFEHERER. B ESIT. 2006 FAFHEE
TIHERZE TN TIER, 2011 FiE LY T 2588 5 B e B UK 27 AR 2B
FEV AN, XSE ., TS . 128 M HAM SR A X in . H
Wt 98 LA & & T Management Science, MSOM, POM, Decision Sciences, Energy
Economics, EJOR 8T, B 7T TAE &3R4 N5 #H & HE 75 TR S RAER
—E8, FEEHE S TEE2SMMNESEEEE > SMB R —5%, i
W+ =P 2B AT R =5 K55 2017 3804 EE A H 442, 2020
FRER AARERERESARNFTIE T . ANk LliiEs AA Tl (2016). Lifg
WHE KRG MEEbrEE (20200, EEETHEE R4 =/\LHET (2021). HHIHE
RIS PR 2 2 58 T 19w % . Production and Operations Management ] Senior
Editor. Service Science 5[] Associate Editor, ¥k 2016 MSOM Meritorious Service
Award. H/F 2019 POMS Conference FOM Track Chair. T [E & B IACALIT 782 A
g TR RS HK, PEEEFSEIRSG SEFE 2w SHE, |
EEHIAH A BEER TR NS N . PEEHIAAHASEH S R
FRb TR o F B HESE,
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WMEWE: Pl EREEZR G2 —, EREESE5 R R AE R
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On the Quadratic Termination Property of the Gradient Method
FOERE AR TR
W& W E : The gradient method is one of the most popular algorithms in solving large
scale unconstrained optimization problems. However, most of existing gradient
methods do not enjoy the quadratic termination property. In this talk, we will provide
a summary account of recent and new results on how to equip gradient methods with
the two-dimensional quadratic termination property. Moreover, a new mechanism for
the gradient method to achieve three- and higher-dimensional quadratic termination

will be presented.

WENEA: mIEREE, bR A B B H %, 2015 SEIE LR T PG 22 m
TRHORY:, 2015 2 2017 SFAETH ERHA B2 5 RER A R st iT i L )e
WHIt. B FUGEEFEAR BEVE B SN L RN AS 22 ST A 73 A AR H i
—M &L, WERCR KRR AE SIAM J. Optim.. J. Sci. Comput.. Computat. Optim.
ApplSIATI, FREEZK HAR RS WALE B AR EE S b EH 45 e
SR H . BUETEEEZBAN 2T EHE, it FEASHE,

Optimality Analysis for Tucker Low-Rank Tensor Optimization
FHR JLRITE KRS

wEME: Optimization problems with tensor variables are widely used in statistics,
machine learning, pattern recognition, signal processing, computer vision, intelligent
transportation, etc. Among these applications, the low-rankness of tensors is an
intrinsic property that can help unearth potential but important structure or feature in
the corresponding high-dimensional multi-way datasets, leading to the study on
low-rank tensor optimization (LRTO for short). For the general framework of LRTO,
little has been addressed in optimization theory. This motivates us to study the
optimality conditions, with special emphasis on the Tucker low-rank constrained
problems and the Tucker low-rank decomposition-based reformulations. It is
noteworthy that all the involved optimization problems are nonconvex, and even
discontinuous, due to complexity of the tensor Tucker rank function or the
multi-linear decomposition with the orthogonality or even group sparsity constraints
imposed on factor matrices. By employing the tools in variational analysis, especially
the normal cones to low-rank matrices and the properties of matrix manifolds, we

propose necessary and/or sufficient optimality conditions for Tucker low-rank tensor
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optimization problems, which will enrich the context of the nonconvex and

nonsmooth optimization.

WEANEMN: PERK, &, WEZTERFH S50 BdE . WA RIm. €
R E AR R 5 s BT NI B 7R e [ B 22 M R 2 U 1) 225y B B Rt
FENEE . SCI 3L 40 R (BSI #5118 3 2 7)., KK AE (Math Program) {J Mach
Learn Res) (IEEE Trans Signal Process) {SIAM J Matrix Anal Appl) SR EIH T
G1EHEE SIAM WAL ST 2 138 HOCEME 188 FRFE K B AR A
By FEEETH . JbRT HARAR G E ATH S 1 . 2016 LT %E
PAR PR R Ry 2017 2B — A W B IR 2R 2 U0E L RSk
s 2020 F KIS FE 2> Pre-APORS 2K H [H 12 & 2 i E KX DTk 18 S0k
s 2020 FIRPEHIZEF A HERHIRRA K, 2021 A6 FE AN B A
AT FE X, Igﬁﬁﬁ%ﬂ' RIS . = vk, skEditk.
Guit ), RHEAEMBATE. RARA . WA BRI .

RmFEL-SEMRNARIE 12 17 H, 10:10-11:40

Statistical Inference for Online Decision Making with High-Dimensional

Covariates: In a Contextual Multi-armed Bandit Setting
HKE]  KEE TR

& M E: We focus on the statistical inference of the online decision-making
problem under the setup of the contextual multi-armed bandit framework with a Lasso
reward model. We propose an algorithm which balances the exploration and
exploitation trade-off through $\epsilon$-greedy policy and updates the decision rule
with stochastic dual averaging algorithm. we establish the asymptotic normality of the
estimator for the parameter of lasso both in ergodic sense and non-ergodic sense.
Online plug-in estimators and batch-means estimators for the variance of the
parameter are also provided. Simulations and a real data application to music artists
recommendation are conducted to illustrate the performance of the proposed

algorithm and theoretical results.

WEANBA: XKER, RIEH T R2ZAHCEER 22 0% S0, 2005 4
A1 2008 T KIEWHFH RKFPHE RIS F LA 540, 2011 SFF RKERE T K
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R BB 2247, 2014 4F 11 A & 2016 4F 4 A7 2 H K% N F
LG0T XKEAEZR R T [ el LA, KRR =R, #
1w X K # T Mathematical Programming , SIAM Journal on Optimization ,
Mathematics of Operations Research, SIAM Journal on Numerical Analysis BT

Multistage Utility Preference Robust Optimization
XFE PHRATE R

W& ME: In this talk, we consider a multistage expected utility maximization
problem where the decision maker's utility function at each stage depends on
historical data and the information on the true utility function is incomplete. To
mitigate the risk arising from ambiguity of the true utility, we propose a maximin
robust model where the optimal policy is based on the worst sequence of utility
functions from an ambiguity set constructed with partially available information about
the decision maker's preferences. We then show that the multistage maximin problem
is time consistent when the utility functions are state-dependent and demonstrate with
a counter example that the time consistency may not be retained when the utility
functions are state-independent. With the time consistency, we show the maximin
problem can be solved by a recursive formula whereby a one-stage maximin problem
is solved at each stage beginning from the last stage. Moreover, we propose two
approaches to construct the ambiguity set: a pairwise comparison approach and a
$\zeta$-ball approach where a ball of utility functions centered at a nominal utility
function under $\zeta$-metric is considered. To overcome the difficulty arising from
solving the infinite dimensional optimization problem in computation of the
worst-case expected utility value, we propose piecewise linear approximation of the
utility functions and derive error bound for the approximation under moderate
conditions. Finally, we develop a scenario tree-based computational scheme for
solving the multistage preference robust optimization model and report some

preliminary numerical results. This is a joint work with Zhiping Chen and Huifu Xu.

WE N X5, HEASE RS G AR AT R BN . AR
. EES LT AR, AR R R AR 11 REEER S R . R
BRI . B IAEL IR T S, 2 ) S N DR T ik, M3
FEE R TREF N . X EET7 R HUE 7 — L 545 R, #£ Mathematics of

Operations Research . SIAM Journal on Optimization . European Journal of
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Operational Research. Quantitative Finance 512 %% &= 1] L AR =R R
N30 K, FREFREAREREEGEEIHE 0, Z25EF AR RREEGE K,
Ho T EIE R A PR R I

Dynamic Stochastic Projection Method for Multistage Stochastic Variational

Inequalities
PN RO K

WMEME: Stochastic approximation (SA) type methods have been well studied for
solving single-stage stochastic variational inequalities (SVIs). This paper proposes a
dynamic stochastic projection method (DSPM) for solving multistage SVIs with box
constraints. In particular, we investigate an inexact single-stage SVI and present an
inexact stochastic projection method (ISPM) for solving it. Then we give the DSPM
to a three-stage SVI with box constraints by applying the ISPM to each stage. We
show that the DSPM can achieve an O(1/\epsilon”2) convergence rate regarding the
total number of required scenarios for the three-stage SVI with box constraints. We
also extend the DSPM to the multistage SVI with box constraints when the number of
stages is larger than three. The numerical experiments illustrate the effectiveness and

efficiency of the DSPM.

& AN INERE, 5, R R F R E BB, MR Tl K22 1H
&, PR AN HE R TR A R SR 1 L, AMSS-PolyU B FH#2#BkA SE
WEMLE, fEhEEEFREE, N 2FEEE, LA BEEYS
HEM (BB W%, FRFERXERARPESNSTER»ESTH. |
FITHMEEREEESIE . 2018 43K 1 [His 25 5 o T AR VL 75 44 £y
JSOR A o B 70 I8 BE LA BRI S LR, AR A K R AE Math. Program., SIAM
J. Optim., Math. Oper. Res.%5 AT
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BEMER-KWigiE () 12 517 H, 14:00-15:30

Computation over Tensor Stiefel Manifold: A Preliminary Study
MFET R

WERE: Let * denote the t-product between two third-order tensors. The purpose
of this work is to study fundamental computation over the set
St(n, p,1):={y €R"" | y" * y=I} , where y is a third-order tensor of size
nxpxl(n>p) and [ is the identity tensor. It is first verified that St(n,p,l)

endowed with the Euclidean metric forms a Riemannian manifold, which is termed as
the (third-order) tensor Stiefel manifold in this work. We then derive the tangent space,
Riemannian gradient, and Riemannian Hessian on St(#n, p,/) . In addition, formulas of
various retractions based on t-QR, t-polar decomposition, t-Cayley transform, and
t-exponential, as well as vector transports, are presented. It is expected that analogous
to their matrix counterparts, the derived formulas may serve as building blocks for
analyzing optimization problems over the tensor Stiefel manifold and designing

Riemannian algorithms for them.

WEANBIA: BFT, T, 2003 4EF 2013 SEAIE L LT K30
BHEZEBE. 2013 & 2017 ST WA B PORE NS LR AT IT. 2017 SEATA 7Y
RFH P HE BRI 2018 FFARHHR, 1#F. SHAMEIyKETHFEAMIA.
SIFRFE SCIE X 30 &k, KEHTIEHE SIAM J. Optim., SIAM J. Matrix Anal.
Appl., J. Mach. Learn. Res., IEEE Trans. Neural Netw. Learn. Syst. 55258 g 3H 1) .
ELE . TREFARREST RS, FHEES (D48 &0, #
BEE SRR T EANEE T,

Finding the Least Element of Nonnegative Solution Set of a Class of Polynomial

Inequalities
HIEHE KRR
& E: In this paper, we consider the least element problem of nonnegative
solution set of a system of inequalities defined by a homogeneous polynomial

mapping and a vector. In the set under consideration, the homogeneous polynomial

mapping is defined by a tensor. When the tensor involved is square, the set under
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consideration is just the feasible set of the tensor complementarity problem (TCP). We
first introduce the concept of the generalized implicit Z-tensor, and prove that it is a
generalization of Z-tensors even if it reduces to a square tensor. Then, under the
assumption that the considered set is nonempty and the tensor involved is a
generalized implicit Z-tensor, we propose an iterative method for finding the least
element of the considered set. Specifically, we solve a series of corresponding systems
of lower-dimensional tensor equations by continuous recognition of the positive
components in the least element, and prove that the least element of the set can be
obtained within finite step iterations. When the tensor involved is square, the least
element obtained is also a solution of the TCP. Compared with the existing methods
for finding the least-element solution of the TCP, our method does not require any
additional assumptions and has lower computational costs. Preliminary numerical

experiments show that the proposed method is effective.

RE AEA: PR, RERPHA 2R, H 1999 8 BBV E,

—HMNFHMAES . BRI BT, 3R AR AN L HER AR
AR AE SRR KB T 5 KRB LA BB AL . NG VR 55 S A
BT —RPE 2 X TAE, AEAMEKET Math. Program.. SIAM J. Optim. .

SIAM J. Matrix Anal. Appl.. IEEE Trans. Inf. Theory %5 [E fr3H T . B 3R2H #5525
FREARFEZER., HAThh EEE RS SHEES, HAF Pacific Journal of
Optimization . Applied Mathematics and Computation . Asia-Pacific Journal of

Operational Research &5 # T 4w 2%

An Efficient Algorithm for Computing the Approximate t-URV and its
Applications

Ml RHKR¥

&M E . This talk is devoted to the definition and computation of the tensor
complete orthogonal decomposition of a third-order tensor called t-URV
decompositions. We first give the definition for the t-URV decomposition of a
third-order tensor and derive a deterministic algorithm for computing the t-URV. We
then present a randomized algorithm to approximate t-URV, named compressed
randomized t-URV (cort-URV). Note that t-URV and cort-URYV are extensions of URV
and compressed randomized URV from the matrix case to the tensor case, respectively.

We also establish the deterministic and average-case error bounds for this algorithm.
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Finally, we illustrate the effectiveness of the proposed algorithm via several numerical
examples, where we apply cort-URV to compress the data tensors from some image

and video databases.

WEANE: MR, 5HRFHERE R HEHE A
Ui, ANERHERETHE R B AN AT R . 1997 SEAE R B R FHUE W T
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A (30 (A mEMMBE K, 2013); (7 LHHAF5E) R
KITHEER R, 2014). B RY EFEF RIS, BEHH L AEED
HA 973 T H BT IR H Al kR R EK AR EESTH , 48 E bR AR T
{Comput. Appl. Math.) #1 (J. Appl. Math. Comput.) Fl (ERITEEEEZEHRD) 1
.

BA$R-KORIE (D 12 517 H, 15:40-17:10

Convergence Analysis of iAPD-ALS Method for Partially Orthogonal Tensor

Approximation

HIREE B TR

W% # E . Low rank approximation problem is the most important tensor
optimization problem. It is notoriously known that such a problem is NP-complete
and ill-posed. However, it is typically the case that when we restrict the problem to
low rank tensors with extra structure, the problem becomes tractable. In a series of
two talks (the pre-talk is given by Ke Ye), we will discuss such a phenomenon for
partially orthogonal tensors. This talk applies the differential and algebraic geometry
of partially orthogonal tensors to an iAPD-ALS method and shows that: (i) our
algorithm converges globally to a KKT point without any assumption; (ii) the
algorithm exhibits an overall sublinear convergence with an explicit rate which is

sharper than the usual O(1/k) for first order methods in optimization; (iii) the
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algorithm converges R -linearly for a generic tensor without any assumption.
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WEHE: In this talk, we introduce a second-order method of multipliers for solving
the conventional nonlinear conic optimization problems. Specifically, the algorithm
incorporates a specially designed Newton-type step to furnish a second-order update
of the multipliers in the augmented Lagrangian method. We show in a unified fashion
that, under a few abstract assumptions, the proposed method is locally convergent and
possesses a (non-asymptotic) superlinear convergence rate, even though the penalty
parameter is fixed and/or the strict complementarity fails. Subsequently, we
demonstrate that, for three typical scenarios, i.e., the classic nonlinear programming,
the nonlinear second-order cone programming, and the nonlinear semidefinite
programming, these abstract assumptions are nothing but exactly the implications of
the iconic sufficient conditions that were assumed for establishing the Q-linear
convergence rates of the method of multipliers without assuming the strict
complementarity. Moreover, an elementary numerical result is given to demonstrate
the advantage of incorporating second-order updates in the augmented Lagrangian

method.
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Managing Outpatient Service with Strategic Walk-ins
EX dilikE

W& E: Outpatient care providers usually allow patients to access service via
scheduling appointments or direct walk-in. Patients choose strategically between these
two access channels (and otherwise balking) based on the trade-off of appointment
delay and in-clinic waiting. How to manage outpatient care with such dual access
channels, considering patient strategic choice behavior, is a challenge faced by
providers. We study three operational levers to address this management challenge:
service capacity allocation between these two channels, appointment delay
information revelation via the choice and design of online scheduling systems, and a
walk-in triage system which restricts the use of walk-in hours only for acute care. By
studying a stylized queueing model, we find that neither a real-time online scheduling
system (which offers instant access to appointment delay information at time of
booking) nor an asynchronous online system (which does not directly provide delay
information) can be universally more efficient. Although real-time systems appear
more popular in practice, asynchronous systems sometimes can result in higher
operational efficiency. Under the provider's optimal capacity allocation, which
scheduling system is more efficient hinges on two key factors: patient
demand-provider capacity relationship and patient willingness to wait. For the walk-in
triage system, we find that it may or may not be beneficial to adopt; the provider's
own cost tradeoff between lost demand and overtime work is the key determinant.
Our research highlights that there is no one-size-fits-all model for outpatient care
management and the best use of operational levers critically depends on the practice

environment.
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Bounding Residence Times for Atomic Dynamic Routings
ERE PEEBEEBREC S RGUR TR

WMERE: In this work, we are concerned with bounding agents' residence times in
the network for a broad class of atomic dynamic routings. We explore novel token
techniques to circumvent direct analysis on complicated chain effects of dynamic
routing choices. Even though agents may enter the network over time for an infinite
number of periods, we prove that under a mild condition, the residence time of every
agent is upper bounded (by a network-dependent constant plus the total number of
agents inside the network at the entry time of the agent). Applying this result to three
game models of atomic dynamic routing in the recent literature, we establish that the
residence times of selfish agents in a series-parallel network with a single
origin-destination pair are upper bounded at equilibrium, provided the number of
incoming agents at each time point does not exceed the network capacity (i.e., the
smallest total capacity of edges in the network whose removal separates the origin

from the destination).
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Non-submodular Maximization with a Decomposable Objective
WoCE R EREER R

&M E: In this talk, we focus on the problem of maximizing the difference between
two set (DS) functions subject to a cardinality constraint or no constraint. We present
several deterministic algorithms, and our analysis shows that these algorithms can
provide strong approximation guarantee for such problems. As a direct application, we
manage to derive an improved approximation bound for the DS minimization problem
under certain conditions compared with existing results. We also investigate the
problem of maximizing the ratio between two set (RS) functions. It’ s shown that
there exists a reduction from approximation of DS maximization to approximation of
RS maximization via an FPTAS. Based on this reduction, a new approximation bound
is obtained for the cardinality-constrained RS maximization problem. We as well
consider the unconstrained problem, and give an analysis of approximation guarantee
of the algorithm for solving it. By applying our results to the problem of optimizing
the ratio between two super-modular functions, we give an answer to the question
posed by Bai et al. 2016. Moreover, we illustrate that whether the set function is

normalized has an effect on the approximability of RS optimization problem.
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Quantum Multi-armed Bandits and Stochastic Linear Bandits Enjoy

Logarithmic Regrets
SRR EREEBE T BRI T

HwEME: Multi-arm bandit (MAB) and stochastic linear bandit (SLB) are important
models in reinforcement learning, and it is well-known that classical algorithms for
bandits with time horizon T suffer Q(ﬁ ) regret. In this talk, we study MAB and
SLB with quantum reward oracles and propose quantum algorithms for both models
with O(poly(logT)) regrets, exponentially improving the dependence in terms of T.
To the best of our knowledge, this is the first provable quantum speedup for regrets of
bandit problems and in general exploitation in reinforcement learning. Compared to
previous literature on quantum exploration algorithms for MAB and reinforcement
learning, our quantum input model is simpler and only assumes quantum oracles for

each individual arm.
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Inference of Disease-associated Microbial Gene Modules Based on Metagenomic

and Metatranscriptomic Data
XU 1R K

WAEME: The identification of disease-associated microbial characteristics is crucial
for disease diagnosis and therapy. However, the heterogeneity, high dimensionality,
and large amounts of microbial data present tremendous challenges for the discovery
of key microbial features. In this paper, we present IDAM, a novel computational
method for disease-associated gene module inference from metagenomic and
metatranscriptomic data. This method integrates gene context conservation
(uber-operon) and regulatory mechanisms (gene co-expression patterns) to explore
gene modules associated with specific phenotypes using a mathematical graph model,

without relying on prior meta-data. We applied IDAM to publicly available datasets
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from inflammatory bowel disease, melanoma, type 1 diabetes mellitus, and irritable
bowel syndrome and demonstrated the superior performance of IDAM in
disease-associated characteristics inference compared to popular tools. We also
showed high reproducibility of the inferred gene modules of IDAM using independent
cohorts with inflammatory bowel disease. We believe that IDAM can be a highly
advantageous method for exploring disease-associated microbial characteristics, and
potentially pave the way for understanding the role of the microbiome in human

diseases.
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Intelligent Spatial Transcriptomics: Paving the Way for Deciphering Tissue

Architecture
skittfe R EREER RS RA R R

WMEME: Technological advances in spatial transcriptomics are critical for a better
understanding of the structure and function of tissues in biological research. Recently,
the combination of intelligent/statistical algorithms and spatial transcriptomics are
emerging to pave the way for deciphering tissue architecture. In this talk, I will
introduce our efforts to advance intelligent spatial transcriptomics. We first develop a
graph attention auto-encoder framework STAGATE to accurately identify spatial
domains by learning low-dimensional latent embeddings via integrating spatial
information and gene expression profiles. We validate STAGATE on diverse spatial
transcriptomics datasets generated by different platforms with different spatial
resolutions. STAGATE could substantially improve the identification accuracy of
spatial domains, and denoise the data while preserving spatial expression patterns.
Importantly, STAGATE could be extended to multiple consecutive sections to reduce

batch effects between sections and extracting three-dimensional (3D) expression

36



domains from the reconstructed 3D tissue effectively. Based on this, we further 1)
demonstrate the effectiveness of the graph attention auto-encoder for spatial clustering
of spatial metabolomics, 2) develop STAMarker for identifying spatial
domain-specific variable genes and 3) design STAligner for integrating spatial

transcriptomics of multiple slices from diverse biological scenarios.

Wy ANE: ki, hRGHS REREH ARG T R . EENFEEDER
THEL LR R 5L, FERIR KR RAE Cell. Nature Communications. Advanced
Science. Cell Reports. National Science Review. Science Bulletin. Nucleic Acids
Research. IEEE TPAMITKDE/TNNLS % 7% & . W3R 4 [ 5 AR 75 L id 3
(2010). FETFERLE(2013). TR F#G T FEAS2Q2013). ERE R
HeMAFFEEE014). ERAONTHTFTFERRAS(2018)5F. BERANiLH [H
WS B KRR (2021) R E A B R EEA T A (2019). BIUAE PLOS

Computational Biology %5 7% &4 %

Confounding Factor Adjustment in Biological Data
sKiBUT 2B K

HmEMWE: Confounding factors exist widely in various biological data owing to
technical variations, population structures and experimental conditions. Such factors
may mask the true signals and lead to spurious associations in the respective
biological data, making it necessary to adjust confounding factors accordingly.
However, existing confounder correction methods were mainly developed based on
the original data or the pairwise Euclidean distance, either one of which is inadequate
for analyzing different types of data, such as sequencing data. In this work, we
proposed a method called Adjustment for Confounding factors using Principal
Coordinate Analysis, or AC-PCoA, which reduces data dimension and extracts the
information from different distance measures using principal coordinate analysis, and
adjusts confounding factors across multiple datasets by minimizing the associations
between lower-dimensional representations and confounding variables. Application of
the proposed method was further extended to classification and prediction. We
demonstrated the efficacy of AC-PCoA on three simulated datasets and five real
datasets. Compared to the existing methods, AC-PCoA shows better results in

visualization, statistical testing, clustering, and classification.
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Conjugate Priors, Posterior Sampling and Online RUL Prediction for Gamma

Degradation Process
TRae%t WL LR RS

wEME: Gamma process has been widely used in modeling the performance
degradation of assets. However, statistical inference for the gamma process
encounters difficulties due to the complicated parameter structure in the model. This
study addresses a conjugate prior for the parameters in the homogeneous Gamma
process. The properties of the prior distribution are investigated, and we propose three

efficient algorithms to simulate random numbers from the posterior distribution,
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which can greatly alleviate the difficulties in posterior inference. Then we extend the
case to the gamma degradation process with heterogeneity, and two efficient
algorithms are proposed for parameter estimation. The proposed methods are applied
in online remaining useful life prediction. Finally, a real dataset is analyzed for

illustration.
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Born to Wait? A Study of Allocation Rules in Booking Systems
X IEHERE
&M E: When designing allocation rules for scarce goods or services, market
designers often face the issue of balancing between efficiency and fairness. Critically,
resolving this issue requires quantifying various forms of efficiency losses. We
document that a previously understudied source of efficiency loss stemming from
queuing can be substantial in many real-world booking systems using
first-come-first-served allocation rules. We provide a novel experimental framework
that allows us to quantify and compare different sources of efficiency losses across
different allocation rules. The theory predicts and lab experiments confirm that the
efficiency loss due to opportunity costs of time spent on queuing overwhelms any
other efficiency concerns in a booking system based on queuing. However, such loss
is almost completely eliminated in a booking system based on lotteries. We also
develop and test a novel dual-track system that allows participants to freely choose
their preferred allocation rule. We observe a majority prefers the allocation rule based

on lotteries over the rule based on queuing.
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Understanding the Role of Behavioral Factors in Competitive Operations and

Supply Chains
St BN E LKA

HEME . Extensive research has shown that human decision makers in operations
and supply chains are often influenced by cognitive biases and social preferences, and
as a consequence fail to achieve the optimal performance prescribed by normative
operations theories. In this talk, we will discuss how behavioral factors affect
decisions and economic outcomes in two operations management settings. In the first
setting, we analyze how cognitive biases affect inventory decisions when biases are
endogenously given in competition. In the second setting, we study how fairness and
competition interact in a supply chain of one supplier and two retailers. In both
settings, we find that the presence of competition can significantly alter the impact

that behavioral factors have on decision and performance.
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Does Everyone Do What I Think They Will Do? A Behavioral Investigation of
Fulfilled Expectations in Network Product Adoption

SRAR SR AR

MEWHE: In the literature of pricing network goods, the fulfilled expectation
equilibrium (FEE) is the standard approach for characterizing customer expectations
under network effects. The FEE assumes that all potential customers, given
substantial information, will be fully rational to form a homogeneous expectation,
which is self-fulfilling when the network reaches the equilibrium. Relaxing these
assumptions, this paper offers a fresh, behavioral perspective on the way customers
form their expectations about the network size. We first develop a behavioral model
that incorporates two well-established behavioral phenomena--the cognitive hierarchy
(CH) and the anchoring-and-adjustment heuristic. Compared with the standard FEE,
we find that the behavioral expectations exhibit a "Rotation-to-Middle" (RtM) pattern.
That is, customers tend to underestimate (overestimate) the network size when the
product price is low (high). Moreover, the RtM pattern is stronger for products with
higher network effects. We then verify these findings with a laboratory experiment
and calibrate the magnitude of the behavioral tendencies through structural model
estimations. We conclude our analysis with a counterfactual study to examine how
significantly our behavioral results might affect a firm's pricing strategy. These
findings contribute to the literature of pricing network goods and provide a rich set of

managerial implications for network good sellers.
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Asynchronous and Distributed Schemes for Stochastic Nash Equilibrium

Problems
wWe R [FFFRE

WMERE: The distributed computation of equilibria has seen growing interests in a
broad collection of networked problems. This talk focus on two classes of stochastic
Nash equilibrium problems: a misspecified potential game where each player solves a
stochastic convex program that is complicated by a parametric misspecification, and a
stochastic aggregative game over networks where player's costs are coupled through
an aggregate of strategies. We design an asynchronous inexact proximal best-response
(PBR) schemes with stochastic learning to estimate the equilibrium strategy and the
misspecified parameter given that rival strategies are afflicted by delays, and prove
both the almost sure convergence and convergence in mean. In addition, we develop
consensus-based variable sample-size gradient-response and PBR schemes, and
quantitatively show the impact of the sampling mechanism on the convergence rate,
sample complexity, iteration and communication complexity. Finally, we present

empirical numerics to demonstrate the theoretic statements.
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Optimal Contest Design: Tuning the Heat
R AERURE

HEME: We consider the design of contests when the principal can choose both the

prize profile and how the prizes are allocated as a function of a possibly noisy signal
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about the agents’ efforts. We provide sufficient conditions that guarantee optimality of
a contest. Optimal contests have a minimally competitive prize profile and an
intermediate degree of competitiveness in the contest success function. Whenever
observation is not too noisy, the optimum can be achieved by an all-pay auction with a
cap. When observation is perfect, the optimum can also be achieved by a nested
Tullock contest. We relate our results to a recent literature which has asked similar
questions but has typically focused on the design of either the prize profile or the

contest success function.
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Direct Implementation with Evidence
=% XHNETFH 5K

H &M E: We study full implementation with evidence in an environment with
bounded utilities. We show that a social choice function is Nash implementable in a
direct revelation mechanism if and only if it satisfies the measurability condition
proposed by Ben-Porath and Lipman (2012). Building on a novel classification of lies
according to their refutability with evidence, the mechanism requires only two agents,
accounts for mixed-strategy equilibria and accommodates evidentiary costs. While
monetary transfers are used, they are o§ the equilibrium and can be balanced with
three or more agents. In a richer model of evidence due to Kartik and Tercieux (2012),
we also establish pure-strategy implementation with two or more agents in a direct
revelation mechanism. We also obtain a necessary and sufficient condition on the
evidence structure for renegotiation-proof bilateral contracts, based on the

classification of lies.
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Can Financial Crisis Be Detected? Laplacian Energy Measure
AR KPEITRE

HwEME: How to rapidly and accurately detect the financial crisis is one of the
fundamental and challenging problems in the field of financial risk management. This
paper aims to develop a novel network characteristic indicator to deal with this issue.
Specifically, we select the daily closing price of stocks spanning from 2006 to 2020 in
China's A-share market to establish a series of complex networks, and extract
Laplacian Energy measure as a new network indicator. By employing the method of
seasonal-trend decomposition procedure based on loess, the proposed indicator
successfully detects the global financial crisis, the Eurozone debt crisis, the Chinese
stock market crash, the Sino-US trade friction and the COVID-19 pandemic.
Furthermore, compared with the traditional topological indicators (e.g., global
efficiency, average clustering coefficient, characteristic path length and network
density), the proposed indicator demonstrates the outstanding characteristics of higher
identification accuracy, wider application range and faster response speed. Lastly, the
robustness of the Laplacian Energy measure in the financial crisis detection is further

confirmed in the US, UK, German, French and Spanish stock markets.
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Globalized Distributionally Robust Optimization
EHEW] P EBHEERBKE

HwEME: We extend the notion of globalized robustness to consider distributional
information beyond the support of the ambiguous probability distribution. We propose
the globalized distributionally robust counterpart that disallows any (resp., allows
limited) constraint violation for distributions residing (resp., not residing) in the
ambiguity set. By varying its inputs, our proposal recovers several existing
perceptions of parameter uncertainty. Focusing on the type-$1$ Wasserstein distance,
we show that the globalized distributionally robust counterpart can be seamlessly
integrated with many popular optimization models under uncertainty without

incurring any extra computational cost. Such computational attractiveness also holds
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for other ambiguity sets, including the ones based on optimal transport,
$\phi$-divergences, or moment conditions. Numerical studies on an adaptive network
lot-sizing problem demonstrate the modeling flexibility of our proposal and its

emphases on globalized robustness to constraint violation.
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Contract Selection and Piracy Surveillance for Video Platforms in the Age of

Social Media
wiH RIEKE

WEME: Pirated video clips, a new form of piracy, are spreading rapidly in recent
years with the vigorous development of short-video social media platforms such as
TikTok and Douyin. This has led to huge loss of revenue for the film and TV drama
industry where the negative economic impact trickles down from the legitimate video
platforms to the content creators. As video platforms fight back against copyright
infringement, they need to decide how much efforts to invest in detecting and taking
down pirated video clips that emerge on social media platforms. In addition, they need

to decide whether a lump sum or unit price contract should be used to secure the
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playing rights for a video from the content creator. A content creator has no incentive
to engage in piracy surveillance together with the video platform after signing a lump
sum contract but has incentive to do so after signing a unit price contract because s/he
would receive royalties each time someone watches the copyrighted video. Using an
analytical model framework, we find that the video platform should select the lump
sum contract when the effectiveness of piracy surveillance effort is low and select a
unit price contract when it is high. When the effectiveness of piracy surveillance effort
is intermediate, the optimal contact also depends on the quality of the copyrighted
video and that of the pirated video clips. We show that in equilibrium, the total
surveillance effort between the video platform and the content creator is larger under
the lump sum contract compared to the unit price contract. The video platform would
charge customers less (resp., more) to watch a video under the lump sum contract
(resp., the unit price contract) which results in more (resp.,) viewings of the
copyrighted video and fewer (resp., more) viewings of any pirated content. Finally,
while a better-quality video produced by the content creator will always benefit the

video platform, it may hurt the content creator.
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Business Analytics in Platform Supply Chain
RER FEBEERAR KRS

HwEME: Nowadays, many e-commence platform companies (like Jingdong and

Alibaba), have already accumulated abundant data resources and are seeking ways to
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improve their management by taking advantage of their data. In this talk, we present
several instances of business analytics based on our research projects with these
platform companies and related firms who sell products via these platforms. In each
instance, we show the process of solving data driven problems in logisties and supply
chain management, which basically includes demand forecast, Kiva storage systems,
and supply chain inventory. In particular, we analyze how to integrate statistical
methodologies (like, regressions and machine learning) with optimization for solving
supply chain analytics. Our research contributes to proposing several new ideas and
methodologies to analyze data, and optimize data driven problems. Via this talk, we

would also summarize some innovative directions from the practices of companies.
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Byzantine-Robust Federated Learning with Variance-Reduced Stochastic
Gradient Descent
wH PR
HwEME: We consider distributed finite-sum optimization for learning over multiple
workers in the presence of malicious Byzantine attacks. Most resilient approaches so
far combine stochastic gradient descent (SGD) with different robust aggregation rules.
However, the sizeable SGD-induced stochastic gradient noise challenges discerning
malicious messages sent by the Byzantine attackers from noisy stochastic gradients
sent by the honest workers. This motivates reducing the variance of stochastic
gradients as a means of robustifying SGD. To this end, a novel Byzantine attack
resilient distributed (Byrd-) SAGA approach is introduced for federated learning tasks
involving multiple workers. Rather than the mean employed by distributed SAGA, the

novel Byrd-SAGA relies on the geometric median to aggregate the corrected
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stochastic gradients sent by the workers. When less than half of the workers are
Byzantine attackers, Byrd-SAGA attains provably linear convergence to a
neighborhood of the optimal solution, with the asymptotic learning error determined
by the number of Byzantine workers. Numerical tests corroborate the robustness to
various Byzantine attacks, as well as the merits of Byrd-SAGA over Byzantine attack

resilient distributed SGD.
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Stochastic Approximation Algorithms for Stochastic Optimization with
Expectation Constraints
HIWE  KIER TR
MEME: In this talk, we consider the problem of minimizing a convex expectation
function over a closed convex set, coupled with a set of inequality convex expectation
constraints. We present a class of model-based stochastic approximation type
algorithms to solve this convex stochastic optimization problem. Under mild
assumptions, the expected convergence rates for both objective reduction and
constraint violation are established. Numerical performance compared with some

existing algorithms are presented.
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Stochastic Nested Primal-Dual Method for Nonconvex Constrained Composition
Optimization
Eg MR =
WAEHE: We study the nonconvex constrained composition optimization, in which
the objective contains a composition of two expected-value functions whose accurate
information is normally expensive to calculate. We propose a STochastic nEsted
Primal-dual (STEP) method for such problems. In each iteration, with an auxiliary
variable introduced to track inner layer function values we compute stochastic
gradients of the nested function based on the subsampling strategy. To alleviate
difficulties caused by possibly nonconvex constraints, we construct a stochastic
approximation to the linearized augmented Lagrangian function to update the primal
variable, which further motivates to update the dual variable in a weighted-average
way. Moreover, to better understand the asymptotic dynamics of the update schemes
we consider a deterministic continuous-time system from the perspective of ODE. We
analyze the KKT measure at the output by the STEP method and establish its iteration
and sample complexities to find an e-stationary point, with expected stationarity,
feasibility as well as complementary slackness below accuracy €. Numerical results on
a risk-averse portfolio optimization problem reveal the effectiveness of the proposed

algorithm.
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Uniform Tight Frames as Optimal Signals
R AR
W% % E: Non-orthogonal communication is a promising technique for future
wireless networks (e.g., 6G and Wi-Fi 7). In the vector channel model, designing
efficient non-orthogonal communication schemes amounts to the following extremum

problem:
. |V i
max min

2 2
ko +Zl¢k(vk’vl)

where the maximum is taken among vector systems (v,)) c R’ satisfying
¢, <|v, ’<c, forevery k,and the parameter & >0 corresponds to the noise of the
channel. We show that in the case o =0, uniform tight frames are the only optimal
configurations. We also give quantitative bounds on the optimal capacity of vector

channels with relatively small noise.
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Optimizing Influence Diffusion in a Social Network
MR XA 5 K7

HEMWE: Nowadays, social networks are well acknowledged as a basic model to

describe the interactions between individuals and the propagation of social influence.
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Because of the emergence of a number of successful social network service websites,
the importance of social networks is exemplified and the collection of data on social
networks is made possible. A natural question is how to optimize the diffusion of
social influence on social networks such that firms can improve their business
strategies. In this talk, I would summarize our works on optimization of influence

diffusion in social networks in recent years.
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Optimal Financing Strategy in Coopetition Supply Chain
Zrpg JERTIE IR K

WMEME: Nowsdays, the capital shortage during operations has become a common
problem for small and medium-sized enterprises (SMEs). Two popular financing
sources exist for capital-constrained SMEs, namely, trade credit and bank credit. In
recent years, trade credit, compared with bank credit, has become increasingly popular.
Many reports indicate that manufacturers may initially provide trade credit for a
capital-constrained retailer to enhance product output. However, with the easy access
to introduce a direct channel nowadays, whether the benefits of trade credit in
adjusting product output still hold needs to be examined. In response to this problem,
this study analyzes firms' preferences for trade credit versus bank credit in the
absence/presence of a direct channel and examines the interactions between firms'
credit and channel strategies. Our result suggests that for the upstream manufacturer,

trade credit becomes even more beneficial after introducing a direct channel, which
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further clarify why trade credit has become popular.
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Safe Approximations of Chance Constrained Programs via Change of Measure
ElGEy SN 2

HwEME: Chance constrained programs (CCP) are important models in stochastic
optimization. However, the models are often difficult to solve. In this paper, we
propose a change-of-measure approach to construct some approximations of the
chance constraint. We show that the approximations are safe approximations and in
some cases, the approximation problems are more tractable to solve than the original
problems. Our approach provides a new idea of balancing the conservativeness and

the tractability of the CCPs. This is a joint work with Xiaoyi Ma and Wenjie Sun.
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Beta and Coskewness Pricing: Perspective from Probability Weighting
fE BRI R
WG ME: The securities market line is often flat. We hypothesize that probability
weighting plays a role and that one ought to differentiate periods in which agents

overweight and underweight tails. Overweighting inflates the probability of extremely

bad events and demands greater compensation for beta risk, whereas underweighting
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is the opposite. Overall, these two effects offset each other, resulting in a nearly flat
return-beta relationship. Similarly, overweighting the tails enhances the negative
relationship between return and coskewness, while underweighting reduces it. We
offer a psychology-based explanation regarding the vacillation between

overweighting and underweighting, and we support our theories empirically.
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Breaking Vaccine Nationalism: An Equitable Vaccine Distribution Framework

under Humanitarian Perspectives
I = S o N

& #% E . Since the emergence of the mutated Omicron SARS-CoV-2 as a
boomerang of vaccine nationalism triggered a new universal disaster, there were
endless calls in the early days of the 2022 monkeypox epidemic for the global
distribution of monkeypox vaccine to be equally distributed to prevent a double
whammy of COVID-19 and monkeypox. We therefore present a novel data-driven
vaccine distribution framework to address this immoral social phenomenon with
enormous detriment. The framework consists of two submodels, the multi-strain
Susceptible-Vaccinated-Infected-Removed-Susceptible network model and the
vaccine distribution model. The former is used to capture the epidemic development
around the world and the evolutionary dynamics of the virus, which provides data
support for the latter daily distribution decisions adhering to the fundamental
principles of equity and effectiveness in humanitarian logistics. The COVID-19
pandemic is successfully applied to the proposed vaccine distribution framework, and
we further simulate the epidemic development affected by vaccine nationalism to

emphasize its perniciousness and verify the superiority of our distribution framework.
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WEME: In order to use probability theory or uncertainty theory to deal with some
quantity in practice, the first action is to produce a distribution function representing
the likelihood that the quantity falls into the left side of the current point. How do we
distinguish between randomness and uncertainty? If the estimated distribution
function is close enough to the frequency, then the quantity should be taken as a
random variable. Otherwise, the quantity has to be regarded as an uncertain variable.
Since the birth of modern reliability theory, people have used probability theory as the
theoretical foundation of reliability theory and practical research. However, with the
development of science and technology and the emergence of numerous innovative
products, the conditions required for probabilistic reliability methods are increasingly
difficult to meet. This means that the probabilistic reliability methodology is often in

the contradictions between ideal mode and reality so that it is usually helpless when
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we face many engineering practical problems. Therefore, uncertainty theory was
introduced into reliability science, and a new reliability measure called belief

reliability was reconstructed based on uncertain measure and chance measure.
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