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TTKE

E: BRTAETHANEES 3 &, PRATETSE 5 E. Hel/Td A, B B/T4AR, A
#4) B TR B TN

2023 % 6 A 16 H

FHRKXEE6# 6 A 16 B 8:30-9:30 #4177

XadkE (1) 6 A 16 B 9:30-10:30 #&A1/T
EHA TR

9:30 - 10:30  Dual Quaternion and Dual Quaternion Matrices (abstract) P.13

WAE (FBEIKE)

PS4 6 A 16 B 10:30-10:40
K& (2) 6 A 16 B 10:40-11:40 #4/7
FHEHA TR

10:40 - 11:40 AR HAE M7+ H 2] 42 A5 3771 H- (abstract) P.13

HLE (L2 XE)

HBR 6 A 16 B 11:40-11:50
S1 B (1): KAERETH 6 A 16 B 11:50-12:20 #4 B /7

ERA XM

11:50 - 12:05 Inversion And Multiplication of Quaternion Matrices (abstract) P.18
Mo (F EAEEE B R A TR I & A TP AL R 1 E)
12:05 - 12:20 —AY A 2t 69 ¥ 7 A B LAA R AL =k B # FBALM & (abstract) P.18

KBRS (LI KRF)
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% (2): MeRF 6 A 16 B 11:50-12:20 F %47

FHEA IMEAR

11:50 - 12:05 T-type Digraphs via Kronecker Canonical Form (abstract) P.19
PR (B RE LK)
12:05 - 12:20 Decorated Motzkin Paths, Riordan arrays, and the Colored Ascents (abstract) P.19
Fle (ARIEL KT
R 6 A 16 B 12:20-14:00
Y1 FHEEIFRE (1) 6 A 16 B 14:00-14:30 #4] B /7
EHRA BRI
14:00 - 14:30 % XA 5 & SDP K f## (abstract) P.15
IR (YERFREFERAMAFHLIR)
Y2 FHEHIFRE (2) 6 A 16 B 14:00-14:30 % XAH/T
IHA KT
14:00 - 14:30  On the Expressivity of Convolutional Neural Networks (abstract) P.15
feAk (B RIFT LK)
JSSC i+ E s gtz (1) 6 A 16 B 14:35-15:35 #4] B /T
IHA B F
14:35 - 14:50 Permutation symmetric tensors with applications in automated proof of positive
definite homogeneous polynomials (abstract) P.19
FIAn (LB RSP RER)
14:50 - 15:05 =T % 3 X 48 55 69 #7 45 & (abstract) P.20
F &4 (AR KE)
15:05 - 15:20  Some Recent Advances in Algebraic Vision (abstract) P.20
ok (b BAREE AR T S AU R AT ST
15:20 - 15:35 A Characterization of Perfect Strategies for Mirror Games (abstract) P.20

Yu Tianshi ( P HE#F 5 R 4MFHRIE)
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S3 S IRE (3): AAKRY 6 A 16 B 14:35-15:35 P % AH/T

14:35 - 14:50  Total positivity of amazing matrices (abstract) P.21
LHE (KEEIKD)

14:50 - 15:05 New equidistributions on plane trees and decompositions of 132-avoiding permuta-
tions (abstract) P.21

Bai Ziwei (&I K%)

15:05 - 15:20 The number of leaves in a tree with given diameter and maximum degree (abstract)
P.21

Feng Xing (Jimei University )

15:20 - 15:35 Polynomial y-binding Functions for Graphs with Forbidden Configurations (ab-
stract) P.22

Xu Yian (Southeast University )

R 6 A 16 B 15:35-15:50
JSSC #H H s F itz (2) 6 A 16 B 15:50-16:50 #4] B /7

15:50 - 16:05 Mahler discrete residues and summability for rational functions (abstract) P.22
Zhang Yi (Xi’an Jiaotong-Liverpool University )

16:05 - 16:20 Enforcing continuous symmetries in physics-informed neural network for solving for-
ward and inverse problems of partial differential equations (abstract) P.22

BE (P RRAEKE)

16:20 - 16:35 Two Improved Algorithms to Compute the Minimal Bases of Univariate Matrices
(abstract) P.23

Pk (AL R K )
16:35 - 16:50  On the Parameter Selection of LWE-based Encryption Scheme (abstract) P.24
BRI (P BAF R E R E REARFTRIT)
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S4 HEIRE (4): AAERYT 6 A 16 B 15:50-16:50 F % AH/T

IHA T

15:50 - 16:05 On the differences between proper coloring and DP coloring (abstract) P.24
Zhang Meigiao ( National Institute of Education, Nanyang Technological University )

16:05 - 16:20 A sharp upper bound on the cycle isolation number of graphs (abstract) P.24
ER (ATMEMR KF)

16:20 - 16:35 On directed strongly regular Cayley graphs over non-abelian groups with an abelian
subgroup of index 2 (abstract) P.25
HER (FREZIKRF)

16:35 - 16:50 Resistance distances and the Moon type formula of a vertex-weighted complete split
graph (abstract) P.25

Ge Jun (Sichuan Normal University )

JSSC #pF] = # 6 A 16 B 16:55-17:35 #4] B /T

EIHA B F

16:55-17:35 A HAFIR S K-F, ¥ KEAFIZ0 A
£ E = (JSSC 1% 45 47)

% 2 6 A 16 B 17:40-19:30
HHEHFEELEN 6 A 16 B 20:00-22:00 ¥ £ AH/T

FTHA BT

K&2R4E (3) 6 A 17 B 9:00-10:00 #41/T
IHA BET
9:00 - 10:00 Additive Decompositions in Symbolic Integration (abstract) P.13

AT (PHERED R AHEFLR)

B 6 A 17 B 10:00-10:10
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Y3 HHFHEIFRE (3) 6 A 17 B 10:10-10:40 #4] B /7

IHA Rz
10:10 - 10:40 % X7 AZ28 &30 P AL . RALH & A A (abstract) P.16
Fik (KEET k)
Y4 FHEEIFRE (4) 6 A 17 B 10:10-10:40 F %AT/T
THEHA AEW
10:10 - 10:40 Domain Parameterization and Efficient Matrix Assembly for Isogeometric Analysis
(abstract) P.16
HERFE (ATMEMRKF)
S5 pAikE (5): HKIAERATH 6 A 17 8 10:40-11:10 #4¢| B /T
ERA FTHE
10:40 - 10:55 Simple Characteristic Decomposition of Polynomial Sets (abstract) P.26
EHM (FMEMRKF)
10:55 - 11:10  Hybrid method for solving polynomial systems (abstract) P.26
FHE (KERIKF)
S6  HiRE (6): HH LT L4 6 A 17 B 10:40-11:10 ¥ £+
IHA FH

10:40 - 10:55 Toric parameterization based isogeometric collocation method for planar multi-sided
physical domains (abstract) P.26

B (KERI k)
10:55 - 11:10  Topology Guaranteed B-Spline Surface/Surface Intersection (abstract) pP.27
W (b EFERRE S R A E TR

B 6 A 17 B 11:10-11:25
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ST pERE (7): RMAERAITH 6 A 17 B 11:25-12:10 #6 B /7

FTHA
11:25 - 11:40  # 4 X 8] AR A A — 0k = A 4 54614 (abstract) P.27
ZAW (HITIHAF)

11:40 - 11:55 An efficient Levenberg-Marquardt method for Nonlinear Least-Squares Problems
(abstract) pP.27

Chen Liang ( Changzhou Institute of Technology )
11:55 - 12:10 T3 B & 29 R T 89 B 4F 5% ) & 14 (abstract) P.28

Ttk (B K FHEAE )

S8 ik (8): ATt H 6 A 17 B 11:25-12:10 ¥ A+/7
EIHA B
11:25 - 11:40 Reducing Hyperexponential Functions (abstract) P.28

BLR (TEHFREKFERAHFARR)

11:40 - 11:55 Reduction systems and degree bounds for integration (abstract) P.29
Du Hao (Beijing University of Posts and Telecommunications )

11:55 - 12:10  Symbolic Computation in Abel’s Addition Formulae (abstract) P.29

IEA (FEMAFRAF S ZAMAFHRIR)

LS 6 A 17 B 12:10-14:00
Y5 FHH#EIFRE (5) 6 A 17 B 14:00-14:30 #4] B /7
ERFA HRKK
14:00 - 14:30  Factorization of Motion Polynomials (abstract) P.16
AF4 (FEMERKE LR GRAETRR)
Y6 FHF#IERE (6) 6 A 17 B 14:00-14:30 ¥ XAH/T
14:00 - 14:30  Second-Order Methods for Large-Scale Sparse Optimization (abstract) P.17

¥ AKX (FRERF)
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S09 44k

£ (9): KFHA

6 A 17 B 14:35-15:35 # 4] B /T

IEA =H

14:35 - 14:50 Mathematical modeling for the local flow of a generalized Newtonian fluid in 3D

14:50 - 15:05

15:05 - 15:20

15:20 - 15:35

porous media (abstract)

Li Shuguang ( Dalian Maritime University )

P.30

The Allocation Scheme of Software Development Budget with Minimal Conflict At-

tributes (abstract)

DS (HMIER)

Maple #F F 4 3 fl /43 (abstract)
Mk (Maplesoft )

Isabelle2Cpp #9 kA H 32 2 4 (abstract)
RN (AT K1 )

P.30

P.31

P.31

S10 4484k

4 (10): HHEMKFALS R

6 A 17 B 14:35-15:35 XA /T

FHA oA

14:35 - 14:50 K Z 894K a-FR@ L A A (abstract) P.31
R (LT KF)

14:50 - 15:05  FHO% L F T AP A8 % ] FI 2 H ik (abstract) P.32
# i (TR EMR KF)

15:05 - 15:20 & &89 3F i & 4 Bernstein & JF (abstract) P.32
hE (BHRERTIRFFR)

15:20 - 15:35 A Sample-Driven Solving Procedure for the Repeated Reachability of Quantum
Continuous-Time Markov Chains (abstract) P.33
BE(RARBLXF)

F B 6 A 17 B 15:35-15:50
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S11 »#R%E (11): F5+t4E 6 A 17 B 15:50-17:20 #4] B /T

FHA FRHAE

15:50 - 16:05 Signature-based standard basis algorithm under the framework of GVW algorithm
(abstract) P.33
FOEm (F BAFRHF S R AMAFARIL)

16:05 - 16:20 #P£2 32 189 Gronber % 5787 X & (abstract) P.34
Fw R (#dRAE AT

16:20 - 16:35 Restricted Grobner Basis Theory for Normalization of Indexed Differential Riemann
Metric Tensor Polynomials (abstract) P.34
£ (L& IKE)

16:35 - 16:50 Bézout Subresultants for Univariate Polynomials in General Basis (abstract) P.34
M (] mREKRS)

16:50 - 17:05  Stability Problems in Symbolic Summation (abstract) P.35
FHE (TERFERRFHZAMAFHRR)

17:05 - 17:20 Embedding of unimodular row vectors (abstract) P.35
23 (MEAE K E)

S12 4R (12): HHIUT 5442 6 A 17 B 15:50-17:20 F (A7

EHA $LF

15:50 - 16:05 Adaptive and feature-preserving spline surface fitting with arbitrary topological con-
trol mesh (abstract) P.35
BEW (PEHFERFHEHREFR)

16:05 - 16:20  An adaptive collocation method on implicit domains using weighted extended THB-
splines (abstract) P.36
ks (KEEIKE)

16:20 - 16:35 Computing Moving Planes of Rational Parametric Surfaces Using Dixon Resultants
(abstract) P.36
AP (PEHFRKEE FAHEALR)

16:35 - 16:50 Tool path planning method with effective preservation of sharp features (abstract)
pP.37
LT (fEAFRXF)

16:50 - 17:05 A& F w2 % 69 & &y 71 36X 77 i (abstract) P.37
KA (RFERAMFHALIR)

17:05 - 17:20 A T B M)A 4 09 2 #4289 GO1 KAD 464k (abstract) P.38

2 (FEMAFREFSZRARFTRLR)
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% 4 6 A 17 B 18:00-20:00

XaikE (4) 6 A 18 B 9:00-10:00 #&I/T
9:00 - 10:00 K& F 3 5 L 4 F 40 3 (abstract) P.15
3L (FARERFS R AAFFLIR)
¥/ 3 6 A 18 B 10:00-10:10
Y7 FHEBFRE (7) 6 A 18 B 10:10-10:40 #4] B /7
EHA B
10:10 - 10:40 & ©) FF 2% % 69 B E EALE 5 3 #14K (abstract) P.17
FEF (BB KS)
Y8 HHFEIFRE (8) 6 A 18 B 10:10-10:40 F % AT/T
IFA MEE
10:10 - 10:40 3+ AR A 547 F 69 5 F K3 7 & & 2 A (abstract) P.18
2| & A% (P B AR B TAEAT SAT)
S13 43k (13): AL 6 A 18 B 10:40-11:10 #4] B /7
FHA: 3B
10:40 - 10:55 Developable approximation by deep learning (abstract) P.38

B4 (PEMERSEDFAHETLR)

10:55 - 11:10 A lightweight model for feature points recognition of tool path based on deep learning
(abstract) P.39

WA (b BRI K AR
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S14 SR (14): HDFE 6 A 18 B 10:40-11:10 *F XAH/T

EHA 2

10:40 - 10:55 A& F B & 40 55 69 [& AR 47 2 5 97 7 i (abstract) P.39
ket (FEHFREREETBHIRITLIR)
10:55 - 11:10  Functional Bootstrapping for Larger Size Plaintext with Less Memory (abstract)
P.39
AEE (FEHFRIT B RRALHLL)
FBR 6 A 18 B 11:10-11:25
S15 4k (15): AT 6 A 18 B 11:25-12:10 #] B /T

11:25 - 11:40 A& F % 90 Xdb R 0947 22 B 45 4] £ A0 15 73 ) F M) 3 (abstract)

11:40 - 11:55

11:55 - 12:10

#E (HirEI k)

IRA EWBE
P.40

Upper Bounds on the Node Numbers of Hidden Layers in MLPs (abstract)  P.40

NI Feng ( L& I K5)

A Residual UNet Denoising Network Based on Multi-scale Feature Extraction and

Attention-guided Filter (abstract)
Li Zhe (KAHIKF)

P.41

S16 4R+ (16): F5i5

6 A 18 B 11:25-12:10 F X AT/T

A B
11:25 - 11:40 X F 3R 5] 094 X 0 % % A% 5 (abstract) P.41
Bt (LA E R ER)
11:40 - 11:55  Maple K F W #HE A L £ STEM # 5 + 49 5 F (abstract) P.42
Mtk (Maplesoft )
11:55 - 12:10  — AP # i = A 2% T L5 49 L BUR & (abstract) P.42
FHE (TMEMR KF)
£ 6 A 18 B 12:10-14:00

Powered by SmartChair

10



http://www.smartchair.org/conference/program/each_paper/?p_key=ag5zfnNtYXJ0LWNoYWlyMnISCxIFUGFwZXIYgIDAuKKdlQsM&t&conf_id=CM2023
http://www.smartchair.org/conference/program/each_paper/?p_key=ag5zfnNtYXJ0LWNoYWlyMnISCxIFUGFwZXIYgIDAmPW0oAoM&t&conf_id=CM2023
http://www.smartchair.org/conference/program/each_paper/?p_key=ag5zfnNtYXJ0LWNoYWlyMnISCxIFUGFwZXIYgIDA-Lap3gkM&t&conf_id=CM2023
http://www.smartchair.org/conference/program/each_paper/?p_key=ag5zfnNtYXJ0LWNoYWlyMnISCxIFUGFwZXIYgIDAmN3iogkM&t&conf_id=CM2023
http://www.smartchair.org/conference/program/each_paper/?p_key=ag5zfnNtYXJ0LWNoYWlyMnISCxIFUGFwZXIYgIDAuPf7mAsM&t&conf_id=CM2023
http://www.smartchair.org/conference/program/each_paper/?p_key=ag5zfnNtYXJ0LWNoYWlyMnISCxIFUGFwZXIYgIDAqNj4hwsM&t&conf_id=CM2023
http://www.smartchair.org/conference/program/each_paper/?p_key=ag5zfnNtYXJ0LWNoYWlyMnISCxIFUGFwZXIYgIDA-NiNiAsM&t&conf_id=CM2023
http://www.smartchair.org/conference/program/each_paper/?p_key=ag5zfnNtYXJ0LWNoYWlyMnISCxIFUGFwZXIYgIDA2Jr5ngsM&t&conf_id=CM2023
http://www.smartchair.org

S17T ik (17): W HMEF AL Z A 6 A 18 B 14:00-15:30 #4] B /T
IHEA M
14:00 - 14:15  — A FE R %R K496k A 22 -F Jr A=k 7 H ik (abstract) P.42
* 8 (JMKF)
14:15 - 14:30 A modified quantum-behavior heuristic algorithm for scheduling optimization prob-

14:30 - 14:45

14:45 - 15:00

15:00 - 15:15

15:15 - 15:30

lems in container terminals (abstract) P.42
FR (LTI KZ)

Birational quadratic maps with generalized complex rational representations (ab-
stract) P.43

Han Yuhao (Hohai University )

Four limit cycles in three-dimensional Lotka-Volterra competitive systems for classes

28, 30 and 31 in Zeeman’s classification (abstract) P.43
Hu Mingzhi (School of Mathematical Sciences, Sichuan Normal University )

A class of reduced framework for large scale sparse optimization (abstract)  P.46
IEE (LHRF KRBT

AT RS RE T B 4IRS Vh R 8k 649 & A% %518 9 & (abstract) P.44

2R (LFIEAF)

S18 /iR

(18): H5itH 6 A 18 B 14:00-15:30 % XA/T

14:00 - 14:15

14:15 - 14:30

14:30 - 14:45

14:45 - 15:00

15:00 - 15:15

15:15 - 15:30

FTHA 3

Parametric “Non-nested” Discriminants for Multiplicities of Univariate Polynomials

(abstract) P.44
Yang Jing (Guangxi Minzu University )
A Field-Theoretic Approach to Unlabeled Sensing (abstract) P.45
ER2(YEHFEETEFAAEFRRL)
Subresultant of Bernstein polynomials and Its Applications (abstract) P.45

gE (S BRKKF)

Computing sparse Fourier sum of squares on finite abelian groups in quasi-linear

time (abstract) P.45
WOE (b AR D R AAET L)
Stability Problems for D-finite Functions (abstract) P.44

Guo Zewang (¥ HIE#F 5 £ RAFHRIL)

Distance between non-equidimensional positive semidefinite matrices via the fibre
bundle structure (abstract) P.46

X\ 0 (o BEAF A S R RAF R RIR)
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%, 6 A 18 B 17:30-19:30
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[P1]
Dual Quaternion and Dual Quaternion Matrices
AR B (AR EIKF)

Dual quaternions, in particular, unit dual quaternions, have found wide applications in robotics, 3D
motion modelling and control, and computer graphics. Some very important engineering problems, such
as the formation control of UAV (unmanned aerial vehicles) and small satellites are now based upon
dual quaternions. In the past two years, my collaborators and I have explored dual quaternions and
dual quaternion matrices as well as their applications in formation control, hand-eye calibration and
simultaneous location and mapping (SLAM). In this talk, I will report our results in dual quaternions
and dual quaternion matrices in the past two years.

- -9 - -0 —-——-———0—-————0—-———

[P2]
I H BRSE [t BB S4B [ it A
FHDE (L2 AF)

BAEMAMF AL EEF B, HAHEAMFEIAZTEOE L, BEIEREARMAKFOR
B ik, ARFESMEAL T H D RAF A RIBAF 2 AT T SR FAARERIAA, A48
SEIER A, BRSO, REEMETTHSFAFIEGEIL L, SR A, 80 IRERAEE 9 M54 A [F
HH, ARRBBT ] UKKIEFE T, LRBE PR KB FHRAEETH I &

- -9 -—-——-—0—-——-——0—-————0—-———

[P3]
Additive Decompositions in Symbolic Integration
*EFY (PHRRFERAHRFFRR)

Symbolic integration aims to develop algorithms for evaluating integrals in finite terms. One of its
classical topics is determining whether an integrand has an elementary integral, and computing such an
integral if one exists. Fundamental results on this topic are collected and reviewed in [13]. Algorithms
for integrating transcendental functions are presented in [3].

Additive decompositions compute “remainders” and determine the so-called “in-field integrability”.
More precisely, for a given function f in a differential field F', an additive decomposition computes g,r € F
such that

f=4+r

with the following two properties:
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(i) (minimality) r is minimal in some technical sense,
(ii) (in-field integrability) f has an integral in F' if and only if » = 0.

The Hermite-Ostrogradsky reduction [10, 12] developed in the 19th century is an additive decom-
position for rational functions. However, additive decompositions for more sophisticated functions had
not yet been developed until the Hermite reduction for hyperexponential functions [2] was introduced in
2013.

We are going to review classical Risch’s algorithm for integrating transcendental functions [14, 15, 10],
and present recent progress in additive decompositions [7, 6, 4, 9, 11, 8 5] in this talk. Additionally,
new results will be discussed on how to combine classical algorithms with additive decompositions so as
to enhance and accelerate the integrators implemented in computer algebra systems such as MAPLE and
MATHEMATICA.

This talk is dedicated to a special memorial of Professor Marko Petkovsek. His paper [!] coauthored
with Sergei Abramov played a key role in bringing additive decompositions back to symbolic integration.
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REF ) 5K FWIE
* R E (PHRIERES FRAEFRE)

BANBALAR, MEFLIFRREFLIGFLRRTAEZ RS RIG TR S 3] 77 ke T 4
FHE, )G, BL—RB T, PIREAVERE T EEFEMRFWIETAZ (eINT H42) ERFEA T

AP R
L L EEREREEE. .
[Y1]

% | XA 5 k4% SDP K&
* IR (PEMEREREE R AMNETRRE)
SRR — X T RZWIEEEIELHILRAE, REMNEL, 2AXRFEITHRFHFELEMMAEXE, B
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2 SDP AX7]2) 44 ,
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[Y2]
On the Expressivity of Convolutional Neural Networks
AR (B RIE I KF)
One fundamental problem in deep learning is understanding the excellent performance of deep Neural
Networks (NNs) in practice. An explanation for the superiority of NNs is that they can realize a large

family of complicated functions, i.e., they have powerful expressivity. The expressivity of a Neural
Network with Piecewise Linear activations (PLNN) can be quantified by the maximal number of linear
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regions it can separate its input space into. In this talk, we provide several mathematical results needed
for studying the linear regions of Piecewise Linear Convolutional Neural Networks (PLCNNs), and use
them to derive the maximal and average numbers of linear regions for one-layer PLCNNs. Furthermore,
we obtain upper and lower bounds for the number of linear regions of multi-layer PLCNNs. Rectified
Linear Unit (ReLU) is a piecewise linear activation function that has been widely adopted in various
architectures. Our results suggest that deeper ReLU CNNs have more powerful expressivity than their
shallow counterparts, while ReLU CNNs have more expressivity than fully-connected ReLU NNs per
parameter, in terms of the number of linear regions.

- -0 -0 —-————0—-————0—— ——

[Y3]
SR A F AL R RAEH AR A
FH (KEET K
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[Y4]

Domain Parameterization and Efficient Matrix Assembly for
Isogeometric Analysis

©ERE (MRAMEMREKS)

Isogeometric analysis is a recent technology for numerical simulation, unifying computer aided design
(CAD) and computer aided engineering (CAE). It possesses significant advantages over the traditional fi-
nite element method. These include the avoidance of mesh generation, exact representation of geometries,
higher regularity of the isogeometric discretizations of PDEs, improved accuracy of the obtained numer-
ical solutions, etc. However, it has been noted that these advantages come at the price of constructing
spline parameterizations for physical domains and the increased computational cost in the matrix as-
sembly process. This talk will introduce our work on the topics of domain parameterization and matrix
assembly in isogeometric analysis.

-9 --——-—0—-——-———0—-————0————
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Factorization of Motion Polynomials
* EFE (CPEMERERT LA AAETLR)

Motion polynomials (polynomials over the dual quaternions with the non-zero real norm) describe
rational motions. We will present a necessary and sufficient condition for reduced bounded monic mo-
tion polynomials to admit factorizations into linear factors, and we give algorithms to compute them.
We can use those linear factors to construct mechanisms because the factorization corresponds to the
decomposition of the rational motion into simple rotations or translations. In addition, bounded mo-
tion polynomials always admit a factorization into linear factors after multiplying with a suitable real or
quaternion polynomial.

- -9 --——-—0—-——-———0—-————0————

[Y6]
Second-Order Methods for Large-Scale Sparse Optimization
* B0k (LR B

With the intrinsic sparsity arising from data modeling and the dimensionality reduction demands in
large-scale computations, sparse optimization has attracted significant attentions from both academic and
industrial communities, with extensive efforts distributed in a variety of specific applications including
compressed sensing, signal and image processing, machine learning and neural networks, etc. As the
sparsity characterizations are nonconvex and nonsmooth in general, and the underlying optimization for
practical problems are of huge sizes, traditional optimization approaches have been facing big challenges
in both theory and algorithms for handling large-scale sparse optimization. In this talk, we will focus
on the how to appropriately exploit the inherent sparse and dimension reducible structures from the
optimization models based on in-depth nonsmooth and variational analysis, and propose two types of
Newton-type methods with fast theoretical convergence and superior numerical performances in terms of
computation time and solution accuracy for solving large-scale sparse optimization models.
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[P000026]
Inversion and Multiplication of Quaternion Matrices
sHF (PEAFERESRAMEARIL) K BAL (PEAERRE SRR EHLR)

Frobenius inversion algorithm is an important early result for matrix inversion for decomposing the
inverse of a complex matrix into a form requiring only the evaluation of inverses of real matrices. We
consider the problem if this method can be generalized to quaternion matrix. Gauss method is a classical
method for complex matrix multiplication, we consider if we can genralize this method to quaternion
case and prove the non-existence of generalized Gauss method.
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[P0O00078]

T-type Digraphs via Kronecker Canonical Form
MRBE (BRIEILKRF) * AR (BREILKRF)

In this paper, we aim to study Kronecker canonical form theory for T-type digraphs, which can be
used to construct trees by tensor product with some directed paths. Firstly, we show that some bicyclic
digraphs and multicyclic digraphs are T-type digraphs. Secondly, we provide a characterization for T-
type digraphs by their Kronecker canonical form. Moreover, we present an algorithm for computing the
Kronecker canonical form, which can be used to determine whether or not a digraph is a T-type digraph.
Lastly, for a class of T-type digraphs, we show that their incidence matrix pair can be transformed into
Kronecker canonical form using unimodular matrices. We also present an algorithm related to finding
such unimodular matrices.

- —-———90--——0—-————0—-————0—— ——

[P000049]
Decorated Motzkin Paths, Riordan arrays, and the Colored Ascents
MRME (B RIEILKRF) *FE CBREILKRF) ZALFE (BREILKRF)

We present a combinatorial explanation of («, 3,~)-Motzkin and Riordan paths by using Riordan ar-
rays. In addition, we prove some well-known combinatorial identities by algebraic methods. Futhermore,
we apply the symbolic method or the object grammars and Lagrange inversion formula to Motzkin paths
with colored ascents to get some insteresting combinatorial identities, in which the ascents colored by
Dyck path, Motzkin path, Schréoder path, small Schréoder path, Catalan rook path and Delannoy path,
respectively.
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[P0O00062]

Permutation symmetric tensors with applications in automated
proof of positive definite homogeneous polynomials

MER (LHEXRFEFIR) * B (LERFEFR) HF%E (RRTFEXFHEIEFR) £

In this paper, we present a method to lift a homogeneous polynomial of n variables and degree d to a
permutation symmetric tensor in ®%R", which can be regarded as a variable grouped multiliear function
with n x d variables, and map the vertices of a polyhedron in R" to a finite point set in R"*% so to prove
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the positive definiteness of given homogeneous polynomials on the given polyhedron by calculating values
of the constructed tensors on the set of finite points together with the barycenter partition technique.
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[P0O00068]

Some Recent Advances in Algebraic Vision

* RR (P EAE A AU AR E8 e (b EAS R EALE AP K
(P B A AR AU R B R

Algebraic vision is an interdisciplinary field that combines algebraic geometry and computer vision. Its
origin lies in the need to extract three-dimensional information from two-dimensional visual information,
such as images and videos. Algebraic vision bridges the gap between algebraic geometry and computer
intelligence by using efficient geometric and algebraic computational methods to extract geometric and
topological information from images and videos. Algebraic vision is mainly applied in areas such as virtual
reality, 3D reconstruction, and autonomous driving. By transforming visual geometric problems into
algebraic systems, it achieves stable and efficient solutions. This report will provide a brief introduction
to the theory, algorithms, and latest developments in algebraic vision, and explore its prospects in various
application fields.

- -9 --——-—0—-——-——0—-————0—-———

[PO00002]

A Characterization of Perfect Strategies for Mirror Games

Yan Sizhuo (Key Lab of Mathematics Mechanization, AMSS, University of Chinese Academy of
Sciences)  Yang Jianting (Key Lab of Mathematics Mechanization, AMSS, University of Chinese
Academy of Sciences) * Yu Tianshi (Key Lab of Mathematics Mechanization, AMSS, University of
Chinese Academy of Sciences)  Zhi Lihong (Key Lab of Mathematics Mechanization, AMSS,

University of Chinese Academy of Sciences)
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We associate mirror games with the universal game algebra and use the *-representation to describe
quantum commuting operator strategies. We provide an algebraic characterization of whether or not
a mirror game has perfect commuting operator strategies. This new characterization uses a smaller
algebra introduced by Paulsen and others for synchronous games and the noncommtative Nullstellensétze
developed by Cimpric, Helton and collaborators. An algorithm based on noncommutative Grébner basis
computation and semidefinite programming is given for certifying that a given mirror game has no perfect
commuting operator strategies.

- —-——— 90 -—-——-—0—-——-——0—-————0————

[PO00007]
Total positivity of amazing matrices
*EHEE (KEEIRY) IR (KEEZIAF)

We show that the transition probability matrix of the carries process is totally positive, which gives
an affimative answer to the conjecture proposed by Diaconis and Fulman.
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[PO00010]

New equidistributions on plane trees and decompositions of
132-avoiding permutations

* Bai Ziwei (&2 Tk X 5)

Our main results in this paper are new equidistributions on plane trees and 132-avoiding permuta-
tions, two closely related objects. As for the former, we discover a characteristic for vertices of plane
trees that is equally distributed as the height for vertices. The latter is concerned with four distinct
ways of decomposing a 132-avoiding permutation into subsequences. We show combinatorially that the
subsequence length distributions of the four decompositions are mutually equivalent, and there is a way
to group the four into two groups such that each group is symmetric and the joint length distribution of
one group is the same as that of the other. Some consequences are discussed. For instance, we provide a
new refinement of the equidistribution of internal vertices and leaves, and present new sets of 132-avoiding
permutations that are counted by the Motzkin numbers and their refinements.

[P000013]

The number of leaves in a tree with given diameter and maximum
degree

* Feng Xing (Jimei University) Huang Zejun (Shenzhen University)
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We determine the minimum number and the maximum number of leaves in a tree with given order,
diameter and maximum degree.

- —-——— 90 -0 —-———0—-————0—— ——

[P000014]

Polynomial y-binding Functions for Graphs with Forbidden
Configurations

* Xu Yian (Southeast University)

A graph G is said to be H-free if it contains no induced subgraph isomorphic to H. A family of graphs
G is said to be x-bounded if there exists some function f such that x(G) < f(w(G)) for every G € G,
and f is said to be the binding function of G. In this talk, we will talk about the binding functions of
graphs with some specific forbidden configurations, and we present some resent results on coloring Ps-free
graphs.

-0 -——-———0—-———0—-————0 — — ——

[P000020]

Mahler discrete residues and summability for rational functions

Arreche Carlos (The University of Texas at Dallas) * Zhang Yi (Xi’an Jiaotong-Liverpool
University)

We construct Mahler discrete residues for rational functions and show that they comprise a complete
obstruction to the Mahler summability problem of deciding whether a given rational function f(x) is
of the form g(zP) — g(x) for some rational function g(z) and an integer p > 1. This extends to the
Mabhler case the analogous notions, properties, and applications of discrete residues (in the shift case)
and g-discrete residues (in the ¢-difference case) developed by Chen and Singer. Along the way we define
several additional notions that promise to be useful for addressing related questions involving Mahler
difference fields of rational functions, including in particular telescoping problems and problems in the
(differential) Galois theory of Mahler difference equations.

-0 - -0 —-————0—-————0—— ——

[P000061]
Enforcing continuous symmetries in physics-informed neural
network for solving forward and inverse problems of partial
differential equations

BED (PRREKFE) FRE (PRREKF) KaA (RFILKFE) HESE (LFILiF)
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As a typical application of deep learning, physics-informed neural network (PINN) has been success-
fully used to find numerical solutions of partial differential equations (PDEs) and has developed into one
of the most effective methods to solve the forward and inverse problems of PDEs, but the limited accu-
racy of algorithm and the shortage of sufficient inherent physical laws of PDEs are two main weaknesses
of PINN. Thus we first introduce a new method, symmetry-enhanced physics informed neural network
(SPINN) where the invariant surface conditions induced by the Lie symmetries or non-classical symme-
tries of PDEs are embedded into the loss function in PINN, to improve the accuracy of PINN for solving
the forward and inverse problems of PDEs. Then motivated by the success of the above technique and the
idea of the gradient-enhanced PINN (gPINN), we enforce the generalized conditional symmetry of PDEs
to the loss function of PINN, i.e. the generalized conditional symmetry enhanced PINN (gsPINN), to
improve the accuracy and reliability of solutions of PDEs. The SPINN and gsPINN methods incorporate
the inherent physical laws of PDEs to PINN and exert high-efficiencies in solving the forward and inverse
problems of PDEs.

Then, we test the effectiveness of SPINN and gsPINN for the forward problem via two groups of
ten independent numerical experiments using different numbers of collocation points and neurons per
layer for the linear and nonlinear equations, and for the inverse problem by considering different layers
and neurons as well as different numbers of training points with different levels of noise for the Burgers
equation in potential form and a coupled system with two-component nonlinear diffusion equations. The
numerical results show that SPINN and gsPINN perform better than PINN with fewer training points
and simpler architecture of neural network, and the Lo relative error of SPINN and gsPINN can reach
10~ which is seldom in the literatures. Furthermore, we discuss the computational overhead of SPINN
and gsPINN in terms of the relative computational cost to PINN and show that the training time of
SPINN and gsPINN have no obvious increases, even less than PINN for certain cases.

Moreover, by considering the Sawada-Kotera equation the SPINN method exhibits superiorities than
the PINN method and the two-stage PINN method. The analysis of three methods, PINN, gPINN and
gsPINN, on a non integrable PDE shows that gsPINN has significant superiorities in terms of accuracy,
robustness and training time. The results further demonstrate that the inherent physical properties of
PDEs can further improve the performances of PINN and thus is worthy of deep exploring.

[P000077]

Two Improved Algorithms to Compute the Minimal Bases of
Univariate Matrices

MRt (F BAEHARKE)  * b (Ao K3

The minimal basis of a univariate polynomial matrix M (s) € K[s|™*™ is a basis of the syzygies of
the polynomial matrix M (s) with lowest possible degree, where K[s| is the univariate polynomial ring
over the field of K. It provides an efficient tool to compute the moving planes and moving quadratics
of a rational parametric surface, which are employed to implicitize the parametric surface as a powerful
implicitization method. In this paper, we develop two improved algorithms for computing the minimal
bases of polynomial matrices. The algorithms are based on efficient methods to reduce the degrees of a set
of univariate polynomial vectors. It is shown that the computational complexities of the two algorithms
are O(m*n3d® + d*n® — (2mntd® — tm3nd)), and O(m?nd* + (n — m)n3d® + %) respectively, where
m,n are the sizes of the polynomial matrix M(s) and d is the degree of each entry of the matrix. The
new algorithms are faster than the state-of-the-art methods by experimental examples. Some properties
about the degree of the minimal basis are also provided.
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[P0O00070]

On the Parameter Selection of LWE-based Encryption Scheme
R (FEAFRERGEOHERRTRTIL)

The selection of parameters for LWE-based schemes becomes an important problem as lattice-based
cryptography attracts increasing attention. We consider the state-of-the-art scheme Brakerski-Gentry-
Vaikuntanathan (BGV) and provide the optimal choice of its parameters in the context of minimizing
the communication overhead. We also give a closed formula to estimate the security level of the scheme
in terms of the parameters.

- -9 -—-—-—0—-——-——0—-————0—— ——

[PO00018]

On the differences between proper coloring and DP coloring

* Zhang Meigiao (National Institute of Education, Nanyang Technological University) Dong
Fengming (National Institute of Education, Nanyang Technological University)

DP coloring was introduced by Dvorak and Postle in 2015 to solve a problem in the field of list coloring.
Broadly speaking, DP coloring is a generalization of both proper coloring and list coloring, which takes all
possible compatible or exclusive relationships between the colors used on every pair of adjacent vertices
into consideration. One of the main research topics in this area is to identify the commonalities and
differences among proper coloring, list coloring and DP coloring. In this paper, we focus on the gap
between the chromatic number x(G) and the DP-chromatic number xpp(G) of any graph G.

Motivated by known results on the gap between chromatic numbers and list-chromatic numbers,
Bernshteyn, Kostochka and Zhu defined Zpp(n) as the minimum natural number s such that x(GV K;) =
xpp(G V Ky) holds for every graph G of order n, where G V Kj is the join of G and the complete graph
with s vertices. They showed that Zpp(n) < 1.5n%, which indicates that the join of any graph and a
large enough complete graph has its chromatic number and DP-chromatic number equal. In this paper,
we improve this best current upper bound into n% — (n +3)/2, narrowing the gap between proper coloring
and DP coloring to our knowledge.

- -—— 90 - -0 —-——-——0—-————0—— ——

[P000025]

A sharp upper bound on the cycle isolation number of graphs

*ER (RTMEMRRSE)  RER (BFRMEMRKF)
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For any graph G, a subset S C V(G) is said to be a cycle isolating set of G if G — N[S] contains no
cycle, where N[S] is the closed neighborhood of S. The cycle isolation number of G, denoted by t.(G),
is the minimum cardinality of a cycle isolating set of G. Borg (2020) showed that if G' is a connected
n-vertex graph that is not isomorphic to C3, then «.(G) < §. We present a sharp upper bound on the
cycle isolation number of a connected graph in terms of its number of edges. We prove that if G is a
connected m-edge graph that is not isomorphic to Cs, then ¢.(G) < mTH Moreover, we characterize all
connected graphs attaining this bound.

- —-——— 90 -—-——-—0—-——-——0—-————0————

[P0O00045]

On directed strongly regular Cayley graphs over non-abelian groups
with an abelian subgroup of index 2

FEER (RAREIRF) &P (PHKF) Park Jongyook (¥ E KL KF)

In 1988, Duval introduced the concept of directed strongly regular graphs, which can be viewed as
a directed graph version of strongly regular graphs. Such directed graphs have similar structural and
algebraic properties to strongly regular graphs. In the past three decades, it was found that Cayley
graphs, especially those over dihedral groups, play a key role in the construction of directed strongly
regular graphs. In this paper, we focus on the characterization of directed strongly regular Cayley graphs
over more general groups. Let G be a non-abelian group with an abelian subgroup of index 2. We give
some necessary conditions for a Cayley graph over G to be directed strongly regular, and characterize
the directed strongly regular Cayley graphs over G satisfying specified conditions. This extends some
previous results of He and Zhang (2019).
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[PO00046]

Resistance distances and the Moon type formula of a
vertex-weighted complete split graph

* Ge Jun (Sichuan Normal University) Liao Yucui (Sichuan Normal University) Zhang Bohan
(Sichuan Normal University)

The complete split graph S, 5, is a bipartite graph with two parts, a clique part with m vertices which
induces K, as a subgraph, and an independent part with m vertices which induces an empty subgraph
K, as a subgraph. There are exactly one edge between each vertex in the clique part and each vertex
in the independent part. In this paper, we first determine resistance distances in the vertex-weighted
complete split graph S;; . We also obtain the moon type formula for the vertex-weighted complete split
graph Sy, n, that is, the weighted spanning tree enumerator of Sy, |, containing any fixed spanning forest.

- -0 -0 —-————0—-————0—— ——
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[PO00060]

Simple Characteristic Decomposition of Polynomial Sets
FEMMNM (AFEMREMRKF) FRE (LM EMRKF)

Characteristic pairs consist of lexicographical Groebner bases and the minimal triangular sets, called
W-characteristic sets, contained in them, and they are good representations of multivariate polynomial
ideals in terms of Groebner bases and triangular sets simultaneously. In this paper, we study how to
decompose a polynomial set of arbitrary dimension into characteristic pairs with simple W-characteristic
sets, and two algorithms are proposed over fields of zero characteristics and over finite fields respectively.
Both of the algorithms rely on the concept of strong regular characteristic divisors, and the one for zero-
characteristic fields also uses Lazard Lemma to test whether an ideal is radical. Experimental results are
presented to illustrate the effectiveness of the proposed algorithms.
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[P0O00076]

Hybrid method for solving polynomial systems
FFHR (RERIAY) ik (RERIXY) FH (K& HiELT)

Polynomial systems arising from the practice are often highly sparse, that is, the number of isolated
solutions of a polynomial system is generally far less than their Bézout number. Therefore, the full
exploration of the sparsity is an important topic in the field of homotopy method for solving polynomial
systems. In this paper, we exploit the product structure of each polynomial to characterize the sparsity
and further present a hybrid method, in which the homotopy is the combination of the random product
homotopy and the coefficient-parameter homotopy and the method is the combination of the symbolic
methods and the numerical methods, to solve polynomial systems. Numerical results show that the
hybrid method is more efficient than the existing homotopy methods.
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[PO00055]

Toric parameterization based isogeometric collocation method for
planar multi-sided physical domains

AW (KEEIKRF) RAM (KEEZIKF)

Isogeometric collocation method (IGC) shows high computational efficiency compared with isogeo-
metric Galerkin method (IGG) when solving partial differential equations (PDEs). However, few studies
about IGC have focused on multi-sided physical domains. In this paper, we propose a new IGC method
based on toric parameterization (IGCT) for the multi-sided planar physical domains. Due to the high
order continuity of toric basis functions, the IGCT method shows more accurate numerical approxima-
tion. Moreover, we generalize the adaptive w-refinement method into IGCT (IGCT-w), in which the
weights of basis functions in physical domains are optimized independently for geometry representation.
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The numerical accuracy of IGCT-w is significantly improved by an order of magnitude in comparison
with IGCT method. To save the computational cost of IGCT-w, we devise a selection of weights scheme
according to relative residuals. Finally, several numerical examples demonstrate the effectiveness and
robustness of our proposed method.

-0 -——-———0—-———0—-————0 — — ——

[P000039]

Topology Guaranteed B-Spline Surface/Surface Intersection
* Mpdeeh (PEMFEHFEREHEARE) TR (PEHFRHKFERAHFHLR)

The surface-surface intersection serves as one of the most fundamental problems in CAD systems. We
present a topology guaranteed algorithm of computing the intersection of two B-spline surfaces, which is
built upon a fast surface implicitization approach using the Dixon matrix, an inversion formula for a 3D
point given by the Dixon matrix, a novel clipping method of the intersection curve within the required
parametric domain, and a topology determination strategy that eases the tracing of the intersection locus.
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[PO00017]

An efficient Levenberg-Marquardt method for Nonlinear
Least-Squares Problems

* Chen Liang (Changzhou Institute of Technology) Wu Zhenxiang (Anhui Institute of Information
Technology)
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One of the famous methods for system of nonlinear equations as well as nonlinear least-squares
problems is the Levenberg-Marquardt method. Various modifications of this method have been given
by improved LM parameters. In this paper, we give a new efficient Levenberg-Marquardt method by
using a geometric mean to update the LM parameter. According to the rank of the Jacobian matrix,
some relevant assumptions are given. Under a new local error bound condition, we consider the local
convergence properties of our efficient Levenberg-Marquardt method without requiring zero residues.
Numerical experiments show that the new efficient Levenberg-Marquardt method is effective.
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[P000069)

Reducing Hyperexponential Functions

BT (PEAEGRE SR GAETAR) HE (LRMERE) *HTR (PEAERHKES
FAMEFRE) BTN (PEAEREKEEEAHEFLR)

We extend the shell and kernel reductions for hyperexponential functions over a field of rational
functions to a monomial extension. Both of the reductions are combined into one algorithm. As an
application, we present an additive decomposition in rationally hyperexponential towers. The decompo-
sition yields an alternative algorithm for computing elementary integrals over such a tower. Preliminary
experiments show that the alternative can be used to compute elementary integrals that are not found
by the integrators in the latest versions of Maple and Mathematica.
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[P0O00044]

Reduction systems and degree bounds for integration

* Du Hao (Beijing University of Posts and Telecommunications) Raab Clemens (Johannes Kepler
University Linz)

In symbolic integration, the Risch-Norman algorithm tries to find the closed forms of elementary
integrals over differential fields based on heuristic degree bounds. Norman presented an approach that
avoids degree bounds and only relies on the completion of reduction systems. We give a formalization of
complete reduction systems and develop a refined algorithm with a proof of correctness, which terminates
in more instances. In some situations, when the algorithm cannot terminate, we can also find infinite
reduction systems that are complete. We present such infinite systems for the fields generated by Airy
functions, complete elliptic integrals, and solutions of certain second-order linear differential equations,
respectively. Moreover, complete reduction systems can be used to find rigorous degree bounds. We give
a general formula for the weighted degree bounds and also find tight bounds for above examples.
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[P000029]
Symbolic Computation in Abel’s Addition Formulae
W (FEAEERE D RAREARE) * LA (FEALREE D R AAEARR)
Integration problems of algebraic functions, including problems on elliptic integrals, had been the

research focus of many mathematicians in the 19th century, such as Euler, Legendre, Abel, Jacobi etc.
Abelian integrals are the generalization of elliptic integrals, which can be written as

| Ry,
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where R(z,y) is a rational function of x and y with the polynomial relation P(x,y) = 0. Abel’s addition
theorem has played an important role in exploring the theory of elliptic integrals which says that

u v w

| rewdss [ Regdo= [ Ry
a a a

where a,u,v,w are on the Riemann surface corresponding to R(x,y) such that a is a fixed point and w

is an algebraic function of v and v. A simple and classical example is

U 1 v 1 uV1—v2+vv/1—u? 1
d:c+/ = L
/0 1—22 0 — 2 0 V1—22

which leads to the trigonometric formula: sin(u+v) = sin(u) cos(v)+cos(u) sin(v). Usually the procedure
of deriving Abel’s addition formulae by hand is complicated and highly skillful. In this paper, we show
that some algorithms in symbolic computation can be used to find the explicit forms of w in a more
efficient way.
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[P000041]

Mathematical modeling for the local flow of a generalized
Newtonian fluid in 3D porous media

* Li Shuguang (Dalian Maritime University) Dimitrienko Yu.I. (Bauman Moscow State Technical
University)

This research is devoted to the mathematical modeling for the filtration of a generalized Newtonian
fluid in porous media by applying the homogenization method. The so-called local problem on a periodic
cell are given for describing the local transfer of a CarreauYasuda fluid. The permeability tensor of a
Carreau-Yasuda fluid is obtained, which is proved to be symmetric and positive definite. The particu-
larity of local problems is discussed. A new numerical method for solving local problems is developed,
which is based on the physical properties of microstructures to transform local problems into problems
defined on one-eighth periodic cells, and solved by the finite element method. The solution of the local
problems allows us to determine the precise local distributions of velocities, pressures and non-Newtonian
viscosities in a separate pore, and also to evaluate the permeability coefficient and effective viscosity of
the generalized Newtonian fluid in porous media. The local flows of a Carreau-Yasuda fluid in the three-
dimensional ceramic porous structure are simulated, and the proposed model and numerical method are
verified. Finally, this model is applied to the sensitivity of non-Newtonian viscosities to the permeability
and the effective viscosity.
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[PO00066]

The Allocation Scheme of Software Development Budget with
Minimal Conflict Attributes

* B (KMIER) A (PEFLKE) BEY GRALIFLKE)
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During software development, a major challenge is to estimate software development costs. Project
managers’ core objective is to deliver a high trustworthiness product within the budget.However, trust-
worthy software is related to several different attributes. Conflicts between different attributes may occur
when a budget allocation scheme is adopted to improve trustworthy attributes. Therefore, it is necessary
to select an optimal allocation scheme to reduce conflict cost. In this paper, we first propose a conflict cost
and costs estimation model. The difficulty coefficient constrain for improving attributes are established.
The importance weights of attributes are analyzed. Then, based on conflict cost, importance weights,
and difficulty coefficient contrain, an algorithm to obtain an budget allocation scheme is presented, which
can minimize conflict cost. Finally, an example is showed to demonstrate the feasibility of the proposed
algorithm. The research can help the manager of software to use the budget funds more reasonably and
gain maximum benefit.
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[P000090]
Maple #F F 4 & A4
* B4R Ak (Maplesoft)

A28 Maple K FEAER F
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[P000079]
Isabelle2Cpp XA I 2 4
FAR (LFHERFREEFR) * AHRE (ERAALKRFEEFR)

Isabelle2Cpp A —ANA Isabelle/HOL #EE] C++ 425 69 KD £ MAE R €L F AN AL B Tsabelle/
HOL e XA IE 8 T &t Fo C++ A2 5 89 J AR 28 S, R IR IE T 89 Tsabelle/HOL & £ XL
B C++ Rahdy g 3) B A3t Rl A SAE R £ R A R Iy & 69 K Sk, A LA Isabelle2Cpp 1E R
Ahe T RAEE Z %, AT 2R Isabelle2Cpp ¥ Bl & AT A &8 X6 R AR R XA Z B T4E. &
TiZF %0 XA Tsabelle2Cpp ERAEBHRF R AT EGXAZ L KT A4k X412 & Tsabelle/
HOL #3588y C++ KA B ) £ .
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SR LT RE) T (KEZIAP)

Powered by SmartChair 31


http://www.smartchair.org

MLA K RCHE A 09 R WT B, #EFRE Rk RAMB BB E K. REIE 45 & RAURIERAEN
b, WARIAERIEN ZARE AR A L, A RIRE RIS A5, 5 AT RCIB NPT LARST ML R X 2 4
. FRE, REAGTAE, HIBEHE., HWEHAF, THWAE, ETHFFARFLLFENEEE
ZRAE. KEAE, RKEFDE, KED L, RKEIRDONFMRARES TR T EEPLFET S
ZRE. ML AR RKBER T HDREMRKRRATE, B KRERAR AR X A R E ST
WA B AR b Y.

WA AR AR L)AL — KRR T2 EGKE CP 5 A Tucker 5%, LA Ao AKFKIE U 19 A K
BT t-SVD., KEFN X M50 MH X, 2R, TRIKESM T &R 2R HERE>ITE K. B
Yo, ZEEREP PN ZRET ST RSN FE NG BAKRERELA LHHRGEH, A G H
7 AW 2 R Z AP M. BT, KESMRKREERR AL T AL ROGFIEG TR, A2 RH
WDATRERIE. ARE6 5 323 Z P ARG AT IR T A5 2.

B, AMREFANB—MRELELONAT X, REEROARS AN LEREGTIRALAKL, &
TP ETARIKESIT AR TN. LR, AREFEATRELEANIRAPAAKES S T LM
At a) X RN B — AR E S BT L—KE o-CP 5, HFAR &40 8 691K o-Fk1& UL o) A B K g 5 .
R X AGHE CP AR, BEmErMETHES AIKNKE, AKRSLMERT 25T, R
B, ARETHDFH o-BAK a-RIBE A TREANE, REEL4 PR P 269 80R, HFIRTRIR
B P RAES G T k. BAKRERY, AREPIREOKE o-CP 2B KE a- RO FF
KR EMOKELAEZRE L.

- —-—— 90 --——-—0—-——-——0—-————0—-— ——

[P000031]
SRR EFE T PR R R PR H
e (LR EMRKRF) FRIE (LFRMEMRKF)
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[PO00067]

A Sample-Driven Solving Procedure for the Repeated Reachability
of Quantum Continuous-Time Markov Chains

f R (BRI AE) BB (RAMEAE) A (RRTERE)

Reachability analysis plays a central role in system design and verification. Recently, the reachability
problem, embedded into a model-checking algorithm, has been considered and solved on a novel kind of
real-time system — quantum continuous-time Markov chains (QCTMCs). In this paper, we further study
the repeated reachability problems in QCTMCs, denoted O &7 &, which concerns whether the system
at any absolute time in I would meet the property ® after some coming relative time in J. First of all,
we establish the decidability by a reduction to the real root isolation of a class of real-valued functions.
To speed up the procedure, we employ a sampling-based approach. The original problem is shown to be
equivalent to the existence of a finite collection of solution samples. We then present a sample-driven
procedure, which can effectively refine the sample space after each times of sampling, no matter whether
the sample itself is successful or conflicting. The improvement on efficiency is validated by extensive
randomly-generated examples. Hence the proposed method would be promising to attack the repeated
reachability problems together with checking w-regular properties in a wide scope of real-time systems.
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[P0O00015]

Signature-based standard basis algorithm under the framework of
GVW algorithm

YA (FEAZERFEAAMFERALE) IRE (PEAFEMFLZAAMAFHALR) &4
(TR RE) HHE (AHFERF)

Cover theorem is the theoretical foundation of GVW algorithm and also the core of the signature-
based algorithm to eliminate a large number of useless J-pairs without any reduction. In this paper, we
extend the cover theorem to the case of any semigroup order. Since a semigroup order is not necessary
to be global or local, there may not be a minimal or maximal signature in an infinite set, which results
in the difficulty of proving the cover theorem by the classical method. Based on the pioneering idea of
Mora normal form algorithm, we propose a more essential and general proof for the cover theorem with
avoiding the choice of a minimal or maximal signature. Therefore, the signature-based standard basis
algorithm for any semigroup order under the framework of GVW algorithm is presented, and an example
is given to illustrate the algorithm.
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[P0O00085)

Restricted Grobner Basis Theory for Normalization of Indexed
Differential Riemann Metric Tensor Polynomials

* 2% (LB ITKHF) NiFeng (&R I KF)

Riemman metric tensor plays a significant role in deducing basic formulas and equations arising
in differential geometry and (pseudo-)Riemannian manifolds. It is a fundamental problem to develop
general computational theories for polynomials involving Riemman metric tensor and its differential
forms. This paper solves the problem by extending Grébner basis theory and the previous work on the
computational theory for indexed differentials. An L-expansion of an elementary indexed Riemann metric
tensor monomial is defined. Then a decomposed form of the Grobner basis of defining syzygies of the
polynomial ring is presented, based on a partition of elementary indexed monomials. Meanwhile, the
upper bound of the dummy index numbers of sim-monomials of the elements in each disjoint elementary
indexed monomial subset is found. Finally, a DST-fundamental restricted ring is constructed, and the
canonical form of a polynomial is confirmed to be the normal form with respect to the Grobner basis in
the DST-fundamental restricted ring.
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[P0O00052]

Bézout Subresultants for Univariate Polynomials in General Basis
W% (CBRERE) *HE (S BREKS)

Subresultant is a powerful tool for developing various algorithms in computer algebra. Subresultants
for polynomials in standard basis (i.e., power basis) have been well studied so far. With the popularity
of basis-preserving algorithms, resultants and subresultants in non-standard basis are drawing more and
more attention. In this paper, we develop a formula for Bézout subresultants of univariate polynomials in
general basis, which covers a broad range of non-standard bases. More explicitly, the input polynomials
are provided in a given general basis and the resulting subresultants are Bézout-type expressions in the
same basis. It is shown that the subresultants share the essential properties as the subresultants in
standard basis.
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[P000028]

Stability Problems in Symbolic Summation
MaT (PEMFEHFERGHETRRL) * 2EE (TEHERRELAAAEALR)

Continuing the dynamical studies in symbolic integration, we focus on stability problems in sym-
bolic summation, which connect the theory of dynamical systems to difference algebra. We explore
the structure of stable sequences in difference fields and characterize some special families of stable se-
quences including rational sequences, hypergoemetric terms and P-recursive sequences. We conclude that
P-recursive sequences are eventually stable. This is a joint work with Shaoshi Chen.
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[P0O00064]

Embedding of unimodular row vectors
© 2 (B RS  XAE (MHAR k)

Algorithmic algebra and symbolic computation have important scientific significance and application
value in mathematical theory and engineering calculations. Some problems in many mathematical and
engineering fields, such as algebraic geometry, computer algebra, algebraic topology, circuit analysis,
multi-dimensional control, signal processing, multi-dimensional systems, can be transformed into prob-
lems of multivariate polynomial matrix. In 1955, J.P. Serre put forward the famous Serre conjecture:
any finitely generated projective module in a polynomial ring over a field must be a free module, which is
equivalent to that any ZLP matrix can be embedded into a invertible matrix. The embedding problem
of a ZLP matrix A is equivalent to finding a right identity matrix of A, i.e., finding the invertible ma-
trix U such that AU=(E,, 0). Logar and Fabianska gaved Quillen-Suslin algorithm involved calculating
polynomial zeros, but there is no general algorithm for calculating polynomial zeros. The embedding of
ZLP polynomial matrix can be transformed into the embedding problem of unimodular rows by recursive
method. This paper mainly investigate the existence of the minimal syzygy module of ZLP polynomial
matrix, and demonstrate that the minimal syzygy module has structural properties similar to the funda-
mental solution system of homogeneous linear equations in linear algebra. We proved that the minimal
syzygy module of ZLP matrix is free, and the embedding problem of unimodular vector is studied by
avoiding finding the zeros of polynomials. The generator set of the syzygy module of unimodular vector
is given in formulaic form, and the invertible matrix of unimodular vector embedded in it is further given
in several cases.
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[PO00056]

Adaptive and feature-preserving spline surface fitting with arbitrary
topological control mesh

*RTW (PEMFRRFHFRFFR)
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Fitting spline surfaces to 3D objects is a fundamental problem in the fields of computer-aided design
and engineering. In this paper, we propose a surface fitting method using G-NURBS which is capable of
handling control meshes with arbitrary topology. This method can adaptively adjusting the number and
positions of control points based on the geometrical features of the surface, while accurately capturing
sharp features such as sharp edges and corners. The proposed method has been tested and evaluated
on various surface fitting tasks, demonstrating its effectiveness. Our method can achieve higher fitting
accuracy and well respect the geometrical features of the input data with fewer control points.
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[P000034]

An adaptive collocation method on implicit domains using weighted
extended THB-splines

*Hpanah (KEEIKS) AAM (KEZILKF)

Implicit representations possess many merits when dealing with geometries with certain properties,
such as small holes, reentrant corners and other complex details. Truncated hierarchical B-splines (THB-
splines) has recently emerged as a novel tool in many fields including design and analysis due to its
local refinement ability.In this paper, we propose an adaptive collocation method with weighted extended
THB-splines on implicit domains. After the level by level classification, the centers of the supports of basis
functions on each level are chosen to be collocation points. Weighted collocation is used in the transition
regions, in order to enrich information concerning the hierarchical basis. The proposed approach not only
improves the accuracy, but also reduces the oscillation in the WEB-collocation method, while retaining
the fundamental property of collocation. To show the efficiency and superiority of the proposed method,
numerical examples in two and three dimensions are performed to solve Poisson’s equations.
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[PO000A0]

Computing Moving Planes of Rational Parametric Surfaces Using
Dixon Resultants

C AP (P EAERKE S RAAEHER)  Ra (PEHSRHKTERANEFRR) HRAR
(b EAE R A K F)

Moving planes have been widely recognized as a potent algebraic tool in various fundamental problems
of geometric modeling, including implicitization, intersection computation, singularity calculation, and
point inversion problems of parametric surfaces. Typically, a matrix representation that inherits the key
properties of a parametric surface is constructed from a series of moving planes. In this paper, we present
an efficient approach to computing such a series of moving planes that that follow the given rational
parametric surface. Our method is based on the calculation of Dixon resultant matrices, which allows for
the computation of moving planes with much simpler coefficients and improved efficiency when compared
to the direct way of solving a linear system of equations for the same purpose. We also demonstrate the
performance of our algorithm through experimental examples when applied to implicitization, surface
intersection, singularity computation as well as inversion formula computation.
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[P0O00051]

Tool path planning method with effective preservation of sharp
features

* DA (P ERERAE)

High-end subtractive fabrication machining technology with high efficiency and high surface quality
occupies a growing proportion in complex workpiece manufacturing. The whole frame includes computer
aided design (CAD), computer aided manufacturing (CAM) and computer numerical control (CNC)
processes. Among them, tool path generation is a fundamental element, as it bridges the geometry
designed in CAD and the machining process controlled in CAM. Therefore, the quality of the tool path
intrinsically influences the machining accuracy and efficiency of the machined surface. The construction
of a tool path in free form surface machining can be based on plenty of quality objectives, such as less
machining error and shorter path length, which would directly impact the performance and costs in the
entire product lifecycle from design to recycling. However, the current tool path planning processes omit
the global geometric construction, and these methods would lose some essential geometric information
(such as sharp features) during machining. Therefore, we implement a global tool path planning method
with effective preservation of sharp features, which consists of optimal surface segmentation for CNC
and tool path planning using Connected Fermat Spirals (CFS). We take G-nurbs spline surface as input,
and give a fast and robust optimal surface segmentation method by establishing a weighted graph and
searching the minimum spanning tree of the graph for extraordinary points. The method is easy to
implement and can control the number of segmented patches while preserving the sharp features of
the workpiece. Then, we build the connected weighted graph between each surface patch, obtain its
corresponding minimum spanning tree, and construct the global CFS tool path that parallel to sharp
features. The entire path contains only one start point and one end point, which means that we do not
need to frequently lift and switch the cutter, thus improving the machining efficiency.
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[P000038]

Developable approximation by deep learning
FEH (PEAFRERE S RAHEFRIZ)

Developable surfaces find extensive applications in various fields such as Computer-Aided Design
(CAD), computer graphics, architecture geometry, and manufacturing. In this report, we propose two
novel geometry-informed neural networks, namely GINN-SP and GINN-DA, for efficient surface partition
and developable approximation of an input triangular mesh. GINN-SP utilizes a graph neural network
to divide a complex surface into several semi-developable surface patches, which have simple topology,
few critical points, and are amenable to deep learning-based aggregation of geometric information. On
the other hand, GINN-DA parameterizes the two-dimensional surface, reduces Gaussian curvature, and
incorporates geometric information for better approximation. We demonstrate the superior performance
of GINN-SP and GINN-DA over existing methods through extensive benchmarking examples.
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[PO00057]

A lightweight model for feature points recognition of tool path
based on deep learning

CRES (Y EAERREREREER) AT (PENERAERENEER) v (FE
HERREREHEER)  RAY (PEHERITESRAALFLR)

Recognizing feature points in the tool path is a crucial process in Computer Numerical Control (CNC)
machining. Traditional methods rely on geometric descriptors and given thresholds to identify feature
points, which cannot be automated due to the need for threshold selection. Recently, a new approach
was introduced that uses deep learning to recognize feature points by converting Cutter Location (CL)
points into images and using Convolutional Neural Networks. However, this method requires time-
consuming preprocessing and large size storage of the model. To address this issue, we propose a novel
lightweight deep learning-based method that efficiently recognizes feature points with significantly shorter
preprocessing time. Our method encodes CL points as matrices and stores them as text files. We have
developed a neural network with an Encoder-Decoder architecture, named EDFP-Net, which takes the
encoding matrices as input, extracts deeper features using the Encoder, and recognizes feature points using
the Decoder. Our experiments on industrial parts demonstrate the superior efficiency of our method.
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[P000042]

Functional Bootstrapping for Larger Size Plaintext with Less
Memory

AR (FEMAFRMEFERAAFALR) FHRE (FPEMAFRMEFERAAFHLIR)
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The bootstrapping technique introduced by Gentry plays a significant role in fully homomorphic
encryption schemes where a leveled FHE scheme is converted to a true FHE scheme. It ensures homo-
morphic evaluation of functions of arbitrary depth without decrypting. Development of bootstrapping
technique can improve the efficiency of the whole scheme. Over the past several years, a large amount of
work is dedicated to this subject.

In previous schemes such as TFHE, the decryption circuit is implemented by the multiplication of
some monomials and a test polynomial. Such procedure causes the information shifting between the
coefficients of test polynomial. And finally extract the message we need from the constant term of test
polynomial. In this methods, the degree limits the message space severely and it just allows us to handle
only messages of small size. If we want to handle high precision messages, we have to improve the degree
of polynomials used in TFHE shceme and the memory occupied by bootstrapping keys will become too
large.

Our method can deal with such problem well by making some modification to TFHE scheme. We
utilize a new group presentation of integer cyclic group instead of the one generated by monomials. Such
group acts on r test polynomials result in shifting of the coefficients of r test polynomials. We have a
larger space contain information and it allows us to handle larger size plaintexts. Besides, the memory
which bootstrapping keys occupy remains invariant when we evaluate larger size plaintexts.
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[P000087]

Upper Bounds on the Node Numbers of Hidden Layers in MLPs
* NI Feng (L#3 T K5)

It is one of the fundamental and challenging problems to determine the node numbers of hidden layers
in neural networks. Various efforts have been made to study the relations between the approximation
ability and the number of hidden nodes of some specific neural networks, such as single-hidden-layer and
two-hidden-layer feedforward neural networks with specific or conditional activation functions. However,
for arbitrary feedforward neural networks, there are few theoretical results on such issues. This paper
gives an upper bound on the node number of each hidden layer for the most general feedforward neural
networks called multilayer perceptrons (MLP), from an algebraic point of view. First, we put forward
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the method of expansion linear spaces to investigate the algebraic structure and properties of the outputs
of MLPs. Then it is proved that given k distinct training samples, for any MLP with &£ nodes in each
hidden layer, if a certain optimization problem has solutions, the approximation error keeps invariant with
adding nodes to hidden layers. Furthermore, it is shown that for any MLP whose activation function for
the output layer is bounded on R, at most k hidden nodes in each hidden layer are needed to learn k
training samples.

[P000019)

A Residual UNet Denoising Network Based on Multi-scale Feature
Extraction and Attention-guided Filter

*LiZhe (KA I KX%¥) LiuHualin (KA®2 I X%) Lin Shijie (KA#2 I X%) Cheng Libo
(kK AE I KF)

In order to obtain high quality images, it is very important to remove noise effectively and retain
image details reasonably. In this paper, we propose a residual UNet denoising network that adds the
attention guided mechanism and multi-scale feature extraction blocks. We design a multi-scale feature
extraction block as the input block to expand the receiving domain and extract more useful features.
We also apply the attention guided mechanism to filter the edge holding operation. Besides, we use the
global residual network strategy to model the residual noise instead of directly modeling clean images.
Experimental results show our proposed network performs favorably against state of-the-art models. Our
proposed model can not only suppress the noise more effectively, but also improve the image sharpness
and detail performance, so as to obtain better recovery effect.
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[PO0008O]

A modified quantum-behavior heuristic algorithm for scheduling
optimization problems in container terminals

ER GLFMEAS)  ERE (LTEE L)
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In this paper, we concern with the utilization and improvement of quantum-behavior heuristic algo-
rithm for scheduling optimization problems. In order to solve a large-scale integral optimization problem
with multiple extrema, a modified quantum-behavior genetic algorithm with strong global searching abil-
ity is developed with the following measures, including (i) a dynamic quantum rotation gate mechanism
to improve the tendency of convergence, (ii) a criteria of annealing operation to improve global search
ability, and (iii) a storage space and reconstruction operation for updating population. Meanwhile, a
mathematical model of scheduling problem in container terminals is proposed named berth allocation,
quay crane assignment and scheduling problem. At last, several experimental studies of scheduling opti-
mization problems are taken in the experiment section, which verifies the effectiveness and the superiority
of the modified algorithm.
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[P000053]

Birational quadratic maps with generalized complex rational
representations

Wang Xuhui (Hohai University) * Han Yuhao (Hohai University) Ni Qian (Nanjing Tech
University) Li Rui (Hohai University) Goldman Ron (Rice University)

Complex rational maps have been used to construct birational quadratic maps based on two special
syzygies of degree one. Similar to complex rational curves, rational curves over generalized complex num-
bers have also been constructed by substituting the imaginary unit with a new independent quantity. We
first establish the relation between degree one generalized complex rational Bézier curves and quadratic
rational Bézier curves. Then we provide conditions to determine when a quadratic rational planar map
has a generalized complex rational representation. Thus a rational quadratic planar map can be made
to be birational by suitably choosing the middle Bézier control points and their corresponding weights.
In contrast to the edges of complex rational maps of degree one, which are circular arcs, the edges of
the planar maps can be generalized to be hyperbolic and parabolic arcs by invoking the hyperbolic and
parabolic numbers.
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[P000054]

Four limit cycles in three-dimensional Lotka-Volterra competitive
systems for classes 28, 30 and 31 in Zeeman’s classification

* Hu Mingzhi (School of Mathematical Sciences, Sichuan Normal University) Lu Zhengyi (School
of Mathematical Sciences, Sichuan Normal University) Luo Yong (College of Mathematics and
Physics, Wenzhou University)

The three-dimensional Lotka-Volterra competitive systems with four limit cycles are constructed for
classes 28, 30 and 31 in Zeeman'’s classification, together with the results from Gyllenberg, Yan and Wang
(2009) for class 27, from Wang, Huang and Wu (2011) for classes 28 and 29 and Yu, Han and Xiao (2016)
for class 26 which indicate that for each class among classes 26—31, there exist systems with at least four
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limit cycles. This gives a partial answer to a conjecture proposed in Hofbauer and So (1994) as well as
in Yu, Han and Xiao (2016).
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[P000030]
Stability Problems for D-finite Functions

Chen Shaoshi (FP## 55 £ 4A4FHIE) Feng Ruyong (PHIEHK 55 R E&AFHLIR) *
Guo Zewang (FPHAE#F 5 R AMRFARIR) Lu Wei (PHIEIHF S RAAFHRTIL)

The integration problem for D-finite functions was to compute the order and the defining operator
of their integrals. It was studied by Abramov and van Hoeij and the interesting case is that the integral

has the same order as the integrand. The main goal of this paper is to investigate Abramov-van Hoeij’
s algorithm iteratively.
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[P000032]

Parametric “Non-nested” Discriminants for Multiplicities of
Univariate Polynomials

Hong Hoon (North Carolina State University) * Yang Jing (Guangxi Minzu University)

We consider the problem of complex root classification, i.e., finding the conditions on the coefficients
of a univariate polynomial for all possible multiplicity structures on its complex roots. It is well known
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that such conditions can be written as conjunctions of several polynomial equations and one inequation
in the coefficients. Those polynomials in the coefficients are called discriminants for multiplicities. It
is also known that discriminants can be obtained by using repeated parametric gcd” s. The resulting
discriminants are usually nested determinants, that is, determinants of matrices whose entries are deter-
minants, and so on. In this paper, we give a new type of discriminants which are not based on repeated
ged” s. The new discriminants are simpler in the sense that they are non-nested determinants and have
smaller maximum degrees.
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[P000012]

A Field-Theoretic Approach to Unlabeled Sensing

FRRZ (PERFEREFEZARFHARLR) BT (TERFREFERZARFHALR)  Tsakiris
Manolis C. (F & FRHKFERAMAFHARLR) AW (FPEAHFREFERZAH/FARR)

We study the recent problem of unlabeled sensing from the information sciences in a field-theoretic
framework. Our main result asserts that, for sufficiently generic data, the unique solution can be obtained
by solving n + 1 polynomial equations in n unknowns.
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[PO000T5]

Subresultant of Bernstein polynomials and Its Applications
*iEE (FHRAERE) W (S BREKRE)

In this paper, we propose a new approach to formulating the subresultant polynomials for two Bern-
stein polynomials and develop two explicit formulas for them, i.e., one in the determinant form and the
other in the determinental polynomial form. It should be pointed out that both formulas can be expanded
into polynomials in the Bernstein form, and the resulting subresultant polynomials are exactly the same
as those for the polynomials obtained by expanding the given Bernstein polynomials into their standard
power-basis forms. In addition, two applications are provided to show the effectiveness of the newly
developed subresultant formulas, i.e., computing the greatest common divisor of parametric Bernstein
polynomials and solving the real root classification problem for Bernstein polynomials in the unit interval.
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[P000009)

Computing sparse Fourier sum of squares on finite abelian groups
in quasi-linear time

F AL (P EAEREE L FAAETRR)  cH (PEAEREES RARETRR) AW
(P B B3 b R AT AR

The problem of verifying the nonnegativity of a real valued function on a finite set is a long-standing
challenging problem, which has received extensive attention from both mathematicians and computer
scientists. Given a finite set X together with a function F' : X — R, if we equip X a group structure
G via a bijection ¢ : G — X, then effectively verifying the nonnegativity of F' on X is equivalent to
computing a sparse Fourier sum of squares (FSOS) certificate of f = F o ¢ on G. In this talk, we show
that by performing the fast (inverse) Fourier transform, we are able to compute a sparse FSOS certificate
of f on G with complexity O(|G|log |G|+ |G|t* + poly(t)), which is quasi-linear in the order of G and
polynomial in the FSOS sparsity ¢t of f. We demonstrate the efficiency of the proposed algorithm by
numerical experiments on various abelian groups of order up to 10°.
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[P000023]

A class of reduced framework for large scale sparse optimization
* X E3% (LERF REFRLIL)

Sparse optimization is a series of basic problems in the field of optimization and has important
applications in science and engineering. The efficient algorithms for solving sparse optimization has
always been an important topic and research direction in the field of numerical optimization. This paper
introduces a class of reduction methods for solving large-scale sparse optimization. By using the sparsity
of gradient, the framework filters out most of the variables that do not need to be updated. Specially, the
original large-scale problem is decomposed into a series of small-scale subproblems, which greatly reduces
the calculation of the matrix vector multiplication in the iterative process of the subproblems. Meanwhile,
through the reduced framework, we can obtain the subproblems with a better number of conditions, which
greatly improves the stability and efficiency of the algorithm. Based on this framework, our algorithm
can efficiently solve sparse signal compression sensing problems with tens of millions of variables and
samples.
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[P000027]

Distance between non-equidimensional positive semidefinite
matrices via the fibre bundle structure

oH A (PEMREREHEERGHETLR)  * AW (PEAEEREDL R EALTLR)
Positive semidefinite matrices are important structure matrices in many applications. For example,
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the covariance matrix of a random variable is positive semidefinite [2, 5]; a density matrix of a quantum
system is positive semidefinite [3, 10]; a quadratic Mahalanobis distance metric can be represented by a
positive semidefinite matrix as well [11]. Since n X n positive semidifinite matrices of fixed rank consist a
submanifold of R™*™ it is natural to measure the difference between two such matrices by the geodesic
distance on this submanifold [4, 9]. In practice, however, it is inevitable to measure the difference between
two non-equidimensional positive semidefinite matrices[1]. Unfortunately, as far as we are aware, there
is no existing method to deal with the situation. In this paper, we propose one such method, based on
the fibre bundle structure of fixed rank positive semidefinite matrices.
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