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| Mathematics x Medicine: Research Journey

As a mathematician, | have been engaged in interdisciplinary research. My work bridges
mathematics and medicine to support better healthcare.
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ICP Mathematical Formulation
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o8 Energy Minimization

%" Algorithm Steps

+ Correspondence: For each point py, find closest g;.
* Transformation: Compute R, T minimizing MSE.
* Iteration: Apply transform and repeat until A < e.

B Closed-Form Solution (SVD)
Optimal rotation R* via Singular Value Decomposition:
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Ensures global optimality for each step.
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Images Quantification of micro-motion

@ 1. Problem Statement

Given source points P = {pi,...,pn} and target points @ = {q1,...,qn}-
Our goal is to find the optimal rigid transformation (R, t) that aligns P to Q.

2% 2. Energy Minimization

We seek the optimal rotation matrix R and translation vector ¢ that minimize the mean
squared error (MSE):

n

E(R,t) =) ||Rpi +t — gl
=1

:= 3. Algorithm Steps
Step 1: Correspondence
For each point p;, find the closest point gy in the target set: k = arg min; ||p; — g;|

Step 2: Transformation
Compute (R, t) that minimizes the energy function using the SVD solution derived below.

Step 3: Iteration
Apply transformation p; <— Rp; + t and repeat until convergence AE < e.
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For t € (0,77, let Q, C R be a bounded domain with 9, € C* and set
Qr = U()<t§'l‘Qf X {f}
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Mathematical Well-Posedness

Ensuring Simulation Stability through Rigorous Mathematical Foundations

Hadamard's Well-posedness

Defining initial/boundary conditions establishes an appropriate class of
solutions, proving three critical properties for validity.

@ Three Fundamental Properties
& 1. Existence: A solution exists within the function space.
i 2. Uniqueness: The solution is unique; no physical ambiguity.

&z 3. Continuous Dependence:
Small input changes yield small output changes.
Corresponds to Experimental Reproducibility

—> This mathematical guarantee is the prerequisite for
numerical stability and successful clinical application.

CLINICAL APP COMP & AI SUMMARY DETAILS
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oundary Conditions: Mathematical Significance

Defining the Interface Between Anatomy and Numerics

e ® [Inflow: Dirichlet Condition

Prescribing velocity profiles (parabolic/plug) based on clinical
measurements (PC-MRI).

u=g(x, t)only,

« ®* Wall: No-Slip / Partial Slip

Standard hemodynamic assumption vs. complex interactions in
pathological vessels.
u = 0 on Iygy (Rigid wall assumption)

( Inflow
e ® Qutflow: Resistance / Windkessel critical

Coupling 3D domain with OD lumped parameter models to
represent downstream vascular resistance.
P =R-Q + C-(dP/dt)

The well-posedness of the Navier-Stokes system strictly depends on appropriate
BCs on $\partial\Omega$.
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Initial and Boundary Conditions

Defining the Foundation for Simulation

Data Integration

Reconstruct 3D geometry
from CT/MRI. Use ICP for
multi-modal alignment and
mesh smoothing,.

Preprocessing

Iterative Feedback Loop

Initial and Boundary

Conditions

Define inflow waveforms and
outflow resistance
(Windkessel models) based
on clinical data.

Mathematical Modeling

Simulation

Execute Micropolar 6+-SPH
solver on GPU. Real-time
computation of complex

hemodynamics.

Core Computation

CLINICAL APP COMP & Al

SUMMARY

©
K

Indicator Evaluation

Calculate Power Loss, WSS,
HFD, and pressure drops
from particle data.

Post-processing

DETAILS

METHODOLOGY

®

Multi-obj Optimization

Compare surgical options
based on quantitative trade-
offs (e.g., energy vs. flow
balance).

Decision Support

" The process is not strictly linear; real-time visualization allows for interactive adjustment of parameters and immediate feedback on hemodynamic
impact, facilitating active dialogue with surgeons.



I OSAKA UNIVERSITY INTRO  MATH FOUNDATION  CLINICAL APP  COMP & AI

SUMMARY DETAILS

Micropolar Fluid Equations

Capturing Vortical Structures with Micro-rotation Degrees of Freedom

Ilr Coupled System for Velocity (1) and Micro-rotation (W)

%+(u.v)u=—%Vp+vAu+wa+f

S Jan Bender, Dan Koschier, Tassilo
Kugelstadt and Marcel Weiler, "Turbulent
ot it (u : V)W = §{Aw + 7(V A= 2W) Micropolar SPH Fluids with Foam®, IEEE

Transactions on Visualization and
Computer Graphics, 2018

€3 Physical Significance = Key Parameters
Y

Introduces intrinsic micro-rotation w (spin) as an internal variable. Transfer Coefficient (Vortex Viscosity):

* Preserves vortical structures by reducing numerical dissipation. Controls the strength of coupling between macro-rotation (V x ) and
. : . . . _ micro-rotation (w).

* Bidirectional coupling: vorticity generates spin, spin feeds back to

velocity.

& Micro-inertia / Spin Viscosity:
e Crucial for turbulent flow features at high Reynolds numbers. Governs the diffusion of micro-rotation field.

Source: Chen, Shao, Sugiyama, "GPU-accelerated mI‘C!’OpO.!"aF(S—i_ -SPH framework...", Computer Physics Communications (2026)1 O
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Micropolar Fluid Model - Unified Formulation

Governing System

0 1
8—?—I—(u-V)u:—;Vpﬂ—VAu—I—(V—i—VT)(VXW)—i—g

- Velocity Field Evolution

ow
§+(U-V)w:7Aw+£(V><u—2w)+f

£ Micro-rotation Field Evolution

7

in Qr
in QT

on U o, x {t}

0<t<T

in Q(]

DOMAIN DEFINITION

AR Theoretical Framework & Application

visualized by increasing v, (IEEE Trans. Vis. Comput. Graph., 2018).

ADVANCED FLUID DYNAMICS

The micropolar fluid model is a theoretical framework that enables the description of complex fluid behaviors that cannot be represented by conventional Navier-Stokes equations, by
introducing the degree of freedom for particle self-rotation (spin) as an internal variable. In this model, in addition to the time evolution of the velocity field u, an evolution equation for the
micro-rotation field w is introduced, forming the following coupled system. In the SPH simulation example by Jan Bender et al., the variation in viscous damping behavior of surface waves is

11



= OSAKA UNIVERSITY INTRO  MATH FOUNDATION  CLINICALAPP COMP &AI  SUMMARY  DETAILS

Initial and Boundary Conditions mi#se

Defining the Foundation for Simulation _ METHODOLOGY
HEMODYNAMICS

o 2]
B

®

Initial and Boundary

Data Integration : : Indicator Evaluation Multi-obj Optimization
8 Conditions Simulation 15P
Reconstruct 3D geometry Define inflow waveforms and Execute Micropolar §+-SPH Calculate Power Loss, WSS, Compare surgical options
from CT/MRI. Use ICP for outflow resistance solver on GPU. Real-time HFD, and pressure drops based on quantitative trade-
multi-modal alignment and (Windkessel models) based computation of complex from particle data. offs (e.g., energy vs. flow
mesh smoothing,. on clinical data. hemodynamics. Post-processing balance).
Preprocessing Mathematical Modeling Core Computation Decision Support

Iterative Feedback Loop CFD ANALYSIS

@ The process is not strictly linear; real-time visualization allows for interactive adjustment of parameters and immediate feedback on hemodynamic
impact, facilitating active dialogue with surgeons.

12
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Numerical Methods Comparison

Selecting the Right Tool: FVM vs. FEM vs. SPH

FINITE VOLUME
METHOD (FVM)

control
> \ volumes
= ______/; >

cell-centered approach
variables at stored at each cell

€@ Robust Conservation

@2 High Efficiency
6 Complex Mesh Generation

W= Acrospace (FVM)

S0

AERODYNAMICS
High-Speed Airflow Analysis

FINITE ELEMENT
METHOD (FEM)

Complex Boundaries

Strong Mathematical
Foundation

High Computational Cost

0000

Conservation Issues

R Civil Engineering (FEM)

STRUCTURAL INTEGRITY

Stress & l.oad Simulation

HEMODYNAMICS

SMOOTHED PARTICLE
HYDRODYNAMICS (SPH)

Lagrangian mesh-free

co@eeee method

© © PRl o Pe ®_ e ©
(o) o gPed ® &2

©000C0eg LPe.O o

particles with
kernel interaction

No Mesh Needed

Natural Free Surface Handling

Computational Intensity

@ Exact Mass Conservation
€3 Boundary Condition Implementation

HETEE.
B2 VFX & Medical (SPH)

COMPLEX FLUIDS

Free Surface & Blood Flow

13
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SPH Fundamentals - Particle-based Fluid Simulation

<2 1. Kernel Approximation & Discretization

Continuous fields are approximated by interpolation using a smoothing kernel W with
smoothing length h.

J

A(r) = Z %AjW(r — By, 1)
j

Fundamental SPH Interpolation Formula

Vx 2. Navier-Stokes Equations (Lagrangian Form)

dpi
Continuity: dpt = E mi(v; — v;) - VW54
J

dv; ; Pj
Momentum: dtz = — E m; % + p—; +1L; |ViWi + g
i i J

COMP & AI SUMMARY DETAILS

COMPUTATIONAL FLUID DYNAMICS

= Actual SPH Free Surface Flow

Source: ATA Engineering, "Introducing the SPH Multiphase Model in Simcenter STAR-CCM+,"
https://www.ata-e.com/software/training-support/free-resources/introducing-the-sph-multiphase-
model-in-simcenter-star-ccm/ (Accessed: Februarv 2026)

@ Key Characteristics & Advantages

== Lagrangian Description
Mesh-free method ideal for tracking free surfaces, large deformations, and
complex topology changes (e.g., splashing).

&la Conservation Properties

Inherently conserves mass, linear momentum, and angular momentum due
to symmetric particle interactions.

»% Adaptive Resolution
Particles naturally concentrate in regions of interest, providing automatic

adaptivity for fluid flow. 1 4
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Computer Physics Communications (CPC) e ———
Bridging Mathematics, Physics, and Advanced Software

i The Premier Journal for Computational Physics ~ =-°%/'%F

Computer Physics Communicaions 322 (2026) 11008 + High Impact & Authority: A top-tier venue for algorithmic breakthroughs.

Contentslst available at ScienceDirect | = The global standard for publishing Advanced Computational Methods.

3 Computer Physics Communications ¢/> Code is Mandatory: Uniquely requires the publication of source code
ELSEVIER Journs! homepege: www.sisevier.comfocatelcpe — (GitHub/GitLab integration), ensuring Full Reproducibility of results.
Computational Physics ) . . . . ——— P
CPU st A S ek wihatasceavarscs @' Open Access: Research is accessible worldwide, maximizing visibility for
shifting for complex fluid dynamics advanced frameworks like GPU-SPH.

Yixuan Chen ™, Qiran Shao ', Yoshie Sugiyama -
Department of Pure and Applied Mathematics, Osaka University, 2-1 Yamadaoka, Suita, Osake, 565-0871, Japan

ARTICLE INFO ABSTRACT

Editor: Prof. Andrew Hazel Smoothed Particle Hydrodynamics (SPH) faces | in i i and numeri-

PACS cal accuracy. lhie paper presents a GPU k g g micropolar 4'-SPH with enhanced

07.05:1p i The i ion features four key platform ion on both KEY 0 PPO RTU N ITY
02.70.¢ NVIDIA and AMD GPUs via OpenGL compute shaders an in-out buffer system enabling fully parallel inter-

07.06.Kf voxel particle migration without global synch an enh A particle shifting technique maintaining

47.11.§ uniform distributions without explicit free-surface detection; and a micropolar formulation preserving vortical

structures through bidirectional coupling between velocity and micro-rotation fields. These design choices yield

m‘; e e substantial improvements: (a) benchmarks demonstrate 17-18% faster execution than DualSPHysics v5.4 and g A Pathway for Mathem atician S & Student S

Weakly-compressible SPIT 97x speedup over server-class CPU implementations; (b) lid-driven umly simulations achieve L, errors below

S £ e A3 o et (T gl fomition deca aspvanic coulst
Cross-platform ﬁucmam,ms by 20- /22‘)11 xu‘ :mll‘mndmans ccxra‘pamd n.> clumn! ier-Stok an:i (d) the DYy al’l‘hl‘ s o . ) s . e
Xlt““l:‘l:)::’ﬂ::;‘:md dynamics lc:::ﬁsh(-s seH asla(:)mcuml ool fiﬁzl::;lnmc fluid dynamics tlm:l"::,mn bridging the gap bol?:-n academic W Brldgl ng Theory & PraCtlce' M at h e m at I CS resea rCh ers Ca n p u b " I S h I m pathu l
OpenGl. compute shadars research and industrial applications, T . . . . .
N papers by providing robust numerical implementations of rigorous theories
Fram summary
i e (e.g., Micropolar fluids).

Licensing provisions: MIT License

Programming language: Python, GLSL (OpenGL Shading Language)
Computer: Desktop workstation or HPC system with OpenGL 4.5 + support
Operaring system: Linux, Windows 10/11

Empowering Students: A proven track record for student-led research.
G iy, Wi 4G ecmmenied 1.6 o e Developing reliable software for mathematical models is a highly valued
contribution, opening doors to top-tier publications.

(L]

15
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Reconstruct 3D geometry
from CT/MRI. Use ICP for
multi-modal alignment and
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Preprocessing
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Initial and Boundary
Conditions
Define inflow waveforms and
outflow resistance

(Windkessel models) based
on clinical data.

Mathematical Modeling
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Simulation

Execute Micropolar §+-SPH
solver on GPU. Real-time
computation of complex

hemodynamics.

Core Computation
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Initial and Boundary Conditions

Defining the Foundation for Simulation

Data Integration

Reconstruct 3D geometry

from CT/MRI. Use ICP for
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Initial and Boundary
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Simulation

Execute Micropolar 6+-SPH
solver on GPU. Real-time
computation of complex

hemodynamics.

Core Computation

Define inflow waveforms and
outflow resistance
(Windkessel models) based
on clinical data.

Mathematical Modeling

Iterative Feedback Loop
The process is not strictly linear; real-time visualization allows for interactive adjustment of parameters and immediate feedback on hemodynamic

impact, facilitating active dialogue with surgeons.
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Indicator Evaluation

Calculate Power Loss, WSS,
HFD, and pressure drops
from particle data.

Post-processing

SUMMARY DETAILS

METHODOLOGY

Multi-obj Optimization

Compare surgical options
based on quantitative trade-
offs (e.g., energy vs. flow
balance).

Decision Support
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Computer Physics Communications 322 (2026) 110081
Contents lists available at ScienceDirect

Computer Physics Communications

journal homepage: www.elsevier.com/ocate/cpc

Computational Physics ®
GPU-accelerated micropolar 6*-SPH framework with enhanced particle =

shifting for complex fluid dynamics

Yixuan Chen'”, Qiran Shao'”, Yoshie Sugiyama

Depuartrvent of Pure and Applied Mathematies, Occlka University, 2-1 Yamadaoka, Sulta, Ocake, 565.0871, Japan

ARTICLE INFO ABSTRACT
Editor: Prof. Andrew Hazel Smoothed Particle Hydrodynamics (SPH) faces persistent challenges in computational efficiency and numeri-
e cal accuracy. This paper presents a GPU.accelerated framework integrating micropolar 5'-SPH with enhanced
07.051p stabilization techniques, The implementation features four key components: cross-platform execution on both
0270.c NVIDIA and AMD GPUs via OpenGL compute shaders; an in-out buffer system enabling fully parallel inter-
070K voxel particle migration withant global synchronization; an enhanced particle shifting technique maintaining
4711 uniform distributions without explicit free-surface detection; and a micropolar formulation preserving vortical
structures through bidirectional coupling between velocity and micro-rotation fields. These design choices yield
f;{:‘;;ﬁl paricle hytradymamics substantial improvements: (a) benchmarks demonstrate 17-18% faster execution than DualSPHysics v5.4 and
Waskly.conprebie 11 97x speedup over server-class CPU (b) lid< 2 lations achieve L errors below
ppent 1.3% for Reynolds numbers 100-10,000, while NACAOO1S airfoil simulations at Re = 180,000 show lift coeffi-
GPU Computing cient agreement within 7% of reference data; (c) the micropolar formulation reduces acrodynamic coefficient C

Micropolar fuids tecture eliminates /O bottlenecks, enabling real-time visuali
Computationl flid dynamics ishes SPH as a practical to0l for real-time fluid dyna
Opendl. compute shaders tesearch and industrial appl

tion and parameter adjustment. This framework
simulation, bridging the gap between academic
.

Program summary

Program Tie: GPU-Micrapolar-DeltaPlus SPH1

Developer(s): Chen Yixuan

Licensing provisions: MIT License

Programming language: Python, GLSL. (OpenGL Shading Language)
Gomputer: Desktop workstation or HPC system with OpenGL 4.5+ support
Operating system: Linux, Windows 10/11

RAM: Minimumn & GB, recommended 32 GB

GPU Memory: Minimum 4 GB, recommended 12 GB or more
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Computational Physics ®
GPU-accelerated micropolar 6*-SPH framework with enhanced particle =

shifting for complex fluid dynamics

Yixuan Chen'”, Qiran Shao'”, Yoshie Sugiyama

Depuartrvent of Pure and Applied Mathematies, Occlka University, 2-1 Yamadaoka, Sulta, Ocake, 565.0871, Japan

ARTICLE INFO ABSTRACT
Editor: Prof. Andrew Hazel Smoothed Particle Hydrodynamics (SPH) faces persistent challenges in computational efficiency and numeri-
e cal accuracy. This paper presents a GPU.accelerated framework integrating micropolar 5'-SPH with enhanced
07.051p stabilization techniques, The implementation features four key components: cross-platform execution on both
0270.c NVIDIA and AMD GPUs via OpenGL compute shaders; an in-out buffer system enabling fully parallel inter-
070K voxel particle migration withant global synchronization; an enhanced particle shifting technique maintaining
4711 uniform distributions without explicit free-surface detection; and a micropolar formulation preserving vortical
structures through bidirectional coupling between velocity and micro-rotation fields. These design choices yield
f;{:‘;;ﬁl paricle hytradymamics substantial improvements: (a) benchmarks demonstrate 17-18% faster execution than DualSPHysics v5.4 and
Waskly.conprebie 11 97x speedup over server-class CPU (b) lid< 2 lations achieve L errors below
ppent 1.3% for Reynolds numbers 100-10,000, while NACAOO1S airfoil simulations at Re = 180,000 show lift coeffi-
GPU Computing cient agreement within 7% of reference data; (c) the micropolar formulation reduces acrodynamic coefficient C

Micropolar fuids tecture eliminates /O bottlenecks, enabling real-time visuali
Computationl flid dynamics ishes SPH as a practical to0l for real-time fluid dyna
Opendl. compute shaders tesearch and industrial appl

tion and parameter adjustment. This framework
simulation, bridging the gap between academic
.

Program summary

Program Tie: GPU-Micrapolar-DeltaPlus SPH1

Developer(s): Chen Yixuan

Licensing provisions: MIT License

Programming language: Python, GLSL. (OpenGL Shading Language)
Gomputer: Desktop workstation or HPC system with OpenGL 4.5+ support
Operating system: Linux, Windows 10/11

RAM: Minimumn & GB, recommended 32 GB

GPU Memory: Minimum 4 GB, recommended 12 GB or more
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DERIVATION: FROM FUNDAMENTAL PHYSICS TO CLINICAL INDICATOR

3. Final Indicator: Approximated Density

_ 2. Force Imbalance - Effective 1 T ‘F ressure - Fviscous‘
1. Momentum Conservation Density AAD = — / p dt
du T 0 ‘ainertial‘
p +(u-Viu—g)| =-VP+uViu . |FVP+ V|
* T b (@ V)u g
u-V)u-— :
ot g F ressure: Pressure term (—V P) Qinertial’ Inertial term
(3 +(u-V)ju—g)
F yiscous: Viscous term (,uvgu)
':\) TRADITIONAL CFD INDICATORS |~ PHYSICALLY EXPLAINABLE ADVANTAGE
WSS (Wall Shear Stress) 0sI (Oscillatory Shear) o Explailnablle Physics: Derived directly from NS equations, representing local
» force/inertia balance.
TAWSS (Time-Avg WSS) RRT (Residence Time) @ Sensitivity: Detects "virtual density" drops indicating stagnation zones prone to
degradation.
WSSG (Gradient) SCI (Shear Conc.)

@ Clinical Correlation: Matches intraoperative thinning points better than WSS.

18

Intraoperative Validation (Red Thinning Areas) CLINICAL REALITY CFD Prediction (Approximated Density) SIMULATION
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Al-Based Vulnerability Prediction:

Point Cloud Geometry Feature Extraction

€ Physics-Based AI Method

€ Duffing Equation
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Binary Classification: Ruptured vs Unruptured Aneurysms

Al Tool Development Workflow

Indicator 1
lnd!cator 2 Ruptursd Czr:l\:lex
Indicator 3 Aneurysm
Indicator 4 ’
Al
Classification

238

Curvature ; :
Indicators . S Transform

" Development pipeline analyzing 857 clinical cases. We extracted 238 geometric
curvature indicators, utilizing Convex Hull and scale transformations to train a robust
classification tool.

CLINICAL APP COMP & AI SUMMARY DETAILS

40 AI CLASSIFICATION MODEL

Comprehensive Model Evaluation

Comp ive Model E ion D d

Receiver Operating Charactenstic (ROC) Curve

I Postive t‘v . &
Prediction Pro tumny Distribution Esror Analysis: Probability Distribution by Outcome

] ) - -

f

© The model demonstrates high diagnostic performance with an AUC of 0.969. The
confusion matrix and probability distributions confirm strong separation between

ruptured (red) and unruptured (blue) classes. 2 3
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Geometric Curvature Indicators for Rupture Prediction © VERIFIED PERFORMANCE

| |
)
)

(238 indicators

Top 20 Most Important Features

Mean Corvature Gaussan Curvaturs Principal Curvatare Absolste Sum

3D Reconstruction Curvature Map

[~ Internal Validation Results

Convex_hull - Ratio of convex hull to aneurysm volume (highest importance)

curvature_gaussian_cv - Coefficient
of variation of Gaussian curvature

curvature_gaussian_cv - Coefficient
of variation of Gaussian curvature

Our internal validation study confirms the exceptional

Curvature
Distribution

curvature_mean_range - Range of
mean curvature values

curvature_mean_cv - Coefficient
of variation of mean curvature

predictive power of geometric curvature indicators. By

analyzing 238 morphological features, the model

curvature_mean_min - Minimum
mean curvature

curvature_mean_cv - Coefficient
of variation of mean curvature

achieved outstanding performance in distinguishing

g_curvature_abs_sum_x_min - Minimum
gradient curvature sum in X direction

ruptured from unruptured aneurysms.

g_curvature_gaussian_x_range - Range of
Gaussian curvature gradient in X direction

curvature_gaussian_std_range - Standard
deviation range of Gaussian curvature

Note: The Convex_hull feature showed significantly higher importance than other features, suggesting e
it cap critical g (l about aneurysm morphology related to rupture risk. AU‘ o 0 969
o o J::.I\Q:ﬂ' Forest lmportance ;:V.le o o ° e
Feature Importance Flow Top 20 Features This result validates that purely morphological

features contain sufficient information for highly
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Computer Physics Communications 322 (2026) 110081

Contents lists available at ScienceDirect

Computer Physics Communications

k Patent
a

journal homepage: www.elsevier.com/locate/cpc

Computational Physics ®
GPU-accelerated micropolar 6*-SPH framework with enhanced particle =

shifting for complex fluid dynamics

Yixuan Chen'”, Qiran Shao'”, Yoshie Sugiyama

Deprartrvnt of Pure and Applied Mathematies, Ouclea Universty, 2-1 Yamadaoka, Suits, ©

5650871, Japan

ARTICLE INFO ABSTRACT
Editor: Prot. Andrew Hazel Smoothed Particle Hydrodynamics (SPH) faces persistent challenges in computational efficiency and numeri-
————— cal accuracy. This paper presents a GPUaccelerated framewark i ieropolar &' SPH with enhanced
Pacs
w051p stabilization techniques. The implementation features fout key components: <ross-platform exccution o both Patent
P OpenGL compute shaders; an in-out buffe system enabling fully paralel iner-
07.05k¢ thant global synchronization; an enhanced particle shifting technique -
7114 uniform distributions without explici free-surface detection; and a micropolar formulation preserving vortical
- structures through bidirectional coupling between velocity and micro-rotation fields, These design choices yield
ey

substantial imprevements: (a) benchmarks demonstrate 17-18% faster exeeution than DualSPHysics vS.4 and
Smoothed particle hydrodyn

Weakly.compressible SP11 97x speedup over server-class CPU () lid<! lations achieve L, errors below {
et 1.3% for Reynolds numbers 100-10,000, while NACAOO1S airfoil simulations at Re = 1K0.000 show ift cocffi- I
GPU Computing ata; (¢) the micropolas formulation reduces acredynamic coelf

Cross platiorm s mmynrrli i Navier-Stokes; and (d) the zero-copy arc

Micropolar luids tecture climinates 1/0 botlenecks, enabling rel-time visualization and parameter adjustment. This framework

Computationl flid dynamics ciablies SPH 2. practical ol (o reaime uid imulation, bridging the gap between academic

Opendi. compute shoders research and industrial applications

et
Program summary

Program Tide: GPU-Wicropolar-DeliaPlus-SPIT
Developer(s): Chen Yixuan

Licensing provisions: MIT Licence

Programming language: Python, GLSL. (OpenGL Shading 1
tion or HPC system with Open

Taamarn
e
S

uage)
L 4.5+ support

GPU emory: Minimum 4 GB, recommended 12 G5 or more
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Mathematical Analysis of Moving Boundary Problems - Part 1

Keller-Segel System Formulation

Keller-Segel system

Lletd >2, 0<1 <ooand~ > 0.

For t € (0,77, let ©, C R? be a bounded domain with 92, € C*? and set
Qr = Uper<r 0 x {t}.

- \
¢ ‘ ; . .
Ou = Au—V - (uVv) in Qr
q?-,-«..,:\ " el aa in ().),.
C) (KS) < . ‘l.-;n'!+ru+b'\'=ru!\lrrl!+dl O
2rFAL I-'I’I!Hf
¥+ ple? = 10+ ax =0
N
= u(xa :
v =v(r ' a1
Eas —r fa
ng="( — ward normal on 9(),

CLINICAL APP COMP & Al SUMMARY DETAILS

~x MATHEMATICAL THEORY

n Theorem: Well-posedness for (KS)

Main theorem

du=Au—V - (uVv) in Qr

0=Av—yv+u in Qr

(KS)
")n;“ = “n!". =0 on UU(_.‘(T S If X {l’}
”|1=(| = Ug in {2

Theorem 2 (Local wlell-posedness for (KS))
Let it be an unique strong solution of (CP) on [0, T,] obtained in Theorem 1.

For (x.t) € Qr,, we set functions u and v as

u(x,t) = &(,:,_1(.}'). t),
v(x,t) := o(g; H(x),1).

Then (u,v) is an unique strong solution to (KS) such that
u(t), v(t) € D(Aq,), tel0,T,],

where Aq, denotes the Neumann laplacian on £);.

21
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