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Continuous Field 
e.g. velocity field

v = v(x)



Contributions

✦ Part I: Moving Least Squares Discretization (MLS-MPM) 
๏ Unifying Affine Particle-In-Cell and MPM force discretization 
๏ Weak-form consistent 
๏ Faster and Easier

✦ Part II: Compatible Particle-in-Cell (CPIC) 
๏ Velocity field discontinuity 
๏ Enables cutting and rigid body coupling



Contributions

✦ Part I: Moving Least Squares Discretization (MLS-MPM) 
๏ Unifying Affine Particle-In-Cell and MPM force discretization 
๏ Weak-form consistent 
๏ Faster and easier

✦ Part II: Compatible Particle-in-Cell 
๏ Velocity field discontinuity 
๏ Enables cutting and rigid body coupling



1D Curve Fitting

x

f(x)



1D Curve Fitting

x

f(x)



1D Curve Fitting

x

f(x)



1D Curve Fitting

x

f(x)

f(x) = b



1D Curve Fitting

x

f(x)

f(x) = b

f = argmin
f̂2F

X

i

(f̂(xi)� yi)
2



1D Curve Fitting

x

f(x)

f(x) = b

f = argmin
f̂2F

X

i

(f̂(xi)� yi)
2



1D Curve Fitting

x

f(x)



1D Curve Fitting

x

f(x)



1D Curve Fitting

x

f(x)
Grid to Particle (G2P)



1D Curve Fitting

x

f(x)
Grid to Particle (G2P)



1D Curve Fitting

x

f(x)

f(x) = ax



1D Curve Fitting

x

f(x)

f(x) = ax



1D Curve Fitting

x

f(x)

f(x) = ax



1D Curve Fitting

x

f(x)

f(x) = ax



1D Curve Fitting

x

f(x)



Least-Squares Transfers in 2D
Figure from A Polynomial Particle-In-Cell Method, Fu et al. 2017 



Least-Squares Transfers in 2D
Figure from A Polynomial Particle-In-Cell Method, Fu et al. 2017 

PIC



Least-Squares Transfers in 2D
Figure from A Polynomial Particle-In-Cell Method, Fu et al. 2017 

APIC



Least-Squares Transfers in 2D
Figure from A Polynomial Particle-In-Cell Method, Fu et al. 2017 

18 DoFs=9 nodes x 2 DoFs per node: Lossless transfer!

PolyPIC
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Material Point Method

Affine Particle-in-Cell

Moving Least Squares 

MLS-MPM 
faster & easier 

#include “taichi.h”

Implement Interactive MLS-MPM within 

88 lines of code (comments included)!
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Performance

Reference: Tampubolon et al. 2017. 
Multi-species simulation of porous sand and water mixtures
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Performance

Optimized MLS-MPM

2.10x faster P2G 
1.94x faster G2P
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Two-way Rigid Body Coupling

 Particle to rigid body 
(P2G)

Rigid body to particle 
(G2P)
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Reproducible every demo with a python script: 
git clone https://github.com/yuanming-hu/taichi_mpm

or use the taichi project manager: ti install mpm

Thank you! 
Questions are welcome!

https://github.com/yuanming-hu/taichi_mpm
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