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From Low- D Component 
Functions to D-reduction
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Terms dependent on subsets of coordinates
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Multimode: slices don't 
minimise global error, separate 
sample needed for each term

HDMR: one sample, but 
costly integrals
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Using subsets of original coordinated leads to 
a combinatorial explosion of terms
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No integrals: NN+HMDR, max order=f(sampling density): 
Manzhos, Carrington, J. Chem. Phys. 125, 084109 (2006)

No integrals: NN+HMDR, max order=f(sampling density): 
Manzhos, Carrington, J. Chem. Phys. 125, 084109 (2006)
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Component Functions:
Neural Networks

Represent a multi-D 
function with a small no. 
of simple 1D functions
� Math: universal 
approximator

� Chem: System/molecule-
independent PES 
representation method in 
a dynamics-friendly form
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Quadrature-friendly NN: Manzhos, Carrington, J. Chem. Phys. 125, 194105 (2006)
Quadrature-friendly NN: Manzhos, Carrington, J. Chem. Phys. 125, 194105 (2006)



  

Fitting Algorithm

 Algorithm: Manzhos, Yamashita, Carrington, Comput. Phys. Comm. 180, 2002 (2009) 
 Algorithm: Manzhos, Yamashita, Carrington, Comput. Phys. Comm. 180, 2002 (2009) 
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Chemisorbed State

Intermolecular bonding weakened to favor dissociation
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2
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Unbiased Sampling in 15 D

R
ij

-1

� 15 physically-motivated coordinates: 
asymptotics, permutational invariance
� Unbiased sampling of all configurations 
� Much complicated fit

� 15 physically-motivated coordinates: 
asymptotics, permutational invariance
� Unbiased sampling of all configurations 
� Much complicated fit



  

D-reduction
 

D-reduction
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D-reduction allows for preservation of the 
density of sampling and ease of fit while 
using the best coordinates even as they 
expand D
 

D-reduction allows for preservation of the 
density of sampling and ease of fit while 
using the best coordinates even as they 
expand D
 

� 4,300 unique fitting data
� 1,845 unique test data
� 61,450 total symmetry 

augmented points
� 1.75 data per dimension

Manzhos, Yamashita, Surf. Sci. submitted
Manzhos, Yamashita, Surf. Sci. submitted



  

Dissociative Adsorption
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D-reduction of the 
Configuration Space

Brown et al., 
JCP 129, 064118 (2008)
1,2,4-trifluorocyclooctane

Linear NN D-reduction
N

2
O/Cu(001)

Linear NN D-reduction
N

2
O/Cu(001)



  

Is D-reduction Useful? 
Or Why Linear Is Good
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2. Integration in redundant coordinates 

dx
�

 is a d-form of exterior algebra: 
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Several d-dimensional integrals in q ®
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Conclusions
� PES allow for speedy modelling of high-D systems - 

molecules on surfaces/particles
� For D>6, the configuration space is sparsely 

sampled (2-3 data/D) even with ~104-5 data = no 
PES exists for most systems

� Using NN-based low-D functions provides 
universality, simplicity, and tractability 

� D-reduction increases the effective density of 
sampling w/out neglecting degrees 
of freedom
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