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Software Fields 
USER 
Num 

Percentage 

VASP First principle, commercial 65 25.2% 

NAMD MD, open source 14 14.5% 

Gromacs MD, open source 36 13.7% 

Lammps MD, open source 63 5.8% 

NWchem Frist principle, open source 17 3.9% 

Amber MD̆Commercial 18 3.0% 

Siesta Material simu, open source 6 2.4% 

Flutter Force simulation 1 2.0% 

Dovis dock Medicine 1 1.7% 

Autodock4 
Molecular simulation̆ open 

source 
2 1.6% 

Espresso DFT̆ open source 12 1.2% 

Match User developed code 1 1.2% 

Gaussian First principlĕ commercial 59 0.7% 

Materials 
Studio 

First principlĕ commercial 15 0.4% 

Software in Supercomputing center of CAS 

First  principle: 31%  



DFT in NERSC community 

74%

6.90%

6.70%

6.40%

3.10% 2.90%

A survery of computational material science 

algorithm in NERSC community (2007)

DFT

Beyond DFT

QMC

CMD

CMC

PDE



DFT on Titan 

18,688 nodes 
 

16-core AMD Opteron 6274 CPU 

1 Nvidia Tesla K20X GPU -

1.31Tflops 

 
Peak Performance 27 Pflops 

GPU contributes 24Pflop

s 

Running CPU application only use 12% of the T

itan computing power. 



(1) Accuracy 

(2) Temporal scale (from fs to seconds) 

(3) Size scale (mesoscale problems) 

(climb Jacobôs ladder) 

(new algorithms, like the  

 accelerated MD) 

(Divide & Conquer methods) 

All can be helped by exascale computing 

L.W. Wang, Divide and conquer  quantum mechanical  material 

Simulations with exascale supercomputers, Nat. Sci. Rev.  2014. 



What is LS3DF? 

ÅA novel divide and conquer scheme with a new approach for 

patching the fragments together 

 

ÅNo spatial partition functions needed 

 

ÅUses overlapping positive and negative fragments 

 

ÅNew approach minimizes artificial boundary effects 

   divide-and-conquer method  O(N) scaling 

Massively parallelizable  
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Phys. Rev. B 77, 165113 (2008); J. Phys: Cond. Matt. 20, 294203 (2008) 
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LS3DF: 1D  
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Artificial surface 

passivation 

Buffer area 

 

 Boundary effects are (nearly) cancelled out between the fragments 
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LS3DF in 2D and 3D 




