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EXTENDED ABSTRACT 

A practical solution to achieving scalability on millions of cores is 

to employ ‘ensemble’ calculations in which multiple related jobs 

are executed concurrently. Molecular dynamics (MD) provides an 

example in which multiple trajectories of a given system may be 

launched simultaneously, and statistics can afterwards be gathered 

over all trajectories to obtain results (ergodic theorem). MD is a 

very powerful computational technique that provides detailed and 

accurate information on the structural and dynamical properties of 

chemical systems. However, classical molecular dynamics 

simulations are based on empirical force fields that are obtained 

by parameterization. Thus, the accuracy of predicted properties 

depends on the system. To solve this problem we use ab initio 

quantum chemistry dynamics implemented in the software 

package, GAMESS. However, quantum chemistry is very 

expensive. In order to make ab initio dynamics computationally 

tractable, supercomputers and linear scaling methods are 

necessary. Specifically, we use the Blue Gene/Q supercomputer 

combined with the linear-scaling Fragment Molecular Orbital 

(FMO) method, together with ensemble methods. In this poster, 

we describe different ways the ensemble strategy can be 

employed with FMO in GAMESS to extend and advance our 

current MD capabilities. 

In GAMESS we implemented two basic types of ensemble 

calculation (EC) – strongly and weakly coupled EC - to achieve 

better scalability: 

Weakly coupled EC is ideal for situations that require little or no 

communication between jobs. With MD, multiple independent 

trajectories can be submitted simultaneously at the job script level. 

The runtime system scheduler provides a processor partition, or 

block, within which multiple sub-blocks are booted with the 

simultaneous runs instantiated on them. One issue to address with 

this scheme concerns the management of various scratch files 

used by GAMESS/FMO. Tools were written specifically to 

remove the scratch files initialized in the ‘RAM disk’ areas of 

each sub-block after each run. The script-level scheme thus 

enabled scalability up to 49,152 nodes of Blue Gene /Q (786,432 

cores) to execute ab initio MD trajectories for 256 water 

molecules equivalent to 35 ps of simulation in 12 hours. 

On the other hand, strongly coupled EC is suited to MD methods 

demanding more frequent communication between trajectories, 

such as replica-exchange MD (REMD). In REMD, multiple 

copies of a system are randomly initialized and run at different 

temperatures. Then, based on the Metropolis criterion, 

configurations are exchanged at different temperatures 

necessitating the transfer of data between the different trajectories 

of the EC. In addition to the communication overhead of FMO 

calculations, then, is that associated with configuration-exchange. 

However, the recently implemented FMO-REMD in GAMESS 

statically assigns one processor subgroup to each replica within 

which all fragment and fragment-pair (FMO2) computations must 

be performed. As such, FMO-REMD can at present only achieve 

modest scalability (to around 512 nodes) on Blue Gene /Q. To 

achieve better scalability, three levels of parallelism are required, 

wherein processor subgroups assigned to each replica are further 

subdivided into groups assigned to individual fragments. Such a 

3-level parallelism stands to benefit many highly scalable 

methods. 

Besides REMD, other possible candidates for strongly coupled 

EC include: 

- Multi-state reactive molecular dynamics code for FMO 

– for early science project on Mira (PI: Gregory Voth) 

- Potential energy search using FMO – former INCITE 

project (PI: Donald Truhlar) 

In the poster, we have shown that the our implementation of 

scripting for weakly coupled ensembles achieved a superior 

scalability of up to 49,152 nodes of Blue Gene /Q (786,432 cores) 

to execute ab initio MD trajectories for 256 water molecules 

equivalent to 35 ps of simulation in 12 hours. The results of 

simulations were demonstrated by showing energy conservation 

for NVE calculations and computation of radial distribution 

functions for O-O distance between water molecules. These 

results are preliminary and we plan to extend this approach to 

larger basis set done at MP2 level for even larger water cluster 

consisting from 512 water molecules. 
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