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Background

‘ ‘ One Timestep of the Force Calculation ‘

Streaming supercomputers will have wide
applications in complex scientific computing.
Our work with molecular dynamics simulation is
apreliminary step in using streaming
supercomputing to model the folding of human
proteins. Learning more about this process will
have atremendous impact on biology and

DNA molecule medicine and will help medical researchers
understand diseases and find cures.

1. Loadinitia input datainto streams.
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Numerical ODE in Molecular Dynamics

Each neighbor list has the same length. Molecules with extraneighbors

e The approach we have decided to take is Molecular Dynamics (MD).
O Newton's equations of motion
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Q Potential energy U is defined as the sum of two terms:

» Lennard-Jones potential, which decays as
Used for oxygen atoms only.

» Electrostatic potential, which decays as
For all charged particles. il
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» The Ordinary Differential Equations (ODE) can be solved with the L eap-frog
scheme. At
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« Using this method, it is possible to simul ate the complex trajectories of atoms and
molecules for very long periods of time. However, only the advent of more powerful
supercomputers will allow studying molecules over time scales which are biologically and
experimentally relevant.

« In order to start with asimpletest case, we simulated a box of water molecul es.

have multiple neighbor lists. Molecules with too few neighbors are given
dummy neighbors.

2. Gather positions into new streams (D and E) indexed by B and C.

3. Compute the forces between each molecule and the molecules in its neighbor list(s).
Store the forcesin anew stream F.

4. Scatter the forces into a stream indexed according to the original position stream (A).
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Partial forces are combined to
© Sc?totr:;d [Fo[Fo) [Fa [FE) [ ... [Feo9)] generate the final force stream

Optimization: The Arithmetically Intensive Kernel ‘

Thekernel performs all the arithmetic operations of the force calculation. The schedules
below track the operations within one iteration of the kernel. The vertical axis markstime
in number of cycles. The horizontal axis marks each functional unit in the SSS
architecture; columns 1-4 are for addition and multiplication, column 5 is for division and
square root. Each rectangle represents an operation underway.

Neighbor List Technique
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Optimization: The Full Application

The two schedules bel ow track the main processes in the overall application. The vertica
axis marks timein number of cycles. Theleft column tracks chunks of the kernel currently

inprogress. Theright column tracks I/O stream operations.
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Automatically

Right-hand side: Manually
stripmined, MARs increased.

« Double-buffering and Stri i e

has only one kernel,
but it requires more data from input
streams than can be loaded into the
SRF at one time. Hence either the

computer (the left case) or the = 1
programmer (the right case) splits the
input streams into strips that are fed

kernel to run piecemeal as well.
+ Memory Address Registers (MARs):

channels between the memory and
the SRF through which streams flow. =
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code.

Merrimac vs. Pentium ‘

The execution is hindered by the
memory operations, and does not
fully utilize the functional units.
This can be seen by looking at the
number of cycles separating calls to
kernels. Thisis dueto the fact that
the computation cannot start until
all the molecules have been
gathered and filtered.

This problem will be solved with SSS, whose bandwidth memory system is larger than
Imagine by afactor of about 2. We also introduced a stream cache on the SSS for an
additional bandwidth amplification. These two e ements will diminate the stalls.

Future Work

« Changes will be made to the algorithm used by the profiler so that better performance
is achieved with automatic optimizations of the code.
 The full GROMACS code with several time-steps of force calculations will berun on

Merrimac and the performance tested.

« Actual computations for complex proteins will be run on the NV 30 and the SSS

simulator.




