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‘Conventional wisdom suggests that a hierarchical architecture for computational middleware is inherently more scalable :
than a centralized system. When properly implemented, hierarchy can allow some systems to scale well beyond what would be possible with a flat
organizational structure. However, implementing hierarchy within a system often imposes an additional overhead cost, and to our knowledge there has
been no comprehensive study of under what conditions a hierarchical structure can help. We have attempted to rectify some of that oversight by
Jidentifying conditions under which the addition of hierarchy provides more benefit than the loss incurred due to the overhead. ;
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Accelerated Weighted Ensemble or AWE is a method for enhancing the sampling accuracy of the f ool 1
molecular dynamics simulations of protein systems. It partitions the conformational space of a protein into | 0] \ |
cells and creates a fixed number of simulation tasks or "walkers" in each cell. Each walker simulation can
then be run in short time intervals as an independent task, the results of which are recycled into providing = S
starting data for the next set of walkers. - — e d S
AWE's profile (small unique data, large common data, many tasks) and ability to scale almost arbitrarily large ~ ...| ;:a E ﬁi‘; g o ?? "ﬁ”
provided an excellent platform to illustrate the benefits of adding hierarchy. = gg E ?’ i ﬁ Igr:w E
We were able to run an AWE experiment consisting of more than 33,500 tasks on up to 3500 cores : ﬁ E‘” Ej E E E
simultaneously, across 3 different distributed systems, with just 10 GB transmitted by the master to the | N . 2 iGN
\foremen and 875 GB transmitted by the foremen to the workers. cows12 dicll  dicos  discts inda _skera neweel [

This work was supported in part by the Department of Energy and the National Science Foundation via grants OCI-1148330 and CBET-0941565



