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In the proceedings:
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Figure b: Motherboard amd chassls layout for efflciont alrflow. Two CPUs and Elghteen DIMMs are placed
side by side, yielding the best thermal result based on airflow coming from front to rear. They are the
primary power consumers and heat generators, taking up over 80% of the total system power, so spreading

them apart ensures that thoy do not heat up each other. All the 170 ports, including the debug card () = =
ntteched hero; but normally unneeded); are pleced on the front to fmc easy occess for rack servieo. o ewo I ' I e‘ uI e o I‘ S.
The PCle x18 slot placement (front lefi) can accommodate a ful ight ard, The PSLU power mates [}

directly with the motherboard, eliminating PSU power cable routing (only remaining cables to the fans and
HDD are f(ush to the sides). Mounting holes' placement offers the best support for motherbonrd. Extra

space for up to five more HDDs s visible behind the mothesboard and PSU. . All-to-All CommunicationS
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M | dynamic "and clock frequenc

Srarwd

7 -. - —_ —— Avurage: 0568
#-w{ Thoad |- Thoad r:r_::-:;:‘ Thiead | Peak: 2568k

Latsncy: <i00ns

ory c

GPU acceler

| P
Adding ne

/devices to memory hie
anded programming models
)n of MPI programs

Figure 61 Scaling through multi-level parallelism in
Copernicus. The nonbonded kernels use handtuned
ction multiple-data nssembly, threads
used within nodes that share memory, and each
Copernicus task is a muassively parallel message-
passing simulation that typlcally communicates over
Infiniband. The average as well as peak bandwidth
used for the vill xample project is indicated, Be-
yond the point of efficiently scaling individual sim-
ulations, we employ hundreds of worker tasks on
o typical cluster or supercomputer, and these in
turn communicate with other resources through ad-
ditional servers. Top-lovel servers interact with con-
trollers to determine what tasks to execute. This hi-
erarchical architecture adapts to successively highoer
latency, for instance when clusters on multiple con-
tinents are contributing to a project.,
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"u" CI']I'E.FLE"IFIS structure Hulo-doped (below the half-filing] Figure 3: Breakdown of runtime spent in each phase for the B20 problem as a function of architecture, opti-
of High-T, cuprate superconductor Hubbard model mization, and threading. Note, minor axis is “processes = threads™, or equivalently, "ap
Additionally, observe each s plotied on a different timeseale. PCle time has been removed from each kernel's
time and tabulated in a separate bar,
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Flgure 1t A schematie figure for a modeling of strongly-correlated electrons on cuprate High-T. supercon-
ductors. The superconductivity generally emerges in 3; plane by doping into parent compounds. The
parent and superconducting compounds are modeled just at and below the hall-flling in the Hubbard model,
respectively, as shown In the most right panels.
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Figure 13 The PERCS seiwark - the ket fgure shoas all ts all comnections withis s supernade (conBeciisns originating from only two
nodes, 0 and 18, are shown b keep the disgram stmple). The right fgure shows second -Jevel all to all connections scross sepomodes
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Figure 1: The size of biomalecolar systems that can be studied using ull-atom molecolar dynamics sinulations bas stesdily increased
from that of Lysozyme (40,000 atoms) in the 19%0s to the F, F,-ATP Synthase and STMY Virus capsid st the turn of the century, and
now 10-million atoms as in the spherical chromutophore model shown above. Atom counts include agueous solvend, nol shown.




