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e nanopatterning of materials from molecular electronics to photovoltaics Domain Decomposition
e need large scale atomistic simulations to understand self-organization | | | . | | o
e only stochastic models can bridge the gap from nano to micro * simulation-cell is S_p“t INto non-interacting ceII.s | Deac Bord_er Decomp05|t|on
e GPGPU enables simulations of micron-sized volumes. bilions of atoms and o cells are tregted. independently for _short periods of time, (a) smal est. posgble border- for the Roof-Top I\/qulel.
. . . effectively with fixed boundary conditions one lattice site to the right and bottom (see figure)
studies of the long-time evolution of systems | | |

| o | | . = Introducing small errors that must be attenuated e borders can only be moved to word boundaries

e random site-selection Is essential but can be harmed by domain decomposition . . . -
S | — larger active domains give better results for encoding/performance reasons

e Dead Border Decomposition: tiles, sites interacting with (chunks of 4 x 4 lattice sites)

neighboring cells are inactive, origin randomized In intervals + fast, good scaling results

o Double Tiling Decompostion: tiles split into 4 subtiles, only ~ ~==" restricted border-movement leads to correlations

one set of subtiles active at a time, origin randomized / remove restriction for borders by using wider borders (four sites)
/

+ removes correlation

Auto-correlation of slopes during growth Dead-border decomposition:

:
| . . . .
C(t,s) = ((D)B(5)) — (B(E)) (B(3)) for times t > s , — bad signal-to-noise—ratio compared to sequential code Light-gray areas are domain
101 o] : ... due to added disorder from crossing of wide borders borders with inactive sites.
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KPZ surface in the steady state e e Double Tiling (DT) ¥ Double Tlllﬂg Decom POSITION
e Kardar—Parisi=Zhang (KPZ) universality class [1] 10-1 +Checkerboard (Cb) p=10.95 § . . .
e can describe growth processes, directed polymers in random media, randomly ~ E xsequential /] 12 ofou-r non—mteractmg Sets_ Of. sub—-cells 2re updated in random order
. | L . S s | e active regions overlap with inactive cells
stirred fluids, dissipative transport and magnetic flux lines in superconductors. “ 102| 29 1.3 | o o |
, , ,U? | . = works without shifting the origin for different models
deh(x, 1) = ¥ +gVhix 1)+ A [Vhkx DF +n(x ) 2o [Foreom — like Kinetic Metropolis Lattice Monte-Carlo [6]
mean growth vel. surface tension local growth vel. noise Z 10 | - -DT L =218 24 2 3 1 2 _ o o
KPZ stochastic differential equation > | ob=2n ' e randomly shift origin of decomposition after every sweep
S| cpoom e . .
10—4 E e : : to avoid auto-correlation error
Roof-Tob Model | o 1.411.3 /1.4 1.3 + noise en par with sequential code
P ostochastic  model  for  surface 107> f = | Double-tiling decomposition: = capability to perform large-scale aging studies
10° 10° 10’ Light-gray sub-cells are inactive.
growth [2, 3] 106 t/MCS 0
. 0 1 2
e 2D square lattice (octahedron model) 10 %95 10 |
e carry out random depositions (proba- EVGH/.Odd Slte_ Checkerboard - - -
bility p) or removals (prob. q) Benchmarks e even sites do not interact with each other in single update 990209090900000000
. . . QUVPVPVPVPVPVP2VOVOO
. timg t measured in sweeps of the . 11010 = update even sites, then odd sites—often used for Ising model [7] 209000 : 0 3 0 3 2325253
lattice—Monte-Carlo-Steps (MCS) ) 1.39 - 1010 e replacing random site selection by finite update probability p <1 = 392929292929 2929.°9
. . 5l1.5 | | 900000000000000000
e shows KPZ universality for g = 0 GE) 014-10° 92610 + correct growth results, very fast 200000000000000000
. _ 1 = . ] . QPVPVPVP2VP2VP2VOVWOVO
2 + 1D roof-top model—octahedron model @ bit-coded up- or down-slopes in be- = — updates correlated, correlation depends on p Lattice sites colored by parity.
tween lattice-sites 30.5 j
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