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Copolymer self-assembly Implementation on single GPU
Diblock copolymer: Self-assemble into mesoscale structures SCFT Update Interpolate and Reparametrize
2 tethered chains of chemically distinct monomers Lamellae BCC Spheres Relax fields with spectral methods Parallel over approx. 10° grid points

Involves FFTs (use cuFFT) and elementwise
field arithmetic. Good for GPU!
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L o o Caveat: Update step parallel over images, suggests multi-GPU treatment. Stay tuned...
Significant, growmg industrial interest Problem: Metastable defects
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Experimental cylindrical DSA
Dislocation (circle) and

disclination defect (diamond) 0
in PS-P2VP (f=0.23)
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Example calculation: annealing of
disclination defect for cylinders in cylindrical
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/ Tool #1: Self-consistent Tool #2: String Method Top view: Macromolecules 2015, submitted
field theory (SCFT) For barrier crossing in high-dimensional systems
: - Compatible with SCFT o * N .
Field-based model of monomer densities P o Current work: MPI-GPU Finite Temperature String
| WA =iy — W, wp =i, +w_ Operates on sequence (“string”) of models
N Qtefrate[along CT; '”C[E?ti“:‘j Cfmp;te p(mpa)ga(torq ("images”) Finds free energy barrier (fluctuations included)
~-q\r,s;[Wa,WR —wir,s)q\r,s, . .
d'ﬁintegrateqover space for single-chain partition fn Q ReqUIres thermal average at eaCh tImEStep 2
Q lwa,wp] = %/dr o(r, N: [wa, wp)) e X =30 (100+ updates per image per reinterpolate step) )
Hlwpw)=p U/ dr [(1/xap)w” = dw] = ninQlws, wpl At each timestep: 5 00 apimes_pe timestep
Update step Relaxes to saddle point | .. . ” $ Dby
8w_ B 5—H 5 H [w jI‘_ W i ] - 0 F '_ /\ F /\ F F 3 | —m— 1_update_per_timestep
8t B Ow_ O o . . . . R , X L =
< « % Initial fields Update (SCFT) Interpolate Reparametrize to . - —
%J—;_ — ;—H oH [;u+:w_] — 0 (spline) maintain spacing 0 > e B 20 2%
W 4 W _ S —— . . . Num ber of MPHinked GPUs
. . SR | ini Parallelize averaging step over multiple GPUs;
Saddle point approximation: Z ~ 7, e(-Hl«i-«"]) Converges to minimum = ‘ - -
P o : *n * energy path (MEP) scaling improves as number of update steps used Strong scaling attamgd around 100 thermal
oA (r: lwa,wp]) = —n In Qé[wA,,wB] “Mountain pass:” Good in thermal average increases average steps per reinterpolate step
W
e [wf% W] estimate of transition path (Scaling data collected on the TACC’s Maverick)
PB (I‘; [wA’wBD - dWwp 2D |IIustrat|on http //www.cims.nyu.edu/~eve2/string.htm




