Improvements to Hardware-Accelerated 3D Single Particle
Imaging Data Reconstruction

1 Los Alamos National Laboratory, Applied Computer Science Group (CCS-7)

Niteya Shah'2, Mentor: Christine Sweeney?, Co-Mentor: Vinay Ramakrishnaiah' 2 Virginia Tech, Department of Computer Science

Introduction Methods Results

Tests were run on NERSC Perlmutter supercomputer GPU nodes, each of which

Create M 2D model | from th t have a 39 Gen AMD EPYC CPU, 4 A100 Nvidia GPUs and use Slingshot10
reare Mode! Images from e curren Interconnect for MPlI communication.

electron density estima_tion. o Weak Scaling on Spinifel 3IYF
e Precomputed the einsum and stored it In 1500 images per rank, 4 ranks per node, 10K Orientations

We present results from using hardware acceleration to reconstruct 3D S“C'ng
Images of the molecular structure of bio-macromolecules. We process
simulated X-ray diffraction data representative of what is gathered at

experimental light source facilities, such as the Linac Coherent Light Source.

These performance improvements will enable efficient use of these pinned memory to reduce wasted 1 _
experimental facilities by enabling processing and decision making in real calculations and Improve  memory == loading_time
time. transfer. 2 - —5 s slicing time
. . Bl orientation_matching
4 - _ B Merging
nghllghts %’n Phasing
i 8- P
e Fast reconstruction of 3D Single Particle Imaging (SPI) data using Orientation I\/Iatching -
supercomputers equipped with graphics processing units (GPUs) Match the model images to the reference 161 | —— — Ontimized
gy. Euclidean distance.

e Optimizations made to improve per-node computational efficiency and " o - s

L I

accuracy of SPI by using better algorithms, improving data movement and 1(Xan—Ye)IP =) X2,0) Y3, +Xan Ya, Execution Time
access, reusing data structures and reducing memory fragmentation. = =t Figure 3. Weak scaling studies for SpiniFEL shows constant execution
® 50% improvement in reconstruction accuracy. e Reformulated Euclidean distance to a time per node.
e 4X speedup in reconstruction time and 485X speedup in resolution GEMM operation to take advantage of Varying Orientations on Spinifel 3IYF
calculation. Tensor Cores. 1500 images per rank, 4 ranks per node, 32 nodes
e Identified closest pairs using a GPU
_ _ _ optimized  tree-style  segmented 5000 F = londing time
Single Particle Imaging reduction. — 1,
v 16000 - F BN orientation_matching
e Technique for determining the structure of bio-macromolecules using S e 2":;2::9
diffraction patterns gathered from directing an X-ray beam at single Merging % =
particles before they are destroyed. | | 0 Combine the reference orientations into a 3D 5,320007 p
e SPI via free electron lasers (XFELs) is key for understanding the time diffraction volume. Solve as a linear system =
evolution of enzymatic reactions. using the conjugate gradient (CG) algorithm 1000 : (I\)Ip:igmiifed. d
. . . m
| e Replaced CPU implementation with GPU o TP
Particle Stream ' ? : version. . T - - u
(Y. e Created persistent data structures that 0 >00 1000 1500 2000
Y= Execution Time
B can be reused to reduce memory _ o _ | _ _
‘ A\ management costs and fragmentation. Figure 4. SpiniFEL shows speedup for varying number of orientations with
. e Used double precision for CG to better scalability than previous implementation.

overcome its instability, leading to
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