
Computer speed
x2 in 18 months

Brilliance
x3 in 18 months
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Memory-Centric 3D Image Reconstruction with Hierarchical 
Communications on Multi-GPU Node Architecture

Mert Hidayetoglu and Wen-Mei Hwu (Advisor)
University of Illinois at Urbana-Champaign

Optimization 2: Multi-Stage Input Buffering

Optimization 3: GPU Minibatching

Row-Major Morton HilbertBlocked Row-Major

Optimization 1: Pseudo-Hilbert Ordering

Tomogram Domain
data access footprint
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No Cache:
25 Memory Accesses

Single-Level Cache
Capacity: 16 elements

Row-Major Ordering:
16 Memory Accesses
(36% saving)

Hilbert Ordering:
6 Memory Accesses
(76% saving)
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Tomogram Domain

Cache Line

No Cache:
29 Memory Accesses

Single-Level Cache
Capacity: 16 elements

Row-Major Ordering:
16 Memory Accesses
(45% saving)

Hilbert Ordering:
7 Memory Accesses
(76% saving)

Sinogram Domain
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Cache Line

Forward Projection

Backprojection
data access footprint

Brain Sample Reconstruction on 24,576 V100 GPUs
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Projection Matrix Sparsity Patterns

3D X-Ray Imaging Applications

Memory Footprint: 10 TB

Shale Rock IC Chip

Activated Charcoal Mouse Brain

Data Acquisition

Advancement Trends

Iterative Reconstruction

Coordinated
Science
Laboratory

Hierarchical Communication & Data Reduction

Communication Overlapping

Sample Datasets

Overall Reconstruction Speedup

Breakdown of End-to-End Recon. Times

Breakdown of Communication Times

Communicated Data and System B/W

Strong and Weak Scaling on Summit


