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Large-Scale

200 PFLOPS 4,608 Nodes

Summit (2018) 6 GPUs per Node Aurora (2021) 6 GPUs per Node

Frontier (2021) 4 GPUs per Node

1 EFLOPS

1.5 EFLOPS 2 EFLOPS

El Capitan (2024) 4 GPUs per Node



Application: Sparse Deep Neural Network

Input Data (Y0)
MNIST corpus of 60,000 handwritten numbers.
- 32x32 à 1,024 neurons
- 64x64 à 4,096 neurons
- 128x128 à 16,384 neurons
- 256x256 à 65,536 neurons
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Application: Sparse Deep Neural Network
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CUDA 11.0
Driver 450.51.06
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Inference Throughput (TeraEdges/Second)

Application: Sparse Deep Neural Network



Application: Sparse Deep Neural Network
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https://github.com/merthidayetoglu/SpDNN_Challenge2020
Open Source and Reproducible:



Slide 9

Original Matrix

Block 0

Block 1

Block 2

Block 3

Block 4

Block 5

Block 6

Block 7

Block 0

Block 1

Block 2

Block 3

Block 4

Block 5

Block 6

Block 7

Block 0

Block 1

Block 2

Block 3

Block 4

Block 5

Block 6

Block 7

Block 0

Block 1

Block 2

Block 3

Block 4

Block 5

Block 6

Block 7

Data Reuse: 2.52

Data Reuse: 2.52 Data Reuse: 4.44

Data Reuse: 4.44

Row Reordering

Row Reordering

Column 
Reordering

Column 
Reordering

Open Problems: Enhancing Tiled SpMM by Matrix Reordering 



K-Means Clustering
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K-Means Clustering
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Partitioning SpMM: Batch Parallelization & Streaming

• Batch parallelism duplicates the partitions
Per-process memory Total Memory Communications
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𝑨: 𝑀×𝑁 Sparse
𝑩: 𝑁×𝐾 Dense (Col.-Major)
𝑪: 𝑀×𝐾 Dense (Col.-Major)
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Partitioning SpMM: Data Parallelization
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• Batch parallelism duplicates the partitions
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Per-process memory Total Memory Communications



Slide 12

Partitioning SpMM: Topology-Aware Rank Placement
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• Batch parallelism duplicates the partitions
Per-process memory Total Memory Communications

• Data parallelism partitions the matrix
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MPI_Comm_split( MPI_Comm comm, int
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Application: X-Ray Imaging

Molecular Reactions Chip Imaging

Soleil Light Source Beamlines
Paris, France
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Application Performance: X-Ray Imaging

Advanced Light Source 
at Lawrence Berkeley 
National Laboratory

Upgrade Scheduled 2024

Stanford Synchrotron Radiation 
Light Source at SLAC National 

Accelerator Laboratory
Upgraded 2015 Advanced Photon Source at 

Argonne National Laboratory
Upgrade Scheduled 2022

National Synchrotron Light 
Source II at Brookhaven 

National Laboratory
Upgraded 2015

DESY in Hanofer, Germany
Upgrade Scheduled 2025

SPRING-8 in Sayo, Japan
Upgrade Scheduled TBD

Diamond in Oxford, UK
Upgrade Scheduled 2024

DOE Synchrotron Light Sources
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Hierarchical Communications: Benchmarking on Summit
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Hierarchical Communications: Benchmarking on Summit

Optimized SpMM

Local Socket Red.

Local Node Comm. (CUDA IPC)
Local Node Red.

Global Comm. (MPI)

Global Red

Minibatch 0

Minibatch 1

Projection Minibatch Backprojection Minibatch

Global Comm. (MPI)

Unpack

Local Node Comm. (CUDA IPC)
Unpack

Optimized SpMM

Minibatch 2

Minibatch 3

Projection Pipeline

Local Socket Comm. (CUDA IPC) Local Socket Comm. (CUDA IPC)

Backprojection Pipeline

Minibatch 0

Minibatch 1

Minibatch 2

Minibatch 3

Unpack

MPI CommSpMM

MPI CommSpMM

MPI CommSpMM

MPI CommSpMM

MPI Comm SpMM

MPI Comm SpMM

MPI Comm SpMM

MPI Comm SpMM

Local Comm. 
& Reduction

Global Comm.

Wall TimeOptimized SpMM

Local Socket Red.

Local Node Comm. (CUDA IPC)
Local Node Red.

Global Comm. (MPI)

Global Red

Minibatch 0

Minibatch 1

Projection Minibatch Backprojection Minibatch

Global Comm. (MPI)

Unpack

Local Node Comm. (CUDA IPC)
Unpack

Optimized SpMM

Minibatch 2

Minibatch 3

Projection Pipeline

Local Socket Comm. (CUDA IPC) Local Socket Comm. (CUDA IPC)

Backprojection Pipeline

Minibatch 0

Minibatch 1

Minibatch 2

Minibatch 3

Unpack

MPI CommSpMM

MPI CommSpMM

MPI CommSpMM

MPI CommSpMM

MPI Comm SpMM

MPI Comm SpMM

MPI Comm SpMM

MPI Comm SpMM

Local Comm. 
& Reduction

Global Comm.

Wall Time
Optimized SpMM

Local Socket Red.

Local Node Comm. (CUDA IPC)
Local Node Red.

Global Comm. (MPI)

Global Red

Minibatch 0

Minibatch 1

Projection Minibatch Backprojection Minibatch

Global Comm. (MPI)

Unpack

Local Node Comm. (CUDA IPC)
Unpack

Optimized SpMM

Minibatch 2

Minibatch 3

Projection Pipeline

Local Socket Comm. (CUDA IPC) Local Socket Comm. (CUDA IPC)

Backprojection Pipeline

Minibatch 0

Minibatch 1

Minibatch 2

Minibatch 3

Unpack

MPI CommSpMM

MPI CommSpMM

MPI CommSpMM

MPI CommSpMM

MPI Comm SpMM

MPI Comm SpMM

MPI Comm SpMM

MPI Comm SpMM

Local Comm. 
& Reduction

Global Comm.

Wall Time

0

10

20

30

40

50

60

Direct Hierar. Overl. Direct Hierar. Overl. Direct Hierar. Overl.

Double (128x1) Single (64x2) Mixed (32x4)

W
al

l T
im

e 
(m

) Kernel Socket-Level Comm.
Node-Level Comm. Global Comm.
Idle Memcpy

Charcoal on 128 Nodes (768 GPUs)

Socket-Level Comm. Node-Level Comm. Global Comm. Memcpy
Prec. Data B/W Data B/W Data B/W B/W

Direct
Double

N/A N/A
36.6 TB 1.61 TB/s 35.2 TB/s

Single 18.3 TB 1.61 TB/s 34.9 TB/s
Mixed 9.16 TB 1.59 TB/s 34.6 TB/s

Hierar.
Double 36.6 TB 174 TB/s 21.4 TB 21.3 TB/s 15.2 TB 1.58 TB/s 34.9 TB/s
Single 18.3 TB 170 TB/s 10.7 TB 22.8 TB/s 7.58 TB 1.55 TB/s 34.5 TB/s
Mixed 9.16 TB 164 TB/s 5.35 TB 23.5 TB/s 3.79 TB 1.49 TB/s 33.6 TB/s

Communication Volume and Effective Bandwidth

Pipelining Batch Processing
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Open Problems: Extending Comm. Hierarchy for Inter-Node Communication
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