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Networks are diverse!
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Intra-Node Subnetwork



Networks and communication libraries are diverse!
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MPI, NCCL
Communication 
Libraries

1) MPI

2) NCCL

3) IPC

4) GASNet

5) SHMEM

MPI, NCCL MPI, RCCL

MPI MPI, NCCL



Runtime Tools for Communications
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1) CommBench: Configurable Benchmarking

2) HiCCL: Hierarchical Collective Communications

3) Application Highlight: 3D Image Reconstruction
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Networks are hierarchical.
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HiCCL: A Hierarchical Collective 
Communication Library
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Pattern Composition: Primitives

void Comm::add_reduce(T *sendbuf, size_t sendoffset,

Reduce

recvid

sendids[0]

sendids[1]

sendids[2]

Op

void Comm::add_bcast(T *sendbuf, size_t sendoffset,

Broadcast
recvids[0]

recvids[1]

recvids[2]

sendid

T *recvbuf, size_t recvoffset,
size_t count,
int sendid,
std::vector<int> recvids);

T *recvbuf, size_t recvoffset,
size_t count,
std::vector<int> sendids,
int recvid);
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Pattern Composition: All-Reduce

HiCCL::Comm<Type> allreduce;

// REDUCE-SCATTER
for(int recvid = 0; recvid < numrank; recvid++)
allreduce.add_reduce(sendbuf, recvid * count,

 recvbuf, recvid * count,
 count, proclist, recvid);

// DEPENDENCY
allreduce.fence();
// ALL-GATHER
for(int sendid = 0; sendid < numrank; sendid++)
 allreduce.add_broadcast(recvbuf, sendid * count,

 recvbuf, sendid * count,
 count, sendid, otherlist);

// PARAMETERS FOR FRONTIER 
std::vector<int> hierarchy = {numrank / 8, 4, 2};
std::vector<Library> library = {MPI, MPI, MPI, IPC};
int ring(1);
int stripe(1);
int pipeline(16);

// INITIALIZATION
allreduce.init(hierarchy, library, ring, stripe, pipeline);
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(a) {3, 8}

(c) {3, 2, 4}

(b) {4, 6}

(d) {2, 2, 6}

Tree Factorization
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Optimization: Multi-Rail Striping
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Optimization: Multi-Rail Striping
using namespace CommBench;

Comm<Type> partition(Library::IPC);
Comm<Type> translate(Library::NCCL);

Comm<Type> assemble(Library::IPC);

Type *send_temp;

Type *recv_temp;
allocate(send_temp, count, 1);
allocate(send_temp, count, 2);

allocate(recv_temp, count, 3);
allocate(recv_temp, count, 5);

partition.add(sendbuf, count, send_temp, 0, count, 0, 1);
partition.add(sendbuf, 2 * count, send_temp, 0, count, 0, 2);
translate.add(sendbuf, 0, recv_temp, 0, count, 0, 3);

translate.add(send_temp, 0, recvbuf, count, count, 1, 4);
translate.add(send_temp, 0, recv_temp, 0, count, 2, 5);
assemble.add(recv_temp, 0, recvbuf, 0, count, 3, 4);

assemble.add(recv_temp, 0, recvbuf, 2 * count, count, 5, 4);

partition.start();

partition.wait();
translate.start();
translate.wait();

assemble.start();
assemble.wait();
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Tree Ring
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Pipelining: Results on Perlmutter
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1) CommBench: Configurable Benchmarking

2) HiCCL: Hierarchical Collective Communications

3) Application Highlight: 3D Image Reconstruction
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1) CommBench: Configurable Benchmarking

2) HiCCL: Hierarchical Collective Communications

3) Application Highlight: 3D Image Reconstruction



Application Highlight:

3D Image Reconstruction
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Application Highlight: Image Reconstruction

Integrated Circuit Mouse Brain

Synchrotron Light Source

APS, Argonne National Lab

𝑨 × 𝑩 = 𝑪

Model

(Sparse)

Measurement

(Dense)
3D Image

(Dense)

M. Hidayetoglu, T. Bicer, S. Garcia de Gonzalo, B. Ren, V. De Andrade, D. Gursoy, R. Kettimuthu, I. T. Foster, and W.-M. W. Hwu, 

“Petascale XCT: 3D image reconstruction with hierarchical communications on multi-GPU nodes,” SC20, Best Paper.

Summit, Oak Ridge National Lab
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Partial Sinogram Data
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Sender GPUs

Overlapped Data

𝑨 × 𝑩 = 𝑪

Model

(Sparse)

Measurement

(Dense)
3D Image

(Dense)

M. Hidayetoglu, T. Bicer, S. Garcia de Gonzalo, B. Ren, V. De Andrade, D. Gursoy, R. Kettimuthu, I. T. Foster, and W.-M. W. Hwu, 

“Petascale XCT: 3D image reconstruction with hierarchical communications on multi-GPU nodes,” SC20, Best Paper.

Application Highlight: Image Reconstruction
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Application Highlight: Image Reconstruction

M. Hidayetoglu, T. Bicer, S. Garcia de Gonzalo, B. Ren, V. De Andrade, D. Gursoy, R. Kettimuthu, I. T. Foster, and W.-M. W. Hwu, 

“Petascale XCT: 3D image reconstruction with hierarchical communications on multi-GPU nodes,” SC20, Best Paper.



41

Direct Communications (1.35 GB)

MB

Local Comm. within Sockets (1.35 GB) Local Comm. within Nodes (768 MB) Global Comm. between Nodes (492 MB)

MB MB MB

Direct Communications (1.35 GB)

MB

Local Comm. within Sockets (1.35 GB) Local Comm. within Nodes (768 MB) Global Comm. between Nodes (492 MB)

MB MB MB

Direct Communications (1.35 GB)

MB

Local Comm. within Sockets (1.35 GB) Local Comm. within Nodes (768 MB) Global Comm. between Nodes (492 MB)

MB MB MB

Direct Communications (1.35 GB)

MB

Local Comm. within Sockets (1.35 GB) Local Comm. within Nodes (768 MB) Global Comm. between Nodes (492 MB)

MB MB MB

Application Highlight: Image Reconstruction

Summit (4, 2, 3)

0

1

2

3

4

5

6

7

8

9
10

11

12
14

13

15 17

16

20

21

22
23

19

18

Socket-Level Reduction

Node-Level 

Reduction

+

+
+

+

+

+

+

+

Global 

Reduction



42

Application Highlight: Image Reconstruction
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Application Highlight: Image Reconstruction
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Hierarchical Communications Summary

Application Highlight: Image Reconstruction



Conclusion



Runtime Tools for Communications
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1) CommBench: Configurable Benchmarking

2) HiCCL: Hierarchical Collective Communications

3) Application Highlight: 3D Image Reconstruction



Thank You
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