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n vertices and diameter D 
à bandwidth ≥ $'#

(  
Maximum degree d 
à bandwidth ≥ )

*
 

Challenge 1: Low Diameter

BACKGROUND – BANDWIDTH

Star

Challenge 2: High Degree

Complete Binary Tree
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𝐴 =)
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METHOD – OVERVIEW

Idea: Multiple Matrices

Challenge 1: Low Diameter
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Challenge 2: High Degree

METHOD – OVERVIEW
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Idea: Arrow Shape

𝐴 =)
#

𝑃#𝐵#𝑃#⊺

Challenge 2: High Degree

METHOD – OVERVIEW

Provably addresses 
the degree limitation
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𝐴 =)
#

𝑃#𝐵#𝑃#⊺

Idea: Multiple Matrices

Challenge 1: Low Diameter Challenge 2: High Degree

METHOD – OVERVIEW

Idea: Arrow Shape

Provably addresses 
the degree limitation
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𝐴𝑋 =)
#

𝑃#𝐵#(𝑃#⊺𝑋)

Idea: Multiple Matrices

Challenge 1: Low Diameter Challenge 2: High Degree

METHOD – OVERVIEW

Idea: Arrow Shape

Provably addresses 
the degree limitation

3. Aggregate

1. Decompose

2. Arrow Multiply
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1 2 3 4 5 6 7 8 9

Linear Arrangement

The Minimum Linear Arrangement
Linear arrangement of the vertices that minimizes the 

total distance between any neighbor

NP-Hard

METHOD – 1. DECOMPOSE

GraphMatrix

We propose new linear-time MLA heuristic

𝐴𝑋 =-
+

𝑃+𝐵+(𝑃+⊺𝑋)

We prove connection between linear arrangement 
and size of decomposition 
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𝐵%(𝑃%⊺𝑋)𝐵&(𝑃&⊺𝑋)+(𝑃&
⊺𝑃%)𝐵%(𝑃%⊺𝑋)

Efficient if:
 nnz(𝐵!) ≫	nnz(𝐵")

METHOD – 3. AGGREGATE

𝐴𝑋 =-
+

𝑃+𝐵+(𝑃+⊺𝑋)
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EXPERIMENTAL SETUP

All algorithms use cuSPARSE CSR kernel, MPICH
Piz Daint, up to 512 GPUs (Nvidia P100)

Baselines:
1.5D = 1.5D algorithm [1]
HP = Hypergraph Partitioning [2]  + PETSc SpMV-style (nonblocking)

SuiteSparse Matrix Collection:

[2] Mayer et al., IEEE BigData 2018
[1] Tripati et al., SC 2020
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𝐵2 𝐵# 𝐵2 𝐵#

𝐵2 𝐵2 𝐵#

Street Network, 51M rows Protein Network, 68M rows

Network Anomalies, 69M rows Web Graph, 118M rows

RESULTS – DECOMPOSITION

Max. degree ≤ 3 Max. degree ≤ 3

Max. degree ~ 63M Max. degree ~	800K
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sk-2005, 51M rows
Web Subgraph

RESULTS – STRONG SCALING

MAWI, 226M rows
Network Anomalies
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RESULTS – WEAK SCALING

MAWI matrices, |V|/p ~ 3M

k=128

k=64

k=32 Out of memory
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More of SPCL’s research:

… or spcl.ethz.ch

180+ Talksyoutube.com/@spcl

twitter.com/spcl_eth 1.4K+ Followers

github.com/spcl 3.8K+ Stars
𝐴 =)
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𝑃!𝐵!𝑃!⊺

CONCLUSIONS
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github.com/spcl/arrow-matrix
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