Accelerating epistasis detection on Intel%PUs and
discrete GPUs with Intel® Advisor

Aleksandar llic, Diogo Marques, Rafael Campos and
Zakhar Matveev é
inesc id

lisboa .

QEFINING TECHNOLDGY

inesc-id.pt



c%jp%cig Epistasis in a nutshell
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Some SNP interactions may cause life-threating diseases (e.g., Alzheimer, breast cancer)
Discovering which and how many is important, but challenging taskl
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Cache-aware Roofline Model
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@igescig What is bandwidth?
Core L1 ‘L?’_ LLC DRAM

Cache-aware Roofline Model (CARM)': Bandwidth as seen by the core
- Obtained via micro-benchmarking
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Original Roofline Model (ORM)2: Bandwidth between memory levels

- Can ba obtainad from datz-shests
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ééi escid Implications ...
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Cache-aware Roofline Model’
- One model, one arithmetic intensity
- One application “point”™
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éé inescid Implications ... bring cool features

Cache-aware Roofline Model
- Shows absolute architscture masimums®
[¥ou can't break them! Can your applicsiion exploit them )
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How to “plot” my code?
. - CARM mrithmethc Intensity it exactly what you sxpect It bo bhe!
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"% inescid Implications ... bring cool features
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[¥ou can't break them! Can your applicsiion exploit them )

How to “plot” my code?
- CARM mrithmethc Intensity it exactly what you sxpect It bo bhe!

Intel Advisor Roofline feature
- CARM &= [heére dinca 3017
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3igescig Implications ... bring cool features

Cache-aware Roofline Model
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"g? inesc id Matrix Multiplication All codes AVX vectorized!
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% ggescig Cache-aware Roofline Model: Extensions

CARM-based DVFS analysis
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Epistasis Detection
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éi escid Dataset structure

N Sanples (Patients)
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Pair-wise Interaction: sNPs [X,Y)

freguency table
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(Qigescig 2-way Epistasis Detection: Pair-wise interaction

Search space: All SNP combinations
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Each frequency table evaluated with Bayesian K2 score
Epistasis: Minimum K2 score among all combinations!
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EplstaSIs Detectlon GPU Optimization
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The kernel is launched for M*M
work-items

Work-items without a valid combination
will not do work
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Pair-wise interaction: snPs (i)
frequenny tabls
i N
0001 P2 I0 113231 EIET'

The frequency table is filled for SNPs i and j by going through
all samples, disposed in columns
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Performance needs improvement!
The application is memory bound - let's restructure
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Restructuring our algorithm...
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The frequency table is filled for SNPs i and j is filled separately
for each phenotype
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Changing the algorithm moved us to the left!
Performance is worse!
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{invernad SHFPs and samplies)

Improving memory accesses by dataset transposition
Coalescing of memory accesses by the work-items
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Memory accesses are now more efficient!
We have now “block loads” versus a lot of gathers!
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LT L7=

This allows to perform disease detection 1.7x faster!
How can we further improve this result?
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"%gpeﬁc id Data set tiling
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Tiling our dataset to squeeze the maximums!
Using a tile size of B, we can maintain constant
access stride
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Further performance increase!
The performance is now close to the compute roof!
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Conclusions
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The insights of Intel Advisor can allow to vastly improve performance
This allows to perform epistasis detection 3.6x faster!
These techniques can be applied to applications in CPU or GPU
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