A Workflow for the Synthesis
of Irregular Memory Access
Microbenchmarks

Kevin Sheridan, Jered Dominguez-Trujillo, Galen Shipman (LANL)

Connor Radelja, Christopher Scott, Agustin Vaca Valverde, Jeffrey
Young (GT)

Patrick Lavin (SNL)
October 2nd, 2024

/
/
ﬁ&"
/

g
-
vw

Y 4
j}@
jﬁ"

®

Sandia Georgia
National Gr
Laboratories Tech.

Los Alamos

NATIONAL LABORATORY



Motivation
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The “Cambrian Explosion” of new accelerators has led to many domain specific accelerators — not
justin Al but also for data movement!
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Hardware Bottlenecks for LANL HPC codes [1]
However, we still have little understanding of how future memory accelerators might affect
codes of interest because:

 Finding appropriate regions of interest (ROI) for the memory system is challenging to infer even
with tools like SimPoints and LoopPoint

« Some applications that we might want to benchmark can't be fully shared to extract
meaningtul traces or ROls

Our ideal workflow would allow us to 1) capture relevant memory accesses from full applications,
2) benchmark them on real systems, and 3) simulate new hardware models

[1] G. Shipman, et al., Assessing the Memory Wall in Complex Codes, MCHPC 2022 doi: 10.1109/MCHPC56545.2022.00009
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Spatter - Version 1.0
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The basis of Spatter is two kernels; one
for gather and another for scatter.

7
Gather kernel: : ///////////2 2 r

for 1 in 0..N:
for j in len(idx):
dst[j] = srcl[delta*i + idx[j]]
Scatter kernel:

for 1 in 0..N: =
for j in len(idx): o _
dst[deltaxi + idx[j]] = src[j] —~ idx: (o |2|4a|6
The delta and the pattern in idx specify dst:
the memory access pattern.
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The Need for an Open Source Workflow

1.

Gather 0x0040, [0, 2, 4, 6]
Gather 0x0044, [0, 2, 4, 6]
Gather 0x0048, [0, 2, 4, 6]
Scatter 0x004C, [1, 1, 5, 5]

2. Change base address to delta

Gather _, [0, 2, 4, 6]
Gather 4, [0, 2, 4, 6]
Gather 4, [0, 2, 4, 6]
Scatter 4, [1, 1, 5, 5]

3. Aggregate Counts

Gather 4, [0, 2, 4, 6],
Scatter 4, [1,1, 5, 5],

2
1

<

Trace G/S Instructions - pulled from a proprietary simulator

Spatter’'s Format

Previous work focused just on the offsets found within individual instructions. We want to
capture application leveél gather and scatter behavior.

GS Patterns
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GS Patterns

Sliding window approach is used el el
o« e X X X x0001
to track non.-trl.wal memory ScatterWindow — |0¥1780 0x1788 ... 0x0783| ox0003
accesses within an application
trace or region of interest (ROI) x9980° 05588 o Dx398LT w0
Multiple filters are used to keep Filter # Description
1 Index distances are only -1, 0, and/or 1
the most relevant access patterns 2 No symbol
1 Not in to window appearance counts
for the final pattern output ; D 4 bpearance count
5 Less than 6 unique index distances and less than
50% out of bounds distances™
GS Patterns codebase at Filter rules apply to each full memory access sequence. Sub-sequences are not
httpS.’//github.Com//an//gs_patterns and removed. *Default out of bounds distances in (—oo, —513] or [513, 00).
https://github.com/hpcgarage/gs _patterns
@ Sandia Georgia
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GS Patterns

Two passes are used to apply all
filters and output the patterns of
interest

GS Patterns output: A pattern for
each instruction address that makes
it all the way through the filters

2 Fill in G/S window

. __________FirstPass
E

Filter # Description

1 Index distances are only -1, 0, and/or 1

2 No symbol

3 Not in top 10 window appearance counts .

4 Less than 1024 instances 8

5 Less than 6 unique index distances and less than 2.
-
ju]

50% out of bounds distances®

iaddr in master list

Filter rules apply to each full memory access sequence. Sub-sequences are not
removed. *Default out of bounds distances in (—oo, —513] or [513,0).

GS Patterns




GS Patterns Workflow { Compile anpiication *~
with symbols (CPU only) J
C l A
Further extensions to GS Patterns Find ROIs (vTune, NSight)

refac;tqred code to use C+.+ and a ) 1 g
plugin infrastructure for PinTool, g e RV et 3
NVB|'t L to create ROI trace(s) J
P \ 4 -

. GS patterns to extract g/s trace(s)
Currently ROl analysis speeds up . )
the overall GS Patterns workflow f ! \

but is a somewhat manual process Visualize traces from GS patterns
to run and annotate codes S 1 g
[ Spatter )

Check out collected public patterns at
https.//github.com/hpcgarage/spatter-patterns
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delta

XRAGE, Deltas func=Asteroid Spatter 9, Scatter
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XRAGE, Deltas Histogram func=Asteroid Spatter 9, Scatter

Pattern Visualization Tools .
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The GS Patterns JSON output can be
easily visualized in a variety of different
ways...
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Pattern Visualization Tools

Quicksilver, Pattern Offset func=getCrossSection, Scatter
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But we likely need to do more detailed statistical analysis to make more
sense of these patterns..
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Spatter 2.0

« Complete refactor of ar%ument parsindg, build
system, and movement towards C++ design

 Addition of new kernels to better represent
multiple levels of indirection - GatherScatter,
MultiGather, MultiScatter

« Support for longer offset buffer lengths for
improved application pattern representation

« MPI support for weak/strong scaling

« Support for atomics with scatter operations

src + deltal x @ src + deltal x 1

! !

A B C D E F G|H A/B C D E F G H
NN/ NIV
offl: | @ | 2 4 6 offl: @2 46
off2: 2 0 6 4 off2: 2 @ 6 4
AN et
C/A E G C D A B E F?H
! 1

dst + delta2 x @ dst + delta2 x 1

GatherScatter Kernel Representation

https://github.com/hpcgarage/spatter
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Spatter 2.0 MPI Workflow

Weak Scaling — each MPI rank gets
the same pattern and scaling scripts
are used to sweep across N ranks

Strong Scaling — access patterns are
partitioned across MPI ranks

GPU Throughput — patterns are
truncated or expanded to vary amount
of memory accesses and saturate
GPU memory subsystem

!
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Spatter
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Spatter 2.0 Results

XRage: spatter5 (Avg. Bandwidth per Rank) - XRage: spatter5 (Total Bandwidth)
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Weak Scaling MPI Tests for Xrage Gather pattern
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Spatter 2.0 Results

GPU BW-BW Plot CPU BW-BW Plot
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Summary

Motivating work at LANL for ATS-5 for new
memory accelerator microbenchmarks led

tzodthe release of GS Patterns and Spatter

* New capabilities allow for more complete
analysis and capture of real-world application
pattérns

Improved workflow adds support for
visualization of patterns as well as future
work for simulation

* Much more work is needed to port to other

ModSim tools and to do validation and
analysis of patterns!
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Fig. 3.14 Spatter Throughput on H100 xRAGE Asteroid Pattern 5 on H100

3.4.2.2. xRAGE Asteroid Spatter Pattern 9

Throughput experiment for the pattern in datafiles/xrage/asteroid/spatter9.json. Results will be

" in enatar ctranacralina /1NN /urana factarnid fen

atarQ/ and Cianrac wiill ha fanind in

Spatter page from https.//lanl.github.io/lbenchmarks/
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