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Overview

Darshan in Brief

PyDarshan Design and APls

Case Studies

O

Use Case 1: Enhancing single job summaries with HTML reports and modular templates for more
interactivity using a large-scale run of the E3SM

Use Case 2: Enabling custom analysis tools building on top of Darshan using the examples of DXT
Explorer and Drishti

Use Case 3: Customizing I/0O analysis of workflows using the example of ATLAS AthenaMP, a
high-energy physics simulation

Use Case 4: Enabling the analysis of large bodies of Darshan logs with hundreds of thousands of jobs
on the Cori and Theta supercomputers



HPC I/0 and Storage

A state of the art data center with multiple storage services/tiers. Increasingly heterogeneous;

New storage/data services emerging. This perspective is often unknown to users.

High-Troughput Interconnect (IB, FC, ...) . .
(Low-Latency for Metadata) Switches Switches
7 :I
/ | ANEANEAN / \
_ El Tape
Metadata Servers Object/Data Server O Drives
Failover Failover Q Q
- Metadata Targets Object/Data Targets Q . Q
Switch :l:lfrfi_tr e.g. All-Flash Arrays Disk-based Q Q
e.g. JBODs Cache
0 Compute Nodes 9J Automated Tape
Libraries
@ HPC Storage System

e High-Capacity / Long-term Archive




#!/bin/bash

Application
T ————— e ——— export LD PRELOAD=1libdarshan.so
. Other Libraries : ./app

-b """ : Data Description Framework
-1 (HDF5, NetCDF, ...)

EHMEH ............ . MPI
"I sTDIO POSIX

Operating System
Logical Volume Managment (LVM)

Darshan-Runtime

Interface/Device Drivers

Node Local Storage
(HDD, SSD, NVRAM)

S Network

Darshan-Lodfiles Burst HPC Stprage
Repository/Directory Buffer | [(PFS, Object, ...)

Archive

Software Perspective: Data passes through various middleware layers to storage.

Instrumentation, for example, using Darshan.
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Software Perspective: Instrumentation, for example, using Darshan offers job/app granularity!

Interpretation requires understanding of execution context.



Application
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Archive

Need to consider broader execution context!
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Holistic Perspective: Many technologies, many layers, many instrumentation/tunable APIs.




Application
[ Proc ][ Proc ][ Proc ][ Proc ]

dataset: {ndims, size[ndims]}

hyperslab: {count[ndims], offset[ndims],
stride[ndims], blocks[ndims]}

chunksize: {size[ndims]}

Storage Optimization from Application, over HDF5, to file I/O targeting Lustre.



Application
[ Proc ][ Proc ][ Proc ][ Proc ]

dataset: {ndims, size[ndims]}

hyperslab: {count[ndims], offset[ndims],
stride[ndims], blocks[ndims]}

chunksize: {size[ndims]}

HDF5 High-Level API

Property Lists

for control of:
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o)
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root_group
@ datasetl & attribtutes

@ nested_group

@ dataset2

E_\ Position in file
[ MP-IO e v
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Alignment

Storage Optimization from Application, over HDF5, to file I/O targeting Lustre.
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Application
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Storage Optimization from Application, over HDF5, to file I/O targeting Lustre. 11



Application
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Application
[ Proc ][ Proc ][ Proc ][ Proc ]

dataset: {ndims, size[ndims]}

hyperslab: {count[ndims], offset[ndims],
stride[ndims], blocks[ndims]}

chunksize: {size[ndims]}

HDF5 High-Level API
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Logical perspective is lost as
objects from an HDF5
perspective become just
byte-streams from a file
system perspective.
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Darshan’s Architecture

Tools

- . PyDarshan Jupyter Custom
g App"catlon Notebooks Tools [
= HDF5
= 110 Analysis Tools
g [—| MPI-IO
E. ] POSIX-I/I0
. @ | ------- 1
= 1 Fs: OS
g ::I : Legacy CLI PyDarshan

PFS Context 2

_________

Darshan Utilities Library

Darshan Log:

Job Name POSIX MPI /O HDF5 Lustre
Header Record Records Records Records Records Records

1.  Multi-Layer Runtime Library for Instrumentation
o POSIX, STDIO, MPI-10, HDF-5, LUSTRE, ...
o  Custom Modules

2. Darshan Utilities
o  CLITool Collection
i Parser
ii. DXT Parser
iii.  Merge/Filter
o PyDarshan
i. Python API
ii. Fine-Granular Access
iii.  Bridge to Python's data analysis and machine
learning libraries/ecosystem

15



PyDarshan in Detail

PyDarshan CLI Interface

Darshan Report/Log Objects

Darshan Record Collections

Darshan CFFI-Backend to access binary data

Facilitate:

Interactive Visualisation

Modernization of Reports (HTML)
Common Plots for Reuse

Analysis in Jupyter Notebooks
Fine-Grained Data Loading for Analysis and
Machine Learning Libraries

Darshan HTML
Summary Report

Custom Analyis Tools
(e.g., Jupyter Notebooks, Drishti, ...)

PyDarshan CLI Tools Common Plots

Darshan Report Object Interface
metadata = {}, modules = {}, name_records = {}, records = {}

Generic Record Collections | | Record Collection ‘ Other
(POSIX, MPI-IO, HDFS5, ...) Lustre ‘

id, rank, counters, fcounters | |Striping, OSTs, ...|

Collections
(DXT, Heatmap)

[ Internal Record Exchange Representation ]

0 Low-level PyDarshan e.g., PyDarshan '
CFFI Backend Interface ' DBMS Backend !

Darshan Utilities Library (C)

Darshan Log Data:

/ Job Name POSIX MPII/O HDF5 Lustre
Header Record Records Records Records Records Records

16



PyDarshan APl Usage Example

# open a Darshan log file and read all data
with darshan.DarshanReport (filename read all-True) as report:

# print the metadata dict for this log
print ('metadata: ', report.metadata)

# print job runtime and nprocs
print ('run time: ', report.metadata['job']['run time'])
print ('nprocs: ', report.metadatal['job']['nprocs'])

# print modules contained in the report
print ('modules: ', list(report.modules.keys()))

# export POSIX module records to DataFrame and print
posix df report.records['POSIX'].to df ()
display (posix df)



PyDarshan APl Usage Example (Low-Level)

import darshan.backend.cffi backend as darshanll
log darshanll.log open( 'example.darshan' )

# Access various job information

darshanll.log get job(log)

# Example Return:

# {'jobid': 4478544, 'uid': 69615,

# 'start time': 1490000867, 'end time': 1490000983,

# 'metadata': {'lib ver': '3.1.3", 'h': 'romio no_ indep rw=true;cb nodes=4'}}

# Access available modules and modules
darshanll.log get modules (log)
# Example Return:

# {'POSIX': {'len': 186, 'ver': 3, 'idx': 1},

# '"MPI-IO': {'len': 154, 'ver': 2, 'idx': 2},

# "LUSTRE': {'len': 87, 'ver': 1, 'idx': 6},

# 'STDIO': {'len': 3234, 'ver': 1, 'idx': 7}}

# Access different record types as numpy arrays, with integer and float counters separated

# Example Return: {'counters': array([...], dtype=uinté64), 'fcounters': array([...])}
posix record darshanll.log get record(log 'POSIX")

mpiio record darshanll.log get record(log 'MPI-IO"')

stdio record darshanll.log get record(log 'STDIO")

# ...

darshanll.log close (log)

18
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Use Case 1:
Enhancing single job
summaries with HTML

reports Q=

File Count Summary
(estimated by POSIX I/0 access offsets)

¢ Per-Module Statistics: POSIX

Overview

files accessed 3

number of files avg. size ma size
total files

read-ondy files 1

I write-only files

ruadiwrite files ]

Operation Counts Access Pattern

Allowing modular templates for more
interactivity using a large-scale run of the
E3SM

Access Sizes Common Access Sizes

Access size  Count

Leg Frename

Data (8 read, wrie

Summary statisitcs
for entire module

Summary statisitcs
by access type

Statistical breakdown by
operation type and
access patterns

Statistical breakdown by
access size
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Information about
Execution Context 4

Darshan Summary Regol ° = z
b ID 12345 Log Filename e3sm_io_heatmap_only.darshan
P Job Metadata i 2 g io_| p_only.
. User ID 6789 Runtime Library Version 331
#Processes 512 Log Format Version 321
Run time (s) 727.0000 POSIX (ver=4) Module Data 20.34KiB
Start Time 2022-03-0213:52:46 MPI-IO (ver=3) Module Data 0.49KiB
End Time 2022-03-02 14:04:52 PNETCDF FILE (ver=2) Module Data  0.11 KiB
- Command JE3SM-10/build/src/e3sm_io E3SM-I0-inputs/i_case_1344p.nc -k -0 can_I_out.nc -a pnetcdf -x LUSTRE (ver=1) Module Data 936 KiB
- Line canonical -r 200
Log Metadata STDIO (ver=2) Module Data 0.08 KiB

136.94 KiB

EEEEREY | 0g Metadata and
Module Index

APMPI (ver=1) Module Data

Flne Mage KEATIAP VOO o Mage HEAT

HEATMAP (ver=1) Module Data

o~ ol ol
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5 Time bins: 114
~

Detailed Statistics
M for POSIX Module " timets)

e Per-Module Statistics: POSIX

Foe Count Summary
(st by 70

& Overview
o nccasses 3 Summa!ry statisitcs
for entire module
bytes read 24.53 MiB
= bytes written 283.74 GiB
I | B0 1/0 performance estimate  1023.84 MiB/s (average)

Per-Module Statsstics: MPLIO

QRSN Detailed Statistics
MPI-IO Module

File Count Summary
(estimated by POSIX I/0 access offsets)

Summary statisitcs

number of files avg. size max size
i by access type
total files 3 99.74 GiB 297.71 GiB
read-only files 1 11.18 MiB 11.18 MiB
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for MPI-IO Module
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total files 3 99.74 GiB 297.71 GiB

read-only files 1 11.18 MiB 11.18 MiB
Operarncaurts
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Use Case 2:

Enabling custom analysis
tools building on top of
Darshan

Here using the examples of

DXT Explorer and Drishti:
https://github.com/hpc-io/dxt-explorer
https://github.com/hpc-io/drishti-io

Custom

Vlsuallzatlon

OlldW

vvvvvvvvvv

50

Custom Heuristics for Workload
Characterization andi
Recommendatlon
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https://github.com/hpc-io/dxt-explorer
https://github.com/hpc-io/drishti-io

Drishti Overview

HPC Application
Darshan DXT

Parsing
PyDarshan

“

/O Analysis

Behavior and I/0O Phase

V.

'

7~

Interactive Plots
Plotly

~

—»| Operation

» Transfer Size

I

Insights

Recommendations

> Spatiality

— |/O Phases

—{ Storage System
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METADATA

» Application is write operation intensive (99.98% writes vs. 0.02% reads)
» Application is write size intensive (100.00% write vs. 0.00% read)

OPERATIONS

Custom Heuristics for Workload

Characterization and

- Recommendations:

< Consider buffering write operations into larger more contiguous ones

< Since the application already uses MPI-I0O, consider using collective I/0 calls (e.g.
MPI _File write_all() or MPI File write_at all()) to aggregate requests into larger ones

25
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Worker 0:
Events: [0, 5, 8, ...]

fin File [

Worker 1:
Events: [1, 7, 10, ...]

Use Case 3. Customizing e

Events: [4, 6,9, ...]

/0 analysis of workflows

Worker 3: || 3 Output
Events: [2, 4, 12, ..]] File

fin File

Output fin
fin File

i d 8

-b[ SERIAL: parent-init-fork H PARALLEL: 4 workers event loop + fin H SERIAL: finalize }>

Using the example of ATLAS AthenaMP,
a high-energy physics simulation.




Core-0
Worker 0: . Output
. fin File
Events: [0, 5, 8, ...]
Core-1
Worker 1: . Output
: fin File
Events: [1, 7, 10, ...]
Core-2
init 05" fork Worker 2: , Output —> fin
. fin = Fie
Events: [4, 6, 9, ...]
\/—N
Core-3
‘ Output
Workgr 3: fin Fil?a
Events: [2, 4, 12, ...]
\_/\
-»| SERIAL: parent-init-fork [ PARALLEL: 4 workers event loop + fin | SERIAL: finalize -2>7




Proc

worker_7

worker_6

worker_5

worker_4
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worker_2

worker_1
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evt_counter
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8procs/threads
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worker_0
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Data (B): write, read
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AthenaMP+SharedWriter
PHYS
3600 event(s) per proc/thread

4

main

evt_counter

worker -
worker

worker -
worker -

worker -

worker -
worker -
worker -

shared_writer 4

(a) Shared Writer

posix read
posix write
posix open
posix stat
posix seek
posix mmap
posix fsync

AthenaMP+SharedWriter(parallelCompression)
PHYS
3600 event(s) per proc/thread

posix read
posix write
posix open
posix stat
posix seek
posix mmap
posix fsync

\

main 44
worker -
worker -
worker -
worker 41—
worker -
worker -

worker -
worker <

evt_counter 4
shared_writer

(b) Shared Writer (Compression)
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AthenaMP+SharedWriter
PHYS
3600 event(s) per proc/thread

4

main
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worker

worker -
worker -

worker -

worker -
worker -
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shared_writer 4

(a) Shared Writer

posix read
posix write
posix open
posix stat
posix seek
posix mmap
posix fsync

AthenaMP+SharedWriter(parallelCompression)
PHYS
3600 event(s) per proc/thread

posix read
posix write
posix open
posix stat
posix seek
posix mmap
posix fsync

\

main 44
worker -
worker -
worker -
worker 41—
worker -
worker -

worker -
worker <

evt_counter 4
shared_writer

(b) Shared Writer (Compression)
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Out of memory: Kill process 43805
Killed process 43805

S |
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[...]

Out of memory: Kill process 43805
Killed process 43805

Use Case 4. Enabling the
Analysis of large bodies
of Darshan logs

S |

Jobs Jobs
158592 3430

Scaling to hundreds of thousands
of jobs on the Cori and Theta
supercomputers




Site-Wide Analysis: MPI 1/0 Collective Skew Across Ranks

Collective operations across ranks routinely have
to wait for POSIX 1/O in other ranks to finish. This
use case demonstrates how PyDarshan can be
used to quantify the skew that occurs between
the MPI11/0 and POSIX layers.

Example:

Rank 0

MPI_FILE_WRITE_ALL

EXCHANGE

|

| wriTE | | EXCHANGE | WRITE

Rank 1

MPI_FILE_WRITE_ALL

EXCHANGE |

| EXCHANGE |

Rank 2

MPI_FILE_WRITE_ALL

EXCHANGE

|WRITE | | EXCHANGE | |WRITE |

Time

>

0.8 A1

0.6 1

0.4

0.2 1

0.0 A1

MPI-IO/POSIX skew

—— CDF

100

200

seconds

300

400

500
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Cori Theta
Level Interface Detected Behavior Jobs Total (%) Jobs Total (%)
HIGH STDIO High STDIO usage (> 10% of total transfer size uses STDIO) 158592 30.61 3430 45.16
INFO POSIX Write operation count intensive (> 10% more writes than reads) 75742 14.62 2695 35.48
INFO POSIX Read operation count intensive (> 10% more reads than writes) 267228 51.59 2282 30.04
INFO POSIX Write size intensive (> 10% more bytes written then read) 136664 26.38 1197 15.76
INFO POSIX Read size intensive (> 10% more bytes read then written) 207346 40.03 3201 42.14
HIGH POSIX  High number of small (< 1M B) read requests (> 10% of total read requests) 322130 62.19 3203 42.17
HIGH POSIX High number of small (< 1M B) write requests (> 10% of total write requests) 309868 59.82 3386 44.58
HIGH POSIX High number of misaligned memory requests (> 10%) 191214 36.91 5012 65.99
HIGH POSIX High number of misaligned file requests (> 10%) 344503 66.51 4974 65.49
POSIX Redundant reads 13113 2.53 605 7.96
POSIX Redundant writes 1407 0.27 40 0.52
HIGH POSIX  High number of random read requests (> 20%) 174148 33.62 738 9.71
POSIX High number of sequential read operations (> 80%) 169283 32.68 4273 56.26
HIGH POSIX High number of random write requests (> 20%) 2038 0.39 10 0.13
POSIX High number of sequential write operations (> 80%) 342581 66.14 4275 56.28
HIGH POSIX  High number of small (< 1M B) reads to shared-files (> 10% of total reads) 273274 52.76 2286 30.09
HIGH POSIX  High number of small (< 1M B) writes to shared-files (> 10% of total writes) 46384 8.95 1300 17.11
HIGH POSIX High metadata time (at least one rank spends > 30 seconds) 19443 3.75 364 4.79
HIGH POSIX Data transfer imbalance between ranks causing stragglers (> 15% difference) 286811 55.37 3136 41.29
HIGH POSIX Time imbalance between ranks causing stragglers (> 15% difference) 201206 38.84 2559 33.69
HIGH POSIX Write imbalance (> 30%) when accessing individual files 3178 0.61 578 7.61
HIGH POSIX Read imbalance (> 30%) when accessing individual files 5265 1.01 652 8.58
MPI-1O No MPI-IO calls detected from Darshan logs 511731 98.80 6518 85.81
HIGH MPI-IO Detected MPI-IO but no collective read operation 3162 0.61 31 0.40
HIGH MPI-1O Detected MPI-IO but no collective write operation 612 0.11 1 0.013
MPI-1O Detected MPI-IO and collective read operations 1329 0.25 743 9.78
MPI-IO Detected MPI-IO and collective write operations 3266 0.63 1009 13.28
MPI-IO Detected MPI-IO but no non-blocking read operations 6208 1.19 1077 14.18
MPI-IO Detected MPI-IO but no non-blocking write operations 6208 1.19 1077 14.18 34




Summary

e PyDarshan Design and APls
e Case Studies
o Use Case 1: Enhancing single job summaries with HTML reports and modular
templates for more interactivity using a large-scale run of the E3SM
o Use Case 2: Enabling custom analysis tools building on top of Darshan using the
examples of DXT Explorer and Drishti
o Use Case 3: Customizing I/O analysis of workflows using the example of ATLAS
AthenaMP, a high-energy physics simulation
o Use Case 4: Enabling the analysis of large bodies of Darshan logs with hundreds of
thousands of jobs on the Cori and Theta supercomputers

Find out more or contribute at: Try it yourself:

https://www.mcs.anl.gov/research/projects/darshan/ ,,
https://github.com/darshan-hpc/darshan
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