Ellexus Ltd: The I/O Profiling Company

Dr Rosemary Francis, CEO, Good I/0 evangelist

How to recognize 1/0 bottlenecks
and what to do about them

Rosemary will be sharing industry perspectives on how to recognise 1/0
bottlenecks and what to do about them. The delicate and often dynamic
balance between 1/O, CPU and memory can hide some easy wins in terms
of improving throughput on-prem and reducing costs in the cloud. Equally,
improving I/O is also about reducing the load on shared storage and not
just about the incremental improvements of individual applications.
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Ellexus Ltd: The |/O Profiling Company

Products: We make system telemetry tools to help you
* improve application performance,
e protect shared storage, and

* manage application dependencies for migration.
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Solving the noisy neighbour problem

How we worked with Arm to develop our technology

10 24 102514 AM

: - ' This application is overloading
shared storage by putting data
in the wrong place.

Example of a rogue job
from Arm:

READ_BYTEE /home

Temporary data is written

RHND_BYTES n— / to shared storage

|
READ BYTEB m'np

| Local storage is
I i

atch
/ unused
WRITE_BYTE o farm"tools

WRITE_BYTHS /home

WRITE_BYTHS /projects

WRITE_BYTEE ?‘Fp
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Ellexus enterprise products

Take control of the way you access your data

ﬂ breeze

Detailed I/O profiling
Application discovery
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Dependencies

What do | need to include in my
container?

How do | migrate this tool chain?

1/0 profiling
What resources do | need?

Debug and triage
Why am | not getting the results |
expect?



Ellexus enterprise products

Take control of the way you access your data

Live telemetry for on-premises
clusters and cloud

@ mistral

Live system telemetry:
Cost management and forecasting I/O monitoring in production
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Protect storage and find bottlenecks
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Tuning and sizing:

How much time are you wasting doing bad I/O?

Opens on seldom used files
B6m 11s 788ms 479us

I Small reads and writes
I Opens on unused files
I Stats on unused files
B Failed filesystem 1/O
P Backward seeks
P File Trawls

Stats on used files
Forward seeks
B Large reads and writes
B Opens on well used files
P Successful network /O

I Zero byte I/O operations
Failed network I/O

Opens on seldom used files

=) breeze
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Case study:

Tuning cancer pipelines at the Sanger Institute

The Pancancer project: 2,000 whole genomes at multiple HPC sites

— Containerised pipelines for portability
= 1/0 tuned with Ellexus tools

— Storage now needs to be sized correctly

o Ellexus: The I/0 Profiling Company



Tuning cancer pipelines at the Sanger Institute
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Call Type

Total COperation Count

Profiling the cancer pipeline

AWS mb5.xlarge 4vCPU 16GB
Number of I/O operations() by type

Open, Delete, Access, Create, Seek, Read, Write
Read
Small Read (-32KE)
Medium Read (32kB-100MBE)
Write
Small Write ((32kB) — ]
Medium Write (32kB-100MB) — ]

Seek T

Access T

Open ]

Create |

Delete

0 1,000,000 2,000,000 3,000,000 4,000,000 5,000,000 6,000,
Total Operation Count
. . .
Size of read and write operations()
1,800,000
1,600,000
1,400,000
1,200,000
1,000,000
800,000
600,000
400,000
200,000
0 ! I ] |
0-4kB 4kB-8kB 8kB-16kB 16kB-32kB 32kB-64kB 64kB-128kB

Read/Write Operation Size

@ mistral
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Storage comparison

Time*
GP2 52m 23s
Magnetic EBS 1h 01m 44s
Provisioned 100 IOPS 1h 42m 0O1s
Throughput optimised HDD 1h 19m 32s
150GB NVMe 51m 27s
Provisioned 500 IOPS 54m 22s

100%
118%
195%

152%
98%
104%

= The Provisioned I0OPS SSDs performed very badly

= AWS default option, GP2 is the best

= NVMe was only 2% faster for a 10% price increase

o Ellexus: The 1/0 Profiling Company

Cost per month (S)

174.11
174.43
184.61

189.01
191.79
215.01

100%
100%
106%

109%
110%
123%
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|/O Operations

over time

>~7k |/O operations per second NVMe 55D

operation Count

~7k 1/0O operations per second GP2 SSD
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Provisioned 100I0PS SSD

~1k I/O operations per second
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Eandwidth

CPU and I/O Profile (on GP2 SSD

Process Time

Timestamp

Operation Count

Timestamp

160,000,000
140,000,000
120,000,000
100,000,000
80,000,000
60,000,000
40,000,000
20,000,000

Timestamp

Ellexus: The 1/0 Profiling Company
W Www.ellexus.com

CPU




More CPU and less memory: m5.xlarge vs c5.xlarge
(still on GP2 SSD default storage)

M5.xlarge c5.xlarge

4 vCPU 4 vCPU

16GB 8GB

Runtime: 53min Runtime: 44min
Cost: $0.21 Cost: $0.16

o Ellexus: The I/0 Profiling Company



Bandwidth

Read bandwidth: m5.xlarge vs c5.xlarge

Read bandwidth for mx.large 16GB

160,000,000
140,000,000

120,000,000 70 M BpS
100000000 | /

80,000,000

60,000,000

40,000,000
20,000,000

Timestamp

Read bandwidth for cx.large 8GB

180,000,000
160,000,000
140,000,000
120,000,000
100,000,000
30,000,000
60,000,000
40,000,000
20,000,000

Bandwidth

Timestamp
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1/O limited
by running
out of AWS
burst credits
at the end




How long did this work take?

Sizing the storage and compute correctly took three days

... and we saved 10-40% of cloud costs for the project.

“Improving run time often doesn't require extensive rewrites.
Knowing where to look is key.”

Keiran Raine, Cancer researcher, Sanger Institute

N
e
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Dependency hygiene flow at Qualcomm

Breeze is used to trace thousands of workflows to automatically
identify the mount points, file and network dependencies of each
flow for migration.

Disclaimer

The following trace was collected at Qualcomm, tracing a
Synopsys VCS flow, but all identifiers and data have been modified
or removed. No conclusions can be drawn from the following
screenshots about the IT infrastructure, tools or usage at

Qualcomm or Synopsys.

Ellexus: The I/0 Profiling Company
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Dependency hygiene flow at Qualcomm

Ellexus - Breeze
Eile Trace Views Help

100 % Selectrun: | 1 -tcshin /home/users/ros * Child traces:

), search l /O Summary 23 E Timeline Duration [] Files | 24 Directories | 1= Network | 1 Profiling Data

Itern Duration Contribution Total size
hd 'Bad /O 75 B93ms 702us 37.0% 187,843 97.64MB

> Small reads and writes 35 583ms 696us 16.8% 141,776 97.64MB

Operation count

Program Run Time: 36m 155 840ms 198us

Backward seeks

Stats onunused files

Opens and Closes on unused files

B Failed filesystem I/O

Zero byte I/O operations

Failed network I/O

Medium I/O

Opens and Closes on seldom used files
Forward seeks

Delete operations

Stats on used files

25125ms 4pus
15 933ms 244pus
194ms 249us
40ms 643ps
16ms 862us

4us

11s 362ms 966us
65 462ms 343us
45 609ms 258ps
288ms 709us
1ms 829us

10.0%
9.0%
0.9%
0.2%
0.1%

32,173

150.19GB

n/a

nfa

nfa
153.28GB
nfa

nfa

A\

Successful Sync operations 804ps n/a

> Large reads and writes 23ps 1.75GB

hd 'Good /0 25 46ms 122ps 815.21MB
[El Medium sized reads and writes 977ms 600us 815.16MB
586ms 939us . n/a
481ms 583ps ; 56.92kB

Opens and Closes on frequently used files
Successful network I/O

PID | Executable Percentage Contribution ~ | Time Contribution | Executable full path

23890 make 34ms 980ps /pkg/Snb/softwaresgnu/make/current/bin/make
MwCO/Snb/9GOHXa0/8Lbb2BE/ST7vz604b/fw/FApnPSQ04/users/NBYH7P T/NBYH7PT_VEgeO_Md8fHuty/unmanaged

24813 make <0.1 1ms 107ps /pka/Snb/software/gnu/make/current/bin/make

3695 python3.4 <0.1 942ps /pkg/Snb/softwarefpython/3.4.2/bin/python3.4

16598 python3.4 <01 623ps /pkg/Snb/software/python/3.4.2/bin/python3.4

24890 python =0.1 53ps /pkg/python/2.3/bin/python

€ 170 Protining company
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File dependencies, mounts points, packages for migration and containerization

2 Ellexus - Breeze e

Eile Trace Views Help

= 100 % Selectrun: 1 -tcshin /homefusers/ros ~ Child traces:

& | search| B 170 summary |[E Timeline | (® buration | [ ] Files 52 | =k Directories | 1= Network Profiling Data = 8

=
Mount Point  # Location 4 Read P Small(<32kB)Read P Large (= 100MB)Read » Write ) ' @&
Mount Point File Type Filename Full Path Packaae | # Call # Call # Call # Call &
DataFile dumb fusr{share/terminfo/d/dumb terminfo-base-6.11p150.4.3...
D ataFile xterm fusr/sharefterminfo/x/xterm terminfo-base-6.11p150.4.3... %
DataFile bindkey.tcsh fetc/profile.d/bindkey.tesh tcsh-6.20.00-p150.1.9.x86_64 !
DataFile complete.tcsh fetc/profile.dfcomplete.tesh tcsh-6.20.00-p150.1.9.x86_64 0
DataFile hosts. equiv Jetc/hosts. equiv netcfg-11.6-p150.1.1.noarch
Shared Library libz.s0.1 Mib64/libz.s0.1 libz1-1.2.114p150.2.3.1.x86...
Shared Library libxml2.s0.2 fusr/libeHlibxml2.s0.2 libxml2-2-2.9.74p150.2.6.1....

e e e e T e

Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library
Shared Library

libselinux.so. 1
libgthread-2.0.s0.0
libgobject-2.0.s0.0
libglib-2.0.50.0
libattr.so.1
libattr.so.1
libacl.s0.1
libacl.so.1
librt.so.1
libutil.so.1

libcrypt. so.1
lddinux.s0.2
libnsl.so.1
libdl.s0.2
libpthread.so.0
libc.s0.6

libm.so0.6
libnss_dns.so.2
ld-linux-x86-64.s0.2
libutil.s0.1
libnss_files.so.2
librt.so.1

libc.so.6
libcrypt.so.1
libresolv.so.2
libpthread.so.0

fib64/libselinux.so.1
fusr/lib64/libgthread-2.0.50.0
fusr/lib64/libgobject-2.0.50.0
fusr/libe4/libglib-2.0.50.0
fib/libattr.so.1
fib64/libattr.s0.1
flib/libacl. so.1
fibe4/libacl.s0.1
flibflibrt.so.1
HibAibutil.so.1
fib/libcrypt.so. 1
HibAd-linux.so.2
flib/libnsl.so.1
fib/libdl.s0.2
Hib/libpthread.so.0
/ib/libc.so.6

flibflibm.s0.6
flib64/libnss_dns.so. 2
fib64/1dinux-x86-64.s0.2
Jib64/libutil.s0.1
flibe4/libnss_files.so.2
flibs4/librt.so.1
fib64/libc.s0.6
flib64/libcrypt.so.1
flib64/libresolv.so.2
flibe4/libpthread.so.0

libselinux1-2.64p150.2.14.x...
libgthread-2_0-0-2.54.34p1...
libgobject-2_0-0-2.54.3-p15...
libglib-2_0-0-2.54.31p150.3....
libattr1-32bit-2.4.471p150.2...
libattr1-2.4.471p150.2.16.x...
libacl1-32bit-2.2.52-1p150.3....
libacl1-2.2,521p150.3.3.1.x8...
glibc-32bit-2.26-p150.11.9....
glibc-32bit-2.26-p150.11.9....
glibc-32bit-2.264p150.11.9....
glibc-32bit-2.264p150.11.9....
glibc-32bit-2.26-p150.11.9....
glibc-32bit-2.26-p150.11.9....
glibc-32bit-2.264p150.11.9....
glibc-32bit-2,264p150.11.9....
glibc-32bit-2.26-p150.11.9....

glibc-2.26-p150.
glibc-2.26-p150.
glibc-2.26-p150.
glibc-2.26-p150.
glibc-2.26-p150.
glibc-2.26-1p150.
glibc-2.26-p150.
glibc-2.26-p150.
glibc-2.26-p150.

11.
11.
11.
11.

1

11.
11.
11.
11.

9.

1.%x86_...

9.1.x8B6_...
9.1.x86_...
9.1.x86_...
9.
9
9
9
9

1.%x86_...

1.X86_...
1.X86_...
1.X86_...
1.X86_...

o Ellexus: The I/0 Profiling Company
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Profiling EDA tools: Xilinx Vivado

Ellexus - Breeze

File Trace Views Help

= 100 | % Select run: | 3 - run_synth.sh in /ell ~ Child traces: -
©, Search| B IyO Ssummary 2 |[Z] Timeline | (® Duration | | Files =i Directories '3 Network| 7| Profiling Data = g
ltem Duration = Contribution Operation count Total size

M

Bad I/O
B Ssmall reads and writes

375 120ms 358ps
365 669ms 486us

77.8%

1,522,129
1,366,287

PN TP B NN TN

1.42GB

Small reads 365 653ms 936us 77.0% 1,358,099 1.40GB

Small writes 15ms 550us - 8,188 15.02MB

Stats on unused files 224ms 922us 0.4% 66,292 nfa
Failed filesystem |fO 201ms 748us 0.4% 70,668 nfa

Zero byte IfO operations 13ms 943us - 16,245 n/a
Opens and Closes on unused files 10ms 18us - 2,205 n/a
Backward seeks 241pus - 432 420.68MB
Failed network 1/O - - - nfa

hd Medium IfO 95 342ms 895us 19.6% 1,317,594 -_
Opens and Closes on seldom used files 9s 214ms 719us 19.4% 1,276,942 n/a
Stats on used files 122ms 533us 0.2% 38,378 nfa
Delete operations 4ms 849us - 517 n/a
Successful Sync operations 594us - 1,410 n/a
Forward seeks 200us - 347 420.56MB

» Large reads and writes - - - -

~ # Good |JO 1s 247ms 780us 2.6% 1,893 451.77MB
Medium sized reads and writes 1s 230ms 599us 2.6% 994 451.76MB
Opens and Closes on frequently used files 16ms 895us - 857 n/a
Successful network IJ/O 286us - 42 13.52kB

Program Run Time:

PID | Executable Percentage Contribution -~ Time Contribution | Executable full path
. . . 14s 803ms 884;15. fnfs/tools/xilinx/Vivado/2019.2/binfunwrapped/Inx64.0

14090 vivado 17.3 14s 584ms 890us /nfs/tools/xilinx/Vivado/2019.2/binfunwrapped/Inx64.o/vivado
13765 vivado 8.3 65 977ms 654us /nfs/tools/xilinx/Vivado/2019.2/binfunwrapped/Inx64.o/vivado
13775 srcscanner = 0.1 61ms 815us /nfs/tools/xilinx/Vivado/2019.2/binfunwrapped/Inx64.o/srcscanner
13801 srcscanner = 0.1 61ms 212us /nfs/tools/xilinx/Vivado/2019.2/binfunwrapped/Inx64.o/srcscanner
13795 srcscanner < 0.1 61ms 25us /nfs/tools/xilinx/Vivado/2019.2/binfunwrapped/Inx64.o/srcscanner
13780 srcscanner < 0.1 61ms 24ps /nfs/tools/xilinx/Vivado/2019.2/binfunwrapped/Inx64.o/srcscanner
13651 cp = 0.1 34ms 339us fusr/bin/cp

22ms 138us /nfs/tools/xilink/Vivado/2019.2/binfunwrapped/Inx64.0/vrs

[T I

1m 40s 567ms 974ys

@ g Bh @
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Profiling EDA tools: Xilinx Vivado

Ellexus - Breeze x
File Trace Views Help
=N 100 | % Select run: | 1 - run_synth.sh in /ell =+ Child traces: -
C, Search| § 1/© Summ... [& Timeline & |(® Duration | [ Files | =4 Directories | & Network |7,/ Profiling D... | = &) *Node @ *Ev... & *Inf... @ */O... []*File... &l Profi... 8 = 8
‘gus m fr_wf_s,'tooIs,!xil_ir_waivadofz_Olg.2!bin_}\_rivado - p_iq_13659 p-_it_j_13683
T e Duration: 1m 41s 202ms 380us
|0ps
~ [El /nfs/workflows/xilinx/microplaze/xcvu9p-flga210- e R

Jusr/bin/cp - pid_13651
fusr/bin/ls - pid_13655
/nfsftools/xilinx/Vivado/2019. 2/bin/vivado - pid
[El usr/bin/dirname - pid_13663
[E fusr/bin/dirname - pid_13668
[El jusr/bin/dirname - pid_13671
[E fusr/bin/dirname - pid_13675
[El jusr/bin/dirname - pid_13677
[El fusr/bin/basename - pid_13679
[El jusr/binfuname - pid_13684
[E fusr/binfuname - pid_13689
[El jusr/binfuname - pid_13691
[E fusr/bin/dirname - pid_13693
[El jusr/bin/basename - pid_13694
~ [El /nfs/tools/xilinx/Vivado/2019.2/bin/loader -
El usr/binjuname - pid_13699
[El fusr/binfuname - pid_13700
El usr/binjuname - pid_13701
[El fusr/binfuname - pid_13702
El usr/bin/basename - pid_13704
El fusr/bin/dirname - pid_13706
El jusr/bin/dirname - pid_13708
[El fusr/bin/basename - pid_13710
~ [El/nfs/tools/xilinx/Vivado/2019.2/bin/ldlibp:
~ [El/usr/bin/lsb_release - pid_13716 pid_1!
El yusr/bin/getopt - pid_13722

e Y a . [T,

Operation count

100,000
a 75.000
& 50,000
o
== il TN
o IAEATN L |
Time
M Read I Write M seck B Metadata
CPU load

5 450
£ a7
& 300
B 225
o
S 150
S s

0

O User O System
Memory consumption

7.0GB
o 47GB
o
]
"]
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/O profiling to improve DL POLY with the Hartree Centre

DL_POLY is a general purpose classical molecular dynamics tool that uses MPI I/0O.

o Ellexus: The I/0 Profiling Company
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/O profiling to improve DL_POLY with the Hartree Centre

DL_POLY is a general purpose classical molecular dynamics tool that uses MPI /0.
It was opening the HISTORY file from ever rank, but only writing from one.

Fle Trace Views Help

o 100 % Selectrun: | 3 - hydra_pmi_proxy in /ell. * Child traces:

C, Search . /O Summary ET\mehne g eDuratlcm [ Files | =k Directories

13 Network

PP

Ui Profiling Data

Ops

v Ellustrelscafellplkellu(a\fappslgc(?.’mpl(hla.z1fb|nlhydra_pm|_pmxy - pid_!

efscafellpike/local/HT01812/axc01/axc
fustre/scafellpike/local/HT01812/axc01/axc67-axc01/dl-poly/build_mpic
fustre/scafellpike/local/HT01812/axc01/axc6 7-axc01/dl-poly/build_mpic
flustre/scafellpike/local/HT01812/axc01/axcé 7-axc0 1/dl-poly/build_mpic
flustre/scafellpike/local/HT01812/axc01/axc67-axc0 1/dl-poly/build_mpic
fustre/scafellpike/local/HT01812/axc01/axc67-axc01/dl-poly/build_mpic
fustre/scafellpike/local/HT01812/axc01/axc6 7-axc01/dl-poly/build_mpic
flustre/scafellpike/local/HT01812/axc01/axc6 7-axc0 1/dl-poly/build_mpic
flustre/scafellpike/local/HT01812/axc01/axc67-axc0 1/dl-poly/build_mpic
fustre/scafellpike/local/HT01812/axc01/axc67-axc01/dl-poly/build_mpic
fustre/scafellpike/local/HT01812/axc01/axc6 7-axc01/dl-poly/build_mpic
flustre/scafellpike/local/HT01812/axc01/axc6 7-axc0 1/dl-poly/build_mpic
flustre/scafellpike/local/HT01812/axc01/axc67-axc0 1/dl-poly/build_mpic
fustre/scafellpike/local/HT01812/axc01/axc67-axc01/dl-poly/build_mpic
fustre/scafellpikeslocal/HT01812/axc01/axc6 7-axc01/dl-polysbuild_mpic
fustre/scafellpike/local/HT01812/axc01/axc6 7-axc01/dl-poly/build_mpic
flustre/scafellpike/local/HT01812/axc01/axc67-axc0 1/dl-poly/build_mpic
fustre/scafellpike/local/HT01812/axc01/axc67-axc01/dl-poly/build_mpic
fustre/scafellpike/local/HT01812/axc01/axc67-axc0 1/dl-poly/build_mpic
fustre/scafellpike/local/HT01812/axc01/axc6 7-axc01/dl-poly/build_mpic
flustre/scafellpike/local/HT01812/axc01/axc67-axc0 1/dl-poly/build_mpic
flustre/scafellpike/local/HT01812/axc01/axc67-axc01/dl-poly/build_mpit
fustre/scafellpike/local/HT01812/axc01/axc67-axc01/dl-poly/build_mpic
fustre/scafellpike/local/HT01812/axc01/axc6 7-axc01/dl-poly/build_mpic
flustre/scafellpike/local/HT01812/axc01/axc67-axc0 1/dl-poly/build_mpic
flustre/scafellpike/local/HT01812/axc01/axc67-axc01/dl-poly/build_mpic
fustre/scafellpike/local/HT01812/axc01/axc67-axc01/dl-poly/build_mpic

=1 o [ P —— Pa— .

axc01/dl-pely/build_mpig

Ops

g &3 *Node |EY Events 58 ‘%*Prugram Info..| B *Program /O ... | [ ] *Program Files | ®M Program MPI‘ = 0
fustre/scafellpikeslocal/HTO1812/axc01/axc6 7 -axc0 1/dl-poly/build_mpich/bin/DLPOLY.Z - pid_57702
Search
1 HISTORY Find Next
@ Filter write/read/seek events
11:01:00.404 5min13s7ms82... 218us MPI Close HISTORY
11:01:00.531 Smin13s134ms... 69ms217us | MPI Open HISTORY
11:01:00.531 5min 135135ms... 401ps MPI WriteFileInfo  HISTORY
11:01:01.057 5min 135660ms... 12ms 196ps | MPI Close HISTORY
:01.175 Smin 13s778ms... 26ms591us  MPIOpen HISTORY
5min 13s 770m: MPI WriteFileIn
11:01:01.648 5min 14s252ms... 1ms447ps | MPI Close HISTORY
11:01:01.731 5min 14s335ms... 22ms481ps | MPI Open HISTORY
11:01:01.732 Smin 14s5335ms... 445ps MPI WriteFileInfo  HISTORY
11:01:02.226 Smin 145829ms...  11ms 281us  MPI dose HISTORY
1:02.391 5min 145994ms... 22ms 236us | MPI Open HISTORY
11:01:02.392 Smin 145995ms... 723ps MPI WriteFileInfo | HISTORY
11:01:02.823 Smin 155427ms... 9ms594ps | MPIClose HISTORY
11:01:02.914 5min 15s518ms... 30ms399us | MPI Open HISTORY
11:01:02.915 5min 15s518ms...  447us MPI WriteFileInfo | HISTORY
Ops 3m Bm 9m 12m
5min 13s513ms 568ps
All Events: ‘
Accept I
Bind ‘
Biclose ”
Connect |
Exec'ed by ‘
Listen ‘
BlLoad ‘
MPI Close
MPT Open |

Timeline: S0 Files: S Directories: S Node: SRR Events: S
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/O profiling to improve DL_POLY with the Hartree Centre

DL_POLY is a general purpose classical molecular dynamics tool that uses MPI /0.
It was opening the HISTORY file from ever rank, but only writing from one.

Ellexus - B

Fle Trace Views Help

= 100 % Selectrun: | 3 - hydra_pmi_proxy in /ell.. ~ Child traces: ~
C, search| § Vo Summary [E Timeline 2 |(® buration| [ ] Files| =4 Directories | 12 Network | #7 MPT 1| Profiling Data = &3 *Node B Events 5 ‘%*Prugram Info..| B *Program /O ... | [ ] *Program Files | ®M Program MPI‘ = B
Ops 3m 6m om 12m = = = 5 5
‘ | fustre/scafellpikeslocal/HTO1812/axc01/axc6 7 -axc0 1/dl-poly/build_mpich/bin/DLPOLY.Z - pid_57702
L PR P R L
‘Ous Search
v Ellustrelgcaf&llplkellu(a\fappslgc(?.’mpl(hla.z1fb|nlhydra_pm|_pmxy - pid_! 1 LIS TENY Find Next
B lustre/scafellpike/local/HT01812/axc01/axc6 7-axcO1/dI-poly/build_mpid @ Filter write/read/seek events
/\ustre/scafellp\kef\ocaI/HTO‘\ 812/axc01/axc67-axc01/dl-poly/build_mpic )

Mount Point P Location P MPI Open AMPI... ¥ MPIStat P MPISync Pk
Mount Point Filename | # Call Total latency (us) :I W ax latency (us) # Failure #cal | #cal # Call
f REVCON 416 105595ms 174us 31ms 90us 0 416 0 0
! HISTORY 40,032 17min 455 97ms 96... 133ms 523ps 0 40,032 0
f COMNFIG 32 355 414ms 43us 1s106ms 744us 0 32 0 0

/\ustreiscafellp\kel\acaI/HTO‘\ 812/axc01/axc67-axc01/dl-poly/build_mpic

{\ustreiscafellp\kei\acal{HTU‘\812iaxc0'I{axcﬁ?-axcu1!d|-pa|yibm|d_mp\c Ous 3m 6m om 12m
l\ustrefs(afellp\kef\ﬂ(allHTD‘\812faxc01lax(ﬁ7—ax(01fdl—pﬂlyfbuxld_mp\: ‘ A EEE—— SE— E— EE—
/\ustre/scafellp\kef\ocaI/HTO‘\ 812/axc01/axc67-axc01/dl-poly/build_mpic ‘Smm 135513ms 568s
/\ustre/scafellp\kef\acaI/HTO‘\ 812/axc01/axc67-axc01/dl-poly/build_mpic QllEvents:

{\ustreiscafellp\kei\acal{HTU‘\812iaxc0'I{axcﬁ?-axcu1!d|-pa|yibm|d_mp\c Bl Accept I

l\ustrefs(afellp\kef\u(aIlHTD‘\ 812/axc01/axc67-axc01/dl-poly/build_mpic gind ‘

/\ustre/scafellp\Kef\ocaI/HTO‘\ 812/axc01/axc67-axc01/dl-poly/build_mpic Biclose ”

/\ustre/scafellp\kef\ocaI/HTO‘\ 812/axc01/axc67-axc01/dl-poly/build_mpic Gonnect |

{\ustreiscafellp\kel\acaI{HTU1 812/axc01/axc67-axc01/dl-poly/build_mpic Exec'ed by ‘

l\ustrefs(afellp\kef\u(aIlHTD‘\ 812/axc01/axc67-axc01/dl-poly/build_mpic Listen ‘

/\ustre/scafellp\Kef\ucaI/HTO‘\ 812/axc01/axc67-axc01/dl-poly/build_mpic ElLoad ‘

/\ustre/scafellp\kef\ocaI/HTO‘\ 812/axc01/axc67-axc01/dl-poly/build_mpic MREGIoze =
Fla © « rmn 4 e mee e aem 4 a ElmP1 Open |

Timeline: S0 Files: S Directories: S Node: SRR Events: S
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/O profiling to improve DL_POLY with the Hartree Centre

Runtime of main branch vs optimised branch

4000 9%
3500 8%
3000 7% .
0 6% Removing
£ 2500 unnecessary opens
£ 25000 G 5% gave significant
2 4% performance
= 1500 .
e 3% improvements
1000 204
DO -
0 0%
4 nodes, 1250 steps 8 nodes, 2500 steps 16 nodes, 5000 steps

N Main branch M Optimised branch ~ ==ge= Performance improvement
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/O profiling and what to do with the results

Profile in production

Optimization

Steering

- Data location, Scheduling, Filesystem, Burst buffers

o ellexus

The 1/0 Profiling Company - Protect. Balance. Optimise.



Ellexus Ltd: The I/O Profiling Company

Dr Rosemary Francis, CEO, Good I/0 evangelist

Thanks for listening

o ellexus
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