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Exascale Era of Climate Modelling
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e Climate models increase in
complexity over time, leading to
larger datasets.

¢ [he relation between data
storage and computation
must be considered In future
CMIPT worktlows
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Image 1: "Green rocky hills", National Centre for Atmospheric Science, CC BY-NC-SA 2.0
Image 2: Credit: NASA/CXC/CfA/M. Markevitch; NASA/STScl; Magellan/U. Arizona/D. Clowe; ESO WFI

Image 3: Source: Genomics Education Programme, NHS England
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The challenge is not unigue.
Many data centric fields are entering exabyte scales and will need to adapt.

Climate Modelling Astronomy Genomics

Future climate and
weather models require
exabyte storage

Complexity of genomic
data produces 2-40 EB
of data stored per year

Order EB of data stored
per year by experiments




Exascale Challenges

High Latency

Unsustainable
Energy Costs

Limited Storage
Resources

® | arger walit times for streaming data
e Bottleneck for analysis workflows

® Moving data Is energy intensive
e CPUs sit idle while waiting for disk /O

® Storage of extra copies Is expensive
® Not all scientists have access to resources




Solution: Active Storage

— More efficient to move the computation than the data

Active Storage System * Modern storage systems have under utilised
compute

e Perform computation in available computation
iNside or near storage.

— Custom middleware software

Middleware Sota Stor e WAN traffic mitigated as data and middleware
Software At SIorage are within the same firewall.

e Only results of computation will be read out to
users



Active Storage in Workflows

Restructure of workflows to use active storage

| ocal Worktlow Active Workitlow

Send computation request to remote middleware

Streaming large amounts of data to software located inside the storage network
a machine to perform computation

Only result of computation sent from storage back to
the machine



pvactivestorage.readthedocs.io

Active Storage Live @ CEDA-JASMIN  stackhoc.github.io/reductionist-rs

===: PyActiveStorage Reductionist
Python client for users can use to Receives and computes data
communicate with the Reductionist reduction requests, sending
middleware requesting data results back to PyActiveStorage
reductions v Client
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JASMIN is a data analysis facility providing . _
storage and compute facilities for data- : JASMIN
INtensive environmental science research. ' :
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http://pyactivestorage.readthedocs.io
http://stackhpc.github.io/reductionist-rs

Data Chunking
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Data chunking schematic

Climate data is chunked, with a chunking index,
which allowing for:;

e Processing efficiency: handling required
subsets instead of the entire dataset

e Reduce memory usage: loading only relevant
chunks

e Enables parallel processing: allowing multiple
chunks to be processed simultaneously.

Specialised tools for reading chunked data such as

Pyfive wh

ich Is a highly optimised pure-python

HDF5/ne

'CDF4 reader. Py[ five]

pvfive.readthedocs.io



http://pyfive.readthedocs.io/en/latest/

===PyActiveStorage : Python Client

4 )
Users choice of dataset stored remotely, and
perform operation/reduction method on data

. i Y,
Compa’[ib|e with different Reductionist middleware can perfOrm
data storage backends: computes, inspired by MPI| data reductions.
® s3 buckets Methods:
® https servers minimum, maximum, count, sum, mean
éa )
Loop over chunk index, requesting Reductionist I Bong
middleware to return reduction of each chunk hE
\_ ,

v

[ Return result to user J




===PyActiveStorage: User Code

S3 Protocol

import os
from activestorage.active import Active

def s3 file():
"""Run a simple active storage instance test with S3 file.""™

S3 _BUCKET = "bucket"
storage_options = {

'key': "KEY",
'secret': "SECRET",
'client_kwargs': {'endpoint_url': "https://uor-aces-o0.s3-
ext.jc.rl.ac.uk"},
s
active_storage_url = "https://reductionist.jasmin.ac.uk/"

a_file = "ch330a.pcl19790301-def.nc"

test_file_uri = os.path.join(
S3_BUCKET,
a_file

)

active = Active(test file uri, ncvar='UM m@1s16i202 vnl106"',
storage_options=storage_options,
active_storage_url=active_storage_url)

active._version = 2

result = active.min[0:3, 4:6, 7:9]

return result

HT TPS Protocol

from activestorage.active import Active

def https_file():
""MRun a simple active storage instance test with https file."™"

test_file_uri = "https://esgf.ceda.ac.uk/thredds/fileServer/..."

active = Active(test _file uri, ncvar="cl")
active._version = 2

result = active.min[0:3, 4:6, 7:9]

return result
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Reductionist

R e |t s an ansible deployed container, which can easily
scale and be deployed to more servers as the data
== storage grows.

cperaliar

P &> e Recelves request for chunk reduction and applies
] [~ == reduction, returning result to PyActivesStorage Client

Vlerenk A
Calculste cultice same’ ra “;o:'.::"‘-: !
mE2ng data |
l l ) 4
_»_/" "\___ | |
ou mants u-'u':: Tm': 3inc it 'ntow'nj_f_:;—l e at u re S (]

S— P e Numerical operations to perform on data chunks

—— [ == e Load balancing from HAProxy server
T e Disk caching of chunk information

Architecture and e Decompress and decode filters
implementation of Reductionist

stackhpc.qgithub.io/reductionist-rs
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http://stackhpc.github.io/reductionist-rs

Benchmarking Performance

/ /L

S3 |
Protocol

HTTPS
Protocol

. . . . /, [/
Reduction execution time for different protocols
File: cl_Amon_UKESM1-0-LL_ssp370SST-lowNTCF_r1i1p1f2_gn_205001-209912.nc

Variable: cl

4800 Chunks, 2.36 GB
Slice: [0:300, 0:85, 0:144, 0:192]

i

Local:

Local Storage
—@— Active Storage

1009.98 + 14.75

Active: 35.64 + 1.90
Local: 86.14 + 5.69
/,_‘4\ Active: 29.68 + 4.11
1 1 1 1 /I/ 1 1 1 1 1
20 40 60 80 100 980 1000 1020 1040 1060

Execution Time (seconds)

1080

e Comparing different remote storage
backends with and without active storage.

® Results obtained running on university
network of 1Gbps (30km away from
server location)

— for both protocols, active storage
provides faster execution of computes
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Benchmarking Performance

Reduction execution time relative to slice size —&— Active Storage
File: ch330a.pc19790301-def.nc Local Storage
Variable: UM_m01s16i202_vn1106
64 Chunks, 17.81 GB Active: 4.58 = 0.30
100 - Local: 36.41 = 0.86
/|.|\ Ratio: 7.95 =+ 0.56
Active:  5.09 + 0.38 e Comparing execution time as the
75 - Local: 36.32 + 0.35 Lo .
Jo~ R0 7013+ 0,54 data set is sliced to a larger
target size
Active: 4.98 = 0.41
50 4 Local: 36.33 + 0.38
N /""'\ Ratio: 7.30 £ 0.61 . .
S ® |mpact of active storage is more
©
2 Active: 5.18 =+ 2.14
2 25- l{ '\_ Local: 18.06 + 0.82 pronounced
Ratio: 3.49 + 1.45

Active:  4.48 + 0.12 — processing time with active
10 - @ Local: 8.87 + 0.20 -
Ratio:  1.98 + 0.08 storage does not scale with dataset
Size
Active: 4.40 = 0.14
. ocal: : + .32
S /.\ II;{atio: ?gg + 8%0
Activei 4.93 £+ 0.53
A - St
0 1IO 2|0 3|O 4IO 50

Execution Time (seconds)
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Execution Time (seconds)

Active storage provides a solution to reducing lower network traffic
and payload, providing more efficient workflows

This Is essential as data scales into the exabyte realm.

PyActiveStorage provides users an accessible tool to implement
active storage in the workflows, demonstrating significantly faster

execution time of data computes

Reductionist is a deployable ansible container a
deployment, scaling with data storage requireme

Thank you !

lowing for future

NtS
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About CEDA-JASMIN

JASMIN is a data analysis facility that provides
storage and computing resources for data-intensive
environmental science research, serving over 1,500

users. The Centre for Environm

(CEDA) operates the data archi

services hosted on JASMIN.

ental Data Analysis
ve and analysis

There are 92 compute nodes with 48 cores providing

a total of 4416 cores. It designed,

operated by the Science & Technology Faci

Council (STFC) on behalf of the Natural Env

Research Council (NERCO).
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