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Operational Intelligence for the Digital Factory

(AI for HPC Ops)
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Scale of digital production

Hundreds of storage mounts
Thousands of compute hosts
Tens of thousands of user jobs
Millions of application tasks

Billions of IO0s

Tens of billions of core seconds
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Quant 1ssues

My home directory 1s slow.
My workstation 1s lagging.

My job 1s taking too long.
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Ops 1ssues

Storage 1s being hammered.
Scheduling database 1s overwhelmed.

Who 1s responsible?
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PM 1ssues

Will we hit our milestones?

Can we do more of X and less of Y?

Are users properly accounted?
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Dev 1ssues

Am I efficiently using shared storage?
Can we pack compute tasks more?

What's the biggest distributed bottleneck?
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Factory challenges

Unexpected 1impacts kill margins.

Idle or misallocated resources sink profits.

Incomplete planning forces expensive mitigations.
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Factor oals
e Y

Predictable Rellably submitting, processing, and completing work.

X

Efficient Maxlmizing work completed given avallable resources.

A\
)
k |

agite  Understanding the cost/benefit before implementation.
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Reducing 1mpact

issue starts users affected IT engages issue ends
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Reducing 1mpact

issue starts users affected IT engages issue ends

response ‘
time

How do we reduce the operational impact as we scale?
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Reducing 1mpact

issue starts users affected IT engages issue ends

response |
? time i

Shorten
the Provide a list Automate
detection of causes resolutions
window

Operational Intelligence: training the machines to watch the machines
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Improving efficiency
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Improving efficiency
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Improving efficiency
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Improving efficiency
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Operational Intelligence: observing the environment leads to better provisioning
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Learned agility

e Using historical patterns to extrapolate futures
e Comparing applications and infrastructure over time

e Leveraging trained models to help with repetitive tasks

Operational Intelligence: using your workflow to predict your future workflow
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Operational Intelligence

Training the machines to watch the machines
Observing the environment leads to better provisioning

Using your workflow to predict your future workflow
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Number of records

atsu solutions

user/job IO chargeback software/I0 usage

real-time NFS/SMB visibility

B elasticsearch-0 Group Correlations with Numerical Scatter
B kafka-0 The plot on this page is dual purpose. One can find the group categorization of numerical outliers as well as examine the numerical content of specific group
B health-20-h88Iw members. The first option selects the color for selecting points in the scatter or clicking points in the parallel categories plots. The second options select
M health-12-wmbd4g the metrics to display on the x and y axes. Note that these metrics are transformed as $x' = \ln(x + 1)$. And, the final dropdown selects which groups to
B  health-14-rr57d Aggregated Time Series Top Mounts Top Files File Sets display in the bottom correlation plot.
M zookeeper-0
B health-13-f8dss Q - m Highlight Color Red x v
B health-17-vxxkr Adjust Time Window Last 30 Minutes x v
health-19-I8s46
M health-18-nxsqd X Metric Total Round Trip Time x v
B health-16-gqww8
health-15-rs9jr B open Y Metric Number of Operations x v
W other remove N N
E readdir Groups Job ID Op Type x
97.6% 2 mkdir _ i
g B create Grid Impact Metrics
o M lookup
£
= readdirplus 12 . - -
5 W access Blue
° W read 10 .
= W setattr ..
e W write @« 8 .
2 . . Red
Chargeback Table Download as CSV ° ¢ R
member usage 4
.o ° . " c None
elasticsearch-0 127949717860 5 2
% time [s] .
health-12-wmb4g 327435 8 10 12 14 16 18 20 22 24 26
rtt
health-13-£8d88 21171 Aggregated Time Series Top Mounts Top Files File Sets Group Correlations
health-14-rr57d 158304 event.keyword
. File Value 1/0 time Jid-keyword write
health-15-rs9jr 2984
N lookt
health-16-gqww8 3450 /tmp-stress-ng-iomix-21-8/stress-ng-iomix-21-8-3197856425 4.98 m clasticsearch-0 — Tﬂ W o
—
e —— .crsate
_17- - ng-iomix-20- ng-iomix-20-7— . ————— e —— e
health-17-vxxkr 18409 /tmp-stress-ng-iomix-20-7/stress-ng-iomix-20-7-774579289 4.92 m ——— —————— -
kafka-0 — —— ————
health-18-nxsqd 4584 /tmp-stress-ng-iomix-10-1/stress-ng-iomix-10-1-626812225 4.84 m 'm .'mm‘
— e — ——
_19_ B e
health-19-18s46 6956 /tmp-stress-ng-iomix-12-2/stress-ng-iomix-12-2-1287451105 3.60 m hea\m-m-nsmwl — —— — T— 0l remove
L —
health-20-h88lw 10937567 . _ null — B reocin
/tmp-stress-ng-iomix-14-3/stress-ng-iomix-14-3-76643969 3.37 m = et
setattr
kafka-0 3095983002
/linux-4.4.0/debian/linux-headers-4.4.0-157/usr/share/doc/linux-headers-4.4.0-157/changelog.Debian 64.4 ms
zookeeper-0 59028
/1linux-4.4.0/debian/linux-headers-4.4.0-157.debhelper.log 44.4 ms Copyright (c) 2018-2019 atsu corp
/linux-4.4.0/debian/linux-headers-4.4.0-157/usr/src/linux-headers—4.4.0-157/arch/powerpc/include/asm/hmi. h 20.2 ms
/1linux-4.4.0/debian/linux-headers-4.4.0-157/usr/src/linux-headers-4.4.0-157/arch/powerpc/include/asm/kmap_types.h 20.1 ms
/linux-4.4.0/debian/linux-headers-4.4.0-157/usr/src/linux-headers—4.4.0-157/arch/s390/include/asm/bug.h 19.7 ms

job anomaly detection overwhelmed storage detection queue and job prediction

Outlier score distribution for 125,962 jobs Why is this job an outlier

queue:nightly Jobs in queue
Problematic job (red = small value, green = big value) — data 5000 {-t‘\;X
. . —— model prediction
400000 4 == Al data event_write_rttperop _ Latency Deviation Scorer o ’
BN i
< 2 :
overall_tid:tatid_nan_nunique _ - ocal. g 23000 11
i +— 172.100.54.224:/openshift/pv4 =] ; ! r
overall_mnt_nan_nunique _ 1.06 A 3 2 2000 i
. i
current_event_other_rttperop _ 1os —_— 10h 4 S \"
100000 1 . 1000 N |
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Outlier score time [s] & & & I I I & time in hours
> > » » » > »
sowr arour Maximun Score v
. NUMBER OF RESULTS 20 x -
Job anomaly score explanation ccores, storta & vammines .
o JobID: 128701194
Copyright (c) 2018-2019 atsu corp _
o Anomaly Score: 1.1005 Accuracy: 92% o 10 Usage Predictor Prototype
o Anomaly record ID: b4830e6c-6cdf-4305-adf9-alle9b5bcbld 10°
105 10?
atsu-testing APP 10:32 AM O = 10
e ° =
rtt.deviation.alert alert {'field": 'mnt, 'value": E 2 0
0.6 . .. . € 3
S '/var/lib/origin/openshift.local.volumes/pods/b89eb8e7-e575-11e9-ab02- 5 g ..
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021fce92f3d6/volumes/kubernetes.io~nfs/openshift-nfs-4'} with a value of g 10° 3
S e
5.630114165151673 > 1.2 3
02 Interesting a 107
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An operation under examination

atsu agent sees NFS/SMB operation

—via kernel module or eBPF/ETW
—trivial overhead (us)
—asynchronous to data bus
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An operation under examination

atsu agent sees NFS/SMB operation

—via kernel module or eBPF/ETW
—trivial overhead (us)
—asynchronous to data bus

atsu agent sends metadata to data bus

e §8kc|fkc|® — minimal batch between operation and report
— multiple topics per types of data stream
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An operation under examination

atsu agent sees NFS/SMB operation

—via kernel module or eBPF/ETW
—trivial overhead (us)
—asynchronous to data bus

atsu agent sends metadata to data bus

N
@
@
@
@
@

e §8kc|fkc|® — minimal batch between operation and report
— multiple topics per types of data stream

atsu service environment (hybrid SaaS)

9 A —provides detailed view

—obfuscates data, transfers to atsu modeling
— streaming aggregations, predictions, etc.
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atsu service

dWS
>

‘ Overview Jobs - Mounts - Files -~ Models - Reports - Filter Docs |  v0.1908051809.0

Top out of 5 Top out of 1

I total bytes read bytes write bytes total ops Mount. total bytes read bytes write bytes total ops

Kbuild-1-1-6qkkl 656 1B 617 MB 38.8 uB 322626 /var/lib/origin/ hift.local.volumes/pods/ i 1.23 6B 635 MB 621 MB 449893
nfs-17

elasticsearch-0 273 M 2.35 MB 270 M8 114315

Kafka-0 82.8 B 15.0 uB 67.8 uB 5367

health-64-kdh62 48.0 kB 08 48.0 KB 30.0

zookeeper-0 1.00 B 08 1.00 B 12.0

Top out of 20586

File Path Mount. total bytes read bytes write bytes total ops
/logs/atsu ther.mani 3118523.1og  /var/lib/origin/openshift.local.volumes/pods/+/openshift-nfs-17 44.2 8 08 44.2 u8 1843
/nodes/0/indices/vsyisTD3TpKw2p5aXrBImQ/2/index/_c7x.cfs /var/lib/origin/openshift.local.volumes/pods/+*/openshift-nfs-17 20.1 1B 08 20.1 M8 44.0
/logs/atsu ther. y 3282943.10g /var/lib/origin/openshift.local.volumes/pods/+/openshift-nfs-17 16.4 m8 08 16.4 uB 495
IO/C PU meta data /nodes/0/indices/vsyisTD3TpKu2p5aXrBImQ/3/translog/translog- /var/lib/origin/openshift.local.volumes/pods/*/openshift-nfs-17 9.48 1B 08 9.48 MB 672
57.tlog
/nodes/0/indices/vsyisTD3TpKw2p5aXrBImQ/2/index/_cTx. fdt /var/lib/origin/openshift.local.volumes/pods/+/openshift-nfs-17 9.24 4B 0B 9.25 MB 23.0
/nodes/0/indices/vsyisTD3TpKu2pSaXrBImQ/2/translog/translog- /var/lib/origin/openshift.local.volumes/pods/*/openshift-nfs-17 9.11 B o8 9.11 up 691
55.tlog
/nodes/0/indices/vsyisTD3TpKu2pSaXrBImQ/1/translog/translog- /var/lib/origin/openshift.local.volumes/pods/*/openshift-nfs-17 8.79 uB o8 8.79 MB 650
56.tlog
/nodes/0/indices/vsyisTD3TpKu2p5aXrBImQ/4/translog/translog- /var/lib/origin/openshift.local.volumes/pods/*/openshift-nfs-17 8.08 1B 08 8.08 MB 582
55.tlog
/logs/at ther .mani fest-0. 318470.index /var/lib/origin/openshift.local.volumes/pods/*/openshift-nfs-17 7.55 4B 7.50 B 252 XB 80.0
/logs/atsu.corp.gather.manifest- /var/lib/origin/openshift.local.volumes/pods/+/openshift-nfs-17 7.52 B 7.50 uB 108 KB 14.0

0/00000000000454318470.. timeindex

atsu.bot APP 10:55 AM
-j <job> -m <mount> <complaint>

. Nick @ 10:55 AM
/atsu --help

&8 Kaifka

m» c|asticsearch

Today

@ atsubot AP 8.45 AM

Thank you! We have logged your complaint ({'job": 3832372347234, 'mount': '/home/nick’, ‘complaint’: 'my home directory seems to be very slow'}) so
that we can train our systems to automatically detect and remediate future issues.

To see your data, http:/atsu.view/?jid=3832372347234&mnt=/home/nick

. Nick ® 845 AM
/atsu -j 3832372347234 -m /home/nick my home directory seems to be very slow
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Predictable

atsu benefits

Anticipates potential problems
Identifies complex faults
Increases overall efficiency

Simplifies environment scaling

Efficient
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atsu benefits

Save money.

Go faster.

Get better automagically!

oy =l

Agile

Predictable Efficient

DDDDDD i
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atsu service

On-premise
Hosted
Hybrid

Start your POC today!

oy =l

Agile

Predictable Efficient

DDDDDD i
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