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» The ARM Program is one of the largest and most
influential data-collecting efforts in climate research.

» ARM operates a global network of atmospheric
observatories in climatically significant locations.

» Data are collected from hundreds of instruments at
locations around the world.

» The program is currently generating approximately
50 terabytes of data per month.

» ARM manages a complex hierarchy of processes that
provide the scientific community with quality- ;
assured data products in near real time. | ANTARCTICA ;
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ARM Data Processing Challenges

Data product graph for a single ARM instrument.
» Data Variety and Complexity. ARM data includes different types such as radiometric
measurements, meteorological observations, aerosol concentrations, and spectral
information.

» Multi-Scale Data. The data also vary across different spatial and temporal scales,
requiring alignment to study complex climate processes.

» Complex Data Analysis. Extracting meaningful insights from ARM data requires
sophisticated statistical and computational models that can handle high levels of
variability and uncertainty.

» Real-Time Data Processing Requirements. For many ARM applications, data needs to
be processed in near real-time.

» Data Transmission and Integrity Issues. A variety of issues can affect the accuracy
and continuity from instruments, including network disruptions and equipment
failures.
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Presenter Notes
Presentation Notes
Data Variety and Complexity.  ARM data includes different types such as radiometric measurements, meteorological observations, aerosol concentrations, and spectral information. These diverse data sets vary in format, precision, and representational requirements.
Multi-Scale Data.  The data also vary across different spatial and temporal scales—from micro-level cloud particle data to large-scale atmospheric observations—requiring alignment to study complex climate processes.
Complex Data Analysis.  Extracting meaningful insights from ARM data requires sophisticated statistical and computational models that can handle high levels of variability and uncertainty.  Each instrument processed by ARM produces a complex network of downstream data products.
Real-Time Data Processing Requirements.  For many ARM applications, data needs to be processed in near real-time, particularly for use in forecasting or immediate analysis of atmospheric phenomena. 
Data Transmission and Integrity Issues.  A variety of issues can affect the accuracy and continuity from instruments, including network disruptions, equipment failures due to environmental conditions, calibration problems, and issues with data sequencing or ordering.



Limitations of ARM’s Legacy Data-Processing Framework

» ARM has been operating for decades, and its legacy data-processing framework III\Q\QS\Q\

involves a massive number of independently executed cron jobs.

» Cron-based system creates several inherent challenges to data operations:

= Downed pipelines are difficult to detect. ,Il\ii\\&

= |mpossible to pause processing for downstream products. \\\?\\;\

= Processes often run even if no data are available. ,I§\>§§
= Difficult to troubleshoot and correct problems. I

= Many manual steps involved in processing and error correction.
= Many processes have one-off special logic.

= Time lag between when data are produced and when they are released to I
the public.
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Presenter Notes
Presentation Notes
ARM has been operating for decades, and its legacy data-processing framework involves a massive number of cron jobs which execute independently of each other.  This cron-based system creates several inherent challenges to data operations:
Downed pipelines are difficult to detect, sometimes resulting in data outages not being noticed for days or months.
Impossible to pause processing for downstream products if an upstream product failed.
Processes often run even if no data are available, wasting resources and spamming logs.
Difficult to troubleshoot and correct problems.
Many manual steps involved in processing and error correction.
Many processes have one-off special logic which are not transparent to operations. 
Time lag between when data are produced and when they are released to the public.
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ARMFlow: ARM Event-driven Process Control And Monitoring

* Event-driven processing — faster data delivery to users ( /\
* Expanded process monitoring — supports better troubleshooting and reporting Higher data
throughput

e Visual dashboard with all info at your fingertips — easier to detect and anp
troubleshoot errors

e Automates previously manual steps — faster end-to-end and less error prone \d

. i .ge . . : Higher quality data
Process-specific configuration — full transparency of processing rules produced

* Integration with other ARM systems — reduces manual steps/learning curve and

improves task tracking & monitoring ‘\W

* Intelligent processing — reduces unnecessary runs and false positive errors; provides

self-healing error correction when possible Decreased
operating costs
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Presenter Notes
Presentation Notes
Process-specific configuration: Emphasize the complexity of the processing rules due to the extreme amounts of variability and conditions covered across all the processes


ARMFIlow Architecture

» Based upon the Apache Airflow workflow framework.
» Running on a Kubernetes cluster at the ARM Data Center.
» Deployed to Kubernetes via Airflow’s Helm chart.

Kubernetes Cluster

» ARMFlow includes:

ARM Code ARMFlow Namespace

Repository
Mount

. points
Deploy via
ARM Private |mmne

= A custom user dashboard Image
Registry

= Customized Airflow Docker image

= A suite of custom workflows

Default Airflow pods deployed via Helm chart

Pods that use our customized ARMFlow image

» Actual processing runs on Slurm cluster. ) Access to resources outside Kubernetes
a0
1

. . . .. .. Databases Identity Message ARM Web
» Integrated with ARM services via events. slurm Provider [l Queue Services

workload manager
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Presenter Notes
Presentation Notes
Existing processing for ARM is on Slurm.
We didn’t want to change how the current processing operates for now.
In future, will consider running the processes within the cluster itself via containers


ARMFlow Needed a Custom Dashboard

x Airflow DAGS  Cluster Activity ~ Datasets  Security Browse

» Close to 8000 workflows running in Airflow! DAGS

Al Active Paused @

» The Airflow dashboard is not helpful: N
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= Shows all workflows individually with no roll up.
= Can’t group workflows by instrument or location.

ess_aoso3corr_ena_C1_regular

cess_aosapscorr_ena C1_regular

= Must page through workflows one at a time —
no filters.

= Can’t filter out workflows that are not running. R

= Headers are not fixed.

un_process_skyrad_bnf_S30_regular
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= Can’t tell if an error shown is for a current or past error.

= Airflow only reports workflow crashes, not ARM data processing errors, so many error conditions would be

missed.

= No access to ARM-specific information or logs.
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LastRun ~

2024-09-01, 00:00:00
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2024-09-25, 16:14:14

2024-09-26, 21:13:40

2024-09-29, 11:41:07

2024-09-29, 11:41:18

2024-09-29, 18:35:07

2024-09-30, 14:14:05

2024-09-30, 21:15:25

2024-09-30, 23:12:37

2024-10-02, 16:12:21

2024-10-02, 16:12:22

2024-10-02, 16:13:19

2024-10-02, 16:13:20

2024-10-02. 16:13:33

NextRun §

2024-10-01, 00:00:00
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ARMFlow’s Custom Dashboard

2 Carinalansing (@

™~
» Workflows grouped by instrument ARMEID S
name/location (”pipeline”) Showing 296 of 7978 pipelines, sorted by Lod

¢ Data Pipeline m| . .

» Ul rolls up daily processing and data
states for a pipeline.

<

Showlast 30 days O

» Pipelines that are currently stopped
visible via red alert triangle.

Pipel

Ingest VAP

PCM Process Name

» Errors report both processing and
ARM data violations.

» Advanced filtering capabilities:

= Hide pipelines that are not running

(O show standard only

O Show reprocessing only

= Filter by instrument name, location,
or user

[ Show pipeline errors only

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

opoegph gh

RESET

= Select date range

» Details and all log files accessible A key goal for ARMFlow’s Ul is to allow users to spot
from Ul and fix errors quickly. If errors are fixed quickly, there
ENERGY are few to no long-term consequences! November 13, 2024 8


Presenter Notes
Presentation Notes
Addressing question of viewing hierarchical view
Can quickly expand
Rolling up into pipeline allows easier spotting of errors
Hierarchy is embedded within process 

Mention that network-image is representing a startup and is an extreme example


Ul Highlight: Running Processes

» ARMFlow validates parameters and workflow configuration
before running and won't allow if conditions are not valid. Run Ingest/VAP

Run Ingest/VAP

PCM Process Name

Run VAP aoppsapavg at ENA Cl

PCM Process Name
aoppsapavg
Based upon available data and processing rules, ARMFlow will try to

Location run the following dates:

ENA CI
Start Date:
[J Reprocessing
Start End End Date:

2024-08-01 m 2024-08-02

* Mot enough input data are available to run.

Optional args
CANCEL

CANCEL ‘ RUN |

Form errors detected. Please check and revise the respective field(s):

+ Overlapping dates detected - this run requires reprocessing.

== P User can specify dates. If not specified, ARMFlow will
caNceL | R | determine if it can run based upon available input
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Presenter Notes
Presentation Notes
Emphasize that there are many rules to determine whether a process can run. Complex rules; not trivial. Mistakes in configuration file will be detected
- Prevents wasted time and compute resources


Ul Highlight: Error Reporting

Clicking on error icon brings up details

Processing Errors: mfrsr7nch @ BNF S20

Process Type Processing Id Level Error Codes Latest Occurrence State Assignee Comments Actions

View INC
View Process Log

View Slurm Log

Could not find re.. ) )
Ingest regular_mfrsr7nch_bnf_S20 Error adi.processing.other V?:wAﬂo nd re 2024-10-07 21:20:45 New View Slurm Batch Script

View ARMFlow Process Config
Could not find required configuration files: View Error History
ERROR: Could not find required configuration files:
-» search path: /data/armflow/dev/conf/bnf/bnfmfrsr7nchs2e
-» search pattern: [@-9]{6}\.dat$

Resolve Error

The error dialog shows root cause And also provides links to
ENERGY all relevant log files

November 13, 2024
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Ul Highlight: Process Details

Ingest irt vVIYIYIVYIVIVIIVIVIVIV Y \/\/ vIvIVI XV - n Da”yce”S show state.
Ingest mergerad2sirs °°°°°°°°°°°°°°°° £t

Inaest met VARV ARV IRV ARV RV ARV ARV BVE BVa SVa EVE Ve EVa Ve RV View Ingest |og

— ——— = Background is roll up
ipeline Information: irt @ BNF S20 - 2024-09-25 View Collections log
. e Burle og of process state.
Pipeline Process States Cer|e ShOWS the I'O”
Process " N o . . . Pipeline Error History up Of data State

View ARMFlow Process Config

Info ¢

View Process L
v SUCCESS regular_irt_bnf 520 N/A 2024-09-25T2317:11+00:00 data_delivery 1ewrocess Log

View ARMFlow Process Config Run Bundler ™ nght CIlelng on a

Run Ingest
Outputs

e o Qay brlngs up detailed
Release data InfO rm atlon .

Files or Datastreamn Validation Errors Archive Status Release By Release On Comment

nfirt200msSs20.a1.20240925.000000.cd MIS! C_RECORDS rchived airflow 240926
bnfirt200msS20.a1.20240925.000000.cdf 0 MISSING_RECORDS Archived irfl 20240926.011836
1334 records written < 1411 expected threshold.

bnfirts20.61:20240925000000.cdf T MISSING_RECORDS Archived airflow 20240926.011836 E

@ - Provides detailed information for all
processes that ran.

- Bundler

= Provides access to all relevant logs.

Status Processing ID Run Directory Ran On Logs

View Bundler Log

= Shows which files failed validation
4 SUCCESS el e FOR-O9-2TI00N22504565+0000 data-delivery ::::: i::llfflzw Process Config C h e C kS a n d Wh y'

B View Comlog
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ARMFlow: Where Are We Now

ARMFlow has
undergone one full
year of beta testing

» Production deployment is live; gradually rolling out processing pipelines.

P Beta server mimics production processing so we can thoroughly test data pipelines before releasing
them to production.

= This is critical to catch special edge cases!

» Rollout transitions seamlessly from existing cron processing to ARMFlow.
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ARMFlow Next Steps

P Interactive reprocessing:
= Visualize data changes

= Control downstream processing as needed

» Interactive corrective actions:

= Automate fixes to common processing issues
(such as data coming in out of order)

» Longer term - incorporate Al to assist operators:
= Chat bots to quickly answer questions

= |nstrument failure prediction/detection

EEEEEEEEEEEE
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Presenter Notes
Presentation Notes
Reprocessing
- 

Corrective Actions
- 

AI Assistance
- 
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» For questions on ARMFlow, feel free to contact me at elvis.offor@pnnl.gov
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https://arm.gov/
mailto:elvis.offor@pnnl.gov

» Questions?
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