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Data is divided in intervals, “buckets” “Reprocessing” for final physics
 Approx. 9 fb?  Make a full recalibration
*  “Prompt” calibration * Happens every 6-12 months
* Good for physics studies  Good for publication
* Runs at Brookhaven National * Runs at German Electron Synchrotron
Laboratory (BNL), America (DESY), Germany
release release release release
Run time

Prompt dataset N

Reprocessed dataset Dataset for Publications
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* High Level Trigger flag events passing various selections (hadron, muon-
muon, etc) and this information can be used to produce calibration
input files (skims).

* Per prompt bucket:
» 7 calibration skims currently in used — 10 TB total storage

» 2 fb! of each skim is required — fixed luminosity, so it will become a smaller
fraction of total data set over time

e Recreate calibration skims with tracking/alignment (cDST) — 13 TB
 Calibration constant outputs (payloads) — 350 GB
* Minimum 30 kHSO06 (3k cores) for smooth prompt calibration

* Rucio used to automatically replicate calibration skims from KEK to BNL
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<o Calibration Loop

KEKCC Local calibration center | Checking uploads are valid is MELBOURNE

extremely time consuming
and inefficient if done manually

Derive local

Lacal Read calibrations pload )
rnns + iti
Calibrations have __ s — —
. R [ CDC fracking cal. ] | Upload
complex dependencies [ E— ] (L“‘“: | uowas
ploa . .
_ Upload— Collection of payloads is called a
TI'EEI].DI'I of [ ARICH mas king ] Download' .
calibration HLT Ve ™ global tag (GT) and must be verified
SVD CoG - . . .
\L : l} [ e | by manager before final sign-off
Manager uses JIRA, a task { : 1 | TOP postracking |
. Read [ Alignment ]
management system, to inform - ) ECL
experts to start their calibration [ | P [ amicH | T Final validation ]
Read [ cDST production ] EEE— \ J
g KL T
Wirite ) :
cDSTs need to be replicated s __Ppostion | | Beam energy I]
e2d
R fracti T
for long term storage _ facton of _ \ )
skims (cDST) Read
Move to long-term staging
Delete
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 Directed Acyclic Graph (DAG) workflow manager - it helps to automate scripts in
order to perform tasks.

* Originally developed by Airbnb and released as open source Python 3
Comes with:
o Cron-like scheduler

o Plenty of task types if we need them (Bash, Python, SSH, SQL, ...)

Flask based admin web monitoring for tasks and database contents

Easy plugin system for extension of website and core classes, e.g. LDAP
authentication

o Active community for questions/extensions/new features  https//doi.org/10.1051/epiconf/202024502016
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* The time-consuming task of creating dozens of JIRA tickets and setting
their dependencies reduces to:

Overall Request Options

Please choose a new unigue processing name (no spaces if possible).

Processing Name

Please choose a run range for this request. The selected run range will define the allowed lowest edges of the produced payload Intervals of Validity (loV). However the highest (Exp.Run) payloads for each payload type will still have open-ended validity e.g_ (x, y, -1, -1).

Lowest Experiment No.

0

Highest Experiment No.

0

Lowest Run No.

0

Highest Run No.

0

The release is the central basi2 release that all produced payloads should be compatible with. Additionally, all data production tasks will be done with this release e.g. ¢cDST production. The host is where the jobs will run, BNL for prompt calibration and NAF for reprocessing

basf2 Release Host
release-05-01-04 ~ KEK ~
Local Staging GT Calibration Staging GT Prompt GT
AIRFLOW_data_staging_localcalib_prompt ~ AIRFLOW_data_staging_calibration_prompt ~ data_reprocessing_prompt v

May 19, 2021

I
Multiple processing requests can run simultaneously

e.g. prompt at BNL while reprocessing at DESY
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JIRA Task automatically assi

?: Belle Il Data Production / BIIDP-4017
-

el bucket19: (exp=18, run=0) -> (exp=18, run=300)

# Edit Q Comment Assign  More ¥ Stop Progress  Resolve Issue  Workflow ¥

¥ Details
Type: Epic Status: IN PROGRESS (\View Workflow)
i @ Blocker Resolution: Unresolved
Descriptions automatically | e
Name: ucke

filled

~ Description

Epic for bucket19
Rules & info:

= hucket19 includes the data from (exp=18, run=0) to (exp=18, run=300)

m Use the website https://calibration.belle2.org to interact with this processing request. Please do not modify the global tags manually unless asked.
® Payloads should be compatible with the basf2 release: release-05-02-06

m Assigned manager for this request is Umberto Tamponi

® Admin for website help is Francis Pham

® |Local Staging Tag: AIRFLOW_TEST_data_staging_localcalib_prompt

ne

m Staging Tag: AIRFLOW_TEST_data_staging_calibration_prompt <+
= Final Prompt Tag: data_reprocessing_prompt

Dozens of JIRA tickets * Attachments

Created with dependencies (R Drop fies to stach, or browse.

included

¥ lssues in Epic
© BIIDP-4018 bucket19: Local Calibrations CLOSED

BIIDP-4026 bucket19: Raw Data Calibrations IN PROGRESS
BIIDP-4037 bucket19: cDST Production Tasks OPEN
BIIDP-4045 bucket19: Data Calibrations OPEN

May 19, 2021 Pham and Sevior, CHEP 2021
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Global tags emptied

Correct expert

/ assigned

Umberto Tamponi
Umberto Tamponi
Umberto Tamponi

Umberto Tamponi
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* The tedious and often error prone task of creating data input files for
a calibration reduces to:

May 19, 2021

Search for run paths below

Lowest Experiment No. Lowest Run No.

Highest Experiment No.

* »=30 Minute Run Does Not Have Tag

Highest Run Ne.

17 100 17 200
Data Format Beam Energy Run Type Host
raw - % 45 x physics BML
Data Tag Filters Run Quality Tag Filters Magnet On/Off
hadron_calib =230 Minute Run @® Either O On O off
x hadron_calib Has Tag * Good Has Tag

displaying 1 - & run_paths in total &
Name

Jpnfsisdce.bnl.gov/data/bellediskdata/TMP/belle/hRaw/e0017/physics/hadron_calib/r00146

Run Number Data Format

(17, 146) raw

Pham and Sevior, CHEP 2021

Run Paths

Run Quality Data Tags
[Good For PXD, Good Or Recoverable,
Good, Good Or Recoverable Shifter, Good
Shifter]

[hadron_calib, hit_skim]

Host

BNL

12



Automated Calibration

THE UNIVERSITY OF

MELBOURNE

Local Tracking cDST Other
Calibrations Calibrations Production Calibrations

; ;

CAF processes Local Calibration Payloads uploaded = ; Payloads uploaded .
. ' pert submits
submitted with [ Payloads Created ] [ to staging tag cDST production to staging tag Manager sign off
default settings T T
l Expert sign off . Expert sign off
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l E3
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\ 4 checked Expert sign off checked
i Automated
Expert sign off l utomate k
——
. P—
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automated
with DAGs!
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‘@] A basic DAG example: Job submission

create local job dirs
el “\

create caf config create_executable script create_input_dataset config create remote job dirs

. ! ,,“f;/
Won’t run all dependencies

copy_input_sandbox tar to remote
fulfilled — one failed taskcan __—""
be set to block another We could branch in case of failures

from starting or unusual situations
run_job

¥

THE UNIVERSITY OF
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has_job_finished

— - =

release_staging tag_process lock completed or failed | | create output sandbox tar remote
¢ i ER e —
D |ffe rent tas k ty pes wo rk| ng | copy_logs_to_storage failed copy_remote_output_sandbox_tar completed
_ » |
together: Bash, Python, SSH S~ e —
fail_job_and_notify create caf output payload dir

/

complete_job _and notify
i

start_validation_task

Pham and Sevior, CHEP 2021
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* Time taken to perform prompt calibration at BNL continues to
decrease as we gain more experience

* Signing off is largest down-time, to be automated in current bucket

Time from data taken to
calibrated (days) About 1 month from

i |
Bucket #1 (10.2 fb1) 43 a4 / data taken to calibrated!

Bucket #2 (10.6 fb'1) 24 28

Prompt at BNL Time for bucket (days)

Bucket #3 (11.3 fb?) 21 35



Easy to self document
most of the code with

Sphinx

Host the static docs
alongside the Airflow

web-server
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Documentation
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% Belle II. &
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Prod®

Search docs

1. What's New

tallation

= 3. Airflow Calibration Operations

3.1. b2cal
3.2, Prompt Calibration in b2cal
3.3. cDST Production in b2cal
4. Ov s of Calibration at Belle 1l
. Concepts
5. Models
. DAGs

3. List of Helper Modules

9. List of Utilty Functions

. Utilties for Global Ta

. Database

. Using the Ul

13. Information Sources

4. FAQ

# » 3. Airflow Calibration Operations View page source

3. Airflow Calibration Operations

Table of Contents

* b2cal
« Prompt Calibration in b2cal
« cDST Production in b2cal

The overseeing of the Prompt Calibrations is factorized into two parts. The individual calibrations
are managed by Calibration Framework (CAF) which runs a CAF script to manage job submission,
output collection, algorithmn execution and localDB creation. Airflow is a commercial jobs
scheduler incorporated into b2ca1 and is used to manage the step from one individual calibration
to the next one and their complex dependencies in an automated way. It runs CAF scripts for each
calibrations, open/closes JIRA tickets, operates on the calibration staging GTs, notifies users about
the progress of their jobs and handles all the management of payloads via a website.

3.1. b2cal

The Airflow Server along with the database is currently located in Melbourne but will eventually be
moved to DESY. Calibration experts interact with b2ca1 via website and login with their DESY
accounts. For local calibations experts, perform their calibration using CAF offline and then upload
their calibration payloads via either a tar file or by pointing to a global tag that contains their
payloads. For the raw data/ data calibations and cDST production, jobs can be submitted via the
website. The jobs currently run on KEKCC but will be moved to Brookhaven National Laboratory
(BML). The raw data is skimmed on the grid and then downloaded from grid to BNL for use in
calibrations. The expert only needs to provide their script in basf2 in the release the current bucket
is using and choose the data they need using the DataSearcher. The output payloads can then be
checked and if they are good, the expert can sign off on them via the website. If they cannot get a
successful calibration, the experts can download the payload(s), make modifiations and then upload
the result to the website.

Other Dats
(images, tar,..)

Pham and Sevior, CHEP 2021
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 Airflow is immensely flexible and easy to code

 Calibration at Belle Il using Airflow to automate task such as JIRA ticket
creation, job submission, cDST registration, etc.

e Use of webforms greatly simplify the process of data selection, job
monitoring and processing request initialisation

* Automated calibration successfully implemented at KEK, NAF and BNL

 Time taken for each calibration has decreased as a result of automation and
will continue to decrease as more tasks become automated

* Quickly approaching zero down-time due to manual intervention, physics
data will becomes available as quickly as computing resources will allow!

May 19, 2021 Pham and Sevior, CHEP 2021 17
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 mDST — basic file format for analysis (after reconstruction)

e cDST — Calibration data format, available after initial tracking alignment

e JIRA —task or issue tracking system

* Run —an amount of time with very similar detector conditions ~ 1-8 hours

* Experiment — a longer period of time of operation with similar detector configuration ~ 1-6 months
* Global Tag — String that defines a collection of database payloads in the basf2 conditions database

* Payload — a file containing data in the conditions database
* Interval of Validity (loV) — a run range defining a payload's validity e.g. (exp_low=1, run_low=1, exp_high=1, run_high=10)
» Calibration and Alignment Framework (CAF) — basf2 framework for producing payloads from input data

* Prompt calibration — best first attempt at calibrations that can be done before mDST production

* Prompt processing — the first mDST production for user analysis

May 19, 2021 Pham and Sevior, CHEP 2021 19
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Manual Calib
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Automatic Run Collection

get_data_prod_run_paths

: 1l Task Duration & Task Tries 4 Landing Times = Gantt
R u n i nfo rm at i 0 n CO I I e Cte d a n d Basedate: B9 | 2019-11-04 00:00:00+00:0¢ Numberofruns: »5 ~| Go

updated daily, flags runs at ‘Good’, e Bt s B B e B Mot i
‘Bad’, etc. based on runDB

get_good_runs b ! ' ‘

:

THE UNIVERSITY OF

MELBOURNE

# Graph View

Details # Code © Trigger DAG < Refresh @ Delete

1IDE019 10:31 - 110720191031 BT

Peakl 2430 [10%/ems] 2019107 G421 HERlpew: 2201 [ma] By E/ 150 [mm] R i | get_raw_run_paths
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g.2f—HE s08 F109 x
E \ | =
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00 [
- 288 |t o
E" .E. [ & Airflow & Admin~ © D About~ Data Produc
¥ ) ¢
=1 — 108
3 [ | |
L‘j [ e Eegp 10°
= ; 3
g T“ A L 356 L 1o
» E o Search~
m —ze0 | =
£ & riod
158 | &
= @
E =
=100 g b7 B <: 304 5 6 7 > » e Record Count: 14233
f— o
| sy PR i R | =
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- 30— -
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8 [ a8 04:2220+00:00 04:2220+00:00
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- | ] - 3
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el agaer e g o sn bilew pog ol oo col o gl o | e oo 2l e pop s oo 4 = 04:22.20+00:00 04:2220+00:00
e L ) L N PRSI e P AT N P o
& sy = 0 @ = 14232 17 354 MNone True nul 4s 2021-04-17 2021-04-17 [Bad For Alignment, >=30 Minute Run]
7 [ = 04:22:20+00:00 04:22:20+00:00
b | i 0 @« 14231 17 353 None True nul 45 2021-04-17 2021-04-17 [Bad For Alignment]
& R i i i g ,‘ i i I i E 04:2220+00:00 04:2220+00:00
hplns h h h hpm h h
1276070 15 18 21 8" 3 6 9 O =z » 14230 17 352 None True null is 20210417 20210417 [Bad For Alignment]
11/6/2019 11/7 04:22:20+00:00 04:22:20+00:00
O @ = 14220 17 349 31586038 True physics = 45 2021-04-17 2021-04-17 [Good For PXD. ==30 Minute Run, Good Or Recoverable, Good, Good Or
H H H 04:2220+00:00 04:2220+00:00 Recoverable Shifter. Good Shifter]
.
http://www-linac.kek.jp/skekb/snapshot/dailysnap.html

May 19, 2021 Pham and Sevior, CHEP 2021 21


http://www-linac.kek.jp/skekb/snapshot/dailysnap.html

D , ,
<t Collecting basf2 versions

Belle II MELBOURNE

 Automatically find available prompt calibrations via basf2

» Defining prompt calibration scripts in basf2
allows us to enforce release + payload
compatibility

* Available scripts, contact details, input data
types, default input data filters, ... can be
automatically assigned in Airflow's database

* They are presented as options when defining

the processing request Ealibrantrgscript

May 19, 2021 22
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* Run range of new prompt processing declared

» Jira used to make an ordered/blocking set of assigned tasks

* Experts produce payloads and upload to a “staging” global tag

* ¢cDST production manually run when tracking calibrations finished

* Once all Jira tasks are marked as completed the contents of the staging tag are
merged with the main prompt processing tag

 mDST production can begin

» See poster by Marco Milesi “Calibration and prompt processing of data for the
Belle Il experiment” - https://indico.cern.ch/event/773049/contributions/3474791/

May 19, 2021 Pham and Sevior, CHEP 2021 23
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Hook: A Python class for managing a connection to an external service e.g. JiraHook
Operator: A Python class that defines a task type to be executed e.g. BashOperator

Sensor: A special Operator type that re-schedules occasionally while waiting for a
value to be True

DAG: A dynamic collection of operators that have dependencies between them

Jinja2 template: A string which contains templates to be automatically replaced by
the Airflow environment when the operator executes e.g.

"{{ conf['webserver']['webserver_port'] }}” - “8080”



Apache Airflow

https://airflow.apache.org/ THE UNIVERSITY OF
MELBOURNE

Flask framework
https://flask.palletsprojects.com/en/1.1.x/

Jinja2
https://jinja.palletsprojects.com/en/2.10.x/

SQLAlchemy
https://docs.sglalchemy.org/en/13/
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