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Analysis in a Nutshell
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The Analysis Code

Without b2luigi

feature_ana_paper
losses.py

models.py
print_crystal data.py
__pycache__
rebatch.py

run_1 barrel.py

run_2 barrel.py
run_2_ full.py

Institute of Experimental Particle Physics

With b2luigi

SeedFinderanalysisTask

_3.csv
_4.csv
.CSV
.CSV

TralnseedfinderTask

feature_ana
feature_analysis.ipynb

run_2_nominal.py
run_34_early.py
run_34_nominal.py

utils_gnn.py
utils_train_inf.py
zaper_run_1_early.py

run_feature_ana_0b.py
run_feature_ana_0.py
run_feature_ana_1b.py

zaper_run_1_nominal.py
zaper_run_feature_ana_early.py
zaper_run_feature_ana_nominal.py

run_feature_ana_1.py
run_feature_ana_2.py
test.py

B Workflow Management Systems. ..

B ... enable the user to structure the workflow by defining dependencies

B ... build the dependency graph and schedule the execution

01. October 2024 Belle Il Group,
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LU{gi in a Nutshell

B Building a pipeline
B Dependency Resolution
B Workflow Management
B Visualisation
B Handling Failures
B Command Line Integration

@ https://github.com/spotify/luigi

@ Spotify

01. October 2024 b2luigi - Bringing Batch 2 Luigi
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“Hello World"” in luigi:

class MyTask(luigi.Task):
parameter = |uigi.Parameter()

def run(self):

do_smth(self.parameter)

def output(self):
return Target(“some/file”)

def requires(self):
yield OtherTask()

Belle Il Group,
ETP, Karlsruhe Institute of Technology


https://github.com/spotify/luigi

The luigi Scheduler
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' [ Luigi Task Visualiser x

M @ # @ |[) localhost:8082/static/visualiser/index.html#CreateAudioStreamHistoryAnonym(test=False, date=2015-06-12) o0
B User encodes dependencies of

Luigi Task Status =  Tasklist  DependencyGraph  Workers

tasks

Show task details Show Upstream Dependencies Visualisation Type D3  SVG
. CreateAudioStreamHistoryAnonym(test=False, date=2015-06-12)
The scheduler builds DependencyGraph
d d h d k : ::ng cs%?i'ﬁi“ji\ojeamnismrym,.ym
ependency grapn and makes 8 rmen ~_

. / @ Disabled

sure that multiple workers don't T
&“‘ail‘ qilostre_arr:sjobﬁ%,l‘?% . A '$'%a“‘ : i 4‘“'&.% diostre : mi\ﬁj‘% , ;

execute the same job

B Graphical visualisation provided e e v

Luigi central planner

A

P X

Luigi worker 1 Luigi worker 2

o I Belle Il Group,
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A Simple Task

import b2luigi
import random
from analysis import Other Task

Institute of Experimental Particle Physics

class MyNumberTask(b2luigi.Task):
some_parameter = b2|uigi.IntParameter()

batch_system = “local”
def (self):
yield OtherTask(other_parameter=self.some_parameter/2)
def (self):
yield self. ("output_file.txt")
def run(self):
random_number = random.random()
with (self. ("output_file.txt"), "w") as f:
f. (f"{random_numberf\n")

Belle Il Group,
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A Simple Task
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import bZluig * Parameter object for task
import random .
from analysis import Other Task stee rng

class MyNumberTask(b2luigi.Task):
some_parameter = b2|uigi.IntParameter()

* Define dependency

batch_system = “local”
e Dependency is fulfill
def (self): ependency is fu ed
yield OtherTask(other_parameter=self.some_parameter/2) when OUtpUt exIsts
def (self):
yield self. ("output_file.txt") Ta rget object
def run(self) Simple case: LocalTarget

random_number = random.random()

with (self. ("output_file.txt"), "w") as f:
f. (f"{random_numberf\n")

e Execution logic

o I Belle Il Group,
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A Simple Task
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import bZluig — o Parameter object for task
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A Simple Task Output
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cheduled 100 tasks of which B The scheduler tracks the state of

* 100 ran successfully: . .
- 100 MyTask(some_parameter=0,1,10,11,12,13,14,15,16,17,18,...) eaCh JOb and takes aCtIon

This progress looks :) because there were no failed tasks or missing dependencies . JOb iS done = Output file eXiStS

B Unique output names per job

)
simple-example.py
) results

B Add parameters to job output
name

B Create a folder structure for each
parameter

B b2luigi does this automatically
B No check of content!

) results/some parameter=0
output_file.txt

Belle Il Group,
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A Simple Task Settings
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class MyTask(b2Iuigi. Task): B Settings are handled by b2luigi!

some_setting = “some value”
B Control:

class MyTask(b2luigi. Task): B batch system choice
@property
def some_setting(self): . OUtpUt and |Og path

return “some value”

. environment

Aoy

B workflow specific settings

b2luigi.set_setting(”“some_setting”, "some value")

settings.json

{

“some_setting”: “some value”

}

Belle Il Group,
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A Simple Task Continued
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class MyAverageTask(b2luigi.Task): . More helper funCtionS
def (self):
for i in range(100): MR
yield self. (MyNumberTask, some_parameter=i) . b2 | u Ig | °TaSI<' ()
e e ] b2luigi.Task. ()
yield self. ("average.txt")
def run(self):
summed_numbers =
counter =
for input_file in self. ("output_file.txt"):
with (input_file, "r") as f:
summed_numbers += float(f. 0)
counter +=

average = summed_numbers / counter

with (self. ("average.txt"), "w") as f:
f. (f"{averagej\n")

Belle Il Group,
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A Simple Task Continued
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class MyAverageTask(b2luigi.Task): . More helper funCtionS
def (self):
for i in range(100): ..
yield self. (MyNumberTask, some_parameter=i) . b2 l u Ig | °TaSk' ()
Jefomutiseln: B b2luigi. Task. ()
yield self. ("average.txt") . .
B Jobs that are done will not be run again!
def run(self):
summed_numbers = >
counter = average.txt
for input_file in self. ("output_file.txt"):
with (input_file, "r") as f: output_file.txt
summed_numbers += float(f. 0)
counter +=

average = summed_numbers / counter

with (self. ("average.txt"), "w") as f:
f. (f"{averagej\n")

Belle Il Group,
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Batch Processing

Institute of Experimental Particle Physics

B Initial motivation: Make batch submission easy! ... MyTask(b2luigi Task):

batch_system = “htcondor”

@ Currently fully supported:
. HTCondor I-"COHM class MyTask(b2luigi.Task):

. LSF Software Suite property
def htccondor_settings(self):
. Gbasfz return {"request_memory": }
] Challenges:
b2luigi. (“result_dir”, “path/to/result”)

B Using your environment

L] Settings: env_script, env,..

) ) ) settings.json
] Ensuring consistent locations {
“env_script”: “setup.sh”

B Settings: working_dir, result_dir,... )

st o - Belle Il Group,
10 1> July 2024 b2luigi - Bringing Batch 2 luigi! ETP, Karlsruhe Institute of Technology



Example: HTCondor

class MyTask(b2luigi.Task):
parameter = b2luigi.IntParameter()
batch_system = “htcondor”

property
def executable(self):
return ["$SMY_PYTHON"]

def (self):
yield self. ("test.txt")
def run(self):
with (self. ("test.txt"), "w") as f:
f. (f*Test {self.parameter}”)

class Wrapper(b2luigi.WrapperTask):
def (self):
for i in range(10):
yield MyTask(parameter=i)

if _name__ =="__main__":
b2luigi. ("env_script", "setup.sh")
b2luigi. ("result_dir", “results")
b2luigi. (Wrapper(), batch=True, workers=100)

11 15t July 2024 b2luigi - Bringing Batch 2 luigi!

Institute of Experimental Particle Physics
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Example: HTCondor
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class MyTask(b2luigi.Task):
parameter = b2luigi.IntParameter() . . .
batch_system = "htcondor Script executed on the batch job side
property
def executable(self):
return ["$SMY_PYTHON"]

def (self):
yield self. ("test.txt")

def run(self):
with (self. ("test.txt"), "w") as f:
f. (f*Test {self.parameter}”)

class Wrapper(b2luigi.WrapperTask):
def (self):
for i in range(10):
yield MyTask(parameter=i)

if _name__ =="__main__":
b2luigi. ("env_script", "setup.sh")
b2luigi. ("result_dir", “results")
b2luigi. (Wrapper(), batch=True, workers=100)
11 15t July 2024 b2luigi - Bringing Batch 2 luigi! Belle Il Group,

ETP, Karlsruhe Institute of Technology
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Example:

class MyTask(b2luigi.Task):
parameter = b2luigi.IntParameter()
batch_system = “htcondor”

property
def executable(self):
return ["$SMY_PYTHON"]

def (self):

yield self. ("test.txt")

def
with (self.
f. (f*Test {self.parameter}”)

(self):

class Wrapper(b2luigi.WrapperTask):
def (self):
for i in range(10):
yield MyTask(parameter=i)

("test.txt"), "w") as f:

HTCondor

Institute of Experimental Particle Physics

Script executed on the batch job side

Location needs to be accessible on the
batch job side

if _name__ =="__main__":
b2luigi. ("env_script", "setup.sh")
b2luigi. ("result_dir", “results")
b2luigi. (Wrapper(), batch=True, workers=100)
15t July 2024

b2luigi - Bringing Batch 2 luigi!

Belle Il Group,
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Example:

class MyTask(b2luigi.Task):
parameter = b2luigi.IntParameter()
batch_system = “htcondor”

property
def executable(self):
return ["$SMY_PYTHON"]

def (self):
yield self. ("test.txt")
def run(self):
with (self.
f. (f*Test {self.parameter}”)

class Wrapper(b2luigi.WrapperTask):
def (self):
for i in range(10):
yield MyTask(parameter=i)

("test.txt"), "w") as f:

HTCondor

if _name__ =="__main__":
b2luigi. ("env_script", "setup.sh")
b2luigi. ("result_dir", “results")
b2luigi. (Wrapper(), batch=True, workers=100)
15t July 2024

b2luigi - Bringing Batch 2 luigi!
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Script executed on the batch job side

Location needs to be accessible on the
batch job side

Wrapper tasks need no output

Belle Il Group,
ETP, Karlsruhe Institute of Technology
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Example: HTCondor
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class MyTask(b2luigi.Task):
parameter = b2luigi.IntParameter()
batch_system = “htcondor” «¢

Script executed on the batch job side

property
def executable(self):
return ["$SMY_PYTHON"]

Location needs to be accessible on the
batch job side

Wrapper tasks need no output

def (self):
yield self. ("test.txt")

def run(self):
with (self. ("test.txt"), "w") as f: e e e
f.write(f" Test {self.parameter}”) Deﬂ Nnition Of th e batCh SyStem
class Wrapper(b2luigi.WrapperTask):
def (self):
for i in range(10):
yield MyTask(parameter=i)

if _name__ =="__main__":
b2luigi. ("env_script", "setup.sh")
b2luigi. ("result_dir", “results")
b2luigi. (Wrapper(), batch=True, workers=100)
15t July 2024 b2luigi - Bringing Batch 2 luigi! Belle Il Group,
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Example: HTCondor
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class MyTask(b2luigi.Task):
parameter = b2luigi.IntParameter()
batch_system = “htcondor” «¢

Script executed on the batch job side

property
def executable(self):
return ["$SMY_PYTHON"]

Location needs to be accessible on the
batch job side

Wrapper tasks need no output

def (self):
yield self. ("test.txt")

def run(self):

with (self. ("test.txt"), "w") as f: e e e

f.write(f" Test {self.parameter}”) Deﬂ Nnition Of the batCh SyStem

class Wrapper(b2luigi.WrapperTask):
def (self):

for i in range(10):

Executable for this specific task

yield MyTask(parameter=i)

e E.g. environment variable set in setup.sh

if _name__ =="_main_":
b2luigi. ("env_script", "setup.sh")
b2luigi. ("result_dir", “results")
b2luigi. (Wrapper(), batch=True, workers=100)
15t July 2024 b2luigi - Bringing Batch 2 luigi! Belle Il Group,

ETP, Karlsruhe Institute of Technology



Advertisement

B b2luigi workshop at the next B2GM

B Friday 11t October at 3pm
B 3-gokan 1F meeting room
Wi person only!
B Topics:
B (b2)luigi basics
B basf2 analysis from simulation to ntuple
B Sending b2luigi tasks to batch systems
B Offline analysis hints

12 01. October 2024 b2luigi - Bringing Batch 2 Luigi

Kobayashi Hall

Lunch break

Starter Kit: beginners

3-gokan seminar, 3-gokan

Physics conveners meeting

Institute of Experimental Particle Physics

02:00 - 05:30

05:30-07:00 | KEK . .00
Vidya Sagar Vobbilisettiff Starter Kit: b2luigi
Alexander Heidelbach, Giacomo De Pietro, Jonas Eppelt

07:00 - 10:00 § ' 3-gokan 1F meeting room, 3-gokan 07:00 - 10:00

James Frederick Libby

Belle Il Group,
ETP, Karlsruhe Institute of Technology



Summary & Discussion
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B b2luigi provides a simple and flexible

b2luigi
implementation to run your workflow on batch  emmemem smm e
P y

b2luigi is a helper package constructed around 1luigi that helps you schedule working packages (so-called tasks)
locally or on a batch system. Apart from the very powerful dependency management system by luigi, b2luigi

Syste l I I S ! extends the user interface and has a built-in support for the queue systems, e.g. LSF and HTCondor.

You can find more information in the documentation. Please note that most of the core features are handled by
luigi , which is described in the separate luigi documentation, where you can find a lot of useful information.

. I n Ca Se Of q u estl O n S I I SS u es I W I S h eS e oo If you find any bugs or want to add a feature or improve the documentation, please send me a pull request! Check

the development documentation on information how to contribute.

# ReaCh Out to us V|a G|t|_ab |Ssuesl Contributors are listed here.

This project is in still beta. Please be extra cautious when using in production mode.

To get notified about new features, (potentially breaking) changes, bugs and their fixes, | recommend using the

b 2 q u e St I O n S I e I I I a I | J °* e watch button on GitHub to get notifications for new releases and/or issues or to subscribe the releases feed
1

(requires no GitHub account, just a feed reader).

B Implementations in Belle |I

. VIBE - validation Interface for the Belle Il Experiment

B Systematic Corrections Framework
B Your Analysis/Tool?

SPHINX

Belle Il Group,

13 01. October 2024 b2luigi - Bringing Batch 2 Luigi ETP, Karlsruhe Institute of Technology


https://gitlab.desy.de/belle2/software/b2luigi/-/issues/?sort=updated_desc&state=opened&first_page_size=100
https://questions.belle2.org/questions/scope:all/sort:activity-desc/page:1/
mailto:software-b2luigi@belle2.org
https://zenodo.org/records/11207742
https://github.com/belle2/b2luigi
https://pypi.org/project/b2luigi/
https://b2luigi.belle2.org
https://gitlab.desy.de/belle2/software/b2luigi

Wiy, ‘1
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Backup

14 20. March 2023 Automatisation of Photon Energy Resolution Calibration

Belle Il Group,
ETP, Karlsruhe Institute of Technology
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all Belle Il
analyses
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Analysis 1

Analysis 2

Analysis N

Analysis A

Analysis B

Data ntuple 1

.

Data ntuple 2
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MC ntuple 1
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J
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| Signal ntuple B |
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Systematic Corrections Framework

B 2 Stage Algorithm
@ Ntuple Production

B Centrally run for every campaign
B Running: Gbasf2

B Data/MC Corrections

B User runs their specific selection
B Running: Locally, HTCondor, LSF

B Also: Validation of different datasets

Documentation

16 15t July 2024 b2luigi - Bringing Batch 2 luigi!

GRID

Systematics
skimming job

®

|

Run main data file production
Write down all necessary variables:
PID, cosTheta, p, nTracks,... + binned M

Institute of Experimental Particle Physics

Merge files Q”

&

KEKCC

Fit distributions

e Binned mass fit
e Compute sWeights

Create
benchmark

distributions

f

Merged files w/ sWeights

User-defined systematics
weight extraction

~

Local DB

S
%

Belle Il Group,

ETP, Karlsruhe Institute of Technology


https://syscorrfw.readthedocs.io/en/latest/

Systematic Corrections Framework

Institute of Experimental Particle Physics

KEKCC

skimming job

@ Ntuple Production é)
| |Fitdistributions |.%" | | Create u

. } [ e Binned it B benchmark
n Centrally run for every campaign Run main data file production || = | * Compute aWeights | | distributions

Write down all necessary variables:

. Ru nn | N g : G basfz PID, cosTheta, p, nTracks,... + binned M
@ Data/MC Corrections

B User runs their specific selection I rr——— S
E weight extraction \J

M 1
H Running: Locally, HTCondor, LSF . .
M I I : 0.93+0.20 1.07+0.13 0.84%£0.11 0.97+0.05 1.08%0.10 1.19+0.11 1.03%0.12 0.85%0.22

06 -
0942040 |0.85%0.06 102:0.05 113x0.06 1.070.07 093%0.06 1.08+0.13 105:0.09

09
0.3730.13 096:0.05 098+0.06 107+0.08 092+0.05 0.98+0.08 0.86+0.07 L os

. . .
12-
AlSO' Va | IdatIOﬂ Of d | I |erent data sets
15-
d 121+0.17 1.04+0.06 0.97+0.05 1.01+0.06 1.03+0.06 0.93%0.12 1.11+0.19

. 2 Stage Algorithm GRID Systematics /&/ Merge files Q”

Merged files w/ sWeights

Local DB

g ;:: 147+021 0.99+0.06 1.05+0.07 0.96+0.09 0.87+0.05 0.93%0.12 0.85+0.12 06
5 1342021 |0900.05 090£0.06 122012 114%009 126014 123%017
o 24” 1012022 105:0.08 0.87+0.08 |07920.08| 1.06:0.09 0.930.09 1.03%0.11
2.7 - - 0.4
092+025 104+0.10 0.85%0.09 0932010 097+0.10 145:023
0° 266£0.96 119+0.18 |07720.10| 097+0.16 1040.12 1.07%0.08 102+0.08
33- 0.79£0.19 2.19+0.56 120+0.28 0.910.13 0.93%0.13 1.30%0.22 0.2
- EEREXE) (0772021 0842021 | 08320.19 [08220.09 108:0.11 1062009
:‘:; . ’ ‘ 0785022| 0912015 084009 1252017 oo
0866  -0.682 04226 01045 0225 05 0766 08829 09563
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Systematic Corrections Framework

Institute of Experimental Particle Physics

. 2 Stage Algorithm GRID Systematics _| Merge files Q”

skimming job /._1,_./

KEKCC

@ Ntuple Production é) .

|| |Fitdistributions  }..%
: w‘ : e Binned mass fit

L] Centrally run for every campaign Run main data file production || | | * Compute sWeighs

Merged files w/ sWeights

Write down all necessary variables: |
. Runnin g: G basf2 PID, cosTheta, p, nTracks.... + binned M /

B Data/MC Corrections

benchmark
distributions

Create | i

f

i Local DB
ser runs their specific selection | ] | =
weight extraction D%
.
. Ru n n I n * LO Ca I I HTCOn d O r LS F User Interface: K efficiency for cut "kaonID > 0.8"
g * y’ I 3 093020 107+0.13 [084%01] 0.97+0.05 108£010 1192011 103012 |085£022
00 09420.40 (08520106 1022005 1130.06 107:0.07 0932006 108013 1.05:0.09
. . o 09 EZEXZY 067013 0962005 098+0.06 107:0.08 092005 098:0.08 |0.86£0.07
Al SO d Va | Id atl O n O'F d Iﬁe re nt d atasets 12° 1.01£0.14 1.10+0.07 1.00+0.06 110:0.08 1.01+0.06 0.98+0.09 155:0.25
. s 1212017 104%0.06 097+0.05 101%0.06 1030.06 093%0.12 1.11%0.19
18 147021 099006 105%0.07 0.96:0.09 087+0.05 093:0.12 |085:0.12
£ 21 1342021 090%0.05 0.900.06 122+0.12 1140.09 126+014 123%0.17
o 24” 1012022 105:0.08 0.87+0.08 |07920.08| 106£0.09 093%0.09 103:0.11
27" 092+025 104+0.10 0.85%0.09 0932010 097010 145:023
0° 266+0.96 119:0.18 [0772040| 097:0.16 104012 107+0.08 1.02+0.08
33 0792019 219+0.56 120+028 091%0.13 093013 130%022
- EEREXE] (0772021 0842021 | 08320.19 (0822009 108:0.11 10620.09
a0 078£022| 091%0.15 0.84£0.09 125+0.17
45- . , ! ! ! ! ) \
0866  -0.682  0.4226 01045 0225 05 0766 08829 09563
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