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CO UMNnN . Fully automated analysis via flow of Marcel Rieger

on behalf of the
g flow columns over distributed resources % -Team
General idea Key concepts
e Python-based framework for nano-like inputs e Experiment agnostic core
e End-to-end orchestration & automation > Organize experiment-specific recipes in extensions
e No reliance on single local cluster or local storage e Use awkward arrays as interface, parquet as file format
e Adapt to any remote cluster and storage system > Give users full control over processing tools
~ HTCondor, Slurm, CMS-CRAB, LSF (NumPy, TensorFlow, coffea-nano-format, pandas, ...)
> Store via file://, xrootd://, gsiftp://, webdav:// e High degree of code-reuse and collaboration
e Persistent intermediate outputs e Define workflows with luigi 4+ law, metadata with order
> Debugging, reuse, sharing across groups e Control and execution via CLI, scripts and notebooks

Automation stack

Wigt — law — g —

workflow engine layer for HEP & scale-out framework analysis code
(originally by Spotify) (experiment independent) (experiment independent)

Example graph*

(* Just a suggestion, can be easily

Parallelization over ... altered or amended by analyses) Simple customization
e Campaigns & datasets E==3 e Provide simple functions,
o Files producers, to create
e Systematics = calibrated (updated) columns

SelectEvents

s selection masks
> Typically 6(10k) 60min

jobs, however, on .. .
J s ML training & evaluation

Mergihg 1 i I
MergeReductionStats events . b I
L., = variables

factors

standard resources
> HTCondor, CRAB, ...

‘ MergeSelectionStats

stats

MergeSelectionMasks MergedReducedEvents

e Nesting enables for easy

events
1

masks ProduceColumns

W reuse and capsulation

@producer(
uses—{

Graph execution

example producer

"nMuon", "Muon.pt", "Muon.eta",

’
produces={
. Single command Can CreateCutflowHistograms . ""muon_weight", "muon_weight_up", "muon_weight_down",
. . . e,
trigger the full pipeline _ » i
hists. hists. yes L e
- | \ ; ucer,
from inputs to plots s y o ety | tpet
[PlotCutflow] [PlutCuthowVariables1D] k JSy
) = ak.Array:
E | = m
. xamp e events events mlcols stats
abs_eta - flat_np_view(abs(events.Muon.eta[muon_mask]), a
ols ols [MergeMLEvents] ‘/MergeMLStats\‘ either pt - flat_np_view(events.Muon.pt [muon_mask], axis-1)
H N i
law run micols stats syst, postix . |
pE—— .. ugfu, ),
- ("systup", "_up"),
--version devl \ ("eystdow®, " down,

sf_flat - self.muon_sf_corrector(self.year, abs_eta, pt, syst)

--datasets ttbar,dy \ | /
model
sf - layout_ak_array(sf_flat, events.Muon.pt[muon_mask])

--calibrators AN _
--selector AN PR Wy : -'c;ls \ weight - ak.prod(sf, axis-1, mask_identity e)
- _pPOducer‘s muon_wel ghts \ UniteColumns‘ W‘- events - set_ak_column(events, 7"muon_weight{postfix}", weight,

--variables \ hists events

--workflow {crab,htcondor, ...}

Merging 2

(Fraehica) e Using bare awkward arrays

hist:

e Implementation and choice

MergeShiftedHistograms hists
of tools fully up to user
data hists (data hists data hists hists cols
. | Results

D o c u m e n ta t l 0 n mc hists mc hists [PlotShWtedVariableﬂ D] [ PlotVariables1 D]

. E L E wraé)per
) github.com/columnflow UL e o i e
Col u m n 'ﬂ OW ] rea dt h ed OCS ) io E £ [CreateDatacards] [WntePyhfWorkspace] CreateV\eldTableJ [PlotSh|ftedVar|ablesPerProcess1D] \PloLMLResults]
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3 General Idea & key COﬂCGptS Marcel Rieger for the CF team ;t"

General 1dea Automation stack

e Python-based framework for nano-like inputs LUigi

e End-to-end orchestration & automation

docs
0) repo

workflow engine

> From events to plots in a single command
(originally by Spotify)

e No reliance on single local cluster or local storage

e Adapt to any remote cluster and storage system l
~ HTCondor, Slurm, CMS-CRAB, LSF :
- aw docs
> Store via file://, xrootd://, gsiftp://, webdav://
luigi analysis workflow O repO

e Persistent intermediate outputs layer for HEP & scale-out

>~ Debugging, reuse, sharing across groups (experiment independent)

Key concepts g #UJA/ Umn docs\

e Experiment-agnostic core C) repo

e Use awkward arrays as interface, parquet as file format /)j)dm framework
~ Give users full control over tools used (xperiment independent) _
(NumPy, TensorFlow, coffea-nano-format, pandas, ...) l

e Define workflows with |uigi + law, metadata with order

e Capsulation of standard recipes

&

analysis code

~ High degree of code-reuse & collaboration
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Example graph r\\ Simple customization

fns | CalibrateEvents I

Just a suggestion, can be easily G e Provide simple functions, producers, to create

altered or amended by analyses

. s calibrated (updated) columns
Nano inputs -------- a selection masks

Mergihg 1 |
! ! .

[ MergeSelectionStats } [ MergeReductionStats J events

\ | [ ] e e
e % T - s ML training & evaluation
//’ AN [55555““-\\

[ VY W s variables

events
|

masks ProduceColumns l
L : o

events

e Nesting enables for easy reuse and capsulation

[CreateCutflowHistograms] example producer @produceri
prO\lided by user »U”’"nr-1uon", "Muon.pt", "Muon.eta",

hists \hists yes
: : roduces—{

Cutflow plots ¢ : : y__ ML Training "muon_weight", "muon_weight_up", "muon_weight_down",

A
[ PlotCutflow] [ PlotCutflowVariables1D ] l PrepareMLEvents I

: : only=True
events events mliols stits ) ' X
H E i C‘[-' f w S
cols cols [ MergeMLEvents ] [MergeMLStats} e\lltger el mu O n_welg hts (
: : : : y self: Producer,
mlcols stats ts: ak.Array,

------- muon_mask: ak.Array | type(Ellipsis) - Ellipsis,
Kwargs,
) -=> ak.Array:

l MLTraining l

. MLEvaluation -

abs_eta = flat_np_view(abs(events.Muon.eta[muon_mask]), axis 1)

pt ~ flat_np_view(events.Muon.pt[muon_mask], axis 1)

syst, postfix [
(llell , "nn ) ,
Merging 2 1 ("Systup“, ll_upn),
n n n n
[MergeMLEvaluation] ( systdown", "_down ) -
hists sf_flat = self.muon_sf_corrector(self.year, abs_eta, pt, syst)
MergeShiftedHistograms ]_\ hists :
/, — — : sf - layout_ak_array(sf_flat, events.Muon.pt[muon_mask])
data hists data hists data hists hists cc}ls
ResultsT : weight - ak.prod(sf, axis-1, mask_identity-False)
Plo :
mc hists mc hists [ PlotShiftedVariables1D ] [ PlotVariables1D ]
; events - set_ak_column(events, f"'muon_weight{postfix}'", weight,
wrapper o
' events

)\ )
Inferenc\k‘ / TaRges v v
P I O t S & re S u I t S ___________ CreateDatacards [ WritePyhfWorkspace ] CreateYieldTable [ PlotShiftedVariablesPerProcess1D ]




4 Workflow, customization & execution

columnflow

GetDatasetLFNs
alibrateEvents

Example graph
Just a suggestion, can be easily
altered or amended by analyses

Nano inputs --------

[ MergeSelectionStats }

asks cols
ergih
stats
[ MergeSelectionMasks

actors

[ MergedReducedEvents r\
S N~

( ) A\

[ CreateCutflowHistograms ]

hists \hists

Cutflow plots +

[ PlotCutflow ] [ PlotCutflowVariables1D ]

v

ML Training

l PrepareMLEvents I

stats

v

céls [ MergeMLEvents ]

[ MergeMLStats J

hists

v

[ MergeMLEvaluation ]

MergeShiftedHistograms ]_\
L — i
data hists data hists data hists hists col
Results1 :
Plo
mc hists mc hists [ PlotShiftedVariables1D ] [ PlotVariables1D ]
wrapper
Inferenc\\‘ / TaRges ' V
P I O t S & re S u I t S ___________ CreateDatacards [ WritePyhfWorkspace ] CreateYieldTable [ PlotShiftedVariablesPerProcess1D ] PlotMLResults

Marcel Rieger for the CF team

Simple customization

e Provide simple functions, producers, to create
s calibrated (updated) columns
m selection masks
n
s ML training & evaluation
m variables

e Nesting enables for easy reuse and capsulation

Graph execution

e Single command can trigger the full pipeline
from inputs to plots, or any intermediate task

e Example
.

law run
--version devl \
--datasets ttbar,dy \
--calibrators \

--selector \

--producers muon_weights \
--variables \
--workflow {crab,htcondor, ...}
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columnflow in depth
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7 Project overview

e Python framework for vectorized, columnar HEP analysis with flat (nano-like) inputs
s  Mostly experiment agnostic core, plenty of CMS-related specializations on top
s Using awkward arrays + coffea nano-scheme, parquet as file format Cof u I I ' I '

4 )

e Our imitial wishlist

s Workflows with luigi/law, metadata definition using order

s End-to-end orchestration & automation

~ One command can trigger the entire workflow

s Highly parallel execution on any remote batch system
~ HTCondor, Slurm, LSF, WLCG, CMS-CRAB, ...

m  Seamless integration of any remote storage system
~ Storage: file://, xrootd://, gsiftp://, webdav://, ...

m No reliance on custom, local hardware

~ We need to be able to invite external collaborators

> Reduction in speed (! ) to be compensated with high parallelism

s Persistent intermediate outputs

~ [Easy reuse across groups, ML applications, working with students ...

\_ /
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8 Data processing backends (for user analyses) Marcel Rieger for the CF team
[ g |

data (/ ‘:;i)
structures N!’
(NumPy)
(ROOT)
rocessin —
i f r'amewor'gk ’ RDF )
(RDataFrame) =L &daSk

(coffea)

analyses
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9 Columnar operations & parallelism Marcel Rieger for the CF team | il

p——— Columns ——«

Events

Operations

0 Extension
0 Selection (creating masks)

0 Reduction (applying masks)

0 Merge
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Columnar operations & parallelism

Events

p——— Columns ——«

Operations

¥ Extension

[l

]

[l

Selection (creating masks)

Reduction (applying masks)

Merge

columnflow
Marcel Rieger for the CF team
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9  Columnar operations & parallelism

Marcel Rieger for the CF team ;tl‘

p——— Columns ——«

Events

Operations
¥ Extension
¥ Selection (creating masks)
0 Reduction (applying masks)
[]

0 Merge
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9 Columnar operations & parallelism columnflow

Operations

¥ Extension

¥ Selection (creating masks)
¥ Reduction (applying masks)
[]

0 Merge
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9 Columnar operations & parallelism Marcel Rieger for the CF team | il

Operations

¥ Extension

¥ Selection (creating masks)
¥ Reduction (applying masks)
uf

0 Merge
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9  Columnar operations & parallelism

Operations
¥ Extension
¥ Selection (creating masks)
¥ Reduction (applying masks)
uf
¥ Merge
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9 Columnar operations & parallelism Marcel Rieger for the CF team | il

e In-memory

u Trivial

s NumPy / awkward array provide all necessary
tools and helpers

e Across a large scale analysis
with persistent intermediate files

Operations

¥ Extension

¥ Selection (creating masks)
¥ Reduction (applying masks)
uf

¥ Merge
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9 Columnar operations & parallelism Marcel Rieger for the CF team | il

e In-memory

u Trivial

s NumPy / awkward array provide all necessary
tools and helpers

e Across a large scale analysis
with persistent intermediate files

s HH represent input files
> lypically O(1k — 10k)
~ High parallelism, only single-core requirement
> Chunked reading with 10 offloading to threads

= H and H represent columns, potentially stored in

Operations additional files and same event order
f Extension ~ Flexible decisions by analyses whether to store
i Selection (creating masks) columns and when to load them
¥ Reduction (applying masks) ~ Can be written & read in multi-threaded 10
v >~ Only write merged B when necessary

¥ Merge
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e (U Fully orchestrated workflow

s Only a suggestion, but able to model majority of analyses
s Can be altered or created from scratch by analyses

GetDatasetLFNs

CalibrateEvents

lfns

SelectEvents

stats

ReduceEvents

masks cols sizes

(
Mprging 1 v
uctio

MergeRed

nStats
factors\

[ MergedReducedEvents ]

MergeSelectionStats events

MergeSelectionMasks

( events
ProduceColumns events
masks
ML Trgining
J CreateCutflowHistograms ] PrepareMLEvents
hists, hists hists events folds
‘ tflow plots H
[ PlotCutflow ] [ PlotCutflowVariables1d ] [ PlotCutflowVariables2d ] cols MergeMLEvents 'Z:Sr;y

folds

MLTraining

model

MLEvaluation

CreateHistograms

hists

Merging 2 !
{ MergeHistograms

/

hists

hists hists /[ MergeShiftedHistograms ] data hists data hists

- A

hists mc hists mc hists

Plots -
[ PlotVariables1d ] [ PlotVariables2d ] [ PlotShiftedVariables1d ] i WriteDatacards IEH | I Ve t a S k g ra p h
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e (U Fully orchestrated workflow

s Only a suggestion, but able to model majority of analyses
s Can be altered or created from scratch by analyses

GetDatasetLFNs

e (& Tools for on-demand column retrieval / production

s Configurable functions creating new columns
at certain points of the workflow

m Can be selected at execution time,

e.g. btag_weight, pu_weight

s Carry information on used and produced columns,

— open & save only necessary columns (see backup)

ists,
(

[ PlotCutflow ] [ PlotCutflowVariables1d ] [ PlotCutflowVariables2d ] cols MergeMLEvents irgaasr;y

Plots .
[ PlotVariables1d ] [ PlotVariables2d ] [ PlotShiftedVariables1d ] i s | I Ve t a S k g ra p h
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10 Core Ingredlents Marcel Rieger for the CF team

e (U Fully orchestrated workflow

s Only a suggestion, but able to model majority of analyses
s Can be altered or created from scratch by analyses

GetDatasetLFNs

e (& Tools for on-demand column retrieval / production

s Configurable functions creating new columns
at certain points of the workflow

m Can be selected at execution time,

e.g. btag_weight, pu_weight

s Carry information on used and produced columns,

— open & save only necessary columns (see backup)

ists,
(

o) () (o) | e () e (&) Collection of standardized column producers (CMS)

= s Mostly SF and weight production using correctionlib

— jec, jer, tec, e_sf, mu_sf, trigger_sf, btag_sf, ...

s Plug-in mechanism for analyses

Plots .
[ PlotVariables1d ] [ PlotVariables2d ] [ PlotShiftedVariables1d ] i s | I Ve t a S k g ra p h
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° Fully orchestrated workflow

s Only a suggestion, but able to model majority of analyses law run

s Can be altered or created from scratch by analyses -version devl \
-datasets hh_bbtautau \

-calibrators AN
-selector full \

GetDatasetLFNs

CalibrateEvents

lfns

-producers
-variables jetl_pt

SelectEvents

stats ReduceEvents

masks cols sizes

: luigi-interface - Informed scheduler that task cf.PlotVariableslD_hbt_config_analy_@__1831bc169d has status
: luigi-interface - Done scheduling tasks
: luigi-interface - Running Worker with 1 processes
: luigi-interface [pid 18152] Worker Worker(salt=2293532464, workers=2, host=naf-cmsl6.desy.de, username=riegerma, pid=14408) C
local, =0, =hbt.config.analysis_hbt.analysis_hbt, =devl, =run2_2017_nano_v9_limited, =nominal, =nominal, =default,
=default, =default, =incl, jetl_pt, =hh_ggf_bbtautau_madgraph, =data, tt,st,ttv,ttvv,dy,w,enk,vw,vwv,qcd,h,hh_ggf_b

Mprging 1

events

MergeSelectionStats MergeReductionStats

factors,

~.

btautau,graviton_hh_ggf_bbtautau_m1250, =pdf, =NO_STR)
plotting jetl _pt in incl

MergeSelectionMasks [ MergedReducedEvents

Hone (took 4.23 seconds)
/ khowing /nfs/dust/cms/user/riegerma/hhZbbtautau/hbt_store/analysis_hbt/cf.PlotVariableslD/run2_2017_nano_v9_limited/nominal/calib__default/sel__default/prod__default/dat
hsets_hh_ggf_bbtautau_madgraph/devl/plot__proc_14_345468c6dc__cat_incl__var_jetl_pt.pdf
events
i -1
ProduceColumns events CMS Work in progress 4148 fb' (13 TeV)
= > B T T T l T T l T T T ‘ T T ] T T T l T T ] T T T I T T T ]
© 17.5[ inclusi B
masks ols 10 | inclusive B HHggr — bbtrt |
o 722 MC stat. unc. |
o 15.0F N
ol -
\ B
n 125} -
2 7t ~
—
c :
ves i 10.0f- .
ML Trgining -
J CreateCutflowHistograms ] PrepareMLEvents 7.5 B ]
hists, hists hists events : folds 5 0: ]
tflow plots : B |
: i |
[ PlotCutflow] [ PlotCutflowVariables1d ] [ PlotCutflowVariables2d ] cols MergeMLEvents Toasch o 51 N ‘
H . |
folds O '
MLTraining ~ )
I 1.0 /W//////// ///
4] v /
model D / /:
: 1 T B | | Ll | i [
MLEvaluation
- 0 50 100 150 200 250 300 350 400
________ o Jet 1 pt/GeV
CreateHistograms L . . .
: luigi-interface - [pid 18152] Worker Worker(salt=2293532464, workers=2, host=naf-cmsl6.desy.de, username=riegerma, pid=14408) C
local, =0, =hbt.config.analysis_hbt.analysis_hbt, =devl, =run2_2017_nano_v9_limited, =nominal, =nominal, =default,
hists =default, =default, =incl, =jetl_pt, =hh_ggf_bbtautau_madgraph, =data, tt,st,ttv,ttvv,dy,w,enk,vw,vwv,qcd,h,hh_ggf_b
btautau,graviton_hh_ggf_bbtautau_m1250, =pdf, =NO_STR)
Merging 2 : luigi-interface - Informed scheduler that task cf.PlotVariables1lD_hbt_config_analy_@__1831bc169d has status
R : luigi-interface -
1 MergeHistograms ——— Luigi Execution Summary ———
his'{ fcheduled 1 tasks of which:
1 ran successfully:
- 1 cf.PlotVariables1D(...)
hists hists MergeShiftedHistograms ] data hists data hists
\ his progress looks :) because there were no failed tasks or missing dependencies
. . . ==== Luigi Execution Summary =———
hists mc hists mc hists

> |

Plots
[ PlotVariables1d ] [ PlotVariables2d ] [ PlotShiftedVariables1d ]

live task graph
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Single producer Nested producer

@producer( @producer(
uses—{ uses—{
“nMuon”, "Muon.pt”, "Muon.eta", category_ids, features, normalization_weights, normalized_pdf_weight,
}, normalized_murmuf_weight, normalized_pu_weight, normalized_btag_weights,
produces={ tau_weights, electron_weights, muon_weights, trigger_weights,
"muon_weight", "muon_weight_up", "muon_weight_down", },
}, produces—{
category_ids, features, normalization_weights, normalized_pdf_weight,
mc_only-True, normalized_murmuf_weight, normalized_pu_weight, normalized_btag_weights,
tau_weights, electron_weights, muon_weights, trigger_weights,
muon_weights ( },
self: Producer, )
events: ak.Array, def default(self: Producer, events: ak.Array, ++kwargs) -> ak.Array:
muon_mask: ak.Array | type(Ellipsis) = Ellipsis,
kwargs, events -~ self[category_ids] (events, ' kwargs)
) —> ak.Array:
oo
events ~ self[features] (events, ' kwargs)

abs_eta -~ flat_np_view(abs(events.Muon.eta[muon_mask]), axis 1) _ .
pt - flat_np_view(events.Muon.pt [muon_mask], axis 1) 1 self.dataset_inst.1is_mc:

events - self[normalization_weights](events,  kwargs)
syst, postfix |
(“Sf“, llll),
("SyStUp", _Up”),
("systdown", "_down"),

self [normalized_pdf_weight] (events, ' kwargs)

sf_flat - self.muon_sf _corrector(self.year, abs_eta, pt events - self[normalized_murmuf_weight] (events,  kwargs)

sf -~ layout_ak_array(sf_flat, events.Muon.pt[muon_mask]) events - self[normalized_pu_weight] (events, « kwargs)

S DT e e M e B T s V] events -~ self[normalized_btag_weights] (events, ' kwargs)

. ) . , events ~ self[tau_weights] (events kwargs)
events - set_ak_column(events, f"'muon_weight{postfix}", weight, value_type np.float32) —welo ! 9

events events ~ self[electron_weights] (events,  kwargs)

e

self [muon_weights] (events, + kwargs)

events -~ self[trigger_weights] (events, ' kwargs)

events
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GetDatasetLFNs

lfns CalibrateEvents

Law run
--version devl \
--datasets hh_bbtautau \

SelectEvents

--calibrators AN
--selector full \
--producers

ing 1 * |

MergeReductionStats J events

\ . .
i ‘/ --variables jetl_pt

MergedReducedEvents

////"
4 (

events

ProduceColumns

events

cols

:
:
:
:
:
:
:
!
;
:
;
;
g
g
.
/'S

CreateHistograms

hists

Merging 2 *

MergeHistograms

/
hists
// *

hists hists MergeShiftedHistograms
hists
Plots
PlotVariables1d PlotVariables2d PlotShiftedVariables1d
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.. many more

lfns CalibrateEvents

GetDatasetLFNs

Law run
--version devl \
--datasets hh_bbtautau \

\ I

SelectEvents

events & columns dropped,

o o dick --calibrators \
't t
meree = SavEe T b --selector full \
‘”f ;\ergeReductionStats J evelnts - p r Od ucers
m&\\\ --variables jetl_pt
/ergedReducedEvents
e
e Columns are
s produced on demand
= read only if required
(] . . [ |
= overlayed & aliased to mimic coherent array
columns merged *
only in memory for ”:.:I
histogramming \. s

CreateHistograms

hists

Merging 2 *

MergeHistograms

/
hists
// *

hists hists MergeShiftedHistograms

hists
Plots
PlotVariables1d PlotVariables2d PlotShiftedVariables1d
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.. many more

lfns CalibrateEvents

GetDatasetLFNs

Law run
--version devl \
--datasets hh_bbtautau \

\ I

SelectEvents

events & columns dropped,

o e g --calibrators \
't t
meree = SavEe T b --selector full \
‘”f ;\ergeReductionStats J evelnts - p r Od ucers
\ .
i --variables
/ge educedEvents
e
e Columns are
s produced on demand
= read only if required
[ . . [ |
= overlayed & aliased to mimic coherent array
columns merged !
only in memory for ”:.:I
histogramming \. s

CreateHistograms

hists

Merging 2 *

MergeHistograms

/
hists
// *

hists hists MergeShiftedHistograms

hists
Plots
PlotVariables1d PlotVariables2d PlotShiftedVariables1d
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... many more

GetDatasetLFNs

law run
--version devl \
--datasets hh_bbtautau \
--calibrators \
--selector full \
--producers

events & columns dropped,
merged ! | then saved to disk

--variables

o Columns are

s produced on demand

= read only if required

= overlayed & aliased to mimic coherent array’

e Existing columns

m are not reproduced

columns merged !
only in memory for
histogramming

m can be shared across groups

.
hists
e NB

// */ m [ask # jobs = jobs can run multiple tasks

hists hists MergeShiftedHistograms

| - | s Example producers in backup
PlotVariaEllce)ZSZd PlotShiftedVariables1d . I O d eSC ri pt i O n i n b a C k u p
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Software stack

Base Stack -
micromamba with conda-forge packages % r
— contains all required non-python packages, Mamba COND-A.FERGE

rarely updated
(python3.9, bash/zsh, git, gfal2)

i

"cf" Sandbox

Relocatable python virtual env

@ python

virtualenv

— All python packages needed to run tasks,

(luigi, law, pyyaml)

i

Task sandboxes
Any type: venv, cmssw subshell, docker, ...

— Python packages to run a specific task,

@ python cmssw

frequently updated virtualenv (subshell)

(e.g. awkward, numpy, tensorflow, ...)


https://mamba.readthedocs.io/en/latest/user_guide/micromamba.html
https://conda-forge.org
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Example: muon weight producer (as shown earlier)

@producer(
uses—{
"nMuon”, "Muon.pt", "Muon.eta",
},
produces—{
"muon_weight", "muon_weight_up", "muon_weight_down",
},

mc_only-=1rue,

muon_weights(
: Producer,
events: ak.Array,
muon_mask: ak.Array | type(Ellipsis) = Ellipsis,
Kwargs,
) —=> ak.Array:

abs_eta = flat_np_view(abs(events.Muon.eta[muon_mask]), axis 1)
pt -~ flat_np_view(events.Muon.pt[muon_mask], axis 1)

syst, postfix |
(llsfll' nn ) ,

(llsystupll' —up‘l)'
("systdown", " _down"),

sf_flat = self.muon_sf_corrector(self.year, abs_eta, pt, syst)

sf - layout_ak_array(sf_flat, events.Muon.pt[muon_mask])

weight - ak.prod(sf, axis-1, mask_identity-False)

events - set_ak_column(events, "'muon_weight{postfix}", weight, value_type np.float32)

events
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@producer decorator will create a class muon_weights . .
Example: muon weight producer (as shown earlier)

uses declares columns that should be read

@producer(
uses—{
"nMuon”, "Muon.pt", "Muon.eta",
},
. produces—{
produces declares columns to be written " muon, weight", "muon_weight_up", “muon_weight_down®,
},
mc_only-True,
.. . )
Additional flags enable during checks, e.g. def muon_weights |
self: Producer,
events: ak.Array,
- mC_OI’ﬂ.y (bOO-I_), thO_Only (bOO-I.) muon_mask: ak.Array | type(Ellipsis) = Ellipsis,
Kwargs,
= nominal_only (bool), shifts_only (set[str]) |

abs_eta = flat_np_view(abs(events.Muon.eta[muon_mask]), axis 1)

Wrapped function becomes the main callable of the class & pt - flat_np_view(events.Muon.pt [muon_mask], axis-1)

always should at least accept events and **kwargs syst, postfix in [
S ’ ’

(llsys-tupll' ll_upll)'
("systdown", " _down"),

Use Set_ak_column to Conveniently add new Columns sf_flat = self.muon_sf_corrector(self.year, abs_eta, pt, syst)

sf - layout_ak_array(sf_flat, events.Muon.pt[muon_mask])

Return all events

weight - ak.prod(sf, axis-1, mask_identity-False)

(selectors: return also a SelectionResult)

events - set_ak_column(events, "'muon_weight{postfix}", weight, value_type np.float32)

events



https://columnflow.readthedocs.io/en/stable/api/production/index.html#columnflow.production.Producer.producer
https://columnflow.readthedocs.io/en/stable/api/production/index.html#columnflow.production.Producer.producer
https://columnflow.readthedocs.io/en/stable/api/columnar_util.html#columnflow.columnar_util.set_ak_column
https://columnflow.readthedocs.io/en/stable/api/selection/index.html#selectionresult
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@producer decorator will create a class muon_weights . .
Example: muon weight producer (as shown earlier)

uses declares columns that should be read

@producer(
uses—{
"nMuon”, "Muon.pt", "Muon.eta",
},
. produces—{
produces declares columns to be written " muon, weight", "muon_weight_up", “muon_weight_down®,
},
mc_only-True,
.. . )
Additional flags enable during checks, e.g. def muon_weights |
self: Producer,
events: ak.Array,
- mC_OI’ﬂ.y (bOO-I_), thO_Only (bOO-I.) muon_mask: ak.Array | type(Ellipsis) = Ellipsis,
Kwargs,
= nominal_only (bool), shifts_only (set[str]) |

abs_eta = flat_np_view(abs(events.Muon.eta[muon_mask]), axis 1)

Wrapped function becomes the main callable of the class & pt - flat_np_view(events.Muon.pt [muon_mask], axis-1)

always should at least accept events and **kwargs syst, postfix in [
S ’ ’

(llsys-tupll' ll_upll)'
("systdown", " _down"),

Use Set_ak_column to Conveniently add new Columns sf_flat = self.muon_sf_corrector(self.year, abs_eta, pt, syst)

sf ‘tayout_ak_array(sf_flat, events.Muon.pt[muon_mask])

Return all events

(selectors: return also a SelectionResult) 4

weight - ak.prod(sf, axis-1, mask_identity-False)

events - set_ak_column(events, "'muon_weight{postfix}", weight, value_type np.float32)

events

Where does the muon_sf_corrector come from?


https://columnflow.readthedocs.io/en/stable/api/production/index.html#columnflow.production.Producer.producer
https://columnflow.readthedocs.io/en/stable/api/production/index.html#columnflow.production.Producer.producer
https://columnflow.readthedocs.io/en/stable/api/columnar_util.html#columnflow.columnar_util.set_ak_column
https://columnflow.readthedocs.io/en/stable/api/selection/index.html#selectionresult
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15 Writing your own producer (calibrator, selector, ...) (2)

e From previous slide: "Wrapped function becomes the main callable of the class"

— Called for every chunk of events during processing

Cveliw

L vl gencuucLiviiolaly J
/ factors\‘ / |

® B Ut MergedReducedEvents MyC ustomTaSk ]

s How to setup objects before the actual event processing? ol

events

. }
s How to define a custom dependency? Producecams

(i.e., task(s) on whose outputs the producer depends) l

yes

!

ML Trgining

PrepareMLEvents

events folds

v

cols MergeMLEvents

in any
case

folds

MLTraining
\
model
MLEvaluation

\ S e cols
K e

CreateHistograms
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e From previous slide: "Wrapped function becomes the main callable of the class"

— Called for every chunk of events during processing

e DBut
s How to setup objects before the actual event processing?

s How to define a custom dependency?
(i.e., task(s) on whose outputs the producer depends)

e [ hree additional hooks

m  1nit(self) -> None

~ Method called as soon as producer registered by a task

>~ Receives important task variables via self (requested dataset, shift, ...)

m requires(self, reqgs: dict) -> None
> Method called when task declares its dependcies

~ Allows injecting custom dependencies into reqs that will be resolved by luigi

m setup(self, regs: dict, inputs: dict, reader_targes: dict) -> None

~ Method called in task's run() once before loop over event chunks

~ Receives reqgs defined before and corresponding inputs

~ Allows setting up objects to be used in main callable

columnflow

UH
id[i

Marcel Rieger for the CF team n

L VT goncuucLiviiolawy
/ factorsx /

J cveliw

MergedReducedEvents

MyCustom Task ]

—
4 [

events

v

ProduceColumns events

cols

yes

!

events

cols

ML Trgining

PrepareMLEvents

folds

v

MergeMLEvents

in any
case

folds

MLTraining

CreateHistograms

|
.
.
-
-
-
-
-
-
-
-
am="
-
-
-
-
-

\l K

\
model
MLEvaluation
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e 1nit(self) -> None

@jer.init
ager jer_init(self: Calibrator) —> None: //} | MergeneuucLunotan | SVEITS

self.propagate_met:

( /
self.uses { factors
"MET.pt", "MET.phi", T

} MergedReducedEvents

self.produces { ///)»

"MET.pt", "MET.phi", "MET.pt_jer_up", "MET.pt_jer_down", "MET.phi_jer_up", events
"MET.phi_jer_down", "MET.pt_unsmeared", "MET.phi_unsmeared", y

MyCustom Task ]

ProduceColumns events

. . . "ol
from calibration/cms/jets.py .

e requires(self, regs: dict) -> None

@muon_weights. requires
def muon_welghts_requires(self: Producer, reqs: dict) —> None:

yes

columnflow. tasks.external BundleExternalFiles : l
reqs ["external_files"] = BundleExternalFiles.req(self.task) ; ML Trgining
: PrepareMLEvents
: I
from production/cms/muon.py events fcjs
e setup(self, regs: dict, inputs: dict, reader_targes: dict) -> None =l cte | | |l

@muon_weights.setup folds

ager muon_weignts_setup(self: Producer, reqs: dict, inputs: dict, reader_targets: InsertableDict) -> None:
bundle = reqs["external_files"] :

: model
correctionlib E Eﬁ:‘rj‘i
correctionlib.highlevel.Correction.__call__ = correctionlib.highlevel.Correction.evaluate : vatuation

correction_set = correctionlib.CorrectionSet.from_string( H
self.get_muon_file(bundle.files).load(formatter="gzip").decode("utf-8"), & -

) CreateHistograms

corrector_name, self.year = self.get_muon_config() |

self.muon_sf_corrector = correction_set[corrector_name]

.
.
-
-
-
-
-
-
-
-
-
----
-
-
-
-
-
-

from production/cms/muon.py


https://github.com/columnflow/columnflow/blob/214cd0cd58da2b7ad0bbfac7a6c50f8054aa8437/columnflow/calibration/cms/jets.py#L765
https://github.com/columnflow/columnflow/blob/214cd0cd58da2b7ad0bbfac7a6c50f8054aa8437/columnflow/production/cms/muon.py#L87
https://github.com/columnflow/columnflow/blob/214cd0cd58da2b7ad0bbfac7a6c50f8054aa8437/columnflow/production/cms/muon.py#L96
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GetDatasetLFNs I n i t i a | t a S kS

—

lfns CalibrateEvents

PRad
.
Piad
el

SelectEvents céls

B

stats

ReduceEvents

masks cols sizes

\ 4 Mprging 1 * |

[ MergeSelectionStats J

l

stats

MergeReductionStats } events

\
factor\

MergedReducedEvents

MergeSelectionMasks

events
ProduceColumns events
masks H Qcols‘
yes
ML Trgining
CreateCutflowHistograms PrepareMLEvents
hists, hists/ \hists events folds
4
tflow plots
PlotCutflow PlotCutflowVariables1d PlotCutflowVariables2d cols MergeMLEvents ";;';y
folds
MLTraining
model
MLEvaluation
& ________ Cols
A
CreateHistograms
hists
Merging 2 *
MergeHistograms
h$s
hists hists MergeShiftedHistograms data hists data hists

- I A

hists mc hists mc hists

N N .
Final results

PlotVariables1d PlotVariables2d PlotShiftedVariables1d WriteDatacards E

Plots
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GetDatasetLFNs I n i t i a | t a S kS

\

lfns CalibrateEvents

PRad
.
Piad
el

SelectEvents céls

B

stats

ReduceEvents

masks cols sizes

\ 4 Mprging 1 * |

[ MergeSelectionStats J

l

stats

MergeReductionStats J events

\
factor\

MergedReducedEvents

MergeSelectionMasks

events
ProduceColumns events
masks H Qcols‘
yes
ML Trgining
CreateCutflowHistograms PrepareMLEvents
hists, hists/ \hists events folds
4
tflow plots
PlotCutflow PlotCutflowVariables1d PlotCutflowVariables2d cols MergeMLEvents ";ai';y
folds
MLTraining
: model
MLEvaluation
& ________ Cols
A
CreateHistograms
hists
Merging 2 *
MergeHistograms
h$s
hists hists MergeShiftedHistograms data hists data hists

| |

hi( mc !n'sts mc\hists J )
\ \ .

s Final results

[ ]
PlotVariables1d PlotVariables2d PlotShiftedVariables1d E V n 0 m l n a I
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Initial tasks - ~
L\ E Key idea

lfns CalibrateEvents

Tasks know which uncertainties

PRad
.
Piad
el

> they implement

SelectEvents cols

B

masks~_cols > t h ey dep en d On
st s (through upstream tasks)
masks cols sizes k J
brgin *
[ MergeSelevctionStats J T A1/\ergeReductionStats J evelnts

l i ) \
stats acto FS\

MergeSelectionMasks MergedReducedEvents
events
ProduceColumns events
masks H Qcols‘
yes
ML Trgining
CreateCutflowHistograms PrepareMLEvents
hists, hists/ \hists events folds
4 :
tflow plots
PlotCutflow PlotCutflowVariables1d PlotCutflowVariables2d cols MergeMLEvents "gai';y
folds
MLTraining
: model
MLEvaluation
& ________ Cols
P

CreateHistograms

hists

I
Merging 2 '

MergeHistograms

hist{
\ 4

hists hists MergeShiftedHistograms data hists data hists

I T | |
hi( mc Lists mc\hists J )
o \ Final results
PlotVariables1d PlotVariables2d PlotShiftedVariables1d ‘ V n 0 m i n a I t u n e ( u p | d own ) jec ( u p | d OW n ) p i I e u p ( u p | d OW n )
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Initial tasks
......................................................... ( ] \
Key idea

lfns\

T Tasks know which uncertainties
T ~ they implement
) O ~ they depend on
st s _ (through upstream tasks) y
v Mprging 1 v |
{ MergeSelectionStats } MergeReductionStats } events

l i ) \
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MergeSelectionMasks MergedReducedEvents
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ProduceColumns events
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yes
ML Trgining
CreateCutflowHistograms PrepareMLEvents
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4 :
tflow plots
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P
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GetDatasetLFNs

SelectEvents

law run

--version devl \
--datasets hh_bbtautau \
--calibrators \

( --selector full \
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GetDatasetLFNs

law run
--version devl \
--datasets hh_bbtautau \

i? | | --calibrators \
MergeReductionStats events
et ‘/ --selector full \
\ .
MergedReducedEvents - _prIOducerIS al-I._We-l. ghts \
/ AN . .
o ‘ --variables jetl_pt \

v

ProduceColumns

--shift tauid_up

e Handling of systematics

= fully outsourced to task dependency resolution
m efficient, no unnecessary computations

s executable with high parallelism

hists hists MergeShiftedHistograms

hists
Plots
PlotVariables1d PlotVariables2d PlotShiftedVariables1d




columnflow

18 flow of columns: systematic uncertainties

Marcel Rieger for the CF team

GetDatasetLFNs

law run

--version devl \
--datasets hh_bbtautau \

--calibrators A
[ MergeReductionStats } events

et ‘/ --selector full \

\ .
MergedReducedEvents - —pr'Oducer'S a-I.-I._We-L ghts \

--variables jetl_pt \
--shift tauid_up

e Handling of systematics

= fully outsourced to task dependency resolution
m efficient, no unnecessary computations

s executable with high parallelism

e It's the analyzer's choice

1 s  where varied columns I are produced

Merging 2 is .
o o m if they are already part of normal columns
e ~ Computationally trivial: produce right away inl
|
| f > Computationally demanding: proc ucel in parallel

PlotVariables1d

PlotVariables2d PlotShiftedVariables1d
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glumn &

-

(Uit — law

luigi analysis workflow

workflow engine layer for HEP & scale-out "framework" analysis
(originally by Spotify) (experiment independent) (experiment independent*)

* soon
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Marcel Rieger for the CF team

e Python framework for vectorized, columnar HEP analysis with nano-like inputs

s Mostly experiment agnostic core

$ mplhe
s Fully orchestrated & automated . Uproot o)
Ugt P

= Intermediate outputs
» Efficient through on-demand column production & retrieval 2 CC% gwn IQW order

luigi analysis workflow

o L
s Able to incorporate any remote resource -
corectonlb .. T7 ArrowHHH

Parquet
e Checks 15/17 "ideal workflow"items of CMS ATTF report (Sec. 4, backup) q
s Vast Python (HEP) community and tool landscape is key

matplxtlib

"
4]
R
04
Jeo)

columnflow
s |passing | pypi N02:2 docs passing | _codecor 28% | cense [GPL=30

ooooooooo w Backend for columnar, fully orchestrated HEP analyses with pure Python, law and order.

Original source hosted at GitHub.
Best practices

AAAAA ference ~ Getting started
oooooooooo .calibration v Best practices
oooooooooo .production v API Reference

columnflow.selection

e Currently pushing for extensive documentation release | = =0 =

Note on current development

oooooooooo .plotting This project is currently in a beta phase. The project setup, suggested workflows, definitions of particular
- - - ' oooooooooo oG “ tasks, and the signatures of various helper classes and functions are mostly frozen but could still be subject
‘ e e a C S I I g y a p p re C I a e ° . to changes in the near future. At this point (December 2022), four large-scale analyses based upon
columnflow.util . . . . X §
columnflow are being developed, and in the process, help test and verify various aspects of its core. The first
tumnfl t it released version is expected in early 2023. However, if you would like to join early on, contribute or just give it
°°°°°°°°°° -config_util a spin, feel free to get in touch!

e github.com/columnflow, columnflow.rtfd.io

ssa 25 Contributions in the Last 30 Days
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s

e Case 1: Create histograms

m law run cf.CreateHistograms --dataset tt \
--producers my_features --variables jet*®

i Y e s Loads default columns from "MergeReducedEvents" plus columns
(////’7}/’ \\\ I Il
e created by a producer called "my features
masks / cols @producer(

uses—{"Jet.pt", "Jet.phi"},
produces—{"Jet.px", "Jet.py"},

)
def my_features(self: Producer, events: ak.Array, kwargs) -> ak.Array:
events - set_ak_column_f32(events, "Jet.px", events.Jet.pt - np.cos(events.Jet.phi))
0 events - set_ak_column_f32(events, "Jet.py", events.Jet.pt - np.sin(events.Jet.phi))
v ML Trgining
CreateCutflowHistograms PrepareMLEvents even t S
hists hists/ \hists events fo!ds
( ( ) g ¢
¢ dutflow plots ¢
PlotCutflow PlotCutflowVariables1d PlotCutflowVariables2d cc:>ls MergeMLEvents izaire‘:y
folds
MLTraining

\
model
MLEvaluation

.
.
.
P
....

:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:

:

:

:

;

;

.
.
.
.
/'S

CreateHistograms

hists
|
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MergeSelectionl\ﬁr/ MergedReducedEvents
/ evints
ProduceColumns events
masks ~cols.
V?S
v ML Trgining
CreateCutflowHistograms PrepareMLEvents
his}s his(ts/ hi\sts events folds
¢ dutflow plots ¢ ¢

PlotCutflow

PlotCutflowVariables1d

PlotCutflowVariables2d

in any
case

cols MergeMLEvents

folds

MLTraining

\
model
MLEvaluation

-
-
PrL e
.
....

:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:

:

:

:

;

;

.
.
.
.
/'S

CreateHistograms

hists
|

Case 1: Create histograms

m law run cf.CreateHistograms --dataset tt \
--producers my_features --variables jet*

s Loads default columns from "MergeReducedEvents" plus columns

created by a producer called "my features"

@producer(
uses—{"Jet.pt", "Jet.phi"},
produces={"Jet.px", "Jet.py"},

)

def my_features(self: Producer, events: ak.Array,
events set_ak_column_f32(events, "Jet.px", events.Jet.pt
events set_ak_column_f32(events, "Jet.py", events.Jet.pt

kwargs) -> ak.Array:
np.cos(events.Jet.phi))
np.sin(events.Jet.phi))

events

Case 2: Create different histograms

m law run cf.CreateHistograms --dataset tt \
--producers my_features,event_shapes --variables jet*

s Loads default columns from "MergeReducedEvents" plus columns

created producers "my features" and "event shapes"

@producer(
uses={"..."},
produces={"..."},

)

def event_shapes(self: Producer, events: ak.Array, ++kwargs) -> ak.Array:

set_ak column_f32(events, "fox wolframl", ...)
set_ak_column_f32(events, "subjettiness", ...)

events
events

events

s Only processes "event shapes", reuses columns from "my features"
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- Layering of columns

GetDatasetLFNs] e.g. in SelectEvents
\lfns
1 Updated columns

lfns CalibrateEvents (by CalibrateEvents)
_ Lcols™ lfns
SelectEvents céls Orlgl nal columns
/ \ (from NanoAOD)
masks~~cols A/

stats ReduceEvents

masks cols sizes \ Combined columns
I I /




24 Parallelization and 10

: : : "ttbar, file 30 of 500"
e Each task handles a single input in one* process  (* or more if needed) ar, nano file 59 0

s Single input = potentially multiple files with different columns for the same events
. . CalibrateEvent
s Orchestration allows processing on any resource

= Highly parallel when running over all inputs

e Loop over event chunks in single thread, offload 10 waits to thread pool

lazy loading

main thread

—_ |O wait )
e CPU 100%

1O wait
chunk 2 CPU 100%
- |O wait
chunk3 CPU 100%

|O wait
chunk 4

CPU 100%




24 Parallelization and 10

e Each task handles a single input in one* process

(* or more if needed)

"ttbar, nano file 30 of 500"

Single input = potentially multiple files with different columns for the same events

Orchestration allows processing on any resource

Highly parallel when running over all inputs

e Loop over event chunks in single thread, offload 10 waits to thread pool

cf's multi-threaded

eager loading
thread pool (2)

lazy loading

main thread

main thread

B Owait R 10 wait]| O wait
chun ] CPU 100% CPU 100% |
: |O wait
hunk 2 CPU 100%
CPU 100%
1 5 CPU 100%
chunk 3 (:Puv1vglo% CPU 100%
1O wait .
chunk 4 ?/
CPU 100%
4 time

CalibrateEvents

s

\

Straight-forward integration of dask_awkward
— Map chunks to partitions
— compute() partitions in thread-pool
— Single-node dask graph

— Provide result to main thread




25 "ldeal workflow" in ATTF report

71 F1.1 Executable in "one go"

7 F1.2 Output intermediate results on demand

71 F1.3 Identify and rerun only necessary components

F1.4 Composition of columns to easy reuse / sharing

4 F1.5 Reproducibility via CI/CD

data processing
&

7 F1.6 Version checkpointing

71 F1.7 Support for custom NANO input

=1 F2.1 Non-imperative paradigm

71 F2.2 Physics object representation for NANO objects

71 F2.3 Seamless handling of systematic uncertainties

41 F2.4 Automatic datacard writing

-1 F2.5 Analysis results in different formats (datacards, pyhf workspace, HEPData, ...)

analysis description

F2.6 Export to / import from dedicated, static workflow language

71 F2.7 Workflow configuration separated from analysis code

7 F2.8 Multidimensional histograms

7 F3.1 Resource agnosticism

4 F3.2 Easily scalable (local, multi-core, batch)

resources- »


https://cms-docdb.cern.ch/cgi-bin/DocDB/RetrieveFile?docid=14434&filename=FinalReport_v0.pdf&version=1#page=22
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e Portability: Does the analysis depend on ... HTCOHM

High Throughput Computing

m  where it runs?

m where it stores data?

~ Execution/storage should not dictate code design!

e Reproducibility: When a postdoc / PhD student leaves, ...
m can someone else run the analysis?
m is there a loss of information? Is a new framework required?

~ Dependencies often only exist in the physicists head!

e Preservation: After an analysis is published ...

m are people investing time to preserve their work? ‘ ? ‘
m can it be repeated after O(years)? ‘ '
=~ Daily working environment should provide - w

preservation features out-of-the-box!

i

e Personal experience: %3 of "analysis" time for technicalities, V3 left for physics
P Yy Yy

— Physics output doubled if it were the other way round?



28 Example: ttbb cross section measurement

sfb_chain

sfb_plot_control

e_data_das

e_hist

e_data_tuple

/\//be_coefﬁciems
e_data_cms AN

sfb_plot_coefficients

e_tuple

Marcel Rieger for the CF team

e_data_lumi

e_syst_scaleDown_bdt

e_syst_scaleUp_bdt

e_bdt_roc_plot

e_syst_matchingUp_bdt

e_syst_scale_hist

columnflow

e_syst_matchingDown_bdt e_syst_matching_hist
e_data_merge \
mc_scale_das mc_scale_cms mc_scale_merge c_syst_btagUp_bdt c_syst_btag_hist
mc_matching_das mc_matching_cms mc_matching_merge e_syst_btagDown_bdt B\ e_syst_bdt_plot_btag
mc_ttbaralt_das mc_ttbaralt_cms mc_ttbaralt_merge e_syst_mistagUp_bdt e_syst_mistag_hist
mc_nominal_das mc_nominal_cms mc_nominal_merge e_syst_mistagDown_bdt e_syst_bdt_plot_mistag
mu_data_das mu_data_cms mu_data_merge e_syst_jerUp_bdt (\ >< e_syst_jer_hist
crab_mc crab_mc_merge e_syst_jerDown_bdt e_syst_bdt_plot_jer
e_syst_jesUp_bdt A e_syst_jes_hist
e_syst_jesDown_bdt e_syst_bdt_plot_jes
i e_syst_pdfUp_bdt // e_syst_pdf_hist
e_syst_pdfDown_bdt e_syst_bdt_plot_pdf
e_syst_pileupUp_bdt e_syst_pileup_hist th_batch_prep
e_syst_pileupDown_bdt e_syst_bdt_plot_pileup th_combined
e_bdt_eval th_qed
mu_data_lumi
mu_enrich_fill
mu_enrich_old_weighter mu_enrich_old_chain mu_enrichment_comparison_plot
mu_bdt_train__ttlight_vs_rest__nominal mu_bdt_train__ttlight_vs_rest__nominal_plot
mu_bdt_train__ttbb_vs_all__enriched mu_bdt_train__ttbb_vs_all__enriched_plot
mu_bdt_train__ttbb_vs_ttb__nominal mu_bdt_train__ttbb_vs_ttb__nominal_plot
mu_bdt_train__ttb_vs_ttbb__nominal mu_bdt_train__ttb_vs_ttbb__nominal_plot
mu_bdt_train__ttbb_vs_all__nominal mu_bdt_train__ttbb_vs_all__nominal_plot
mu_syst_pdfUp_bdt mu_syst_pdf_hist
mu_syst_pdfDown_bdt mu_syst_bdt_plot_pdf
mu_syst_plot_pdf_comparison
mu_syst_pdfUp_tuple mu_syst_pdfUp_chain mu_syst_plot_pdf_shape
mu_syst_pdfDown_tuple /// / / / mu_syst_pdfDown_chain mu_syst_plot_pdf_stack
mu_syst_pileupUp_tuple / / / mu_syst_pileupUp_chain \ \\\ﬂt_pileupUp_bdt mu_syst_pileup_hist
mu_syst_pileupDown_tuple mu_syst_pileupDown_chain \\ mu_syst_pileupDown_bdt mu_syst_bdt_plot_pileup
mu_syst_btagUp_tuple mu_syst_btagUp_chain \ mu_syst_btagUp_bdt \\/ mu_syst_btag_hist
mu_syst_btagDown_tuple mu_syst_btagDown_chain \k\\\\ mu_syst_btagDown_bdt
mu_syst_scaleUp_tuple mu_syst_scaleUp_chain \\\%;\ mu_syst_scaleUp_bdt mu_syst_scale_hist
mu_syst_scaleDown_tuple mu_syst_scaleDown_chain \\\\\; mu_syst_scaleDown_bdt mu_syst_bdt_plot_scale
mu_syst_matchingDown_tuple mu_syst_matchingDown_chain \\\\\%_mu_syst_matchingDown_bdt /\ mu_syst_matching_hist
mu_syst_matchingUp_tuple mu_syst_matchingUp_chain / \ \ ~— mu_syst_matchingUp_bdt <f:\# mu_syst_bdt_plot_matching
mu_syst_mistagDown_tuple / mu_syst_mistagDown_chain / A\\ \ mu_syst_mistagDown_bdt / mu_syst_mistag_hist
mu_syst_mistagUp_tuple mu_syst_mistagUp_chain { / \\\\ mu_syst_mistagUp_bdt <#:¥ mu_syst_bdt_plot_mistag
mu_syst_jerUp_tuple mu_syst_jerUp_chain { \\\ mu_syst_jerUp_bdt / // mu_syst_jer_hist
mu_syst_jerDown_tuple mu_syst_jerDown_chain ‘ \\ mu_syst_jerDown_bdt mu_syst_bdt_plot_jer
mu_syst_jesUp_tuple mu_syst_jesUp_chain . \ mu_syst_jesUp_bdt / / ) mu_syst_jes_hist
mu_syst_jesDown_tuple mu_syst_jesDown_chain \\ mu_syst_jesDown_bdt /7% mu_syst_bdt_plot_jes
Tou_tuple mu_plot_events
mu_data_tuple mu_chain
mu_plot_me_2d mu_bdt_plot_output
mu_plot_mcOnly U hist
mu_plot_no_toppt
mu_plot
mu_bdt_eval mu_bdt_roc mu_bdt_roc_plot
mu_qcd_hist_sb_variation mu_ged_bdt mu_gqcd_hist_sr
mu_qcd_fit mu_qcd_hist_sb_nominal
mu_qcd_plot_mc_2d mu_gcd_comparison
mu_qed_chain mu_qcd_scatter mu_qed_stack
mu_qcd_tuple mu_qcd_ratio
@ pu_weight pu_weight_plot

crab_data

crab_data_lumi

crab_data_merge

* Excerpt of the full analysis
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A/ ,
V///

i //
S

e_da
c_S

c_maf

m minal_d. mc_nominal_cm: A N e_syst_bdt_plot_mista
mu_data_das u_data_cms u_data_merge ‘ Th / A / ,,//" e Syst pde P
Z = — —

Vi

|
|

| Y 7

|
J M\‘ |
N /

mu_enrichment_comparison_plot

mu_bdt_train__ttlight_vs_rest__nominal

mu_bdt_train__ttlight_vs_rest__nominal_pl

N

mu_bdt_train__ttbb_vs_all__enriched_plot /\,\\

mu_bdt_train_ttbb_vs_all_enriched '

AR

mu_bdt_train__ ttbb_vs_ttb_ nominal mu_bdt_train__ttbb_vs_ttb__nominal_plo

mu_bdt_train__ttb_vs_ttbb__nominal ~ A

\
AN\ TN
nu_bdt_train__ ttbb_vs_all nominal \\\\\Q\\\\\‘\\ \\\ ,,

~—\\ : mu_bdt_train__ttbb_vs_all__nominal_p

mu_bdt_train__ttb_vs_ttbb__nominal_plg

\

\\\\‘Q\ NN NN

| mu_ged_bdt >——

\ ,\" 1 }H \ , _

i I\ i ged fi>
mu_gcd_plot_mc_2d

* Excerpt of the full analysis
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29 Landscape of HEP analyses

e Most analyses are both large and complex

s Structure & requirements between workloads mostly undocumented
=  Manual execution & steering of jobs, bookkeeping of data across SEs, data revisions, ...
— Error-prone & time-consuming

AENYES
Workflow
Management

Good scripts
& code structure

Complexity

Computing

Single machine,
2

: infrastructure
single command

(grid, local clusters)

Scale

e In the following .
— Approach complexity with LUigt

_» Enabling large-scale with  |QW
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Tailored systems Wishlist for end-user analyses
e Structure “iterative’, a-priori unknown e Structure known in advance
e Dynamic workflows, fast R&D cycles e Workflows static & recurring
e DAG with arbitrary dependencies e One-dimensional design
e Incorporate any existing infrastructure e Special production infrastructure
e Use custom software, everywhere e Homogeneous software requirements

— Requirements for HEP analyses mostly orthogonal
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e Python package for building complex pipelines github.com/spotify/luigi

® Watch ~ 493 W Unstar  15.2k % Fork 2.3k

e Development started at Spotify, now open-source and community-drive

X

[ Luigi Task Visualiser

& C  ©® Ix3agpu01.physik.rwth-aachen.de:8082/static/visualiser/index.html @ ¥t By & 5 M

. B u i | d i n b | O C ks CW' re Ot h e r Ta S Luigi Task Status =  TaskList  Dependency Graph  Workers Resources

2. Tasks produce output Targets

PENDING TASKS RUNNING TASKS
99 > 6

UPSTREAM FAIL... DISABLED TASKS

0 G 0

DONE TASKS

V 176

FAILED TASKS
0

3. Parameters customize tasks & control riintime behavi

UPSTREAM DISA...
0

Displaying RUNNING, tasks .

¢ Web Ul with two-way messaging (task = Ul, Ul = task), automatic error ha
command line interface, ... show (10 entris Fite tabe: ——

\ J 4 Name Details Priority Time Actiol

u RUNNING  ttH-bb-semi.SyncCSVs noDeps=False, taskName=EMPTY_STRING, 0 04/12/2016, 22:43:24 | 68 B
paramFile=EMPTY_STRING, log=-, minutes
setup=RunlISpring16MiniAODv2_13TeV_25bx_80X,
notify=False, printStatus=-1,
sandbox=local_ttH_80X, version=test2,
dCache=mriegerDESY, dataSource=tth,
printDeps=-1, printStore=EMPTY_STRING,
purgeOutput=-1, printLog=False

u RUNNING  ttH-DNN-Reco.DNNTraining endSeed=100, limitBtags=True, maxJets=8, 0 04/12/2016, 23:22:06 | 29 B:
keep_prob=0.7, num_epochs=20, |2_factor=0.0, minutes
shuffleSeed=123, num_layers=5, dropGen=True,
startSeed=1, report_interval=10.0,
normalize=False, testingPortion=0.5,
trainingPortion=0.8, label=tth, trainSeed=123,
requireTTH=True, requireH=False,
batch_size=10000, nEvents=1000000,
chi2endSeed=5, requireTT=False, gpu_index=0,
num_units=500, chi2number=50
{"Ix3agpu01_gpu0":1500}

u RUNNING  ttH-bb-semi.SyncCSVs noDeps=False, taskName=EMPTY_STRING, 0 04/12/2016, 22:43:24 | 68 B
paramFile=EMPTY_STRING, log=EMPTY_STRING, minutes
setup=RunlISpring16MiniAODv2 13TeV_25bx_ 80X,


https://github.com/spotify/luigi

. . lumnf UH
32 make-like execution system A
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e Luigi's execution model is make-like

1. Create dependency tree for triggered task triggered task ——> fnterence

2. Determine tasks to actually run:

— Walk through tree (top-down)

— For each path it all r f k -
or €acC pat ’ Stop IT 4 OUtPUt ta gets Orf 4 taS ‘ requwed task — MVAEvaluation

| dependency —>
e Only processes what is really necessary

e Scalable through simple structure @ /Training
‘ -ailed
‘ Running

Pending

e Error handling & automatic re-scheduling

@hvasplit
‘ Done
construction construction construction construction
.e @Reconstruction .e @Reconstruction .e @Reconstruction ‘e ‘
lection lection lection lection
@ @Selection 4 Selection @Selection 4

*in this case, the task is considered complete
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33 Luigi in a nutshell

luigil
my_analysis.tasks Selection
(luigi.Task):
dataset = luigi.Parameter( | ')
S ) :
Selection( =self.dataset)
1t ( ) :
luigi.LocalTarget (" {self.dataset} )
( ) :

ihb = self.input() # output() of requirements
outp = self.output()

> python reco.py Reconstruction --dataset ttbar
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33 Luigi in a nutshell

luigil
my_analysis.tasks Selection
Parameter object on class-level
(lu .
string on instance-level
dataset = luigi.Parameter( | )

luigi's local file target:
( ) : - path: string
- exi1sts(): bool

- Selection( self.dataset)
- remove()
q ) : ///////////”///////////’//”/”’/"———————* - open(): fd

luigi.LocalTarget( {self.dataset} )
.. In( ) : | | - \‘ Encoding parameters into
1np self lﬂpUt( ) # output( I requirements output target path

outp = self.output()

> python reco.py Reconstruction --dataset ttbar
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[ Luigi Task Visualiser

C @ file:///Users/marcel/Desktop/luigi1.htm

i Task Status O Task List Dependency Graph Workers Resources

Dependency Graph

o Work of a B.Sc. student

Pending

. Done

@ oisabled

. Unknown '
ttH-DNN-Reco.Compare ttH-DNN-Reco.Compare ttH-DNN-Reco.Compare ttH-DNN-Reco.Compare ttH-DNN-Reco.Compare ttH-DNN-Reco.Compare a fte r 2 Wee kS [ )

. Truncated

ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement
ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement. | ttH-DNN-Reco.Measurement
ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement HtH-DNN-Reco.Measurement” . ttH-DNN-Reco.Measurement
-DNN-Reco.Measurement ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement”
ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement - ttH-DNN-Reco.Measurement
ttH-DNN-Reco.Measurement £tH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement ttH-DNN-Reco.Measurement

N

\ . /

ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation
£tH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation
£tH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation
-DNN-Reco.TruthEvaluation ttH-DNN-Reca.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation
ttH-DNN-Reco.DNNEvaluation | ' { ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation ttH-DNN-Reco.DNNEvaluation

} / / s

£y e '/ 74
r,‘ y \ i ! / ; j f
¥ \ | ] 4 4
£tH-DNN-Reco.DNNTrainin ‘IlH-DNN-Reco.DNNTrainirr:ﬁ_ \ v/ﬁHanNNRem.DNNTvalnlr'\ﬁ_' £tH-DNN-Reco.DNNTrainin ttH-DNN-Reco.DNNTrainin ttH-DNN-Reco.DNNTrainin
-DNN-Reco.DNNTrainin; ttH-DNN-Reco.DN raiml;ﬁ_ ) ttH-DNN-Reco.DNNTraining ttH-DNN-Reco.DNNTrainil ttH-DNN-Reco.DNNTrainin, ttH-DNN-Reco.DNNTrainin|

£tH-DNN-Reco.DNNTrainin ttH-DNN-Reco.DNNTraining: ttH-DNN-Reco.DNNTrainin, £tH-DNN-Reco.DNNTrainin ttH-DNN-Reco.DNNTrainin ttH-DNN-Reco.DNNTrainin

’ -DNN-Reco.DNNTrainin, ttH-DNN-Reco.DNN rah\it'\ﬁ_' t ttH-DNN-Reco.DN in| £tH-DNN-Reco.DNNTrainin, ttH-DNN-Reco.DNN rainin% ttH-DNN-Reco.DNNTraining

f -DNN-Reco.DNNTraining . ttH-DNN-Reco.DNNTraining ttH-DNN-Reco. DNNTraining £tH-DNN-Reco.DNNTraining ttH-DNN-Reco.DNNTraining

} {

} — L

ttH-DNN-Reco.GenerateHypotheses

chizendSeed: 5
requireTT: False
requireTTH: True
requireH: False

~DNN—Recq.Gegj L . DNN-Reco.GenerateHypothesesfi#tH:DNN-Reco.GenerateHypotheses -DNN-Reco.GenerateHypotheses
H-DNN-Reco. limitBtags: True < DNN-Reco. GenerateHypothesesgtH-DNN-Reco.GenerateHy, ¥ g DNN-Reco.GenerateHypotheses
H-DNN-Reco. ) H-DNN-Reco.GenerateHypothesesEH-DNN-Reco.Gene 3 x y] DNN-Reco.GenerateHypotheses
4-DNN-Rect MaxJets: 8 DNN-Reco.GenerateHypothesesilH-DNN-Reco.Generate X H -DNN-Reco.GenerateHypotheses
H-DNN-R ) DNN-Reco.GenerateHypotheses! DNN-Reco.GeneraIM 0.G H-DNN-Reco.GenerateHypotheses
H-pny:  NEvents: 1000000 he DNN-Reco.GenerateHypothesesi ##H-DNN-Reco.GenerateHypatheses co. DNN-Reco.GenerateHypotheses
X t c DNN-Reco.GenerateHy eses! t the H-DNN-Reco.GenerateHypotheses
seed: 96 t H-DNN-Reco.GenerateHypi H-DNN-Reco.Generatel erat sUftH-DNN-Reco.GenerateHypotheses
) a athe H-DNN-Reco.Generatel H-DNN-Reco.GenerateH d £ = IH-DNN-Reco.GenerateHypotheses
{ dropGen: True erateHy, 25 f1H-DNN-Reco.Generaté H-DNN-Reco.General 2 QR H-DNN-Reco.GeneratéHypotheses
. e 1 e R eHypothe DNN-Reco, at L SIS -DNN-Reco.GenerateHypotheses
startSeed: 1 e 2ses H . -DNN-Reco.GenerateHypotheses
. eco.Generat ] -DNN-Reco. p -DNN-Reco.Genera H-DNN-Reco.GenerateHypotheses
chiznumber: 50 H-DNN-Reco.Generate 2UBH-DNN-Reco.GenerateHypotheses

rateHypoth H-DNN-Reco.GenerateHypotheses
R&Z‘Génerateﬂipot eses
-DNN-Ri 0.GenerateHypotheses
INHVA V1
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-DNN-Reco.GenerateEvents
-DNN-Reco.GenerateEvents
-DNN-Reco.GenerateEvents
-DNN-Reco.GenerateEvents
-DNN-Reco.GenerateEvents
-DNN-Reco.GenerateEvents

A . aur ¥ { ’ 2Co. i \
IH-DNN-Reco.MeasureChi2 -DNN .Generate ) enerate e ~DNN-Reoo.GéneraneEv§"5éB
IH-DNN-Reco.GenerateEvents -DNN-Reco.GenerateEN N ate | QftH-DNN-Reco.GenerateEven )
H-DNN-Reco.GenerateEvents . ate t H-DNN-Reco.GenerateEve | | 2 /
)H-DNN-Reco.GenerateEvents . "“, ) NN-Reco. rateEvents NN-Reco.GenerateEvents |
IH-DNN-Reco.GenerateEvents Reco.GenerateEvents | [ Reco.Generate W\ { Events :DNN-Reco.GenerateEvents,
H-DNN-Reco.GenerateEvents Reco.GenerateEvents Reco.Generate AR -[ nts -DNN-Réco.GenerateEvents -DNN-Reco.GenerateEvents
H-DNN-Reco.GenerateEvents Iﬁneco.GenerateE ents D Generate '\ N-Reco.Genera ‘ -;Dle—Recb. enerateEvents -DNN-Reco.GenerateEvents
H-DNN-Reco.GenerateEvents -DNN-Reco.GenerateEven H- e | Reco.G ateEvents -DNN-Reco.GenerateEvents -DNN-Reco.GenerateEvents
IH-DNN-Reco.GenerateEvents - Reco.GenerateEve -DNN-Reco. erate ts H .Genera ts DNN-Reco.GenerateEvents -DNN-Reco.GenerateEvents
H-DNN-Reco.GenerateEvents - Reco.GenerateEve F erateEv N er3 ¥ -DNN-Reco.GenerateEvents -DNN-Reco.GenerateEvents
H-DNN-Reco.GenerateEvents -DNN-Reco.GenerateEve \ X a / .GenerateEvents [ -DNN-Reco.GenerateEvents
H-DNN-Reco.GenerateEvents H eco.G : -DNN-Reco.GenerateEvents
H-DNN-Reco.GenerateEvents ¥ NN-Reco. a 4-DNN-Reco.GenerateEve -DNN-Reco.GenerateEvents
H-DNN-Reco.GenerateEvents ) AIN-Reco. ) -DNN-Reco.Generat -DNN-Reco.GenerateEvents
IH-DNN-Reco.GenerateEvents Reco. o (~DNN-R¢§:D’.Genera -DNN-Reco.GenerateEvents

1

-DNN-Reco CollectVariables

.H-DNN-Reco.Gene Events H-DNN-Reco.GenerateEvents H-DNN-Reco.Gen vents H-DNN-Reco.InstallPxIModule JH-DNN-Reco.InstallPxIModule
H-DNN-Reco.GenerateEvents H-DNN-Reco.GenerateEvents H-DNN-Reco.Instal[PxIModule H-DNN-Reco.InstallPxIModule

Nindow size: 1436 x 878
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law

luigi analysis workflow

35 Law

e law: extension on top of [uigi (i.e. it does not replace luigi)

e Software design follows 3 primary goals:

1. Experiment-agnostic core (in fact, not even related to physics)

2. Scalability on HEP infrastructure (but not limited to it)

6 Decoupling of run locations, storage locations & software environments )

> Not constrained to specific resources

Analysis

~ All components interchangeable

\_ ),

\ Run Storage

location location

e Toolbox to follow an analysis design pattern

s No constraint on language or data structures

— Not a framework

Software
environment

e Most used workflow system for analyses in CMS
s O(20) analyses, O(60-80) people
s  Central groups, e.g. HIG, TAU, BTV
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1. Job submission qw

s ldea: submission built into tasks, no need to write extra code analysis workflow

s Currently supported job systems: HT Condor, LSF, glLite, ARC, Slurm, CMS-CRAB

36 Law features (1)

s  Mandatory features such as automatic resubmission, flexible task < job matching,

job files fully configurable at submission time, internal job staging when queues are saturated, ...

m From the htcondor at cern example:

Ixplus129:law_test > law run CreateChars --workflow htcondor

INFO: [pid 30564] Worker Worker(host=1lxplusl29.cern.ch, username=mrieger) running
CreateChars(branch=-1, start_branch=0, end_branch=26, version=vl)

going to submit 26 htcondor job(s)

submitted 1/26 job(s)

submitted 26/26 job(s)

14:35:40: all: 26, pending: 26 (+26), running: 0 (+0), finished: 0 (+0), retry: 0 (+0), failed:

14:37:10: all: 206, pending: 0 (+0), running: 20 (+26), finished: 0 (+0), retry: 0 (+0), failed:
14:37:40: all: 26, pending: 0 (+0), running: 10 (-16), finished: 16 (+16), retry: 0 (+0), failed:
14:38:10: all: 206, pending: 0 (+0), running: @ (+0), finished: 20 (+10), retry: @ (+0), failed:
INFO: [pid 30564] Worker Worker(host=1xplusl129.cern.ch, username=mrieger) done! O

Ixplusl29:law_test >



https://github.com/riga/law/tree/master/examples/htcondor_at_cern

columnflow

37 Scaling
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Job status polling example from CMS HH combination

pending: 2821 ( ), running: 426 ( ), finished: 74 (+74), retry: @ (+0), failed: 0 (+0)
pending: 2829 ( ), running: 5 (+5), finished: 487 ( ), retry: @ (+0), failed: @ (+0)
pending: 2827 (-2), running: 6 (+1), finished: 488 (+1), retry: @ (+0), failed: @ (+0)
pending: 2813 (-8), running: 424 (-2), finished: 84 (+10), retry: @ (+0), failed: @ (+0)
pending: 2820 (-7), running: 8 (+2), finished: 493 (+5), retry: @ (+0), failed: @ (+0)
pending: 2810 (-3), running: 422 (-2), finished: 89 (+5), retry: @ (+0), failed: @ (+0)
pending: 2819 (-1), running: 9 (+1), finished: 493 (+0), retry: @ (+0), failed: @ (+0)
pending: 2808 (-2), running: 420 (-2), finished: 93 (+4), retry: @ (+0), failed: @ (+0)
pending: 2817 (-2), running: 5 (-4), finished: 499 (+6), retry: @ (+0), failed: @ (+0)
pending: 2802 (-6), running: 422 (+7), finished: 97 (+4), retry: @ (+0), failed: @ (+0)
pending: 2811 (-6), running: 7 (+2), finished: 503 (+4), retry: @ (+0), failed: @ (+0)
pending: 2796 (-6), running: 420 (-2), finished: 105 (+8), retry: @ (+0), failed: @ (+0)
pending: 2806 (-5), running: 10 (+3), finished: 505 (+2), retry: @ (+0), failed: @ (+0)
pending: 2792 (-4), running: 415 (-5), finished: 114 (+9), retry: 0 (+0), failed: @ (+0)
pending: 2800 (-6), running: 11 (+1), finished: 510 (+5), retry: @ (+0), failed: @ (+0)
pending: 2788 (-4), running: 413 (-2), finished: 120 (+6), retry: @ (+0), failed: @ (+0)
pending: 2795 (-5), running: 13 (+2), finished: 513 (+3), retry: @ (+0), failed: @ (+0)
pending: 2784 (-4), running: 411 (-2), finished: 126 (+6), retry: @ (+0), failed: @ (+0)
pending: 2791 (-4), running: 14 (+1), finished: 516 (+3), retry: @ (+0), failed: @ (+0)
pending: 2779 (-5), running: 411 (+0), finished: 131 (+5), retry: @ (+0), failed: @ (+0)
pending: 2705 (-86), running: 92 (+78), finished: 524 (+8), retry: @ (+0), failed: @ (+0)
pending: 2683 (-96), running: 502 (+91), finished: 136 (+5), retry: @ (+0), failed: @ (+0)
pending: 2690 (-15), running: 87 (-5), finished: 544 (+20), retry: @ (+0), failed: @ (+0)
pending: 2647 (-36), running: 530 (+28), finished: 144 (+8), retry: @ (+0), failed: @ (+0)
pending: 2651 (-39), running: 46 (-41), finished: 624 (+80), retry: @ (+0), failed: @ (+0)
pending: 2621 (-26), running: 550 (+20), finished: 150 (+6), retry: @ (+0), failed: 0@ (+0)
pending: 2634 (-17), running: 35 (-11), finished: 652 (+28), retry: @ (+0), failed: @ (+0)
pending: 2608 (-13), running: 555 (+5), finished: 158 (+8), retry: @ (+0), failed: @ (+0)
pending: 2630 (-4), running: 30 (-5), finished: 661 (+9), retry: @ (+0), failed: @ (+0)
pending: 2597 (-11), running: 561 (+6), finished: 163 (+5), retry: @ (+0), failed: @ (+0)
pending: 2621 (-9), running: 26 (-4), finished: 674 (+13), retry: @ (+0), failed: @ (+0)
pending: 2586 (-11), running: 560 (-1), finished: 175 (+12), retry: @ (+0), failed: @ (+0)
pending: 2612 (-9), running: 23 (-3), finished: 686 (+12), retry: @ (+0), failed: @ (+0)
pending: 2577 (-9), running: 559 (-1), finished: 185 (+10), retry: @ (+0), failed: @ (+0)
pending: 2603 (-9), running: 19 (-4), finished: 699 (+13), retry: @ (+0), failed: @ (+0)
pending: 2566 (-11), running: 556 (-3), finished: 199 (+14), retry: @ (+0), failed: @ (+0)
pending: 2593 (-10), running: 23 (+4), finished: 705 (+6), retry: @ (+0), failed: @ (+0)

analysis workflow
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— law

s ldea: work with remote files as if they were local luigi analysis workflow

s Remote targets built on top of GFAL2 Python bindings
~ Supports all WLCG protocols (XRootD, WebDAV, GridFTP, dCache, SRM, ...) + DropBox

~ APl identical to local targets
I Actual remote interface interchangeable (GFAL2 is just a good default, fsspec integration easily possible)

= Mandatory features: automatic retries, local caching (backup), configurable protocols, round-robin, ...

“FileSystem” configuration

# law.cfg e Base path prefixed to all
(wicg. fs] paths using this “fs
base: root://eosuser.cern.ch/eos/user/m/mrieger e Configurable per file

operation (stat, listdir, ...)

e Protected against removal
of parent directories
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— law

s ldea: work with remote files as if they were local luigi analysis workflow

38 Law features (2)

s Remote targets built on top of GFAL2 Python bindings
~ Supports all WLCG protocols (XRootD, WebDAV, GridFTP, dCache, SRM, ...) + DropBox

~ APl identical to local targets

I Actual remote interface interchangeable (GFAL2 is just a good default, fsspec integration easily possible)

= Mandatory features: automatic retries, local caching (backup), configurable protocols, round-robin, ...

Conveniently reading remote files

# read a remote json file
target = law.WLCGFileTarget("/file.json", fs="wlcg_fs")

with target.open("r") as f:
data = json. load(f)




UH
38 Law features (2) columnflow

Marcel Rieger for the CF team ;ﬁ‘

law

luigi analysis workflow

2. Remote targets ‘.‘

s |dea: work with remote files as if they were local

s Remote targets built on top of GFAL2 Python bindings

~ Supports all WLCG protocols (XRootD, WebDAV, GridFTP, dCache, SRM, ...) + DropBox
~ APl identical to local targets

I Actual remote interface interchangeable (GFAL2 is just a good default, fsspec integration easily possible)

= Mandatory features: automatic retries, local caching (backup), configurable protocols, round-robin, ...

Conveniently reading remote files

# read a remote json file
target = law.WLCGFileTarget('"/file.json", fs="wlcg_fs")

# use convenience methods for common operations
data = target.load(formatter="json")
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— law

s ldea: work with remote files as if they were local luigi analysis workflow

38 Law features (2)

s Remote targets built on top of GFAL2 Python bindings
~ Supports all WLCG protocols (XRootD, WebDAV, GridFTP, dCache, SRM, ...) + DropBox

~ APl identical to local targets

I Actual remote interface interchangeable (GFAL2 is just a good default, fsspec integration easily possible)

= Mandatory features: automatic retries, local caching (backup), configurable protocols, round-robin, ...

Conveniently reading remote files

# same for root files with context quard
target = law.WLCGFileTarget("/file.root", fs="wlcg_fs")

with target.load(formatter="root") as tfile:
tfile. ls()
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2. Remote targets ‘.‘

s |dea: work with remote files as if they were local

luigi analysis workflow

s Remote targets built on top of GFAL2 Python bindings

~ Supports all WLCG protocols (XRootD, WebDAV, GridFTP, dCache, SRM, ...) + DropBox
~ APl identical to local targets

I Actual remote interface interchangeable (GFAL2 is just a good default, fsspec integration easily possible)

= Mandatory features: automatic retries, local caching (backup), configurable protocols, round-robin, ...

Conveniently reading remote files

# multiple other "formatters" available
target = law.WLCGFileTarget("/model.pb", fs="wlcg_fs")

graph = target.load(formatter="tensorflow")
session = tf.Session(graph=graph)
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) law

s |dea: work with remote files as if they were local luigi analysis workflow

2. Remote targets

s Remote targets built on top of GFAL2 Python bindings

~ Supports all WLCG protocols (XRootD, WebDAV, GridFTP, dCache, SRM, ...) + DropBox
~ APl identical to local targets

I Actual remote interface interchangeable (GFAL2 is just a good default, fsspec integration easily possible)

= Mandatory features: automatic retries, local caching (backup), configurable protocols, round-robin, ...

def run(self):

inp = self.input()

correctionlib
correction_set - correctionlib.CorrectionSet.from_string(
inp.load(formatter="gzip"),

)

' A e,
) 3 ~
* * ....*

downloads the file puts it into the local opens the file and
if it is remote cache for later use decompresses the content
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3. Environment sandboxing “. IqW

s Diverging software requirements between typical workloads luigi analysis workflow
is a great feature / challenge / problem

39 Law features (3)

= Introduce sandboxing: docker: :imgA e

~ Run entire task in different environment

s Existing sandbox implementations:
> Sub-shell with init file (e.g. for CMSSW)

~ Virtual envs

d O C ke r' : : -i_ mg B MVAEvaluation

Docker images
g : : g She-l_-l_ : :mYEnV. Sh @ 4Training
~ Singularity images

@hvasplit
sihgularity::cc7/
ﬁ p U t h O n @Reconstruction @<construction @Beconstruction @construction @Beconstruction @=construction @Beconstruction @-const
virtualenv
Belection Belection Belection Belection
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¥ luigi task
luigi law task
my_analysis.tasks Selection Run on HT Condor
Store on EOS
(luigi.Task): Run in docker
dataset = luigi.Parameter( | )
( ) :
Selection( self.dataset)
1t ( ) :
luigi.LocalTarget( {self.dataset} )
run ( ) :
inp = self.input() #
outp = self.output()

> python reco.py

Example &

Reconstruction --dataset ttbar

UH

.i.ti.
mn


https://github.com/riga/law/tree/master/examples/htcondor_at_cern
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40 Law In action

¥ luigi task
luigi @ law task
law
my_analysis.tasks Selection Run on HTCondor
Store on EOS
(law.Task): Run in docker
dataset = luigi.Parameter( | )

( ) X

Selection( self.dataset)

1t ( ) :
law. LocalFileTarget (" {self.dataset} )

run ( ) :
inp = self.input()
outp = self.output()

Example &

> Law run Reconstruction --dataset ttbar



https://github.com/riga/law/tree/master/examples/htcondor_at_cern
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40 Law In action

¥ luigi task
luigi ¥ law task
law
my_analysis.tasks Selection ¥ Run on HTCondor
Store on EOS
dataset = luigi.Parameter( )

( )

Selection( self.dataset)

1t ( ) :
law. LocalFileTarget (" {self.dataset} )

run ) :
inp = self.input()
outp = self.output()

Example &

> Law run Reconstruction --dataset ttbar --workflow htcondor



https://github.com/riga/law/tree/master/examples/htcondor_at_cern
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40 Law In action

¥ luigi task
luigi @ law task
law
my_analysis.tasks Selection ® Run on HT Condor
% Store on EOS
dataset = luigi.Parameter( | )

( ) X

Selection( self.dataset)

1t ( ) :
law.WLCGFileTarget (" {self.dataset} )

run ( ) :
inp = self.input()
outp = self.output()

Example &

> Law run Reconstruction --dataset ttbar --workflow htcondor



https://github.com/riga/law/tree/master/examples/htcondor_at_cern

40 Law In action

> Law run Reconstruction --dataset ttbar --workflow htcondor

luigil
law
my_analysis.tasks Selection

(law.SandboxTask,

dataset = luigi.Parameter( | )
sandbox |

( ) X

Selection( self.dataset)

1t ( ) :
law.WLCGFileTarget (

run ( ) :
inp = self.input()
outp = self.output()

{self.dataset}

columnflow UH
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¥ luigi task

¥ law task

% Run on HTCondor
%’ Store on EOS

% Run in docker

Example &

.i.ti.
mn


https://github.com/riga/law/tree/master/examples/htcondor_at_cern
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41 Triggers: CLI, scripting and notebooks

o CLI
> Law run Reconstruction --dataset ttbar --workflow htcondor

s Full auto-completion of tasks and parameters

analysis.tasks Selection
akward ak

e Scripting

task = Selection(dataset="ttH bb", version-"v3", shift="nominal"')

s Mix task completeness checks, job execution A
ask.law_run()

& input/output retrieval with custom scripts

- Easy interface to existing tasks for prototyping events - task.output().load(formatter—"awkward")

n_jets - ak.num(events.Jet, axis-1)
® NOtEbOOkS print(n_jets)

In [5]: %law run ShowFrequencies —-print-status -1

print task status with max_depth -1 and target_depth 0 P i
launch binder

@ > ShowFrequencies(slow=False)

L——l > MergeCounts(slow=False)
(fs=local_fs, path=$DATA_PATH/chars_merged.json)
existent

2 > CountChars(file index=1, slow=False)
t(fs=local_fs, path=$DATA_PATH/chars_1.json)

existent

3 > FetchLoremIpsum(file_index=1, slow=False)
(fs=local_fs, path=$DATA_PATH/loremipsum_1.txt)

existent



https://mybinder.org/v2/gh/riga/law/master?filepath=examples/loremipsum/index.ipynb
https://mybinder.org/v2/gh/riga/law/master?filepath=examples/loremipsum/index.ipynb
https://mybinder.org/v2/gh/riga/law/master?filepath=examples/loremipsum/index.ipynb
https://mybinder.org/v2/gh/riga/law/master?filepath=examples/loremipsum/index.ipynb
https://mybinder.org/v2/gh/riga/law/master?filepath=examples/loremipsum/index.ipynb
https://mybinder.org/v2/gh/riga/law/master?filepath=examples/loremipsum/index.ipynb
https://mybinder.org/v2/gh/riga/law/master?filepath=examples/loremipsum/index.ipynb
https://mybinder.org/v2/gh/riga/law/master?filepath=examples/loremipsum/index.ipynb
https://mybinder.org/v2/gh/riga/law/master?filepath=examples/loremipsum/index.ipynb
https://mybinder.org/v2/gh/riga/law/master?filepath=examples/loremipsum/index.ipynb

columnflow UH

Marcel Rieger for the CF team ;ﬁ‘

Demo

e Print character frequencies in the "loremipsum" placeholder text (from examples/loremipsum)

~ Fetch 6 paragraphs as txt files from some server [ FetchLoremlpsum 1 ] . [ FetchLoremlpsum 6]
l l
> Count character frequencies and save them in json [CountChars1 ] . [CountChars 6]
~ Merge into a single json file MergeCounts
l
> Print frequencies [ ShOWFrequenCieS]

e Sowing CLI usage in the following, but BESRELLIE N il for the notebook version


https://github.com/riga/law/tree/master/examples/loremipsum
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e Pythonic class collection to help structuring CMS metadata

e Provides programmatic access to and relations between various entities

Name Purpose documentation
Analysis Represents the central object of a physics analysis. = O %
Campaign Provides data of a well-defined range of data-taking, detector alignment, MC settings, datasets, etc. % rd e r order

Lint and test [passin license ause
Config Holds analysis information related to a campaign instance (most configuration happens here!). % Search the docs ..
If you're designing a high-energy physics analysis (e.g. with data recorded by an LHC experiment at
Dataset Definition of a dataset, produced for / measured in a campaign. e o camaet complted e ot ordr provides & prihent
. . . . . efere”‘:e. " ¢ analyses,
Process Phyiscs process with cross sections for multiple center-of-mass energies, labels, etc. ::ez:::.s MG camoaians,
¢ datasets,
order.dataset . .
Channel Analysis channel, often defined by a particular decay resulting in distinct final state objects. orderprocess | Ty process andcioss sectons
order.category e categories,
A Ao - - - - order.variable « variables. an
Category Category definition, (optionally) within the phase-space of an analysis channel. i e e
Variable Generic variable description providing expression and selection statements, titles, binning, etc. e oo
Shift Represents a systematic shift with a name, direction and type.

e Examples

In [3]: dataset_ttH.get_process("ttH").get_xsec(ecm=13) In [12]: cfg.get_variable("jetl_px").get_full_title(root=True)
outl3]: 0.5071 fg-gigg%%g (scale) Outl12]: 'jetl_px;Leading jet p_{x} / GeV;Entries / 20.0 GeV'

e Heavily used throughout columnflow, common objects (datasets and cross-sections) centralized inO /uhh-cms/cmsdb

e Note: Moving code-base to CMS-wide project via CAT group, datasets & cross-sections to be managed centrally £


https://github.com/uhh-cms/cmsdb
https://python-order.readthedocs.io/en/latest/

