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t  Introduction |

-

» These slides aim to build a common understanding of:

» What a production is?

» How a production is split into transformations?

» How to make use of these blocks in your own workflows.
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' Introduction |
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» After the hackathon, an Architecture Design Review (ADR) will be prepared early in summer.

» Once agreed upon, start development!
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Dles DiracX |
T — '\QE

» Here | show the intended production system in DiracX.

» The underpinnings are almost identical to the DIRAC Transformation System.

» With lots of little tweaks based on experience and lessons learned.

ODIRAC -

THE INTERWARE
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Start with the basics
I G MW TGS e ’\mﬁ

-

» We have a black box that;

‘---

input?
» Might have input(s)
» Produces output(s) [ payload ]
» For now we ignore any source of
parallelism \ output
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.:. Start wuth the basncs )
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Simple case: a simulation and a reconstruction

Raw data payload Reconstructed data

(no input) payload ]—P Simulated data
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Start wuth the basucs
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é )
More complex: correlated inputs, many outputs
Raw data File A
j payload % File B
Reconstructed data File C
. J
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\ Two steps, one Job
W R Y '\Q

» Start with one job running two steps end-to-end:

» Sim: simulate events - input is count, seed

» Reco: reconstruct — processes Sim's output

» A step describes how to run one program (a command-line tool).

f
|
|
I
|
I
|
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. Spllttl thlngs up S8

» One job hits limits — disk, CPU time, memory.

» Split into steps which are abstract building blocks

count, seed 1’_____‘\ file(s) file(s) {’_____\ file(s)
>: Sim ' > >: Reco ' >
N T P N ~
file(s) T T T T Ty file(s) file(s) - T T T, file
»  Filter > » merge >
S > l\ _____ ~
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Parallellsmg the work |
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» Many Sim jobs feed each Reco — Filter branch.

» The branches merge into the final output.
» Each block in the diagram is a job

Sim1

Reco 1 H Filter 1
Sim 2

%>( output
Merge 1 )—b

Sim 3
Reco 2 H Filter 2

Sim 4
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Parallellsmg the work |
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» No need to separate the Reco and Filter steps into separate jobs.
» Could be streamed between them or ran sequentially.

» This diagram repeats N times times to produce more simulation.

p
Sim1 )\
- [ Reco 1 Filter 1
Sim 2 J/
\- output
Merge 1 )—b
-
Sim 3 )\
> [ Reco 2 Filter 2
Sim 4 J/
\_
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| Transformation |

" 3

» Transformations contain many jobs which each do the same thing

» Transformations can be chained together

( Transformation 1 )

( . ( Transformation 2 )
Sim 1 ~
_ :( .
Reco 1 Filter 1 }-
-
Sim 2 }/ \ R
-
Merge 1 J—-»
-
Sim 3 }
S~
> :( Reco 2 Filter 2 )—/ '
Sim 4 }/ Output files
\
e
Sim 5 ) b( Reco 3 Filter 3 )——t( Merge 2 )—-»
N ) U J, J
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8 7 Productions |
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» A Production groups one or more transformations together

» Might also include data management transformations (e.g. archive output to tape)

» |'ll come to those later

! PRODUCTION b
: ( Transformation 1 R :
v | ( . é Transformation 2 ) 1
L Sim1 ~ I
' Reco 1 Filter 1 )— '
V| :( 1
: Sim 2 }/ \ Transformation 3 R :
L

1
i Merge 1 )——n-
: f Sim 3 } :

Im

1 [~ 1
I > :( Reco 2 Filter 2 )—/ !
! Sim 4 }/ !\ Output files
|\ I
1 1
1 f 1
: Sim 5 ) :( Reco 3 Filter 3 )——t( Merge 2 )——v:f
| J,

y
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Becomlng abstract again |

PR L Sl E

» When defining a transformation the jobs don't exist

» In workflow management terms, they form a dynamic DAG

V'

I PRODUCTION

[

[ Transformation 1 Transformation 2 Transformation 3
I , I I BN N S . .- \ l —————————— T —————————— \ , ————————
[ .

E Sim | | Reco : Filter 1 Merge

| ) / N e e e e e - | S
[

\
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.' Connectmg it all together
T ST T

» Each transformation has an input plugin: controls when to create tasks

» Transformations with input data have an metadata query

/ oE—— Em Em ED EE EED S S BN EE ED BN BN BN BN BN SN SN SN SN EE EE EE EE BN BN BN SN SN SN EE EE EE EE EE EE BN EE B BN BN SN SN SN BN EE EE Em EE EE BN B B B B Em Em o my
I PRODUCTION
[
I Transformation 1 METADATA QUERY Transformation 2 METADATA QUERY Transformation 3
INPUT PLUGIN | g ——————— \ INPUT PLUGIN s T 0 el \ INPUT PLUGIN ===
1 [ .
------ , Sim 0 ptttlt 1 Reco ! Filter bt——---—-=1  Merge
| S V4 N oo e e o e e — e e e e e e e e e e 2 |
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Transformatlon state |
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» Transformations have transformation input (typically a list of LFNs)
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Transformatlon state |
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» Periodically uses the input plugin to decide when to create a task
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Transformatlon state |
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» One or more transformation input(s) are assigned to a task

Transformation input

I’UNASSIGNED ‘I
NG e TTTTTTTTTIs \
! I
L ( LFN6 D v Coma ) o )!
: ASSIGNED : | y
1 LFN1 I T T s s s s ===
1 C ) I periodically ( | TASK 2 \I
1 ( LFN2 ) I k input plugin : ( LEND >C LFNS ) I
1 1 |
¢ LFN4 )i R .
I | o e e e e e e e e e e e
: ( L ) : | TASK 3 ‘I
I
: C LFN7 ) : | LFN7 :
: DONE : N 7
\ — none yet — ]
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Transformatlon tasks |
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» A transformation's task is submitted to a backend

» Tasks are not retryable -> added back to the pool of unassigned transformation input(s)

» Aninput is only ever successfully processed by one task

» Next time the input plugin is run, a new task might be created

» Potentially with different inputs

Transformation input
I’ UNASSIGNED ‘\I ____________
_______________ WORKLOAD BACKEND 1
: ( LFN3 ) : | TASK 1 I ubm t: :
Rk C LFN6 ) ! ( IIDIGED) '_"( JOB1v J i
T ( LFN2 v N T oo ! :
1 1 L 1
P C LFN5 D) ! . TASK 2 N I ;
Voo C LEN7 ) ; ( 2 (s ) '_" JOB2 X }r-:
: | ASSIGNED e N : : |
o e N\ o L !
: - . | TASK 3 1 : :
G : : e
G Tl ! L
| v
: 1 C LFN4 oy Mo ’ i
| |

_——— e = = = = = = =
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» The input plugin can inject additional inputs

» For example also include an ancestor file

Dataset 1 - ancestors ancestor  rransformation input

o )‘r—i( A ) (L NG |
| C e )] | C | L o ) e )
: N3 ) :1—:—( e ) Smm-m - --———----- ’
: LA ) :'_:_C LFN:D ) :_{ input plugin [ TASK 2 \I
: ! : | v e (N2 )
s ) e wee ), | C e D) s )
: LFN6 ) L—:C LFN:F ) : : ____________________________________ - ’
| C w7 ) L—:—( NG ) | — :
e R e Lowe 0w )
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Data management transformatlons i

» The other side of the transformation system is data management.
» Two primitives: Copy and Delete

» Tasks know the final data distribution state you want to obtain
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Data management transformatlons |
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» Similarities to workload management transformations:
» Input metadata query to create tasks
» Tasks have input LFNs
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» Differences:

» No Jobs (uses Requests instead)
» No CWL

» No "output”
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The three components of the transformatlon system _

Metadata
management

system

Data
management

Workload/Request
backend
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Metadata management |
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» Extremely experiment specific

» Basics:

» Steers what LFNs are picked up by a transformation?

» Output of transformations are registered

» Can also provide:

» ancestry information for correlated input

» descendent information for additional safety checks

1 LFNs can be added manually for special cases.
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f Data management |
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» Provides information about
» LFN availability

» Available storage at sites
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f Data management |
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» Example uses of transformation input plugins:

» Group LFNs to all have replicas at the same locations

» Don't create tasks for LFNs that are at locations with downtime
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Worhloaleequest baclzend

» Workload/Request backend takes care of actual task execution
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Worhloaleequest baclzend

» For workload transformations:

» Each workload task has:
» Matching criteria
» Zero or more input LFNs and input sandboxes
» An associated workflow
» Workload backend is responsible for:
» Scheduling the task to a worker node
» Starting the DiracX job wrapper
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Worhloaleequest backend
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» For data management transformations this is handled by Requests
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Putting it all together |
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N N P e e

oFTE mE EN EN EI EI EI NI EI RN BN EE SN NN BN N SN BN BN SN RN BN SE SN BN SN SE EE EE SE BN BE SN SE BN EE SE EE BE S SE BN EE SE EE BN SN SE SR SR SE BE EE S AR ER R SR ER ER A R -
V4 A
; PRODUCTION Transformation 3 !
I jm————————-— ~ 1
1
: Removal " N 1
. o e / (" Transformation 4 I
[ T T S I
|
: Transformation 1 Transformation 2 B 1 Merge :
___________________ \
- S ¢ T N S = —— /
| | . 1 I I 'I L_/ \_ J :
: . Sim IJ L’l Reco  Filter (" Transformation 5 ) I
J
I\ ——- e e o ’)\ —_—————— N I
| |
1 1 Merge
1 . 1
Transformation 6 \ / I
R 2N \ == ===- J
1 - N |
1 II ) Merge | II monitoring 1
: i ge | muil |
I monitoring Ne—m—m———— (no merge) :
1
1 1
1 1
1 1
1 1
: Transformations 2 & 6 share a custom state transition — on finishing, all monitoring is merged into a single histogram :
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» Here I've only talked about the low-level system
» Examples in LHCb:

» "Analysis productions”:

» "mc-requests” and "LbMCSubmit": and

» Fluka simulations:

christopher.burr@cern.ch o DiracX production system



https://indico.cern.ch/event/1471803/contributions/6970826/
https://indico.jlab.org/event/459/contributions/11555/
https://indico.cern.ch/event/1338689/contributions/6010990/
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Analysus Productlons model Declarlng workflows |
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-

sim-version: 09
name: My Analysis

. . . . : Ch
» The idea is to have a high-level declarative “S”‘jmpief;‘fm

way of declaring any workflow - event-types:
- 23103006

» With a escape hatch to allow for deeper - 27165175
- 30000000

customization data-types:
- 2016
» Or just write a DIRAC workflow directly - 2017
- 2018
(mOStIy fOI” expert USQI’S) num-events: 2_500_000
fast-mc:
redecay: yes
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: Analysns Productlons model Submission |
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» Submission is then Git-style CI/CD driven
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: Analysns Productlons model Submission |
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» Can run tests locally (optional)
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Analysns Productlons model Submnssnon i
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» Prior to submission, a test is ran automatically

» Communicate back to users informaton in a friendly way

» Measure resource requirements

» Approval rules added automatically for restricted productions
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» When merged the production runs
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: Analysns Productlons model: Submnssnon
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We won't have time for this now, at the next workshop...
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