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OD'RAC In a nutshell

THE INTERWARE

» DIRAC is a complete grid solution @
for one or multiple user
communities that need to O el
exploit distributed

heterogeneous resources
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» Both computing and storage (=1 A
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the same framework with w&-nmr £
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OD'RAC Managing workloads

THE INTERWARE

laas:Clouds

Users see only Jobs

Grid

T High

Perfomance

Computers
Pilots
administer computing
slots, and match (pull)
jobs

Computer clusters

- I

» « Pull » model with pilot jobs (HTC, Cloud reources)

» « Push » solution for HPC centers that do not allow pilots due to the
internet access limitations

» Integrating CWL (Common Workflow Language) for job descriptions
in DiracX



ODIRAC

THE INTERWARE

Computing Elements

» ComputingElement interface
to abstract access to
computing resources

» Grid CEs:
AREXCE, HTCondorCE

» CloudCE

The pilot payload script and
data are added as instance
metadata in cloud-init format
Any VM image containing
cloud-init to decode and start
the DIRAC pilot bootstrap
scripts.
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OD'RAC Managing data

THE INTERWARE

» Managing files

Logical file names - LFNs DF']T;CW
File Catalogs —
physical replica locations S \éuc:
file metadata
DIRAC File Catalog >
Rucio \Hfmw
Storage systems (SEs) with [ E..ZZZZ. » .

various access protocols System

Storage Base

» Support for massive data
operations

FTS, failure recovery, monitoring



ODlRAC all in 1 solution

THE INTERWARE

» DIRAC is a complete solution including both workload and data
Mmanagement subsystems
Allows to stay in the same software framework for all the tasks of a large
experiment
Requires a single team of developers and administrators of a distributed
computing project
Sharing professional experience for different tasks
Optimal for managing manpower of the project

» Possibility to use Rucio DMS along with
the DIRAC WMS

RucioFileCatalog developed by the Belle Il experiment

Popular solution explored by several communities,
e.g. CTAO

» Easily customizable to specific needs of particular
communities with the Extensions mechanism



ODlRAC Transformations

THE INTERWARE

o

- . Workload
Jobs— Management

Productions Productions Deﬁnltlons
System
Management )

Transformation
System

DataSets Operatlons BaE0 T Request Data
DataSets Management ata Operations—» Management —> Management

System System

» Transformations System is an engine for managing complex
data-driven workflows
Automation of common tasks
Creation, resubmission, deletion of jobs
Replication, registration, removal of data files
Handling millions of jobs and files
Massive operations validation, failure recovery



OD'RAC Open source project

THE INTERWARE

» Driven by the needs of the user communities
With multiple contributions from community developers

Example: DIRAC File Catalog (DFC) was developed initially for ILC and

BES lll experiments, it is used now by several experiments including
LHCb.

» Public code repository in Github
GPL v3 license -4 sommane 241

Automated testing, Cl with Github actions e

» DIRAC Consortium created in 2017
Developing and promoting the DIRAC software
Holder of the DIRAC software copyright

Current members: CNRS, CERN, IHEP, KEK,
Imperial College




THE INTERWARE

ODIRAC Users: LHCb

LHCDb running jobs

LHCb Data

Name Last *

Name Last*

P «= CERN 270 PB 300 P8 == CERN 146 PB
“= RAL 17.3PB == RAL 435P8
80 PB «= GRIDKA 1.9PB 250 PB = CNAF 38.5PB
= CNAF 10.9 PB == GRIDKA 27.4PB
60PB == Beijing 8.50 PB 200 PB - IN2P3 19.2PB
- IN2P3 7.45 PB = Beijing 15.0 PB
pike == CSCS 5.07 PB 150 PB = SARA 1.5PB

- PIC 3.46 PB 100 PB

- NCBJ 5.06 PB
0109 M09 2109 0110 M0 210 310 0NN 20m  30M 0109 0909 1709 2509 0310 N10 1910 2710 04M 1211 20M 281 I e

Disk | Tape

» Running over 500K concurrent jobs on more than 100 sites

y Resources: HTC, HPC, clusters, HLT farm



ODIRAC

THE INTERWARE

» Belle Il, KEK

Using DIRAC + Rucio combined service for all
the production tasks. Developed RucioFileCatalog

» CTAO (Cherenkov Telescope Array Observatory)
MC production. Developed DIRAC Production System
» ILC/CLIC, CERN

Future accelerator detector modelling, WMS+DMS
Developed service supervision tools

» EGI Workload Manager

Multiple VOs: WeNMR, biomed, Pierre Auger, KM3NeT,...

» GridPP DIRAC service
Multiple VOs: T2K, NA62, Euclid, ...
Developed CloudComputingElement, Multi-VO Catalog

Belle I

e
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= GridPP

/) “f\ UK Computing for Particle Physics
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DIRAC  EGI Workload Manager prg.

THE INTERWARE

H Osted at CC/I N 2 P3 in Lyon Cumulative Jobs by UserGroup

Maintained by a joint team from
several CNRS laboratories

Cluster of 10+3 medium sized virtual
servers + MySQL/ElasticSearch host £
service

~25VOs e

Jan 2025  Feb 2025 Mar 2025 Apr2025 May 2025 Jun2025 Jul 2025 Aug 2025 Sep2025 Oct2025 Nov 2025 Dec 20:

Max: 34.7, Min: 0.06, Average: 17.7, Current: 34.7

> 200 registered users Som % pwe n g s o
Some of them represent large e

27 Bopuser . 01 W iminetuser 00 B o 00
prod 20 W kminetprod 00 M frangrilles.user 00 M km3net admin 0.0
Genesedon
. .
communities 30 Days from 2025-11-03 to 2025-12-03
16000

Running smoothly
~35M jobs in 2025

=1 Up to 6K concurrent jobs
1 Up to 200K jobs per day in spikes

jobs

o
2025-11-05 2025-11-08 2025-11-11 2025-11-14 2025-11-17 2025-11-20 2025-11-23 2025-11-26 2025-11-29 2025-12-02
Max: 13,329, Min: 1.84, Average: 2,916, Current: 205

Other mUIti'Community services DR e e e Sy 8 e on
IN2P3, GridPP, IHEP, etc



ODlRAC w— (ODIRAC"

THE INTERWARE
THE INTERWARE

Ongoing developments in full swing:

» DIRAC software technologies becoming outdated
Custom client/service protocol, RPC style, custom client APIs
Complex deployment, no tokens,
Difficult to onboard new developers

» DiracX - complete rewrite of the DIRAC software stack while keeping the base architecture
and functionalities

» Based in well-established technology standards
AAl: OIDC/OAuth2 native
REST interfaces :
FastAPI, Swagger docs, OpenAPl compliant
DiracX web :
NextJS, Material Ul, Typescript
Deployment
Kubernetes, Helm charts
Also used for continuous integration test

» The WMS DIRAC subsystem is based on the CWL framework to manage complex workflows

12
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More on WMS and HPC



0 DIRAC WMS Architecture

THE INTERWARE

- DIRAC WMS architecture is based
on the PULL paradigm and the User oo
concept of pilot jobs

- User jobs are submitted to the central

&0

Task queue e

: {Feandioc] |auese| [ vO )

Global view of user tasks allows to apply i\ )

efficiently scheduling policies P -
DIRAC WMS Matcher

Service

- Pilots are submitted to various
computing resources :

With specific submission mechanism in
each case

- Pilots match (pull) the user payloads and

Pilot Job Pilot Job Pilot Job Pilot Job
DIRAC
Site

steer their execution i o o

Late binding of user payloads to the
computing resources

Ensure precision of policies application
Reduce payload failure rates



OD'RAC Job submission

THE INTERWARE

» Users submit jobs with precise description
Applications
Input/output data

Resources requirements

» Jobs requirements are analyzed and suitable sites are
preselected

E.g. sites close to the input data storage service

» Bringing data online from archive storage can be
triggered while the job is waiting in the Task Queue



OD'RAC Computing Grids

THE INTERWARE

» DIRAC was initially developed with the focus on accessing
conventional Grid computing resources

WLCG grid resources for the LHCb Collaboration

» It fully supports different middleware based grids
European Grid Infrastructure (EGI),WLCG, etc
DIRAC is an officially supported WMS service for the EGI infrastructure
Northern American Open Science Grid (OSG)

HTCondor middleware

Northern European Grid (NDGF)
Using ARC middleware

Direct submission to computing elements

» Other types of grids can be supported
As long we have customers needing that



O DIRAC Standalone computing clusters

THE INTERWARE

» Users can connect their own DIRACWMS [ Task
computing resources e
Not making part of any grid Manager
infrastructure X A
. Pilot
» The user site can be: Director
a single compﬁter or see)/erarll SSH tunnel
computers without any batc Pilot + Pro
system B D
a computing cluster with a batch Ste [ Gateway B
SyStem <dirac> user
LSF, BQS, SGE, PBS/Torque, —
HTCondor Batch System
1 Commodity computer farms ———
SLURM

-1 HPC centers U U l-l |—|



O DIRAC Multi-core workers

THE INTERWARE

» Pilots exploit multi-core workers using PoolCE “inner”
Computing Element

On-WN batch system running jobs in isolated containers

Flexible strategy with prioritized job requests to the Matcher, e.g.:
First, ask for jobs requiring WholeNode tag
If none, ask for jobs requesting as many cores as available
If none, ask for jobs with MultiProcessor requirement
If none, ask for single-core jobs

The goal is to fill the nodes with payloads fully exploiting there
multi-core capacity

R 1 pil r box
Matcher [0 (0] [HE WE 0] SESEEE

EREEEO ST SR
a queve =0l | e
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ODIRAC

THE INTERWARE

Muti-node allocations

» Fully exploit multi-node allocations

Natural for MPI-type jobs

Needs effort for grid-like “few-cores” jobs

Sub-Pilots
'v7r3 DIRAC

+ Use of srun to install 1 pilot-job
per node in parallel.

* The pilot-jobs share the same
identifier, status and logs.

CVMFS endpoint
mounted on the nodes

* Possibilities to request elastic
allocations (e.g. between 1 and
5 nodes).

LRMS accessible from outside

(push pilots from the DIRAC server
Multi-Node

allocation

External connectivity
(Fetch jobs, upload outputs...)

Internet



ODlRAC Job Wrapper

THE INTERWARE

» Pilots create job wrappers to steer user jobs execution in the worker nodes

» Job wrapper —a watchdog process running in parallel with the user application
Initializes user application

Downloading input data, downloading software (CVMFS cache)
I/O bound phase

Watches resources consumption by application

CPU, Disk, Memory, I/O operations
CPU bound phase

Sends job heartbeats and receives WMS commands
E.g. killing stalled jobs

Uploading results
Output data

Accumulated job parameters (resources usage, efficiency, etc)
I/O bound phase

» Job parameters as measured by the job wrapper are available to users
Allow for better description of subsequent jobs

» Job wrapper is part of the WMS
Can interact with the execution environment, e.g. CPU throttling while in I/O phase

20



OD'RAC HPC access

THE INTERWARE

» DIRAC requirements to HPC

Standard user-level access to submit jobs to the local LRMS

E.g. ssh login with public key to the LRMS gateway
Or a standard CE interface, e.g. ARC at friendly sites

If no standard access possible:
run pilot factory in the HPC gateway

Two main modes of operation

“Pull” mode similar to the grid environment
Rarely the HPC case

“Push” mode if no outbound connectivity is possible
Or a mixture of the two

21



OD'RAC Resource allocation in “pull” mode

THE INTERWARE

2.

Pilot mode “pull” (preferrable a la grid)

LRMS jobs are standard DIRAC pilot jobs

Preinstalled DIRAC software: preferably in a global FS,i.e. CVMFS
Outbound connectivity to the WAN — central DIRAC services, storage
services, CVMFS

Job’s input sandboxes and data are brought in by the pilots

Job’s output sandboxes and data are uploaded by the pilots

5. Pilots fetch
jobs
4. Pilots
. Jobs run evaluates
. environment
e
A}

Waiting

Pilot-F 6*. Jobs get
(SiteDi software
dependencies
1. Jobs arr. li
in WMS que CERN VM File
DIRAC Queues System (CVMFS)

2. Pilot- Factory
genera tes &
submits pilots

3. Pilots wait
Computing in the Site Grid Site
Element queues




OD'RAC Resource allocation in “push” mode

THE INTERWARE

If no outputbound connectivity possible
PushJobAgent: runs “pilots” in the central service pushing only user
applications to LRMS
Application and DIRAC software preinstalled in LRMS
E.g. CVMFS snapshot created in a Cl pipeline and mounted as /cvmfs
Job’s output sandboxes and data are extracted via the ssh tunnel
Or via the ARC interface if available

Matcher

s

2. PJA fetches a
suitable job

Waiting
Jobs

5*, Jobs get
software
dependencies

PushJobAgent

e

1. Jobs arrive

CERN VM File

in WMS gueue
DIRAC . System (CVMFS)
3. PJA submits the 4. Jobs wait
job Computing in the Site Grid Site
Element queues

23



OD'RAC HPC cases

THE INTERWARE

» A solution for a particular HPC is usually a compromise of
getting the best of what is possible

/ \
N /s 2
Instal @ Gatoway y s s e Run munpie fobs (1 @

/ h
/ N\, install a PlotFactory / MNulti- uode Usa Pavael Libravy: Nulti-Core
service on ihe edge — > » Use same
7 - ¥ >
ity accessible & on the adga nods" nounted? = ocltl.om? 1 plot-|obvrode ocations? - {FOOICE)

\\
External \
W 7 —

Stop
canviot continue

| .
l‘ /i \ /15 mk Use sutsal- CVMFS. _ Jﬂ{bme/"&e Burxtlo jobs in a same

|

*Singularity **EdgeNode ***Shared File System
\\ -
N A\
Nc Stop: c B
{ Singularity? y— an we a 3 E
ks % ohnnol condiie Can we run \ T / shared rs \
4 & E"D‘ Hodo. N\ iles on the accessible?
Gt W \/
Restarl from
"ExternalConnectivity?
No" + No
\-4
Stop: Conract an
Cantact an cannal continue administrator
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CDIRAC Conclusion

THE INTERWARE

» DIRAC is an example of a product that evolved from a single
experiment development to an open-source project exploited
by multiple scientifigue communities

» DIRAC offers a complete solution for all the computing and
data management tasks for research communities

» DIRAC WMS is flexible enough to adapt to specific HPC
infrastructures.

» DiracX is a major upgrade to meet the requirements of large
user communities for the years to come. The ongoing
developments take into account the HPC access requirements

25
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OD'RAC DIRAC/DiracX architecture

THE INTERWARE

» Running in parallel DIRAC and
DiracX components

. p 3 R

To ensure smooth transition A -
of production installations
p e ||| 4 ’Eﬂ@
. ’\,— irou asks
» Keeping common databases pr. S W I i = )
for DIRAC and DiracX | Difacx chest (= ceceny ) | wysal o]
components N & -
| s
DIRAC 9.0 - \ @ React ) OpenSearchW
M ) 3) T -/ TobParametersbB
Dlracx 0. I L\\\_._/ DiracX Certralised Logging )
Legacy Client - J
2
» Different installations can Ny ODIRAC  —— Y SHE
migrate at different pace L o » ==
. Legacy Installation External Dependencies
DIRAC 8.0 will be supported #
up to 2027

27



ODlRAC DIRAC->DiracX migration

THE INTERWARE

P Alegacy
and adaptor services

DiracX moves traffic can be

share the from DIRAC to removed
databases DiracX

services

> 28



OD'RAC RucioFileCatalog

THE INTERWARE

» Multiple requests to allow DIRAC to work
together with the Rucio DMS.

» The RucioFileCatalog plugin developed by
the Belle Il experiment
Developments done both on DIRAC and Rucio sites
Implements the DIRAC File Catalog interface
Allows access of the DIRAC WMS and DMS components to get the file
information from Rucio
Data aware job placement

» Now used by the CTAO Collaboration, offered by the GridPP DIRAC
service

» DIRAC-Rucio joint workshops to elaborate common strategies
towards better integration of the projects

29



OD'RAC Timeline

THE INTERWARE

- _
o — - Cha“enge - o - - - - -
' il ' ' ' ' il i '
' ' ' ' : : ! ! '
' ' '
1 i Il

MC production DIRAC2 First successful DIRAC3
system Rewritten in grid usage ever. F Il rewriting,
Python, using ] velopment of
' - xml-rpc, ' th DISET p t ol
bash scripts interfacing to EDG First use of pilot still in

nnnnnn ing at _— jobs based WMS today!
production sites

the curren t DIRAC
framework is still
based on this
work

-
» Evolving from a bunch of shell scripts to a general purpose
distributed computing framework
» DISET secure protocol with data streaming support
»  Multi-VO, extendable

» Adopted by several HEP communities and grid infrastructure projects

' ' '

'

b 30



ODIRAC

THE INTERWARE

Upgrade: technologies

Major technologies :

» Services

DiracX Web APIs with
APIls documented with

Following the specification by
» Diracx Web Portal

Next)S

Material Ul

TypeScript
» Deployment

Kubernetes + Helm
» Security

OAuth2/OIDC tokens

31

@ FastAPI

Swagger.




OD'RAC Releases

THE INTERWARE

May 2022 Oct 2023 Q4 2024 Q12025
Current ! : - : >
production
and only i : i : DIRAC v9
supported p DIRAC v8.0 EOL DIRAC v7.3 DIRAC v9.0.0a30 DIRAC v9.0 and DiracX
version, ; . . = | 0.1 will be
used by all First DiracX demo DiracX v0.0.1a19 DiracX v0.1 released

DIRAC
installations

together.

can start using
DiracX services

\ \ \ \
»  LHCb deployed DIRAC9/DiracX0.1 in production in April’25

»  During the LHC technical stop, 10 days of the service shutdown

»  Together with several database optimizations

»  Successful restart after several fixes done
» Invaluable experience for other DIRAC installations to follow
»  Gradular migration of all the DIRAC subsystems in the next 1-2 years

»  First Release DIRAC v9.0 + DiracX v0.l in September26
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Roadmap

ODIRAC

THE INTERWARE

2026 Developments

DIRAC and DiracX coexisting (forcefully)

Now (Sept 2025)

In few weeks

Q1 2026

Q3 2026

» Q4’2026 EOL
DIRAC v8

Release of DIRAC
v9.0 and DiracX
v0.0.1

Release DiracX
v0.0.2

Release DiracX
v0.1.0

Release DIRAC v9.1
and 0.1.X (or v0.2.0)

JobStateUpdate
service migrated
and tested

Possible adoption by
non-LHCb DIRAC
users

Pilot and
JobMonitoring
services migrated to
DiracX (being
tested) --
DiracX-Web first
practical usage
(Jobs Monitoring)

T

DiracX introduces a
task management
system

First DiracX-only
service.

P P ——

W
w

[

dececcncscscsssscnaensansansanas

Adoption of new
Pilot security
mechanism

First DiracX
replacements for
DIRAC agents or
executors using

DiracX tasks

P

» Q4’2027
DiracX vl.0

Full replacement of
DIRAC v9

Very indicative
guess



