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Institute for Research and Innovation in
Software for High Energy Physics (IRIS-HEP)

Computational and data science research to enable discoveries in fundamental physics

IRIS-HEP is a software institute funded by the National Science Foundation. It aims to develop the state-of-the-art software cyberinfrastructure required for
the challenges of data intensive scientific research at the High Luminosity Large Hadron Collider (HL-LHC) at CERN, and other planned HEP experiments of

the 2020's. These facilities are discovery machines which aim to understand the fundamental building blocks of nature and their interactions. Full Overview

The IRIS-HEP proiect was funded on 1 September, 2018
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“The IRIS-HEP Steering Board represents the Institute’s stakeholders to provide, to the Executive @
Board, the stakeholder’s input on the priorities, execution, and strategy of the Institute.”
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Welcome

steering-board(@iris-hep.org

(you)

exec-board@iris-hep.org
CD)
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Next Meeting Dates

November 30, 2021
February 15, 2022



Today

* Training IRIS-HEP Steering Board Meeting #11

Tuesday Sep 7, 2021, 6:00 PM — 820 PM Europe/Zurich

* Analysis Grand Challenge @ Zoom

Introduction

Speakers: Brian Paul Bo Peter Elmer

»6:40 PM  Update from SSC

Speaker: Sudhir Malik

»7:10PM  The Analysis Grand Challenge
Speakers: Alexander Held

»7:30 PM
Elmer
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Project Information

OHIS About~ Connect~ Activities~ Jobs

Analysis Systems
= Blueprint Activity
Institute fi 0t Orgenization, Management and Access (DOMA)
- Innovative Algorithms
in Softwa e S e B
Scalable Systems Laboratory
Training, Education and Outreach

4
COVID-19 pandemic: | Impact Beyond HEP L
lany IRIS-HEP researchers are also munity effc
Presentations
. Publications
Computational and ¢ o
research to enable d vents
fundamental physics
IRIS-HEP is a software institute funded by the National Science
Foundation. It aims to develop the state-of-the-art software

cyberinfrastructure required for the challenges of data Sep§,
2020

IRIS-HEP/GSOC student
presentations (Asia time

Upcoming Topical
Meetings:

intensive scientific research at the High Luminosity Large
Hadron Collider (HL-LHC) at CERN, and other planned HEP
experiments of the 2020's. These facilities are discovery
machines which aim to understand the fundamental building kel

blocks of nature and their interactions. Full O

Using GPUs and FPGAs
as-a-service for LHC
computing

News and Featured Stories:

IRIS-HEP Fellowship
Presentations

IRIS-HEP Fellowship
Presentations
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Data Organization, Management and
Access (DOMA)

The HL-LHC era will provide enormous challenges in the area of Data Organization, Management
and Access (DOMA). The LHC will provide a significantly increased number of events and
increased event complexity, both of which will drive much larger data sizes - with no changes in
how the LHC community functions, the total increase in data volume may be a factor of 30.

Given the LHC experiments are, combined, managing nearly an exabyte of data, such a significant
increase in volume is unmanageable. New mechanisms and techniques are necessary to more
efficiently manage storage resources; the DOMA area in IRIS-HEP is working on the R&D
necessary to affect such change.

It is not only data volumes that are potentially disruptive to the HL-LHC physics program; the
extraordinarily large number of events (potentially 150 billion similated and recorded events per
year per experiment) presents a challenge in data management for users. Along with the analysis
systems team within IRIS, DOMA is working on improved techniques for delivering events to

users.

Contact us: doma-team@iris-hep.org

DOMA Projects

Caching Analysis Data Intelligent Data Delivery
Service
Cached-based placement of
analysis datasets. Delivering Data. Better.
More information More information

Per-project information is

available on all IRIS-
HEP projects.

Caching Analysis Data

Slgnificant portions of LHC analysis use the same datasets, running over each dataset several
times. Hence, we can utilize cache-based approaches as an opportunity to efficiency of CPU use
(via reduced latency) and network (reduce WAN traffic). We are investigating the use of regional
caches to store, on-demand, certain datasets. For example, the UCSD CMS Tier-2 and Caltech
CMS Tier-2 joined forces to create and mantain a regional cache that benefits all southern
California CMS researchers.

These in-productior
compared with traditional data management techniques.

es have shown to save up to a factor of three of WAN bandwidth

Presentations

* 23 Apr 2020 - "How CMS user jobs use the
* 22 Apr 2020 - "XRootD Transfer Accoun
eeting
* 27 Feb 2020 - "XCache", Edgar Fajardo, IRIS-HEP Poster Se
* 5 Nov 2019 - “Creating a content delivery ne
the Intemet using xcaches.”, Edgar Fajardo, CHEF

aches", Edgar Fajardo, XCache DevOps SPECIAL

) Validation Plan”, Diego Davila, S&C Blueprint

* 5 Nov 2019 - "Moving the California distributed CMS xcache from bare metal int
ainers using Kubernetes, Edgar Fajardo, CHEP 2019
® 12 Sep 2019 - "OSG XCache Di n’, Frank Wuerthwein, | HE treat
* 31)ul 2019 MS X hboard", Diego Davila, OSG Are fination

* 8Jul 2019 - "XCache Experiences’, Frank Wuerthwein, pre-GDB meeting on

XCache

(often, but not always)
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Year 4 Changes

Started on September 1, 2021

* Added coordinators for the Analysis Grand Challenge (Alex Held, Oksana
Shadura)

* Adding a training Grand Challenge

* Spending about $150K on hardware each to augment and leverage existing
compute facilities to help demonstrate an Analysis Facility (Nebraska,
UChicago)

* Augmenting QuarkNet (high school student and teacher physics training) to
support software training efforts and develop new modules.
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Year 4 Milestones

Current status summary is always available on the web

(quarter just ended, going through an update right now!)

I G1.9: Organize and execute an IRIS-HEP/NSF/DOE Blueprint Workshop

G2.9 Differentiable programming roadmap across services needed for analysis ch On-Time c 1, 2021

G2.10 Integration of Awkward with scientific Python ecosystem (e.g. Numba-CUD... On-Time c 1, 2021
G2.11 Awkward to support differentiable analyses m On-Time Jun 1, 2022

On-Time Jun 1, 2022 Analysis SYStCmS

m On-Time Mar 1, 2022

G2.14 Functionality and integration demonstration for Analysis System components On-Time Mar 1, 2022

G2.12 Fully differentiable fitting as a service on remote sites with GPUs

G2.13 Address core implementation issues in GooFit and refactor CUDA and C++

G2.15 Coordinate with DOMA, SSL, and operations programs to benchmark perfo... On-Time Jun 1, 2022
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https://view.monday.com/961739797-a12769f13af02d67084ed68776b46030?r=use1

Year 4 Milestones

G3.4: iDDS implements a DAOD preprocessing workflow. On-Time Dec 1,

G3.5: All XCache instances updated to XRootD version 5 and deployed with non-. - On-Time Dec 1,

G3.6: Demonstrate ability to sustain aggregate 100Gbps data flows from a source On-Time Mar 1, DOMA
G3.7: Deploy SkyHook at an analysis facility at a U.S. LHC site. On-Time Jun 1, -

G3.8: ServiceX has a user community of 5 external analysis groups On-Time Sep 1,

G4.9: At least two LHC experiments use Institute developed algorithms in their pro... On-Time Jun 1, 2022 IA

G6.6: Coordinate with AS, DOMA, and operations programs to benchmark perfor... On-Time Jun 1, 2022 S SC

G7.4: End support for the OSG 3.5 release series On-Time Dec 1, 2022

G7.5: Have at least 5 instances of refactored XRootD monitoring in production use On-Time Mar 1, 2022 OSG

G7.6: Complete the SDLC from engagement to production deployment for one IRI... On-Time Mar 1, 2022
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Workshops

Workshop on Differentiable Programming in the Sciences

* Run by MODE collaboration, co-sponsored by IRIS-HEP

* Goal of collaboration: optimize physical detector design
using physics sensitivity as figure of merit, using ML p——
techniques s

* Differentiable Programming well with our work on the AGC

Token Transition Workshop — Open Science Grid

« Same week as the GDB pre-meeting so that as
much of the LHC community can participate as
possible

* Discussions and planning on/for making the
transition from certificates to tokens

Token Transition Workshop

Join us October 14 & 15 for an engaging and collaborative workshop!
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https://opensciencegrid.org/events/Token-Transition-Workshop/
https://indico.cern.ch/event/1022938/

Using Analysis Tools outside of IRIS-HEP

Workflow

Application of INFERNO to a CMS TTbar
measurement with CMS Open Data

* Uses CMS OpenData Run 1 (AOD’s!!)

* Implements full analysis in PyTorch
and then uses differentiable
programming techniques to first
reproduce a paper result of the analysis
and then optimize it.
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« Calculate high-level features (awkward), corrections

PAT and NanoAOD creation

« CMSSW PF2PAT algorithm (SOTA in 2011/12) . HTCO“CM:
& High Throughp smputing

« CMSSW analyzer to calculate basic quantities, write CMS AOD

NanoAQD tuples and do preselection

« Time: ~48h, Storage: O(10 GB)

Event selection

* Columnar analysis cross-checked with ROOT event loop

NanoAOD (NTuples)

(coffea) and systematic variations (e.g. JES)

* Time O(1h), Storage: O(1GB)

ML + Inference O PyTorch

Visualization with ROOT + matplotlib
Pandas dmlic

+ Classifier training with XGBoost / Pytorch with DataFrame XGBOOSt

BCE or INFERNO loss

* CMS combine tool (RooFit) for the inference O(1s) * RQ O_]_I

12


https://indico.cern.ch/event/1022938/contributions/4487344/attachments/2304264/3920096/llayer_inferno_v2.pdf

NeurallPS Conference Workshop

Workshops

Organized by a number of people in
IRIS-HEP Machine Learning and the Physical
Continuing workshop in one of the :

largest ML conferences Sciences
December 13t or 14th, Workshop at the35th Conference on Neural information Processing'Systerhs (NeuriPS)

December 13 or 14, 2021

e Training event showing IRIS-HEP toolchain at coffea-casa, aimed at PhD / postdoc level
o Format: brief introduction to individual packages, notebook talks focusing on
interfaces between tools

Initially using OpenData examples, then splitting into ATLAS / CMS - specific tracks
Homework + Q&A session
2 afternoons CERN time (~15:00 - 19:00) between Oct 25 and Nov 5 (after US ATLAS

computing bootcamp scheduled for Oct 18-22)
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https://ml4physicalsciences.github.io/2021/

Workshops

PYHEP & SCle (The SCienCC Communlty at Large) The PyHEP workshops are a series of workshops initiated and supported by the HEP
0 0 Software Foundation (HSF) with the aim to provide an environment to discuss and

- PyHEP 1S a python Conference run by our Communlty promote the usage of Python in the HEP community at large. Further information is

. SCle 1S the blg Python 1in Science Conference given on the PyHEP Working Group website.

* “co-locate” them so there is cross pollination

* Many talks by IRIS-HEP members at PYHEP

°

One of our members is part of the organization team for SciPy \87 S c i Py 2 o 2 1

Scientific Computing with Python
Virtual Conference - July 12 - July 18

G. Watts, IRIS-HEP Steering Board Meeting #11 14 @


https://indico.cern.ch/event/1019958/
https://www.scipy2021.scipy.org/

Some Other Notes

Integration of Algorithms into Reconstruction
* mkFit algorithm is now in CMSSW, ready to
run in Run 3
» ACTS primary vertexing algorithms have been
integrated into ATLAS RECO (x6 speedup)
BluePrint note on Virtual Meetings posted
* Has lots of suggestions for remote and hybrid
meeting mechanics
* People have tried lots of different things: this is
a current collection of their experiences.

G. Watts, IRIS-HEP Steering Board Meeting #11
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https://arxiv.org/abs/2106.15783

Oustanding Action Items

. HSF related feedback

(@)
(@)

Community needs a way to strengthen C++ training
Can we link to Carpentries better than we currently are?
= Specifically: best pedagogical practices? How do we evaluate our
effectiveness
= We have renewed the sponsorship with Carpentries, and in our QuarkNet effort

we have money for an external evaluation of the software efforts in QuarkNet.
Will use that to understand if we can do better internal evaluations.

Analysis Systems
= Better document sustainability post-IRIS-HEP
= |Improve cooperation on declarative analysis
=  Meetings with HSF DAWG with AGC and analysis benchmarks ongoing
=  Common set of analysis benchmarks
= This is part of the above discussion
=  More info on how we track and maintain connected with ROOT
developments
Grand Challenge
= How do you get to multi-user from single-analysis?
= The Nebraska coffea-casa AF is explicitly addressing this
Establish discussions with HSF as they build their own plan-of-work
(¢} Contact made — (see above)
UW SWIFT project (Davide?) should describe their work
(¢} Contact made — now need to actually schedule some topical meetings
EP tasks and efforts - expose IRIS-HEP (contact: Graeme and Jacob)
o Contact made — now need to actually schedule some topical meetings
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LHCb related Feedback

(0]

(0]

o

Follow up on JAX work for doing particle ID (uproot -> iminuit -> JAX ->
matplotlib)
Are there analysis tool integrations with IRIS-HEP possible?

= Analysis Preservation

= REANA?
LHCb will add a "free" discussion inside LHCb and invite some folks from
IRIS-HEP



Fellows

Summer fellows are finishing up!

Hy
;6% "
N P

* Graduate to Undergraduate
* In person to remote
 Room & board to stipend

|
Jason Miphine  Rohith Karur

7

oy

Allowed a marked increase in number
of people we were able to reach.

e When and how do we resume this
program?

(fall/winter) p
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https://indico.cern.ch/event/1071399/

Questions? Comments?
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