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Outline:

Trends In the backdrop of our contributions
* WLCG, Computing infrastructure and Services
 HEP software and R&D

* Triggers , Real time analysis and ML (Online)

06-05-2022 DHEP meeting 2022 brij@cern.ch



The problem, then

Unlabeled photos
come out of the
detector.
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The problem, then

Unlabeled photos
come out of the
detector.

Labeling them
turns them into
guantities to
compute.

THE MORE
EVENTS THE
BETTERI!
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Now

Proton-proton collision
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events per second

The problem, now
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From archives
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Research into computer science and technology was one focus of TIFR's
Instrumentation Group.

And in 1954, the group called for the design of a full-scale, general-
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From archives

Institute of Advanced
Study, Princeton

IBM 701

T.LI.F.R.
Pilot Machine

TIFRAC

—

. Date Started
. Date Commissioned

o

3. Hardware in Central
Processor

| 4. Memory Type and
Capacity

5. Memory Cycle Time

6. Word Length

7. Logic Scheme

8. Add/Subt. Time
ply/Div. Time

A L

1946
1952 (June)

2300 Vac. Tubes

CRT (Williams Memory);
1024 words

40 bits

Parallel, asynchronous,
fixed point, single address

60 usec.

1950
1952 (production delivery)

4000 Vac. Tubes
13,000 Germanium
Diodes

CRT (Williams Memory);
2048 words

12 usec.
36 bits

Parallel, synchronous,
fixed point, single address

60 psec.

1955
1956 (Nov.)

Ferrite core
memory; 256 words

12 bits

Parallel, asynchronous,
fixed point, single address

1957

1959 (Feb.) completed

1960 (Feb.) commissioned
2700 Vac. Tubes

1700 Germanium Diodes
12,500 Resistors

Ferrite core

memory; 2048 words ¢

135 usec.
40 bits

Parallel, asynchronous,
fixed point, single address

800 (1100) psec.

This comparison with first-generation computers gives a sense of what
the TIFRAC project achieved in computer technology.
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T2_IN_TIFR
T3_IN_TIFRClo
T3 India CMS§
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T2_IN_TIFR

T3_IN_TIFRClo

T3 India CMS 8
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Complexity of LHCONE Network

LHCOME L3VPN: A global infrastructure for High Energy Physics data analysis (LHC, Belle I, Pierre Auger Observatory, NOvA, XENON)
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Active CPU cores: 795836
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https://wlcg.web.cern.ch/collaboration/management/grid-deployment-board
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Performance in Run -l
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In the preparation of Run-lll

TO-T1s T1s-T2s Internet
network network ST Wide Area Network connectivity
LH COP N JTdeL é increased between x3 w.r.t. Run2
3 I ’
1200 Gbps 500 Gbps

1200 Gbps

200 Gbps 2\5

NAGT S

Geneva - CH Datacentre LHCDb containers
DC extension

40+40 Gbps =
ProtoDUNE

Network between the CERN data center and the
) experiments was upgraded (x10 for LHCb and
x15 for ALICE w.r.t. Run2)
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In the preparation of Run-llI
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increased between x3 w.r.t. Run2
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In the preparation of Run-lil

Tape writing at CERN consists mostly of Data challenges testing the WLCG network and
RAW data for the LHC experiments. archive storages in preparation for Run-3
Run-1 (2009-2012) IS-1  Run-2 (2015-2018) Ls-2
T e | — 1 Tb/s peak target ATLAS cMs | LHCb | | ALCE
le16 TO Tape writing (PB/month) B B By B B | e by 1 | P B B B B e e e

EoE e e
s~ o
.

o N
! )

Nominal target L)

o
o

|
1
P
]
|
|
1
I
I
|
1
I
|
|

|
|
n
]
I
I
I
|
|
|
|
I
I
I
I

Data (PB/month)
o
@

05/10/2021 07/10/2021

[=)]
L

0-4_ ‘- GE, - : - ' 1 —
0.2 -1
O-D WGBM.. E -
1 1 : - i
1615 TO Tape reading (PB/month) : WHN“H “|
T
1
1
81 I
:
|
|
1

A
.

Data (PB/month)

N
L

9, @e
%
<

030

9,
)
0(/
‘0.
%
)
)
0.
L%

0(&

%
)

%
%
%
%
%
%
%
%
%

25
06-05-2022 DHEP meeting 2022 brij@cern.ch



Pushing limits of R&E networks and storage
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%* TIFR-Caltech Bilateral collaboration for R&D projects
* International conference super computing 2018 and 2019 [SC18-NRE-016]
e Global Petascale to Exascale Science Workflows for Data Intensive
Science Accelerated by Next Generation Programmable software

defined network Architectures and ML Applications
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https://sc18.supercomputing.org/app/uploads/2018/11/SC18-NRE-016.pdf

Ref — WLCG DOMA

Changing landscape of WLCG

e Reducing data replication

e Data caches (AAA & xrootd )
e The Data lake / DOMA
e Opportunistic resources

P Distributed
cache

o HPC systems
Custodial

o Commercial Clouds data

e

-

-—
JRo—

o Dynamic resource sites jprs

e Data transfer: GridFTP => HTTPS Based

 RUCIO for scientific data management and transfers

 Authentication: GSI .x509 => Token based authentication
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Ref — WLCG DOMA

Changing landscape of WLCG

e Reducing data replication

e Data caches (AAA & xrootd ) | Hghlewlsewices  Hghlewlsewess * High Leve Servces
e The Datalake / DOMA
e Opportunistic resources ) — »
> HPC systems : ,__ﬁﬁ___‘_"_‘_‘_"_',’t‘ft’fi‘ff'ft??'ffi'iffi__f_, o o °"‘""“"’f’ff‘fif‘f‘i‘ ..... 2
o Commercial Clouds ] ¥
o Dynamic resource sites -
e Data transfer: GridFTP => HTTPS Based §_§

..............

 RUCIO for scientific data management an _
transfers

e Authentication: GSI .x509 => Token based

authentication
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Changing landscape of WLCG

e Reducing data replication

e Data caches (AAA & xrootd )
e The Data lake / DOMA
e Opportunistic resources

o HPC systems

o Commercial Clouds

o Dynamic resource sites

e Data transfer: GridFTP => HTTPS Based

 RUCIO for scientific data management and transfers

 Authentication: GSI .x509 => Token based authentication
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Ref — WLCG DOMA

Slots of Running jobs (HS06) by ADC activity
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Changing landscape of WLCG

e Reducing data replication
e Data caches (AAA & xrootd )

e The Data lake / DOMA

e Opportunistic resources
o HPC systems
o Commercial Clouds
o Dynamic resource sites

e Data transfer: GridFTP => HTTPS Based
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CMS Infrastructure
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 RUCIO for scientific data management and transfers

 Authentication: GSI .x509 => Token based authentication
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Changing landscape of WLCG

e Reducing data replication

e Data caches (AAA & xrootd )
e The Data lake / DOMA
e Opportunistic resources

o HPC systems

o Commercial Clouds

o Dynamic resource sites

e Data transfer: GridFTP => HTTPS Based

 RUCIO for scientific data management and transfers

Authentication: GSI .x509 => Token based authentication

06-05-2022
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Ref — WLCG DOMA

Efficiency
100% 2
< VRS Mo, 2afid
75% | ?” PR ,;."H‘ I
F | I ¥ | b '.‘ *
- [ 4 I|¢ N
sn%T 2 ¢ o* |
I| '“’.‘ | apel
[| - h, b TLe gridFTP
25% \ o L B HTTP
0%
2020-01 2020-07 2027-01 2021-07
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https://rucio.cern.ch/
https://twiki.cern.ch/twiki/bin/view/LCG/MaterialAndPresentations

Important responsibilities in international fora

X/

* Convener of CMS Monitoring and analytics group (Level 2 position 2021 onwards)

* Responsible for entire monitoring infrastructure stack of CMS
e Supervising full time software developers and operators based at CERN

Unfilled
6.8%
ES
1.5%

IN
) >

DE
1.8%
CN

2.9%
IT

7.1%

us
42.1%

M&O
21.4%

CERN
11.6%
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Overview CMS Monitoring paper
CMS Monit Documents

Data Providers ;ﬁaptrl:cnei‘;?:g Data storage Data access
HTCondor ini?é e m ElasticSearch K «ibana ]
e ::> InfluxDB :> ﬁ Grafana

CRAB ActiveMQ
Lol.lgT;tr:sh @ HDFS o swm1

CERN IT MONIT infrastructure  c\Ms CMS monitoring infrastructure

o JSON data injection to MONIT via CMSMonitoring, Stomp AMQ python module
* Grafana, *  Prometheus, o Log injection into MONIT via logstash
* Kibana and ElasticSearch,  «  AlertManager, o Monitoring central CMS services and nodes via Prometheus+exporters
* AMQ, * VictoriaMetrics, o DB dumps on HDFS via Sqoop job
* HDFS and Spark, « NATS, o Spark+HDFS jobs via CMSSpark/SWAN for resource hungry workflows or large
e CMSdata sources and code, « (L] tools. datasets
* HTCondor job monitoring. o Alerts via Grafana, Prometheus+AlertManager

o CLl tools: GGUS/SSB parsers, query ES/InfluxDB, alert and annotation
management, nats publish and subscribe tools, etc.
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https://link.springer.com/article/10.1007%2Fs41781-020-00051-x
https://cmsmonit-docs.web.cern.ch/
https://cmsmonit-docs.web.cern.ch/MONIT/
https://cmsmonit-docs.web.cern.ch/MONIT/Grafana/
https://cmsmonit-docs.web.cern.ch/MONIT/Kibana/
https://cmsmonit-docs.web.cern.ch/MONIT/#data-injection
https://cmsmonit-docs.web.cern.ch/MONIT/HDFS/
https://cmsmonit-docs.web.cern.ch/MONIT/sources/
https://cmsmonit-docs.web.cern.ch/MONIT/code/
https://cmsmonit-docs.web.cern.ch/MONIT/condor/
https://cmsmonit-docs.web.cern.ch/infrastructure/
https://cmsmonit-docs.web.cern.ch/infrastructure/#cms-prometheus-services
https://cmsmonit-docs.web.cern.ch/infrastructure/alertmanager/
https://cmsmonit-docs.web.cern.ch/infrastructure/vm/
https://cmsmonit-docs.web.cern.ch/NATS/nats/
https://cmsmonit-docs.web.cern.ch/infrastructure/README#cms-monitoring-cli-tools

Overview CMS Monitoring paper
CMS Monit Documents

Data Providers ;Egap:l;acliz?:g Data storage Data access
HTCondor ini?é e m ElasticSearch K «ibana ]
R 1 :> InfluxDB :> m Grafana

| CRAB | ActiveMQ
Lol.lg:tr:sh @ HDFS o swm1

And Chis is what
16 will boil down €o.

CERN IT MONIT infrastructure  cps CMS monitoring infrastructure o JSON data injection to n module
* Grafana, e Prometheus, o Log injection into MOI

* Kibana and ElasticSearch, e AlertManager, o Monitoring central CV

* AMQ, e VictoriaMetrics, o DB dumps on HDFS vie

* HDFS and Spark, ¢ NATS, o Spark+HDFS jobs via C or large

e CMSdata sources and code, « (L] tools. datasets

* HTCondor job monitoring. o Alerts via Grafana, Pro

o CLI tools: GGUS/SSB p.
management, nats pu
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https://link.springer.com/article/10.1007%2Fs41781-020-00051-x
https://cmsmonit-docs.web.cern.ch/
https://cmsmonit-docs.web.cern.ch/MONIT/
https://cmsmonit-docs.web.cern.ch/MONIT/Grafana/
https://cmsmonit-docs.web.cern.ch/MONIT/Kibana/
https://cmsmonit-docs.web.cern.ch/MONIT/#data-injection
https://cmsmonit-docs.web.cern.ch/MONIT/HDFS/
https://cmsmonit-docs.web.cern.ch/MONIT/sources/
https://cmsmonit-docs.web.cern.ch/MONIT/code/
https://cmsmonit-docs.web.cern.ch/MONIT/condor/
https://cmsmonit-docs.web.cern.ch/infrastructure/
https://cmsmonit-docs.web.cern.ch/infrastructure/#cms-prometheus-services
https://cmsmonit-docs.web.cern.ch/infrastructure/alertmanager/
https://cmsmonit-docs.web.cern.ch/infrastructure/vm/
https://cmsmonit-docs.web.cern.ch/NATS/nats/
https://cmsmonit-docs.web.cern.ch/infrastructure/README#cms-monitoring-cli-tools

Overview

(_{ERN CERN MONIT
;; Infrastructure
* The High Availability mode of the CMS Monitoring

infrastructure

* Growing number of k8s clusters in different CERN zones
v VM metrics in zone A,B

/ . . . [ |
Services metrics |'n zpne Y,Z i
v' Aggregated metrics in zones D,F o v : .
* Maintenance of independent clusters transparent to end- service Promxy service
users < J E = ! |
e The main cluster runs a Promxy server, which is used to CERNZOneA . GERN Zone B
access the services on the two HA ones. o F— N ol
* Each HA cluster runs Prometheus, AlertManager and ‘““O”a““etﬁcs N i, ‘“"ctﬂ"'aMet"'cs
. . . . 4 . 4
VictoriaMetrics services. | 5 g AM gossip g > |
. . . : g e :
* The Prometheus service scrapes metrics from CMS services ’—‘ = % ’—‘
L. . . Prometheus Prometheus
and nodes, and it is configured to access both AM services . —
in the HA clusters.
e The AlertManager can exchange information through a , — — .
gossip-based mechanism if necessary v TN T q
Service a-"" Service “*~-al Service
or or or
Node Node Node
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Scale of infrastructure

Type
K8s Cluster

Data points

5
~ 520 Billion

Monitoring nodes 200+ nodes on VM

and services

Dashboards

Total datasets

Throughput

06-05-2022

100+ services on k8s
150+ rules

~100 Production
(>500 overall)

40 TB on ES
35 TB on HDFS

3.5 Million Msgs/hour
to AMQ broker ( ~ 10
kHz)

8 General / CMSmonitoring project ¢ <&

Poduction  Development  Playground

CMS TierD Jobs

Froduction

CMS TIERD Production
Froduction

CMS TIERD Replay vocmsol
Production

CMSTIERD Replay voems015
Proguction

CMS TIER Replay vocms47

€MS Job Monitaring - 12m
Froducton

©MS Job Menitoring - 12m (Bars)
Froguct

CMS Jab Mentoring -ES agg data -OFFICIAL
Froducton

CAS Job Menitaring - ES agg data - OFFICIAL (Bars)
Frosuetion

CAS Task Moritoring -Task View

‘CMs Tasks Monitoring Globalview

JobManitaring Historical Data - ES source

CMS SubInf Info o GPUS

CMS Submission infrastructure: collector overview

CMS Submission infrastructure: FE monitor

CMS Submission infrastructure: Hosts Overview

1S Submission nfrastructure: negotiator view

CMS Submission infrastructure: payload view

Unified assistance manual (JSON)

Unified assistance manual (XSLS)

Unified MongoDB

Unified Node Metrics.

DHEP meeting 2022 brij@cern.ch

CMSWEB  CRAB  Jobs  PER

acts

o

o

o

o

1

o

© Lt 7dups )
Welcome to the CMS Monitoring project
cms-comg-manit@cem.ch | CMSMONIT JiftA | DOCUMENTATION
sMOps 8 Stes  SS VoowS WA oD ke omess
Mectngs  Migrstions  Dale popuiariy  GRG Plots
i cAAB i Disk and Tape pocupancy StatusBoards
CRAB ASOMetrics & Rucio used space in disk and tape & CMS Monitoring Data Source Status o~
P o Fresuction Production -
CRAB Metrics & €MS Monitoring KBS Clisters Status «
i
CRAB Overflow via JobRouter @ cmaweb
cmswe FE kg cluster . OTHERS
CRAB Overview Fromuction e
Prmduction L
- NLCG Grafana Dashboards
cmaweb kes BE production ngin ingress &
CRaB Schedds Instant Load & Pre
Production Kibana dashboards
cmsweb kot prod savces .
i WitAgent n Runré campaign (Dima Plo)
CMSWER Node Metrics & | Userjobs (webjab2)
CMS WMAent Monitaring & Production
kn Spider error messages e only inside
CMSIWER timber kes & " > ’
1 )
Sites CERN Based (custom epps)
cmaweb usage "
M T2 Facities Use Cases
on =
ELL IR o Production Monitaring PAmy
Everts By it N
crswet-prod KBS ngin ingress o G Gondor monitoring
- racton
crseb Ansiics
N Facilities & Services cmsweb-tesibed k8s cluster &
Production perscnal dashboards
’ AAA Infrastructure
CMS FTS metrics X
Requested cPy cmemeb dasnboards
Overview / Servie Avafabilty .
y VocMS y CMS Monitoring =
VOCMS E0S QUOTAS Request manager (W)
roduction b3 CMS ES+HDFS sizes
cusesaors e A
VOCMS GROUP QUOTAS submission nfrastucture
- CMS Monitoring Prometheus. @
CMS Montarng Prometheus Stats
Service Level v z o
Overview  Senvice Availabity TS log ciustering =
itz Toaction h T0 Job
e . Victodmetics @ scheddstat
¢ CMSSOT Dashboards. ? Tier! age
CMS Tier 1 Utlizstion :
FNAL MONTT
Profing
oS LPC Mositoring

o

CMPWG Memory Profiling

CMPWG Timing Profiling

CMS Monitoring project dashboard
CMS Monitoring Graphana

Oft-site dashboards
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https://cms-monitoring.cern.ch/
https://monit-grafana.cern.ch/d/000000530/cms-monitoring-project?orgId=11&from=now-7d&to=now

Monitoring Dashboards

OIS, |

Welcome to the CMS Monitoring project

cms-comp-menit@cern.ch | CMSMONIT JIRA | DOCUMENTATION

06-05-2022
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CMSSDT CMSWEB CRAB Jobs P&R DM Ops Ell Sites. SLS Tier0 YOCMS WMA XrootD ks Others.
Production Development Playground Contacts Meetings Migrations Data popularity CRSG Plots
CMSSW Popularity Popularity by campaign
Dashboard Link Popularity by campaign
+ ScrutinyPlot (7 panel)
EventCountPlots (1 panel)
EQS Popularity (7 panel)
CRAB Popularity (1 panel)
Sources
Source | HDFS based Oracle based = JIRA Migrated?
EOS /project/monitoring/archive/eos-report/logs/cms/ twiki | CMSMONIT-95 yes
CRAB /project/monitering/archive/condor/raw/metric/ twiki | CMSMONIT-101 yes
CMSSW | /project/awg/cms/cmssw-popularity/avro-snappy twiki | CMSMONIT-191 yes.
XRootD /project/monitoring/archive/xrootd/raw/gled twiki ?
RUCIO /project/awg/cms/rucio/YYYY-MM-DD/replicas/ - | CMSMONIT-156
00 Py
== T1_US_FNAL_Disk 279PB 268PB 27.7FB TO_CH_CERN_Tape 98.2 PB 98.2FB
150 PB —
— T2.CH_CERN 159P8 153P8 15.9PB  250PB T1_US_FNAL Tape(net) 862P8  86.2PB
= T1_RU_JINR Disk 9.53PB  8.87PB  9.38PB TI_IT_CNAF_Tape 308PB  308PB
o0pe = T1IT_CNAF Disk 6a7P8 673P8 672P8 01D -~ T1_DE_KIT_Tape 241P8  241PB
T1_DEKIT_Disk 625PB 6.11PB 609PB  oope TI_FR_CCIN2P3_Tape 208PB  208PB
== T1_FR_CCINZP3_Disk 596PB 578PB 5.77FB T1_UK_RAL_Tape 17.5P8 17.5FB
50PB — T2.US_Vanderbilt 571PB 564PB 570P8  100P8 — T1_RU_JINR_Tape 104P8  104PB
T2_DE_DESY 517PB 515PB 515P8 wrs T1_ES_PIC_Tape 912P8  9.12PB
= T1_UKRAL Disk 512PB 473PB 511PB T3_CH_CERN_CTA CastorTest  323TB 32378
08 L < T2USMIT 450PB 447PB 446PB 8 T3_CH_CERN_CTA RecallTest 08 08
09/23 10/01 10708 1016 . v ——v———— 09/23 10/01 10/08 1016
~ Historical 1h aggregated metrics
@ Averages over time - DISK _ Historical (1h agg) Averages over time - TAPE _ Historical (1d agg)
200P8 max avgv  cument 350°8 max current v
- Total PR T52PB T55PB Total(net) 208P8  298PB
= T1_US_FNAL Disk 27.9PB 268PB 27.7PB — TO_CH_CERN_Tape 982P8  982PB
= T2.CH_CERN 162P8 153PB 158PB  250PB — — o T1_US_FNAL Tape(net) 865P3  86.5PB
== T1_RU_JINR_Disk 954PB 880PB 0.28FB A T1_IT_CNAF_Tape 308P8 30.8PB
s E— : — T1_IT_CNAF_Disk 70aP8 67aP e72Pa  C0TD . T1_DE_KIT_Tape 241P8 24178
T1_DEKIT_Disk 638PB 611PB 608PB  q5opp T1_FR_CCIN2P3_Tape 208PB  20.8PB
— TIFRCCINZ2P3Disk  6.10PB 578PB 577PB T1_UK_RAL Tape 17.5P8  17.5P8
50PB == T2.US_Vanderbilt 571PB 565PB 560P8  100FB — TI_RU_JINR_Tape 104P8  104PB
T2_DE_DESY 517PB 515PB 5.15FB s0pe T1_ES_PIC_Tape 9.12P8 912FPB
— T1_UKRALDisk 517PB 474PB  505P8 T3_CH_CERN_CTA CastorTest 32378 32378
08 L 4 T2_USMIT 460PB 447PB 446PB 08 T3_CH_CERN_CTA RecalTest 08 08
09/23 10/01 10708 1016 09/23 10/01 10/08 1016

RUCIO Dashboard [link]
Data popularity[link]

CMSSDT CMSWEB CRAB Jobs P&R DM Ops Sl Sites SLS TierD VOCMS WMA xn
Production Development Playground Contacts Meetings Migrations Data popularity CRSG Plots

» Fig 1 - CERN Running cores (excluding HLT) (1 pane))

> Fig 2 - TO Tape usage (N/A) (0 panels)

> Fig 3 - HS06 Kdays for T1 sites (17 panel)

> Fig 4 - T1 Tape /Disk usage (N/A) (0paneis)

» Fig 5 - HS06 Kdays for T2 (non cern) sites (1 panel)

» Fig 6 - CRAB Unique users on T2 (non-cern) sites (1 panei)

> Fig 7 - Running cores for T2 sites except CERN sites (1 panel)
» Fig 8 - Folding@home hourly score (N/A) (0 panels)
» Fig 9 - CERN HLT Running cores (1 panel)

> Table 1.1 (7 paner)

> Fig 10 - Event count plot (1 paner)
» Fig 11 - Event count plot (1 panel)
> Fig 12 - (EOS) Data Popularity (1 pane))

> Fig 13 - Fraction of data read (N/A) (1 panel)
> Extra 1 - CPUTime pie chart (1 pane))

» Extra 2 - CRAB Popularity (7 panel)
> Extra3-FTS (7 panel)

» Extra 4 - "HLT Resource usage in term of coreHr" | "Sum of CoreHr, integral value" | "CoreHr all T3 of CMS" (3 panels)

brij@cern.ch 38


https://monit-grafana.cern.ch/d/O7M3h-UMk/rucio-used-space-in-disk-and-tape?orgId=11
https://monit-grafana.cern.ch/d/o261lB1Wz/data-popularity?orgId=11

Monitoring Dashboards

88 Production /CMS FTS metrics & =

wroup By | acuviy v Source KSE | All v UeSTHSE | All ¥ FISSever | Allv Aciviy | Al v Frowcol | Al v

CMS FTS metrics - Same Site
Praduction

~ Transfer plots

0B/s .' l

10/15 00:00

50 GB/s
40 GB/s
30GB/s
20 GB/s

106GB/s

10/16 00:00 10/17 00:00

10/16 08:00

10/15 08:00 10/15 16:00 10/16 16:00

Transfer Successes
150K

100K

T

TO_CH_CERN

TI_DE_KIT

T1_ES_PIC
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10/17 08:00

b +

H

in - Firers

Special dashboard to show Tape to Disk transfers only in same site

10/17 16:00 10/18 08:00

.Illﬂllllmlil.l|ii||||lIllmllmllmliiill

o il .. senninil
10/1500:00 10/1512:00 10/1600:00 10/1612:00 10/1700:00 10/1771200 10/18 OO 10/1812:00 10/1900:00 10/7912:00 10/2000:00 10/2012:00 10/2100:00 10/21 12:00
Transfer Failures
150K
100K
50K
hall 1 liflt
[ ——— TP westll ssmn Ot bl lntee o otuitiesecatian e tl T TTTT [ | | YT T —
10/1500:00 10/1512:00 10/1600:00 10/1612:00 10/1700:00 10/1712:00 10/1800:00 10/1812:00 10/1900:00 10/1912:00 10/2000:00 10/2012:00 10/2100:00 10/2112:00
i
Src_exp_site\Dst_exp TO_CH_CERN T1_DE_KIT T1_ES PIC T1_FR_CCINZP3 T1_IT_CNAF T1_RU_JINR T1_UK_RAL

CMS FTS metrics [link]

@ now-7dtonow-ihvh ~ Q & sm~ =]
]
Special dashboard to show Tape to Disk transfers NOT in same site
CMS FTS metri NOT i it ]
metrics - in same site
w oo . oo
Production
Transfer Throughput
avg v cument ol
= Total 18.4GB/s 12.7GB/s 3.09TB/s
== Production Qutput 566GB/s 981 MB/s 951GB/s
== Data Challenge 523GB/s 120GB/s B878GB/s
== Production Input 475GB/s 486GB/s 797 GB/s
== User Subscriptions 806 MB/s 482 MB/s  135GB/s
Analysis Input 760MB/s 550 MB/s 128 GB/s
\ = ASO 696MB/s 131GB/s 117GB/s
= Recovery 288MB/s 3.06GB/s 48.5GB/s
l == Datarebalancing ~ 91.2MB/s 38.8MB/s 153GB/s
Il l = T0Tape 66.2MB/s 31.0MB/s 11.16B/s
= TO Export 46.3MB/s 1.42MB/s T79GBfs |
10/18 16:00 10/19 00:00 10/19 08:00 10/19 16:00 10/20 00:00 10/20 08:00 10/20 16:00 10/21 00:00 10/21 08:00 10/2116:00 . _
Efficiency
= ASO ' = ASO ‘'
Analysis Input Analysis Input
== Data Challenge == Data Challenge
== Data rebalancing == Data Conselidation
- T == Data rebalancing
= Functional Test
= Preduction Input
- ASO ' = Production Output
Analysis Input = Recovery
- Data Challenge — METT
_Dm = T0 Tape
| 0 o UNKNOWN |
= 10/1500:00 10/151200 10/1600:00 10/1612:00 10/1700:00 10/1712:00 10/1800:00 10/181200 10/1900:00 10/1912:00 10/2000:00 10/2012:00 10/2100:00 10/21 12:00 =
Efficiency matrix - by Experiment_Site (ES)
T1_US_FNAL T2_AT_Vienna T2_BE_IIHE T2_BE_UCL T2_BR_SPRACE T2_BR_UERJ T2_CH_CSCS T2_CN_Beijing T2_DE_DESY T2_DE_RWTH T2_EE '

N - | - [ = | o [ e | o [ e e [ ow e | e N - N - | - |
T T w T m T T m T w e [ w e ] w ow | ow N e | w [ e [ e [
T [ [ w [ m [ m T w [ w [ =

o T e T e e el e e [ o | BN - BN - e |

42%

A%

27%

37%

Er
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T1_IT_CNAF
T1_UK_RAL
> nE e -_-_-r_-m—-_-m—

Efficiency matrix - by RSE (ES)
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https://monit-grafana.cern.ch/d/mtQFDScGk/cms-fts-metrics?orgId=11&refresh=5m

Analytics [Referecnce]
» Support for data access and tools for users to el Sl ‘
do their own analytics }
» Intelligence Module for operations : b |
Grafana —»E AlertManager «—— Promotheus
Design principles I 1
* Annotating Grafana Dashboards for Network [ 1 s ey I R — Alort CLI ‘ Sk
or Database interventions. G Updating AM Clllool | |Dashboard | [t [N
» Assigns proper severity levels to SSB/GGUS i o |
alerts which helps operators to understand Preprocessing | | '3 19 O =
the criticality of the infrastructure. Ex. If Spotting S“e:dng A
Number of Alerts with severity="urgent” > Anomalies False Alerts
some threshold, then the infrastructure is in " Annotating |
critical situation. e
Plans
* Add applicable links to OTG or GGUS tickets that raised the alert
* Expanding the scope by adding more metrics.
* Improving the dashboard visualization with user inputs.
* Predict type of alerts and group similar alerts with the help of Machine Learning.
* More intelligence to improve O/C operations.
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https://www.epj-conferences.org/articles/epjconf/abs/2021/05/epjconf_chep2021_02004/epjconf_chep2021_02004.html

HEP Software and R&D



HL-LHC schedule

e LS3 startin 2026 instead of 2025

New HL-LHC schedule since January 2022: * LS3 will last 3 years (+0.5 year)
* Run 4 start 2029 instead of 2027

* Run 4 will last 4 years (+ 1 year)
* LS4 will be 2 years instead of 1

* Run 5 plan still to be confirmed at European Strategy Update

2021 2022 2023 2024 2025 2026 2027 2028 2029

J|FMAM[|J|A)SON DI | 3] A S| AM1]|AIS

M D

203 2031 2038
AS N D1 FiMA |
Run 4 I
Shutdown/Technical stop
Protons physics
lons
Commissioning with beam
Hardware commissioning/magnet training

06-05-2022 DHEP meeting 2022 brij@cern.ch
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LHCC review (last public result) After changes
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arX1v:1712.06982v5 [physics.comp-ph] 19 Dec 2018

A Roadmap for
HEP Software and Computing R&D
for the 2020s

HEP Software Foundation'

ABSTRACT: Particle physics has an ambitious and broad experimental programme
for the coming decades. This programme requires large investments in detector
hardware, cither to build new facilitics and experiments, or to upgrade existing oncs.
Similarly, it requires commensurate investment in the R&D of software to acquire,
manage, process, and analyse the shear amounts of data to be recorded. In planning
for the HL-LHC in particular, it is critical that all of the collaborating stakeholders
agree on the software goals and prioritics, and that the efforts complement each other.
In this spirit, this white paper describes the R&D activities required to prepare for
this software upgrade.

I Authors are listed at the end of this report.
DHEP meeting 2022 brij@cern.ch

44



Hardware cost and market trends

CHF/HS06 Price/performance evolution of installed CPU servers (CERN) CHF/GB Price/performance evolution of installed disk server storage (CERN) T
v9 Sept 2021 10.000 V9 Sept

reference is usable disk space, cost figures include mirrored space (= one extra copy of the data)

\ = CERN disk server
100.00 1.000 - Architecture change

HDD -> 55D | 2GB->3GB/core memory

/

1.08 1.05 1.14

/ INTEL - AMD price war, low RAM prices

i.21 AMD market push 1. 42 COVIDIS side effects

10.00 T 0.100
1629 ) g COVIDLIside effects 131
Sl ., 1.10 all Q; ‘. 1.15
f ‘g-'..s-.-..._'_-. ,..'..
120% RAM price increase g % Beven Front-end server price increase LA -
1.00 120 9. @ 0.010 {memory + 55D) improvement factor/year 1 25 @, @
) improvement factor/year /
" 2028 diff = factor 1.7
2028 diff = factor 1.7

0.10 0.001

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Last 5 year average improvement factor = 1.23 Last 5 year average improvement factor = 1.23

Hardware cost is more and more dominated by market trends rather than technology
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Heterogeneous architectures

nVIDIA
GPU CLOUD

Advances driven by
big data explosion
& machine learning
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14 TeV
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Portability layer

_ cms::cudacompat
In-house, simple portability header
"PU & NVIDIA GPU.

—l.l"ﬂ‘J’-'—P"-'—!ﬂ

CMEEEW Integration: Easy starting point.
lient code: Easy starting point.

. Development ._':1:':'- ‘Qlll(‘l{ hark’
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C++ Runtime API and Kernel Language

fE‘Z::k:f:fz' AMD and NVIDIA GPUs only.
: CMSSW I
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.J._I-I\-Il.'\_ral.

. Presently incompatible with Kigen.
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Pixel track reconstruction

standalone
mini-CMSSW framework

A

C++ portability library
d3: Wide range. Easy addition of new backend.

! iy -\/-';-..ﬂ-
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AT

CMSSW integration

. Client code IIIPIFY tools to help porting from CUDA.
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L
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Fasy addition of new backend.
CMSSW i

fpey nM,.d-\.:. -

- Hﬂadur-unl},F interface: Easy

integration in a project & its build system.

- Customizable: Easy optimization

and addition of project-specific layers.
Very nice and transparent,

provided addition of helper functions,

otherwise too boilerplate.

Runtime library. Difficult integration.

Client code: thhE'r level interface than e.g. CUDA & Alpaka.

Development stage: Mature.
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CPU needs

CMSPublic

Total CPU HL-LHC fractions
2020 estimates

Other: 1%
GenSim: 5%

DIGI: 5%

‘ reMINIAOD: 5%
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ATLAS Preliminary

2022 Computing Model - CPU: 2031, Conservative R&D
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MC Deriv
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CPU needs

CMSPublic
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2020 estimates
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Storage needs

ATLAS Preliminary
2022 Computing Model - T1 Tape: 2031, Conservative R&D

28% Tot: 2.45 EB
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s Raw Data
W AOD Data
1 W Hits MC
. RDO MC
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B Other
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RAW: 64%
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CPU needs

CMSPublic

Total CPU HL-LHC fractions
2020 estimates

Other: 1%
GenSim: 5%
RECO: 60%
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Analysis: 3%
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Tot: 33.8 MHS06*y
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MC-Fast(Sim)
MC-Fast(Rec)

Storage needs
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Event Generators: HSF Gen WG paper

Simulation: (GEANT4 and DD4HEP)
Reconstruction
Reduced analysis formats (NanoAODs)

Analysis (TTree to RNTuple)
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https://link.springer.com/article/10.1007/s41781-021-00055-1

Internal ROOT data format: from TTree to RNtuple

FORTRAN
C++ RNTuple

(2023)

ROOT
(1995)
cou

x1 OG Read Throughput SSD, Di-Muon Analysis on CMS nanoAOD

NAR! »18
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Arrow
(2016)
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ASN.1
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Comparison of TTree and RNTuple defaults

 RNTuple is 10-20% smaller than TTree, resulting in storage saving
* Read throughput improves by x3-x5 with RNtuple
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Triggers , Real time analysis and ML (Online)
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The trigger systems:

ATLAS

Event rates
design

4@ MHz bunch
e 40 MHz
crossing

Level-1:
custom hardware

N

Software HLT:
20k cores

N

1 kHz to storage

\J
100 k

\J

1 kHz

~250 ms

LHCb
(Run3: 2022)

[ Bunch crossing rate ]

<25us

Hz [High Level Trigger 1]

partial event reconstruction

Alignment &

Calibration

Software trigger

[High Level Trigger 2J

full event reconstruction

|

[Bandwidth [GB/s] ~ Trigger output rate [kHz] x Average event size [MB]]

~1GB/s
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1 kHz (ATLAS & CMS) Raw event data size
12.5 kHz (LHCb) ~1 MB (ATLAS and CMS)
~0.1 MB (LHCb)
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Computing and Software for Big Science (2020) 4.7
https://doi.org/10.1007/s41781-020-00039-7

ORIGINAL ARTICLE )

Check for
updates

Allen: A High-Level Trigger on GPUs for LHCb

R. Aaij' - J. Albrecht? - M. Belous®" . P. Billoir” - T. Boettcher® - A. Brea Rodriguez’ - D. vom Bruch®

D. H. Campora Pérez'® . A. Casais Vidal’ - D. C. Craik® - P. Fernandez Declara®'° - L. Funke? - V. V. Gligorov” -

B. Jashal'" - N. Kazeev?*. D. Martinez Santos’ - F. Pisani®'*'3. D. Pliushchenko*'* . S. Popov?*1* . R. Quagliani’ -

M. Rangel'®. F. Reiss” - C. Sanchez Mayordomo'' - R, Schwemmer® - M. Sokoloff'” - H. Stevens? - A. Ustyuzhanin3*13.
X.Vilasis Cardona'® - M. Williams®

Received: 18 December 2019 / Accepted: 3 April 2020 / Published online: 30 April 2020
© The Authorl(s) 2020

Abstract

We describe a fully GPU-based implementation of the first level trigger for the upgrade of the LHCb detector, due to start data
taking in 2021. We demonstrate that our implementation, named Allen, can process the 40 Thit/s data rate of the upgraded
LLHCb detector and perform a wide variety of pattern recognition tasks. These include finding the trajectories of charged
particles, finding proton—proton collision points, identifying particles as hadrons or muons, and finding the displaced decay
vertices of long-lived particles. We further demonstrate that Allen can be implemented in around 500 scientific or consumer
GPU cards, that it is not /O bound, and can be operated at the full LHC collision rate of 30 MHz. Allen is the first complete
high-throughput GPU trigger proposed for a HEP experiment.

Keywords GPU - Real-time data selection - Trigger - LHCh
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Hardware accelerators § /,//{/4_

— Use more than one kind of processor or cores to maximize performance or energy
efficiency.
— Exploit the high level of parallelism to handle particular tasks.

Graphic Processor Units (GPUs) Field Programmable Gate Arrays (FPGAs)

- Multicore processors, highly commercial
- High throughput
- Ideal for data —intensive parallelizable applications

Programmable and flexible devices
Low latency
Low power consumption
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2105.04031v2 [physics.ins-det] 4 Jan 2022

.
-

arxXiv

A Comparison of CPU and GPU

implementations for the LHCb
Experiment Run 3 Trigger

Authors are listed on the following pages

Abstract

The LHCb experiment at CERN is undergoing an upgrade in preparation for the
Run 3 data taking period of the LHC. As part of this upgrade the trigger is moving
to a fully software implementation operating at the LHC bunch crossing rate. We
present an evaluation of a CPU-based and a GPU-based implementation of the
first stage of the High Level Trigger. After a detailed comparison both options arc
found to be viable. This document summarizes the performance and implementation
details of these options, the outcome of which has led to the choice of the GPU-based
implementation as the baseline.

Published in Computing Software for Big Science 6, Article number: 1 (2022)

(©) 2022 CERN for the benefit of the LHCb collaboration. CC-BY-4.0 licence.

58



Hardware accelerators

e In practice mounted server’s CPUs:
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LHCb DAQ Architecture

Event Builder
Network
(InfiniBand 200G)

~40 TB di

Event filter second pass (~4000 servers)
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LHCb HLT1

tream track
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‘ Raw data ’
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journal hormepage: www.elsevier.com/locate/cpc

Computer Physics Communications

Contents lists available at ScienceDirect dlourmn PHYSICS

COMMUNICATIONS

Hybrid seeding: A standalone track reconstruction algorithm for K

scintillating fibre tracker at LHCb*

Check for
vpdates

S.Aiola®', Y. Amhis”, P. Billoir?, B. Kishor Jashal ¢, L. Henry “**!, A. Oyanguren Campos,
C. Marin Benito ", F. Polci ?, R. Quagliani ****, M. Schiller ¢, M. Wang '

2 LPNHE, Sorbonne Université, Paris Diderot Sorbonne Paris Cité, CNRS/IN2P3, Paris, France

b Université Paris-Saclay, CNRS/IN2P3, IJCLab, Orsay, France

SIFIC, Valencia, Spain

4 Universita di Milano, Milano, Italy

 University of Glasgow, UK

f Center for High Energy Physics, Tsinghua University, Beijing, China

ARTICLE INFO ABSTRACT

Article history: We describe the Hybrid seeding, a stand-alone pattern recognition algorithm aiming at finding

Received 17 July 2020

charged particle trajectories for the LHCh upgrade. A significant improvement to the charged particle

Received in revised form 25 September 2020 reconstruction efficiency is accomplished by exploiting the knowledge of the LHCh magnetic field and

Accepted 28 October 2020
Available online 10 November 2020

Keywords:

Track reconstruction
Pattern Recognition
LHCh

the position of energy deposits in the scintillating fibre tracker detector. Moreover, we achieve a low
fake rate and a small contribution to the overall timing budget of the LHCb real-time data processing.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

The LHCb detector [1] is undergoing a major upgrade in
preparation of the Run 3 data taking at the LHC, starting in
2021 [2]. The expected delivered instantaneous luminosity is
£ = 2 x 10* em? s7', corresponding to an average of seven
proton-proton interactions per bunch collision.

The entire charged particle reconstruction (tracking) system

of the LHCb detector is renewed as part of this upgrade. In
T ) - - UHEF MeEetng zuzs

configuration (x-u-v-x). For the sake of mechanical stability, the
scintillating fibres in the x-layers are strictly vertical, so that they
have a slight tilt with respect to the y axis, which is perpendicular
to the beam axis in the usual LHCb coordinate system. The u/v
layers are rotated in the x-y plane by the stereo angle, o, equal
to +5° and —5° for the u and v layers, respectively.

An algorithm relying solely on the information provided by
this tracker, called Hybrid seeding, is described in this paper.

This algorithm allows an efficient reconstruction of tracks from
“q#'ﬁlﬂj@témlﬂn“r1 Amamnm tn 1 & FCallfrs Tha trarcls cammantc
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Seeding (Scifi) in HLT2 => T-tracks

06-05-2022

Upstream track

uTt

T T2 T3

VELO L—Tong track
[
VELO track M

T track

Overall throughput of the HLT2 sequence, as well as the timing share dedicated

to the seeding and an estimate of the seeding-only throughput.

SciFi Decoding

!

SciFi hits

SciFi Seed XZ

|

+ UV hits to
confirmTracks

Sept. 2019 June 2020
HLT2 throughput | Hz | 90 1225
Seeding share [%] 11 3.5
Seeding throughput | Hz | 818 3441
Simulated decay Fake rate |%] Average [%]
B — K*ete 0.9 6.5
B, — e 117 6.8
DY - (D" - K at)xt 10.7 6.5
L= pu'p 14.7 8.1
Minimum bias 1.7 4.9
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T-Tracks

4

UT Hits / Tracks

4

Downstream
tracks
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Upstream track

Seeding (Scifi) in HLT2 => T-tracks -
Seeding (Scifi) in HLT1 => T-Tracks at HLT1 VW/TW

Seeding (Scifi) + Velo matching => Long Tracks ’
VELO track

Downstream track

\/

Seeding (Scifi) + UT => Downstream tracks

~

» Developed an alternative long track reconstruction in HLT1, based

on Seeding + Matching.

» Throughput is comparable with Forward-with-UT, provide similar
efficiencies at high momentum, without any hard cut at low pt.

» Bonus: this approach produces T track segments which could be
used furhter (e.g downstream tracking)“
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Abstract

In this paper, we describe the potential of the LHCb experiment (o detect stealth physics. This
refers Lo dynamics beyond the standard model that would elude searches that focus on
energetic objects or precision measurements of known processes. Stealth signatures include
long-lived particles and light resonances that are produced very rarely or together with
overwhelming backgrounds. We will discuss why LHCb is equipped to discover this kind of
physics at the Large Hadron Collider and provide examples of well-motivated theoretical
models that can be probed with great detail at the experiment.

Keywords: LHCb, stealth physics, BSM physics, hidden sectors, long-lived particles, dark
matter

(Some figures may appear in colour only in the online journal)
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Graph Neural Networks (GNNs )

* DL-based inclusive approach with GNNs
[BELLE2-MTHESIS-2020-006].

Graph -data structure that represents objects (nodes) and the * GNNs in online computing for pileup
relations between them (edges) mitigation [arXiv:1810.07988]

- Most suitable for capturing relations of 3D structured data - Particle Flow algorithm [Eur.Phys.J.C 81
-capture both information related to the nodes themselves (2021) 5, 381].

and relational information described by structure « First FPGA-compatible implementation of a

GNN [Frontiers in Big Data 3 (2021) 44]
* Advantages over CNNs and RNNs where nodes are

permutable: (there is no natural order to represent the
neighbours of nodes in a graph ) [ Tracks ] [Displaced VertiCSSJ [Neutral cmsters}

* Furthermore in other Euclidean data structures such as
images, the connections are embedded in the objects
themselves (i.e. each pixel has a predefined number
to adjacent pixels, whereas in graph structured data the
number of edges of each node varies)

Deep-learning-assisted full event interpretation, instead of the usual signal-based reconstruction.
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Summary

e Software is not just a tool, it’s a intellectual property

* |nvestment in hardware is important but it has a fixed lifetime, Software and
services can outlive generations of hardware.

* Are we meeting the scientific computing requirements of our researchers and
what can we do to reduce researchers overhead for meeting their computing
needs.

* As an institute and as a department, In terms of our contribution to core
software and frameworks, are we where we want to be ?









