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2016 data
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ATLAS raw data (CERNMDTape 7 —HAT)

CERN tape use evolution versus time in 2016
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Worldwide LHC Computing Grid
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Worldwide LHC Computing Grid

Tier-2 sites

(about 160)

e. AVAVA Il G =

0’ Worldwide LHC Computing Grid

ATLASY )R
| T—RT7—h4T EBER: CERN Tier-0
DT —RT—hAT: 105 A bDTier-1
MCT AR I ay ET—3 T 10094 FLLE DTier-2

| FFE#ERE (WLCG pledge 2016)

CPU: ~3.8 MHS06 (10~20HS06/core =~40/527)
Disk: ~310 PB
Tape: ~390 PB
A—nN—=TLyd
 BYAFDERE

1) yRIFILY 7 I RELH 1+ T3FEEE (EGI, OSG, NorduGrid)
YA EICHRRAT 5% E -/ \—FOx TINS5\
ECEIZFEESAELED

2016/12/28



WLCG Collaboration
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September 2016:
- 63 MoU’s
- 167 sites; 42 countries
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Data transfer volume per week by activity (PB)
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PanDA at LHC Runl
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Improvement for Run?2
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analysis task
+ src files
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Rucio (T—RI1— AR

Rucio Storage Element
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http://rucio.cern.ch/client tutorial.html

RESTfulld /> RA—2J A4 R

# rucio get-metadata
data_test:data_test.00250001.calibration_DcmDummyProcessor.daq.RAW._1bh0000._SF0-5._0001.data

campaign: None

updated_at: 2015-01-30 20:51:37

is_new: None
is_open: None

guid: e657bfflaecaBe411b4450030489eba28
availability: AVAILABLE

deleted_at: None
panda_id: None
provenance: None
accessed_at: None
version: None
scope: data_test
hidden: False
md5: None

events: 2444
adler32: 06f2f6c2

2016/12/28

| |- user.serfon:user.serfon.test.1234.31052013.212 [CONTAINER]

- us

[~]S rucio download --rse TOKYO-LCG2_DATADISK dids

Tomoaki Nakamura (KEK-CRC)

> curl -i -H

"X-Rucio-Account:
cacert $X509 USER PROXY --cert
$X509 USER PROXY --capath /etc/grid-
security/certificates/ -X GET https:
//voatlasrucio-auth-prod.cern.
ch/auth/x509 proxy

|- user.serfon:user.serfon.test.24092014.1 [DATASET]
|- user.serfon:user.serfon.test.25092014.1 [DATASET]

|- user.serfon:user.serfon.test.26092014.1 [DATASET]

| |- user.serfon:filel.beaf170153b34b12b86b8a667848747d [FILE]
| |- user.serfon:file2.beafl170153b34b12b86b8a667848747d [FILE]
| |- user.serfon:file3.beafl170153b34b12b86b8a667848747d [FILE]
er.serfon:user.serfon.test.1234.31052013.215 [CONTAINER]

jdoe" -

# rucio list-dids --recursive user.serfon:user.serfon.test.1234.31052013.214
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http://rucio.cern.ch/client_tutorial.html

Rucio request interface

https://rucio-ui.cern.ch/r2d2/request

ATLAS Rucio Ul Monitoring Data Trans

Search Using account: tnakamur Other Monitoring Help

You are here: Rucio Rule Definition Droid - Request Rule Rucio Version: 1.4.2 post1

If you are new to this interface you might want to take the tour.

If you find any errors or have suggestions for improvements for this interface please report it to Jira.

Your input will be saved until you submit it. If you want to clear the form please click here.

1. Select Data Identifiers (DIDs) Data Identifiers and Scope

Files, datasets and containers share the same naming
convention, which is composed of two strings: the scope and
the name, separated by a colon. The combination of scope and
name is called a data identifier (DID)

DID Pattern Search List of DIDs

Please start by entering a DID or DID wildcard and search for either containers or datasets. Then select the requested DIDs.

Please do not use a trailing /' for containers. The scope is used to divide the name space into several,
N N separate sub spaces for production and individual users. User
e ® Container O Dataset §
Data patiern e scope always start with 'user.’ followed by the account name.

By default users can read from all scopes but only write into

please provide a search pattern in the form: <scope=:<name]|pattern= or <name|pattern> their own one. Only privileged accounts have the right to write

Show Search: . . . . . .
into multiple scopes including production scopes like
1o v mc15_13TevV.
entries
Examples:
Name “
No data available in table Official dataset:
Name datal5_13Tev.00266904.physics Main.
. . . merge.DAOD SUSY1.
Showing 0 to 0 of 0 entries Previous Next

£594_m1435_p2361_tid05608871_00

User dataset:

user.jdoe:my.dataset.1

2. Select Rucio Storage Elements (RSEs)
3. Options

4. Summary

© 2012-2015 European Organisation for Nuclear Research (CERN) Tue Mar 29 2016 15:55:49 GMT+0900
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Driven by user analysis

0
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02 @

oo
jan 2015 Fetr 2015 Mar 2015 Apr 2015 May 2015 jun 2015 2015 Aug 2015 Sep 2015 Oct 2015 Nov 2015 Dec 2015

W Analysis [787,979,348) W MC Reconstruction {176,091,377) W Group Production (91,027,129)
[ Others (52,755.504) B MC Simulation (23,398,090) [ Data Processing (9.848.633)
[ unknown {0.00) @ T0 Processing (000}
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| Disk arrays
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Computing node Total

Tier2
pledge 2016
28 kHS06
pledge 2017
32 kHS06

Disk storage Total

Tier2

Network LAN
bandwidth

WAN

2016/12/28

Node: 624 nodes, 9984 cores
(including service nodes)

CPU: Intel Xeon E5-2680

(Sandy Bridge 2.7GHz, 8cores/CPU)

Node: 160 nodes, 2560 cores
Memory: 32GB/node, 64GB/node
NIC: 10Gbps/node

Network BW: 80Gbps/16 nodes
Disk: 600GB SAS x 2

Capacity: 6732TB (RAID6)
Disk Array: 102 (3TB x 24)
File Server: 102 nodes (1U)
FC: 8Gbps/Disk, 8Gbps/FS

DPM: 3.168PB

10GE ports in switch: 352
Switch inter link : 160Gbps

ICEPP-UTNET: 10Gbps
SINET-USA: 10Gbps x 3
ICEPP-EU: 10Gbps (+10Gbps)

Tomoaki Nakamura (KEK-CRC)

Node: 416 nodes, 9984 cores
(including service nodes)

CPU: Intel Xeon E5-2680 v3
(Haswell 2.5GHz, 12cores/CPU)

Node: 256 nodes, 6144 cores

Memory: 64GB/node (2.66GB/job slots)
NIC: 10Gbps/node

Network BW: 80Gbps/16 nodes

Disk: 1.2TB SAS x 2

Capacity: 10560TB (RAID6) + a
Disk Array: 80 (6TB x 24)

File Server: 80 nodes (1U)

FC: 8Gbps/Disk, 8Gbps/FS

DPM: 6.336PB (+1.056PB)

10GE ports in switch: 352
Switch inter link : 160Gbps

ICEPP-UTNET: 20Gbps (+20Gbps)
SINET-USA: 100Gbps + 10Gbps
ICEPP-EU: 20Gbps (+20Gbps)
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Disk&A = (TOKYO-Tier2)

= 8000 — —
= oooF © 3
7000 [— P
— @ Deployed (for ATLAS) Gl -
6000 — (O Including LOCALGROUPDISK =
E s000 . Number of disk arrays _ ]
2 —  Number of file servers Available from Jag. 24th
S, 4000 *-—----- - -64.0PB
.g- 3000 f_ RO (ulvr T __E' "32PB
S - e -+ 42.4PB
— 2000 |— -
S - =
2 1000 30 65 65 40 (48 48 48 56 —
- 15 15 17 40 40 48 48 48 56 =
0—> 2010 2012 2014 2016 2018
[Year]
Tmmm————— > € > € > € > € >
Pilot system 15t system 2nd system 3rd system 4th system

for R&D 2007 - 2009 2010 - 2012 2013 - 2015 2016 - 2018

16x500GB HDD / array  24x2TB HDD / array 24x3TB HDD / array 24x6TB HDD / array

5disk arrays / server 2disk arrays / server 1disk array / server 1disk array / server
XFS on RAID6 XFS on RAID6 XFS on RAID6 XFS on RAID6
4G-FC via FC switch 8G-FC via FC switch 8G-FC w/o FC switch 8G-FC w/o FC switch
10GE NIC 10GE NIC 10GE NIC 10GE NIC
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End user analysis workflow
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to HL-LHC

LHC-Run1 CE RSN I-EvT A F

LI B R
3 ATLAS 2011 - 2012 — obe,
Vs=7ToV: [Ldt=4.6-48 " - Exp.
(s=8TeV: |Ldt=5.8591fb" Cila

o

Local p

1
|
-
“u

Py -_-;b

ZNHS20FEB TRUN1ID 100fE D EER T —XE TG
e EVIRAFDEMLTMEEZRALMNIZTS
o ZEAEBABZOME FRIF)FIEERTD

3
-|||1c:|1 |||;;|1 (UL I!lq‘lﬁlll!’?lqi H UL AL L

i I P I TP O S -
110 115 120 125 130 135 140 145 150

LHC
Run 2 ‘ | Run 3 '
LS1 EYETS 14 TeV 14 TeV
13 TeV - 13.5-14 TeV energy
In]emrpupgr:de 5t07 xl
splice consolidation cryo Point limi ) nomina
7 TeV 8 TeV button collimators DS collimation ;%Dré?lliton ’ HL LH(_: luminosity
R2E project P2-P7(11 T dip.) regions installation

Civil Eng. P1-P5

2025

2022 2024

2019 2020

2012 2015

2014

2013

radiation
oy o SAMagE experiment
>y ex iment experiment upgrade 2 % nominal luminosity
|I:._?|::|n.'; beg:: pipes nominal luminosity i i phase ‘pg }_-—-——’—‘——_{ upgrade phase 2
luminosity |

/ O 2. integrated

2016/12/28 Tomoaki Nakamura (KEK-CRC) 24



HL-LHC (150-200/ S L7 D)
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450.0
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Data volume in future

Data: ~25 PB/yr - 400 PB/yr

0.5~ 1EB/yr

W CMS

ATLAS

WALICE
W LHCb

lan Bird
Run 1 Run 2 Run 3 Run 4
2010-2012 2015-2018 2020-2022 2025-2035
25 fm1 50 fm™? 300 fm™? 3000 fm?
7-8TeV 13-14TeV 14TeV 14TeV
ATLAS 400Hz (400MB/s)

ATLAS 1kHz (1-1.5GB/s)
LHCb 20kHz (2GB/s)
ALICE 50kHz (75GB/s)

ATLAS 5-10kHz (10-20GB/s)

CMS 10kHz (40GB/s)
Tomoaki Nakamura (KEK-CRC)
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Estimates of resource needs for HL-LHC

Data estimates for 1st year of HL-LHC (PB) B e L L

1000 EALICE = ATLAS mCMS = LHCh

900

B ALICE mATLAS BCMS ®LHCb

200000

100000

CPU (H506)

|. Bird

CPU:
e x60 from 2016

Data:
+ Raw 2016: 50 PB - 2027: 600 PB
* Derived (1 copy): 2016: 80 PB - 2027: 900 PB

Technology at ~20%/year will bring x6-10 in 10-11 years

2 Simple model based on today’s computing models, but with expected HL-LHC
operating parameters (pile-up, trigger rates, etc.)

0 Atleast x10 above what is realistic to expect from technology with reasonably
constant cost
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Processor

Processor Scaling Trends
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Storage (HDD, SSD, Tape)

[Road map for storage density increase] (SDK forecast)
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2GB->3GB/core memory
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HL-LHC computing cost parameters

Business of the experiments:
amount of Raw data, thresholds;
Detector design long term
computing cost implications
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HEP software foundation

Performance/architectures/memory
etc.;

Tools to support: automated
build/validation

Collaboration with externals — via
HSF
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Parameters

Software

Tomoaki Nakamura (KEK-CRC)

Business of the
experiments:
reconstruction, and
simulation algorithms
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New grid/cloud models;
optimize CPU/disk/network;
economies of scale via
clouds, joint procurements
etc.
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