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R Tier-1, Tier-2 75—

ATLAS Jobs Worldwide Oct 19 — Nov 30, 2016

WallClock HEPSPECO6
42 Days from 2016-10.19 to 2016-11-30

ERLAL

WaliClock HEPSPECOE (Sum: 2,231,405,539)

DE - 14.15%

1500008

Us-26.41%

2000009
FR -13.29%

Lt0dgod

Locogos

EU >50%
DE 14%

UK -12.12%

00000

DIE-10-19 HIE-10-I6 Zie-11482 MIE-11-89 L0E-11-16 Tie-11-13 Mie-11-30
WDE - 1415 315,847,134 PR 13200 (236 522,252 UK 1212% (270,343
216,588 WCA-6.06% (137,540,288 B KL - 5.98% (133,338,520 WT-5.8% (L18,758.7
LT47 BN - 2.82% (52 900,043] W RU - 180% (35,293,602 W T 5% (14 706 0
WE [_Ji R K W CERK
| L'R L[} nr |} 1=

uw . o Constantly hi (tot ~150% of 2015 avqg)
Mamrure: 2 527 307 Minimue: 1385 595, Aversge. 2 162 214, Corent 2,215,490 DE CIDUCI #2 again W{’ 14%
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RV Tier-1, Tier-2 5 —§E

ATLAS jobs DE C|0Ud Oct 19 — Nov 30, 2016

[P | - AR :.Ir—ljﬂ ]
a das WaliClack HEPSPECO6 WallClock HEPSPECOE (Sum: 315,847,194}
47 Days from 2015-10-19 0. 2016-11.3 _ DESY-HH - 16.67%

FZK-LCGE - 19.88%
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B GOEGRID - 5.1E% {16,368 974} B WUPPEATALPROD - 4.64% {14,563 568} O CYFROMET-LOG2 - 4 20% (13,252,533
B UN-FREIBLURG - 3.57% {11,279 BE4| W NPEML - 2.80% {7,502 4611 W IEPSAS-ROSICE - 1.74% (5408419
B FMFHI-UNIBS - L.30% {4,300, 739) B FSNC - 0.30% 943,435 W HEFFIEE - 003% (83,17E)
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— -ZIH - D000
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S strong contribs by LRZ and CSCS
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R Tier-1, Tier-2 75—

« FZK Tier-1tZ 25—
- Regional Data and Computing Centre in Germany (RDCCG)
- 2002F(CXHF—

- Tier-1 YR—k
QL ier-1 site
* 6.6 FTE (Full-Time Equivalent) o ‘ fLcG T2 si:el
ATLAS GridKa e

« 1.5 FTE (9 Af&l) o o
~ ~ ® -
2016/12 OER . ¥ DESY Pess)
N Zeuthen ( )
- CPU cores: 23,773 (310k HEP-SPECs) N Pyt cotinoes ,
« X~L—3:10.7PB i o U o

(Cyfronet

° DESY‘HH T|er'2 ‘E\JQ— v‘ L s Prague ) @
- NAF: National Analysis Facility A

Munich

- 4 FTE ‘ g}b rg Q ‘
~a A f b ) ‘Innsbruck
- 2016/12 OHER Lo e
« CPU cores: 13,564 (152k HEP-SPECs) B \ \
« XL—2:15.2PB |
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RV Tier-1, Tier-2 5 —§E
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2 machine rooms, approx. 450 m?

Approx. 150 Racks

e FZK Tier-1 12 ‘JS’ —
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RV Tier-1, Tier-2 5 —§E

. FZKTler 112 ’5’—

> 1300 Compute nodes
~ 350 Servers

- File server

- Databases

- Grid services
> 100 Routers and switches

ATLAS VDI ~D 1T 73EESR 2016



RV Tier-1, Tier-2 5 —EE

Example: on-call alarm condition for Grid services

LDAF at BDII

LDAP extern at BDII

Processes at BDII

i

— all BDN at GridKa

SFT-Stati at BDII

— 1 All ComputingElements at GridKa

Syl

i

il S wems |
| AND

| AND | INFOSYS H—— S

—] All LFC services at GridiKa
—] LFC - [ we ]
wo [ s NSRS

— All FTS services at GridKa
[ mssems M [SSEevessmI

Grougs

MIN 2 : Mindeslens owel Unterpunkie mussen DK sein
AND : Ale Unterpunkle mussen OK sein

Modes
Services I

ATLAS VDI ~D 1T 73EESR 2016
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R Tier-1, Tier-2 75—

* LHC Run-2 F—5B{SIIKETERIN

- R1WYDOE Tier-2 Y1 (& 2017 4

e Tier-1 FZK S18E&JRIIRA(CV T TR

« GridKa T1: funding not quite enough to fully match increased 2017
After consulting with ATLAS CoCo agreed on:

requests.

Disk 100%, CPU 40%, Tape 25% of respective increase
* T2s (2 Desy, 1 MPP, 4 Uni): all match increased 2017 requests (2018 thd)

EVS Y 2 {31

2016 2017
CPU Disk Tape CPU Disk Tape
Sum Uni T2s 37733 4800 75000 5633
Desy/MPP T2s 34433 3600 56250 4150
Sum DE T2s 12167 8400 131250 9683
T2 ATLAS DE share 12.75% 11.67% 11.67% 11.67%
Gridka Tl 65000 5875 14500 97200 8500 22100
T1 ATLAS DE share 12.50% 12.50% 12.50% 10.55% 12.50% 11.80%

11
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- BINEY D =D T 7 DANENNE
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- {5, dCache
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CERN
\\

HL-LHC cost drivers

e

New gridicloud modals;
optimize CPU/disk/network;

economies of scale via clouds,
Jjoint procurements etc.

7

wWLCG

Business of the experiments:
amount of Raw data, thresholds, but
alzo reconstruction, and simulation
algorithms

Cost of simulation/processing should
be a design criterion of detectors

COST OF
DMPUTINC



Observations

3 Probably a lack of clarity over what the situation for Phase 2
upgrades will be:

" Interms of requirements — what is the real scale of the problem —
need better estimates

" What we can really expect from technology

= An understanding of the real limitations of the system we have today
Jd We should also bear in mind that while we potentially need to

Instigate revolutionary changes in computing models,

nevertheless we will have to face an evolutionary deployment

d Concerns ove»@fvgéerfnd eﬁicien@ all aspects) will be

a significant area of Work

d Commonalities may be possible in new tools/services or next
generation of existing

J Propose a number of activities to address some of these

aspects

S wWLCG
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* LHC Run3/4 CRINIEETILF T VI HIAEN?
- ALICE + LHCDb: LS2 TX I v —77 v FHL— K
s AVE2A—FT v VTR@NEDKEILEDS
s FUSHVEHET 7F—L. VST VEBE,. B Ter~OH L ULEE
- ATLAS/CMS: LS3 TKRKE<EDNSD
« ATLAS: Run-3 X CIFSNOEIRM EZXRTOK. Run-4(FEEL L)
« EER(E TPV TIIL—RELSEHICED
- LERF—HL— R LER, BERALS—BHL<HS
- JLF2ITIL vs Fk Tierst 8t V5 —

* NAFs, Grid: dedicated analysis centres, regional data centres, ...

ATLAS VDI ~D 1T 73EESR 2016
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Projections for Run-3 & 4

_Towar_ds__Run3 _________________________________________________________________________________________________________________ ... Exascale for

500P .
. Run-4!
R R .. il i il ca .

400P .Wi”we ScaieforRun_3? .. ..........................................................

*

350P O YRS (MO

-
-

B A |
e Butfor RUN-4 ... .

250P

200F

100P -

50P -
SOf Y

i 2010 2012 2014 2016 ‘5.’0'18 ?ﬂl‘)ﬂ 20'2? ?I'I:7d.
Run-1 Run-2 Run-3 Run-4
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1900 Reconstruction Time (s/event) vs <Mu> a0 AOD (MB/event) vs <Mu>
1400 5000 Athena 20.1/20.3
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13.8HS06/core 4000
1000
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« DSIORIEEBXRILEN. HBDUVWIEHEP (FRIRMICFERHTETSINON?
- MZFCRAIVEF—R
- A= - Y—XEH (OpenStack F)
- E<EADHEPY—ILIRD 5D RICHIG
 CernVM, CVMFS, HTCondor, ...
- HPC (High Performance Computing) 5 —(30 5 R c 1 —H —~—fg
W15 —2J 1 — &2 RTARE
- Experiments (I 1 IV X - DSTRADEEN T IS —T 1 —XEEETED
- AL —IERIESDOZEH TR
s BRAOSORUY—X - T—HKEIa T CHREH
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From Physical to Virtual Infrastructure

virtual
infrastructure
e.g. HEP
Compute Node

Virtual Host

Cloud

physical
Infrastructure
e.g. HPC
Center

Host OS

Karlsruhe Institute of Technology

The Infrastructure-as-a-Service (laas) model

Infrastructure (e.g. machines, networks) is
virtualized

Decouples complexities of hardware
maintenance and specific software setup

The life cycle of this virtual infrastructure is
managed by a Cloud system:

® Virtual machine images are managed
® The user can upload and start custom
virtual machines

® Storage blocks can be attached to these
VMs

EKP



The Cloud vs. The Cloud ﬂ("

An important distinction needs to be drawn between Cloud Technologies, Hardware and
Software (closed source, open source) and the Cloud Hoster (Companies)

Cloud Technologies Cloud Hoster

-

a

‘) (o9 rackspace.

openstack Cougle

CLOUD SOFTWARE ~ AepEngine the #1 managed cloud company

EKP



Cloud-ready technologies in HEP (today !) A\KIT

This is an (incomplete) list of software used in the HEP domain, that is already
targeting the Cloud computing area or works excellent in such an environment.

CernVM (https:/Icernvm.cern.ch/)
®  Virtual Machine Image based on Scientific Linux maintained by CERN O CernvM
= Very lightweight and can be directly deployed on various cloud sites R

CernVM-FS (https:/icernvm.cern.ch/portall/filesystem) r‘

Y
®  On-demand file system using HTTP protocol to download files from —
central repository
®  Many big experiments use CernVM-FS today to deploy new software
versions to compute centers of the WLCG
" CernVM-FS works excellent also on cloud sites (via HTTP Proxy)

HTCondor (https:/iresearch.cs.wisc.edu/htcondor/)

v
®  Free and open-source batch system HTCOﬂ r

High Throughput Co ng

File system

®  Excellent with integrating worker dynamic worker nodes (even behlnd
NATed networks)

DIRAC /| VMDIRAC (https://github.com/DIRACGrid/VMDIRACIwiki)

®  Used for gird job submission and data management by LHCb and
Belle 11 [1]

[1] http://iopscience.iop.org/article/10.1088/1742-6596/664/2/022021
8 EKP



10

Resource Opportunities A\‘(IT
Private (Research) Clouds

B OpenStack
openstack Cloud Operating System

Complete open source laaS framework

Backed by lots of big companies (IBM, Red Hat, Rackspace, HP, ...)
Standardized API (Amazon AWS, fits with HEP workflow tools)
Acceptable to HPC Centers (already in use)

Active Involvement of the HEP Community ( CERN Personnel in OpenStack
Foundation Board)

proven software
long term support can be expected

EKP
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I

« HPC (High Performance Computing) 'J Y —X%& WLCGAHEE T DDIC
WS SIREMN?

- EXEERENR 1Y HPC ([CRHE
- LMU OfRBR C(IERBELC (T T "ERER"
- OSORBNGHdBID Y —IH?

« HPC TO GPU MFH

* Reconstruction at ALICE-HLT, full workflow by ICECube, Geant V, ALICE
Kalman filter, ...

ATLAS VDO D1 7#EESR 2016 16



EU & China HPC

LRZ SuperMUC

- Phase 1: 150k cores, Sandybridge
- Phase 2: 86k cores, Haswell

- 19Mcore hours used from 20M allocation
» effectively open-ended allocation if preempt-only

Max Planck Institute computer centre: Hydra

- 83k core Sandybridge + 28k core extension

UK Supercomputer - Edinburgh
China — various

- start small and move up

ATLAS VDI ~D 1T 73EESR 2016
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dCache

dCache D&EhHA

dCache= JVE1—FT 1 VIODOSXSEOPBOSX - ARL—INEBAH=RIL
DIV TARXROY—N—ZER/mEULEXRT—mitINEX LU —IERZ BEBEE,
WLCG Tier-1 TIRIFIFEE Grid A RLU—IHAZRILD T 77, ZELTORIIVICK
Ihe GriduiG. 5O R LL—I70OK JIVFICENGH,

FFIT ¢ K1Y DESY

X1 VHEFESEE  Java

DB/\wO IV : PostgreSQL
B2 (d support@dcache.org

ATLAS VDO D1 7#EESR 2016 18



dCache.org | }5\

dCache server releases

... along with the series support durations.

Sep Ot Nov Dec Jan Feb Mar| Apr May Jun TJul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
2015 2016 2017
-]
2.17 series (anticipated release) S

2.16 series |anticipated golden release)

2.15 series

2.14 series

2.13 series (golden release)

2.12 series

2.11 series

2.10 series {golden release)

2015 2016 2017
Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May

https://www.dcache.org/downloads/1.9/index.shtml



dCache ERH I X ~DOHIE,

* High Availability (HA) DY R— ~
- VWVEB T TR LOEBEIETEABENES EFICER
dES
« BRICHEBLEVVIND—EWNTED
- HA SG(& dCache v3.1 LARE
- Light-Out Management

e RESTOI JHU—EINIIXFTALAVR—IAIVET—SEERBD
18— 1 —XX%Z=OEE(C

* Bi

FOEH

I XTLAPEZISA) VDI RFTFLEBRZICHEAE

ATLAS VDI ~D 1T 73EESR 2016
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The First
INDIGO-DataCloud
Software Release

4
seEnE 1
Presenter : Paul Millar for
INDIGO ] DGtGClOUd Patrick Fuhrmann for
RIA-653549 Davide Salomoni

INDIGO-DataCloud Project Coordinator
HGF “Physics at the Terascale”, November 2016, DESY
davide.salomoni@cnaf.infn.it



mailto:Davide.salomoni@cnaf.infn.it

The long road to the release, from the w
architecture...

wlm.r.l

INDIGO - DataCloud

INDIGO-DataCloud
General Portal
Architecture™ S

PaaS

Infrastructure M

Non-INDIGO
laaS

laaS

*. see details in http://arxiv.org/abs/1603.09536 or in https://www.indigo-datacloud.eu/documents-deliverables
November 2016 Paul Millar - The INDIGO-DataCloud MidnightBlue Release 21



http://arxiv.org/abs/1603.09536
http://arxiv.org/abs/1603.09536
https://www.indigo-datacloud.eu/documents-deliverables
https://www.indigo-datacloud.eu/documents-deliverables

What this means for dCache ( 2 )

h‘-l.-m.:r.'

* INDIGO-DataCloud providing some €0.5M of project
money to dCache team:

INDIGO - DataCloud

Funding 3 FTEs working on dCache.

* Work follows the DoW:
HEP (through WLCG) has supplied use-cases

* Improvements within dCache include:
— Adding OpenlID Connect support to dCache

— Improving Quality of Service management options,

Media, number of copies, ...

— Improving Quality of Service management,

Focus is on QoS management via CDMI.

22
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« {EM (HL-LHC) (CEIRNEAIMNRIHNE
- ATLAS (3%5(C Run-4
-VJkDITT7?7?
« ATLASERANDHPCHIG(E (R1YTIE) 15
 dCache (F& 5 (CRAFH
- XVFFIRTY—
- D570 RWIG
- DESY INDIGO Z’0O03 1 U +iRED
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Deutsches Elektronen
SYnchrotron

PASTLIGHT CONE

Minkovsky space-time

ATLAS VDI ~D 1T 73EESR 2016
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Gottingen D CTE C ?

s RAVESHENEZ—5 -9 ot UM
- AO#10 5 ADKZEH
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- XTPUTIVI—ILADMEATERESFMNELICH D
» Wikipedia: George-Augstust-Universitat Gottingen & D
- RAYIU—rXZND—D
CIERICIE - 8% - EF D80
R YTIERABD . —NVEZTEEEET
FEAR. R YROZEOFID
MBEOBRETERSFATRNIEIRNILD, KNIV, PS5O0, ZVATRF— U=V, HIOXE
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o HEIE - RFRPEZOEFHFOM > FF (LD % KB
- KEFHOHADIDOXER TOI IO~ (ERIBREFEET v VT VL)
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@Wuppertal

X

DESY Hamburg

Gottingen

Munich

\o. Innsbruck

Cscsﬁanno _
ATLAS VDI ~D 1T 73EESR 2016

o

DESY
Zeuthen

Prague

@LCG Tier-1 site
WLCG Tier-2 site

Poznan
(PCSS)

Krakow
(Cyfronet

26



BME, KETer-2 518805 —0

e LHC ATLAS Tier-2 91 ~M1%E|
- MCZOSDY3Y
- Tape RS> L
- KDRWE VT SOEIE
- FATERKEELDERCED

* High Through Computing (HTC)
 High Performance Computing (HPC) TIZ7& L)

- (EATTEERRE > 14EE
« WKDHDOXRZETIEIEENICHPC 2 X T L&EHEGH GoeGrid Tier-2
* GoeGrid (& 1Y KXZFH ATLAS [LIEEtE#ED—D
- BE-WAERTYIS
- DUy R-DOSRID) INTDER
- RTYRZEHE~—SILTATLAS R1TVYERIAEDIN 2 0% (T E DETEBE R = IS
- EH FIEDESY-HH EDESY 1 o YT LERELREHBILATAE
- REHIIEE

ATLAS VDO D1 7#EESR 2016 27



=T RNt ER

« Gottingen X Max-Plank-Institut )9 < 3

- JOVXR—=X, =Y VTHE. BB, @EET/N—RKTITT7X
VT F > Z(E GWDG

QGWDG

Gesellschaft fliir wissenschaftliche
Datenverarbeitung mbH Gottingen

ATLAS VDO D1 7#EESR 2016 28
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- ERIE3A (LHCEBOROHDOEREEE(F 2 AN)
- BET1FTERERE?

? FTE 0.3FTE 0.6FTE

b - r o
R, '.A.M"'E =S

IN—FD TP AXYFTF X Batch System, Provisioning Grid, Batch system, Storage,
GWDG: Tim Ehlers Teory group: Dr. Juergen Holm ATLAS exp
ATLAS: Dr. Gen Kawamura

ATLAS VDO D1 7#EESR 2016 29



IRIADETEEIRE KR

« 2008 FE(C WLCG ) ATLASEF Tier-2 & L CTRa18

e IH

DBYNERYIE, NAAEERIZE. U v RRR. EmYESTESM
£

#$20% DEEERIIT vT « VT VBRI IL—. ATLAS (3#780%
A L —I&FIRIE 100%ATLAS

R YARER L ARJLD WLCG ATLAS KEZEH&EY 1 ~

e N—RKD I 7

ZwvD x13
Y—EXRIAKY—/1— x24
AL—IY—/1— x 15

« 1.2PB 71 XD

3024 Logical CPUs

ATLAS VDI ~D 1T 73EESR 2016
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c SRILDITV - EBEIYRTL

dCache
CREAMCE x 2 + PBS (X1 )
CREAMCE x 1 + HTCondor (X =3 X5 1y)
Scheduler (& Géttingen Tuned (by Gen Kawamura)
* PBSORT—ZEUTvHBIRDIZH, 3000 177 CHEE PBS (FEIE
ROCKS XOEIY3aZVo - EBI VI Y
APEL, BDIlI, etc...
SAN X kL —Z 10TB
VM R X Y —/1— x4

e dCache LIAN® Grid b —E X (& VM
Frontier server x 2

TS5 V45 : Nagios, Ganglia. HappyFace. MadFace
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GoeGrid 1.0 - GoeGrid 2.0

« 1.0: i BEDEAY (Cfengine + ROCKS)

- FZK, DESY-HH (o 1= ¥ Bk,
- PBS + CREAMCE + dCache

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

® Management tools
— OS installation
— Configuration of- oS and serwces
Scalabﬂlty
- Administrator mistakes can have large |mpact

engine

e 2.0: Foreman + Puppet
- HTCondor + ARC-CE + CREAMCE + dCache

ATLAS VDO D1 7#EESR 2016 32
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~ 2018 /\—K -

=+8 ) — R HEP-SPEC L

HEP-SPEC in GoeGrid WNs

B DELL 24311.12




~ 2018 /\—kKDx

B — RO

SOV HP DEE ) — RI(S{EERE

Number of Nodes




2016.12 BB A® - DELL

#710,000 HEP-SPECs

DELL enclosure + blade servers
M1000e x 1 + M630 x 16 blades

DELL enclosure + blade servers
M1000e x 1 + M630 x 16 blades

_ - DELL storage servers + SAS controllers
PowerEdge R730 x 2

DELL server

e ——
P <« PowerEdge R730 x 1

236,896 EUR (including TAX)



2016.12 B AK - EUROstar

8001B

EUROstar Disk arrays

== 4  M1000e x 1 + M630 x 16 blades
| + SAS cable

66,033 EUR (including TAX)



GoeGrid D B4t

e dCache XL —30O05 M EIHIL

- ER(F R + graph \BEARIELS 1TV

- 1% QOS5 —5 = {HFE

o MMETHMREEIZ T — X S EE S
« 1% OO Y TIEFEXRE 95% LUIA
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Requests in dCache
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Requests in dCache ( user -> door)

An extraction of interactions between
“user” and “door” in Grid pathways

Robot: grid cliens - Dimitri Nf?}qsen !Q?Pﬂﬂg’?ata Managem‘?r/

\
h

Y /

g

.. \ f / '.I V4
Susana Patricia ®mor dos Santos ~ \ // | |
\\\‘-,\\\\\\ ;: f ef ! py /’j |II
\ \\\\ ////// p V4 | RDb‘DtWAS PllDt
| | y
|/

N Tlmothee Theﬁenea -Pe
Micha Kq.lskalf1602

;o
P
)4
.
NN / 72
N

Robot: AMS Pllotl

dcap-se6- gm’gr}ﬁamam -
e / | |

// S I|
p—selﬂ—gtlfgridDDmE;in/ / ." |
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/ 39
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Requests in dCache ( user -> door)

ATLAS DDM Robot ,

Robot: grid cllerl Dimitri NA}qsen u.llta Managemem/

Susana Patricia NDT dos Santos

ime-series data from “ATLAS DDM” to SRM door

Mormalized Cecurrence Rate [26]

~ o
S \ /
p—selﬂ—gtlé’éridDDmE;in/ // Pate Time .
dcap-sc7-g grldDamalr}/ dcelip—sedl—go‘gridDDmair
/
/// II . .
dcap-se8-goegridDomain

/ 40

dcap-seS-go.éridDomain



Requests in dCache ( user -> door)

Robot: grid clierl- Dimitri NA}qsen

Susana Patricia Q:mor dos Santos
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EGI 2020 and the Globus
Community

Steven Newhouse

Director, EGIl.e

EGCF 2012
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Utrecht .

DANTE

TCD

STFC

15 Resource Providers

7 Technology Providers
4 User Communities

SixSq

3 Liaisons

~—

7

KTH

GWDG

FZ)

CESNET

Cyfronet

e ——

CNRS

Multiple Technologies

7 OpenNebula

FCTSG

3 StratusLab

3 OpenStack

IFAE

1 Okeanos

BSC

1 WNoDe_S .

EGI-InSPIRE RI-261323

EGCF 2012

Masaryk

LMU

SRCE

INFN

GRNET

10
www.egi.eu



Standards & Technology

Information

l

Resource Provider

OpenNebula, OpenStack, Eucalyptus

Monitoring Accounting Notification

UR+ & StAR Era——

EGI wide area message bus

EGCF 2012 11
EGI-InSPIRE RI-261323 www.egi.eu




Test-bed

status

Host Service *¥ Status ¥ Last Check ™%  Duration ® % Attempt ® ¥ Status Information
149.156.10.30 E:;ax;.JsLab OpenNebula "
- List of records contained in the cloud accounting database.
) ratusLab CpenNebula
cagnoded2.cs.tod. e oK
proxy Page last updated: 2012-03-23 14:01:23.220392
carach3.ics.muni.cz OCCIl 0.8 QK
0cel 14 ok || | | | - | Rl T T P .
LYY LDAP - GLUEZEndpointlD=http:/ /cdmi.cloud.cesga.de:4001/ CDMI,GLUEZServicelD=cloud.service.CESGA-cloud_service, GLUEZ GrouplD=resource, GLUE:Z
=i --.3]9",]@- -

R|$ | =2H~"O0

DIT
¥ [Z) Root DSE (2)
¥ & o=glue(2)
[:I CLUE2CrouplD=resource
¥ [ GLUEZGrouplD=cloud (5
¥ [ GLUEZDomainlD=CESGA-cloud (1)
v [:I CLUEZCrouplD=resource (1)
L B GLUEZServicelD=cloud.serv..e.CESGA-cloud_service (B)
] GLUEZ ResourcelD=CESCA-cloud_ScientifcLinux
[ GLUEZManagerliD=cloud.service.CESGA-cloud_manager
[ GLUEZEndpointlD=http:/ fcd...cloud.cesga.de:4001/_CDMI
[ GLUEZEndpointiD=http:/ oc..cloud.cesga.de:3200/_0CCI
[ GLUEZEndpointiD=http:/ oc..cloud.cesga.de:3400/_OCCI
[ GLUEZEndpointlD=https:/fo..d.cesga.de:8443/_SunStone
b [ GLUEZDomainlD=Cesnet-cloud
> [ GLUEZDomainlD=Cyfronet-cloud
» [ GLUEZDomainlD=GWDG-cloud
b [ GLUEZDomainlD=Kth-PDC-cloud
_%;. Searches
Eﬂ] Bookmarks

EGCF 2012

EGI-InSPIRE RI-261323

GLUEZEndpointiD=http:f /cdmi.cloud.cesga.de:d4001/_CDMI,GLUE:
DN: GLUEZEndpaointlD=http: [ /cdmi.cloud.cesga.de:4001/_CDMI

Attribute Description Value

objectClass GLUEZComputingEndpoint {au
objectClass GLUEZEndpoint {(structural)
objectClass GLUEZEntity (abstract)
GLUE2EndpointHealthState ok

GLUEZ2EndpointiD http:/ fcdmi.cloud.cesga.de: 40
GLUEZEndpointinterfaceName | CDMI
GLUEZEndpointQualityLevel production

GLUEZEndpointServiceForeignk( cloud.service.CESGA-cloud_s«
GLUE2EndpointServingState production
GLUEZEndpointURL hutp: / fcdmi.cloud.cesga.des 40y
GLUEZComputingEndpointCompy cloud.service CESCA-cloud_ser
GLUEZEndpointCapability
GLUEZEndpointimplementationMa OpenMebula
GLUEZEndpointimplementationVe| 3.2

cloud.managementSystem,clow

GLUEZEndpointimplementor OpenMebula
GLUEZEndpointinterfaceVersion | NA
GLUEZEndpointTechnology REST

12

www.egi.eu



Community Community
Services Services

Community
Platform

Federated laaS

C
O
o

(qV)

C
5

| -

O

O
@

>

o
O
LL]

EGl-wide message bus

EGCF 2012 13
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D507 X -

« GWDG Cloud
- BEET ARV R
- HTCondor+CREAMCE

- FAX CTF—~H5EnX

CloudScheduler [2]

~|launches

monitors

4
HTCondor Queue

register with
worker nodes

GoeGrid Tier-2 Computing Center

.

N
The GoeGrid Cluster is integrated in the The GWDG Compute Cloud is a private Infrastructure as a Service Cloud
WLCG as a Tier-2 center based on OpenStack which can be utilized by researchers of the
. ' University of Géttingen and the local Institutes of the Max-Planck Society.
+ Grid (CREAM x 2, dCache) RS Current Size:
- 3000 cores «52 nodes
+ 1.2PB storage eca. 3300 cores, GW D G
* SAN connected eca. 15 TB memory
. i eca. 300 TB NFS storage, elshal e wissensahattichs
GoeGrid racks at GWDG 10Gbit network JAS e 12 times 10 Ghit network (redundant)

GWDG Compute Cloud

ATLAS VDO DT 75
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GoeGrid Tier-2 & &

<Y OHEX Tier-2 Y1 ~

- 5 ~ 8% F2E (D ATLAS DE &R%& {15

- VY VIVD—(3# 1IFTE (& DE UNI-T2 (£ 2 FTE)

- Run-2 7 — 9D IZHERZ N 2 (1B
e 9,433 HS06 CPU + 1.2PB - 19,300 HSO6 CPU + 2.0PB

- SRLDIT - BEIRTLET YT —RH

- EGIOTSIORMEIRD T4 —XIFEDT AR WY K

ATLAS VDO D1 7#EESR 2016 44



Gottingen ATLAS ¥V)IEETE T IL—T D
HEREYVD X

. | ’ '
'F Tensor

Computing ATLAS VDI kD1 7HEBS 2016




yal=l

SHRUEB(ICIEDZDSEED
(B IXREBOERNS) ATLAS DERICIIBZSEED
R4 - B - NAYRHZIED
AVE1—5—miBGOERIC—ERLUTUSED
- Z=N\—([EHBERELDODRL
HEZSEED

5 r\ Tensor

FRERHDSED
FDSEHPE SRR ZFSELE ii:
Cloud

Computing
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ATLASY J D 1 7&JRED ARM
P—FF O F v A\DBEIE

- ATLASOOVY J D 1 7&R(E Intel x86_64 TEBEINTL\S
- ARM 7 —F 7D F v DiZHE
. M=
- ARM OV VY ERBICEXEVY—T v ~
« Bl XV—kT22, 9TLwWk, lI0TF/11X
- BHEET
- ARMOSXSIZERHETES
- SREHD
s YIRNVIRBZAREKERET S ?
¢« R
- ATLASOY DI 7ERIEXTETS
- BHEOHTEAMLSE

ATLAS VDI ~D 1T 73EESR 2016
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ATLAS Y J D 1 7E&EIJRD ARM
P—FF O F v ADIZNE

+» What did we port?

» Athena stack overkill

* Picked AthSimulation
» A fraction of the packages of Athena (~345 compared to ~2400)
*» Much quicker compile time
» Potential for errors in port decreases
*» Geant4 gives a good CPU load
» Good for simulation and validation
* Implement this in Jenkins
» Build this using CMake - we were pioneers

Remove CMT!

ATLAS VDI ~D 1T 73EESR 2016
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ATLAS Y J D1 7&EJRED ARM
P—FF O F v A\DZIE

« Event &£

£ 18000 — —— Intel Xeon = L —— Intel Xeon
T iATLAS Sifulation HP Moonshot [ iaTLas Sinulation HP Moonshot
12000
14000 = — Iniel Atom B 1] — Intel Atom
- — Hisilicon L — Hisilicon
12000 [ 10000 — I
10000 — 8000 —
goo0 |— -
C £000|—
5000 [— -
- 4000|—
4000 |— -
5000 |— 2000—
0 B 1 1 1 L1 1 1 1 1 1 1 1 1 1 1 1 1 L1 1 1 1 ] B L 1 1 1 1 1 1 1 1 1 1 1 1 L1 1 L1 1 1 1 1
£ 1afF H 1 % 4ET 1 t
ey = 4 + FF[ = = i ++ H
12 31 * + 12~ ¥ + LT
- + o, x + + + + ﬂ l - + R vyt + + +
JE | Jf | +ff-|-j:4= 4 *:T:F ¢1++ BN .5'*; % ,Fttk++4_1*r" -Li{:tf"iiﬂi':r" t " iiT E f T i ;4. ﬁ#i Ll +1':T: K 4:;* o _r¢+j++ “_I;*i*ﬁt — |
E + THT A F o T e - E 4 A B e
08 :_ 4» + ﬁ'l’ + +__ 1"' + 4 1"‘ i+ = :‘:fd-*- 1—-t- +_‘"_+_‘_+1+ N +++ i +i$+ +-|-:': 0e :_ :|: F . '+ ¢+ +++ +r..:-l-"'+ + 4 : - 1—4- R e +_‘_*+-|+ o +++ + ﬂ+‘«1|»+1 +
= -+ = + +
1] = 1 1 + + ] = + +Jr |
-150 -100 50 ] 100 150 —15 -100 -50 [1] 50 100 150
Pixel_x Pixel_y
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ATLAS Y J D 1 7E&EIJRD ARM
P—FF O F v ADIZNE

o tthar TR AR EEHESE

300

— Intel Xeon =— HP Moonshot — Intel Atom — Hisilicon

7
Total power I

—_ [ [T PTI .

ﬁmm Ngmmouowcmomcm

s = o ooo oo o o0 oo 0o
T T T

g - + * + B
Events per unit power £ s : 53 3 : 1
g
S
Total - idling power = VW

& 10 ’

o LLL : .

o 1 2 3 4 5 3]

Time (haurs)
Name Time (Hours)

HP Moonshot 15.10

Hisilicon 10.46
Intel Atom 18.03
Intel 6.33

ATLAS VDI ~D 1T 73EESR 2016



ATLASY J D 1 7E&EJED ARM

P—FF O F v ADIEIE

« Event £ & E1THR - HEE/]

P [Watts]

EventsfkWh

T T T

500

200

100

100

90 F .
60
50 |- - _ .
30
20+
10 L .

— |ntel Xeon — Hisilicon |

Lo | USRS 2o L PSSO B 1 2. Active cores. |
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DoORIIVELI—TFT 1Y

« EFARN—I3V

- BRAO S RICREE ATLAS DEEEFILE?

- BRSSOROIOXRH@EETIL

« BYCRERDEVS CENELEHBAE M _

- AR MSc. Gerhard Fredinand Rzehorz

- BROSORV—TvkEIEBHRER

- JRNICEHERME ST S (ICRINIC T I3 a8EKS D
« KRR

- THRKERIITEEEEXLL

e« ARL—IEREIRL—I 10 DREE C|0Ud
- LHC [CBBUZAMEER. JON\DESRNAICKSTEESD  Computing
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DSORIIVEI—FT+aV5

e JI3TIISAINSARYEL—RPIOX~ (CHR)EEEEH

Input Workflow Input Infrastructure

~~

g N

+ ...
- _/

Overall Result
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ODSORIIVELI—FTaVD

+ REEZERR

- BT ILERE

- Qvercommittment

o /0 ISR ZE RS T

Number of
rocesses

8 32
2Xx8 32
8 16
2x8 16

local
local
local
local

1000

Network_InstRead [kB/s]
2000 3000

4000 5000

0

50

100 CPU_Time_Event [HS*s] 150

200 250

10

@

o

~
-
M e
-
-
-
-
.-
.
-
.
-
.
-
% .
% ’
% -’
% ’
.
-’
¢
.

Network_Traffic (In) [Gb/s]

........
......
n

Y
~ .
.o
~

v Size_Event

= Number_Events
== CPU_Time_Event
== Network_InstRead
= Bandwidth_Limit 1

cermiaagetie

=
-
-----
......
.........

3,07 +0,04
2,24 +0,01
3,17+ 0,09
3,33+0,01

1000 1500 2000 2500 3000
Size_Event [kB], Nr_Events

ATLAS Real Data Reconstruction
Overcommit
im

rovement
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HX =)

DSORIVEI—FT1 0

& 5863 Events/s/chf

14 GB RAM/machine

Overcommittment: 11 threads/machine

5 ¢ 8
g 8 3

Jyo/pu0as/siuand
L
o
=]
S

5862.97477589 |

20 35
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Google TensorFlow 51735 &
SR VEI—FT a5

TensorFlow & (& 7

- 2015 FXRICVU U —X TNz Google DEFHDEIIERAT +—F_1—3JLX W
~ (DNN) BS1r735Y

* DNN [CRHMETIIEL . —RRIIDBEEIENES 1T S5 Y
TEFARN—23y
- WLCGHUWVE - USXITEMNTICE? (GPULL )
Google Cluster = EX GPU cluster ?

) r Tensor

( I

ATLAS VDI ~D 1T 73EESR 2016
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Google TensorFlow 51735 &
SR VEI—FT a5

« DNN >CL\WL\D7?
 Low-level vs High-level #=
- Low-level (FFFEEHRLEIOMIE/NS XS

| Table 1 | Performance for Higgs benchmark.

Technique Low-level High-level Complete
AUC
BDT 0.73 (0.0 0.78 (0.01) 0.81 (0.01)
NN 0.733 (0.007) 0.777 (0.00D) 0.816 (0.004)
DN 0.880 (0.001M) 0.800 (< 0.001) 0.885 (0.002)
Discovery significance
NN 2.50 3o 370
DN 4 9a 3.60 5.0¢

*) Baldi, Pierre, Peter Sadowski, and Daniel Whiteson. "Searching for exotic
particles in high-energy physics with deep learning." Nature communications 5
(2014).

ATLAS VI DI 75885 2016



Google TensorFlow 51735 &
SEN IV E 31— T%Jﬁ

e TensorFlow M7 —FF D F v £ 55 @
i L . o i
- GraphR—XDEEDV S XAESE - &8/
- BT Tensor (e
) & ‘/.,.
- Gradient (728U CT—#E3E1T ( Flow)

- Graph ZE8Et8 7 /\1 AN E|alge
e HBHFGPUE—FRDOHTR—L, CPUE— HJWS( SEE) DIE

(Device B (Device B

@@@/GD ® © ©
N o] ] == ‘ﬁﬁﬂ
A\ / > | ,
== = == % ® ® ®

S ERMEDDEIETE S ‘ SHEE S ¢ ZAGE
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Google TensorFlow 51735 &
DRI VE1—FT V5
* Grid Docker IRIBERA7 XA M+ 1—

- Grid CEhSBfEJd— X ~Sw T Docker A TensorFlow BIEZ 18 ) — RAO—R

05523y - LRNIVTHOEER

- TPADVTFaVE (EREDER)
- REMH(!)

- B

‘ x]
dOCer Tensorflow
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— N —
Google TensorFlow =175 &
o — W
RN VEdA—FT VD
« Convolutional DNN TO- X — IR Z B hFR
- TensorFlow v0.8 CPU E— K~ C7 X (1 thread/ 1 docker VM)
- Event processing rate (& Z7(C LR

- Event processing A TH (GEIE) BENAKETO)
« > 10 jobs T TensorFlow (CPU mode) BIAMREIE AL E,

400 600 800

Eevnt rate [Events/Sec]

200

Performance of Event Processing in TensorFlow Total processing time of TensorFlow
8 .
| 8
° QY .
o
-y .
Q
(] 8 ot
L4 (]
. =32
. % 87 .
Total epochs § T g
e ® 100 L
200 8 | Number of Job slots
500 e : - e
1000 10 ' ' 3
[ ® 2000 e 5
® 5000 e e7
® 10000 o & e
2 4 6 8 10 12 0 2000 4000 6000 8000 10000

Number of Job slots (Threads in TensorFlow) Number of Epochs in DNN




XAEZSI VDI RT L
( HappyFace, MadFace )

« XHEZHIVIVTGIRXFTLEF?

- BEZHVVIDEZAVIIIDEZODI XTI 4
« HappyFace meta-monitoring system in CMS —
- RV Tierlt EZ5 U J70)7Z<V>G)>U5’:E ’S"J VO TLE
L TR (KIT) C—

« Python JJLCEE
« SQL DB backend
e 1 web server

n Iding Finished Failed Cancelled

B The GoeGrid Queues Status for HammerCloud Functional Tests
-\ \ﬂ: Analysis queues:
[ ] % J 1 7 *%J [ | Queue Name (always visible) Status
ANALY_GOEGRID 100
All analysis queues are good.

Details

ATLAS VDO D1 7#EESR 2016 61



XAEZSI VDI RT L
( HappyFace, MadFace )

« XSEZHIVITIRFTLET?
- BEZHVVIDEZAVIIIDEZODI XTI -’
« HappyFace meta-monitoring system in CMS
- RV Terl EZFVVYIDRODAIEZIIVITIRIFTLE
L CH% (KIT)
* Python JJUCEER s
« SQL DB backend
* 1 web server

e EIaS—iEE
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XSEZSHIITIRT A
( HappyFace, MadFace )

« XHEZHIVIVTGIRXFTLEF?

- EZHVYVIODEZSIIODRRODI AT L 4
« HappyFace meta-monitoring system in CMS —
- FrYTerl ®EZVVIDRODAIEZIVITIRTLE
L TRz (KIT) AREMICE SRR - X VTSN DBELER
« Python JJUCE&R — @ :; }%}h};:q

« SQL DB backend
1 web server

e EIaS—iEE

= Html
JavaScript
SQL
SQLAIchemy
Python

ATLAS VDO D1 7#EESR 2016 63



XAEZSI VDI RT L
( HappyFace, MadFace )

e MadFace XS E_ZSYI VT XF 1
- BHEOENTILTIL— LD —5 THE

- Web + mobile JL—LD—5
 |onic, AngularJS framework
« Server-side JavaScript technology
» Firefox + Madfox (JetPack Manager)
- AT IRA DT
* R, bayesian change process
« Bayesian network
OSSO0 —7+ VORME

- #9300 BFRE (By Gen Kawamura)

5w RS ZADENA IS

ATLAS VDO D1 7#EESR 2016 64



XAEZSI VDI RT L
( HappyFace, MadFace )

e Web Y —/\—& Mobile 77U MNRRALU L —LD—D7L0D CRAFMFR
N =y 5E

- {K7FS:E(3 JavaScript & R
- T —5EHI(F ISON

Firefox MadFox Browser view analyser lonic meta-monitoring
A addon —> and status detector —> instances —>

lonic mobile
application

name": "Critical Line",
"text": "The most critical monitoring pages”,
"level": "Critical”,
"urls™: [
{
"name": "Gstat",
“file_prefix": "GStat”,
"link™; "http://gstat2.grid.sinica.edu.tw/gstat/site/GoeGrid/",
“xdisplay_name": "middle”,

Monitoring information it JSON definition for

N monitoring and analysis Final aggregation
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