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IHEP cluster

New Resources Since S&4915

A 86 blade servers have been added to the BES batch system
A Lenovo Flex System x240 M5
A CPU E52680 v3
A Total CPU cores 18064

A 368 slowCPU coresave been retired

A computingpowerhas increased y0%
A HEPSPECO06 Before: 75.5kHSoBlow: 116.5kHS06
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BESIII job statistics @ IHEP

A BESIII group has submittéd722,3330bs
A comparedto 2014,walltime in 2015 increases by
12.2%
JOBWALLTIMEH) 2015.11-2016.02 A besghascomsumed37%of the totalwalltime and 79%
pwag; 0,003midd; 72245, 764 s g 771 shortq; 3161,852 of the total jobs
ucasq47608,653\ M%&B%
dp2q; 134617,851__ OfMfineq_ longq; 474,135 A dp2q has been usel@ssthan before (thanks to DSC!)
hsimg, 519906,573 __—— dgaqg; 30564,007 . . .
Queue Aim for priority
name
dp2q Simulation & High
Reconstruction
besq analysis Middle
midq Middle job Low
longq Long job Low
\ besq 8776953,317 pwaq PW&]Ob Low
dgaq DQA jobs Middle
® besq mhsimq ®dp2q ™ offlineq mmidgq ®mucasq mdgag mshortqg mlongg ®simq mhiggsg W pwaq hSImq nggs JObS Very IOW
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BESIII storage @ IHEP

A4 dedicatedfile systems for BESIH sharedfiles systems
A2 .5 PBtotal space2PBhas been used,00M files has been stored.

Space Usage
1200

Physics/group/user data

Has been Physics data
used up t 1000
93% Replace the
network card
PhySiCS data of servers
Glusterreplicated
volume
user data

Scratched every
2 weeks

/bes3fs /besfs /besfs2 /workfs /scratchfs /home/bes
H Available 298 33 11 58 1,5
m Used 920 784 335 1,8 52 0,3

m Used m Available
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BESIII hierarchical storage @ IHEP

A2 data storage mode: disk array and tape

library(IBM 3584)

ABES online data has besiwredin reak
time

Araw datais storedin two copies on tapes
with onecopyis kept inthe mainbuilding

Areplaced thecentral server

Ne

w machines:
HP Gen 9

stagerun01

Stagerun(2

Bes online
diskserver(2

diskserver 03

castor

castorbhak

stagebes0O1

Bes offline

diskserver0]

A castor,stagerun01
A backupserver:castorbak,stageun02

A synchronizeéhe databases between castor
and castorbak,stagerunO1 and stagerun02

Central
Server

diskserver09

------

BES tape

Disk Server

Tape Server

Tape
Library

79802
823.484

Filecount

Tapeusage TB
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BESIII local batch system @ IHEP

ABES Batchystemmigration plan

AHTCondaqra new jolscheduling service

0 migratepart of computing nodes from PBSHJ Condoduring the summemaintenance
period.

o migrateall nodes taHTCondoeventually(if everything is smooth

APlan of HPC (High Performance Computing)
Aa new heterogeneous hardware platform : CPU, Intel Xeon Phi, GPU
Aparallel programming supports : MPpenMP CUDADpenCIX
AL OSYGALFE dzal 3S Ol asSa Y aAaydzZl agAzy=>
Aevaluationis underway.

Anetwork Architecture & technologies
o InfiniBand network for HPC testbed will be setup soon
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Cloud Computing @ IHEHEPCloud

A based onOpenstackilo

A 30 physical machineg,20CPU cores

A job queues managed byTCondor

A file systems are mounted theameway as local

batchsystem
A /bes3fs, besfs /workfsS X

A supports LHAASO and JUNO currently

loa

Percent

o u

Avg: 95, 0%
O Mice

Aowg o, 0%
B System

Aowg o, 2%
O wait

Mg o, 0%
O Idle

Mg 4. 5%

vm_ybij_cluster CPU last 4hr

w: 95, 8%
ax: 95. 2%

=x: 0. 0%

=x: Q. 4%

=X @. 1%

=X 5.8%

T = T =T =
[E T T

n: 93. s

n: 8. &%

im: a. 1%

n: 8. &%

n: 4. 5%

A start Virtual machines in advance by system administrator

A dynamic scheduling system under development

A good efficiency for LHAASO simulation jobs

A CPU efficiency89.4%
[Efficiency € puTimée Walltime]

A stable run for more than 2 months

A BESIII jobs are forwardedtdEPCloutly PBS
A more testing to be done
A to be integrated in the future
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Cloud Computing @ IHEP
FutureArchitecture of Virtual Computing Cluste

N - - BES JUNO LHAASO Other
A b:JlIcimg virtual computing J0b Queues
cluster

A easy to share resources

A improveresourceefficiency

A improveoperational efficiency HTC

. o onddr Resource Scheduls

Afut,ure architecture: four layers =7 AE&BUN%’ME i

A 1stlayer: Physical machines _ _

0 bought and owned by Virtual Machines

o different experiments

A 2ndJayer: Virtual machines - - - - X - - Physical Machines
o shared resource pools,

0 not belong to any experiments BES JUNO LHAASO

A 3d]ayer: Resource scheduler
o dynamically allocate resources to different experiments depending on the task list

0 resource allocation policies to balance the resource sharing and physical machine
invest

A 4th Jayer: job queues
o different job queues for end users of different experiments
0 same way to use as traditional cluster
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IHEP links

A IHEP internet Connections
A IHEP-EUR.: 10Gbps
A IHEP-USA: 10Gbps
A IHEP-Asia: 2.5Gbps
A IHEP-Univ: 10Gbps

A PerfSONAR@IHEP

A Bandwidth: Perfsonar.ihep.ac.cn
A Latency: Perfsonar2.ihep.ac.cn
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IHEP links

A IHEP internet Connections
A IHEP-EUR.: 10Gbps
A IHEP-USA: 10Gbps
A IHEP-Asia: 2.5Gbps
A IHEP-Univ: 10Gbps

A PerfSONAR@IHEP

A Bandwidth: Perfsonar.ihep.ac.cn
A Latency: Perfsonar2.ihep.ac.cn

A network suited for an effective BESIII Distributed Computing!
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OpenNebulainternal architecture
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Elastic cloud

A Ondemand usage
A Elastic wayo use cloud
A52y Qi 2 OO dhefore jblds arecorhldg S a
A Save money when you use commercial cloud

A VMDIRAGS one of the way allowing to use clouglsstically
AHTCondor Cloud scheduleelastiq

A Needcentral task queuandcloud scheduler
@ Cloud scheduler

central task queue a central task queue central task queue
No Jobs Userdob @ | W2oms Wzlonm \@ No Jobs

i Finished
Sme'ss'onCreat Get' Jab

I Delet
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DIRAC

A DIRAC allows to interconnect computing resources
of different types as aterware

A Grid

A Standalone Cluster
A Desktop grid

A Cloud

USER Communities

Resources
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DIRAC systems

A VMDIRAC is one of DIRAC systems

A2 2NJ f2FTR YIYIFI3SYSyiuasz 51 atl

A Each system consist of

similar components:

A servicespassivecomponents,
permanentlyrunning, waiting for queries
or requests

A agentsilight and active components which
run as independent processes to fulbhe
or several systerfunctions

A clients

A databases

client
[-

]

y

/ central semnver

—

Job
managemen
services

ﬂ

Donamgsre |

~

[ MessageSvc }

[

ConfigurationSvc}

_
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DIRAC workload management

Production
Manager

ysicist

ADIRAC is likeldqg cluster

system over WAN
A Central task queue TN e 2 .
A User jobs are put into andoox | louewel [ vo )%
the task Queue \ | repository Policies Ir'
A Job priorities are
controlled withvoO  TTTTToTTTTTmmmmeemeees
policies

A Pilot director

A Connect with resource
broker and submit proper
pilots

A Deal with heterogeneous
resources

A Every resource type need
a pilot director

A Match service

A Cooperate with pilot,
Match proper user jobs to
resources

May 19th, 2016 Workshop di CCR, La Biodola 15



VMDIRAC: cloud integration with DIRAC

Ad+a RANScadofINE f 20 RA Nana al\né@

Astart VMs, instead of submitting pilot jobs

AVMs atboot timestartd LIAf 20 220 ¢

AThis makes the instantiated VMs behave just
other WNs with respect to the DIRAC WMS

AVM scheduler need to manage/namic
virtual machinesaccording to job situation
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VMDIRAC: cloudtegration with DIRAC

AlntegrateFederated cloudnto DIRAC
AOCCI compliardlouds:
AOpenStackOpenNebula
ACloudStack
AAmazonEC2

AMain functions
A Check Task quewndstart VMs
A Contextualize VMt be WNs to the DIRAC WMS
A Pull jobsfrom central task queue
A Centrally monitolVM status
A Automatically shutdown VMwhen jobs stack is getting empty for a certain time
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VMDIRAC: architecture and components

A Dirac server side

A VM Schedulerg get job status from TQ and match it with the proper cloud site,
submit requests of VMs to Director

AVM Manager take statistics of VM status and decide if need new VMs
A VM Directorc connect with cloud manager to start VMs
Almage context manageg contextualize VMs to be WNs

AVMside

A VM monitor Agentc periodically monitor the status of the VM and shutdown VMs
when no need

AJobAgeng2dzad € A1S GLIAf 20 220aésx LWzZ ftAy3I 2204
A Configuration
A Use to configure the cloud joined and the image

A Work together
A Start/Kill VMs
A Run jobs orvMs
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BESDIRAC elastic workload management

A Global integration to different echosystems ﬁ User
A job scheduling scheme remaimschanges ]

A instead of site Director for cluster and grid,
VM scheduler is introduced to support cloud

A Elastic workflow:
A start new virtual machine with one CPU core Site

when there are waiting jobs Director

A one job scheduled on each virtual machine

at the same time

A delete the virtual machine after no more
jobs for acertain period of time
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The INFNirtualisedon cloud BESIII Grlder2: GRID.INFNorino.it

A cloud infrastructure at INFN-TO Computing Center:
A cloudinfrastructureoptimisedfor scientificcomputing
A virtualised VMs, farms full Tier-2 Grid infrastructuresLANS
A basedn OpenNebuld CVMFS /Squid/ BESIIDIRAC

A cachedcontextualization:
A squid+ CVMFS Stratum0 or 1

A BESIII activities:
A 2kHS06 ¢ 200cored and60 TB netreservedor BESIII (Random Trigger Data 25 TB)
A sharedaccesso 0.7kHS06

A INFN providesto BESIII:
A fully transparentier-2 Grid Infrastructureaccessibléy IHEP
A directsubmissiorto CE,contestualisationia CVMFS
A job submissionn BESIIIDIRAC included from INFN and IHEP
A part of BESIIImassproductions
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ThelINFNTO Cloud Lala, Micro Cloudnfrastructuredevoted to R&D:
CLOUD.Torino.it

A R&D cloud infrastructure at INFN-TO Computing Center:
A cloudinfrastructurfor R&D
A virtualised VMs, farms full Tier-2 Grid infrastructuresLANS
A basedn OpenNebuld CVMFS /Squid/ BESIIDIRAC

A cachedcontextualization: m I

\v
\

firewall

A squid+ CVMFS: CERNStratumO Jr
\.

A BESIII activities:
A 1.2kHS06 (12&ore3 and19TB net

reservedor BESIII but not exported private network .
A INFN providesto BESIII: AN
A a complete tedtenchfor R&D r e PP AN
on cloudtechnologies N

A ableto copewith all theserverglients/agents of the producticfoud, and more
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BESIII Distributed Computing

# Site Name CPU Cores | Storage | Status # Site Name CPU Cores | Storage @ Status

CLOUD.IHEP.cn 214 TB 8 | GRIDJINR.ru 100~200 | 30TB | Active
e ——

9  GRID.INFN-Torino.it | 200

128

CLOUD.TORINO.it

5 | CLUSTERWHU.cn | 120~ 300 39TB Active

6 | CLUSTER.UMN.us 768 50TB Active 13 C_GRID.INFN-ReCas.it 50 Active
7 | CLUSTER.SJTU.cn 100 Active 14 | CLOUD.CNIC.cn 50 50TB
Total resources INFN contributions to BESIII:

A ~ 1700 CPUcores > Grid Infrastructures250cores& 90 TB

A ~500 TBstorage < CloudLab
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BESIII Distributed Computing: significant INFN contributior

GRID.INFN -ReCas.it

Prof. QiuLing YAO, BESIII PCW 03/2016
Prof. Xiaomei ZHANG, BESIII CM 12/2015
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