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IPv6 @IHEP-Deployment

* |nternet bandwidth

s 10GDbit Fibre
s 1000MDbit Fibre
1000Mbit Fibre

Network topology of IHEP Campus network

— 10Gbps to CSTnet

CSTNET 1Py

* |Pv6 network devices
— ~150 switches
~300 AP »— ‘
« |P address allocation T uslem
— SLAAC
* Network monitoring
— Cacti / Nagios with IPv6 i il il i
oatch bing 15 11 15 1814 15 Rew O Dubsieseibes b it Dl 2w
° Network secu rity IHEP <-> CSTNET (IPv6 18Gbps)

— IPv6 ACL(Linux)

— Anything out / Nothing in

Sat 51 Mon Tue
3 M Maximum: B63.90 M
3 M Maximum: 584.60 M

Inbound Current: 284.27 M Average:
Outbound Current: 307.91 M Average:




IPve @ IHEP-

Dibbler
— A portable DHCPv6

— Open source software, current version 1.0.0

DHCPvV6 solution
— Server, Client (Support XP), Relay

— Pseudo dynamic ipv6 address allocation

— Address track

IHEP contribution

— bug fix: Interface-id string size>4
IPv6 distribution in VLAN

— IPv4 production public network: no IPv6

— IPv4 private network : public IPv6

IP address assignment

o Feature

e OS supported

e Linux 2.4/2.6; Windows
NT4.0,XPWIN7/8; Mac OS

e Multi-server supported

e Auto-configuration proctocol

supported

e Stateful /Stateless

e |A,TA,PD client IP configuration
control

e Dhcpvb relay request supported

e C(lientis configured by MAC or
UuID

e Server caching



|PV6@ |HEP-user Access control Procedure

MAC/User

Name/Email/Tel/Building/Room

/ number/Plugin number/......

I EAIPHLL 202.122.032.010

eIl o] D0:467:E5:2B:31:67
IPVéithit: 2401:de00:1:1b4f:D0:67E5:2B31:67
HEAEE: CRIST

BERS: Windows
HHAEREES: FrEF

Y ERSE S FEABRT SRS

B AEIE: 88234835

E-mailtfit gfz@mailihep.ac.cn
T FERY RSB R T
ERAFRERNRERB: HEHS

IP/MAC relationship

Switch information: IP/Port/Vlan/
Switch-Room/Plugin Number relationship
Vlan/IP subnet/switch-port relationship




| PV6@ |HE P-1EPix 1Pv6 Working Group

 Grid Computing Environment
— The gridftp(ipv6) test bed was set up
— |P Name: ui01-hepix.ihep.ac.cn
— ui01-hepix-v6.ihep.ac.cn (2401:de00::9998)
— ui0T1-hepix-v4.ihep.ac.cn (202.122.32.1/2)




FTS @ I H E P-Data Flow & features

> SENDER

buffer

o Features
>

e Performance: Higher throughput Storage

e Stability: services with cluster structure

e Efficiency: Low latency for data relay [ Computing ]

e Function: Multi-relay sites supported

e Automation: file source auto-scan, Fault self-recovery



FTS @ I H E P-Transfer Monitoring(real-time)

SPADE Summary

On-Site IHEP PDSF
SPADE

Data Transfers from IHEP
Thu Nov 15 2012 12:40:00 GMT+ 0800 (-h[E# Bigl

2500mMM

Data Transfers from On—Site
Thu Nov 15 2012 12:40:00 GM 0800 (FEFE:

Z500mMM

Data Placements at IHEP
Thu Nov 15 2012 12:40:00 GMT+0800 (hE+r484ED

4000MM

Data Placements at PDSF
Thu Nov 15 2012 12:40:00 GMT+ 0800 (= aial

T0000M

Bl files




FTS @ I H E P-Transfer Monitoring (Historical Statistics)

Daily Transfers from SPADE.ihep




SDN @ | H EP-Network for HEP
B = B — :

o MASS HEP experiment data share and exchange between cooperation members
o HEP Experiments Exchange for Computing and Storage in Data Center

o The Flexible and extensible network for the Computing and Storage Virtualization



SDN@IHEP - What we knew...

* Itis much easier for the SDN@Data Center, We can...
— Control the network facilities & infrastructure

— Design the network structure and deploy the network devices
* The big problem we are facing is the internet performance among the

HEP experiment members

— The applications(File transfer system included) just support IPv4

— The IPv4 network performance problem among the HEP experiment members



S D N @ I H E P-Goals: Improve the performance

A Private Virtual Network across Chinese HEP Experiment Members

Based on SDN architecture
An intelligent data transmission network path selection algorithm
Using the IPv6 network link around China (CNGI)

Do not change the applications(just IPv4 applications)



SDN @ IHEP -current status

o Consist of

o

o

« Members

o

o

E ﬂd ser network HEP Group Computing Resources HEP Group Computing Resources

Backbone network (IPv6)

L2VPN gateway

SJTU
Network

Openflow switch

Control center

IHEP/SJU/SDUY/.....

N I

Network manufacturer : Ruijie Switch .
. ALY !

Networks, A high performance SN

network joint lab  (IHEP-Ruijie) @— Controller

HEP Group Computing Resources




SD N @ I H E P -Controller

Based on NOX-the original

OpenFlow controller

Design and programming

o id3%Smac01
the network route - Je MR #Dmaco2
: Dmac02id F7ESW3
- AR 55
algorithm e
No match B/

Developed the SDN \

Packet N\
network roughly ectromee®, _
monitorin g Syste m Smac02+Dmac01+Port1 Smacoziﬁ;macm +Port1

Smac{+Dmaco2+Port2 Smac01+Dmac02+Port3

Smac01+Dmac02+Port2

ST

F WO~




SDN @ IHEP -performance

o Network performanc@
o Network latency JJ
o But

o The performance is

unstable

o Caused by the IPv6

network load status

H B34 IPVA4# 37 IPV6# % W% % +SDN 4 %

Mbps) Mbps) Mbps)
[HEP—SITU 31.22 665.00 448.00
SJITU—IHEP 28.60 380.00 127.00
IHEP—SDU 5.90 117.31 68.90
SDU—IHEP 3.15 12.60 6.23
SDU—SJTU 3.51 66.40 39.60
SITU—SDU 3.06 75.23 40.20
RS IP\ASLE B} IPV64E 5% 18 +SDN4E i+

(ms) st (ms)
(ms)

[HEP—SITU 31.20 36.78 38.17
SITU—IHEP 28.67 36.86 38.31
IHEP—SDU 83.00 49.49 56.33
SDU—IHEP 89.32 49.54 57.02
SDU—SITU 187.52 101.69 109.40
SITU—SDU 189.37 99.74 112.21




Dirac Computing Model for BESIII Exp.



Dirac Computing for HEP

Enable simulation + reconstruction jobs

on distributed environment

— by changing computing model from remote
central storage to distributed local storage

— easy connection to local analysis jobs

site
CE

4th

site
distribute dst data from IHEP to CE
collaboration members. \1'
central storage solution
site
SE
—— IHEP SE st
3 CE
/ network jam X4
\ high load of SE £3
site site
CE CE
site
CE
download upload
randomtrg data output dst
une 2014

distributed storage solution

site
SE

<> dCac
/ SE

site
SE

€

€

site
CE

site
CE

—3 read randomtrg data

write output dst

<——>  SEreplicate/transfer

BESIII Collaboration Meeting, IHEP 17

Lustre

/

he

Y\

site
CE




Data Transfer Statistics

e 24.5TB XYZDST data ( IHEP = USTC @ 3.20 TB/day )

Batch Data Type Files Data Size  AverageSpeed Success Rate
1 xyz_4230 12,955 8.32TB 36.7 MB/s 99.31%
2 xyz_4260 10,678 7.53TB 38.7 MB/s 99.19%
3 xyz_4360 5,576 4.09TB 37.4 MB/s 98.80%
4 xyz_4260scan 5,523 3.87TB 36.9 MB/s 99.65%
5 xyz_4360scan 926 0.71TB 30.4 MB/s 98.92%
Total 35,658 24.51TB 37.0 MB/s 99.23%

e 4.4TBrandomtrg data (IHEP - USTC, JINR, WHU, UMN @ 1.95 TB/day )

Batch Destination SE Files

Data Size

AverageSpeed Success Rate

USTC-USER 12,468
JINR-USER 12,468
WHU-USER 12,468
UMN-USER 12,468

A W N

44T8B
44T8B
44T8B
4478

23.4 MB/s
24.9 MB/s
21.4 MB/s
20.4 MB/s

99.37%
99.76%
99.76%
99.68%

4th June 2014
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Site monitoring

x "tyan"+tyan_140529 x
ey a0 x|

Site summary as bes_us...

Currently 4 monitorings: e =l
y g * 7] CE availability monitoring 8)[%]~](=)[5){ £ Host monitoring B@=
CE A a.la bl.t Site & Service +| Test Result Description  24H Reliab 48H Reliat Week Rel Site Host 24H! 24H7 24H| 29HRz 48H! 48H 48H | 48HRa Weel Weel WeekF WeekF
- val | W ’ : — —
y BES.IHEP-PES.cn  WMS WMS_send_test Success  Remote call 075 065 0.7 e . m oy v 2 & 21 [EE
BES.IHEP-PBS. WMS BOSS_work_test Si St 0.86 0.78 0.86
H k d o L= ueeess uceess BES.INFN-Torin...  t2-wn-bes-045 2 12 MO8 2 24 1 B85 24 3 12 e
—_ " )
ost (Wor er no es) BES.IHEP-PES.cn  WMS CPU_limit_test Success Success 075 065 081 BESINENTorn townbes011 w1 oo o BB > % 12 0k
¥ " n
BES.IHEP-YM.cn WMs WMS_send_test Success Remote call 0.71 0.65 0.65 BES.WHU.cn 03 ) 0 10 048
r " i
— Network BES.IHEPVM.cn  WiMS BOSS_work_test Success Success 100 (k] 0.93 . T 2 a W 2 s 1 mE
¥ " :
BES.IHEP-YM.cn  WMS CPU_limit_test Success Success 0.50 0.5 0.5 J— P ;2 m o : m o s 1 iss
BES.INFN-Tc WMS WMS d_test Si Re te call 0.92
_ SE Iatency o send_tes ueeess emote 3 o ] BES.JINR.ru wn21.jinr.ru 11 mE o 1 mE 2 3 1 0es
£ " -
BES.INFN-Torin...  WMS BOSS_work_test Success Success 100 [ 5] BES. TR — Lo w1 w2 s . Bm
BES.INFN-Tc WMS CPU_limit_test Si S 0.52 0.90
ormn it tes uceess uccess e BES.JINR.ru wn3s4.ginr.ru 11 mE 2 2 mE 2 3 1 0es
. " n
M Ore tests WI | I be ad d ed . BES.JINR.ru WMS WMS_send_test Success Remote call 0.75 0.65 0.43 o —_— p— > 2 m 2 2 w2 s 1 EEE
BES.JINR.. WMs BOSS_work_test Si St 0.92 0.74
* ™ ork tes uceess uccess = BES.JINR.ru wn260.jinr.ru 11 mE : 1 B 2 3 1 0es
" ) -
BES.JINR.1u WS CPU_imit_test Fail Failed after 3.. 0.55 062 0.4 J— w104 g N m o m . EEE
BES.PKU. WMs WMS_ d_test Si R te call 0.72 0.67 0.41
_ SE tra nsfer Speed a sena_tes uocess emote c2 BES.UMN.us twins-b12.5pa.umn.edu % 5 g 74 74 B0 74 10 36 067
" -
BES.PKU.cn WS BOSS_work_test Success Success 08 o0’ 0 I — hine-b20,spa.um, ed s s m o W w3 65
. . BES.PKU. WMS CPU_imit_test 5 5 075 068 041
— SE usage Informatlon a —imit_tes uocess Hccess BES.UMN,us twins-214.spa.umn.edu 2 @ @0 s &0 B0 e 95 32 067
o A
BES.UCAS.cn WMS WMS_send_test Success Remote call 0.75 0.44 0.76 BES.UMM.us twins-a23.spa.umn.edu 4 a1 - 53 55 - & @ 30 087
BES.UCAS. WMS BOSS_work_test s E 08 053 08
d t t stat o work_tes uccess uecess BES.UMN,us twins-b24.spa.umn.edu 2 @ g s e B 61 0 29 067
— BES.UCAS. WMS CPU_limit_test Si S 0.82 0.48 0.78
ataset status i = o o BES.UMN.us twins-a 16.5pa.umn, &du ¥ % W 52 s2 BE6 57 85 28 067
BES.UMN.us WMS WMS_send_test Success  Remote call 079 0.7 090 i e 5 o1 o W = 1w §5
1 1 1 BES.UMN. WMS BOSS_work_test S S 0.92 0.92
— p||0t mon |t0r|ng o wrorktes uecess uceess o= BESIHEPM.cn  vmdiracO2test % 16 W 2 2 W@ 2 w13 067
" )
BES.UMN.us WS CPU_limit_test Success Success 078 080 090 N 5 . W = = R
BES.USTC.cn WMs WMS_send_test Success Remote call 0.82 0.82 0.88
A u t h O r . BES.USTC.cn WiMS BOSS_work_test Success Success 0.82 084  0.86 \ [ SE latency monitoring EIEIS
* BES.USTC WMS CPU_imit_test 5 5 082 o84 088 ————= - s Destinati Latency(sec)
USTC.cn imit_tes uccess uccess . . . ource estination atency(sec)
Lud | Network monitoring =
BES.WHU.cn WMS WMS_send_test Success Remote call 0.82 075 0.89 IHEPD-USER IHEPD-USER 2,678
Site Host CEType AverageTime | Passed ¥ | De:
I o r Pe | eva n u k @ J I N R BES.WHU.cn WM BOSS_work_test Success Success [ 088 0.96 IHEPD-USER JINR-USER 16.316
g y BES.WHU.cn WMS CPU_limit_test Success Success 0.85 o7 0.90 BES.IHEPPBS.cn  IxskeS.h...  SSHTorque 0248 5 THEPD-USER USTC-USER 15.932
BES.GUCAS.cn gucasfa_.  SSHTorque 0.703 6g
e IHEPD-USER WHU-USER 6.725
. . y) 09 BES.IHEPLCG.n  cce.hep... CREAM 0.414 1.00 NRASER HEPDAUSER .
Details in Alexey’s report - T
08 | JINR-USER JINR-USER 14,24
BES. JINR.ru legee21.... CREAM 212.827 1.00
07 JINR-USER USTC-USER 14827
= BES. JINR.ru lgdee01 .  CREAM 212.833 60 R e i soie
% 06 - BES.USTC.cn Li04.Jcg . SSHTorque 27.212 1.00 USTCASER IHEPDUSER 2677
H 05 4 BES.USTC.cn LiDLleg..  SSHTorque 27.244 100 TR SR 17‘555
= 04 BES.UMN.us bes3si. . SSHGE 210.608 1.00 -
< USTCAUSER USTCAUSER 274
03 4 BES.PKU.cn hepfarm... SSHTorque 1.516 Py
USTC-USER. WHU-USER 624.375
0.2 - BES.WHU.cn 202,114 SSHTorque 0.012 1.00
WHU-USER IHEPD-USER 5.727
014 BES.NSCCSZ.cn ~ 183.62... SSHTorgque 38.514 pris)
. WHU-USER JINR-USER 20.227
——————— SES.INANTorin. . t2ce0. CREAM 1 Bl e USTCUsER o199
11 13 15 17 20 22 24 26 28123456729 318910 BES.SDU.cn siD3he.. SSHTorque -1 [
WHU-USER WHU-USER 3.092
Day
O [ CE availability m... [=_] Host monitoring [E5] Metwork monitoring [E5] SE latency monito... [E5] CE charts monitoring view desktop v | Visitor (Secure connection)
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BOINC: Volunteer Computing



Scientists

Have a large amount of
data to process/a big
computing task

BOINC
project
Continuous Jobs sent to \

BOINC server




Volunteers

‘CAS@Home |

SETI@Home

LHC@home

Einstein@Home |




The scale of Volunteer Computing

Around 50 VC projects :HEP, biology,
cosmology, chemistry, physics, environment.

260K active volunteers
490K active volunteer computers

Real time computing power: 7.2 PetaFLOPS



The scale of Volunteer Computing

* EC2 price: 1.16USD/hour for a CPU intensive
Windows/Linux instance (~1.5GFLOPS)

* (7.2PetaFLOPS/1.5GFLOPS)*1.16USD=5.56M
USD/hour

* Successful Individual projects:
— Einstein@home (280 TeraFLOPS),
— SETI@home (581 TeraFLOPS)
— LHC@home (2TeraFLOPS)



1’ {The scientist deploys and manages the BOINC server }

and develops the application

4
@@ | The BOINC client is installed on volunteer
- PCs/laptops/smart phones/game consoles by volunteers.
J
4 : . : : N
“&% | BOINC client gets the application and input files from
server, runs the application and sends the results back to
BOINC server. -

BOINC Server

X
[Appllcatlon/ [Job Results }
Input data
J

BOINC Client




BOINC Architecture

|

Application/Input data }

BOINC Manager

Client Tools

BOINC Manager

|

Client Tools

C >
ase Scheduler }\
o
4
File Uploader (66
\ Q
/ )
L )
Application1 Appllcat|0n2 <
Validator Valldator
/ BOINC Server
Applicationl Appllcatlonz
Assimilator Assimilator




Volunteer Computing In HEP (1)
>
* LHC@home LHC@home
— A project based at CERN, aiming at utilizing public
computing resources for LHC (Large Hadron

Collider ) related simulation
— The project has been running since 2010.
— Current scale:

 Over 13K active users
 About 18K active hosts
* Real time computing power: 14TeraFLOPS


http://lhcathome.web.cern.ch/

Volunteer Computing In HEP (2)

e ATLAS@home

— Another VC project based at CERN, aiming at utilizing public desktop
resources for ATLAS similuation

— ATLAS is one of the four HEP experiments at CERN, it co discovered the

Higgs bosson with CMS experiment, hence completed the standard
model in physics.

— All available public computing resources are harnessed by BOINC and
integrated with its Grid Computing resources which provides high
resource transparency to the end users.

— The project will be in official running in late June 2014.



Volunteer Computing on Mobile Phones

Smart phones have serious computing power - as much as 25% of an
average desktop computer

There are 900 million Android phones as of May 2013, and it is growing
rapidly

Mobile devices can therefore supply a huge amount of energy-efficient
computing power to science

A serial of BOINC based volunteer computing projects have already
supported their application running on smart phone platforms such as
Android. These projects include:

— Einstein@home

— SETI@home

—  World Community Grid
— Quake Catcher Network
—  SubsetSum@Home

—  theSkyNet POGS

— Asteroids@home

—  Collatz Conjecture
— GPUGrid.net



mailto:Einstein@home
http://setiathome.berkeley.edu/
http://www.worldcommunitygrid.org/
http://qcn.stanford.edu/sensor/
mailto:SubsetSum@Home
http://pogs.theskynet.org/pogs/
mailto:Asteroids@home
http://boinc.thesonntags.com/collatz/
http://www.gpugrid.net/

Future Work



SDN@|HEP-what we are doing

o Make the applications to control the

data flow route HEP Group Computing Resources HEP Group Computing Resources

o

o

o Keep the network performance stable

and improved

o

Network available bandwidth

IPv6 Connection
IPv4 Connection

measurement feeds back to the

controller

FTS calls the API of controller

Use the ipv6 and ipv6 link at the

ti link bondi L2 IP subnet: 192.168.250.0/24
same time (link bonding) IHEP L2VPN1: 192.168.250.1 — Controfler

_ Site AL2VPN1:192.168.250.2
Two tunnels between any two sites site B L2vPN1: 192.168.250.3

NMS Application

75 Application |
Network link load balance HEP Group Computing Resources



Work Plan and To Do List

* Data Management System
— improve the performance and Ul of data transfer system
— promote the deployment of SE on site
— continue developing on dCache + Lustre

 Workload Management System
— Study and improve performance and bottleneck of simulation + reconstruction
— upgrade to DIRAC vébrll

e Cloud

— Study, integrate and evaluate Cloud resources, including private cloud and commercial
cloud

— Dynamically use cloud resources according to job requirements



Thanks!
Question?



