Testing storage
infrastructure for SuperB
use cases




Outline

® Main objective
® TJests infrastructure

® CMS analysis jobs test
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® Test description and performance
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Main objective

® TJesting and exploiting new emerging technologies in
order to find possible storage solution for SuperB
data access
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Storage Systems under Test

® Server:

® |ustre 2.0:;

e 3 RAIDS FS. Stripe-unit size: |28 KB. 5 Data disk
each

® Xrootd 3.0.0:
o |3x|TB single disks.EXT3 FS

® hadoop-0.20.2 (from http://newman.ultralight.org/)
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Optimising the Single job

® “Hadoop opt”’=> rdbuffer=32768

® The CMSSW (cacheHint,readHint,cacheSize) tuning parameters are
always used and tested until the best result is found

® “blockdev --setra” on each drive, was tuned in order to find the best

solution
® Lustre is not reported plot, but it was 83% of CPU efficiency
CPU%
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Performance Tests

® up to | |6 concurrent jobs
® production farm used to run the jobs

® Each file on the server is used only by a single job
® There is no “concurrency” on each file

® A single disk server:
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Performance test: hadoop vs xrootd

® Running 56 concurrent jobs

® Using 6 disks for xrootd

® Using 13 disks on hadoop installation
® Reading data using “fuse optimized"
® Single server: no “block replica”

%CPU
* We have observed huge load on
~ the cerver while runnine “hadoon



Performance Tests: lustre vs xrootd

* Running | 16 concurrent jobs
* Reading ~ITB of data

* Always measuring the CPU efficiency

* This is an interesting parameter both from user’s point of view and
from a site admin

e The network usage of the two i

‘solution is completely different
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Performance Tests: lustre vs xrootd

dotl-se-01l.ba.infn.1t Network last hour
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SuperB testing description

® Marico:

® multi analysis script (B*/0 --> K(*)*/0 nu nu, B* --> e*nu)
® Submitted locally to PBS queue
® The read patterns looks like very sequential: see next
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SuperB read pattern

110321 18:09:45 20911 donvito.23190:18@pccms64 XrootdProtocol: 0400 th=0 readV 196608@ | 16483825
110321 18:09:45 2091 | donvito.23190:18@pccmsé64 XrootdProtocol: 0400 th=0 readV 196608@ | 16680433
110321 18:09:45 2091 | donvito.23190:18@pccmsé64 XrootdProtocol: 0400 th=0 readV 196608@ | 16877041

110321 18:09:45 2091 | donvito.23190:18@pccmsé64 XrootdProtocol: 0400 fh=0 readV 196608@ | 17073649

110321 18:09:45 20911 donvito.23190:18@pccmsé4 XrootdProtocol: 0400 fh=0 readV 196608@ 117270257

————

e

110321 18:09:45 2091 | donvito.23190:18@pccms64 XrootdProtocol: 0400 th=0 readV 196608@ | I7466@

110321 18:09:45 20911 donvito.23190:18@pccmsé4 XrootdProtocol: 0400 fh=0 readV 196608@ | 17663473
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CMS read pattern

110330 18:37:18 2091 | donvito.9576:18@pccmsé60 XrootdResponse: 2d00 sendfile 179665 data bytes; status=0
110330 18:37:18 2091 | donvito.9576:18@pccms60 XrootdProtocol: 2c00 req=3013 dlen=0

110330 18:37:18 2091 | donvito.9576:18@pccmsé60 XrootdProtocol: 2c00 0 fh=0 read 181178@ 122865227
110330 18:37:18 2091 | donvito.9576:18@pccmsé60 XrootdResponse: 2c00 sendfile 181178 data bytes; status=0
110330 18:37:18 2091 | donvito.9576:18@pccmsé60 XrootdProtocol: 2b00 req=3013 dlen=0

110330 18:37:18 2091 | donvito.9576:18@pccmsé60 XrootdProtocol: 2b00 0 th=0 read 176417@ 124779212
110330 18:37:18 2091 | donvito.9576:18@pccmsé60 XrootdResponse: 2b00 sendfile 176417 data bytes; status=0
110330 18:37:18 2091 | donvito.9576:18@pccms60 XrootdProtocol: 2200 req=3013 dlen=0

110330 18:37:18 2091 | donvito.9576:18@pccms60 XrootdProtocol: 2a00 0 th=0 re'd 143084@ 126377765
110330 18:37:18 2091 | donvito.9576:18@pccms60 XrootdResponse: 2a00 sendfile 143084 data bytes; status=0
110330 18:37:18 2091 | donvito.9576:18@pccms60 XrootdProtocol: 2900 req=3013 dlen=0

110330 18:37:18 2091 | donvito.9576:18@pccms60 XrootdProtocol: 2900 0 fh=0 re. 1 146376@ 127338534
110330 18:37:18 2091 | donvito.9576:18@pccms60 XrootdResponse: 2900 sendfile 146376 data bytes; status=0
110330 18:37:18 2091 | donvito.9576:18@pccms60 XrootdProtocol: 2800 req=3013 dlen=0

110330 18:37:18 2091 | donvito.9576:18@pccms60 XrootdProtocol: 2800 0 fh=0 read 16223 1@ 128438257
110330 18:37:18 2091 | donvito.9576:18@pccms60 XrootdResponse: 2800 sendfile 162231 data bytes; status=0
110330 18:37:18 2091 | donvito.9576:18@pccms60 XrootdProtocol: 2700 req=3013 dlen=0

110330 18:37:18 2091 | donvito.9576:18@pccms60 XrootdProtocol: 2700 0 th=0 re. 1 172427@ 129646456
110330 18:37:18 2091 | donvito.9576:18@pccms60 XrootdResponse: 2700 sendfile 172427 data bytes; status=0
110330 18:37:18 2091 | donvito.9576:18@pccms60 XrootdProtocol: 2600 req=3013 dlen=0

110330 18:37:18 2091 | donvito.9576:18@pccms60 XrootdProtocol: 2600 0 th=0 read 17267 1@ 131209955



Testing infrastructure

® Mixed infrastructure: classic server + W Ns HD

® | server: |14TB of disk space

® Network: 10 Gbit/s
® |30WN with 120GB each
® Network: | Gbit/s

Cluster Summary

20026 files and directories, 78353 blocks = 98379 total.
Heap Memory used 64.18 MB is 98% of Commited Heap Memory 65.19 MB. Max Heap Memory is 888.94 MB.
Non Heap Memory used 24.52 MB is 91% of Commited Non Heap Memory 26.75 MB. Max Non Heap Memory is 132 MB.

Configured Capacity : 2408 1B
DFS Used : 104571B
Non DFS Used : 44.07 MB
DFS Remaining : 13.63 1B
DFS Used% : 43.4 %
DFS Remaining% : 56.6 %
Live Nodes : 130
Dead Nodes

Decommissioning Nodes
Number of Under-Replicated Blocks




Running a single Marico job

® We tested different storage architectures (Lustre,
Xrootd, Hadoop):

® using always the same job and input files

® We mesure the running time and the CPU efficiency:

CPU%
‘ - Running Time (s)
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Optimizations

® |ustre 2.0.1:

® [ncreasing the ReadHead will increase the CPU%
paying with a higher network bandwidth
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Scalability test

® Vertical scaling:




Marico on Lustre

25 concurrent Marico jobs

No network bottleneck on the
client

Reached the hw limit on the

Server B Memory Used B Memory Shared @ Memory Cached
O Memory Buffered B Memory Swapped

B Total In-Core Memory

dotl-se-0l.ba.infn.1t Memory last hour

dotl-se-01l.ba.infn.1t CPU last hour

~50% of CPU utilization
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Lustre infrastructure scales easily
i do?}-se-Ol.ba.infn.it Network last hour
adding more server

400 M |
300 M |
200 M |

Bytes/sec

100 M |

® but it is costly (network, high ‘
performance disks, etc) T
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Consideration on Lustre Test

® |0Gbit/s network is a must

- ® The network infrastructure should be build taking
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Hadoop scalability test

® |t is evident that the single server is less performant
than using Lustre on the same server:

® )5 concurrent
Marico jobs

® ~30% of CPU
efficiency




Hadoop orizontal scalability

® Using hadoop on I30WN+1 disk server

Sequential
(concurrent)
read and
write

easy to go
up to:
2.6GByte/s




Hadoop Marico test

® |80 concurrent jobs

® 2.5TB of input data completely analyzed in about in
less than 50min

® average ~20% of CPU efficiency

disk server

WN aggregate




Hadoop Marico test

® The performance could be easily ~doubled: adding a
second disk in each WIN

® Few tuning and configuration studies still needed to
try to improve the performance
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Rack n

Optical fiber Lan2 Optical fiber Lanl

10Gbps 10Gbps
In Naples we have a testbed
composed by
12 Nodes in a 10Gbit/s Network
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Work in progress and Future works

® Testing different SuperB analysis case

® What will happen if input files will be zipped in the future!?
® Testing different storage solution: CEPH and GlusterFS
® Xrootd test

® |nvolving also remote data access

® |NFN-Pisa is starting testing NFSv4.1| for SuperB use

cases
- ® Using SL6.x (this will became the standad operating system




Acknowledgement

® SuperB analysis test case:

® FElisa Manoni

’ :
[ iy o " . N . ™ & g Pl ¥ o admg g2 S84 L) Al 4 $ TRL o . A S & x o " al o ek P i
e o J Sgling s : < = D PN Sl : : 1"" (o e R BT g AN N S N A L e Wy St s Shh- Ty ATl
P - ad Y ) o ¥ Ly i [y o A E ot el § - ”
Ly A ~ | 1V 0 B O 7 b ANE e, 20 IS5 et A L et S AP ENE AD : N, o
- A -




