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Towards visualisation of data transfers
with ‘Big Data’ analytics techniques
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CD stack with
1 year LHC data!

» Signal/Background 10 LS (~ 20 Km)

* Data volume
— (high rate) X
(large number of channels) X

(4 experiments) Concorde
(15 Km)

=> 30+ PetaBytes of new data each year

e Compute power

— (event complexity) X
(number of events) X
(thousands of users)

=>» 60’000 of (today's) fastest CPUs



Today —
LHC Collaboration

20+ years est. life span
24/7 global operations
~ 4000 person-years of
' science software investment

~ A ] K '
5 OO-O physmsts {%ﬁi{ =
~ 150 Institutes oy m
55+ countries, economic regions
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Atlas: ~50 TByte/day raw data to tape; 1000 TByte/day processed data transfers
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Big ‘as in Large’ Data
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Shared e-Infrastructure

e >270 communities
o from many different domains

o

() © Astronomy & Astrophysics

o Civil Protection

> Computational Chemistry
o Comp. Fluid Dynamics

> Computer Science/Tools

o Condensed Matter Physics
o Earth Sciences

> Fusion R e
> High Energy Physics
. . @ 30000 B HC ®Others
o Life Sciences 5
5 EESOOD
o
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Applications have moved from i
= . = Z 5000
testing to routine and daily usage D
~80-95% efficiency
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~150GByte, 12hrs
per (human) genome
per sequencer

But 1000+ sequencers...

50TByte from Shenzhen to
NL is (still) done by rucksack |

David Groep
Nikhef
Amsterdam

PDP programme Genome sequencing at the Beijing Genomics Institute BGI
Photo: Scotted400, CC-BY-3.0
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istributed analysis — ‘Atlas neighbours’
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Displaying 12 of 12 sources and 12 of 12
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97 % 97 % 100 =% 92 % 95 9% 99 o 100 = 100 = 99 9% 100 % 100 % 99 9% 100 = 96 % 93 %
98 me/s | 27 mB/s | 256 ma/s 6 me/s 726 kB/s 4 mB/s 8 ma/s 13 wme/s 6mMme/s 833 ke/s 9 mB/s 8wmeis 12 wme/s 14 me/s 18 wme/s
100 % | 100 % | 100 =
0 kB/s 0 ke/s 15 ke/s
92 % 0% 100 = 100 =% 100 = 95 % 100 = 100 % 100 = 100 = 96 =% 90 % 97 % 97 % 8 %
12 mB/s 0 ka/s 14 wa/s 3 mB/s 3 kB/s 29 ka/s 2 kB/fs 2 MB/s 3 mB/s 1kers 279 ks/s 301 ke/s 3 mBis 939 kefs | 2 kB/s
92 % 100 = 99 9% 61 % 100 =% 100 = 100 % 100 = 100 =% 100 =% 100 =%
1 wma/s 0 ke/s | 11 me/s 2 kB/s 1 ka/s 2 kBfs 2 kB/s 1 ke/s 1 me/s 2 kB/s 2 kB/s
99 o 100 % | 100 =% 93 % 100 =% 100 =% 100 =% 100 =% 100 =% 100 =% 100 % 100 % 100 % 100 = 100 =%
15 mB/s 0 ke/s 11 msy/s 3ke/s 330ke/s 313 ke/s 1B2 kBjs 601 kB/s 686 kB/s 764 k/s 248 kBjs 6 kB/s 5 kB/s 2 MB/s 10 mB/s
95 % 25 % 100 = 100 =% 87 % 99 o 100 =% 100 =% 100 =% 100 =% 100 % 100 % 100 % 100 =% 94 3
29 me/s | 57 ke/s | 26 mB/s 92 ke/s 77 kBis 2 mB/s 7 me/s 3 mB/fs 2 MB/s 36 ke/s 3 mB/s 2 we/s 6 mB/s 1 me/s 4 mB/s
97 % 0 % 100 =% 100 % 100 % 0 % 98 % 50 % 100 % 100 % 100 % 100 =% 33 % 67 %
3 me/s Oke/s | 19 wme/s | 307 keis 0 ke/s 0 ke/s 3 kB/s 0 ke/s 1 ke/s 1me/s 218 ke/s 2ke/s 531 ke/s 454 keis
56 % 100 % 100 =% 0% 100 % 100 %
1 me/s 0 ke/s 11 me/s 0 kB/s 1 me/s 14 we/s
96 % 100 % | 100 =% 86 % 100 =% 100 = 100 % 100 = 100 = 100 =% 100 =% 100 =%
621 ke/s| Oke/s | 11 me/s 4 kB/s 1 ka/s 2 kBfs 2 kB/s 0 kB/s 1ke/s 607 ke/s 2 kB/s 2 kB/s
100 =% 99 % 100 = 100 =% 100 =% 100 =% 100 =% 99 o 100 =% 100 % 100 2% 100 = 96 % 98 %
34 me/s | 27 mBys | 122 mB/s 3me/s 307 ks 2 MB/s 1 mB/s 8 MB/s 24 kB/s 2 MB/s 5 mB/s 3 mB/s 9 mB/s 1 mB/s
100 % | 100 % | 100 = 100 =% 100 =% 100 % 100 =% 100 =% 100 =% 100 =% 100 % 100 % 100 =% 100 =%
51 ke/s 0 ke/s 11 ms/s 4 kB/s 9 kB/s 6 kB/s 2 kB/s 2 kB/s 0 kB/s 1 ke/s 14 ke/s 1 ke/s 2 kB/s 8 kB/s




There’s always a network close to you

Optical Fibre

Doubling Time (bits per second)

(months)

9 12 18

Data Storage
(bits per sqg. inch)

Chip capacity

(# transistors)

Performance per Dollar Spent

N Je—

2

3
Number of Years

4

SURFnet pioneered ‘lambda’ and hybrid networks in the world

and likely contributed to the creation of

a market for ‘dark fibre’ in the Netherlands

There’s always fibre within 2 miles from you — where ever you are!

(it’s just that last mile to your home that’s missing
— and the business model of your telecom provider...) l
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Gilder’s Law 4
— (32X in 4 yrs) '.
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Storage Law !
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Moore’s Law 1
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Interconnecting the Grid — the LHCOPN/

TRIUMPH (CA)
USLHCNET

NL-T1 and
Netherlig ht

T —

USLHCNET
(FNAL, BNL)

_INFN-CNA

¥
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LHCONE: A global infrastructure for the High Energy Physics (LHC and Belle ll) data management

GEANT

NORDUnet
Nordic

NDGF-T1k NDGF-T1

KIAES
Kurchatov
T1

BML-T1 UChi
sLAac UCSD

(10 sites)

Internetz Herverd

27 February 2015 — WEJohnston, wej@es.net

TIFR
CERN-T1 |

RENATER
INZP3 France CEA

cC-NzP3T1 (IRFU)

INFN
(7 sites}) CMAF-T1

INFN
Pisa

INFN
Napoli

C:) LHCOMNE VRF domain

MLi#t STHRLIGHT

CD LHCOME VRF aggregator network

A

@ Regional R&E communication nexus
or link/VLAN provider

B oz, o wcoer [HE

LHC Tier 1/2/3 ALTAS and CMS
Belle Il Tier 1/2

LHC ALICE

Sites that are standalone VRFs,

e Communication links: 1, 10, 20/30/40, and 100Gb/s
See hitp:/lhcone.net for details.

(CERNLIight) kisT

Geneva Korea

HHAM 155 ITIM




The FIow of Data at Nikhef

10 - 40 Gbps per server

44 disk servers |mmm=as
~3 PiB (~3000 TByte)
2 control & DB nodes

Peerings: SURFnet, SURFsara,
Kurchatov, AMOLF, CWI,
LHCOPN LHCOne via SARA TS
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Nikhef Data Processing network

SURFnet h
70 Gbps—@—mo Gbps‘ ’
(]
(6]

2x10 Gbps

parkwac.:htel“oo Ghps
Nikher
CampusChallenge
10 Gbps 0 Gbps
100 Gbps
KIAE via RUNnet

SURFsara > 100 Gbps

60 Gbps 60 Gbps 20 Gbps 20 Gbps 4x10 Gbps
@ SURFsara
i 240Gbps i u ; Compute & Storage
10-40 Gbps fe e €
dp 10 Gbps 6x20 Gbps Desktops and
per node per node servers 1Gbps

David Groep
Nikhef
Amsterdam
PDP programme STRC ‘gloei’ cluster Old-class STBC nodes
g NDPF Grid Storage NDPF Compute o8 GlusterFS server STBC-i*
new’ HTC nodes

cluster

e biet, strijker, oliebol 4600 cores smrt,
nal, mars



@ dashbeard

Tourgids

INDGF-TH

Running jobs: 136427
N RRGKI-TA Transfer rate: 7.41 GiB/sec §

&

Datum van beeldmateriaal:$1104=2013! 47“27‘36.9%, " d 595/m ¥ 60ghoogte 4406/88 kmikah




But that’s only a small subset

o° LCG™FTS” visualisation sees but part of the data

e only shows the centrally managed data transfers
e sees only traffic from Atlas, CMS, and LHCb
e cannot show the quality, nor bandwidth used

But each of our nodes sees all
its transfers

lllll

e server logging is in itself data
David Groep

Nikhef e we collect it all

Amsterdam
PDP programme




One day worth of logs ... ~12GB/day

tbnl8.nikhef.nl:/var/log/

U5/13
0%/13
05/13
05/13
05/13
05/13
09/13
0%/13
05/13
05/13
09/13
09/13
0%/13
05/13

631M
1.1G
639M

dpm/log.1
dpns/log.1
srmv2.2/log.1

plus 44 disk server nodes @250 Mbyte/day

U0:01:43.588
00:01:23.588
00:01:23.588
00:01:23.588
00:01:23.645
00:01:23.712
00:01:23.712
00:01:23.713
00:01:23.753
00:01:23.755
00:01:23.761
00:01:23.763
00:01:23.881
00:01:23.881

David Groep
Nikhef
Amsterdam
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267559, 79
26759,7%
26759,7%
26759,75
26739,7%
26759,1%
26759,19
26759,1%
26759,78
267359,78
267359,79
26759,79
26759,18
26759,18

dpm =2rv_ proc_put: calling dpm selectis

dpm selectfs: selected pool: BICMED

dpm selectfs: selected file system: cliebol-02.nikhef.nl:/export/data/biomed

dpm_selectfs: oliebol-02.nikhef.nl:/export/data/biomed regsize=0, elemp->free=355576081749%, poolp->free=39%976081745
dpm srv_proc_put: calling Cns_creatx

dpm_srv_getspacetoken: DP0%2 - getspacetoken request by /DC=ch/DC=cern/OU=Organic Units/OU=Users/CN=ddmadmin/CN=53149
dpm srv getspacetoken: DP038 - getspacetoken ATLASDATADISE

dpm srv_getspacetoken: returns 0, status=DFM SUCCESS

dpm_srv_proc_get: TURL info: gsiftp oliebol-05.nikhef.nl oliebol-0%.nikhef.nl:/export/data/atlasprd/atlas/2015-09-12/
dpm srv_proc_get: returns 0, status=DFM SUCCESS

dpm srv_proc_put: TURL info: gsiftp oliebol-02.nikhef.nl oliebol-02.nikhef.nl:/export/data/biomed/biomed/2015-05-13/]
dpm srv proc put: returns 0, status=DPFM SUCCESS

dpm_updfreespace: oliebol-02.nikhef.nl:/export/data/biomed incr=0, elemp->free=35%557608174%, poolp->free=39%997608174%
dpm srv putdone: returns 0, status=DPM SUCCESS

And then our storage manager is still ‘decent’ ...




CASTOR Logs

o’ - ~2GB/day from the
node | showed (highest
volume)

- ~30GB/day collected
overall

+ ~200 source nodes

« ~70,000,000 log
events/day

David Groep
Nikhef

Amsterdam Science & Technology
PDP programme @ Facilities Council

Slide by Rob Appleyard, RTFC RAL — at ISGC 2015
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The First Solution - DLF

DLF = "Distributed
Logging Facility’ e e Y =

CERN-developed = ETEJE=
monitoring system for =] LE- |l =
CASTOR i — J = =] =

e e [ | [ o

iInformation in a big I - =2
e [P
Oracle DB = ey

Source: CASTOR end-to-end monitoring, by T Rekatsinas et al, URL:

sk s ko
http:/fiopscience. iop.org/1 T42-6556/21 40420 52 pdf 1742
8588_219_4 042052 pdf

Science & Technology
@ Facilities Council

Slide by Rob Appleyard, RTFC RAL — at ISGC 2015
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Running DLF

- Scalability was a killer.

— By 2013, simple
queries were taking >1

hour.

— Fundamental
architecture couldn’t

cope.

Science & Technology

PDP programmg
@ Facilities Council
Slide by Rob Appleyard, RTFC RAL — at ISGC 2015




Big Data Analytics for log analysis

50 e Analysis of log data is typical ‘big data’ problem
> CERN tried Hadoop (‘map-reduce’)
- RAL went with ... ELK*

e For logs specifically, it's mostly efficient search
> ElasticSearch ( )
> LogStash (collect and parse logs, import to ES)

o Kibana — analysis based on Apache Lucene + graphing

David Groep
Nikhef

amserian o Integrated into a single ‘stack’: ELK

PDP programme

*Appleyard et al., http://pos.sissa.it/archive/conferences/239/027/ISGC2015_027.pdf


http://www.elastic.co/

LogStash

o
0o

O

Data arrives in formatA...
...process B occurs...
...data out in format C

e.g. convert syslog into json

David Groep
Nikhef
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plugin documentation

inputs
collectd
drupal_dblog
elasticsearch
eventlog
exec

file

ganglia

gelf

gemfire
generator
graphite
heroku

imap
invalid_input
irc

jmx

log4]
lumberjack
pipe
puppet_facter
rabbitmg
rackspace
redis

relp

s3

snmptrap
sqlite

codecs

cloudtrail
collectd
compress_spooler
e dots

s edn

e edn_lines

s fluent

e graphite

* json

e json_lines

* json_spooler

e line

e msgpack

s multiline
netflow

* noop
oldlogstashjson
s plain
rubydebug

s spool

filters

* advisor

» alfer

* anonymize
* checksum

s cidr

* cipher

s clone

* collate

® CSV

* date

s dns

* drop

* elapsed
elasticsearch
environment
extractnumbers
fingerprint

s gelfify

* geoip

* grep

* grok
grokdiscovery
* [18n

® json

s json_encode
* kv

* metaevent

outputs

boundary
circonus
cloudwatch

csv

datadog
datadog_metrics
elasticsearch
elasticsearch_http
elasticsearch_river
email

exec

file

ganglia

gelf

gemfire
google_bigquery
google_cloud_storage
graphite
graphtastic
hipchat

http

irc

jira

juggernaut

librato

loggly

lumberjack




~afl CASTOR - Current Status

EVENTS OVER TIME

ew r | & Zo Out| @ *(12520374) count per 5m | (12520374 hits)
250000

200000
150000

100000

04:00 05:00 06:00 07:00 08:00 09:00 10:00 11:00 12:00
03-10 03-10 03-10 03-10 03-10 03-10 03-10 03-10 03-10

ALL EVENTS
Fields @
0 to 200 of 1000 available for paging
All (592} [ Current {122
@timestamp + » 1 @source_host » 4 syslog_program » 4 castor_MSG » 1 castor_Type » 4 castor_SvcClasg
2015-03-10T15:23.06.709+00.00 Icgcsigl3 rhd Mew Request Arrival

2015-03-10T15:23:06.691+00:00 Icgestg03 rhd MNew Request Arrival

DaVid Groep L 2015-03-10T15:23:06.671+00:00 lcgcstg0a rhd MNew Request Arival

H . 2015-03-10T15:23:06.665+00:00 lcgsrm09 srmbed Calling Stager IhcbUser
Nikhef : : 95t

2015-03-10T15:23:06.663+00:00 Icgsrm09 srmbed Checking state of Request STAGEIN InchUser

Amsterdam
PDP programme

2015-03-10T15:23.06.617+00.00 lcgcsigdd rhd Mew Request Arrival

2015-03-10T15:23:06.585+00:00 gdss668 stagerjob Job finished successfully

Graphic from Rob Appleyard, RTFC RAL — at ISGC 2015
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Challenges ahead!

o

o° For now, we have
> 44+ difference data sources, 240 Gbps of traffic

> |50+ different storage partners, 55 countries/regions
o public internet plus the LHCOPN/LHCOne

> 5000+ users, working 24x7
... and ‘grep’ for a tool ... ®
Phase I
e setup of a big data analytics cluster (ELK)
st ® merge diverse data sources into a single system

Amsterdam

rorpozanme o define queries and find some global anomalies ©



Building upon phase |

°  As an (optional) addition/extension to phase |

e Discuss if ELK indeed the right tool for this: can it cope with
the volume!? It the ElasticSearch API suitable for defining new

visualisations!?
e Add additional data sources: are simple transfer logs enough?

Does data flow correlate with computing, and can we see
that by adding sources and defining (lucene) queries!?

And in phase Il (>Feb 2016)

e e How can global data flows be presented?
avi roep

ket e Can one conceive visualisations for the general public?

Amsterdam

PDP programme for userS? or fOr bOth, -



