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LARGE HADRON COLLIDER (LHC)

= Acelerador de particulas
circular

" 4 grandes experimentos

= 50 - 175 metros de
profundidade

= 27 km de circunferéncia

= Particulas aceleradas a
99,9999991% da velocidade
da luz (11.245 voltas por
segundo)
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LARGE HADRON COLLIDER (LHC)

600 milhdoes de colisdes a cada
segundo

1 em um milhdo de colisBes é de - © .o N o T i
interesse ‘ ' ' '
Rapida pré-selecdao eletronica
aprova 1-de 10.000 eventos e
armazena em memoria (100 GB/s)

15.000 nucleos de processamento
selecionam 1 de cada 100 dos
eventos pré-selecionados | | '/

-

-
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WORLDWIDE LHC COMPUTING GRID

73.000 cores

Agregacao de dados
Reconstrucao inicial de dados
Cépia dos dados para fita
Distribuicdo de dados

* TIER 1 (11 centros)
Armazenamento permanente
Reprocessamento
Andlise

 TIER 2 (140 centros)

Simulacao
Analise de usuario final




AN

@ Centro Brasileiro de Pesquisas Fisicas

PARTICIPACAO BRASILEIRA NO LHC

* Pesquisadores brasileiros participam em todos os experimentos do LHC:

Desenvolvimento de dispositivos eletronicos
Analise de experimentos

Fisica teorica

Sites Tier2 do WLCG

O O O O

e WLCG sites no Brasil:

CBPF — LHCb (700 cores / 300 TB)

USP (SAMPA) — ALICE (1680 cores / 300 TB)
UNESP (SPRACE) — CMS (1200 cores / 800 TB)
UERJ (HEPGRID) — CMS (600 cores / 150 TB)

> A% o

PR SP%,

CBPF | | ,() P 'Y g ns &
unesp % s

O O O O

Universidade de Sao Paulo
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PAPEL DAS REDES NO WLCG

* Asredes de computadores sio um componente essencial do WLCG

Running jobs: 214268 .
Transfer rate: 42.74 GiB/sec @

US Dept of State Geographer

© 2013 Google 4 ! . GOOS[C ca rth

Image Landsat
Data SIO, NOAA, U.S. Navy, NGA, GEBCO
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REDES NO WLCG

* Duas redes de dados privadas e dedicadas:

LHC Optical Private Network
) (TierO - Tierls)

LHC Open Network Environment
(Tierls - Tier2s)
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LHC OpPTICAL PRIVATE NETWORK

* Rede privada que conecta Tier0 ¢ Tierls
* Enlace de alta largura de banda dedicada

* Arquitetura altamente resiliente (estrela e mesh-parcial)

US—Ti—BNL US-FNAL-CMS

RRC-K1-T1
n

FR-CCIN2P3
L 1]

* Roteamento BGP: communities sao utilizadas para engenharia de trafego

* Seguranca: somente os prefixos IP declarados podem trocar trafego
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quj LHC OPEN NETWORK ENVIRONMENT

* Novo modelo de computacao

N N

elo alo

o Uso de storage mais dinamico
o Carga reduzida nos Tiers1

o Necessidade de rede mais rapidas e previsiveis para conexao entre Tierls e

Tier2s



o
@ Centro Brasileiro de Pesquisas Fisicas \-/\T

f;;!rGH LHC OPEN NETWORK ENVIRONMENT

* Conceitos Principais:

o Compartilhamento de custo ¢ utilizacdo de recursos caros (enlaces
transoceanicos)

o Esforco colaborativo entre diversas redes de educaciao e pesquisa por todo
o mundo (e.g. GEANT, ESnet, Internet2)

o Segregacao de trafego: nao ha disputa com outros tipos de trafego, recurso
alocado e financiado pela comunidade de fisica de altas energias

o Carga reduzida nos Tiersl

10
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O que é?

Rede privada sobreposta a Internet através de VRFs, suportada por:

» Mais de 15 redes de educacao e pesquisa nacionais e internacionais
» Interconectada através de Pontos de Troca de Trafego pelo mundo,
incluindo NetherLight, StarLight, MANLAN, Internet2, ESnet, entre outros

Roteamento multi-dominio como IP normal, mas com restri¢cdoes nos prefixos
IP advertidos, com enlaces de acesso transatlanticos dedicados

Mais de 50 sites conectados
> 10 Tier 1s
> 45 Tier 2s

Em operacao desde 2012

11




LHCONE: A global infrastructure for the High Energy Physics (LHC and Belle Il) data management
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T"i‘ij LHC OPEN NETWORK ENVIRONMENT

* Exemplo — LHCONE na Europa:

o Trafego agregado de todas as redes de pesquisa europeias ¢ os peers:
» Trafego médio: ~25 GhHps
» Trafego de pico sustentado: ~35 Ghps
» Trafego transatlantico: ~25 Gops

Aggregate - Traffic - LHCONE - L3 IPVPN
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f:;!fﬁlj LHC OPEN NETWORK ENVIRONMENT

* Servicos:
o L3VPN: Virtual Private Network roteada (em produc¢ao)
o P2P: enlaces ponto-a-ponto, garantia de banda (em desenvolvimento)

o PerfSONAR: infraestrutura de monitoramento (em produc¢ao)

14
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ﬂqj LHC OPEN NETWORK ENVIRONMENT

* Arquitetura L3VPN

o TierX se conectam as VRFs-Nacionais ou VRFs-Continentais
o VRFs-Nacionais sio interconectadas através das VRFs-Continentais
o VRFs-Continentais sao interconectadas através de enlaces transcontinentais e/ou

transoceanicos

(@06)311131=g17:| I Transcontinental links (@06)21113(=217:| I Transcontinental links Continental

VRFs VRFs VRFs

15
VREF = Virtual Routing Forwarding (virtual routing instance)
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ﬂfﬁ LHC OPEN NETWORK ENVIRONMENT

* Participacao Brasileira:

o Projeto piloto de conexdao do CBPF
o Esforco coordenado entre diversos grupos:

REDCLARA

RNP
Brazil

GEANT
RedCLARA
RNP
RedeRio/FAPERJ
CBPF

YVVVYY

RedeRio
Rio de Janeiro

16
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ﬂqj LHC OPEN NETWORK ENVIRONMENT

* Participacao Brasileira

o Projeto piloto de conexdo do CBPF
o Esforc¢o coordenado entre diversos grupos:

GEANT
RedCLARA

RNP
RedeRio/FAPERJ
CBPF

YVVVVY

Brazil

RedeRio
Rio de Janeiro
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ﬂqJ LHC OPEN NETWORK ENVIRONMENT

* Exemplo de conexao

VRF BGP announcement:
LHCONE prefixl

+% LHCON.

LHCON.,

=

U]

prefix3

prefix2

1}

NREN BGP announcement:
0.0.0.0/0

'...ll..'.‘

192.168.0.1/30 Tier-X BGP Local-preference:
Set LOCAL PREF for all the
routes received from NREN

4..-----"“ LHCONE routing instance

General IP link =

. Site BGP announcement:
LHCONE link -168.0. <"~.192.-168.0.2/30 teesssssencnneny 10.20.0.0/24
e x 172.16.10.0/24
Site CE router TierX LAN: .."..onn......
172.16.10.0/24 10.20.0.0/24

f*e,, | Tier-X BGP announcement:
10.20.0.0/24

Policy Based Routing:
access=list 100 permit ip 172.16.10.0/24
route-map PBR permit 10

match ip address 100
\ set ip next~hop 192.168.0.5 /

18
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f;;!rGH LHC OPEN NETWORK ENVIRONMENT

* Por que testar os sites pertencentes ao LHCONE?

O

Identificar problemas nos paths entre os sites

Encontrar a localizacao dos problemas

Caracterizar a utilizacao da rede

Definir expectativas sobre o que ¢ possivel e esperado

Fornecer métricas de utilizacdo da rede para servicos existentes e
futuros

19
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fi«ﬁH LHC OPEN NETWORK ENVIRONMENT

* Monitoramento de Desempenho
o WLCG Network and Transfer Metrics Working Group

» Objetivos
v' Encontrar e isolar problemas
v’ Caracterizar utilizacdo da rede
v Prover fontes de métricas de rede para utilizacdo de servicos de
mais alto nivel

v' Coordenar o comissionamento ¢ manutencio do monitoramento
de rede do WLCG

¢ Finalizar a implementac¢ao do perfSONAR

¢ Garantir que todos os enlaces sejam monitorados e corretamente
configurados

L)

% Otimizar os parametros de rede

4

» Criacao: Setembro de 2014
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fi«GH LHC OPEN NETWORK ENVIRONMENT

e Infraestrutura de Monitoramento

o Por que perfS‘NAR ?

» Amplamente suportado em redes de educacio e pesquisa
Prové medi¢coes programadas de métricas de rede padrao
Simples implantacao (‘netinstall’, CD-ROM ou pendrive)
Suporta testes sob demanda

YV V VYV V

Ferramentas importantes para verificacdo das métricas
v' Banda: bwctl -s <source> -c <destination>
v" Laténcia: owping <destination>

» Util para:

v" Debug

v" Verificar mudancas em configuracdo de firewall
v' Verificar mudancas em servigos
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f;;!rGH LHC OPEN NETWORK ENVIRONMENT

e Infraestrutura de Monitoramento

o Historico

>

>

LHCOPN adotou o perfSONAR-PS foolkit em Junho de 2011;
implementado em setembro de 2011

WLCG iniciou a implementagdo do PS toolkit em todos os sites em
Abril de 2014

LHCONE necessitava de monitoramento especifico:
v’ Utilizando o mesmo Sistema do WLCG para o caso especifico
v" Utilizando os sites existentes e instrumentando os PoPs do LHCONE

\

N3o diretamente
vinculados ao WLCG

22
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e Infraestrutura de Monitoramento

http://grid-monitoring.cern.ch/perfsonar_report.txt
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259 perfSONAR instances
registered in GOCDB/OIM
233 Active perfSONAR instances
172 Running latest version (3.4.2)
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Fonte: Integrating network and transfer metrics to optimize transfer efficiency and experiment workflows. SHAWN, M. et al. CHEP 2015 23
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ﬂﬁj LHC OPEN NETWORK ENVIRONMENT

e Infraestrutura de Monitoramento
o Interface de Configuragao

N Debug mesh WLCG meshes

, IPv6 mesh
,\ \
Network expert /

. . Project contact
Configuration interface

@/ \

UK mesh CMS mesh

Ad DE mesh

Regional contact

Experiment representative

 perfSONAR basta ser configurado uma

Unica vez, com uma auto-URL
http://myvosg.grid.iu.edu/pfmesh/
hostname/<node_ id>

Y
<:onﬁgu ration generato>

Get all relevant configuration * Interface de configuracdo e a auto-URL

for this node permite a reconfiguracao dinamica de

& >easssanEim todas as instancias perfSONAR
perfSONAR node

Local mesh

Site manager

Fonte: Integrating network and transfer metrics to optimize transfer efficiency and experiment workflows. SHAWN, M. et al. CHEP 2015 )4
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T&GH LHC OPEN NETWORK ENVIRONMENT

e Infraestrutura de Monitoramento
o Interface de Configuragao

Map Misc~ Search OSG

Perfsonar Mesh Configurations

Auto Mesh Config

Please enter the hostname of your perfsonar toolkit instance to generate a mesh config containing all tests that uses your host as endpoints.

Generate

USATLAS Mesh Config
USCMS Mesh Config
CA Mesh Config

DE Mesh Config

ES Mesh Config

FR Mesh Config

IT ATLAS Mesh Config
IT CMS Mesh Config

LHCONE Mesh Config

ND Mesh Config
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e Infraestrutura de Monitoramento

o Atualmente existem 12 sites realizando testes de banda e laténcia (http:/
maddash.aglt2.org/maddash—webui/index.cgi?dashboardZLHCONE%ZOMesh%2OC0nﬁg)

Banda (BWCTL)
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* Infraestrutura de Monitoramento

¢ Configuracao

o Nodes localizados mais proximo possivel do storage dos sites (garante a
medi¢cao do mesmo caminho de/para o storage destino)

o Duas instancias de medi¢ao e uma verificacio sio realizadas
» Laténcia
v' Mede “one way delay” enviando 10 pacotes/s para todos os alvos
> Banda
v" Mede a banda alcangavel em testes de 25 segundos a cada 6 horas
» Traceroute
v’ Testes realizados a todos os parceiros a cada 20 minutos

Verifica qual caminho esta
ativo durante os testes

27
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ﬂqj LHC OPEN NETWORK ENVIRONMENT

e Infraestrutura de Monitoramento

¢ Plataforma de Monitoramento
o Objetivo: garantir a confiabilidade de todas as métricas

&

Chec Kfm 1245 Main Overview

Tactfical Overview Host Statistics

255 2 2 / crmcl]

4325 7TgeT geT 4| 20150409 000455 3420

S 100%
= Quicksearch CRITIC

144201

o 4] 2014-12-04 06:17:09 L
_ 100% ~

- Views

Service Problems (unhandled)

» Dashboards
» Hosts
» Hostgroups perfSONAR . CRIT -UnablelD

Host
periSONAR 3.4+
» Services lcg-Irz-perfs1.grid.Irz.de Latitude/Longitude | web page: 403 Toolkit Version
» Servicegroups Configured Forbidden ) PerfSONAR 3.4+
» Business Intelligence perfSONAR CRIT-Unable t perisonar01.cmsatmitedu oot version
» Problems lcg-Irz-perfs2.grid.Irz.de Latitude/Longitude - web page: 403
> Addons COTEpersag Configured e perfsonar2.mi.infn.it B o ik OK tookit version found 3.4
» Other CRIT -Unable t perfiSONAR
perfSONAR - web page: 500 S esmond UNKNOWN HTTP/HTTPS
Ihcone-wash-opt1.es.net Latitude/Longitude | connectto lhco perfsonar2.mi.infi.it IEannen: Gonnectonailire
Configured wash-opt1.es.r Archive

(Conuecionlre PerfSONAR OK - Latitude is 34.13791,
TR 32{'{;;‘;?’;‘3& perfsonar.ultralight.org Latitude/Longitude Longitude is -118.12551
2 - Configured (cached:1)
Ihcone-star-opt1.es.net Latitude/Longitude connectto lhco .
? Configured 9 star-opt1.es.ne UNKOWN Failed to parse
(Connection re JSON, error No JSON obje
CRIT - Missing could be decoded
perfSONAR AdminName ™ perfsonar.ultralight.org E{erfSONAR
ps-02.InLinfn.it Administrator {5 AdminEmail "g omepags
Details prod@Inl.infn.it ~ PerfSONAR TCP OK-0 059 second
» | »

perfsonar01.cmsaf.mit.edu OK tookit version found 3.¢

(Service Check Timed Out

perfSONAR

perfsonar2.mi.infn.it Toolkit Memory

OK homepage reachable

© Mathias Ketiner
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ﬂqj LHC OPEN NETWORK ENVIRONMENT

e Infraestrutura de Monitoramento

+* Plataforma de Monitoramento
o Sumarios por mesh

« (¢ Wl (5 https://maddash.aglt2.org/WLCGperfSONAR/check_mk/index.py?start_url=%2FWLCGperfSONAR%2Fcheck_mk%2Fview.py%3Fview_name%3Dhostgr f V]

09 =

-

Check . Hostgroup LHCONE 19 rows /DC=ch/DC=cem/OU=Organic Units/OU=Users/CN=pdinizdalCN=764121/CN=Pedro Henrique Diniz Da Silva (quest) 16:21 MK

LN -~ = Availability
Tactical Overview

266 21 state Host Icons Alias OK|Wa|Un|Cr|Pd
598 U2 ccperfsonart.in2p3.fr ﬂz] ccperfsonar1.in2p3.fr iry 2 0 0
(L ccperfsonar2.in2p3.fr :"H ccperfsonar2.in2p3.fr 20 0
= Quicksearch
U2 lapp-ps01.in2p3.fr :“H lapp-ps01.in2p3.fr 2 0 0
T - 1L 1app-ps02.in2p3.i 4] tapp-ps02.in2p3 1 2000
= Views ({2 Ihcone-wash-opt1.es.net jgj Ihcone-wash-opt1.es.net 2 0
({2 Ihcone.testmanlan.internet2.edu fH Ihcone.testmanlan.internet2.edu 4 0
» Dashboards
»> Hosts (L Ihcone testwix.internet2.edu :‘H Ihcone.testwix.internet2.edu 4 0
v Hostgroups .
Hostgroups I perfsonar-de-kit.gridka.de ﬁg] perfsonar-de-kit.gridka.de 20 0
Hostgroups (Grid)
Hostgroups (Summary) L2 perfsonar-ps-01.desy.de ﬂg-] perfsonar-ps-01.desy.de 2 0 0
v Services "
All services | perfsonar-ps-02.desy.de :H perfsonar-ps-02.desy.de 20 0
Favorite services
Recently changed services U2 perfsonar.ultralight.org :H perfsonar.ultralight.org 00 0
Serv. by host groups .
Service search U perfsonar2-de-kit.gridka.de jH perfsonar2-de-kit.gridka.de 20 0
> Servicegroups . N
» Business Intelligence ({2 perfsonar2.ultralight.org j_rj perfsonar2.ultralight.org 20 0
» Problems ) ) r . .
» Addons L ps-bandwidth.Ihcmon triumf.ca :H ps-bandwidth.Ihcmon triumf.ca 20 0
- ¥ L2 ps-bandwidth.scinetutoronto.ca :H ps-bandwidth.scinet.utoronto.ca 2 0 0
{2 ps-latency.lhcmon. triumf.ca fg] ps-latency.lhcmon.triumf.ca 20 0
2B ps-latency.scinetutoronto.ca fH ps-latency.scinet.utoronto.ca 0 0
2B ps01-nl.geantnet :H ps01-nl.geantnet 0
© Mathias Ketiner ({2 quark.es.net i[ quark.es.net 0
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e Infraestrutura de Monitoramento

¢ Plataforma de Monitoramento
o Sumario de servicos

4325 998 998

= Quicksearch

R -

= Views

» Dashboards

» Hosts

» Hostgroups

v Services
All services
Favorite services
Recently changed services
Serv. by host groups
Service search

» Servicegroups

» Business Intelligence

» Problems

» Addons

» Other

© Mathias Ketiner
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periSONAR Administrator Details
perfSONAR BWCTL Bandwidth Test Controller

perfSONAR esmond Freshness Bandwidth Direct

perfSONAR esmond Freshness Bandwidth
Reverse

periSONAR esmond Measurment Archive
periSONAR Homepage
perfSONAR Latitude/Longitude Configured

periSONAR Mesh Configuration

perfSONAR NDT HTTP Network Diagnostic
Tester

periSONAR NDT P Network Diagnostic Tester

perfSONAR NPAD Network Path and Application
Diagnosis

periSONAR NTP Service

perfSONAR Regular Testing Service

perfSONAR Toolkit Memory
periSONAR Toolkit Version

Status detail
OK tookit version found 3.4.2

OK - Administrator is GridLAFEX Team, email
gridlafex@cbpf.br (cached:0)

TCP OK-0.178 second response time on 152.84.101.142
port 4823

WARNING Found 30 stale hosts for certain events
WARNING Found 72 stale hosts for certain events
OK esmond reachable

OK homepage reachable

OK - Latitude is -22.954, Longitude is -43.174 (cached:1)
OK auto-URL configured

Connection refused

Connection refused

Connection refused

OK NTP synchronized

OK Regular Testing enabled and running

OK memory installed 31GB

OK - Version 3.4.2 OK (cached:1)

26 hrs

2015-05-18 20:53:11

2015-05-18 15:53:33
2015-05-18 20:56:24
2015-05-18 20:56:46
2015-05-18 20:52:07
2015-05-18 20:53:54
2015-05-18 20:54:16
2015-05-18 20:54:37

9 hrs

9 hrs

9 hrs
2015-05-18 15:54:58
2015-05-18 15:55:20
2015-05-18 20:55:41
2015-05-18 20:56:03

N
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* Infraestrutura de Monitoramento
“ Planos (WG)

o Integrar as informagdes de laténcia e fraceroutes com as informacgoes de
throughput dos sistemas de transferéncia (FTS, PhEDEx, XRootD...)

o Prover um mapeamento entre os sites (storages) € os sonares

o Garantir um acesso uniforme ao monitoramento de rede

o Prover uma plataforma que integre métricas de rede e de

transferéncias
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