The Linux-PC Farm for Online Event Reconstruction of HERA-B

Andreas Gellrich DESY Zeuthen, Germany

1st Event Filter Farms Workshop at 3rd LHC Computing Workshop

Marseille, France September 28 - October 1, 1999

1st LCB Event Filter Farms Workshop 2 Andreas Gellrich, 24/9/99

Intr oduction

HERA-B DAQ & Trigger System Ov erview

Level-2/3 versus Le vel-4 Farm

Details on Le vel-4 Farm

Outlook & Summary

Antonio Amorim: Databases f or Calibration & Alignment at HERA-B

Contents

1st LCB Event Filter Farms Workshop 3 Andreas Gellrich, 24/9/99

Physics: study of B-decays CP violation in B^0 J/ψ K^0_s

needs O(1000) reconstructed B^0 σ_{bb} / σ_{inel} = 12 nb / 13 mb ~ 10^{-6}

Target: wire tar get in HERA pr oton beam halo 10 MHz event rate @ 4 interactions << 1 Hz inter esting ph ysics

Detector: read-out channels: ~600000 tracks / e vent: ~120 occupancy: <=20%

Analysis: full online event r econstruction processing time: ~4 sec/event logging rate: 20Hz, 2 MB/sec data v olume: 20 TB/year

Introduction

1st LCB Event Filter Farms Workshop 4 Andreas Gellrich, 24/9/99

Golden B^0-Decay

1st LCB Event Filter Farms Workshop 5 Andreas Gellrich, 24/9/99

Golden B^0-Decay (cont’d)

1st LCB Event Filter Farms Workshop

6Andreas Gellrich, 24/9/99

DAQ & Trigger Scheme

HERA

Detector

FastContr olFrontEnd

L-1L-2L-4Buffer

Switch

EventContr

olContr olData

Fast-Ether netFast-Ether netSHARC

SHARC EVB L-3Logger

GigaBit-

Ether

netTapeDisk

HIPPI

1st LCB Event Filter Farms Workshop

7Andreas Gellrich, 24/9/99

Rates & Times

TapeDetector

RateTimePreLevel-1Level-2Level-3Level-4200100102.5ECAL, MUON, HPT

track r efit,magnet, vertexing

SVD tracking, particle-ID simple tracking, pt-cuts, di-lepton mass full r econstruction, physics selection

~4s̃100ms

5ms10μs10MHz

50kHz

500Hz

50Hz

20Hz

1st LCB Event Filter Farms Workshop 8 Andreas Gellrich, 24/9/99

Requir ements: select << 1 Hz physics from 10 MHz multi-interaction e vents

Strategy: high B-mass: high-p_T decay particles long B-lifetime: detached vertices Detectors: pad chambers: high-p_T tracks calorimeter: electrons muon system: muons tracking chambers: tracks, v ertices Levels: pre-trigger: Regions-of-Inter est building (ECAL, MUON) Level-1: simple (hard ware) track finding (di-lepton mass) Level-2: track r e-fit, magnet tracking, secondary v ertex finding in SVD Level-3: SVD tracking outside RoI, particle-ID Level-4: full online event r econstruction, e vent classification & selection

Triggering at HERA-B

1st LCB Event Filter Farms Workshop 9 Andreas Gellrich, 24/9/99

Level-2: latency and band width dominated RoI based (e vent fractions O(1%)) reduction factor ~100 high input rate of 50kHz very low processing time O(1 ms)

Level-3: still latency and band width dominated full event unit a vailable (after e vent building) reduction factor ~10 still high input rate of ~500 Hz low processing time O(100 ms)

Level-4: processing time dominated full event r econstruction reduction factor ~1 moderate inpute rate of 50 Hz long pr ocessing time O(1 s)

Level-2/3 versus Level-4

1st LCB Event Filter Farms Workshop 10 Andreas Gellrich, 24/9/99

Hard ware: 100 + 140 nodes PII / 300 MHz + PIII / 400 MHz, 64 MB RAM floppy dri ve NO hard disk (diskless) cheap graphics card Fast-Ether net

Data link: band width: 40 MB/sec, latency: 1 μsec SHARC-to-PCI i/f cards including lo w level i/f driver

Slow contr ol: CAN-bus card

Softwar e: RedHat Linux bootp to load set-up Linux boot/r oot from floppy one pr ocess environment

Level-2/3 Farm Concept

1st LCB Event Filter Farms Workshop 11 Andreas Gellrich, 24/9/99

Online event r econstruction: derive quantities needed f or calibration & alignment avoid re-processing (pr ocessing time: ~4 sec/event)

(data v olume: 20 TB/year) allow for immediate ph ysics analysis

Further Le vel-4 tasks: event classification final event selection (Le vel-4 trigger step) data quality monitoring calibration & alignment monitoring event data logging to ar chive

Level-4 Farm Motivation

1st LCB Event Filter Farms Workshop 12 Andreas Gellrich, 24/9/99

Basic requir ements: performance (O(1 sec/event)) scalability (10-200 nodes) flexibility (<100 kB/event>, 5 MB/sec) costs (~1.5 kDM/CPU)

Hard ware aspects: long term a vailability & support space consumption, po wer supply , cooling reliability maintenance

Softwar e aspects: operating system & de velopment platf orm, compiler long term a vailability & support boot pr ocedur e system contr ol & monitoring maintenance

Level-4 Farm Concept

1st LCB Event Filter Farms Workshop 13 Andreas Gellrich, 24/9/99

”Physics” softwar e: event r econstruction event classification Level-4 trigger step (Monte Carlo) (detector simulation (GEANT))

Frame pr ogram: (Arte) program contr ol (interacti ve) data I/O: (offline (file) vs. online (memory)) table structur e Fortran, C/C++ Unix platforms: IRIX_mips4, Linux_intel, (Solaris_spar c, HP-UX)

Give up separation between online and offline.

Use offline developments online.

Level-4 Software Environment

1st LCB Event Filter Farms Workshop 14 Andreas Gellrich, 24/9/99

VME (embedded): e.g. PowerPC 604 / 100 MHz e.g. Data-Str obe links (10 MB/s) standard online system + housing + real-time capabilities + expensive - not used in offline en vironment - link interface -

PC (WS): commodity solution + off-the-shelf components + high-end pr ocessors available + well supported operating systems + standard netw ork solutions + limited r eal-time capabilities (-) housing (-/+)

Level-4 Farm Studies

1st LCB Event Filter Farms Workshop 15 Andreas Gellrich, 24/9/99

Hard ware: commodity / off-the-shelf pr oducts high-end machines Fast-Ether net / GigaBit-Ether net modular netw ork

Farm contr ol: event data fr om m Level-2/3 to n Level-4 nodes monitoring

Node pr ocesses: multi-pr ocess environment embedded “ physics” softwar e

Monitoring: collect data f or alignment & calibration monitor data flo w remote histogramming package

Level-4 Farm Implementation

1st LCB Event Filter Farms Workshop 16 Andreas Gellrich, 24/9/99

General Farm Scheme

Contr ol

Data

High Speed Links

Switch

Farm Contr ol

Node Node Node

Node

M Data Buffer / Sources

1 N N-1 2

(Dynamic point-to-point connections between M sources and N destinations.)

1st LCB Event Filter Farms Workshop 17 Andreas Gellrich, 24/9/99

Level-4 Farm Hardware

Processor nodes: Motherboard: Asus P2B(-D) (100 MHz) CPU: Pentium II/III / 400/450 MHz L2-cache: 512 kB RAM: 64 / 2 x 128MB SDRAM Hard disk: 2.5 / 4.3 GB Graphics: Elsa Winner 1000 S3 T rio Fan: High quality Housing: Midi-Tower (ATX standard)

Operating system: Linux Distrib ution: S.u.S.E 5.2 / 6.2 Kernel: 2.0.xx / 2.2.x

Network: Standard: Fast/GigaBit-Ether net Net card: SMC Ultra 9432 / Intel EtherPr o 100+ Connections: Fast-Ether net switches, GigaBit-Ether net uplink

1st LCB Event Filter Farms Workshop

18Andreas Gellrich, 24/9/99

Level-4 Farm

(HERA-B Level-4 Farm: 23-Sep-1999)

1st LCB Event Filter Farms Workshop 19 Andreas Gellrich, 24/9/99

000 001 019

srv

ctl

Level-4 mini_farm 1

Level-4 mini_farm 8

NFS

Level-2/3 Farm

DESY Computer Center

disk

PC PC PC

contr ol file & home dir ectory ser vice

farm contr ol/installation

(CISCO WS-C2924-XL 24-port) central

NIS

osmcp

Fast-Ether net

106GB

20TB/y

(hbserv)

(hb4lt000) (hbslt000)

(hb4ltsrv)

(hb4ltctl)

GigaBit-Ethernet sgi switch

I/F log data farm local logging (18GB & 8 GB)

(hb4ltlog)

(hera-b) sgi route

(hb4lt-r outer) FDDI NFS tape local

Level-4 Farm Network

1st LCB Event Filter Farms Workshop 20 Andreas Gellrich, 24/9/99

ID_Request

ID_Report

ID_Table

Free_ID_Queue

out

in slot 1

slot 2

slot n slot 3

Level-2/3

Level-4

Data request

report

(shared memory)

(message queue)

(SHARC)

(udp)

(udp)

(udp)

Network

1 2 m

n 3 2 1

Level-4 Farm Event Control

1st LCB Event Filter Farms Workshop 21 Andreas Gellrich, 24/9/99

Gather er Moni Cali

Data base

DAQ & Trigger

L-4

GUI

Event data (key = version tag)

L-4 L-4 L-4 L-4 rhp

rhp pull data

push CnA data new key new CnA data

CnA

Level-4 Farm Calibration & Alignment

1st LCB Event Filter Farms Workshop 22 Andreas Gellrich, 24/9/99 l4sIdRequest

l4sIdReport

Publisher / DB Cache l4sReceiver

Reco

Trigger

ARTE

Class

I/O Conversion to DST

DB Access

Buffer

Gather er / Calibrator udp

udp

Monitoring

(hb4ltNNN) file offline

Buffer l4aSender

Packing (gpack) shm Disk Logger Tape tcp/ip osm l4sSender

(hb4ltctl) (hbsltNNN)

tcp/ip udp

shm shm

Level-4 Farm Node Processes

1st LCB Event Filter Farms Workshop 23 Andreas Gellrich, 24/9/99

Reliability: 5 nodes permanently used no Linux crashes >200 days uptime

Performance: minimal pr ocessing so far 5-120 kB/event sustained rate of 2.5 MB/sec @ >50 kB/e vent peak rate 3.5 MB/sec total volume of ~5 TB in 1999 so far

new: GigaBit-Ether net uplink to CC (logging rate: > 5 MB/sec)

Problems/Bottlenecks: Fast-Ether net-to-FDDI version 5 versus version 6 ( static linking)

Status

1st LCB Event Filter Farms Workshop 24 Andreas Gellrich, 24/9/99

1999: detector commissioning di-electr on ECAL trigger J/ψ signal cross section measur ement Level-4: online r econstruction (partly) on <50 CPUs

2000: CP violation measur ement full detector J/ψ trigger Level-4: 50 Hz * 2-4sec = 100-200 CPUs

2001+: full physics program full detector final trigger full online r econstruction Level-4: 50 Hz * 4 sec = 200 CPUs

Outlook & Summary