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Belle Experiment : B-factory experiment at KEK in Japan
- Study of CP violation in B meson system
- PreC|se measure_ent of CKMmatrlx element
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Belle DAQ system
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* Unified Q-to-T conversion + multi-hit TDC readout (FASTBUS)
(except for SVD which uses FADC)
* Switchless event building technology
- Level 2.5 trigger scheme
(software trigger using partially-built event data)
* The same software environment as that in offline analysis
(event processing framework, data management)
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2. Requirements and Design

Current(L=10*cm?sec?) Future(L=10%)
Physics trigger rate 100Hz 1KHz
Trigger rate ~500Hz 10-30KHz
Event size at L1 40KB/ev 200-300KB/ev
Data flow rate at L1 20MB/s >2GB/s
Data flow at storage 10MB/s ~250MB/s
Reduction factor in DAQ 2 ~10

How to achieve higher event reduction factor
- Key of DAQ upgrade



Event Reduction

- Current reduction in Belle DAQ: Level 2.5 Trigger
* Ultra Fast Tracking software(|z,5|<5cm) + L1 trigger info

Reduction : ~50% of L1 triggered event

- Physics event skim with full event reconstruction
* hadronic event selection : ~15% of L2.5 triggered event

* 11, 2-photon, etc. :~10%

|

If the physics skimming with full event reconstruction is
used as "Level 3" trigger, a reduction factor of ~10 becomes
realistic



Realtime Event Reconstruction Farm

More processing power is required to have more reduction
- Real-time event reconstruction for L3 trigger

PC server
(Dual PA@2GHz)

Event Building Farm

o— layer3/
input distributor

layerl layer2

Net>/vork switch Switch

1 Unit — processing power for L=10**/cm*/sec



Design Reguirements

- Processing power : ~250Hz (max.500Hz) @ L2.5 trigger (L=10%)
-~ a PC cluster with ~ 30 nodes (Dual CPU @ ~2GHz)

- 100% compatible with offline DST production environment

- "dBASF” = distributed Belle AnalysiS Framework
Framework for DST production based on BASF
- BASF: parallel event processing on SMP CPUs
- dBASF: Parallel event processing utilizing a PC-cluster
- single input/output file
- event distribution/collection to PC nodes over network
- “Panther” = Data management system used in Belle Analysis

- Realtime monitoring of histograms accumulated in event
reconstruction
- "End run" processing
- merge histogram file/log file written on separate nodes
- event statistics calculation
- Control from DAQ



3. Architecture

PCs are operated by Linux
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Athron Servers (Dual Athron 1.6GHz in 1U) 29 units in 1 rack



Servers for event distribution and control



Disk Server
(Dell CX-600)

- Fast FiberChannel
disks (10TB)

- write speed
> ~100MB/sec

- also connected to
KEKB computers



Data flow

Input distributor

tape Ring Buffer
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Ring Buffer

- Data flow rate can be drastically changed during data taking
* change in beam condition
* processing time for event reconstruction

- Need to average the rate to optimize the resource usage

'

Ring Buffer with variable length record
* Implemented using SysV IPC (shared memory and semaphore)

* Optimization of buffer depth is not yet done.
Currently 16MB/node for each of input and output

- 29nodes : ~ 500MB for input/output in total
- seems not enough (50 sec. with ~10MB input data flow)
— easy to increase by a factor of >10



BASF

BASF
Kernel

parallel event processing on SMP

Event
Server

Output
Server

5

* 1/0 package is replaced with Ring Buffer Interface (by dynamic link)
* Initialization/User Interface packages are also replaced.



Utility Functions

* Realtime Histogram Monitoring
- Histograms accumulated on each processing node are placed on
a shared memory.
- The contents are periodically sent to control node via a socket
connection and merged with contents from other nodes on a
shared memory.

— real time monitoring of the data quality

* Processing at Run End
- merging of histogram/N-tuple files written on each processing node
- merging of log files
- collection of statistics information



System Control

- Based on NSM (Network Shared Memory)
Capable of
* sighal-based message handlling
* sharing data
over network
- Control network is separated from DAQ net using closed network
- "MASTER" node takes care of global control and event logging

control network T
oot

DAQ network




4. Performance

Performance was tested using dummy raw data.
- Dummy data were generated on input server node by
randomly picking up one of 1000 events stored on memory
The data are real events taken in last run.

a) No processing (just passing input to output on BASF)
Data flow : > 35MB/sec at storage node
(ave.size = 32KB/event, rate = >1KHz)
b) Belle's Full DST processing
ave. output size = 63KB/event (raw data + DST)
Data flow : ~ 8.5MB/sec at distribution node
~14.2MB/sec at storage node
Average processing rate : ~240 Hz @ L3

* another 15 servers will be added soon



Performance in Beam Runs

- Reconstruction Farm is being operated with Level 4 trigger software

- Only raw data of selected events are recorded onto disk file and
copied to KEKB computer.

- After addition of 15 more servers, real-time DST production will
be started (this month).



5. Summary

T

. Realtime Event Reconstruction Farm was built for the
further reduction of data flow in Belle DAQ before storage.

. The farm is a parallel processing system based on the
event-by-event basis data distribution to a number of PC

servers over network.

. The software environment of the farm is designed to keep
100% compatibility with that in offline.

. The farm is now being tested in beam runs.
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Reference DAQO Design for SuperKEKB

Input: ~ 50-100K channels

~1000 CoPPERSs

~10 Event Building
Farms
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