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Abstract 

Data Acquisition system is an important research project in high energy 

physics experiments. A reliable and capable DAQ system plays a key role in the 

experiments. 

This dissertation presents the research and implementation of DAQ system 

for Daya Bay neutrino experiment. The DAQ system for Daya Bay experiment 

had been developed based on ATLAS and BESIII DAQ. Its design scheme for 

hardware framework and software arrangement was newly developed. And its 

feasibility is confirmed by system tests on an AD VME crate.  

This dissertation focused on the read-out system which played an 

important role in Daya Bay DAQ system. Embedded Linux operating system 

was creatively introduced as a readout software platform in high energy physics 

experiment. DAQ readout system uses the VME bus transport technology and 

threading tools. According to a series of tests, the performance of readout 

system based on Linux could meet the system requirements.  

Performance behavior, an essential feature of DAQ system, was also fully 

studied. Each segment during dataflow transmission was meticulously 

investigated. On the premise of the high quality data, the software mechanism 

was optimized to improve the system efficiency. 

Reading and analyzing data files of DAQ system is an important method to 

test validity and stability of the system. In this dissertation, the test result of 

electronics performance by reading data files is introduced, and the analysis of 

trigger efficiency with miniDryRun data is showed as well. 

The basic framework design of DAQ system for Daya Bay neutrino 

experiment has been completed. In December 2009, the final design of DAQ 

system based on PMT readout electronics has passed the expertsô review. At the 

same time, DAQ system run successfully during miniDryRun experiment. Data 

collected during miniDryRun showed that the capability and reliability of the 

DAQ system could fulfill the demand of Daya Bay experiment.  

 

KEY WORDSЕDaya Bay Neutrino Experiment, DAQ, Embedded 

Linux, Read-out System 
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Ҭ Ȃ ╠ Ҭ ̆ ֓Ҭ ᴪ ̆ ῒ

Ҭ Ȃ ѿ Ҭ ᴪ ѿ №Ҭ

ԅȂ ԍ₃Ὲ ̆ ‗ԍ sin
2
2q13̆ ‗

ԍҬ Dm32
2Ȃ ῒ Ҭ ץ

ṿᴪ 1800-2400 Ȃ ֒ Ҭ

Ҭ Ҍ ҍ ̆

̆ҹ CP ȁ ₮ ‰ Ȃ 

sin
2
2q13 ѿҩ ̆ ‗ԍ

└Ȃҹԅ ҉ץ90% Ḥ Ҋ q13 ̆ ⌠

sin
2
2q13<0.01 ̆ ԍ 0.5%Ȃ ̆

≢ └̆ ѿҩ Ȃ 

̔1̃ᾟ№≠ ֒ ⱳ ᴨ Ȃ ֒

ҹҕ ҉ⱳ ԋ ̆ Ԋᶛ ̕

2̃ Ҭ ̆≠ Ҭ

Ҭ ׆̆ № ̆

Ҭ ̕3̃≠ ֒ ᴆ̆

⁞ץ Ȃ ⁞

Ȃ ԍ ֒ ᴆ̆ ҉ ₮

Ҭ̆ ֒ ̆ ғ ҹ ѿҩ ⌠q13Ҍҹ

[4]Ȃ 
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1.2.2.2  

֒ Ҭ ᶏ ҈ҩ Ҭ

̆ ңҩ ѿҩ Ȃ ҩ ῤҺ 3 ̔Ҭ

̂ Ҭ ̆Anti-neutrino Detector̆ AD̃̆ ℗ᴶ

̂ ̆Water Pool Detector̆ WP̃ ̂RPC̃Ȃ 

 1-3Ȃңҩ №≢ ֒

̆ №≢ҹ 364 504 ̆

ⱳ ₮ Ҭ Ȃ

ҹ 1615 ̆ ֒ ҹ 1985 Ȃ ҍ

̆ ץ Ҭ Ȃ ᵝ

ԅ ᴨ ̆Һ ΐᵣ

ȁ ȁT ȁץ Ȃ 

 

 1-3 ֘ ᵩ  

 ב 1.2.2.3

̂1̃ Ҭ  



֒ Ҭ ҍ  
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Ҭ Ҭ ɓ ֟ ҍҬ Ḥ ̆

Ҭ Ȃҹ⁞ ̆ Ҭ ҈

̆  1-4Ȃ ҹ ᵣ ᵣ̂ ̃ᵬҹҬ

̕Ҭ ҹ ᵣ ᵣ̆ ̆⁞

∞ ̕ ҹ ̆ Ȃ ӊ ᾣ

Ȃ ҍҬ ᵣ ᵣҬ֟ ᾣ̆

ᾣ ᾣ Ṑ ̂PMT̃ ҬȂ 

    

 1-4 ֘ Ҳ  

̂2̃  

Ҭ ᵞ̆ ѿ

Ȃҹԅ⁞ Ҭ̆ Ҋ̆

Һꜚ ꜚ Ȃ ֒

Ҋ №≢ 100Ṑ 2000ṐȂ▼ᵩ

Ҭ ҬӞ ֟ Ҭ ̆ ֓Ҭ

⌠Ҭ Ҭ Ȃҹԅ ֓Ҭ ץ Ҭ ̆

֒ Ҭ 2.5 ҉ץ Ȃ Ҭ
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Ȃ ᵣ ֟ Ӟ ᴪ̆ ̆

2.5 ץ ᵞ 1 ҆Ṑ҉ץȂ 

ԅ ꜚ ̆ ֒ ң ᵬҹ

Һꜚ ̆  1-5 Ȃѿ ℗ᴶ ̂WP̃ ̆ Ҭ

ᾣ Ṑ Ȃ ᴪ֟ ℗ᴶ ᾣ̆ ᾣ Ṑ

℗ᴶ ᾣ̆ ץ Ȃҹԅ ̆

№ ῤ ң ̆ Ҍ ᾣ Ȃ ҍ ᾣ

Tyvek ץ̆ Ȃῤ ң ᾣ Ṑ ̆

ᵬҹ Ȃ ℗ᴶ ҹ ץ98%

҉Ȃ ѿ ҹ ̂RPC̃ ̆ ҉ Ȃ ֒ 4

RPC̆ ᵞ RPC ̆ Ḡ

̂>90%̃ Ȃ 

 

 1-5 ֘  

ң ̆ 99.5%Ȃ ̆Ҭ

ץ └ Ḥ 0.2% ̆

Ȃ 

̂3̃  

╠ ȁ ȁ

Ȃ ҩ ҩ
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̂ Ҭ ȁῤ ℗ᴶ ȁRPC ̃

╠ ȁ ₮ ̆ ғ ҩ ѿ

Ȃ 

֒ Ҭ ╠ ₮ ̂ ₮ ̃ PMT ₮

RPC ₮ ȂPMT ₮ ԍ Ҭ ℗

ᴶ Ḥ ₮̆ ᴆ ̆ ҉ ᶏ

Ҍ FPGA ⱳ ȂRPC ₮ ԍ

RPC ₮Ȃ 

ᾢ Ԋᶛ ∞ ᴆ̆ ׆

ҩ ₯ҬḤ Ḥ Ԋᶛ∞ Ȃ

∞ ׆̆ Ҭ Ԋᶛ ̆ ᴆ

Ḡ Ҋ Ȃҹ Ḡ ҩ Ҭ̆

ῃȁ ̆ ѿҩ Ȃ 

 1-6 ԅ ҍ ӊ ῏ Ȃ 

 

 1-6 ғ ῗ  
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1.3 Ҳ  

1.3.1 Ҳ ᵣ 

 1-7 ҹѿҩῖ Ȃ ף

Ҭ̆╠ ȁ ∞ ̂DAQ̃ ԑ ̆

№ Ȃ ₮ Ḥ ȁ ̆

Ḥ ᵬ ̕ ∞ ᴆ Ԋᶛ̆

Ԋᶛ̕ № Ҋ ҉ №

̆ ҹ ȁ ȁꜚ [5]Ȃ 

Ḥ №

∞

 

 1-7 DAQ Ҳ ᵣ  

Ҭ̆ ᴋⱵ ₮ ∞ Ԋᶛ

̆ ᶏ ̆Ԋᶛ ̆ Ԋ

ᶛ ̆ ҹ Ԋᶛ̆ Ԋᶛ ⌠

ӄ׃ ҉Ȃ ₮ ץ Ԋᶛ №

̆ ҍ ᵬ [2]Ȃ 

̆DAQ ҹ ȁ ȁ ȁ

ᾟ Ȃ ᴆ ΐ ԍ ̆ל

҉ ᴇ ҙ ֟ Ȃ 

1.3.2 ᴑꜙ 

ᴋⱵ ↓ҽҹץҊ₃ [2]̔ 

Â ┴  

Â ∆ ╠̆ ⱴ ̆ └
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Â ׆╠  

Â  

Â ῃԊᶛ № ̂ Ԋᶛ ̃ 

Â ̂ ̃ 

Â ’ ̂ № Ԋᶛ̆ ᵬ Ԋ

ᶛ ̃ 

Â ᵬ └ 

Â ᴆ ̂ RUN ̃ 

Â ̆  

Â ҉  

1.3.3  

₃ ̆ Ӟ ׆

⌠ ̆ Ȃ ҉ҕ Έ ̆ף

Ҭֽ ѿ ҩ ̆ғ ᵞ Ԋᶛ ̂₃ҩ

ῗ̃̆ Ȃ ף ↕ ҉

҆ҩ ̆ ғ ᾠץ ῗ Ȃ 

ҹ҈ҩ№ץ ̆  1-8 Ȃ 20 ҕ

70 ╠̆ף CAMAC ῤȂ ᴆ ѿ

ҩ └̆ ₮ Ӟ Ҭ⌠ ҩ Ȃ

ץ Kbyte / s ̕80 ף ԅ VMEȁFASTBUS

̆ᾛ ҩ ᴆ № ̆ ῀ ‖ Ữ ̆

ץ Mbyte / s 9̕0 ף Ḥ Ԋᶛ

ᵬῃԊᶛ ̆ ̆ ץ Gbyte / s

[6]Ȃ 
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 1-8 Ҏү  

1.3.4 Ὺ Ҳ  

1.3.4.1 CMS  

LHC (Large Hadron Collider) LEP(Large Electron Postion Collider)

27km ҉ῐ 2¦̂8͘20̃ TeV -

̆ ֦ ҹ1 × 1034cm 2s 1̆ ҹ 40MHzȂLHC 

҉ CMS̆ ATLAS̆LHCb̆ALICE ҩ [2]̆ ֓

ᶏ ԅ ╠ ᾢ Ȃ  

CMŜ Compact Muon Solinoid Detector̃

֦ ᴆҊ̆ ≢ ɛ  ̆ ᾣ ȂCMS 

֟ ҩ Ԋᶛ ҹ 1Mbytes̆ ѿ ∞ ӊ Ԋᶛ ׆

1GHz ⌠ 100KHzȂᵖ № Ԋᶛ ׆

1000 ҩ╠ ₮ ‖ Ҭ ⌠ѿ ̆ ⌠ Ữ ⱬ №

̆ CMS ₮Ԋᶛ └ 100HzȂ

CMS Ạ⌠Ҍ Ȃ  

CMS Ҭ ѿ ðð ₮ ᾝ̂Readout Unit̃ ̆

⌠ῤ ╠ ᵬ ̆ ₮ ᾝ ₃ҩ Readout 

Driver ѿҩ ῤ ̆ ҍԊᶛ № ῃ ֜

Ȃ ҩ CMS 1000 ҩ ᾝ̆ ҩ ᾝ ץ

100000 ҩԊᶛ ⌠ 100Mbytes ᴰ ȂԊ
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ᶛ Ԋᶛ ᾝ ԍ ֜ [7]Ȃ  1-9

ҹ CMS Ȃ  

 

 1-9 CMS  

ҩ CMS Ạ⌠ԅ ‰ ̆ ᾣ

ᴰ ⌠ԅᶏ ̆ ԍῈ῍ᾝᴆ ╠

ꜚ ̆ᶏ ҩ ΐ ѿ ₮ ᾝ Ȃ 

1.3.4.2 ATLAS  

ATLAS LHC ҉ ҩ Ҭ ѿҩ̆Ӟ ׂҹ ҕ ҉

[2]ȂATLAS ҈ ̆ ѿ ҹ ᴆ ̆ 

╠ ̆ Ԋᶛ 40MHz ᵞ׆ 100KHz̆ ԋ ԍ ᴆ ̆

ᶏ ̆ Ԋᶛ ⌠ 2KHz̆ ԋ Ԋᶛᴪ

ԊᶛȂ ҈ ҹ ᴆ ̆ 1600 

̆ Ԋᶛ 200Hz̆ ҹ 300Mbytes/sȂ  1-10

ҹ ATLAS Trigger/DAQ 
[8]Ȃ 

 

 1-10 ATLAS  
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ATLAS DAQ Һ ңҩ №̔ ̂DataFlow̃  

ᴆ̂Online SoftwarẽȂDataFlow № ԅ RCD(The ROD Crate 

DAQ), ROŜ The ReadOut Subsystem̃ DataCollection҈ҩҺ ᴆȂῒ

ҬRCD ᶫԅ DAQӊ ⱳ ̕

ROS ROD׆ ȁ Ữ̆ ᶫ L2 EB (Event Building)̕

DataCollection └ ꜚ̆ ԅ׆ ROS ⌠ LVL2 (Level-2), 

EventFilterץ MassStorageȂ ᴆ № ῃ ᴆ̆ ᶫԅ

ȁ └ȁ ץ DAQ ᴆῤ ֜ Ḥ ⱳ Ȃ 

1.3.4.3 BESIII  

֤ ̂Beijing Electron Positron Collider̆ BEPC̃

ҹ 1.3 GeV ⱴ ȁ ȁ ҹ 1-2.8 GeV 

Ữ ȁ ĺĺ ֤ Beijing Spectrometer̆̂ת

BES̃ ֤ ̂Beijing Synchrotron Radiation Facility̆

BSRF̃ ̆ ף [1]Ȃ ӊ

BEPCII ֦ ⌠1033cm 2s 1̆ J/Ɋ ѿ ∞

Ԋᶛ ⌠ 4000HzȂ Ҭ̆ ᵣ

80 Mbytes/sȂ BESIII Ԋᶛ

ҍ ’Ҋ ₮ Ȃ 

BESIII ᵣ  1-11 ȂBESIII DAQ Һ

ᴋⱵ ѿ ∞ ╠ Ԋᶛ ̆ ң

ᴰ ̆ № ₮ ̂VME ̃Ҭ Ԋ

ᶛ ⌠ ҉ Ԋᶛ ̆ ҹ

Ԋᶛ̆ Ԋᶛ ᴰ ⌠ Ҭ ⌠

ӄ׃ ҉[9]Ȃ 

ҍ ᴆ ץ̆ ᵣ Ҍ ̆ ץ

DAQ №ҹ╠ ₮ Ȃ╠ ₮ Һ

׆ ᴆ ₮ȁ ⌠ ̆ ץ ᵬ VME 

Ȃ ↕ ╠ ₮ ץ└ ╠׆
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ȁ ȁ ҩ Ȃ ⌠ ╠ B̆ESIII 

DAQ ╠ ₮ Һ VxWorks ᵬ ԍ PowerPC 

VME ȂDAQ ԍ ֜ ̆Һ

Linux ᵬ ̆ ᾠץ ԑ ̆ Ȃ 

ҹԅ׆╠ Ҭ ₮ ᶏ ̆

BESIII ‖ ȁ ȁ

VME ₮ ץ ᴰ Ȃ ‖ ץ ⁞

ԍ Ԋᶛ֟ ̆ ԍ ֜

ᴰ ץ Ԋᶛ Ȃ 

 

 1-11 BESIII  

1.4 ᵲ 

ᴋᵥѿҩ Ҭ Ҍ ̆

֒ Ҭ ҍ Ȃ 

ᵬ ᵬҹ ̆ῃ ҍԅ
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ҍ ᵬȂῒҬ̆ῃ ԅ ₮ ȁ ҍ

ᵬ̆׆ ∆ ҍ ԍ ̆⌠

ᴆ ̆ ῤ ҍᶏ ̆

ᵬ └̆ ȁ ҍ ̆ ᴰ ᵬ ̆ΐ

ᵣῤ 3-6 Ҭ Ȃ ₮ ҉̆Ӟῃ

ԅ ҍ ᵬȂ ӊ ̆ᵬ

ҍԅ Ҭ ѿ ↓ ῏ ᵬ̆ ҍ ̆

ᵬ └̆ ᴰ ҍ ̆ ҍ ̆

ҍ ̆ ῏ῤ ῃ Ҭ ᵣ Ȃ 

̆ ᵬҺ ⌠ Ҋ₃ҩ ̔ 

Â ׆ ATLAS BESIII DAQ ᴆ ᴆ ꜛ

ΐ ̆ └ȁ ȁ ᴆ Ḥ ȁḤ

Ⱶȁ └ȁף ᾢ ᴆ Ȃ 

Â ⱴ BESIII ̆ Ҭ ῀

ᵬ └̆ҹ ֒ Ȃ 

Â ȁ ᴆ ̆ ֒ ₮

Ȃ 

Â ῀ Linux ԍ ₮ ̆ ‗

Ҭ ԍ ᵬ ꜚ ᴆ ῀ Ȃ 

Â ӟ ᴆ Ҭ ⌠ ѿ֓

̆ ῀ ȁCȁC++ ȁROOT
[58]ȁLinux ῤ

Ȃ 

Â ᴆ ⱳ ҍ ̆ ᵝ ̆

‗ Ȃ 

Â ⱴ ֒ ҍ̆ ֲ ℗ ᵬ̆

Ҭ ⱴ ҩ ₮ ׆̆ ѿ

Ȃ 

Â ≠ miniDryRun Ҭ LED ῏ № ̆

׆ ⱴ ҩ Ȃ ғ ᴆ № ̆ ѿ
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ⱳ Ȃ 

1.5  

῍№ҹӜҩ ҩ Ȃ ѿ ׃ ԅ ̆

֒ Ҭ ץ’ Ҭ ᵝȁ

ᴋⱵץ ’Ȃ ԋ № ԅ ֒ Ҭ

ץ ᴆ ’Ȃ ҈ ֒ ₮

Ȃ ԅ ῀ Linux ᵬ ₮

Ҭ Ȃ ԓ ԅ ֒ ₮

ᴆ ҍҺ ᴆ └Ȃ Έ ׃ ԅ ԍ AD

ᵬ ’ҍ Ȃ ҂ ₮ԅ ԍ

Ȃ ῇ ׃ ԅ ֒ miniDryRun ’̆

ғ≠ ԅ∆ ̆ Ӟ Ҭ

ᵬ ’ ԅ Ȃ Ӝ ᵬ ԅ ᵣ҉ Ȃ 

A ₮ԅ Ҭ Ȃ B C№≢׃ ԅ ֒

Ԋᶛ ҍ ᴆ Ȃ D

schema ᴆ ᶛȂ 
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2  ֘ Ҳ  

ף ѿҩ Ȃ ֒ Ҭ

Ԋᶛ ̆ Ԋᶛ ̆

Ԋᶛ ̆ ȁ Ữ Ȃ ѿҩ

̆ ₃ҩ ̔ 

(1). Ȃ Ԋᶛ ’Ҋ̆ ̆

ᵝ Ӟ ̆ ⱬ  ̕

(2). Ԋᶛ ȂѿҩԊᶛ ѿҩ Ԋᴆ⌠ ̆ ╠ ׆

₮̆ ╠ ̂ ̃ Ḥ

̂ ȁ ȁ ̃Ȃ ’Ҋ̆ѿҩԊᶛ

̆ ᵝ ῤ Ӟ ׆̆

ⱬ Ӟ ̕ 

(3). ᴇȂ ₮ ̆

ѿҩ Ҭᶏ ᴆ

ᴆ Ȃ ֓ ᴇ Ȃ ̆

ӊ╠ ̆T

ῒ ⌠ ̆ Ȃ 

(4). Ȃ ѿ ԍ 10 ̆

̆ Ȃ ̆ѿ

ҩ Όᵩ ⱬ̆ ғ ԍ ץ̆

Ȃ 

(5). Ȃ ╠ ȁ Ҍ

̂ ȁ ‖ ₮ ̃̆ᴪ

Ȃ ֓ ̆ ѿҩ

⌠ Ȃ

̆ ғ Ȃ ֒ Ҭ ѿҩ └
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̆ № ̆ ғ ̆

₮ԅ Ȃ 

Ԋᶛ ⌠ ᵬ ֦

℗ ῏ Ȃ ѿҩ ȁ ȁ

₃ Ȃ 

2.1 ֘ ᴑꜙ 

׆ ₮ Ḥ ╠ ≢ ̆

Ȃ ֒ Ҭ Ҭ̆ Һ ᴋⱵ Ҭ

⌠ Ҭ Ԋᶛ̆ץ ⌠ ԊᶛȂ

̆ Ҋ Ҭ Ԋᶛҍ Ԋᶛ

Ḥ Ȃ ԅ Ԋᶛ ץ ̆ ѿҩ

ⱳ Ȃ 

̆ ֒ Һ Ҋⱳץ  ̔

Â └╠ ᴆ ᵬ   

Â ׆╠  

Â ׆ ᴆ ⌠ Ԋᶛ 

Â  

Â Ԋᶛ Ữ 

2.2  

2.2.1 ꜗ  

2.2.1.1  

֒ Ҭ № 3ҩ ̆̓̀ 17ҩ ̆

8ҩ AD ̆6ҩ ℗ᴶ ץ 3ҩ RPC ̆ῒҬ

4ҩ AD ȁ2ҩ ℗ᴶ ȁ1ҩ RPC ̕ңҩ

2ҩ AD ȁ2ҩ ℗ᴶ ȁ1ҩ RPC Ȃ



 ֒ Ҭ  
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҉ ҈ҩ ̆ ғ ҩ

₮ Ȃ ҩ ѿҩ VME

₮ ̆ ῤ ԅ └ ̆ ᴆȁ ₮

ᴆץ ₮ ᴆ̂FANOUT Ȃ̃ 

ᾛ ҩ ᵬ̆Ӟ ᾛץ ᴋ

ѿ └̆ ҍ Ȃᶛ ̆ ᾛץ

ѿ ῍ ̆ Ҭ ̕

ѿҩ ῍ ̆ Ȃ

DAQ ᴆ ̆Ҍ ӊ ԑҌץ

Ȃ 

2.2.1.2  

₮ ҩ VME ῤ ῏ ᴆ ̆ ғ

ѿҩ ԊᶛȂ ԍ ֒ Ҭ ̆ ң

₮ Ҍ VME ̆№≢ PMT ₮ ץ RPC

₮ Ȃ PMT ₮ Ҭ̆ѿҩ VME Ҭ ₮

ᴆ FEÊ FrontEnd Electronics̃ ᴆȁFlashADC ᴆץ LTB̂ Local 

Trigger Board̃ ᴆ ̕ RPC ₮ VME Ҭ̆ ₮ ᴆ

ROM̂Readout ModulẽȁRTM̂RPC Trigger Modulẽ Ȃ 

ҍ ҩ ̆

̆ ᶭ ҩԊᶛ Ԋᶛ

̆ Ḃ ѿ ̆ ῏

׃ ̆ 7.4 Ȃ 

2.2.1.3  

╠ҹ ̆ ֒ Ҭ Ҭ Έ ̆

 2-1 ̆№≢ ̔ 

Â ̂physics̃̔ ץ̆

Ҭ Ԋᶛץ ҹ Ȃ 
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Â FEE ̂FEEDiag̃̔≠ FEE ֟ ‰Ḥ

῀̆ № ῀ ₮Ḥ ῏ ̆ FEE ᴆ

ᵬ ̆ ῳ ’Ȃ 

Â ̂pedestal̃̔ Ḥ ῀ ’Ҋ̆ ṿҹ

0̆ ҍ ̆ ╠ ֽ ԍ

PMT ₮ Ȃ 

Â Ҭ ┴ ̂ADCalib̃̔ ԍ Ҭ

ῒ ₮ ᵣ Ȃ 

Â ℗ᴶ ┴ ̂WPCalib̃ ̔ ԍ ℗ᴶ

ῒ ᵣ Ȃ 

Â ̂MOMonitor̃̔ ԍ Ҭ Ҭ

’ Ȃ 

֒ Έ

└̆ ȁ └ Ȃ 

 2-1 Ҳ  

 Name Interval Time AD WP RPC 

physics physics - - Y Y Y 

FEE Diagnosis FEEDiag one day 3 minutes Y Y - 

pedestal pedestal One day 1 minute Y Y - 

AD Calibration ADCalib One/two 

weeks 

2 hour Y physics physics 

WP Calibration WPCalib One/two 

weeks 

<1 minute 

/LED 

physics Y physics 

MO Monitoring MOMonit One/two 

weeks 

10000 events 

/wavelength 

Y physics physics 

2.2.1.4 Ὶלꜗ  

ԅ╠ ₃ ׃ ⌠ ȁ ץ ӊ ̆
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ҹԅ ̆ ҍ ̆ ֒

ῒז ѿ ↓ⱳ ̆Һ Ҋ₃ץ ̔ 

Â ֒ ̆ ῏

 

Â ᶫ ҍ ̆ Ḃ ᶏ  

Â ΐ ⱳ ̆ ѿ  

Â ᶫ ̆ ᴆ ’  

Â ⱳ ̆ ȁ  

Â ̆ ’ȁ Ḥ  

Â ҍ ȁ ȁ ῒז ҩ  

ⱳ ᴪ ҍ Ҭᶭ

ΐᵣ ҍ Ҍ ҍ Ȃ 

2.2.2  

֒  2-2 ̆҈ҩ

ᵣ ᵀ ᴪ 3000KB/s Ȃ Ẋ

‗ ԍ ᵀ Ạ₮ ̆ ғẊ ԅῒז

Ԋᶛ ֽ ɛ׃ ̆ Ҭ Ԋᶛ Ҍ [3]Ȃ 

2.2.2.1 Ԑᶡ  

҈ҩ ̂ ֒ ȁ ץ ̃ Ԋᶛ

ԍ  2-2ҬȂ 

 2-2 ֘ ᵆ  
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҉ Ҭ ₮ԅ ɛ׃ ῤ Ԋᶛ Ȃ

Ҭ Һ ‗ ̂ ҩ ԍ

50Hz̃ ̆ ↕Һ ң ῍ Ȃ PMT

ɔ Ҭ ̆ ᴆ └⌠

<=50HzȂRPC ץ ᴆ ⌠ ᵞ̆  2-2Ҭ

Ḥ Ҍ RPC Ȃ 

ҩ Ҭ ᵀ ҹ 100Hz̆ 3 ҩɛ

̂ῤ ȁRPC̃ ֟ 1 kHz Ȃ ֒

⌠ ҹ 1kHzȂ ̆ҹԅ Ҭ

Ҭ ԑ῏ ѿ Ҭ Ҭ Ḥ ̆

ԍ 300 ԊᶛȂ 

2.2.2.2  

 2-2 ԅ ҩ Ҭ ҩ ̆ ̆

ȂẊ ҩ PMT 14bytes, ΐᵣᵀ Ҋ  ̔

Â ̔ 8 bits 

Â ̔TDC+ ̔32bits 

Â ̔6ҩ ̆ ҩ 12bits̆ ῍ 72bitsȂ 

Â ԍ RPC ₮̆ Ẋױ ѿҩ 1bits+ Ḥ ̂64bits̃ +

̂64bits̃Ȃ 

ᵀ Ҭ ῤ̆ ℗ᴶ ̆  2-2Ҭ Ȃ 

Ҭ ₮ PMT Ȃ ҩ

₮ ̆ ̆  2-2

̆ ѿҩ ҹ 128bit Ḥ ̆ Ḥ

Ȃ Ḥ҉ץ ᵀץ ₮̆ ҩ ᵀ < 

1.5 Mbytes/secondȂ 

2.2.2.3  

̂<0.5%̃̆ ץ Ҍ
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Ȃ ΐ ᴰ ⱬץ ῤ ‖ Ȃ

ҩ ѿҩ ‖ └Ҍ ↕ ץ̆ ᾧ

ԍ ꜚ Ȃ 

2.3 ᴌ  

֒ ҙ

̆ ԅ№ Ȃ  

2-1 ̆ ̆ ҩ №≢ ᴋⱵ̆

ץ ᵬȂ 

 

 2-1 ֘ ᵩ  

֒ ᴆ  2-2 Ȃ ҩ

҈ ̆ ҩ ѿ ᴆ ғⱳ

Ȃ 
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 2-2 ֘  

׆ ᴆ ץ ⱳ ⅞№ ץ ֒

№ҹ VME ╠ ₮ȁDAQ └ȁ ᴰ ҍ Ữ҈ҩҺ

№Ȃ 

2.3.1 VME ╦  

ᵞѿ ԍ VME ╠ ₮ Ȃ ѿҩ VME

ѿҩ Ҭ ѿҩɛ ̆

Ȃ ҩ VME ῤ ԅ ѿ └ ӊ ̆

₮ ̂FEEȁROM̃̆ ̂MTBȁLTBȁRTM̃̆ FlashADC

ץ Ḥ ₮ ̆ ҩ VME 20 ᴆ̆

VME ₮ ᴆ 9U ‰ Ȃ 

ᶏ ̆ᵖ Ҍ VME

₮ ץ̆ / Ҍ ₮ ȂVME ѿ

῀ ̆ ȁ ᴰ Ȃ ҩ

₮ VME ץ ⌠ └ Ȃ 

2.3.2 DAQ ┼ 

ҩ ѿ DAQ └ ̆ ץ └

Ȃ ѿ └ PC̆ ץ └҈ҩ

Ȃ ̆ └ DAQ ץ
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ץ └Ȃ 

2.3.3 ᴶ ғ Ỵ 

֒ Ӝ ₴ Ⱶ ҍң ᴆ

Ⱶ ̆ ╠׆ VME ₮ ̆ ̆ҍ ѿ

ѿ ̆ Ȃ

ᴋⱵȂ 

֒ Ҭ̆ ᴪ ₃ Gigabyte Ḡ Ȃ

╠ ̔ ᾢ̆ Ữ ѿҩ ᴆץ

̕ ̆ ᴪ ׆ ֒ ⌠

Ȃ 

2.4 ᴌ  

 

 2-3 ᴌ  

֒ № ̆ ᴆ

̆ ӊ ̆ ̆ [ 10, 11,11]Ȃ

֒ ᴆ ATLAS TDAQ BESIII DAQ

҉ Ȃ ᵣ ᴆ №ץ ңҩ №̆  2-3

̔ѿ № ᴆ̂Online Softwarẽ̆ Һ ȁ

└ȁ ҹ ᴰ ᶫ Ⱶ ᴆ̕ ѿ № ᴆ

̂DataFlow Softwarẽ̆ ӈ Һ ⱳ ᴰ Ȃ

֒ ᴆ № ԅ ATLAS TDAQ ῏

ᴆ̆ № Ṣ ATLAS BESIII DAQ ᴆ ҉̆ ֒

ΐᵣ Ȃ 
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2.4.1 ⅎ 

 

 2-4  

№ Һ ⱳ ҍᴰ Ȃ

 2-4 ̆ ₮ ROŜ readout system̃ ᴆ ̆

̆ EFIO Ԋᶛ EFD̂ eventflow distributer̃

ᴆ ĔFD ᴆ ץ ᶫѿ֓ᶛ ῏ ᴋⱵ̆ EFD

Ӟ EFIO SFÔ sub-farm output̃ Ȃ

ҩ ᴰ ’Ȃ 

 2-5 ׆̆ Ҭ ץ ⌠̆ ֒ ҈ҩ

ץ ̆ Ҍ ᴆ ‗ Ȃ҈ҩ

῍ 17ҩ VME ₮ ̆9ҩ₴ Ⱶ ץ ң ᴆ Ⱶ Ȃ ҩ

₮ ҉ ѿ ₮ ROS ᴆ̆ ҩ Ӟ ѿ SFO ᴆ

ᴆ Ȃ ̆ Ҭ ᴆ ѿ ΐᵣ ’̆

ҩ ᴰ ᶫ ̆ ץ ΐᵣ

Ạ₮ Ȃ 
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 2-5 ᴌ  

2.4.2 ᴌ ⅎ 

ᴆ ԅ ҩ ᴆ̆

Ȃ ᶫԅ └ȁ ȁ№ ȁḤ Ⱶȁ

Ⱶ ҍ̆ ץ№ DAQ ӈ

Ȃ ᴆ ץ ᵬ DAQ ̆ Ἕ ѿ Ҍ

ѿ ҹ̆ DAQ ᶫḠ Ȃ ᴆ ᵬ

ҹ Linux Һ̆ C++̆ Cץ javă ῤ ԍ CORBÂ Omni

̃ └Ȃ 

ᴆ ԍ ᴆ ̆ ԅ҈ҩ ᴆ Ȃ ҩ

ѿ ᴆ ⱳ ⱵȂ № ҈ҩ ̔ ȁ

ץ└ ̆ ӊױ ֜ԑ  2-6
[12]Ȃ 

 

 2-6 ᴌӐ ֢ԝ 
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2.4.3 ֘ DAQӀ ᴌ Ὶꜗ  

Â Readout System (ROS) 

 2-7 ̆ ₮ ᴆ ROSҺ ╠ ᴆ̆

ᴆ Ԋᶛ ̆ ғ EFD ᴆȂROS

ᴆ DAQ Ҭ ѿҍ╠ ᴆ̆ ҍ

ӊ Ȃ ҩ ѿҩ ROS ₮ Ȃ

₮ ҍ Ҋ ₃ Ҭ ׃ Ȃ 

El ect r oni cs 
modul e

det ect or ROS EFD

cabl e

VME

net

Anal og si gnal Dat a f r agment event

 

 2-7 ₴ ROSꜗ  

Â Eventflow Distributer (EFD) 

 2-8 ĔFD ᴆ≠ ԍ TCP/IP EFIO
[13]̆

ROSᴰ Ԋᶛ ̆ ғ SFOȂEFIO ᶏ ԅ └̆

ғ Ҭ 1̆2̆3̆4̆5 ̂timeout̃̆ Ḡ ԅ

ᴰ ҬҌᴪ ҹ Ԋᶛ Ȃ 

 

 2-8 EFDғ ROSɻSFOӐ ᴶ  
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Â Ԋᶛ ₮ ᴆ̂SFŎ  SubFarmOutput̃  

SFO ᴆҺ Ԋᶛ Ȃ  2-8 ĔFDᴪ SFO

̂Space Request̃ ̆ SFO‰ ץ ̆ᴪ

ѿҩԊᶛ ̂Event Request̃̆ EFD ѿ ̆ Ԋᶛ SFŎ

EFDᴪ ῤ ҬḠ Ԋᶛ ⌠ ⌠ SFO Ԋᶛ ⱳ

̂Acknowledgement̃Ȃ 

Â └̂RC̆ Run Control̃  

RC ᴆ̆ └ ᴆ̆ DAQ ᴆ №Ȃ ҹ

ᶫ └ȁ ᴪ ̆Ӟҹ DAQῒז ᴆ ᶫ ᴆ Ȃ

֓ ̆RC ץ ҩ ᴆӊ ֜ ȁפ Ḥ ̆ №

ȂRC ѿҩ ῒ̆ ҹ Controller̆  2-9

ԅѿҩ └ ᶛȂController ҩ ҉̆ └ῒ҉

̆ ץ ̆פ Ȃ DAQῤ

ᴆ ԊᴆӞᴪ ̆ ȂRC ᴆ ԍҒ

(Expert System)̆ Ғ ΐ CLIPS Ȃ 

 

 2-9 ┼ ᶡ 

Â ̂PMĞ Process Manager̃ 

 2-10 PMG ᵣ P̆MG ѿҩ№ ᵣ ̆

DAQῤ ᵬҙ └Ȃ ԅ҈ҩᾝ ̔ ȁף
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ȁꜚ ȂPMG ԍ CORBA Ḥ └̆ ץ Ḃ ף (agent)

└ ҩ ҉ ⇔ ̆ ̂

₮ Ȃ̃ 

 

 2-10 ЃPMGЄᵩ  

Â Ḥ Ⱶ̂IS̆ Information Servicẽ  

IS № ҩ ӊ ᶫ῍֣Ḥ ⱵȂ Ḥ ᶫ

ðḤ ד ðḤ ðḤ ̆IS ᶏ

ҩ ᴆҬȂᶛ ץ ISԅ ⌠Ԋᶛ ȁ ╠

Ԋᶛ Ḥ ̆ ץ №Ԋᶛ ̆

ԍ ⌠ ᵬ Ȃ 

 

 2-11 Ḫ ꜙ ᴌ  

 2-11 ҹḤ Ⱶ ᴆ ̆Ḥ ᶫ ᶏ

InfoDictionary ῀ȁ − Ḥ ȂḤ ң ISҬḤ

̆ѿ Һꜚ ᶏ InfoDictionary get_value ̆ ѿ

ᶏ InfoReceiver subscribe ̆ ᶫ ₱ InfoCallback

̆ Ḥ [14]Ȃ 

Â ̂MRS̆  Message Reporting System) 
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MRS ᴆ ᶫ DAQ ҩ ᴆ ץ Ḥ

ȂMRSᴪ ȁ№ ץ ֓Ḥ Ȃ ץ

ӈ ҍ Ȃ 

ᴆ  2-12 ̆ᴋᵥ ᶫ ᶏץ

MRSStream MRS Ⱶ mrs-server̕

ҹԅ ̆ ᾢ MRSReceiver ̂subscribẽ̆

֜ ̂MRSCallback̃ ₱ ̆ ֟ ̆mrs-server

ᴪ [14]Ȃ 

 

 2-12 ᴌ  

Â (Integrated Graphical User Interface, IGUI ) 

 

 2-13 DAQ Ӏ ꜗ  

֒  2-13 ̆ ҉ ᶫԅ

ȁ └ȁ ȁ ȁ ⱳ
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̆ ҉ ⱳ Ḥ ԅ ҩ ҬȂ 

2.5 DAQ ᴌ  

 

 2-14 ᴌ Ҏ  

֒ Ҭ̆ ᴆ

₮ҍ ̆ ץ ᴆ ҬȂ ֒

ᴆ̆ ҹ҈№ץ ̆  2-14 ȂῒҬ ѿ

ᵞ ╠ ᴆ ₮ ̆ Ҭ LTBȁFEE ̆

ᴆҬ ᴆ ԅ ҍ ᴆ Ḥ Ȃ

ᴆ ҉ѿ Ԋᶛ ̆ ѿ ѿҩ ῤ

ᴆ ̆ ѿ ₮ Ҭ ̆

₮ ᴆ ҉̆ ⱴԅ ԅ ҍԊᶛ

Ḥ Ȃ ѿ Ḃ ᴆ̆ѿҩ ᴆ ԅѿ ↓ Ԋ

ᶛ ̆ ғ ҉ ⱴԅ Ḥ ҍ ᴆḤ ̆

ѿ SFO ᴆҬ Ȃ 
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 2-15 ֘ DAQ ᴌ  

 2-15 ֒ DAQ ᴆ [15]̆

₮ DAQ ₮ ̆ ᴆ

ѿ ̆ΐᵣ 5.4 Ҭ ׃ Ȃ 

2.6  

2.6.1  

֒ Ҥ └̆ ҩ Ҋᾛ

֓ ᵬ Ҥ ̆ ӊ ӈ̆

DAQ ᴆӊ Ȃ 

 2-16 ֒ ̆ ѿҩ DAQ

̂ᶛ ṿ ֲ ̃ Ȃ ץ ⌠ DAQ

Έ N̔ONÊ ȁ̃BOOTED̂ ꜚ ȁ̃INITIAL̂∆ ȁ̃CONNECTED

̂ ȁ̃RUNNINĜ ȁ̃PAUSED̂ Ả̃̆ Ҭ ԅ ֓ ӊ

ҍ ֓ פ̂ Command̃̆ ֓ פ

ץ ̂IGUI ҉̃ └ RC DAQ
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ᴆȂ 

 

 2-16  

̆ ѿ ̆ ᾢ DAQ ᴪ ⌠ Boot

̆פ ꜚ ‰ ᵬ̆ᶛ ꜚ ᴆ PMGȂӊ

⌠ Initialize פ P̆MG ῏ ⱴ ⌠ῤ ҬȂ ᴪ ⌠Config

̆פ ᴆ ץ ῏ Ȃ ⌠ Start פ Ḃ

῀ ȂPause Continue פ ҹԅ ᶫ Ả ⱳ ̆

╠ ҩ ѿҩ ץ̆ ’‗ Ȃ

Ả ̆ ῃ ӊ╠ ̆ ҌῬה ׃ ԅȂ

̆Ả ̆ Ҍѿ ⌠ NONE ̆ Ҍ

̆ Stop ⌠ CONNECTED ̆ Ҋѿ

Start Ȃ Ҋѿ ╠ ̆↕

⌠ INITIAL ̆ ̆

Ῥ Ȃ 
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 2-3  

 

ԅ҉ץ ⌠ ֓Һ ̆פ DAQ ῤ ӈԅ
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ү Ȃפ  2-3 ̆ Ҭ↓ҽԅ DAQ Ҭ

̂Statẽ ץCommand̃̆̂פ ӊױ ῏ Ȃᶛ

INITIAL ̆ ⌠ Configure ̆פ Ḃᴪ ῀ CONFIGURED

̆ ⌠ Shutdown ̆פ Ḃᴪ ῀ NONE Ȃ 

 2-3Ҭ ѿ ̔פ Chain Command̃̆̂פ ѿ פ

ῒ ѿ ᾝ פ ̆ ԍ Ҋ̆ ⌠ѿ ̆פ

ԍᶭ ԅѿ Ȃɒפ CONNECTED Ҋ

⌠ԅStart ̆פ ԍᶭ ⌠ԅPrepareForRun ҍStartTriggerפ

̆פ Ӟ ᾢ ῀ READY Ῥ̆ ҹ RUNNING Ȃ  2-4

Ҭ↓ҽԅ Ҭ ӈ פ ῏ ̔ 

 ת 2-4 

2.6.2 Partition 

Partition ץ ҹ ѿҩ ̆ ԅ DAQ

ⱳ ̆ DAQ ᴆ ѿҩⱳ Ȃ ҩ Partition ץ

ᵬ̆ ѿҩ ץ Ҍ PartitionҬ ԑҌ Ȃѿ

ץ ҩ № ⌠Ҍ PartitionȂΐᵣ ̆ѿҩ Partition

ץ ѿҩ ₃ҩ ╠ ץ№ ᶫ Ȃ

Ҭ ѿҩῃ Partition̆ ҩ ᴋⱵȂ 

2.6.3 Run 

ѿҩ Run ӈҹ ѿ ᴆҊ Ȃ ѿ

ᾝ פ    פ

CONNECTED Start PrepareForRun StartTrigger RUNNING 

INITIAL  Config Configure Connect CONNECTED 

CONNECTED Unconfig Unconnect Unconfigure INITIAL  

READY Stop StopEB StopEF StopRecording CONNECTED 

RUNNING Stop StopTrigger StopEB StopEF 

StopRecording 

CONNECTED 
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⌠ ҩ ’ ҩ ᴆ ̆

ꜚѿҩ Run ѿ Ȃ 

ꜚѿҩ Run ԇ ѿҩ Run ҍ̆ ҩ Run

ᴆ ̆ ֓ ᴆ ⌠ Ҭ ȂRun

ҩ Ҭ ѿ ̆ ғ ҬȂ 

2.7 DAQғ ֢ԝ 

֒ ҍ Ҭ ῒז ℗ ֜ԑ̆

 

Â VME ҍ ֜ԑȂ 

Â ץ NFS ҹ № ᶫ ᴆȂ 

Â ҹ ῏ֲ ᶫ Ḥ ̆ Run ȁ

ȁ ץ Ḥ Ȃ 

Â DIM
[48]ҍῒז ֜ ҍפ Ḥ ̆ ҍ֜ Ḥ

AD ┴ ȁ ȁ ┴ Ȃ 

2.8  

֒ ᶫԅ ╠׆ ₮̆

ѿ ↓ Ԋᶛ ᴰ ⌠ Ữ ѿҺ ⱳ ̆

└ȁ ҩ ᵬ ⱳ Ȃ ׃ ԅ ֒

₮ ץ └ ᵣ ̆

ᴆ ץ ῏ Ȃ 
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3  ֘ ₴  

₮ ̆ Ҭ Ҍ

ӈҍⱳ №Ȃ Ҭ̆ ֒ ₮

2.4.3 Ҭ׃ Ҭ ₮ ROSȂ 

3.1 ₴ ᴑꜙ 

ѿ҉׆ ׃ ױ ̆ ₮ ROS ╠

ᴆ Ӟ̆ DAQ Ҭ ѿҍ╠ ֜ԑ ᴆȂ Ԋ

ᶛ ԅ ₮ ̆Ῥ ₮ ᴆ

ҍ ỮȂ╠ ȁ └ȁץ ᵬ

̆ ₮ Ȃ ץ ₮̆ ₮ ȁ

ץ ԍ ҩ ̆ ҩ ⱳ

Ȃ 

₮ ᴋⱵҺ ̔ 

Â ╠ ᴆ̆ └ ᴆ ᵬ  

Â VME ׆ ᴆ Ԋᶛ  

Â ̆ Ạ₮∆ ∞  

Â Ԋᶛ 

Â Ԋᶛ ᴆ EFD 

Â ’̆ ῏ῤ IS ᴆ 

Â Ḥ ҍ MRS ᴆ 

3.2 ₴  

₮ ѿ ̆ Ҋץ ⁞ [ 2]̔ 
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(1). ᶏ ̆ VME Ȃ 

(2). ᶏ ҩ └ ₮Ȃ ԍ ₮̆ ҩ └

₮ ⁞ ̆ ᵣ҉ ץ Ȃ 

(3). ‖ Ữ Ȃ 

(4). Ữ DMÂDirect Memory Access̃ ᴰ BLT

̂BlockTransfer̃ ȂDMA ץ⁞ ᴰ Ҭ CPU ̆

ᴰ Ȃ 

(5). ᶏ ῀ Ȃᶏ ῀ ᵬ ̆

⁞ץ Ҭ ̆ Ȃ 

₮ Һ ‗ԍ ₮ ⱬ̆ VME

₮ȁ ҍ ȁ ҈ ⱬ ᵣ Ȃ 

2.2.2 Ҭ׃ ֒ ̆

⌠ ҹ 1KHz ҈̆ҩ ᵣ

3Mbytes/secondȂ ֒ Ҭңҩ 5ҩ VME ₮ ̂2ҩ

ADȁRPCҍῤ 1̃̆ 7ҩ VME ₮ ̂4ҩ ADȁRPC

ҍῤ 1̃̆  2-2 ץ ₮̆AD

ҹ 0.23Mbytes/s̆ RPC ҹ 0.09Mbytes/s̆

ҹ 0.36 Mbytes/sȂ ԍ ₮

ᵬғ ₮̆ ҩ

ⱬ ̆Ӟ ̆

ҩ VME ╠׆ ᴆ ⱬ Ҍ ԍ

0.36Mbytes/sȂ 

₮ ̆҉ ₮

₮ ̆ ₮ Ԋᶛ ̆ ҉ ⱴ ῏

ᴆ Ḥ ץ Ԋᶛ Ḥ Ԋᶛ DAQ

ᴆ̆ 2.5 Ҭ DAQ ׃ ̆ ץ ᵀ Ԋᶛ

Ҭ ⱴ Ḥ № ҹ ԍ 0.15Mbytes/sȂ ҹḠ

≠ ̆ ҩ VME DAQ ᴆ

ⱬ Ҍ ԍ 0.5Mbytes/sȂ 
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҉ ̆ ֒ ‗ ԅ ₮

Ҋץ ᴆ̔ 

Â ₮ 1000Hz Ԋᶛ ⱬ̆ ╠

ᴆ Ҭ Ḥ ׆̆ Ḡ ҍ Ȃ 

Â ╠ VME ⱬ ⌠ 0.5Mbytes/s̆ץ

Ȃ ⌠ ꜚ ̆DAQ ₮

₮ ⱬ ⌠ 0.75Mbytes/s̆ ғ

ⱬ Ҍᵞԍ 0.75Mbytes/sȂ 

3.3 ₴ ᴌ  

╠ҕ ҉ ╠ ԍVME

̆ ֒ Ӟ ԍVME ‰ ̆

ᴆ 9U VME ‰̆ ԍ9U VME ₮ ҬȂ ֓ ₮ ԅ

₮ ᴆ Ȃ  3-1 ̆ ₮ ҹ ԍVME

̆ ҩVME Ҭ MotorolaῈ ֟ ԍPowerPC

῀ MVME5500ᵬҹVME └ ̂System 

Controller̃Ȃ 

VME 

VME

MVME5500(ѿҩ) ᴆ(ѿҩ ҩ)

 

 3-1 ₴ ᴌ  
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ҩ ₮ 17ҩ VME ̆ ҩ ҩ ѿҩ

№̂ADȁWP̃ ῃ ̂RPC̃ ₮Ḥ Ȃ ҍ

ӊ ̆ MVME5500 ⌠ ᾠ֜ ̆ ֜

ҍ ₮ └ ḤȂ 

 3-2 ԅ ҩ ֒ ₮ Ȃ 

AD VME Cr at e WP VME Cr at e RPC VME Cr at e

AD VME Cr at e WP VME Cr at e RPC VME Cr at e

AD VME Cr at e WP VME Cr at e RPC VME Cr at e

Far  Si t e

Daya Bay Si t e

Li ngAo Si t e

 

 3-2 ₴  

3.3.1 VME ב  

VME (VersaModule Eurocard)
[ 16]

I/O ѿ ̆ ԅ

MotorolaῈ Versa ‰ Eurocard ‰

̆ ѿ Ȃ ӈԅѿҩ ̂closely coupled̃

ᴆ Ҭ ԑ ȁ Ữ └ ᴆ Ȃ

̆VME ̆ ῒ ֟

ԅ ҙ └ȁ´ ȁ ȁ֜ Ȃ 

VME ᴰ └ ̆ ҩ ̆ 16ȁ24ȁ

32ȁ40 64ᵝ̆ 8ȁ16ȁ24ȁ32ȁ64ᵝ̆ ꜚץ

Ȃ ᴰ ҹ ̆ └ԍḤ ֜ ̆ Ҍ
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ᶭ ԍ ̕ ̆ UnalignedDataD ⱬ̆ ⱬ

ⱬ̆ ץ ӈ I/O ̕ῒ 21ҩ ҩ Ȃ

ᴰ VME Ҋ̆ ᴰ ⌠ 40Mbyte/sec̆ VME

̆ 1997 ̆ᶏ 2eSST VME320 ⌠ԅ

320Mbyte/sec ᴰ Ȃ 

VME ᶫԅ Һ └Ȃѿҩ VME ץ ѿҩ

ҩҺ Ȃ ҩҺ ץ ғ ᴰ Ȃῒז Ҍΐ

ҹҺ ⱬ ᴆ Ạ׆ Ȃ ҩ ᴆ ץ ҹ

Һ ȁ׆ ң ȂҺ ΐ ⱬ̆ ׆

׆̆ ̆ Ώ ᵬȂ 

3.3.2 MVME5500  ב

VME ѿҩ῍֣ ̆ ѿҩ ‗ └ ‗

ᶏ ̆ └ ҹᴂ ̆ VME └ Ȃ

└ ԍ ѿ Ȃ DAQ ₮ Ҭ̆MVME5500

ѿҩ └ Ȃ 

MVME5500 Ὲ VME ֟ ↓Ҭ ѿҩ ̆ ᶏ

1GHz MPC7455̆ ԍ ȂMVME5500

ῤ  3-4 ̆ ץ ⌠ ῤ ԅ MPC7455ӊ ̆

ѿҩ Tundra Universe II └ ᵬҹҍ VME ̆ѿҩ ᾠץ

ȁѿҩ 10/100BaseTXץ ̆1GHz ῤ ץ ῒזѿ ↓ҍ

ᴆ[17]Ȃ 

 

 3-3 MVME5500  
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 3-4 MVME5500Ὺ  

3.3.3 UNIVERSEII  ב

UniverseII(CA91C142) ҙ ‰ PCI ⌠ VME ̆

̆MVME5500 CPU VME UniverseII

Ȃ MVME5500 Һ ῤ ᴆӊѿ̆ ᶫԅ ⱳ ̆

Ҋץ ↓₮ԅѿ֓ ⱳ [18]̔ 

Â 64ᵝȁ33MHz PCI  

Â 64ᵝ VME  

Â FIFOᴰ  

Â DMA └  

Â VME ᴰ ̆Ȃ 

Â A32/A24/A16  

Â D64/D32/D16/D08  

Â MBLT, BLT, ADOH, RMW, LOCK, location monitors, 

Â 9ҩ slave images 

Â 7 Ҭ  

Â  
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 3-5 UniverseII  

 

 3-6 Universe II  

3.4 ₴ ᴌ  

₮ ᴆ ᵬ ԍ Linux ҙ ῀ ᵬ

TimeSys Linuxlink̆ ῒῤ ҹ Linux 2.6.9Ȃ Linuxῤ ◄

ꜚ ⱴ ̆ ԍ ᴆ ̂NFS̃ ̆ ῀

ᵬ Ȃ 

₮ ᴆ ѿҩ ῒ̆Һ ᴋⱵ ҍ̔ DAQҺ

ȁ ᴆȁ ȁ ץ ᴰ Ȃ ᴋⱵ

̆ ↓ Ḥ └Ȃ
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└ Ȃ ᴰ ‖ Ȃ

₮ CBLT̂Chained Block Transfer̃ Ȃ ᴰ 1000M

ץ ̆ ᴰ Ȃ 

3.4.1 ῇ ᵲ Linux 

3.4.1.1 Linux ᵲ  ב

Linux ᵬ ץ ȂLinux GNUῈ῍

Ҋᾧ ̆ ѿҩ POSIX ‰ ᵬ ȂLinux Һ

[19]̔ 

Â ף Ὲ  

Â  

Â ᴋⱵ 

Â  

Â ΐ  

Â ΐ ү ⱳ  

Â  

Â ΐ  

3.4.1.2 ῇ Linux  ב

῀ ӈҹ̔ץ ҹҬ ȁץ ҹ ȁ ᴆ

◄ ȁ ⱳ ȁ ȁ ȁᵣ ȁⱳ Ҥ Ғ

[20]Ȃ ῀ Linux ‰ Linux (Linux Distribution)

Ҍ ҉ [21]Ȃ 

῀ Linuxΐ Ҋ₃ץ ᴨ[22]ל̔ 

Â ῀ Linux ғῤ ῃ ̆ ץ

ῤ ⁞ └ ׆̆ ῀

 

Â ῀ ᴆᵣ ̆ X86, ARM, StrongARM, PPC, 

MIPS ׆ ̆ ҹ ᶫԅ ᴆ  
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Â ᶫ ⱳ ȂLinux ‰ ̆ ғ

≠ץ Linux ῒ ҹ ῀ TCP/IP

 

Â Linuxΐ ѿ ΐ ̆ ῀

֜ ̆ ғ ץ ῀ Ҭᴏ ΐ  

Â ᴨלȂ ԍ ᵬ ᴆᶏ ҙ

̆ ῀ Linux ҙ ԍ ᴆ Ⱶ ׆̆

└ ̆ ԍ ῀ ҹ  

3.4.1.3 Timesys Linuxlink  ב

LinuxLink TimesysῈ ѿҩ ᴆ ̆ҹ ῀ Linux ᶫ

ѿ ‗ ̆ ץ ΐᵣ Linux ȁ ΐ

ҍ ᴆȂᶏ LinuxLink ץ ꜛ ѿҩ ԍ Linux ῀ ֟

̆⁞ ҍ [23]Ȃ 

 

 3-7 Timesys Linuxlink 

LinuxLink ԅ ῀ Linux ̆ GNU ΐ ̆

ᶫ Linux ̆ ΐ ΐ ̆ ץ

Ȃ 
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3.4.2 VME  

3.4.2.1 VME Universe ꜠ 

3.3.3 Ҭ ׃ ̆Tundra Universe II VME ҍ PCI

ȂLinuxLink ᶏ ԅ VMIC Ὲ ҹ Tundra Universe II

Ώ Linux ꜚ̆ ғ ῤ Ạ₮ԅ ḱ Ȃ 

VME Universe
[24] ꜚ ᶫԅ ҍ Tundra Universe II ֜ԑ

ᴆ Ȃ ᶏ ꜚ ᶫ Ώ ҉

ף ̆ ԅ ֜ԑ [25]Ȃ 

3.4.2.2 VME   

 

 3-8 VME
[26] 

 3-8 ̆ ѿҩῖ VME ȂΏ

Ӟ ѿҩҍ ᵌ Ȃ VME Ώ ᵬ ₮ Ҭ

ԍ ╠ ᴆ ץ ᵬȂ ֓ ᵬҬ̆ └

MVME5500 VME ҉ Һ (Master)̆ ᴆ ׆

(Slave)Ȃ 

₮ Ҭᶏ Ώ ᴨ ̆
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VME-PCI ῏ Ḃ ̆  3-9Ȃ ѿẠ ᵞ̆

ғ Ώ ᵬ CPU ῃ ̆ Ҍ ᴰ Ȃ 

 

 3-9 PCI ғ VME ῗ  

3.4.2.3 DMA ᴶ  

Universe II Ҭ ѿҩ DMA └ ̆ VME ҍ PCI

ӊ ᴰ ̆ ԅѿ ↓ ̆

ȁ ȁᴰ ץ ᴰ ȂDMA ᴰ ң ̆№

≢ Direct ҍ Linked List Ȃ Direct Ҭ̆ ῏ ṿ

PCIҺ └Ώ῀̆ ᵬ  3-10 ̕ Linked 

List Ҭ̆ ῏ ᴪ UniverseII׆ PCIῤ Ҭ ꜚⱴ ̆

֓ ᴰ ̆ ᵬ  3-11 Ȃ ᴰ

ѿ DMA ᵬѿҩ command packet̆ ҩ

command packet ץ ⌠Ҋѿҩ̆  3-12 Ȃ ̆ DMA

ѿҩ command packet ᴰ ̆ ץ ꜚ ⌠ Ҋѿҩ

command packet ᴰ Ȃ ץ ⌠ L̆inked List ԍ Direct

[27]Ȃ 

0x00000000 0x00000000

0x01000000 0x01000000

VMEPCI

0x02000000

0xf a000000

0x21000000

. . .

0x20000000

0xf b000000

A B
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 3-10 Direct Mode DMAᴶ  

 

 3-11 Linked List Mode DMAᴶ  
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 3-12 Command Packet  

ԍ Ώ ̆ DMA ᴰ ̆

ᴰ ̆ ⁞ ԍ CPU

Ȃ DMA Ҍ ԍ ₮ Ȃ

Direct DMA ᴰ ̆ ҩ ᴆ ꜚѿ DMĂ

└ CPU ᴪ̆Ҥ ᵬ ̕ Linked 

List DMĂ ╠ ѿҩ ̆ ԍ ₮

̆ ҩԊᶛ Ҍ Ҍ̆ ╠ ҩ ̆

ҬӞ Ҍ Ȃ 

3.4.2.4 CBLTᴶ  

CBLT(Chained BLock Transfer)̆ ᴰ ̆ ѿ

ᴰ [28]̆ ѿ DMA ᴰ Ȃ

Ҭ̆ ѿҩ VME ₮ Ҭ ᴆ ҍ ̆ ꜚѿ

CBLT ץ ᴰ ҩ ᴆ ̆ᴰ ҬҌ ᴆ
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̆ ԍ ꜚ DMA ᴰ CPU ȂCBLT

≠ VME Daisy Chain Signals-IACKin/IACKout ᴰ פ ̆

פ ҩ ҍᴰ ᴆӊ ҩᴰ ȂӞ ̆ ꜚ ᴰ

̆ ѿ ₮ ᴆ ꜚ פ ̆ ῒ ᴰ ̆ פ ᴰ

Ҋѿҩ ᴆ, פ ᴆ ᴰ ̆ ᴰ Ҋ ̆ ѿҩ ᴆ

ᴰ ᴪ ₮Ҭ Ḥ CPU ᴰ Ȃ 

̆CBLTᴰ ΐ DMA ᴰ Ҍΐ ᴨ ̔ ᾢ̆ ԍפ ӊ

ᴰ Ҍ └ ̆ ԅᴰ ꜚ╠ ̆

ҩᴰ Ҭ └ CPU ̆ ץ ῒ ׆̆

ӈ҉ ᴋⱵ ̕ῒ ̆ ᴰ ӊ╠Ҍ ╠

̆ ᴰ ⌠ ᴰ ̆

ѿ Ȃ 

3.4.2.5 Ҳ  

╠ ₮ VME Ҭ ̂interrupt̃ ꜚ ȂVME

Ҭ ᶫ҂ Ҭ ̆ѿ Ҭ ץ ѿ Ҭ

̆  3-1 Ȃ 

 3-1 VME Ҳ ⅎ  

Name Description 

IRQ1* Interrupt Request 1 

IRQ2* Interrupt Request 2 

IRQ3* Interrupt Request 3 

IRQ4* Interrupt Request 4 

IRQ5* Interrupt Request 5 

IRQ6* Interrupt Request 6 

IRQ7* Interrupt Request 7 

IACK*  Interrupt Acknowledge 

IACKIN*/IACKOUT*  Interrupt Acknowledge Daisy-Chain 
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֟ Ҭ ≠ ᵞҬ Ҭ ̆ ҂ Ҭ

ᴨᾢ Ҍ ץ̆ IRQ1* ᴨᾢ ᵞ̆ IRQ7* ᴨᾢ ȂҬ

ҩ ̆ ғ ⌠ ѿ IACKIN*Ȃѿ Ҭ ᵞ̆

IACKIN*Ḥ ꜚ ѿ Ҭ └ Ҭ

ᴰ ̆ ҩᴰ  3-13 Ȃ 

 

 3-13 IACKIN*/IACKOUT*  

3.4.3 ᴑꜙ ₴  

₮ Ҭ ѿҩ └ ̆ aĉ application control̃ ̆

ᶫԅ ȁ ȁ ⱳ ̆ ῒז

Ȃ 

₮ Ҭ̆ ѿҩ ₮ ̂ ₮ ̃ῤ ̆ ҩ

῏ ᴋⱵ̆ ҩᴋⱵ ԅѿҩ ̆№≢

̔ 

Â ReadoutThread̂ CBLT ₮ᴋⱵ̃̔ Һ ₮ ᴆ

Ȃ 
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Â DatapackThread̂Ԋᶛ ᴋⱵ̃̔ ∆

̆ ғ Ԋᶛ Ȃ 

Â OutputThread̂ ᴰ ᴋⱵ̃̔ Ԋᶛ

ᴆ EFDȂ 

Â MonitorThread̂ ᴋⱵ̃̔ ᴋⱵץ ₮

῏ Ḥ ̆ ֜ IS ᴆץᶫ Ȃ 

҉ץ ҩᴋⱵӊ ῏  3-14 ̆CBLT ₮ᴋⱵȁԊᶛ

ᴋⱵҍ ᴰ ᴋⱵ ԅ ₮ ̆ ᴋⱵ

ҩᴋⱵ ῏Ḥ Ḃץ̆ Ȃ ҩᴋ

Ⱶ ҉ ̆ΐᵣ └ 5.3 Ҭ Ȃ 

Readout  
Thr ead

Dat apack 
Thr ead

Out put  Thr ead

Moni t or
Thr ead

El ect r oni cs 
modul e dat a

Packed
Event  dat a

Event  dat a

Usef ul  i nf or mat i on
 

 3-14 ₴ ᴑꜙ ֢ԝῗ  

3.4.4 ғῚל ӎ 

₮ ᴋⱵ‗ ԅ ץ ῤ ῒז

ᴆ ℗ ̆  3-15 Ȃ ֓ Ҋ₃ץҹ№ץ  ̔

Â ҍ╠ ֜ԑ ̆ῒҬ Һ ԅң ̔ ѿ̆

₮ ҍ ᴆ ̆ ₮

҉ ᵬ ᴆ ᵬ ̕ ԋ̆ ̆

₮ ᴆ ‖ Ҭ Ȃ 

Â └ Ȃ ₮ └ ᴆ̂ RC̃ ᵣ └Ҋ̆

ȁ ᴋⱵץ Ḡ ҍ DAQ ῒז
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ᴆ Ȃ 

Â ҍ Ȃ ₮

Ҭ ῏ ץ̆ Ḡ ᵬ Ȃ 

Â ҍ № Ȃ ᴆ ᶫ ₮

Ԋᶛ ̆ Ԋᶛ DAQ

̆ ҍ ᴆ Ҍ

Ȃ 

Â ҍḤ Ⱶ̂IS̃ץ ᴆ̂MRS̃ Ȃ ₮

ҍḤ Ⱶ ᴆ֜ ῏ Ḥ ҍ ̆ ғ

Ҭ₮ Ḥ ֜ ᴆȂ 

҉ ֓ ΐᵣ 5 Ҭ Ȃ 

 

 3-15 ₴ ROS Ὶל ᴌ  

3.5 Ὺ Ҳ ₴  

3.5.1 ATLAS ₴  

ATLAS DAQ Ҭ̆ ╠ ⱳ ң №

̔RCD̂ the ROD Crate DAQ̃ ROŜ Readout System̃Ȃ 

3.5.1.1 RCD 

RCD ᶫԅ DAQ ӊ ⱳ
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̆RCD Readout Driver ̂ ROD̃ ץ̆ ῒ ѿ֓ⱳ ᴆ [29]Ȃ

Ԋᶛ ̂Event Data Flow̃ Ҭ̆ROD ԍ Front-end Electronics

Readout Systemӊ ̆ ׆ץ Front-end Link (FELs) Ԋᶛ̆

Front-end Links ῒ Readout Buffer (ROB)Ȃ ҩ ROD

῏̆ Ҍ Ҍ Ȃ ҉̆ROD

ԍ 9U VME ᴆ̆ѿҩ ҩ ROD ᴆ̆ ֓

ᴆ ROD Crate Controller (RCC) ȂRCC ѿҩ ̂Single 

Board Computer̃ ̆ Linux ᵬ Ȃ 

 

 3-16 RCD Monitorꜗ  

Ҭ̆RCD Һ ⱳ ᴆȁ ȁ

̂  3-16 ̃ Ȃ 

3.5.1.2 ROS 

Readout System
[30]ᵬҹ Atlas Ҭ ѿ № ׆̆ ROD ҳ

Ữ ̆ҹԋ ̂Level 2 Trigger̃ Ԋᶛ ̂Event Builder̃

ᶫ Ȃ ᴆ҉̆ROS ԅ PC ᾠץ

ȂPC └ ‖̂ROBINs̃ Ȃ ROD Ԋᶛ

̂Event fragments̃ ᾢ S-Link Readout Links (ROLs) ῀ ROBINsȂ

ҩ ROBIN 3 ҩ ̆ PC҉ 4 ҩ ROBINȂ ROS ҉ҳ

Ữ Ԋᶛ ԋ Ԋᶛ ₮ ̆ ᾠץ
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ԋ Ԋᶛ Ȃ ᴆ҉̆ROS 

̆ ҈ҩҺ ᴆҹ ᶫ ꜚᵬ TriggerInȁ ᶫ

₮ DataOutץ ᶫ ROS ROLӊ ReadoutModule

ᴆȂ 

3.5.1.3 ATLAS ₴  

Atlas Ҭ̆ level-1 ѿ Ԋᶛ ̆ 100 KHzȂ

level-1 ӊ ̆ ҩ ₮ ҹ 160 Mbytes/s̆ ₮

⌠ 160GBytes/s
[10]Ȃ ̆ ₮ ̆

ѿ֓῏ ᴆ RODȁROBIN ҉ ԅ FPGA ̆ ץ

₮ Ȃ ₮ Ȃ 

3.5.2 BESIII ₴  

BESIII DAQ╠ ₮ Һ VME ₮ҍ └

№Ȃ╠ ₮ ԍ VME ₮ ȂBESIII

ᴆ ԍ VME64x ‰ ̆ ᴆ 9U 6U №̆

≢ 9U 6U VME ҬȂ ҩ VME ѿ ԍ VME

└ ̆ҍ ῤ ᴆѿ ╠ ₮ ѿҩ ₮

ᾝȂ ₮ ᾝ └ MotorolaῈ ֟ ԍ VME

MVME5100ȂҹḠ ╠ ₮ M̆EME5100

҉ WindRiverῈ ῀ ᵬ VxWorks5.4̆ ԍ

ᵬ DAQ╠ ₮ ᴆȂ 
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 3-17 BESIII ₴ ᵩ  

╠ ₮ № ⱳ №ҹ 5 ҩ ̆

BESIII ԓ ̆  3-17
[35]Ȃ ₮

₮̆ ₮ ᾝ └ ȁ VxWorks ᵬ

DAQ╠ ₮ ᴆ̆p ԍҌ ⱴ ᴆ Ҍ

Ȃ ₮ ᴆ ᴆ ȁVME ₮ȁ ҍ Ȃ 

╠ ₮ ⱬ ⌠ 4Mbytes/sec̆

Ӟ Ҍᵞԍ 4Mbytes/secȂ ╠ ₮

4000Hz Ԋᶛ ⱬ̆ ╠ └ ᴆ

Ҭ ̆ Ḡ Ȃ 

3.5.3 BELLE ₴  

ᵝԍ KEK BELLE ̆ῒ ҹԅ CP ץ ₮

CKM ᾝ ṿȂ ̆DAQ ⌠

Ԋᶛ ҹ 500HzȂ 

BELLE Ҍ ̆

₮ Ҍ ̆ ₮ №ҹ TDC readout system

SVD(silicon vertex detector) flash ADC readout system
[31]Ȃ 

 MDC 

(17 CRATE)

EMC 

(16 CRATE)

MUC 

(1 CRATE)

TOF 

(2 CRATE)

TRG 

(4 CRATE)

switch

To Back-End
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3.5.3.1 TDC readout system 

TDC ₮ ₮ SVD ץ Ȃ  

3-18 ̆ № ₮ ԅңҩ №̔FASTBUS ҍ VMEȂ

FASTBUS FPI └֟ TDC ᴆ̆ ғ FPI

⌠ VME ₮ └ ȂVME Ҭ └ ᴆ

ԅ MVME162̆ ₮ ᴆ ᵬ VxWorks҉[32]Ȃ ⌠

ѿҩ VME ῤ Ԋᶛ ̂Event Builder̃ Ȃ 

 

 3-18 TDC readout system  

3.5.3.2 SVD flash ADC readout system 

SVD ҍῒז Ҍ ₮ ̆SVD

₮ 82000 ̆ Ԋᶛ ҹ 10~20KB̆ ₮

ԅ ҩԊᶛ Ȃ  3-19 ̆SVD

₮ №◓ҹ ҩ VME ̆ ҩ ₮ ᵬ̆

Ԋᶛ ᴆȂSVD ₮ └ Ȃ

FADC ᶏ ᵞ №Ḥ ̂LVDS̃ ᴰ ̆ ץ ҹ

₮ ᴆ ҹ SPARC VME CPUȂ 
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 3-19 SVD readout system  

3.5.3.3 BELLE ₴  

Ҭ Ⱶԍ ̆

₮ ᵬҹ ╠ ҍ̆ ץ DAQ ᴆ

℗ Ȃ BELLE Ҭ ₮

ץ̆ DAQ ᴆ ̆ ԅң ₮ Ȃ 

3.5.4  

׃ ԅ ATLASȁBESIII ץ BELLE Ҭ ₮

Ȃ ₃ҩ ₮ ׃ ̆ ╠ ₃ Ҭ ֒

₮ ̆ ץ ₮ ₮ Ҭ

ᵬ Ȃ ₮ ץ ΐᵣ ҹ

ᴋⱵ̆ ҉ ᴇȁ ȁֲⱬ ̆

ҹ Ȃ 

ῤ ₮ ̆ ץ №

ԅ ԍ PCI ᴰ ̆ ԍ VME ᴰ

Ҭ̆ ԅ VxWorks ᵬ Ȃ ֒ ₮

⇔ ᶏ ῀ Linux ᵬ ᵬҹ ₮ ̆ ѿ

ᾟ№ ̆ Ҋ ң Ҭ̆ ᴪ ԍ ῀ Linux

֒ ₮ ҍ Ȃ 
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3.6  

ԅ ֒ ₮ ̂ROS̃ ᴋⱵ ץ̆

ҹԅ ѿ ᵣ ̆ ԅ ᴆ

ҍ ᴆ ̆ ׃ ԅ ⌠ ῏ Ȃ

ῤ Ҭ ѿ֓ῖ ₮ ̆ ₮ԅ ֒

₮ ҍ ҳ Ȃ
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4  ԓ ῇ Linux ₴  

4.1  

ӊ╠ Ҭ̆ ҙ ᴆᵬҹ ₮

̆ ̂WindRiver̃ Ὲ ῀ ᵬ

VxWorks
[33]̆ ΐ ⱬȁ ῤ ץ

ץ̆ ⌠ԅ ̆ɒ BESIII

Ḃ ԅ VxWorksᵬҹ ₮ Ȃ 

Linux ᵬ ⌠ԅ ̆Ӟ ⌠ԅ ҩ Ȃ ῀

Linux ᴨל ҉ѿ ׃ ̆ᵖ Linux ᵬ

ҍ ȁ ץ ⱳ ҙ ᴆ ѿ ̆

ᶏ Linux ₮ Ҭ Ȃ

֒ ₮ Ҭᶏ ῀ Linux ᵬ ᵬҹ

₮ ᴆ ̆ ᾟ№ ѿ ץ̆

Ḡ ֒ Ȃ 

4.2  

ᾢ ѿ ↓ҍ ₮ ℗ ῏ ԍ ῀

Linux ₮ Ȃ 
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ב 4.2.1  

4.2.1.1 ᴌ  

Remote 

Debug PC 

(SLC3.0.5)

latigid

VME crate

 Serial port 

server

Ethernet Switch

Serial port

Ethernet port 

S
erial p

o
rt

E
th

ern
et p

o
rt 

MVME2431

PowerPC

MVME

5500

 

 4-1 ᴌ  

ҹԅ ₮ ̆ ԅ  4-1 Ȃ ѿ

ҩVME Ҭ ᶏ̆ ԍ Linux ᵬ MVME5500ᵬҹ └ ̆

ѿ MVME2431
[34] ╠ ᴆ ᵬ̆ҹ

Ҭ ץ Ȃ └ MVME5500 ᾠ֜ Һ

ȂMVME5500 ꜚ̆ ұ ̂῏ԍұ ΐᵣ

̆ ץ [35] 6.4 Ȃ̃ 

4.2.1.2 ᴌ  

Һ SLĈ Scientific Linux Cerñ ᵬ ῤ̆ 2.6.9̆

GCC 3.4.6̕ MVME5500 Timesys LinuxLink ֟ ̆Linuxῤ

2.6.9̆ GCC 3.4.1̆ ғ LinuxLink ᴆ Ҭ ᶫԅ UniverseII

ꜚ VME UniverseȂ 

4.2.2    

Ώ VME ᴰ ̆

3.4.2.2 Ҭ ׃ ԅȂ Ҭ ԍ ῀ Linux VME

Ώ ’Ȃ 
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4.2.2.1  

 4-2 ̆ҹԅ ᵞ ̆ Ώ ᵬ̆≠

ҍ Ώ Ȃ 

VME∆

╠ ᵬҹ T0

̂Ώ̃I O ҉ N

╠ ᵬҹẢ T1

₮ ̂T1- T0̃/ N
 

 4-2    

4.2.2.2  

ᶏ ҉ץ ⌠ VME 1638ns(ѿ

32bit)̆ VME Ώ 405ns(ѿ Ώ 32bit)Ȃ 

׆ ̆ ᵬ Ώ ᵬ Ȃ ҹMVME5500

UniverseII ԅ Posted Write Ώ ᵬ̆ Ώ

UniverseII RXFIFŎ Ҍ Ώ῀ ̆ ⌠ Ȃ

ԍ ᵬ̆UniverseII └ Coupled Transfer ̆

ѿ ᵬҬ ᴋᵥ FIFO  Ȃ῀׃

҉ 32ᵝץ̆ ѿ ᵬ 1638ns̆

Ӈ ᴰ ҹ 2.4Mbytes̆ ғ ᶏ

ᴰ ̆CPU ῃ ̆ Ҍ ῒז ᴋⱵ̆ └ԅ

ᴰ Ҭ Ȃ ֒ ₮ Ҭ̆

ᴰ ԍ ᴆ ȁ ץ└
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̆ ֓ ᵬѿ ӊ╠ ӊ ̆ Ҍᴪ CPU

ӄ Ȃ 

4.2.3 DMA ᴶ  

4.2.3.1  

ᶏ Ώ ᵌ̆  4-3 ̆Ӟ

ᴰ ᴰ ץ̆ ᵞ Ȃ ֒ ⅞ᶏ 32

ᵝ ᴰ ̆ ҬӞ ԅ 32ᵝ DMA ᴰ Ȃ 

VME∆

╠ ᵬҹ T0

DMAD N

╠ ᵬҹẢ T1

₮ ̂T1- T0̃/ N
 

 4-3 DMAᴶ  

4.2.3.2  
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 4-1 32ᵣ DMAᴶ  

 

(bytes ̃ 

10000 ᴰ

(us)  

ᴰ  

(bytes/us)  

ᴰ

(us/byte)  

1 149649 0.067 14.96 

2 150810 0.13 7.54 

4 151542 0.26 3.79 

8 154191 0.52 1.92 

16 158888 1.01 0.99 

32 166894 1.92 0.52 

64 186433 3.43 0.29 

128 222298 5.76 0.17 

256 296184 8.64 0.12 

512 410860 12.46 0.080 

1024 683269 14.99 0.067 

2048 1186314 17.26 0.058 

4096 2224180 18.42 0.054 

5120 2793119 18.33 0.055 

6144 3253977 18.88 0.053 

7168 3784294 18.94 0.053 

8192 4287968 19.10 0.052 

16384 8423475 19.45 0.051 

32768 16696669 19.63 0.051 
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 4-4 32ᵣ DMAᴶ ғᴶ ᴶ ‟ 

ᴰ Ҍ ᴰ ₮ᴰ ץ ᴰ

ҩ ̆ 4-1 Ȃ  4-4 ץ

DMA ᴰ ᴰ ׆Ȃל 4-1Ҭ ץ

⌠̆ 32ᵝ DMA ᴰ ̆ ᴰ 2048 118us̆

ᴰ 17.26Mbytes̕ ᴰ 32768 ̆ᴰ

1669us̆ ᴰ 19.63MbytesȂ 

DMA ᴰ ѿҩᴨ ̆ DMA ᴰ Ҭ Ҍ CPU

Ȃ DMA ᴰ ̆CPU ᴰ ӊ╠

ץ̆ ᴰ Ҭ ̆ ᴰ CPU ̆

ץ ᴰ ץ ῒז ᴋⱵȂDMA ᴰ CPU

ҍ ᴰ ῏̆ ץ ѿ DMA ᴰ 4

ᵌ ᵬ DMA ᴰ CPU ׆̆ 4-1 ץ

₮̆ ҩ ҹ 15usȂӞ ̆ ᴰ ̆

ҩ 15us Ҍ ᾧ ̆ ԅҹָӇ DMA ᴰ

ᴨלᴪ ⱴ ₮Ȃ 
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₮ ᴪ CBLT Ȃ

CBLT ҉ ѿ ᴨ DMA ᴰ ̆ └ ⱴ

3.4.2.4 Ȃ 

4.2.4 Ҳ  

֒ PMT ₮ Ҭ̆ Ԋᶛ⌠ ̆

̂LTB̃ᴪ VME ₮Ҭ ̆ ₮ ѿ ⌠ ҩ

̆Ḃ ץ CBLT Ȃ ғ CBLT ᴰ

Ӟ̆ᴪ VME ₮Ҭ ̆ ₮ Ҭ ∞ ᴰ

Ȃ ̆ VME Ҭ ⱬ ₮ ѿҩ

Ȃ 

4.2.4.1  

ԍ VME Ҭ ᶏ̆ ѿ MVME2431ẠҬ ֟ Ҭ ̆

MVME5500 Ҭ Ҭ̆ Ҭ ֟ ҊѿҩҬ Ȃ

̆ Ȃ 

ῤ ҹᾛ Ҭ

ῤ ҹ Ҭ

₮Ҭ

⌠ N

 

 4-5 MVME2431֥ Ҳ  
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VME∆

╠ ᵬҹ T0

ῤ ҹᾛ Ҭ

╠ ᵬҹẢ T1

₮ ̂T1- T0̃/ N

Ҭ

⌠ N

 

 4-6 MVME5500 Ҳ  

 4-5  4-6 ̆ҹԅḠ ҩҬ MVME2431

₮ ғ MVME5500 ̆MVME5500 2431 Ώ ѿ VME

Ȃ 

4.2.4.2  

ᶏ ҉ ⌠Ҭ ҹ 17us̆ ҉

└ ‗ ԅ ⌠ ѿ Ҭ Ҭ ԅ̔ 

Â ң 32ᵝ VME Ώ ᵬ  

Â ѿ MVME2431֟ Ҭ  

Â ѿ MVME5500 Ҭ  

҉ ѿ Ҭ ԍ ҩ ṿ Ȃᵬҹ

Ḡ ᵀ ̆ ץ ҹ MVME5500 ѿ ╠ Ҭ ҹ 16usȂ
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Ӈ Ԋᶛ ҹ 1000Hz ̆ Ԋᶛ ₮̆ ѿҩԊᶛ֟ ѿ Ҭ

╠ Ҋ C̆PU ῤ 16ms ԍ Ҭ C̆PU ҹ1.6%̕

Ԋᶛ ₮ ̂N ҩԊᶛѿ Ҭ ̃̆ CPU ᴪ

ᵞ̂(1.6/N)%̃Ȃ 

4.2.5 ҏҐ ⅓  

₮ ҹ ᴋⱵ ̆ ԍ ῀ Linux

Ҭ̆ ᴋⱵ ̆ ℗ Ӟ

‗ ₮ ᵬ ѿҩ Ȃ 

4.2.5.1  

⇔ ң

╠ ᵬҹ T0

ңҩ ᵬ

╠ ᵬҹẢ T1

╠ ᵬҹ T0'

i ⱴN

╠ ᵬҹẢ T1'

Over head=( ( T1- T0) *2- ( T1' - T0' ) ) / N

K=0

K<( N/ 2)

K++

Pt hr ead_yi el d( ) ;

Thr ead end

Thr ead st ar t

Y

N

 

 4-7 ⅓  

 4-7̆⇔ ң ̆ ҩ ѿҩ ⱴ

₱ ׆̆ 0⌠ N/2̆ ⱴѿ̆ ғ ⱴ pthread_yield()₱

₮ CPU └ ̆ ѿҩ Ḃᴪ CPU Ȃ
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⌠ ⌠ N/2̆ Ȃ ╠ ҍ ᵬ ̆

ṿᵬҹңҩ ᵬ ̆ ғ ⱴ N ̆

҉Ҋ ℗ [36]Ȃ 

4.2.5.2  

҉ץ ̆ ⌠ ԍ MVME5500 Linux ᵬ Ҭ

҉Ҋ ℗ 5.78usȂ Ӈ Ԋᶛ ҹ 1000Hz ̆ Ԋᶛ

₮̆ ғẊ ҹ ԍ ╠ Ҋ̆

ѿҩԊᶛ ҈ ҉Ҋ ℗ ̂҈ҩ ᴋⱵ̃̆ CPU

ῤ 18ms ԍ҉Ҋ ℗ ̆↕ CPU ҹ 1.8%̕

Ԋᶛ ₮ ̆ѿ ҩԊᶛ̆ CPU ᴪ ᵞȂ 

4.2.6  

₮ Ԋᶛ ̆ ᴪ DAQ ᴆ

ץ ῒז ̆ Ḡ ⌠ ᴰ

Ȃ 

4.2.6.1  

ᶏ TCP/IP ̆Client/Server ᴰ ȂMVME5500ᵬҹ

client ̆ ᵬҹ server PC ȂClient

 4-8 ̆ server ᴋⱵ ̆

Client Ȃ 
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socket

╠ ᵬҹ T0

ser ver ѿ N

╠ ᵬҹẢ T1

₮
 

 4-8 Ѓclient Є 

4.2.6.2  

≠ ҉ ̆ᶏ ᾠ ’Ҋ̆ ᴰ

̆ ⌠  4-2 Ȃ 

 4-2 ᾦ ᴶ  

ᴰ  

 

128 256 1024 4096 8192 16384 32768 

MByte/s 11.64 11.64 11.73 11.74 11.75 11.76 11.76 

MVME5500 ᾠ ᾠңҩ ̆ ᶭ ҉ץ ̆ ᴰ

ҹ 1024Bytes ̆№≢ ᴰ  4-3 Ȃ 

 4-3 ᴶ  

4.2.7  

₃҉ץ ῤ ̆ ץ ₮ ̔ ԍ MVME5500 ῀

client server thoughput CPU occupancy 

100M 100M 92Mbps 14% 

1000M 1000M 550Mbps 67% 
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Linux ᵬ ҉ Ҭ ⌠ ̆ ῃ

ץ ֒ Ȃ  

4-4 ̆ Ҭ ѿ↓ ᶏ ԍ VxWorks ᵬ MVME5100
[37]

ҹ ⌠ [28]̆ ԅ └ ץ └ ᶏ ᵬ

Ҍ ̆ῒז ̆↓ ץ ѿҩ ҹ Ȃ 

 4-4 ԓ Linux MVME5500  

4.3  

ב 4.3.1  

҉ѿ Ҭ Linux ᵬ Ҭ ҍ ₮ ῏ ̆

₮ԅ ҹ̆ ֒ ₮ Ҭ ῀ Linux

ᵬ ԅ∆ Ḥ Ȃҹ Ḡ Linux ᵬ Ҭ

̆ ҉ׅ̆ ѿ ԅ Linux ᵬ Ҋ ῏

Ȃ ֒ ₮ ‰ ̆ҹԅῃ

ԅ Linux ₮ Ҭ ̆ ԅ ԍ BESIII

Ȃ 

 TimeSys Linux VxWorks 

 MVME5500 & 2431 MVME5100 & 2431 

VME Read 1638 ns 1300 ns 

VME Write 405 ns 500 ns 

DMA(4096bytes) 18.42 MB/s 18.90 MB/s 

DMA CPU Overhead 15 us 9 us 

Interrupt CPU Overhead 16 us 15 us 

100M Network 

Speed(1024bytes) 

92 Mbps 86 Mbps
[38] 

Network CPU Usage 14% 57% 

Context Switch Overhead 5.78 us ̇ 
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4.3.1.1 ᴌ  

Ҭᶏ ԅ BESIII ̂Electro-Magnetic Calorimeter, EMC̃

ᵬҹ ₮ Ȃ  

 4-9 ̆ ѿҩ ₮ VME Ҭ ԅѿ ԍ Linux

ᵬ └ MVME5500̆ 15 ₮ ᴆץ ѿ ₮

└ ᴆ ROĈ ReadOut Control̃Ȃ └ MVME5500 ᾠ֜

Һ ̂Remote Debug PC̃̆ └Һ ̂Online Readout 

PC̃ Ӟ ᾠ֜ Һ Ȃ 

MVME5500

PowerPC

latigid

VME crate

 Serial port 

server

Ethernet Switch

Serial port

Ethernet port 

S
erial p

o
rt

E
th

ern
et p

o
rt 

Online 

Readout

PC

Remote 

Debug 

PC 

(SLC305)

ROC Q(15)

ŀŀ 

 

 4-9 ᴌ  

4.3.1.2 ᴌ  

Һ Linux ᵬ ̆ῤ 2.6.9̆ GCC 3.4.6̕

└Һ SLĈScientific Linux CERÑ  release 4.6̆ ῤ 2.6.9̆

GCC 3.4.6̕ MVME5500 Timesys LinuxLink֟ ̆Linuxῤ

2.6.9̆ GCC 3.4.1Ȃ 

ᴆᶏ ԅ BESIII ᴆ Ȃ BESIII DAQ

₮ № ԅ VxWorks ᵬ ̆ ₮ ף

׆ VxWorks ⌠ Linux Ȃ DAQ Online ᴆ↕ ῃᶏ

BESIII DAQ ᴆȂ 

ף₮ Ҭ̆Ҍ ᾧ ᴪ ⌠ ԍ ᵬ

ѿ ↓ Ȃᶛ ̔ ᴆ ȁ ӈ
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≢ ̆ Һ № VxWorks ₱ Linux

Ҋ ₱ Ȃ ԍ ̆Һ Ҋңץ ’ [39]̔ ֓

VxWorksҊ ₱ ̆ Linux Ҭ ץ ⌠ҍӊⱳ ᵌ ₱ ̆

ԍ ’̆ ֓ⱳ ᵌ ₱ ᴇ

VxWorks ₱ Ȃɒ L̆inux ᵬ Ҋ usleep₱ VxWorks

ᵬ Ҋ taskDelay₱ ⱳ Ȃ ѿ ’ Linux Ҭ

ⱳ ᵌ ₱ ᴇ ̆ ԍ ’̆ VxWorks

ף ҉̆ Linux ₱ Ώ ֓₱ ̆ᶏӊ ҍ

ῃ ⱳ ̆ Ҭ ₱ Linux ₱

ΏȂ 

ᵬ Ḃ̆ ץ ≠ ԍ BESIII DAQ ᴆ ץ

BESIII EMC ᴆ ԍ ῀ Linux

₮ Ȃ 

4.3.2  

 

 4-10  

 4-10 ̆ ԍ ῀ Linux ₮

ץ ̆ ᴆ̆ ׆ ₮ȁ

ҍ ѿ Ԋᶛ ץ Ԋᶛ ᴆȂ

0

2

4

6

8

10

12

14

0 1000 2000 3000

E
ve

n
t 
R

a
te

(K
H

z)

CBLT readout event size(bytes/event)

16triggerPerReadout

8triggerPerReadout

4triggerPerReadout

2triggerPerReadout

1triggerPerReadout
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Ԋᶛ ₮ ̆ ₮ ҹ 2Kbyteŝ ҹ ֒

AD ῃ₯Ҭ Ҋ Ԋᶛ ̃ ̆ ץ ⌠ 2.7KHz Ԋᶛ ̆

ҹ 5.4Mbytes/s̆ MVME5500 CPU 50% Ȃ

ῃ ֒ Ԋᶛ ҍ Ȃ ң

№ Ҭ ⌠ ץ ‗ Ȃ 

4.4 VME Universe ꜠ ғᴮ  

4.4.1 Ҳ  

4.4.1.1 ҩ Ҳ  

֟ Ҭ ԍᵥ Ҭ ҈ [40]̔ 

(1). ⌠ Ҭ ᴪ̆

῀ Ҭ Ⱶ ̆ ⌠ ҉ ᵬ̆Ḃ

Ҭ Ȃ 

(2). ⌠ Ҭ ᴪ̆ ῀ Ҭ Ⱶ

└ Ώṿ̆ ⌠ └ ҉ Ώ ᵬ̆

Ḃ Ҭ Ȃ 

(3). ⌠ Ҭ ̆ᴪ׆ status/IDȂ

⌠ ҉ ᵬ̆Ḃ Ҭ Ȃ 

ᶏ 1ȁ2ң Ҭ ҹ RORA(Release On Register 

Access) Ҭ ̆ ᶏ ҈ ↕ ҹ ROAK(Release On 

ACKnowledge)Ҭ Ȃ  4-11 ԅ ROAK RORA№≢ ᴆ

Ҋ Ҭ Ȃ 
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 4-11 ҩ Ҳ   

4.4.1.2 VME Universe Ҳ  

UniverseII ꜚ VME Universe ԍҬ  4-12 ̆

ῤ Ҭ ᶛ ISR(Interrupt Service Routine) ⌠Ҭ ץ ᴪ̆

Ҭ Ȃ Ҋ ᵬ Ҭ Ҋ (bottom half) ȂҬ Ҋ

ᴪ ᾢ Ҭ Status/ID̆ Ҭ ̆

ҹᾛ Ҭ ̆ Ȃ 

Recei ve
I nt er r upt

i nt er r upt

Di sabl e
I nt er r upt

Cl ear
Regi st er

Re- enabl e
I nt er r upt

Not i f y 
user  pr ocess

Ker nel  pr ocess user  pr ocess

Rel ease 
i nt er r upt

 

 4-12 VME Universe ꜠ Ҳ  
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4.4.1.3  

4.4.1.1 Ҭ ׃ ԅҬ ң ̔RORA ROAKȂ

ROAK ̆ Ӈ Ҭ Ҋ ѿ ̆ Ҭ Status/ID

̆Ҭ ⌠ԅ Ȃ RORA Ҭ ׆̆  4-12 ץ

₮̆ ῤ ӊ╠̆ ҹᾛ Ҭ ̆

̆ ⌠ ῤ ׆̆

Ώ ᵬץ Ҭ ӊ╠̆ῤ Ῥ ԅ ѿ Ҭ Ȃ 

₮ Ҭ ꜚ ̆ ᴆ‰ ԅ

ԊᶛḂᴪ ₮Ҭ Ȃ ԅ҉ ’̆ ԍѿ Ҭ

̆ ԍ Ҭ Ҭ ̆ ₮ Ҭ

ꜚ ᴰ ⌠ Ȃ ҹ

Ҭ ῤ ԍ Ҭ ̆Ӟᴪ CPU Ȃ ҉

̆ ԍ RORA Ҭ ̆ ꜚ Ҭ ᴨ

Ȃ 

4.4.1.4 ”  

ҹԅ ᾧ҉ ֟ ̆ ̆ ғҌ VME Universe

ꜚ ᵣ ᵬ ̆ ꜚẠԅץҊ ḱ ̆ ⌠ ≢

Ҭ ѿ̆ Ҭ ᵝ Ḃ ̆ Ҍ Ҭ Ⱶ ̆

Ῥ Ҭ ⱳ ᵬ ԍ ̆ Ҭ ȁ CBLT

ᴰ ̆‰ Ҋѿ Ҭ ̆ Ҭ ̆  4-13 Ȃ 
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Recei ve
I nt er r upt

i nt er r upt

Di sabl e
I nt er r upt

Cl ear
Regi st er

Not i f y 
user  pr ocess

Re- enabl e 
i nt er r upt

Ker nel  pr ocess user  pr ocess

CBLT 
t r ansf er  
f i ni shed

Rel ease 
i nt er r upt

 

 4-13 ḷ Ҳ  

4.4.1.5 ᴮ ╦  

BESIII ᴆ Ҭ̆Ҭ ҍ Ҍ № ̆

ᴪ Ҭ Ȃ ҹԅ Ҭ ’̆ Ṣꜛ

ԍҬ ⱴ҉ ₮ ᵬ ̆ ⌠ Ȃ

₮ ᴰ ץ ⌠ 8Mbytes/ŝ ᴰ

8 ҩ ̃̆ ҍ 4.2.3 Ҭ DMA ᴰ ₮̆ ᴰ

256 ̆ ₮ Ḃ

8bytes/uŝ ҩ ᴰ ҹ 0.125us̃Ȃ ᴰ CPU

ᴰ CPU ⱴ҉ Ҭ ̆ ңҩ

׆ץ  4-4Ҭ ⌠ ̆ң ⱴ ҹ 31uŝ 15us+16us̃Ȃ

ױ ץ ₮ ̆ ᴰ ҍ ᴰ

̆ ⌠ ᴰ ҹ time(us) = 

0.125*datalength(bytes) + 31uŝῒҬ ԍ 256 Ȃ̃ 
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ЃaЄ  

 

ЃbЄ  

 4-14 ḷ ꜠╦ ᴶ ‟ 

 4-14 ԅ ᾢ Ҭ Ҋ̆ ᴰ ’Ȃ̂ã

ᴰ ̂ ԍ 256 ̃ҍ ᴰ

̆ ץ ⌠ᴰ ᵞ Ẓ ҹ ̆ ԅᵞ

№ ̆ ᵬ₮ᴰ ̆  4-14̂ b̃

׆̆ Ҭ ⌠ Ὲ Ҭ ̂ ᴰ ҹ̃0.1252us/bytĕ

ṿ 0.125 us/byte ѿ ̆p ̂ ᴰ ѿ ̃

0

500

1000

1500

2000

2500

3000

0 5000 10000 15000 20000 25000

tim
e

(u
s)

datalength(bytes)

ᴰ

y = 0.1252x + 290.71
R² = 0.9999

0

500

1000

1500

2000

2500

3000

0 5000 10000 15000 20000 25000

tim
e

(u
s)

datalength(bytes)

ᴰ
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ҹ 290.71us̆ ṿ 31usȂ ԅӊ╠ ₮ ̔

Ҭ Ҋ̆ ҹ Ҭ Ҥ ⱴ▲ԅ CPU Ȃ 

 

 4-15 ꜠ᴮ ᴶ ‟ 

 4-15 ԅӊ╠׃ ᴨ ץ ᴰ ’̆ ץ

₮ᴨ ӊ ᴰ ⌠ԅ ̆ ᴰ ҍᴰ

⌠ ҹ time(us) = 0.1247*datalength(bytes) + 30.334usҍ̆

ᴰ time(us) = 0.125*datalength(bytes) + 31usῃ ̆ ғ

R
2
 = 1̆ ԅ ̆

Ȃ ғṿ ѿ ̆ ᴨ ̆ ₮ ⌠ԅ

Ḡ ̆Ҍᴪ₮ ╠ ⌠ ҹ ѿҬ

⌠ ’Ȃ 

̆ ҉ץ ᴨ RORA Ҭ ̆

ROAK Ҭ ̆ ᾢ ꜚ ̆ Ҍ Ạ

ᴨ Ȃ 

4.4.2 Ὺ ”⸗  

Linuxῤ ԍ ̆ ѿ ԍ ̆ Ḡ ῤ

ᴆ Ȃ ̆Ҍ

ᴆȂ  4-16
[43]̆ ῤ Ḥ Ȃ

y = 0.1247x + 30.334
R² = 1

0

500

1000

1500

2000

2500

3000

3500

4000

4500

0 5000 10000 15000 20000 25000 30000 35000

tim
e

(u
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datalength(bytes)

ᴰ
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₱ ðῬ ₱ ῤ ῒף

Ҍ ᴋⱵȂ 

 

 4-16 ɻῪ ғ ᴌ ῗ  

ԍ VME Universe ꜚ ҉̆ ῏ ץ ̔

ꜚ ᶫ APĬ API ð VME ₱

ðῬ ₱ ꜚ ̆ ῤ ᴆ Ȃ 

4.4.2.1  

Ҭ ῤ ̆

№ Ҭ ₱ Ȃ ᾢ ԅ Ҭ

̆ ԅ ῤ ’̆ ꜚ Ҭ

№ Ӟ ῤ ’Ȃ Ӈ Ҭ ԅ

VME ₱ №Ȃ 

I nt er r upt _at t ach
( mal l oc a)

I nt er r upt  at t ach
( kmal l oc b)

I nt er r upt _r el ease
( kf r ee b)

end

l i br ar y dr i ver

 

 4-17 Ҳ ⃰  
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׆  4-17Ҭ ץ ₮̆ ₱ Ҭ ₱ interrupt_attachҬҹ

Ҭ handle ԅѿ ῤ ă ₱ ꜚ ҬӞҹ

ῤ Ҭ handle ԅῤ b̆ Ҭ ῏ ץ ⌠̆

ῤ b ῤ Ҭ ⌠ԅ ̆ ῤ a ₱

⌠ Ȃ ₮ Ҭ̆ Ҭ ̆ interrupt_attach

₱ ⌠ ѿ ̆Ḃᴪ ҹῤ Ȃ 

4.4.2.2 ”  

ԍ҉ ̆ ‗ ̆ ԅѿ

Ḃ Ȃ  4-18 ̆ ꜚ ₱ Ҭ ̆

₱ ₮ӊ╠ⱴ҉ ῤ a Ȃ

ḱ ₱ ӊ ̆ ₮ ̆ḂҌῬ₮ ᾢ ῤ

׆̆ ԅ҉ ‗ Ȃ 

I nt er r upt _at t ach
( mal l oc a)

I nt er r upt  at t ach
( kmal l oc b)

I nt er r upt _r el ease
( kf r ee b)

Fr ee a

l i br ar y dr i ver

end

 

 4-18 ḷ Ҳ ⃰  

4.4.3 cache ῗ  

4.4.3.1  

Ҭ ⌠ ₮ ṿ̂ ṿ

ԍ ԍ VxWorks DAQ ₮ ̃ ѿ ̆ ה №
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⌠ ҹ CBLT ₮ ׆ ῤ ⌠ Ҭ

‖ ̆ ᴰ ̆ ѿῤ ԅ

̆ ԅ ₮ Ҋ Ȃ VME Universe ꜚ ̆

ҹԅ ᾧ cacheҌѿ ̆ ₱ ҹ CBLT№ ῤ ‖ ѿ

cache Ȃ ₮ Ҭ̆ CBLTᴰ ̆

ῤ ѿ Ҭ̆ № CBLT ῤ ‖ ԍ cache

̆ ̂ ῒ ̃̆ ₮

֟ ԅ Ȃ 

4.4.3.2 ᴮ  

ҹԅ ‗ ҩ ̆ ⌠ ᴨ ̔ № ѿ ᾛ

cache ῤ ‖ ף VME Universe ꜚҹ CBLT№ cache

‖ ̆Ḃ ‗ῤ Ȃᵖ CBLT ᴰ ῤ

̆ Ҍ ῤ № ₱

̂ malloc ̃ № ῤ Ȃԍ ԅ ATLAS ᶫ

CMEM ꜚ[41]̆ ꜚ Һ ҹ Linux № ѿ

ῤ ̆ ԅ ̔ ᾢ ѿ ҉ ῤ ̆

ᾛ cache ῤ Ȃ ᶏ CMEM ꜚ№ ῤ ᵬҹ CBLTᴰ

̆ ₮ ┴ ⌠ Ȃ ̆

Ӟ ԅ ̆ cacheҌѿ Ȃ 

ԍ DMA ᴰ ҬҌ CPU └̆ ᴰ ῤ

‖ Ҍ cacheȂ ⌠ ‖ῤ ̆ CMEM

ᾛ cache ᴪ └⌠ cacheҬȂ Ҋѿ CBLTᴰ

̆ῤ ‖ ῤ ⌠ԅ ̆ cache

Ḃ ԅ cacheҌѿ ̆Ӟ ⌠ ‖ ῤ

№ Ȃҹ ‗ ҩ ̆ ῤ ץ ̆

Ҋ CBLTᴰ ӊ╠ פ̆ cache ̆ Ḃ Ḡ CBLTᴰ

̆cacheҬҌᴪ Ȃ Linux ῤ Ҭ ⱳ ₱

̂invalidate_dcache_rangĕ̃ᵖ ḱ ῤ ף ₮ ₱ Ḃץ̆
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ῤ Ȃ ҉ץ ̆ VME Universe ꜚ

ץ Linuxῤ ⱴץ ḱ Ḃ̆ ‗ԅ҉ cacheҌѿ Ȃ 

4.4.3.3 ᴮ ╦  

҉ѿ ῤ ѿ ‗ ̆ ԅ ᴨ

̆ ῒז ᴆ ’Ҋ̆ ⌠ᴨ ╠ ң Ҍ

Ҋ̆ ₮Ԋᶛ ᴰ ’̆ΐᵣ  

4-5 Ȃ 

 4-5 ᴮ ╦ Ԑᶡ  

ҹԅ ᴨ ҍ ᵬ ᴨⱷ̆  4-5 Ҭ

̆  4-19 ̆ ץ ⌠ң ѿҩ֜ Ȃ ᴰ

Data Size(byte) Event Rate(kHz) 

(original method) 

Event Rate(kHz) 

(CMEM method) 

221 10.39 7.98 

343 8.86 7.32 

465 7.68 6.9 

587 6.81 6.41 

710 6.12 5.98 

832 5.69 5.69 

954 5.16 5.36 

1076 4.78 5 

1198 4.48 4.87 

1320 4.17 4.62 

1686 3.49 4 

3151 2.07 2.65 

4616 1.47 1.94 

6080 1.14 1.55 

7498 0.94 1.29 
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ҹ 800 ̆ң ֜̆ ᴰ ԍ ҩṿ ̆

ᵬ ᴨ̕ ӊ̆ ᴰ ԍ ṿ ̆ᴨ

ԍ Ȃ ҩ ’ Һ ᴰ

̆ῤ ̆ ҹԅ cacheҌѿ פ cache

ᵬ Ҭ ⱴ ̆ ץ ѿᴨ ᴰ

ԍѿ ̂ ҹ 800bytes̃ ̆ḂҌ ⌠ ᵬ ̆

ᵞԅ Ȃ 

 

 4-19 ᴮ ╦ Ԑᶡ  

4.4.3.4  

╠ ₃ № ̆ ץ ₮ ̔ ѿ ᴰ ԍ

800 ̆ ῤ № ̕ ӊ̆ ᴨ

ῤ ᴪᶏ ᵣ Ȃ Ҭ̆

ץ Ҍ ץ ΐᵣ ’ ҹ ץ̆

҉Ḡ ᴨ Ȃ 
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transfer data size(bytes)
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4.5 Ὶל  

4.5.1 Ԑᶡ ₴ 

Ԋᶛ ₮ ̆ ᴆ‰ N̂>=2̃ ҩԊᶛ ̆

₮Ҭ DAQ ѿ NҩԊᶛȂ Nҹ 1 ̆Ӟ

̆ Ԋᶛ ₮ Ȃ ̆ ᾛ Nṿ ҹ 16Ȃ

Ԋᶛ ₮ ᴨלҺ Ҋңץ ̔ ᾢ̆ 4.2 ׃ ₮

Ҭ 16us ̆ 16ҩԊᶛ ₮ѿ

Ҭ ̆ ץ ԅ 15 Ҭ ̕ ̆ 4.2.3

Ҭ DMA ᴰ ̂  4-4 Ӟ̃ ץ ₮̆D D̆MA

ᴰ Ӟ ̆ ѿ ᴰ 16ҩԊᶛ ̆ ᾢ 16Ṑ̆

ᴰ Ӟᴪ ⌠ Ȃ ̆ ΐᵣ ’̆ Ԋᶛ

₮ Ҍ ̆ ѿ ̆ѿҩ

Ԋᶛ ₮Ȃ׆  4-10̂ 4.3.2 ̃Ҭ ץ

⌠ Ԋᶛ ₮ ץ ₮ Ȃ  4-20

Ԋᶛ ₮ CPU Ȃ ҉ ̆ Ԋᶛ ₮ ̆

ץ ̆ ᵞ CPU ̆ DAQ ₮

Ȃ 

 

 4-20 Ԑᶡ ₴ CPU  
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Ҭ Ԋᶛ ₮ ̆ ᾢ╠ ᴆ

ѿ ̆ ᴆ Ԋᶛ

DAQ ₮ Ҭ ̕ῒ ₮ Ԋᶛ ̆

№ ѿ Ҍ Ԋᶛ̆ ғ Ԋᶛ ᴆ

̆ № ῤ 5.4 Ȃ 

4.5.2 ᴑꜙ ғᴑꜙᴮᾨ  

3.4.3 Ҭ ׃ ̆ ₮ ҩҺ ᴋⱵ ̆ῒҬ

ᴰ ҈ҩᴋⱵ C̔BLT ₮ᴋⱵȁԊᶛ ᴋⱵҍ ᴰ

ᴋⱵȂ ᾢ ̆ ҈ҩᴋⱵץұ ̆ΐᵣ

ѿ CBLT ₮ᴋⱵ ѿ Ԋᶛ ̆ Ԋᶛ ┴֜

ᴰ ᴋⱵ ̆ ᾛ Ҋѿ CBLT ₮ᴋ

ⱵȂ ᴆҊ̆ұ ᵬ ₮  4-6 Ȃ 

 4-6 ҷ ₴  

ᴋⱵ ұ ᵬ ҹ ̆ᵖ ᵞȂ ҈҉ץ

ҩᴋⱵҬ C̆BLTᴰ ᴋⱵ ̆p CBLTᴰ Ҭ Ҍ

CPU ̆ CBLTᴰ Ҭ C̆PU ץ ҍ

ᴰ ᴋⱵ̆ Ḃ ӈ҉ ҈ҩᴋⱵ ׆̆ ≠

CPU ̆ Ȃ 

Linux 2.6 ᶫԅ ᴋⱵ ̆ ‗

Ȃ Ҭ ѿ ԍᴨᾢ Ȃ ᴨᾢ

̆ ᴨᾢ ᴪ ᴨᾢ Ȃ

҈ҩᴋⱵҬ C̆BLT ₮ᴋⱵ ҩ ̆ ғᴰ

ҬҌ CPŬ ῒזᴋⱵѿ ץ ⌠ CPU ̆ ҈ҩᴋⱵ

Data Size(bytes) Event Rate(kHz) Bandwidth(MB/s) 

2048 2.16 4.42 

1024 3.6 3.69 

512 5.6 2.87 
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Ҭ CBLTᴰ ᴋⱵ ᴨᾢ Ȃ 

ҹԅ ѿ ̆ ₮ ұ ᵬ ҹ

ᵬ̆ ҈ҩᴋⱵҹ ᴨᾢ ̆ ᴆҊ ⌠

₮  4-6 Ҭ ұ Ҋ ₃̆Ӟ ⌠

ӈ҉ ᵬ̆ ҹ╠ ⌠ ‗ ̆

ᴨᾢ ̆ ᴨᾢ ᴋⱵӊ Ҍ

ᴪ Ȃ ҹԅ ᴋⱵ ᵬ̆ ҹᴋⱵ Ҍ

ᴨᾢ Ȃԍ ҉ № CBLT ₮ᴋⱵ ᴨᾢ ̂

Ҭ̆פ CBLTᴋⱵᴨᾢ ̂niceṿ̃ҹ-18̆ Ԋᶛ ҍ ᴋⱵ ᴨ

ᾢ ̆ ҹ 0 Ῥ̃ ̆  4-7 ҍ̆  4-6

ץ ₮ CBLT ᴋⱵ ҹ҈ҩᴋⱵҬ ᴨᾢ ̆ ₮

Ԋᶛ ԅ Ȃ ғ ѿ ↓ ҍ ץ ̆

ᴰ ᴋⱵ ҉ CBLT ᴰ Ҭ ̆

₮ Ҋ ̆ ԅ Ҭ

ᵬ Ȃ 

 4-7 ᴮᾨ ₴  

҉׆ ץ ₮ ᴋ̆Ⱶᴨᾢ ԍ ᵬ̆

ᵬ ӈ̆ ᵥҹ ҩᴋⱵ ᴨ

ᾢ ׆̆ ⌠ ᴨ ̆ ׂ Ҭ ה №

Ȃ 

4.6  

ҹԅ ₮ Ҭ ῀ Linux

Data Size(bytes) Event Rate(kHz) Bandwidth(MB/s) 

2048 2.39 4.89 

1024 4.1 4.20 

512 6.3 3.23 
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, ᾢ ԅѿ ̆ ԅ ԍ MVME5500 Linux ᵬ

’Ȃ BESIII ҉ ԅ

₮ ̆ ԅ ᵣ҉ ⱳ ҍ Ȃ LinuxLink

ᶫ Linuxῤ ץ UniverseII ꜚVME Universe ḱ ҍ ̆

ᶏ ῀ Linux ץ ԍ ₮ ̆ ғ ₮ԅ

̆ Ҭ ₮ԅ Ȃ≠ BESIII

ᴆ ҍ ᴆ ̆ ԍ Linux ᵬ ₮ ץ

DAQ ᴆ ̆ ᵣ ῃ ̆

֒ ׆̆ ᾟ№ ԅ ֒

Ҭ ԍ ῀ Linux ₮ Ȃ
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5  ֘ ₴  

3 Ҭ׃ ԅ ֒ ₮ ̆

4 Ҭ ԅ ԍ ῀ Linux ₮

ץ ֒ ̆ ₮ ΐᵣ ץ

῏ Ȃ 

5.1 ₴ ғ  

2.6.1 Ҭ ׃ ԅ ֒ ᵣ ᴆҬ῏ԍ

ҍ ̆ Ҭ ᴪ ₮ ΐᵣ № Ȃ ₮

̆ ѿ פ ҌẠ ̆ BOOT ̆פ ₮

ꜚ̆ ӞҌ BOOTED Ȃ ѿ פ ₮

Ḃץ̆ ῒז DAQ ᴆ ̆p

Ҭ ΐᵣ ᵬ̆ ῃ ̆ᶛ StopEFȁStopSFO

Ȃ ҈ פ ₮ ℗ ῏ ̆ ₮ ̆פ ғ

⌠ ̆פ ῏ ᵬ̆ Ҭ

҈ ’ ΐᵣ Ȃ 
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I NI TI AL

CONFI GURED

READY

RUNNI NG

Conf i g

Pr epar eFor Run

St ar t Tr i ggerSt opTr i gger

St opEB

Unconf i g

 

 5-1 ₴  

 5-1 ̆ ѿ ₮ ROS ̆ Ҭ

ֽֽ ԅ ₮ ℗ ῏ № ̆פ ҉ ⌠ ҈

’Ȃ PMG ⌠ Initial פ ROSⱴ ⌠ῤ Ҭ ץ ̆

ROS ԍ INITIAL Ȃ ⌠ Config פ ̆ROSᴪ ̆

῏ ̆ ᴆ̆ ̆

R̆OS ῀CONFIGURED Ȃ PrepareForRun ⌠פ ̆

ROSᴪ ꜚ ῏ᴋⱵ̂ ̃̆ CBLT ₮ᴋⱵȁԊᶛ ᴋⱵȁ

ᴰ ᴋⱵȁ ᴋⱵ ̆ ֟ ̆ᵖ

῏ ᴋⱵ ῃ R̆OS ῀ READY Ȃ ROSѿ

⌠ StartTrigger Ḃ̆פ Ώ ᴆ ̆ ҩ

῀ Ȃ 

Ả ↕ ̆ RUNNING ̆ROS ⌠ StopTrigger

פ ῏ ̆ ῀ READY ̕ READY ⌠ StopEB פ

̆ᴪẢ ᵬᴋⱵ̆ ῀ CONFIGURED ̕ ⌠ Unconfig

פ ̆ROSᴪ ѿ֓ ᵬ ῏ ȁ ‖ ῤ ȁ

Ḥ ̆Ạ ֓ ᵬץ ̆ROS ⌠ ∆ INITIAL Ȃ 
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5.2  

5.2.1 DAQ  

Ҭ̆ ̂Configuration DatabasĕConfDB̃

Ữ Ҭ ү ̆ ᴆ ̆

῏ ȂDAQ ᶫԅ Ữȁ

₮ȁḱ Ȃ ץ

(Extensible Markup Language, XML) Ȃ Ḡ ԅ

Ҭᶏ ̆ ү ΐ ᶫ Ȃ 

ҩ ԍ OKS ᴆȂOKS Һ Ữ XML

ᴆ X̆ML ᴆ№ҹң ̔ ԍ ӈ schema ᴆҍ ԍ Ữ data

ᴆȂOKSҹ ḱ schema data№≢ ᶫԅ

OKS schema editor OKS data editorȂOKS ѿ Ữ

ץ ҹ RDBMŜ relational databasẽȂOKS ᶫԅ

RDB̂remote databasẽ Ȃ 

 

 5-2 ꜙ  
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 5-2 ԅ ҍ Ⱶ ӊ ׆̆[42] Ҭ

ץ ⌠ ̂user̃ȁ ᴆ ֲ ̂developer̃ҍ ̂online process̃

ΐ ̆ ̆ᶏ ḂȂ 

5.2.2  

֒ Ҭ ᴆ ₮ ̆

₮ Ҭ̆ ԅ ץ ̆ ῏

̆ ḱ ̆

ᴍ ̆ ≢ ̂Electronics ConfDB̃Ȃ 

Ữ Ḥ ҍ ᴆ ̆

ȁ ᴆ ȁ ȁᵝ ȁ ṿḤ Ȃ

 5-2 ̆ᶏ XML

ᶏ ꜚ Ḃ̆ Ȃ

╠̆ ₮ ׆ ⌠ Ḥ

ᴆ ∆ ҍ ῏ ᵬ Ȃ ̆

ῤ ᴪ Ữ Ȃ  5-3 Ḃ ╠

̂ ᴆ ⱴ D Ȃ̃  

2.2.1.3 Ҭ׃ ԅ ֒ Ҍ ̆ Ҍ

Ҋ ᴆ № ṿȁ Ҍ ̆

⌠ ѿ Ȃ

ḱ ̆ᴪ ҌḂ̆ ғ

ꜚ Ӟᴪ ⱴ ֲҹ Ҍ ₮ Ȃ ̆

̆ ֓ҍ ℗ ῏ ̆ ṿḤ ȁ ̆

ҹ Ḡ ѿᴍ Ȃ ̆

╠ ̆ ԅḱ ҌḂҍ

Ȃ 
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 5-3  
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5.2.3  

 

 5-4 ᶡ 

 5-4 ̆ ѿҩ ΐᵣ ᶛȂ ҉

ԍ ̆ Ҭ ᴆ ѿ LTB 

(Local Trigger Board) ҈ FEE(FrontEnd Electronics)ȂҊ

ԅ XML ᴆ ѿ ῤ ̆ ѿҩ test_0
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̆ ҩ test_0 ԍ ҉ ׆̆ ᴆῤ Ҭ ץ ⌠

ҩ Ҭ ҈ FEE №̆≢ ҹ FEE_0_0̆FEE_0_1ץ FEE_0_2̆

ѿ ҹLTB_0 LTB Ȃ ҉ DAQ ᴆ Ҭ OKS

ᴆ ᴆ ᴆ ׆̆ ץ ⌠

ᴆ ’̆ ғ ῏ Ḃ ץ ⌠ ԍ ҩ

ṿ ’Ȃ  5-5 ̆ ̆

⌠ Ḡ Ḥ Ȃ 

 

 5-5 Ҳ Ḫ  

5.2.4  

XML f i l e
ROS

get
Conf i gur at i on

par amet er s

set
conf i gur at i on

par amet er s
latigid

conf i gur e

user
VME cr at e

 

 5-6  

₮ Ҭ 5-6 Ȃ ╠̆

XML ᴆҬ ῏ ̆ᶛ ṿḤ ȁ Ȃ

̆ ₮ ׆ XML ᴆҬ Ḥ ̆ Ҥ

ᴆ ᵬ ΐ̆ᵣ 6.3 Ȃ

ᴆ ᵬ ҍ ῏ ̆ ҩ ≠ ̆

№ ╠ ᴆȂ 
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5.3 ᴑꜙ ┼ 

5.3.1 “ Ḧ  

׃ 3 ̆ ₮ ҹѿҩ ᴋⱵ

Ȃҹԅ ѿ ̆ ₮ Ҭ ᴰ ԅ ֟ - ̆

 5-7 Ȃ ‖ ֟ - Ҭ ̆ ԍ ₮

̆ ₮ᴋⱵ Ԋᶛ ᴋⱵӊ ̆Ԋᶛ ᴋⱵ ᴋⱵ

ӊ ̆ ‖ Ȃ ⱴԅ ‖ └ ̆Ҍֽ ץ ᴋⱵ

̆ ᶏ ̆ ץ ѿ Ԋᶛ ꜚ̆ Ҍ

ԍ ԍѿ ꜚ Ȃ 

 

 5-7 ֥ -  

₮ ңҩ ңҩ ‖ Ȃ Ḥ

Ҭ̆ ᶏ ‖ ᵬҹ ḤҬ

Ȃ ‖ ѿҩᾢ ᾢ₮ ‖ ̆ ץ Ḥ ᶫ

‖ ԑ Ȃ ‖ ѿҩ ѿҩΏ ̆  5-8

Ȃ ‖ Ҭ ̆Ώ ‖ Ҭ

Ώ Ȃ ꜚ Ώ ץ ‖ ΏֲȂ

ⱴԑ Ḡ └ Ḡ Ȃ 



 ֒ ₮  

101 

 

 

 5-8 “  

5.3.2 Ḫ 

5.3.2.1 LINUX Ḫ  ב

₮ ҩ ᴋⱵ̆ ᴋⱵ Ḥ̆

₮ ֓ ᴋⱵ ῍֣̆ ‗

└Ȃ Linux ᵬ Ҋ̆ ֽֽ ҹѿҩᶏ ֓῍֣ Ȃ

ῤ Ҭ̆ Ἕ ѿҩ ̆ ѿҩ ῍֣

[43]Ȃ ῍֣ ҹ ᶫԅ Ḃ̆ ԅ Ȃ 

Ḥ ₮ Ҭѿҩ Ȃ ₮

Ҭ ԅ ↓ Ḥ ң Ḥҍ Ȃ 

5.3.2.2 Ḫ  

Ḥ ̂Ӟ ҹḤ ̃ ҩ ѿҩ῍ ᵖ ῍

֣ ’Ҋ̆ ԍ ҩ ӊ ᵬ̆ Ḥ ץ ᾧ

[44]Ȃ ₮ ‖ ץ̆ Ḥ ᴋ

Ⱶ ԅḤ ҍԑ ̆ ⌠ Ḡ ≠ Ȃ 

ᶏ Ḥ ᾢ∆ ᴋ̆Ⱶᶏ Ḥ ̆ Ḥ ṿҹ 0̆

↕ Ḥ ṿ⁞ 1̆ᾛ ᴋⱵ ̆ Ḥ ҹ 0̆ᴋⱵ ῀ Ḥ
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↓Ȃ ᴋⱵ Ḥ ̆ ᴝҌҹ ׆↕̆

↓Ҭ ₮ѿҩᴋⱵ ῀ ̆Ḥ ṿҌ ̆ ץ ԍᴨᾢ

ᾢ ᾢ₮̂FIFÕ Ȃ ↓ҹ ̆↕Ḥ ⱴ 1
[20]Ȃ 

 

 5-9 Ḫ ᶕ ᶡ 

 5-9 ₮ ҬѿҩḤ ᶏ ᶛ̆Ҭ Ⱶ ѿ

⌠Ҭ ̆ ᴪ Ḥ ̆ ₮ᴋⱵ ⌠Ḥ ̆

‰ ̆Ḃ ꜚ CBLT ₮Ȃ 

5.3.2.3 ∆ 

↓ Ḥ Ḥ ѿҩ ӈ ҬȂ

῀ѿҩ ↓ҬȂ ↓

FIFÔᾢ ᾢ₮̃ ↕ [44]Ȃ ↓ ΐ └Ȃ 

↓ ₮ Ҭ ΐᵣ  5-10 ̔CBLT ₮ᴋⱵ

₮ ѿᴍ ѿ ‖ Ҭ̆ ѿ

↓Ҭ ⱴѿҩ ̆ ҩ ῤ ԅ ȂԊᶛ

ᴋⱵ׆ ↓ ѿҩ ̆ ׆ ѿ ‖ Ҭ

₮ ̆ ↓ҹ ̆↕Ԋᶛ ᴋⱵ

↓҉Ȃ ҩ Ҭ̆CBLT ₮ᴋⱵ Ԋᶛ ᴋⱵ ֟ -

῏ Ȃ ̆Ԋᶛ ᴋⱵ Ԋᶛ ԋ

‖ Ҭ̆ ᴰ ᴋⱵ׆Ҭ ₮ ̆ ҩ Ҭ̆

Ԋᶛ ᴋⱵ ᴰ ᴋⱵ ֟ - ῏ [28] ᴋ̆Ⱶ ΐᵣ

 5-11 Ȃ 
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 5-10 ₴ᴑꜙ Ḫ  

Send a message

r ecv a message

appl y succ r ecv succ

wr i t e dat a t o 
r i ng buf f er

r ead dat a f r om 
r i ng buf f er

N

pr oducer consumer

Message 
queue

Ri ng 
buf f er

Appl y space i n 
r i ng buf f er

send succ

Y

N

Y

N

Y

Fr ee t hi s 
f r agment  i n 
r i ng buf f er

 

 5-11 ₴ ᴑꜙ ῗ  

5.3.3 ₴ Ҳ ᴑꜙ Ίᵩ  

5.3.3.1 CBLT ₴ᴑꜙ 

CBLT ₮ᴋⱵ ΐᵣ  5-12̆ ᾢ ҹ CBLT ₮
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ѿ ‖ ῤ ѿ ῤ ̆ ⌠

Ҭ ̆ CBLT ᵬ̆ ғ ⌠ ⌠ ѿ

‖ ῤ̆ӊ ѿ ↓ ⱴѿҩ ץ̆ Ԋᶛ ᴋⱵ

Ȃ 

Wai t  f or  i nt er r upt  f r om 
LTB

I nt er r upt  r ecved 

Y

CBLT r ead

N
Check ľr unni ng 
st at usĿ f l ag

Fl ag==t r ue

Fl ag==f al se

Copy CBLT dat a t o r eadout  
r i ng- buf f er

Put  a message t o r eadout  
message queue

Appl y r eadout  r i ng- buf f er  
space

Appl y succ

Y

N

Set  CBLT t ask st at us 
f al se

 

 5-12 CBLT ₴ᴑꜙ  

5.3.3.2 Ԑᶡ ᴑꜙ 

Ԋᶛ ᴋⱵ  5-13 ̆ ᴋⱵ׆ ѿ ↓

⌠ ‰ ׆̆ ѿ ‖ ῤ ⌠
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ҍ ̆ ғ ԋ ‖ ѿ ῤ Ԋ

ᶛ ̆Ԋᶛ ⌠ ԋ ‖ ץ ̆ ԋ ↓ ⱴѿҩ

ץ̆ ᴰ ᴋⱵԊᶛ ȂԊᶛ ҍ ΐᵣ

5.4 Ҭ ׃ Ȃ 

Wai t  f or  r eadout  message 
queue

Message r ecved succ

Read dat a f r om r eadout  r i ng-
buf f er

Y

Check CBLT t ask st at us N

t r ue

Appl y out put  r i ng- buf f er  
space

Check dat a st at us

Pack dat a i n desi gned f or mat

Copy packed dat a t o out put  
r i ng- buf f er

Put  a message t o out put  
message queue

Set  dat apack t ask st at us 
f al se

Wai t  f or  r eadout  message 
queue

f al se

Message r ecved succ

Y

N

 

 5-13 ᴑꜙ  

5.3.3.3 ᴶ ᴑꜙ 

ᴰ ᴋⱵ ΐᵣ 5-14 ̆ ᴰ ᴋⱵ׆ ԋ

↓ ⌠Ԋᶛ ‰ ׆̆ ԋ ‖ ῤ ⌠ Ԋᶛ
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̆ eformat Ԋᶛ EFIO EFDȂ 

Wai t  f or  out put  message queue

Message r ecved succ

Read dat a f r om out put  r i ng-
buf f er

Y

Check dat apack t hr ead 
st at us

N

t r ue

Bui l d event

Set  st at us f al se

Wai t  f or  out put  message queue

f al se

Message r ecved succ

Y

N

Put  event  t o EFI O ser ver

 

 5-14 ᴑꜙ  

5.3.3.4 ᴑꜙ 

ᴋⱵҺ  5-15 ̆ ᾢ ῀

ӊ╠ ᵝ ̆ ῀ ̆

̂ 5 ̃ ṿ̆ № ṿ ץ

̆ᶛ Ԋᶛ ȁ Ԋᶛ ̕ № ṿ ⌠

פ ̆ᶛ Ԋᶛ ̆ Ȃ

ᴋⱵ 5.5 Ҭΐᵣ Ȃ 



 ֒ ₮  

107 

 

Reset  moni t or  par amet er s

Get  par amet er s val ue

Cal cul at e par amet er s val ue

Updat e par amet er s st ar t

Wai t  f or  sampl i ng t i me

Updat ed par amet er s f i ni sh

N

Recei ve st op command?

Task qui t

Y

 

 5-15 ᴑꜙ  

5.4 ғ  

5.4.1 DAQԐᶡ  

DAQ Ԋᶛ Ҋץ [45]̔ 

Â ᶭ Ԋ̆ᶛ ᾛ ⁞ ѿҩԊ

ᶛ  

Â Ԋᶛ Ҍ └ Ԋᶛ  

Â Ԋᶛ ᶫ Ḥ ᾛ Ԋᶛ ѿ ẫ  
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Â Ԋᶛ Ҭ Ḥ Ҍ Ԋᶛ 20% 

Â Ԋᶛ ץ̆ ᶫ  

Â Ԋᶛ Ҭ ᾝ (fragment)Ȃ 

Â Ԋᶛ  

Â Ԋᶛ ᶫѿҩԊᶛ ̂event header̃  

Â Ԋᶛ Ҭ Ԋᶛ Ԋᶛ (event identifier)

(trigger type) 

Â Ԋᶛ ᶫѿ ᴰ Ҭ ⌠

 

Â Ԋᶛ ᶫѿ ԍ ᴆ ⌠

 

֒ ӈ ѿҩ Ԋᶛ  5-16

Ȃѿҩ Ԋᶛ Ԋᶛ ץ ⱴ ROM(ReadOut Module)

̆ ҩ ROM Ӟ ԅ Ḥ

ΐᵣ ῤ Ȃ 

 

 5-16 ֘ DAQԐᶡ  

Ԋᶛ  5-17 Һ̆ ԅԊᶛ ȁԊ

ᶛ ȁԊᶛ Ԋᶛ Ḥ ȁ ȁrun 

numberȁԊᶛ ȁ ҍ ȂῒҬ ԅ

Ḥ ҍ ῏ Ḥ ̆ ԅ Ḥ ̆ᶛ

Ȃ 
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 5-17 Ԑᶡ  

₮ ᴆ ROM  5-18 ̆Һ ҈ № ̆ROM

ȁ Ḥ ץ Ȃ 

Start of Header Marker 

Header Size / Total Size 

Module Identifier 

 5-18 ₴ ᴌ  

5.4.2  

Ԋᶛ ץ ҹԅ Ḃ̆└ ԅ ѿ

₮ ̆  5-1 Ȃ ₮ ᴆ ҩ Ҋ

₮ ̆ ҉ Ҍ ᴆ ץ

ᶏ ῒҬ Ḡ ᵝȂῒҬ̔ 

Â GEO ҩ ᴆ ̆ ᴆ VME Ҭ  

Â Module Type ҩ ᴆ ᴆ ̆ ֒ Ҭҹ

ᴆ ԅ ᴆ  

Â Status Check Info ԍ PMT ₮ Ҭ FEEҍ LTB

 

Â Trigger Num ̆ ᵞ 8ᵝ̆ L1ID&0xff  

Â Event Length Total Length ף ץ ҹ ᵝ̆ ғ

Start of Header Marker 

Format Version Number 

Header Size / Total Size 

Source Identifier 

Run Number 

Event ID 

Detector Data Type 

Data Status 



֒ Ҭ ҍ  
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Ҭ ԅ ңҩ Ȃ 

 5-1 ₴  

 

5.4.3  

 ₮ ₮ ∆ ̆

ѿ ⌠ ̆ Ḥ ҉ ̆ ῏ֲ ץ

׆̆‗ ᾧ ̆

Ȃᵖ ₮ Ҭ Ҍ ̆ ҹ

PowerPC ⱬ Ҍ̆ ҹ CPU

̆ ₮ Ҍᴪ ₮ ΐᵣῤ

̂ ֓ῤ ᴪ DQM(Data Quality Monitoring ) Ҭ

̃̆ ₮ ῤ Һ ₮ ץ

ѿ֓ ₮Ḥ Ȃ 

 5-1 ₮ ̆ ₮ Ҭ ῤ

Ҋ₃ҩץ ̔ 

Â ȁ ץ ᵝ Ȃ ᵝ

̆ ץ Ḡ ₮ ̆ ₮ ׆̆

Ḡ ₮ Ȃ 

Â ҩ ₮ ᴆ Ҭ ᵝ ҍ̆ Ҭ

̆ Ḡѿ ̆ ↕ Ҭѿ

ԅ Ҥ ̆ ҡ № ᴆ Ȃ 
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Â ԍ PMT ₮ ̆ ҩ ᴆ ₮

Ҭ Ԋᶛ ѿ ̆ ғҍ ₮ ᴆ

ѿ Ȃ ѿ ῤ ̆ Ḡ ₮ Ҭ

ᴆḠ ᴆȂ 

Â ԍ FEE ᴆ̆ checkḤ ᵝ[46]Ȃ ѿḤ ῤ

ץ ₮ FEE ᴆ LTBӊ ₮

Ȃ 

Â ԍ LTB ᴆ̆ Ҭ ᵝ[47]Ȃ ’Ҋ̆FEE

₮ ‰ ץ ̆ᴪ LTB ѿҩḤ ̆ LTB

‰ ғ ⌠ FEE Ḥ ̆LTB ᴪ ₮Ҭ ₮

Ȃ FEE ҹ ̆ LTB Ḥ ̆LTB

ᴪ ҩ ῀ Ȃ LTB ԅ └̆

ѿ ⌠ FEE Ḥ ̆ ₮Ҭ ̆

ᵖ LTB Ҭ ҉Ҭ ᵝȂѿ ₮ LTB

Ҭ ⌠ ҉ Ҭ ᵝ̆ Ҭ ԍ

ԅ FEEҍ LTB Ҍ Ȃ 

5.4.4  

5.4.1 5.4.2 Ҭ ׃≢№ ԅ DAQ Ԋᶛ ҍ Ȃ

₮ ѿ ҍ ̆

DAQԊᶛ ̆ ѿ ҍ ̆ ₮ Ҭ

Ȃ 
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 5-19 ₴ Ԑᶡ  

 5-19 ̆ CBLT ₮ ̆ ₮

Ҭ ԊᶛȂ ₮ ⌠ CBLT ץ ̆ᾢ

₮ ҩ ᴆҹѿ ̆ӊ ҩ ᴆ ⱴ҉

ROM Ḥ ̆ ROM ̆Ῥ ROM

ᴆ ↓ ̆ Ԋᶛ ╠ ⱴ҉Ԋᶛ Ḥ Ȃ

ԅ ѿҩ Ԋᶛ Ȃ ѿ ₮

₮ Ҭ ᴪ ̆ ֓ Ԋᶛ ᴪ EFD

ᴆ SFO ᴆ̆ SFOⱴ҉ ᴆ№ ҍ ᴆḤ

Ȃ 

ԍ Ԋᶛ ₮ ’̆  5-20 ̆ CBLT ₮

̆ ѿҩ ᴆ Ҭ ԅ N trigger ̆ѿ trigger

ԍ ѿҩԊᶛ Ȃ Ԋᶛ ₮ ’Ҋ̆ᾢ ₮
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ҩ ᴆ ҩ trigger Ῥ̆ ҩԊᶛ Ԋᶛ ̆

ѿ ₮ ҍ ᴪ ⌠ Nҩ Ԋᶛ

Ȃ ֓ SFO Ȃ 

 

 5-20 ₴ Ԑᶡ ₴  

5.5  

5.5.1 is_monitor 

is_monitor XWindowӊ҉ ̆ IS Ⱶ ̆ ץ

is_server҉ Ḥ ̆ ꜛ ֲ ֲ

Ȃ Һ  5-21 ̆ Ҭ↓₮ԅ is_server̆ Ҍ

is_server Ҍ Ḥ ῍֣ȂDFḠ ῏ Ḥ ̆DF-EF

Ḡ EFD ῏Ḥ ̆HistogrammingḠ ̆Monitoring

Ḡ ῏Ԋᶛ Ⱶ Ḥ ̆RunCtrl Ḡ ҩ └ Ḥ ̆

RunParamsḠ run ȁ ̆ Ȃ 
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 5-21 is_monitorӀ  

₯ ҩ is_server ץ ѿҩ server ῤ Ḥ Ȃ

DF  5-22 ̆ ҉ № ԅ ῏

SFOȁROS Ḥ ̆Ҋ № ₮ԅ Ḥ ῤ ̆

Ԋᶛ ȁ Ȃ 

 

 5-22 is_monitor  
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5.5.2 ₴  

׆  5-22 is_monitor Ҭ ץ ⌠ R̆OS

ᶫԅ ⌠ Ԋᶛ ȁ Ԋᶛ ȁ Ԋᶛ ȁ

⌠ Ԋᶛ ȁ Ԋᶛ ȁ ῤ

Ԋᶛ ҍ ȁ Ԋᶛ ҍ Ȃ ֓

ӈ ȁ ҍ XML ᴆҬ ̆ ṿ

₮ Ҭ ̆ ₮ ҩ ῏

ṿ ֜ is_monitor Ȃ ֓ ṿ ԍ ֲ

ᵬ ̆ ꜛȂ 

̆DAQ ̂IGUĨ ᶫԅ Ḃ

’ ̆  5-23̆ ԍ java Ȃ ץ ⌠  5-22

Ҭ ROS ҩ ҉ №Ҭ ̆

ԍ is_monitor ץ ҩ ₮ѿ ῤ ̆

Ḃ ̂ᶛ ṿ ֲ ̃ Ḥ Ȃ 

 

 5-23 ₴  
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5.6 ₴  

5.6.1  

mrs_monitor ԍ java ̆ Ӟ̆ ץ

DAQ Һ └ ҉Ȃ  5-24 ̆ Ҭ ץ

̆ ̆ ≢ ̆ ғ ץ ̆

ȁ Ȃ 

 

 5-24  

5.6.2 ₴  

₮ Ҭ ₮ ̆

̆ ‖ ⇔ ̕Ӟ ╠ ̆

ᴆ ₮ Ȃ ₮ ᴪ Ҭ̆

ѿ ⌠ ‗̆ Ҭ₮ Ȃ ̆

╠ ̆ Ҥ ̆ Ҍ ԍ ₮

̆ᵖ ₮ ΐ ⱬȂ ҹ ₮

ҍ ̆ ∆ ҍ Ҭ̆

₮ Ȃ ₮ ⌠
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ң ̆№≢ ᴆ ҍ

Ȃ 

ԍ ̆ ₮ MRS ₮

ӊ̆ Ҭ ╠ ᵬȂ ҹ ѿ ̆ Ḃ ̆

⌠ Ӟᴪ Ҍ ’֟ ̆ ῃ ӈ

Ȃ ץ ̆ ғ

ᶛ ֟ ᴆ ȁΐᵣ₮ ̆ ῏

ֲ ⌠ Ạ₮ḱ Ῥ Ȃ 

Dat a check

Check f ai l ed?

dat apack

N

Send 
message t o 

MRS

Y

El ect r oni cs dat a

abnor mal
dat apack

Send t o EFD

 

 5-25 ₴  

ԍ Ҭ֟ ̆ ң

̔ ҡ ׅ Ḡ ֓₮ Ȃ ╠

Ḡ ₮ ̔ ѿ ₮ ̆ ₮ MRS ₮ ̆ӊ

₮ ̆ ӊ ѿ ̆

Ӟᴪ EFD ᴆ SFO ̆  5-25 Ȃ
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̆ ≢ԍ5.4.4 Ҭ׃ ̆ ҹ Ҭ ̆

ҩ ROM №≢ ̆ ӊҊ̆  5-26

̆ CBLT ҌẠᴋᵥ ̆ ֽֽ

ӊ╠ⱴ҉ Ԋᶛ Ԋᶛ Ȃ Ԋᶛ data status

҉ ᵝ̆ Ԋᶛ ҩ ԊᶛȂḠ ̆ ץ

ꜛ ῏ֲ ᵝ₮ ̆ ‗ Ȃ ֓

Ҭ ֓ ̆p ӞᴪḠ ѿ֓ Ḥ ̆

ׅ ץ ᶫ ῏ֲ № Ȃ 

 

 5-26  

5.7 ꜠ғ ₴  

StartTrigger Ȃפ ҉ start ̆

RC ᴆ ᴰ StartTrigger פ DAQ ᴆȂ ₮ ⌠

StartTrigger ̆ Ώ פ ̆

῀ Ȃҹԅ ḠҌҡ ↨ Ԋᶛ̆ ₮

῏ ᴋⱵ̂CBLT ₮ᴋⱵȁԊᶛ ᴋⱵȁ ᴰ ᴋⱵ̃

StartTrigger ⌠פ ӊ╠ Ȃ ̆ StartTrigger ⌠פ ̆ ₮
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Ҭ ᴋⱵ ̆ᵖ ̆ ‖

ᴪ ׆̆₮ ҡ ̆ ₮

⌠ ᾧ Ȃ ̆ ₮ ⌠ PrepareForRun

פ ̆ ꜚ ᴋⱵ̆ ҹ ̆LTB Ӟ

Ҍᴪ Ҭ ₮ ̆ ᴋⱵᴪ ԍ Ȃѿ

₮ ⌠ StartTrigger ̆פ ̆ ῀

̆ ₮ Ҭ ᴋⱵӞᴪ ῀ ᵬ Ȃ

ꜚ Ḡ ҩ DAQ

Ҋ Ҍᴪ ₮ ҡ Ȃ 

Ả StopTriggerḤ Ȃ ҉ stop

R̆C ᴆ ᴰ StopTrigger פ DAQ ᴆȂ ₮ ⌠

StopTrigger פ ̆ Ώ ῏פ LTB ̆ᶏ

Ả Ȃ ╠ ᴆҬ Ԋᶛ̆

ғ ₮ ῤ ҬӞ Ԋᶛ ̆ ҹԅḠ

Ԋᶛ ҡ ̆ Ҥ  5-27 ₮̆ ῏

ץ C̆BLTᴋⱵ ̆ ⌠ ᴆ ‖ ῤ

₮̕ Ԋᶛ ᴋⱵ ⌠ CBLT ᴋⱵ ₮ ғ ѿ

‖ ῤ ̆ ₮̕ ̆ ᴰ ᴋⱵӞ

⌠Ԋᶛ ᴋⱵ ₮ ԋ ‖ ῤ

̆ ץ ₮Ȃ ̆Ҥ ₮ ₮

Ḡ ₮ Ԋᶛ ҡ Ȃ 

St op LTB 
t r i gger  
sour ce

St op CBLT 
t ask

St op dat apack 
t ask

St op out put  
t ask

St op t r i gger ᴆ
‖

CBLT ‖ dat apack
‖

 

 5-27 ₴ ₴  

5.8   

2.2.1.3 Ҭ׃ ԅ ֒ ԍ Ȃ №
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₮ Ҭ̆ Ҍ ΐᵣ Ȃ ԍ ╠ҹ

┴ ҍ ̆ ץ ҬҌ

ң Ȃ 

5.8.1  

Ҭ ̆ ᵬ ̆ ₮

׆ ῏ ̆ ׆

Ȃ StartTrigger פ

̆ ⌠ StopTrigger פ ῏ Ả Ȃ

Ҋ ₮ ᵬ  5-28 Ȃ 

St ar t  t r i gger

Take dat a

Send dat a

L1I D++

Recv st op command?

N

St op t aki ng dat a

Y

Conf i gur e

Par amet er s i n physi cs 
mode

Tr i gger  sour ce i n 
physi cs mode

Pack dat a

 

 5-28 Ґ ₴ ᵲ  
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5.8.2 FEE  

 5-29 ̆ ₮ ׆

῏ ̆ manual trigger Ȃ

ᵬ ѿ֓̆ ҩҌ ┴ DAC

ṿ̆ ѿ ┴ DACṿҌ ’Ҋ̆ ѿ ̆Ῥ ⌠Ҋ

ѿҩ┴ DACṿ̆ ⌠ DAC ṿ ҹ Ȃ

ѿҩ DAC ṿ ѿҩԊᶛ ̆ ₮ Ả ȂDAQ

ԅ supervisor ᴆ̆ᵬҹ ԍ RC ̆supervisor

ҍ IS ᴆ Ḥ ̆ ₮ ̆ᴪ ҩ DAQ

stop פ ׆̆ Ḡ DAQ ᴆ ₮ Ȃ 

Open t r i gger  
sour ce

( L1I D%El ecCal i bRunTi mes) ==0

Y

cal i bSt ep++

cal i bSt ep==st
epSum

N

Set  new 
cal c DAC

Send a manual  
t r i gger

N

St op t aki ng 
dat a

Y

Take dat a

Send Dat a

L1I D++

conf i gur e

Par amet er s i n 
FEEDi ag mode

Manual  t r i gger

Pack dat a

 

 5-29 FEE Ґ ₴ ᵲ  
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5.8.3  

 5-30 ̆ ҩ ᵌ ̆

Ӟ ̆ ᶏ ̆ ғ ᾢ XML

ᴆҬ ԅ Ԋᶛ Ȃ Ҋ̆ ₮

Ԋᶛ ̆ѿ ⌠ ṿ̆↕Ả Ȃҍ ᵌ̆

supervisor ᴆ ҩ ₮Ȃ 

St ar t  t r i gger

L1I D==Pedest al RunTi mes

N

Take dat a

pack dat a

Send dat a

St op t aki ng dat a

Y

conf i gur e

Par amet er s i n pedest al  mode

Tr i gger  sour ce i n pedest al  mode

L1I D++

 

 5-30 Ґ ₴ ᵲ  
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5.8.4 AD ╔  

AD ┴ ̆ѿ ┴ ҩ RUN Ȃ

 5-31 ̆ ╠ ῤ ᴆ

̆ ⌠ Start פ ѿҩ run ̆ ׆ IS ╠ RUN

Ḥ ץ̆ ‗ RUN Ȃ ӊ

ҍ ᵌ̆ ҩ RUN ץ ̆ ⌠ Start ↕פ Ҋ

ѿҩ RUN̆ ⌠ Unconfig ↕פ ┴ Ȃ ҩ

Ҭ └ supervisor ᴆ D̆AQ DIM
[48]ҍ┴

ĬS ᴆ↕ ҍ DIM Ḥ ֜ ̆supervisor ᴆ׆ץ IS

Ḥ ҹ∞ ᶭ ᵬ₮ ᵣ └Ȃ 

Par amet er s 
i n ADCal i b 

mode

Tr i gger  sour ce 
deci ded by LTB mode

St ar t  t r i gger

Take dat a

Pack dat a

Send dat a

Recv st op 
command?

St op one r un

Recv LTB Mode 
f r om I S

conf i gur e

St ar t  one r un

ADCal i b 
pr ocess 
f i ni sh

L1I D++

N

Y

Recv Unconf i g 
command

Recv St ar t  command

 

 5-31 AD╔ Ґ ₴ ᵲ  
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5.8.5  

҉ ̆ Ҍ ̆ ₮ ᵬ Һ ≢ ̔ 

Â ׆ Ҍ ̆

ȁ ṿ  

Â ׆ IS ᴆ Ҍ Ḥ Ȃᶛ ̆ ┴ Ҋ̆ROS

ҩ RUNӊ╠׆ IS Ḥ ῏┴  

Â Ҍ ̆ROS ᴆ Ҍ  

Â ԍҌ ̆ROS Ӟ ѿ ≢Ȃᶛ

Ҋ̆ROS ∞ ῀

DACṿ Ả Ȃ 

Â Ҭ ῏ ≢ Ȃɒ

Ҋ̆ROS ҩ ῀ DACṿ ῀ ҬȂ 

Â Ҍ Ҋ̆ROS ᾢ ⌠

ԍ Ҍ Ȃᶛ ̆ AD ┴ Ҋ̆

̆ ╠ Ҋ̆ROS ᾢ

῏ Ȃ 

5.9  

ԅ ֒ ₮ ΐᵣ ̆

ȁ ȁ ᴋⱵ └ȁ

ҍ ȁ ȁ └ȁ ꜚҍ

₮ ץ ₮ Ҭ Ȃ └

‗ԅῒҬ ̆ Ҋѿ Ҭ ץ ᶛ №

’Ȃ
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6  AD  

֒ Ҭ ҩ ╠

ȁ ץ ₮ Ȃ ̆ Ҭ

⌠ Ḥ AD ȁ ץ DAQ ̆ ғ

Ḥ Ȃ ֒ Ҭ ₮ ң ̆

PMT ₮ ҍ RPC ₮ ĂD ╠ PMT

₮ Ȃ 

6.1 ᴌ  

6.1.1 PMT ₴  ב

 

 6-1 AD ᴌ  
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 6-1 ̆ ѿҩ AD ₮ ᴆ Ȃ ҩ

ᴆ ѿҩ 9U VME ң ᴆ ȂῒҬ V̆ME

ῤ׆ ⌠ № ԅ ѿ̔ └ MVME5500̆ ѿ LTB̂ V2.0̃̆

12 ╠ ₮ ᴆFEÊ V1.3̃ ץ ѿ ₮ ᴆFANOUT

Ȃң ᴆ№≢ CCĜ Central Clock Generator̃ץ CFB̂ Clock 

Fanout Board̃Ȃ 

FEE Һ ᴋⱵ Ҭ ̂AD̃ ℗ᴶ

̂WP̃ Ҭᾣ Ṑ ̂PMT̃ ₮Ḥ [61]Ȃ Һ ⱳ ̔ 

Â ҩᾣ Ṑ ₮ ץ̆ Ҭ

Ȃ ץ ꜛ ױ №Ҭ Ԋᶛ №̆ ̆

₮ Ҭ Ȃ 

Â ᶫᾣ ҩ Ṑ Ḥ ⌠ Ḥ ̆ Ḥ ץ ԍ

ῤ Ҭ Ԋᶛ ᵝ ̆ ץ

Ȃ 

Â ҹ ᶫ Ḥ ̂ / PMT₯Ҭ Ȃ̃ 

֒ Ҭ LTB̂Local Trigger Board̃ ȁMTB

̂Master Trigger Board̃ ץ ̂Clock System̃ Ȃ ҩ VME

₮ ῤ ѿҩ LTB ̆ҹ ҩ ᶫ ∞ ̆

ғ ᶫ Ȃ ҩ ѿ MTB ҹ̆ ѿҩ Ҍ

֜ ̂cross trigger̃ ᶫ [49]Ȃ ҹ ҩ

ᶫ Ḥ Ȃ / ԍ ҈ҩ ᴰ

Ḥ Ḥ ̆ ѿ Ḡץ ҩ ҈ҩ

ץ Ḥ ̆ ѿ Ḥ ᶏ ץ

҈ҩ Ԋᶛӊ ῏ [50]Ȃ 

 6-2 AD ῤ FEEҍ LTB ᴆӊ Ḥ ᴰ ’[51]Ȃ

ῒҬ׆ LTB ᴰ FEE Ḥ ̔ lemo ╠ ᴰ Ḥ ̆

ԅ 40MHz Ḥ ҍ Ḥ ץ̆ VME ᴰ Ḥ ̆

ԅ 2bit Ḥ ҍ 1bit ̂check̃ Ḥ Ȃ ׆ FEE

ᴰ LTB Ḥ ̔ ╠ ᴰ ₯Ҭ Ḥ ̂Multiplicitỹ
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lemoᴰ Ḥ ̂Analog Sum̃ ץ̆ VME

ᴰ BufferFullḤ ҍ ReadRequestḤ Ȃ 

 

 6-2 AD Ὺ FEEғ LTBӐ Ḫ ᴶ  

6.1.2 DAQ ᴌ  

 6-3 AD DAQ ̆ ᴆ

Ҍ DAQ №ҹԅ ₮ ҍ ᴆңҩ №̆ ₮

MVME5500 ҉̆ ᴆ PC ҉Ȃ ₮ VME

ҍ ̆ ץ ҍ ᴆ ḤȂMVME5500

ᴆ 3 Ҭ ׃ Ȃ ᴆ └ PC

ᴆ ҹ Intel(R) Xeon(TM) CPU 3.20GHz CPŬ 4G ῤ ץ ᾠ

̆ └ PC SLĈScientific Linux CERÑ  release 4.6̆ ῤ

2.6.9̆ GCC 3.4.6Ȃ 
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AD

₮

ᴆ

VME

ץ

DAQ

 

 6-3 AD DAQ  

6.2 ᴌ  

֒ DAQ ᴆ ѿҩ ᴆ ̆ ᴆ

ԍ ᴆ ף ῃ ̆

ѿ DAQ ᶏ ᴆ ף ᴍ ΐȂCVS

̂Concurrent Versions System ̃[52] ѿҩ ᾧ

ᴆ̆ⱳ ̆ ῃ ̆ ῤ

̂ AtlasȁBESIIĨ ᶏ ף ̆ ῏ №ῤ

’ ץ [53]Ȃ ֒ DAQ ᴆӞ CVS ̆  6-4

֒ DAQ ᴆⱳ ’Ȃ 
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dybdaq- 00- 02- 00 ( Dec.  
2008)

Run cont r ol  wi t h gr aphi c 
user  i nt er f ace

Boot  onl i ne i nf r ast r uct ur e 
on x86 and PPC 

Boot  SFI  Emul at or  on PPC + 
EFD and SFO on x86

dybdaq- 00- 03- 00 ( Jan.  
2009)

ROS( dummy)  + EFD + SFO

dyb- 00- 04- 00 ( Mar .  2009)

Achi eve onl i ne dat abase

dyb- 00- 07- 00 ( Aug.  2009)

Mul t i - t hr ead ROS
Mul t i  r un mode suppor t :  

Physi cs,  Pedest al ,  FEEDi ag

dyb- 00- 08- 00 ( Sep.  2009)

Add ROS I S moni t or i ng 
t hr ead.

MRS message.
I ni t i al  ACU mode suppor t  

t est

dyb- 01- 00- 00 ( Aug 26t h.  
2009)

I nt er nal  t est ed ver si on 
f or  Dr y r un.

ROS add ADCal i b mode 
suppor t .

Super vi sor  r eady.
Achi eve Of f l i ne i nt er f ace.

dyb- 00- 05- 00 ( Apr .  2009)

Achi eve dat a f or mat  V0. 6

dyb- 00- 06- 00 ( Jun.  2009)

ROS r eadout  + packer  + 
sender ( ser i al )

I nt egr at ed wi t h LTB and 
FEE

dyb- 01- 01- 00 ( Dec.  04 
2009)

ADCal i b i nf o t o DB
DFI nf o t o DB

Onsi t e t est  package 
r el ease

User  manual

 

 6-4 ֘ DAQ ᴌ ‟ 

AD ₮ ̆ ֒

ᴆ ⌠ dybdaq-01-01-00̆ ᴆⱳ ҹ ̆

ⱳ ̂ ԅ ⱳ ̃̆

ᴆ ̆ ₮ȁ ץ Ữ̆ ⱳ

̆ΐ ∆ ҍ ᵣ ̆ΐ Ȃ ̆

ᴆ ᵣ ’Ӟ ֒ Ȃ 
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6.3 DAQғ  

6.3.1 ᴌ ғ  

ҹԅ Ḃҍ ̆ ԅ ԍ ҩ DAQ ᴆ

ᴆ Ȃ ѿ ̆ Ḡ ԅ DAQ ᴆҬ

ᴆȁ VME ץ ȁ ⱳ

Ȃ Ҭ ף№ ԅ DAQ ᴆҬ ₮ Ȃ 

ף ̆ḱ Ḃ̆ ᵬ ̆

ѿ ᴆ̆ ᵝ Ȃ ף ᶭ ԍ

ᴆ ̆ ҩ ѿ Ȃ DAQ

ҍ Ҭ̆ ᴆ ⌠ԅ ᵬ Ȃ 

6.3.2  

ҹ Ḡ ᵬ̆ ᾢ ̆

Ḡ ȂAD ₮ᶏ PMT ₮

̆ ׃ ҍ PMT ₮ Ȃ 
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VME i ni t i al
LTB DCM r eset
t hen del ay 1s

LTB FPGA & 
r egi st er s 

r eset
t hen del ay 1s

FEE 
conf i gur at i on 
t hen usl eep 1

LTB FPGA & 
r egi st er s 

r eset
t hen del ay 1s

LTB 
conf i gur at i on

VME I nt er r upt  
i ni t i al

St ar t  dat a-
t aki ng t hr ead

Tr i gger  sour ce 
open

Conf i gur at i on pr ocess FEE conf i gur at i on det ai l s LTB conf i gur at i on det ai l s

Reset  FPGA 
t hen del ay 5s

Power  on r eset  
t hen dl y 100ms

Modul e r eset
usl eep( 1)

check FPGA 
ver si on number

Set  CSR 
dl y 20ms

Set  t r i gger  
del ay

Set  check 
number

Run 
mode==FEEDi a

g

Test  channel  
enabl e

Set  EQN

Y

N

Set  t r i gger  
number  per  

CBLT

Set  max hi t  
number  per  

t r i gger

Set  t hr eshol d

Modul e r eset
usl eep( 1)

Check CSR

Check unr ead 
dat a number

Check buf f er  
st at us

Set  t ot al  & 
hal f  ESUM 

compar at or  DAC

Set  t i me St amp 
sour ce

Set  ESUMADC & 
NHI T t hr eshol d

Set  r eadout  
t ype

Choose nhi t  
sour ce

Set  per i odi c 
t r i gger  

f r equency

Set  manual  
t r i gger  del ay

Set  t r i gger  
negat i ve wi dt h

Set  t r i gger  
l at ency

Set  t r i gger  
posi t i ve wi dt h

Set  day & t i me

Set  gener al  
r egi st er 2

Set  CBLT 
st at us  

r egi st er

Check t r i gger  
number

Run 
mode==FEEDi a

g

Open manual  
t r i gger

Send manual  
t r i gger

I ni t i al  t est  
DAC

Take dat a

Y

N

Check LTB 
f i r mwar e 
ver si on

LTB l ogi c 
r eset

FEE cl earLTB cl ear

 

 6-5 PMT ₴ ᴌ  

PMT ₮ VME Ҭ̆Һ ң

ᴆ̔FEE LTB̆ ױ  6-5
[54]Ȃҹԅ Ḃ№

̆ ׆ץ ҉ ҹ  6-6 ̆ ₮ ⌠ Config

פ ̆ LTB ҍ FEE ᵝ ᵬץ ῏ ̕ ⌠

PrepareForRun פ ̆LTB ҍ FEE clear ᵬ̆ ‖

ғ ᵝ ̕ ⌠ StartTrigger ץפ ̆ ̆
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῀ Ȃ 2.6.1 Ҭ ⌠̆

Ҍ ̆ ץ Stopץ Start̆ Ҍ Ȃ

Ӟ ѿ ̆ PrepareForRun ֽ̆ ֽ

‖ ᵝ̂ clear ᵬ̃̆ Ḡ ҉ῒז

̆ ԅῬ ̆ ᶏץ ῀Ῥ

ҬȂ 

Conf i g

LTB r eset &conf i g
FEE r eset &conf i g

LTB cl ear
FEE cl ear

Pr epar eFor Run St ar t Tr i gger

LTB open 
t r i gger  
sour ce

 

 6-6  

6.3.3 ꜗ  

Ҭ̆DAQ ᵬҹ ̆ ꜛ

ⱳ ץ̆ ȂҊ ↓ҽԅѿ֓

ⱳ ̆ ῤ [47]ȁ[55]Ȃ 

Â LTB Ҭ ⱳ  

Â LTBҍ FEE CBLT ₮  

Â FEE ҍ LTB ԍ ҉ ‖ Ḡ ⱳ   

Â LTB FEE Ḥ check ⱴ  

Â FEE LTB EQNḤ ̂ ‰ ̃ ⱴ  

Â FEE ҍ LTB ̆Һ ᵣ ҉ ⱳ

  

6.4 DAQ ᵲ ‟ 

ԍ AD ̂ Ԋᶛ ҍ ₮ ̃

 6-1̆ Ҭ ṿ Ҍ ₮ ’

Ҋ D̆AQ ⌠ Ԋᶛ ҍ ̂ Ԋᶛ ₮ Ȃ̃ AD

Ҭ 192ҩ PMT ῃ₯Ҭ̆ ғ ҩ 1ҩ hit ’
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Ҋ̆DAQ ⌠ Ԋᶛ ҹ 1.7kHz̆ ₮ ҹ

2.9Mbytes/s̆ ѿ ῃ ֒ PMT ₮

Ȃ ׂ Ҭ ₮ ₮ ̆DAQ ᴪ

4.5.1 Ҭ׃ Ԋᶛ ₮ ₮ Ȃ ԍ

╠ Ԋᶛ ₮ Ҋ ’ ΐᵣ№ ̆ Ҋң Ҭ

Ȃ 

 6-1 ֘ AD ᵩ  

 6-7 ԅ DAQ ’̆DAQ ᵬ

1kHz̆ Ҋ̆ ԋ ҩ ̆ ᵬ ̆

̆ Ҭ ῏ ᴆḤ ԅ Ữ̆

 6-8 Ȃ 

Fired Channel 

(full crate:  16chn*12FEE) 

48 96 192 192 192 

Hit Number per Channel 1 1 1 2 5 

Event Size (KB) 0.57 0.94 1.7 3.0 8.1 

Event Rate (kHz) 2.5 2.0 1.7 1.6 1.1 

Readout Bandwidth 

(Mbytes/s) 

1.4 1.9 2.9 4.8 9.2 
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 6-7 DAQ  

 

 6-8 ꜗ  

6.5 AD ⅎ  

ҩ DAQ ץ ҹ  6-9 ̆ № DAQ

Ӟ ׆ Ȃҹԅ Ḃ ҩ ̆  6-9 Ҭ ҍ

ᴰ ₃ҩ ᾝ ℗◓ ңҩ ҉̆ № ׆ VME ⌠

ROS ₮ ̆ Һ ‗ԍ ₮ ⱬ̕ Ҋ №
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׆ EFD ᴰ Ԋᶛ ̆ѿ ⌠ ̆ Һ

‗ԍ EFD ⱬץ SFO ⱬȂ

℗№ ΐᵣ AD Ҭ DAQ Ȃ 

 

 6-9 DAQ  

6.5.1 ₴ Ⱶ 

ᾢ ₮ ⱬȂ 4 Ҭ ԍ Linux ᵬ

DAQ ₮ ᵣ ᵬ₮ԅה № ̆ Ҭ ᴪ ֒

AD ᴆҍ ᴆ ’̆ ₮ΐᵣ Ȃ

₮ ⱬ ‗ԍ CBLT ₮ᴋⱵȁ ᴋⱵȁ ᴰ

ᴋⱵ ҈ҩҺ ᴋⱵ Ȃ 

6.5.1.1 AD CBLT ₴ Ⱶ 

ҹԅ ₮ Ҭ CBLT ₮ᴋⱵ ⱬ̆῏ ᴋⱵ

ҍ ᴰ ᴋⱵ̆ ᴋⱵ ₮ CBLT ₮ ̆  6-10

Ȃ 
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 6-10 CBLT ₴ ‟ 

 6-2 CBLT ₴  

0

2

4

6

8

10

12

0

1

2

3

4

5

6

7

8

9

0 2 4 6 8

re
a

d
o

u
t 
B

a
n

d
w

id
th

(M
B

yt
e

s/
s)

e
ve

n
t 
ra

te
(k

H
z)

CBLT readout data size(kBytes/event)

CBLT ₮

event rate

BandWidth

Over threshold channel Event Size(KB) Event Rate(KHz) Bandwidth(MB/s) 

0 0.221 8 1.768 

12 0.313 7.55 2.363 

24 0.404 7.27 2.937 

48 0.587 6.51 3.821 

72 0.771 5.99 4.618 

96 0.954 5.47 5.218 

120 1.14 5.08 5.776 

144 1.32 4.71 6.217 

168 1.50 4.41 6.628 

1hit*192 1.69 4.13 6.963 

2hit*192 3.15 2.65 8.350 

3hit*192 4.62 1.94 8.955 

4hit*192 6.08 1.55 9.424 

5hit*192 7.50 1.29 9.672 
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҉ ↓ ץ ₮ AD ῃ ̂192PMT̃ ₯Ҭ ғ

ҩ 1ҩ hit ’Ҋ̆ ₮ ҹ 1.6Kbytes̆

₮Ԋᶛ ҹ 4kHz̆ ᴰ ҹ 7Mbytes/sȂ ѿ ῃ

̆ᵖ ҍ 4.2.3 Ҭ ⌠ DMA ᴰ ̆

ҹ VME ᴰ Ҍ ѿҩ Ȃ 3̆2ᵝ VME

ᴰ 40Mbytes/s̆ ѿҩ ҉ ̆

ғ ᴰ ⌠ ⌠ ᴰ

[56]ȂԊ ҉ VME ᴰ ‗ԍҺ׆ ΐᵣ ᴆ ̆

ғ ᴆ └Ӟ Ҍ № Ȃ׆ ᴆ ҉ ĂD ⌠

ᴰ ҹ 12Mbytes/s
[57]Ȃ׆ ᴆ └҉ ̆ ₮

Ԋᴆ ꜚ ̆ ᴆ ‰ Ԋᶛ ₮Ҭ ̆ ₮

Ҭ ᴪ CBLT ᴰ ̆ ⌠ CBLT ᴰ

ҹҍҬ ῏ ṿ Ҋ Ȃ ҉ Ḃ ԅ

ҹᵥ AD Ҭ CBLTᴰ ᵞԍ VME ᴰ Ȃ 

6.5.1.2 Ԑᶡ Ⱶ 

Ԋᶛ ᴋⱵҺ ҍ ̆ Ҭ ᵝ

ᵬȁ ץ ῤ ᵬ̆ ‗ԍ ̆

ȁ ȁ ץ ̆

ᴋⱵ Ҭ ₮ ̆ ̆ ₮‰ ₮

Ԋᶛ ⱬ Ȃ  6-3 ץ

Ԋᶛ ᴋⱵ ₮ ѿҩ Ȃ Ҭ ѿ↓

̆ ԋ↓ ῏ ᴋⱵҍ ᴰ ᴋⱵ ̆

CBLTᴋⱵ ⌠ Ԋᶛ ’̆ Ҭ ҈↓ ῏ ᴰ ᴋⱵ̆

CBLT ᴋⱵҍԊᶛ ̆ ᴋⱵ ⌠ Ԋᶛ ’Ȃ׆

Ҭԋ҈↓ ץ ₮̆ ⱴ ᴋⱵץ ̆ ԍ ₮

̆ ₮Ԋᶛ ԍ ⱴ ᴋⱵӊ╠ 2%~5% Ҋ Ȃ 

Һ ԍ ₮ ҹ ᴋⱵ ̆ CBLTᴰ Ҭ̆

CPU ץ Ҋ Ԋᶛ ̆ ≠ ԅ CPŬ ԅ
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Ԋᶛ ̆ ԍ ұ ᵬ Ȃ 

 6-3 Ԑᶡ ᴑꜙ ₴  

6.5.1.3 ₴ ᴶ ┼ 

₮ Ҭ Ԋᶛᴪ DAQ ᴆ ῒז

̆ᶛ ȁ ᴆ Ȃ Ԋᶛ Ҍ

̆ Ӈ ₮ ‖ Ḃᴪ ╠ ҩ ̆ѿ

ᴆҬ ‖ ̆Ḃᴪ ₮̆

₮ Ȃ4.2.6 Ҭ ₮ԅ ԍ MVME5500 Linux ᵬ

Ҋ ᴰ ̆ᵖ ҹ ԅ ҹ └̆

⌠ ѿҩ ̆ ץ Ҋ Ȃ

₮ ᴰ └̆ ᴰ ⱬ Ҋѿ ⌠

ѿ № Ȃ 

6.5.2 DAQ ᴌ Ⱶ 

ᴆ̆ Һ  6-9Ҭ EFDץ SFO ңҩ ҍ

ᴰ ᴆȂҹԅҌ ⌠╠ ̆ ₮

EFDҍ SFO ̆ DAQ ᴆ Ҭ ԅ dummyROS

̂ ROS̃ ᴆȂdummyROS ᴆ MVME5500 CPU҉̆

ⱳ ֽֽ ꜚ ѿ ROS Ԋᶛ̆ ғ

EFD̆ SFO Ȃ≠ dummyROS

DAQ  6-11 ̆ ҹ AD

ῃ ₯Ҭ ̂1.6Kbytes̃ ̆ ᴆ ᵣ

Event Size(byte) Event Rate(kHz) 

CBLT task only 

Event Rate(kHz) 

CBLT + Datapack task 

206 11.00 10.56 

694 6.51 6.40 

1304 4.41 4.29 

4234 1.66 1.60 
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Ԋᶛ ҹ 2KHz̆ ҹ 3Mbytes/sȂ 

 

 6-11 ᶕ dummy ROS DAQ ₴  

׆ 2.4.3 Ҭ EFD ׃ ԅץ ⌠̆ROŜ dummyROS̃ Ԋ

ᶛ EFD̆ ׆ ROS EFDᴰ Ҭᶏ ԅ

└Ȃ EFD‰ ̆ᴪ ROS ₮Ԋᶛ ̂Event 

Request̃̆ROS ‰ ѿҩԊᶛ Ḃᴪ ѿ ̆ Ԋᶛ

EFDȂEFD ⱳ Ԋᶛ ̆ᴪ ₮ ̂Acknowledgement̃̆

ғ‰ ꜚҊѿ Ԋᶛ ȂROS EFD Ԋᶛ

└ ̆ ҹ Ҍ ҊѿҩԊᶛ ⌠ ̆ ץ ̆Ԋᶛ ᴰ

ῃ ꜚ ȂROSᴪ ₮ ԊᶛḠ ῤ Ҭ ⌠

⌠ EFD Ȃ ROS ⌠ ӊ╠ ԅ

’̆ROSᴪ ѿ Ԋᶛ ↓Ҭ ̆

̆Ҋѿ Ԋᶛ ⌠ ҩԊᶛῬ Ȃ ᵌ ̆

EFDҍ SFOӊ ᴰ Ӟ └Ȃ 

ᴰ └ Ḡ Ԋᶛ ᴰ Ҭ̆Ҍᴪ ԍ

ҡ ’̆ᵖ ӊ ᴰ

ᴪ ᵞ̆ ╠ DAQ Ҭ̆EFD ᴰ └ └

Һ Ȃ 

3.8
4 3.9 3.9

3.5

2.8

2.2
1.9 1.8 1.8 1.9 1.9 1.75

0.43 0.89 1.47 2.23 2.6 2.6 3 4
5.8

8.6

15

22

33

0

5

10

15

20

25

30

35

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

event size(Byte)

event rete(kHz) bandwidth(MB/s)
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6.6 ⅎ  

҉ѿ DAQ ᵬ № ԅץ ⌠̆ ╠ ֒ DAQ

Ҋ̆ ₮ ̂ Ԋᶛ ץ ̃

ץ Ȃ ӊ╠₃ ׃ ̆DAQ ῤ

̆ ҉Ҋ ℗ ȁ ᴰ ̆ ᴋ

Ⱶ ᴰ ץ ̆ ᵌ ѿ ↓

ԅ ᴪ ѿ ꜚ Ȃ DAQ

╠ Ҋׅ̆ ᴪ ҹ DAQ ꜚ

₮ Ȃ 

 

 6-12 LTB  

LTB ∞  6-12 ׆̆ Ҭ ץ ⌠̆

₮ trigger ̆ ҩ trigger ᵬ raw local trigger̆

ᴆ̂ FEEҍ LTB̃ ‖ ̆↕ raw local triggerᴪ ѿ

ҩ internal local trigger̆ Ῥ ҍ ᾢ ̆



 AD  

141 

 

internal local trigger ᴪ ҹ local trigger ₮Ȃ 

DAQ Ҍ ₮ ̆ Ӈ LTB FEE

ᴆ ‖ ᴪ ̆ ֟ raw local 

trigger̆ ᵖ internal local trigger̆ ҩ raw local trigger

ҡ Ȃ ̆ѿ ᴆ ‖ ₮ ԅ ̆LTB ῤ

raw local trigger Ḃᴪ ԍ internal local trigger Ȃ

№҉ץ ̆ ץ DAQ ᵬ ’Ȃ 

֒ ⌠ ҹ

1kHzȂ LTB ̆ ҹ 1kHz̆

ғ FEE ṿ ҹ 0̆ᶏ FEE ץ ⌠ῃ ₮ ᵬ ᴆȂ

҉ ᴆ Ҋ̆DAQ ᵬ 12 ̆ ⌠ ҆

ҩԊᶛ̆ ҹ 1.8Mbytes/sȂ Ả ̆

Register17̔ Raw Local trigger number registerץ Register18̔ Internal Local 

trigger number register
[47]̆ raw local trigger internal local trigger

ῃ ̆ Ҭ̆ ᴆ ₮

’Ȃ ҩ ᶛḂ ԅ 1kHz̆ ғ ₮

Ӟ ᴆҊ̆DAQ ₮ ̆

ᴋᵥ Ȃ 

6.7 ᴌ ⅎ  

1.3.2 Ҭ ׃ Ҭ DAQ ᴋⱵ ̆ ₮ԅ DAQ

ΐ ᴆ ҍ ⱳ Ȃ ᴆ

ҍ№ ̆ ץ ׆ Ҭ ῏

ᵬ ̆ Ӟ ץ DAQ ᵬ ҍ Ȃ 

6.7.1 DAQ ᵲ ‟ 

ᴆ № ̆ Ҋ₃ץ׆ץ

ᵬ ̔ 
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Â ᴆҬ ᵬ № ץ DAQ

ᴆ ץ ῏  

Â ᴆ ץ DAQ Ԋᶛ ץ

ᴆ  

Â ᴆҬԊᶛ Ḥ № ץ DAQ ᵬ

̆ Ҭ ῀ ֽ̂ ԍ

̃ 

6.7.2 PMT  

ᵬ ץ’ ̆ ₮

ᴆҊ̆ ң Һ ᵬҹ ̔ ҍ

Ȃ ᴆ ֟ ‰ ῀Ḥ ̆

№ ₮Ḥ ҍ ῀Ḥ ῏ ᵬ̕

Ḥ ῀ ’Ҋ̆ ҍ Ȃ

╠ ⱳ ̆ ╠ Ạ ᴆ ̆

῏ ̆ ROOT
[58] ᴆ ̆ ₮

̆ ғ ῒҬ Ḥ ᶫ ֲ

№ ҍ ץ̆ Ḡ ᴆ ᵬ ῤȂ 

6.7.2.1  

ԍ ̆ № ↕ ѿ ↓ ‰ ῀

Ḥ ṿ̆ ᴆ ⌠ ₮Ḥ ṿȂҹԅᶏ

‰ ̆ ҩ ‰Ḥ ҉ Ῥ ⌠ѿ ῀ ₮

Ȃ ֓ ῀ ₮ ̆ ⌠ң Ḥ ṿ₱ ῏ Ȃ

ҍ ̆ ץ ᵬ̆

ῳ Ȃ 

Ҭ ⌠ Һ №ң ̔ѿ ̆

ѿ Ȃ  6-13 ҹ FEE ѿҩ ῀ ₮

҉ ᵝ ̆ң ҍ ᵞңҩ Ȃ ̆
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ҩ ‰Ḥ ҉ ⌠ ᴪ ⌠ ̆ ץ

ᶏ ѿ ↕ ̆ɒ ᶏ 3s

↕ ╠ 10%
[59]Ȃ 

 

 6-13 FEE ῇ DACғ ₴ ADC ῗ  
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 ≠ ҉ץ Ὲ ̆ ץ ₮ a0ȁ a1ץ ‰Ẓ

ṿ rmsȂ 

₮ ∞ ‰ -400<QL_A0<400̆

0.5031<QL_A1<0.9431̆ 0<QH_A0<200̆ 0.03294<QH_A1<0.04942
[ 60]̆

∞ץ ῳ Ȃ  6-14 12

FEE ᴆ ̆ ҉ ∞ ‰̆ ῤ 12 FEE

ᴆ 192ҩ ᵬ ῤȂᵬҹ ̆  6-15 Ҭ

Ṑ ׆̆ Ҭ ץ ⌠ ѿҩ Ȃ

ᵬ ץ № ̆ ץ ꜛ ѿ

Ȃ 

 

 6-14 FEE  
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 6-15 FEE Ѓ ‟Є 

6.7.2.2  

ṿҹ 0 ’Ҋ̆

ץ ṿץ Ȃ

’Ҋ̆ Һ ԍ ᴆ Ȃ ̆

⌠ѿ ̆ ץ ₮ ҩ ⌠ ṿ ADCMean

ҍ ‰Ẓ ṿ ADCRMS̆ ҩ ṿץ Ȃ 

 6-16 ҩ ץ № ’̆ ADC

ṿҹ 79.63̆ RMSҹ 1.55 ADCȂ≠ ῀Ḥ ҍ ₮

ADCṿ ῏ ̆ ץ ᵀ ₮ FEE ₮ Ḥ 40 ADCṿ

ҹ 1p.e.̂ Ẋ PMT ҹ 2*10
7̃̆ PMT

ԍ 0.1p.e.
[61]̆ 4ADC bin̆

Ȃ 

 6-17 ῤ 12 FEE ᴆ 192ҩ ҍ

’Ȃ ץ ₮̆ ᴆ 16ҩ Ҋ

̆ל ҹ VME Ҭ̆ ᴆῤ ҉⌠Ҋ׆ ̂

Ҋ ̃̆ ̆ Ӟ ӊ  Ȃל

Ҭ ⌠ ṿ ׂ № ᶭ ̆ᶛ
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Ҭ ᾣ ⌠ ṿ ṿ ᾣ ֟

Ȃ Ӟ Ҭ ̆‗ ԅ ᵥ

ṿ׆ ᵞ ȁḠ ԊᶛȂ 

 

 6-16 FEE  

 

 

 6-17 └  
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6.8  

≠ ֒ Ҭ Ҭ ₮ VME ԅ

֒ ₮ ̆ ᶛ ԅ ֒

ᵣ ᵬ ץ ’Ȃ ғ ᴆ ҍ

№ ̆ ԅ ᵬ ’ҍ Ӟ̆ ԅ DAQ ׆

ȁԊᶛ ⌠ ᴆ ѿ ᵬ ҍ Ȃ 
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7   

҉ѿ Ҭץ AD ҹ ׃̆ ԅ ᵬ ’̆

׃ ҹ ֒ D̆AQ

Ȃ 

7.1 RPC DAQ  

֒ ╠ ₮ №ҹң ̆ PMT ҍ

RPC Ȃ ҍ ℗ ̆Ḡ

ң ӊ ̆ ҩ Ȃ ӊ╠

⌠ ҍ ῏ ̆ PMT ₮ Ȃ

RPC ₮ ҍ PMT ῃҌ ̆ RPC

₮ [62]̂  7-1̃̆ ₮ Ӟ Ạ₮ҍӊ

Ȃ 

 

 7-1 RPC ₴
 

RPC ₮ ᴆ Readout Modulê ROM̃ VME
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ᶫ Ȃ ҩ ѿҩ RPC ₮

VME ̆ѿҩ Ҭ ғֽ ѿ ROM ᴆ̆ ROM ᴆ

ᾣ ԅ 6 ReadOut Transceiver̂ROT̃ ̆ ROT

ץ 16 Front-End Card (FEC)̆ FEC 32ҩ ₮ Ȃ ̆

ҩ VME Ҭ ѿ ᵖҌ ҍ RPC Trigger Module

̂RTM Ȃ̃ 

ԍ R̆PC ᴆ ₮ҍ PMT

≢ ԍ̆RPC Ҭ Ḥ ̆ ₮

Ȃ ғ DAQ VME ⌠

Ҭ̆ ԅ ԍҌ trigger FEC Ȃ DAQ

₮ Ҭ ҩ FEC Ҭ ̆ ҍӊ

FEC Ȃ 

╠ DAQ RPC ₮ ԅң Ȃ ѿ

ҹ̔ ѿ ₮ Ҭ ⌠ ῃѿ FEC

̆ ῒ ҹѿҩ Ԋᶛ̆ ᴨ ᴆҬ Ԋᶛץ

Ữ̆ᵖ ҹ RPC ₮ ҩԊᶛ

̆ ᴪ ҹԊᶛ ⱴ Ԋᶛ Ḥ Ữ Ȃ

ԋ D̆AQ ῤ Ӱ ₮ Ạѿҩ∆

̆ҽᶛ ̆ ץ FEC ҩ T ҹ ‰̆ Ӈ

DAQ ̂T̆T+ȹT̃ ῤ FEC ⌠ѿ

Ȃҍ ѿ ̆ ᴨ ԅ Ữ ̆ Ӟ

̆ ҹ ᴆҬ ԅ∆ ̆ ֲ №

ѿ ⌠ ҩԊᶛ Ḥ Ȃ 

DAQ RPC ₮ ᵬ ⅞ ₮ ῤ ̆ᵖ

ҹ ₮ ᵬ ҉̆CPU ⱬ ̆

ᴪ ҹ CPU ᵣ Ȃ Ҭ ₮

ׂ Ҭ ̆ ₮ Ȃ   
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7.2 ┼ 

2 Ҭ׃ ֒ ⱳ ̆ ԍ

└ ̔ ᾛץ ҩ ᵬ̆Ӟ ᾛץ

ᴋ ѿ └Ȃ ԍ ̆ ԍ

└ ₮ԅ Ȃ׆ ῏ ̆⌠

└̆ Ạ₮ ѿ Ȃ 

׆ ҉ ̆ Ҋ̆ᴪⱴ῀

MTB ᴆ ҍῒז ᵬ̆

ᴪ ╠ ₮ ̆

Ӟ ᴪ ѿ Ȃ 

׆ ̆ 2.6.2 Ҭ׃ ԅ Ҭ Partition

̆ ѿ ̆ Ӈ ҹ

ץ Partition̆ ҩ Partition

ῤ RC ᴆ ѿ └ ץ Ḡ

Ȃ ̆ ̂physics run modeץ ῒז ̃̆

ԅ supervisor ᴆ └̆supervisor

ԍ RC ᴆҍ IS ᴆ ̆ ≠ ҍ IS ᴆ֜ ץ ῏Ḥ

╠ ̆ ғ ᴆ ̆ RC

ᴆ ῒז ᴆ№ └ Ȃפ ҩ partitionҬ ԅ └

ᴆץ ѿҩ partitionῤ ҍ DAQ └Ȃ 

7.3 Ґ ₴  

ҩ VME ԅѿ ₮ ̆ ₮

Ȃ ҩ ᴪ ѿᴍ

̆ ҩ VME ₮ ᴪ׆

╠ Ҭ Ȃ 

Ҋ ₮ Ҭ̆ ⌠ ҍ
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ΐᵣ ̆ᶛ AD ┴ ̆ ҍ RPC

Ȃ ₮ Ҍֽ IS ᴆ

Ḥ ̆ ҍ Ạ₮∞ ץ̆

Ȃ 

7.4  

ҩ ѿҩ ₮ VME ̆ ҩ ץ ᵬ ѿҩ

Ȃ ԍ ̆Ҍ ᾧ ⌠

Ȃ 

7.4.1 Ὺ  

ᾢ ֓ ̆ ╠ ѿҩ

ѿ ̆ ץ Ҭ̆

ΐᵣ ̆ ҩ ᴆӞ ᴪ ̆ DAQ

ҍ ҹѿҩ ץ ̆ Ḃ

Ạ₮ Ȃ 

7.4.2 ∑ 

ԍ ↕̆DAQ ̆ ₮

ⱴ ҬԊᶛ ̆ ׆̆

ѿ ҹ ѿ Ȃ 

7.4.3 ᵣ  

 7-2 ̆ ╠ ԅң Ȃ ѿ ̆

ҩ ҍ ̆ ROS

EFD SFŎ ѿҩ ROS ԍѿҩ EFD̆ Ҍ SFO

̆ ѿ Ῥ Ȃ ᴨ ̆

ѿ ̆ ̆ SFO ⱬȂ

ԋ ̆ѿҩ № ҈ҩ EFD̆ №≢ ADȁWPȁRPC
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̆ EFD ԅ ѿ ̆ ѿ

Ҍ ̆ӊ EFDῬ ҈ҩ

SFŎ SFO Ῥѿ ̆ ѿ ̆

ҩ ᴨ ץ EFD № SFO ⱬ̆p ң

҉ᴪ Ȃ ̆

ΐᵣ ץ’ ᴆ ‗ ᶃ Ȃ 

 

ЃaЄ SFO ҅  

 

ЃbЄ EFD ҅ ЇSFO ԑ  

 7-2 ҩ  

7.5  

׃ ԅ ֒ ԍ

̆ ԅ RPC ̆

Ҋ └ ̆ Ҋ ₮ ̆

ғ ̆ ԅ Ȃ 
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8  ֘ miniDryRun  

8.1 miniDryRun ב  

2009 12 21 ⌠ 2010 1 12 ֒ ԅ ԍ

AD ̆ ҹ miniDryRun Ȃ Ҭ ᶏ ԅѿҩ

AD ̆ ғ ᴆ ῃ ⌠ᵝȂ  8-1

miniDryRun Ҭ AD Ḳ [63]Ȃ Ҭᶏ ԅᵝԍ ladder #7

24ҩPMT, ץ ѿҩᵝԍAD ladder #7 2ò calibration PMTȂ 

 

 8-1 miniDryRun Ҳ ADḸ  

miniDryRun Ҭ ᵝԍ ̂surface 

assembly buildinğ SAB̃Ȃ ̔ѿҩ 48

ѿ̆ҩ 48 PMT decoupler ѿ̆ҩ ԅ └ ȁLTB ȁ

₮ ץ 3 16 ₮ FEE VME ̆  8-2 Ȃ 
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 8-2 miniDryRun Ҳ  

Ҭ 25ҩPMT ⌠FEE 25ҩ ₮ ̆

ӊױ ῏  8-1 Ȃ 

 8-1 miniDryRun Ҳ PMTғ FEE ῗ  

 

└ ᵝԍ SAB̆ Ҭ Ҋ

ᴆ ꜚᴰ ҍ LBNL̂Lawrence Berkeley National 

Laboratorỹ Ȃ 

miniDryRun Ҭ̆ PMTȁ ȁDAQȁACU LEDȁ

῏ ԅ ѿ ҹ Ȃ Ҭ ԅ ҩ

ᵬ ץ’ ӊ ’̆ ғ≠ LED

ԅ∆ Ȃ Ҋ ѿ ῤ Һ ׃ ≠ LED
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№ Ȃ 

8.2 ԓ miniDryRun  

8.2.1 ӎ 

֒ Ҭ ץ ʃ13ҹ ̆ Ҭ Ҭ Ԋᶛ =

⌠ Ҭ Ԋᶛ /̂ *Ԋᶛ *ῒ ̃̆

ᴪ ʃ13 Ȃ ̆ ҹ ṿ ᴪ

̆ᶛ ESum( ) ṿ ̆ Nhit(

Ḥ PMT ) ṿ ̆ ᴪ ⌠ ᵞ̆

₮ ṿ ’̆Ḃ ṿ ⌠ѿ

ᵬ ̆ᶏ ṿ ̆ Ҍ Ԋᶛ

Ȃ 

8.2.2  

miniDryRun Ҭ̆ LED Ԋᶛ Ȃ

Ҋ̔ ꜚᵝԍ AD Ҭ PMT ladder #7 ╠ LED

̂ao0̃ ᾣ̆ᵝԍ ladder #7 24ҩ PMTҍ2ò calibration PMT⌠

ᾣ ̆ ₮ ῀ FEE ̆FEE ῏

Ḥ ESumץ ₯Ҭ Ḥ Nhit LTB ̆LTB

ҍ ṿ ₮ ∞ ̆ ᴆ

ꜚ FEEץ LTB ₮̆DAQ ᴪ ⌠ Ԋᶛ Ȃ

⌠ № runҬ L̆ED ᾣ ҹ 400Hz̆

ғFEE ṿ ҹ750̂ ~2.5mV~0.25p.e. in 2e7 PMT gaiñȂ 

҉ ⌠ Ḃ LEDԊᶛ Ȃ

= LEDԊᶛ /LED ᾣ Ȃ ᾢẊ

LED ᵬ ῤ Ạ⌠ ᾣ̂ ҉ miniDryRun Ҭ

⌠ LED №ӊ₃ ₃ ᾣ[64]̃̆ LED ᾣ =

LED ᾣ * ҩ Ҭᾛ Ȃ ҉ ̆
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῏ ̆ ԍ ⌠ LEDԊᶛ ̆ ᵥ׆ ᴆ

Ҭ Ԋᶛ ̆ LEDԊᶛ Ȃ 

׆ Ҭ LED Ԋᶛ̆ ᾢ ԅ LED Ԋᶛ ȂLTB

҉ ԅ Ḥ ̆ ⌠ LTB 12.5nsȂ ԍ

LED ᾣ ̆ ץ ⌠̆ LEDԊᶛ֟ ӊ

Ӟ ₮ № Ȃ  8-3 ̆

Ҭ№ 2.5ms̆ ץ 2.5ms Ṑ ᵝ ̆ Ӟ ₮

Ҍ ↕ № ̆ ҹ ԅ LEDԊᶛ ̆ ᴪ ѿ֓ Ԋᶛ̂Һ

muoñ Ȃ 2.5ms Ҭ№ ↨ ԅ LED ᾣ

̆ 2.5ms*N̂ N ҹ ̃ № ↕ Ԋ

ᶛӊ ҡ ԅ N-1ҩ LEDԊᶛȂ LEDԊᶛҡ Һ ҈ ̔

ѿ̆LED ⱳ ᾣ̕ ԋ̆LTB ⌠ Ḥ ̂ ₯Ҭ

̃ ̆ ₮ ׆̆ Ԋᶛ ⱳ ̕

҈̆ Ԋᶛ ԅ LEDԊᶛȂ 

 

 8-3 trigger time interval 
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(a)run711 ẅҿ nhit>=5   (b)run724 ẅҿ nhit>=17 

 8-4 Ғ ẅ ᴌҐ trigger interval 

 8-4 Ҭץң Ҍ ṿ Ҋ ҹᶛ

№ Ȃ a Ҭ ԅ run711 ̆Nhit ̆ ṿ

ҹNhit 5̆ ҹ ṿ ᵞ̆ LED Ԋᶛ ҡ

̆ Ẓ ̆ ̂ ԍ LED ᾣ

400Hz̃̆run711 ҹ 432HzȂ b ԅ run724

̆ Nhit ̆ ṿ ҹNhit 17̆ ҹ ṿ ̆

⁞ ̆ LEDԊᶛҡ ᶛ̆

ᵞ̆run724 ҹ 44HzȂ 
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8.2.3 ҅  

 

 8-5 ⅎ ‟ 

ԍ҉ѿ Ҭ῏ԍ LEDԊᶛ ̆ ᾢ ׆

Ҭ ₮ LED Ԋᶛ ᵬҹ Ԋᶛ ∞ᶭ

̆ ѿ LEDԊᶛ triggerInterval = NT ± ЎT Ὲ̆

Ҭ Tҹ LED ᾣ 2.5ms̆ ЎTҹ ᾛץ ꜚ Ȃ׆  8-5

Ҭ № ץ ⌠̆ ҩ №

250ns ̆ ץ ЎT ᾛ ꜚ ҹ 250nsȂ

ԅ T ҍЎT ̆ triggerInterval = N × 2.5ms ± 250ns̆׆

ᴆҬ ᴆ LEDԊᶛ ̆ ⌠ ѿ run  8-6

̆ run708⌠ run725 ѿ ̆ ҹ Nhit̆

ṿ׆Nhit 2ѿ ⌠Nhit 18̆LED ꜚ ҹ-7.2VȂ 

 8-6 Ҭ ̆Ҍ ᾧ Ԋᶛ

̔ ᾢ̆ ңҩ LEDԊᶛӊ ₮ Ԋᶛ̆ᴪ ѿҩ

LED № ҹңҩ ̕ῒ ̆ ң

ҩ Ԋᶛ Ẽ ԅ LED ̆Ӟᴪᴺ LED Ԋᶛ




























































































