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Only 23 bubbles shown in this picture. 
Many more people have contributed 
to the development of the other 85 

smaller bubbles. 

We have 177 contributors 
in our CREDITS file 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ROOT: one core only 

with PROOF 

with PROOF‐LITE 



Support for many compilers 
adds robustness at a minor 

development cost. 
It facilitates the migration to 

new compiler versions. 



http://root.cern.ch 

Simple and 
standard 
solution in 
most OS 
projects 







This must be 
improved 
on all sides. 
Conflict 
between 

stability 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features 



A large fraction of 
the developers 

time 



More than 20000 users 
16000 FTP‐only distributions 

of binaries per month. 
Many more from SVN source 

or AFS access 



From a mail received 
this morning : 



Total Physical Source Lines of Code (SLOC)     = 2,281,981 
Estimated Person‐Years(Months)                       = 827.18 
(9,926.20) 
Schedule Estimate, Years (Months)                   = 6.88 (82.55) 
Estimated Average Number of Developers     = 120.24 
Total Estimated Cost to Develop                         = $ 111,741,241 

 (Basic COCOMO model, Person‐Months = 2.4 * (KSLOC**1.15)) 
 (Basic COCOMO model, Months = 2.5 * (person‐
months**0.38)) 
 (average salary = $56,286/year, overhead = 2.40). 

Estimation by a public tool 
of  manpower, time to 
develop and total cost 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  Parallel coordination of distributed ROOT sessions 
  Transparent: extension of the local shell 
  Scalability: small serial overhead 

  Multi‐Process Parallelism 
  Easy adaptation to broad range of setups 
  Less requirements on user code 

  Process data where they are, if possible 
  Minimize data transfers 

  Event‐level dynamic load balancing via a pull architecture 
  Minimize wasted cycles 

  Real‐time feedback 
  Output snapshot sent back at tuneable frequency 

  Automatic merging of results 
  Optimized version for multi‐cores (PROOF‐Lite) 



CERN Analysis Facility￼ 
 112 cores, 35 TB 

 Target: 500 cores, 110 TB￼ 

 Prompt analysis of 
sele
cted data, calibration, alignment, fast simulation  

 5‐10 concurrent users 

 ~80 users registered￼ 

GSI Analysis Facility, Darmstadt￼ 
 160 cores, 150 TB Lustre  

 Data analysis, TPC calibration 

 5‐10 users 

 Performance: 1.4 TB in 20 mins 

Other farms: JINR, Turin 

Wisconsin 
 200 cores, 100 TB, RAID5 

 Data analysis (Higgs searches)  

  I/O perfomance tests w/ multi‐RAID  

 PROOF‐Condor integration 

 ~20 registered users 

BNL 
 112 cores, 50 TB HDD, 192 GB SSD 

  I/O perfomance tests with SSD, RAID 

 Tests of PROOF cluster federation 

 ~25 registered users 

Test farms at LMU, UA Madrid, UTA, Duke, 

Manchester 

ALICE  ATLAS 



  NAF: National Analysis Facility at DESY 
  ~900 cores shared w/ batch under SGE 
  ~80 TB Lustre, dCache 
  Data analysis for ATLAS, CMS, LHCb et ILC 

  PROOF tested by CMS groups 
  ~300 registered users 

  CC‐IN2P3, Lyon 
  160 cores, 17 TB HDD 
  LHC data analysis  

  Purdue University, West Lafayette, USA 
  24 cores, dCache storage 
  CMS Muon reconstruction 

  ... 



  PROOF optimized for single many‐core machines 
 Zero configuration setup. No config files and no daemons 
 Workers are processes and not threads for robustness 
 Like PROOF it can exploit fast disks, SSD’s, lots of RAM, fast 
networks and fast CPU’s  
 Once your analysis runs on PROOF Lite it will also run on 
PROOF (with exactly the same user code) 

ROOT: one core only  with PROOF‐LITE 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