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What	
  is	
  JANA?	
  
•  JLab	
  ANAlysis	
  framework	
  (more	
  accurately,	
  a	
  

reconstruc)on)	
  framework	
  
•  C++	
  framework	
  that	
  formalizes	
  the	
  organizaMon	
  of	
  
algorithms	
  and	
  data	
  transfer	
  for	
  event	
  based	
  
processing	
  

•  MulM-­‐threaded	
  event	
  processing	
  
•  Numerous	
  addiMonal	
  features:	
  

–  ConfiguraMon	
  parameters	
  
–  Web-­‐based	
  Resource	
  retrieval	
  
–  Plugins	
  
–  AutomaMc	
  ROOT	
  tree	
  creaMon	
  
–  CalibraMon	
  DB	
  API	
  

2/11/14	
   JANA	
   2	
  



Colorized	
  and	
  
grouped	
  w/	
  

labels	
  

ANALYSIS

BCAL

CDC

FCALFDC

PID

TOF

TRACKING

DAnalysisResults
76.20 ms (7620.1%)

DAnalysisResults:PreKinFit
38.13 ms (3813.2%)

10 calls
12.17 s

1216769.7%

DParticleCombo
268.00 us ( 26.8%)

10 calls
1.01 ms
100.5%

DAnalysisUtilities
25.58 ms (2558.5%)

4 calls
25.49 ms
2564.7%

DBeamPhoton
198.00 us ( 19.8%)

20 calls
0.00 us
  9.4%

DChargedTrack
1.56 ms (155.6%)

20 calls
0.00 us
 10.5%

DMCThrown
332.00 us ( 33.2%)

11 calls
0.00 us
 18.9%

DMCThrownMatching
966.00 us ( 96.6%)

30 calls
962.00 us
116.5%

DNeutralParticle
439.00 us ( 43.9%)

20 calls
432.00 us

 55.0%

DParticleCombo:PreKinFit
9.42 s (942237.2%)

10 calls
12.10 s

1210193.9%

DParticleID
389.00 us ( 38.9%)

1 calls
0.00 us
  8.1%

DChargedTrackHypothesis
8.13 ms (812.9%)

10 calls
2.62 s

262463.0%

10 calls
0.00 us
  2.9%

10 calls
0.00 us
 14.3%

10 calls
0.00 us
  0.5%

10 calls
0.00 us
  0.4%

DChargedTrackHypothesis:Reaction
184.00 us ( 18.4%)

10 calls
0.00 us
  0.2%

DNeutralParticleHypothesis
23.02 ms (2301.6%)

10 calls
0.00 us
  1.6%

10 calls
0.00 us
 11.6%

10 calls
0.00 us
  0.6%

DKinFitResults
594.00 us ( 59.4%)

10 calls
731.00 us

 73.1%

10 calls
0.00 us
 10.4%

10 calls
469.00 us

 46.9%

DEventRFBunch
22.02 ms (2201.6%)

10 calls
0.00 us
  1.1%

10 calls
22.97 ms
2296.8%

DParticleComboBlueprint
29.68 ms (2967.9%)

10 calls
2.66 s

265601.5%

DParticleID:PID1
0.18 s (17865.8%)

1 calls
0.18 s

17865.8%

DBCALShower:KLOE
2.05 ms (205.1%)

DBCALGeometry
231.00 us ( 23.1%)

11 calls
212.00 us

 23.1%

DBCALHit
187.00 us ( 18.7%)

20 calls
0.00 us
 18.7%

DCDCTrackHit
0.71 s (71462.5%)

DCDCHit
88.00 us (  8.8%)

10 calls
0.00 us
  8.8%

DMCTrackHit
356.00 us ( 35.6%)

10 calls
0.00 us
 27.9%

1 calls
0.18 s

17889.5%

10 calls
0.00 us
  0.2%

10 calls
22.01 ms
2200.6%

DFCALShower
98.44 ms (9843.5%)

10 calls
0.00 us
  0.2%

DSCHit
84.00 us (  8.4%)

10 calls
0.00 us
  1.0%

DTOFPoint
1.31 ms (131.3%)

10 calls
0.00 us
  3.1%

DTrackTimeBased
0.17 s (17497.0%)

10 calls
2.42 s

241564.2%

10 calls
0.00 us
  0.8%

10 calls
0.00 us
  0.1%

10 calls
0.00 us
  0.1%

10 calls
0.00 us
  1.0%

10 calls
0.00 us
  2.3%

DTrackTimeBased:Reaction
171.00 us ( 17.1%)

10 calls
244.00 us

 24.4%

1 calls
0.00 us
  1.3%

DFCALCluster
683.00 us ( 68.3%)

10 calls
1.27 ms
127.2%

DTOFHit
1.24 ms (124.0%)

10 calls
1.37 ms
137.0%

1 calls
0.00 us
  0.4%

10 calls
2.46 ms
245.8%

54 calls
0.00 us
  5.1%

10 calls
99.70 ms
9969.5%

10 calls
0.00 us
  6.4%

10 calls
2.63 ms
262.9%

DFDCPseudo
0.29 s (29327.1%)

54 calls
0.00 us
  3.8%

DTrackFitter
324.00 us ( 32.4%)

1 calls
0.37 s

36913.0%

DTrackHitSelector
318.00 us ( 31.8%)

54 calls
0.00 us
  6.7%

DTrackWireBased
0.41 s (41450.4%)

10 calls
1.77 s

176653.6%

10 calls
0.00 us
  7.3%

DEventProcessor_b1pi_hists

10 calls
12.24 s

1224490.3%

DFCALGeometry
386.00 us ( 38.6%)

1 calls
324.00 us

 32.4%

DFCALHit
203.00 us ( 20.3%)

10 calls
0.00 us
 26.5%

10 calls
0.00 us
  6.2%DFDCCathodeCluster

1.16 ms (116.4%)
DFDCHit

694.00 us ( 69.4%)

10 calls
0.00 us
  6.8%

10 calls
0.00 us
  7.7%

10 calls
1.23 ms
123.2%

10 calls
0.00 us
 62.6%

DFDCSegment
24.65 ms (2464.7%)

10 calls
0.30 s

29513.3%

10 calls
0.00 us
 11.8%

1 calls
0.00 us
  1.9%

10 calls
0.00 us
  1.1%

DNeutralShower
337.00 us ( 33.7%)

10 calls
0.00 us
  7.3%

10 calls
0.00 us
  0.1%

10 calls
0.00 us
  8.3%

10 calls
0.00 us
  0.9%

10 calls
2.63 s

262605.2%

10 calls
357.00 us

 35.7%

DTOFRawHit
130.00 us ( 13.0%)

10 calls
0.00 us
 13.0%

DTrackCandidate
63.85 ms (6385.3%)

10 calls
0.00 us
  1.4%

DTrackCandidate:CDC
35.17 ms (3516.9%)

10 calls
0.75 s

74999.9%

DTrackCandidate:FDCCathodes
0.22 s (21762.2%)

10 calls
0.54 s

53740.2%

10 calls
0.71 s

71483.0%

10 calls
0.32 s

31978.0%

DTrackFitter:KalmanSIMD_ALT1
0.37 s (36893.0%)

1 calls
0.37 s

36893.0%

DTrackHitSelector:ALT1
203.00 us ( 20.3%)

10 calls
114.00 us

 20.3%

1 calls
0.00 us
  5.4%

85 calls
0.00 us
  9.7%

85 calls
0.00 us
  3.5%

10 calls
1.35 s

135126.8%

1 calls
0.00 us
 12.4%

85 calls
356.00 us

 45.4%
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Status	
  of	
  GlueX	
  
Reconstruc1on	
  

So2ware	
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Distributed	
  CompuMng	
  in	
  GlueX	
  

•  Online	
  systems	
  
– Monitoring	
  farm	
  (ET)	
  
– L3	
  trigger	
  farm	
  	
  (ET)	
  

•  Offline	
  systems	
  
– Raw	
  data	
  reconstrucMon/analysis	
  (Auger/PBS)	
  
– SimulaMon	
  (Open	
  Science	
  Grid/Auger/PBS)	
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L3#and#monitoring#architecture#
for$2013$Online$Data$Challenge$

EB# ER#

L3#and#monitoring#processes#
are#decoupled.#They#could#run#
on#same#nodes#though#if#
desired.#

gluon44* halldraid1 

gluon45* 

gluon100, gluon101, 
gluon102, gluon103, 

gluon40, gluon41, 
gluon42, gluon43, 
gluon44, gluon45 

gluon23, 
gluon40*, 
gluon41* 

gluon20, 
gluon21, 
gluon22  

* node is running L3 

*n.b.	
  all	
  L3	
  machines	
  connected	
  via	
  InfiniBand	
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OSG	
  Context	
  
•  Open	
  Science	
  Grid	
  –	
  founded	
  2004	
  
•  primary	
  driver	
  supporMng	
  LHC	
  experiments	
  in	
  N/S	
  America	
  
•  over	
  75,000	
  cores,	
  running	
  a	
  distribuMon	
  of	
  Linux	
  
•  sites	
  at	
  72	
  insMtuMons	
  including	
  42	
  universiMes,	
  90	
  sites	
  (US,	
  Brazil)	
  
•  centrally	
  managed	
  and	
  operated	
  by	
  full-­‐Mme	
  staff	
  (GOC	
  @	
  I.U.)	
  

Richard	
  Jones	
  
GlueX	
  CollaboraMon	
  MeeMng,	
  
Newport	
  News,	
  Feb.	
  21-­‐23,	
  
2013	
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Achievements	
  
•  cpu	
  availability	
  was	
  very	
  high	
  (>10,000	
  cores	
  peak)	
  
•  producMon	
  efficiency	
  was	
  not	
  great	
  (40	
  –	
  60%)	
  
•  part	
  of	
  inefficiency	
  is	
  due	
  to	
  pre-­‐empMon	
  (opportunisMc)	
  
•  understanding	
  sources	
  of	
  inefficiency	
  is	
  reason	
  why	
  we	
  stopped	
  @5B	
  events	
  

Richard	
  Jones	
  
GlueX	
  CollaboraMon	
  MeeMng,	
  
Newport	
  News,	
  Feb.	
  21-­‐23,	
  
2013	
  



Backup	
  Slides	
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A	
  closer	
  look	
  at	
  janadot	
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Associated	
  Objects	
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Cluster	
  
(calorimeter)	
  

Hit	
  

Hit	
  

Hit	
  

Hit	
  

track	
  

MC	
  
generated	
  

Hit	
  

Hit	
  

Hit	
  

Hit	
  

object	
  

associated	
  
objects	
  

o 	
  A	
  data	
  object	
  may	
  be	
  associated	
  
with	
  any	
  number	
  of	
  other	
  data	
  
objects	
  having	
  a	
  mixture	
  of	
  types	
  

vector<const DCluster*> clusters;!
loop->Get(clusters);!
for(uint i=0; i<clusters.size(); i++)!
{!

!vector<const DHit*> hits;!
!clusters[i]->Get(hits);!
!// Do something with hits …!

}!

o 	
  Each	
  data	
  object	
  has	
  a	
  list	
  of	
  
“associated	
  objects”	
  that	
  can	
  be	
  
probed	
  using	
  a	
  similar	
  access	
  
mechanism	
  as	
  for	
  event-­‐level	
  object	
  
requests	
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ConfiguraMon	
  Parameters	
  

MIN_SEED_HITS = 4;!
MAX_STEP_SIZE = 3.0; // cm!
!
!
!

gPARMS->SetDefaultParameter("TRKFIND:MIN_SEED_HITS",MIN_SEED_HITS);!
gPARMS->SetDefaultParameter("TRK:MAX_STEP_SIZE" , MAX_STEP_SIZE!

!, "Maximum step size in cm to take when swimming a track with adaptive step sizes");!

in	
  a	
  factory’s	
  init	
  method	
  one	
  might	
  write	
  …	
  
Variables	
  are	
  data	
  
members	
  of	
  factory	
  class	
  

Value	
  may	
  be	
  overwriMen	
  if	
  user	
  
specifies	
  a	
  value	
  at	
  run	
  )me	
  

NEW:	
  Op)onal	
  3rd	
  argument	
  allows	
  
descrip)on	
  to	
  be	
  stored	
  with	
  parameter	
  

2/11/14	
   JANA	
  

Ø 	
  Parameters	
  can	
  be	
  set	
  via	
  command	
  line	
  or	
  configuraMon	
  file	
  

Ø 	
  Complete	
  list	
  of	
  parameters	
  can	
  be	
  dumped	
  using	
  opMon	
  --dumpconfig!

Ø 	
  Parameters	
  can	
  read	
  in	
  using	
  opMon	
  --config=filename!
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Example	
  ConfiguraMon	
  Parameter	
  dump	
  file	
  



Plugins	
  
•  JANA	
  supports	
  plugins:	
  pieces	
  of	
  code	
  that	
  can	
  be	
  apached	
  

to	
  exisMng	
  executables	
  to	
  extend	
  or	
  modify	
  its	
  behavior	
  
•  Plugins	
  can	
  be	
  used	
  to	
  add:	
  

–  Event	
  Processors	
  
–  Event	
  sources	
  
–  Factories	
  (addiMonal	
  or	
  replacements)	
  

•  Examples:	
  
–  Plugins	
  for	
  creaMng	
  DST	
  skim	
  files	
  

•  ReconstrucMon	
  is	
  done	
  once	
  with	
  output	
  to	
  mulMple	
  files	
  
•  hd_ana --PPLUGINS=kaon_skim,ppi+pi-_skim run012345.evio	
  

–  Plugins	
  for	
  producing	
  subsystem	
  histograms	
  
•  Single	
  ROOT	
  file	
  has	
  histograms	
  from	
  several	
  pieces	
  of	
  code	
  
•  hd_root --PPLUGINS=bcal_hists,cdc_hists,tof_hists ET:GlueX!
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Factory	
  Model	
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STOCK	
  

MANUFACTURE	
  

in	
  
stock?	
  

ORDER	
  

PRODUCT	
  

YES	
  

NO	
  

FACTORY	
  
(algorithm)	
  

STOCK	
  

MANUFACTURE	
  

in	
  
stock
?	
  

YES	
  

NO	
  
FACTORY	
  

STOCK	
  

MANUFACTURE	
  

in	
  
stock
?	
  

YES	
  

NO	
  
FACTORY	
  

Data	
  on	
  demand	
  =	
  Don’t	
  do	
  it	
  unless	
  you	
  need	
  it	
  
Stock	
  =	
  Don’t	
  do	
  it	
  twice	
  

ConservaBon	
  
of	
  CPU	
  cycles!	
  



Complete	
  Event	
  ReconstrucMon	
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Event	
  
Loop	
  

Event	
  
Processor	
  

Event	
  
Source	
  

HDDM	
  File	
  
EVIO	
  File	
  

ET	
  system	
  
Web	
  Service	
  

User	
  supplied	
  code	
  

Fill	
  histograms	
  
Write	
  DST	
  
L3	
  trigger	
  

Framework	
  has	
  a	
  layer	
  that	
  
directs	
  object	
  requests	
  to	
  

the	
  factory	
  that	
  completes	
  
it	
  

This	
  allows	
  the	
  
framework	
  to	
  easily	
  
redirect	
  requests	
  to	
  
alternate	
  algorithms	
  

specified	
  by	
  the	
  user	
  at	
  
run	
  )me	
  

Mul)ple	
  algorithms	
  
(factories)	
  may	
  exist	
  in	
  
the	
  same	
  program	
  that	
  
produce	
  the	
  same	
  type	
  

of	
  data	
  objects	
  



MulM-­‐threading	
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Event	
  
Processor	
  

Event	
  
Source	
  

thread	
  

thread	
  

thread	
  

thread	
  

o 	
  Each	
  thread	
  has	
  a	
  complete	
  
set	
  of	
  factories	
  making	
  it	
  
capable	
  of	
  completely	
  
reconstruc)ng	
  a	
  single	
  event	
  

o 	
  Factories	
  only	
  work	
  with	
  
other	
  factories	
  in	
  the	
  same	
  
thread	
  elimina)ng	
  the	
  need	
  
for	
  expensive	
  mutex	
  locking	
  
within	
  the	
  factories	
  

o 	
  All	
  events	
  are	
  seen	
  by	
  all	
  
Event	
  Processors	
  (mul)ple	
  
processors	
  can	
  exist	
  in	
  a	
  
program)	
  



Memory	
  prices	
  for	
  last	
  2	
  decades	
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2000	
   2010	
  

$U
S/
M
B	
  

1	
  

0.1	
  

0.01	
  

Memory	
  Prices	
  
trend:	
  ÷2.5	
  every	
  2	
  years	
   trend:	
  ×2.4	
  every	
  2	
  years	
  

Memory	
  Requirements	
  

David	
  Lawrence	
  2010	
  

Memory	
  cost	
  for	
  a	
  desktop	
  computer	
  has	
  been	
  roughly	
  
constant	
  over	
  the	
  last	
  2	
  decades.	
  
	
  
The	
  cost	
  of	
  a	
  desktop	
  system	
  has	
  been	
  roughly	
  
constant	
  so	
  this	
  keeps	
  memory	
  at	
  a	
  constant	
  fracMon	
  
of	
  the	
  total	
  cost.	
  



MulMple	
  cores	
  +	
  memory	
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2002	
  -­‐	
  2014	
  

Mul)-­‐core	
  processors	
  are	
  already	
  here	
  and	
  commonly	
  used.	
  
Industry	
  has	
  signaled	
  that	
  this	
  will	
  be	
  the	
  trend	
  for	
  the	
  next	
  
several	
  years.	
  Consequence:	
  Parallelism	
  is	
  required	
  

Number of processing threads
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16 threads

8 threads

4 threads

2 threads

1 threads

ifarml6 - 8core + 8ht   2.8GHz nehalem (x5560)

   100 eventsπ
1

b→pγJANA:   5/18/2010 DLRAM usage vs. time

Maintaining	
  a	
  fixed	
  memory	
  capacity	
  per	
  core	
  will	
  
become	
  increasingly	
  expensive	
  due	
  to	
  limita)ons	
  on	
  
the	
  number	
  of	
  controllers	
  that	
  can	
  be	
  placed	
  on	
  a	
  
single	
  die	
  (#pins).	
  
	
  
Predic)on	
  is	
  that	
  number	
  of	
  cores	
  in	
  the	
  “Many-­‐core	
  
Era”	
  will	
  increase	
  faster	
  than	
  Moore’s	
  law	
  adding	
  to	
  
the	
  difficulty	
  in	
  maintaining	
  a	
  fixed	
  memory	
  
capacity	
  per	
  core.	
  



top	
  

Memory	
  usage	
  is	
  
between	
  3	
  GB	
  and	
  4	
  
GB	
  for	
  single	
  process	
  
running	
  with	
  48	
  
processing	
  threads	
  
	
  
	
  
CPU	
  completely	
  
uMlized	
  in	
  user	
  space	
  
(like	
  we	
  want	
  it!)	
  
	
  
	
  
Negligible	
  Mme	
  
spent	
  sleeping	
  in	
  
mutex	
  locks	
  or	
  
system	
  calls	
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I/O	
  Scaling	
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Mul)ple	
  processes	
  
simultaneously	
  reading	
  
and	
  wri)ng	
  to	
  the	
  same	
  
local	
  disk	
  will	
  cause	
  the	
  
disk	
  head	
  to	
  thrash,	
  
ul)mately	
  leading	
  to	
  an	
  
I/O	
  boMleneck	
  

Mul)ple	
  threads	
  will	
  
stream	
  events	
  from	
  a	
  
single	
  file	
  leading	
  to	
  
much	
  less	
  compe))on	
  
for	
  the	
  head	
  posi)on	
  


