
	
  
Computa)onal	
  Efficiency	
  in	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Experimental	
  High	
  Energy	
  Physics	
  	
  
or	
  

how	
  to	
  convert	
  100TB/s	
  into	
  a	
  Nobel	
  prize	
  
	
  
	
  

Vincenzo	
  Innocente	
  
(CMS	
  Experiment	
  &	
  CERN/	
  PH-­‐SFT)	
  

Advanced	
  Performance	
  Tuning	
  Workshop	
  
CERN	
  

November	
  22th,	
  2013	
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ParRcle	
  Physics	
  FronRers	
  
Only	
  by	
  exploring	
  these	
  3	
  fronRers	
  we	
  can	
  find	
  
the	
  answers	
  to	
  the	
  most	
  fundamental	
  quesRons	
  
of	
  the	
  mankind:	
  
•  What	
  is	
  the	
  universe	
  made	
  of?	
  
•  What	
  are	
  the	
  rules	
  that	
  govern	
  its	
  evoluRon?	
  
•  What	
  are	
  its	
  origins?	
  
•  What	
  is	
  its	
  desRny?	
  



European	
  OrganizaRon	
  for	
  Nuclear	
  Research	
  
Founded	
  in	
  1954	
  by	
  12	
  countries.	
  
2012:	
  20	
  member	
  states	
  
More	
  than	
  10,000	
  users	
  all	
  around	
  the	
  world	
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CERN 



DATA	
  PROCESSING	
  IN	
  HEP	
  (LHC)	
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LHC	
  :	
  27	
  km	
  long	
  
100m	
  underground	
  

General	
  Purpose,	
  
pp,	
  heavy	
  ions	
  

CMS 
+TOTEM	
  

ATLAS	
  

Heavy	
  ions,	
  pp	
  

ALICE	
  

pp,	
  B-­‐Physics,	
  
CP	
  ViolaRon	
  

The	
  Large	
  Hardon	
  Collider	
  at	
  CERN	
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Bunch Crossing! 4 107 Hz

7x1012 eV ! Beam Energy
1034 cm-2 s-1 ! Luminosity
2835 ! Bunches/Beam 
1011 ! Protons/Bunch

7 TeV Proton Proton 
colliding beams 

Proton Collisions! 109 Hz

Parton Collisions 

New Particle Production ! 10-5  Hz 
(Higgs, SUSY, ....)!

p pH

µ+

µ-

µ+

µ-

Z

Z
p p

e- νe

µ+

µ−

q

q

q

q
χ1

-

g~

~

χ2
0~

q~

χ1
0~

Selection of 1 event in 10,000,000,000,000

7.5 m  (25 ns)

Collisions	
  at	
  the	
  LHC:	
  summary	
  



Data Flow 
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LEVEL-1 Trigger 
Hardwired processors  (ASIC, FPGA)  
  Pipelined massive parallel 

HIGH LEVEL Triggers 
  Farms of 

processors

10-9 10-6 10-3 10-0 103

25ns 3µs hour yearms

Reconstruction&ANALYSIS 
TIER0/1/2 

Centers

ON-line OFF-line

sec

Giga Tera Petabit

Natural	
  Parallelism	
  allows	
  
for	
  a	
  throughput	
  oriented	
  
architecture.	
  
Latancy	
  constrains	
  do	
  
exist	
  at	
  all	
  stages:	
  from	
  
microseconds	
  in	
  Trigger	
  
to	
  few	
  weeks	
  in	
  Analysis	
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Detector	
  “onion”	
  structure	
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MUON BARREL	



CALORIMETERS	

 	



Silicon Microstrips	


Pixels	

 	



The image cannot be displayed. Your 
computer may not have enough memory 
to open the image, or the image may have 
been corrupted. Restart your computer, 
and then open the file again. If the red x 
still appears, you may have to delete the 
image and then insert it again.

ECAL	

 Scintillating PbWO4	

 	


Crystals	

 	



 Cathode Strip Chambers (CSC)	


Resistive Plate Chambers (RPC)"

Drift Tube	

 	


Chambers (DT)	

 	

Resistive Plate	

 	



Chambers (RPC)"

The image cannot be displayed. Your computer may not 
have enough memory to open the image, or the image 
may have been corrupted. Restart your computer, and 
then open the file again. If the red x still appears, you 
may have to delete the image and then insert it again.

The image cannot be displayed. Your 
computer may not have enough 
memory to open the image, or the 
image may have been corrupted. 
Restart your computer, and then open 
the file again. If the red x still appears, 
you may have to delete the image and 
then insert it again.

SUPERCONDUCTING	

 	


COIL	



IRON YOKE	



TRACKERs	


MUON	

 	



ENDCAPS	



Total weight : 12,500 t	


Overall diameter : 15 m	


Overall length : 21.6 m	


Magnetic field : 4 Tesla	



HCAL	

 Plastic scintillator	

 	


copper	

 	



 	

 sandwich	



The image cannot be displayed. Your computer may not have enough memory to open the 
image, or the image may have been corrupted. Restart your computer, and then open the file 
again. If the red x still appears, you may have to delete the image and then insert it again.

The image cannot be displayed. Your 
computer may not have enough 
memory to open the image, or the 
image may have been corrupted. 
Restart your computer, and then open 
the file again. If the red x still appears, 
you may have to delete the image and 
then insert it again.

An	
  experiment:	
  CMS	
  
The image cannot be displayed. 
Your computer may not have 
enough memory to open the 
image, or the image may have 
been corrupted. Restart your 
computer, and then open the file 
again. If the red x still appears, you 
may have to delete the image and 
then insert it again.

The image cannot be displayed. Your computer may not have enough memory to open the 
image, or the image may have been corrupted. Restart your computer, and then open the file 
again. If the red x still appears, you may have to delete the image and then insert it again.

The image cannot be displayed. 
Your computer may not have 
enough memory to open the image, 
or the image may have been 
corrupted. Restart your computer, 
and then open the file again. If the 
red x still appears, you may have to 
delete the image and then insert it 
again.
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Data	
  and	
  Algorithms	
  
•  HEP	
  main	
  data	
  are	
  organized	
  in	
  Events	
  (parRcle	
  collisions)	
  
•  SimulaRon,	
  ReconstrucRon	
  and	
  Analysis	
  programs	
  process	
  

“one	
  Event	
  at	
  the	
  Rme”	
  	
  
–  Events	
  are	
  fairly	
  independent	
  of	
  each	
  other	
  
–  “Natural”	
  parallel	
  processing	
  

•  Event	
  processing	
  programs	
  are	
  composed	
  of	
  a	
  number	
  of	
  
Algorithms	
  selecRng	
  and	
  transforming	
  “raw”	
  Event	
  data	
  
into	
  “processed”	
  (reconstructed)	
  Event	
  data	
  and	
  staRsRcs	
  
–  Algorithms	
  are	
  mainly	
  developed	
  by	
  “Physicists”	
  
–  Algorithms	
  may	
  require	
  addiRonal	
  “detector	
  condiRons”	
  data	
  
(e.g.	
  calibraRons,	
  geometry,	
  	
  environmental	
  parameters,	
  etc.	
  )	
  

–  StaRsRcal	
  data	
  (histograms,	
  distribuRons,	
  etc.)	
  are	
  typically	
  the	
  
final	
  data	
  processing	
  results	
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A simplified data-processing 
application	



11	
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A	
  real	
  applicaRon	
  (LHCb	
  Brunel)	
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High	
  Energy	
  Analysis	
  Model	
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In
fo
rm
at
io
n

Tracks

Clusters

ProtoParticles

Digits
(Raw data)

MCHits

MCDigits

Particles

Processing

Comparison

MCDeposits

MCParticles

MC Data Real Data

GenParticlesMonteCarlo 
Simulation follows 
the evolution of 
physics processes 
from collision to 
digital signals  

Reconstruction “goes 
back in time” from 
digital signals to the 
original particles 
produced in the 
collision 

Analysis compares (at statistical level) reconstructed 
events from real data with those from simulation 

now also for the general public:  
http://cms.web.cern.ch/content/cms-physics-masterclass  



Analogies	
  with	
  Industry	
  
•  Signal/image	
  processing	
  

– Digital-­‐Analog	
  Conversions	
  (including	
  calibraRons)	
  
–  Padern	
  recogniRon,	
  “clustering”	
  

•  Topological	
  problems	
  
– Nearest	
  neighbor,	
  minimum	
  path,	
  space	
  parRRoning	
  

•  Gaming	
  (our	
  main	
  source	
  of	
  inspira2on!)	
  

–  “walk-­‐through”	
  complex	
  3D	
  geometries	
  
– DetecRon	
  of	
  “collisions”	
  

•  NavigaRon/Avionics	
  (Kalman	
  filtering)	
  
–  Tracking	
  in	
  a	
  force	
  field	
  in	
  presence	
  of	
  “noise”	
  
–  Trajectory	
  idenRficaRon	
  and	
  predicRon	
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CMS	
  simulaRon	
  &	
  data	
  processing	
  
Sogware	
  

•  ~10k	
  “modules”	
  
•  ~1000	
  “data	
  processing”	
  modules	
  
•  Code	
  (SLOC)	
  

–  C++:	
  3,558,032	
  (68.86%)	
  
–  python:	
  1,240,801	
  (24.02%)	
  

•  Used	
  only	
  in	
  iniRalizaRon	
  
–  fortran:	
  277,857	
  (5.38%)	
  

•  Interface	
  to	
  physics	
  simulaRon	
  code	
  

•  Total	
  size	
  of	
  TEXT	
  secRons	
  :	
  229,246,680	
  bytes	
  
–  	
  +	
  ~220MB	
  of	
  “external	
  sogware”	
  

19/11/13	
   VI	
  Profiling	
  in	
  HEP	
   15	
  



Main	
  Data	
  Processing	
  ApplicaRon	
  
•  550	
  Module	
  instances	
  

–  Some	
  share	
  same	
  code,	
  different	
  parameters	
  or	
  inputs	
  
•  ~200	
  MB	
  of	
  code	
  loaded	
  (as	
  shared	
  libraries)	
  

– Only	
  122MB	
  acRve:	
  	
  
•  of	
  which	
  50MB	
  in	
  “dicRonaries”	
  used	
  in	
  I/O	
  

•  Typical	
  profile	
  (by	
  IgProf)	
  
–  8004	
  symbols	
  visited	
  (in	
  1,704,336	
  samples)	
  

•  One	
  sample	
  each	
  0.006	
  seconds	
  
–  36495	
  total	
  symbols	
  recorded	
  in	
  the	
  stack	
  traces	
  
–  Report	
  was	
  a	
  9MB	
  sql3	
  db	
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Typical	
  Profile	
  (by	
  “perfmon2”)	
  

17	
  

	
  CPI	
  (cycle	
  per	
  instruc?on):	
  0.964	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  load	
  instrucRons	
  %:	
  30.58%	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  store	
  instrucRons	
  %:	
  13.74%	
  

branch	
  instrucRons	
  %	
  (approx):	
  17.06%	
  
resource	
  stalls	
  %	
  (of	
  cycles):	
  30.63%	
  
	
  divider	
  busy	
  %	
  (of	
  cycles):	
  12.11%	
  

%	
  of	
  branch	
  instr.	
  mispredicted:	
  2.25%	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  %	
  of	
  L3	
  loads	
  missed:	
  2.09%	
  

	
  %	
  of	
  SIMD	
  in	
  all	
  uops:	
  19.22%	
  	
  
%	
  of	
  comp.	
  SIMD	
  in	
  all	
  uops:	
  10.17%	
  	
  

	
  
breakdown:	
  %of	
  all	
  uops	
  	
  	
  %	
  of	
  all	
  SIMD	
  

PACKED_DOUBLE:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.663%	
  	
  	
  	
  	
  3.449%	
  
PACKED_SINGLE:	
  	
  	
  	
  	
  	
  	
  	
  	
  0.613%	
  	
  	
  	
  	
  	
  3.190%	
  
SCALAR_DOUBLE:	
  	
  	
  	
  	
  	
  	
  13.485%	
  	
  	
  70.159%	
  
SCALAR_SINGLE:	
  	
  	
  	
  	
  	
  	
  	
  	
  4.038%	
  	
  	
  21.010%	
  

VECTOR_INTEGER:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.421%	
  	
  	
  	
  2.192%	
  

More	
  details	
  (see	
  next	
  page):	
  
FuncRon	
  where	
  Rme	
  is	
  spent	
  most	
  
•  No	
  hot-­‐spots:	
  top	
  30	
  each	
  between	
  2.5%	
  and	
  0.5%	
  of	
  total	
  
•  Trig/trans	
  funcRons,	
  malloc…	
  
•  div/sqrt	
  latency	
  	
  (“divider	
  busy”)	
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“top	
  self	
  cost”	
  (based	
  on	
  old	
  PTU)	
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Stall time	


function calls 	


latency	



div/sqrt 	


latency	





PERFORMANCE	
  MEASUREMENTS	
  
AND	
  IMPROVEMENTS	
  

hdps://twiki.cern.ch/twiki/bin/view/LCG/VICMSDPHistory#Performance_Improvements	
  
hdps://twiki.cern.ch/twiki/bin/view/LCG/MulRCoreRD#Track_1	
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Performance evaluation/improvement 
Organization	

	

Core team of specialists	



–  Evaluate the cost of running CMS software	


–  Develop, deploy tools	


–  Identify actions to reduce such a cost	



	

Involvement of  few scientist (students) with excellent software skills	


–  Algorithm modifications	



Performance	
  
EvaluaRon	
  

Measurement	
  

Analysis	
  

Repor2ng	
  

Improvement	
  
Op2mal	
  use	
  of	
  resources	
  

Guidance	
  
Purchasing	
  op2mal	
  resources	
  

Algorithms	
  

Systems	
  

Frameworks	
  

Data	
  

Tools	
  



Tool	
  History	
  (in	
  CMS)	
  
•  OProfile	
  (~2005)	
  
•  Callgrind	
  

–  Added	
  ability	
  to	
  resolve	
  ancestors	
  in	
  “diamonds”	
  
–  First	
  adempt	
  to	
  summarize	
  result	
  in	
  DB	
  

•  Development	
  of	
  in-­‐house	
  tool:	
  igProf	
  
•  Perfmon	
  

–  Instrumented	
  ApplicaRon	
  with	
  counRng	
  and	
  sampling	
  (leverage	
  igprof	
  
technology)	
  

–  Web	
  reporRng	
  	
  
•  PTU	
  

–  Added	
  Web	
  reporRng	
  
•  VTune/Amplifier	
  (just	
  evaluaRon)	
  
•  Perf	
  

–  Instrumented	
  ApplicaRon	
  with	
  counRng	
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igprof	
  
•  CMS	
  in-­‐house	
  performance	
  and	
  memory	
  profiler	
  (hdp://igprof.org).	
  

•  Designed	
  to	
  handle	
  extremely	
  large	
  memory	
  footprints	
  and	
  churn,	
  which	
  are	
  typical	
  of	
  the	
  HEP	
  
applica2ons	
  

•  Logically	
  subdivided	
  in	
  three	
  parts:	
  
•  dynamic	
  instrumenta2on	
  and	
  code	
  injec2on	
  library	
  (IgHook,	
  inspired	
  by	
  work	
  by	
  Jeffrey	
  

Richter,	
  Jonathan	
  Rentzsch,	
  Secure	
  Reality,	
  and	
  of	
  course	
  Sun	
  DTrace).	
  

•  the	
  profiler	
  itself,	
  which	
  instruments	
  various	
  system	
  calls	
  and	
  keeps	
  track	
  of	
  SIG_PROFILE	
  
occurrences	
  (for	
  sampled	
  applica2on	
  profiling)	
  and	
  memory	
  alloca2on	
  opera2ons	
  (for	
  
various	
  kind	
  of	
  memory	
  profiling)	
  

•  the	
  analyzer	
  and	
  the	
  display	
  tool,	
  which	
  read	
  the	
  output	
  of	
  the	
  profiler	
  and	
  provide	
  a	
  
textual	
  or	
  web	
  based	
  view	
  of	
  the	
  informa2on.	
  

•  Supports	
  mulRple	
  plasorms,	
  mainly	
  x86	
  but	
  has	
  support	
  for	
  PPC	
  and	
  now	
  iniRal	
  ARM	
  
support.	
  Heavily	
  dependent	
  on	
  libunwind.	
  



igprof	
  

• What	
  igprof	
  can	
  tell	
  you:	
  

• How	
  much	
  2me	
  (sta2s2cally)	
  you	
  spend	
  in	
  a	
  given	
  func2on	
  and	
  
which	
  frac2on	
  of	
  the	
  cost	
  occurs	
  when	
  called	
  by	
  /	
  calling	
  
someone	
  else.	
  

• Tracks	
  all	
  live	
  memory	
  alloca2ons	
  at	
  the	
  moment	
  of	
  the	
  dump,	
  
providing	
  memory	
  map,	
  aggregate	
  (per	
  call-­‐stack)	
  sta2s2cs	
  
about	
  total	
  size	
  and	
  size	
  of	
  the	
  largest	
  alloca2on	
  in	
  a	
  given	
  call-­‐
stack.	
  Tracks	
  sources	
  of	
  alloca2ons.	
  

•  Instruments	
  and	
  precisely	
  measure	
  2me	
  spent	
  in	
  a	
  given	
  
func2on(s).	
  



THE	
  TOOL:	
  General	
  Requirements	
  
•  Run	
  in	
  user	
  space	
  
•  Under	
  Linux	
  (and	
  Mac-­‐OS)	
  
•  In	
  standard	
  producRon	
  environment	
  
•  No	
  special	
  compilaRon	
  
•  Ability	
  to	
  instrument	
  framework	
  and	
  user	
  
code	
  at	
  user	
  specified	
  granularity	
  

•  Generate	
  results	
  viewable	
  anywhere,	
  anyRme	
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Requirements:	
  1	
  

•  “Manager”	
  view	
  
– Low	
  granularity	
  (ogen	
  applicaRon	
  dependent)	
  
– Coverage:	
  full	
  workflow	
  
– Regression	
  among	
  releases	
  
– Trend	
  as	
  funcRon	
  of	
  “external	
  condiRons”	
  
– Spot	
  offenders	
  
– Easy	
  to	
  publish,	
  consult,	
  archive	
  
– Deliverable:	
  assessment	
  reports	
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Time	
  in	
  online	
  Filter	
  	
  vs	
  #collisions	
  

27	
  

Total	
  is	
  the	
  sum	
  of	
  many	
  
“small”	
  contribuRons.	
  
ALL	
  need	
  to	
  be	
  opRmized	
  to	
  
produce	
  an	
  observable	
  HLT	
  
speed-­‐up	
  



Top	
  20	
  contributors	
  

28	
  

Large:	
  s?ll	
  	
  almost	
  
Linear	
  scaling	
  

PotenRally	
  small:	
  
Scary	
  exponenRal	
  
scaling	
  

Tracking:	
  affected	
  by	
  
changes	
  in	
  menu	
  in	
  
HighPU	
  run	
  



Module	
  level	
  instrumentaRon	
  with	
  
“perflib”	
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Requirements:	
  2	
  

•  “Efficiency	
  Officer”	
  View	
  
– FuncRon	
  level	
  granularity	
  (with	
  stack	
  trace!)	
  
– Coverage:	
  ApplicaRon	
  
–  IdenRficaRon	
  of	
  hot-­‐spot	
  
– CorrelaRon	
  with	
  code	
  (and	
  data?)	
  
– Guidance	
  for	
  opRmizaRon	
  opportuniRes	
  
– Easy	
  to	
  publish,	
  consult,	
  archive,	
  trace	
  
improvements	
  

– Deliverable:	
  detailed	
  bug	
  reports	
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Igprof	
  callers	
  and	
  callees	
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Requirements:	
  3	
  

•  Sogware	
  Developer	
  View	
  
– Fast	
  turn-­‐around	
  (zero	
  overhead)	
  
– Highest	
  granularity	
  

•  readable	
  also	
  for	
  non	
  specialists	
  
– CorrelaRon	
  with	
  code	
  
– Flexible	
  reporRng	
  (local	
  and	
  global	
  impact)	
  
– Trace	
  of	
  improvements	
  
– Ability	
  to	
  publish	
  and	
  archive	
  results	
  
– Deliverable:	
  beUer	
  code!	
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Igprof	
  web	
  navigator	
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Old	
  version	
  
New	
  version	
  



Down	
  into	
  “convert”	
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Factor	
  5	
  speedup	
  



Typical	
  effects	
  of	
  non	
  trivial	
  improvements	
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template<typename	
  T>	
  
inline	
  void	
  prefetchBarrel(const	
  T	
  &	
  cond,	
  int	
  ind)	
  {	
  
	
  	
  	
  	
  __builRn_prefetch(&cond.barrel(ind));	
  
}	
  
template<typename	
  T>	
  
inline	
  void	
  prefetchEndcap(const	
  T	
  &	
  cond,	
  int	
  ind)	
  {	
  
	
  	
  	
  	
  __builRn_prefetch(&cond.endcap(ind));	
  
}	
  
	
  
EcalUncalibRecHitWorkerWeightsOld::run(	
  const	
  edm::Event	
  &	
  evt,	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  const	
  EcalDigiCollecRon::const_iterator	
  &	
  itdg,	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  EcalUncalibratedRecHitCollecRon	
  &	
  result	
  ){	
  
	
  	
  	
  	
  	
  	
  	
  	
  DetId	
  deRd(itdg-­‐>id());	
  
	
  	
  	
  	
  	
  	
  	
  	
  auto	
  next	
  =	
  bigHack::nextInd();	
  
	
  	
  	
  	
  prefetchEndcap(*peds,next);	
  
	
  	
  	
  prefetchEndcap(*gains,next);	
  
	
  	
  	
  prefetchEndcap(*grps,next);	
  

EcalUnpackerWorker.h:	
  
namespace	
  	
  bigHack	
  {	
  
	
  	
  	
  extern	
  DetId	
  nextOne;	
  
}	
  
	
  	
  	
  	
  	
  	
  	
  	
  
	
  bigHack::nextOne	
  =	
  	
  
((itdg+1)!=endDigi)	
  ?	
  DetId((itdg+1)-­‐>id())	
  :	
  DetId();	
  

Caller:	
  	
  loop	
  over	
  digi	
  
Calls	
  digi2hit	
  funcRons	
  (virtual)	
  

Callee:	
  applies	
  calib	
  to	
  single	
  digi	
  



More	
  examples	
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Recursive	
  Algorithm	
  to	
  build	
  a	
  NN	
  graph.	
  	
  
Huge	
  case	
  switch	
  +	
  condiRon	
  on	
  “distance”.	
  	
   Some	
  code,	
  	
  

Different	
  “condiRons”	
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Non-­‐trivial	
  opRmizaRon	
  opportuniRes	
  
•  “amorRze”	
  or	
  remove	
  cost	
  of	
  divisions/sqrt	
  
•  enable	
  vectorizaRon	
  
•  Reduce	
  cost	
  of	
  indirect	
  and	
  virtual	
  calls	
  
•  Sogware	
  prefetch	
  of	
  calibraRon	
  constants	
  
•  Reduce	
  caching	
  of	
  unused	
  quanRRes	
  
•  Match	
  precision	
  to	
  target	
  accuracy	
  
•  New	
  challenges:	
  

–  Thread	
  safety,	
  thread	
  friendness,	
  high-­‐granularity	
  
parallelism	
  
Need	
  Tools	
  to	
  help	
  iden?fy	
  issues	
  and	
  guide	
  fixes	
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Difficult	
  Profiling	
  Challenges	
  

•  Same	
  code	
  may	
  behave	
  very	
  differently	
  when	
  
dealing	
  with	
  different	
  data	
  or	
  parameters	
  
– Best	
  opRmizaRon	
  soluRon	
  could	
  be	
  to	
  factorize	
  code	
  
and/or	
  use	
  different	
  data	
  structures:	
  	
  

•  need	
  to	
  idenRfy	
  various	
  components	
  first!	
  	
  

– Need	
  “user	
  defined”	
  mechanism	
  to	
  tag	
  “counts”	
  
coming	
  from	
  these	
  different	
  usages	
  in	
  the	
  same	
  job	
  

•  Phases	
  in	
  iteraRons	
  
•  Different	
  geometrical	
  origin	
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Complex	
  Diamonds	
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More	
  use	
  cases	
  

•  Understand	
  differences	
  among	
  architectures	
  	
  
– Support	
  to	
  Benchmark	
  
– OpRmizaRon	
  by	
  plasorm	
  

•  Understand	
  concurrency	
  scaling	
  
– Cache	
  hierarchy	
  
– Threads	
  (HT)	
  
– Numa	
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SandyBridge	
  vs	
  Buldozer	
  
(using	
  perf)	
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Haswell	
  	
  (sse4.2)	
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  data	
  sta?cally	
  par??oned	
  among	
  threads	
  
	
  	
  	
  Performance	
  counter	
  stats	
  for	
  	
  
	
  	
  	
  './main_XEON	
  -­‐n	
  600000	
  -­‐b	
  512	
  -­‐c	
  -­‐i	
  200':	
  
	
  
	
  8	
  cpu-­‐migraRons	
  	
  	
  #	
  	
  	
  	
  0.000	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
84885.733468	
  task-­‐clock	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  3.993	
  CPUs	
  uRlized	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
293801901385	
  cycles	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  3.461	
  GHz	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
264499508080	
  instrucRons	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.90	
  	
  insns	
  per	
  cycle	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
223258439563	
  r180010e	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  2630.106	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
156260450712	
  r180ffa1	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  1840.833	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  1574547747	
  cache-­‐misses	
  	
  	
  	
  	
  #	
  	
  	
  55.696	
  %	
  of	
  all	
  cache	
  refs	
  	
  	
  	
  	
  	
  
	
  	
  2827037599	
  cache-­‐references	
  #	
  	
  	
  33.304	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  9658461968	
  branches	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  113.782	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  46088085	
  branch-­‐misses	
  	
  	
  	
  #	
  	
  	
  	
  0.48%	
  of	
  all	
  branches	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  6057883186	
  r0151	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  71.365	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  20073044	
  r0280	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.236	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  279	
  r0408	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.003	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  27	
  r0485	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.000	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
21.257407715	
  seconds	
  ?me	
  elapsed	
  
	
  	
  

	
  data	
  shared,	
  tasks	
  scheduled	
  to	
  maximize	
  reuse	
  	
  	
  
Performance	
  counter	
  stats	
  for	
  	
  
'./main_XEON	
  -­‐n	
  600000	
  -­‐b	
  512	
  -­‐s	
  -­‐i	
  200’:	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  5	
  cpu-­‐migraRons	
  	
  	
  #	
  	
  	
  	
  0.000	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
36586.081199	
  task-­‐clock	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  3.988	
  CPUs	
  uRlized	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
127243639023	
  cycles	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  3.478	
  GHz	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
242793532688	
  instrucRons	
  	
  	
  	
  	
  #	
  	
  	
  	
  1.91	
  	
  insns	
  per	
  cycle	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  63033060764	
  r180010e	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  1722.870	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  18619353186	
  r180ffa1	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  508.919	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  168155515	
  cache-­‐misses	
  	
  	
  	
  	
  #	
  	
  	
  41.999	
  %	
  of	
  all	
  cache	
  refs	
  	
  	
  	
  	
  	
  
	
  	
  	
  400383640	
  cache-­‐references	
  #	
  	
  	
  10.944	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  9380022273	
  branches	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  256.382	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  55000265	
  branch-­‐misses	
  	
  	
  	
  #	
  	
  	
  	
  0.59%	
  of	
  all	
  branches	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  5441062294	
  r0151	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  148.719	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  7432557	
  r0280	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.203	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  876	
  r0408	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.024	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  90	
  r0485	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.002	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
	
  9.173927783	
  seconds	
  ?me	
  elapsed	
  
	
  	
  	
  



Haswell	
  	
  (avx2)	
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  data	
  sta?cally	
  par??oned	
  among	
  threads	
  
	
  	
  	
  Performance	
  counter	
  stats	
  for	
  	
  
	
  	
  	
  './main_XEON	
  -­‐n	
  600000	
  -­‐b	
  512	
  -­‐c	
  -­‐i	
  200':	
  
	
  
	
  	
  	
  	
  	
  	
  6	
  cpu-­‐migraRons	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.000	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  83270.337342	
  task-­‐clock	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  3.993	
  CPUs	
  uRlized	
  	
  	
  
	
  	
  	
  287867948317	
  cycles	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  3.457	
  GHz	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  124797441793	
  instrucRons	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.43	
  	
  insns	
  per	
  cycle	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  250537013069	
  r180010e	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  3008.719	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  207507514834	
  r180ffa1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  2491.974	
  M/sec	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  1822959632	
  cache-­‐misses	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  58.744	
  %	
  of	
  all	
  cache	
  refs	
  	
  
	
  	
  	
  3103202150	
  cache-­‐references	
  	
  	
  	
  	
  	
  #	
  	
  	
  37.267	
  M/sec	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  5822378687	
  branches	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  69.921	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  26932431	
  branch-­‐misses	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.46%	
  of	
  all	
  branches	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  6032047991	
  r0151	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  72.439	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  19434992	
  r0280	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.233	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1071	
  r0408	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.013	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  78	
  r0485	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.001	
  K/sec	
  	
  
	
  
	
  	
  	
  	
  	
  	
  20.854578941	
  seconds	
  ?me	
  elapsed	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  

	
  data	
  shared,	
  tasks	
  scheduled	
  to	
  maximize	
  reuse	
  	
  	
  
Performance	
  counter	
  stats	
  for	
  	
  
'./main_XEON	
  -­‐n	
  600000	
  -­‐b	
  512	
  -­‐s	
  -­‐i	
  200’:	
  
	
  
	
  	
  	
  	
  	
  	
  	
  7	
  cpu-­‐migraRons	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.000	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  27003.862077	
  task-­‐clock	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  3.986	
  CPUs	
  uRlized	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  93692283234	
  cycles	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  3.470	
  GHz	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  115577324193	
  instrucRons	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  1.23	
  	
  insns	
  per	
  cycle	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  59912282888	
  r180010e	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  2218.656	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  31434453581	
  r180ffa1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  1164.073	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  284980434	
  cache-­‐misses	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  54.079	
  %	
  of	
  all	
  cache	
  refs	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  526967712	
  cache-­‐references	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  19.515	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  5650405685	
  branches	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  209.244	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  37149664	
  branch-­‐misses	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.66%	
  of	
  all	
  branches	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  5463010488	
  r0151	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  202.305	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  5411827	
  r0280	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.200	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1540	
  r0408	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.057	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  33	
  r0485	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.001	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
	
  	
  	
  	
  	
  	
  	
  6.775450738	
  seconds	
  ?me	
  elapsed	
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  data	
  sta?cally	
  par??oned	
  among	
  threads	
  
	
  	
  	
  Performance	
  counter	
  stats	
  for	
  	
  
	
  	
  	
  './main_XEON	
  -­‐n	
  600000	
  -­‐b	
  512	
  -­‐c	
  -­‐i	
  200':	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  17	
  cpu-­‐migraRons	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.000	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  447603.908846	
  task-­‐clock	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  7.964	
  CPUs	
  uRlized	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  753,155,749,740	
  cycles	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  1.683	
  GHz	
  	
  
	
  	
  	
  265,846,847,979	
  instrucRons	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.35	
  	
  insns	
  per	
  cycle	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  753,693,090,985	
  r180010e	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  1683.839	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  753,910,391,255	
  r180ffa1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  1684.325	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  4,749,770,725	
  cache-­‐misses	
  	
  	
  	
  #	
  	
  	
  35.796	
  %	
  of	
  all	
  cache	
  refs	
  	
  	
  	
  	
  
	
  	
  	
  	
  13,268,896,593	
  cache-­‐refs	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  29.644	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  10,120,308,666	
  branches	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  22.610	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  507,413,900	
  branch-­‐misses	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  5.01%	
  of	
  all	
  branches	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  r0151	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.000	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  80,070,430	
  r0280	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.179	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  r0408	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.000	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  r0485	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.000	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
	
  	
  	
  	
  	
  	
  56.204619501	
  seconds	
  ?me	
  elapsed	
  
	
  

	
  data	
  shared,	
  tasks	
  scheduled	
  to	
  maximize	
  reuse	
  	
  	
  
Performance	
  counter	
  stats	
  for	
  	
  
'./main_XEON	
  -­‐n	
  600000	
  -­‐b	
  512	
  -­‐s	
  -­‐i	
  200':	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  11	
  cpu-­‐migraRons	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.000	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  397260.599177	
  task-­‐clock	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  7.963	
  CPUs	
  uRlized	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  668,800,742,409	
  cycles	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  1.684	
  GHz	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  243,590,222,327	
  instrucRons	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.36	
  	
  insns	
  per	
  cycle	
  
	
  	
  	
  669,372,104,392	
  r180010e	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  1684.970	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  669,673,854,601	
  r180ffa1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  1685.729	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  764,128,803	
  cache-­‐misses	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  9.559	
  %	
  of	
  all	
  cache	
  refs	
  	
  
	
  	
  	
  	
  	
  7,993,691,948	
  cache-­‐references	
  	
  #	
  	
  	
  20.122	
  M/sec	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  9,716,850,290	
  branches	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  24.460	
  M/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  510,405,714	
  branch-­‐misses	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  5.25%	
  of	
  all	
  branches	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  r0151	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.000	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  89,028,935	
  r0280	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.224	
  M/sec	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  r0408	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.000	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  r0485	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  #	
  	
  	
  	
  0.000	
  K/sec	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
	
  	
  	
  	
  	
  	
  49.887540985	
  seconds	
  ?me	
  elapsed	
  
	
  



Summary	
  
•  Large	
  Complex	
  code	
  
•  MulR-­‐facet	
  complex	
  behavior	
  
•  Many	
  developers	
  (doing	
  mostly	
  science)	
  
•  Few	
  experts	
  (doing	
  mostly	
  management)	
  

Need	
  tools	
  to	
  foster	
  performance	
  data,	
  analyze	
  them	
  and	
  
provide	
  guidance	
  toward	
  the	
  most	
  efficient	
  opRmizaRon	
  acRons	
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Performance	
  
EvaluaRon	
  

Measurement	
  

Analysis	
  

Repor2ng	
  

Improvement	
  
Op2mal	
  use	
  of	
  resources	
  

Guidance	
  
Purchasing	
  op2mal	
  resources	
  

Algorithms	
  

Systems	
  

Frameworks	
  

Data	
  

Tools	
  


