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Biased	
  view	
  
from	
  an	
  offline/
applica2on	
  
developer	
  



1974:	
  Bubble	
  chambers	
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50	
  to	
  100	
  people	
  
Life	
  in	
  HEP	
  

Neutral	
  
currents	
  



1974:	
  cont	
  

•  SLAC/BNL	
  	
  :	
  J/Psi	
  
•  ISR,	
  1st	
  large	
  collider,	
  R602,R603,	
  R704,etc	
  
•  PS:	
  many	
  small	
  exp,	
  Omega	
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Most	
  physicists	
  build	
  
and	
  operate	
  detectors	
  

100%	
  HEP	
  career	
  



1979	
  

•  FNAL	
  :	
  Upsilon	
  
•  SPS	
  :	
  W,Z	
  
•  DESY/Petra:	
  gluons	
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50<people<100	
  
100%	
  HEP	
  career	
  

	
  



1984,	
  1989,	
  1994	
  

•  1984:	
  LEP	
  prepara2on	
  
•  1989:	
  LEP	
  start,	
  SSC:	
  GEM,	
  SDC	
  
•  1994:	
  SSC	
  down,LHC	
  up,Babar	
  up,FNAL:	
  top	
  
quark	
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100<people<200	
  
100%	
  HEP	
  career	
  

	
  

WEB	
  is	
  born	
  

300<people<1000	
  
80%	
  HEP	
  career	
  

	
  



1999-­‐2014	
  

•  1999:	
  LEP2,FNAL	
  run	
  2,HERA,Neutrino	
  
oscilla2ons	
  exp,	
  LHC	
  design,	
  construc2on	
  

•  2004,FNAL,BNL,LEP,	
  HERA,LHC	
  
•  2009:	
  LHC	
  start	
  
•  2014:	
  Ager	
  Higgs,	
  precision	
  measurements	
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200<people<1000	
  
70%	
  HEP	
  career	
  

	
  

1000<people<3000	
  
50%	
  HEP	
  career	
  

	
  

1000<people<3000	
  
30%	
  HEP	
  career	
  

	
  



2019	
  

•  LHC	
  shutdown	
  
•  Neutrinos,	
  astro	
  
•  ILC,	
  FCC,	
  CHEP,	
  CLIC???	
  

15/03/19	
   R.Brun:	
  HEP	
  compu2ng	
   8	
  

1000<people<3000	
  
10%	
  HEP	
  career	
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Seniors	
  	
  	
  	
  	
  	
  +	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Teen-­‐agers++	
  staying	
  5	
  to	
  8	
  years	
  in	
  HEP	
  



Evolu2on	
  of	
  sogware	
  in	
  HENP	
   10	
  

Mainframes	
  &	
  worksta2ons	
  &&++	
  

1980	
  

1982	
  

1987	
  

Apollo	
  

HTV	
  



Computers	
  Hardware/word-­‐length	
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Mainframes-­‐>Grids-­‐>HPCs	
  

•  Large	
  HPCs	
  are	
  now	
  appearing	
  with	
  more	
  than	
  
10000	
  cores	
  and	
  associated	
  processors	
  (GPUs,	
  
FPGA,	
  ASIC,…	
  

•  Moving	
  from	
  pure	
  CPUs	
  to	
  CPUs	
  +	
  adds	
  is	
  
going	
  to	
  change	
  very	
  soon	
  the	
  sogware	
  
infrastructure,	
  in	
  par2cular	
  considering	
  the	
  
fantas2c	
  grow	
  of	
  ML	
  possibili2es	
  in	
  HEP,	
  etc	
  

•  Petabytes	
  are	
  local.	
  Dcache,	
  Xrootd	
  
•  Other	
  caches	
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Persistent	
  Memory	
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Performance	
  (throughput	
  and	
  latency)	
  is	
  much,	
  much	
  
berer	
  than	
  disk	
  but	
  slower	
  than	
  DRAM.Targeted	
  to	
  be	
  
cheaper	
  than	
  DRAM	
  but	
  more	
  expensive	
  than	
  disk	
  or	
  flash.	
  
	
  
PM	
  is	
  bit	
  addressable,	
  which	
  means	
  you	
  can	
  perform	
  I/O	
  
to	
  it	
  as	
  if	
  it	
  were	
  memory.	
  In	
  terms	
  of	
  capacity,	
  persistent	
  
memory	
  will	
  be	
  about	
  an	
  order	
  magnitude	
  larger	
  than	
  
DRAM.	
  Typical	
  compute	
  nodes	
  are	
  in	
  the	
  64-­‐256GB	
  range.	
  
Persistent	
  memory	
  will	
  be	
  on	
  the	
  order	
  of	
  several	
  
terabytes	
  at	
  first.	
  
Consequently,	
  it	
  could	
  be	
  a	
  good	
  trade-­‐off	
  between	
  
performance,	
  cost,	
  and	
  memory	
  capacity.	
  

Probably	
  a	
  large	
  
impact	
  on	
  ML	
  
applica2ons	
  

Hello	
  ROOT,	
  
We	
  had	
  branch	
  buffers(kBytes),	
  

TreeCache	
  (30	
  Mbytes)	
  
Please	
  be	
  ready	
  	
  for	
  PM/ML	
  

caches	
  (100	
  Gbytes)	
  



Quantum	
  Computers	
  

•  A	
  real	
  quantum	
  leap	
  

•  “Absolutely,”	
  Crowder	
  replied	
  when	
  we	
  asked	
  him	
  whether	
  IBM	
  expected	
  to	
  see	
  quantum	
  and	
  classical	
  computers	
  
co-­‐exist	
  going	
  forward.	
  “Absolutely,	
  for	
  much	
  longer	
  than	
  my	
  life2me.”	
  

•  “What	
  classical	
  computers	
  do	
  well	
  is	
  store	
  and	
  process	
  lots	
  of	
  data,	
  and	
  they	
  do	
  that	
  much	
  more	
  efficiently	
  than	
  
quantum	
  compu2ng	
  does	
  today,	
  and	
  for	
  as	
  far	
  as	
  I	
  can	
  see	
  in	
  the	
  future,”	
  he	
  explained.	
  “Theore2cally,	
  universal	
  
quantum	
  computers	
  can	
  do	
  any	
  func2on	
  that	
  a	
  classical	
  computer	
  does,	
  but	
  in	
  my	
  opinion,	
  they’re	
  not	
  as	
  good	
  at	
  
processing	
  lots	
  of	
  data.	
  What	
  quantum	
  computers	
  are	
  good	
  at	
  is	
  exploring	
  large	
  problem	
  spaces.”	
  

•  IBM	
  isn’t	
  looking	
  at	
  quantum	
  computers	
  as	
  the	
  next	
  genera2on	
  of	
  classical	
  computers.	
  It’s	
  an	
  en2rely	
  new	
  
category	
  of	
  hardware	
  that	
  has	
  its	
  own	
  strengths,	
  its	
  own	
  weaknesses,	
  and	
  the	
  poten2al	
  for	
  some	
  very	
  powerful	
  
applica2ons.	
  

•  Of	
  course,	
  it’s	
  s2ll	
  immature	
  technology.	
  Researchers	
  all	
  over	
  the	
  world	
  have	
  made	
  massive	
  advances	
  toward	
  a	
  
working	
  large-­‐scale	
  universal	
  quantum	
  computer	
  in	
  recent	
  years,	
  but	
  less	
  headway	
  has	
  been	
  made	
  in	
  terms	
  of	
  
hashing	
  out	
  poten2al	
  applica2ons.	
  It’s	
  something	
  of	
  a	
  vicious	
  cycle.	
  

•  “With	
  a	
  roughly	
  20-­‐25	
  qubit	
  system,	
  you	
  can	
  s2ll	
  simulate	
  that	
  quantum	
  system	
  on	
  your	
  laptop,”	
  said	
  Crowder.	
  
“When	
  you	
  start	
  gexng	
  to	
  40s,	
  and	
  around	
  50,	
  you	
  can’t	
  even	
  really	
  explore	
  that	
  en2re	
  possibility	
  space	
  on	
  the	
  
world’s	
  largest	
  supercomputer.	
  It’s	
  an	
  interes2ng	
  discon2nuity.	
  

•  “You	
  actually	
  need	
  to	
  have	
  access	
  to	
  a	
  quantum	
  system	
  to	
  really	
  understand	
  how	
  you	
  build	
  algorithms	
  and	
  use	
  
cases	
  for	
  a	
  quantum	
  system,”	
  he	
  added.	
  “You	
  can’t	
  simulate	
  it	
  on	
  a	
  classical	
  system	
  anymore.”	
  

15/03/19	
   R.Brun:	
  HEP	
  compu2ng	
   14	
  

It’s	
  the	
  1940s	
  again:	
  IBM’s	
  Scor	
  Crowder	
  on	
  the	
  infancy	
  of	
  quantum	
  computers	
  
hrps://www.digitaltrends.com/compu2ng/ibms-­‐scor-­‐crowder-­‐on-­‐the-­‐infancy-­‐of-­‐
quantum-­‐computers/	
  



Sogware,	
  Libs,	
  Tools,	
  Languages,	
  	
  
Data	
  Models	
  

•  	
  	
  -­‐1974:	
  Fortran	
  IV,	
  HBOOK,	
  GD3,	
  HYDRA,	
  CERNLIB,	
  EGS1,	
  SIGMA	
  
•  	
  	
  -­‐1979:	
  Fortran	
  77,	
  Pascal?,	
  CERNLIB,	
  GEANT2,	
  GEANT3,	
  EGS3,	
  Ta2na	
  
•  	
  	
  -­‐1984:	
  ADA?,	
  OCCAM?,	
  ZEBRA,	
  GEANT3,	
  GEP,	
  Gheisha,	
  PAW,	
  GKS,	
  X11,	
  

Vectoriza2on	
  
•  	
  	
  -­‐1989:	
  AIHEP/ACAT,	
  CHEP,	
  PHIGS,	
  MOTIF,	
  Fortran90?,	
  Modula,	
  	
  C,	
  Pearl,	
  
•  	
  	
  	
  	
  Column-­‐Wise	
  ntuples,	
  Oracle,	
  WEB!?	
  
•  	
  	
  -­‐1994:	
  OO,	
  Smalltalk,	
  Eiffel,	
  Objec2veC,	
  C++,	
  Objec2vity,	
  MOOSE,	
  

GEANT4,	
  ROOT,	
  MOSAIC	
  
•  	
  	
  -­‐1999:	
  JAS,	
  ROOT+,	
  R,	
  Mathema2ca,	
  Netscape,	
  TMVA,	
  ROOFIT,	
  PROOF,	
  

XROOTD,	
  GPUs/graphics	
  
•  	
  	
  -­‐2004:	
  Google,	
  Python	
  
•  	
  	
  -­‐2009:	
  Julia,	
  LLVM	
  
•  	
  	
  -­‐2014:	
  GPUs/AI,ML,	
  GO,	
  RUST,	
  CLING,	
  MasterClasses	
  
•  	
  	
  -­‐2019:	
  This	
  conference,	
  user	
  support	
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Assembler	
   Compass	
  

Mortran	
  

Fortran	
  4,77,90	
  

Modula2	
  

OCCAM	
  

ADA	
  

Pascal	
   Oberon	
  

Basic	
  
Java	
  

Csharp	
  

C++	
  

Objec2veC	
  

Eiffel	
  
PERL	
  

Ruby	
  

Python	
  

Julia	
  

CUDA	
  

CLING	
  CINT	
  COMIS	
  

GO	
  
PL1	
   Prolog	
  C	
  

Algol	
   Javascript	
  

SIGMA	
  

More	
  than	
  30	
  
languages	
  in	
  
50	
  years	
  !!	
  

Effi
ciency	
   Si

m
pl
ic
ity

	
  



Languages	
  problems	
  
•  No	
  introspec2on	
  (yes	
  in	
  Java,	
  maybe	
  in	
  C++21)	
  
•  Pointers	
  are	
  references	
  only	
  

– Memory	
  leaks,	
  double	
  delete,	
  garbage	
  collec2on	
  
– Graphs	
  only.	
  Hard	
  to	
  draw/document	
  structures	
  
– We	
  need	
  structure	
  pointers	
  

•  Collec2ons	
  object-­‐wise,	
  eg	
  Avector(T)	
  
– Duplicate	
  structures	
  for	
  vectoriza2on	
  
– Not	
  good	
  for	
  array-­‐oriented	
  systems	
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All	
  these	
  problems	
  reported	
  to	
  the	
  C++	
  
commiree	
  in	
  1995-­‐>2000	
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The	
  I/O	
  challenge	
  

Self	
  describing	
  files,	
  dic2onaries	
  
Automa2c	
  schema	
  evolu2on	
  



Caches	
  are	
  important	
  

•  Network	
  file	
  access:	
  Dcache,	
  Xrootd	
  
•  File	
  structure:	
  Member-­‐wise	
  streaming	
  
•  Memory	
  buffers:	
  TreeCache	
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File	
  type	
  
Cache	
  on/off	
  

Local	
  file	
   LAN	
  =0.3ms	
  
1	
  Gbit/s	
  

WLAN	
  =	
  3ms	
  
100	
  Mbits/s	
  

ADSL=72ms	
  
8	
  Mbits/s	
  

Atlas	
  orig	
  
CA=OFF	
  

RT=720s	
  
TR=1328587	
  

RT=1156s	
  
NT=400+12s	
  

RT=4723s	
  
NT=4000+120s	
  

RT	
  >	
  2	
  days	
  
NT>2	
  days	
  

Atlas	
  orig	
  
CA=ON	
  

RT=132s	
  
TR=323	
  

RT=144s	
  
NT=0.1+12s	
  

RT=253s	
  
NT=1+120s	
  

RT=1575s	
  
NT=223+1200s	
  

Atlas	
  flushed	
  
CA=OFF	
  

RT=354s	
  
TR=486931	
  

RT=485s	
  
NT=120+11s	
  

RT=1684	
  
NT=1200+110s	
  

RT=	
  
NT>1	
  day	
  

Atlas	
  flushed	
  
CA=ON	
  

RT=106s	
  
TR=45	
  

RT=117s	
  
NT=0.03+11s	
  

RT=217s	
  
NT=0.1+110s	
  

RT=1231s	
  
NT=25+1100s	
  



Vectoriza2on	
  

•  GEANT3:	
  CrayXmp	
  in	
  1983	
  (factor	
  2)	
  
•  GEANT3:Cyber205	
  in	
  1987	
  (factor	
  3)	
  
•  GEANT4:Intel	
  	
  in	
  2012-­‐19	
  (factor	
  2)	
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Is	
  the	
  effec2ve	
  gain	
  worth	
  the	
  
manpower	
  investment	
  when	
  

considering	
  long	
  term	
  support	
  ?	
  



Parallelism	
  

•  Real	
  Time	
  vs	
  Throughput	
  problem	
  
•  Mul2-­‐process	
  (PIAF,	
  PROOF,…)	
  
•  Mul2-­‐Threading	
  

– Gain	
  in	
  I/O	
  
– Gain	
  in	
  memory	
  (or	
  loss)	
  

•  Main	
  CPU	
  +	
  GPUs	
  
– GEANT	
  ?	
  
– ML:	
  Tensorflow,	
  Python	
  tools	
  

•  HPCs	
  

15/03/19	
   R.Brun:	
  HEP	
  compu2ng	
   21	
  

My	
  system	
  uses	
  in	
  average	
  
10	
  out	
  of	
  12	
  cores	
  

A	
  success?	
  

I	
  have	
  a	
  dedicated	
  machine	
  
with	
  72	
  cores.	
  

In	
  one	
  night	
  I	
  can	
  do	
  what	
  
other	
  people	
  do	
  in	
  one	
  month	
  



Modularity	
  &	
  Coherence	
  

•  In	
  a	
  growing	
  and	
  more	
  diverse	
  sogware	
  world	
  
we	
  see	
  a	
  graph/tree	
  of	
  related	
  components.	
  

•  What	
  are	
  the	
  limits	
  of	
  a	
  project?	
  
•  How	
  do	
  you	
  maintain	
  and	
  distribute	
  the	
  
components?	
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Evolu2on	
  of	
  sogware	
  in	
  HENP	
   23	
  

Current	
  ROOT	
  structure	
  &	
  libs	
  (2002)	
  



ROOT2002	
  	
  Rene	
  Brun	
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  &	
  Major	
  Developments	
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Applica2ons	
  Area	
  Organiza2on	
  in	
  2002	
  

Applications 
manager 

Architects 
forum 

Applications 
area 

meeting 
Simulation 

project 
PI 

project 
SEAL 

project 
POOL 
project 

SPI 
project 

decisions 
strategy 

consultation 

ROOT User - 
provider 

We are currently discussing with our colleagues in LCG/AA to see if a 
convergence on key items is possible in the medium & long term. 
With SEAL a possible cooperation is envisaged for 
        - a common Dictionary approach 
        - the design/implementation of a MATHLIB 

“Every	
  problem	
  has	
  its	
  root	
  in	
  failure	
  of	
  a	
  rela2onship”	
  



The	
  Future(?)	
  of	
  HEP	
  Compu2ng	
  

•  One	
  can	
  predict	
  some	
  aspects	
  of	
  the	
  future	
  
based	
  on	
  extrapola2ons	
  of	
  the	
  past.	
  

•  However,	
  surprises,	
  including	
  big	
  surprises	
  are	
  
always	
  possible!!	
  

•  Eg,	
  it	
  is	
  amusing	
  a	
  posteriori,	
  to	
  read	
  the	
  
concluding	
  talks	
  of	
  the	
  CHEP97,	
  CHEP2000	
  
conferences.	
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And	
  probably	
  reading	
  this	
  talk	
  in	
  2030	
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First	
  web	
  proposal	
  was	
  on	
  12	
  March	
  1989	
  
30	
  years	
  ago	
  !!!	
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It	
  is	
  interes2ng	
  to	
  read	
  the	
  
predic2ons	
  of	
  the	
  CHEP	
  
conferences	
  	
  of	
  the	
  past	
  

Here	
  Padova2000	
  



Wishes	
  &	
  Dreams	
  
•  As	
  a	
  senior++	
  with	
  45	
  years	
  spent	
  in	
  HEP	
  
sogware,	
  I	
  see	
  fantas2c	
  opportuni2es	
  for	
  teen-­‐
agers++	
  for	
  launching	
  new	
  projects	
  or	
  important	
  
improvements	
  in	
  exis2ng	
  projects.	
  

•  I	
  will	
  just	
  men2on	
  a	
  few	
  in	
  the	
  coming	
  slides.	
  
•  None	
  of	
  the	
  successful	
  projects	
  in	
  the	
  past	
  has	
  
been	
  launched	
  by	
  a	
  commiree.	
  

•  The	
  main	
  idea	
  of	
  a	
  new	
  proposal	
  must	
  be	
  
implemented	
  in	
  a	
  few	
  months	
  (not	
  years).	
  

•  Of	
  course,	
  exis2ng	
  projects	
  con2nue	
  their	
  linear	
  
development	
  in	
  func2onality	
  and	
  performance.	
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Project1	
  

•  Simplify	
  user	
  interface	
  for	
  most	
  users	
  
•  Facilitate	
  learning	
  &	
  evalua2on	
  of	
  new	
  
languages	
  

•  Interac2ve	
  naviga2on	
  in	
  data	
  structures	
  and	
  
programs	
  structure	
  with	
  associated	
  
documenta2ons	
  (resurrect	
  TTreeViewer)	
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Document	
  Data	
  Structures:	
  a	
  MUST	
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These	
  2	
  diagrams	
  were	
  produced	
  
in	
  1995	
  and	
  are	
  s2ll	
  valid	
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GEANT3	
  
ZBOOKàZEBRA	
  

DZDOC	
  
Automa2c	
  

documenta2on	
  
1983	
  

GEANT3	
  
materials	
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GEANT3	
  
Detector	
  geometry	
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I	
  want	
  a	
  Google-­‐Earth	
  and	
  
Street-­‐View	
  for	
  my	
  data	
  

structures	
  



MasterClasses	
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People	
  profiles	
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This	
  plot	
  as	
  seen	
  by	
  
a	
  ROOT	
  expert	
  

But	
  you	
  can	
  make	
  
the	
  same	
  plot	
  for	
  
your	
  own	
  exper2se	
  



Genera2on	
  of	
  a	
  script	
  from	
  a	
  canvas	
  

15/03/19	
   R.Brun:	
  HEP	
  compu2ng	
   36	
  

Generate	
  script.C	
  
Could	
  be	
  
script.py	
  
script.go	
  

etc	
  

or	
  TreeViewer	
  
or	
  any	
  graphics	
  UI	
  

+	
  Google	
  style	
  
help/query	
  



More	
  task	
  oriented	
  UI	
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Project2	
  

•  Implement	
  ML	
  in	
  GEANT	
  transport	
  
– At	
  the	
  track	
  level,	
  but	
  event	
  view	
  
– At	
  the	
  jets	
  level	
  
–  In	
  the	
  showers	
  machinery	
  

•  At	
  the	
  event	
  level	
  (tracking	
  +	
  digits	
  +	
  recons)	
  
– Given	
  an	
  input	
  list	
  (event	
  gen)	
  predict	
  the	
  tracks	
  
and	
  jets	
  reconstruc2on	
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Target	
  gain	
  
5	
  to	
  10	
  

Target	
  gain	
  
100	
  to	
  1000	
  But	
  important	
  2me	
  

spent	
  in	
  training	
  and	
  
understanding	
  errors	
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Project3	
  

•  Simplify	
  the	
  installa2on	
  of	
  large	
  systems	
  like	
  
GEANT	
  and	
  ROOT	
  for	
  the	
  vast	
  majority	
  of	
  users	
  

•  Same	
  idea	
  as	
  downloading	
  an	
  app	
  on	
  your	
  mobile	
  
phone.	
  

•  Rely	
  on	
  the	
  fact	
  that	
  hundred/thousands	
  of	
  users	
  
(cmake	
  experts)	
  have	
  already	
  created,	
  eg	
  
ROOTxx.yy	
  on	
  systemX	
  with	
  compiler	
  ZZ,	
  and	
  
have	
  published	
  their	
  files	
  on	
  a	
  central	
  point.	
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We	
  moved	
  to	
  CVS	
  
In	
  2001	
  



People	
  profiles	
  (2)	
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Project3(2)	
  

•  Time	
  to	
  install	
  should	
  be	
  <	
  30s	
  
•  Possibility	
  to	
  install	
  a	
  subset	
  only	
  (eg	
  only	
  the	
  
most	
  frequently	
  used	
  (say	
  50)	
  of	
  the	
  150	
  
shared	
  libs	
  of	
  ROOT.	
  

•  Possibility	
  to	
  go	
  back	
  to	
  an	
  earlier	
  version	
  in	
  
case	
  of	
  bugs	
  in	
  new	
  versions.	
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Condi2ons	
  for	
  success	
  
•  Top	
  priority:	
  Instantaneous	
  user	
  support	
  
•  Understand	
  &	
  priori2ze	
  users	
  requirements	
  
•  Project	
  members	
  must	
  follow	
  all	
  branches	
  
•  Stability	
  &	
  con2nuity	
  even	
  with	
  revolu2ons	
  
•  Crea2vity	
  with	
  short	
  term	
  valida2on	
  	
  	
  	
  	
  	
  	
  	
  	
  
•  Code	
  quality:	
  dash	
  boards,	
  coverity,	
  etc	
  
•  Do	
  not	
  duplicate	
  user	
  interfaces	
  
•  Simplify	
  installa2on	
  
•  Tools	
  for	
  beginners	
  
•  Last	
  but	
  not	
  least	
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Spare	
  slides	
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Sigma	
  Language	
  

•  SIGMA	
  was	
  an	
  interac2ve,	
  
array-­‐oriented	
  system,	
  
designed	
  by	
  Rolf	
  Hagedorn	
  
in	
  1978.	
  

•  A	
  2ny	
  frac2on	
  was	
  
included	
  in	
  HTV,	
  then	
  PAW	
  
in	
  1985	
  by	
  C.Vandoni.	
  

•  It	
  was	
  a	
  big	
  mistake	
  not	
  to	
  
include	
  it	
  in	
  ROOT	
  !!!	
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R.Hagedorn,	
  J.Reinfelds,	
  C.Vandoni,	
  L.Van	
  Hove:	
  CERN	
  78-­‐06	
  (1978)	
  
A	
  new	
  language	
  for	
  interac2ve	
  array-­‐oriented	
  compu2ng	
  



Func2ons,	
  arrays,	
  dataframes,	
  Math	
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SIGMA	
  early	
  graphics	
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