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Preliminary	  remarks	  
•  I	  am	  going	  to	  talk	  about	  many	  projects	  created	  over	  several	  decades.	  
•  Some	  of	  these	  projects	  did	  not	  materialize,	  some	  had	  just	  a	  few	  years	  

life&me,	  some	  have	  been	  used	  more	  than	  30	  years.	  
•  All	  these	  projects	  were	  not	  achieved	  by	  one	  single	  person.	  They	  were	  the	  

result	  of	  a	  lot	  of	  work	  by	  many	  colleagues.	  
•  I	  have	  been	  a	  privileged	  person	  in	  this	  context,	  having	  a	  permanent	  

posi&on	  at	  CERN,	  this	  was	  not	  always	  the	  case	  for	  several	  of	  my	  
collaborators.	  

•  This	  work	  could	  not	  have	  been	  achieved	  without	  the	  contacts	  with	  
thousands	  of	  users	  contribu&ng	  by	  their	  comments	  and	  cri&cisms	  to	  the	  
global	  success.	  

•  MANY	  THANKS	  TO	  ALL.	  
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Assembler	   Compass	  

Mortran	  

Fortran	  4,77,90	  

Modula2	  

OCCAM	  

ADA	  

Pascal	   Oberon	  

Basic	  

Java	  

Csharp	  

C++	  

Objec&veC	  

Eiffel	  
PERL	  

Ruby	  

Python	  

Julia	  

CUDA	  

CLING	  CINT	  COMIS	  

GO	  
PL1	   Prolog	  C	  

Algol	   Javascript	  



1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Li
ne

s 
of

 c
od

e

410

510

610
ROOT

PAW

GEP

JA
S

CERNLIB

HBOOKHYDRA

ZBOOK

ZEBRA

GEANT1

GEANT2

GEANT3

GEANT4

I/O,	  DBMS	  

25/04/18	   R.Brun:	  So\ware	  in	  HENP	   7	  

HYDRA	  

HBOOK	  
RWNT	  
CWNT	  

Objec&vity	  
OODBMS	  

File	  formats	  
specs	  

ZBOOK	  

BOS	  

ZEBRA	  

PAW/GEANT	  

ROOT	  

Oracle	  
RDBMS	  

DCACHE	  
XROOTD	  

RFIO	  
ROOTD	  



1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Li
ne

s 
of

 c
od

e

410

510

610
ROOT

PAW

GEP

JA
S

CERNLIB

HBOOKHYDRA

ZBOOK

ZEBRA

GEANT1

GEANT2

GEANT3

GEANT4

Graphics	  Hard-‐So\ware	  

25/04/18	   R.Brun:	  So\ware	  in	  HENP	   8	  

Line	  printer	   X11	  
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Falco	  

Tektronix4015	  
Microfilm	  

Calcomp	  ploner	  

GD3	   HIGZ	  HPLOT	  

Megatek	  

Web	  Browsers	  
PIONS	  

RS232	  

Laptops	  PCs	  Worksta&ons	  
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Patchy	   SVN	  CVS	  CMZ	  Update	   GIT	  
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YPatchy	  
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Barb	   SGML	  
Latex	  

GD3	  

BarbAscii	  

Find	  

Doxygen	  

HTML	   Web	  tools	  

HTML	  
XML	  



1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Li
ne

s 
of

 c
od

e

410

510

610
ROOT

PAW

GEP

JA
S

CERNLIB

HBOOKHYDRA

ZBOOK

ZEBRA

GEANT1

GEANT2

GEANT3

GEANT4

GEANT	  versions	  

25/04/18	   R.Brun:	  So\ware	  in	  HENP	   11	  

HTV	  



HBOOK	  (1973-‐>	  20xx)	  	  
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HPLOT	  (1974-‐>20xx)	  
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HBOOK,,,,,	  
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HBOOK	  
manual	  

Dubna	  1978	  

About	  HBOOK	  
at	  Serpukhov	  



HTV	  (1980-‐1985)	  
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Mainframes	  &	  worksta&ons	  

1980	  

1982	  

1987	  

Apollo	  

HTV	  
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GEM	  birth(1982)	  &	  fate(1984)	  
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ZBOOK	  



ZEBRA	  (1984-‐>20xx)	  
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ZBOOK	   HYDRA	  +	  
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The	  Zebra	  system	  

•  Main	  data	  structure	  management	  system	  
used	  by	  PAW	  and	  Geant3	  and	  also	  many	  
collabora&ons.	  

•  Powerful	  machine	  independent	  I/O	  
•  FZ:	  sequen&al	  
•  RZ:	  direct	  access	  (PAW	  ntuples)	  
•  Nice	  Data	  structure	  documenta&on	  system,	  
including	  an	  interac&ve	  browser	  DZDOC.	  

25/04/18	  



PAW	  
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+	  3	  pages	  of	  specs	  	  



PAW	  
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PAW	  (1985	  -‐>	  20xx)	  
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PAW	  
HIGZ	  



PAW	  and	  GEP	  
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GEP	  was	  a	  very	  
successful	  data	  

analysis	  package	  at	  
DESY	  

but	  wrinen	  in	  PL1	  

During	  a	  2	  days	  visit	  
at	  DESY,	  we	  proposed	  
a	  collabora&on	  to	  the	  
author	  Eric	  Bassler	  



PAW	  Ntuples	  
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PAW	  Development	  &	  Users	  
•  Rapid	  development	  cycle	  in	  a	  rapidly	  

moving	  hardware	  environment.	  
•  Boosted	  by	  users	  requests	  and	  

cri&cisms.	  
•  Raising	  but	  not	  effec&ve	  other	  

products	  compe&&on	  

25/04/18	   R.Brun:	  So\ware	  in	  HENP	   27	  



25/04/18	   R.Brun:	  So\ware	  in	  HENP	   28	  

The	  PAW	  development	  
was	  substan&ally	  

reduced	  in	  1994,	  but	  the	  
number	  of	  happy	  users	  
con&nued	  to	  grow	  un&l	  

about	  2005	  

CERNLIB	  and	  PAW	  
are	  s&ll	  on	  Linux	  

distribu&ons	  today	  



Crisis:	  1990	  à1999à?	  

•  Is	  Fortran90	  the	  right	  solu&on	  for	  the	  future?	  
•  Erice	  workshop	  (many	  system	  sellers)	  (1991)	  
•  Emerging	  WEB	  (1990,91,92)	  
•  MOOSE	  project	  (1992)	  
•  ZOO,	  ProdiG	  (1994)	  
•  Fights	  between	  F90,	  OO,	  commercial	  so\ware	  
•  RD44(GEANT4),	  RD45(OODBMS)	  (1994)	  
•  ROOT	  (1995)	  
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the	  Chinese	  word	  for	  "crisis"	  (危機,	  weiji	  in	  Chinese,	  kiki	  in	  
Japanese)	  is	  composed	  of	  the	  two	  characters	  for	  "danger"	  and	  
"opportunity".	  This	  reveals	  the	  wise	  Oriental	  insight	  that	  a	  crisis	  

is	  an	  opportunity	  for	  progress	  

“Every	  problem	  has	  its	  root	  in	  failure	  of	  a	  rela&onship”	  

25/04/18	  



Erice	  Workshop	  (11-‐18	  Nov	  1990)	  
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Why	  not	  f90	  ?	  
•  In	  1989,90,91	  assump&on	  was	  f90	  
•  A	  lot	  of	  work	  invested	  in	  I/O	  with	  f90	  (to	  support	  
derived	  types).	  

•  We	  could	  not	  solve	  this	  problem,	  because	  no	  
formal	  way	  to	  parse	  the	  f90	  module	  descriptors.	  

•  In	  1992	  many	  forces	  pushing	  towards	  OO	  
•  Crisis	  in	  Dec	  1992	  

–  1/3	  in	  favor	  of	  f90	  
–  1/3	  in	  favor	  of	  commercial	  solu&ons	  
–  1/3	  in	  favor	  of	  C++	  

“Every	  problem	  has	  its	  root	  in	  failure	  of	  a	  rela&onship”	  

25/04/18	  



R.Brun:	  So\ware	  in	  HENP	   32	  

1993,1994,1995	  

•  ZOO,	  NextPaw,	  Geant3.5	  proposals	  
– ZOO:	  Zebra	  in	  the	  OO	  world	  
– NextPaw:	  Paw	  evolu&on	  -‐>C-‐>C++	  
– Geant3.5:	  Implement	  geometry	  package	  in	  C++	  

•  Geant4	  proposal	  
•  RD45/Objec&vity	  project	  
•  ROOT	  project	  starts	  (in	  NA49)	  

“Every	  problem	  has	  its	  root	  in	  failure	  of	  a	  rela&onship”	  

25/04/18	  



ZOO	  proposal	  1994	  
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ZOO	  was	  supposed	  	  to	  provide	  
the	  ZEBRA	  func&onality	  in	  the	  	  

C++	  world.	  
It	  was	  suppor&ng	  back	  

compa&bility	  for	  PAW	  &	  GEANT	  	  

“Every	  problem	  has	  its	  root	  in	  failure	  of	  a	  rela&onship”	  
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Rene	  Brun,	  Fons	  Rademakers	  



ROOT	  Specs	  Nov	  95	  
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Slides	  presented	  
in	  November95	  
In	  a	  crowded	  IT	  

amphi	  
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Tree	  data	  structure	  s&ll	  valid	  
today	  
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PAW	  style	  user	  interface	  

paw	  >	  set	  col	  2	  

paw	  >	  hi/plot	  1	  

paw	  >	  set	  col	  4	  

paw	  >	  hi/plot	  2	  same	  

paw	  >	  ntuple/plot	  100	  px:py	  px*px+py*py>1	  

25/04/18	  
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ROOT	  style	  interface	  

root	  >	  h1.SetLineColor(2)	  

root	  >	  h2.SetLineColor(4)	  

root	  >	  h1.Draw()	  

root	  >	  h2.Draw(“same”)	  

root	  >	  t.Draw(“px:py”,”px*px+py*py>1”)	  

root	  >	  myobject.DoSomething(…)	  

25/04/18	  



LCRB	  
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“Every	  problem	  has	  its	  root	  in	  failure	  of	  a	  rela&onship”	  



R.Brun:	  So\ware	  in	  HENP	   40	  

OODBMS	  (ie	  Objec&vity)	  
•  Hope:	  

–  Address	  one	  single	  object	  in	  a	  petabyte	  data	  base	  
–  Resolve	  all	  the	  object	  catalog	  issues	  

•  Reality:	  
–  64	  bits	  OID	  did	  not	  scale	  above	  10	  terabytes	  
–  Request	  for	  128	  bits	  OID	  never	  implemented	  
–  Locking	  problems	  when	  many	  users	  in	  read	  mode.	  
–  Central	  DB	  mismatch	  with	  GRID	  
–  No	  automa&c	  schema	  evolu&on	  	  
–  Transient	  data	  members	  are	  streamed	  
–  Data	  sets	  machine	  dependent	  
–  No	  member-‐wise	  streaming	  
–  No	  compression	  
–  No	  interac&vity,	  etc,etc,etc,etc,	  etc	  

“Every	  problem	  has	  its	  root	  in	  failure	  of	  a	  rela&onship”	  

25/04/18	  
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The	  I/O	  challenge	  



ROOT	  Seism	  (12/04/1996)	  
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“Every	  problem	  has	  its	  root	  in	  failure	  of	  a	  rela&onship”	  



Post-‐Seism	  1996	  
•  What	  to	  do	  ?	  Stop?	  Resist?	  
•  Strong	  support	  from	  NA49,	  ALICE	  
•  Most	  people	  lost	  in	  f77-‐>C++	  
•  Many	  encouraging	  signs	  of	  support	  from	  users	  not	  

understanding	  what	  happens	  with	  LHC++	  and	  OODBMS.	  
•  BUT,	  we	  were	  totally	  convinced	  that	  Objec&vity	  was	  a	  dead-‐

end	  for	  many	  technical	  reasons	  that	  were	  hard	  to	  follow	  by	  
people	  with	  no	  exper&se	  in	  OO	  and	  DBMS.	  
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Project	  History	  1	  
•  Jan	  95:	  Thinking/wri&ng/rewri&ng/???	  
•  November	  95:	  Public	  seminar,	  show	  Root	  0.5	  

•  Spring	  96:	  decision	  to	  use	  CINT	  
•  Jan	  97:	  Root	  version	  1.0	  
•  Jan	  98:	  Root	  version	  2.0	  
•  Mar	  99:	  Root	  version	  2.21/08	  (1st	  Root	  workshop	  FNAL)	  
•  Feb	  00:	  Root	  version	  2.23/12	  (2nd	  Root	  workshop	  CERN)	  

•  Mar	  01:	  Root	  version	  3.00/06	  
•  Jun	  01:	  	  Root	  version	  3.01/05	  (3rd	  Root	  workshop	  FNAL)	  
•  Jan	  02:	  Root	  version	  3.02/07	  (LCG	  project	  starts:	  RTAGs)	  
•  Oct	  02:	  Root	  version	  3.03/09	  (4th	  Root	  workshop	  CERN)	  
•  Dec	  03:	  Root	  version	  3.10/02	  (last	  PRO	  release)	  
•  Feb	  04:	  Towards	  version	  4.00	  (5th	  Root	  workshop	  SLAC)	  

SEISM	  

CHEP98,	  Chicago	  
FNAL	  chooses	  ROOT	  

CERN	  support	  

ROOT	  in	  EP/SFT	  



FNAL	  decision	  1998	  

•  In	  view	  of	  Run2,	  FNAL	  	  launched	  2	  projects	  in	  
Dec97	  with	  very	  clear	  defini&ons,	  objec&ves	  and	  
skilled	  par&cipants	  
– Data	  storage	  
– Data	  Analysis&Visualiza&on	  

•  At	  the	  end	  of	  CHEP98	  in	  Chicago	  serious	  problems	  
sponed	  in	  Babar	  and	  progress	  with	  OODBMS	  
slower	  than	  expected.	  

•  Following	  CHEP98,	  ROOT	  was	  selected	  by	  FNAL	  for	  
the	  2	  projects.	  
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Oracle,Objy,CDF	  local	  project,ROOT	  

HistoScope,LHC++,JAS,ROOT	  

“Every	  problem	  has	  its	  root	  in	  failure	  of	  a	  rela&onship”	  

candidates	  
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in	  1999/2000	  

Philippe	  Canal	  

Masa	  Goto	  
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We	  moved	  to	  CVS	  
In	  2001	  
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Today	  full	  &me	  on	  the	  project	  (2002)	  	  

	  
–  Ilka	  Antcheva	  (LCG	  staff)	  (since	  1st	  Aug	  2002)	  GUI/Doc	  
–  Maarten	  Ballin&jn	  (MIT/Phobos)	  PROOF	  (since	  Sep	  2001)	  
–  Rene	  Brun:	  PH/SFT	  group	  and	  Alice	  part	  &me	  
–  Philippe	  Canal	  (FNAL/CD)	  (since	  1998)	  
–  Olivier	  Couet	  CERN	  	  (since	  1st	  Jun	  2002)	  Graphics	  
–  Gerri	  Ganis	  (LCG)	  (since	  Dec	  2002)	  Authen&ca&on	  
–  Andrei	  Gheata:	  (Alice)	  Geometry	  package	  (since	  Sep	  2001)	  
–  Masa	  Goto	  (Agilent	  technologies)	  CINT	  full&me!	  
–  Eddy	  Offermann	  (from	  Finance	  world.	  Saba&cal	  for	  1	  year)	  
–  Valeriy	  Onuchin	  (LCG)	  GUI/Win32gdk	  (since	  1st	  Feb	  2002)	  
–  Fons	  Rademakers:	  Alice	  and	  PH/SFT	  group	  

hnps://root.cern.ch/project-‐founders	  
hnps://root.cern.ch/previous-‐developers	  
hnps://root.cern.ch/team	  
	  

Up-‐to-‐date	  list	  
In	  2017	  
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Interpreter	  &	  Compiler	  integra&on	  

root	  >	  .x	  script.C	  

root	  >	  	  DoSomething(…);	  

root	  >	  .x	  script.C++	  

root	  >	  .x	  script.C+	  

gROOT-‐>ProcessLine(“.L	  script.C+”);	  

gROOT-‐>ProcessLine(“DoSomething(…)”);	  

execute	  file	  script.C	  

execute	  funcSon	  DoSomething	  

compile	  file	  script.C	  
and	  execute	  it	  

compile	  file	  script.C	  
if	  file	  has	  been	  modified.	  

execute	  it	  

same	  from	  
compiled	  
or	  interpreted	  code	  

	  
25/04/18	  
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Current	  ROOT	  structure	  &	  libs	  (2002)	  

25/04/18	  
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Applica&ons	  Area	  Organiza&on	  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	  rela&onship”	  



ROOT	  Workshops	  

•  Opportunity	  to	  present	  and	  discuss	  the	  latest	  
developments.	  

•  Get	  feedback	  
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Evolu&on	  of	  ROOT	  I/O	  
•  Hand-‐wrinen	  Streamers	  
•  Streamers	  generated	  via	  rootcint	  
•  Support	  for	  Class	  Versions	  
•  Support	  for	  ByteCount	  
•  Persistent	  class	  Dic&onary	  wrinen	  to	  files	  
•  rootcint	  modified	  to	  generate	  automa&c	  Streamers	  
•  Support	  for	  Automa&c	  Schema	  Evolu&on	  
•  Can	  generate	  code	  for	  “DataObjects”	  classes	  in	  a	  file	  	  
•  Support	  for	  complex	  C++	  cases	  
•  Can	  read	  files	  without	  the	  classes	  
•  Persistent	  Reference	  pointers	  
•  Support	  for	  foreign	  classes	  
•  Full	  support	  for	  STL	  

3.00 

3.01 

1995 

2005 

3.02 
3.04 

4.02 
25/04/18	  
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File	  types	  &	  Access	  in	  4.01/xx	  (2004)	  

Local 
File 

X.xml 

RFIO Chirp 

Castor Dcache Local 
File 

X.root 

http rootd/xrootd 

Oracle 

SapDb 

PgSQL 

MySQL 

TFile 
TKey/TTree 

TStreamerInfo 

user 

TSQLServer 
TSQLRow 

TSQLResult 

TTreeSQL 



I/O Overview in 2010 

Several enhancements to ROOT I/O 
performance 

 
– Prefetching (a.k.a. TTreeCache) 

– Clustering the baskets 

–  I/O challenges in CMS 

– Optimizing the streaming engine 
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Consolida&on:	  2012-‐>2018	  
•  User	  Interface:	  CINT	  à	  CLING,	  Growing	  use	  of	  	  Python	  

•  Graphics:	  Ps,	  gif,	  pdf,	  GL,Tex,web	  (2,3-‐D)	  
•  JavaScript	  ROOT	  interfaces	  for	  I/O	  and	  visualiza&on;	  Jupyter	  

kernel,	  THnpServer	  
•  Math:	  fiung,	  stats,TMVA,	  R,	  Scikit-‐Learn	  
•  I/O,Mul&-‐tasking,threading	  
•  TTree	  clusters,	  prefetch,	  TTreeReader	  
•  Build,	  QA,	  documenta&on	  and	  Test	  system	  
•  User	  support:	  mail	  -‐>Forum	  -‐>…	  
•  transi&on	  to	  CMake,	  switch	  to	  doxygen	  
•  4000	  bugs	  fixed,	  61000	  forum	  posts.	  
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Thanks	  
Axel	  

I	  re&red	  



Challenges	  

•  Evolu&on	  vs	  Revolu&on	  
•  Follow	  technology	  trends	  
•  Be	  open	  to	  other	  worlds	  
•  Make	  things	  simpler	  for	  beginners	  
•  “OK	  Google”	  è	  “OK	  ROOT”	  è	  code	  
•  Talk	  at	  Sarejevo	  ROOT	  workshop	  in	  September	  
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Condi&ons	  for	  success	  
•  Top	  priority:	  Instantaneous	  user	  support	  
•  Understand	  &	  priori&ze	  users	  requirements	  
•  Project	  members	  must	  follow	  all	  branches	  
•  Stability	  &	  con&nuity	  even	  with	  revolu&ons	  
•  Code	  quality:	  dash	  boards,	  coverity,	  etc	  
•  Do	  not	  duplicate	  user	  interfaces	  
•  Simplify	  installa&on	  
•  Tools	  for	  beginners	  
•  Last	  but	  not	  least	  
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