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Programming Language 
Savannah 

•  0, 1-st, 2-nd... N-th generation of PL 
•  Multiple language paradigms 
•  Expressing ideas from different domains are 

more/less complex depending on the 
language. 
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Domain-specific languages (DSLs) 

Depending on the domain: 
•  Science 

Mathlab, R, ROOT’s C++ extensions 

•  Engineering 
Verilog, VHDL, LabView 

•  Parallelism 
OpenMP, OpenACC 

•  Computer Graphics 
Shading Languages 

•  Relation algebra (Relational Databases) 
SQL, LINQ, Datalog 
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Mixing DSLs in imperative 
languages 

•  Usually as strings passed to a db driver (SQL) 
Lack of type safety 

•  Through #pragma-s (OpenMP…) 
Lack of good diagnostics 

•  C#’s Language Integrated Queries (LINQ) 
Incorporating type safety and language-native diagnostics 
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Language Integrated Queries 

•  Native support of SQL-like syntax 
•  Operate on collections using relational algebra 

operations. 

28-Aug-14 Vassil Vassilev/ACAT14 

6 



Iterators 

•  How many collection iterations are done in my 
code? How many of them include relational 
algebra? Set union, set difference, projection, 
selection, ... 

•  Iteration fundamental to the design on 
frameworks collections and a cornerstone for 
STL. 

•  No wonder why C++11 provides iteration 
simplifiers such as range-based iteration. 

•  C++ & STL are LINQ-friendly 

28-Aug-14 Vassil Vassilev/ACAT14 

7 



Implementations 

•  cpplinq 
•  boolinq – boost-based implementation of  
•  MS Reactive Components 
•  ... 

Implementations use operator overloading and 
or trampoline/meta objects. 
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Usage 

#include	  ”cpplinq/linq.hpp”	  
	  
//	  Returns	  true	  if	  the	  parameter	  is	  a	  prime	  number.	  
bool	  is_prime(int);	  
long	  sum_primes()	  {	  
	  	  auto	  xs	  =	  int_range(0,	  100);	  //	  boost::counting_iterator	  
	  	  using	  namespace	  cpplinq;	  
	  	  return	  from(xs).where(is_prime).sum();	  
}	  

#include LINQ 
header file 

Enables LINQ 

Sums all prime 
numbers in [0, 100) 
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Usage 

#include	  ”cpplinq/linq.hpp”	  
	  
//	  Returns	  true	  if	  the	  parameter	  is	  a	  prime	  number.	  
bool	  is_prime(int);	  
using	  namespace	  cpplinq;	  
long	  sum_squared_primes()	  {	  
	  	  auto	  xs	  =	  int_range(0,	  100);	  //	  boost::counting_iterator	  
	  	  return	  from(xs).where(is_prime).	  

	   	   	   	   	  select([](int	  x){return	  x*x}).sum();	  
}	  
	  
std::vector<int>	  gimme_some_primes	  (int	  howMany)	  {	  
	  	  auto	  xs	  =	  int_range(0,	  -‐1);	  //	  0	  to	  MAX(int)	  
	  	  return	  from(xs).where(is_prime).take(howMany).to_vector();	  
}	  
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Field of HEP 
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Simple EventData demo 

...	  
struct	  Particle	  {	  
	  	  ROOT::Math::XYZVector	  	  fPosition;	  //	  vertex	  position	  (Gaus)	  
	  	  ROOT::Math::PtEtaPhiMVector	  fVector;	  //	  particle	  vector	  
	  	  int	  	  fCharge;	  //	  particle	  charge	  
	  	  short	  fType;	  //	  particle	  type	  (0=pho,	  1	  ele,	  2...)	  
};	  
struct	  EventData	  {	  
	  	  std::vector<Particle>	  fParticles;	  //	  Poisson	  distributed	  mean	  40	  
};	  
...	  
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Simple EventData demo 

//	  Read	  back	  the	  data	  
void	  ReadEventData(std::vector<Particle>&	  v)	  {	  
	  	  	  TFile	  *myFile	  =	  TFile::Open("eventdata_s99.root");	  
	  	  	  TTreeReader	  tree("tree",	  myFile);	  
	  	  	  TTreeReaderValue<std::vector<	  Particle>	  >	  particles_value(tree,	  "fParticles");	  
	  	  	  while	  (myReader.Next())	  {	  
	  	  	  	  	  	  v.insert(v.end(),	  particles_value-‐>begin(),	  particles_value-‐>end());	  
	  	  	  }	  
	  	  ...	  
}	  
	  
void	  PrintElectronCount()	  {	  
	  	  std::vector<Particle>	  ED;	  ReadEventData(ED);	  
	  	  auto	  elCnt	  =	  from(ED).	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  where([](const	  Particle&	  p)	  {return	  p.fType	  ==	  Electron}).	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  count();	  
	  	  printf(“Electron	  count	  in	  ED	  is:%d\n”,	  elCnt);	  
}	  
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LINQ Operators 

•  groupby 
•  select 
•  select_many 
•  where 
•  aggregate 
•  any 
•  all 
•  cast 
•  contains 
•  count 
•  element_at 

•  empty 
•  first 
•  last 
•  max 
•  min 
•  sum 
•  take 
•  to_vector 
•  late_bind 
•  from 
•  … 
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Debugging your code 

•  Sometimes can become a terrible experience. 
•  Complex template mechanics at the backstage 
•  Could be improved by using various techniques 
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Field of HEP 

	  //	  Calculate	  the	  pt	  (momentum)	  distribution	  for	  all	  positive	  and	  negative	  
	  //	  charged	  particles	  and	  compare	  the	  values.	  
	  using	  namespace	  cpplinq;	  
	  double	  PosPtSum	  =	  
	  	  	  	  from(from	  (ED).	  
	  	  	  	  	  	  	  	  	  where([](const	  Particle&	  p)	  {return	  p.fCharge	  >	  0;})).	  
	  	  	  	  	  	  	  	  	  select([](const	  Particle&	  p)	  {return	  p.fVector.Pt();}).	  
	  	  	  	  	  	  	  	  	  sum();	  
	  
	  double	  NegPtSum	  =	  
	  	  	  	  from(from	  (ED).	  
	  	  	  	  	  	  	  	  	  where([](const	  Particle&	  p)	  {return	  p.fCharge	  <	  0;})).	  
	  	  	  	  	  	  	  	  	  select([](const	  Particle&	  p)	  {return	  p.fVector.Pt();}).	  
	  	  	  	  	  	  	  	  	  sum();	  
	  printf("Positive	  +PT	  Sum=%f,	  and	  negative	  PT	  Sum=%f\n",	  PosSum,	  NegSum);	  
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LINQ and ROOT6 TreeReader 

	  //	  Calculate	  the	  pt	  (momentum)	  distribution	  for	  all	  positive	  and	  negative	  
	  //	  charged	  particles	  and	  compare	  the	  values.	  
	  TFile	  *myFile	  =	  TFile::Open("eventdata_s99.root");	  
	  TTreeReader	  tree("tree",	  myFile);	  
	  TTreeReaderArray<Particle>	  particles(tree,	  "fParticle");	  
	  
	  using	  namespace	  cpplinq;	  
	  double	  PosPtSum	  =	  
	  	  	  from(from(particles).	  
	  	  	  	  	  	  	  	  	  	  	  	  	  where([]	  (const	  Particle&	  p)	  {return	  p.fCharge	  >	  0;	  }	  )).	  
	  	  	  	  	  	  	  	  select([](const	  Particle&	  p){	  return	  p.fVector.Pt();}).sum();	  	  
	  
	  double	  NegPtSum	  =	  
	  	  	  from(from(particles).	  
	  	  	  	  	  	  	  	  	  	  	  	  	  where([]	  (const	  Particle&	  p)	  {return	  p.fCharge	  <	  0;	  }	  )).	  
	  	  	  	  	  	  	  select([](const	  Particle&	  p){	  return	  p.fVector.Pt();}).sum();	  
	  	  printf("Positive	  +PT	  Sum=%f,	  and	  negative	  PT	  Sum=%f\n",	  PosSum,	  NegSum);	  
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Computation Abstraction 

Going from imperative to declarative paradigm: 
•  Allows to describe the result of the 

computations not the computations 
themselves. 

•  Opens entire new world of scheduling 

28-Aug-14 Vassil Vassilev/ACAT14 

18 



Computation Abstraction 

Advantages 
•  We can communicate the ‘expected’ results to 

the batch system, where the scheduler can be 
smarter. 

•  Allows smart compiler to further-optimize the 
requested operations 
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Performance 

•  Based on std::iterator and heavily templated 
code. 

•  All exposed to the C++ compiler, thus 
optimization-friendly 

•  A lot to explore and improve 
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Future 

•  Expression trees 
•  Late binding 
•  Add support in ROOT 
•  Implement cpplinq.remote for PROOF-like 

systems 
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Thank you! 

Further resources: 

https://github.com/vgvassilev/RxCpp 
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