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C++ std algorithms: brief timeline

October 1995

The Standard
Template Library

(Stepanov)

C++17

Ranges

C++20

Execution policy
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C++ algorithms: what are they?

More than 100 free functions for a
variety of purposes (e.g. searching,

sorting, counting, manipulating) that
operate on ranges of elements.

A range is defined (before C++20) as
[first, last) where last refers to
the element past the last element to

inspect or modify.

https://en.cppreference.com/w/cpp/algorithm
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Why are std algos important?
Why you should use them?

Correctness 
They are reliable and solid, less error-prone than writing your own
 

No raw loops (Sean Parent)
https://www.youtube.com/watch?v=W2tWOdzgXHA
 

Expressive/readable code, DRY principle
 
Maintain the same "level of abstraction" (SLAP principle)

Mixing different levels of abstraction in one same method can make it harder
to read and understand. We should always try to keep the code inside our
method at the same level of abstraction. (Uncle Bob, 2009)
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C++ STL Algorithms API
template<class InputIt, class UnaryFunction>
UnaryFunction for_each( InputIt first, InputIt last, UnaryFunction f );
 
template<class ExecutionPolicy, class ForwardIt, class UnaryFunction2>
void for_each( ExecutionPolicy&& policy,
               ForwardIt first, ForwardIt last, UnaryFunction2 f );
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[first, last): iterators defining a range
iterators' category depends on the algorithm
 

f: unary function that is applied to the result of
dereferencing each iterator in the given range
(this is an example of a "strategy design pattern")
 
policy: more on this next
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Execution policy is important

6



How does it relate to kokkos?
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Kokkos API: accepting Views

template <class ExSpaceT, ...>
ret_type algo_name(const ExSpaceT& space, view(s), extra);
 
template <class ExSpaceT, ...>
ret_type algo_name(const std::string& label, const ExSpaceT& space, view(s), extra);
 
template <class TeamHandleT, ...>
KOKKOS_FUNCTION
ret_type algo_name(const TeamHandleT& teamHandle, view(s), extra);
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Kokkos API: accepting iterators

template <class ExSpaceT, ...>
ret_type algo_name(const ExSpaceT& space, iterators, extra);
 
template <class ExSpaceT, ...>
ret_type algo_name(const std::string& label, const ExSpaceT& space, iterators, extra);
 
template <class TeamHandleT, ...>
KOKKOS_FUNCTION
ret_type algo_name(const TeamHandleT& teamHandle, iterators, extra);
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Kokkos random-access iterators
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General comments
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for_each: Kokkos Implementation

parallel dispatch

functor {
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copy_if: Kokkos Implem
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namespace KE = Kokkos::Experimental;
 
Kokkos::View<double*, Kokkos::HostSpace> myView("myView", 13);
// fill myView somehow
 
const double oldVal{2}, newVal{34};
auto defHostSpace = Kokkos::DefaultHostExecutionSpace();
 
// act on the entire view
KE::replace(defHostSpace, myView, oldVal, newVal);
 
// act on just a subset
auto startAt = KE::begin(myView) + 4;
auto endAt   = KE::begin(myView) + 10;
KE::replace(defHostSpace, startAt, endAt, oldVal, newVal);
 
// pass label and execution space (assumed enabled)
KE::replace("mylabel", Kokkos::OpenMP(), myView, oldVal, newVal);
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Example usage
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template <class ValueType1, class ValueType2 = ValueType1>
struct CustomLessThanComparator {
  KOKKOS_INLINE_FUNCTION
  bool operator()(const ValueType1& a, const ValueType2& b) const
  {
    // return true if a is less than b, according to your custom logic
  }
};
 
int main(){
  // ...
  namespace KE = Kokkos::Experimental;
  Kokkos::View<double*, Kokkos::CudaSpace> myView("myView", 13);
  // fill a somehow
  auto res = KE::min_element(Kokkos::Cuda(), myView,
                             CustomLessThanComparator<double>());
  //...
}
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template <class ValueType>
struct GreaterThanValueFunctor {
  ValueType m_val;
  KOKKOS_INLINE_FUNCTION GreaterThanValueFunctor(ValueType val) : m_val(val) {}
  KOKKOS_INLINE_FUNCTION bool operator()(ValueType v) const { return (v > m_val); }
};
 
template <class ViewType, class ValueType>
struct TestFunctor {
  ViewType m_view; ValueType m_threshold; ValueType m_newVal;
  // ...
 
  template <class MemberType>
  KOKKOS_INLINE_FUNCTION void operator()(const MemberType& member) const {
    const auto myRowIndex = member.league_rank();
    auto myRowSubView     = Kokkos::subview(m_view, myRowIndex, Kokkos::ALL());
    GreaterThanValueFunctor predicate(m_threshold);
    Kokkos::Experimental::replace_if(member, myRowSubView, predicate, m_newVal);
  }
};
 
int main(){
  // ...
  Kokkos::View<int**> v("v", Nr, Nc); // # rows(Nr), # cols(Nc), filled somehow
  const int threshold(151), newVal(1);
  Kokkos::TeamPolicy<Kokkos::DefaultExecutionSpace> policy(Nr, Kokkos::AUTO());
  Kokkos::parallel_for(policy, TestFunctor(v, threshold, newVal));
  // ...
}
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Conclusions

Thank you 
francesco.rizzi@ng-analytics.com

18


