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The Trail to HPC
The baggage of using + MPI
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The Trail to HPC
The baggage of using + MPI
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std::vector<double> get_whole_vector(std::vector<double> const& v_local,
MPI_Comm comm) {

int size;
int rank;
MPI_Comm_size(comm, &size);
MPI_Comm_rank(comm, &rank);
std::vector<int> rc(size), rd(size);
rc[rank] = v_local.size();
MPI_Allgather(MPI_IN_PLACE, 0, MPI_DATATYPE_NULL

rc.data(), 1, MPI_INT, comm);
std::exclusive_scan(rc.begin(), rc.end(), rd.begin(), 0);
std::vector<double> v_global(rd.back() + rc.back());
MPI_Allgatherv(v_local.data(), v_local.size(), MPI_DOUBLE,

v_global.data(), rc.data(), rd.data(),
MPI_DOUBLE, comm);

return v_global;
}
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std::vector<double> get_whole_vector(std::vector<double> const& v_local,
MPI_Comm comm) {

int size;
int rank;
MPI_Comm_size(comm, &size);
MPI_Comm_rank(comm, &rank);
std::vector<int> rc(size), rd(size);
rc[rank] = v_local.size();
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A Trip

int size;
int rank;
MPI_Comm_size(comm, &size);
MPI_Comm_rank(comm, &rank);
std::vector<int> rc(size), rd(size);

std::vector<double> get_whole_vector(std::vector<double> const& v_local, MPI_Comm comm) {

}

std::vector<double> v_global(rd.back() + rc.back());

MPI_Allgather(MPI_IN_PLACE, 0, MPI_DATATYPE_NULL, rc.data(), 1, MPI_INT, comm);
std::exclusive_scan(rc.begin(), rc.end(), rd.begin(), 0);

MPI_Allgatherv(v_local.data(), v_local.size(), MPI_DOUBLE,
v_global.data(), rc.data(), rd.data(),
MPI_DOUBLE, comm);

rc[rank] = v_local.size();

return v_global;

Goals:

□ zero-overhead abstraction over MPI

□ covering whole abstraction range:
rapid prototyping ↔ highly engineered
algorithms

□ flexible parameter handling, sensible
defaults

□ configurable memory management

□ compatible with move semantics
abstraction level highlow
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rc[rank] = v_local.size();

return v_global;

C-ish API

parameter order?

Goals:

□ zero-overhead abstraction over MPI

□ covering whole abstraction range:
rapid prototyping ↔ highly engineered
algorithms

□ flexible parameter handling, sensible
defaults

□ configurable memory management

□ compatible with move semantics

all other parameters can be inferredall other parameters can be inferred

abstraction level highlow
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}
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v_global.data(), rc.data(), rd.data(),
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□ zero-overhead abstraction over MPI

□ covering whole abstraction range:
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defaults
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□ compatible with move semantics
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A Trip
template<typename T>
std::vector<T> get_whole_vector(std::vector<T> const& v_local, Communicator const& comm) {

}

std::vector<int> rc(comm.size()), rd(comm.size());

comm.allgather(send_recv_buf(rc));
std::exclusive_scan(rc.begin(), rc.end(), rd.begin(), 0);

comm.allgatherv(send_buf(v_local), recv_buf(v_global),
recv_counts(rc), recv_displs(rd));

rc[rank] = v_local.size();

return v_global;

std::vector<T> v_global(rd.back() + rc.back());

parameter order?

Goals:

□ zero-overhead abstraction over MPI

□ covering whole abstraction range:
rapid prototyping ↔ highly engineered
algorithms

□ flexible parameter handling, sensible
defaults

□ configurable memory management

□ compatible with move semantics

arbitrary parameter order!

all other parameters can be inferredall other parameters can be inferred

abstraction level highlow
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A Trip
template<typename T>
std::vector<T> get_whole_vector(std::vector<T> const& v_local, Communicator const& comm) {

}

std::vector<int> rc(comm.size()), rd(comm.size());

comm.allgather(send_recv_buf(rc));
std::exclusive_scan(rc.begin(), rc.end(), rd.begin(), 0);

comm.allgatherv(send_buf(v_local), recv_buf(v_global),
recv_counts(rc), recv_displs(rd));

rc[rank] = v_local.size();

return v_global;

std::vector<T> v_global(rd.back() + rc.back());

Goals:

□ zero-overhead abstraction over MPI

□ covering whole abstraction range:
rapid prototyping ↔ highly engineered
algorithms

□ flexible parameter handling, sensible
defaults

□ configurable memory management

□ compatible with move semantics

manual allocationmanual allocation

abstraction level highlow
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A Trip
template<typename T>
std::vector<T> get_whole_vector(std::vector<T> const& v_local, Communicator const& comm) {

}

std::vector<int> rc(comm.size()), rd(comm.size());

comm.allgather(send_recv_buf(rc));
std::exclusive_scan(rc.begin(), rc.end(), rd.begin(), 0);

comm.allgatherv(send_buf(v_local), recv_buf(v_global),
recv_counts(rc), recv_displs(rd));

rc[rank] = v_local.size();

return v_global;

std::vector<T> v_global;

Goals:

□ zero-overhead abstraction over MPI

□ covering whole abstraction range:
rapid prototyping ↔ highly engineered
algorithms

□ flexible parameter handling, sensible
defaults

□ configurable memory management

□ compatible with move semantics

automatic or manual allocation

abstraction level highlow
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A Trip
template<typename T>
std::vector<T> get_whole_vector(std::vector<T> const& v_local, Communicator const& comm) {

}

std::vector<int> rc(comm.size()), rd(comm.size());

comm.allgather(send_recv_buf(rc));
std::exclusive_scan(rc.begin(), rc.end(), rd.begin(), 0);

comm.allgatherv(send_buf(v_local), recv_buf(v_global),
recv_counts(rc), recv_displs(rd));

rc[rank] = v_local.size();

return v_global;

std::vector<T> v_global;

Goals:

□ zero-overhead abstraction over MPI

□ covering whole abstraction range:
rapid prototyping ↔ highly engineered
algorithms

□ flexible parameter handling, sensible
defaults

□ configurable memory management

□ compatible with move semantics

common idiom: boilerplate!

automatic or manual allocation

abstraction level highlow
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A Trip
template<typename T>
std::vector<T> get_whole_vector(std::vector<T> const& v_local, Communicator const& comm) {

}

std::vector<int> rc(comm.size()), rd(comm.size());

comm.allgather(send_recv_buf(rc));
std::exclusive_scan(rc.begin(), rc.end(), rd.begin(), 0);

comm.allgatherv(send_buf(v_local), recv_buf(v_global),
recv_counts(rc), recv_displs(rd));

rc[rank] = v_local.size();

return v_global;

std::vector<T> v_global;

Goals:

□ zero-overhead abstraction over MPI

□ covering whole abstraction range:
rapid prototyping ↔ highly engineered
algorithms

□ flexible parameter handling, sensible
defaults

□ configurable memory management

□ compatible with move semantics

common idiom: boilerplate!

automatic or manual allocation

abstraction level highlow
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A Trip
template<typename T>
std::vector<T> get_whole_vector(std::vector<T> const& v_local, Communicator const& comm) {

}

comm.allgather(send_recv_buf(rc));
rc[rank] = v_local.size();

return v_global;

std::vector<T> v_global;

std::vector<int> rc(comm.size());

comm.allgatherv(send_buf(v_local), recv_buf(v_global),
recv_counts(rc));

Goals:

□ zero-overhead abstraction over MPI

□ covering whole abstraction range:
rapid prototyping ↔ highly engineered
algorithms

□ flexible parameter handling, sensible
defaults

□ configurable memory management

□ compatible with move semantics

common idiom: boilerplate!

automatic or manual allocation

abstraction level highlow



2025-08-01 Uhl et al. – KaMPIng: Performant, Reliable, and Productive MPI Programming with C++ Institute of Theoretical Informatics, Algorithm Engineering4 - 12

A Trip
template<typename T>
std::vector<T> get_whole_vector(std::vector<T> const& v_local, Communicator const& comm) {

}
return v_global;

std::vector<T> v_global;
comm.allgatherv(send_buf(v_local), recv_buf(v_global)); Goals:

□ zero-overhead abstraction over MPI

□ covering whole abstraction range:
rapid prototyping ↔ highly engineered
algorithms

□ flexible parameter handling, sensible
defaults

□ configurable memory management

□ compatible with move semantics

return by referencereturn by reference

abstraction level highlow
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A Trip
template<typename T>
std::vector<T> get_whole_vector(std::vector<T> const& v_local, Communicator const& comm) {

}

return comm.allgatherv(send_buf(v_local)); Goals:

□ zero-overhead abstraction over MPI

□ covering whole abstraction range:
rapid prototyping ↔ highly engineered
algorithms

□ flexible parameter handling, sensible
defaults

□ configurable memory management

□ compatible with move semantics

return by reference
or by value

return by reference
or by value

abstraction level highlow
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A Trip

Goals:

□ zero-overhead abstraction over MPI

□ covering whole abstraction range:
rapid prototyping ↔ highly engineered
algorithms

□ flexible parameter handling, sensible
defaults

□ configurable memory management

□ compatible with move semantics

template<typename T>
std::vector<T> get_whole_vector(std::vector<T> const& v_local, Communicator const& comm) {

return comm.allgatherv(send_buf(v_local));
}

abstraction level highlow



2025-08-01 Uhl et al. – KaMPIng: Performant, Reliable, and Productive MPI Programming with C++ Institute of Theoretical Informatics, Algorithm Engineering4 - 15

A Trip

Goals:

□ zero-overhead abstraction over MPI

□ covering whole abstraction range:
rapid prototyping ↔ highly engineered
algorithms

□ flexible parameter handling, sensible
defaults

□ configurable memory management

□ compatible with move semantics

// avoid implicit allocation
comm.allgatherv(send_buf(v_local),

recv_counts_out<no_resize>(some_buf));

// pass buffer ownership to calls
rc = comm.allgatherv(send_buf(v_local), recv_buf(v_global),

recv_counts_out<resize_to_fit>(std::move(rc)));

// retrieve auxiliary data
auto [recvbuf, displs] = comm.allgatherv(send_buf(v_local),

recv_displs_out());

template<typename T>
std::vector<T> get_whole_vector(std::vector<T> const& v_local, Communicator const& comm) {

return comm.allgatherv(send_buf(v_local));
}

abstraction level highlow



2025-08-01 Uhl et al. – KaMPIng: Performant, Reliable, and Productive MPI Programming with C++ Institute of Theoretical Informatics, Algorithm Engineering4 - 16

A Trip

Goals:

□ zero-overhead abstraction over MPI

□ covering whole abstraction range:
rapid prototyping ↔ highly engineered
algorithms

□ flexible parameter handling, sensible
defaults

□ configurable memory management

□ compatible with move semantics

// avoid implicit allocation
comm.allgatherv(send_buf(v_local),

recv_counts_out<no_resize>(some_buf));

// pass buffer ownership to calls
rc = comm.allgatherv(send_buf(v_local), recv_buf(v_global),

recv_counts_out<resize_to_fit>(std::move(rc)));

// retrieve auxiliary data
auto [recvbuf, displs] = comm.allgatherv(send_buf(v_local),

recv_displs_out());

template<typename T>
std::vector<T> get_whole_vector(std::vector<T> const& v_local, Communicator const& comm) {

return comm.allgatherv(send_buf(v_local));
}

abstraction level highlow



2025-08-01 Uhl et al. – KaMPIng: Performant, Reliable, and Productive MPI Programming with C++ Institute of Theoretical Informatics, Algorithm Engineering4 - 17

A Trip

Goals:

□ zero-overhead abstraction over MPI

□ covering whole abstraction range:
rapid prototyping ↔ highly engineered
algorithms

□ flexible parameter handling, sensible
defaults

□ configurable memory management

□ compatible with move semantics

// avoid implicit allocation
comm.allgatherv(send_buf(v_local),

recv_counts_out<no_resize>(some_buf));

// pass buffer ownership to calls
rc = comm.allgatherv(send_buf(v_local), recv_buf(v_global),

recv_counts_out<resize_to_fit>(std::move(rc)));

// retrieve auxiliary data
auto [recvbuf, displs] = comm.allgatherv(send_buf(v_local),

recv_displs_out());

template<typename T>
std::vector<T> get_whole_vector(std::vector<T> const& v_local, Communicator const& comm) {

return comm.allgatherv(send_buf(v_local));
}

abstraction level highlow



2025-08-01 Uhl et al. – KaMPIng: Performant, Reliable, and Productive MPI Programming with C++ Institute of Theoretical Informatics, Algorithm Engineering5 - 1

Equipped with More Features

using dict = std::unordered_map<std::string, std::string>;
dict data = ...;
comm.send(
send_buf( kamping:: as_serialized(data))
);

Flexible Type System
automatic type deduction

type reflection

opt-in serialization

struct Foo {
int a;
double b;

};

Foo foo = {42, 3.14};
comm.send(send_buf(foo));

struct Foo {
int a;
double b;

};

Foo foo = {42, 3.14};
comm.send(send_buf(foo));
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New Terrain Ahead: Working with the MPI Forum

we lead the MPI Forum’s Language Binding Working Group

Efforts:
extract design concepts for C++ language bindings instead of
proposing a full API

draft a C++ language support side document accompanying
the standard



2025-08-01 Uhl et al. – KaMPIng: Performant, Reliable, and Productive MPI Programming with C++ Institute of Theoretical Informatics, Algorithm Engineering7 - 1

Join the KAmp Today!

FetchContent_Declare(
kamping
GIT_REPOSITORY https://github.com/kamping-site/kamping.git
GIT_TAG v0.1.1

)

FetchContent_MakeAvailable(kamping)

target_link_libraries(myapp PRIVATE kamping::kamping)

template<typename T>
static void mpi_broadcast(T& obj) {
if (_num_ranks > 1) {

size_t size = master() ?
BinaryStream::serialize(
_parallel_buf.data(),
_parallel_buf.capacity(),
obj)

: 0;
mpi_broadcast((void *) &size, sizeof(size_t));
mpi_broadcast((void *) _parallel_buf.data(), size);
if (!master()) {
BinaryStream bs(_parallel_buf.data(), size);
bs >> obj;

}
}

}

original RAxML-NG code

template <typename T>
static void mpi_broadcast(T &obj) {
if (_num_ranks > 1) {
_comm->bcast(send_recv_buf( as_serialized(obj)));

}
}

#include <kamping/communicator.hpp>
#include <kamping/collectives/bcast.hpp>

kamping::Communicator comm(my_comm);
comm.bcast(...);

github.com/kamping-site/kamping

�

CMake

C++

Get started!
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Packing Up: The Journey Ahead

�

github.com/kamping-site/kamping

This project has received funding from the Euro-
pean Research Council (ERC) under the Euro-
pean Union’s Horizon 2020 research and innova-
tion program (grant agreement No. 882500).

low-to-high-level C++ bindings for MPI

no runtime-overhead

reduce boilerplate and error-proneness in
MPI applications

default parameters
safety guarantess
fine-grained memory management

ready for easy (stepwise) integration in
existing HPC codes

Contact: uhl@kit.edu


	Titleslide
	The Trail to HPC
	A Walk Through the History of MPI and C++
	A KaMPIng Trip
	Equipped with More Features
	Join the KAmp Today!
	Packing Up: The Journey Ahead

