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WG21 SG1 Parallelism TS1
std::vector<int> v = ...

// standard sequential sort

std::sort(vec.begin(), vec.end());

using namespace std::experimental::parallel;

// explicitly sequential sort

sort(seq, v.begin(), v.end());

// permitting parallel execution

sort(par, v.begin(), v.end());

// permitting vectorization as well

sort(par_vec, v.begin(), v.end());

// sort with dynamically-selected execution

size_t threshold = ...

execution_policy exec = seq;

if (v.size() > threshold) {

  exec = par;

}

sort(exec, v.begin(), v.end());
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•
– omp target [clause[[,] clause],…] 
structured-block

– omp declare target  
[function-definitions-or-declarations]

•
– map ([map-type:] list) // map clause

map-type := alloc | tofrom | to | from 

– omp target data [clause[[,] clause],…] 
structured-block

– omp target update [clause[[,] clause],…]
– omp declare target  
[variable-definitions-or-declarations]

•
– omp teams [clause[[,] clause],…] 

structured-block
– omp distribute [clause[[,] clause],…] 

for-loops
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teams

Team 0
Thread0  Thread1  Thread2

Structured-block

Team 1
Thread0  Thread1  Thread2

Team 2
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The codebase

• How to use it:
– Grab the latest source files and install LLVM as usual
– Use the right options to specify host and target machines, e.g.:
$ clang –fopenmp –target powerpc64le-ibm-linux-gnu –mcpu pwr8

   –omptargets=nvptx64sm_35-nvidia-cuda <source files> 

Clang/LLVM
snapshot

Added OpenMP 
features to ClangAll OpenMP 3.1 

merged

OpenMP 4 
offloading 
support

Now merging 
OpenMP 4.0 

OpenMP 
4.5  
support



Other players
• OpenMP 4.0 support in Clang has been a joint effort

– Offloading model specification
– Code drops
– Code reviews

• Project contributors include
– IBM
– Intel
– Texas Instruments
– AMD
– DoE Laboratories
– Other distinguished members of the Clang/LLVM community



Offloading in OpenMP – Impl. components
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Clang with OpenMP
• Compiler actions:

– Driver preprocesses input source files using 
host/target preprocessor

• Header files may be in different places
• We may revisit this in the future

– For each source file, the driver spawns a job 
using the host toolchain and an additional 
job for each target specified by the user

– Flags informing the frontend that we are 
compiling code for a target so only the 
relevant target regions are considered

– Target linker creates a self-contained (no 
undefined symbols) image file

– Target image file is embedded “as is” by the 
host linker into the host fat binary

– The host linker is provided with information to 
generate the symbols required by the RTL

Device 
RTLHost 

RTL
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• Target offload 

RTL





__tgt_register_lib() 



__tgt_register_lib() 

Xeon Phi offload 
RTL

__tgt_rtl_number_of_devices() > 0 ? 



__tgt_register_lib() 

Xeon Phi offload 
RTL
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__tgt_register_lib() 

Xeon Phi offload 
RTL

__tgt_rtl_number_of_devices() > 0 ? 

Yes



__tgt_register_lib() 

Xeon Phi offload 
RTL

__tgt_init_device()



__tgt_register_lib() 

Xeon Phi offload 
RTL

__tgt_rtl_number_of_devices() > 0 ? 

GPU offload 
RTL



__tgt_register_lib() 

Xeon Phi offload 
RTL
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__tgt_register_lib() 

Xeon Phi offload 
RTL

__tgt_rtl_number_of_devices() > 0 ? 

GPU offload 
RTL



__tgt_register_lib() 

Xeon Phi offload 
RTL

__tgt_rtl_number_of_devices() > 0 ? 

DSP offload 
RTL



__tgt_target_data_begin(v1[N], v2[N], p[N])

Xeon Phi offload 
RTL



__tgt_target_data_begin(v1[N], v2[N], p[N])

Xeon Phi offload 
RTL
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__tgt_target_data_begin(v1[N], v2[N], p[N])

Xeon Phi offload 
RTL

__tgt_rtl_data_alloc(v1[N], v2[N], p[N])

v1[N], v2[N], p[N]



__tgt_target_data_begin(v1[N], v2[N], p[N])

Xeon Phi offload 
RTL

__tgt_rtl_data_submit(v1[N], v2[N])

v1[N], v2[N], p[N]



__tgt_target_data_begin(v1[N], v2[N], p[N])

Xeon Phi offload 
RTL

__tgt_rtl_data_submit(v1[N], v2[N])

v1[N], v2[N], p[N]



__tgt_target()

Xeon Phi offload 
RTL

v1[N], v2[N], p[N]



__tgt_target()

Xeon Phi offload 
RTL

__tgt_rtl_load_binary()

v1[N], v2[N], p[N]



__tgt_target()

Xeon Phi offload 
RTL

__tgt_rtl_load_binary()

v1[N], v2[N], p[N]

…



__tgt_target()

Xeon Phi offload 
RTL

__tgt_rtl_run_target_region()

v1[N], v2[N], p[N]

…



__tgt_target()

Xeon Phi offload 
RTL

__tgt_rtl_run_target_region()

v1[N], v2[N], p[N]

…



Xeon Phi offload 
RTL

v1[N], v2[N], p[N]



__tgt_target_data_update()

Xeon Phi offload 
RTL

v1[N], v2[N], p[N]



__tgt_target_data_update()

Xeon Phi offload 
RTL
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__tgt_target_data_update()

Xeon Phi offload 
RTL

__tgt_rtl_data_submit()

v1[N], v2[N], p[N]



Xeon Phi offload 
RTL

v1[N], v2[N], p[N]



__tgt_target_data_end()

Xeon Phi offload 
RTL

v1[N], v2[N], p[N]



__tgt_target_data_end()

Xeon Phi offload 
RTL

__tgt_rtl_data_retrieve()

v1[N], v2[N], p[N]



__tgt_target_data_end()

Xeon Phi offload 
RTL

__tgt_rtl_data_retrieve()

v1[N], v2[N], p[N]



__tgt_target_data_end()

Xeon Phi offload 
RTL

__tgt_rtl_data_delete()

v1[N], v2[N], p[N]



__tgt_target_data_end()

Xeon Phi offload 
RTL

__tgt_rtl_data_delete()



•

•
•

–
•

•
–

•



•
•
•
•
•



–
–
–

–
–
–

–

–
–



–
–

–

–

–

–



•

•

•

–
–

•


