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OpenMP 4.5 & beyond:
Validation & Verification Testsuite project

* Evaluating functionality of the target offload across compilers &
architectures

* Going forward: will cover the rest of the spec
* Part of the ECP SOLLVE Project

* In collaboration with ORNL, Argonne, Brookhaven, LLNL, LLVM, Cray,
GCC

* Currently working closely with the LLVM Community

* Keen to work more closely with the OpenMP org. to make a larger
impact

* Mail any of us for access to https://bitbucket.org/crpl cisc/sollve vv

CONTACT ORNL: Oscar Hernandez (oscar@ornl.gov), Swaroop Pophale (pophaless@ornl.gov)
UDEL: Sunita Chandrasekaran (schandra@udel.edu), Jose Diaz (josem@udel.edu)
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OpenMP 4.5 & beyond:
Validation & Verification Testsuite project

Focusing heavily on Target offloading
model

Creating functional and unit tests

Target platforms include ORNL’s TITAN
and SummitDev (representative exascale Host
systems)

OFFLOADLKNG ‘

Devices

Collaboration with ECP application
developers to create representative
scientific use cases

CONTACT ORNL: Oscar Hernandez (oscar@ornl.gov), Swaroop Pophale (pophaless@ornl.gov)
UDEL: Sunita Chandrasekaran (schandra@udel.edu), Jose Diaz (josem@udel.edu)



Target offloading

Host centric execution of code: Offloading directives provides the compiler with
hints to create device executable code, as well as inline all the necessary calls for
device initialization, code execution and data movement between host and
device.

OpenMP frees the programmer from bookkeeping data allocation and movement,
as well as separate compilation of code for host and device.

OpenMP 4.5 in particular provides more control to the programmer to handle data
movement between host and device.

Device code
: | Conditional exec on device
generation

\ Data movement | \%

#pragma omp target map(tofrom: myVar) if(myCondition) device(2

{

myVar ++;

}




Current Status

*Implemented 20+ V&YV test cases for structured data map directives and runtime
library calls.

*Committed patches to the LLVM compiler community on the V&V and a
collaboration was established with the University of Delaware, ANL, BNL and LLNL.

* Created wiki pages which detail how to use the V&V repository and how to use
llvm-lit infrastructure of LLVM to run the tests.

*Increased the range of different compilers to test the suite (IBM XL compilers,
LLVM, GCC, Cray)

* Discussed with the OpenMP ARB's examples committee how to interact with the
V&V.



Directives, clauses and test cases
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Offloading to multiple devices

* Distributes each row of a matrix to exactly one
of the available devices

Line 8 — without the map clause
map(from:h_matrix[dev*N:N]) the test was
reporting success

*But at runtime, the entire h_matrix was
implicitly copied to each one of the devices.
*Each device had a copy of the h_matrix array
instead of only a portion of the array (a row)

per device

*Line 8 —added h_matrix array present implicitly
in a target region is not larger than the original
size already mapped in the outer region by the
target data construct in line 7

*It is important to clarify that the additional
map(from: h_matrix[dev *N:NJ) will not perform
the data movement operation since the
h_matrix array was already mapped in the outer
target data region.

oo

10

int test_map_device () {
int num_dev = omp_get_num_devices (), sum[num_dev],
int+ h_matrix = (int+) malloc(num_dev«N«sizeof (int));

errors = 0;

++dev) {

for (int dev = 0; dev < num_dev;
h_matrix[dev+N:N]) device (dev)

#pragma omp target data map(from:

{

#pragma omp target map(from: h_matrix[dev+N:N]) device (dev)

++1)
= dev;

for (int i = 0; i < N;
h_matrix[dev+N + 1i]
} end target
} end target data

}

/ checking results
errors = 0;
for (int dev = 0; dev < num_dev;
sum[dev] = h_matrix[dev+sN + 0];
for (int i = 1; i < N; ++1)
sum[dev] += h_matrix[devs«N + i];
errors |= (dev » N != sum[dev]);

}

++dev) {

return errors;
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This solves the 168 Show
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[sollve_v/master]
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crplcisc | sollve_project / sollve.vy | Source

Source
D master+ &+ sollve_w/
bugs

sys

tests

=) Makefile 59KB 3 days ago Fixing minor error in Makefile for no_offioading

E README.md 1288 3 days ago README.md created online with Bitbucket

Welcome
Welcome to our SOLLVE project!

For more information go to our wiki

New file

Contact: ORNL: Oscar Hernandez(oscar@ornl.gov), Swaroop Pophale(pophaless@ornl.gov)

UDEL: Jose Diaz (josem@udel.edu), Sunita Chandrasekaran (schandra@udel.edu)



RESULTS (so far)

Platform: Summitdev Platform: Platform: Platform:
Summitdev Titan Summitdev

Lang Compiler: Clang 3.8.0 Compiler: IBM  Compiler: Compiler:
ORNL Version XL 13.1.6 CCE8.6.3 GCC7.1.1

offloading_success.c C

offloading_success.cpp C++ PASS PASS PASS PASS

target/test_target_is_device_ptr.c C PASS PASS PASS PASS

target/test_target_map_array_default.c c PASS PASS PASS PASS

target/test_target_map_pointer.c (%] PASS PASS PASS PASS

target/test_target_map_pointer_default.c C PASS PASS PASS PASS

target/test_target_map_scalar_default.c C PASS PASS PASS PASS

target/test_target_if.c C PASS PASS PASS PASS

target/test_target_map_global_arrays.c C PASS PASS PASS PASS

target/test_target_map_local_array.c C PASS PASS PASS PASS

target_data/test_target_data_if.c C PASS PASS PASS PASS

target_data/test_target_data_map.c C PASS PASS PASS PASS

target_enter_exit_data/test_target_enter_exit_data_async.c C PASS PASS PASS PASS

target_enter_exit_data/test_target_enter_exit_data_map_global_array.c C PASS PASS PASS PASS

target_enter_exit_data/test_target_enter_exit_data_map_malloced_array.c C PASS PASS PASS PASS

target/test_target_map_struct_default.c C PASS PASS C. FAIL PASS

target/test_target_device.c C PASS PASS C. FAIL PASS

target/test_target_async.c C PASS R. FAIL PASS PASS

target_data/test_target_data_map_array_sections.c C PASS PASS R. FAIL PASS

target_data/test_target_data_map_classes.cpp C++ PASS PASS C. FAIL PASS

target_data/test_target_data_map_devices.c C PASS PASS C. FAIL PASS

target_enter_exit_data/test _target_enter_exit_data_devices.c C PASS PASS C. FAIL PASS

target_enter_exit_data/test_target_enter_exit_data_struct.c C PASS PASS C. FAIL PASS

application_kernels/linked_list.c C PASS PASS C. FAIL PASS

target_data/test_target_data_use_device_ptr.c C PASS PASS R. FAIL C. FAIL
target/test_target_defaultmap.c C PASS R. FAIL R. FAIL PASS

target/test_target_map_classes_default.cpp C++ R. FAIL R. FAIL C. FAIL C. FAIL
target_enter_exit_data/test_target_enter_exit_data_classes.cpp C++ C. FAIL R. FAIL C. FAIL C. FAIL




Next Steps

— Extract more test cases from applications use-cases
to complement the ones written

— ldentify performance-critical kernels from
application

— Coordinate V&V work with the LLVM community —
develop a schedule for the next batch of testcases

— V&V release for SC’17



Thank you !!

*Visit UDEL Booth #1043 to
check out a poster on this topic
for more updates

*Visit DOE Booth #613 on Wed
5pm for a demo on V&V
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