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Goal

Create unit tests to
validate & verify
compilers’
implementation of
the specification

30 &P ©

Revealing ambiguities in the specification

Determining missing implementation of a feature

Highlighting unmentioned restriction of a feature

Evaluating implementations for multiple target
platforms

|dentifying and reporting compiler bugs




V&V Objectives

* Tests implementations of new features introduced in OpenMP
4.5+
* Checks conformance to the specification
— Peer reviewed, publicly available
* Highlights ambiguities in the OpenMP specification
* Reports status of implementations on primary ECP target
platforms
— Help application and compiler developers
 Exemplifies the use of the new features in OpenMP
* Abstracts application kernels as tests

https://crpl.cis.udel.edu/ompvvsollve/results/
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> Results

PU: IBM POWERS,
CPU: AMD EPYC 7A53,
U: AMD Milan EPYC, GPL

NVHPC (231), CCE (16

Sunspot - CPU: Intel Xeon Sapphire, GPU: Intel Ponte Vecchio - INTEL Compller (17.0.0

Compilers

cC16.0.6
ftn Cray Fortran : 16.01
€c16.0.6

Systems

frontier
perlmutter
summit

©OpenMP Specification Version

I © Both O FAIL O pass
I © Both O FAIL O Pass

Test name ¥ Test system 4  Compiler name +

alpaka_complex_template.cpp frontier cci606
alpaka_complex_template, frontier clang++18.0.0
alpaka_complex_template.cpp frontier amdclang++ 1700
alpaka_complex_template.cpp perlmutter cc 1606
perlmutter g+ 1210

s:/lcrpl.cis.udel.edu/om

OMP version ¥

45

Compiler result 4
PASS
PASS
PASS
PASS

PASS

Runtime result 3
PASS
PASS
PASS
PASS

PASS

atar
tor.

tests/5.2/declare_mapper/test_declare_mapper_iterator.c

= clang 18.0.0

</> Source code

>Compiler result = FAIL x

Compller command: clang -1./ompw -lm -03 ~fopenmp --offload-arch=native -fopenmp-versior

Compilation time range: Von 16 Oct 2023 09:36:49 AV £0T -

Compilation output:
Jusr/lib64/gcc/x86_64-suse-linux/7/../../../../x86_64-suse-linux/bin/ld:
/tmp/test_declare_mapper_iterator-8d1f7f.o: in function
*.omp_mapper._ZTS5myvec.default”

test_declare_mapper_iterator.c:(text+0x507): undefined reference to "it'
/swi/frontier/ums/ums012/llvm/18.0.0-20231016/bin/clang-linker-wrapper: error:

'd" failed

clang: error: linker command failed with exit code 1 (use -v to see invocation) -
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Latest OpenMP Specification: 5.2

« Released November 2021
— Around 27 modifications (new features, deprecated features,
behavior changes)
— Some of these modifications to the specification are implemented in
open source compilers
 LLVM status https://clang.llvim.org/docs/OpenMPSupport.html
« GCC status https://gcc.gnu.org/wiki/openmp
— Newer tests to be written
— But are there implementations to test with? Who are the users of
these features? Is there a priority list of which feature should be
implemented?
* 6.0 specification is scheduled to be released on November 2024

https://crpl.cis.udel.edu/ompvvsollve/results/
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OpenMP V&V Testsuite repository

« Clone the repo https://github.com/SOLLVE/sollve_vv
« Setup your environment (install or ‘module load’ your compilers)
« Use our make commands to compile and run a single test or the

whole suite

— Running a single test:
make CC=clang CXX=clang++ FC=flang-new OMP_VERSION=5.2 SOURCES=test_name all

— Running the entire suite
make CC=clang CXX=clang++ FC=flang-new OMP_VERSION=5.2 all

https://crpl.cis.udel.edu/ompvvsollve/results/
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Tests and Coverage

Number of Tests Approximated coverage of

requested features

C++ Fortran Total C C++ Fortran

100%
88% 100% 88%
87% 100% 40%
84% 100% 19%

* The testsuite not only contains tests for the new features of each specification, but also
commonly used features combinations by application developers
*  We have given priority to requested features over complete coverage!!!!

https://crpl.cis.udel.edu/ompvvsollve/results/
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Systems and compilers regularly tested

System Perimutter Summit Frontier Sunspot

Location NERSC ORNL ORNL ANL
CPU/GPU AMD / NVIDIA IBM/NVIDIA AMD /AMD Intel / Intel
GNU (gcc/gfortan)

LLVM (clang/flang-new)

AMD ROCM (amdclang/amdflang)
HPE/Cray (cce)

IBM (xlc, xIf)

NVIDIA (nvc, nvfortran)

INTEL (icpx, ifx)

https://crpl.cis.udel.edu/ompvvsollve/results/
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Overall Results
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OpenMP 4.5 results
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OpenMP 5.0 results
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OpenMP 5.1 results
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OpenMP 5.2 results
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Evolution of LLVM OpenMP offloading (Frontier system)
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CI/CD - V&V

Extreme scale scientific software stack (E4S)

Integrating regression and stress testing into the V&V testsuite
Creating a CI infrastructure to test LLVM OpenMP on GPU systems
 Running V&V, Hecbench and AMD’s Smoke
* Focusing on offloading for AMD and NVIDIA GPUs
» https://gitlab.e4s.io/uo-public/llvim-sollve/-/pipelines

* Using University of Oregon cluster
LLVM Nightly Testing: a set of client and server tools for monitoring the
performance of software over its lifecycle
e http://Int.llvm.org/



https://gitlab.e4s.io/uo-public/llvm-sollve/-/pipelines
http://lnt.llvm.org/

& = | Q searchGitlab / ® v signin
L LLVMSOLLVE uo-public > LLVM SOLLVE > Pipelines

gEroisciinformation All 55 Finished  Branches  Tags

B Repository

$1 Merge requests 1 Filter pipelines ’ Q| | showPipeline D v
& clj/cp
T Status Pipeline Created by Stages
ipelines
Jobs @© passed Merge branch 'force-build-off' into 'main’ @ 3. v
Artifacts & 00:47:09 #9812 ¥ main - 13d5dc52 =
£ 14 hours ago Scheduled  latest
Schedules
@ passed Merge branch 'force-build-off' into 'main’ i
& 00:46:49 #9795 ¥ main -o 13d5dc52 =
& 1day ago Scheduled  latest
(© passed Merge branch 'force-build-off' into 'main’ @ 3
® 00:47:20 #9787 ¥ main - 13d5dc52 =
B 2 days ago Scheduled  latest
@ passed Changing the tests that are being run for ... @ e
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& 2 days ago latest
(© passed Merge branch 'force-build-off' into 'main’ @ o
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£ 3 days ago latest
@ passed hecbench, sollve vv: checkout specific com... @ ‘Y
® 00:46:58 #9763 ¥ main - 92edf5b7 =
& 3 days ago Scheduled

itlab.e4s.io
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Links to resources

* GitHub for V&V tests
— https://github.com/SOLLVE/sollve_vv

* Most recent paper published with P3HPC @ SC22
—  https://arxiv.org/abs/2208.13301
* Results page

— https://crpl.cis.udel.edu/ompvvsollve/

*  OpenMP example guides for each specification on the OpenMP site

— https://www.openmp.org/specifications/



https://github.com/SOLLVE/sollve_vv
https://arxiv.org/abs/2208.13301
https://crpl.cis.udel.edu/ompvvsollve/
https://www.openmp.org/specifications/

Generative Al for validation
LLM4VV work in progress

based on OpenACC V&YV testsuite

® Standard specification evolves

® Programmers must learn and adapt: regular development
® (Could we use LLMs to automate?

® Prompts? Fine-tune? Train new LLMs?

® How to determine the quality of the LLM-generated tests?

® How do we tackle “hallucinations”?

® Watch out for carbon footprint when training LLMs

— GPT-4 is the equivalent of powering more than 1300 homes for one year

Massive shoutout:
Christian Munley (senior undergrad for LLM work) and Aaron Jarmusch — 1st year PhD student (for OpenACC V&V work)




Generative Al for validation

® IEEE Spectrum Al Prompt Engineering Is Dead Q. Type to search

. NEWS ARTIFICIAL INTELLIGENCE

o Al Prompt Engineering Is >Long live Al
prompt engineering

BY DINA GENKINA | @6 MAR 2024 | 6 MIN READ | []




LI.M4VV: Observations

 Doesn’t get the correct feature

 Error with base language syntax/semantics

 Error with an implementation

* Incorrect testing logic

 Unimplemented features (compiler/runtime/non-zero error)
* Not testing the intended feature (no isolation)

e Hallucinations




State of the art - Evaluation of LLMs against
relevant code-based benchmarks

® Choice of LLMs

LLMs / Benchmark | HumanEval+ pass@1 | MBPP+ pass@1 GSMS8K Truthful QA
Codelama-34B-Instruct 43.9 301" 52.9 36 32,7087 47.4137
Phind-Codellama-34b-v2 67.1 B¢l . - -
Deepseek-Coder-33b-Instruct | 75.0 3¢ 66.7 1301 60.7 1381 )
GPT-3.5(-Turbo) 70.7 (turbo) 3°! 69.7 (turbo) B3¢ 57.1M 47.0M
GPT-4(-Turbo) 81.7 (turbo) B¢ 70.7 (turbo) 3% 92,01 60.0 M

Table 1: Performance of LLMs using relevant benchmarks in percentages. The metric is pass @k metric that indicates unit test pass rate when selecting respectively
k samples from the candidate solutions [39]. The pass@k metric for GSM8k and TruthfulQA seemed unclear. We could not find the results for all LLMs and
benchmarks. We have cited references for each value. Results for some of these LLM:s are for the base LLM as indicated in superscript ~.




LLLMA4VV: Evaluation of LLLMs, their fine-tuned

versions and prompt engineering methods

® Deepseek-Coder-33b-Instruct generated most passing tests and in some cases GPT-4
Turbo — work in progress
LLMs / Methods Template Template + RAG Oneshot Oneshot + RAG Expressive + Template + RAG
Codellama-34b-Instruct 15 11 7 4 35
Phind-Codellama-34b-v2 48 43 52 22 43
Deepseek-Coder-33b-Instruct 51 56 51 57 47
GPT-3.5-Turbo 15 19 5 11 23
GPT-4-Turbo 48 45 54 49 54
Fine-tuned GPT-3.5-Turbo 27
Fine-tuned Phind 44
Fine-tuned Deepseek 47

Table 2: Stage 1 results displaying passing percentage for all selected LLMs and five methods. We see that Deepseek-Coder-33b-Instruct generally produced the
most passing tests, though in some cases GPT-4-Turbo produced more - these are indicated in bold. We do not have results for the Fine-tuned GPT-3.5-Turbo,
Phind and Deepseek LLMs because our focus is on exploring the Fine-tuning method of these LLMs against prompt-based methods rather than “with” the prompt-
based methods. However we did run the three Fine-tuned LLMs with Expressive + Template + RAG prompts as we found “with” this prompt-based methods, the
non-Fine-tuned LLMs achieved the best performance.




Experimental Setup

LLMs Tests generated GPU Time Taken GPUs used Model Parameter
Codellama-34B-Instruct 351 ~3.6 hours 4 A100s 34B
Phind-Codellama-34B-v2 351 ~3.6 hours 4 A100s 34B
Deepseek-Coder-33b-Instruct 351 ~3.6 hours 4 A100s 33B
GPT-4-Turbo 351 ~4 hours Unknown Unknown
Fine-tuned GPT-3.5-Turbo 351 ~4 hours Unknown 174B

Fine-tuned Phind-Codellama-34B-v2 351 ~3.6 hours 4 A100s 34B

Fine-tuned Deepseek-Coder-33b-Instruct | 351 ~3.6 hours 4 A100s 34B

Table 3: Experimental setup for Stage 2 using the LLMs, including the number of tests generated, GPUs used and the time they took for inference




LLM4VV: To be Contd

e Manual analysis of automatically generated tests

® Gaps in LLM, programming model, and base languages

e With best LLMs, various prompts, context from specification, they fail often

e Developer speedups for some use cases. Always requires oversight

e Challenge - metric for accuracy of test beyond human analysis?

e Future works will include further training, iterative prompting, and human-in-the-loop

e Question: can we access the specification latex for this research?

Aaron Jarmusch, Christian Munley, Sunita Chandrasekaran, LLM4VV: Developing LLM-Driven Testsuite for Compiler

Validation, Under review - https://arxiv.org/abs/2310.04963



https://arxiv.org/abs/2310.04963

Summary

* Could LLMs create a brand new test from a specification?
 LLMs are fun to explore but need to be cautious

* Contributions (new tests or PRs) and feedback to the V&V - most
welcome!

 Teaching and training the next-generation workforce is only becoming
increasing a challenge! (a pleasant one perhaps :))




