
Scope is  a ll you need:
Trans forming LLMs  for HPC Code



Tal Kadosh
Ben-Gurion University, IAEC, Israel

Niranjan Hasabnis
Intel Labs, United States

Vy A. Vo
Intel Labs, United States

Nadav Schneider
Ben-Gurion University, IAEC, Israel

Neva Krien
Independent Researcher, Israel

Abdul Wasay
Intel Labs, United States

Nesreen Ahmed
Intel Labs, United States

Ted Willke
Intel Labs, United States

Guy Tamir
Intel, United States

Yuval Pinter
Ben-Gurion University, Israel

Timothy Mattson
Intel Labs, United States

Gal Oren
Technion, NRCN, Israel
galoren@cs.technion.ac.il

Centers of Excellence

Contributors                                and Spons ors  



Our 2023 papers  in this  topic (so far)

● Kadosh, Tal, Niranjan Hasabnis, Vy A. Vo, Nadav Schneider, Neva Krien, Abdul Wasay, Nesreen Ahmed, Ted Willke, Guy Tamir, Yuval 

Pinter, Timothy Mattson, and Gal Oren . "Scope is all you need: Transforming LLMs for HPC Code." arXiv preprint 

arXiv:2308.09440 (2023).

● Kadosh, Tal, Niranjan Hasabnis, Timothy Mattson, Yuval Pinter, and Gal Oren. "Quantifying OpenMP: Statistical Insights into 
Usage and Adoption [HPCorpus]." arXiv preprint arXiv:2308.08002 (2023). HPEC’23

● Schneider, Nadav, Tal Kadosh, Niranjan Hasabnis, Timothy Mattson, Yuval Pinter, and Gal Oren. "MPI-rical: Data-Driven MPI 

Distributed Parallelism Assistance with Transformers." arXiv preprint arXiv:2305.09438 (2023). AI4DEV @ SC’23

● Kadosh, Tal, Nadav Schneider, Niranjan Hasabnis, Timothy Mattson, Yuval Pinter, and Gal Oren. "Advising OpenMP Parallelization 
via a Graph-Based Approach with Transformers." arXiv preprint arXiv:2305.11999 (2023). IWOMP’23

● Harel, Re'em, Yuval Pinter, and Gal Oren. "Learning to parallelize in a shared-memory environment with transformers." 
Proceedings of the 28th ACM SIGPLAN Annual Symposium on Principles and Practice of Parallel Programming. 2023. PPoPP’23

○ Re'em Harel, Tal Kadosh, Niranjan Hasabnis, Timothy Mattson, Yuval Pinter, and Gal Oren. “PragFormer: Data-driven 

Parallel Source Code Classification with Transformers”, 29 August 2023, preprint (V1) Research Square 

[https://doi.org/10.21203/rs.3.rs-3254961/v1]



Scope is  a ll you need:

● Intro and objectives  - LLMs  for HPC: Gal Oren

● Novel HPC code databas e - HPCorpus : Niranjan Has abnis

● Compiler-oriented tokenizer - Tokompiler: Vy A. Vo

● Downs tream Tas k #1 - OpenMP: Tal Kados h

● Downs tream Tas k #2 - MPI: Nadav Schneider



Scope is  a ll you need:

● Intro and objectives  - LLMs  for HPC: Gal Oren

● Novel HPC code databas e - HPCorpus :                Niranjan Has abnis

● Compiler-oriented tokenizer - Tokompiler:           Vy A. Vo

● Downs tream Tas k #1 - OpenMP:                           Tal Kados h

● Downs tream Tas k #2 - MPI:                                   Nadav Schneider



Ever-increas ing 
s cope

● Infinite data
● Extend data repres entations
● (Really) large models
● Huge compute power
● Increas ing tas ks
● Fus ion of knowledge
● …

So u r ce : h t tp s:/ / w w w .so ftw eb so lu tio n s.co m / lar ge - lan gu age - m o d e l- d eve lo p m en t.h tm l



So u r ce : h t tp s:/ / ar x iv .o r g/ ab s/ 230 3 .12712

General 
Intelligence

So u r ce : h t tp s:/ / in fo r m at io n isb e au t ifu l.n e t / v isu a liza t io n s/ th e - r ise - o f- ge n e r a t ive - a i- la r ge - lan gu age - m o d e ls- llm s- like - ch a tgp t /



Code Intelligence

So u r ce : h t tp s:/ / gith u b .co m / sale sfo r ce / C o d eT 5

Code Generation
Code Debugging
Code Optimization
Code Explanation
Algorithm Des ign
Data Manipulation
Web Development
DB Interaction
Code Review
API Integration
Code Documentation
Code Trans lation
Code Tes ting
Security Analys is



HPC Code - Same objectives ?

So u r ce : h t tp s:/ / gith u b .co m / h an sec/ au to co m p le te - fo r t r an

So u r ce : h t tp :/ / fe r e st r e p o ca.gith u b .io / p ar ad igm as-d e -p r o gr am acio nSo u r ce :in te l.co m / co n te n t / w ww …/ grap h ics-p e r fo r m an ce ...h tm l

So u r ce : h t tp s:/ / d o u r n ac.o r g/ in fo / p aralle l_ h e at3d So u r ce :.in te l.co m / co n te n t / ww w/ …/ r o o flin e -w ith -callstacksl

So u r ce : h t tp s:/ / ww w.cs.te ch n io n .ac .il/ v ie w -e ve n t .p h p ?e vid =10 334
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http://ferestrepoca.github.io/paradigmas-de-programacion/paralela/paralela_teoria/index.html
https://www.intel.com/content/www/us/en/developer/articles/news/graphics-performance-analyzers-2021-1-release.html
https://dournac.org/info/parallel_heat3d
https://www.intel.com/content/www/us/en/develop/articles/roofline-with-callstacks.html
https://www.cs.technion.ac.il/events/view-event.php?evid=10334


HPC Code Intelligence

● Speed up code development
● Generate optimized parallel code from high-level s pecifications
● Improve code readability and maintainability as legacy code
● Facilita te cros s -platform compatibility through code trans la tion
● Optimize code for parallel execution and resource utilization
● Identify performance bottlenecks and parallelization is s ues
● Enable code s earch for exis ting optimized implementations
● Facilita te correct API us age
● Analyze code dependencies
● Enforce performance-oriented coding s tandards

Su ggest  sh ar ed - m em o r y  p ar a lle liza t io n  o n - th e - fly  b ased  o n  LLM



What is  our 
bas eline? (1/ 3)

● Can non-HPC languages be the 
bas eline for HPC tas ks ?

● Are there any relevant large 
corpora of high-performance 
code?

● What are the exact downs tream 
tasks  for HPC, how to correlate 
thos e with common models ?

● Is  mixing of languages and 
tas ks  is  even good for HPC 
LLMs ?

H o u , Xin y i, e t  a l. "L ar ge  L an gu age  M o d e ls fo r  So ftw ar e  
En gin e e r in g: A Sy ste m at ic  L ite r a tu r e  Re v ie w ." a rXiv prepr in t 
a rXiv:230 8 .10 6 20 (20 23).

W o n g, M an -Fai, e t  a l. "N atu r al L an gu age  G e n e r at io n  an d  U n d e r stan d in g o f Big C o d e  
fo r  AI-Assiste d  P r o gr am m in g: A Re v ie w ." E n tropy 25.6  (20 23): 888.

So u r ce : h t tp s:/ / m e d iu m .co m / @an ah ar r is/ h u m an - lan gu age s-
vs-p r o gr am m in g- lan gu age s-c89 410 f13252



What is  our 
bas eline? (2/ 3)

● Are common tokenizers even 
relevant for compilation 
oriented code?

● What is  the relevant model 
architecture for HPC tas ks  
learning?

○ Encoder: Clas s ification

○ Decoder: Generation

○ Encoder-Decoder: Both

(unders tanding input s equences  and 
genera ting output s equences , often with 
different lengths  and s tructures )

W o n g, M an -Fai, e t  a l. "N atu r al L an gu age  G e n e r at io n  an d  U n d e r stan d in g o f Big C o d e  
fo r  AI-Assiste d  P r o gr am m in g: A Re v ie w ." E n tropy 25.6  (20 23): 888.

H o u , Xin y i, e t  a l. "L ar ge  L an gu age  M o d e ls fo r  So ftw ar e  En gin e e r in g: A Sy ste m at ic  L ite r a tu r e  Re v ie w ." a rXiv prepr in t a rXiv:230 8 .10 6 20
(20 23).

SPT-Code



What is  our 
bas eline? (3/ 3)

● Should we cons ider other 
representations rather jus t 
plain code or AST? 

● What about hardware specs? 
Telemetry? Should it be part of 
the input?

● Can we reduce the s ize of the 
input? 

○ Of the model?

■ Of the training?

['int', 'main', '()', '{', 'int', 'r', '[', '28', '00', '+', 
'1', '];', 'int', 'i', ',', 'k', ';', 'int', 'b', ',', 'd', ';', 
'int', 'c', '=', '0', ';', 'for', '(', 'i', '=', '0', ';', 'i', 
'<', '28', '00', ';', 'i', '++)', '{', 'r', '[', 'i', ']', '=', 
'2000', ';', '}', 'for', '(', 'k', '=', '28', '00', ';', 'k', 
'>', '0', ';', 'k', '-=', '14', ')', '{', 'd', '=', '0', ';', 
'i', '=', 'k', ';', 'for', '(', ';;', ')', '{', 'd', '+=', 'r', 
'[', 'i', ']', '*', '10000', ';', 'b', '=', '2', '*', 'i', '-', 
'1', ';', 'r', '[', 'i', ']', '=', 'd', '%', 'b', ';', 'd', '/', 
'=', 'b', ';', 'i', '--', ';', 'if', '(', 'i', '==', '0', ')', 
'break', ';', 'd', '*', '=', 'i', ';', '}', 'printf', '("', 
'%.', '4', 'd', '",', 'c', '+', 'd', '/', '10000', ');', 'c', 
'=', 'd', '%', '10000', ';', '}', 'return', '0', ';', '}']

int main() {
int r[2800 + 1];
int i, k;
int b, d;
int c = 0;

for (i = 0; i < 2800; i++) {
r[i] = 2000;

}

for (k = 2800; k > 0; k -= 14) {
d = 0;

i = k;

Cod e  sa m p le :

Toke nize d  cod e : Toke nize d  AST: Toke nize d  DFG:

['translation_unit', '(', 'function_definition', '(', 'int', 
'function_declarator', '(', 'main', 'parameter_list', '(', '(', 
')', ')', ')', 'compound_statement', '(', '{', 'declaration', 
'(', 'int', 'array_declarator', '(', 'r', '[', 
'binary_expression', '(', '2800', '+', '1', ')', ']', ')', ';', ')', 
'declaration', '(', 'int', 'i', ',', 'k', ';', ')', 'declaration', '(', 
'int', 'b', ',', 'd', ';', ')', 'declaration', '(', 'int', 
'init_declarator', 'expression_statement', '(', 
'assignment_expression', '(', 'subscript_expression', '(', 
'r', '[', 'i', ']',
…

[('c', 24, 'comesFrom', [], []), ('i', 30, 
'computedFrom', ['0'], [32]), ('0', 32, 
'comesFrom', [], []), ('i', 34, 'comesFrom', ['i'], 
[30]), ('i', 38, 'comesFrom', ['i'], [30]), ('r', 42, 
'computedFrom', ['2000'], [47]), ('i', 44, 
'computedFrom', ['2000'], [47]), ('2000', 47, 
'comesFrom', [], []), ('k', 52, 'computedFrom', 
['2800'], [54]), ('2800', 54, 'comesFrom', [], []), 
('k', 56, 'comesFrom', ['k'], [52]), ('k', 60, 
'computedFrom', ['14'], [62]), ('14', 62, 
'comesFrom', [], []), ('d', 65, 'computedFrom', 
['0'], [67]), ('0', 67, 'comesFrom', [], []),
…

for (;;) {
d += r[i] * 10000;
b = 2 * i - 1;

r[i] = d % b;
d /= b;
i--;
if (i == 0) break;
d *= i;

}
printf("%.4d", c + d / 10000);
c = d % 10000;

}

return 0;
}

IR ? loop -ca rrie d  d e p e nd e nc ie s? ha rd wa re  sp e cs? Te le m e try? … 

SRIKAN T , YN . "IR2Ve c: A Flo w  An aly sis b ase d  Scalab le  In fr ast r u ctu r e  fo r  P r o gr am  
En co d in gs." a rXiv prepr in t a rXiv:19 0 9 .0 6228 (20 19 ).

So u r ce : h t tp s:/ / m e d iu m .co m / p an ge o / d ask - jo b q u e u e -d 7754e 42ca53
So u r ce : e d u cat ive .io / co u r se s/ le ar n - to -u se -h p c- sy ste m s-an d - ..



“Scope is  a ll you need”
(if you want trans forming LLMs  for HPC)

- The authors
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HPC languages

● Frontier and Aurora  
Supercomputers  mos tly rely 
on C, C++, Fortran…

● Top applications  for HPC rely 
on MPI for dis tribution and 
OpenMP for s hared-memory 
parallelization and GPU 
offloading

● So why not collect large 
corpus  of thos e for LLM 
tra ining, fine-tuning and 
s pecial downs tream tas ks ?

So u r ce : W . Jo u b e r t , “R e ad y  fo r  th e  Fr o n t ie r ” p r e se n ta t io n , ISC ’23  

So u r ce : ALC F SD L W o r ksh o p  O cto b e r  6 , 20 22 , C o lle en  Be r to n i an d  Sco t t  P ar ke r   



Pairwis e s imilarity between the 
repres entation of tokens  of a ll code 
languages  in CodeBERT

So u r ce : Katzy , Jo n a th an , M alih e h  Izad i, an d  Ar ie  van  D e u r se n . "O n  th e  Im p act  o f Lan gu age  Se le ct io n  fo r  T r a in in g an d  Evalu a tin g 
P r o gr am m in g Lan gu age  M o d e ls." a rXiv pr epr in t a rXiv:2 30 8 .13354 (20 23).

Non-pretrained setting                                                                      Pretrained setting        



HPCorpus

● All of C, C++ and Fortran 
codes  from 2012-mid 
2023

● High Level:

○ ~ 300K repos
○ ~ 70 GB
○ ~ 9 M files
○ ~ 155 M functions

Repos Size(GB) Files (#) Functions (#)

C 144,522 46.23 4,552,736 87,817,591

C++ 150,481 26.16 4,735,196 68,233,984

Fortran 3,683 0.68 138,552 359,272



HPCorpus : 
s ta tis tical analys is

● Ins ights  into parallel 
programming APIs  and 
OpenMP

● Pres ented in our 
“Quantifying OpenMP” 
paper

● To be pres ented at IEEE 
High Performance 
Extreme Computing 
(HPEC) 2023

https :/ / arxiv.org/ abs / 2308.08002



HPCorpus : Parallel APIs

Parallel programming API usage in HPCorpus Usage trends in HPCorpus over the last decade



OpenMP and MPI us age breakdown



OpenMP loops  and s cheduling attributes



OpenMP meltdown

Each and every directive, 
claus e etc. was  carefully 
analys ed for any future us age, 
including:

● SIMD
● teams  dis tribute
● tas ks
● Data-s haring attribute 

claus es

…
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Pre-tra in or fine-
tune?

● Why do we need an LLM trained 
on J ava or Python (i.e., 
PolyCoder, StarCoder) for HPC-
s pecific tas ks ?

● Can we us e non-trivial or 
domain-specific tokenization 
for HPC tas ks ?

● Can domain-specificity improve 
the computational and 
therefore financial efficiency of 
pretraining?

Corpora

Pre-train/ 
Fine-tune
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Current Common 
Tokenization 

● Current tokenization s trategies  
for NL likely do not addres s  the 
needs  of HPC tas ks

● Can we do better if we will find 
the way to:

○ Remove NL

○ Remove local s emantics

○ Keep s tructure 

○ Add more 
repres entations ?
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https://platform.openai.com/tokenizer
https://platform.openai.com/tokenizer


Tokompiler
● Generate Replaced Code:

Create a version of the original code with anonymized variable 
names, numbers, and strings

● AST Parsing:
Parse the anonymized code using tree-sitter or any suitable 
parser to generate an AST

● Recreate AST Changes:
Update the AST to reflect changes made during anonymization. 
Keep a dictionary of all changes done per file/function to facilitate 
restoring semantics back later

● AST to Code-Tokenize:
Transform the updated AST back into code, eliminating any 
comments, new lines, and READMEs that may have been 
introduced during anonymization. This code-tokenized version will 
have a much smaller number of tokens

● Token Splitting:
Split multi-part tokens (e.g., "var\_1" to ["var", "1"]) to ensure that 
the model comprehends variable names as a combination of type 
and a unique identifier

● Random Number Attachment:
For recurrent tokens (e.g., "var\_1" or "num\_2"), use statistics to 
attach random numbers from a predefined range (e.g., 1 to 1000) 
during each tokenization. The attached numbers are randomly 
chosen without any relation to the type or order of the replaced 
tokens or the file/function length

HPCorpus-Fortran

Tokompiler
Tokenized code Tokenized AST 

['function', 'func', '48', '(', 'arg', '128', ',', 'arg', '807', ')', 'result', 
'(', 'func', '180', ')', 'implicit', 'none', 'integer', ',', 'intent', '(', 'in', 
')', '::', 'arg', '128', ',', 'arg', '807', 'real', '(', 'num', '5', ')', '::', 
'func', '180', 'real', '(', 'num', '5', ')', '::', 'var', '377', ',', 'var', 
'84', ',', 'var', '967', 'integer', '::', 'var', '821', 'external', '::', 
'func', '123', 'integer', '::', 'var', '63', 'var', '63', '=', 'num', '156', 
'call', 'var', '719', '(', 'arg', '807', ')', 'do', 'var', '821', '=', 'num', 
'315', ',', 'arg', '128', 'var', '84', '=', 'func', '123', '(', ')', '*', 
'num', '357', '-', 'num', '315', 'var', '967', '=', 'func', '123', '(', ')', 
'*', 'num', '357', '-', 'num', '315', 'if', '(', 'var', '84', '*', 'var', '84', 
'+', 'var', '967', '*', 'var', '967', '<', 'num', '315', ')', 'then', 'var', 
'63', '=', 'var', '63', '+', 'num', '315', 'end', 'if', 'var', '377', '=', 
'num', '539', '*', 'func', '937', '(', 'var', '63', ')', '/', 'func', '937', 
'(', 'var', '821', ')', 'end', 'do', 'func', '180', '=', 'num', '539', '*', 
'func', '937', '(', 'var', '63', ')', '/', 'func', '937', '(', 'arg', '128', ')', 
'end', 'function']

'translation_unit', '(', 'declaration', '(', 'function', 
'function_declarator', '(', 'func', '48', 'parameter_list', '(', '(', 
'parameter_declaration', '(', 'arg', '128', ')', ',', 
'parameter_declaration', '(', 'arg', '807', ')', ')', ')', ')', ')', 
'declaration', '(', 'macro_type_specifier', '(', 'result', '(', 'type', 
'descriptor', '(', 'func', '180', ')', ')', ')', 'implicit', ')', 'declaration', 
'(', 'none', 'integer', ',', 'function_declarator', '(', 'intent', 
'parameter_list', '(', '(', 'parameter_declaration', '(', 'in', ')', ')', 
')', ')', '(', ':', ':', 'arg', '128', ')', ',', '(', 'arg', '807', 
'function_declarator', '(', 'real', 'parameter_list', '(', '(', 
'parameter_declaration', '(', 'num', '5', ')', ')', ')', ')', ':', ':', 
'func', '180', 'function_declarator', '(', 'real', 'parameter_list', 
'(', '(', 'parameter_declaration', '(', 'num', '5', ')', ')', ')', ')', ':', ':', 
')', 'var', '377', ',', 'var', '84', ',', '(', 'var', '967', 'integer', '::', 
'var', '821', 'external', ':', ':', 'func', '123', 'integer', ':', ':', 'var', 
'63', ')', 'init_declarator', '(', 'var', '63', '=', 'num', '156', ')', ')', 
'declaration', '(', 'call', 'function_declarator', '(', 'var', '719', 
'parameter_list', '(', '(',
…

687.72 1099.1

177 primitives + 1000 locals = 1177



Pre-tra ining on 
HPCorpus  Fortran

● New given form of data
(s tripped of NL and only us ing 
s tructured blocks  of code) help 
the models  in improving the 
results

● The us age of Tokompiler 
increased performance by 
230%

● Training speed improved by an 
average of 10% (as  vocabulary 
and tokenized corpus  s ize are 
smaller, 1177 agains t 50K).

PolyCoder SPT-Code

BPE Tokompiler NLTK Tokompiler

Code 2.46 1.60 2.50 1.08

Code+AST NA NA 2.72 1.08

Model Size 162M 88M 238M 201M

Time to 
train (min) 435 390 186 150

4 x A40 48GB GPUs            8 x H100 80G GPUs

HPCorpus Fortran Pre-training



Pre-tra ining on 
HPCorpus  C/ C++

● We pretrained an LLM with a 
s tandard s ize with both 
tokenizers

● On architectures  that only vary 
in the s ize of the embedding, 
performance is  better with 
Tokompiler

● Reducing the s ize of the 
Tokompiler model yields  better 
performance

PolyCoder

BPE Tokompiler Tokompiler-
small

Code 1.93 1.71 1.65

Code+AST NA NA NA

Model Size 2.8B 2.5B 638M

Time to 
train (min) 8300 8125 6386

4 x A40 48GB GPUs            

HPCorpus C/C++ Pre-training
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Our Vis ion

Does  a  language model can 
answer the following  ques tions?

● Can we detect opportunity for 
parallelization?

● What s hould the variables  
s coping be?

● Can we completely generate a  
pragma given an input?

La r ge  Lan gu age M o d el      

void dotProduct(int* A, int* B, int size) {

int sum = 0;

for (int i = 0; i < size; ++i) {

sum += A[i] * B[i];}

return sum;}

void dotProduct(int* A, int* B, int size) {

int sum = 0;

#pragma omp target data map(to: A[0:size], B[0:size]) map(from: sum){

#pragma omp target teams distribute parallel for reduction(+:sum)

for (int i = 0; i < size; ++i) {

sum += A[i] * B[i];}}

return sum;}



PragFormer

● Can we detect opportunity for 
parallelization?

● Is  it pos s ible to clas s ify the 
need for OpenMP pragma? 

Total:

32kHPCorpus

PragFormer @ 

int print_dotProd(double *A, double *B) {

for (int i = 0; i < size; ++i) {

printf(“%f * %f”, A[i], B[i]);

}

#pragma omp reduction(+:sum)

for (int i = 0; i < size; ++i) {

sum += A[i] * B[i];

}

}

Negative Example

Pos itive Example



PragFormer

● Can we detect opportunity for 
parallelization?

● Is  it pos s ible to clas s ify the 
need for OpenMP pragma? PragFormer

Pragma
PragFormer

Private
PragFormer
Reduction

Yes / NoYes / No Yes / No

PragFormer @ 

for (int i = 0; i < size; ++i) {

sum += A[i] * B[i];

}



PragFormer
Strongly influenced by local s emantics



Can We Do Better? 

● Exploit different code 
representations

● Provide extended scope of 
code

● Utilize an LLM pre-trained on 
codes

● Us e a unified model
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OMPify
Input Format

● Ompify clas s ifies  the need 
for the parallel for pragma 
and its  clauses  
s imultaneous ly

● It is  utilizing the extended 
s cope of the for loop as  
supplementary information

● It is  us ing DFG as  an 
additional code 
representa tion



OMPify
Unified model for multiple code repres entations

OMPify

Code 
Tokens

DFG

Yes / No Pragma

Yes / No Private

Yes / No Reduction

Int size = 10000;
int* A =  (int*)malloc(sizeof(int) * size); 
int* B =  (int*)malloc(sizeof(int) * size); 
int sum = 0; 

for (int i = 0; i < size; ++i) {
sum+= A[i] * B[i];

}

printf(“sum = %d”, sum);

Multiple Code Representations Unified Model



Res ults

● The data flow graph is  found to 
be the mos t influential 
repres entation.

● The extended s cope provides  a  
s light improvement.

● Us ing a unified model is  found 
to be s uperior to us ing s eparate 
models .

Pragma clas s ification accuracy



What About Pragma Generation?

Comp-
Coder

for (int i = 0; i < size; ++i) {

sum+= A[i] * B[i];

}

for (int var_64 = num_5; var_64 < var_826; ++var_64) {

var_3+= arr_26[var_64] * arr_109[var_64];

}

#pragma omp parallel for

reduction(+:var_3)

#pragma omp parallel for

reduction(+:sum)



Scope is  a ll you need:

● Intro and objectives  - LLMs  for HPC:                     Gal Oren

● Novel HPC code databas e - HPCorpus :                Niranjan Has abnis

● Compiler-oriented tokenizer - Tokompiler:           Vy A. Vo

● Downs tream Tas k #1 - OpenMP:                           Tal Kados h

● Downs tream Tas k #2 - MPI: Nadav Schneider



Dis tributed Parallelis m-Domain Decompos ition

- Is  parallelization pos s ible?
- Comprehens ive code 

unders tanding
- Misplace s end/ receive functions
- Selecting the right functions  in 

the right locations

MPI programming poses  challenges !CHALLENGES

i nt ma i n( a r gc , a r gv)
{

i nt done = 0 ,  n = 10000,  r a nk ,  numpr oc s ,  i ;
doubl e p i _t o t a l ,  p i ,  h ,  s um,  x;

MPI _I ni t ( &a r gc , &a r gv) ;
MPI _Comm_s i z e ( MPI _COMM_WORLD, &numpr oc s ) ;
MPI _Comm_r a nk( MPI _COMM_WORLD, &r a nk) ;

whi l e ( ! done )
{

MPI _Bc a s t ( &n ,  1 ,  MPI _I NT,  0,  MPI _COMM_WORLD) ;
i f ( n == 0)  br e a k;

h = 1 . 0 / ( doubl e )  n;
s um = 0 . 0;

f or ( i = r a nk + 1;  i <= n;  i += numpr oc s )
{

x = h * ( ( doubl e )  i - 0 . 5) ;
s um += 4 . 0 / ( 1. 0 + x*x) ;

}

pi _t ot a l = h * s um;
MPI _Re duc e ( &pi _t ot a l ,  &pi ,  1 ,  MPI _DOUBLE,  MPI _SUM,  0,  

MPI _COMM_WORLD) ;
}
MPI _Fi na l i z e ( ) ;
r e t ur n 0 ;

}

http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Init.html#MPI_Init
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Init.html#MPI_Init
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_size.html#MPI_Comm_size
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_size.html#MPI_Comm_size
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_rank.html#MPI_Comm_rank
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_rank.html#MPI_Comm_rank
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Bcast.html#MPI_Bcast
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Reduce.html#MPI_Reduce
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Finalize.html#MPI_Finalize
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Finalize.html#MPI_Finalize


Serial vs . Parallel Code

f or ( i nt i = 0;  i < s i z e ;  ++i )  {
s um+= A[ i ]  * B[ i ] ;

}

#pr a gma  omp pa r a l l e l  f or  pr i va t e ( i )  r e duc t i on( +: s um)
f or ( i n t i = 0;  i < s i z e ;  ++i )  {

s um+= A[ i ]  * B[ i ] ;
}

i nt ma i n( a r gc , a r gv)
{

i nt done = 0,  n = 10000,  r a nk,  numpr oc s ,  i ;
doubl e pi _t ot a l ,  pi ,  h,  s um,  x;

MPI _I ni t ( &a r gc , &a r gv) ;
MPI _Comm_s i z e ( MPI _COMM_WORLD, &numpr oc s ) ;
MPI _Comm_r a nk( MPI _COMM_WORLD, &r a nk) ;

whi l e ( ! done )
{

MPI _Bc a s t ( &n,  1,  MPI _I NT,  0,  MPI _COMM_WORLD) ;
i f ( n == 0)  br e a k;

h = 1. 0 / ( doubl e )  n;
s um = 0. 0;

f or ( i = r a nk + 1;  i <= n;  i += numpr oc s )
{

x = h * ( ( doubl e )  i - 0. 5) ;
s um += 4. 0 / ( 1. 0 + x*x) ;

}

pi _t ot a l = h * s um;
MPI _Re duc e ( &pi _t ot a l ,  &pi ,  1,  MPI _DOUBLE,  MPI _SUM,  0,  

MPI _COMM_WORLD) ;
}
MPI _Fi na l i z e ( ) ;
r e t ur n 0;

}

OpenMP
Pragma based

MPI
Function bas ed

Paralle l Code

Serial Code

#pr a gma  omp pa r a l l e l  f or  pr i va t e ( i )  r e duc t i on( +: s um)
f or ( i n t i = 0;  i < s i z e ;  ++i )  {

s um+= A[ i ]  * B[ i ] ;
}

Serial Code

http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Reduce.html#MPI_Reduce


Q1
SCOPE SERIALIZATION

W hat is the model 
inputs? 

Repositories?
For loops?
MPI_INIT to 

MPI_FINALIZE 
const ructs?

Q2 Q3

How to s eria lize the 
code: MPI Variables  

removal? 
MPI Functions  

removal? 
Rule based model?

Do we tra in a  
Generative or a  
Clas s ification 

model

TASK

MPI ROADMAP (For Automatic Parallelization)



A1
SCOPE SERIALIZATION

W hat is the model 
inputs?

MPI_INIT to 
MPI_FINALIZE 
const ructs?

A2 A3

How to s eria lize the 
code:

MPI Functions  removal

Train a  
Generative

model

TASK

MPI-rical - Partia l Solution



i n t ma i n ( a r gc , a r gv )
{

i n t done = 0,  n = 10000 ,  r a nk,  numpr oc s ,  i ;
doub l e pi _t ot a l ,  p i ,  h ,  s um,  x ;

MPI _I n i t ( &a r gc , &a r gv) ;
MPI _Comm_s i z e ( MPI _COMM_WORLD, &numpr oc s ) ;
MPI _Comm_r a nk( MPI _COMM_WORLD, &r a nk) ;

wh i l e ( ! done )
{

MPI _Bc a s t ( &n,  1 ,  MPI _I NT,  0 ,  MPI _COMM_WORLD) ;
i f ( n == 0)  b r e a k;

h = 1. 0 / ( doubl e )  n ;
s um = 0. 0;

f or ( i = r a nk + 1;  i <= n ;  i += numpr oc s )
{

x = h * ( ( doub l e )  i - 0 . 5) ;
s um += 4. 0 / ( 1 . 0 + x*x) ;

}

pi _ t ot a l = h * s um;
MPI _Re duc e ( &pi _ t ot a l ,  &pi ,  1 ,  MPI _DOUBLE,  MPI _SUM,  0,  

MPI _COMM_WORLD) ;
}
MPI _Fi na l i z e ( ) ;
r e t u r n 0;

}

A1
SCOPE

W hat is the model 
inputs?

MPI_INIT to 
MPI_FINALIZE 
const ructs?

MPI-rical 
Partia l Solution

i nt ma i n ( a r gc , a r gv )
{

i n t done = 0,  n = 10000 ,  r a nk,  numpr oc s ,  i ;
doub l e pi _t ot a l ,  p i ,  h ,  s um,  x ;

MPI _I n i t ( &a r gc , &a r gv) ;
MPI _Comm_s i z e ( MPI _COMM_WORLD, &numpr oc s ) ;
MPI _Comm_r a nk( MPI _COMM_WORLD, &r a nk) ;

wh i l e ( ! done )
{

MPI _Bc a s t ( &n,  1 ,  MPI _I NT,  0 ,  MPI _COMM_WORLD) ;
i f ( n == 0)  b r e a k;

h = 1. 0 / ( doubl e )  n ;
s um = 0. 0;

f or ( i = r a nk + 1;  i <= n ;  i += numpr oc s )
{

x = h * ( ( doub l e )  i - 0 . 5) ;
s um += 4. 0 / ( 1 . 0 + x*x) ;

}

pi _ t ot a l = h * s um;
MPI _Re duc e ( &pi _ t ot a l ,  &pi ,  1 ,  MPI _DOUBLE,  MPI _SUM,  0,  

MPI _COMM_WORLD) ;
}
MPI _Fi na l i z e ( ) ;
r e t u r n 0;

}

http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Init.html#MPI_Init
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Init.html#MPI_Init
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_size.html#MPI_Comm_size
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_size.html#MPI_Comm_size
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_rank.html#MPI_Comm_rank
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_rank.html#MPI_Comm_rank
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Bcast.html#MPI_Bcast
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Reduce.html#MPI_Reduce
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Finalize.html#MPI_Finalize
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Finalize.html#MPI_Finalize
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Init.html#MPI_Init
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Init.html#MPI_Init
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_size.html#MPI_Comm_size
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_size.html#MPI_Comm_size
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_rank.html#MPI_Comm_rank
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_rank.html#MPI_Comm_rank
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Bcast.html#MPI_Bcast
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Reduce.html#MPI_Reduce
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Finalize.html#MPI_Finalize
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Finalize.html#MPI_Finalize


MPI-rical 
Partia l Solution

i nt ma i n ( a r gc , a r gv )
{

i n t done = 0,  n = 10000 ,  r a nk,  numpr oc s ,  i ;
doub l e pi _t ot a l ,  p i ,  h ,  s um,  x ;

wh i l e ( ! done )
{

i f ( n == 0)  b r e a k;

h = 1. 0 / ( doubl e )  n ;
s um = 0. 0;

f or ( i = r a nk + 1;  i <= n ;  i += numpr oc s )
{

x = h * ( ( doub l e )  i - 0 . 5) ;
s um += 4. 0 / ( 1 . 0 + x*x) ;

}

pi _ t ot a l = h * s um;

}

r e t u r n 0;
}

i nt ma i n ( a r gc , a r gv )
{

i n t done = 0,  n = 10000 ,  r a nk,  numpr oc s ,  i ;
doub l e pi _t ot a l ,  p i ,  h ,  s um,  x ;

MPI _I n i t ( &a r gc , &a r gv) ;
MPI _Comm_s i z e ( MPI _COMM_WORLD, &numpr oc s ) ;
MPI _Comm_r a nk( MPI _COMM_WORLD, &r a nk) ;

wh i l e ( ! done )
{

MPI _Bc a s t ( &n,  1 ,  MPI _I NT,  0 ,  MPI _COMM_WORLD) ;
i f ( n == 0)  b r e a k;

h = 1. 0 / ( doubl e )  n ;
s um = 0. 0;

f or ( i = r a nk + 1;  i <= n ;  i += numpr oc s )
{

x = h * ( ( doub l e )  i - 0 . 5) ;
s um += 4. 0 / ( 1 . 0 + x*x) ;

}

pi _ t ot a l = h * s um;
MPI _Re duc e ( &pi _ t ot a l ,  &pi ,  1 ,  MPI _DOUBLE,  MPI _SUM,  0 ,  

MPI _COMM_WORLD) ;
}
MPI _Fi na l i z e ( ) ;
r e t u r n 0;

}

i nt ma i n ( a r gc , a r gv )
{

i n t done = 0,  n = 10000 ,  r a nk,  numpr oc s ,  i ;
doub l e pi _t ot a l ,  p i ,  h ,  s um,  x ;

MPI _I n i t ( &a r gc , &a r gv) ;
MPI _Comm_s i z e ( MPI _COMM_WORLD, &numpr oc s ) ;
MPI _Comm_r a nk( MPI _COMM_WORLD, &r a nk) ;

wh i l e ( ! done )
{

MPI _Bc a s t ( &n,  1 ,  MPI _I NT,  0 ,  MPI _COMM_WORLD) ;
i f ( n == 0)  b r e a k;

h = 1. 0 / ( doubl e )  n ;
s um = 0. 0;

f or ( i = r a nk + 1;  i <= n ;  i += numpr oc s )
{

x = h * ( ( doub l e )  i - 0 . 5) ;
s um += 4. 0 / ( 1 . 0 + x*x) ;

}

pi _ t ot a l = h * s um;
MPI _Re duc e ( &pi _ t ot a l ,  &pi ,  1 ,  MPI _DOUBLE,  MPI _SUM,  0,  

MPI _COMM_WORLD) ;
}
MPI _Fi na l i z e ( ) ;
r e t u r n 0;

}

SERIALIZATION

A2

How to s eria lize the 
code:

MPI Functions  removal

http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Init.html#MPI_Init
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_size.html#MPI_Comm_size
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Finalize.html#MPI_Finalize
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Init.html#MPI_Init
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Init.html#MPI_Init
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_size.html#MPI_Comm_size
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_size.html#MPI_Comm_size
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_rank.html#MPI_Comm_rank
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_rank.html#MPI_Comm_rank
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Bcast.html#MPI_Bcast
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Reduce.html#MPI_Reduce
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Finalize.html#MPI_Finalize
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Finalize.html#MPI_Finalize


MPI-rical - Partia l Solution

A3

Train a  
Generative

model

TASK

Generative Model
Code Completion Code Trans lation

i nt ma i n ( a r gc , a r gv )  {  i n t done
= 0 ,  n = 10000,  r a nk ,  numpr oc s ,  
i ;  doubl e pi _ t o t a l ,  p i ,  h ,  s um,  
x;  [ MASK]  [ MASK]  [ MASK]

i nt ma i n ( a r gc , a r gv )  {  i n t done =
0,  n = 10000,  r a nk ,  numpr oc s ,  i ;  
doubl e p i _ t ot a l ,  p i ,  h ,  s um,  x;
MPI _I n i t ( . . ) ;  MPI _Comm_s i z e ( . . ) ;  
MPI _Comm_r a nk( . . ) ;

i n t ma i n ( a r gc , a r gv )  {  i n t done
= 0 ,  n = 10000,  r a nk ,  numpr oc s ,  
i ;  doubl e pi _ t o t a l ,  p i ,  h ,  s um,  
x;

http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Init.html#MPI_Init
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_size.html#MPI_Comm_size
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_rank.html#MPI_Comm_rank


MPI-rical 
Partia l Solution

A3

Train a  
Generative

model

TASK

Code Trans lation

i nt  done =0 ;
doubl e  s um,  x ;
MPI _I NI T( &a r gc , &a r gv) ;
whi l e ( ! done )

SEMI s eria l code

MPI parallel code



i n t ma i n ( a r gc , a r gv )
{

i n t done = 0,  n = 10000 ,  r a nk,  numpr oc s ,  i ;
doub l e pi _t ot a l ,  p i ,  h ,  s um,  x ;

wh i l e ( ! done )
{

i f ( n == 0)  b r e a k;

h = 1. 0 / ( doubl e )  n ;
s um = 0. 0;

Dataset

● SCOPE: Init to Finalize 
Cons tructs .

● 25k SPMD and 25k non-SPMD.

● NEGATIVE EXAMPLES: created 
by MPI functions  removal.

Total:

50kMPICodeCorpus

Negative ExamplePos itive Example

i nt ma i n ( a r gc , a r gv )
{

i n t done = 0,  n = 10000 ,  r a nk,  numpr oc s ,  i ;
doub l e pi _t ot a l ,  p i ,  h ,  s um,  x ;

MPI _I n i t ( &a r gc , &a r gv) ;
MPI _Comm_s i z e ( MPI _COMM_WORLD, &numpr oc s ) ;
MPI _Comm_r a nk( MPI _COMM_WORLD, &r a nk) ;

wh i l e ( ! done )
{

MPI _Bc a s t ( &n,  1 ,  MPI _I NT,  0 ,  MPI _COMM_WORLD) ;
i f ( n == 0)  b r e a k;

h = 1. 0 / ( doubl e )  n ;
s um = 0. 0;

http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Init.html#MPI_Init


Dataset

● SCOPE: Init to Finalize 
Cons tructs .

● 25k SPMD and 25k non-SPMD.

● NEGATIVE EXAMPLES: created 
by MPI functions  removal.

F, 
C,C++ 
files

MPI_INIT to 
MPI_FINALIZE



MPI-rical - Partia l Solution

i nt ma i n( a r gc , a r gv)
{

i nt done = 0 ,  n = 10000,  r a nk ,  numpr oc s ,  i ;
doubl e p i _t o t a l ,  p i ,  h ,  s um,  x;

whi l e ( ! done )
{

i f ( n == 0)  br e a k;

h = 1 . 0 / ( doubl e )  n;
s um = 0 . 0;

f or ( i = r a nk + 1;  i <= n;  i += numpr oc s )
{

x = h * ( ( doubl e )  i - 0 . 5) ;
s um += 4 . 0 / ( 1. 0 + x*x) ;

}

pi _t ot a l = h * s um;

}

r e t ur n 0 ;
}

MPIrical
Can it be 

SPMD 
parallelized?

Yes / No

MPI Function Classification
(MPI _I ni t ( . . ) ,  MPI _Comm_r a nk( . . ) ,  MPI _Se nd( . . ) )

MPI Function Location

http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Init.html#MPI_Init
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_rank.html#MPI_Comm_rank


Res ults

Gen er a t io n  a s  Clas s ifica t io n



What Next?
Full MPI Program Generation

Comp-
Coder

MPI Function Classification
(MPI _I ni t ( &a r gc , &a r gv) ,  MPI _Comm_r a nk( MPI _COMM_WORLD, &r a nk) . . . )

i n t ma i n( a r gc , a r gv)
{

i nt done = 0,  n = 10000,  r a nk,  numpr oc s ,  i ;
doubl e pi _t ot a l ,  p i ,  h,  s um,  x ;

whi l e ( ! done )
{

i f ( n == 0)  br e a k;

h = 1. 0 / ( doubl e )  n ;
s um = 0. 0;

i n t ma i n( a r gc , a r gv)
{

i nt va r _1= num_0,  va r _2 = num_1,  va r _2,  va r _3,  va r _4;
doubl e va r _5,  va r _6,  va r _7,  va r _8,  va r _9;

whi l e ( ! va r _1)
{

i f ( va r _2== num_0)  br e a k;

va r _7 = num_2/ ( doubl e )  va r _2;
va r _8 = num_3;

i n t ma i n( a r gc , a r gv)
{

i nt va r _1= num_0,  va r _2 = num_1,  va r _2,  va r _3,  va r _4;
doubl e va r _5,  va r _6,  va r _7,  va r _8,  va r _9;
f unc _339( &t ype _7, &t ype _5) ;
f unc _459( va r _23, &va r _18) ;
f unc _113( va r _43, &va r _11) ;

whi l e ( ! va r _1)
{

f unc _287( &va r _29,  num_43,  va r _169,  num_0,  va r _95) ;

i f ( va r _2== num_0)  br e a k;

va r _7 = num_2/ ( doubl e )  
va r _2;

va r _8 = num_3;

i n t ma i n( a r gc , a r gv)
{

i nt done = 0,  n = 10000,  r a nk,  numpr oc s ,  i ;
doubl e pi _t ot a l ,  p i ,  h,  s um,  x ;

MPI _I ni t ( &a r gc , &a r gv) ;
MPI _Comm_s i z e ( MPI _COMM_WORLD, &numpr oc s ) ;
MPI _Comm_r a nk( MPI _COMM_WORLD, &r a nk) ;

whi l e ( ! done )
{

MPI _Bc a s t ( &n,  1 ,  MPI _I NT,  0 ,  MPI _COMM_WORLD) ;
i f ( n == 0)  br e a k;

h = 1. 0 / ( doubl e )  n ;
s um = 0. 0;

http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Init.html#MPI_Init
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Comm_rank.html#MPI_Comm_rank
http://www-unix.mcs.anl.gov/mpi/www/www3/MPI_Init.html#MPI_Init


Scope is  a ll you need:

● Intro and objectives  - LLMs  for HPC:                     Gal Oren

● Novel HPC code databas e - HPCorpus :                Niranjan Has abnis

● Compiler-oriented tokenizer - Tokompiler:           Vy A. Vo

● Downs tream Tas k #1 - OpenMP:                           Tal Kados h

● Downs tream Tas k #2 - MPI:                                   Nadav Schneider



Thanks !
Contact us :

galoren@cs .technion.ac.il

mailto:galoren@cs.technion.ac.il
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