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Anecdotal uses of Al in education / research

® Creating exams from pdfs of books and )
slides —— L

i : Al-POWERED
Hil I'm your Al learning assistant. LEARNING

| can help you understand
concepts, debug your code,
and help you grow.

® Creating summaries/lecture notes from (") . A

SKILLS

= % main.py | 7 | ‘
[ ] 1 # Calculate factorial using recursion : |
v I 2 def factorial(n): 2
‘ v 3 »if n == 0: ‘.
' 4 return 1 G . \ d
., 5 else: ) i
‘ return n * factorial(n-l) -
\ 6 i Tip: You can add inpul e
‘ - r a nusber: *) tion to make it

® Virtual course assistants for students

e Course assignments B </> RN f% -

e Students using Al for writing code and essays
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LLMs for code and software development

® Code LLMs: fine-tuned using code data

® Performance is evaluated on the ability
to generate code

e Useful for a variety of code
development tasks:

® Code completion (generation or synthesis)
® Summarization
® Debugging / fixing bugs

® [ranslation
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Model

GPT-5.2 Codex

Claude 4.7 Opus
Thinking High Effort

GPT-5.1 Codex Max
Claude 4 Sonnet

Claude Sonnet 4.5
Thinking

GPT-5.1 Low

Claude 4.6 Sonnet
Thinking High Effort

Claude 4.5 Opus
Thinking High Effort

GPT-5.3 Instant

Gemini 3 Flash
Preview Minimal

Kimi K2.6 Thinking
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Organization

OpenAl

Anthropic

OpenAl
Anthropic

Anthropic

OpenAl

Anthropic

Anthropic

OpenAl

Google

Moonshot Al

Global

Average

75.44

79.49

76.57

54.78

72.65

62.08

77.39

78.37

60.62

59.79

75.14

https://livebench.ai

Reasoning
Average

77.71

83.83

84.57
39.67

77.59

59.64

86.38

80.09

63.12

49.17

79.38

) Agentic
Coding )
v Coding
Average
Average
83.62 51.67
83.18 61.67
81.38 56.67
80.74 38.33
80.36 S
80.30 40.00
79.98 56.67
79.65 63.33
78.63 28.33
78.57 43.33
78.57 58.33

Mathematics

Average

88.77

89.29

83.66

60.36

79.31

68.38

86.53

90.39

72.41

68.10

84.28



Challenges in using AlforDev for parallel code

e Benchmarks are not relevant to HPC

® Popular languages are C, C++, Fortran

® Parallel execution models: MPI, OpenMP, CUDA, HIP, Kokkos, RAJA, etc.

® Metrics for evaluating Code LLMs are not well-suited for parallel computing

® HPC researchers care about performance and portability in addition to correctness

® Current LLMs are not great for parallel code

® Not enough data for training/fine-tuning: low-resource languages
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Synthetic data: ‘code is all you need’

Abhinav Bhatele (CMSC828G)




Synthetic data: ‘code is all you need’

® VWe have exhausted all available code
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Synthetic data: ‘code is all you need’

Total files 545.5 million %

® Ve have exhausted all available code MPI

® Parallel code data falls in the low-resource category OpenMP 152.9Kk 0.028
Kokkos 17.7k 0.003
Fortran 287.1K 0.052

CUDA 145.6k 0.027

The Stack dataset

SUr
S * DEPARTMENT OF

- COMPUTER SCIENCE Abhinav Bhatele (CMSC828G) >



Synthetic data: ‘code is all you need’

Total files 545.5 million %

® Ve have exhausted all available code MPI

® Parallel code data falls in the low-resource category OpenMP 152.9Kk 0.028
Kokkos 17.7k 0.003

® Recent work on generating synthetic code datasets Fortran 287.1k 0.052

using LLMs

CUDA 145.6k 0.027

The Stack dataset
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® VWe have exhausted all available code

® Parallel code data falls in the low-resource category

® Recent work on generating synthetic code datasets

using LLMs

-
O Open-source codebase

@ PosNeg.py @ Program.cs
[2) Log.cpp [3) Strength.swift
[2) Grantinfo.ts 3 ..

_

[3 seed code shippet

learn_model(
tf_idfSVM, tf_idfNB, target)

def get_clean_review(raw_review):
letters_only = re.sub(

"[*a-zA-Z]", " ", raw_review)

(. )

Prompt (details omitted)

code snippet to create a high-

Please gain inspiration from the _{

Language
Model

uality programming problem...
\9 Y prog gp )

p
O Generated solution (details omitted)

def get_clean_review(raw_review): ...
def train_model(tf_idfSVM, tf_idfNB, reviews, labels): ...
def classify_review(clean_review, tf_idfSVM, tf_idfNB): ...

ifain_model(tf_ideVM, tf_idfNB, reviews, labels)
cleaned_review = get_clean_review(...)...

from sklearn.feature_extraction.text import TfidfVectorizer ...

OSS-INSTRUCT

-
Generated problem (details omitted)

You are working on a natural language processing (NLP)
project and need to create a program to preprocess and

¢1\;-,P~SI]~P
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classify movie reviews...

Your program should be able to preprocess new movie
reviews, train the model, and classify new reviews accurately.

J
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Synthetic data: ‘code is all you need’

Total files 545.5 million %

MPI
OpenMP
Kokkos

1562.9Kk
17.7k

287.1k

145.6k

0.028
0.003
0.052
0.027

Fortran

CUDA

The Stack dataset

Wei et al. Magicoder: Source Code is All You Need.
In Proceedings of the Forty-first International
Conference on Machine Learning, ICML "24.



SWE-agent

e Combines language models with an Agent-Computer interface

o SWE-agent can call tools, write tests, run code etc.

® Designed for Python primarily

SWE-agent Agent-Computer Interface

LM-friendly commands
</ Navigate repo R Search files

- = View files EY Edit lines
2 LM Agent
LM-friendly
environment feedback

John Yang et al. SWE-agent: Agent-Computer Interfaces Enable Automated Software Engineering. NeurlIPS 2024.
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LLM agents based approach

® Naive solution or baseline: translate one file at a time in arbitrary order

® Exceeds LLM input context limit even for very simple repositories

® Proposed solution: develop an agentic approach that divides up the translation task
into smaller problems

Repository Prior Chunk
Files Context agent — Context

| | |

Dependency | Fileto | chunk agent Chunkto_, Translation T analated Chunk
agent Translate Translate agent
Repository

Metadata and
Task Statement
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Al agents for performance optimization

KEET Architecture

NCU profiles

with metadata

!

Legend

Agent always
enabled

Agent optional

Bypassed for

single source file

Bypassed for

single profile

Explanation
Reviewer

—>» Explanation Review

S Final Performance

Source Code Profile Inspection .
Source files —» Inspection Stage —» Stage —> Analysis
CHHH CHHH Aggregator
Source Code Inspection Stage
Source File Source File Algorithm Performance
: > > : —> .
Describer Selector Summarizer Hypothesizer

T

If not all code
files viewed
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Explanation

Profile Inspection Stage

Profile
Selector

> —>

Metric Profile DrGPU
Selector Analyzer Evaluator

—>

T

If not all profiles
viewed
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