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Why study foundation models (FMs) and

software engineering (SE)?

« FM4SE: FMs are transforming SE by automating
various SE tasks and workflows

« SE4FM: SE practices are being adapted to support the
development and deployment of FM(ware)

- Model serving & V4 <§ - Code generation

scaling - Code assistant
- Workflow - Vulnerability
orchestration detection

- Data management E J
5 Es
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While academic research is growing,

Industry perspectives have been missing

Tech companies often publish blog posts to establish
leadership in innovation

aws About AWS ContactUs Support v q NVIDIA. DEVELOPER Home Blog Forums
N1

Docs

Downloads

Amazon Q Products Solutions Pricing Documentation Learn Partner Network
"= Filter

AWS Blog Home Blogs Editions ~

AWS Blog

Accurate and Efficient

Featured posts

uctober 2024

launches from AWS \
Training and

Certification

Amazon Aurora PostgreSQL and New courses and certifj
Amazon DynamoDB zero-ETL from AWS Training and
integrations with Amazon Redshift now October 2024

generally available " .
Welcome to October’s post announcing new training

Unlock insights instantly with Amazon Redshift's course launches and certification updates. This
new zero-ETL integrations for Aurora PostgreSQL month, we launched 17 new digital training products
and DynamoDB, eliminating complex ETL pipelines. on AWS Skill Builder including 6 new generative Al
digital courses. In addition, registration is now open
Read the post >> for the standard version of the AWS Certified Al
Practitioner and AWS Certified Machine Learning
Engineer — Associate exams. Plus, when you earn 6

Li et al., Alware Leadership Bootcamp, Toronto, Canada, 2024



We collected blog posts from leading companies

and employed the FM Jury to label them

1. Blog Sites 2. Blog Posts 3. Labelling
Collection Collection Blog Posts
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FM Jury: an efficient approach for

surveying grey literature

E —> @ Labels & scores mRNMmahtEY NI S in-the-loop )
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» Mitigate model bias and enhance accuracy
« Reduce human effort
« Scalable for surveying fast-evolving fields
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Leveraging FM Jury for labelling SE-FM area,

FMA4SE activities, and SE4FM activities

SE-FM FMA4SE SE4FM

Model Area  Activities Activities
" Gemini-1.5-Flash-002 0.65 0.66 0.81
GPT-40-mini-2024-07-18 0.70 0.74 0.81
L Qwen2-72B-Instruct 0.85 0.79 0.76
FM/LLM Jury 0.95 0.87 0.91

« SE-FM area: FM4SE, SE4FM, and unrelated

 FM4SE activities: Software development, quality assurance,
maintenance, ...

- SE4FM activities: Model deployment, system architecture,
data management, ...

 FM Jury achieved excellent agreement (Cohen’s Kk > 0.78)
with human labels
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In FM4SE blog posts, software development

tasks are the most frequently discussed

Activity Most popular task %Posts %Company
Software development Code generation 78.1 100.0
[Software quality assurance Vulnerability detection 11.0 36.3]
Software maintenance Code refactoring 9.7 36.3
Software management Tool configuration 0.6 9.1
Requirement engineering  Requirements analysis 0.6 9.1
Software design - 0.0 0.0

Align with research interests
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Limited focus on software management,

requirements engineering, and software design

Activity Most popular task %Posts %Company
Software development Code generation 78.1 100.0
Software quality assurance Vulnerability detection 11.0 36.3
Software maintenance Code refactoring 9.7 36.3
Software management Tool configuration 0.6 9.1
Requirement engineering  Requirements analysis 0.6 9.1
Software design - 0.0 0.0

Research direction 1: Real-world validation of FMs in software
management, requirements engineering, and software design
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Code assistants provide multifunctional

support beyond code generation
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Research direction 2: Evaluating code assistants in software
development workflows for tasks beyond code generation

Hassan, A. E., Oliva, G. A, Lin, D., Chen, B., & Ming, Z. (2024). Towards Al-Native Software Engineering 5o T
(SE 3.0): A Vision and a Challenge Roadmap. arXiv preprint arXiv:2410.06107. 12 ‘ I
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Software maintenance tasks focus on legacy

system refactoring and modernization

* FMs are widely used to refactor, translate, and
transform entire systems
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Research direction 3: Leveraging FMs for legacy system
modernization and transformation beyond code translation
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Practitioners discussed SE4FM(ware)

much more often than FM4SE

997 SE4FM 155 FM4SE
blog posts blog posts

Research direction 4: Expanding research on SE4FM(ware),
especially as FMs support modalities beyond text (e.g., image)




In SE4FM blog posts, model deployment &

operation is the most frequently discussed

* Cloud deployment dominates due to the resource-
intensive nature of FMs

* Model serving & scaling techniques are widely adopted
« Speculative decoding, workload balance, automatic scaling

* Model compression reduces resource consumption
* Pruning, quantization, distillation

« Growing interest in local deployment
* Mobile, edge, PC

Research direction 5: Performance engineering (e.g., load
testing and latency optimization) for FM(ware)
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System architecture & orchestration tasks have

become a popular topic in SE4FM blog posts

Model & prompt input
chaining

Prompt 1 &
a task into ST
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orchestration output
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Al agent(s)

Research direction 6: Supporting FM chaining, workflow
orchestration, and Al agents via SE activities (e.g., design patterns)
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In FM era, data management has evolved to

support both structured and unstructured data
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Specialized databases (e.g., VectorDBs) are

designed for storing and retrieving embeddings

» VectorDBs are optimized for storing and retrieving
embedding vectors efficiently

* Provide advanced features such as multimodal search,
where users search image/video using text queries

« Enabling retrieval-augmented generation (RAG) which
combines FMs with data retrieval from databases

Research direction 7: Investigating how these evolving data
_management strategies affect the dev lifecycle of FMware.
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Model customization relies on fine-tuning

methods such as LoRA and RLHF
[FM ] [FM ] [FM ]

8 FE 2

Fine-tune on domain-  Efficient Fine-Tuning D{b D\?’
specific dataset with LoRA RLHF

Specialize LoRA Aligned
[ d FM J [ FM’* Adapter [ FM J

Research direction 8: Investigating the impact of the shift from
( training models from scratch to fine-tuning on SE activities




FM Jury: an efficient approach for Limited focus on software management,

surveying grey literature requirements engineering, and software design
. Activity Most popular task %Posts %Company
E é Human in-the-loop ) Software development Code generation 78.1 100.0
: TSN Software quality assurance Vulnerability detection 11.0 36.3
: @ LZIS::S Software maintenance Code refactoring 9.7 36.3
: No 1 Software management Tool configuration 0.6 9.1
: (@?’? ves Requirement engineering  Requirements analysis 0.6 9.1
- Software design - 0.0 0.0
) =
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) Mltlgate model bias and enhance accuracy Research direction 1: Real-world validation of FMs in software

* Reduce human effort management, requirements engineering, and software design
« Scalable for fast-evolving fields

Practitioners discussed SE4FM(ware)

much more often than FM4SE
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Research direction 4: Expanding research on SE4FM(ware), ] H a O L I
which support modalities beyond text (image, audio, etc.) .
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