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(1) Software Engineering (SE) ≫ Programming
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(2) AI “solves” Programming ⇏ AI “solves” SE

(3) Agentic AI is a Software Systems Innovation

(4) We Need More Solid Empirical Evidence



Current Discourse on AI for SE
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Who knows this man?

Boris Cherny
Creator of Claude Code
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“Coding Is Solved”
https://youtu.be/SlGRN8jh2RI
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Well, but Software Engineering isn’t
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Well, but Software Engineering isn’t

0.009 × 90 days = 0.81 days = 19.44 hours = 1,166.4 minutes
à 12.96 minutes per day*

*Of course, the actual duration and frequency varies (see https://pulsetic.com/status/claude/).

https://status.claude.com/

https://pulsetic.com/status/claude/
https://status.claude.com/
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0.009 × 90 days = 0.81 days = 19.44 hours = 1,166.4 minutes
à 12.96 minutes per day*

*Of course, the actual duration and frequency varies (see https://pulsetic.com/status/claude/).
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https://x.com/bcherny/status/2064136590667256229
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https://www.theregister.com/software/2026/04/27/cursor-opus-agent-snuffs-
out-startups-production-database/5224442

https://fortune.com/2025/07/23/ai-coding-tool-replit-wiped-database-called-it-a-catastrophic-failure/ https://securityonline.info/cve-2025-48757-lovables-row-level-security-
breakdown-exposes-sensitive-data-across-hundreds-of-projects/

https://www.businessinsider.com/uber-coo-andrew-macdonald-ai-token-spending-harder-justify-2026-5
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Generative AI Tools for Software Development
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Editor-integrated 
and chat-based AI 

assistants for 
software 

development.

GenAI-
centric IDEs

“Agentic” AI 
assistants



What is Software Engineering?
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Let’s start with what it isn’t
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Who knows this man?

Andrej Karpathy
Co-founder of OpenAI

https://i.gadgets360cdn.com
/large/andrej_karpathy_linkedin_1779260511441.jpg
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Vibe Coding

https://x.com/karpathy/status/1886192184808149383

“There’s a new kind of 
coding I call vibe coding 
[…] where you […] forget 
that the code even exists.”

“I just see stuff, say stuff, 
run stuff, and copy paste 
stuff, and it mostly works.”

https://x.com/karpathy/status/1886192184808149383
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Where Vibe Coding Works: Small Projects
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Where Vibe Coding Works: Small Projects
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Where It Doesn’t Work: Publicly Deployed Software

https://www.wired.com/story/thousands-of-vibe-coded-apps-expose-corporate-and-personal-data-on-the-open-web/
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1. […] start with a technical design document.
2. Design review before […] development […].
3. If you pass review, […] more documentation

on each subsystem.
4. Backlog development and sprint planning.
5. Software development […] We use test-driven development, so I have 

the AI coding agent write the tests first for the feature I’m going to build.
6. Code […] review. We have a two-dev approval process before code can 

get merged into main. AI is […] assisting with the review.
7. Test in staging. If staging is good to go, we push to prod.
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“Vibe-Coding” at FAANG

https://www.reddit.com/r/vibecoding/comments/1myakhd/how_we_vibe_code_at_a_faang/

* Facebook (Meta), Apple, Amazon, Netflix, and Google (Alphabet)

https://www.reddit.com/r/vibecoding/comments/1myakhd/how_we_vibe_code_at_a_faang/
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Vibe Coding and the SDLC
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SDLC: Software Development Life Cycle

https://imgflip.com/i/9zk6ku


What is the Software Development Life Cycle 
(SDLC)?
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Who knows this woman?

Margaret Hamilton
Led Software Development of 
NASA's Apollo Guidance Computer 
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https://upload.wikimedia.org/wikipedia/commons/d/db/Margaret_Hamilton_-_restoration.jpg
https://upload.wikimedia.org/wikipedia/commons/d/db/Margaret_Hamilton_-_restoration.jpg
https://upload.wikimedia.org/wikipedia/commons/d/db/Margaret_Hamilton_-_restoration.jpg
https://en.wikipedia.org/wiki/NASA


Origin of the Term “Software Engineering”

NATO Software Engineering Conference
(1968/69)

Margaret Hamilton
(1965-1969)

Anthony G. Oettinger
(1966)
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http://homepages.cs.ncl.ac.uk/brian.randell/NATO/nato1968.PDF
https://www.computer.org/publications/tech-news/events/what-to-know-about-the-scientist-who-invented-the-term-software-engineering
https://bertrandmeyer.com/2013/04/04/the-origin-of-software-engineering/


“Software Engineering” as a Discipline (~1968)
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l

“Software Crisis”:
• Software was inefficient and difficult 

to maintain.
• It often did not meet the specified 

requirements.
• It was sometimes not delivered.
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Call to action:
“We know how to build hardware, now 
we must study how to build software.”

http://homepages.cs.ncl.ac.uk/brian.randell/NATO/nato1968.PDF
http://homepages.cs.ncl.ac.uk/brian.randell/NATO/nato1968.PDF
http://homepages.cs.ncl.ac.uk/brian.randell/NATO/N1968/index.html


1968 NATO SE Conference Report: The SDLC
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DevOps

Pro
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mming

Programming
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http://homepages.cs.ncl.ac.uk/brian.randell/NATO/nato1968.PDF
http://homepages.cs.ncl.ac.uk/brian.randell/NATO/nato1968.PDF


27Sebastian Baltes - Software Engineering Beyond the AI Hype

The SDLC, aka “Top-Down Vibe-Coding”

https://refactoring.fm/p/vibe-coding-workflows

https://refactoring.fm/p/vibe-coding-workflows
https://refactoring.fm/p/vibe-coding-workflows
https://refactoring.fm/p/vibe-coding-workflows
https://refactoring.fm/p/vibe-coding-workflows
https://refactoring.fm/p/vibe-coding-workflows


Software Engineering: Definition

“Software engineering is the systematic application of scientific 
and technological knowledge, methods, and experience…
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…to the design, implementation, testing, maintenance, operation, 
and documentation of software…

…with a particular focus on automation.”
(adapted from ISO/IEC 2382:2015)
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…to the design, implementation, testing, maintenance, operation, 
and documentation of software…

…with a particular focus on automation.”
(adapted from ISO/IEC 2382:2015)



SE Has Never Been Just About Coding!
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“DevOps”

Programming
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Software Engineering

http://homepages.cs.ncl.ac.uk/brian.randell/NATO/nato1968.PDF
http://homepages.cs.ncl.ac.uk/brian.randell/NATO/nato1968.PDF


(1) Software Engineering (SE) ≫ Programming
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(2) AI “solves” Programming ⇏ AI “solves” SE

(3) Agentic AI is a Software Systems Innovation

(4) We Need More Solid Empirical Evidence



“A study of more than 450 engineers at Microsoft in 2025 
showed developers spend only 14 percent of their time 
writing code, reflecting what has been found in studies 
over the years.”
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Myths on Software Engineering and GenAI

https://spawn-queue.acm.org/doi/10.1145/3807963

Myth 1: Developers Spend Most of Their Time Writing Code

https://spawn-queue.acm.org/doi/10.1145/3807963
https://spawn-queue.acm.org/doi/10.1145/3807963
https://spawn-queue.acm.org/doi/10.1145/3807963


https://www.mckinsey.com/industries/technology-media-and-telecommunications/
our-insights/yes-you-can-measure-software-developer-productivity#/



https://link.springer.com/book/10.1007/978-1-4842-4221-6
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“State of the Art” in Software Engineering as of 2019
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https://link.springer.com/book/10.1007/978-1-4842-4221-6
https://link.springer.com/book/10.1007/978-1-4842-4221-6
https://link.springer.com/book/10.1007/978-1-4842-4221-6
https://link.springer.com/book/10.1007/978-1-4842-4221-6
https://link.springer.com/book/10.1007/978-1-4842-4221-6
https://link.springer.com/book/10.1007/978-1-4842-4221-6
https://link.springer.com/book/10.1007/978-1-4842-4221-6
https://link.springer.com/book/10.1007/978-1-4842-4221-6
https://link.springer.com/book/10.1007/978-1-4842-4221-6


Public Discourse about SE
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Agentic AI Assistants
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Generative Artificial Intelligence (GenAI) Tools

/ Tool
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The quality of the 
context provided 
as part of the 
prompts is crucial.

https://upload.wikimedia.org/wikipedia/commons/1/16/GenAI_Agent.png
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Agentic Coding Assistants

https://magazine.sebastianraschka.com/p/components-of-a-coding-agent

Software EngineeringAI/ML

https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
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Example: Tool Use

https://magazine.sebastianraschka.com/p/components-of-a-coding-agent

D: Deterministic
ND: Non-deterministic

ND ND
D

D

D

D

DD ND

https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent


TL;DR
We’ve moved from model innovation to systems innovation
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(1) Software Engineering (SE) ≫ Programming
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(2) AI “solves” Programming ⇏ AI “solves” SE

(3) Agentic AI is a Software Systems Innovation

(4) We Need More Solid Empirical Evidence



Benchmarking AI Tools for SE
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• Benchmarks are a central aspect of vendors’ marketing.

• Most benchmarks are open, but the models are closed. 
(“Open” usually means open weight, not open training data.)

• Benchmark contamination is one of many problems.

• Another problem is that benchmarks rarely define the 
construct they intend to measure (functional correctness, security, 
reliability, etc.) and why the chosen operationalization is valid.
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Benchmarking AI Tools

https://arxiv.org/pdf/2504.20879
https://arxiv.org/pdf/2410.16186

https://arxiv.org/pdf/2504.20879
https://arxiv.org/pdf/2410.16186
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Benchmarks: HumanEval

def is_palindrome(text: str):
    """
    Checks if given string is a palindrome
    >>> is_palindrome('')
    True
    >>> is_palindrome('aba')
    True
    [...]

def is_palindrome(text: str):
    for i in range(len(text)):
        if text[i] != text[len(text)-1-i]:
            return False
    return True

assert is_palindrome('')      == True
assert is_palindrome('aba')   == True
assert is_palindrome('aaaaa') == True
assert is_palindrome('zbcd')  == False
assert is_palindrome('xywyx') == True
assert is_palindrome('xywyz') == False
assert is_palindrome('xywzx') == False

Prompt:

Canonical Solution:

https://github.com/openai/human-eval/

Tests:

https://github.com/openai/human-eval/
https://github.com/openai/human-eval/
https://github.com/openai/human-eval/
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Benchmarks: HumanEval

<latexit sha1_base64="xt7Ce+NY8CTQWDctI/MxMu+h/O8=">AAACIHicbVDLSgMxFM34rPU16tJNsAhuWmZEWjdC0Y3LCvYBnVIyaaYNzWSG5I5YhvkUN/6KGxeK6E6/xvSBaOuBwLnn3MvNPX4suAbH+bSWlldW19ZzG/nNre2dXXtvv6GjRFFWp5GIVMsnmgkuWR04CNaKFSOhL1jTH16N/eYdU5pH8hZGMeuEpC95wCkBI3XtigfsHtKYaF3NhvgCu7iIvUARmno+l1GYyiLN0mGW/dSTqmsXnJIzAV4k7owU0Ay1rv3h9SKahEwCFWZb23Vi6KREAaeCZXkv0SwmdEj6rG2oJCHTnXRyYIaPjdLDQaTMk4An6u+JlIRaj0LfdIYEBnreG4v/ee0EgvNOymWcAJN0uihIBIYIj9PCPa4YBTEyhFDFzV8xHRCTDphM8yYEd/7kRdI4LbnlUvnmrFC9nMWRQ4foCJ0gF1VQFV2jGqojih7QE3pBr9aj9Wy9We/T1iVrNnOA/sD6+gZGz6Re</latexit>

pass@k = 1→
(n→c

k

)
(n
k

)

where:
• n is the total number of samples generated per prompt (with n≥k),
• c is the number of correct samples among n, and
• k is the number of attempts considered, drawn from the n 

generated samples without replacement.

Check an LLM-generated solution by validating that the 
generated code is executable and passes the tests. 
Usually, several (n) candidate solutions are generated.

pass@k estimates the probability 
that at least one of k generated 

candidate solutions for a fixed task 
passes the benchmark’s tests.
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Benchmarks: HumanEval

Marketing in June 2024

Operationalization

pass@k estimates the probability 
that at least one of k generated 

candidate solutions for a fixed task 
passes the benchmark’s tests.

• Just Python.
• Just pure functions.
• No modules.
• No existing codebase.
• No debugging.
• No non-functional 

properties.

Construct
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Benchmarks: HumanEval

Marketing in June 2024

Construct Operationalization

pass@k estimates the probability 
that at least one of k generated 

candidate solutions for a fixed task 
passes the benchmark’s tests.

• Just Python.
• Just pure functions.
• No modules.
• No existing codebase.
• No debugging.
• No non-functional 

properties.Construct
validity?!
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Benchmarks: HumanEval

• HumanEval contained several 
incorrect “canonical” solutions.

• Only 10 assertions per problem on 
average, not enough to accurately 
assess the correctness of solutions. 

“[…] continued pre-training on a 
dataset containing even a single 
epoch of the test split for 
HumanEval boosted scores from 
74.4% to 89.0%, highlighting the 
danger of data contamination.”

https://arxiv.org/pdf/2403.05530

https://arxiv.org/abs/2305.01210

https://arxiv.org/pdf/2403.05530
https://arxiv.org/abs/2305.01210


Newer Benchmarks, Same Problems
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Open Benchmarks for Closed Models

https://knowyourmeme.com/memes/obama-awards-obama-a-medal
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(1) Software Engineering (SE) ≫ Programming
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(2) AI “solves” Programming ⇏ AI “solves” SE

(3) Agentic AI is a Software Systems Innovation

(4) We Need More Solid Empirical Evidence



Problem: We don’t even know the “simple” things yet…
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Agentic Coding Assistants

https://magazine.sebastianraschka.com/p/components-of-a-coding-agent

Software EngineeringAI/ML

Many degrees of freedom.
Unclear which features improve 
downstream performance, and 

which might degrade it.

https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
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https://assets.empirical-software.engineering/pdf/saner26-flakiness-test-code.pdf
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