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The Story So Far …
● We understand how to make SE process 

decisions to deliver quality products 
● But people are saying that cloud 

computing and microservices (2010) 
blockchains (2015) machine learning 
(2019) Software as a Service (2021) 
artificial intelligence is unprecedented 
and that its benefits change everything

● What are the implications? Does my SE 
knowledge still apply? 
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One-Slide Summary
● Generative AI tools, like ChatGPT, can be 

evaluated in a historical context using existing 
software engineering and business decision-
making techniques. 

● Amdahl's Law and the Structure of Scientific 
Revolutions are helpful lenses for evaluating 
the present and near future.

● We evaluate recent reports of AI applied to 
three SE activities: Documenting Commit 
Messages, Reading Bug Reports, and Software 
Testing. Would they reduce costs? 
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How many of you have heard 
something like this about AI?

“Gone are the days of a complicated coding 
process and slow, costly programming. Our 
new AI uses plain English to express and 
generate procedures. Our AI allows everyday 
business language to replace the language of 
computer instructions, reducing programming 
costs by 40%.”
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AI Perception #2

“Now that executives can just ask AI to read 
and write programs, they are going to free 
themselves from their dependency on paying 
actual developers.”
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AI Perception #3

“57% of Americans strongly agree or agree that 
 'AI costs more domestic jobs than it creates'. 
44% of Americans list AI as the number one 
culprit for domestic job loss, and 17% see it as 
the number two culprit. High-skilled workers 
are more affected by AI job loss than low-
skilled workers.”
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AI Perception #4

“There were 22 risks 
identified when using 
AI for coding, 
including loss of 
organizational 
capabilities and 
competencies, 
vendor lock-ins and 
high / increasing 
model / query 
costs.”

…

…
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Pulling Back The Curtain
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Reality: COBOL in the 1960s

[ D. Dunning. Autocoding at Work: COBOL and the Specification of the American Office. IEEE ]
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Reality: COBOL in the 1960s

D. Teichroew. A survey of languages for stating requirements for computer-based information 
systems. ACM.
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Reality: Offshoring in the 2010s

Geishecker et al. Offshoring and job loss fears: An econometric analysis of individual 
perceptions. Labour Economics, 2012. 
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Reality: Offshoring in 2000s

Chatfield and Wanninayaka. IT Offshoring Risks and Governance Capabilities. IEEE 2008. 
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Business Process Decisions

● Executives and project managers use models and 
projections based on past observations to predict the 
future and manage risk (e.g., COCOMO) 

● Companies can (and will) say anything about a new 
technology in advertisements to appear cutting edge

● But if you want to know how they will act going 
forward (e.g., in your first two decades in the 
workforce), look at how they did act in the past

● “This new technology promises to reduce our development and 
deployment costs, but has some risks associated with  
correctness and perception of job loss. Should we adopt it?” 
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Approaching SE + AI

● So with FUD slightly 
dispelled, let's use 
reason and evidence

● First, what do the 
terms even mean?

● We'll use the RE 
approach of making 
a lexicon to avoid 
terminology 
conflicts
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The Road To ChatGPT (1/3)

● Machine Learning (ML) is an artificial intelligence subfield 
of statistical algorithms that can learn from data and 
generalize to unseen data

● Natural Language Processing (NLP) is a machine learning 
technology that gives computers the ability to interpret, 
manipulate, and comprehend human language

● Neural Networks (NN) are an artificial intelligence method 
that teach computers to process data in a way that is 
inspired by the human brain (graphs, weighted edges)

● Sequence Models transform input sequences (e.g., of 
words) of one domain (language) into sequences of another 
domain
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The Road To ChatGPT (2/3)

● Generative AI models create text (not just yes/no) in 
response to prompts
● If that text is a program, this is code synthesis

● Pre-trained models are trained on (learn from) a 
large data set of unlabeled text

● Transformers are a neural network sequence model 
architecture using a notion of “attention” to relate 
relevant but far-apart tokens in a sequence
● The wolverine is fluffy and it is Michigan’s mascot.
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The Road To ChatGPT (3/3)

● Large language models (LLMs) are neural network 
transformer models that can do general-purpose language 
generation and understanding

● Misleading or false results presented by an AI model are 
called hallucinations (overfitting to training data)

● Chat GPT is an AI neural network generative pre-trained 
transformer large language model

● Neural methods use neural networks (e.g., transformers, 
graph neural networks, etc.) or AI. Symbolic approaches 
include logic, type systems, dataflow analyses, etc. 
Neurosymbolic methods use both.
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When and Why Do Companies Adopt
New Technologies? 

● “Information technology and business 
processes dominate the global outsourcing 
market. IT outsourcing is expansive, covering a 
diverse array of services such as cloud 
computing, web and mobile application 
development, cybersecurity measures and 
data management solutions. […] IT 
departments, on average, dedicate a 
substantial 13.6% of their financial resources 
to roles that are offshored.” - Forbes, 2024
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Are Developers Using AI? Yes!
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What Do Managers Think?

View 1: The AI is doing the work for you.
View 2: The CEO expects you to be coding outside of working hours via a phone UI.
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What Do Workers Think?

Thought question:
Why do we consult
multiple stakeholders
during RE?
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Amdahl's Law
(first introduced in Lecture #1)

● “The overall performance improvement gained 
by optimizing a single part of a system is 
limited by the fraction of time that the 
improved part is actually used.”

● A back-of-the-envelope calculation for 
evaluating an optimization is to assume it is 
perfect for the part of your work it targets
● i.e., optimistically assume it drops that cost to 0
● If it's bad ideally  it will be worse in practice→

● What if you completely optimized away cost X? 
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Decisions

● With your team: You 
are UM. Would you 
pay $100M once for a 
two-year deal of 
unlimited access to 
the best IT AI? 

● Would you pay $1M?
[Intuit Investor Relations 2025]

[University Budget Book FY 2026]

https://investors.intuit.com/news-events/press-releases/detail/1284/intuit-and-openai-join-forces-to-revolutionize-financial-intelligence-powering-every-person-business-and-dream-with-personalized-experiences
https://obp.umich.edu/wp-content/uploads/pubdata/budget/ubudgetbook_fy26.pdf
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Follow The Money

● A company is spending 
$113K/mo on AI for ~$38K/mo 
on human developers

● With $113k/mo, they could 
hire 12 more devs (4  16)→

● This makes sense if AI makes 
each of their 4 current human 
devs 4x more productive
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Business Decision Example #2

● With your team … 
● How many testers are 

employed?
● How much would you 

pay for an AI testing 
tool that boosted 
each human tester's 
productivity by 50%? 

● Why is testing “only” 
30%? I thought … 
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Structure of Scientific Revolutions
(Why might AI adoption be slowing down?)

● Aristotle  Newton  Einstein  Bohr→ → →
● Ptolemy  Copernicus  Galileo  Kepler → → →
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Evolution and Revolution

● Some technologies are revolutionary, opening 
up entirely new options and needs for humans 
(paradigm shifts)
● Writing, Printing Press, Steam Engine, Automobile, 

High-Yield Crops, Digital Computer, Cellphone 
● Some are more evolutionary, making existing 

processes more efficient (incremental)
● Lowercase letters, Electronic cars, 5G networks

● There is some judgment involved here
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So Where Is AI In The Kuhn Cycle?

● If AI will be a singularity  →
none of this matters :-) 

● If AI is evolutionary  →
evaluate AI+SE like any 
other advancement 
(offshoring, better PL, etc.)

● If AI may be revolutionary 
 rapid change, then →

evaluate like any other 
advancement (first like 
blockchain, then like offshoring or 
better PL, etc.)
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Some Perceive An AI Plateau
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Agentic AI
(Back to AI+SE Buzzwords)

● “Agentic AI is an autonomous system that acts 
independently to achieve goals, performing complex 
tasks without constant human oversight.” - Amazon

● Vibe coding is slang: the developer does not review 
or edit the code, but solely asks the LLM 

● Pushing to prod is slang: deploying code changes to 
the production environment or public-facing server. 
Pushing directly to prod refers to doing this without 
testing or QA. (“push” here is “git push”)
● Analogy: doing no local testing before your last 

submission to the autograder
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If The Heart of SE is QA …
(QA = SE   ! ! QA = SE)→
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Should you push directly to prod?

● Well, what are the risks? (cost/benefit analysis)
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Trivia: Names

● Originally called BackRub, this most-visited 
website in the world is generally based on this 
algorithm to counts the number of incoming 
links to a page to determine how important it 
is. 
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Trivia: Astrophysics

● Cecilia Payne-Gaposchkin determined that stars 
are primarily made up of this and this in her 1925 
doctoral thesis. Her groundbreaking conclusion 
was initially rejected by astrophysicists because it 
contradicted the science of the time (which held 
that no significant elemental differences 
distinguished the Sun and Earth). Independent 
observations proved that she was correct. 
Because she was a woman, Payne was not eligible 
to receive a degree from the University of 
Cambridge or Harvard University.
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Trivia: Film

● This 2016 biographical drama presents three Black 
women mathematicians and computers, Katherine 
Goble Johnson, Dorothy Vaughan, and Mary Jackson, 
who worked at NASA during the Space Race. Vaughan 
was promoted to supervisor and prepared for 
computers in the early 1960s by teaching herself and 
her staff Fortran. 
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Psychology: Memory?

● 54 students and 108 community members were posed 
questions like:

● Days later, they were given a memory task related to 
features in the questions (e.g., was it a “red brick 
house”, a “white house built of wood”, or “neither”). 
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Psychology: Value Judgments

● Finally, they were asked to rate how 
positive or negative the feature would be 
in the context of making the decision
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Choice Support Bias

● Humans attributed significantly more positive and 
fewer negative features to their chosen options than 
to foregone options.
● “Remembering that the option we chose was the 

better one is more emotionally gratifying than 
remembering that the foregone option was better.”
[ Mara Mather and Marcia Johnson. Choice-Supportive Source Monitoring: Do our 
decisions seem better to us as we age? J. Psychology and Aging. ] 

● Example SE Implication: Once you have chosen a 
language or tool or AI technique for Project #1, you are 
likely to remember positives about that when choosing 
for #2. 
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Three Colors Trilogy
(Let's Dive Into AI+SE)

● Let's look at three recent (2025) reports of AI 
aiding software engineering tasks we also 
studied or practiced in class:
● Documenting Commit Messages
● Reading Bug Reports
● Software Testing

● (Using what we've learned, would you adopt 
these into your development process?)
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#1. Documentation Is Critical
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AI Commit Message Plan

● Input diff, output doc  →
● Uses “direct” approach
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AI Commit Message Experiment

● Evaluated ChatGPT, Claude, Qwen, DeepSeek, 
Code-Qwen, DeepSeek-Coder, etc. 

● Testing materials were collected 3+ 
months after the training 
cutoffs of those models (why?)
● Their MCDM-New dataset 

● Used three human evaluators (grad students 
and/or industrial coders) as well as automated 
assessments

Wu et al. An Empirical Study on Commit Message Generation Using LLMs via In-Context Learning. ACM/IEEE ICSE 2025. 
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What did humans think?
(100 commits, 1-5 scales)

● How good were AI-written commit messages? How good were reference 
human-written commit messages? 

Does the message clearly explain the code change? Is the message well-written and natural?

● Should we use this tool? Well …

● How much time does it take a human to write a commit message? 
How much time is saved in later maintenance by having a good 
commit message?
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#2. Defect Reports Are Critical

● A significant amount of software maintenance 
involves reading and acting on entries in Issue 
Tracking Systems (Jira, GitHub, etc.)
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Experimental Plan

● Survey 47 real developers (avg. 4-5 years of 
experience, look at bug reports daily)

● Obtain from them 412 question-and-answer 
pairs with real questions those devs would 
encounter when exploring bug reports

● Evaluate on
● Retrieval Augmented Generation (RAG) ChatGPT
● Their neurosymbolic approach using ChatGPT and 

context-free grammars (CHIME) 

Begum Tamanna et al. Chatgpt Inaccuracy Mitigation During Technical Report Understanding: Are we There Yet? ACM/IEEE ICSE 
2025. 
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Interesting Aside: What Are These 
Real-World ITS Questions?
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Example Good and Bad 
Interactions
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Does Asking AI About Bug Reports 
Work?

● CHIME has an average correctness of 66% on boolean, factual and 
summarization questions

● How long does it take humans to answer? How accurate are humans?
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#3. Software Testing Is Critical

● We want to assure function correctness and 
quality property satisfaction
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High-Level Testing Plan

● Can LLMs totally automate vehicle API testing?

Wang et al. Automating a Complete Software Test Process Using LLMs: An Automotive Case Study. ACM/IEEE ICSE 2025.
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High-Level Testing Plan

● Can LLMs totally automate vehicle API testing?

Wang et al. Automating a Complete Software Test Process Using LLMs: An Automotive Case Study. ACM/IEEE ICSE 2025.

What is mocking?
What is vehicle
testing using it?
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Direct Workflow: Replace Manual 
Steps With LLMs
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Evaluation on Known-Good Code

● 41 truck APIs, +109 more APIs from a “leading 
vehicle manufacturer” (one author is at Volvo)
● Pre-verified separately: right answers are known, 

vehicle expert group, etc. 
● All generated tests for an API must pass

API Coverage
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Evaluation On New Code

● “We collected 193 newly developed and unverified 
truck APIs and their corresponding documentation 
from a leading truck manufacturing facility. […] 
SPAPI-Tester identified 23 test failures. […] On 
consultation with the API developers, these were 
determined to be legitimate bugs in the API 
implementation. The team has already started 
addressing these issues upon receiving the checking 
results.”

● “SPAPI testing – a process that currently takes 2-3 
FTEs – has effectively been substituted by SPAPI-
Tester, a fully automatic pipeline”
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Conclusion

● Generative AI (LLMs) currently give 
evolutionary benefits for SE tasks
● With stronger success, as of now, on testing and 

commit messages (vs. defect report understanding)
● AI's pattern of promises, risks and benefits 

aligns strongly with prior SE advances
● Managers and decision makers use past 

information to guide policy decisions
● We don't need to be afraid of AI, but we do 

need cost/benefit assessments of it
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Questions?

● Exam and HW6
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