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One-Slide Summary
● Although GenAI is prone to hallucinations, it 

may be able to assist with functional 
correctness. We evaluate using AI to make 
test oracles and postconditions. 

● Conversely, software engineering can be used 
to develop and improve AI. LLMs generally 
have simpler source code and more 
complicated data structures. Testing LLMs for 
quality properties is challenging. 

● We leverage prior lessons from SE to interpret 
LLM coverage metric decisions.
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End-of-Semester Logistics

● What happens to your HW6b grade if you aren't 
able to fix the bug in your HW6a task? 

● Can you turn in HW6b late if you are sick?
● What should you do if you think health might 

be a concern for HW6b or the Exam? 
● Can you take Exam 2 late if you are sick? 

● We provide support for students who do not 
finish the class and receive Incomplete grades



●

●

 

●
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AI Correctness: Do you have a 
friend who has run into this?



6



7

Testing
(which parts of testing might a flaky AI help?)

● Recall the Oracle-Comparator model: a full 
test case consists of a test input, the expected 
output (oracle), and a comparison (e.g., assert 
equality)

● “Mere” test inputs are typically easier to 
generate than are full test oracles that 
capture a program's intended behavior
● Test inputs can be generated randomly (fuzzing) or 

via constraint solving
● The “Oracle Problem” is undecideable in general
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What if we ask AI to make Oracles?

● In Unit testing, the test input is sometimes 
called the prefix of the test code

● Input: prefix
● Input: Stack.java
● Output: oracle
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Oracle Structure

● Intuition: since the Oracle is at the end, and 
not in the middle, maybe AI will be correct
● Hope :-)
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LLM Test Oracle Generation Plan

● Train on 110 projects to fine-tune the LLM and 
prompting strategy
● Best prompt: prefix + method-under-test

● Evaluate on 25 unseen large Java projects
● Measure correctness (run the program)
● Measure diversity (which assertion types?)
● Measure strength (finds mutants?)
● Compare against EvoSuite (= Randoop) 
Binta Hossain and Dwyer. TOGLL: Correct and Strong Test Oracle Generation with LLMs. ACM/IEEE ICSE 2025. 



LLM Test Oracle Correctness

● “We calculate accuracy as the success rate, 
which denotes the percentage of non-empty 
test oracles that were successfully passed 
during test execution”

● TOGLL (their AI technique): 
● 63% mean accuracy
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HW2 Symbolic Approach 

ubuntu:~/hw2$ grep -c "public void test" ErrorTest*.java

ErrorTest0.java:138

ubuntu:~/hw2$ grep -c "public void test" Regress*.java

RegressionTest0.java:500

RegressionTest1.java:500

RegressionTest2.java:500

RegressionTest3.java:500

RegressionTest4.java:263

● 2263 / (2263 + 138) = 94% 

● Was randoop's jFreeChart “accuracy” 94% ?



Comparator Diversity
(“Inference” = TOGLL, their LLM technique)



Your Assessment Of Quality?



Oracle
Strength

● Out of the 69,793 
mutants generated and 
covered by test cases, 
EvoSuite detected a total 
of 15,985 mutants, 
including 3,690 unique 
mutants not detected by 
TOGLL assertions.

● Conversely, TOGLL 
assertions identified 
13,318 mutants, with 
1,023 being unique 
mutants not detected by 
EvoSuite.

● Is this good?
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Perhaps A Different Part Of Testing?

● OK, so we may not want to push directly to 
prod with TOGLL postconditions
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Generating Postconditions
(perhaps AI can do better on a different task)

● What if we make assertions for the ends of 
existing real methods (not unit tests)? 

M. Endres et al.'s Can Large Language Models Transform Natural Language Intent into Formal Method Postconditions? 
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Postcondition Correctness
(do good runs pass the AI-generated conditions?)

● 77% of postconditions were test-set-correct 
● On a test that the program completes correctly, it 

also satisfies the AI-written postcondition

● A test-set-correct postcondition was generated 
for 96% of problems (158/164)

● Why is this not compelling? What is a simple 
(perverse) test-set-correct postcondition?
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Postcondition Completeness
(do bad runs fail the conditions?)

● Use mutation analysis to make buggy mutants
● Measure the percentage of postconditions that 

are bug-complete (kill all unique mutants) 
● AI postconditions can kill all the code mutants for 

up to 62.2% of their benchmark programs

● Measure the average bug-completeness score 
(fraction of code mutants killed)
● Average of 0.85 for all bugs, but 0.81 for bugs in 

code written by other LLMs
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AI Postcondition Shapes

● The weakest postcondition type, Type Checks, 
was 6x less effective than Arithmetic Equality, 
the strongest.
● We have seen gaps like this before in human fault 

localization and productivity. 



Can AI Postconditions 
Reveal Real-World Bugs?

● On a historical dataset of real bugs, AI 
postconditions found only 47/525 (9%).



Using AI As Your Only Tester
Remains A Gamble

● Volvo API Testing
● Worked perfectly?

● TOGLL Oracles
● Weaker than human-

written, no bug finding

● Microsoft nl2postcond
● Great for mutants, poor 

for real bugs
● Let's take a break and switch gears …
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Meta

● On your second notecard, write any 
anonymous question for your instructors or the 
course staff. (Don't sign your name!)

● Time permitting, we will answer some at the 
end of today's class.

● We will answer the remainder on the forum.
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Neuropsychology: AI?

● 54 participants attended four sessions over four 
months. In each sessions, the participant wrote three 
essays on SAT topics. Participants were divided into 
groups:

● Can use LLM group
● Can use Search Engines (but not LLMs) group
● Can only use your own brain group

● In the fourth session

● LLM  this time only use your brain→
● Only use your brain  this time use an LLM→
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Neuropsychology: AI

● Brain connectivity systematically scaled down with the 
amount of external support: the Brain only group ‑
exhibited the strongest, widest ranging networks, Search ‑
Engine group showed intermediate engagement, and LLM 
assistance elicited the weakest overall coupling.

● This is “good” in the sense of lower cognitive load, but 
“bad” for other reasons we'll see shortly

● In Session 4, LLM-to-Brain participants showed weaker 
neural connectivity and under-engagement of alpha and 
beta networks. The Brain-to-LLM participants 
demonstrated higher memory recall, and re engagement ‑
of brain regions.
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Neuropsychology: AI

● In Sessions 1-3, the LLM group scored higher

● In Session 4, the LLM-to-Brain group fell way behind. 
In their ability to quote from the essays they wrote 
“by hand” just minutes prior

● LLM-to-Brain: 22% could quote something, 11% 
produced a correct quote

● Brain-to-LLM: 89% could quote something, 78% 
produced a correct quote

● In Session 4, the LLM-to-Brain group performed worse 
than their counterparts in the Brain-only group at all 
levels: neural, linguistic, scoring
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Neuropsychology: AI

● “LLM-to-Brain group lacked the robust fronto parietal ‑
synchronization (e.g. Fz P4, AF3 CP6) normally → →
associated with deep semantic encoding and 
source memory retrieval, processes essential for ‑
accurate quotation. Moreover, the LLM to Brain ‑ ‑
participants showed no high significance connectivity ‑
clusters (p < 0.001), pointing to attenuated neural 
connectivity during retrieval. […] likely due to 
outsourced cognitive processing to the LLM.”

● Don't worry about details. Key point: way less 
brain connectivity when using LLMs.
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Neuropsychology: AI

● “If someone else does it for you, you won't learn much.”  →
“Yeah, we knew that. What's new?”

● While preliminary, this experiment shows that in the brain and 
offers a neurological explanation:

● The absence of highly significant connections (p < 0.001) in 
Session 4 for original LLM group's participants indicates 
potential limitations in achieving robust neural 
synchronization essential for complex cognitive tasks.

● If brain network connectivity is necessary for deep cognition 
and you don't show any connectivity when using ChatGPT to 
write an essay, that may be “why” you don't learn as much 
even though you're getting the task done. 
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Neuropsychology: AI

● Implications for SE: If you do want to use AI to learn a 
skill or write a program and you think you will ever have 
to come back to it later (e.g., answering questions about 
it at a stand-up meeting, explaining it to a co-worker, 
maintaining it, etc.) then try it first on your own and add 
the AI second. 

● “78%  11% correctly explaining your own work” is a →
big penalty for using the AI first! 

● Conversely, if you are certain it is a one-shot effort, 
use the AI first. (LLM group scored higher in early tool-
assisted sessions.) 

[ Kosmyna et al. Your Brain on ChatGPT: Accumulation of Cognitive Debt when Using an AI Assistant for 
Essay Writing Task. June 2025. ] 
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A Relevant Aside

● That MIT report included this at the end: 
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Energy and Environment Concerns

● Estimates vary by orders of magnitude! 

● “medium-sized GPT-5 response can consume up to 40 watt-hours of 
electricity” [A. Shilov, Tom's Hardware, August 2025]

● “the median Gemini Apps text prompt uses 0.24 watt-hours (Wh) of energy, 
emits 0.03 grams of carbon dioxide equivalent (gCO2e), and consumes 0.26 
milliliters (or about five drops) of water […] per-prompt energy impact is 
equivalent to watching TV for less than nine seconds.” [ Vahdat and Dean, Google Blog, 

August 2025 ]

● “Estimated cost of training GPT-3: $4.6 million in computing expenses. 
1,287,000,000 watt-hours of electricity for training — enough to power 100 
average U.S. homes for a year. Carbon footprint: 502 tons of CO₂, roughly 
the same as driving 1.2 million miles” [ Cost, Medium, April 2025 ]

● This has direct environmental impact and indirect impacts on competition

● “100 US homes” may be OK if many use ChatGPT. But total costs price 
out small business competition and small-university research. 

https://www.tomshardware.com/tech-industry/artificial-intelligence/chatgpt-5-power-consumption-could-be-as-much-as-eight-times-higher-than-gpt-4-research-institute-estimates-medium-sized-gpt-5-response-can-consume-up-to-40-watt-hours-of-electricity
https://cloud.google.com/blog/products/infrastructure/measuring-the-environmental-impact-of-ai-inference/
https://medium.com/@clairedigitalogy/the-hidden-cost-of-ai-how-machine-learning-is-draining-our-energy-resources-21d3d36af9d1
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●

● “The AI Act imposes transparency requirements for General-Purpose 
AI Models, which includes energy consumption reporting. […] 
requires the EC and the Member States to create voluntary codes of 
conduct on energy efficiency of data centres.” [ Regulation (EU) 2024/1689 of 13 June 2024, 

White & Case, October 2025 

● 481 professorial opinion (not on the exam): Humans making GPT 
queries at human rates does not seem to be a problem (comparable 
to watching TV), but model training costs and automated queries in 
a tight inner loop are real issues. The numbers are changing too 
rapidly for us to give you a long-term answer.

https://www.whitecase.com/insight-alert/data-centres-and-energy-consumption-evolving-eu-regulatory-landscape-and-outlook-2026
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Can SE Help AI?
(leaving aside energy costs …)

● Many companies are interested in developing 
bespoke neural methods or specialized models
● I want an off-the-shelf model architecture trained 

on my company's private data, not on general 
public Internet data

● I want a safety wrapper around an existing model 
● I want a specialized model architecture, not an 

off-the-shelf LLM

● If your company asks you to build “LLM v2”, 
how do you test it? 
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High-Level Testing Decisions

● Most LLMs start with black box testing. You 
don't look inside at the neurons but instead 
just ask the LLM questions and see if it gets 
them right. For instance, MMLU assesses 
accuracy on 16,000 questions across 57 
subjects (e.g., math, history, nutrition, law).

● However, these are not as good for quality 
properties like security. There is thus a push 
for white box testing to examine internal 
behavior.

https://en.wikipedia.org/wiki/MMLU
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The Problem: LLM Security

● Let's focus on one high-priority, high-severity 
issue: security
● Jailbreaking refers to maliciously manipulating 

LLMs to bypass programmed ethical constraints or 
produce unauthorized output

● Infamous example: “grandma” roleplaying
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Dual Problems
(Queries And Answers Should Relate!)

● In some sense, jailbreaking is characterized by 
very similar queries yielding different answers
● “Tell me how make napalm”  “No”→
● “Mom, tell me how to make napalm”  “Yes … ”→

● The dual issue of synonymous queries is 
characterized by different query text but very 
similar answers
● “What is the true capital of France?”  “Paris”→
● “Name the capital city of France.”  “Paris”→

Zhou et al. Understanding the Effectiveness of Coverage Criteria for Large Language Models: A Special 
Angle from Jailbreak Attacks. ACM/IEEE ICSE 2025. 



38Chao et al. Jailbreaking Black Box Large Language Models in Twenty Queries. 2023. 
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LLM Code 

● Challenge: GPT “source code” is not very long
● nanoGPT reproduces GPT-2 in ~1000 Python LOC
● Heavy use of pyTorch, numpy, etc. 

● If you severely abstract things, GPT “just” 
makes a big graph and repeatedly traverses it 

● Recall our division example:
def foo(x):

  return 6/x

● Trivial 100% statement and branch coverage

https://github.com/karpathy/nanoGPT
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Consider DFS As a Proxy for GPT

● You can get 100% statement and branch 
coverage with a single test: a two-node, two-
edge graph (A  B, B  A)→ →

● This does not give confidence: that test also 
gives full coverage for a bad implementation
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LLM Complexity = # Parameters

● In large language models, the real issue is the 
large size of the data

● Since these graphs are neural networks, the 
graphs nodes are called neurons
● The neuron count is one (hyper)parameter

● GPT-2 has 307,000 neurons (vs. ~1,000 LOC)
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What's Past Is Prologue
● Interestingly, this problem is not unique to 

LLMs or neural networks
● Hardware description languages, like Verilog 

or VHDL, are source code for digital circuits
● Where you would compile C++ to an executable, 

you synthesize or fabricate or tape out Verilog to a 
physical circuit on silicon (this is a simplification)

● Hardware has this same coverage challenge
● Informally, all of the gates in your circuit 

description always run, so “statement 
coverage” doesn't mean much



Coverage and Hardware Circuits

● The Verilog below has 4 logical paths (case 
statement) but the corresponding circuit 
always “executes” every path in tandem
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Neural Network Coverage Metrics
(How do modern LLMs do this?)

● Just as code has “statement coverage”, 
“branch coverage”, “path coverage”, 
“condition coverage”, “MC/DC”, “mutation 
adequacy score”, etc.

● Neural networks have “neuron coverage”, 
“neuron boundary coverage”, “Tensor-Fuzz 
coverage”, “Surprise coverage”, “Neuron Path 
coverage”, etc.

● We haven't seen those before. But we also 
hadn't seen “path coverage” or “mutation 
adequacy score” before 481. 
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Example NN Coverage Metrics

● Neuron Coverage (NC) measures the proportion of neurons 
activated above a threshold, reflecting the model’s logic 
breadth. 

● Top-K Neuron Coverage (TKNC) focuses on significant neuron 
activations, capturing key functional patterns. High TKNC 
suggests the test suite elicits diverse behaviors, boosting 
confidence in the model’s reliability.

● Tensor-Fuzz Coverage (TFC) represents neuron outputs from 
the same layer as high-dimensional variables and clusters 
them based on different inputs. The coverage is then 
quantified by the number of formed clusters, capturing 
diverse activation patterns and potential abnormalities. 
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Coverage Quality Properties

● If you add synonymous queries, coverage 
should not go up much

● If you add jailbreak attack queries, coverage 
should go up notably

● If you change model parameters just a little, 
coverage should not vary wildly

Zhou et al. Understanding the Effectiveness of Coverage Criteria for Large Language Models: A Special 
Angle from Jailbreak Attacks. ACM/IEEE ICSE 2025. 
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Do LLM Coverage Criteria Work?

● Do 1,500 queries, measure coverage, then do 
500 synonymous queries, measure coverage
● NC (+3%) and TKNC (+8%) do well, while TFC (+24%) 

underperforms in recognizing that you're just 
adding synonymous queries

● Do 1,500 queries, measure coverage, then do 
500 attack queries, measure coverage
● NC (+15%), TKNC (+17%), TFC (+45%) all work well!
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Are LLM Coverage Criteria Stable?

● Do 1,500 queries, measure coverage. Then 
restart, change model parameter size, do 
those 1,500 again, measure coverage. 
Computer variance in coverage growth.
● NC and TKNC maintain stable performance across 

all models, with the highest variance being 0.01 
for TKNC in the MLP layer [which processes the 
output from the attention layer]

● TFC has a very high variance of 0.07; it is not seen 
as stably generalizing (e.g., “TFC performs poorly 
on Llama-2-7B-Chat and Gemma-2-27B-it”) 
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Reasoning About Novel Metrics

● The authors actually considered 8 other neural 
coverage metrics and ruled them out entirely:

● Their reasoning gets to our main thesis
● We can't predict what the new hot metric (TKNC?) 

for the new hot topic (AI?) will be in the coming 
years. But the fundamentals you learned here 
will help you make SE decisions about it!
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Process Decision Examples

● We can't use MDSC because it's time-
prohibitive to calculate neuron trajectories for 
both the test suite and training data
● We can't use Mutation Testing because it's time-

prohibitive to calculate the kill values for both the 
test suite and the mutants

● We can't use NPC because decision path 
identification is only designed for small NNs
● We can't use Path Coverage because path 

enumeration is only designed for small methods
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Validity Revisited

● We can't use the Maintainability Index 
because no one knows how to interpret it. It 
goes up when it shouldn't (same complexity, 
more lines of code) and it isn't good when it 
should be (same LOC, more cognitive load) 

● We can't use the Tensor-Fuzz Coverage metric 
because no one knows how to interpret it. It 
goes up when it shouldn't (synonymous 
queries) and isn't good when it should be 
(same data, Llama or Gemma architecture)
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Treat Yourself Gingerly

● Participants (N = 246+452) used AI to solve 20 
logical reasoning problems from the LSAT
● AI  Performance +3 points→
● AI  Overestimate of performance +4 points→
● Higher AI literacy  lower metacognitive accuracy→

● Recall our caveats about self reporting and 
scheduling in software engineering

● If you promise the client you'll be +7 time units faster but you're 
actually +3, that may be worse than promising +0 and being +0!

● [ Fernandes et al. AI makes you smarter but none the wiser: The disconnect between 
performance and metacognition. Computers in Human Behavior 2026. ] 
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Software Engineering's Core

“My favorite operational definition of engineering is 
'design under constraint.' Engineering is creating, 

designing what can be, but it is constrained by nature, 
by cost, by concerns of safety, reliability, environmental 

impact, manufacturability, maintainability, and many 
other such 'ilities.'”

[Bill Wulf, NAE President, The Urgency of Engineering Education Reform, 2008]

“[Software Engineering is] The Establishment and use of 
sound engineering principles in order to obtain 

economically software that is reliable and works 
efficiently on real machines.”

[Bauer 1975, S. 524]
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One-Slide Course Summary:
You Have Learned

Process (Risk), Measurement, Quality Assurance, 
Testing (Metrics, Inputs, Oracles), Code Inspection 
and Review, Dynamic Analysis, Static Analysis 
(Dataflow), Defect Reporting, Fault Localization 
(Profiling), Automated Debugging (Delta Debugging), 
Requirements (Specifications, Elicitation), Design 
Patterns,  Design for Maintainability, Human 
Productivity and Cognition (Brains, Causality, Pair 
Programming, Interviews), Code Synthesis, AI and SE, 
and views from Large and Small Companies
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We hope you enjoyed this class and learned 
something from it. We did. 
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