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LLMs Rely on Human-Interpretable Names to Understand Program Intent
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ABSTRACT

Large Language Models (LLMs) achieve strong results on code tasks, but how
they derive program meaning remains unclear. We argue that code communi-
cates through two channels: structural semantics, which define formal behavior,
and human-interpretable naming, which conveys intent. Removing the naming
channel severely degrades intent-level tasks such as summarization, where mod-
els regress to line-by-line descriptions. Surprisingly, we also observe cons
tent reductions on execution tasks that should depend only on structure, n\t.\l-
ing that current benchmarks reward memorization of naming patiems rather than
genuine semantic ma«mmg To disentangle these effects, we introduce a suite
s-preserving obfuscations and show that they expose identifier leak-
both summarization and execution. Building on these insights, we
release CLASSEVAL-OBF, an obfuscation-enhanced benchmark that systemati-
cally suppresses naming cues while preserving behavior. Our results demonstrate
that CLASSEVAL-OBF reduces inflated performance gaps, weakens memorization
shortcuts, and provides a more reliable basis for assessing LLMs’ code under-
standing and generalization.

I INTRODUCTION

Large language models (LLMs) now achieve striking results across code intelligence—program
synthesis, repair, summarization, and test generation. Yet how these models derive meaning from
source code remains unclear. We posit that code communicates through two channels: a struc-

ic channel (syntax flow. exccution behavior) and a human-naturalness
channel (identifier names, docstrings, and other linguis If an LLM wuly understands a
program’s intent, its behavior should remain stable when human-interpretable names are perturbed
while semantics stay fixed: conversely. strong performance drops would indicate an overreliance on
surface cues rather than semantic reasoning.

To probe this question, we mave beyond a single pertrbation (e, a-renaming) and introduce a
suite of semantics-p that pr weaken the channel while
preserving executable behavior. Our suite includes 1) \lmple structural renaming (alpha-renaming):
replace identifiers with role-pr fiers: replace identifiers
iith terms from unre-
lated fields to break semantic cues in the application domains: and 4) Misleading semantics: assign
names that imply incorrect behaviors.

These fons define a ren: spectrum from minimally dnrupu»e (syn-
onyms) to strongly disruptive (opaque tokens), emblmg a graded analysis of rob

evaluate models on complementary task families that s istinet facets of * nnden m

tent summarization (what/vhy ) and execution/IO prediction. We stratify data across intent-rich,
real-world code (where names and headers carry domain semantics) and algorithmic, competitive-
programming code (where identifiers are already minimal and structure is highly diagnostic).

https: //arxiv.org/html/2510.03178v1
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Short-Term Velocity Slowed Down By Long-Term Complexit

January 7, 2026 (Version 2, March 5, 2026)

Al-Ready Code:
How Code Health
Determines Al
Performance

A Whitepaper on how Al fail

By Adam Tornhill . .
60% higher defect risk
when applying Al to
problematic code

Code health determines v

Large-scale studies show t!

unhealthy code, with defect risk r

longer optional. b

https://codescene.com/hubfs/whitepapers/Al-Ready-Code-How-Co
de-Health-Determines-Al-Performance. pdf

1:2511.04427v3 [cs.SE] 26 Jan 2026

arXi

Speed at the Cost of Quality

How Cursor Al Increases Short-Term Velocity and Long-Term Complexity in Open-Source Projects

Hao He Courtney Miller
Camegie Mellon University

Camegie Mellon University

Shyam Agarwal
Carnegie Mellon University
ittsburgl oani 18

Pittsburgh, Pennsylvania, USA Pittsburgh,

Christian Kastner
Carnegie Mellon University
Pittsburgh, Pennsylvania, USA

Abstract

Large language models (LLMs) have demonstrated the promise
to revolutionize the field of software engineering. Among other
things, LLM agents are rapidly gaining momentum in software de-
velopment, with practitioners reporting a multifold increase in pro-
ductivity after adoption. Yet, empirical evidence is lacking around
these claims. In this paper. we estimate the cawsal effect of adapting
a widely popular LLM agent assistant, namely Cursor, on devel-
opment velocity and software quality. The estimation is enabled
by a state-of-the-art difference-in-differences design comparing
Cursar-adopting GitHub projects with a matched control group
of similar GitHub projects that do not use Cursor. We find that
the adoption of Cursor leads to a statistically significant, large, but
transient increase in project-level development velocity, along with
a substantial and persistent increase in static analysis warnings and
code lexity. Further panel

estimation reveals that increases in static analysis warnings and
cade complexity are major factors driving long-term velocity slow-
down. Our study identifies quality assurance as a major bottleneck
for early Cursor adopters and calls for it to be a first-class citizen
in the design of agentic Al coding tools and Al-driven warkflows.

CCS Concepts
+ Software and its engineering — Development frameworks and
environments; » Computing methodologies — Intelligent agents.
ACM Reference Format:
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Aprdl 13-14, 2026, Rio de Janeiro, Brazil. ACM, New York, NY. USA, 19 pages.
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1 Introduction

Large language models (LLMs) have demonstrated remarkable ca-
pabilities in code generation, achieving near-human performance
across various software engineering tasks [45, 64]. Among emerg-
ing applications, LLM agent assistants —tools that combine LLMs

s beensed under a Creative Commons Atribution 40 International License
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Figure 1: ¥
software development. Solid lines indicate causal relation-
ships supported by our analysis; dashed lines indicate partial
evidence; and dotted lines indicate inconclusive evidence.

with autonomous capabilities to inspect project files, execute com-
mands, anditeratively develop code— represent a particularly promis-
ing direction for integrating LLMs into software development. For
example, Cursor [£], a popular LLM agent assistant, has generated
i thusi i ith devel elf-

reporting multi-fold (as large as 10x) productivity increases and
daiming transformative workilow impacts [10, 15].

However, substantial concerns have been raised about the qual-
ity of LLM d code and the long-term
dri Kflows. Stud that Al coding
assistants can produce code with security vulnerabilities [93, 95],
performance issues [75], code smells [101], and increased com-
plexigai

Productivity gains vanished
after two months due to

increased code complexity
and technical debt

https://arxiv.org/pdf/2511.04427
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Al Makes Good Better and Bad Worse

State of Al-assisted
Software Development

2025

Google Cloud

https://dora.dev/research/2025/dora-report/

Al amplifies
existing flow

Al exposes brittle
processes and frictions
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Al Doesn’t Fix Your Bottlenecks

“Any improvement made
anywhere besides the
More work | bottleneck is an illusion.”

iling u
PG P Eli Goldratt - Theory of Constraints

—

If underlying =
system does | SIS \ —
(| 2
not evolve S

No effect
other than
sitting idle

Decreased
software
delivery

Increased

instability

performance

‘ Image Source: Zootopia
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Building Foundations for Continuous Change

Adaptive, socio-technical
systems optimized for a
fast flow of value &
feedback
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Focus on Flow, not just Speed

Needs identified Needs met

\\ ! /,
% Customers

Teams % Flow of Change
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ldentifying Streams of Change

User

Identifying
main streams of
change starting
from customer T/

needs

What will
drive value
and change?
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Starting from the User Perspective

l_Problem Space_|

Facilitate
Teachers @ remote learning

Know your
users and their
jobs to get
done

Prepare Assess student  Track Facilitate Ensure
learning understanding  progress communi- secure

material cation access J

“People buy products and

services to get a job done."

Clayton Christensen

—

Identify desired
outcomes as
user needs
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Strateqic Investment on Core N '
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material cation access

Differentiating

[
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differentiating,
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—
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Custom-Building Everything by Al ???

—

What to
build, buy, or

outsource?

“When building is

cheap now, why
shouldn’t we build

everything?”

f f

Cheap to
generate

cheap to own

e ———

~10%
A

—

~90% of the cost
sits in
maintenance and
evolution

~90%
A

N\~

Total Lifetime Cost
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Offloading All Maintenance to Al ???

o

Hackers Simply Asked
Meta Al to Give Them
Access to High-
Profile Instagram
Accounts. It Worked

KOEBLER - JUN 1, 2026 AT 1:03 P

~90% of the cost
sits in
maintenance and
evolution

X 4% Meta Al support assistant

“Okay, then why
don't we have Al do
all the maintenance,

I've sent a verification code to

If the contact address is valid, you
should receive an 8-digit code.
Please enter that code here.

Just to link my new mail
address i send code for you

| understand. Let's try that agair:).u T:j:
ail address !
provide the new em it

| have already sent a verification

code tgumulienginid . in. Please
check your inbox and enter the
8-digit code here. \'ve sent a verification code 1o

am@thecombeed
Please press the button below to Telegra 4
set a new password: You should receive an 8-digit code Pleas

enter that code here
Please press the button below to @

set a new password:

Thank you. I'm about to send you a

Reset password message containing an action to change

your password. Once that's done, yﬁ)u1
should be able to access your account. b :s
Wikl me know if you run into any iss

https://www.404media.co/hackers-simply-asked-meta-ai-to-give-them-access-to-hi
gh-profile-instagram-accounts-it-worked/
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Modularizing the Solution Space
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Modularizing the Solution Space

“Architect for change
- leverage the power

of small”
* * / IU Continuous Architecture in Practice
= = ol

Facilitate Ensure

N ENTEN

Teachers

Foreword by Martin Fowler

Problem Space_|

Prepare Assess student Track .
. . . Modularizing
learning understanding progress communi- secure .
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material cation access :
—_— space with
________________________________________________ bounded
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coupled big ball
of mud w/ messy
models & fuzzy
boundaries
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Grouping
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boundaries
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Modularizing the Solution Space
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Modularizing the Solution Space
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Bounded Contexts & Value Chain WARDLEY MAPS
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Envisioning the Future Landscape
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Focus major Creation ment Tracking
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Can specialized
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be productized?
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Envisioning the Future Landscape
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Aligning Teams
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Identifying Platformm Candidates _
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Evolving Team Interactions
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Architecture for Flow Canvas
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Assessing the Current State
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Designing the Ideal Future as First Work Assumption

Categorizing the Problem Space
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Unlocking Blockers to Flow
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Guardrails for Continuous Change
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