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Data is Becoming a Strategic Asset ("Data is Gold")

Code Changes Run-time Behavior (Observations)
e preserved in Git (i.e., persisted) ¢ "disappears" (i.e., ephemeral)

m 1 import org.junit.Test;
2 import static org.junit.Assert.x;
3 1 import org.junit.Test;
4 2 import static org.junit.Assert.s;
N 3 1 imp .junit.Test;
° 4 2 imp tic erg.junit.Assert.*
7 s,
ayStackTest {
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xunit ;o
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test_siQ) e {
Stack arrayStack = ayStack() ;
rayStack.push(*hello world"}; .
int0 = arrayStack.size();
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Data is Becoming a Strategic Asset ("Data is Gold")

Code Changes Run-time Behavior (Observations)
e preserved in Git (i.e., persisted) ¢ "disappears" (i.e., ephemeral)

= =t ® Lots of computational resources
‘ KL) QE=EES  already spent to obtain ...
XUnit .=~
#=""  Run-time
Code changes Evidence

Practice (Cl/Testing)
» often reduced to PASS/FAIL signals
(or unstructured, aggregated, etc.)
* Unsystematic, scattered landscape

Code
GitHub Archive

@ git

One of the richest data sources - run-time behavior - is still disposable

Marcus Kessel
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Version History: Code Has Git, Behavior Has ?

Git versions Code, not Behavior What if Behavior had Git-like Powers?

* Git: how code changed, but not ¢ Before: manually re-run tests,
whether behavior changed (cf. inspect logs, or reconstruct past
Rice's Theorem) executions

 After: query behavioral archive

Run-time Behavior

Did this method's behavior changed

between commit X and commit Y?

Run-time Behavior

commit history behavior history
persistent git diff behavior diff
ble gueryable
il code review behavior review
versioned wersiened : .. : :
repository mining behavior analytics

diffable diffable
V + Co-Versioning Changes
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Git History + Behavioral Archive Augment Cl/Testing assumption lead to weak
assertions and partial oracles ...
@ git 0

GitHub Run-time Execution - proactive (decide upfront)

‘ augment (i.e., obtain as part of execution)

|dea: Behavioral Co-Versioning (BeCoV)

+++++++++++++++++++++++++ —

Behavior Behavior

BeCoV — retrospective (query later)

Behavior

Evidence A Evidence B

Behavioral
Archive

Marcus Kessel
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Positioning: BeCoV as a Data Layer (Source)

e Run-time evidence are facts

o about what happened under specific
inputs, tests, eR\F}ironmentS, anpd @
repetitions

o NOT ground truth (1), bUt Tracing Spectrum (Volume)

discrepancies (regressions)

L Too little Too much
* BeCoV complements existing (pass/fail M (debugger etc.)

tools/analyzers

O preserving systematic run-time \T / ?
evidence
11 1] BeCOV
e "Goldlocks problem
P

o find a "sweet spot" to enable :
retrospective analysis (range of tasks) Behavioral

o ... or adapt Archive

Marcus Kessel
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Run-time Evidence — Tabular Representations

Implementations

. . Zoom Out
* |nvocation-centric il B " n
. ] | TV o) | Ta(Vay ) | TV o) | o
* stimulus/response encoding el [ T
* invocation-centric: {(op1, in1, outl), SRM g T(%) B
(op2,in2, out2),...) =
* +shape / structure (i.e., types) — e
. . . LB C |D|E||@Tes nit Tes .
* + context (git, environment, build, ...) &l o ubllcwIS TR !
. . Env 2 3 [sum |Aar [1]2 m;;ir:‘l:;i\,om ;Ei)(i) :
* SRMs (Stimulus-Response-Matrix) p——— }l’:.c.s'umu,z,)ﬁ% '.
* tests x implementations comparison ¢ |
matrix Zoom In Filtered SRM Output View (Step 2, Outputs) :
. . - // - \\\ - :
e SRCs (Stimulus-Response-Cube) T T e T T T |
* multi-dimensional SRMs across contexts sem | ™ i
(time, repetitions, envs etc.) g Lm0 [ ] |
e “Living” (Continual) property A !
* add rows/columns dynamically ol Secuence { [ [ [
7 2 3 sum Al 1]2 4—51‘6',02 'I
Records (abstract): ((create, [V2], <i>), (sum, [V2,1,2],2),...) —__ r’ISfOfE

Kessel, Marcus, and Colin Atkinson. "Morescient GAl for software engineering." ACM

Transactions on Software Engineering and Methodology 34.5 (2025): 1-17. Marcus Kessel
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Proof of Concept: Local Behavioral Archives
Observation Lakehouse Proof of Concept (Local Laptop)
* Lakehouse-style storage + DuckDB * BeCoV prototype (pytest)

* replay commits of python dateutil

analytics
* columnar storage (compression, RLE etc.) repository (replayed"past 100 c?mmits
* analytics via SQL (embedded OLAP) \éveltgl\llll.;oz tests on "focal units”) -
e partitioning avoids full table scans ' _
: : , * Observation Lakehouse (SANER'26)
* Single invocations append-only table , ,
* Java implementations
* Initial Tracing Strategy  runtime observations as analytical data

* focal methods, controlled test depth (= (95.154 tests) - 51MB

test depth), simple canonicalization

Test driver Serialization & Columnar Analytics (SQL)

extension Canonicalization Storage

Kessel, Marcus. "Towards Observation Lakehouses: Living, Interactive Archives of
Software Behavior." 2026 IEEE International Conference on Software Analysis, Marcus Kessel
Evolution and Reengineering (SANER). IEEE, 2026.



Behavior-aware Change Classification & Discrepancies

* Change Categories

o Code Changed
= Test=, Codel, Obs=

o Code and Observations

changed

= Test=, Codel, ObsA

o Observations changed
= Test=, Code=, ObsA

o Test and Code changed
= Testh, Codel

o Other: build/environment
changes etc.

Use cases

o code review, regression
localization, silent change/drift
detection, auditability,
explainability, MSR/evolution
analysis, agent convergence etc.
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Code Respoitory

@ ... Behavior Diff

=

||||”]

o —emr—®
= Change
Develop code Code

B=

= Behavioral
ﬁ_—l\:odify& reply ArCh ive
C) Review iteration cycle

‘ % ©

Review comments Rework

Rejected

>v< T Reviewer
w— Notify reviewers

Developer

Image Credit: Yang, Zezhou, et al. "A Roadmap for Modern Code Review: Challenges and Opportunities."
ACM Transactions on Software Engineering and Methodology (2026). https://arxiv.orq/pdf/2405.18216
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Research Agenda & Conclusion

Research Directions

* Behavioral diffing & equivalence
» Serialization/Canonicalization

* Archive contents - strategic tracing

* Behavioral identity
* How do we track behav'or.gugctional
abstractions) under evolution:
e Code-test-behavior co-evolution

. Blow do code, tests, and observed
ehavior co-évolve?

* Al/agent behavioral memory
* Improved convergence, assertions, ...

* Federated behavioral archives

* Project-level and cross-project
archives

e support prediction, MSR, GAI
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Fundamental Challenges

* Remain
o Oracle problem (ground truth)

o Tracing (volume) and non-
determinism

o No tests mean no run-time evidence

* Behavioral archives change
strategy

O decouple run-time verification from
analysis

o offline, retrospective analysis

Thank you!
229 /

preprint
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