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Test-Driven Software Experiments (TDSEs)
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→ TDSEs are experiments that involve controlled  testing of software subjects (i.e., code modules) under 
various conditions, revealing important properties of the code’s run-time behavior that cannot be 
predicted solely through static analysis



Open Science Challenges in TDSEs
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Reproducibility of TDSEs is hindered by

• ad hoc scripting and custom code (general-purpose languages)

• ad hoc representation of tests and execution data (beyond pass/fail)

• lack of executable corpora

• complex execution logistics
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Open Science Challenges in TDSEs
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Reproducibility of TDSEs is hindered by

• ad hoc scripting and custom code (general-purpose languages)

• ad hoc representation of tests and execution data (beyond pass/fail)

• lack of executable corpora

• complex execution logistics
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execute

1. Data structures are needed to create, store 
and analyze execution data at large scales

2. Domain-specific pipeline language for 
applying these data structures

3. A dedicated platform  to execute these 
pipelines (automation) and store code/data



Tabular Data Structures and DSL Languages for TDSEs
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Pipelines – LASSO Scripting Language (LSL)
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dataSource 'lasso_quickstart'
study(name: 'OpenAI-DGAI') {

    profile('java17Profile') {
        scope('class') { type = 'class' }
        environment('java17') {
            image = 'maven:3.9-eclipse-temurin-17'
        }
    }

    def humanEval = loadBenchmark("humaneval-java-reworded")

    action(name: "createStimulusMatrices") {
        execute {
            def myProblems = [humanEval.abstractions['HumanEval_13_greatest_common_divisor']]
            myProblems.each { problem ->
                stimulusMatrix(problem.id, problem.lql, [/*impls*/], problem.tests) // id, interface, impls, tests
            }
        }
    }

    action(name: 'generateCodeGpt', type: 'GenerateCodeOpenAI') {
        dependsOn 'createStimulusMatrices'
        include '*'
        profile('java17Profile')

        apiKey = "demo"
        model = "gpt-4o-mini"
        samples = 1

        prompt { stimulusMatrix ->
            def prompt = [:] // create prompt model
            prompt.promptContent = """implement a java class with the following interface specification, but do not inherit a java interface: 
```${stimulusMatrix.lql}```. Only output the java class and nothing else."""
            return [prompt] // list of prompts
        }
    }

    action(name: 'generateTestsGpt', type: 'GenerateTestsOpenAI') {
        dependsOn 'generateCodeGpt'
        include '*'
        profile('java17Profile')

        apiKey = "demo"
        model = "gpt-4o-mini"
        samples = 1

        prompt { stimulusMatrix ->
            def prompt = [:] // create prompt model
            prompt.promptContent = """generate a junit test class to test the functionality of the following interface specification: 
```${stimulusMatrix.lql}```. Assume that the specification is encapsulated in a class that uses the same naming as in the interface 
specification. Only output the JUnit test class and nothing else."""
            return [prompt] // list of prompts
        }
    }

    action(name: 'execute', type: 'Arena') { 
        features = ["cc"] // coverage: code coverage, mutation testing etc.

        dependsOn 'generateTestsGpt'
        include '*'
        profile('java17Profile')
    }
}

1. Create SM

2. Generate 
Code

3. Generate 
Tests

4. Execute in 
Arena

V1 V2 … Vn

test1

test2

test3

test1

test2

test3

V1 V2 … Vn

test1

test2

…

testm

V1 V2 … Vn

test1 test(V1,03,07) 1 test(V2,03,07) 7 test(Vn,03,07) …

test2 test(V1,10,15) 5 test(V2,10,15) 15 test(Vn,10,15) …

…

testm testm(V1, x, y) … testm(V2, x, y) … testm(Vn, x, y) …

New Stimulus Matrix (SM) from coding problem

Columns – Add implementations (versions)

Rows – Add  tests

Observe/store 
outputs, metrics …
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Data-driven Analysis of SRMs
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𝑆 𝑆𝐼1 𝑆𝐼2 𝑆𝐼3 …

𝑇𝐼1 … … … …

𝑇𝐼2

𝑇3

…

𝑆 𝑆𝐼1 𝑆𝐼2 𝑆𝐼3 …

𝑇𝐼1 … … … …

𝑇𝐼2

𝑇3

…

𝑆𝑛 …

𝑇𝐼1 … … … …

𝑇𝐼2

𝑇3

…

𝑆 𝑆𝐼1 𝑆𝐼2 𝑆𝐼3 …

𝑇𝐼1 … … … …

𝑇𝐼2

𝑇3

…

𝑆 𝑆𝐼1 𝑆𝐼2 𝑆𝐼3 …

𝑇𝐼1 … … … …

𝑇𝐼2

𝑇3

…

𝑆… …

𝑇𝐼1 … … … …

𝑇𝐼2

𝑇3

…

Repetitions Functional Abstractions

Tests

Implementations

𝑆 𝑆𝐼1 𝑆𝐼2 𝑆𝐼3 …

𝑇𝐼1 … … … …

𝑇𝐼2

𝑇3

…

𝑆 𝑆𝐼1 𝑆𝐼2 𝑆𝐼3 …

𝑇𝐼1 … … … …

𝑇𝐼2

𝑇3

…

𝑆1 …

… … … …

…

Data-Driven Analysis
(incl. differential testing and

judging functional equivalence)

Collections of SRMs
(navigation and dimensions)

Oracle V1 …

test1 test(V1,03,07) 1 test(V1,03,07) 1

test2 test(V1,10,15) 5 test(V1,10,15) 5

test3 test(V1,49,14) 7 test(V1,49,14) 11

SRM

Oracle V1

test1 test(V1,03,07) test(V1,03,07)

test2 test(V1,10,15) test(V1,10,15)

test3 test(V1,49,14) test(V1,49,14)

SM

execute

Compare observed outputs (columns)

Oracle values or reference implementation



Demonstration – Reproducing TDSEs with LASSO
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Purpose/
Design

Team

Same Purpose (i.e., RQs) Different Purpose (i.e., RQs)

Same Design Different Design

Repurposing:
• different purpose (i.e., RQs)
• original or independent team
• different (logical) design 
• performed in a different way

Original Team

Repetition:
• same purpose
• original team
• same (logical) design 

Reproduction:
• same purpose
• original or

independent team
• different (logical) 

design 
Different Team

Replication:
• same purpose
• independent team
• same (logical) design 



TDSE Replication – Benchmarking LLMs for Code Generation
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HumanEval 
(Python)

HumanEval-J HumanEval-TSHumanEval-*

translate

94.800 code modules

3 code LLMs x 158 coding 
problems x 200 sampled code 

solutions

with varying test set size 
(manually written; based on Chen 

et al.’s HumanEval Benchmark)

LASSO Platform



Replication – Judging Functional Correctness
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𝑂 𝑆1𝐿𝐿𝑀1
… 𝑆𝑘𝐿𝐿𝑀1

… 𝑆1𝐿𝐿𝑀𝑛
… 𝑆𝑘𝐿𝐿𝑀𝑛

T1 T1(O,… ) T1(𝑆1𝐿𝐿𝑀1
, … ) … T1(𝑆𝑘𝐿𝐿𝑀1

, … ) … T1(𝑆1𝐿𝐿𝑀𝑛
, … ) … T1(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

… … … … … … … … …

𝑇𝑗 T𝑗(𝑂,… ) T𝑗(𝑆1𝐿𝐿𝑀1
, … ) … T𝑗(𝑆𝑘𝐿𝐿𝑀1

, … ) … T𝑗(𝑆1𝐿𝐿𝑀𝑛
, … ) … T𝑗(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

… … … … … … … … …

𝑇𝑚 T𝑚(𝑂,… ) T𝑚(𝑆1𝐿𝐿𝑀1
, … ) … T𝑚(𝑆𝑘𝐿𝐿𝑀1

, … ) … T𝑚(𝑆1𝐿𝐿𝑀𝑛
, … ) … T𝑚(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

RQ1: What is the Java code completion performance of the three
code models (with temperature set to 0.2) as judged by functional

correctness? (pass@k metric)

Test@Invocation Oracle CodeGen1 CodeGen2 CodeGen3 CodeGen4

T1@1 1 1 −7 1 1

T2@1 5 5 −15 5 5

T3@1 7 7 28 7 7

T4@1 12 12 60 12 12

Judging functional correctness using SRMs 

Same design, same RQ



Replication – Judging Functional Correctness
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𝑂 𝑆1𝐿𝐿𝑀1
… 𝑆𝑘𝐿𝐿𝑀1

… 𝑆1𝐿𝐿𝑀𝑛
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T1 T1(O,… ) T1(𝑆1𝐿𝐿𝑀1
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, … ) … T1(𝑆1𝐿𝐿𝑀𝑛
, … ) … T1(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

… … … … … … … … …

𝑇𝑗 T𝑗(𝑂,… ) T𝑗(𝑆1𝐿𝐿𝑀1
, … ) … T𝑗(𝑆𝑘𝐿𝐿𝑀1

, … ) … T𝑗(𝑆1𝐿𝐿𝑀𝑛
, … ) … T𝑗(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

… … … … … … … … …

𝑇𝑚 T𝑚(𝑂,… ) T𝑚(𝑆1𝐿𝐿𝑀1
, … ) … T𝑚(𝑆𝑘𝐿𝐿𝑀1

, … ) … T𝑚(𝑆1𝐿𝐿𝑀𝑛
, … ) … T𝑚(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

RQ: What is the Java code completion performance of the three
code models (with temperature set to 0.2) as judged by functional

correctness? (pass@k metric)

Test@Invocation Oracle CodeGen1 CodeGen2 CodeGen3 CodeGen4

T1@1 1 1 −7 1 1

T2@1 5 5 −15 5 5

T3@1 7 7 28 7 7

T4@1 12 12 60 12 12

Judging functional correctness using SRMs 

?

Successful replication of original TDSE
→ Replication resulted in one LSL study pipeline 

script (LOC < 50)



Reproduction – Adding more Tests (EvoSuite)
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𝑆1𝐿𝐿𝑀1
… 𝑆𝑘𝐿𝐿𝑀1

… 𝑆1𝐿𝐿𝑀𝑛
… 𝑆𝑘𝐿𝐿𝑀𝑛

T1 T1(𝑆1𝐿𝐿𝑀1
, … ) … T1(𝑆𝑘𝐿𝐿𝑀1

, … ) … T1(𝑆1𝐿𝐿𝑀𝑛
, … ) … T1(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

… … … … … … … …

𝑇𝑗 T𝑗(𝑆1𝐿𝐿𝑀1
, … ) … T𝑗(𝑆𝑘𝐿𝐿𝑀1

, … ) … T𝑗(𝑆1𝐿𝐿𝑀𝑛
, … ) … T𝑗(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

… … … … … … … …

𝑇𝑚 T𝑚(𝑆1𝐿𝐿𝑀1
, … ) … T𝑚(𝑆𝑘𝐿𝐿𝑀1

, … ) … T𝑚(𝑆1𝐿𝐿𝑀𝑛
, … ) … T𝑚(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

𝐸1 𝐸1(𝑆1𝐿𝐿𝑀1
, … ) … 𝐸1(𝑆𝑘𝐿𝐿𝑀1

, … ) … 𝐸1(𝑆1𝐿𝐿𝑀𝑛
, … ) … 𝐸1(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

… … … … … … … …

𝐸𝑛 𝐸𝑛(𝑆1𝐿𝐿𝑀1
, … ) … 𝐸𝑛(𝑆𝑘𝐿𝐿𝑀1

, … ) … 𝐸𝑛(𝑆1𝐿𝐿𝑀𝑛
, … ) … 𝐸𝑛(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

Adding more tests to SRMs using EvoSuite (Fraser and Arcuri)

RQ1: What is the Java code completion performance of the three
code models (with temperature set to 0.2) as judged by functional

correctness ? (pass@k metric)

Different design, same RQ



Reproduction – Adding more Tests (EvoSuite)
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𝑆1𝐿𝐿𝑀1
… 𝑆𝑘𝐿𝐿𝑀1

… 𝑆1𝐿𝐿𝑀𝑛
… 𝑆𝑘𝐿𝐿𝑀𝑛

T1 T1(𝑆1𝐿𝐿𝑀1
, … ) … T1(𝑆𝑘𝐿𝐿𝑀1

, … ) … T1(𝑆1𝐿𝐿𝑀𝑛
, … ) … T1(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

… … … … … … … …

𝑇𝑗 T𝑗(𝑆1𝐿𝐿𝑀1
, … ) … T𝑗(𝑆𝑘𝐿𝐿𝑀1

, … ) … T𝑗(𝑆1𝐿𝐿𝑀𝑛
, … ) … T𝑗(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

… … … … … … … …

𝑇𝑚 T𝑚(𝑆1𝐿𝐿𝑀1
, … ) … T𝑚(𝑆𝑘𝐿𝐿𝑀1

, … ) … T𝑚(𝑆1𝐿𝐿𝑀𝑛
, … ) … T𝑚(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

𝐸1 𝐸1(𝑆1𝐿𝐿𝑀1
, … ) … 𝐸1(𝑆𝑘𝐿𝐿𝑀1

, … ) … 𝐸1(𝑆1𝐿𝐿𝑀𝑛
, … ) … 𝐸1(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

… … … … … … … …

𝐸𝑛 𝐸𝑛(𝑆1𝐿𝐿𝑀1
, … ) … 𝐸𝑛(𝑆𝑘𝐿𝐿𝑀1

, … ) … 𝐸𝑛(𝑆1𝐿𝐿𝑀𝑛
, … ) … 𝐸𝑛(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

RQ: What is the Java code completion performance of the three
code models (with temperature set to 0.2) as judged by functional

correctness ? (pass@k metric)

?

Aligns with findings of related TDSEs (e.g., 
EvalPlus; Liu et al.) – decrease of pass@1 by ~25%
→ Reproduction resulted in one LSL script using results 

from previous replication (no re-run of original tests)

Adding more tests to SRMs using EvoSuite (Fraser and Arcuri)



Repurposing – Behavioral Clustering
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RQ2: What is the variability in observable functional behavior
exhibited by the software components sampled from the code 

models?

𝑆1𝐿𝐿𝑀1
… 𝑆𝑘𝐿𝐿𝑀1

… 𝑆1𝐿𝐿𝑀𝑛
… 𝑆𝑘𝐿𝐿𝑀𝑛

T1 T1(𝑆1𝐿𝐿𝑀1
, … ) … T1(𝑆𝑘𝐿𝐿𝑀1

, … ) … T1(𝑆1𝐿𝐿𝑀𝑛
, … ) … T1(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

… … … … … … … …

𝑇𝑗 T𝑗(𝑆1𝐿𝐿𝑀1
, … ) … T𝑗(𝑆𝑘𝐿𝐿𝑀1

, … ) … T𝑗(𝑆1𝐿𝐿𝑀𝑛
, … ) … T𝑗(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

… … … … … … … …

𝑇𝑚 T𝑚(𝑆1𝐿𝐿𝑀1
, … ) … T𝑚(𝑆𝑘𝐿𝐿𝑀1

, … ) … T𝑚(𝑆1𝐿𝐿𝑀𝑛
, … ) … T𝑚(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

Cluster implementations (SRM columns)
by the equivalence of their observed outputs

Same design, different RQ



Repurposing – Behavioral Clustering
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RQ2: What is the variability in observable functional behavior
exhibited by the software components sampled from the code 

models?

𝑆1𝐿𝐿𝑀1
… 𝑆𝑘𝐿𝐿𝑀1

… 𝑆1𝐿𝐿𝑀𝑛
… 𝑆𝑘𝐿𝐿𝑀𝑛

T1 T1(𝑆1𝐿𝐿𝑀1
, … ) … T1(𝑆𝑘𝐿𝐿𝑀1

, … ) … T1(𝑆1𝐿𝐿𝑀𝑛
, … ) … T1(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

… … … … … … … …

𝑇𝑗 T𝑗(𝑆1𝐿𝐿𝑀1
, … ) … T𝑗(𝑆𝑘𝐿𝐿𝑀1

, … ) … T𝑗(𝑆1𝐿𝐿𝑀𝑛
, … ) … T𝑗(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

… … … … … … … …

𝑇𝑚 T𝑚(𝑆1𝐿𝐿𝑀1
, … ) … T𝑚(𝑆𝑘𝐿𝐿𝑀1

, … ) … T𝑚(𝑆1𝐿𝐿𝑀𝑛
, … ) … T𝑚(𝑆𝑘𝐿𝐿𝑀𝑛

, … )

?

Davinci provides the least variability in 
functional behavior (~5.8 clusters on average)
→ No additional LSL script necessary, since SRMs of 

previous study were analyzed directly

Cluster implementations (SRM columns)
by the equivalence of their observed outputs



Main Takeaways

• We successfully replicated, reproduced and repurposed 
a popular TDSE (i.e., benchmarking LLMs for code 
generation – HumanEval-J)

• Resulting LSL study pipeline scripts
• encode study designs and assumptions

• can be shared with others together with SRMs

• can be repeated by executing it again

→ Increases transparency + fosters open science principles

• Limitations
• serialization of objects (currently: JSON string representation)

• equivalence checking in tabular representations
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LASSO Community

• https://softwareobservatorium.github.io 

17

Open source and available on GitHub
→ Initial Python support (arena)

https://softwareobservatorium.github.io/


Thank you!
Feel free to reach out ☺
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