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Unit Test = Prefix + Oracle

TEST SUITE
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Unit Test = Prefix + Oracle

TEST CASE 2



TEST PREFIX ORACLE
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Unit Test = Prefix + Oracle
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TEST PREFIX ORACLE

@Test(timeout = 4000)
public void testCase() throws Throwable  {
    Car car1 = new Car();
    Car car2 = new Car();
    boolean same = car1.equals(car2);
    assertFalse(same);
}

Unit Test = Prefix + Oracle
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TEST PREFIX ORACLE

@Test(timeout = 4000)
public void testCase() throws Throwable  {
    Car car1 = new Car();
    Car car2 = new Car();
    boolean same = car1.equals(car2);
    assertFalse(same);
}

Unit Test = Prefix + Oracle
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GENERATING ORACLE IS AN OPEN CHALLENGE

TEST PREFIX ORACLE

@Test(timeout = 4000)
public void testCase() throws Throwable  {
    Car car1 = new Car();
    Car car2 = new Car();
    boolean same = car1.equals(car2);
    assertFalse(same);
}

The Oracle Problem
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Axiomatic Oracle

assert sum(num1, num2) >= num1 && sum(num1, num2) >= num2

Program assertions that predicate on input or output 
parameters of the program
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Axiomatic Oracle

assert sum(20, 22) == 42

assert sum(num1, num2) >= num1 && sum(num1, num2) >= num2

Program assertions that predicate on input or output 
parameters of the program

CONCRETE ORACLE
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Axiomatic Oracle

assert sum(num1, num2) >= num1 && sum(num1, num2) >= num2

Program assertions that predicate on input or output 
parameters of the program

assert sum(20, 22) == 42

CONCRETE ORACLE
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/**
 * The method returns the square root if the argument is greater 
 * than or equal to 0.
 * 
 * @param num the number to take the square root of. Must be 
 *            greater than or equal to 0
 * @return the square root of the number passed to the function
 * @throws IllegalArgumentException if the number is
 *         negative
 */
public int method(int num) throws IllegalArgumentException  {
    if (num < 0) {
        throw new IllegalArgumentException(“Negative number”);
    }
    return Math.sqrt(num);
}

Preconditions 
Validity of the test input
Preconditions 

Postconditions 
Regular behavior
Postconditions 

Exceptional postconditions 
Exceptional behavior
Exceptional postconditions 

Axiomatic Oracles
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Axiomatic Oracles

/**
 * The method returns the square root if the argument is greater 
 * than or equal to 0.
 * 
 * @param num the number to take the square root of. Must be 
 *            greater than or equal to 0
 * @return the square root of the number passed to the function
 * @throws IllegalArgumentException if the number is
 *         negative
 */
public int method(int num) throws IllegalArgumentException  {
    if (num < 0) {
        throw new IllegalArgumentException(“Negative number”);
    }
    return Math.sqrt(num);
}

assert num >= 0

Preconditions 
Validity of the test input
Preconditions 

Postconditions 
Regular behavior
Postconditions 

Exceptional postconditions 
Exceptional behavior
Exceptional postconditions 
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Axiomatic Oracles

/**
 * The method returns the square root if the argument is greater 
 * than or equal to 0.
 * 
 * @param num the number to take the square root of. Must be 
 *            greater than or equal to 0
 * @return the square root of the number passed to the function
 * @throws IllegalArgumentException if the number is
 *         negative
 */
public int method(int num) throws IllegalArgumentException  {
    if (num < 0) {
        throw new IllegalArgumentException(“Negative number”);
    }
    return Math.sqrt(num);
}

Preconditions 
Validity of the test input
Preconditions 

Postconditions 
Regular behavior
Postconditions 

Exceptional postconditions 
Exceptional behavior
Exceptional postconditions 

NO AXIOMATIC ORACLE
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Axiomatic Oracles

assert num < 0

/**
 * The method returns the square root if the argument is greater 
 * than or equal to 0.
 * 
 * @param num the number to take the square root of. Must be 
 *            greater than or equal to 0
 * @return the square root of the number passed to the function
 * @throws IllegalArgumentException if the number is
 *         negative
 */
public int method(int num) throws IllegalArgumentException  {
    if (num < 0) {
        throw new IllegalArgumentException(“Negative number”);
    }
    return Math.sqrt(num);
}

Preconditions 
Validity of the test input
Preconditions 

Postconditions 
Regular behavior
Postconditions 

Exceptional postconditions 
Exceptional behavior
Exceptional postconditions 
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/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

Precondition Example

Method setSeriesItemLabelGenerator from JFreeChart
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/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

Precondition Example
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/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

series >= 0

Precondition Example
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/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

series >= 0

Precondition Example
STATE-OF-THE-ART TECHNIQUES

EvoSuite and Randoop do not generate preconditions
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/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

series >= 0

Precondition Example
STATE-OF-THE-ART TECHNIQUES

SYMBOLIC APPROACHES

EvoSuite and Randoop do not generate preconditions

Jdoctor patterns do not match this text
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/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

series >= 0

Precondition Example

NEURAL APPROACHES

TOGA, TOGLL, and AugmentTest do not generate preconditions

STATE-OF-THE-ART TECHNIQUES

SYMBOLIC APPROACHES

EvoSuite and Randoop do not generate preconditions

Jdoctor patterns do not match this text
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/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

Precondition Example

GPT4 correctly generates the precondition, but also additional 
wrong, useless, or non-compilable oracles

NEURAL APPROACHES

TOGA, TOGLL, and AugmentTest do not generate preconditions

STATE-OF-THE-ART TECHNIQUES

SYMBOLIC APPROACHES

EvoSuite and Randoop do not generate preconditions

Jdoctor patterns do not match this text

series >= 0
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/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

Precondition Example

GPT4 correctly generates the precondition, but also additional 
wrong, useless, or non-compilable oracles

NEURAL APPROACHES

TOGA, TOGLL, and AugmentTest do not generate preconditions

STATE-OF-THE-ART TECHNIQUES

SYMBOLIC APPROACHES

EvoSuite and Randoop do not generate preconditions

Jdoctor patterns do not match this text

generator == null || generator is a valid 
CategoryItemLabelGenerator instance

series >= 0
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/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

TraTTO generates the precondition and does not 
generate wrong oracles like GPT4

Precondition Example

GPT4 correctly generates the precondition, but also additional 
wrong, useless, or non-compilable oracles

NEURAL APPROACHES

TOGA, TOGLL, and AugmentTest do not generate preconditions

STATE-OF-THE-ART TECHNIQUES

SYMBOLIC APPROACHES

EvoSuite and Randoop do not generate preconditions

Jdoctor patterns do not match this text

series >= 0
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Neuro & Symbolic Approaches

@tComment 
Tan et al.

2012

ALICS 
Pandita et al.

Toradocu 
Goffi et al.

MeMo 
Blasi et al.

2016 2018 2020

ATLAS 
Watson et al.
AthenaTest 
Tufano et al.

2021

TOGA 
Dinella et al.

JDoctor 
Blasi et al.

TOGLL 
Hossain et al.

2024

AugmenTest 
Khandaker et al.

2022 2025
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Symbolic Approaches

Technique

Fixed set of domain-specific rules, such as 
pattern and lexical matching Cons

Pros
High precision and recall

Restricted applicability

@tComment 
Tan et al.
ALICS 

Pandita et al.

Toradocu 
Goffi et al.

MeMo 
Blasi et al.

ATLAS 
Watson et al.
AthenaTest 
Tufano et al.

TOGA 
Dinella et al.

JDoctor 
Blasi et al.

TOGLL 
Hossain et al.

AugmenTest 
Khandaker et al.

2012 2016 2018 2020 2021 20242022 2025
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Neural Approaches

Technique

Deep Learning and transfer learning Cons

Pros
Well suited to handle informal text

High false positive rate

@tComment 
Tan et al.

2012

ALICS 
Pandita et al.

Toradocu 
Goffi et al.

MeMo 
Blasi et al.

2016 2018 2020

ATLAS 
Watson et al.
AthenaTest 
Tufano et al.

2021

TOGA 
Dinella et al.

JDoctor 
Blasi et al.

TOGLL 
Hossain et al.

2024

AugmenTest 
Khandaker et al.

2022 2025
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Our Approach: Neuro-Symbolic

NEURO-SYMBOLIC APPROACHES

Symbolic module

Neural module
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TraTTO

TRANSFORMER-BASED TOKEN BY TOKEN ORACLE GENERATION

result > 0

Reformulates the oracle generation problem as a token generation problem
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TraTTO

result > 0

result > 0

TRANSFORMER-BASED TOKEN BY TOKEN ORACLE GENERATION

Reformulates the oracle generation problem as a token generation problem



SYMBOLIC MODULE

Project

.class

Unit's project
source

30

Workflow

Project

.class

Unit's project
source

TOKEN COLLECTOR TOKEN FILTER

ORACLE EVALUATOR TOKEN SELECTOR

Oracle Under Construction (OUC)

/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

Unit Under Test

@param series the series index (zero based).

Final oracle: series >= 0

NEURAL MODULE

Multitask model

END

EVALUATE ORACLE

GENERATE TOKEN

N
O

 O
RA

C
LE

CANDIDATE TOKENS

INPUT TRATTO

G
EN

ERATE O
RAC

LE

null

Next Oracle Token

OUTPUT

APPEND TO PARTIAL ORACLE

NEXT ORACLE TOKEN == ` ; `

GENERATE ORACLE
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Project

.class

Unit's project
source
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Input

Project

.class

Unit's project
source

TOKEN COLLECTOR TOKEN FILTER

ORACLE EVALUATOR TOKEN SELECTOR

Oracle Under Construction (OUC)

/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

Unit Under Test

@param series the series index (zero based).

NEURAL MODULE

Multitask model

END

EVALUATE ORACLE

GENERATE TOKEN

N
O

 O
RA

C
LE

CANDIDATE TOKENS

INPUT TRATTO

G
EN

ERATE O
RAC

LE

null

Next Oracle Token

OUTPUT

APPEND TO PARTIAL ORACLE

NEXT ORACLE TOKEN == ` ; `

Final oracle: series >= 0
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Project

.class

Unit's project
source
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TraTTO

Project

.class

Unit's project
source

TOKEN COLLECTOR TOKEN FILTER

ORACLE EVALUATOR TOKEN SELECTOR

Oracle Under Construction (OUC)

/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

Unit Under Test

@param series the series index (zero based).

NEURAL MODULE

Multitask model

END

EVALUATE ORACLE

GENERATE TOKEN

N
O

 O
RA

C
LE

CANDIDATE TOKENS

INPUT TRATTO

G
EN

ERATE O
RAC

LE

null

Next Oracle Token

OUTPUT

APPEND TO PARTIAL ORACLE

NEXT ORACLE TOKEN == ` ; `

Final oracle: series >= 0
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Project

.class

Unit's project
source
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Symbolic Module

Project

.class

Unit's project
source

TOKEN COLLECTOR TOKEN FILTER

ORACLE EVALUATOR TOKEN SELECTOR

Oracle Under Construction (OUC)

/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

Unit Under Test

@param series the series index (zero based).

NEURAL MODULE

Multitask model

END

EVALUATE ORACLE

GENERATE TOKEN

N
O

 O
RA

C
LE

CANDIDATE TOKENS

INPUT TRATTO

G
EN

ERATE O
RAC

LE

null

Next Oracle Token

OUTPUT

APPEND TO PARTIAL ORACLE

NEXT ORACLE TOKEN == ` ; `

Final oracle: series >= 0
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Project

.class

Unit's project
source
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Neural Module

Project

.class

Unit's project
source

TOKEN COLLECTOR TOKEN FILTER

ORACLE EVALUATOR TOKEN SELECTOR

Oracle Under Construction (OUC)

/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

Unit Under Test

@param series the series index (zero based).

NEURAL MODULE

Multitask model

END

EVALUATE ORACLE

GENERATE TOKEN

N
O

 O
RA

C
LE

CANDIDATE TOKENS

INPUT TRATTO

G
EN

ERATE O
RAC

LE

null

Next Oracle Token

OUTPUT

APPEND TO PARTIAL ORACLE

NEXT ORACLE TOKEN == ` ; `

Final oracle: series >= 0
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Project
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Project

.class

Unit's project
source

TOKEN COLLECTOR TOKEN FILTER

ORACLE EVALUATOR TOKEN SELECTOR

Oracle Under Construction (OUC)

/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

Unit Under Test

@param series the series index (zero based).

NEURAL MODULE

Multitask model

END

EVALUATE ORACLE

GENERATE TOKEN

N
O

 O
RA

C
LE

CANDIDATE TOKENS

INPUT TRATTO

G
EN

ERATE O
RAC

LE

null

Next Oracle Token

OUTPUT

APPEND TO PARTIAL ORACLE

NEXT ORACLE TOKEN == ` ; `

Should an oracle be generated?

Final oracle: series >= 0
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Project

.class

Unit's project
source

TOKEN COLLECTOR TOKEN FILTER

ORACLE EVALUATOR TOKEN SELECTOR

Oracle Under Construction (OUC)

/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

Unit Under Test

@param series the series index (zero based).

NEURAL MODULE

Multitask model

END

EVALUATE ORACLE

GENERATE TOKEN

N
O

 O
RA

C
LE

CANDIDATE TOKENS

INPUT TRATTO

G
EN

ERATE O
RAC

LE

null

Next Oracle Token

OUTPUT

APPEND TO PARTIAL ORACLE

NEXT ORACLE TOKEN == ` ; `

Token Collector

Final oracle: series >= 0
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TOKEN COLLECTOR

&&,||,%,!,/,+,-,=,…,(,),.,…OPERATORS

0,1,this,…
COMMON CONSTANTS  
 AND VARIABLES

CategoryItemLabelGenerator,…PROJECT CLASS NAMES

isEmpty(),size(),…CLASS METHODS AND FIELDS

series, generator,…PARAMETER NAMES

…

Token Collector

Symbolic Module
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Project

.class

Unit's project
source

TOKEN COLLECTOR TOKEN FILTER

ORACLE EVALUATOR TOKEN SELECTOR

Oracle Under Construction (OUC)

/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

Unit Under Test

@param series the series index (zero based).

NEURAL MODULE

Multitask model

END

EVALUATE ORACLE

GENERATE TOKEN

N
O

 O
RA

C
LE

CANDIDATE TOKENS

INPUT TRATTO

G
EN

ERATE O
RAC

LE

null

Next Oracle Token

OUTPUT

APPEND TO PARTIAL ORACLE

NEXT ORACLE TOKEN == ` ; `

Token Filter

Final oracle: series >= 0
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&&,||,%,!,/,+,-,=,…,(,),.,…OPERATORS

0,1,this,…
COMMON CONSTANTS  
 AND VARIABLES

CategoryItemLabelGenerator,…PROJECT CLASS NAMES

isEmpty(),size(),…CLASS METHODS AND FIELDS

series, generator,…PARAMETER NAMES

…

TOKEN FILTER

Token Filter

Rule out invalid tokens, given the current partial oracle

Symbolic Module



SYMBOLIC MODULE

Project

.class

Unit's project
source

40

Project

.class

Unit's project
source

TOKEN COLLECTOR TOKEN FILTER

ORACLE EVALUATOR TOKEN SELECTOR

Oracle Under Construction (OUC)

/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

Unit Under Test

@param series the series index (zero based).

NEURAL MODULE

Multitask model

END

EVALUATE ORACLE

GENERATE TOKEN

N
O

 O
RA

C
LE

CANDIDATE TOKENS

INPUT TRATTO

G
EN

ERATE O
RAC

LE

null

Next Oracle Token

OUTPUT

APPEND TO PARTIAL ORACLE

NEXT ORACLE TOKEN == ` ; `

Token Selector

Final oracle: series >= 0
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TOKEN SELECTOR

// PRE-CONDITION: "@param series the series index (zero based)."
// Next possible tokens: ['!','(','0','1','this','series','generator',…]
// Assertion:
assertTrue(<FILL_ME>

// Method under test:
/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * …
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) {…}

// Additional context
public int size() { … }
public int isEmpty() { … }
…

INPUT

OUTPUT
series

Neural Module

Token Selector
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Token Generation

Project

.class

Unit's project
source

TOKEN COLLECTOR TOKEN FILTER

ORACLE EVALUATOR TOKEN SELECTOR

Oracle Under Construction (OUC)

/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

Unit Under Test

@param series the series index (zero based).

NEURAL MODULE

Multitask model

END

EVALUATE ORACLE

GENERATE TOKEN

N
O

 O
RA

C
LE

CANDIDATE TOKENS

INPUT TRATTO

G
EN

ERATE O
RAC

LE

null

Next Oracle Token

OUTPUT

APPEND TO PARTIAL ORACLE

NEXT ORACLE TOKEN == ` ; `

series

series

Final oracle: series >= 0
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Project

.class

Unit's project
source

TOKEN COLLECTOR TOKEN FILTER

ORACLE EVALUATOR TOKEN SELECTOR

Oracle Under Construction (OUC)

/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

Unit Under Test

@param series the series index (zero based).

NEURAL MODULE

Multitask model

END

EVALUATE ORACLE

GENERATE TOKEN

N
O

 O
RA

C
LE

CANDIDATE TOKENS

INPUT TRATTO

G
EN

ERATE O
RAC

LE

null

Next Oracle Token

OUTPUT

APPEND TO PARTIAL ORACLE

NEXT ORACLE TOKEN == ` ; `

2° Iteration

series

Final oracle: series >= 0



SYMBOLIC MODULE

Project

.class

Unit's project
source

44

Project

.class

Unit's project
source

TOKEN COLLECTOR TOKEN FILTER

ORACLE EVALUATOR TOKEN SELECTOR

Oracle Under Construction (OUC)

/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

Unit Under Test

@param series the series index (zero based).

NEURAL MODULE

Multitask model

END

EVALUATE ORACLE

GENERATE TOKEN

N
O

 O
RA

C
LE

CANDIDATE TOKENS

INPUT TRATTO

G
EN

ERATE O
RAC

LE

null

Next Oracle Token

OUTPUT

APPEND TO PARTIAL ORACLE

NEXT ORACLE TOKEN == ` ; `

>=

series >=

2° Iteration

Final oracle: series >= 0
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Project

.class

Unit's project
source

TOKEN COLLECTOR TOKEN FILTER

ORACLE EVALUATOR TOKEN SELECTOR

Oracle Under Construction (OUC)

/** 
 * Sets the item label generator for a series and 
 * sends a {@link RendererChangeEvent} to all 
 * registered listeners. 
 * 
 * @param series the series index (zero based). 
 * @param generator the generator 
 * (null permitted). 
 * 
 * @see #getSeriesItemLabelGenerator(int)
 */
public void setSeriesItemLabelGenerator(
    int series, 
    CategoryItemLabelGenerator generator
) { 
    setSeriesItemLabelGenerator(series, generator, true); 
}

Unit Under Test

@param series the series index (zero based).

NEURAL MODULE

Multitask model

END

EVALUATE ORACLE

GENERATE TOKEN

N
O
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RA
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LE

CANDIDATE TOKENS

INPUT TRATTO

G
EN

ERATE O
RAC

LE

null

Next Oracle Token

OUTPUT

APPEND TO PARTIAL ORACLE

NEXT ORACLE TOKEN == ` ; `

;

series >= 0

Final oracle: series >= 0

Final Oracle
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Data Collection

Comments without oracles

Comments with oracles
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2

5,911 
samples

Non-augmented
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Input: (unit under test, javadoc tag,  
partial oracle, list of tokens)  

Target: next token

Input: (unit under test, javadoc tag)  
Target: oracle
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Code Models Comparison

50codellama-7BCodeGemma StarCoder2

Compare code models capability to evaluate 
oracles and select tokens

RQ1

223,149 samples 

Dataset

34,249 oracles samples 
188,900 tokens samples 

192,258 samples for training (86%)

30,891 samples for validation (14%)
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NON-SYMBOLIC MULTITASK 
(TraTTO)

NON-MULTITASK

TOKEN COLLECTOR TOKEN FILTER

ORACLE EVALUATOR TOKEN PREDICTOR

+

32

TOKEN COLLECTOR TOKEN FILTER

ORACLE EVALUATOR TOKEN PREDICTOR

+

NEURAL module

1

TOKEN COLLECTOR TOKEN FILTER
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Evaluate the contributions of the symbolic module 
and multitask model of Tratto in generating oracles

RQ2

NON-SYMBOLIC NON-MULTITASK MULTITASK 
(TraTTO)

McNemar Statistical Test

NON-SYMBOLIC
MULTITASK

NON-MULTITASK
MULTITASK

Odds-Ratio = 2.57, p-value < 0.001

Odds-Ratio = 1.55, p-value < 0.001

both statistically significant
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Oracle Generation
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GROUND  
TRUTH DATSET

15 Defects4J Projects

885 datapoints of axiomatic oracles

389 positive examples

496 negative examples 

manually extracted from 274 methods



Oracle Generation
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Compares the effectiveness of TraTTO to the state-
of-the-art neural and symbolic approaches

RQ3
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73TRATTO

TRATTO

TRATTO

TRATTO

JDOCTOR

JDOCTOR

JDOCTOR

GPT4

GPT4

GPT4

GPT4

JD

AC
C

U
RA

CY
PR

EC
IS

IO
N

RE
CA

LL
F1

-S
CO

RE

3 times

10 times
more correct oracles than Jdoctor

less false positives than GPT4
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Email davide.molinelli@usi.ch
alberto.martin@usi.ch

mernst@cs.washington.edu

mauro.pezze@usi.ch

Website https://star.inf.usi.ch/

mailto:davide.molinelli@usi.ch
mailto:davide.molinelli@usi.ch
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