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Type Annotation in Python
Problem
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class DocStore: 
    def read(self, doc_id): 
        if condition: 
            return doc_id 
        return -1 

class Project: 
    def __init__(self): 
        self.doc = DocStore() 

    def get(self, project_id: <FILL_IN>): 
        doc = self.doc.read(project_id) 
        return doc + 1

Goal:  
Annotate Target Function
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Type Annotation in Python
SOTA Models

• TypeGen: Generative Type Inference for Python (ICSE’23)


• TypeT5: Seq2seq Type Inference using Static Analysis (ICLR’23)


• TIGER: A Generating-Then-Ranking Framework for Practical 
Python Type Inference (ICSE’25)

Learning-based Approaches
8



Type Annotation in Python
SOTA Models

• TypeGen: Generative Type Inference for Python (ICSE’23)


• TypeT5: Seq2seq Type Inference using Static Analysis (ICLR’23)


• TIGER: A Generating-Then-Ranking Framework for Practical 
Python Type Inference (ICSE’25)

Limitation: 
They struggle to make accurate predictions  

for rare or unseen patterns (in the training data)
9
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class DocStore: 
    def read(self, doc_id): 
        if condition: 
            return doc_id 
        return -1 

class Project: 
    def __init__(self): 
        self.doc = DocStore() 

    def get(self, project_id: <FILL_IN>): 
        doc = self.doc.read(project_id) 
        return doc + 1

TIGER (ICSE’25)
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class DocStore: 
    def read(self, doc_id): 
        if condition: 
            return doc_id 
        return -1 

class Project: 
    def __init__(self): 
        self.doc = DocStore() 

    def get(self, project_id: str): 
        doc = self.doc.read(project_id) 
        return doc + 1

TIGER (ICSE’25)

TypeError: str + int
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class DocStore: 
    def read(self, doc_id): 
        if condition: 
            return doc_id 
        return -1 

class Project: 
    def __init__(self): 
        self.doc = DocStore() 

    def get(self, project_id: <FILL_IN>): 
        doc = self.doc.read(project_id) 
        return doc + 1

TIGER (ICSE’25)

Why does the model suddenly  
output “str” as the top-1?
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class DocStore: 
    def read(self, doc_id): 
        if condition: 
            return doc_id 
        return -1 

class Project: 
    def __init__(self): 
        self.doc = DocStore() 

    def get(self, project_id: <FILL_IN>): 
        doc = self.doc.read(project_id) 
        return doc + 1

TIGER (ICSE’25)

The number of annotations for ‘project_id’ in the training dataset

Statistical Bias Problem
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Type Annotation in Python
Our Work

• To make the model more robust to rare or unseen data…


• We made a post-processing method that refines the outputs of 
existing models

Learning 
Model Ours: 

Post-Processing 
Method

Correct 
Answers

Incorrect 
Answers 15
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class DocStore: 
    def read(self, doc_id): 
        if condition: 
            return doc_id 
        return -1 

class Project: 
    def __init__(self): 
        self.doc = DocStore() 

    def get(self, project_id: <FILL_IN>): 
        doc = self.doc.read(project_id) 
        return doc + 1

TIGER (ICSE’25)
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class DocStore: 
    def read(self, doc_id): 
        if condition: 
            return doc_id 
        return -1 

class Project: 
    def __init__(self): 
        self.doc = DocStore() 

    def get(self, project_id: <FILL_IN>): 
        doc = self.doc.read(project_id) 
        return doc + 1

TIGER (ICSE’25)

TypeError: str + int

Make a potential type error

with Type Validity
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class DocStore: 
    def read(self, doc_id): 
        if condition: 
            return doc_id 
        return -1 

class Project: 
    def __init__(self): 
        self.doc = DocStore() 

    def get(self, project_id: <FILL_IN>): 
        doc = self.doc.read(project_id) 
        return doc + 1

TIGER (ICSE’25)

Do not make  
any type error

with Type Validity
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class DocStore: 
    def read(self, doc_id): 
        if condition: 
            return doc_id 
        return -1 

class Project: 
    def __init__(self): 
        self.doc = DocStore() 

    def get(self, project_id: <FILL_IN>): 
        doc = self.doc.read(project_id) 
        return doc + 1

TIGER (ICSE’25)

Swap!

Re-rank the outputs 
with Type Validity (using Type Checker)

‘int’ is safer! 

with Type Validity
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with Code Usage Pattern
Re-ranking Component

TIGER (ICSE’25)
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class A: 
    text: Union[str, bytes] 

    def ident(self, i_value: str): 
        validate(i_value[1:]) 
        msg = self.text + i_value 

    def data(self, d_value: bytes): 
        d = d_value.decode('utf-8') 
        return d 

    def scope(self, s_value: <FILL_IN>): 
        validate(s_value[1:]) 
        msg = self.text + s_value
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class A: 
    text: Union[str, bytes] 

    def ident(self, i_value: str): 
        validate(i_value[1:]) 
        msg = self.text + i_value 

    def data(self, d_value: bytes): 
        d = d_value.decode('utf-8') 
        return d 

    def scope(self, s_value: <FILL_IN>): 
        validate(s_value[1:]) 
        msg = self.text + s_value

Type checker flags  
potential type errors  

in all cases
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class A: 
    text: Union[str, bytes] 

    def ident(self, i_value: str): 
        validate(i_value[1:]) 
        msg = self.text + i_value 

    def data(self, d_value: bytes): 
        d = d_value.decode('utf-8') 
        return d 

    def scope(self, s_value: <FILL_IN>): 
        validate(s_value[1:]) 
        msg = self.text + s_value

Type checker flags  
potential type errors  

in all cases

“Type Correctness” alone is insufficient
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class A: 
    text: Union[str, bytes] 

    def ident(self, i_value: str): 
        validate(i_value[1:]) 
        msg = self.text + i_value 

    def data(self, d_value: bytes): 
        d = d_value.decode('utf-8') 
        return d 

    def scope(self, s_value: <FILL_IN>): 
        validate(s_value[1:]) 
        msg = self.text + s_value

Used in a highly similar context
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class A: 
    text: Union[str, bytes] 

    def ident(self, i_value: str): 
        validate(i_value[1:]) 
        msg = self.text + i_value 

    def data(self, d_value: bytes): 
        d = d_value.decode('utf-8') 
        return d 

    def scope(self, s_value: <FILL_IN>): 
        validate(s_value[1:]) 
        msg = self.text + s_value

Used in a entirely distinct contexts
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with Code Usage Pattern
Re-ranking Component

TIGER (ICSE’25)
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class A: 
    text: Union[str, bytes] 

    def ident(self, i_value: str): 
        validate(i_value[1:]) 
        msg = self.text + i_value 

    def data(self, d_value: bytes): 
        d = d_value.decode('utf-8') 
        return d 

    def scope(self, s_value: <FILL_IN>): 
        validate(s_value[1:]) 
        msg = self.text + s_value

Highly likely to be str Swap!

Re-rank the outputs 
with Code Usage Patterns (in the project)
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Framework
Our Work

• Ours consists of two components:


• Re-ranking Component


• Augmentation Component

Learning 
Model

Correct 
Answers
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def make_identifier( 
    session: <FILL_IN>, 
    name: <FILL_IN> 
): 
    with session.cursor() as c: 
         c.execute(...) 

def fetch_identifier( 
    d_session: DatabaseSession 
): 
    with d_session.cursor() as c: 
        c.execute(...)

Augmentation Component

TypeT5 (ICLR’23)

Answer 
session: DatabaseSession�
name: str

for uncertain variable
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def make_identifier( 
    session: <FILL_IN>, 
    name: <FILL_IN> 
): 
    with session.cursor() as c: 
         c.execute(...) 

def fetch_identifier( 
    d_session: DatabaseSession 
): 
    with d_session.cursor() as c: 
        c.execute(...)

Augmentation Component

TypeT5 (ICLR’23)

for uncertain variable

High confidence for name 
Low confidence for session
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def make_identifier( 
    session: <FILL_IN>, 
    name: <FILL_IN> 
): 
    with session.cursor() as c: 
         c.execute(...) 

def fetch_identifier( 
    d_session: DatabaseSession 
): 
    with d_session.cursor() as c: 
        c.execute(...)

Augmentation Component

TypeT5 (ICLR’23)

for uncertain variable

High confidence for name 
Low confidence for session

Augmenting predictions 
for low confidence
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Augmentation Component

TypeT5 (ICLR’23)
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def make_identifier( 
    session: <FILL_IN>, 
    name: <FILL_IN> 
): 
    with session.cursor() as c: 
         c.execute(...) 

def fetch_identifier( 
    d_session: DatabaseSession 
): 
    with d_session.cursor() as c: 
        c.execute(...)

for uncertain variable

Used in a highly similar context
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def make_identifier( 
    session: <FILL_IN>, 
    name: <FILL_IN> 
): 
    with session.cursor() as c: 
         c.execute(...) 

def fetch_identifier( 
    d_session: DatabaseSession 
): 
    with d_session.cursor() as c: 
        c.execute(...)

Augmentation Component

TypeT5 (ICLR’23)

for uncertain variable

Used in a highly similar context
4. session: DatabaseSession 
    name: str

Augment new answer
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def make_identifier( 
    session: <FILL_IN>, 
    name: <FILL_IN> 
): 
    with session.cursor() as c: 
         c.execute(...) 

def fetch_identifier( 
    d_session: DatabaseSession 
): 
    with d_session.cursor() as c: 
        c.execute(...)

Augmentation Component

TypeT5 (ICLR’23)

for uncertain variable

4. session: DatabaseSession 
    name: str

and then Re-rank them!

Swap!
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Framework
Our Work

• Ours consists of two components:


• Re-ranking Component


• Augmentation Component

Learning 
Model

Correct 
Answers

Re-Ranking

Augmentation

1) Type Validity 
2) Code Usage Patterns

Incorrect 
Answers

Augment answer 
for uncertain variable
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Evaluation
• Setup: Integrated our post-processing with SOTA models


• Applied post-processing to the top-10 candidates


• Dataset: 10,928 parameters types and 6,983 return types


• Metric: String matching on normalized types

e.g., Optional[int] => Union[None, int]
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Effectiveness
• Type inference accuracy
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Effectiveness
• Type inference accuracy

Performance Gains via 
SOTA methodologies
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Effectiveness
• Type inference accuracy

Performance Gains via 
our techniques
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Effectiveness
• Type inference accuracy

Achieved significant performance gains, 
particularly in Top-1 accuracy
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Accept List  
for List[…]



• Type inference accuracy across different type categories

Effectiveness

int, str List[Dict[int, str] MyClass
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• Type inference accuracy across different type categories

Effectiveness

int, str List[Dict[int, str] MyClass

Substantial performance gains on 
rare and unseen types
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Summary
• We proposed a model-agnostic post-processing technique to 

enhance model robustness


• Re-ranking with Type Correctness & Code Usage Pattern


• Augmentation for uncertain variable


• Achieved significant performance gains across diverse models

Thank you!
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