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1. What�is�the�most�common�run-time�error�in�Python?

Among�top�5�built-in�exceptions…

Motivation:�Type�errors�are�important
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Among�top�5�built-in�exceptions…

Motivation:�Type�errors�are�important
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2. How�much�time�does�a�developer�spend�correcting�type�errors?

Among�top�5�built-in�exceptions…

Time�from�when�the�issue�first�occurs�to�when�it�is�fixed…

Motivation:�Type�errors�are�important

1. What�is�the�most�common�run-time�error�in�Python?
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Among�top�5�built-in�exceptions…

about�half�of�the�type�errors��
took�more�than�a�week

Motivation:�Type�errors�are�important

2. How�much�time�does�a�developer�spend�correcting�type�errors?

1. What�is�the�most�common�run-time�error�in�Python?

Time�from�when�the�issue�first�occurs�to�when�it�is�fixed…
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Time�from�when�the�issue�first�occurs�to�when�it�is�fixed…

Among�top�5�built-in�exceptions…

about�half�of�the�type�errors��
took�more�than�a�week

We�need�more�time!�
…or�repair�program!!!

Motivation:�Type�errors�are�important

2. How�much�time�does�a�developer�spend�correcting�type�errors?

1. What�is�the�most�common�run-time�error�in�Python?
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Time�from�when�the�issue�first�occurs�to�when�it�is�fixed…

2. How�much�time�does�a�developer�spend�correcting�type�errors?

Among�top�5�built-in�exceptions…

about�half�of�the�type�errors��
took�more�than�a�week

We�need�more�time!�
…or�repair�program!!!

Repair�type�errors�automatically!

Motivation:�Type�errors�are�important

1. What�is�the�most�common�run-time�error�in�Python?
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ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else ret[“comment"]

  ]

)

Example:�Type�error�in�real-world�

1

2

3

4

5

Negative�testcase

https://github.com/saltstack/salt/pull/56381

�ret[“comment”]�=�[�1,2,3�]�(List�of�int)
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ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else ret[“comment"]

  ]

)

1

2

3

4

5 False List Since�not ret[“comment"]�is�False,�

the�type�of�the�expression�at�line�3�is�List

Negative�testcase

https://github.com/saltstack/salt/pull/56381

Example:�Type�error�in�real-world�

�ret[“comment”]�=�[�1,2,3�]�(List�of�int)
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ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else ret[“comment"]

  ]

)

1

2

3

4

5

Negative�testcase

List

However,�the�input�type�of�join�method�is… 
List�of�str,�not�List�of�List�
Therefore,�the�expression�at�line�3�should�be�str�
�=>�Type�Error

https://github.com/saltstack/salt/pull/56381

Example:�Type�error�in�real-world�

False

�ret[“comment”]�=�[�1,2,3�]�(List�of�int)

Since�not ret[“comment"]�is�False,�
the�type�of�the�expression�at�line�3�is�List
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ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else ret[“comment"]

  ]

)

1

2

3

4

5 List

ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else str(ret[“comment”])

  ]

)

1

2

3

4

5 str

Patch

Negative�testcase

https://github.com/saltstack/salt/pull/56381

Example:�Type�error�in�real-world�

False

�ret[“comment”]�=�[�1,2,3�]�(List�of�int)

Since�not ret[“comment"]�is�False,�
the�type�of�the�expression�at�line�3�is�List

However,�the�input�type�of�join�method�is… 
List�of�str,�not�List�of�List�
Therefore,�the�expression�at�line�3�should�be�str�
�=>�Type�Error
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ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else ret[“comment"]

  ]

)

1

2

3

4

5 List

From�when�the�issue�first�occurs�to�when�it�is�fixed

Negative�testcase

https://github.com/saltstack/salt/pull/56381

Example:�Type�error�in�real-world�

False

ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else str(ret[“comment”])

  ]

)

1

2

3

4

5 str

Patch

�ret[“comment”]�=�[�1,2,3�]�(List�of�int)

Since�not ret[“comment"]�is�False,�
the�type�of�the�expression�at�line�3�is�List

However,�the�input�type�of�join�method�is… 
List�of�str,�not�List�of�List�
Therefore,�the�expression�at�line�3�should�be�str�
�=>�Type�Error

181�days
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However,�the�input�type�of�join�method�is… 
List�of�str,�not�List�of�List�
Therefore,�the�expression�at�line�3�should�be�str�
�=>�Type�Error

https://github.com/saltstack/salt/pull/56381

ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else ret[“comment"]

  ]

)

1

2

3

4

5 List

181�days
From�when�the�issue�first�occurs�to�when�it�is�fixed

120�seconds

Negative�testcase

Example:�Type�error�in�real-world�

False

ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else str(ret[“comment”])

  ]

)

1

2

3

4

5 str

Patch

�ret[“comment”]�=�[�1,2,3�]�(List�of�int)

Since�not ret[“comment"]�is�False,�
the�type�of�the�expression�at�line�3�is�List
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Overview�of�PyTER
•Make�a�type�difference�table�from�type�analyses�

•Run�type-aware�fault�localization�and� 
��type-aware�patch�generation�using�the�type�table

Program

Testcases�&�
Bug�cases

Dynamic�Type�Analysis�&�
Static�Type�Analysis

Type�Difference��
Table

Patch 
Validation

Patch

Type-Aware�
Fault�Localization

Type-Aware�
Patch�Generation
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ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else ret[“comment"]

  ]

)

1

2

3

4

5 List

Idea�1:�Finding�Type�Difference

https://github.com/saltstack/salt/pull/56381

Negative�testcase

ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else str(ret[“comment”])

  ]

)

1

2

3

4

5 str

Patch

False

How?

�ret[“comment”]�=�[�1,2,3�]�(List�of�int)

However,�the�input�type�of�join�method�is… 
List�of�str,�not�List�of�List�
Therefore,�the�expression�at�line�3�should�be�str

Since�not ret[“comment"]�is�False,�
the�type�of�the�expression�at�line�3�is�List
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ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else ret[“comment"]

  ]

)

1

2

3

4

5 List

Idea�1:�Finding�Type�Difference

https://github.com/saltstack/salt/pull/56381

Negative�testcase

ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else str(ret[“comment”])

  ]

)

1

2

3

4

5 str

Patch Variable Negative�type Positive�type
ret[“comment”] List str
Negative�type�:�the�type�raising�a�type�error�
Positive�type�:�the�type�running�program�correctly

False

Summarize

�ret[“comment”]�=�[�1,2,3�]�(List�of�int)

However,�the�input�type�of�join�method�is… 
List�of�str,�not�List�of�List�
Therefore,�the�expression�at�line�3�should�be�str

Since�not ret[“comment"]�is�False,�
the�type�of�the�expression�at�line�3�is�List

How?
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ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else ret[“comment"]

  ]

)

1

2

3

4

5 List

Idea�1:�Finding�Type�Difference

https://github.com/saltstack/salt/pull/56381

Negative�testcase

ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else str(ret[“comment”])

  ]

)

1

2

3

4

5 str

Patch

False

Let�change�the�type�of�ret[“comment”]
from�List�to�str

Variable Negative�type Positive�type
ret[“comment”] List str
Negative�type�:�the�type�raising�a�type�error�
Positive�type�:�the�type�running�program�correctly

Summarize

�ret[“comment”]�=�[�1,2,3�]�(List�of�int)

However,�the�input�type�of�join�method�is… 
List�of�str,�not�List�of�List�
Therefore,�the�expression�at�line�3�should�be�str

Since�not ret[“comment"]�is�False,�
the�type�of�the�expression�at�line�3�is�List

How?
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ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else ret[“comment"]

  ]

)

1

2

3

4

5 List

Idea�1:�Finding�Type�Difference

https://github.com/saltstack/salt/pull/56381

Negative�testcase

ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else str(ret[“comment”])

  ]

)

1

2

3

4

5 str

Patch

False

Let�change�the�type�of�ret[“comment”]
from�List�to�str

Variable Negative�type Positive�type
ret[“comment”] List str
Negative�type�:�the�type�raising�a�type�error�
Positive�type�:�the�type�running�program�correctly

Summarize

�ret[“comment”]�=�[�1,2,3�]�(List�of�int)

However,�the�input�type�of�join�method�is… 
List�of�str,�not�List�of�List�
Therefore,�the�expression�at�line�3�should�be�str

Since�not ret[“comment"]�is�False,�
the�type�of�the�expression�at�line�3�is�List

How?
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ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else ret[“comment"]

  ]

)

1

2

3

4

5 List

Idea�1:�Finding�Type�Difference

https://github.com/saltstack/salt/pull/56381

Negative�testcase

ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else str(ret[“comment”])

  ]

)

1

2

3

4

5 str

Patch

False

Variable Negative�type Positive�type
ret[“comment”] List str
Negative�type�:�the�type�raising�a�type�error�
Positive�type�:�the�type�running�program�correctly

Let�change�the�type�of�ret[“comment”]
from�List�to�str

Type�Difference�Table

�ret[“comment”]�=�[�1,2,3�]�(List�of�int)

How?

19

https://github.com/saltstack/salt/pull/56381


ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else ret[“comment"]

  ]

)

1

2

3

4

5 List

Idea�1:�Finding�Type�Difference

https://github.com/saltstack/salt/pull/56381

Negative�testcase

ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else str(ret[“comment”])

  ]

)

1

2

3

4

5 str

False

Variable Negative�type Positive�type
ret[“comment”]
Negative�type�:�the�type�raising�a�type�error�
Positive�type�:�the�type�running�program�correctly

Type�Difference�Table

�ret[“comment”]�=�[�1,2,3�]�(List�of�int)
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ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else ret[“comment"]

  ]

)

1

2

3

4

5 List

Idea�1:�Finding�Type�Difference

https://github.com/saltstack/salt/pull/56381

Negative�testcase

ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else str(ret[“comment”])

  ]

)

1

2

3

4

5 str

False

Variable Negative�type Positive�type
ret[“comment”] List
Negative�type�:�the�type�raising�a�type�error�
Positive�type�:�the�type�running�program�correctly

Type�Difference�Table

Dynamic�Type�Analysis

�ret[“comment”]�=�[�1,2,3�]�(List�of�int)
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ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else ret[“comment"]

  ]

)

1

2

3

4

5 List

Idea�1:�Finding�Type�Difference

https://github.com/saltstack/salt/pull/56381

Negative�testcase

ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else str(ret[“comment”])

  ]

)

1

2

3

4

5 str

False

Variable Negative�type Positive�type
ret[“comment”] List str
Negative�type�:�the�type�raising�a�type�error�
Positive�type�:�the�type�running�program�correctly

Type�Difference�Table

str

Preserve�the�type�equivalence

Static�type�analysis

�ret[“comment”]�=�[�1,2,3�]�(List�of�int)
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ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else ret[“comment"]

  ]

)

1

2

3

4

5 List

Idea�1:�Finding�Type�Difference

https://github.com/saltstack/salt/pull/56381

Negative�testcase

ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else str(ret[“comment”])

  ]

)

1

2

3

4

5 str

Patch

False

Variable Negative�type Positive�type
ret[“comment”] List str
Negative�type�:�the�type�raising�a�type�error�
Positive�type�:�the�type�running�program�correctly

Let�change�the�type�of�ret[“comment”]
from�List�to�str

Type�Difference�Table

str

�ret[“comment”]�=�[�1,2,3�]�(List�of�int)

23

https://github.com/saltstack/salt/pull/56381


ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else ret[“comment"]

  ]

)

1

2

3

4

5 List

Idea�1:�Finding�Type�Difference

https://github.com/saltstack/salt/pull/56381

Negative�testcase

ret["comment"] = "  ".join(

  [

    "" if not ret["comment"] else str(ret[“comment”])

  ]

)

1

2

3

4

5 str

Patch

False

Variable Negative�type Positive�type
ret[“comment”] List str
Negative�type�:�the�type�raising�a�type�error�
Positive�type�:�the�type�running�program�correctly

Let�change�the�type�of�ret[“comment”]
from�List�to�str

Type�Difference�Table

Idea�1�
To�make�a�patch,�

make�the�type�difference�table�and��
find�the�type�difference

str

�ret[“comment”]�=�[�1,2,3�]�(List�of�int)
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Idea�2:�Type-Aware�Fault�Localization
def _serialize_value(self, value):

    if isinstance(value, BaseItem):

        ...

    if isinstance(value, dict):

        ...


    if self.binary:

        return to_bytes(value)

    else:

        return to_unicode(value)


def to_unicode(value):

    if isinstance(value, str):

        return value

    if not isinstance(value, bytes):

        raise TypeError

    ...


def to_bytes(value):

    if isinstance(value, bytes):

        return value

    if not isinstance(value, str):

        raise TypeError

    ...
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https://github.com/scrapy/scrapy/pull/173725
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def _serialize_value(self, value):

    if isinstance(value, BaseItem):

        ...

    if isinstance(value, dict):

        ...


    if self.binary:

        return to_bytes(value)

    else:

        return to_unicode(value)


def to_unicode(value):

    if isinstance(value, str):

        return value

    if not isinstance(value, bytes):

        raise TypeError

    ...


def to_bytes(value):

    if isinstance(value, bytes):

        return value

    if not isinstance(value, str):

        raise TypeError

    ...

the�type�error�occurs�along�lines�11,�16,�and�17

Negative�testcase

�value�=�1�
�self.binary�=�False

Assertion

�When�value�is�int,�
�just�return�value�

https://github.com/scrapy/scrapy/pull/1737

Idea�2:�Type-Aware�Fault�Localization
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def _serialize_value(self, value):

    if isinstance(value, BaseItem):

        ...

    if isinstance(value, dict):

        ...


    if self.binary:

        return to_bytes(value)

    else:

        return to_unicode(value)


def to_unicode(value):

    if isinstance(value, (str, int)):

        return value

    if not isinstance(value, bytes):

        raise TypeError

    ...


def to_bytes(value):

    if isinstance(value, bytes):

        return value

    if not isinstance(value, str):

        raise TypeError

    ...

If�value�is�int,�return�value�
Is�it�the�right�patch…?

1
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25

the�type�error�occurs�along�lines�11,�16,�and�17

https://github.com/scrapy/scrapy/pull/1737

Idea�2:�Type-Aware�Fault�Localization
Negative�testcase

�value�=�1�
�self.binary�=�False

Assertion

�When�value�is�int,�
�just�return�value�
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1
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def _serialize_value(self, value):

    if isinstance(value, BaseItem):

        ...

    if isinstance(value, dict):

        ...

 


    if self.binary:

        return to_bytes(value)

    else:

        return to_unicode(value)


def to_unicode(value):

    if isinstance(value, (str, int)):

        return value

    if not isinstance(value, bytes):

        raise TypeError

    ...


def to_bytes(value):

    if isinstance(value, bytes):

        return value

    if not isinstance(value, str):

        raise TypeError

    ...

When�self.binary�is�True,�
the�type�error�occurs�along�lines�9,�23,�and�24

Overfitting�Patch

the�type�error�occurs�along�lines�11,�16,�and�17

https://github.com/scrapy/scrapy/pull/1737

Idea�2:�Type-Aware�Fault�Localization

If�value�is�int,�return�value�
Is�it�the�right�patch…?

Negative�testcase

�value�=�1�
�self.binary�=�False

Assertion

�When�value�is�int,�
�just�return�value�
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Method Variable Negative�type Positive�type

_serialize_value value int BaseItem,�dict,�str

to_unicode value int str

The�type�difference�is�more�observed�in�
_serialize_value�method

More�suspicious!

def _serialize_value(self, value):

    if isinstance(value, BaseItem):

        ...

    if isinstance(value, dict):

        ...

   


    if self.binary:

        return to_bytes(value)

    else:

        return to_unicode(value)


def to_unicode(value):

    if isinstance(value, str):

        return value

    if not isinstance(value, bytes):

        raise TypeError

    ...


def to_bytes(value):

    if isinstance(value, bytes):

        return value

    if not isinstance(value, str):

        raise TypeError

    ...
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the�type�error�occurs�along�lines�11,�16,�and�17

https://github.com/scrapy/scrapy/pull/1737

Idea�2:�Type-Aware�Fault�Localization
Negative�testcase

�value�=�1�
�self.binary�=�False

Assertion

�When�value�is�int,�
�just�return�value�
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Negative�testcase

�value�=�1�
�self.binary�=�False

Assertion

�When�value�is�int,�
�just�return�value�

Method Variable Negative�type Positive�type

_serialize_value value int BaseItem,�dict,�str

to_unicode value int str

the�type�error�occurs�along�lines�11,�16,�and�17

def _serialize_value(self, value):

    if isinstance(value, BaseItem):

        ...

    if isinstance(value, dict):

        ...

    if isinstance(value, int):

        return value

    if self.binary:

        return to_bytes(value)

    else:

        return to_unicode(value)


def to_unicode(value):

    if isinstance(value, str):

        return value

    if not isinstance(value, bytes):

        raise TypeError

    ...


def to_bytes(value):

    if isinstance(value, bytes):

        return value

    if not isinstance(value, str):

        raise TypeError

    ...
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The�type�difference�is�more�observed�in�
_serialize_value�method

More�suspicious!

https://github.com/scrapy/scrapy/pull/1737

Idea�2:�Type-Aware�Fault�Localization
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Negative�testcase

�value�=�1�
�self.binary�=�False

Assertion

�When�value�is�int,�
�just�return�value�

Method Variable Negative�type Positive�type

_serialize_value value int BaseItem,�dict,�str

to_unicode value int str

the�type�error�occurs�along�lines�11,�16,�and�17

def _serialize_value(self, value):

    if isinstance(value, BaseItem):

        ...

    if isinstance(value, dict):

        ...

    if isinstance(value, int):

        return value

    if self.binary:

        return to_bytes(value)

    else:

        return to_unicode(value)


def to_unicode(value):

    if isinstance(value, str):

        return value

    if not isinstance(value, bytes):

        raise TypeError

    ...


def to_bytes(value):

    if isinstance(value, bytes):

        return value

    if not isinstance(value, str):

        raise TypeError

    ...
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The�type�difference�is�more�observed�in�
_serialize_value�method

More�suspicious!

Idea�2�
The�type�difference�is�more�observed,� 

the�more�suspicious

81�days15�seconds

https://github.com/scrapy/scrapy/pull/1737

Idea�2:�Type-Aware�Fault�Localization
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Idea�3:�Type-Aware�Patch�Generation

def _should_parse_dates(self, i):

    ...

    if isinstance(self.parse_dates, bool):

        return self.parse_dates


    j = self.index_col[i]

    ...
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Negative�testcase

�self.index_col�=�None

Assertion

�No�type�error

https://github.com/pandas-dev/pandas/pull/3843132

https://github.com/pandas-dev/pandas/pull/38431
https://github.com/pandas-dev/pandas/pull/38431


def _should_parse_dates(self, i):

    ...

    if isinstance(self.parse_dates, bool):

        return self.parse_dates

    if isinstance(self.index_col, None):

        return self.index_col


    j = self.index_col[i]

    ...

Negative�testcase Assertion

�No�type�error1

2
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https://github.com/pandas-dev/pandas/pull/38431

Idea�3:�Type-Aware�Patch�Generation

�self.index_col�=�None
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def _should_parse_dates(self, i):

    ...

    if isinstance(self.parse_dates, bool):

        return self.parse_dates

    if isinstance(self.index_col, None):

        return self.index_col


    j = self.index_col[i]

    ...

Negative�testcase Assertion

�No�type�error

Overfitting�Patch
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https://github.com/pandas-dev/pandas/pull/38431

Idea�3:�Type-Aware�Patch�Generation

�self.index_col�=�None
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Overfitting�Patch

def _should_parse_dates(self, i):

    ...

    if isinstance(self.parse_dates, bool):

        return self.parse_dates

    if isinstance(self.index_col, None):

        return self.index_col


    j = self.index_col[i]

    ...

Negative�testcase Assertion

�No�type�error

We�can�infer�that�the�return�type�may�be�bool�
From�this,�we�can�put�off�the�priority�of�this�patch

1

2

3

4

5

6

7

8

9

https://github.com/pandas-dev/pandas/pull/38431

Idea�3:�Type-Aware�Patch�Generation

�self.index_col�=�None
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�self.index_col�=�Nonedef _should_parse_dates(self, i):

    ...

    if isinstance(self.parse_dates, bool):

        return self.parse_dates

    if isinstance(self.index_col, None):

        j = i


else:

    j = self.index_col[i]


    ...

Negative�testcase Assertion

�No�type�error1

2
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https://github.com/pandas-dev/pandas/pull/38431

Idea�3:�Type-Aware�Patch�Generation
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�self.index_col�=�Nonedef _should_parse_dates(self, i):

    ...

    if isinstance(self.parse_dates, bool):

        return self.parse_dates

    if isinstance(self.index_col, None):

        j = i


else:

    j = self.index_col[i]


    ...

Negative�testcase Assertion

�No�type�error1

2
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Idea�3�
We�can�prioritize�patches�using�the�type�information

236�days20�seconds

https://github.com/pandas-dev/pandas/pull/38431

Idea�3:�Type-Aware�Patch�Generation
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Overview�of�PyTER

Idea�1

Idea�2

Idea�3

•Make�a�type�difference�table�from�type�analyses�

•Run�type-aware�fault�localization�and� 
��type-aware�patch�generation�using�the�type�table

Program

Testcases�&�
Bug�cases

Dynamic�Type�Analysis�&�
Static�Type�Analysis

Type�Difference��
Table

Patch 
Validation

Patch

Type-Aware�
Fault�Localization

Type-Aware�
Patch�Generation
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Evaluation�Setup

•RQ1:�How�effectively�can�PyTER�fix�real-world�Python�type�errors?�

•RQ2:�How�important�are�the�major�techniques�used�in�PyTER?�

•Evaluation�Setup�

•Benchmarks:�TypeBugs�(93),�BugsInPy�(57) 
�-�We�made�TypeBugs�from�Github�open-source�projects 
�-�We�only�used�type�error�cases�in�BugsInPy�(Ratnadira�Widyasari�et�al.)�

•Baseline 
�-�Type-unaware�APR�(=�without�our�techniques)�

•Time�Budget:�1h
39



Evaluation:�RQ1

Baseline

PyTER
TypeBugs

x 93

Baseline

PyTER

Fix�Rate Precision Avg.�Time

48.4% 77.6% 651.2s

24.7% 48.9% 1196.0s

31.6% 64.3% 968.5s

14.0% 32.0% 1248.4s
BugsInPy

x 57

#Correct�/�#Total #Correct�/�#Plausible

#Correct�:�the�number�of�correct�patches�
#Plausible�:�the�number�of�plausible�patches�
#Total�:�the�number�of�bugs
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Evaluation:�RQ2

 x 150

31

Baseline+ Baseline++ PyTERBaseline

42 51 63

+�patch�generation +�fault�localization +�static�type�analysis

type-aware�patch�generation type-aware�patch�generation

type-aware�fault�localization

type-aware�patch�generation

type-aware�fault�localization

static�type�analysis

Main�
Techniques

#Correct

� �� 	� 
� �� �� 
�
�������!�����#��
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	���
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����
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 �
�!�
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�
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�$���
��"�������
��"������
��"�����
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Conclusion

•We�present�PyTER,�the�first�technique�for�fixing�diverse�type�errors�in�
real-world�Python�application�

•We�suggest�techniques�leveraging�the�difference�between�negative�and�
positive�types�for�fixing�type�errors�
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Thank�you!


