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�ret[“comment”]�=�[�1,2,3�]�(List�of�int)
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PyTER�개요
•타입분석으로부터�타입차이�표�생성�

•타입차이�표를�이용하여�Fault�Localization과�Patch�Geneartion�진행

Program

Testcases�&�
Bug�cases

동적�타입�분석�&�
정적�타입�분석

타입차이�표
Patch 

Validation

Patch

Type-Aware�
Fault�Localization

Type-Aware�
Patch�Generation
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타입차이�표

아이디어�1:�타입차이�찾기

변수이름 Negative�type Positive�type
ret[“comment”] List str
Negative�type�:�타입오류�발생시의�타입�
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ret[“comment”] 의 타입을 
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아이디어�1�
적절한�패치를�만들기�위해�

타입분석을�이용하여�타입차이�표를�만들고�
타입차이를�찾아낸다
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아이디어�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

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

    ...

라인�11,�16,�17을�따라�타입오류�발생

Negative�testcase

�value�=�1�
�self.binary�=�False

Assertion

�value가�int이면,�
�value를�return�해라�

https://github.com/scrapy/scrapy/pull/173726

아이디어�2:�Type-Aware�Fault�Localization

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


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

    ...

만약�value가�int이면,�value를�return�
올바른�패치일까?
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https://github.com/scrapy/scrapy/pull/1737

Negative�testcase

�value�=�1�
�self.binary�=�False

Assertion
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아이디어�2:�Type-Aware�Fault�Localization

라인�11,�16,�17을�따라�타입오류�발생

�value가�int이면,�
�value를�return�해라�

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

    ...

self.binary�가�True이면,�
라인�9,�23,�24를�따라�타입오류�발생

Overfitting�Patch

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

Negative�testcase

�value�=�1�
�self.binary�=�False

Assertion
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아이디어�2:�Type-Aware�Fault�Localization

만약�value가�int이면,�value를�return�
올바른�패치일까?

라인�11,�16,�17을�따라�타입오류�발생

�value가�int이면,�
�value를�return�해라�

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


함수이름 변수이름 Negative�type Positive�type

_serialize_value value int BaseItem,�dict,�str

to_unicode value int str

_serialize_value�함수에서�타입차이가�더�많이�관찰됨

더�의심스럽다!

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/1737

Negative�testcase

�value�=�1�
�self.binary�=�False

Assertion
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아이디어�2:�Type-Aware�Fault�Localization

라인�11,�16,�17을�따라�타입오류�발생

�value가�int이면,�
�value를�return�해라�

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


Negative�testcase

�value�=�1�
�self.binary�=�False

Assertiondef _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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https://github.com/scrapy/scrapy/pull/173730

아이디어�2:�Type-Aware�Fault�Localization

함수이름 변수이름 Negative�type Positive�type

_serialize_value value int BaseItem,�dict,�str

to_unicode value int str

_serialize_value�함수에서�타입차이가�더�많이�관찰됨

라인�11,�16,�17을�따라�타입오류�발생

�value가�int이면,�
�value를�return�해라�

더�의심스럽다!

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


Negative�testcase

�value�=�1�
�self.binary�=�False

Assertiondef _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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81일15초

https://github.com/scrapy/scrapy/pull/173731

아이디어�2:�Type-Aware�Fault�Localization

함수이름 변수이름 Negative�type Positive�type

_serialize_value value int BaseItem,�dict,�str

to_unicode value int str

_serialize_value�함수에서�타입차이가�더�많이�관찰됨

라인�11,�16,�17을�따라�타입오류�발생

�value가�int이면,�
�value를�return�해라�

아이디어�2�
타입차이가�더�많이�관찰된�곳일수록,�

더�의심스럽다!

더�의심스럽다!

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


아이디어�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

�타입오류�없음

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

�self.index_col�=�None
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아이디어�3:�Type-Aware�Patch�Generation

�타입오류�없음

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

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

�self.index_col�=�None
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아이디어�3:�Type-Aware�Patch�Generation

�타입오류�없음

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


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

이�함수의�return�타입은�아마�bool�타입일�것이다…�
이것으로부터�이�패치의�순서를�뒤로�미룰�수�있음
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https://github.com/pandas-dev/pandas/pull/38431

�self.index_col�=�None
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아이디어�3:�Type-Aware�Patch�Generation

�타입오류�없음

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


�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
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https://github.com/pandas-dev/pandas/pull/3843136

아이디어�3:�Type-Aware�Patch�Generation

�타입오류�없음

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


�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
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아이디어�3�
타입�정보를�활용하여�패치�우선순위를�정할�수�있다

236�days20�seconds

https://github.com/pandas-dev/pandas/pull/3843137

아이디어�3:�Type-Aware�Patch�Generation

�타입오류�없음

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


Idea�1

Idea�2

Idea�3

Program

Testcases�&�
Bug�cases

Patch 
Validation

Patch

Type-Aware�
Fault�Localization

Type-Aware�
Patch�Generation
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PyTER�개요
•타입분석으로부터�타입차이�표�생성�

•타입차이�표를�이용하여�Fault�Localization과�Patch�Geneartion�진행

동적�타입�분석�&�
정적�타입�분석

타입차이�표



성능�평가

•RQ1:�PyTER가�얼마나�효율적으로�실제�타입오류를�고치는가?�

•RQ2:�PyTER에�사용된�핵심�기술이�얼마나�중요한가?�

•실험�Setting�

•벤치마크:�TypeBugs�(93),�BugsInPy�(57) 
�-�TypeBugs�:�Github�오픈소스�프로젝트를�대상으로�수집 
�-�BugsInPy�(Ratnadira�Widyasari�et�al.)�:�타입오류�케이스만�이용�

•베이스라인 
�-�Type-unaware�자동패치�기술�(=�without�PyTER�기술)�

•시간�제한:�1h
39



성능�평가:�RQ1

Baseline

PyTER
TypeBugs

x 93

Baseline

PyTER

패치율 정확도 평균�시간

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�:�올바른�패치�수�
#Plausible�:�테스트�통과�패치�수�
#Total�:�총�버그�개수

40



성능�평가:�RQ2

 x 150

31

Baseline+ Baseline++ PyTERBaseline

42 51 63

+�patch�generation +�fault�localization +�정적�타입�분석

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

type-aware�fault�localization

type-aware�patch�generation

type-aware�fault�localization

정적�타입�분석

핵심�기술

#Correct
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정리

•실제�파이썬�프로그램의�타입오류를�고치는�첫번째�기술인�PyTER�제안�

•타입오류를�고치기�위해�타입차이를�활용하는�기술들을�제안

42
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