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Motivation

The Popular Python

Find, install and publish Python packages

with the Python Package Index

Search projects Q

U t hO n Or browse projects
ﬁgﬁfge import code

import logging

import os
399,320 projects 3,768,298 releases 6,685,79 ﬁ
import pathlib

import| click
import| yaml
from click import BadArgumentlUsage, BadOptionUsage, BadParameter

from click.exceptions import ClickException



Motivation
Difficulty on Maintaining Packages

Breaking change in 2.1.0 #2386
@ Closed o
yvsppt opened this issue on 18 Feb - 10 comments

V | 5} vgjayqi mentioned this issue on 20 Feb
L]

[Failed build] Resolve markupsafe and jinja2 incompatibility drivendataorg/deon#136 @ Closed

vl1.1l

2 ajitsejan mentioned this issue on 20 Feb

Failed to deploy jitsejan/jitsejan.com#25 © Closed

2 Y smithara mentioned this issue on 22 Feb
Viresclient requires markupsafe==2.0.1 ESA-VirES/VirES-Python-Client#75 © Closed

() . davidism mentioned this issue on 22 Feb

Pinning Flask<2 requires pinning ItsDangerous<2.1 and MarkupSafe<2.1 pallets/flask#4455 © Closed
2 chejennifer mentioned this issue on 23 Feb
Pin markupsafe version datacommonsorg/website#1456 1> Merged

= Affected clients

(4] 1 ElDuderinos mentioned this issue on 23 Feb

RK-11635 - limit markupsafe due to breaking change Rookout/microservices-demo#39 1> Merged

(%) 6 drnextgis mentioned this issue on 25 Feb

Pin markupsafe version developmentseed/eoAPI#33 1> Merged

() §% ebeahan mentioned this issue on 2 Mar

Pin markupsafe for Jinja2 workaround elastic/ecs#1804 1> Merged

30000000,

Breaking change in 2.1.0 - Issue #286 - pallets/markupsafe (github.com)



Motivation

Difficulty on Maintaining Packages

Breaking change in 0.5.5 #7/6
Vl O lkollar opened this issue on 9 Mar 2021 - 2 comments

’ lkollar commented on 9 Mar 2021 ® -

We have a tool using resolvelib which implements the AbstractProvider interface. 0.5.5 broke the APl with 915383 changing
the signature of identify .

Following semver, technically such changes are to be expected, but | also saw #74 warning about upcoming API breakage in 0.6.0,

so I'm wondering what the policy around APl changes is in resolvelib .

‘ uranusjr commented on 9 Mar 2021 Member = () -+

| accidentally released the wrong branch (master) with the kwargs change I realised it just now as well (I'm pulling in changes

in pypa/pip#9699).

My rule around version

ng for now is to do breaking changes in the second digit (minor version), at least until 1.0 is reached. |

Ithink I'll just yank 0.5.5.

hanks for the report!

@ b2

Breaking change in 0.5.5 - Issue #76 - sarugaku/resolvelib (github.com)

Yank the breaking version

vl1.1l

{ AP



Motivation
Difficulty on Maintaining Packages

Backward Compatible / Breaking?

Breaking change in 0.5.5 #7/6
Vl O lkollar opened this issue on 9 Mar 2021 - 2 comments Vl 1

’ lkollar commented on 9 Mar 2021 ® -

We have a tool using resolvelib which implements the AbstractProvider interface. 0.5.5 broke the APl with 915383 changing
the signature of identify .

Following semver, technically such changes are to be expected, but | also saw #74 warning about upcoming API breakage in 0.6.0,
so I'm wondering what the policy around APl changes is in resolvelib .

“q. uranusjr commented on 9 Mar 2021 Member = () -+

| accidentally released the wrong branch (master) with the kwargs change I realised it just now as well (I'm pulling in changes
in pypa/pip#9699).

My rule around versioning for now is to do breaking changes in the second digit (minor version), at least until 1.0 is reached. |
think I'll just yank 0.5.5. Thanks for the report!

@ b2

Breaking change in 0.5.5 - Issue #76 - sarugaku/resolvelib (github.com)



Motivation
Difficulty on Maintaining Packages Vel e

Backward Compatible / Breaking?

Breaking change in 0.5.5 #7/6
Vl . O lkollar opened this issue on 9 Mar 2021 - 2 comments Vl . 1

' lkollar commented on 9 Mar 2021 ® -

We have a tool using resolvelib which implements the AbstractProvider interface. 0.5.5 broke the APl with 915383 changing
the signature of identify .

Following semver, technically such changes are to be expected, but | also saw #74 warning about upcoming API breakage in 0.6.0,
so I'm wondering what the policy around APl changes is in resolvelib .

“. uranusjr commented on 9 Mar 2021 Member = () -+

| accidentally released the wrong branch (master) with the kwargs change I realised it just now as well (I'm pulling in changes
in pypa/pip#9699).

My rule around versioning for now is to do breaking changes in the second digit (minor version), at least until 1.0 is reached. |
think I'll just yank 0.5.5. Thanks for the report!

@ b2

Breaking change in 0.5.5 - Issue #76 - sarugaku/resolvelib (github.com)



Motivation
Difficulty on Maintaining Packages Automatically

check by AexPy!

Backward Compatible / Breaking?

' 4

Breaking change in 0.5.5 #7/6
Vl . O lkollar opened this issue on 9 Mar 2021 - 2 comments Vl . 1

' Ikollar commented on 9 Mar 2021 @ -

We have a tool using resolvelib which implements the AbstractProvider interface. 0.5.5 broke the APl with 915383 changing
the signature of identify .

Following semver, technically such changes are to be expected, but | also saw #74 warning about upcoming API breakage in 0.6.0,
so I'm wondering what the policy around APl changes is in resolvelib .

“. uranusjr commented on 9 Mar 2021 Member = () -+

| accidentally released the wrong branch (master) with the kwargs change I realised it just now as well (I'm pulling in changes
in pypa/pip#9699).

My rule around versioning for now is to do breaking changes in the second digit (minor version), at least until 1.0 is reached. |
think I'll just yank 0.5.5. Thanks for the report!

@ b2

Breaking change in 0.5.5 - Issue #76 - sarugaku/resolvelib (github.com)



MOU\/aUOﬂ from os im[?m‘t path |
from data import _store as write
Challenges

class A:

def __init__ (self):
Dynamic Language Features self. x = ©
self.bound = 10

« Programming behaviors at runtime

* Dynamic type system with duck-typing @property
def x(self): return self. x
Complex API References @x.setter

: : def x(self, val: "int"): self. x = val
* Importing and renaming

« Same API but different names def __iter__(self) -> "oOptional[A]": return self

Fake Private Members

def _ _next_ (self):
if self.x < self.bound:
self.x += 1
return self.x
else:
raise StopIteration

» Fuzzy API accessibility / visibility
e Custom naming-conventions in case of aliasing

Flexible Argument Passing

» Required or optional parameters
def test(pos, /, posOrkKw, *args, kw = MNone, **kwargs):

» Positional, keyword, or variadic parameters _
print(pos, posOrKw, kw, args, kwargs)



MOtlvathﬂ from os imp_mr‘t path |
from data import _store as write
Challenges

class A:

def __init__ (self):
Dynamic Language Features self. x = @
self.bound = 10

« Programming behaviors at runtime

* Dynamic type system with duck-typing @property
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MOtlvathﬂ from os imp_mr‘t path |
from data import _store as write
Challenges

class A:
def __init__ (self):
Dynamic Language Features self. x = @ Attributes in constructor
self.bound = 10

« Programming behaviors at runtime

* Dynamic type system with duck-typing @property
def x(self): return self. x
Complex API References @x.setter

. . def x(self, val: "int"): self. x = val
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MOtlvathﬂ from os imp_mr‘t path |
from data import _store as write
Challenges

class A:

def __init__ (self):
Dynamic Language Features self. x = @
self.bound = 10

« Programming behaviors at runtime

« Dynamic type system with duck-typing @pr‘c}per‘tyl Decorators to modify APIs at runtime
def x(self): return self. x
Complex API References @x.setter

. . def x(self, val: "int"): self. x = val
e Importing and renaming

« Same API but different names def __iter_ (self) -> "Optional[A]": return self

Fake Private Members TR e QA

it self.x < self.bound:
self.x += 1
return self.x

else:
raise StopIteration

» Fuzzy API accessibility / visibility

e Custom naming-conventions in case of aliasing

Flexible Argument Passing

» Required or optional parameters
def test(pos, /, posOrkKw, *args, kw = MNone, **kwargs):

* Positional, keyword, or variadic parameters
Y P print(pos, posOrKw, kw, args, kwargs)



Motivation

Challenges

Dynamic Language Features

» Programming behaviors at runtime
* Dynamic type system with duck-typing

Complex API References

e Importing and renaming
« Same API but different names

Fake Private Members

» Fuzzy API accessibility / visibility
e Custom naming-conventions in case of aliasing

Flexible Argument Passing

» Required or optional parameters
 Positional, keyword, or variadic parameters

from os import path
from data import _store as write

class A:

def __init__ (self):
self. x = 0
self.bound = 10

@property
def x(self): return self. x

@x.setter
def x(self, val: "int"): self. x = val

def __iter_ (self) -> "Optional[A]": return self

def __next_ (self):
it self.x < self.bound:
self.x += 1
return self.x
else:
raise StopIteration

Duck-typing: class A is a virtual subclass of Iterable
def test(pos, /, posOrkKw, *args, kw = MNone, **kwargs):

print(pos, posOrKw, kw, args, kwargs)



MOtlvathﬂ from os imp_mr‘t path |
from data import _store as write
Challenges

class A:

def __init__ (self):
Dynamic Language Features self. x = @
self.bound = 10

« Programming behaviors at runtime

* Dynamic type system with duck-typing @property
def x(self): return self. x
Complex API References @x.setter

. . def x(self, val: "int"): self. x = val
e Importing and renaming

« Same API but different names def __iter_ (self) ->|"optional[A]"} return self
: Optional type annotations
Fake Private Members TR e QA

it self.x < self.bound:
self.x += 1
return self.x

else:
raise StopIteration

» Fuzzy API accessibility / visibility

e Custom naming-conventions in case of aliasing

Flexible Argument Passing

» Required or optional parameters
def test(pos, /, posOrkKw, *args, kw = MNone, **kwargs):

* Positional, keyword, or variadic parameters
Y P print(pos, posOrKw, kw, args, kwargs)



Same API but different aliases

MOU\/aUOH from os imlzmr‘t path . data. store
from data import _store as write vvﬁte
Challenges

class A:

def __init__ (self):
Dynamic Language Features self. x = @
self.bound = 10

* Programming behaviors at runtime

* Dynamic type system with duck-typing @property
def x(self): return self. x
Complex API References @x.setter

, , def x(self, val: "int"): self. x = val
* Importing and renaming

« Same API but different names def __iter_ (self) -> "Optional[A]": return self

Fake Private Members TR e QA

it self.x < self.bound:
self.x += 1
return self.x

else:
raise StopIteration

» Fuzzy API accessibility / visibility

e Custom naming-conventions in case of aliasing

Flexible Argument Passing

» Required or optional parameters
def test(pos, /, posOrkKw, *args, kw = MNone, **kwargs):

* Positional, keyword, or variadic parameters
Y P print(pos, posOrKw, kw, args, kwargs)



MOtlvathﬂ from os imp_mr‘t path |
from data import _store as write
Challenges

class A:

def __init_ (self):

Dynamic Language Features self[ x| o
: : : self.bound = 1@

* Programming behaviors at runtime Developers’ convention, but still accessible for clients
* Dynamic type system with duck-typing @property

def x(self): return self. x
Complex API References @x.setter

. . def x(self, val: "int"): self. x = val
e Importing and renaming

« Same API but different names def __iter_ (self) -> "Optional[A]": return self

Fake Private Members TR e QA

it self.x < self.bound:
self.x += 1
return self.x

else:
raise StopIteration

» Fuzzy API accessibility / visibility

« Custom naming-conventions in case of aliasing

Flexible Argument Passing

» Required or optional parameters
def test(pos, /, posOrkKw, *args, kw = MNone, **kwargs):

* Positional, keyword, or variadic parameters
Y P print(pos, posOrKw, kw, args, kwargs)



Different visibilities of aliases

Motivation UL T3 ATl Ted data. store (private)

from data import store as write _ _
Challenges = write (public)

class A:

def __init__ (self):
Dynamic Language Features self. x = @
self.bound = 10

* Programming behaviors at runtime

* Dynamic type system with duck-typing @property
def x(self): return self. x
Complex API References @x.setter

. . def x(self, val: "int"): self. x = val
e Importing and renaming

« Same API but different names def __iter_ (self) -> "Optional[A]": return self

Fake Private Members TR e QA

it self.x < self.bound:
self.x += 1
return self.x

else:
raise StopIteration

» Fuzzy API accessibility / visibility

« Custom naming-conventions in case of aliasing

Flexible Argument Passing

» Required or optional parameters
def test(pos, /, posOrkKw, *args, kw = MNone, **kwargs):

* Positional, keyword, or variadic parameters
Y P print(pos, posOrKw, kw, args, kwargs)



Motivation

Challenges

Dynamic Language Features

* Programming behaviors at runtime
* Dynamic type system with duck-typing

Complex API References

e Importing and renaming
« Same API but different names

Fake Private Members

» Fuzzy API accessibility / visibility
e Custom naming-conventions in case of aliasing

Flexible Argument Passing

* Required or optional parameters
» Positional, keyword, or variadic parameters

from os import path
from data import _store as write

class A:
def __init__ (self):
self. x = 0
self.bound = 1@

@property
def x(self): return self. x

@x.setter
def x(self, val: "int"): self. x = val

def __iter_ (self) -> "Optional[A]": return self

def __next_ (self):
it self.x < self.bound:
self.x += 1
return self.x
else:
raise StopIteration

def test(pos, /, posOrkKw, *args, kw = MNone, **kwargs):

print(pos, posOrKw, kw, args, kwargs)




Motivation

Challenges

Dynamic Language Features

* Programming behaviors at runtime
* Dynamic type system with duck-typing

Complex API References

e Importing and renaming
« Same API but different names

Fake Private Members

» Fuzzy API accessibility / visibility
e Custom naming-conventions in case of aliasing

Flexible Argument Passing

* Required or optional parameters
» Positional, keyword, or variadic parameters

from os import path
from data import _store as write

class A:

def __init__ (self):
self. x
self.bound = 10

@property

(%)

def x(self): return self. x

@x.setter

def x(self, val: "int"): self. x = val

def __iter_ (self) -> "Optional[A]": return self

def __next_ (self):
if self.x < self.bound:

test(1l, 2)

Positional

def test|pos,

/s

pnsDerJ *args, kw = MNone, **kwargs):

print(pos, posOrKw, kw, args, kwargs)



MOtlvathﬂ from os imp_mr‘t path |
from data import _store as write
Challenges

class A:

def __init__ (self):

Dynamic Language Features self. x = @
self.bound = 1@

* Programming behaviors at runtime
* Dynamic type system with duck-typing @property

def x(self): return self. x
Complex APl References @x.setter

. . def x(self, val: "int"): self. x = val
e Importing and renaming

« Same API but different names def __iter_ (self) -> "Optional[A]": return self

Fake Private Members TR e QA
1f self.x < self.bound:
test(1l, 2) Positional
test(1l, posOrkw=2, kw=3) Keyword

» Fuzzy API accessibility / visibility

e Custom naming-conventions in case of aliasing

Flexible Argument Passing

* Required or optional parameters : L
% _ *# .
* Positional, keyword, or variadic parameters def teét(pﬂs’ /» [posOrku “args, [ku = None Kuargs):
print(pos, posOrKw, kw, args, kwargs)




Motivation

Challenges

Dynamic Language Features

* Programming behaviors at runtime
* Dynamic type system with duck-typing

Complex API References

e Importing and renaming
« Same API but different names

Fake Private Members

» Fuzzy API accessibility / visibility
e Custom naming-conventions in case of aliasing

Flexible Argument Passing

* Required or optional parameters
» Positional, keyword, or variadic parameters

from os import path
from data import _store as write

class A:
def __init__ (self):
self. x = 0
self.bound = 10
@property
def x(self): return self. x
@x.setter

def x(self, val: "int"): self. x = val

def __iter_ (self) -> "Optional[A]": return self

def __next_ (self):
if self.x < self.bound:

test(1l, 2) Positional

test(1l, posOrkw=2, kw=3) Keyword

test(1l, 2, 3, other=4) Variadic

def test(pos, /, posOrkw, *argfl kw = None,
print(pos, posOrKw, kw, args, kwargs)

*Fkwargs|)

p—



Motivation

Challenges

Dynamic Language Features

» Programming behaviors at runtime
* Dynamic type system with duck-typing

Complex API References

e Importing and renaming
o Same API but different names

Fake Private Members

» Fuzzy API accessibility / visibility
e Custom naming-conventions in case of aliasing

Flexible Argument Passing

» Required or optional parameters
 Positional, keyword, or variadic parameters



Motivation

Challenges

Dynamic Language Features

« Programming behaviors at runtime

 Dynamic type system with duck-typing A P | E)(tra Ct | on

Complex API References

e Importing and renaming

Description Method

 Same API| but different names

Fake Private Members

Comparing Change
» Fuzzy API accessibility / visibility : o
« Custom naming-conventions in case of aliasing A|gOrIth M SeverltleS

Flexible Argument Passing

* Required or optional parameters

» Positional, keyword, or variadic parameters



AexPy’'s Approach
Overview

API Extraction @ Comparing Change

Description Method Algorithm Severities




AexPy’'s Approach
Overview

Detalled Extraction @ Comparing Change
APl Model Method Algorithm Severities




AexPy’'s Approach
Overview

Detalled Hylbrid Comparing Change
APl Model Analysis Algorithm Severities




AexPy’'s Approach
Overview

Detalled Hylbrid Constraint Change
APl Model Analysis Checking Severities




AexPy’'s Approach
Overview

Detalled Hybrid Constraint Breaking
APl Model Analysis Checking Levels




AexPy's Approach
Overview

o ° - ¢
0@ 9,
) o
o Extraction

Detection ) @

* APl model » Change classification * Breaking levels
* Dynamic reflection » APl and parameter pairing » APl scope and change content
* Static analysis » Constraint-based comparing * Type compatibility

Detalled Hybrid Constraint Breaking

APl Model Analysis Checking Levels




AexPy’'s Approach
Extraction — APl Model

from typing import Optional as opt

def func(a, b, /, ¢ = []): pass
def _share(self): print(type(self))

Module
class A: :
typeme = share l\/Iembershlp
Aliases
class B:
typeme = share
def g(self, c: "opt[B]" = None) -> "B | None":
return c
@property
def x(self): return self. x
@x.setter Attribute
def x(self, val: "int"): self. x = val
Instance attributes
@staticmethod
def h(*ar, **kw) -> str: return str(kw["v"]) -ryT)e

class c(list, B):
pass

Class

Inheritance
Abstract base classes (ABCs)

Function

Parameters
Return type




AexPy’'s Approach
Extraction — APl Model

from typing import Optional as|opt

members(M).values
def|func{a, b, /, ¢ = []): pass

def| _share(self): print(type(self))

Module

_share Membership

class|A;
typeme

Aliases

class|B
typeme = share
def g(self, c: "opt[B]" = None) -> "B | None":
return c

@property
def x(self): return self. x

@x.setter
def x(self, val: "int"): self. x = val

@staticmethod
def h(*ar, **kw) -> str: return strikw["v"])

class|C(list, B):
pass




AexPy’'s Approach
Extraction — APl Model

from typing import Optional as|opt

members(M).values
def|func{a, b, /, ¢ = []): pass

def| _share(self): print(type(self))

Module

class[A! members(M).keys

typeme = share { I\/Iembership
class[B “Opt”, Aliases

typeme = _share “func”,

def g(self, c: "opt[B]" “ share”,

return c N

@property “B”’

def x(self): return self C

@x.setter }

def x(self, val: "int"): self. x = val

@staticmethod
def h(*ar, **kw) -> str: return strikw["v"])

class|C(list, B):
pass




AexPy’'s Approach
Extraction — APl Model

from typing import Optional as|opt

members[{M).values
def|funcéa, b, /, ¢ = []): pass

def| _share ): print(type(self]))

Module
Membership

members(M).keys

“Opt”, AlIaSeS

def g(self,
return c

@property
def x(self): return self

@x.setter
def x(self, val: "in{*):

/-

elf. x = val

@staticmethod
def h(*ar, *kw) -> str: return str(kw["v"])




AexPy’'s Approach
Extraction — APl Model

from typing import Optional as opt

def func(a, b, /, ¢ = []): pass
def _share(self): print(type(self)) (:l
dss
class A:
typeme

_share Inheritance
Abstract base classes (ABCs)

class B:
typeme = share
def g(self, c: "opt[B]" = None) -> "B | None":
return c

@property
def x(self): return self. x

@x.setter
def x(self, val: "int"): self. x = val

@staticmethod

def h(*ar, **kw) -> str: return str(kw["v"])
bases(C) abcs(C)

class Ctlllst, B Sequence

a5s
5 lterable




AexPy’'s Approach
Extraction — APl Model

from typing import Optional as opt

def func(a, b, /, ¢ = []): pass
def _share(self): print(type(self))

class A:

typeme = _share Normal attributes
class B:

typeme = share

def g(self, c: "opt[B]" = None) -> "B | None":

APl

@property Instance attributes
def x(self): return|self. x
@x.setter Attribute
def x(self, val: "int"): self. x = val
Instance attributes
@staticmethod
def h(*ar, **kw) -> str: return str(kw["v"]) -ryﬁ)e

class c(list, B):
pass



AexPy’'s Approach
Extraction — APl Model

from typing import Optional as opt

def func(a, b, /, ¢ = []): pass
def _share(self): print(type(self))

class A:
typeme = share
class B: Onti |
typeme = share OPtiONAl parameter

def g(self, |c: "opt[B]" = None)) -> "B | None":

(APl

@property
def x(self): return self. x
@x.setter Function
def x(self, val: "int"): self. x = val

Parameters
@staticmethod
def h{*ar, **kw) -> str{ return strikw|["v"]) Return type

Variadic parameters Return type
class c(list, B):
pass



AexPy’'s Approach
Extraction — APl Model

from typing import Optional as opt
aliases(_share)
def func(a, b, /, c = []): pass

def| _share(self): print(type(self)) Atypeme
B.typeme Module
class A: :
typeme|= share l\/Iembershlp
Aliases
class B:
typeme|= _share
det g(self, c: "opt[B]" = None) -> "B | None":
return c
@property
def x(self): return self. x
@x.setter Attribute
def x(self, val: "int"): self. x = val
Instance attributes
@staticmethod
def h(*ar, **kw) -> str: return str(kw["v"]) -ryT)e

class c(list, B):
pass

Class

Inheritance
Abstract base classes (ABCs)

Function

Parameters
Return type
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Extraction — APl Model

from typing import Optional as opt

def func(a, b, /, ¢ = []): pass
def _share(self): print(type(self))

Module Class
class A: : :
typeme = share Membership Inheritance
Aliases Abstract base classes (ABCs)
class B:
typeme = share
def g(self, c:|"opt[B]"|= None) -> "B | None":
return c

Sum: 77 +T5+---+7T),
Product: 77 x 15 x --- x 1,

Attribute Function

Callable: 7., — Tet, _
Generic: Tbase(TlaTQa- -,Tn) Instance attributes Parameters
def h(*ar, **kw) -> str: return strikw["v"]) Type Return type

class c(list, B):
pass
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Extraction — APl Model

from typing import Optional as opt

def func(a, b, /, ¢ = []): pass
def _share(self): print(type(self))

Module Class

class A: : :

typeme = share Membership Inheritance

e m INIESES Abstract base classes (ABCs)

class B: “R 1

typeme = share type(c) B + none

def g(self, c:|"opt[B]"|= None) -> "B | None":

return c

Sum: 77 +T5+---+7T,,.
Product: 77 x 15 x --- x 1,

Attribute Function

Callable: 7., — Tet, _
Generic: Tbase(TlaTQa- -,Tn) Instance attributes Parameters
def h(*ar, **kw) -> str: return strikw["v"]) Type Return type

class c(list, B):
pass
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from typing import Optional as opt

def func(a, b, /, ¢ = []): pass
def _share(self): print(type(self))

class A:
typeme = share

class B:
typeme = share
def g(self, c: "opt[B]" = None) -> "B | None": :
return ¢ » Breadth-first search * Traverse ASTs

* Inspect live objects » Gain types from Mypy

Dynamic Reflection Static Analysis

@property
def x(self): return self. x

@x.setter
def x(self, val: "int"): self. x = val

@staticmethod
def h(*ar, **kw) -> str: return strikw["v"])

class c(list, B):
pass
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from typing import Optional as opt

Dynamic Reflection

Breadth-first search

functions:

modules:

def func(a, b, /, ¢ = []): pass
def _share(self): print(type(self))
class A:

typeme = share
class B: classes:

typeme = share

def g(self, c: "opt[B]" = None) -> "B | None":

return c

@property

def x(self): return self. x

@x.setter

def x(self, val: "int"): self. x = val

@staticmethod attributes

def h(*ar, **kw) -> str: return strikw["v"])

class c(list, B):
pass
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from typing import Optional as opt

def func(a, b, /, ¢ = []): pass
def _share(self): print(type(self))

class A:
typeme

_share

class B:
typeme = share
def g(self, c: "opt[B]" = None) -> "B | None":
return c

@property
def x(self): return self. x

@x.setter
def x(self, val: "int"): self. x = val

@staticmethod
def h(*ar, **kw) -> str: return strikw["v"])

class c(list, B):
pass

Dynamic Reflection

Breadth-first search

modules:
2
members:
opt: <external>typing.Optional
func: M.func
_share: M. share
A: M.A
B: M.B
C: M.C
classes:
M.A:
members :
typeme: M. share
M.B:
members :
typeme: M. share
g: M.B.g
X: M.B.X
h: M.B.h
L-(€8

attributes:
M.B.X:

functions:

M. func:

M. share:
aliases: [M.A.typeme, M.B.Ttypeme]

M.B.g:
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from typing import Optional as opt

def func(a, b, /, ¢ = []): pass
def _share(self): print(type(self))

class A:
typeme

_share

class B:
typeme = share
def g(self, c: "opt[B]" = None) -> "B | None":
return c

@property
def x(self): return self. x

@x.setter
def x(self, val: "int"): self. x = val

@staticmethod
def h(*ar, **kw) -> str: return strikw["v"])

class c(list, B):
pass

Dynamic Reflection

Breadth-first search

modules:
M:

members:
opt: <external>typing.Optional
func: M.func
_share: M. share
A: M.A
B: M.B

C: M.C

classes:
M.A:
members:
typeme: M. share
M.B:
members:
typeme: M. share
g: M.B.g
X: M.B.X
h: M.B.h
M.C:

attributes:
M.B.X:

functions:

M. func:

M. share:
aliases: [M.A.typeme, M.B.Ttypeme]

M.B.g:
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Dynamic Reflection

Breadth-first search

from typing import Optional as opt functions:
modules: M.func:
M:
def func(a, b, /, ¢ = []): pass nembers :
def _share(self): print(type(self)) opt: <external>typing.Optional
func: M.func
T _share: M. share
A: M.A
typeme = share B: M.B
C: M.C
class B: classes:

_ M.A: M. share:
sl = _share" . . " members : |aliase5: [M.A. typeme, M.B.typeme]l
def g(self, c: "opt[B]" = None) -> "B | None": typeme: M. share

return c M.B:

members:

@pr‘operty J::'p::m::gM._share M.B.g:
def x(self): return self. x D
@x.setter h: M.B.h
def x(self, val: "int"): self. x = val M.C:
@StatlcmEtth attributes:
def h(*ar, **kw) -> str: return str(kw["v"]) M.B.X:

class c(list, B):
pass
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from typing import Optional as opt

def func(a, b, /, ¢ = []): pass
def _share(self): print(type(self))

class A:
typeme

_share

class B:
typeme = share
def g(self, c: "opt[B]" = None) -> "B | None":
return c

@property
def x(self): return self. x

@x.setter
def x(self, val: "int"): self. x = val

@staticmethod
def h(*ar, **kw) -> str: return strikw["v"])

class c(list, B):
pass

Dynamic Reflection

Inspect live objects

modules:
2
members:
opt: <external>typing.Optional
func: M.func
_share: M. share
A: M.A
B: M.B
C: M.C
classes:
M.A:
members :
typeme: M. share
M.B:
members :
typeme: M. share
g: M.B.g
X: M.B.X
h: M.B.h
L-(€8

attributes:
M.B.X:

functions:

M. func:

M. share:
aliases: [M.A.typeme, M.B.Ttypeme]

M.B.g:
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from typing import Optional as opt

Dynamic Reflection

Inspect live objects

functions:

modules: M. func:
M: parameters:
def func(a, b, /, c = []): pass nembers : C name: a
def _share(self): print(type(self)) opt: <external>typing.Optional kind: Positional
func: M.func - name: b
“lems oo _share: M._share kind: Positional
A M.A - name: c
typeme = _share B: M.B kind: PositionalOrkeyword
C: M.C optional: true
class B: classes: default: <object>
M.A: M._share:
SieE ::__share" . . " members : aliases: [M.A.typeme, M.B.typeme]
def g(self, c: "opt[B]" = None) -> "B | None": typeme: M. share Darameters:
return c M.B: - name: self
members : kind: PositionalOrKeyword
@pr‘operty typeme: M. share M.B.g:
g: M.B.g parameters:
def x(self): return self. x D _ name: self
@x.setter h: M.B.h kind: PositionalOrKeyword
def x(self, val: "int"): self. x = val T - name: c
bases: [list, M.B] kind: PositionalOrKeyword
. abcs: [Sequence, Iterable] optional: true
@staticmethod AttrTBoTes,
def h(*ar, **kw) -> str: return str(kw["v"]) M.B.X:
scope: instance

class c(list, B):
pass
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from typing import Optional as opt

modules:
def func(a, b, /, ¢ = []): pass Pmmemmrs:
def _share(self): print(type(self))
func: M.func

_share: M. share

class A: A
typeme = share 5 e
C: M.C
class B: classes:
typeme = share PLi;WEPS.
def g(self, c: "opt[B]" = None) -> "B | None": typeme: M. share
return c M.B:
members :
@property J::'p::m::gM._share
def x(self): return self. x x: M.B.X
@x.setter h: M.B.h
def x(self, val: "int"):|self. x = val M.C:
bases: [list, M.B]
. abcs: [Seguence, Iterable
@staticmethod attrﬂumesE ’ :
def h(*ar, **kw) -> str: return str(kw["v"]) M.B.X:
scope: instance
M.B. x:

class c(list, B):
pass

scope: instance

opt: <external>typing.Optional

Static Analysis

Traverse ASTs

functions:
M. func:
parameters:
- name: a
kind: Positional
- name: b
kind: Positional
- name: ¢
kind: PositionalOrKeyword
optional: true
default: <object>

M. share:
aliases: [M.A.typeme, M.B.Ttypeme]
parameters:

- name: self
kind: PositionalOrKeyword
M.B.g:
parameters:
- name: self
kind: PositionalOrKeyword
- name: ¢
kind: PositionalOrKeyword
optional: true
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Extraction — A|gOrithm Static Analysis

Gain types from Mypy

from typing import Optional as opt functiorms:
modules: M. func:
M: parameters:
def func(a, b, /, c = []): pass members : - name: a
def _share(self): print(type(self)) opt: <external>typing.Optional kind: Positional
func: M.func - name: b
class A: _share: M._share kind: Positional
A M.A - name: c
typeme = _share B: M.B kind: PositionalOrKeyword
C: M.C optional: true
class B: classes: default: <object>
M.A: M._share:
sl = _share" - - - members : aliases: [M.A.typeme, M.B.typeme]
def g(self, c:| "opt[B]" = None) -> "B | None typeme: M._share e
return c M.B: - name: self
members : kind: PositionalOrKeyword
@pr‘operty typeme: M. share M.B.g:
g: M.B.g parameters:
def x(self): return self. x g _ name: self
@x.setter h: M.B.h kind: PositionalOrkeyword
def x(self, val: "int"): self. x = val M.C: - ELED S
bases: [list, M.B] kind: PositionalOrKeyword
. abcs: [Sequence, Iterable] optional: true
@StatlcmEthDd attributes: type:
def h(*ar, **kw) -> str: return str(kw["v"]) M.B.X: category: union
scope: instance components: [B, none]
class c(list, B): e return: _
scope: 1instance category: unilon
pass components: [B, none]
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AexPy’'s Approach
Detection — Classification

Module Class Function Attribute Parameter Alias
Addition AddModule AddClass AddFunction AddAttribute AddParameter” AddAlias
Removal RemoveModule RemoveClass RemoveFunction RemoveAttribute RemoveParameter  RemoveAlias

Modification A Changelnheritance ~ ChangeReturnType = ChangeAttributeType = ChangeParameter =~ ChangeAlias
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Detection — Classification

42 change patterns

Module Class Function Attribute Parameter Alias
Addition AddModule AddClass AddFunction AddAttribute AddParameter” AddAlias
Removal RemoveModule RemoveClass RemoveFunction RemoveAttribute RemoveParameter  RemoveAlias
Modification A Changelnheritance ~ ChangeReturnType  ChangeAttributeType [C'/mnLfc/-’urm;m w'] ChangeAlias
. !
on” 0 (RemoveDefaultj
P ove:
default
[ChangeParameterj - -—[AddDe f ault)
value?
Mod;
Ly pe? dj ty?

ChangeTypej ChangeDefaultj
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Detection —

Algorithm

Simulate name re

solution and argument passing

Paring

opt: <external>typing.Optional

typing optional opt modules: ping tional oot modules:
M: M:
) members : members:
opt: <external>typing.Optional
func: M.func func: M.func
- _share: M. share e _share: M. _share
A M.A A: M.A
E: M.B B: M.B
typeme C: M.C eme C: M.C
( 1 classes: ( | classes:
M.A: M.A:
members: members:
( . typeme: M._share ( typeme: M. share
: R M.B: M.B:
( x4 members : ( val members :
typeme: M._share typeme: M._share
.- ~. ) g: M.B.g : 4 g: M.B.g
: ' ' X: M.B.Xx X: M.B.X
h: M.B.h y h: M.B.h
I M.C: ( M.C:
bases: [ M.B] bases: [M.B]
abcs: [ ] abcs: []
attributes: attributes:
M.B.x: M.B.x:
scope: instance scope: instance
M.B. x: M.B. Xx:
scope: instance scope: instance
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Detection — Algorithm

opt

yping

typeme

typeme

_share

_share

Optional

Paring

on and argument passing

Simulate name resoluti

-1

modules: typing Optional opt modules:
M: < > M:
members : / 5 ) members:
opt: <external>typing.Optional opt: <external>typing.Optional
func: M.func func: M.func
_share: M._share frr - s _share: M._share
A M.A A: M.A
B: M.B B: M.B
C: M.C typeme = _share C: M.C
1 classes: ( | classes:
M.A: < - > M.A:
members: members:
typeme: M._share ( typeme: M. share
M.B: <« > M.B:
3 members: ( members:
typeme: M._share typeme: M._share
g: M.B.g { : g: M.B.g
X: M.B.X ) ' X: M.B.X
h: M.B.h h: M.B.h
I M.C: < > M.C:
bases: [ M.B] bases: [M.B]
abcs: [ ] abcs: []
attributes: attributes:
M.B.X: < > M.B.x:
scope: instance scope: instance
M.B. X! ¢ > M.B. x:
scope: instance

scope: 1instance
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Detection — Algorithm

Paring

Simulate name resolution and argument passing

- name: ¢
kind: PositionalorkKeyword
optional: true
default: <object>
M. share:

parameters:
- name: self
kind: PositionalorkKeyword

aliases: [M.A.typeme, M.B.typeme]

M.func: M.func:
parameters: parameters:
- name: b
| kind: Positional
- name: a - name: a
kind: Positional kind: Positional

- name: ¢
kind: PositionalOrkKeyword
optional: true
default: <object>

M._share:
aliases: [M.A.typeme, M.B.typeme]
parameters:
- name: self
kind: PositionalOrkKeyword
- name: obj

optional: true
default: None

M.B.g: M.B.g:
parameters: parameters:
- name: self - name: self
kind: Positionalorkeyword kind: PositionalOrKeyword
- name: ¢ - name: c

kind: PositionalOrKeyword
optional: true
type:
category: union
components: [B, none]
return:
category: union
components: [B, none]

kind: PositionalOrkeyword
optional: true
type:
category: union
components: [B, none]
return:
category: union
components: [B, none]
M.C.g:
parameters:
- name: self
kind: PositionalOrkKeyword
- name: ¢
kind: PositionalOrkKeyword
optional: true
type:
category: union
components: [C, none]
return:
category: union
components: [C, none]
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Detection — Algorithm

Paring

Simulate name resolution and argument passing

- name: ¢
kind: PositionalorkKeyword
optional: true
default: <object>

M.func: <— » M.func:
parameters: parameters:
- name: b
| kind: Positional
- Name: a - name: a
kind: Positional kind: Positional

- name: ¢
kind: PositionalOrkKeyword
optional: true
default: <object>

M. share: <«
aliases: [M.A.typeme, M.B.typeme]
parameters:

- name: self
kind: PositionalorkKeyword

> M._share:
aliases: [M.A.typeme, M.B.typeme]
parameters:
- name: self
kind: PositionalOrkKeyword
- name: obj

optional: true
default: None

kind: PositionalPrkKeyword
optional: true
type:
category: union
components: [B,
return:
category: union
components: [B, none]

M.B.g: == _» M.B.g:
parameters: parameters:
- name: self - name: self
kind: PositiohalorKeyword kind: PositionalOrKeyword
- name: ¢ - name: c

kind: PositionalOrkeyword
optional: true
type:
category: union
components: [B, none]
return:
category: union
components: [B, none]
M.C.g:
parameters:
- name: self
kind: PositionalOrkKeyword
- name: ¢
kind: PositionalOrkKeyword
optional: true
type:
category: union
components: [C, none]
return:
category: union
components: [C, none]
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Detection — Algorithm

Paring

Simulate name resolution and argument passing

- name: ¢
kind: PositionalorkKeyword
optional: true

M.func: M.func:
parameters: parameters:
- name: b
| kind{ Positional
- name: a - name;:_a
kind: Positional kindj] Positional

- name: ¢
kind: PositionalOrkKeyword
optional: true

M.B.g: M.B.g:
parameters: parameters:
- name: self - name: self
kind: Positionalorkeyword kind: PositionalOrKeyword
- name: ¢ - name: c

kind: PositionalOrKeyword
optional: true
type:
category: union
components: [B, none]
return:
category: union
components: [B, none]

kind: PositionalOrkeyword
optional: true
type:
category: union
components: [B, none]
return:
category: union
components: [B, none]

default: <object> default: <object> MGk
Ty M._share: parameters:
aliases: [M.A.typeme, M.B.typeme] aliases: [M.A.typeme, M.B.typeme] : Eizz;zzigthmaIOquwmrd
parameters: parameters: ! - name: c
- name: self - name: self kind: PositionalorkKeyword
kind: Positionalorkeyword kind: PositionalOrkKeyword : optional: true
- name: obj i type:

category: union
components: [C, none]
return:
category: union
components: [C, none]

optional: true
default: None
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42 change patterns

—>

Define and judge constraints on API pairs

42 constraints

Pattern Constraint
AddModule e=1lANeeM
RemoveFunction ee€ FAe = L Ascope(e) = Static
RemoveBaseClass e, e’ € C N bases(e)  bases(e')
ChangeReturnType e,e’ € F Areturn(e) # return(e’)
AddRequiredParameter p= L Ap # LA —optional(p)
MoveParameter p# L Ap # L A position(p) # position(p’)
RemoveVarKeywordCandidate p# L Ap' = L Akind(p) = VarKeywordCandidate
RemoveAlias e,e/ € MUC A (3(n,t),t € EAn € aliases(t) A (n,t) € (members(e) — members(e’)))
RemoveExternal Alias e,e/ € MUC A 3n,(n, L) € (members(e) — members(e’))

Full list is at Specification of Changes — AexPy (https://aexpy.netlify.app/change-spec).
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M.C:

Define and judge constraints on API pairs

e,e’ € C A bases(e) Z bases(e’)

M.C:

bases: |

abcs:

M.B] bases: [M.B]

] abcs: []
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Define and judge constraints on API pairs

p# L ANp' # L A position(p) # position(p’)

position(a)
position(b)

0
1

M.func:
parameters:

- name: a
kind: Positional

- name: C
kind: PositionalOrKeyword
optional: true
default: <object>

M. func:
parameters:

- name: b

- Name: a

kind: Positional

kind: Positional

1
0

position(a)

- name:. cC

position(b)

kind: PositionalOrKeyword
optional: true
default: <object>
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Grading

New|matplotlib breaking change #1172

(@Yo T mmourafiq opened this issue on 20 Nov 2020 - 0 comments

& mmourafiq commented on 20 Nov 2020 » edited ~ Contributor) @ -+

Describe the bug

Traceback (most recent call last):

File "/usr/local/lib/python3.6/dist-packages/plotly/matplotlylib/mplexporter/exporter.py”, line 118, in crawl_fig
self.crawl_ax(ax)

File "/fusr/local/lib/python3._6/dist-packages/plotly/matplotlylib/mplexporter/exporter.py”, line 123, in crawl_ax
props=utils.get axes properties(ax)):

File "/fusr/local/lib/python3.6/dist-packages/plotly/matplotlylib/mplexporter/utils.py”, line 272, in get_axes_properti
'axes': [get_axis_properties(ax.xaxis),

File "/usr/local/lib/python3.6/dist-packages/plotly/matplotlylib/mplexporter/utils.py”, line 236, in get_axis_properti
props[grid'] = get_grid_style(axis)

File "/fusr/local/lib/python3.6/dist-packages/plotly/matplotlylib/mplexporter/utils.py”, line 246, in get_grid_style

if axis._gri = d=tonlonidls S fhe
AttributeErreor: |'XAxis® object has no attribute °_gridOnMajor’

4

related: plotly/plotly.py#2913
related fix: mpld3/mplexporter@ 2f766e4. . .be8e3da

New matplotlib breaking change - Issue #1172 - polyaxon/polyaxon (github.com)
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New|matplotlib breaking change #1172

(@Yo T mmourafiq opened this issue on 20 Nov 2020 - 0 comments

&- mmourafiq commented on 20 Nov 2020 - edited ~ Contributor) @ -+
Describe the bug

Traceback (most recent call last):

python3.6/dist-packages/plotly/matplotlylib/mplexporter/exporter.py”, line 118, in crawl_fig

Upstream _gridOnMajor is private, [ Downstream the attribute can be
since its name starts with “_", so the

change is compatible.

oca b .b/dist-packages/plotly/matplotly

: . s
|'XAxis' object has no attribute '_gridOnMajor’

AttributeErre

4

related: plotly/plotly.py#2913
related fix: mpld3/mplexporter@ 2f766e4. . .be8e3da

New matplotlib breaking change - Issue #1172 - polyaxon/polyaxon (github.com)
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Weak
constraints
on Python
APlIs

Lack of

compilation
checking

Backward Compatible / Breaking?

New|matplotlib breaking change #1172

(@Yo T mmourafiq opened this issue on 20 Nov 2020 - 0 comments

mmourafiq commented on 20 Nov 2020 - edited ~ Contributor = (2) =++

Describe the bug

Traceback (most recent call last):

File "/usr/local/lib/python3.6/dist-packages/plotly/matplotlylib/mplexporter/exporter.py”, line 118, in crawl_fig

Difficulty z | §
on Upstream _gridOnMajor is private, [**** Downstream the attribute can be
restricting since its name starts with “_", so the [*/~="* accessed just like normal members,
client usage change is compatible. wmaier 50 the change is breaking.

> Linis Z5U, L0 geEL_pgitu_sulyies

10cal/llb/pyth0n3.6/d15t-packages/plotly/matplotly;;::::;’y

r d (3.‘41 kY o
AttributeEr |'Xﬂxis' object has no attribute '_gridOnMajor’

4 4

related: plotly/plotly.py#2913
related fix: mpld3/mplexporter@ 2f766e4. . .be8e3da

New matplotlib breaking change - Issue #1172 - polyaxon/polyaxon (github.com)
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. Backward Compatible / Breaking?
Grading g J

Weak

Lack of

compilation
checking

constraints \_
on Python
APls .
Medium

Difficulty

O.n : * Type incompatibility
restricting \_
client usage -

@
High

* Directly breaking usability
* APl removals

* Limited impact

* Fake private members
* References to external
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B Remove base class “list” of class “C”.

Reorder parameter “a” and “b” of “func”.

Backward Compatible / Breaking?

o

High
* Directly breaking usability
* APl removals
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4 .
Medium

* Limited impact

* Type incompatibility
-

-

* Fake private members

* References to external
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Reorder parameter “a” and “b” of “func”.

Change type of parameter “c” of function
“C.g", which no longer accepts “B".

Change return type of “C.g", which returns
“C", a subclass of old return type “B”.

Backward Compatible / Breaking?

o

High
* Directly breaking usability
* APl removals
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* References to external




AexPy’'s Approach
Grading

B Remove base class “list” of class “C”.

Reorder parameter “a” and “b” of “func”.

Change type of parameter “c” of function
“C.g", which no longer accepts “B”.

Change return type of “C.g", which returns
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B Remove base class “list” of class “C”.

Reorder parameter “a” and “b” of “func”.
Ta'r*gs <_: Sa'r*gs Sret g T'ret
Targs — T'r'et (_: Sa.?"gs — S’ret

‘ CALLABLE:

Change type of parameter “c” of function
“C.g", which no longer accepts “B”.

Change return type of “C.g", which returns
“C", a subclass of old return type “B”.

Backward Compatible / Breaking?

o

High
* Directly breaking usability
* APl removals

\_

4 .
Medium

* Limited impact

* Type incompatibility
-

* Fake private members
* References to external
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. Backward Compatible / Breaking?
Grading g J

B Remove base class “list” of class “C”. -
High
Reorder parameter “a” and “b” of “func”. * Directly breaking usability
* APl removals

Ta'r'gs <_: Sa'r‘gs Sret g T'ret \_

‘ CALLABLE:

Targs — T'r'et (_: Sa.?"gs — S’ret 4 .
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Grading

B Remove base class “list” of class “C”.

Reorder parameter “a” and “b” of “func”.
Ta'r'gs <_: Sa'r‘gs Sret g T'ret
Targs — T'r'et (_: Sa.?"gs — S’ret

‘ CALLABLE:

Viadiui Change type of parameter “c” of function
“C.g", which no longer accepts “B”.

danieeiilals Change return type of “C.g", which returns
“C", a subclass of old return type “B”.

Lo Add optional parameter “obj” to “_share”.

Backward Compatible / Breaking?

o

High
* Directly breaking usability
* APl removals

\_

4 .
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* Limited impact

* Type incompatibility
-

* Fake private members
* References to external
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Evaluation

Does AexPy detect more known breaking changes
than existing approaches?

RESULTS ON 61 KNOWN BREAKING CHANGES

®Module mClass ®Function ®Attribute ®Parameter ®mAlias ®mType ®Crashed = No-Report

- I R Aoy detecs

53 changes,

~50% recall.



Evaluation |
Does AexPy detect more known breaking changes

than existing approaches?

RESULTS ON 48 NON-CRASH KNOWN BREAKING CHANGES

mModule mClass mFunction = Attribute ®mParameter ®mAlias mType ®=No-Report

PYCOMPAT Mk 2 17 2

Both AexPy and PyCompat are not crashed,
AexPy detects 23 changes more.

26




Fvaluation |
Does AexPy detect more known breaking changes

than existing approaches?

RESULTS ON 30 NON-CRASH KNOWN BREAKING CHANGES

®Module mClass mFunctio Attribute ®Parameter ®mAlias pe = No-Report

Both AexPy and Pidiff are not crashed,
AexPy detects 6 changes more.
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Fvaluation

Can AexPy find potential unknown breaking changes?

RESULTS FOR HIGH/MEDIUM CHANGES ON LATEST
VERSIONS OF 45 PACKAGES

False Positive, 28

Unreported, 51 Confirmed, 31

bdarnell commented on 9 May Member @ ces

I'm sorry you had a frustrating experience due to these
changes, but these were all undocumented implementation

details that had no guarantees of compatibility. The official

Ignored, 19

Documented, 291

AexPy detects 433
high/medium changes,
405 are true.

Among 63 reported
potential changes,
31 are confirmed by
developers.




Fvaluation

What is the time performance of AexPy?

Average Time (second) on 45 Packages with Different LOCs

600

500

400

300

——

200
100 o
&:

0

0-5k 5k-10k 10k-100k 100k-500k

—o—AexPy =—e=PyCompat =—e=pidiff

Experiment Environment
Containers on a Ubuntu 18.04, 12 CPUs of 3.8GHz, 64 GBs RAM
Limited in 50GBs RAM, 1 hour, for each version pair

The time
performances of
the three tools are
in the same order
of magnitude.




Contributions
AexPy: Detecting APl Breaking Changes in Python Packages

s AN API breaking change detection approach for Python packages

* High recall and strong robustness

» Detecting potential breaking changes
 Comparable time performance

mame  Key ideas

» Detailed model for APIs, changes, and breaking levels
» Hybrid analysis to enhance API extraction
o Constraint-based method to detect and grade API changes

s Future works

» Study more applications of the built APl and change knowledge base
» Consider more aspects of breaking changes including APl semantics




Contributions
AexPy: Detecting APl Breaking Changes in Python Packages

2

Xingliang Du Jun Ma
xinglliangdu@smail.nju.edu.cn majun@nju.edu.cn

A
&

O https://github.com/StardustDL/aexpy

IF https://pypi.org/project/aexpy/

""" https://hub.docker.com/r/stardustdl/aexpy
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