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Motivation

int
float
complex
list
tuple
range

Python 3.5+ type annotations benefit:
• language safety [7]
• program documentation
• software testing [4]
• API recommendation [2, 3]

But they are:
• time-consuming to write [5]
• not widely adopted

paths_to_tokens 0.99 dict[str, int]
0.89 list[int]

Neural type recommendation [1, 6]
• textual hints
• correctness problem [8]

Static type recommendationabcd [8]
• type checking and inference
with typing rules or type seeds

• lack of type seeds or
combinatorial explosion [8]

• too conservative [7], does not
cover all language constructs [8]

ahttps://mypy.readthedocs.io/en/stable/index.html
bhttps://github.com/microsoft/pyright
chttps://pyre-check.org/
dhttps://google.github.io/pytype/

Python is a duck-typed language
whose callables accept and return
objects with certain attributes.

>>> def f(xs):
... for x in xs: print(x)
...
>>> my_list = [1, 2]
>>> f(my_list)
1
2
>>> my_set = {1, 2}
>>> f(my_set)
1
2
>>> class MyClass:
... def __iter__(self):
... yield 1
... yield 2
...
>>> f(MyClass())
1
2

Collect attributes to infer types!
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Attribute Collection

Directly Accessed Attributes
import importlib.machinery
import os.path

def _strip_comments(source):
buf = []

for line in source.splitlines():

l = line.strip()

if not l or l.startswith(u'#'):
continue

buf.append(line)
return u'\n'.join(buf)

splitlines

strip

startswith

Attributes Accessed Through Python Expressions (Subscriptions, Iterations,
Unary and Binary Operations)
class LegacyModuleUtilLocator(ModuleUtilLocatorBase):

# omitted code

def _find_module(self, name_parts):
rel_name_parts = self._get_module_utils_remainder_parts(name_parts)

if len(rel_name_parts) == 1:
paths = self._mu_paths

else:

paths = [os.path.join(p, *rel_name_parts[:-1]) for p in self._mu_paths]

# omitted code

__getitem__ __iter__
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Alias Analysis 1

How do we infer attributes for
the parameter name_parts of
_find_module?
import importlib.machinery
import os.path

class ModuleUtilLocatorBase:
def _find_module(self, name_parts):

return False

From an overwritten method in a derived class!
class LegacyModuleUtilLocator(ModuleUtilLocatorBase):

def _find_module(self, name_parts):
rel_name_parts = self._get_module_utils_remainder_parts(name_parts)

if len(rel_name_parts) == 1:
paths = self._mu_paths

else:
paths = [os.path.join(p, *rel_name_parts[:-1]) for p in self._mu_paths]

# omitted code
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Alias Analysis 2

How do we infer attributes for the arguments and
returned values?
import importlib.machinery
import os.path

class LegacyModuleUtilLocator(ModuleUtilLocatorBase):
def _find_module(self, name_parts):

rel_name_parts = self._get_module_utils_remainder_parts(name_parts)

# omitted code

self.source_code = _slurp(path)
return True

By associating them with the parameters and return
values of their definitions!
import importlib.machinery
import os.path

def _slurp(path):
if not os.path.exists(path):

# omitted code
with open(path, 'rb') as fd:

data = fd.read()
return data

class LegacyModuleUtilLocator(ModuleUtilLocatorBase):
def _get_module_utils_remainder_parts(self, name_parts):

return name_parts[2:]
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Alias Analysis 3

Assignments and Binary Operators

import importlib.machinery
import os.path

class LegacyModuleUtilLocator(ModuleUtilLocatorBase):
def _find_module(self, name_parts):

# omitted code

if len(rel_name_parts) == 1:
paths = self._mu_paths

else:
paths = [os.path.join(p, *rel_name_parts[:-1]) for p in self._mu_paths]

self._info = info = importlib.machinery.PathFinder.find_spec(
'.'.join(name_parts), paths

)
if info is not None \
and os.path.splitext(info.origin)[1] in importlib.machinery.SOURCE_SUFFIXES:

self.is_package = info.origin.endswith('/__init__.py')
path = info.origin

# omitted code
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Our Proposed Approach

1. Python Modules

2. Numba SSA IR
Result.__init__:
0:
self = arg(0, self)
value = arg(1, value)
pos = arg(2, pos)
(self).value = value
(self).pos = pos
$const14.4 = const(NoneType, None)
$16return_value.5 = cast($const14.4)
return $16return_value.5

3. Alias Analysis

def f(x, y):
# ...
return ...

def g(x, y):
# ...
c = f(a, b)
# ...

4. Typesheda Lookup

re.Pattern str | bytes

re.Match

regex = re.compile(pattern)

match = regex.match(char, pos)

str|bytes, int

aa collection of type stubs for callables within
the Python standard library

5. Attribute Collection

name __contains__

if self.name in env:

return env[self.name]

__getitem__

6. Type Query

?
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Type Query

TF-IDF Weights for Attributes
class int:

def __init__(...): ...
def __le__(...): ...
def __add__(...): ...
def __mul__(...): ...
def __sub__(...): ...
def __pow__(...): ...

class list:
def __init__(...): ...
def __le__(...): ...
def __iter__(...): ...
def __len__(...): ...
def append(...): ...
def extend(...): ...

class set:
def __init__(...): ...
def __le__(...): ...
def __iter__(...): ...
def __len__(...): ...
def add(...): ...
def update(...): ...

• rare attributes more
suggestive of specific types

• types and type queries as
N-dimensional vectors

• querying types as k-nearest
neighbor search

Importing Modules Suggests Types Within Those Modules are Used
import collections -> collections.queue, collections.Counter

import ansible.playbook.handler -> ansible.playbook.handler.Handler
import ansible.playbook.task -> ansible.playbook.task.Task
import ansible.template -> ansible.template.Templar
import ansible.utils.display -> ansible.utils.display.Display

• calculate the smallest
Levenshtein distance
between the module of a
type and any imported
module

• prioritize candidate types
whose modules are similar
to an imported module
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