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Why Python

• Lack of type information in code

• Type checking is deferred to run time

• Argument passing is flexible
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PYTHON
DEVELOPER

JAVA
DEVELOPER

https://www.reddit.com/r/ProgrammerHumor/comments/a2g699/static_vs_dynamic/

https://www.reddit.com/r/ProgrammerHumor/comments/a2g699/static_vs_dynamic/


Special Issues in Python
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What We Explored
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How do Python framework APIs evolve?

What are the compatibility issues?

How do developers fix these issues?



Empirical Study
Python framework APIs evolution
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Subject Selection
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Framework Category # Releases Versions # Projects

Deep learning
68 0.12.0rc0 – 2.0.0rc2 1,000

35 1.0.2 – 2.2.4 1,000

Data analytics

24 0.15.0b1 – 0.20.3 883

42 0.9.1 – 0.24.2 1,000

Web 
development

12 0.10 – 1.0.2 1,000

108 1.8 – 2.2rc1 1,000

Total 288 releases 5,538



Subject Selection
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288
Releases

3
Categories

6
Frameworks

5,538
Projects



Dataset Collection
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1,094,359 API Changes
In 14 types

409 Issues + 347 Fixes5,538 GitHub Projects

6 Frameworks

ClassificationDynamic Extraction

Framework APIs

Analyze Issue Reports
and Commits

Evolution 
Patterns

Issue & Fixing
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Evolution Patterns



API Evolution Patterns in Java [SANER’17]
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Xavier et al. Historical and Impact Analysis of API Breaking Changes: A Large-scale Study. SANER 2017 

28.0%
Breaking changes in 501,645 API changes

2.5%
Clients impacted by breaking changes



Impact of API Evolutions in Python
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37.41%
40.90%

27.81%
48.30%

18.92%
47.70%

62.59%
59.10%

72.19%
51.70%

81.08%
52.30%
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Java Field

Python Field

Java Method

Python Method

Java Class

Python Class

Breaking Changes Non-breaking Changes

50.5%
Breaking changes in 1,064,081API changes

53.6%
Clients impacted by breaking changes
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Evolution Patterns (cont.)

API Removal
47.30%

API Addition
49.00%

Required Parameter 
Addition

0.50%

Required Parameter 
Removal

0.30%
Parameter Reordering

0.10%

Optional 
Parameter 
Addition

1.20%

Optional Parameter Removal
0.40%

Default Value Addition
0.10% Default Value Removal

0.10%

Default Value 
Change

1.00%Parameter 
3.70%
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Compatibility Issues (API Existence)

Issue 133, pandastable
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API Evolution Process

# Pandas 0.20.0
pandas.tools.

pandas.

plotting(...)

# Pandas 0.24.0
pandas.tools.plotting(...)
pandas.plotting(...)

plotting(...) API Addition

API Removal

API Relocation

Issue 133, pandastable
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Compatibility Issues (cont.)

AttributeError (48.1%)

from pandas.tool import plotting

pandas.tool.plotting

ImportError (14.2%)

Issue 133, pandastable
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Compatibility Issues ( Parameter Change )

Issue 12, colornet
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API Evolution Process

# TF 0.12
concat(concat_dim, values, name='concat')

# TF 1.0
concat(values, axis, name='concat')

tf.concat(3, [grayscale, grayscale, grayscale])TypeError (31.4%)

Issue 12, colornet
Parameter Reordering

Parameter Renaming



Positional Argument
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Fixing Strategy

tf.concat([...],3)

tf.concat( [...], 3)axis= values=

Altering argument passing (29/347)

Positional Argument

Keyword Argument

tf.nn.softmax(q_values, tf.nn.softmax(q_values, axis=0)axis=0)
Keyword Argument

parameter reordering would 
break the API calls with 
positional arguments 

parameter renaming would 
break the API calls with 
keyword arguments 
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Fixing Strategy 
• Catching related exceptions (32/347)

from pandas import plotting
try:

except ImportError:
from pandas.tools import plotting

• Checking library versions or API existence (32/347)

from pandas import plotting
if(hasattr(pandas,“plotting”)):

else:
from pandas.tools import plotting

Developers often catch such exceptions 
and fallback to alternative APIs 

Explicitly check the library versions or API
existence before calling a target API 
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Empirical Findings (Overall)

Evolution patterns Major exception types Fixing strategies14 43



PyCompact
A compatibility issue detector
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Workflow

API Knowledge 
Base Extraction

Issue Detection

Library Releases API Knowledge Base

Python Source File Compatibility Issues

.PY
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Tool (Demo) 1 ....
2 ....
3 if hasattr(tf, 'stack'):
4 stack = tf.stack
5 unstack = tf.unstack
6 else:
7 stack = tf.pack
8 unstack = tf.unpack
9 ....
10 a = collections.OrderedDict([
11 ((0, 0, 0), 1),
12 ((0, 0, 1), 2),
13 ....
14 ])
15 a = tf.SparseTensor(list(a.keys()), 

list(a.values()), dense_shape=[2,2,2])
16 ...

API Knowledge Base

tf.pack(values , name="pack")

tf.stack(values , name="pack")

tf.SparseTensor(..., shape=...)

tf.SparseTensor(..., dense_shape=...)

tf 0.x to 1.x

tf 0.x to 1.x
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Tool (Demo) 1 ....
2 ....
3 if hasattr(tf, ‘stack’) \

and hasattr(tf, ‘unstack’):
4 stack = tf.stack
5 unstack = tf.unstack
6 else:
7 stack = tf.pack
8 unstack = tf.unpack
9 ....
10 a = collections.OrderedDict([
11 ((0, 0, 0), 1),
12 ((0, 0, 1), 2),
13 ....
14 ])
15 a = tf.SparseTensor(list(a.keys()), 

list(a.values()), dense_shape=[2,2,2])
16 ...

API CallSite Fixed Warning

(L4) tf.stack

ARR:  API Rename or 
Relocation

Yes No

NoYes(L5) tf.unstack

(L7) tf.pack NoYes

(L8) tf.unpack NoYes
(L15) tf.S..T.. YesNo

PRN: Parameter Rename



Evaluation of PyCompact
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Issue reports13 Confirmed7 Ignored3
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Future Work

Fully automate PyCompat

Patching of compatibility issues 

API evolution of other DPL frameworks 



Thanks
Q&A
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