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Motivation: Type errors are important

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

Among top 5 built-in exceptions--:
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2. How much time does a developer spend correcting type errors?
Time from when the issue first occurs to when it is fixed:--
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Motivation: Type errors are important

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

Among top 5 built-in exceptions--:

. 257

' Repair type errors automatically! |

e issue first occurs to when it is fixed--
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Example: Type error in real-world

Negative testcase

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

[
]

)

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

Example: Type error in real-world

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

[
]

i [not ret["comment’] else [retl”

comment" ]|

Negative testcase

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

https://github.com/saltstack/salt/pull/56381
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Example: Type error in real-world

[

]
)

it ot retcoment”]| tae [retl”

comment" ]|

Negative testcase

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

& However, the input type of join method is---

10

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
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Example: Type error in real-world

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

[

]

“ if [not_ret ["comment™]| else [ret(”
) False List

comment" ]|

Patch

Negative testcase

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

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

[
]

""if not ret["comment"] elsefgf}(Féff”u

)

o)
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Example: Type error in real-world

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

[
]

" 1ffndt“ret["éomment"Tlelseﬁret['Cdmmént“I
False List

)

Patch

Negative testcase

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, thagxpression at line 3 should be s&

=> Type {{E ® &‘: o ]

& 181days |

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

[
]

"' if not ret["comment"] elselstr(ret[“comment”])]

)

From when the issue first occurs to when it is fixed
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Example: Type error in real-world

Negative testcase

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

)



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

Overview of PYyTER

- Make a type difference table from type analyses

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

Type Difference

Table

= Dynamic Type Analysis & [ Patch -

E Static Type Analysis . Validation =

Program | M Type-Aware
I— = - {} / Patch Generation Patch
0 rill

Testcases & Type-Aware
Bug cases Fault Localization

14



UGEHE WNH

UGB WNK

|[dea 1: Finding Type Difference

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

[

]

i [t ret["comment”]] else [ret(”
) False

comment" ]|

Patch

How?

Negative testcase

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

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

[
]

""if not ret["comment"] elsefgf}(Féff”u

)

o)
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|[dea 1: Finding Type Difference

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
Summarize /7 Therefore, the expression at line 3 should be str

Negative testcase

Variable Negative type

Positive type

= ret[“comment”] List

Str

Negative type : the type raising a type error
Positive type : the type running program correctly

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

[

]
)

o)

16
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|[dea 1: Finding Type Difference

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
Summarize /7 Therefore, the expression at line 3 should be str

Negative testcase

Variable Negative type

Positive type

= ret[“comment”] List

Str

Negative type : the type raising a type error

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

[

]
)

from List to str

17
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Positive type : the type running program correctly

” Let change the type of ret[“‘comment’]
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|[dea 1: Finding Type Difference

Negative testcase

UGEHE WNH

] NRE—— b 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
Summarize / Therefore, the expression at line 3 should be str_

., | Variable || Negative type | Positive type ||
ret[*comment’] List Str ‘
Negative type : the type raising a type error

UGB WNK

Positive type : the type running program correctly

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

[
]

” Let change the type of ret[“‘comment’]

""" 9f not ret["comment"] elsefgf}(kéf[”/u '“»i)f-f _
s e from List to str

)
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|[dea 1: Finding Type Difference

Negative testcase

Type Difference Table

Variable

Negative type

Positive type

ret["comment”] List

Str

Negative type : the type raising a type error

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

[

]
)

19
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Positive type : the type running program correctly

” Let change the type of ret[“‘comment’]
from List to str
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|[dea 1: Finding Type Difference

Negative testcase

ret["comment"] =" ".join(
]
)
Type Difference Table
Variable Negative type | Positive type

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

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

"" if not ret["comment"] elsejstr(r¢t[fcomm¢ntflx
. str

20
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|[dea 1: Finding Type Difference

ret["comment"] = "

[

]
)

" join(

i [t ret["comment”]] else [ret(”
False

comment" ]|

Negative testcase

Dynamic Type Analysis

Type Diffe\ence Table

Variable

Negative type | Positive type

ret["comment”] List

Negative type : the type raising a type error
Positive type : the type running program correctly

ret["comment"] = "

[

]
)

" join(

Str

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

21
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|[dea 1: Finding Type Difference

Negative testcase

UGEHE WNH

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

comment" ]|

(] if [not ret["comment"]] else [ret[”
False List

UGB WNK

Preserve the type equivalence Type Difference Table
’ Variable Negative type | Positive type
ret["comment”] List str

Negative type : the type raising a type error
Positive type : the type running program correctly

Static type analysis

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

[

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

] * Str

)

09 https://github.com/saltstack/salt/pull/56381
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|[dea 1: Finding Type Difference

Negative testcase

Type Difference Table

Variable

Negative type

Positive type

ret["comment”] List

Str

Negative type : the type raising a type error

)

23
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Positive type : the type running program correctly

” Let change the type of ret[“‘comment’]
from List to str
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|[dea 1: Finding Type Difference

Negative testcase

To make a patch,
make the type difference table and
find the type difference

ble

|| Positive type
| str

Negative type : the type raising a type error

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

[

]
)

""if not ret["comment"] elsefgf}(Féff”u

24

Positive type : the type running program correctly

” Let change the type of ret[“‘comment’]

from List to str

https://github.com/saltstack/salt/pull/56381
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|[dea 2: Type-Aware Fault Localization

def

def

def

~serialize value(self, value):

if isinstance(value, BaseItem):

if isinstance(value, dict):

1f self.binary:

return to_bytes(value)
else:

return to_unicode(value)

to_unicode(value):

if isinstance(value, str):
return value

if not isinstance(value, bytes):
raise TypeError

to_bytes(value):

if isinstance(value, bytes):
return value

if not isinstance(value, str):
raise TypeError

25
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20
21
22
23
24
25

|[dea 2: Type-Aware Fault Localization

IRIOWONOUTAWNKM

def

def

_serialize value(self,;valueX:
if isinstance(value, Bas;‘“

if isinstance(value, dict):

1f self.binary: f
return to_bytes(vagg

def B

to unlcode(value): ,
if isinstance(value, str):

" if not 151nstance(vaIUe;'bytes)'j
__raise Typekrror |

to_bytes(value):

if isinstance(value, bytes):
return value

if not isinstance(value, str):
raise TypeError

| value = 1
| self. bmary False

Negative testcase

20

Assertlon

|| When value is S int, |
| {Justreturn value |

the ype error ocrs along Ilnes 1 1 16 and 17

https://github.com/scrapy/scrapy/pull/1737
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|[dea 2: Type-Aware Fault Localization

def

def

def

~serialize value(self, value):

if isinstance(value, BaseItem):

if isinstance(value, dict):

1f self.binary:

return to_bytes(value)
else:

return to_unicode(value)

to_unicode(value):

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

return value
if not isinstance(value, bytes):
raise TypeError

to_bytes(value):

if isinstance(value, bytes):
return value

if not isinstance(value, str):
raise TypeError

| value = 1
| self. bmary False

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

27

Negative testcase Assertlon

| | When value is S int,
| {Just return value |

the ype error ocurs along Ilnes 1 1 16 and 17 b

https://github.com/scrapy/scrapy/pull/1737
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|[dea 2: Type-Aware Fault Localization

def

_serialize value(self,fvalue%:
if isinstance(value, Bas.?‘

if 151nstance(va1ue, dlcf):

return to_unlcode(falue)

def to unicode(value):
if isinstance(value,
return value \
if not isinstance(vatlue, bytes):
raise TypeError |

{str,

def to_bytes(value):
if 151nstance(va1u-

bytes):

Negative testcase

| value = 1
| self. bmary False

int)):

When self.binary is True,

Assertlon

|| When value is S int, |
| {Justreturn value |

the ype error ocrs along Ilnes 1 1 16 and 17

the type error occurs along lines 9, 23, and 24

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

28

Overfitting Patch

https://github.com/scrapy/scrapy/pull/1737
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|[dea 2: Type-Aware Fault Localization

def

def

def

~serialize value(self, value):

if isinstance(value, BaseItem):

if isinstance(value, dict):

1f self.binary:

return to_bytes(value)
else:

return to_unicode(value)

to_unicode(value):
if isinstance(value, str):
return value

if not isinstance(value, bytes):

raise TypeError

to_bytes(value):

if isinstance(value, bytes):
return value

if not isinstance(value, str):
raise TypeError

| value = 1
| self. bmary False

Negative testcase

Assertlon

| | When value is S int,
| {Just return value |

the ype error ocurs along Ilnes 1 1 16 and 17 b

Method Variable | Negative type | Positive type
_serialize_value value Nt Baseltem, dict, str
to_unicode value int str

The type difference is more observed in
_serialize_value method

More suspicious!

29
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|[dea 2: Type-Aware Fault Localization

def

def

def

~serialize value(self, value):

if isinstance(value, BaseItem):
if isinstance(value, dict):

if isinstance(value, int):
return value
1f self.binary:
return to_bytes(value)
else:
return to_unicode(value)

to_unicode(value):
if isinstance(value, str):
return value

if not isinstance(value, bytes):

raise TypeError

to_bytes(value):

if isinstance(value, bytes):
return value

if not isinstance(value, str):
raise TypeError

| value = 1
| self. bmary False

?;Just

the type error occurs alop

Negative testcase Assertlon

5N value

|| When value is int,

511 16.and 17

Method " riable Negative type | Positive type
_serialize_value value Nt Baseltem, dict, str
to_unicode | value int str

The type difference is more observed in

_serialize_value method

More suspicious!

30
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|[dea 2: Type-Aware Fault Localization

def

def

def

if isinstal

_serialize_value(self, value): Negative testcase Assertion
if isinstance(value, Baseltem): s T
| value = 1 ] When value is int, ;
if isinstance(value, dict): ,} selfbmary False ‘ Just 5N value {
if i;'ir'\stance(value, int): the type error occurs alop _S 11 16 and 17
return value |
1 retu rn Idea 2 Positive type
€ LSE. .
- - Baseltem, dict, st
returni The type difference is more observed, =° ersnt'r LT
fo_unicode] the more suspicious

T T Talize value method T

if not isinstance(value, bytes):

raise TypeError More SUSplClOUSI

31
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|[dea 3: Type-Aware Patch Generation

Negative testcase Assertion

def should parse_dates(self, 1i): L self.index col = None ‘ No type error

if isinstance(self.parse_dates, bool):
return self.parse_dates

j = self.index_col[i]

OCooNOUTAWNM

30 https://github.com/pandas-dev/pandas/pull/38431
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|[dea 3: Type-Aware Patch Generation

Negative testcase Assertion

def _should_parse_dates(self, 1): | self.index_col = None || No type error

if isinstance(self.parse_dates, bool):| ! |
return self.parse_dates

if isinstance(self.index col, None):

return self.1index_col

j = self.index_col[i]

OCooNOUTAWNM

33 https://github.com/pandas-dev/pandas/pull/38431
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|[dea 3: Type-Aware Patch Generation

Negative testcase Assertion

def fr_m”ld—parse—dates(Self’ 1): | self.index_col = None |} No type error
if isinstance(self.parse_dates, bool):| ! 1
return self.parse_dates

if isinstance(self.index_col, None): Overfitting Patch

return self.1index_col

j = self.index_col[i]

OCooNOUTAWNM
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|[dea 3: Type-Aware Patch Generation

OCooNOUTAWNM

def _should parse dates(self, 1i):

_return self.parse_dates
return self.index col

j = self.index_col[i]

T Tsinstance(self.index_col, None) i

\| Overfitting Patch

T We can infer that the return type may be bool

Negative testcase

o rrerEEmERER AR 2| I self.index_col = None
 1f isinstance(self.parse_dates, bool):ifﬁt--

Assertion

| | No type error

From this, we can put off the priority of this patch

35
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|[dea 3: Type-Aware Patch Generation

OCooNOUTAWNM

def _should parse dates(self, 1i):

if isinstance(self.parse_dates, bool):
return self.parse_dates
if isinstance(self.index col, None):

J =1
else:
j = self.index_col[i]

Negative testcase

i self.index_col

36
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|[dea 3: Type-Aware Patch Generation

Negative testcase Asses

| ! ype error |

def should parse dates(self, i): L self.index cold Mone

if isinstance(self.parse_dates, bool): SUUPG — .
return self.parse_dates

Lf isinsf——rm e oo oo
] =

else: | ldea 3

> ~| We can prioritize patches using the type information

A4

OCooNOUTAWNM

4

4

é%:"f-\ = L

% 20 seconds \

236 days

] !
A
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Overview of PYyTER

- Make a type difference table from type analyses

» Run type-aware fault localization anad
type-aware peneration using the type table

(* Type Difference

Table
= Dynamic Type Analysis & [ Patch
E Static Type Analysis_ . Validation .

Program Type-Aware

I_ Patch Generation
u

Testcases & Type-AV\{a re
Bug cases Fault Localization

Patch




Evaluation Setup

e RQ1: How effectively can PyTER fix real-world Python type errors?
e RQ2: How important are the major technigues used in PyTER?

e 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 technigues)

e Time Budget: 1h

39



‘ Avg. NegTest PosTest BASELINE PYTER
rogram  #B Avg. Avg. Avg. Avg N Fix Avg. N Fix Avg.
¢ KLoC Nufn Tin?c Nu?n Tirfc #G #C | Rate  Prec Tin%c #G #C| Rate  Prec Tirfc
airflow 7 739 1.0 53.4 13.3 439 3 0 0.0% 0.0% 232.0 4 3 429%  75.0% 50.5
beets 1 214 1.0 4.0 9.0 7.0 1 0 0.0% 0.0% 8.1 1 0 0.0% 0.0% 3.6
core 9 2305 14 11.6 237 14.7 6 4 44.4%  66.7% | 303.7 6 5 55.6%  83.3% 88.7
kivy 1 44.5 1.0 6.0 40  26.0 1 0 0.0% 0.0% | 400.57 1 0 0.0% 0.0% 543
luigi 1 13.2 4.0 4.0 1.0 2.0 1 0 0.0% 0.0% 20.6 1 0 0.0% 0.0% 1.5
4 | MUMpY 3 53.4 2.0 6.0 723 4.7 1 0 0.0% 0.0% | 1356.8 2 0 0.0% 0.0% 225.5
I pandas 45 86.9 7.0 426 1411 1258 | 21 11 24.4%  52.4% | 14782 | 24 19 | 422% 79.2% | 1063.4
A | rasa 1 458 1.0 9.0 7.0 6.0 1 1| 100.0% 100.0% 7.3 1 1| 100.0% 100.0% 73
E requests 4 9.4 15 80 1848 333 3 1 25.0%  33.3% | 9424 4 4 | 100.0% 100.0% 167.7
rich 1 16.1 1.0 9.0 7.0 6.0 0 0 0.0% n/a | 3600.0 0 0 0.0% n/a | 3600.0
salt 9 3648 1.0 31.0 12.7 165.6 3 2 22.2%  66.7% | 1265.5 6 6 66.7% 100.0% 93.8
sanic 3 5.6 33 5.7 51.0 9.3 1 1 33.3% 50.0% | 1406.6 3 3 | 100.0% 100.0% 43.5
scikit-learn 5 63.5 1.0 8.0 75.8 13.2 3 2 40.0%  66.7% | 1561.6 3 2 40.0%  66.7% 408.7
tornado 1 12.6 1.0 8.0 171.0 20.0 1 1| 100.0% 100.0% | 1307.9 1 1| 100.0% 100.0% 199.2
Zappa 2 4.1 1.0 7.0 465 7485 1 0 0.0% 0.0% | 1876.3 1 1 50.0% 100.0% | 1663.9
Total 93 1127 4.1 307 919 101.2 | 47 23 | 24.7% 489% | 11960 | 58 45 | 48.4% 77.6% | 651.2
ansible 1 1265 1.0 21.0 300 13.0 0 0 0.0% n/a | 3600.0 0 0 0.0% n/a | 2549.7
fastapi 2 7.4 1.0 5.5 7.0 3.0 0 0 0.0% n/a 10.8 0 0 0.0% n/a 1.5
keras 5 26.5 1.0 238 14.8 50.4 1 0 0.0% 0.0% | 21629 1 1 20.0% 100.0% | 1769.8
luigi 7 123 1.1 93 549 230 4 1 143%  25.0% | 207.1 5 3| 429%  60.0% 15.1
E matplotlib 1 94.9 1.0 8.0 2140 410 0 0 0.0% n/a 0.0 0 0 0.0% n/a 0.0
E pandas 25 87.9 9.2 67.4 2508 1305 | 11 4 16.0%  36.4% | 20403 | 13 7 28.0%  53.8% | 1636.7
s scrapy 10 12.7 1.6 87 210 6.5 6 2| 200% 333% 62.2 6 5 50.0%  83.3% 12.0
spacy 1 78.6 1.0 7.0 6.0 7.0 1 0 0.0% 0.0% 9.7 1 0 0.0% 0.0% 79.8
tornado 2 133 1.0 35 44.0 3.0 1 0 0.0% 0.0% 1.2 1 1 50.0% 100.0% 0.8
tqgdm 1 1.9 1.0 6.0 54.0 4.0 0 0 0.0% n/a 0.0 0 0 0.0% n/a 0.0
youtube-dl 2 1120 1.0 9.0 81.5 8.5 1 1 50.0% 100.0% | 1815.2 1 1 50.0% 100.0% | 1802.9
Total 57 54.6 47 357 1317 673 | 25 8 14.0%  32.0% | 12484 | 28 18 | 31.6% 64.3% | 968.5

#Correct : the number of correct patches
#Plausible : the number of plausible patches

Evaluation: RQ1

Fix Rate Precision Avg. Time
#Correct / #Total #Correct / #Plausible

48.4% 77.6%
24.7% 48.9%

651.2s
1196.0s

31.6%
14.0%

64.3%
32.0%

968.5s
1248 .4s
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= 1 Evaluation: RQ?Z2
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Conclusion

e \We present PyTER, the first technigue for fixing diverse type errors in
real-world Python application

e \We suggest techniques leveraging the difference between negative and
positive types for fixing type errors

Thank youl!
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