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

[

""" if not ret["comment"] else ret[“comment"]

]
)

Negative testcase
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Negative testcase

False List not ret[“comment"] 1410

FalseO|E 2

|
line 32| AX| .EO“'OI EjQ!2 | jst
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Negative testcase

10

not ret[“‘comment"] #o1A10| FalseO|B £,
line 39] J‘WI HAAO| EFYU2 List

List of str&4Of<at. List of Llst'?j ?_f%!
[f2fA], line 32| EFY2 HIEA| strO|0{OF &t

=> Type Error
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Negative testcase

UGEHE WNH

not ret[“‘comment"] #o1A10| FalseO|B £,

line 32| MA| ESHAAIO| EfRUL2 |jst

A2qLt, join 42| mi2t0|E| EfY2 -

List of stro{Of&}, List of Listf Qt=l
PatCh [Ct2fA, line 32| EFQ-2 HEE A| strO|0{Of et

=> Type Error
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ret["comment"] =" ".join(

[

)
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Negative testcase

not ret[“‘comment"] #o1A10| FalseO|B £,
line 32| MA| HodAlo| EfQI2 List

2Lt join BH40] MH3HO|E] EFRLL.-

List of strO4Of<at. List of List® Ot=l
[[r2fA], line 32LELRI=2 HEEA| strO|O{OF &
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Negative testcase

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

[
]

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

) ~ False ~ List

not ret[“‘comment"] I'3=lél0| FalseO|B &,

Patch

line 32| MA| ESHAAIO| EfRUL2 |jst

2iL}, join gf9| Oi2f0|E EfY2---
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Negative testcase

no rt“comen”] O| FaIsOIE, *
line 32| FA| Al EfIL List
2Lt join Et4-0| tatd|E| EHYL-

List of strO4Of&t. List of List® Qt=!.
[[f2fA], line 32| EfY2 HEEA| strO|0{0f gt

ret["comment"] = "

[

]
)

" join(

o)
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Negative testcase
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ret["comment"] =" ".join(
""" ifinot ret["comment"]} else jret[“comment" ]j| e s
] e b 0t retf“comment] E¥1A10| False0| 22,
) line 32| FX| HA Q| EFYU2 List

UGB WNK

a2]Lt, join g42| m2t0|E] EFY2---
List of stro{Of&t. List of Listt™ Q+=l.
 I}2HA, line 32| EFQIS HEEA| strO|0fOF &
\, 0|5 Negative type | Positive type
ret["comment” List str

Negative type : Ef]| 25 ZAA| o] EFRL
Positive type : Z211310| SHEH| 2 HHQ] EfY

Patch

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

[
]

""" 9f not ret["comment"] elseiéff(fet[” 'G'U]X

)
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not ret["comment”]

| ret["comment”]

Negative testcase

oiAl0| FalseO|BEE,

line 39| MX| FsiAlo] EFRIL | st

21L}, join 49| Oi2t0|E EfY2---
List of strO4Of&t. List of List® Qt=!.

) aA], line 32| EFRIS HEEA| strO|0{0} &

2015

Negative type

Positive type

List str

Negative type : Ef]| 25 ZAA| o] EFRL
Positive type : Z211310| SHEH| 2 HHQ] EfY

ret["comment"] = "

[

]
)

" join(
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" ret[“comment”] 2| Et2
List Ol A str © = HH EX}
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Negative testcase

5AlI0| False0|D2
line 39| MA|| ES{AIO| EfRlL |ist

2iL}, join €42 Oj2t0|E EfL---

List of strO{Of<at. List of List® Ot=l

WA, line 32| Bt WHEA strojojop s

H20|S Negatlve type P05|t|ve type % |

| ret["comment” ";

List Str

Negative type: v ——

ret["comment"] =

)

[
]

Positive type o= _'E“OI HIEH| SE njo| Ef
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Negative testcase

EIYUXI0]
0|5 Negative type | Positive type
ret["comment” List str

Negative type : EfQ @5 ErAiA| o] EFQ

Positive type : Z211310| SHEH| 2 HHQ] EfY

ret["comment"] =

[
]
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Negative testca

Se

ret["comment"] =" ".join(
[
]
)
S Efe 24
EfIXt0| &
H{ 0|2 Negative type | Positive type
ret["comment” List
Negative type : Et2| @5 2H4HA| 9| EF
Positive type : Z211310| SHEH| 2 HHQ] EfY
ret["comment"] =" ".join(
"" if not ret["comment"] elsejstr(rgt[ﬁcomment"lx
) ] str
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Negative testcase

ret["comment"] =" ".join(
)
EIQIXI0| &
% H20|S Negative type | Positive type
N ret["comment”’ List str
XX Efol HA :
© 1 = Negative type : Et2| @5 2r4iA| 9| EfQS
Positive type : Z211310| SHEH| 2 HHQ] EfY
ret["comment"] =" ".join(
"" if not ret["comment"] elsejstr(rgt[ﬁcomment"lx
. str
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Negative testcase
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ret["comment"] =" ".join(

7hﬂllffndt“ret["éomment"Ilelseiret['Commént“I
False List

UGB WNK

EIYUXI0]
PatCh H20|S Negative type | Positive type
ret["comment” List str

Negative type : Ef]| 25 ZAA| o] EFRL
Positive type : Z211310| SHEH| 2 HHQ] EfY

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

: ” ret[“comment”] 2| EI=

List OJ|A] str @ 2 HIF EX}
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Negative testcase

Negative type : Et2| @5 2H4HA| 9| EF

ret["comment"] =" ".join(
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]
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O}0|C|Oq 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
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def

_serialize value(self,fvaluef:
if isinstance(value, Bas;“

if isinstance(value, dict):

1f self.binary: f
return to_bytes(vall

def to_uni

def

to_unicode(value):
if isinstance(value,

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

to_bytes(value):

if isinstance(value, bytes):
return value

if not isinstance(value, str):
raise TypeError

| value = 1
| self. bmary False
Etol 11, 16, 17

20
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O}0|C|Oq 2: Type-Aware Fault Localization

Negative testcase

Assertlon

| ﬁ valueDt into| ':'1 1
i value

return oHEt ;
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O}0|C|Oq 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

Negative testcase

| | value?} intO|™,
1 | value=

| value = 1
 self.binary = False

2t Bl

Assertion

return sHzc} |

= HIAH
= S

Otk value?} intO|t valueE return

=HHE D[ 27t?
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def

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

if 151nstance(value, dlcf):

return to_unlcode(falue)

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

[str,

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

bytes):

Negative testcase

| value = 1
| self. bmary False
Etol 11, 16, 17

int)):

self.binary 2} TrueO|9,

28
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Assertlon

1 value?} into| o, 1
i j value

return oHEt "

ol 9, 23, 245 e} EfR L7 278

OOk value?t int0|™ valueE return

=HHE D[ 27t?
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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

HPAH'

O}0|C|Oq 2: Type-Aware Fault Localization

| ﬁ value7t |nt0|':"|
| va/ue return oHEf '

Ef°| 11, 16, 17 [Efﬂf Ef°'2% =0
St0|E 20| | Negative type | Positive type
_serialize_value value Nt Baseltem, dict, str
to_unicode value int str

_serialize_value &0{|A EfQUXO|7F I BLO] 2H&HE

Cf o]y AHCH
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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 ’
EfOI 11, 16, 17; [[fEf EfO'f’

oI-AOI —

~serialize value

Negative testcase

Assertlon

O}0|C|Oq 2: Type-Aware Fault Localization

| ﬁ value} |nt0|':"|
| | valu’ aturn sli2f} '

to_unicode

AH
e
~0|& | Negative type | Positive type
value Nt Baseltem, dict, str
value int Str

_serialize_value &0{|A EfQUXO|7F I BLO] 2H&HE

Cf o]y AHCH
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O}0|C|Oq 2: Type-Aware Fault Localization

def

def

def

~serialize value(self, value):

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

if isinstance(value, int):

| value = 1
 self.binary = False

Negative testcase

| { value2t intO|™, “’
| | valus

return value B

if self.bifk*‘“‘

OrO|C|0 2

Assertion

return]
else: 3
return) EFUKIOI 7} O 40| BEE DU
| O|Al A 24
to_unicode} _F—| ‘ O— |:||:|-!

if 1SINSTaA e
return value

if not isinstance(value, bytes):
raise TypeError
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OFO[C|O] 3: Type-Aware Patch Generation
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def _should parse dates(self, 1i):

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

j = self.index_col[i]

i self.index_col = None

32
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OFO[C|O] 3: Type-Aware Patch Generation

Negative testcase Assertion

def should parse_dates(self, 1i): L self.index col = None

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
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OFO[C|O] 3: Type-Aware Patch Generation

Negative testcase Assertion

def _should_parse_dates(self, 1i): | self.index col = None

if isinstance(self.parse_dates, bool):
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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def

_should parse_dates(self, 1i):

(“%1fﬁisinétanCé(sélfklndéx col, None) < |

\| Overfitting Patch

| return Ef@i= OO0} bool EfY ZO|L}---
0|H o ZHE o] IiX|o] £A=

~ return self.

parse_dates
return self.1index col

j = self.index_col[i]

Negative testcase

0 |

35
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OFO[C|O] 3: Type-Aware Patch Generation

Assertion

o rrerEEmERER AR 2| I self.index_col = None
i 1if isinstance(self.parse_dates, bool)::f
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OFO[C|O] 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 =i

else:

j = self.index_col[i]

Negative testcase

i self.index_col

36
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OFO[C|O] 3: Type-Aware Patch Generation

Negative testcase

def _should parse dates(self, 1i):

| self.index_cold Wone
if isinstance(self.parse_dates, bool):| ¢

return self.parse_dates
i isingfTT e e

] =
else: | Ofo|C|O{ 3
T B NBE Egie] Ik 42918 W 4 oUr)

OCooNOUTAWNM

H O 1 —

CS o

20 seconds

 236days

] !
s
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» RQ2: PyTERO| AtE &l Sty 7|=0] 0L S 20

o Al5] Setting

o HIZ|O0tA: TypeBugs (93), BugsinPy (57)

- TypeBugs : Github LEALA T2 HE S 2= &4
- BugsInPy (Ratnadira Widyasari et al.) : E}2l2.5 #O|AL 0| &

» H0]AZIOI
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. . Avg. NegTest PosTest BASELINE PYTER
rogram | # Avg. Avg. Avg. Avg N Fix Avg. N Fix Avg.
¢ KLoC Nufn Tirx?c Nurgn Tirfc #G #C | pae  Prec Tin?c #G #C| Rate  Prec Tin?c
airflow 7 73.9 1.0 53.4 133 43.9 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| 444% 66.7% | 3037 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% 15
4 | MUMpY 3 53.4 2.0 60 723 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%  524% | 14782 | 24 19 | 422%  79.2% | 1063.4
2 | rasa 1 45.8 1.0 9.0 7.0 6.0 1 1| 100.0% 100.0% 7.3 1 1| 100.0% 100.0% 7.3
E requests 4 9.4 15 8.0 1848 333 3 1 25.0%  333% | 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 2 400%  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 41 307 919 101.2 | 47 23 | 24.7% 489% | 1196.0 | 58 45 | 48.4% 77.6% | 651.2
ansible 1 1265 1.0 210 300 13.0 0 0 0.0% n/a | 3600.0 0 0 0.0% nfa | 2549.7
fastapi 2 7.4 1.0 5.5 7.0 300 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 12.3 1.1 93 549 230 4 1 14.3%  25.0% | 207.1 5 3| 429%  60.0% 15.1
E matplotlib 1 94.9 1.0 8.0 2140 41.0 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
; scrapy 10 12.7 1.6 87  21.0 6.5 6 2| 20.0% 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 9.0 815 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 : SHIE o{X| &
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#Correct / #Total #Correct / #Plausible

48.4% 77.6%
24.7% 48.9%

651.2s
1196.0s

31.6%
14.0%

64.3%
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968.5s
1248 .4s
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