Generative Type Inference
for Python

Yun Peng', Chaozheng Wang', Wenxuan Wang', Cuiyun Gao*, Michael R. Lyu'
T Computer Science and Engineering Department, The Chinese University of Hong Kong, Hong Kong, China
! School of Computer Science and Technology, Harbin Institute of Technology, Shenzhen, China
{ypeng, wxwang, lyu} @cse.cuhk.edu.hk, adf111178 @gmail.com, gaocuiyun@hit.edu.cn

Proceedings of the 38th IEEE/ACM International Conference on Automated Software Engineering (ASE2023)

HERE - NE MiE



Hi
)

- EINEIF T EEETH BPython A DE
- ANILHIEYPT—9 A1V ADT—L1A
- AEHDOE I PFEVNPT S

- I—FRXZRY NOBHRAICEL D, HAEMERODMA L
INBNITEBEEI S —2EI0UPIT L
- GH, SOICEFESN/ICBRID30%(FH T 5 —E:EER0)
BT S —2Z RS eHICBRF /T—3vZ28A
- ERESOBEINAKEL

o
|I|'I1||

[30] Wonseok Oh and Hakjoo Oh. Pyter: effective program repair for python type errors .In Abh ik Roychoudhury, Cristian Cadar, and Miryung Kim, editors, Proceedings of the 30th ACM Joint European Software Engineering Conference and Symposium on
the Foundations of Software Engineering, ESEC/FSE 2022, Singapore , Singapore , November 14-18, 2022, pages 922-934. ACM, 2022.

2



BFF=E (1/2)

« JL—)LN— X BHEER
- Y=y NERBZOI—-—RKRZAN, IL=IVICEDEBRZHE
- EHEE | H/NL Y IDES

il

- FEMd D FEHEL

- =Ty bhERBRBZA-NERALOI—RZAND, NI KL
LU ZDEIZET I Z2FEE

- FRE | ERBZEET —IDHDE

il




BiFF% (2/2)

+ Cloze A7 1 )L B HERR

- BOFn=ENA7 Uicd— K2 AN, YAV SNciinz
PTMTF Al

- BRE | BV R X A Y AIF DO XA
- 2 | ETIINOHA L FRALERTSTEW

alljl

g AFED B A

Few-Shot4 B R 7 70— F T S TYPEGENDIRE




TYPEGEN | #IZ2 X

« UTDASTEP CTHERK
O dA—KXZ14>>9
@ Bl > hDUNS
R BE&EHE (CoT) 7
@ BUAERY

/AT

~ 0
r-

KD

RS

\l

(4) Type Generation

(1) Code Slicing (3) COT Prompt Construction Example ¥ -
Code Slices from
\Annotated Source Files

</ > + B~ + | coTPrompt
™6 | 5> [ COT oo l
Generator Generator ~— ORI, SR . £ l >
7 Code Slice  Type Hints N
@ o8 l Templates Code Slice from Target
/ I
E ~a Example Prompt
™

Source Code Code i COT Prompt

Source File
Slicer

Annotated Python Source Files Codec Slice

- /" Target Variable
| ﬁ ) Prompt
< ’ N Import 3

Example Prompt #1

+

Example Prompt #2

+

+

'
"
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'

g

| Analyzer | User-defined \ r Targ::o \r/:;table —
PY Source Code Types —— [ k s Type Predictions
e G
Target Python [ < l) . — T
Source File / Type Hints
—> — e
Code Slice Type Hints Generated
Popular Popular Third- > Prompts
Third-party Packages party Types

l(2) Type Hint Collction




(1) Code Slicing
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- ¥ (Symbol) , #fE (Operation) , B (Type) O/ —RK%=HFD
BRT 27
« HiTyperl347z& FH W\ TAR
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12 import os ok (hop 4)
55 DEBUG = bool{ 0s.onion gel(DIANGO DEBUG" True)) | e . — e omnrsrsmssmemse TR
27 ALLOWED_ HOSTS = ['stepper-v2.herokuapp.com’, '127.0.0.1'] ['django.dt;:;a:::l(grt\r(is.sqliteS‘] .ENG‘INE.
71 DATI;\BASES ={ S Tyr:;Str e
72 vd It": ‘ S AR 5
73 e'Eall\IJGlrflE': ‘django.db.backends.sqlite3’, "default”
74 : 'NAME': os.path.join(BASE_DIR, 'db.sqlite3’), (hop 2)
7 value
76 BERN . i
129 db_from_env = dj_database_url.config(conn_max_age=500) e
130 DATABASES['defaultlupdate(db_from enV) U /20
DATABASES (hop 0)
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54 A=EER

DATABASES = {
‘default” {

'ENGINE": 'django.db.backends.sqlite3',
'NAME": os.path.join(BASE_DIR, 'db.sqlite3"),

DATABASES[default].update(db_from_env)
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os.Mapping, os.MutableMapping, os.PathLike, os. AddedDIIDirectory, os. Environ, os._ wrap_close
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BASE_DIR
(hop 4)
["django.db.backends.sqlite3"] "ENGINE"
Type: Str Type: Str (hop 3)
key

(hop 2)

(hop 1)

DATABASES (hop 0)
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COT Prompt

- hop i+1 —>hopi (ie N°) OBEFRZFAL, 77l —
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Part Type Template

The variable/return value of [NAME]

Operation— Symbol . . )
is assigned from [OP] operation.
Symbol—Symbol The v.anable/retum \{alue of [NAME]
is assigned from variable [NAME].
— =% The variabl f [NAME
] E IV & Type—sSymbol The v.anab e/return value of [N ]
=2 lo 'fl_ﬁ DD-RV is assigned from [TYPE].

Operation—sOperation The oper.and(s)/target(s)/ke.y(s)/value(s) N AM E] : Sym b OI / - I\\‘ I/%ZI

of [OP] is/are [OP] operation. - _
Symbol—Operation The operand(s)/target(s)/key(s)/value(s) O P] . Ope I atlon / — I\ 4/%

of [OP] is/are variable [NAME]. - ) o
The operand(s)/target(s)/key(s)/value(s) TYPE] * Type / T I\ %

Type—Operation ) - ] W 1 K
of (OP)isar [TYPE] GTTYPE] : 4 —4"y NEHDE
The argument [NAME] is used

Usage .

. in [OP]/[NAME].
I’;tkf{ DD-A Based on the naming convention,

Naming it is reasonable to assume that the type of

the argument [NAME)] is [GTTYPE].
:\%Eﬁ_ﬁ Con Conclusion Therefore, the type of the variable/return

value of/argument [NAME] is [GTTYPE].
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COT Prompt

o 15 ” Part Type Template

The variable/return value of [NAME)]

Operation—Symbol ) } )
is assigned from [OP] operation.
T db sqlite3" Symbol—Symbol '.I'he v'anable/return \{alue of [NAME]
™ Type: Str is assigned from variable [NAME].
(hop 4)
The variable/return value of [NAME)]
Type— Symbol
DD-RV ypemroym is assigned from [TYPE].
"dJ'angO-db-backendS-Sqlite3"] "ENGINE" ) ) The operand(s)/target(s)/key(s)/value(s)
[ L Lo (hop 3) Operation—QOperation of [OP] is/are [OP] operation.
value key Symbol—Operation The opex:and(s)/tafget(s)/key(s)/value(s)
of [OP] is/are variable [NAME].
(hop 2) Type—Operation The oper.and(s)/target(s)/key(s)/value(s)
of [OP] is/are [TYPE].
Dict_Read (hop 1) Usage The argument [NAME] is used
in [OP]/[NAME].
LT (hop 0) DD-A Based on the naming convention,
Naming it is reasonable to assume that the type of
the argument [NAME)] is [GTTYPE].
Con Conclusion Therefore, the type of the variable/return

value of/argument [NAME)] is [GTTYPE].

4B : The variable DATABASES is assighed from a dict.

A: First, the variable DATABASES is assigned from a dict. Second, the key of the dict is a str. The value
of the dict is a dict. Third, the keys of the dict are a str and a str. The values of the dict are a str and a

function call os.path.join. Therefore, the type of the variable DATABASES is "dict[str, dict[str, str]] .
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Example Prompt:

(. Code Slice éPython Code:

............................... DATABASES = {
‘default’: {
'‘ENGINE": 'django.db.backends.sqlite3’,
'NAME": os.path.join(BASE_DIR, 'db.sqlite3"),

| }
DATABASES['default’l.update(db_from_env)

(@. Type Hint  iAvailable User-defined Types:

0s.Mapping, os.MutableMapping, os.PathLike, os._AddedDIIDirectory, os._Environ, os._wrap_close

Q: What"s the type of the variable DATABASES?

@ COT Prompt A First, the variable DATABASES is assigned from a dict. Second, the key of the dict is a str. The value
: ‘of the dict is a dict. Third, the keys of the dict are a str and a str. The values of the dict are a str and a

function call os.path.join. Therefore, the type of the variable DATABASES is “dict[str, dict[str, str]] .
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Target Variable Prompt:

Python Code: [Code]
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Available User-defined Types: [User-defined types from static analysis]

Q: What's the type of the variable [name]?

A: [To be generated]
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