Static type checker




Introducing Python

Invented in 1989 by Guido van Rossum
Object-oriented, highly introspective
Several implementations, lots of libraries
Used by Google, NASA, ILM

Easy to extend and to embed

Dynamically typed, no static type checker



Type checking
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lype errors

Type system
, YP€ Sy

2+ 4

+ :integer X integer — integer

+ :list % list — list

* rinteger X integer — integer
[|, 2, 3] ol W 2 list X integer — list

- (integer — integer

- Jinteger X integer — integer

8 + [“a”"‘b”] 3 x

Type error is a misuse of a value



Python’s intricacies (1)

Java code Python code

|
int y;
- "'.'1 d Ak e : e Tt gt it s - e — ) O . ||._ : 1 | ;‘_ e TS L T i v
(AR e s o 1R - g S i ‘_._-.' 1-.__.'-_ R e ST R g T ™ i S CRSTR, 4 ~ ) - 3 /W e m _':‘-_ T LR e P N S iy x g T o e
- o K v e T ' W e o = i = , . iy SR B g N - el n iy o e e ' Ma i LY |
. b — '.._i.l."‘ a Q -*.F!'_I‘l'.]_ b ATy Sl " b - LR LA N . e [ iy s = _|,'-.-,_ _|I .t.:":_.-.-.._." s B i el .1_,‘. L Lt )
e, 1) it o
" L e

..’.- AN ".f" o - 1 Eer Uy PR e ;l:" :-' ¥ . e T o iI'" '.""_. ==l ) S e Ll - ..-'.!ll __ L e
e ) i s I y - 3 1 - i iy . '

R -
a s L
A e



Python’s intricacies (2)

result a+b




Python’s intricacies (2)

for x 1n xs:




Python’s intricacies (3)

class A:




Python’s intricacies (3)

class A:
class A: pass
pass
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Introducing PTC

raw_input (“input:”)
en (x) > 10:
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Introducing PTC

X raw_input (“input:”) y. Gt B
1t len (x) > 10: X SEE
X:str y 1nt
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Introducing PTC

X raw_input (“input:”) y. Gt B
1t len (x) > 10: X SEE
X:str,y: 1nt
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Introducing PTC

X = raw_1input (“input:”) X:Str

1t len (x) > 10: Y2 skR
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Introducing PTC

X raw_input (“input:”) X:Str
1t len (x) > 10: X SEE
X:str,y:int
Bl XESILE S

b e s oy} e : a i s JHL s . =ae o d f
r" ] =iy o -.,_I [LL g = - b oy .JI. " : 3 b . - o b LA ,Irl_ e | - g ) i e am 'l-"'-"r LTI |
¥ N o = by f L o 1 - i L = b 5 .
1 = - ._'..' o) -~ =1 7 L H s f e 3 . ™ N -_"|. l".i Bl 1 - I__..-_.-_ - ;._._. ; R . " .__ bt Pyt :,... ;.,lj Ay - iﬂ = nl) il S 4




Introducing PTC

X raw_input (“input:”) X:Str
1t len (x) > 10: X SEE
X:str,y:int
Bl XESILE S
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Introducing PTC

X raw_input (“input:”) X:Str
1t len (x) > 10: X SEE
X:str,y:int
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Introducing PTC

X raw_input (“input:”)

1t len (x) > 10:
y = 15 A P
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Function calls

def add (a, b):
sum = a + b
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Function calls

def add (a, b): a:int,b:1nt
sum = a + b

'-.."_‘_i'r‘q--'.g'r'hr o i Py ey 'a ? ey "'5 ,li "."It{ o al ] B A e Rl e g R e iy ¥ =T 1 + g LY _ ;.-I-';L.I.-h—.-.," ., |.__"-" L "-.;.'.
S T Rl . : ale 11 |G . A | o L « il = : L B "SR : - W 3 e R
=gt T A s e o) Al o R B L (1 [ A A 1 | A ke e e S A e I B T e s e Y i S R AR

L
b AL | e
LRI ]



Function calls

def add (a, b): a:int,b:int
sum = a + b G s s e S U (1nt 1ong)

'J‘ .-';L.I.h—-., ‘,_ [y "'"_';r'-é;;'_rf"‘..;n".

L ey
. 1 .

-".'!.-‘-i'!".llr"l-ﬂ A '.‘ \.‘- "I\ J- — .. "‘I

‘ «4.-. L E 'l B
=R T AT N o ',:'..' . ;,,._._; _-:i_‘fuﬁ-. "‘ “ : :;.-. o b

S e 1-*1 SN R0
» e . S s L H .= ..-".:..-

-
_~__-.. g
5 )

2t '-.-'_'-""' fa 1-‘-\-
w _"_ -




Function calls

def add (a, b): a:int,b:int
sum = a + b G s s e S U (1nt 1ong)
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Function calls

def add (a, b):
sum = a + b
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Function calls

def add (a, b): a:list[int],b:list[str]
sum = a + b
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Function calls

def add (a, b): a:list[int],b:list[str]
sum = a + b | - sum: 11st[(1nt str)] |
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Function calls

def add (a, b): a:list[int],b:list[str]
sum = a + b | - sum: 11st[(1nt str)] |
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Function calls

def add (a, b):
sum=a+b
- return sum
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Recursion

def factor (n):




Recursion

def factor (n):




Recursion

def factor (n):




Recursion

def factor (n):




Recursion

def factor (n):




Recursion

def factor (n):
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def factor (n):




Recursion

def factor (n):




Recursion

def factor (n):




Recursion

def factor (n):




Recursion

def factor (n):




Recursion

def factor (n):




Recursion

def factor (n):




Inaccuracies

RO oy PR
Sl
o TR0 S p PR TRA O K
4 X = [1]
sy = x[0]

rr:warning:::
ex4.py:5

possibly unsubscriptable object:
("int' object, 'list [int]' object)

False positives are a result of incomplete
knowledge about a program being checked



Undecidability




Undecidability
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Undecidability
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Undecidability
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Undecidability
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Undecidability
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Undecidability

ik
while n > O:

Th|s program | is ty pe
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Results

K Tested on Python tutorlal
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Conclusions

® PTC is a static type checker for Python
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