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Research is when it can fail.
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What went wrong?



What went wrong?

Communication!







Software is complicated.
Types help, but ...



... but Types are limiting.



... but Types are limiting.

def div(a, b):
  return a / b if b != 0 else "div0"

vs.

enum DivRes = Ok(int) | Err(str)

def div(a, b) -> DivRes:
  return Ok(a / b) if b != 0 else Err("div0")



Gradual Typing

Types where you need them, that's all!

def div(a: int, b: int) -> Any:
  return a / b if b != 0 else "div0"



Definitely Typed 34 million clients!



Problem:
Gradual Types < Types





def div(a: int, b: int) -> Any:
  return a / b if b != 0 else "div0"

div(x, y).helloworld()
# No type error!!!



def div(a: int, b: int) -> Any:
  return a / b if b != 0 else "div0"

div(x, y).helloworld()
# No type error!!!



function query(d : DataFrame, row_pos: Int) : Row {
    
    // typed function, can we optimize the body?
    // NO.
    
}



function query(d : DataFrame, row_pos: Int) : Row {
    
    // typed function, can we optimize the body?
    // NO.
    
}

query("hello world", 99)  ==>  ??!

TypeScript does not protect types.



How to move beyond the Any type?



Any
is an opportunity



Quick search ==> 25 million fles



Quick search ==> 25 million fles

1st corpus: Any in 320,000 signatures
across 221 projects



Goal: Data Science for the Any Type

+ recognize patterns
+ set priorities
+ improve type precision



6 Major Patterns

Self Dep Dict

Dep Callable Top TVar

Loose TVar Override



Self

class Shape:
  def move(self: Any, dist: int) -> Any: # imprecise return
    self.position += dist
    return self

class Circle(Shape):
  pass

Circle().move(4) # ideally, a Circle



Dep Dict

def add_tax(item: Dict[str, Any]) -> float:
  base = item.get("price", 0) # Any
  return base + (base * 0.10)



Dep Callable

def outer(fn: Callable) -> Callable: # imprecise
  def inner(self, s1: str, *args, **kwargs) -> Callable:
    s2 = string_to_stat(s1)
    return fn(self, s2, *args, **kwargs)
  return inner



Top TVar

def eq(a: Any, b: Any) -> bool:
  return a == b



Loose TVar

Car = TypeVar('Car') # TVar without bound

def add_car(x: List[Car], car: Car):
  x.append(car)

add_car(["FJ40", "Baja Buggy"], 5) # NOT a type error



Override

class BinaryIO(IO[bytes]):
  def write(self, s: bytes | bytearray) -> int:
    pass

class FileOpener(BinaryIO):
  def write(self, s: bytes) -> int: # type: ignore[override]
    return self.fdesc.write(s)



Semantic Pattern Detection

Clean AST
pip install Run 1

Edit
Run 2

Match
Line Nums



Roadmap



Early Results for 2,917 Projects

Pattern Projects Instances

Self 126 252

Dep Dict 1,295 41,671

Dep Call 496 1,296

Top TV 1,968 110,505

Loose TV 1,129 8,981

Override 368 3,474



Over-Counting Top TVars ...

9% garbage, T -> _

50% questionable, _ -> T

Pattern Projects Instances

Self 126 252

Dep Dict 1,295 41,671

Dep Call 496 1,296

Top TV 1,968 110,505

Loose TV 1,129 8,981

Override 368 3,474



Under-Counting Loose TVars ...

We support only TVar





Challenge:
Typing Control Flow

if x is an Int:
  x + 1



Rainfall Problem
Compute average rainfall from a
list of possibly-faulty weather reports.

Ignore data that is non-numeric,
 too high (>999), or too low (<0).



Rainfall Problem
Compute average rainfall from a
list of possibly-faulty weather reports.

Ignore data that is non-numeric,
 too high (>999), or too low (<0).

def rainfall(data : List[JSON]) -> Number:
  let total = 0, count = 0
  for report in data:
    if report is Object:
      let val = report["rainfall"]
      if val is Number and 0 <= val <= 999:
        total += val
        count += 1
  return total / count  # assuming count >0



def rainfall(data : List[JSON]) -> Number:
  let total = 0, count = 0
  for report in data:
    if report is Object:
      let val = report["rainfall"]
      if val is Number and 0 <= val <= 999:
        total += val
        count += 1
  return total / count  

Type Tests Aliasing!

Data Structure



Type Narrowing

def fst(a : tuple[object, object]) -> int:
  if type(a[0]) is int:
    return a[0] + 1

def filter_nums(bs: list[object]) -> list[int]:
  return [b for b in bs if type(b) is int]

class Node:
  parent : Node | None
  ...

def score(n: Node) -> int:
  if node.parent is not None:
    return node.parent.wins + node.parent.losses
  ...
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Type Narrowing
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Design Space
of Type Narrowing

Set-Theoretic Types

T := T ∪ T | T ∩ T | ¬ T

Occurrence Typing

Γ ⊢ e : τ; φ+ | φ−; o

??



github.com/utahplt/ift-benchmark



github.com/utahplt/ift-benchmark

4 core dimensions
  * 13 benchmark items
     pass & fail tests

+ practical examples
+ datasheet





Intentionally left out:
 - Subtyping
 - Mutation
 - Concurrency



If-T Pseudocode





Custom Predicates

function is_num(x: any)
 : x is number

def is_num(x) -> TypeIs(int)

function is_even(x: any)
 : implies x is number
 // Flow, not TypeScript

def is_even(x) -> TypeGuard(int)



Custom Predicates







Whence gradual types?





Whence gradual types?

Two leading strategies:

1. +Dynamic 2. Wizardry



Understanding why Dynamic appears



Tools for fair cross-language comparison 






