
How to Evaluate Blame 
for Gradual Types

(Part 2)

Lukas Lazarek,
Ben Greenman, Matthias Felleisen, 

Christos Dimoulas
1



Research Question
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How does Gradual Typing help with debugging 

mistaken type annotations?



Mistaken Types: A Story of Gradual Typing in Practice

npm
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Gradual Typing in Practice

Type interfaces

sort: 
  any[] 
  (any any → boolean)
  → any[]

boolean

npm
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Type Interface Mistakes Happen Often
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The Academic Perspective on Type Mistakes

Stacktraces

Transient

Type assertions in typed code

Blames many

Natural

Higher order contracts

Blames one

Erasure

No dynamic checks for 
type annotations
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e.g. Reticulated Python e.g. Typed Racket



Research Question (refined)

Given the same statics, which semantics for Gradual Typing 

provides better error information for systematically

locating type interface mistakes?
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json-unpack : 
  JSON → (List (HashTable …))

json-unpack-interface

Erasure

Error: non-integer index to list
stack: helper
       main

E

Comparing Each Semantics, by Example

json-unpack

Natural

Contract violation
blaming: 
  json-unpack-interface / json-unpack

N

Transient

Type assertion failure
blaming: 
  main / helper

data = json-unpack(...)
helper(data)

main helper : (List (HashTable …)) → Int
def helper(data):
  for entry in data:
    age = entry[“age”]
    …

helper
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Comparing Each Semantics, Systematically

Hypothesis

Automated procedure(s)

Experiment testing procedures on real programs

Data providing evidence to support or refute the hypothesis
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Contract violation
blaming: 
  json-unpack-interface / json-unpack

Natural

json-unpack

json-unpack : 
  JSON → (List (HashTable …))

data = json-unpack(...)
helper(data)

helper : (List (HashTable …)) → Int
def helper(data):
  for entry in data:
    age = data[“age”]
    …

main

helper

json-unpack-interface

Type error:
conflicting result type annotations 
for json-unpack

json-unpack

A Hypothesis, by Example

Hypothesis

✓

Using the type system, error information can be translated into the location of type 
interface mistakes
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Type assertion failure
blaming:
  main / helper

Transient

data = json-unpack(...)
helper(data)

Type assertion failure
blaming:
  json-unpack-interface / json-unpack

json-unpack

A Hypothesis, by Example

Hypothesis

json-unpack : 
  JSON → (List (HashTable …))

helper : (List (HashTable …)) → Int
def helper(data):
  for entry in data:
    age = data[“age”]
    …

data = json-unpack(...)
helper(data)

main

helper

json-unpack-interface

Type error:
conflicting result type annotations 
for json-unpack

json-unpack

✓

11

Using the type system, error information can be translated into the location of type 
interface mistakes



Using the type system, error information can be translated into the location of type 
interface mistakes

Error: non-integer index to list
stack: helper
    main

Erasure

json-unpack

A Hypothesis, by Example

Hypothesis

json-unpack : 
  JSON → (List (HashTable …))

helper : (List (HashTable …)) → Int
def helper(data):
  for entry in data:
    age = data[“age”]
    …

main

helper

json-unpack-interface ✗
data = json-unpack(...)
helper(data)
data = json-unpack(...)
helper(data)
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A Procedure Reifying Our Hypothesis

1. Run the program with Natural semantics to get blame

2. Identify the (untyped) blamed component

3. Try to type that component*

4. Type-check the program

4.1 If it type-checks: go to 1

4.2 Otherwise: stop

(may fail)

(success)

Natural
Transient

Erasure

Natural-exceptions
Transient-exceptions

“Modes”blame



Creating an Experiment to Test Our Hypothesis

[Greenman et al. 2019, Greenman 2023]

Mutation
[Lipton 1971, DeMillo et al. 1978]

… for types
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configuration

[Greenman 2022]



Creating an Experiment to Test Our Hypothesis
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Mutation
[Lipton 1971, DeMillo et al. 1978]

[... details omitted …]



Results
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How Blame Stacks Up
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Checks Without Blame Don’t
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Do dynamic type checks without blame make sense?

Can an optional Natural with blame debugging mode be a useful 
complement to Erasure?

Takeaways

Natural blame reliably translates into the location of bugs.
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Results
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Creating an Experiment to Test Our Hypothesis

Transient NaturalErasure

[Greenman 2022]
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Creating an Experiment to Test Our Hypothesis

~300 mutants

2 million scenarios
(mutant ✕ configuration)

30,000 scenarios
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Erasure Detects Most of the Bugs
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