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Soft TypesPerspective

Types are properties of expressions or
invariants of program.

Types are useful for:
Optimization (eliminate some
tagging/checking).
Warning programmer about possible
runtime errors.
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Soft Typing Perspective

Pure inference, no type declarations.

Why no declarations?
because this is Lisp/Scheme/... not ML.

Use re�nement types because:
We can capture invariants for “unusual” or
heterogeneous data structures.
Remember cons(3,''four' ') is OK.
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Relation to Prior Topics

Regular Tree Grammars:
Use tree grammar algorithms for inclusion,
equivalence, etc. on types.

Intersection & Union of Types
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Abstract Inter pretation

Paper: Static Type Inference in a Dynamically
Typed Language

Language of types .
Operational semantics �

��

� and
abstraction � .
Weaknesses of abstract interpretation.
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Abstract Inter pretation

Type Expressions :
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Abstract Inter pretation

Constructors (re�nement types & others):
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Abstract Inter pretation

The unusual cases:

' � � — Lacking � 
 function types.

�

"


 — The application of � to 
 .

� � �

#

— A singleton representing primitive
operator.
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Abstract Inter pretation

Correctness of Abstraction:
If �
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� and � (where �
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Abstract Inter pretation

Example rewriting rules ( �):
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Abstract Inter pretation

Termination of � (typing rec. fun.):
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Abstract Inter pretation

Typing functions _

�:

�

�

�

' � � (no useful information)

"

� (analogous to " )

Dif�culties:
Type inference framework is sketchy.
Rule for generalizing over all
uses of function is very complicated...
Analyzes whole program, not modular.
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Conditional Types

Paper: Soft Typing with Conditional Types
Type Language
Inference system generating subtyping
constraints.
Inserting runtime checks.
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Conditional Types

Simple Types k:
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Quanti�ed Types ):
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Conditional Types

Meaning of k
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 :
Informally “ k

� if k


 nonempty”
It is expanded during constraint solving:
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Conditional Types

Expression typing: �

v
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Patterns: �
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Conditional Types

Role of k

�
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 in typing for
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Conditional Types

Union of conditionals
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Conditional Types

De�nition of minimal types:
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Conditional Types

Inserting dynamic type checks
(if program is not already well-typed)
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Dynamic Typing

Paper: Dynamic Typing and Subtype
Inference

Partial explanation of “Dynamic Typing”
(Henglein)
Introducing re�nement distinguishing
tagged/untagged.
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Dynamic Typing

“Dynamic Typing”
(as a special case of static typing)

New type – �� &

�

� for tagged values.

Explicit coercions for tagging and checking:
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Dynamic Typing

But we restrict ourselves to a certain form of
coercion:
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Dynamic Typing

Subtyping ( k

�
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Dynamic Typing

Dynamic Typing is based on assumption:
There are a few simple coercions inserted
at �x ed places.

Re�nement Types & Subtyping rely on
different mechanisms

Subtyping is based on “pure” subsumption
without coer cions .
Tree grammar algorithms don't produce
coercions!
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Dynamic Typing

Dynamic Typing implemented with
Re�nement Types.

Types are now pairs
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Dynamic Typing

New signature for coercions:
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Dynamic Typing

Typing rule for conditional:
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Dynamic Typing

System
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Dynamic Typing

Example (Church Numerals)
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Dynamic Typing

Example (Church Numerals)
let add =

¼

a.

¼

b.

¼

z.

¼

s. ((FUNC? a) (b z s) s)
in

add (FUNC!

¿

)

À

add (BOOL! true)
¿

(* add :

g

‡

~

0 0

3 2 z
¾

c

Á

7 7

T

5

{

S²

6

:

3 2 z
¾

:

3 2 z
¾

5

3

{

6

*)
end

Soft Types – p.31/??



Dynamic Typing

Observations on program completion:
If you abide by typing discipline, no
tags/checks are needed.
But if you don't, some checks are inserted.
Hard to say how far the effects will
propagate because system is
constraint-based.
There are no declarations! So you don't
know when you've lost type discipline.
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Dynamic Typing

Reintroduce full re�nement system:
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Conclusions

Abstract interpretation on types ( � ) is
kind of messy, non-modular.

Use of standard type inference mechanisms
makes things comprehensible.

You can devote saved effort to explaining
removal of runtime checks!
Conditional types k

�

o

k


 seem to be related
to intersection of functions.
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Conclusions

“Dynamic Typing” can be implemented in
constraint-based re�nement type system.

Trick is to keep coer cions between tagged
and untagged separate from pure
subtyping, reasoning about re�nements .
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