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Motivation

What is dynamic typing?

I some type checks are performed at run-time

I language remains statically typed

What is it good for?

I Save storing and loading of values (pickling) and inter-process
communication:

I build heterogeneous data structures such as lists without
having polymorphism

I type-dependent functions such as eval and print
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Sketch

bundle values with their types

I To bundle value v with its type τ , write dynamic(v :τ)

I such bundles are of type Dyn

I this allows uniform handling (All bundles have the same type)

I use expressions like “save e” and “load e” to handle
persistent data

I run-time verification of dynamic values

Use a typecase-construct to inspect the type tag of dynamics:

I provides type-dependent branching

I λe:Dyn . typecase e of x :Nat . x + 1 else 0
checks whether its argument represents a number.
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λ-calculus with dynamic and typecase: Syntax & Typing

τ ∈ Typ ::= X | τ → τ
| Dyn

e ∈ Exp ::= x | λx :τ . e | e e
| dynamic(e:τ) | typecase e of x :P . e else e

where P is a pattern (here, just a type).

Γ ` e : τ

Γ ` dynamic(e:τ) : Dyn

Γ ` e1 : Dyn Γ, x :P ` e2 : τ Γ ` e3 : τ

Γ ` typecase e1 of x :P . e2 else e3 : τ
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λ-calculus with dynamic and typecase: Evaluation

e ⇒ v

dynamic(e:τ) ⇒ dynamic(v :τ)

e1 ⇒ dynamic(v1:τ) e2[x := v1] ⇒ v2

typecase e1 of x :P . e2 else e3 ⇒ v2
τ = P

e1 ⇒ dynamic(v1:τ) e3 ⇒ v3

typecase e1 of x :P . e2 else e3 ⇒ v3
τ 6= P



λ-calculus with dynamic and typecase: Example

A function which, given two dynamic values, applies the first to the
second:

λdf :Dyn . λdx :Dyn .
typecase df of

f :Nat→ Nat .
typecase dx of

x :Nat .
f (x)

else 0
else 0

How to write such a function, which works with arbitrary types and
not only Nat?
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Pattern Variables
Allow the pattern in the typecase-construct to contain pattern
variables.

I pattern variables match parts of the type tag of the dynamic
argument.

I pattern U → V with pattern variables U and V matches any
functional type.

I A match binds U to the argument type and V to the result
type of the function.

λdf :Dyn . λdx :Dyn .
typecase df of
{U,V } f :U → V .
typecase dx of
{} x :U .
dynamic(f (x):V )

else dynamic(...)
else dynamic(...)
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Extensions: Polymorphism

Polymorphism is modelled by functions which take types as
argument (System F [Gir71]):

I written λX . e

I polymorphic identity function: λX . λx :X . x

I has type ∀X . X → X

I (λX . λx :X . x) [Nat] ⇒ λx :Nat . x

Integration into previous formulation of dynamic types is
straightforward:

I allow ∀-quantified type variables in patterns

I λdf :Dyn .
typecase df of
{} f :∀X . List X → List X .

λY . λx :List Y . f [Y ] (reverse [Y ] x)
else ...
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Extensions: Higher-Order Pattern Variables

First-order pattern variables are not expressive enough:

I consider previous function which applies a dynamic value to
another.

I The types ∀X . X → X and ∀X . List X → List X are
incompatible, i.e. there is no common pattern.

I typecase df of
{V } f :∀X . V → V .
dynamic(f [Nat]:V → V )

else ...

I Reason: argument and result types contain ∀-quantified
variables



Extensions: Higher-Order Pattern Variables

Solution: Allow higher-order pattern variables

I typecase df of
{F} f :∀X . F X → F X .

...

I F is a second-order pattern variable.
I A match binds it to a function mapping types to types.

I e.g. ΛX . X or ΛX . List X



Extensions: Subtyping

A type tag T should match a pattern P, if T ≤ P.

I typecase dynamic(5:Nat) of
x :Int . ...

else ...

I matches, since Nat ≤ Int

I Problem: Int→ Nat matches pattern V → V , but how?

I Int→ Int and Nat→ Nat are both instances of V → V and
supertypes of Int→ Nat.

I Solutions:

a. Linear patterns (each pattern variable occurs at most once)
b. Add subtyping constraints and perform exact matching. check

constraints after matching.
I typecase dx of

{V ≤ Int} x :V . ...
else ...
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Abstract Data Types

Problem: typecase destroys parametricity and type abstraction:

I Dynamically, abstract types are just their representation types.

I Therefore, typecase can expose representation types.

I abstype Number = Int
implementation : ...

I λdn:Dyn .
typecase dn of
{} n:Int .

”implementation uses integers”
else ”implementation unknown”

I Solution: Generate new type names dynamically[Ros03, Ber04]
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Example Languages

I Mercury [HCSJ96]
I type univ
I predicates type to univ and univ to type

I GHC [MPO02]
I type Dynamic, deals with monomorphic types only
I type class Typeable of types with known representation

I toDyn :: Typeable a⇒ a→ Dynamic

fromDynamic :: Typeable a⇒ Dynamic→ Maybe a

I Clean [Pil97]
I type Dynamic
I pattern matching including first-order pattern variables and

polymorphism

I Alice [Ali05]
I uses packages
I dynamic and typecase correspond to pack and unpack
I module subtyping rules apply to unpack type check
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