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Visible Type Application in 
Haskell
Given  a  polymorphic  function  

id :: ∀a. a -> a 
id x = x 

we  want  to  be  able  to  explicitly control  type  
instantiation.  

id @Int -- has type Int -> Int



How to control instantiation 
in Haskell (now)
• Type  signatures:

(id :: Int -> Int)

• Phantom  type  (aka  Proxy):
data Proxy a = Proxy

pid :: Proxy a -> a -> a
pid (Proxy :: Proxy Int)



Why? Type class ambiguity
• Suppose  we  had  

normalize :: String -> String
normalize x = show ((read :: String -> Expr) x)

• What  if  we  want  to  make  it  polymorphic?
normP :: ∀a. (Show a, Read a) => String -> String
normP x = show ((read :: String -> a) x)

• With  VTA  can  use  ambiguous  types  (and  simplify  code)
normP @Expr “1+2+3+4”

normP x = show (read @a x)                        



Why?  Type Families
• Another  ambiguous  type:

type family F a where
F Int = Bool

g :: F a -> F a

• GHC  cannot  determine  a by  unification,  so  this  
type  is  also  ambiguous
•More  realistic  examples  common  with  
dependently-‐‑typed  programming  patterns



How hard could it be?
• Version  1:    Undergraduate  research  project,  
Summer  2014

• Allow  VTA  at  uses  of  variables:

f @Int @Bool

Gather  all  type  arguments,  lookup  f’s  
polymorphic  type  and  instantiate  it  



Hindley-Milner Algorithm



Did it work?
• Not  too  difficult  to  get  something  that  works  
for    many  examples
• But  how  did  we  know  we  were  doing  it  
“right”?    
• And,  how  should  it  interact  with  other  features  
of  GHC?

pair :: ∀a. a -> ∀b. b -> (a,b)
pair @Int @Bool 3 True



Properties?
• The  HM  type  system  has  strong  properties  
leading  to  a  predictable type  system
• Did  they  still  hold  after  this  extension?

NO!    



Context Generalization
Theorem
If  an  HM  program  type  checks  using    x  ::  σ then  it  
will  still  type  check  if  we  replace  x’s  type  with  a  more  
general  type.

Counterexample
• Given  x :: ∀a b. (a,b) -> (a,b)
• The  program    x @Int @Bool type  checks
• If  we  update  x’s  type  to  ∀a. a -> a,  then  type  
checking  fails



Quiz
What  is  the  principal type  of  

swap (x,y) = (y,x)

a)  ∀a b. (a,b) -> (b,a)
b)  ∀a b. (b,a) -> (a,b)
c)  ∀a b c. (a,b) -> (b,a)
d)  all  of  the  above

All  of  these  types  are  equivalent.  Worry:  compiler  
updates  can  invalidate  programs!



Two Part Solution
1)    Differentiate  in  the  type  system  between  
“generalized”  and  “specified”  type  variables

τ ::=    Int |  a  |  τ → τ monotype
υ ::=  ∀ā.  τ specified  polytype

(from  user  annotations)
σ ::=  ∀{ā}.  υ type  scheme

2)  Be  a  little  more  principled  about  type  system  
design…
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substantial; our version types the same programs as the original. First, we allow
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monotype ⌧ . (We discuss this change further in Sect. 5.2.) Second, we replace
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�2). Note that in rule HM_InstG the lists
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Subsumption for specified 
polymorphism?
•What  is  the  “more  general  than”  relation  when  
specified  types  are  involved?

Don’t  want
∀a b. (a,b) -> (b,a) ≰ ∀b a. (a,b) -> (a,b)
∀a b. (a,b) -> (b,a) ≰ ∀a. a -> a
∀a b. (a,b) -> (b,a) ≰ ∀b. (Int,b) -> (Int,b)

Ok
∀a b. (a,b) -> (b,a) ≤ ∀{a b}. (a,b) -> (a,b)
∀a b. (a,b) -> (b,a) ≤ (Int, Bool) -> (Int, Bool)
∀a b. (a,b) -> (b,a) ≤ ∀a. (a,Bool) -> (a,Bool) 



Subsumption for specified 
polymorphism



What is true about this 
system?



Algorithm – System V  
• How  do  we  implement  this  specification?

• Key  idea:  Lazy  instantiation
If  a  term  has  a  specified  polymorphic  type,  
don’t  instantiate  it  until  absolutely  necessary

• Syntax-‐‑directed  system  has  three  judgments:

10 Richard A. Eisenberg, Stephanie Weirich, and Hamidhasan G. Ahmed

�
h̀m

e : � Typing rules for System HM

x :� 2 �

�
h̀m

x : �
HM_Var

�, x :⌧1
h̀m

e : ⌧2

�
h̀m

�x . e : ⌧1 ! ⌧2
HM_Abs

�
h̀m

e1 : ⌧1 ! ⌧2 �
h̀m

e2 : ⌧1

�
h̀m

e1 e2 : ⌧2
HM_App

�
h̀m

n : Int

HM_Int

�
h̀m

e1 : �1 �, x :�1
h̀m

e2 : �2

�
h̀m

let x = e1 in e2 : �2
HM_Let

�
h̀m

e : � a 62 ftv(� )

�
h̀m

e : 8{a}.� HM_Gen
�

h̀m

e : �1 �1 
hm

�2

�
h̀m

e : �2
HM_Sub

�1 
hm

�2 HM subsumption

⌧1[⌧/a1] = ⌧2 a2 62 ftv(8{a1}. ⌧1)
8{a1}. ⌧1 

hm

8{a2}. ⌧2
HM_InstG

�
h̀mv

e : � Extra typing rules for System HMV

� ` ⌧
�

h̀mv

e : 8a. �
�

h̀mv

e @⌧ : �[⌧/a]
HMV_TApp

� ` � � = 8a, b. ⌧
�, a

h̀mv

e : ⌧

�
h̀mv

(⇤a.e : �) : �
HMV_Annot

�1 
hmv

�2 HMV subsumption

⌧1[⌧/b] = ⌧2

8a, b. ⌧1 
hmv

8a. ⌧2
HMV_InstS

�1[⌧/a1] 
hmv

�2

a2 62 ftv(8{a1}. �1)

8{a1}. �1 
hmv

8{a2}. �2
HMV_InstG

� ` � Type well-formedness

ftv(�) ✓ �

� ` �
Ty_Scoped

Fig. 4. Typing rules for Systems HM and HMV

substantial; our version types the same programs as the original. First, we allow
the type of a let expression to be a polytype �, instead of restricting it to be a
monotype ⌧ . (We discuss this change further in Sect. 5.2.) Second, we replace
the usual instantiation rule with HM_Sub. This rule allows the type of any
expression to be to converted to any less general type in one step (as determined
by the subsumption relation �1 

hm

�2). Note that in rule HM_InstG the lists
of variables a1 and a2 need not be the same length.



Syntax-directed Algorithm  Visible Type Application (Extended version) 15

�
v̀

e : ⌧ Monotype checking for System V

�, x :⌧1
v̀

e : ⌧2

�
v̀

�x . e : ⌧1 ! ⌧2
V_Abs

�
v̀

e1 : ⌧1 ! ⌧2 �
v̀

e2 : ⌧1

�
v̀

e1 e2 : ⌧2
V_App

�
v̀

n : Int

V_Int

� `⇤
v

e : 8a. ⌧
no other rule matches

�
v̀

e : ⌧ [⌧/a]
V_InstS

� `⇤
v

e : � Specified polytype checking for System V

x :8{a}. � 2 �

� ⇤̀
v

x : �[⌧/a]
V_Var

� `gen
v

e1 : �1 �, x :�1 `⇤
v

e2 : �2

� ⇤̀
v

let x = e1 in e2 : �2
V_Let

� ` ⌧
� `⇤

v

e : 8a. �
� ⇤̀

v

e @⌧ : �[⌧/a]
V_TApp

� ` � � = 8a, b. ⌧
�, a

v̀

e : ⌧

� ⇤̀
v

(⇤a.e : �) : �
V_Annot

�
v̀

e : ⌧
no other rule matches

� ⇤̀
v

e : ⌧
V_Mono

� `gen
v

e : � Generalization for System V

a = ftv(�) \ ftv(� ) � `⇤
v

e : �

� `gen
v

e : 8{a}. � V_Gen

Contexts � now contain type variables. We thus redefine ftv(x :�, a) = a [
S

i ftv(�i).

Fig. 7. Typing rules for System V

5.2 System V: Syntax-directed visible types

Just as System C is a syntax-directed version of HM, we can also define System
V, a syntax-directed version of HMV (Fig. 7). However, although we could de-
fine HMV by a small addition to HM (two new rules, plus subsumption), the
difference between System C and System V is more significant.

Like System C, System V uses multiple judgments to restrict where general-
ization and instantiation can occur. In particular, the system allows an expres-
sion to have a type scheme only as a result of generalization (using the judgment
� `gen

v

e : �). Generalization is, once again, available only in let-expressions.
However, the main difference that enables visible type annotation is the sep-

aration of the main typing judgment into two: �
v̀

e : ⌧ and � ⇤̀
v

e : �. The key
idea is that, sometimes, we need to be lazy about instantiating specified type
variables so that the programmer has a chance to add a visible instantiation.
Therefore, the system splits the rules into a judgment

v̀

that requires e to have
a monotype, and those in ⇤̀

v

that can retain quantification in a specified polytype.

Visible Type Application (Extended version) 15

�
v̀

e : ⌧ Monotype checking for System V

�, x :⌧1
v̀

e : ⌧2

�
v̀

�x . e : ⌧1 ! ⌧2
V_Abs

�
v̀

e1 : ⌧1 ! ⌧2 �
v̀

e2 : ⌧1

�
v̀

e1 e2 : ⌧2
V_App

�
v̀

n : Int

V_Int

� `⇤
v

e : 8a. ⌧
no other rule matches

�
v̀

e : ⌧ [⌧/a]
V_InstS

� `⇤
v

e : � Specified polytype checking for System V

x :8{a}. � 2 �

� ⇤̀
v

x : �[⌧/a]
V_Var

� `gen
v

e1 : �1 �, x :�1 `⇤
v

e2 : �2

� ⇤̀
v

let x = e1 in e2 : �2
V_Let

� ` ⌧
� `⇤

v

e : 8a. �
� ⇤̀

v

e @⌧ : �[⌧/a]
V_TApp

� ` � � = 8a, b. ⌧
�, a

v̀

e : ⌧

� ⇤̀
v

(⇤a.e : �) : �
V_Annot

�
v̀

e : ⌧
no other rule matches

� ⇤̀
v

e : ⌧
V_Mono

� `gen
v

e : � Generalization for System V

a = ftv(�) \ ftv(� ) � `⇤
v

e : �

� `gen
v

e : 8{a}. � V_Gen

Contexts � now contain type variables. We thus redefine ftv(x :�, a) = a [
S

i ftv(�i).

Fig. 7. Typing rules for System V

5.2 System V: Syntax-directed visible types

Just as System C is a syntax-directed version of HM, we can also define System
V, a syntax-directed version of HMV (Fig. 7). However, although we could de-
fine HMV by a small addition to HM (two new rules, plus subsumption), the
difference between System C and System V is more significant.

Like System C, System V uses multiple judgments to restrict where general-
ization and instantiation can occur. In particular, the system allows an expres-
sion to have a type scheme only as a result of generalization (using the judgment
� `gen

v

e : �). Generalization is, once again, available only in let-expressions.
However, the main difference that enables visible type annotation is the sep-

aration of the main typing judgment into two: �
v̀

e : ⌧ and � ⇤̀
v

e : �. The key
idea is that, sometimes, we need to be lazy about instantiating specified type
variables so that the programmer has a chance to add a visible instantiation.
Therefore, the system splits the rules into a judgment

v̀

that requires e to have
a monotype, and those in ⇤̀

v

that can retain quantification in a specified polytype.



Payoff
• Easy  extension  to  GHC’s  bidirectional,  higher-‐‑
rank  system

runST :: (forall s. ST s a) -> a
pair :: ∀a. a -> ∀b. b -> (a,b)
pair @Int 3 @Bool True

• Distinction  between  specified/generalized  
types  makes  sense  there  too:
All  “higher-‐‑rank”  types  must  be  specified
• New  declarative higher-‐‑rank  type  system
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Conclusion
• Type  system  additions  should  be  
compositional
• Even  if  something  seems  “easy”  it  is  important  
to  do  it  well;  we  should  have  thought  about  
compositionality  from  the  beginning
• VTA  release  planned  soon, Richard  is  merging  
into  HEAD


