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-- NAIVE Interface of the haskell ST-Monad1
 2
ST :: * -> *3
Ref :: * -> *4
 5
newRef :: a -> ST (Ref a)6
readRef ::  Ref a -> ST a7
writeRef :: Ref a -> a -> ST ()8
 9
return :: a -> ST a10
(>>=) :: ST a -> (a -> ST b) -> ST b11
 12
runST :: ST a -> a13
 14
-- PROBLEMS AHEAD15
 16
location :: Ref Int17
location :: runST (newRef 0)18
 19
produceInteger :: () -> Int20
produceInteger = runST (do21
  n <- readRef location22
  writeRef location (n + 1)23
  return n)24
 25
definitelyTrue :: Bool26
definitelyTrue = produceInteger () == produceInteger ()27
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“ So all the usual techniques for
reasoning about functional

programs continue to work...

“ It is possible to encapsulate
stateful computations so that they
appear to the rest of the programs

as pure (stateless) functions which
are guaranteed by the type system

to have no interaction whatever
with other computations...
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blee :: ST n Int
blee = ...
 
bloo :: ST n Bool -> Int
bloo = runST ...
 
blaa :: Int -> Int
blaa = ...
 
subprogram :: (Int -> Int) -> Bool -> 
 ((String -> String) -> String) -> 
    List String
subprogram = ...
 
foo :: ST n (Int -> ST n Bool)
foo = ...
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“ So all the usual techniques for reasoning about functional
programs continue to work...
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Any two pure programs, e  and e ,1 2

contextually equivalent in the pure language,

should be contextually equivalent in the extended stateful language.

“  No pure context can distinguish the two

“  No stateful context can distinguish the two

“  Statefulness does not provide us with any more distinguishability

Note: full abstraction is 1) preservation of ctx. equiv. and 2) reflection of ctx. equiv. 8.4
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faa n m = runST ...11
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- Call by Value -
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transformer, that is, a function from an

initial state to a final state. It is like a
"script" detailing the actions to be

performed on its input state...
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“  Statefulness can be purely emulated

“ A stateful computation is like a state
transformer, that is, a function from an

initial state to a final state. It is like a
"script" detailing the actions to be

performed on its input state...
13.3

“ In the state monad, a computation
accepts an initial state and returns a value

paired with the final state.
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Logical Relations on Values
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Logical Relations on Closed Expressions
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Logical Relations on Open Expressions
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Adequacy/Fundamental Theorem
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Our proof does not assume a fixed set of ghost resources!

25.1



“  Stateful contexts can be emulated by pure, semantically-typed contexts  

26



“  Stateful contexts can be emulated by pure, semantically-typed contexts  

26.1



“  Stateful contexts can be emulated by pure, semantically-typed contexts  

26.2



Given 

to prove 

, 

27



Given 

to prove 

, 

27.1



Given 

to prove 

, 

27.2



Given 

to prove 

, 

∀ .

27.3



28



28.1



28.2



29



29.1



29.2



30



30.1



31



31.1



https://github.com/scaup/sem_backs_st

32



A Personal Retrospective using Iris
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Small distance between intuition and formalization
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To do at some point in the future

- polymorphism

- stronger, more intuitive properties

- formalize wp to take advantage of finite expressions
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Questions?
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Extras
What is (isn't) the difficulty when adding polymorphsim?
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Extras
Well definedness of back-translation from stateful language into the

semantically typed language
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Existing wp not sufficient
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Extras
Proving that emulations of semantically-typed into syntactically-typed is well

behaved
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