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Intrinsically-Typed Definitional 
Interpreters: A Tutorial
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Definitional interpreters in `DynSemSound’ 
that are type sound by construction

- Light weight dependent types
- Binding using scopes & frames



Syntactically Typed Interpreter
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rules

  IntC(i) --> IntV(i).
  
  Add(e1, e2) --> IntV(k) 
  where 
    e1 --> IntV(i); 
    e2 --> IntV(j); 
    addI(i,j) --> k. 

  True --> TrueV.
  
  False --> FalseV.

  If(e1, e2, e3) --> v  
  where 
    e1 --> v; 
    if(v, e2, e3) --> v.
  
  if(TrueV, e2, e3) --> v 
  where e2 --> v.
  
  if(FalseV, e2, e3) --> v 
  where e3 --> v.   

constructors // expressions
  Exp    : Sort
  IntC   : Int -> Exp
  Add    : Exp * Exp -> Exp
  True   : Exp
  False  : Exp
  If     : Exp * Exp * Exp -> Exp

constructors // values
  Val    : Sort 
  IntV   : Int -> Val  
  TrueV  : Val
  FalseV : Val
 
arrows 
  Exp --> Val
  if(Val, Exp, Exp) --> Val



Syntactically Typed Interpreter
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constructors // expressions
  Exp    : Sort
  IntC   : Int -> Exp
  Add    : Exp * Exp -> Exp
  True   : Exp
  False  : Exp
  If     : Exp * Exp * Exp -> Exp

constructors // values
  Val    : Sort 
  IntV   : Int -> Val  
  TrueV  : Val
  FalseV : Val
 
arrows 
  Exp --> Val
  if(Val, Exp, Exp) --> Val

  Add(e1, e2) --> IntV(k) 
  where 
    e1 --> FalseV; // not an error
    e2 --> IntV(j); 
    addI(i,j) --> k. 

rules

  IntC(i) --> IntV(i).
  
  Add(e1, e2) --> IntV(k) 
  where 
    e1 --> IntV(i); 
    e2 --> IntV(j); 
    addI(i,j) --> k.   



rules

  IntC(i) --> IntV(i).
  
  Add(e1, e2) --> IntV(k) 
  where 
    e1 --> IntV(i); 
    e2 --> IntV(j); 
    addI(i,j) --> k.   

Intrinsically-Typed Interpreter
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constructors // types
  Type   : Sort
  INT    : Type
  BOOL   : Type
constructors // expressions
  Exp    : Type -> Sort
  IntC   : Int -> Exp(INT)
  Add    : Exp(INT) * Exp(INT) -> Exp(INT)
  True   : Exp(BOOL)
  False  : Exp(BOOL)
  If     : Exp(BOOL) * Exp(t) * Exp(t) -> Exp(t)
constructors // values
  Val    : Type -> Sort 
  IntV   : Int -> Val(INT)  
  TrueV  : Val(BOOL)
  FalseV : Val(BOOL)
arrows 
  Exp(t) --> Val(t)

  Add(e1, e2) --> IntV(k) 
  where 
    e1 --> FalseV; // error!
    e2 --> IntV(j); 
    addI(i,j) --> k.   

dependent types folklore



Name Binding
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Scopes Describe Frames
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1:6 • Eelco Visser, Casper Bach Poulsen, Andrew Tolmach, Hendrik van Antwerpen, and Arjen Rouvoet

letrec fac =
  fun (n : Int) : Int {
    if (n == 0) {
      1
    } else {
      n * fac(n - 1)
    }
  }
in
  fac(2)
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Fig. 7. The le� box contains an example program defining the factorial function. The boxes surrounding code blocks represent
scopes. The call-outs refer to points in the execution of the program. The middle box shows the scope graph for this
program; the graphical notation is explained in the legend. Distinct occurrences of similarly named references are stacked
for conciseness (e.g., scope s2 contains three distinct n references). The right box shows the evolution of the heap as the
program executes: there is one top-level frame and three call-frames for the fac function. (This figure is copied from (Bach
Poulsen et al. 2016).)

Bach Poulsen et al. (2016) introduce an approach for systematically incorporating name binding in semantic
de�nitions with a broad coverage of binding patterns. In their approach the static binding in programs is described
by means of scope graphs, a language-independent representation of the binding and scope facts of programs
(Néron et al. 2015; van Antwerpen et al. 2016). They then develop frames, the dynamic counterpart of scopes,
as units of memory allocation. Figure 7 and Figure 15 illustrates the concepts of the approach with example
programs and their scope graph and frame heap diagrams. We will further explain the concepts when we discuss
the formalization of the approach in DSS. Frames factor out binding concerns from the dynamic semantics into a
standardized API. The correspondence between scopes and frames helps makes type soundness proofs systematic,
which Bach Poulsen et al. show using type soundness proofs for three model languages in Coq. However, these
proofs are still constructed manually.
In this paper, we adopt the scopes-and-frames approach and encode it in DSS, supporting automatic type

soundness checking for programs with binders. In the rest of this section we show the encoding of the scopes
and frames API in DSS and how to use it to implement a range of programming language features, including
�rst-class functions, records, and nested and recursive modules.

2.4 Scope Graphs in DSS
A scope graph represents the name binding facts of a program. The abstract syntax tree of a program is translated
by a language-speci�c mapping to a scope graph. Resolution of names (references) in the program can then
be performed according to language-independent name resolution rules. The result of name resolution is the
assignment of paths from references to declarations along the edges of the graph. The resolution calculus of

, Vol. 1, No. 1, Article 1. Publication date: February 2017.

All memory units are typed by scopes



Representing Bindings
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constructors
  Exp    : Type -> Sort
arrows 
  Exp(t) --> Val(t)

constructors
  Exp      : Scope * Type -> Sort
arrows
  Frame(s) |- Exp(s, t) --> Val(t)



Functions and Variables
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constructors  
  FUN   : Type * Type -> Type
   
  Var   : Ref(s, t) -> Exp(s, t)  

  Fun   : Dec(s1, t1) * Exp(s1, t2) -> Exp(s2, FUN(t1, t2))
          where N(s1), E(s1, P, s2) 
   
  App   : Exp(s, FUN(t1, t2)) * Exp(s, t1) -> Exp(s, t2) 
    
  ClosV : Dec(s1, t1) * Exp(s1, t2) * Frame(s2) -> Val(FUN(t1, t2)) 
          where E(s1, P, s2)

rules    
  f |- Var(r) --> v where lookup(f, r) --> v. 

  f |- Fun(d, t, e) --> ClosV(d, e, f). 

  f |- App(e1, e2) --> v 
  where 
    f |- e1 --> ClosV(d, e_clos : Exp(s, t), f_clos); 
    f |- e2 --> v2; 
    initFrame(s) --> f_app; 
    setLink(f_app, P, f_clos) --> U; 
    setSlot(f_app, d, v2) --> U;
    f_app |- e_clos --> v.

constructors
  Exp      : Scope * Type -> Sort
arrows
  Frame(s) |- Exp(s, t) --> Val(t)



Functions and Variables

20

constructors  
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  Var   : Ref(s, t) -> Exp(s, t)  
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Intrinsically-Typed Definitional 
Interpreters for Imperative Languages  

Definitional interpreters in Agda 
that are type sound by construction

- Dependent types
- Binding using scopes & frames
- Strong monad for monotone state
- Case study: MJ.agda



DynSem 
- dynamic semantics specification and interpreter generation based on IMSOS [RTA15] 


NaBL 
- declarative name binding rules [SLE12]

- incremental evaluation [SLE13]


Scope Graphs 
- theory of name resolution [ESOP15]

- constraint language based on scope graphs [PEPM16]


Scopes describe Frames 
- uniform model for memory based on scope graphs [ECOOP16]

- systematic soundness proof, but still manual


Intrinsically-Typed Definitional Interpreters 
- automatic type soundness checking for evaluation rules [POPL18]

Side Effect: Better LangDev Tools
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More expressive intrinsically-typed interpreters  
- more sophisticated type systems (generics)

- more (sophisticated) effects, concurrency, …


Verification of other language properties 
- Type preservation of transformations

- Semantics preservation of transformations (compilers)


Integration in language workbench 
- Hide boilerplate, efficient interpreters, custom dep-typed meta-language?


Verification of language workbench components 
- Correctness of parsing algorithm

- Soundness and completeness of Statix solver

- Correctness of DynSem meta-interpreter and partial evaluator

- etc.

Challenges
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