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Modelling Programming Languages

Featherweight Java

ClassicJava

ConcurrentJava

Lightweight Java

Middleweight Java

Welterweight Java
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Different Calculi have Different Level of Detail
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Key Features of Object-Orientation?

• Aliasing and mutable state

• Subtype polymorphism — Not necessarily inheritance!

public static void foo(List<Integer> l) {  
  l.append(42); 
} 

public static void main(String args[]) { 
  ArrayList<Integer> l = new ArrayList<Integer>(); 
  foo(l); 
  return 0; 
}



OOlong — An Extensible Object Calculus
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• Design goals 
    —  Aliasing and state  
    —  Subtyping 
    —  Concurrency and synchronisation  
    —  Mechanised semantics 
    —  Simple to reuse and extend



OOlong is not Java

• Aims to model object-oriented languages in general 

• Not tied to Java's design
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OOlong — Example Program
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interface Counter { 
  add(x : int) : unit 
  get() : int 
} 

class Cell implements Counter { 
  cnt : int 
  def add(n : int) : unit { 
    this.cnt = this.cnt + n 
  } 
  def get() : int { 
    this.cnt 
  } 
}

let cell = new Cell in 
  finish { 
    async { 
      lock(cell) in  cell.add(1) 
    } 
    async { 
      lock(cell) in  cell.add(2) 
    } 
  }; 
  cell.get() // Read 3



OOlong — Comparison
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OOlong — Syntax
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OOlong — Static Semantics
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OOlong — Runtime Configuration
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OOlong — Dynamic Semantics
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OOlong — Concurrency
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OOlong — Type Soundness

�16



Mechanised Semantics

• Fully mechanised in Coq 
    + ”uninteresting” details 
          (fresh variables etc.) 

• Follows style of Software Foundations 
(Pierce et al.) 

• Total weight: ~4100 LOC 
    —  Specification: ~1700 LOC 
    —  Proofs: ~2200 LOC 
    —  Tactics etc: ~200 LOC 

• Also makes use of LibTactics and 
Adam Chlipala’s crush tactic

Inductive hasType (P : program) (Gamma : env) :  
            expr -> ty -> Prop := 
  | T_Var : 
      forall x t, 
        wfEnv P Gamma -> 
        Gamma (env_var x) = Some t -> 
        P; Gamma |- EVar x \in t 
  | T_Let : 
      forall x e1 e2 t1 t, 
        P; Gamma |- e1 \in t1 -> 
        P; extend Gamma (env_var (SV x)) t1 |-  
               e2 \in t -> 
        no_locks e2 -> 
        P; Gamma |- ELet x e1 e2 \in t 
  ...
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Comparison of Mechanisations
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~2300 LOC ~6500 LOC ~4100 LOC

~2600 LOC



Typesetting OOlong with OTT

• Ott is a tool for writing language definitions [Zappa Nardelli et al.] 

• Syntax checking of type-rules 

• Generates LaTeX figures

G |- e1 : t1 
G, x : t1 |- e2 : t 
-------------------------- :: let 
G |- let x = e1 in e2 : t 
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OOlong Sources Available Online
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• OOlong is a simple and extensible object calculus 
    —  Aliasing and state  
    —  Subtyping (no inheritance) 
    —  Concurrency and synchronisation 

• Mechanised semantics for rigorous formalisation 

• OTT sources for reusability and LaTeX typesetting 

• Sources publicly available for researchers 
looking to avoid reinventing the wheel

Conclusion
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OOlong — An Extensible Concurrent Object Calculus
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Thank you!


