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1. Consider the extension to IMP that we saw last lecture, which added block scopes to the language. 

Suppose we redefine variable declarations as follows, with changes highlighted in bold (where ⋅ 
denotes the empty stack): 
 
¬#𝒙 ∈ 𝒗𝒊𝒔𝒊𝒃𝒍𝒆(𝜸 ∷ 𝝈)1					(𝛾 ∷ 𝜎, 	ℎ, 	𝑒) → 𝑣					¬(𝑎 ∈ 𝑑𝑜𝑚(ℎ))					𝜎[𝑥	: 𝑎] = 𝜎!					ℎ[𝑎	: 𝑣] = ℎ′

(𝛾 ∷ 𝜎, ℎ,	var	𝑥 = 𝑒) → (𝛾 ∷ 𝜎′, 	ℎ′)  

 
𝒅𝒐𝒎(𝝈) = 𝒅

𝒗𝒊𝒔𝒊𝒃𝒍𝒆(⋅		∷ 𝝈) = 𝒅										
𝒗𝒊𝒔𝒊𝒃𝒍𝒆(𝜸) = 𝒅𝟏										𝒅𝒐𝒎(𝝈) = 𝒅𝟐										𝒅𝟏 ∪ 𝒅𝟐 = 𝒅

𝒗𝒊𝒔𝒊𝒃𝒍𝒆(𝜸 ∷ 𝝈) = 𝒅  

 
In plain English, how does this modification change the semantics of variable declarations? 
 
The modification above disallows variable shadowing (i.e., declaring a variable with the same 
name as another variable in an outer scope would result in the program getting stuck). 
 
 
 

 
 

2. What is the output of each program below? 
 

var g = 3; 
var x = 2; 
var z = 4; 
var f = fun(x) { 
    var g = fun(y) { 
        return x * y; 
    }  
    return g(z); 
} 
print(f(g)); 
 

 
 
 
 
Output: ______12______ 

var g = fun() {  
    var x = 0; 
    var f = fun() { 
        x = x + 1; 
        return x; 
    }; 
    return f; 
}; 
var a = g(); 
var b = g(); 
a(); 
a(); 
print(b()); 
 
 
Output: ______1______ 

 


