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“I need a 
map data 
structure” 

Load class file 
Run class initialization 
Create hashtable 

… hampering programmer productivity, software 
reliability, and execution efficiency 

semantic gap 
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class OpenArray extends Object { 
private Double data[];  
public boolean contains(Object lookFor) { 

for (i = 0; i < data.length; i++) { 
 if (data[i].equals(lookFor)) return true;  

} 
return false; 

} 
} 

Bor-Yuh Evan Chang, Amer Diwan, and Jeremy G. Siek - Gradual Programming 

class OpenArray extends Object { 
private Double data[];  
public boolean contains(Object lookFor) { 

for (i = 0; i < data.length; i++) { 
 if (data[i].equals(lookFor)) return true;  

} 
return false; 

} 
} 



4 

•  Programmer starts with a potentially 
non-deterministic program 

•  Analysis identifies instances of “under-
determinedness” 

•  Programmer eliminates “under-
determinedness” 
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class OpenArray extends Object { 
private Double data[];  
public boolean contains(Object lookFor) { 

for (i = 0; i < data.length; i++) { 
 if (data[i].equals(lookFor)) return true;  

} 
return false; 

} 
} 

class OpenArray extends Object { 
private Double data[];  
public boolean contains(Object lookFor) { 

∀ i ∈ 0 .. data.length-1 { 
 if (data[i].equals(lookFor)) return true;  

} 
return false; 

} 
} 

“over-determined” 

“under-determined” 

just right 

starting point 
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public boolean contains(Object lookFor) { 
 for (i = data.length-1; i >= 0; i--) { 
  if (data[i].equals(lookFor)) return true; } 
 return false; 

} 

public boolean contains(Object lookFor) { 
 for (i = 0; i < data.length; i++) { 
  if (data[i].equals(lookFor)) return true; } 
 return false; 

} 

public boolean contains(Object lookFor) { 
 parallel_for (0, data.length-1) i => { 
  if (data[i].equals(lookFor)) return true; } 
 return false; 

} 

Do they compute 
the same result? 

Yes   Pick any one 
No   Ask user 

What about here? 
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Exceptions! 
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Need user 
interaction 
to refine 
specification  
that captures 
programmer 
intent 

null a.data = 

a.contains(        ) 
left-to-right iteration 

 returns true 

right-to-left iteration 
 throws NullPointerException 
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•  “Fix semantics per program”:         
Abstract constructs with many possible 
concrete implementations 

•  Apply program analysis to find inconsistent 
implementations 

•  Interact with the user to refine the 
specification 

•  Language designer role can enumerate the 
possible implementations 
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“I need a 
map data 
structure” 

“Looks like iterator 
order matters for 
your program” 

“Yes, I need 
iteration in 
sorted order” 

“Let’s use a 
balanced binary 
tree (TreeMap)” 


