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Building the adapter method sketch
𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝗏𝖺𝗅)



Adapter expand(int val) { 
   Rectangle retRect1 = null; int retInt1 = 0; 
   switch (??) {  
      case 1: retRect1 = new Rectangle ( ); break; 
      case 2: retRect1 = new Rectangle (this.rect); break; 
      case 3: retInt1 = width(); break; 
      case 4: rect.shrink ({val | -val | ??}, {val | -val | ??}); 
break; 
                               … 
      default:  
   } 
   
   Rectangle retRect2 = null; int retInt2 = 0; 
   switch (??) { … } 

   return new Adapter({this.rect | retRect1 | retRect2 | null}); 
} SKETCH

Building the adapter method sketch
𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝗏𝖺𝗅)



Adapter expand(int val) { 
   Rectangle retRect1 = null; int retInt1 = 0; 
   switch (??) {  
      case 1: retRect1 = new Rectangle ( ); break; 
      case 2: retRect1 = new Rectangle (this.rect); break; 
      case 3: retInt1 = width(); break; 
      case 4: rect.shrink ({val | -val | ??}, {val | -val | ??}); 
break; 
                               … 
      default:  
   } 
   
   Rectangle retRect2 = null; int retInt2 = 0; 
   switch (??) { … } 

   return new Adapter({this.rect | retRect1 | retRect2 | null}); 
} SKETCH

Building the adapter method sketch
𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝗏𝖺𝗅)



Adapter expand(int val) { 
   Rectangle retRect1 = null; int retInt1 = 0; 
   switch (??) {  
      case 1: retRect1 = new Rectangle ( ); break; 
      case 2: retRect1 = new Rectangle (this.rect); break; 
      case 3: retInt1 = width(); break; 
      case 4: rect.shrink ({val | -val | ??}, {val | -val | ??}); 
break; 
                               … 
      default:  
   } 
   
   Rectangle retRect2 = null; int retInt2 = 0; 
   switch (??) { … } 

   return new Adapter({this.rect | retRect1 | retRect2 | null}); 
} SKETCH

Building the adapter method sketch
𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝗏𝖺𝗅)

Equivalent method 
signature



Adapter expand(int val) { 
   Rectangle retRect1 = null; int retInt1 = 0; 
   switch (??) {  
      case 1: retRect1 = new Rectangle ( ); break; 
      case 2: retRect1 = new Rectangle (this.rect); break; 
      case 3: retInt1 = width(); break; 
      case 4: rect.shrink ({val | -val | ??}, {val | -val | ??}); 
break; 
                               … 
      default:  
   } 
   
   Rectangle retRect2 = null; int retInt2 = 0; 
   switch (??) { … } 

   return new Adapter({this.rect | retRect1 | retRect2 | null}); 
} SKETCH

Building the adapter method sketch
𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝗏𝖺𝗅)



Adapter expand(int val) { 
   Rectangle retRect1 = null; int retInt1 = 0; 
   switch (??) {  
      case 1: retRect1 = new Rectangle ( ); break; 
      case 2: retRect1 = new Rectangle (this.rect); break; 
      case 3: retInt1 = width(); break; 
      case 4: rect.shrink ({val | -val | ??}, {val | -val | ??}); 
break; 
                               … 
      default:  
   } 
   
   Rectangle retRect2 = null; int retInt2 = 0; 
   switch (??) { … } 

   return new Adapter({this.rect | retRect1 | retRect2 | null}); 
} SKETCH

Building the adapter method sketch
𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝗏𝖺𝗅)



Adapter expand(int val) { 
   Rectangle retRect1 = null; int retInt1 = 0; 
   switch (??) {  
      case 1: retRect1 = new Rectangle ( ); break; 
      case 2: retRect1 = new Rectangle (this.rect); break; 
      case 3: retInt1 = width(); break; 
      case 4: rect.shrink ({val | -val | ??}, {val | -val | ??}); 
break; 
                               … 
      default:  
   } 
   
   Rectangle retRect2 = null; int retInt2 = 0; 
   switch (??) { … } 

   return new Adapter({this.rect | retRect1 | retRect2 | null}); 
} SKETCH

Building the adapter method sketch
𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝗏𝖺𝗅)

Box instance replaced with 
Adapter instance



Adapter expand(int val) { 
   Rectangle retRect1 = null; int retInt1 = 0; 
   switch (??) {  
      case 1: retRect1 = new Rectangle ( ); break; 
      case 2: retRect1 = new Rectangle (this.rect); break; 
      case 3: retInt1 = width(); break; 
      case 4: rect.shrink ({val | -val | ??}, {val | -val | ??}); 
break; 
                               … 
      default:  
   } 
   
   Rectangle retRect2 = null; int retInt2 = 0; 
   switch (??) { … } 

   return new Adapter({this.rect | retRect1 | retRect2 | null}); 
} SKETCH

Building the adapter method sketch
𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝗏𝖺𝗅)



Adapter expand(int val) { 
   Rectangle retRect1 = null; int retInt1 = 0; 
   switch (??) {  
      case 1: retRect1 = new Rectangle ( ); break; 
      case 2: retRect1 = new Rectangle (this.rect); break; 
      case 3: retInt1 = width(); break; 
      case 4: rect.shrink ({val | -val | ??}, {val | -val | ??}); 
break; 
                               … 
      default:  
   } 
   
   Rectangle retRect2 = null; int retInt2 = 0; 
   switch (??) { … } 

   return new Adapter({this.rect | retRect1 | retRect2 | null}); 
} SKETCH

𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝖼)

Building the adapter method sketch



Adapter expand(int val) { 
   Rectangle retRect1 = null; int retInt1 = 0; 
   switch (??) {  
      case 1: retRect1 = new Rectangle ( ); break; 
      case 2: retRect1 = new Rectangle (this.rect); break; 
      case 3: retInt1 = width(); break; 
      case 4: rect.shrink ({val | -val | ??}, {val | -val | ??}); 
break; 
                               … 
      default:  
   } 
   
   Rectangle retRect2 = null; int retInt2 = 0; 
   switch (??) { … } 

   return new Adapter({this.rect | retRect1 | retRect2 | null}); 
} SKETCH

𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝖼)

Building the adapter method sketch



Adapter expand(int val) { 
   Rectangle retRect1 = null; int retInt1 = 0; 
   switch (??) {  
      case 1: retRect1 = new Rectangle ( ); break; 
      case 2: retRect1 = new Rectangle (this.rect); break; 
      case 3: retInt1 = width(); break; 
      case 4: rect.shrink ({val | -val | ??}, {val | -val | ??}); 
break; 
                               … 
      default:  
   } 
   
   Rectangle retRect2 = null; int retInt2 = 0; 
   switch (??) { … } 

   return new Adapter({this.rect | retRect1 | retRect2 | null}); 
} SKETCH

…

Choice to invoke a  
public method from 

Class R

𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝖼)

Building the adapter method sketch



Adapter expand(int val) { 
   Rectangle retRect1 = null; int retInt1 = 0; 
   switch (??) {  
      case 1: retRect1 = new Rectangle ( ); break; 
      case 2: retRect1 = new Rectangle (this.rect); break; 
      case 3: retInt1 = width(); break; 
      case 4: rect.shrink ({val | -val | ??}, {val | -val | ??}); 
break; 
                               … 
      default:  
   } 
   
   Rectangle retRect2 = null; int retInt2 = 0; 
   switch (??) { … } 

   return new Adapter({this.rect | retRect1 | retRect2 | null}); 
} SKETCH

…

Choice to invoke a  
public method from 

Class R

𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝖼)

Building the adapter method sketch



Adapter expand(int val) { 
   Rectangle retRect1 = null; int retInt1 = 0; 
   switch (??) {  
      case 1: retRect1 = new Rectangle ( ); break; 
      case 2: retRect1 = new Rectangle (this.rect); break; 
      case 3: retInt1 = width(); break; 
      case 4: rect.shrink ({val | -val | ??}, {val | -val | ??}); 
break; 
                               … 
      default:  
   } 
   
   Rectangle retRect2 = null; int retInt2 = 0; 
   switch (??) { … } 

   return new Adapter({this.rect | retRect1 | retRect2 | null}); 
} SKETCH

…

Choice to invoke a  
public method from 

Class R

…

Choice to use any  
available parameter

𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝖼)

Building the adapter method sketch



Adapter expand(int val) { 
   Rectangle retRect1 = null; int retInt1 = 0; 
   switch (??) {  
      case 1: retRect1 = new Rectangle ( ); break; 
      case 2: retRect1 = new Rectangle (this.rect); break; 
      case 3: retInt1 = width(); break; 
      case 4: rect.shrink ({val | -val | ??}, {val | -val | ??}); 
break; 
                               … 
      default:  
   } 
   
   Rectangle retRect2 = null; int retInt2 = 0; 
   switch (??) { … } 

   return new Adapter({this.rect | retRect1 | retRect2 | null}); 
} SKETCH

𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝖼)

Building the adapter method sketch



Adapter expand(int val) { 
   Rectangle retRect1 = null; int retInt1 = 0; 
   switch (??) {  
      case 1: retRect1 = new Rectangle ( ); break; 
      case 2: retRect1 = new Rectangle (this.rect); break; 
      case 3: retInt1 = width(); break; 
      case 4: rect.shrink ({val | -val | ??}, {val | -val | ??}); 
break; 
                               … 
      default:  
   } 
   
   Rectangle retRect2 = null; int retInt2 = 0; 
   switch (??) { … } 

   return new Adapter({this.rect | retRect1 | retRect2 | null}); 
} SKETCH

Create a invocation 
sequence

𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝖼)

Building the adapter method sketch



Adapter expand(int val) { 
   Rectangle retRect1 = null; int retInt1 = 0; 
   switch (??) {  
      case 1: retRect1 = new Rectangle ( ); break; 
      case 2: retRect1 = new Rectangle (this.rect); break; 
      case 3: retInt1 = width(); break; 
      case 4: rect.shrink ({val | -val | ??}, {val | -val | ??}); 
break; 
                               … 
      default:  
   } 
   
   Rectangle retRect2 = null; int retInt2 = 0; 
   switch (??) { … } 

   return new Adapter({this.rect | retRect1 | retRect2 | null}); 
} SKETCH

𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝖼)

Building the adapter method sketch



Adapter expand(int val) { 
   Rectangle retRect1 = null; int retInt1 = 0; 
   switch (??) {  
      case 1: retRect1 = new Rectangle ( ); break; 
      case 2: retRect1 = new Rectangle (this.rect); break; 
      case 3: retInt1 = width(); break; 
      case 4: rect.shrink ({val | -val | ??}, {val | -val | ??}); 
break; 
                               … 
      default:  
   } 
   
   Rectangle retRect2 = null; int retInt2 = 0; 
   switch (??) { … } 

   return new Adapter({this.rect | retRect1 | retRect2 | null}); 
} SKETCH

Choice to return any 
suitable value

𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝖼)

Building the adapter method sketch



Adapter expand(int val) { 
   Rectangle retRect1 = null; int retInt1 = 0; 
   switch (??) {  
      case 1: retRect1 = new Rectangle ( ); break; 
      case 2: retRect1 = new Rectangle (this.rect); break; 
      case 3: retInt1 = width(); break; 
      case 4: rect.shrink ({val | -val | ??}, {val | -val | ??}); 
break; 
                               … 
      default:  
   } 
   
   Rectangle retRect2 = null; int retInt2 = 0; 
   switch (??) { … } 

   return new Adapter({this.rect | retRect1 | retRect2 | null}); 
} SKETCH

𝖡𝗈𝗑 𝖾𝗑𝗉𝖺𝗇𝖽(𝗂𝗇𝗍 𝖼)

Building the adapter method sketch



harness static void check-expand ( int s[], int r[] ) { 
   Box a1 = new Box (); a1.x1 = s[0]; a1.y1 = s[1];  
   a1.x2 = s[2]; a1.y2 = s[3];  
   int a2 = s[4]; 

   Rectangle b1 = new Rectangle(); b1.x = r[0]; b1.y = r[1];  
   b1.width = r[2]; b1.height = r[3];  
   Adapter w1 = new Adapter(b1);   
   int b2 = r[4]; 
   
   assume(a1.x1 == b1.x && a1.y1 = b1.y  
   && a1.x2 == b1.x+b1.width && a1.y2 == b1.y+b1.height); 
   assume(a2 == b2); 
    
   Box2 a3 = a1.expand(a2);  Adapter w3 = w1.expand(b2); 
    
   Rectangle b3 = w3.rect; 
   assert(a1.x1 == b1.x && a1.y1 = b1.y  
   && a1.x2 == b1.x+b1.width && a1.y2 == b1.y+b1.height); 
   assert(a2 == b2); 
   assert(a3.x1 == b3.x && a3.y1 = b3.y  
   && a3.x2 == b3.x+ b3.width && a3.y2 == b3.y+ b3.height); 
   assert((a1 == a3 && b1 == b3) || (a1 != a3 && b1 != b3) );   
}

Building the correctness check/harness
ASSUME AVAILABILITY OF 

INTER-CLASS 
EQUIVALENCE PREDICATE 

 
 

𝗑1 = 𝗑
𝗒1 = 𝗒

𝗑2 = 𝗑 + 𝗐𝗂𝖽𝗍𝗁
𝗒2 = 𝗒 + 𝗁𝖾𝗂𝗀𝗁𝗍



harness static void check-expand ( int s[], int r[] ) { 
   Box a1 = new Box (); a1.x1 = s[0]; a1.y1 = s[1];  
   a1.x2 = s[2]; a1.y2 = s[3];  
   int a2 = s[4]; 

   Rectangle b1 = new Rectangle(); b1.x = r[0]; b1.y = r[1];  
   b1.width = r[2]; b1.height = r[3];  
   Adapter w1 = new Adapter(b1);   
   int b2 = r[4]; 
   
   assume(a1.x1 == b1.x && a1.y1 = b1.y  
   && a1.x2 == b1.x+b1.width && a1.y2 == b1.y+b1.height); 
   assume(a2 == b2); 
    
   Box2 a3 = a1.expand(a2);  Adapter w3 = w1.expand(b2); 
    
   Rectangle b3 = w3.rect; 
   assert(a1.x1 == b1.x && a1.y1 = b1.y  
   && a1.x2 == b1.x+b1.width && a1.y2 == b1.y+b1.height); 
   assert(a2 == b2); 
   assert(a3.x1 == b3.x && a3.y1 = b3.y  
   && a3.x2 == b3.x+ b3.width && a3.y2 == b3.y+ b3.height); 
   assert((a1 == a3 && b1 == b3) || (a1 != a3 && b1 != b3) );   
}

Building the correctness check/harness
Create parameters for the 

original method and 
symbolize them.
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harness static void check-expand ( int s[], int r[] ) { 
   Box a1 = new Box (); a1.x1 = s[0]; a1.y1 = s[1];  
   a1.x2 = s[2]; a1.y2 = s[3];  
   int a2 = s[4]; 

   Rectangle b1 = new Rectangle(); b1.x = r[0]; b1.y = r[1];  
   b1.width = r[2]; b1.height = r[3];  
   Adapter w1 = new Adapter(b1);   
   int b2 = r[4]; 
   
   assume(a1.x1 == b1.x && a1.y1 = b1.y  
   && a1.x2 == b1.x+b1.width && a1.y2 == b1.y+b1.height); 
   assume(a2 == b2); 
    
   Box2 a3 = a1.expand(a2);  Adapter w3 = w1.expand(b2); 
    
   Rectangle b3 = w3.rect; 
   assert(a1.x1 == b1.x && a1.y1 = b1.y  
   && a1.x2 == b1.x+b1.width && a1.y2 == b1.y+b1.height); 
   assert(a2 == b2); 
   assert(a3.x1 == b3.x && a3.y1 = b3.y  
   && a3.x2 == b3.x+ b3.width && a3.y2 == b3.y+ b3.height); 
   assert((a1 == a3 && b1 == b3) || (a1 != a3 && b1 != b3) );   
}

Building the correctness check/harness
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symbolize them.
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harness static void check-expand ( int s[], int r[] ) { 
   Box a1 = new Box (); a1.x1 = s[0]; a1.y1 = s[1];  
   a1.x2 = s[2]; a1.y2 = s[3];  
   int a2 = s[4]; 

   Rectangle b1 = new Rectangle(); b1.x = r[0]; b1.y = r[1];  
   b1.width = r[2]; b1.height = r[3];  
   Adapter w1 = new Adapter(b1);   
   int b2 = r[4]; 
   
   assume(a1.x1 == b1.x && a1.y1 = b1.y  
   && a1.x2 == b1.x+b1.width && a1.y2 == b1.y+b1.height); 
   assume(a2 == b2); 
    
   Box2 a3 = a1.expand(a2);  Adapter w3 = w1.expand(b2); 
    
   Rectangle b3 = w3.rect; 
   assert(a1.x1 == b1.x && a1.y1 = b1.y  
   && a1.x2 == b1.x+b1.width && a1.y2 == b1.y+b1.height); 
   assert(a2 == b2); 
   assert(a3.x1 == b3.x && a3.y1 = b3.y  
   && a3.x2 == b3.x+ b3.width && a3.y2 == b3.y+ b3.height); 
   assert((a1 == a3 && b1 == b3) || (a1 != a3 && b1 != b3) );   
}

Building the correctness check/harness

Enforce the equivalence 
between corresponding 

parameters
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harness static void check-expand ( int s[], int r[] ) { 
   Box a1 = new Box (); a1.x1 = s[0]; a1.y1 = s[1];  
   a1.x2 = s[2]; a1.y2 = s[3];  
   int a2 = s[4]; 

   Rectangle b1 = new Rectangle(); b1.x = r[0]; b1.y = r[1];  
   b1.width = r[2]; b1.height = r[3];  
   Adapter w1 = new Adapter(b1);   
   int b2 = r[4]; 
   
   assume(a1.x1 == b1.x && a1.y1 = b1.y  
   && a1.x2 == b1.x+b1.width && a1.y2 == b1.y+b1.height); 
   assume(a2 == b2); 
    
   Box2 a3 = a1.expand(a2);  Adapter w3 = w1.expand(b2); 
    
   Rectangle b3 = w3.rect; 
   assert(a1.x1 == b1.x && a1.y1 = b1.y  
   && a1.x2 == b1.x+b1.width && a1.y2 == b1.y+b1.height); 
   assert(a2 == b2); 
   assert(a3.x1 == b3.x && a3.y1 = b3.y  
   && a3.x2 == b3.x+ b3.width && a3.y2 == b3.y+ b3.height); 
   assert((a1 == a3 && b1 == b3) || (a1 != a3 && b1 != b3) );   
}

Enforce the equivalence 
between corresponding 

parameters

Building the correctness check/harness
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harness static void check-expand ( int s[], int r[] ) { 
   Box a1 = new Box (); a1.x1 = s[0]; a1.y1 = s[1];  
   a1.x2 = s[2]; a1.y2 = s[3];  
   int a2 = s[4]; 

   Rectangle b1 = new Rectangle(); b1.x = r[0]; b1.y = r[1];  
   b1.width = r[2]; b1.height = r[3];  
   Adapter w1 = new Adapter(b1);   
   int b2 = r[4]; 
   
   assume(a1.x1 == b1.x && a1.y1 = b1.y  
   && a1.x2 == b1.x+b1.width && a1.y2 == b1.y+b1.height); 
   assume(a2 == b2); 
    
   Box2 a3 = a1.expand(a2);  Adapter w3 = w1.expand(b2); 
    
   Rectangle b3 = w3.rect; 
   assert(a1.x1 == b1.x && a1.y1 = b1.y  
   && a1.x2 == b1.x+b1.width && a1.y2 == b1.y+b1.height); 
   assert(a2 == b2); 
   assert(a3.x1 == b3.x && a3.y1 = b3.y  
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•  Reference class fields 
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Step 1:Symbolic Execution
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executed
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• Repeat the same process for class R
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Implementation

• Built on JPF, Mistral and JavaSketch frameworks


• Exceptions are handled using optional try-catch blocks


• Maximum length for arrays and field dereferences: 5


• Manually verified correctness beyond the limit


• Generic types are instantiated before synthesis 


• Constructors are treated as special methods; no assume clause on receivers 



Evaluation
• Evaluated on OpenSource Java Classes


• Replacing a class with a similar class


• Considered 10 classes and 20 class replacement experiments


• Inter-class equivalence predicates generated, Maximum: 8, Average: 2.6


• Method invocation sequence identified as replacement, Maximum: 6,  Average: 1.7


• Allowed partial class synthesis 


• Synthesized 193/375 adapter methods



Evaluation

• Replacing an older version of the class with newer version


• Considered 6 classes from GitHub > 450 stars


• Replacement found for 4 classes. 


• 2 cases failed due to bug fixes


• Fields added/removed/updated, changes to method signature, changes to 
implementation and cosmetic changes 



Broader Implication

• Software is widely available, free and built by others


• Many implementations of the same functionality are available


• Key Question: How can I make sure my software always incorporates best 
implementation? 


• MASK takes a step towards answering this question


• We envision MASK and it’s successors to enable softwares to better 
themselves



Conclusion

• MASK: Automatic context-agnostic class replacement 


• Synthesize a drop-in adapter class


• Equivalence of original class and the adapter class is verified 


• Leverages symbolic execution, constraint solving and sketch based synthesis


• Evaluated on open source Java classes


• Can synthesize non-trivial replacements


