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Trust the clones – What? 

•  Cloning of objects requires cloning of some (not all) 
fields of that object  – sheep cloning. 

•  Therefore, programmer needs to write custom 
cloning code for each class; this is tedious, error‐
prone boilerplate code. 

•  We propose annotaBons of the field declaraBons, 
and that be used to generate the code. 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Contents of the talk 

•  Example of sheep cloning 

•  AnnotaBng code with cloning informaBon 
– Path Types 
– Cloning Domains 

•  GeneraBon of the cloning methods 
– The cloning method for the Node example 
– The cloning method in general 

•  ProperBes of Cloning Methods 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Contents of the talk 

•  Example of sheep cloning 

•  AnnotaBng code with cloning informaBon 
– Path Types 
– Cloning Domains 

•  GeneraBon of the cloning methods 
– The cloning method for the Node example 
– The cloning method in general 

•  ProperBes of cloning methods 

4 



Example: assuming following objects 
… 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

class Union{  
   StudentList students; 
   Union clone(){ ??? } 
} 

class StudentList{ 
   Node head; 
   StudentList clone() 
         { ??? } 
} 

class Node{  
    Node next; 
    Student student; 
    Node clone(){ ??? } 
} 

class Student{ 
    Student clone(){ ??? }  
} 

Example: … described by following classes 



Example: assume that cloning 3, just 
duplicates 3 

7 

     1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

3’: Node 

next 



Example: assume that cloning 2, 
duplicates 2, 3, 4 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

3’: Node 

next 

4’: Node 

2’: StudentList 

head 



Example: assume that cloning 1, duplicates 1, 2, 3, 4, 5, 6 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

3’: Node 

next 

4’: Node 

2’: StudentList 

head 

5’: Student  6’: Student 

student student 

1’: Union 

students 



So, how can we write clone() so that 
… 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

•  1.clone() 
 duplicates 1, 2, 3, 4, 5, 6 

•  2.clone()  
 duplicates 2, 3, 4 

•  3.clone()   
 duplicates 3,   and 

•  4.clone()  
 duplicates 4 

•  5.clone()  
 duplicates 5, and 

•  6.clone()  
 duplicates 6 



So, how can we write clone()? 

11 

     1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

“Naïve” Approach: 
Write a different clone() 
method per class which 
“navigates” the structure, as 
needed for cloning. 



So, how can we write clone()? 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

“Naïve” Approach: 
Write a different clone() 
method per class which 
“navigates” the structure, as 
needed for cloning. 

Therefore, the method clone() from class  Union would 
read the Node’s fields. This exposes the internals of class 
Node to class Union.                                         



So, how can we write clone()? 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

“BeFer” Approach: 
Write one clone() method 
per class and provide it with 
some context, so that it knows 
how much to duplicate. This 
method will contain further calls 
of clone() on some of object’s 
fields and provide appropriate 
context.  



So, how can we write clone()? 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

“BeFer” Approach: 
Write one clone() method 
per class and provide it with 
some context, so that it knows 
how much to duplicate. This 
method will contain further calls 
of clone() on some of object’s 
fields and provide appropriate 
context.  

For example, Node will have three versions of clone(): one 
when the “originator” is itself; one when the originator is a 
StudentList; and one when the originator is  a Union.  



So, how can we write clone()? 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

Our Approach: 

A mechanism for the genera&on 
of clone methods. 

Use annotaBons to indicate 
object membership to cloning 
domains. 



So, how can we write clone()? 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

Our Approach: 

A mechanism for the genera&on 
of clone methods. 

Use type annotaBons to indicate 
object membership to cloning 
domains.   

In other words, put objects into 
boxes. 



Objects into Boxes 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Objects into Boxes started 14 years ago … 



Boxes owned by objects… 
•  Each object is owned by another  

object. 

•  Each owner  has a set of objects it  
owns. 

•  The ownership relaBon therefore 
introduces a tree hierarchy. 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1: A 
 4:B 

3: B  5: B 



The flavours of owners … 
•  Owners as dominators 

(for encapsulaBon, 
garbage collecBon) 

•  Owners as modifiers 
(for reasoning; invariant  
depends on owned objects) 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1: A 
 4:B 

3: B  5: B 



The flavours of owners … 
•  Owners as dominators 

(for memory management, 
encapsulaBon) 

•  Owners as modifiers 
(for reasoning; invariant  
depends on owned objects) 

•  Owners for sofware architecture 

•  Owners for effects  
(for concurrency, reasoning) 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1: A 
 4:B 

3: B  5: B 

  1: A 
 4:B 

3: B  5: B 



The flavours of owners … 
•  Owners as dominators 

(for memory management, 
encapsulaBon) 

•  Owners as modifiers 
(for reasoning; invariant  
depends on owned objects) 

•  Owners for sofware architecture 

•  Owners for effects  
(for concurrency, reasoning) 

•  and more … 
21 

  1: A 
 4:B 

3: B  5: B 

  1: A 
 4:B 

3: B  5: B 



Contents of the talk 

•  Example of sheep cloning 
•  AnnotaBng code with cloning informaBon 
–  Path Types 
–  Cloning Domains 

•  GeneraBon of the cloning methods 
–  The cloning method for the Node example 
–  The cloning method in genera; 

•  ProperBes of cloning methods 
•  What the underlying language must provide 
•  Conclusions 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Pugng objects into boxes … 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 



Pugng objects into boxes …  

24 

     1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

means that 
  3 and 4 belong to the cloning domain of 2. 
  2, 3, 4, 5 and 6 belong to the cloning domain of 1. 



Pugng objects into boxes … 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

class Union<c>{  
   StudentList<this> students; 
   Union clone(){ ??? } 
} 

class StudentList<c>{ 
   Node<this,c> head; 
   StudentList clone() 
         { ??? } 
} 

class Node<c1,c2>{  
    Node<c1,c2> next; 
    Student<c2> student; 
    Node clone(){ ??? } 
} 

class Student<c> { 
    Student clone(){ ??? }  
} 



Pugng objects into boxes … 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

class Union<c>{  
   StudentList<this> students; 
   Union clone(){ ??? } 
} 
class StudentList<c>{ 
   Node<this,c> head; 
   StudentList clone() 
         { ??? } 
} 
class Node<c1,c2>{  
    Node<c1,c2> next; 
    Student<c2> student; 
    Node clone(){ ??? } 
} 
class Student<c> { 
    Student clone(){ ??? }  
} means that 

   this.students  is inside the cloning domain of this,  
 when in Union. 



Pugng objects into boxes … 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

class Union<c>{  
   StudentList<this> students; 
   Union clone(){ ??? } 
} 
class StudentList<c>{ 
   Node<this,c> head; 
   StudentList clone() 
         { ??? } 
} 
class Node<c1,c2>{  
    Node<c1,c2> next; 
    Student<c2> student; 
    Node clone(){ ??? } 
} 
class Student<c> { 
    Student clone(){ ??? }  
} means that 

   this.students  is inside the cloning domain of this,  
 when in Union. 

  Therefore, when 1 is cloned, 2 has to be cloned too. 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Path Types ‐ definiBon 

•    A path has the form this.f1…..fn. 

•    Its type gives the path that leads to its owner (and 
the remaining cloning parameters). 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Path Types – example 

Union |- this.students : StudentList<this> 
Union |- this.studentList.head.student : Student<this> 

     1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student 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Cloning domains – definiBon 

•    The cloning domain of a class is the (infinite) set of 
paths whose type indicates that the corresponding 
object has to be cloned when this is cloned. 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Cloning Domains –   example 

ClnDom(Union)= 
{ this, this.students,  
  this.students.head, 
  this.head.studetns.next*, 
  this.head.studetns.next*.student  } 

     1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student 



Contents of the talk 

•  Example of sheep cloning 

•  AnnotaBng code with cloning informaBon 
– Path Types 
– Cloning Domains 

•  GeneraBon 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the cloning methods 
– The 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method for 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Node example 
– The cloning method in general 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The Node::clone() method 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

class Node<c1,c2>{  
    Node<c1,c2> next; Student<c2> student; 

} 



The Node::clone() method 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

class Node<c1,c2>{  
    Node<c1,c2> next; Student<c2> student; 
    Node clone(){  
       this.clone(false, false, new IdentityHashMap() 
    };  

} 



The Node::clone() method 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

class Node<c1,c2>{  
    Node<c1,c2> next; Student<c2> student; 
    Node clone(){  
       this.clone(false, false, new IdentityHashMap() 
    };  
    Node clone(bool s1, bool s2, Map m){ 
       Object n=m.get(this); 
       if (n!=null){ return (Node)n; } 

} 



The Node::clone() method 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

head 
next 

student  student 

class Node<c1,c2>{  
    Node<c1,c2> next; Student<c2> student; 
    Node clone(){  
       this.clone(false, false, new IdentityHashMap() 
    };  
    Node clone(bool s1, bool s2, Map m){ 
       Object n=m.get(this); 
       if (n!=null){ return (Node)n; } 
       Node clone = new Node(); m.put(clone); 
       clone.next= s1? this.next.clone(s1,s2,m) : this.next; 
       clone.student =  
           s2? this.student.clone(s2,m) : this.student; 
       return clone; 
} 



The Node::clone() method 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

hea
d 

next 

student  student 

class Node<c1,c2>{  
    Node<c1,c2> next; Student<c2> student; 
     . . . .       

    Node clone(bool s1, bool s2, Map m){ 
       … 

       Node clone = new Node(); m.put(clone); 
       clone.next= s1? this.next.clone(s1,s2,m) : this.next; 
       clone.student =  
           s2? this.student.clone(s2,m) : this.student; 
       return clone; 
} 

3.clone(false,false,m) 
duplicates 3 



The Node::clone() method 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1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

hea
d 

next 

student  student 

class Node<c1,c2>{  
    Node<c1,c2> next; Student<c2> student; 
     . . . .       

    Node clone(bool s1, bool s2, Map m){ 
       … 

       Node clone = new Node(); m.put(clone); 
       clone.next= s1? this.next.clone(s1,s2,m) : this.next; 
       clone.student =  
           s2? this.student.clone(s2,m) : this.student; 
       return clone; 
} 

3.clone(true,false,m) 
duplicates 3 and 4. 



The Node::clone() method 

39 

     1: Union 

2: StudentList 

3: Node  4: Node 

5: Student  6: Student 

students 

hea
d 

next 

student  student 

class Node<c1,c2>{  
    Node<c1,c2> next; Student<c2> student; 
     . . . .       

    Node clone(bool s1, bool s2, Map m){ 
       … 

       Node clone = new Node(); m.put(clone); 
       clone.next= s1? this.next.clone(s1,s2,m) : this.next; 
       clone.student =  
           s2? this.student.clone(s2,m) : this.student; 
       return clone; 
} 

3.clone(true,true,m) 
duplicates 3, 4, 5 and 6. 



The C::clone() method  ‐ in general 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Contents of the talk 

•  Example of sheep cloning 
•  AnnotaBng code with cloning informaBon 
– Path Types 
– Cloning Domains 

•  GeneraBon of the cloning methods 
– The cloning method for the Node example 
– The cloning method in genera; 

•  ProperBes of cloning methods 
•  Conclusions 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Guarantees of cloning 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 TerminaOon: any call of o.clone() terminates. 

 Soundness: all objects from the cloning domain are 
duplicated. 

 Isomorphism the new objects form a structure that 
is isomorphic to that in the cloning domain, provided 
that owners are “points of no return.” 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1: A 
 3:B 

4: C  5: D 

 2:B  0:F 

•    Pointers into a box are allowed. 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1: A 
 3:B 

4: C  5: D 

 2:B  0:F 

•    Pointers into a box are allowed, provided no path 
exits and then re‐enters a box. 

•    We can check this staBcally. 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 Isomorphism: the new objects form a structure isomorphic to 
that in the cloning domain, provided owners are “points of no 
return.” 

  1: A 
 3:B 

4: C  5: D 

 2:B  0:F 

•    Pointers into a box are allowed, provided no path 
exits and then re‐enters a box. 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•  Ownership‐like 
types are cool. 

•  Cloning methods 
can be generated. 

•  “Point of no return” 
new flavour of OTs. 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Thank You! 

•  Ownership‐like 
types are cool. 

•  Cloning methods 
can be generated. 

•  “Point of no return” 
new flavour of OTS   


