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Understanding code changes

Original version Modified version
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1⃣ Code model

Textual evolution inference

1. Foo
2. Bar
3. Baz

1. Foo
2. Bar
3. Baz

2⃣ Action model

1. Foo
2. Bar
3. Baz

1. Foo
2. Bar
3. Baz
4. Bat

1. Hello
2. Foo
3. Bar

1. Foo
2. Bar
3. Baz
4. Bat

1. Hello
2. Foo
3. Bar

3⃣ Min. action sequence from the original to modified code

list of text lines delete line add line

original
modified



Textual evolution inference

Diff, 1974



Textual evolution inference

Code move/rename not supported Syntactic boundaries issues

Diff, 1974



Syntactic evolution inference

GumTree, 2014

Language-agnostic syntactic differencing approach
(around 15 languages supported)



GumTree in a nutshell: top-down phase

public class Foo {
    public void foo() {
      print(“unchanged”);
      print(“original”);
    }
}

ClassDef

public Foo Body

MethDef

public void foo Body

MethodCall

print unchanged

MethodCall

print original

class

public class Foo {
    public void foo() {
      print(“unchanged”);
      print(“modified”);
    }
}

ClassDef

public Foo Body

MethDef

public void foo Body

MethodCall

print unchanged

MethodCall

print modified

class

➡ min_size threshold



GumTree in a nutshell: bottom-up phase

public class Foo {
    public void foo() {
      print(“unchanged”);
      print(“original”);
    }
}

ClassDef

public Foo Body

MethDef

public void foo Body

MethodCall

print unchanged

MethodCall

print original

class

public class Foo {
    public void foo() {
      print(“unchanged”);
      print(“modified”);
    }
}

ClassDef

public Foo Body

MethDef

public void foo Body

MethodCall

print unchanged

MethodCall

print modified

class



GumTree in a nutshell: recovery phase

public class Foo {
    public void foo() {
      print(“unchanged”);
      print(“original”);
    }
}

ClassDef

public Foo Body

MethDef

public void foo Body

MethodCall

print unchanged

MethodCall

print original

class

public class Foo {
    public void foo() {
      print(“unchanged”);
      print(“modified”);
    }
}

ClassDef

public Foo Body

MethDef

public void foo Body

MethodCall

print unchanged

MethodCall

print modified

class

O(n^3) ➡ max_size threshold



GumTree in a nutshell: with recovery

public class Foo {
    public void foo() {
      print(“unchanged”);
      print(“original”);
    }
}

ClassDef

public Foo Body

MethDef

public void foo Body

MethodCall

print unchanged

MethodCall

print original

class

public class Foo {
    public void foo() {
      print(“unchanged”);
      print(“modified”);
    }
}

ClassDef

public Foo Body

MethDef

public void foo Body

MethodCall

print unchanged

MethodCall

print modified

class



GumTree in a nutshell: without recovery

public class Foo {
    public void foo() {
      print(“unchanged”);
      print(“original”);
    }
}

ClassDef

public Foo Body

MethDef

public void foo Body

MethodCall

print unchanged

MethodCall

print original

class

public class Foo {
    public void foo() {
      print(“unchanged”);
      print(“modified”);
    }
}

ClassDef

public Foo Body

MethDef

public void foo Body

MethodCall

print unchanged

MethodCall

print modified

class



GumTree simple: a fast recovery heuristic



Simple Recovery: isomorphism

MethodCall

print unchanged

MethodCall

print unchanged

Ancestor Ancestor



Simple Recovery: isomorphism

MethodCall

print unchanged

MethodCall

print unchanged

Ancestor Ancestor



Simple Recovery: iso-structure

MethodCall

print unchanged

MethodCall

print modified

Ancestor Ancestor



Simple Recovery: iso-structure

MethodCall

print unchanged

MethodCall

print modified

Ancestor Ancestor



Simple Recovery: uni-type

MethodCall

print

MethodCall

print modified

Ancestor Ancestor



Simple Recovery: uni-type

MethodCall

print

MethodCall

print modified

Ancestor Ancestor

recursive call to 
gumtree-simple



Simple Recovery: uni-type

MethodCall

print

MethodCall

print modified

Ancestor Ancestor



Evaluation

🪲 Defects4J

🪲 BugsInPy

󰠁 GhJava

󰠁 GhPython

Datasets

…

⏱ runtime
📏 size of the script

󰡸 7 participants

better, worse or same?

random 
sample

󰞹 2 authors



Edit-script size and runtime (quantitative)

Around 50% smaller median 
edit-script size

Between 50% and 300% 
matching speedup

Runtime Edit-script size



Diff perception (qualitative)

90% of smaller edit-scripts judged 
better by our participants



MethodCall

print

MethodCall

print modified

Ancestor Ancestor

Original 
version

Modified 
version

MethodCall

print

MethodCall

print modified

Ancestor Ancestor

recursive call


