Model Differences

ow to specify and detect changes in graph-like models



mailto:ulf.schwekendiek@gmail.com
mailto:ulf.schwekendiek@gmail.com

Outline



mailto:ulf.schwekendiek@gmail.com
mailto:ulf.schwekendiek@gmail.com

Outline

* Challenges



mailto:ulf.schwekendiek@gmail.com
mailto:ulf.schwekendiek@gmail.com

Outline

* Challenges
 Plain Text Differences - GNU Diff



mailto:ulf.schwekendiek@gmail.com
mailto:ulf.schwekendiek@gmail.com

Outline

* Challenges
 Plain Text Differences - GNU



mailto:ulf.schwekendiek@gmail.com
mailto:ulf.schwekendiek@gmail.com

Outline

* Challenges
Plain Text Differences - GNU Diff



mailto:ulf.schwekendiek@gmail.com
mailto:ulf.schwekendiek@gmail.com



mailto:ulf.schwekendiek@gmail.com
mailto:ulf.schwekendiek@gmail.com

Challenges

4



mailto:ulf.schwekendiek@gmail.com
mailto:ulf.schwekendiek@gmail.com

Challenges

4

How to detect differences in models?



mailto:ulf.schwekendiek@gmail.com
mailto:ulf.schwekendiek@gmail.com

Challenges

How to detect differences in models?

|dea |:Take a textual representation of the
model and run diff



mailto:ulf.schwekendiek@gmail.com
mailto:ulf.schwekendiek@gmail.com

Challenges

* How to detect differences in models?

» ldea |:Take a textual representation of the
model and run diff

Idea 72 Slnce models can be represented |n XML s

5 %
i i e S b



mailto:ulf.schwekendiek@gmail.com
mailto:ulf.schwekendiek@gmail.com

Challenges

* How to detect differences in models?

|dea |:Take a textual representation of the

model and run diff

’ Idea 2 Slnce models cly be represented in XML
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Challenges

J. W. Hunt and M. D. Mcliroy,

“An algorithm for differential file comparison”
Bell Telephone Laboratories CSTR #41 (1976)

Detecting a difference in a plain text file is rather simple:
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What is a difference!?

<

< It includes plain text.
<

< =)
\ No newline at end of file »
= ]

> It includes changed plain text.
> -0
\ No newline at end of file

This is a test file.

This is a test file.
It includes changed plain
text.
1=0

It includes plain text. »
|

.

=)

* We have two files/models/... and want to find the
difference

* Difference is expressed as either

» A script with add/delete/update directives

describing the transformation from the source
file/model/... to a target one

» Graph coloring

UIf Schwekendiek (ulfschwekendiek@gmail.com) m """""""""""""""""""""""""""""" 26. March 2008
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* There are several tools that detect changes in a
more graphical way:

* Example: ChangesV.1.0

Source: http://changesapp.com

filel.txt vs. file2.txt purchase changes

Full Differences Only . Previous Diff Next Diff Merge From Left Merge From Right . Refresh Customize
This is a test file. This is a test file.

It includes plain text. It includes changed plain text.

&Y sulf » =) filel.txt &Y sulf » =) file2.txt

UIf Schwekendiek (ulfschwekendiek@gmail.com) w """""""""""""""""""""""""""""" 26. March 2008
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GNU diff on XML files
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GNU diff on XML files

<Books>
<Book>
<Title>Harry Potter and the Sorcerer's Stone</Title>
<Price>$10.00</Price>
</Book>
<Book>
<Title>The adventures of Tom Sawyer</Title>
<Price>$5.00</Price>
</Book>
</Books>

VS.

<Books>
<Book>
<Title>The adventures of Tom Sawyer</Title>
<Price>$29.00</Price>
</Book>
<Book>
<Title>Harry Potter and the Sorcerer's Stone</Title>
<Price>$10.00</Price>
</Book>
</Books>
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GNU diff on XML files

<Books>
<Book>
<Title>Harry Potter and the Sorcerer's Stone</Title>
<Price>$10.00</Price>
</Book>
<Book>
<Title>The adventures of Tom Sawyer</Title>
<Price>$5.00</Price>
</Book>
</Books>

3,4c3,4

7,8¢c7,8

< <Title>Harry Potter and the Sorcerer's Stone</Title>
< <Price>$10.00</Price>

> <Title>The adventures of Tom Sawyer</Title>
> <Price>$29.00</Price>

< <Title>The adventures of Tom Sawyer</Title>
< <Price>$5.00</Price>

> <Title>Harry Potter and the Sorcerer's Stone</Title>
> <Price>$10.00</Price>

<Books>
<Book>
<Title>The adventures of Tom Sawyer</Title>
<Price>$29.00</Price>
</Book>
<Book>
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GNU Diff upgrade script

UIf Schwekendiek (ulfschwekendiek@gmail.com) w
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<Books>
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<Title>Harry Potter and the Sorcerer's Stone</Title>
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Y. Wang, D.]. DeWitt and J. Cai

“An Effective Change Detection Algorithm for XML
Documents”

University of Wisconsin (2003)

XML structure is hierarchical and can be represented as a tree

Unordered trees
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Tree Definition

A tree has three kinds of nodes:

Element nodes - non-leaf nodes with one
label, name

Text nodes - leaf nodes with one label, value

Attribute nodes - leaf nodes with two labels,
name and value
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algorithm design.
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Calculating minimum-Cost matching

Input: Tree T, and T,.
Output: a minimum-cost matching M..(T}, T>).
Initialize: set initial working sets
N, = {all leaf nodes in T, }, N; = {all leaf nodes in T, }.
Set the Distance Table DT = { }.
/* Step 1: Reduce matching space */
Filter out next-level subtrees that have equal XHash values.
/* Step 2: compute editing distance for (T, — T,) */
DO {
For every node x in N,
For every node y in N,
If Signature(x) = Signature(y)
Compute Dist(x, y):
Save matching (x, y) with Dist(x, y) in DT.
Set N, = { parent nodes of previous nodes in N, };
N, = { parent nodes of previous nodes in N, }.
} While (both N, and N, are not empty).
/* Step 3: mark matchings on T, and T,. */
Set Mio(T), T2) = {}
If Signature(Root(T,)) # Signature(Root(T,))
Return; I*MioT), T) = {}¥/
Else
Add (Root(T,), Root(T,)) to M,;.,(T,, T5).
For every non-leaf node mapping (x, y) € M;,(T), T>)
Retrieve matchings between their child nodes that
are stored in DT.
Add child node matchings into M,...(T,, T>).

UIf Schwekendiek (ulfschwekendiek@gmail.com) w """""""""""""""""""""""""""""" 26. March 2008
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Input: Tree T, and T,.
Output: a minimum-cost matching M..(T}, T>).
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N, = {all leaf nodes in T, }, N, = {all leaf nodes in T, }.
Set the Distance Table DT = {}.
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Input: Tree T, and T,.
Output: a minimum-cost matching M..(T}, T>).
Initialize: set initial working sets
N, = {all leaf nodes in T, }, N, = {all leaf nodes in T, }.
Set the Distance Table DT = { }.

/* Step 1: Reduce matching space */
Filter out next-level subtrees that have equal XHash values.
/* Step 2: compute editing distance for (T, — T,) */
DO {
For every node x in N,
For every node y in N;
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Compute Dist(x, y):
Save matching (x, y) with Dist(x, y) in DT.
Set N| = {parent nodes of previous nodes in N, };
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/* Step 3: mark matchingson T, and T,. */
Set lel‘.kll‘-.'l‘.‘ l_" = { :.'

If Signature(Root(T,)) # Signature(Root(T,))
Return; I*MioT), T) = {}¥/
Else
dist(A,B) = | Add (Root(T,), Root(T3)) to Myin(T;, T3).
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Input: Tree T, and T,.
Output: a minimum-cost matching M..(T}, T>).
Initialize: set initial working sets
N, = {all leaf nodes in T, }, N, = {all leaf nodes in T, }.
Set the Distance Table DT = { }.

/* Step 1: Reduce matching space */
Filter out next-level subtrees that have equal XHash values.
/* Step 2: compute editing distance for (T, — T,) */
DO {

For every node x in N,

For every node y in N;
If Signature(x) = Signature(y)
Compute Dist(x, y):
Save matching (x, y) with Dist(x, y) in DT.
Set N| = {parent nodes of previous nodes in N, };
N, = { parent nodes of previous nodes in N, }.

} While (both N, and N, are not empty).
/* Step 3: mark matchingson T, and T,. */
Set Mi(Ty, T2) = { }
If Signature(Root(T,)) # Signature(Root(T,))

Return; I*MioT), T) = {}¥/
Else

dist(A,B) = Add (Root(T}), Root(T3)) to Myin(T;, Ta).
diSt(C,C) = For every non leaf node mapping (x, v) € l‘\v‘J,,Ai,,('l‘,_ T»)
Retrieve matchings between their child nodes that

are stored in DT.

Add child node matchings into M,...(T,, T>).
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QOO

dist(A,B) = |
dist(C,C) =0
dist(D,D) =0

UIf Schwekendiek (ulfschwekendiek@gmail.com) w

Input: Tree T, and T,.
Output: a minimum-cost matching M..(T}, T>).
Initialize: set initial working sets
N, = {all leaf nodes in T, }, N, = {all leaf nodes in T, }.
Set the Distance Table DT = { }.
/* Step 1: Reduce matching space */
Filter out next-level subtrees that have equal XHash values.
/* Step 2: compute editing distance for (T, — T,) */
DO {
For every node x in N,
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If Signature(x) = Signature(y)
Compute Dist(x, y):
Save matching (x, y) with Dist(x, y) in DT.
Set N| = {parent nodes of previous nodes in N, };
N, = { parent nodes of previous nodes in N, }.
} While (both N, and N, are not empty).
/* Step 3: mark matchingson T, and T,. */
Set M,;i(T,, T2) = {}
If Signature(Root(T,)) # Signature(Root(T,))
Return; I*MioT), T) = {}¥/
Else
Add (Root(T)), Root(T5)) to M.;,(T,, T>).
For every non-leaf node mapping (x, y) € M (T, T3)
Retrieve matchings between their child nodes that
are stored in DT.
Add child node matchings into M,...(T,, T>).
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QOO

dist(A,B) =1 dist(EE) =0
dist(C,C) =0
dist(D,D) =0

UIf Schwekendiek (ulfschwekendiek@gmail.com) w

Input: Tree T, and T,.
Output: a minimum-cost matching M..(T}, T>).
Initialize: set initial working sets
N, = {all leaf nodes in T, }, N, = {all leaf nodes in T, }.
Set the Distance Table DT = { }.
/* Step 1: Reduce matching space */
Filter out next-level subtrees that have equal XHash values.
/* Step 2: compute editing distance for (T, — T,) */
DO {
For every node x in N,
For every node y in N;
If Signature(x) = Signature(y)
Compute Dist(x, y):
Save matching (x, y) with Dist(x, y) in DT.
Set N| = {parent nodes of previous nodes in N, };
N, = { parent nodes of previous nodes in N, }.
} While (both N, and N, are not empty).
/* Step 3: mark matchingson T, and T,. */
Set M,;i(T,, T2) = {}
If Signature(Root(T,)) # Signature(Root(T,))
Return; I*MioT), T) = {}¥/
Else
Add (Root(T)), Root(T5)) to M.;,(T,, T>).
For every non-leaf node mapping (x, y) € M (T, T3)
Retrieve matchings between their child nodes that
are stored in DT.
Add child node matchings into M,...(T,, T>).
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QOO

dist(A,B) =1 dist(EEE) =0
dist(C,C) =0 dist(FF) =0
dist(D,D) =0

UIf Schwekendiek (ulf.schwekendiek@gmail.com)

Input: Tree T, and T,.
Output: a minimum-cost matching M..(T}, T>).
Initialize: set initial working sets
N, = {all leaf nodes in T, }, N, = {all leaf nodes in T, }.
Set the Distance Table DT = { }.
/* Step 1: Reduce matching space */
Filter out next-level subtrees that have equal XHash values.
/* Step 2: compute editing distance for (T, — T,) */
DO {
For every node x in N,
For every node y in N;
If Signature(x) = Signature(y)
Compute Dist(x, y):
Save matching (x, y) with Dist(x, y) in DT.
Set N| = {parent nodes of previous nodes in N, };
N, = { parent nodes of previous nodes in N, }.
} While (both N, and N, are not empty).
/* Step 3: mark matchingson T, and T,. */
Set M,;i(T,, T2) = {}
If Signature(Root(T,)) # Signature(Root(T,))
Return; I*MioT), T) = {}¥/
Else
Add (Root(T)), Root(T5)) to M.;,(T,, T>).
For every non-leaf node mapping (x, y) € M (T, T3)
Retrieve matchings between their child nodes that
are stored in DT.
Add child node matchings into M,...(T,, T>).
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dist(A,B) =1 dist(EEE) =0
dist(C,C) =0 dist(FF) =0
dist(D,D) =0 dist(G,G) =0

UIf Schwekendiek (ulf.schwekendiek@gmail.com)

Input: Tree T, and T,.
Output: a minimum-cost matching M..(T}, T>).
Initialize: set initial working sets
N, = {all leaf nodes in T, }, N, = {all leaf nodes in T, }.
Set the Distance Table DT = { }.
/* Step 1: Reduce matching space */
Filter out next-level subtrees that have equal XHash values.
/* Step 2: compute editing distance for (T, — T,) */
DO {
For every node x in N,
For every node y in N;
If Signature(x) = Signature(y)
Compute Dist(x, y):
Save matching (x, y) with Dist(x, y) in DT.
Set N| = {parent nodes of previous nodes in N, };
N, = { parent nodes of previous nodes in N, }.
} While (both N, and N, are not empty).
/* Step 3: mark matchingson T, and T,. */
Set M,;i(T,, T2) = {}
If Signature(Root(T,)) # Signature(Root(T,))
Return; I*MioT), T) = {}¥/
Else
Add (Root(T)), Root(T5)) to M.;,(T,, T>).
For every non-leaf node mapping (x, y) € M (T, T3)
Retrieve matchings between their child nodes that
are stored in DT.
Add child node matchings into M,...(T,, T>).
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Input: Tree T, and T,.
Output: a minimum-cost matching M..(T}, T>).
Initialize: set initial working sets

N, = {all leaf nodes in T, }, N, = {all leaf nodes in T, }.

Set the Distance Table DT = { }.
/* Step 1: Reduce matching space */
Filter out next-level subtrees that have equal XHash values.
/* Step 2: compute editing distance for (T, — T,) */
DO {

For every node x in N,
For every node y in N;
If Signature(x) = Signature(y)
Compute Dist(x, y):

Save matching (x, y) with Dist(x, y) in DT.
Set N| = {parent nodes of previous nodes in N, };
N, = { parent nodes of previous nodes in N, }.
} While (both N, and N, are not empty).
/* Step 3: mark matchingson T, and T,. */
Set M,;i(T,, T2) = {}
If Signature(Root(T,)) # Signature(Root(T,))

Return; I* Mpio Ty, T2) = { }¥/
) : Else
dist(A,B) = | dist(EE) =0 Add (Root(T,), Root(T5)) to M,(T;, Ta).
dist(C.C) =0 . =2 For every non-leaf node mapping (x, y) € M (T, T3)
: ( ¢ ) dISt(F’F) 0 Retrieve matchings between their child nodes that
dISt(D,D) =0 diSt(G,G) =0 are stored in DT.

Add child node matchings into M,...(T,, T>).
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Calculating minimum-Cost matching

Input: Tree T, and T..
Output: a minimum-cost matching M,..(T\, T).
Initialize: set initial working sets
N, = {all leaf nodes in T, }, N; = {all leaf nodes in T, }.
Set the Distance Table DT = { }.

/* Step 1: Reduce matching space */
Filter out next-level subtrees that have equal XHash values.
/* Step 2: compute editing distance for (T, — T,) */
DO {

For every node x in N,

For every node y in N;
If Signature(x) = Signature(y)
Compute Dist(x, y):
Save matching (x, y) with Dist(x, y) in DT.
Set N, = {parent nodes of previous nodes in N, };
N, = { parent nodes of previous nodes in N, }.

} While (both N, and N, are not empty).
/* Step 3: mark matchings on T, and T,. */
Set M_pin(Ty, T2) = {}
If Signature(Root(T,)) # Signature(Root(T,))

Return; *MioT), T2) = {}¥/
Else

dist(A,B) = | dist(E,E) =0 dist(H,H) =0 Add (Root(T}), Root(T2)) to Myr(T;, T2).

: - . L For every non-leaf node mapping (x, y) € M;,(T,, T3)
dISt(C’C) 0 dISt(F’F) =0 Retrieve matchings between their child nodes that
diSt(D,D) =0 diSt(G,G) =0 are stored in DT.

Add child node matchings into M,...(T,, T>).

UIf Schwekendiek (ulfschwekendiek@gmail.com) w """""""""""""""""""""""""""""" 26. March 2008


mailto:ulf.schwekendiek@gmail.com
mailto:ulf.schwekendiek@gmail.com

Calculating minimum-Cost matching

Input: Tree T, and T..
Output: a minimum-cost matching M,..(T\, T).
Initialize: set initial working sets
N, = {all leaf nodes in T, }, N; = {all leaf nodes in T, }.
Set the Distance Table DT = { }.

/* Step 1: Reduce matching space */
Filter out next-level subtrees that have equal XHash values.
/* Step 2: compute editing distance for (T, — T,) */
DO {

For every node x in N,

For every node y in N;
If Signature(x) = Signature(y)
Compute Dist(x, y):
Save matching (x, y) with Dist(x, y) in DT.
Set N, = {parent nodes of previous nodes in N, };
N, = { parent nodes of previous nodes in N, }.

} While (both N, and N, are not empty).
/* Step 3: mark matchings on T, and T,. */
Set M_pin(Ty, T2) = {}
If Signature(Root(T,)) # Signature(Root(T,))

Return; *MioT), T2) = {}¥/
Else

dist(A,B) = | dist(E,E) =0 dist(H,H) =0 Add (Root(T}), Root(T2)) to Myr(T;, T2).

: - . L For every non-leaf node mapping (x, y) € M;,(T,, T3)
dISt(C’C) 0 dISt(F’F) =0 Retrieve matchings between their child nodes that
diSt(D,D) =0 diSt(G,G) =0 are stored in DT.

Add child node matchings into M,...(T,, T>).
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| Input: Tree T, and T, a minimum-cost matching M;,(T,,
T,), the distance table DT.
Output: an edit script E.
Initialize: set E = Null;
x = Root(T,), y = Root(T,).
If(x,y)e M_.(T,, T,) /* Subtree deletion and insertion */
Return “Delete(T,), Insert(T,)".
Else if Dist(T,, T;) =0

dist(C,C) =0  dist(FF) = 0 e | . -
- For every node pair (x;, yv) € M(T,, T3), x; is a child
dist(D,D) = 0 dist(G,G) = 0 node of x, y;is a child node of y.

If x;and y; are leaf nodes
If Dist{x; y) = 0
Return **;
Else /* Update leaf node */
Add Update(x;, Value(y;)) to E;
Else /* Call subtree matching */
Add EditScripi(Tx;, Ty;) to E;
Return E;
For every node x; notin M _, (T,, T,)
Add "Delete(Tx;)" to E;
For every node yjnot in M..(T,, T»)
Add “Insent(Ty: )" to E;
Retiorm K 1
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| Input: Tree T, and T, a minimum-cost matching M;,(T,,
T,), the distance table DT.
Output: an edit script E.
Initialize: set E = Null;
x = Root(T,), y = Root(T,).
If(x,y)e M_.(T,, T,) /* Subtree deletion and insertion */
Return “Delete(T,), Insert(T,)".
Else if Dist(T,, T;) =0

dist(C,C) =0  dist(FF) = 0 e | . -
- For every node pair (x;, yv) € M(T,, T3), x; is a child
dist(D,D) = 0 dist(G,G) = 0 node of x, y;is a child node of y.

If x;and y; are leaf nodes
If Dist{x; y) = 0
Return **;
Else /* Update leaf node */
Add Update(x;, Value(y;)) to E;
Else /* Call subtree matching */
Add EditScripi(Tx;, Ty;) to E;
Return E;
For every node x; notin M _, (T,, T,)
Add "Delete(Tx;)" to E;
For every node yjnot in M..(T,, T»)
Add “Insent(Ty: )" to E;
Retiorm K 1
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| Input: Tree T, and T, a minimum-cost matching M;,(T,,
T,), the distance table DT.
Output: an edit script E.
Initialize: set E = Null;
x = Root(T,), y = Root(T,).
If(x,y)e M_.(T,, T,) /* Subtree deletion and insertion */
Return “Delete(T,), Insert(T,)".
Else if Dist(T,, T;) =0

dist(C,C) =0  dist(FF) = 0 e | . -
- For every node pair (x;, yv) € M(T,, T3), x; is a child
dist(D,D) = 0 dist(G,G) = 0 node of x, y;is a child node of y.

If x;and y; are leaf nodes
If Dist{x; y) = 0
Return **;
Else /* Update leaf node */
Add Update(x;, Value(y;)) to E;
Else /* Call subtree matching */
Add EditScripi(Tx;, Ty;) to E;
Return E;
For every node x; notin M _, (T,, T,)
Add "Delete(Tx;)" to E;
For every node yjnot in M..(T,, T»)
Add “Insent(Ty: )" to E;
Retiorm K 1
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| Input: Tree T, and T, a minimum-cost matching M;,(T,,
T,), the distance table DT.
Output: an edit script E.

Initialize: set E = Null;
x = Root(T,), y = Root(T,).
If(x,y)e M_.(T,, T,) /* Subtree deletion and insertion */

Return “Delete(T,), Insert(T,)".
Else if Dist(T,, T;) =0

4
o

dist(AB) = |  dist(EE) =0 dist(H,H) =0 e
dist(C,C) =0  dist(FF) = 0 e | . -
For every node pair (x;, yJ) € Mu(T,, T2), xis a child

diSt(D, D) =0 diSt(G,G) =0 node of x, y;is a child node of y.
If x;and y; are leaf nodes
If Dist{x; y) = 0
Return **;
Else /* Update leaf node */
Add Update(x;, Value(y;)) to E;
Else /* Call subtree matching */
Add EditScripi(Tx;, Ty;) to E;
Return E;
For every node x; notin M _, (T,, T,)
Add "Delete(Tx;)" to E;
For every node yjnot in M..(T,, T»)
Add “Insent(Ty: )" to E;
Retiorm K 1

Q O
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dist(AB) = |  dist(EE)=0 dist(H,H) =0
dist(C,C) =0 dist(EF) = 0
dist(D,D) =0 dist(G,G) = 0

UIf Schwekendiek (ulfschwekendiek@gmail.com) w """""

| Input: Tree T, and T, a minimum-cost matching M;,(T,,

T,), the distance table DT.
Output: an edit script E.
Initialize: set E = Null;
x = Root(T,), y = Root(T,).
If(x,y)e M_.(T,, T,) /* Subtree deletion and insertion */
Return “Delete(T,), Insert(T,)".
Else if Dist(T,, T;) =0
Return **;
Else {
For every node pair (x;, yv) € M(T,, T3), x; is a child
node of x, y;is a child node of y.
If x;and y; are leaf nodes
If Dist{x; y) = 0
Return **;
Else /* Update leaf node */
Add Update(x;, Value(y;)) to E;
Else /* Call subtree matching */
Add EditScripi(Tx;, Ty;) to E;
Return E;
For every node x; notin M _, (T,, T,)
Add "Delete(Tx;)" to E;
For every node yjnot in M..(T,, T»)

Add “Insent(Ty: )" to E;
Retiorm K 1
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| Input: Tree T, and T, a minimum-cost matching M;,(T,,
T,), the distance table DT.
Output: an edit script E.
Initialize: set E = Null;
x = Root(T,), y = Root(T,).
If(x,y)e M_.(T,, T,) /* Subtree deletion and insertion */
Return “Delete(T,), Insert(T,)".

dist(A,B) = | dist(E,E) =0 dist(H,H) =0 Elﬁcizig%gl.rr:):o
dist(C,C) =0 dist(FF) =0 Else {

- k For every node pair (x;, yJ) € Mu(T,, T2), xis a child
dISt(D,D) =0 dISt(G,G) =0 node of x, y;is a child node of y.

If x;and y; are leaf nodes
If Dist{x; y) = 0
Return **;
Else /* Update leaf node */
Add Update(x;, Value(y;)) to E;
Else /* Call subtree matching */
Add EditScripi(Tx;, Ty;) to E;
Return E;
For every node x; notin M _, (T,, T,)
Add "Delete(Tx;)" to E;
For every node yjnot in M..(T,, T»)

Add “Insent(Ty: )" to E;
Retiorm K 1
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| Input: Tree T, and T, a minimum-cost matching M;,(T,,
T,), the distance table DT.
Output: an edit script E.
Initialize: set E = Null;
x = Root(T,), y = Root(T,).
If(x,y)e M_.(T,, T,) /* Subtree deletion and insertion */
Return “Delete(T,), Insert(T,)".

dist(A,B) = | dist(E,E) =0 dist(H,H) =0 Elﬁcizig%gl.rr:):o
dist(C,C) =0 dist(FF) =0 Else {

- k For every node pair (x;, yJ) € Mu(T,, T2), xis a child
dISt(D,D) =0 dISt(G,G) =0 node of x, y;is a child node of y.

If x;and y; are leaf nodes
If Dist{x; y) = 0
Return **;
Else /* Update leaf node */
Add Update(x;, Value(y;)) to E;
Else /* Call subtree matching */
Add EditScripi(Tx;, Ty;) to E;
Return E;
For every node x; notin M _, (T,, T,)
Add "Delete(Tx;)" to E;
For every node yjnot in M..(T,, T»)

Add “Insent(Ty: )" to E;
Retiorm K 1
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| Input: Tree T, and T, a minimum-cost matching M;,(T,,
T,), the distance table DT.
Output: an edit script E.
Initialize: set E = Null;
x = Root(T,), y = Root(T,).
If(x,y)e M_.(T,, T,) /* Subtree deletion and insertion */
Return “Delete(T,), Insert(T,)".

dist(A,B) = | dist(E,E) =0 dist(H,H) =0 Elﬁcizig%gl.rr:):o
dist(C,C) =0 dist(FF) =0 Else {

- k For every node pair (x;, yJ) € Mu(T,, T2), xis a child
dISt(D,D) =0 dISt(G,G) =0 node of x, y;is a child node of y.

If x;and y; are leaf nodes
If Dist{x; y) = 0
Return **;
Else /* Update leaf node */
Add Update(x;, Value(y;)) to E;
Else /* Call subtree matching */
Add EditScripi(Tx;, Ty;) to E;
Return E;
For every node x; notin M _, (T,, T,)
Add "Delete(Tx;)" to E;
For every node yjnot in M..(T,, T»)

Add “Insent(Ty: )" to E;
Retiorm K 1
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Creating the upgrade set -

dist(AB) = |  dist(EE)=0 dist(H,H) =0
dist(C,C) =0 dist(EF) = 0
dist(D,D) =0 dist(G,G) = 0

UIf Schwekendiek (ulfschwekendiek@gmail.com) w

| Input: Tree T, and T, a minimum-cost matching M;,(T,,

T,), the distance table DT.
Output: an edit script E.
Initialize: set E = Null;
x = Root(T,), y = Root(T,).
If(x,y)e M_.(T,, T,) /* Subtree deletion and insertion */

Return “Delete(T,), Insert(T,)".
Else if Dist(T,, T;) =0

Return "
Else {

For every node pair (x;, y) € M;;y(T,, T2), x; is a child

node of x, y;is a child node of y.

If x;and y; are leaf nodes
If Dist{x; y) = 0
Return **;
Else /* Update leaf node */
Add Update(x;, Value(y;)) to E;
Else /* Call subtree matching */
Add EditScripi(Tx;, Ty;) to E;
Return E;
For every node x; notin M _, (T,, T,)
Add "Delete(Tx;)" to E;
For every node yjnot in M..(T,, T»)
Add “Insent(Ty: )" to E;
Retiorm K 1
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dist(AB) = |  dist(EE)=0 dist(H,H) =0
dist(C,C) =0 dist(EF) = 0
dist(D,D) =0 dist(G,G) = 0

QO

update(A,B)

UIf Schwekendiek (ulf.schwekendiek@gmail.com)

| Input: Tree T, and T, a minimum-cost matching M;,(T,,

T,), the distance table DT.
Output: an edit script E.
Initialize: set E = Null;
x = Root(T,), y = Root(T,).
If(x,y)e M_.(T,, T,) /* Subtree deletion and insertion */

Return “Delete(T,), Insert(T,)".
Else if Dist(T,, T;) =0

Return **;
Else {

For every node pair (x;, yv) € M(T,, T3), x; is a child

node of x, y;is a child node of y.

If x;and y; are leaf nodes
If Dist{x; y) = 0
Return **;
Else /* Update leaf node */
Add Update(x;, Value(y;)) to E;
Else /* Call subtree matching */
Add EditScripi(Tx;, Ty;) to E;
Return E;
For every node x; notin M _, (T,, T,)
Add "Delete(Tx;)" to E;
For every node yjnot in M..(T,, T»)
Add “Insent(Ty: )" to E;
Retiorm K 1
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dist(AB) = |  dist(EE)=0 dist(H,H) =0
dist(C,C) =0 dist(EF) = 0
dist(D,D) =0 dist(G,G) = 0

update(A,B)

UIf Schwekendiek (ulf.schwekendiek@gmail.com)

| Input: Tree T, and T, a minimum-cost matching M;,(T,,

T,), the distance table DT.
Output: an edit script E.
Initialize: set E = Null;
x = Root(T,), y = Root(T,).
If(x,y)e M_.(T,, T,) /* Subtree deletion and insertion */

Return “Delete(T,), Insert(T,)".
Else if Dist(T,, T;) =0

Return "
Else {

For every node pair (x;, y) € M;;y(T,, T2), x; is a child

node of x, y;is a child node of y.

If x;and y; are leaf nodes
If Dist{x; y) = 0
Return **;
Else /* Update leaf node */
Add Update(x;, Value(y;)) to E;
Else /* Call subtree matching */
Add EditScripi(Tx;, Ty;) to E;
Return E;
For every node x; notin M _, (T,, T,)
Add "Delete(Tx;)" to E;
For every node yjnot in M..(T,, T»)
Add “Insent(Ty: )" to E;
Retiorm K 1
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dist(AB) = |  dist(EE)=0 dist(H,H) =0
dist(C,C) =0 dist(EF) = 0
dist(D,D) =0 dist(G,G) = 0

QO

update(A,B)

UIf Schwekendiek (ulfschwekendiek@gmail.com) w """""

| Input: Tree T, and T, a minimum-cost matching M;,(T,,

T,), the distance table DT.
Output: an edit script E.
Initialize: set E = Null;
x = Root(T,), y = Root(T,).
If(x,y)e M_.(T,, T,) /* Subtree deletion and insertion */

Return “Delete(T,), Insert(T,)".
Else if Dist(T,, T;) =0

Return "
Else {

For every node pair (x;, y) € M;;y(T,, T2), x; is a child

node of x, y;is a child node of y.

If x;and y; are leaf nodes
If Dist{x; y) = 0
Return **;
Else /* Update leaf node */
Add Update(x;, Value(y;)) to E;
Else /* Call subtree matching */
Add EditScripi(Tx;, Ty;) to E;
Return E;
For every node x; notin M _, (T,, T,)
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/ / \ T,), the distance table DT.
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A. Cicchetti, D.D. Ruscio and A. Pierantonio

“A Metamodel Independent Approach to Difference
Representation”

University of Aquila, Italy (2007)

* In my project | would like to use the X-Diff
algorithm in order to detect differences in models

* In order to refine the results | would like to
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Questions!

J- W. Hunt and M. D. Mcliroy,

“An algorithm for differential file comparison”
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