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Sample ScenarioSample Scenario
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MotivationMotivation

Small update vs. large documentSmall update vs. large document
Advantages over "flat" diff and patchAdvantages over "flat" diff and patch

Understands the tree structure of an XML Understands the tree structure of an XML 
documentdocument
Avoids problems from multiple surface Avoids problems from multiple surface 
string representationsstring representations
Operates directly on DOM - no re-parsing Operates directly on DOM - no re-parsing 
neededneeded
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H

B

D

E F

G

T1T1 T2T2addadd
removeremove
replacereplace

Find the least expensive sequenece of Find the least expensive sequenece of 
operations to transform T1 to T2operations to transform T1 to T2

A

B

D E F

C



Tree-to-tree correction problemTree-to-tree correction problem
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Basic operationsBasic operations
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Basic operationsBasic operations

A

D

C

E

B

A

D EB

RemoveRemove

remove C
H H



Basic operationsBasic operations
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Encoding document updatesEncoding document updates

Language requirements:Language requirements:
XML-basedXML-based
Basic operations: add, remove, replaceBasic operations: add, remove, replace
Aggregate operations: prune, graft, moveAggregate operations: prune, graft, move
Expresses dependencies between Expresses dependencies between 
operationsoperations
Refers only to initial and final states of Refers only to initial and final states of 
documentdocument

Naive approach (FUL)Naive approach (FUL)
XML Update Language (XUL)XML Update Language (XUL)



Naive approach (FUL)Naive approach (FUL)
Flat list of operationsFlat list of operations
like Unix 'diff' outputlike Unix 'diff' output

<diff><diff>
   <   <addadd match=" match="xfl1xfl1" type="1" name="b" parent="" type="1" name="b" parent="xfl0xfl0"/>"/>
   <   <removeremove match=" match="/*[1]/*[2]/*[1]/*[1]/*[2]/*[1]"/>"/>
   <   <addadd match=" match="xfl2xfl2" type="1" name="c" parent="" type="1" name="c" parent="xfl0xfl0""
      psib="      psib="xfl1xfl1"/>"/>
   <   <addadd match=" match="xfl0xfl0" type="1" name="a"" type="1" name="a"
      parent="      parent="/*[1]/*[2]/*[1]/*[2]" psib="" psib="/*[1]/*[2]/*[2]/*[1]/*[2]/*[2]"/>"/>
</diff></diff>



<diff><diff>
   <   <addadd match=" match="xfl1xfl1" type="1" name="b" parent="" type="1" name="b" parent="xfl0xfl0"/>"/>
   <   <removeremove match=" match="/*[1]/*[2]/*[1]/*[1]/*[2]/*[1]"/>"/>
   <   <addadd match=" match="xfl2xfl2" type="1" name="c" parent="" type="1" name="c" parent="xfl0xfl0""
      psib="      psib="xfl1xfl1"/>"/>
   <   <addadd match=" match="xfl0xfl0" type="1" name="a"" type="1" name="a"
      parent="      parent="/*[1]/*[2]/*[1]/*[2]" psib="" psib="/*[1]/*[2]/*[2]/*[1]/*[2]/*[2]"/>"/>
</diff></diff>

Naive approach (FUL)Naive approach (FUL)
Flat list of operationsFlat list of operations
like Unix 'diff' outputlike Unix 'diff' output

referencesoperations
(symbolic /
XPath)



Naive approach (FUL)Naive approach (FUL)
Flat list of operationsFlat list of operations
like Unix 'diff' outputlike Unix 'diff' output

<diff><diff>
   <   <addadd match=" match="xfl1xfl1" type="1" name="b"" type="1" name="b"
       parent="       parent="xfl0xfl0"/>"/>
   <   <removeremove match=" match="/*[1]/*[2]/*[1]/*[1]/*[2]/*[1]"/>"/>
   <   <addadd match=" match="xfl2xfl2" type="1" name="c"" type="1" name="c"
      parent="      parent="xfl0xfl0" psib="" psib="xfl1xfl1"/>"/>
   <   <addadd match=" match="xfl0xfl0" type="1" name="a"" type="1" name="a"
      parent="      parent="/*[1]/*[2]/*[1]/*[2]" psib="" psib="/*[1]/*[2]/*[2]/*[1]/*[2]/*[2]"/>"/>
</diff></diff>

<e><e>
<f/><f/>
<g><g>

<h/><h/>
<i/><i/>

</g></g>
</e></e>



<diff><diff>
   <   <addadd match=" match="xfl1xfl1" type="1" name="b" parent="" type="1" name="b" parent="xfl0xfl0"/>"/>
   <   <removeremove match=" match="/*[1]/*[2]/*[1]/*[1]/*[2]/*[1]"/>"/>
   <   <addadd match=" match="xfl2xfl2" type="1" name="c" parent="" type="1" name="c" parent="xfl0xfl0""
      psib="      psib="xfl1xfl1"/>"/>
   <   <addadd match=" match="xfl0xfl0" type="1" name="a"" type="1" name="a"
      parent="      parent="/*[1]/*[2]/*[1]/*[2]" psib="" psib="/*[1]/*[2]/*[2]/*[1]/*[2]/*[2]"/>"/>
</diff></diff>

Problems: naive approach (FUL)Problems: naive approach (FUL)
Abundance of symbolic referencesAbundance of symbolic references

ex. xfl0, xfl1, etc.ex. xfl0, xfl1, etc.
due to structured nature of XMLdue to structured nature of XML



Problems: naive approach (FUL)Problems: naive approach (FUL)
Implicit dependenciesImplicit dependencies

need topological sortingneed topological sorting

<diff><diff>
   <   <addadd match=" match="xfl1xfl1" type="1" name="b" parent="" type="1" name="b" parent="xfl0xfl0"/>"/>
   <   <removeremove match=" match="/*[1]/*[2]/*[1]/*[1]/*[2]/*[1]"/>"/>
   <   <addadd match=" match="xfl2xfl2" type="1" name="c" parent="" type="1" name="c" parent="xfl0xfl0""
      psib="      psib="xfl1xfl1"/>"/>
   <   <addadd match=" match="xfl0xfl0" type="1" name="a"" type="1" name="a"
      parent="      parent="/*[1]/*[2]/*[1]/*[2]" psib="" psib="/*[1]/*[2]/*[2]/*[1]/*[2]/*[2]"/>"/>
</diff></diff>



Problems: naive approach (FUL)Problems: naive approach (FUL)
Implicit dependenciesImplicit dependencies

need topological sortingneed topological sorting
difficult to parallelize (need partitioning)difficult to parallelize (need partitioning)

<diff><diff>
   <   <removeremove match=" match="/*[1]/*[2]/*[1]/*[1]/*[2]/*[1]"/>"/>
   <   <addadd match=" match="xfl0xfl0" type="1" name="a"" type="1" name="a"
      parent="      parent="/*[1]/*[2]/*[1]/*[2]" psib="" psib="/*[1]/*[2]/*[2]/*[1]/*[2]/*[2]"/>"/>
   <   <addadd match=" match="xfl1xfl1" type="1" name="b" parent="" type="1" name="b" parent="xfl0xfl0"/>"/>
   <   <addadd match=" match="xfl2xfl2" type="1" name="c" parent="" type="1" name="c" parent="xfl0xfl0""
      psib="      psib="xfl1xfl1"/>"/>
</diff></diff>



Problems: naive approach (FUL)Problems: naive approach (FUL)
Hard to interpetHard to interpet

unstructuredunstructured
absolute paths - no contextabsolute paths - no context

<diff><diff>
   <   <addadd match=" match="xfl1xfl1" type="1" name="b" parent="" type="1" name="b" parent="xfl0xfl0"/>"/>
   <   <removeremove match=" match="/*[1]/*[2]/*[1]/*[1]/*[2]/*[1]"/>"/>
   <   <addadd match=" match="xfl2xfl2" type="1" name="c" parent="" type="1" name="c" parent="xfl0xfl0""
      psib="      psib="xfl1xfl1"/>"/>
   <   <addadd match=" match="xfl0xfl0" type="1" name="a"" type="1" name="a"
      parent="      parent="/*[1]/*[2]/*[1]/*[2]" psib="" psib="/*[1]/*[2]/*[2]/*[1]/*[2]/*[2]"/>"/>
</diff></diff>



XML Update Language (XUL)XML Update Language (XUL)

<node id="<node id="/*[1]/*[2]/*[1]/*[2]">">
   <node id="   <node id="./*[1]./*[1]" op="" op="removeremove"/>"/>
   <node id="   <node id="./*[2]./*[2]"/>"/>
   <node op="   <node op="addadd" type="1" name="a">" type="1" name="a">
      <node op="      <node op="addadd" type="1" name="b"/>" type="1" name="b"/>
      <node op="      <node op="addadd" type="1" name="c"/>" type="1" name="c"/>
   </node>   </node>
</node></node>

structured, contextual languagestructured, contextual language



<node id="<node id="/*[1]/*[2]/*[1]/*[2]">">
   <node id="   <node id="./*[1]./*[1]" op="" op="removeremove"/>"/>
   <node id="   <node id="./*[2]./*[2]"/>"/>
   <node op="   <node op="addadd" type="1" name="a">" type="1" name="a">
      <node op="      <node op="addadd" type="1" name="b"/>" type="1" name="b"/>
      <node op="      <node op="addadd" type="1" name="c"/>" type="1" name="c"/>
   </node>   </node>
</node></node>

XML Update Language (XUL)XML Update Language (XUL)

structured, contextual languagestructured, contextual language

node references

operations



<node id="<node id="/*[1]/*[1]">">
<node id="<node id="./*[2]./*[2]"/>"/>
<node op="<node op="addadd" name="d"" name="d"
   type="1"/>   type="1"/>

</node></node>

<a><a>
<b/><b/>
<c/><c/>

</a></a>

<a><a>
<b/><b/>
<c/><c/>
<d/><d/>

</a></a>

Result

Source

XUL: Simple ExampleXUL: Simple Example

Update



<node id="<node id="/*[1]/*[2]/*[1]/*[2]">">
   <node id="   <node id="./*[1]./*[1]" op="" op="removeremove"/>"/>
   <node id="   <node id="./*[2]./*[2]"/>"/>
   <node op="   <node op="addadd" type="1" name="a">" type="1" name="a">
      <node op="      <node op="addadd" type="1" name="b"/>" type="1" name="b"/>
      <node op="      <node op="addadd" type="1" name="c"/>" type="1" name="c"/>
   </node>   </node>
</node></node>

structured, contextual languagestructured, contextual language
contextual referencescontextual references

XML Update LanguageXML Update Language



<node id="<node id="/*[1]/*[2]/*[1]/*[2]">">
   <node id="   <node id="./*[1]./*[1]" op="" op="removeremove"/>"/>
   <node id="   <node id="./*[2]./*[2]"/>"/>
   <node op="   <node op="addadd" type="1" name="a">" type="1" name="a">
      <node op="      <node op="addadd" type="1" name="b"/>" type="1" name="b"/>
      <node op="      <node op="addadd" type="1" name="c"/>" type="1" name="c"/>
   </node>   </node>
</node></node>

structured, contextual languagestructured, contextual language
explicit dependenciesexplicit dependencies

easily parallelizableeasily parallelizable

XML Update LanguageXML Update Language



structured, contextual languagestructured, contextual language
easier to interpeteasier to interpet

reproduces meaningful parts of the sourcereproduces meaningful parts of the source
uses relative pathsuses relative paths

XML Update LanguageXML Update Language

<node id="<node id="/*[1]/*[2]/*[1]/*[2]">">
   <node id="   <node id="./*[1]./*[1]" op="" op="removeremove"/>"/>
   <node id="   <node id="./*[2]./*[2]"/>"/>
   <node op="   <node op="addadd" type="1" name="a">" type="1" name="a">
      <node op="      <node op="addadd" type="1" name="b"/>" type="1" name="b"/>
      <node op="      <node op="addadd" type="1" name="c"/>" type="1" name="c"/>
   </node>   </node>
</node></node>



faster to patch than FUL (~15%)faster to patch than FUL (~15%)
no need for topological sortingno need for topological sorting
uses relative pathsuses relative paths

XML Update LanguageXML Update Language

<node id="<node id="/*[1]/*[2]/*[1]/*[2]">">
   <node id="   <node id="./*[1]./*[1]" op="" op="removeremove"/>"/>
   <node id="   <node id="./*[2]./*[2]"/>"/>
   <node op="   <node op="addadd" type="1" name="a">" type="1" name="a">
      <node op="      <node op="addadd" type="1" name="b"/>" type="1" name="b"/>
      <node op="      <node op="addadd" type="1" name="c"/>" type="1" name="c"/>
   </node>   </node>
</node></node>



Patch algorithmPatch algorithm

Input: source document and update Input: source document and update 
documentdocument
Output: updated version of the documentOutput: updated version of the document
Two pass algorithmTwo pass algorithm
1.1. Resolve the node references.Resolve the node references.
2.2. Perform the operations using a depth-first Perform the operations using a depth-first 

traversal of the XUL.traversal of the XUL.
Possibly inconsistent or invalid Possibly inconsistent or invalid 
intermediate statesintermediate states



<n id="<n id="/*[1]/*[2]/*[1]/*[2]">">
   <n id="   <n id="./*[1]./*[1]" op="" op="rr"/>"/>
   <n id="   <n id="./*[2]./*[2]"/>"/>
   <n op="   <n op="aa" type="1" name="a">" type="1" name="a">
      <n op="      <n op="aa" type="1" name="b"/>" type="1" name="b"/>
      <n op="      <n op="aa" type="1" name="c"/>" type="1" name="c"/>
   </n>   </n>
</n></n>

<?xml version="1.0"?><?xml version="1.0"?>
<e><e>

<f/><f/>
<g><g>

<h/><h/>
<i/><i/>

</g></g>
</e></e>

Resolving node references (XPath)Resolving node references (XPath)

Update Source



<n id="<n id="/*[1]/*[2]/*[1]/*[2]">">
   <n id="   <n id="./*[1]./*[1]" op="" op="rr"/>"/>
   <n id="   <n id="./*[2]./*[2]"/>"/>
   <n op="   <n op="aa" type="1" name="a">" type="1" name="a">
      <n op="      <n op="aa" type="1" name="b"/>" type="1" name="b"/>
      <n op="      <n op="aa" type="1" name="c"/>" type="1" name="c"/>
   </n>   </n>
</n></n>

<?xml version="1.0"?><?xml version="1.0"?>
<e><e>

<f/><f/>
<g><g>

<h/><h/>
<i/><i/>

</g></g>
</e></e>

Performing the operations (remove)Performing the operations (remove)

Update Source



<n id="<n id="/*[1]/*[2]/*[1]/*[2]">">
   <n id="   <n id="./*[1]./*[1]" op="" op="rr"/>"/>
   <n id="   <n id="./*[2]./*[2]"/>"/>
   <n op="   <n op="aa" type="1" name="a">" type="1" name="a">
      <n op="      <n op="aa" type="1" name="b"/>" type="1" name="b"/>
      <n op="      <n op="aa" type="1" name="c"/>" type="1" name="c"/>
   </n>   </n>
</n></n>

<?xml version="1.0"?><?xml version="1.0"?>
<e><e>

<f/><f/>
<g><g>

<i/><i/>
</g></g>

</e></e>

Perform the operations (add)Perform the operations (add)

Update Intermediate state



<n id="<n id="/*[1]/*[2]/*[1]/*[2]">">
   <n id="   <n id="./*[1]./*[1]" op="" op="rr"/>"/>
   <n id="   <n id="./*[2]./*[2]"/>"/>
   <n op="   <n op="aa" type="1" name="a">" type="1" name="a">
      <n op="      <n op="aa" type="1" name="b"/>" type="1" name="b"/>
      <n op="      <n op="aa" type="1" name="c"/>" type="1" name="c"/>
   </n>   </n>
</n></n>

<?xml version="1.0"?><?xml version="1.0"?>
<e><e>

<f/><f/>
<g><g>

<i/><i/>
<a/><a/>

</g></g>
</e></e>

Performing the operations (add)Performing the operations (add)

Update Intermediate state



<n id="<n id="/*[1]/*[2]/*[1]/*[2]">">
   <n id="   <n id="./*[1]./*[1]" op="" op="rr"/>"/>
   <n id="   <n id="./*[2]./*[2]"/>"/>
   <n op="   <n op="aa" type="1" name="a">" type="1" name="a">
      <n op="      <n op="aa" type="1" name="b"/>" type="1" name="b"/>
      <n op="      <n op="aa" type="1" name="c"/>" type="1" name="c"/>
   </n>   </n>
</n></n>

<?xml version="1.0"?><?xml version="1.0"?>
<e><e>

<f/><f/>
<g><g>

<i/><i/>
<a><a>

<b/><b/>
</a></a>

</g></g>
</e></e>

Performing the operations (add)Performing the operations (add)

Update Intermediate state



<n id="<n id="/*[1]/*[2]/*[1]/*[2]">">
   <n id="   <n id="./*[1]./*[1]" op="" op="rr"/>"/>
   <n id="   <n id="./*[2]./*[2]"/>"/>
   <n op="   <n op="aa" type="1" name="a">" type="1" name="a">
      <n op="      <n op="aa" type="1" name="b"/>" type="1" name="b"/>
      <n op="      <n op="aa" type="1" name="c"/>" type="1" name="c"/>
   </n>   </n>
</n></n>

<?xml version="1.0"?><?xml version="1.0"?>
<e><e>

<f/><f/>
<g><g>

<i/><i/>
<a><a>

<b/><b/>
<c/><c/>

</a></a>
</g></g>

</e></e>

Performing the operations (add)Performing the operations (add)

Update Updated document



DOM-related issues:DOM-related issues:
Inconsistent intermediate statesInconsistent intermediate states

The document root can only have one The document root can only have one 
element child.element child.

Intermediate state: the document root may Intermediate state: the document root may 
have multiple childrenhave multiple children

SourceSource
<a>
  <b/>
  <c/>
</a>

Update (XUL)Update (XUL)
<node id="/">
  <node id="./*[1]" op="remove">
     <node id="./*[1]" op="remove"/>
   </node>
</node>



DOM-related issues:DOM-related issues:
Inconsistent intermediate statesInconsistent intermediate states

The document root can only have one The document root can only have one 
element child.element child.

Intermediate state: the document root may Intermediate state: the document root may 
have multiple childrenhave multiple children

SourceSource
<b/>
<c/>

Illegal!

Update (XUL)Update (XUL)
<node id="/">
  <node id="./*[1]" op="remove">
     <node id="./*[1]" op="remove"/>
   </node>
</node>



DOM-related issues:DOM-related issues:
Inconsistent intermediate statesInconsistent intermediate states

The document root can only have one The document root can only have one 
element child.element child.

Intermediate state: the document root may Intermediate state: the document root may 
have multiple childrenhave multiple children
Solution: insert a placeholder rootSolution: insert a placeholder root

SourceSource
<placeholder>
  <a>
    <b/>
    <c/>
  </a>
</placeholder>

Update (XUL)Update (XUL)
<node id="/">
  <node id="./*[1]" op="remove">
     <node id="./*[1]" op="remove"/>
   </node>
</node>



ApplicationsApplications

Update from a central serverUpdate from a central server
i.e. web pagesi.e. web pages

Version control (like RCS / CVS)Version control (like RCS / CVS)
Collaborative editing of a documentCollaborative editing of a document
Selective update using an interactive Selective update using an interactive 
editoreditor
Mirroring of large archivesMirroring of large archives



The pointThe point

Bandwidth reduction!Bandwidth reduction!



Demo (IBM WebSphere FAQ)Demo (IBM WebSphere FAQ)

Web 
server

XUL 
Server

Web pageWeb page

Java Applet

XML 
Patch

HTML

XUL

request

JavaScript

ClientClientServerServer



Adding semantics to XULAdding semantics to XUL

Current XUL: structural descriptionCurrent XUL: structural description
Future work: relate XUL to semantic Future work: relate XUL to semantic 
framework of the documentframework of the document
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