
Large XML on Small Devices:Large XML on Small Devices:
Techniques DevelopedTechniques Developed

in the Fuego Core Projectin the Fuego Core Project

Helsinki-Rutgers Ph.D. Workshop 2007

Tancred Lindholm, Jaakko Kangasharju

{tancred.lindholm,jkangash}@hiit.fi



2

XML Pros and ConsXML Pros and Cons

•XML is 

– text-based 

– free-form (not fixed-size records)

– verbose (descriptive tag names, whitespace)

•These properties decrease performance viz. binary 
formats

– parsing/serialization needed

– marshalling needed

– more storage needed
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Why XML on Mobile Phones?Why XML on Mobile Phones?

•Binary formats seem to be the right thing to do on 
constrained devices

•However, XML on the phone keeps things simple
– avoid data transcoding when interchanging data

– leverage XML ecosystem

– don't force new formats on developers

– facilitate debugging

•Mobile phones nowadays support (small) XML

•Phone storage capacity has increased rapidly

– Several GB is not uncommon

– XML verbosity becomes less of a problem 
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Problem: Too Few CyclesProblem: Too Few Cycles

•Still, CPU cycles on mobile phones are expensive
•Even if the phone were fast, cycles eat battery

•Case: Nokia 9500 Communicator

– Java 300 times slower than my P4 desktop PC

– Supports >=1Gb RS-MMC storage, but...

– ...some 10h to parse 1 GB of XML (2min on PC)

•The Fuego XML Stack makes your cycles count

•We look at the techniques used in the stack
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TeaserTeaser

•XML editor application running on a Nokia 9500

•Built on the Fuego XML Stack

•XML file being edited (Wikipedia XML dump) is 1GB
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The Fuego XML StackThe Fuego XML Stack
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Fuego XML TechniquesFuego XML Techniques

1. Processing XML as a sequence of XML particles

2. Access to XML parser/serializer byte stream 

3. Random-access parsing

4. Delayed tree structures

5. Incrementally built mutable tree structure

6. Packaging
Not presented today: 

7. XML Versioning

8. XML Synchronization

9. Alternate serialization format 

– Retain the XML data model, but lose the text format
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XML as SequencesXML as Sequences

•SAX, XmlPull, StAX produce parse "events"

•Similarly, XAS has XML particles known as Items

<?xml encoding="utf-8" ?>

<root id="1">

Hello

</root>

0: SD()
1: SE(root{id=1})
2: C(Hello) 
3: EE(root)
4: ED()

Start Document

Start Element

Text

End Element

End Document

Note: whitespace C() Items not shown
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XAS Item ProcessingXAS Item Processing

•Process items in a (streaming) linear manner when 
trees are not needed

– Less memory (no structure pointers)

– Simpler code

•Examples

– XML filtering (remove whitespace, replace tag,...)

– XML differencing

•XML differencing using XAS Item sequences

– Align XAS Item sequences using heuristic

– Alt 1: Output sequence alignment (W3C EXI)

– Alt 2: Map to matched tree = diff (DocEng 2006) 
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Byte Stream AccessByte Stream Access

•Some document have huge text nodes

– E.g. practice of including BLOBS as Base64

•Large subtrees of no interest to application

– E.g. localized document update 

•XAS Byte Stream API provides access to the byte 
stream beneath the parser/serializer

•Parsing context used to ensure valid interaction 
between layers

Item

Operations

Byte

Operations

Item

Operations

Byte

Operations

Valid Parsing 

Context
Same Parsing 

Context

Valid Parsing 

Context
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Byte Stream AccessByte Stream Access

•Examples

– Decode Base64 BLOB

– Copy document subtree to output

– Bypass character decode/encode phase

•Currently, we need to know the length in advance

•Most useful when paired with random access parsing 
and lazy structures (up next...) 
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Random Access XML ParsingRandom Access XML Parsing

•The XAS XML parser can be re-positioned to a new 
location in its input

•To reposition to a location p, we need

– Offset in input of p (and a seekable input)

– A parsing context for p

•Index of user-defined keys and (offset,parsing context) 
is frequently useful
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Random Access XML Parsing Random Access XML Parsing 

•Example: DocBook Reader
– Index  <book>, <chapter> , and  <section>

for instant seek

<book>

<chapter>

<title>Gnu</title>

<section>

<title>The origin of Gnu

...

42,{SE(book),SE(chapter)}/0/0/1

8,{SE(book)}/0/0

0,{}/0

(Offset,Context)Key
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Lazy Tree Structures (Lazy Tree Structures (RefTreeRefTree))

•Use reference nodes as placeholders for content from 
another document

•Node reference = 
placeholder for a single node

•Tree reference =
placeholder for subtree

•Delayed tree structure = use
reference nodes for delayed
content

•Explicitly evaluate references
using the RefTree API

– No hidden costs

=

= node ref

= tree ref
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A A RefTreeRefTree as State Changeas State Change

•A RefTree expresses a set of edits to the tree it 
references

•When emphasizing this we talk about a change tree

Referenced tree
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Useful Useful RefTreeRefTree OperationsOperations

•The RefTree API offers some useful primitive 
operations

•The operations are useful for, e.g., combining edits, 
reversing edits, and merging

•We look at

– Application

– Reference reversal

– Normalization
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ApplicationApplication of of RefTreesRefTrees

•Notation: T→T0 means tree T that references T0

•We may combine two reftrees T1 →T0 and T2 →T1 to 
yield T2 →T0

•The tree T2 →T0 is the combined state change of
T1 →T0 and T2 →T1

•We call this reftree application 

apply(T2 →T1,T1 →T0)
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Reference ReversalReference Reversal

•We may reverse the roles of trees in T1 →T2 by 
reference reversal, yielding T2 →T1

•A reference reversal constructs the reverse change 
tree, i.e. if T1 →T2 is the change from state 1 to 2, then 
T2 →T1 is the change from 2 to 1

•Useful in version management
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RefTreeRefTree NormalizationNormalization

•Start with a set of reftrees referencing a common tree: 
{T1→T0, T2→T0, T3→T0,....}

•In normalization we replace tree and node references 
with equivalent nodes until reference nodes become 
unique handles to nodes/subtrees in T0

•In particular, there will be no structural relationship 
between reference nodes in the trees

•A normalized set of trees can often be processed 
without knowledge of reference node semantics

•Example: three-way merging 
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RefTreeRefTree NormalizationNormalization

X
Normalized Set

Because e is a node reference
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The The ChangeBufferChangeBuffer TreeTree

•Change buffer = special mutable tree that sits on top of 
an immutable base tree

•Initially equal to the base tree

•As edits are made, a change tree expressing the edits 
is constructed

•The change tree is the only state kept by the change 
buffer →

•Huge trees can be edited, as long as the cumulative 
change tree remains small
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ChangeBuffer internal change tree

The The ChangeBufferChangeBuffer

ChangeBuffer external appearance
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Packaging XML with RAXSPackaging XML with RAXS

•A common way to handle binary data attached to XML 
is to use multiple files

– Seems better than Base64-embedding

•Need to manage XML+satellite files as a single entity 

– for synchronization

– for easy migration (Open Office uses Zip files)

•RAXS does this in Fuego
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Use Case: Editor for Large XMLUse Case: Editor for Large XML

<mediawiki xmlns="http://www.mediawiki.org/xml/expor t-0.3/" xmlns:xsi="http://www.w3.org/2001/XMLSchema -instance" 
xsi:schemaLocation="http://www.mediawiki.org/xml/ex port-0.3/ http://www.mediawiki.org/xml/export-0.3.x sd" version="0.3" 
xml:lang="en">  <siteinfo>    <sitename>Wikipedia</ sitename>    <base>http://en.wikipedia.org/wiki/Mai n_Page</base>    
<generator>MediaWiki 1.6alpha</generator>    <case>f irst-letter</case>      <namespaces>      <namespac e key="-
2">Media</namespace>      <namespace key="-1">Speci al</namespace>      <namespace key="0" />      <nam espace 
key="1">Talk</namespace>      <namespace key="2">Us er</namespace>      <namespace key="3">User talk</n amespace>      
<namespace key="4">Wikipedia</namespace>      <name space key="5">Wikipedia talk</namespace>      <name space 
key="6">Image</namespace>      <namespace key="7">I mage talk</namespace>      <namespace key="8">Media Wiki</namespace>      
<namespace key="9">MediaWiki talk</namespace>      < namespace key="10">Template</namespace> <namespace 
key="11">Template talk</namespace>      <namespace key="12">Help</namespace>      <namespace key="13"> Help 
talk</namespace>      <namespace key="14">Category< /namespace>  <namespace key="15">Category talk</nam espace>      
<namespace key="100">Portal</namespace>      <names pace key="101">Portal talk</namespace>    </namespa ces>  </siteinfo>  
<page>    <title>AaA</title>    <id>1</id>    <revi sion>      <id>32899315</id>     <timestamp>2005-12 -
27T18:46:47Z</timestamp>      <contributor>        <username>Jsmethers</username>        <id>614213</i d>      
</contributor>      <text xml:space="preserve">#RED IRECT [[AAA]]</text>    </revision>  </page>  <page >    
<title>AlgeriA</title>    <id>5</id>    <revision>      <id>18063769</id>     <timestamp>2005-07-
03T11:13:13Z</timestamp>      <contributor>        <username>Docu</username>        <id>8029</id>      </contributor>      
<minor />      <comment>adding cur_id=5: {{R from C amelCase}}</comment>      <text xml:space="preserve ">#REDIRECT 
[[Algeria]]{{R from CamelCase}}</text>    </revision >  </page>  <page>    <title>AmericanSamoa</title>    <id>6</id>    
<revision>      <id>18063795</id>      <timestamp>2 005-07-03T11:14:17Z</timestamp>      <contributor>        
<username>Docu</username>        <id>8029</id>      </contributor>      <minor />      <comment>adding to cur_id=6  {{R 
from CamelCase}}</comment>      <text xml:space="pr eserve">#REDIRECT [[American Samoa]]{{R from CamelCa se}}</text>    
</revision>  </page>  <page>    <title>AppliedEthic s</title>    <id>8</id>    <revision>      <id>1589 8943</id>     
<timestamp>2002-02-25T15:43:11Z</timestamp>      <c ontributor>        <ip>Conversion script</ip>      </contributor>      
<minor />      <comment>Automated conversion</comme nt>      <text xml:space="preserve">#REDIRECT [[App lied 
ethics]]</text>    </revision>  </page>  <page>    <title>AccessibleComputing</title>    <id>10</id>    <revision>      
<id>15898945</id>      <timestamp>2003-04-25T22:18: 38Z</timestamp>      <contributor>        <username >Ams80</username>        
<id>7543</id>      </contributor>      <minor />      <comment>Fixing redirect</comment>      <text 
xml:space="preserve">#REDIRECT [[Accessible_computi ng]]</text>    </revision>  </page>  <page>    <tit le>AdA</title>    
<id>11</id>    <revision>      <id>15898946</id>      <timestamp>2002-09-22T16:02:58Z</timestamp>      <contributor>        
<username>Andre Engels</username>        <id>300</i d>      </contributor>      <minor />      <text 
xml:space="preserve">#REDIRECT [[Ada programming lan guage]]</text>    </revision>  </page>  <page>  
<title>Anarchism</title>    <id>12</id>    <revisio n>      <id>42136831</id>      <timestamp>2006-03-
04T01:41:25Z</timestamp>      <contributor>        <username>CJames745</username>        <id>832382</i d>      
</contributor>      <minor />      <comment>/* Anar chist Communism */  too many brackets</comment>      <text 
xml:space="preserve">{{Anarchism}}'''Anarchism''' o riginated as a term of abuse first used against ear ly [[working 
class]] [[radical]]s including the [[Diggers]] of th e [[English Revolution]] and the [[sans-culotte|''sa ns-culottes'']] 
of the [[French Revolution]].[http://uk.encarta.msn .com/encyclopedia_761568770/Anarchism.html] Whilst the term is still 
used in a pejorative way to describe ''&quot;any act  that used violent means to destroy the organizatio n of 
society&quot;''&lt;ref&gt;[http://www.cas.sc.edu/so cy/faculty/deflem/zhistorintpolency.html History of International 
Police Cooperation], from the final protocols of th e &quot;International Conference of Rome for the Soc ial Defense 
Against Anarchists&quot;, 1898&lt;/ref&gt;, it has also been taken up as a positive label by self-defi ned anarchists.The
word '''anarchism''' is [[etymology|derived from]] t he [[Greek language|Greek]] 
''[[Wiktionary:&amp;#945;&amp;#957;&amp;#945;&amp;# 961;&amp;#967;&amp;#943;&amp;#945;|&amp;#945;&amp;# 957;&amp;#945;&amp
;#961;&amp;#967;&amp;#943;&amp;#945;]]'' (&quot;wit hout [[archon]]s (ruler, chief, king)&quot;). Anarchi sm as a 
[[political philosophy]], is the belief that ''rule rs'' are unnecessary and should be abolished, altho ugh there are 
differing interpretations of what this means. Anarc hism also refers to related [[social movement]]s) t hat advocate the 
elimination of authoritarian institutions, particul arly the 
[[state]].&lt;ref&gt;[http://en.wikiquote.org/wiki/ Definitions_of_anarchism Definitions of anarchism] o n Wikiquote, 
accessed 2006&lt;/ref&gt; The word &quot;[[anarchy] ],&quot; as most anarchists use it, does not imply [[chaos]], 
[[nihilism]], or [[anomie]], but rather a harmoniou s [[anti-authoritarian]] society. In place of what are regarded as 
authoritarian political structures and coercive eco nomic institutions, anarchists advocate social rela tions based upon 
[[voluntary association]] of autonomous individuals , [[mutual aid]], and [[self-governance]].     Whil e anarchism is 
most easily defined by what it is against, anarchis ts also offer positive visions of what they believe to be a truly 
free society. However, ideas about how an anarchist  society migh t work vary considerably, especially with respect t o 

1 GB 
XML

Lazily Constructed RefTree
Loads transient nodes on demand

using random access parsing

......

42,{SE(book),SE(chapter)}/0/0/1

8,{SE(book)}/0/0

0,{}/0

(Offset,Context)Key

Uses Index

ChangeBuffer Change Tree

Maintains

Edits from UI
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XML File Update (Alternative 1)XML File Update (Alternative 1)

•Rewrite the 1 GB file (at close to file copy speed)

•We can use byte stream copy for unchanged subtrees

<mediawiki xmlns="http://www.mediawiki.org/xml/expor t-0.3/" xmlns:xsi="http://www.w3.org/2001/XMLSchema -instance" 
xsi:schemaLocation="http://www.mediawiki.org/xml/ex port-0.3/ http://www.mediawiki.org/xml/export-0.3.x sd" version="0.3" 
xml:lang="en">  <siteinfo>    <sitename>Wikipedia</ sitename>    <base>http://en.wikipedia.org/wiki/Mai n_Page</base>    
<generator>MediaWiki 1.6alpha</generator>    <case>f irst-letter</case>      <namespaces>      <namespac e key="-2">Media</namespace>      
<namespace key="-1">Special</namespace>      <names pace key="0" />      <namespace key="1">Talk</names pace>      <namespace 
key="2">User</namespace>      <namespace key="3">Us er talk</namespace>      <namespace key="4">Wikiped ia</namespace>      <namespace 
key="5">Wikipedia talk</namespace>      <namespace key="6">Image</namespace>      <namespace key="7">I mage talk</namespace>     
<namespace key="8">MediaWiki</namespace>      <name space key="9">MediaWiki talk</namespace>      <names pace 
key="10">Template</namespace>      <namespace key=" 11">Template talk</namespace>      <namespace key=" 12">Help</namespace>      
<namespace key="13">Help talk</namespace>      <nam espace key="14">Category</namespace>      <namespac e key="15">Category 
talk</namespace>      <namespace key="100">Portal</ namespace>   <namespace key="101">Portal talk</name space>    </namespaces>
</siteinfo>  <page>    <title>AaA</title>    <id>1< /id>    <revision>      <id>32899315</id>     <time stamp>2005-12-
27T18:46:47Z</timestamp>      <contributor>        <username>Jsmethers</username>        <id>614213</i d>      </contributor>      
<text xml:space="preserve">#REDIRECT [[AAA]]</text>     </revision>  </page>  <page>    <title>AlgeriA< /title>    <id>5</id>    
<revision>      <id>18063769</id>      <timestamp>2 005-07-03T11:13:13Z</timestamp>      <contributor>        
<username>Docu</username>        <id>8029</id>      </contributor>      <minor />      <comment>adding cur_id=5: {{R from 
CamelCase}}</comment>      <text xml:space="preserv e">#REDIRECT [[Algeria]]{{R from CamelCase}}</text>    </revision>  </page>  
<page>    <title>AmericanSamoa</title>    <id>6</id >    <revision>      <id>18063795</id>     <timesta mp>2005-07-
03T11:14:17Z</timestamp>      <contributor>        <username>Docu</username>        <id>8029</id>      </contributor>      <minor />      
<comment>adding to cur_id=6  {{R from CamelCase}}</ comment>      <text xml:space="preserve">#REDIRECT [[American Samoa]]{{R from 
CamelCase}}</text>    </revision>  </page>  <page>    <title>AppliedEthics</title>    <id>8</id>    <r evision>      
<id>15898943</id>      <timestamp>2002-02-25T15:43: 11Z</timestamp>      <contributor>        <ip>Conve rsion script</ip>      
</contributor>      <minor />      <comment>Automat ed conversion</comment>      <text xml:space="prese rve">#REDIRECT [[Applied 
ethics]]</text>    </revision>  </page>  <page>    <title>AccessibleComputing</title>    <id>10</id>    <revision>      
<id>15898945</id>      <timestamp>2003-04-25T22:18: 38Z</timestamp>      <contributor>        <username >Ams80</username>        
<id>7543</id>      </contributor>      <minor />      <comment>Fixing redirect</comment>      <text xm l:space="preserve">#REDIRECT 
[[Accessible_computing]]</text>    </revision>  </p age>  <page>    <title>AdA</title>    <id>11</id>    <revision>      
<id>15898946</id>      <timestamp>2002-09-22T16:02: 58Z</timestamp>      <contributor>        <username >Andre Engels</username>        
<id>300</id>      </contributor>      <minor />      <text xml:space="preserve">#REDIRECT [[Ada program ming language]]</text>    
</revision>  </page>  <page>    <title>Anarchism</t itle>    <id>12</id>    <revision>      <id>4213683 1</id>      <timestamp>2006-
03-04T01:41:25Z</timestamp>      <contributor>        <username>CJames745</username>        <id>832382 </id>      </contributor>    
<minor />      <comment>/* Anarchist Communism */  too many brackets</comment>      <text 
xml:space="preserve">{{Anarchism}}'''Anarchism''' o riginated as a term of abuse first used against ear ly [[working class]] 
[[radical]]s including the [[Diggers]] of the [[Engl ish Revolution]] and the [[sans-culotte|''sans-culot tes'']] of the [[French 
Revolution]].[http://uk.encarta.msn.com/encyclopedi a_761568770/Anarchism.html] Whilst the term is stil l used in a pejorative way to 
describe ''&quot;any act that used violent means to destroy the organization of 
society&quot;''&lt;ref&gt;[http://www.cas.sc.edu/so cy/faculty/deflem/zhistorintpolency.html History of International Police 
Cooperation], from the final protocols of the &quot ;International Conference of Rome for the Social Def ense Against 
Anarchists&quot;, 1898&lt;/ref&gt;, it has also bee n taken up as a positive label by self-defined anar chists.The word 
'''anarchism''' is [[etymology|derived from]] the [[ Greek language|Greek]] 
''[[Wiktionary:&amp;#945;&amp;#957;&amp;#945;&amp;# 961;&amp;#967;&amp;#943;&amp;#945;|&amp;#945;&amp;# 957;&amp;#945;&amp;#961;&amp;#
967;&amp;#943;&amp;#945;]]'' (&quot;without [[archon ]]s (ruler, chief, king)&quot;). Anarchism as a [[po litical philosophy]], is the 
belief that ''rulers'' are unnecessary and should b e abolished, although there are differing interpret ations of what this means.
Anarchism also refers to related [[social movement] ]s) that advocate the elimination of authoritarian institutions, particularly the 
[[state]].&lt;ref&gt;[http://en.wikiquote.org/wiki/ Definitions_of_anarchism Definitions of anarchism] o n Wikiquote, accessed 
2006&lt;/ref&gt; The word &quot;[[anarchy]],&quot; as most anarchists use it, does not imply [[chaos]] , [[nihilism]], or [[anomie]], 
but rather a harmonious [[anti-authoritarian]] soci ety. In place of what are regarded as authoritarian  political structures and 
coercive economic institutions, anarchists advocate  social relations based upon [[voluntary associatio n]] of autonomous individuals, 
[[mutual aid]], and [[self-governance]].     While anarchism is most easily defined by what it is again st, anarchists also offer 
positive visions of what they believe to be a truly  free society. However, ideas about how an anarchis t society might work vary 
considerably, especially with respect to economics;  there is also disagreement about how a free societ y might be brought about. == 
Origins and predecessors ==[[Peter Kropotkin|Kropot kin]], and others, argue that before recorded [[his tory]], human society was 
organized on anarchist principles.&lt;ref&gt;[[Pete r Kropotkin|Kropotkin]], Peter. ''&quot;[[Mutual Aid:  A Factor of 
Evolution]]&quot;'', 1902.&lt;/ref&gt; Most anthrop ologists follow Kropotkin and Engels in believing tha t hunter-gatherer bands were 
egalitarian and lacked division of labour , accumulated wealth, or decreed law, and had equal  access to 

<

1

<mediawiki> <siteinfo><sitename>Wikipedia</sitename>
<base>http://en.wikipedia.org/wiki/Main_Page</base>
<generator>MediaWiki 1.6alpha</generator>
<case>first-letter</case><namespaces><namespace 
key="-2">Media</namespace><namespace key="-1">
Special</namespace><namespace key="0" /></siteinfo>

2
XAS Item copy

<article>UPDATED TEXT</article>

3

Stream copy

<text xml:space="preserve"> 
{{Anarchism}}'''Anarchism''' originated as a term 
of abuse first used against early [[working class]]  
[[radical]]s including the [[Diggers]] of the 
[[English Revolution]] and the [[sans-
culotte|''sans-culottes'']] of the [[French 
Revolution]].[http://uk.encarta.msn.com/encyclopedi
a_761568770/Anarchism.html] Whilst the term is 
still used in a pejorative way to describe 
''&quot;any act that used violent means to destroy 
the organization of 

4

Stream copy
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XML File Update (Alternative 2)XML File Update (Alternative 2)

•Write the change tree to a file 

•Load changetree into ChangeBuffer on restart

+Doesn't need any index update (unlike Alt 1)

-Memory usage depends on cumulative edit

ChangeBuffer Change Tree

Maintains Write updates.xml
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ReferencesReferences

•Comprehensive articles on their way, ask 
{tancred.lindholm,jkangash}@hiit.fi

•Partial descriptions in

– ICWS07 (XAS byte API)

– MobiDE05 (RefTree for dirtrees) 

– DocEng06 (XML diff)

– PIMRC06 (Middleware) 


