
ExperimentalExperimental EvaluationsEvaluations

AA fullfull scalescale experimentalexperimental evaluationevaluation ofof SDOMSDOM--(CT)(CT) hashas beenbeen

providedprovided inin [[11]]..

SpaceSpace UsageUsage

InIn TableTable 11,, wewe showshow thethe spacespace usageusage ofof SDOMSDOM--(CT)(CT) comparedcompared toto

XercesXerces--C,C, Saxon’sSaxon’s TinyTreeTinyTree andand aa reputablereputable XMLXML compressor,compressor, calledcalled

XMILLXMILL [[33]].. WeWe showshow spacespace usageusage forfor aa documentdocument--centriccentric filefile

((OrdersOrders..xmlxml)) andand aa datadata--centriccentric filefile ((Treebank_eTreebank_e..xmlxml))..

ObservationsObservations::

 XercesXerces--CC isis muchmuch largerlarger thanthan thethe XMLXML filefile.. SaxonSaxon isis

considerablyconsiderably betterbetter thanthan XercesXerces--CC..

 MemoryMemory usageusage ofof SDOMSDOM isis considerablyconsiderably lessless thanthan thethe filefile sizesize..

SDOMSDOM--CTCT providesprovides furtherfurther gainsgains..

 SDOMSDOM--CTCT isis queryquery--friendlyfriendly (i(i..ee.. supportssupports queriesqueries withoutwithout

requiringrequiring decompression)decompression) andand isis comparablecomparable toto XMILL,XMILL, whichwhich isis

notnot queryquery--friendlyfriendly..

SuccinctnessSuccinctness

OurOur approachapproach toto representingrepresenting XMLXML documentsdocuments withwith lowlow memorymemory

footprintfootprint reliesrelies uponupon succinctsuccinct datadata structuresstructures,, whichwhich useuse thethe

informationinformation--theoreticallytheoretically minimumminimum numbernumber ofof bitsbits toto encodeencode anan objectobject..

TheThe structurestructure ofof anan XMLXML treetree cancan obviouslyobviously bebe representedrepresented usingusing 22 bitsbits

perper treetree nodenode [[22]] (See(See FigureFigure 11)).. CurrentCurrent DOMDOM implementationsimplementations useuse aa

pointerpointer--basedbased approachapproach:: eacheach nodenode hashas pointerspointers toto itsits parent,parent, firstfirst--

child,child, nextnext--sibling,sibling, previousprevious--siblingsibling etcetc.. ThisThis usesuses memorymemory ((3232 oror 6464 bitsbits

perper pointer)pointer) butbut isis fastfast (navigation(navigation isis justjust aa pointerpointer dereferencing)dereferencing)..

BasedBased onon severalseveral years'years' research,research, wewe havehave implementedimplemented succinctsuccinct treestrees

whichwhich useuse << 33 bitsbits perper node,node, butbut supportsupport navigationnavigation almostalmost asas fastfast asas aa

pointerpointer dereferencingdereferencing (however,(however, updatesupdates areare notnot yetyet supported)supported)..

UsingUsing succinctsuccinct treestrees andand otherother "succinct""succinct" buildingbuilding blocksblocks wewe areare ableable toto

representrepresent nodesnodes inin <<1414 bitsbits perper node,node, ratherrather thanthan 224224..
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Succinct DOM (SDOM) Library 1.0Succinct DOM (SDOM) Library 1.0

SDOMSDOM supportssupports thethe readread--onlyonly operationsoperations ofof anan almostalmost completecomplete DOMDOM

levellevel 33;; whichwhich maintainsmaintains interfacesinterfaces forfor bothboth thethe CoreCore andand XMLXML modulesmodules ofof

thethe DOMDOM APIsAPIs.. InIn addition,addition, wewe supportsupport thethe TreeWalkerTreeWalker APIAPI ofof thethe

extendedextended DOMDOM TraversalTraversal modulemodule..

SDOM libraries are available for downloaded at the webpage: SDOM libraries are available for downloaded at the webpage: 

https://lra.le.ac.uk/handle/2381/3363https://lra.le.ac.uk/handle/2381/3363

TheThe spacespace--efficientefficient succinctsuccinct datadata structuresstructures writtenwritten inin C++C++ areare highlyhighly

optimisedoptimised.. InIn summary,summary, SDOMSDOM consistsconsists ofof aa::

WithinWithin thethe DOMDOM interfaceinterface SDOMSDOM--(CT)(CT) hashas intermediateintermediate interfaces,interfaces, whichwhich

callcall directlydirectly thethe succinctsuccinct datadata structuresstructures.. TheseThese interfacesinterfaces areare similarsimilar toto

thethe NodeInfoNodeInfo andand DocumentInfoDocumentInfo interfacesinterfaces usedused inin SaxonSaxon toto directlydirectly

accessaccess thethe TinyTreeTinyTree datadata structurestructure..

WeWe aimaim intointo aa highhigh--levellevel application,application, suchsuch asas aa plugplug--inin toto SaxonSaxon..

FeaturesFeatures ofof SDOMSDOM

 SDOMSDOM cancan bebe usedused asas aa standardstandard--alonealone DOMDOM..

HoweverHowever navigationnavigation betweenbetween nodesnodes requiresrequires thethe creationcreation ofof nodenode

objects,objects, whichwhich mustmust bebe maintainedmaintained.. ToTo avoidavoid thisthis problemproblem wewe

recommendrecommend thethe useuse ofof thethe TreeWalkerTreeWalker classclass forfor navigationnavigation;; thisthis hashas

anan iteratoriterator likelike behaviour,behaviour, soso nodenode objectsobjects areare notnot createdcreated byby

navigationnavigation operationsoperations..

WeWe showshow inin thethe followingfollowing codecode snippetssnippets twotwo versionsversions ofof thethe operationoperation

getFirstChildgetFirstChild()() fromfrom thethe SDOMSDOM--NodeNode andand SDOMSDOM--TreeWalkerTreeWalker classesclasses..

WeWe observeobserve thatthat SDOMSDOM--NodeNode requiresrequires thethe creationcreation ofof twotwo objectsobjects

whenwhen returningreturning anan SDOMSDOM nodenode object,object, whereaswhereas SDOMSDOM--TreeWalkerTreeWalker

simplysimply fetchesfetches thethe nodenode numbernumber fromfrom thethe succinctsuccinct treetree ((STreeSTree),), thenthen

assignsassigns thethe currentcurrent nodenode toto thisthis value,value, ifif thethe nodenode existsexists..

 TheThe STreeSTree representationrepresentation ofof SDOMSDOM efficientlyefficiently supportssupports thethe XPATHXPATH

axesaxes (excluding(excluding namespace)namespace) –– howeverhowever interfaceinterface developmentdevelopment requiredrequired..

ConclusionsConclusions
SDOMSDOM isis aa fastfast inin--memorymemory representationrepresentation ofof XMLXML documentsdocuments

withwith smallsmall memorymemory footprintfootprint.. TheThe currentcurrent implementationimplementation isis

closeclose toto beingbeing aa plugplug--inin replacementreplacement forfor aa standardstandard DOMDOM

implementation,implementation, inin applicationsapplications thatthat requiresrequires readread--onlyonly

operationsoperations ,, withwith veryvery littlelittle penaltypenalty inin termsterms ofof CPUCPU usageusage..

SDOMSDOM providesprovides flexibilityflexibility inin XMLXML processingprocessing byby havinghaving tuningtuning

parametersparameters inin thethe SDOMSDOM componentscomponents.. ThisThis greatlygreatly reducesreduces

spacespace usageusage wherewhere memorymemory isis limitedlimited oror increasesincreases spacespace usageusage

wherewhere performanceperformance isis criticalcritical..

CurrentCurrent developmentdevelopment isis toto optimiseoptimise thethe speedspeed andand memorymemory

usageusage ofof thethe prepre--processingprocessing ofof SDOMSDOM.. Finally,Finally, inin additionaddition toto thethe

tests,tests, wewe areare workingworking towardstowards aa plugplug--inin toto anan XSLTXSLT processor,processor,

suchsuch asas SaxonSaxon..
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Running timesRunning times

In Figure 2, we shows the results of a documentIn Figure 2, we shows the results of a document--order traversal order traversal 

of the XML documents, which includes a simple substring test. of the XML documents, which includes a simple substring test. 

Results are for the Results are for the NextNodeNextNode operation of SDOMoperation of SDOM--TreeWalkerTreeWalker

and the navigation operations of SDOMand the navigation operations of SDOM--Node.  Node.  

Observations:Observations:

 SDOM is always within a factor of 2 of XercesSDOM is always within a factor of 2 of Xerces--C. C. 

 Using  the Using  the NextNodeNextNode operation of SDOMoperation of SDOM--TreeWalkerTreeWalker, we are , we are 

closer to Xercescloser to Xerces--C. [1] shows SDOM is better for larger files.C. [1] shows SDOM is better for larger files.
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Figure 1.  Sample XML document. DOM tree structure. Succinct tree representation and equivalent 

bit-string. [cr]:carriage return. [sp]: space character.

FirstFirst--Child operation in SDOMChild operation in SDOM--Node class:Node class:

SDOM_Node * SDOM_Node::getFirstChild()

{ 

nodej = STree.firstChild(nodei);

if(nodej.node_n == 0)

return NULL;

SNodeImpl * node = new SNodeImpl(STree,nodej);

return (new SDOM_Node(node));

}

1
2
3
4
5
6
7
8

FirstChildFirstChild operation in SDOMoperation in SDOM--TreeWalkerTreeWalker class:class:

SSDOM_Node * TreeWalker::getFirstChild()

{

nodei = STree->firstChild(currentNode); 

if(nodei.node_n == 0)

return NULL;

currentNode = nodei;

currentNodeImpl->setNodeNr(currentNode);

return currentNodeImpl;

}

1
2
3
4
5
6
7
8
9

File Size SDOM Xerces-C Saxon SDOM-CT XMILL

Orders.xml 5MB 37% 451% 157% 17% 12%

Treebank_e.xml 82MB 84% 866% 260% 54% 30%

Table 1. Space usage of XML representations. % of memory usage w.r.t to file size.

IntroductionIntroduction

XMLXML isis aa multipurposemultipurpose datadata formatformat thatthat isis wellwell--suitedsuited toto thethe

representationrepresentation ofof complex,complex, hierarchicallyhierarchically structuredstructured datadata.. ItsIts usesuses inin

datadata exchange,exchange, storagestorage andand retrievalretrieval havehave reachedreached muchmuch furtherfurther thanthan

itsits creatorscreators maymay havehave anticipatedanticipated..

TheThe DocumentDocument ObjectObject ModelModel (DOM)(DOM) isis aa WW33CC specificationspecification forfor

processingprocessing XMLXML documentsdocuments.. TheThe DOMDOM isis aa treetree--basedbased representationrepresentation

ofof thethe XMLXML documentdocument loadedloaded inin memory,memory, andand hashas aa richrich setset ofof APIsAPIs toto

navigatenavigate thethe treetree documentdocument..

WeWe addressaddress thethe shortcomingsshortcomings ofof existingexisting DOMDOM implementations,implementations, suchsuch

asas excessiveexcessive memorymemory usageusage andand thethe dynamicdynamic costscosts ofof nodenode objectobject

creation,creation, whilstwhilst providingproviding fastfast navigationalnavigational andand datadata accessaccess supportsupport..

OurOur focusfocus isis onon aa spacespace--efficientefficient treetree--basedbased representationrepresentation ofof XMLXML

documentsdocuments usingusing succinctsuccinct datadata structuresstructures toto efficientlyefficiently supportsupport thethe

DOMDOM readread--onlyonly operationsoperations..

MotivationsMotivations

XMLXML documentsdocuments areare oftenoften muchmuch largerlarger thanthan equivalentequivalent binarybinary formatsformats..

ThisThis ‘XML‘XML bloat’bloat’ becomesbecomes aa problemproblem whenwhen communicatingcommunicating XMLXML datadata oror

whenwhen usingusing XMLXML inin mobilemobile devicesdevices thatthat havehave limitedlimited memorymemory spacespace..

DOMDOM maintainsmaintains thethe treetree representationrepresentation ofof thethe documentdocument inin mainmain

memory,memory, asas itit isis fastfast.. However,However, existingexisting implementationsimplementations suffersuffer fromfrom aa

highhigh memorymemory usageusage:: ForFor example,example, thethe memorymemory usageusage ofof thethe standardstandard

XercesXerces--CC implementationimplementation [[55]] isis upup toto 1010 timestimes thethe sizesize ofof thethe XMLXML filefile..

SuchSuch aa bigbig increaseincrease isis problematicproblematic whenwhen processingprocessing XMLXML documentsdocuments

usingusing DOM,DOM, eveneven onon aa desktopdesktop PCPC oror serverserver..

 SuccinctSuccinct tree (tree (StreeStree) representation) representation

 NamecodeNamecode data structure, adapted data structure, adapted 

from Saxon [4]from Saxon [4]

 Attribute to element node mapping Attribute to element node mapping 

data structuredata structure

 TextualTextual data structures. Fdata structures. Fast ast 

access to individual text. Facility to access to individual text. Facility to 

compresscompress texttext in blocks using Bzip2; in blocks using Bzip2; 

this we call SDOMthis we call SDOM--CT.CT.

Figure 2. Running times 

for DOM full test, which 

includes search for a 

uncommon substring in 

all text nodes.

Traversals were run 50 

times for Orders and 10 

times for Treebank_e
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