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1 Introduction

XML is rapidly beconing a populardataformat. It canbe expectedhat soonlarge volumesof XML datawill
exist. XML datais either producedmanually (like html docunentstoday),or it is generatedy anew generation
of softwaretoolsfor the WWW and/orelectronicdatainterchang&EDI).

The purposeof this paperis to presentheresultsof aninitial study aboutstoringand queryingXML data.As
afirst step, this studywas focussedn the useof relationaldatabasesystens and on very simplistic schenesto
storeandqueryXML data. In otherwords,wewouldlike to study howthesimplestandmostobviousapproaches
perform beforethinking aboutmore sophisticatedpproaches.

In general numerousdifferentoptionsto storeand query XML dataexist. In additionto arelationaldatabase,
XML datacanbe storedin afile system an object-orienteddatabasde g., Excelon), or a special-purposé€or
sem-structured)systemsuchas Lore (Stanford),LotusNotes,or Tamino (SoftwareAG). It istill unclearwhich
of theseoptionswill ultimately find wide-spreadcceptanceA file systemcould be usedwith very little effort
to storeXML data,butafile systemwould not provideany supportfor queryingthe XML data. Object-oriented
databaseystens would allow to eluster XML elements and sub-elenents;this featuremight be usefulfor cer
tain applicationsputthe currentgeneratiorof object-orientedlatabasasystens is not mature enoughto process
conplex querieson lamge databasedt is goingto takeevenlongerbefore special-purposeystens aremature.

Even when using an RDBMS, there are many different waysto store XML data. Onestrategy isto ask the user
or asystemadministratorin orderto decidehow XML elementsare storedin relationaltables.Suchanapproach
is supportedeg., by Oracle8i. Anotheroptionisto inferfrom the DTDs of the XML docunentshowthe XML
elenentsshouldbe mappedntotables;suchanapproacthasbeenstudiedn [4]. Yet anotheroptionisto analyze
the XML dataandthe expectedjueryworkload; such an approachhasbeendevisede.g., in [2]. In thiswork,
wewill only study very simple ad-hocschenes;we think thatsucha studyis necessarypeforeadoptinga more
conplex approach.Theschenesthatwe analyzerequireno input by theuset theywork in theabsencef DTDs
or if DTDs aremeaninglessandtheydo notinvolve anyanalysisof the XML data. Due to their simplicity, the
approachesve studywill not showthe bestpossibleperformance,but aswe will see,sonme of themwill show
very goodqueryperformancein most situations.Also, thereis no guaranteghatany of the more sophisticated
approacheg&nown so far will performbetterthanour simple schenes;see[3] for sone experinentalresultsin
this respect.Furthernore, the resultsof our studycanbe usedasinput for more sophisticatedapproaches.
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2 Mapping XML Data into Relational Tables

The starting point is oneor a setof XML docunents. We proposeto scanand parsethesedocunentsoneat a
time and storeall theinformation into relationaltables.For simplicity, we assune herethatan XML docunent
canberepresenteds an orderedandlabeleddirectedgraph.EachXML element is representethy anodein the
graph;the nodeis labeledwith the oid of the XML object. Element-subelerent relationshipsarerepresented
by edgesn thegraphand labeledby the narre of the subelenent. In orderto representheorderof subelenents
of an XML object,we also order the outgoingedgesof a nodein the graph. Vaues(eg., strings)of an XML
docunentare represented@s leavesn the graph. In all, we considersix waysto store XML data(i.e., graphs)
in arelationaldatabasethreeadternativewaysto store the edgesof a graphand two dternativewaysto store
the leaves(i.e, values),resultingin overall threetimestwo differentschenes. Other schenes and variantsof
the schenespresentedn this paperaredescribedanddiscussedn [3]. In particular we describeand evaluatea
schenein [3] which would takeadvantageof an object-relationatlatabaseystems featureto store multi-valued
attributes.

RepresentingK ML dataasa graphis a simplifi cationand some information canbe lost in this process.The
reasonis that our graphmodel doesnot differentiatebetween XML subelenents and attributes,andit is does
not differentiatebetweensubelenents and referencegi.e., IDREFs). Using oneof our schenes, therefore the
original XML docunentcannotexactlybereconstructedrom therelationaldata. However, thesesimplifi cations
caneasilybealleviatedwith additionalbookkeepingn therelationaldatabase.

In orderto show how XML datais mappedinto relationaltablesin eachschene, we will usethefollowing
XML exanple which containsinformation about four persons:

(person (id="1" age="55)
(nane) Peter (/nare)
(address 4711 Fruitdale Ave. (/faddres)
(child)
(person (id="3" age="22)
(nane) John({/narre)
(address 5361 Columbia Ave. (/addres)
(hobby) swimming (/hobby)
(hobby) cycling (/hobby)
(/pern)
(/child)
(child)
(person (id="4" age="7)
(nane) David (/name)
(address 4711 Fruitdale Ave. (/faddres)
(/person)
(/child)
(/peron)

(person (id="2" age="38’child="4")
(nane) Mary (/nane)
(address 4711 Fruitdale Ave. (/addres)
(hobby) painting//hobby)
(/pern)y

2.1 Mapping Edges
211 EdgeApproach

The simplestschene isto storeall edgesof the graphthatrepresentean XML docurnentin asingletable;letus
call thistablethe Edgetable. The Edgetablerecordsthe oids of the sourceandtargetobjectsof eachedgeof the
graph,the labelof the edge,a flag thatindicateswhetherthe edgerepresentsan inter-objectreference(i.e., an
internalnode)or pointsto avalue(i.e., aleaf),andan ordinalnumberbecauseheedgesare ordered asmentioned
above.TheEdgetable,therefore hasthefollowing structure:

'We assumehateveryX ML elementhasauniqueidentifier. Intheabsencef suchan identifierin theimporteddata,the systemwill
auomatically generateone.
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Edge Vint Vstring

source | ordinal name flag | target vid | value vid value
1 1 age int vl vl 55 v2 Peter
1 2 nane string v2 v4 38 v3 | 4711 FruitdaleAve.
1 3 address| string v3 v8 22 v5 Mary
1 4 child ref 3 v13 7 v6 | 4711 FruitdaleAve.
1 5 child ref 4 v7 painting
2 1 age int v4 . ..
RN N . v15 | 4711 FruitdaleAve.

Figurel: Example: EdgeTable with SeparateValue Tables

Edge(surce,ordinal, name flag,targel

The key of the Edgetableis {source, ordinal}. Figure 1 shows how the Edgetablewould be populatedfor our
XML exanple. Thefigureaso shows oneparticularway to store valuesin separaté/alue tables;this approach
is explainedin more detail in Section2.2. Thebold facednumbersin thetarget colunn of the Edgetable(i.e.,,
3 and4) are the oids of thetarget objects. The italicized entriesin the target colunm referto representationef
values(explainedater).

In terms of indiceswe proposeo establisten indexon thesourcecolunn andacombinedindexonthe{nane,
target} columns. The indexon the souice columm is usefulfor forward traversalssuch as neededo reconstruct
a specific objectgivenits oid. Theindexon {nare, target} is usefulfor backwerd traversalsgg., “find al ob-
jectsthathavea child narmed John” We experimentedwith differentsetsof indicesaspartof our performance
experinents. We foundthesetwo indicesto bethe overallmost usefulones.

2.12 Binary Approach

In the secondmapping schene, we proposeto groupall edgeswith thesane labelinto onetable. This approach
resenblesthe binary storageschene proposedo storesemi-structureddatain [5]. Conceptuallythis approach
correspond#o ahorizontalpartitioningof the Edgetableusedin thefirstapproachusingname asthepartitioning
attribute. Thus,we createas many Binary tablesasdifferentsubelenent andattribute namesoccurin the XML
docurrent. EachBinary table hasthe following structure:

B..ame(sOUrce,ordinal, flag, target)

The key of sucha Binary tableis {source, ordinal}, and all the fields havethe sane meaningas in the Edge
approachIn terms of indices,we proposeto constructanindexon the source columm of everyBinary tableand
a separaténdexon thetarget colurn. Thisis analogougo theindexingschene we proposeto usefor the Edge
approach.

2.1.3 Universal Table

The third approachwe studygenerates single Universaltableto store all the edges.Conceptionally this Uni-
versaltablecorrespondso theresultof afull outerjoin of all Binary tables.The structureof the Universaltable
is asfollows, if ny,...,n; arethelabelnames.

Universa(source,ordinal,,, flag,,, target,,, ordind,,,, flag,,,, target,,, ..., ordind,,,, flag,,, target,, )

Figure 2 shows the instanceof the Universal tablefor our XML exanple. As we cansee,the Universaltable
hasmanyfieldswhich are setto null, and it alsohasa greatdeal of redundancythe valuePeter, for instance,
is representedwice becauseObject 1 hastwo ehild edges. (How valuesare exactly representeds described
in the next section) In otherwords, the Universal tableis denorralized—uwith all the known advantagesaind
disadvantagesf sucha denorndization. Correspondingto the indexingschene of the Binary approachwe
proposeto establishseparaténdiceson all the souice andall thetarget colummns of the Universaltable.
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SOUIC8| | 0rdname | targname | | Ordchild | targepiid | ordhobbu | targhobby

1 2 Peter ... 4 3 null null
1 2 Peter .. 5 4 null null
2 2 Mary .. 4 4 5 painting
3 2 John .. null null 4 swimmig
3 2 John .. null null 5 cycling
4 2 David .. null null null null
Figure2: Example UniversalTable
Bhrobby Behild
source | ord | valins | valsring | target souce | ord | valine | valstring | target
2 5 null painting null 1 4 null null 3
3 4 null swimmig null 1 5 null null 4
3 5 null cycling null 2 4 null null 4

Figure3: Example: Binary Tableswith Inlining

2.2 Mapping Values

We now turn to alternativewaysto map the valuesof an XML docurent (eg., strings like “Peter’ or “4711
Fruitdale Ave.”). We studytwo variantsin this work: (a) storing valuesin separaté/alue tables;(b) storing
valuestogethemwith edges Both variantscanbeusedtogethemwith the Edge,Binary, and Universalapproaches,
resultingin atotal of six possiblemappingschenes.

221 Separate Value Tables

Thefirstwayto storevaluesisto establishseparaté/alue tablesfor eachconceivabledatatype. Therecould,for
exanple, beseparat&/aue tablesstoringall integersdates,andall strings? The structureof eachVaue tableis
asfollows, wherethetype of thevaluecolurm depend®on thetypeof theValue table:

Viype(vid, value)

Figure 1 shows how this approachcanbe combined with the Edge approach.The vids of the Vaue tablesare
generateds part of an implementationof the mapping schene. The flag columm in the Edgetableindicatesn
which Value tableavalueis stored;a flag can,therefore takevaluessuchas integer date,string, or ref indicat-
ing an interobjectreference.n the very sane way, separate/alue tablescanbe establishedor the Binary and
Universalapproachesln terms of indices,we proposeo indexthevid andthevaluecolurns of the Valuetables.

222 Inlining

The obviousalternativeisto storevaluesandattributesin thesanetables.In the Edgeapproachthis corresponds
to anouterjoin of the Edgetableand the Value tables.(Analogouslythis correspond$o outerjoins betweenthe
Binary andUniversaltablesfor the otherapproache$. Hence we needa column for eachdatatype. We referto
suchanapproachasinlining. Figure 3 shows how inlining would work for the Binary approach.Obviously, no
flagis needecanynore, anda large nunmber of null valuesoccur In terns of indexing,we proposeto establish
indicesfor every valuecolurm separatelyin additionto the souice andtarget indices.

3 Performance Experiments and Resuts

We carriedout a seriesof performanceexperimentsin orderto study the tradeofs of the aternativemapping
schemesndthe viability to storeXML datain an RDBMS. In this paper we presenthe size of the resulting
relationaldatabasdor eachmappingschene, thetimeto reconstrucan XML docunentfrom therelationaldata,

2XML currently doesnot differeniate beweendifferentdata types,but there are severl proposas to extend XML in this respect
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n 100000 | nunberof objects
fn 4 maximum numnber of attributeswith inter-objectreferenceperobject
fv 9 maximum numnber of attributeswith valuesperobject

s 15 size of ashort string value [byteg

t 500 size of alongtextvalue[byteg
Ds 80 percentof thevaluesthatarestrings
pt 20 percentof thevaluesthataretext

d 20 nunber of differentattributenames

l 10 size of anattributename [byteg

Table 2;: Characteristic®f the XML Docunent

andthetimeto executedifferentclassef XML queries.Otherexperimentalresultssuchasbulkloadingtimes
andtimesto executedifferentkinds of updatefunctionsarepresentedn [3].

To simplify the discussionwe will only presentexperimental resultsfor four of the six alternativemapping
schenesdescribedn Section2. We will studythe Edge,Binary, and Universalapproachesvith separaté/alue
tablesin orderto study the tradeofs of the differentways to map edges. In addition,we will studythe Binary
approachwith inlining in orderto compareinlining and the separaté/alue tablesvariants.

Asanexperinentalplatform, we useacommercial relationaldatabaseystent installedon aSun SparcStation
20with two 75 MHz processorand128MB of main memory andadiskthatstoreghedatabas@ndinternediate
resultsof queryprocessing.The machinerunsunderSolaris 2.6. In all our experiments,we limited the size of
the main memory buffer pool of the databasesystemto 6.4 MB, which waslessthanatenthof the size of the
XML docurent. Otherthanthat,we usethedefaultconfigurationof thedatabassystemif not statedotherwise.
(For somre experinents,we usednon-defaultoptionsfor queryoptimization; we will indicatethoseexperiments
when we describe the results.) All software which runs outside of the RDBMS (e.g., programs to prepare the
XML docurrentfor bulkloading)is implementedin Javaand runson the sarre machine. Calls to therelational
database from the Java programs are implemented using JDBC.

3.1 Benchmark Specification
3.11 Benchmark Database

The characteristicof the syntheticXML docunentwe generateor the performanceexperimentsaredescribed
in Table 2. The XML docunent consistsof n objects. Eachobjecthaso.. f,, attributescontaininginter-object
referencegi.e., IDREFs) and 0.. f, attributeswith values. The docunentis flat; thatis, thereis no nestingof

objects.(Given ourgraphmodeldescribedn Section2, flatdocunentswith ID REFs arestoredin the sane way
asdocurentswith nestedbjects) All attributesarelabeledwith oneof d differentattribute names;wewill refer
tothesenanesasaq, ..., a4, butin facteachname is [ byteslong. Thereare two typesof values:shortstrings
with s bytesandlongtextswith ¢ bytes.p;% of the valuesarestrings andp,% of the valuesaretext. We usea
uniform distributionin orderto selectthe number of attributesfor eachobjectindividually andto deternminethe
objectsreferencediy anobjectandthe nane of everyattribute. The graphthatrepresentshe XML docunent
containscycles,but this factis not relevantfor our experirrents.

SincetheXML docurrentcontainsvaluesof two differentdatatypes(stringandtext), two Valuetablesaregen-
eratedn therelationaldatabaséor themappingscheneswithoutinlining and two valuecolurms areincludedin
theBinary schene with inlining. Weindexthestringsconmpletely, asproposedn Section2.2, butwedonotindex
thetext (for obviousreasons)deviatingfrom the proposedndexingschene of Section2.2. Stringsandtext, as
well asattributenames(in the Edgetable)arerepresentedsvar char s in therelationaldatabaseflagsarerep-
resente@schar s, andall otherinformation(eg., oids,vids, ordinals,etc) isrepresentedsnumnber ( 10, 0) .

The parameter settingswe usefor our experimentsare also shown in Table2. We createa databasewvith
100000 objects. Eachobjecthas,on an averagejwo attributeswith inter-objectreferencesand4.5 attributes
with values. So, we haveatotal of approximately 450000 values;90,000textsof 500 bytesand 360000 short
stringsof 15 bytes.

30urlicensesigreementoesnot allow us to publish the nameof the databasevendor
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Queay | Desaiption Feature

Q1 reconsruct XML objectwith oid=1 selectby oid

Q2 find objectsthathaveattributea; with valuein certainrange selectby value

Q3 find objectsthathaveattributesa; andas with certainvalues two predicates

Q4 find objectsthathavea; andas> with certainvalueor jug a; with certainvalue | optionalpredicate

Q5 find objectsthathavea; oras or a3 with certainvalue predicateon attributename

Q6 find objectthatmatcha complex patternwith sevenreferencesandeightnodes | patternmatching

Q7 find all objectsthatareconnecteddy a chainof a; references regularpathexpresion
to anobjectwith aspecific a; value

Q8 find all objectsthatareconnectedby achainof a1 or a2 references regularpathexpresion with
to anobjectwith aspecific a; or as value apredicateon the attributename

Table 3: Benchnark Query Tenplates

QI | Q2L | Q2H | Q3L | Q3H | Q4L | Q4H | Q5L | QbH | Q6L | Q6H | Q7L | Q7H | Q8L | Q8H
9 | 11 |1805| 3 | 131 | O | 1386| 50 | 5556 | 1 3 I1 | 2309 | 37 | 4616

Table 4: Size of ResultSets of Benchmark Queries

3.1.2 Benchmark Queries

Table 3 describeshe XML -QL querytenplatesthatwe usefor our experiments. The XML-QL formulationfor
thesequeriesis given in [3]. Thesequerytenplatestesta variety of featuresprovidedby XML-QL, including
simple selectionsy oid and value,optionalpredicatespredicate®n attributenames, patternmatching,andreg-
ular pathexpressions.In al, we testfifteenqueriesas part of our benchnark. We testeachof the Q2 to Q8
templatesin two variants: onelight variantin which the predicatesarevery selectiveso thatindexlookupsare
effectiveandintermediateresultsfit in memory, and oneheavyvariantin which theuseof indicesis typically not
attractiveand intermediateresultsdo notfit into the databaséduffers. Specifically, we setthe predicaten a; to
select0.1% of the valuesin thelight queryvariantsand to select10% of the valuesin the heavyvariants. The
predicatesn a, areawayssetto select30% of the values. All predicatesnvolve shortstrings only (no text).
For our benchnark databasethe size of the resultsetsfor eachof thesefifteenbenchnark queriesis listedin
Table 4. To executetheseXML-QL querieswe translatetheminto SQL queries.How this translationis done
for eachmapping schene is outlinedin [3] and beyondthe scopeof this paper

Togetreproducibleexperinentalresults we carryoutall benchnark queriesnthefollowingway: everyquery
is carriedoutonceto warmup thedatabaséuffersandthenat leasthreetimes(dependingpnthequery)in order
to getthemeanrunningtime of the query Warming up the buffersimpactsthe performanceof thelight queries
that operateon datathatfits in main memory; warming up the buffers, however doesnot impactthe resultsof
theheavyqueries.

3.2 DatabaseSize

Table 5 shows the sizeof the XML docunentand of the resultingrelationaldatabasdor eachmapping schene.
The size of the XML docunentis about80 MB. We seethatevenwithout indiceseverymappingschene pro-
ducesalamerrelationaldatabaseThe Universalapproachpf course,produceshe mostbasedatabecausehe
Universaltableis denornelized asdescribedn Section2.1. Comparingthe Binary approachwith andwithout
inlining, we seethatinlining resultsin a smaller relationaldatabaseno vidsarestoredin theinline variantand
nulls which are producedby theinline variantarestoredin avery compactway by our RDBMS. Lookingatthe
sizeof theindices,we canseethatindicescanconsune up to 40% of the space.

XML | Binary | Edge | Universl | Bin.+Inline
basedata | 792 1052 | 1223 1389 869
indices - 711 856 76.7 527
total 792 1763 | 2079 2156 1396

Table 5: DatabaseSizes[M B]
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Binary Edge | Universa | Bin.+Inline
Q1 0.036 0.023 0.074 0.024
Q2() 0.104/46 | 0.089/53 | 0.093/48 0.011/53
Q2(h) 157 830 621 0.644/55
Q3() 6.0 51 538 20
Q3(h) 158 1337 705 35
Q4() 123 9.9 117 41
Q4(h) 320 2557 1329 6.7
Q5() | 0.277/154 51 142 | 0.028/139
Q5(h) 486 1481 1858 148
Q6() 0.130/65 6.1 | 0.141/63 0.017/20
Q6(h) 170 1237 63.7 33
Q7() 0.1176.2 | 0.101/54 | 0.096/62 0.012/53
Q7(h) 168 2215 627 1.060/66
Q8() 183 5.0 914 327
Q8(h) 472 3920 2069 363

Table 6: RunningTimes of Queries[secs];Tuned/Uhtuned

3.3 Running Timesof the Queries

Table 6 shows the runningtimesof our fifteenbenchnark queriesfor eachmapping schene. In most casesthe
optimizerof theRDBMSfoundgoodplanswith thedefaultconfiguration.In somecaseshoweverwewereable
to getsignificantimprovenents by usinganon-defaultconfiguration;for such casesTable 6 shows therunning
timesobtainedusing the untuned(default)optimizer configurationand the tunedoptimizer configuration. M ost
of theimproverentswereachievedor light queriesand by forcing the optimizer to useindicesinsteadof table
scansand index nested-loogoins insteadof hashor sort-memgejoins.

The main observatioris thatthe bestmapping schene (Binary with inlining) shows very goodperfornance.
For al queriestherunningtime is acceptableThe reasoris thattodays relationalqueryenginesare very pow-
erful, evenif the queriesinvolve many joins and recursion.

Comparing the alternativemappingschenes, we canseethat the Binary approachwins over the Edge and
Universalapproachesndthatinlining beatsseparate/alue tables.Both of theseresultscanbe explainedfairly
easily The Edgeapproachperforns poorly for heavyqueriesbecausgoins with the (large) Edgetablebecore
expensivan this casejn effect, mostof thedatain the Edgetableisirrelevantfor aspecifc query For thesare
reason the Universal approachwith its very large Universal table performs poorly for heavy queries. In the
Binary approachpn the otherhand,only relevantdatais processedThe sane kind of benefis of abinary table
approacthavebeenobservedntheMonetprojectfor (structured)l PC-D data[1]; for XML datathebeneftsare
particularlyhigh. Explaining the differencesetweeninlining and separaté/alue tablesis eveneasier:inlining
simply wins becausdt savesthe cost of the joins with the Value tables. The resultsshowthat inlining beats
separat&/aluetablesevenif verylarge values(suchastext) areinlined. Inlining would alsowin if many different
typesare involved and null values are stored in a compact way by the RDBMS.

Q8(l) andto some extent Q1 and Q5(I) areexceptionsto the aboverules. Q8 involvesa predicateon the at-
tribute names. The Edgeapproactis attractivefor suchqueriesbecausesuchpredicatesandirectly be applied
to the Edgetable. Executingsuch predicatesnvolvesthe generatiorof an SQL NI ON querywhich carriesout
duplicatework for the other mapping schenes.

3.4 Reconstructingthe XML Document

Table 7 showstheoveralltimeto reconstructhe XML docunent(andwrite it to disk) from therelationaldatafor
eachmappingschene. In all casesijt takesmorethan30 minutes,andthis factis probablythe most compelling
argument againstthe useof RDMBSs to store XML data. All mappingschenesneedto sortby oid in orderto
re-groupthe objects,andthis sort is expensivein our environnent (it is an80 MB sortwith 6.4 MB of menory).
The disastrousunningtime for the Universal approachwith separaté/alue tablescanalsobe explained. The
Universal tablemust be scanned! = 20 times(oncefor eachattributename) in orderto restructurethe data
andcarryout thejoinswith the Vaue tables. Theseobservationsndicatethatit might be advantageous store

33



Binary Edge Universa | Bin.+Inline
56m52s | 40m56s | 1h41m17s 32m8s

Table 7: Reconstructinghe XML Docunent

copiesof the original XML documents in the file systemin addition to loading the XML datainto anRDBMS.
In generalthereis no way to storedatato meetthe requirenents of al purposesDependingon theworkload,
multiple copiesin possiblydifferentformatsare needed- XML datais no exceptionto this rule.

4 Conclusion

We studiedalternativemappingschenesto storeXML datain arelationaldatabaseThe mappingscheneswe
studiedare extremely simple. Dueto their simplicity, theywill neverbe the bestchoices,but our experinents
indicatethatevenwith suchsimple mappingschenes,it is possibleto obtainvery goodqueryperformance.The
only operationwhich hadunacceptablhhigh costwasconpletely reconstructinga very large XML docunent;
more sophisticateanapping schenes, however would show poor performancefor this operationas well.

This studywas only afirst steptowards finding the bestway to store XML data. Our resultscanbe usedasa
basisto developandconfiguremoresophisticatednappingschenes. Also,moreexperimentswith differentkinds
of (realandsynthetic) XML dataarerequired. In addition, othercharacteristicsuch as authorization,locking
behavior etc. need to be studied. Furthermore, performance experiments with OODBMSsand specid-purpose
XML datastoresoughtto be conducted.The XML docunentand the XML-QL and SQL querieswe usedfor
our experimentscanberetrievedfrom the authors’Web pages.
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