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Abstract: The proposed work explores the application of temporal angioning
management techniques to the content of XML documents. ilgceany methods
have been proposed to address this problem. These mettitetdrdimany aspects,
such as which XML objects should be temporalized, thus @s#sg each one a set
of advantages and limitations. We present the TVX model,sghgpal is to combine
these techniques into a single approach; its united usddskapply great flexibility
in the temporal treatment of XML documents. This will be aogdished through a
high-level data model which can be easily implemented in Xidimat, along with
XQuery-like query and data manipulation languages to retitd temporal XML
documents. We also present a case study considering aitigtary module over
the text of the Brazilian Constitution, that demonstrabesémployment of the TVX
model in a real-life application.

1 Introduction

The use of temporal representation concepts has assumedential role in several
database applications, because of its capacity to storadyenanipulate the different states
assumed by the data during the course of time. As the contéhé @latabases evolves, the
bitemporality concept provides access to past, presentiance information. On the other
hand, the versioning concept allows the existence of skatteainatives for the evolution of
database.

With the migration of such database applications to a Welir@mment, they adopt
the XML language [1] as a standard format for representatahexchange of their internal
data. Hence, such applications require a mechanism foefiresentation and manipulation
of the history of the content of a XML document that goes tigltomodifications along
time. In spite of the existence of several proposals forehgpioral extension of conventional
data models (such as the many temporal extensions to th@nabdata model), as well
as mapping strategies to storage XML documents in these Isydtley are not well-suited
to handle generic semi-structured documents. In other sydlte semi-structured nature
of the XML documents requires the definition a new data mochgbable to work with the
bitemporality and versioning concepts in a semi-structat@cument.
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The interest for applying the concepts of temporal moddliingML documents mo-
tivated several proposals in the last years, such as [2,53,6}, Such proposals tend to focus
on the control of modifications to the content of the docurseanly a few sketch mecha-
nisms for dealing with schema evolution. In spite of thatnpan common, the proposals
differ in many other aspects: some concentrate on registéinie evolution through the stor-
age of the several states that the data assumes [5]; otheyggh the operations that cause
the transformations [6]; and others through a mix of infatiovaand references to previous
states - [7] and [3] They also disagree in the definition of ifipe of information should
be temporalized, but, mainly, they differ in the employmehtemporal labels: some work
with transaction time, others with validity time, and oth@rst with the sequential number-
ing of the several states that the document assumes thrionghExisting proposals will be
discussed with further details in a latter section.

Even though these are, by themselves, powerful extensmascbnventional data
model, they do not single-handedly cover all possible aspaahe evolution of an object.
Forinstance, in a database that includes validity andactios labels, the history of an object
forms a linear timeline. The versioning concept [8] allotws storage of different alternatives
of an object’s history, thus creating the possibility for rmiiched timeline. Although the
importance of schema evolution is undeniable, it won’t baleid with in the present work.
It is intended, however, to establish a base for contentu¢ionl, in a way that allows its
extension in future works to incorporate structural eviout

The objective of the proposed work is to define a model for tloéution of the content
of XML documents, unifying the dimensions of transactiandi validity time and creation
of new versions. The united use of those concepts, treapedately in the studied proposals,
provides great flexibility in the treatment of the documeawslution - versioning allows par-
allel lines in the evolution of the document; validity tinhéstorical storage and the projection
of future information; and transaction time, the recoverpast states of the database.

The remainder of this paper is organized as follows. Se@&ipresents the pro-posed
model, namedVX, standing forTime and Versions in XML. Sections 3 and 4 present two
languages to be used along with the model, the first for qungrgind the second for updating
the temporal XML documents. Section 5 contains a case stualywas used to demon-
strate the employment of the TVX model in a real-life apgima. Section 6 presents related
works, comparing them with the present proposal, and Seatiends the paper with some
conclusions and directions for future work.
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2 The TVX Model

In this section, we begin our description of the TVX modéhfe and Versions in
XML) by formally defining the concept of a XML document accordinghe scope of this
work. This definition will then be extended to incorporatmpmral labels and version-ing
information into the XML document. Through a high-levelsdamodel, we show how these
extensions affect the XML objects and how they can be impigatktin XML format. In the
following discussion, we will use the terminology defined %), assuming that time moves
forward linearly in discrete steps and that the special warg can be used to represent an
open interval, associated to the ever-growing pre-semt.tim

The definition of XML document that will be used is a simplifica of the original
proposal, which excludes the concepts of namespaces gsingénstructions and comments.
Those constructions were excluded to simplify the modeltaradlow it to focus on the con-
tent; in the same way, it won't be given any special treatmenD, IDREF and IDREFS
attributes; it should be pointed out, however, that the rhode be extended to include such
characteristics. To summarize, the objects of the langtteagewill be considered are: ele-
ments, attributes and text nodes.

More formally, we view a XML document as a 6-tupteEl, A, T, S, r, Ed >, where
Elis a set of elementsd is a set of attributes]” is a set of text nodes is a set of string
values,r is a distinguished object that points to the root of the doeninandEd is a set of
edges which connect the different XML objects such that #seilting graph is a tree. Each
edge is a 2-tuple p, ¢ >, wherep is the parent node andthe child node. The root element
r cannot appear as a child in any edge, and must appear as & palseonce. Each edge
must fall in one of the following categories:

p=rc€ Kl
p € FEl,c € El,
p € El,ce A,
pe FElceT,
peAceS,
peT,cesS.

Elements and attributes are also given names, which mu$brrorio the restriction
that no two attributes under the same parent element cantha@wame name. Finally, there
is a total order between the element and text children of ameht node, such that no two
text nodes appear consecutively in that order. Let us segaanme of this view of an XML
document. The tree in figure 1b is a graphical representafitinis scheme applied to the
small document seen in figure 1a, which represents the XMloding for the layout of a
Web page.
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W o
<Layuut:= |:| Elamart
=Banner= Lavout O Tamt

RGE Indudries IJ__T % Cﬂ}ﬂmnme
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<Link Color="Cyan"s Burtar Link.

M zin Page
=fLink = Calor

=Lavout=
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Figura 1. Sample document (a) and corresponding modeling (b).

2.1 Modeling Temporal Labels

. Root
W1 [0B01/04, now]
T1: [OB01504, now l:l Element
O Text
Layout A Attribute
W1 [0BO01/04, how] W [EA01I04, Rioky] <> Sitring
T1: [06/01/04, now] T1: [0B01104, now]
Banner Link
W [OB0S/04, now]
W1 [0E0104, now] T {DEIUUNI nDW]] W1 [0B/A04, now
T1: [0&/01/04, now] ' T1:[0B/01/04, now]
color .
W10 (060104, now] . W1 [0BI0NA04, now]
T1: [0B/01604, nOw] \”: [DErOSI04, now] T4 [OR01704, niowl
T1: [O&01004, now]
RGS Industries Cyan iain Page

Figura 2. Original document with identifiers and temporal labels.

The XML model that we are considering will be extended to eisde to each one of
its objects a series of timestamps, to register the initidifanal validity times - delimiting the
period in which they model reality appropriately - as welllas initial and final transaction
times - the period in which information was registered indlagabase. As mentioned in the
introduction, the use of these labels allows one to go bagkdwvious states and to register
the lifespan of the stored objects in the real world. Elenagudttext nodes also receive global
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and persistent identifiers, to indicate the correspondeetreeen different states of the same
object along the evolution of the document.

As an example, let us reconsider the small document seenurefitp, and assume
that it was created @6/ 01/ 04. Figure 2 uses this example to show how the previous XML
model can be extended to incorporate validity and transadimes as labels on the edges
that link two objects, where the intervals refer to the clulject of that edge. Each label
is a series of pair¢Vi, Ti), whereVi is a validity interval andri is the corresponding
transaction interval. For instance, the labels for thgout element indicate that it was
registered ab6/ 01/ 04 (because that is the initial transaction time), it startbeovalid in
the real world at that same moment (because the initial islitine has the same value), it
should remain valid until further notice (because the firadidity time is open) and that this
series of labels is part of the current vision of the docun{leetause the final transaction time
is open). One may also notice that, despite being known taldt@base 96/ 01/ 04, the
Col or attribute only starts to be valid @6/ 05/ 04. Numbers within the geometric shapes
represent the global identifiers for the element and texeaod

=Layout= =Layout=
=Banner= R3S Indusries =Link= About Us =iLink=
=/Banner= =Link= Cortact <Link=
=Link Calor="Cyan"=s =Banner=
Main Page RGS Industries
=iLink= =Banner=
=L ayout= =/Layout=
(&1 Document as of 06/05/04 (k) Docum ent &= of 06M 504

Figura 3. Example: two states of the same XML document.

Now, let us take a look at the two documents shown in figure & dticument in fig-
ure 3a is the same as in figure 1a); they actually representlifferent states of the same
document. For now, we will not worry about the fact that Bamner element went from
being the first child of theayout element to being its last child; the mechanism to properly
model this change will be explained further ahead, in sudbiee 2.3. Figure 3a shows the
document ab6/ 05/ 04. Later, at06/ 10/ 04, the document was edited to reflect the changes
show in figure 3b, but this new state would only be valid startirom 06/ 15/ 04. Fig-
ure 4 shows how the temporal labels can be used to reflect #rgek applied to the sample
document.

We can see that th@ol or attribute of the firsti nk element is no longer part of the
current view of the document. The previous pair of labgls,, T1), representing the time
during which this object was believed to be valid indefinitéd accurate just untilé/ 09/ 04
(represented by the final transaction time in Tidlabel). The current view, represented by
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the labelg V2, T2), is that this object is only valid frord6/ 05/ 04 to 06/ 14/ 04. Accord-
ingly, the old value for the text object within that same Liskre-placed with a new value
("About Us"); that change starts to represent realitp@t 15/ 04 (see correspondent valid-
ity time), and it is already know to the databas@@t 10/ 04 (see correspondent transaction
time). Even though the value of this text object has chandgesyalidity interval for the
text node itself remained the same, because whether it veagel or not is irrelevant to the
fact that there exists a text object at that position. Morited explanations on how these
temporal labels work together can be found at [10].

. Roat
W12 [0B01/04, now]
TH: (0601704, now] [ ] eement
O Text
Layout A Attribute
W1 [0BF01J04, now] W [DBI0104, now] W1 (06 6704, now
T1: [DB0604, now T4 [0B/01404, now]  T1: [DBH 0404, now] <> String
BANNEE 1 |0BIOSA04, now] Sl Sl
¥1: (080104, nowd | T4 (0601 104, 0BXOSI0 4] W11 [DE01/04, novw] W1 [0BIT5/04, now

TA:OEU04, newl]  va' [oemsind. oar4ing] T1: [DAMI04, now] T1: [DFM 004, row]

T2: 061 0/04, now
¥1: [0BA01J04, now]
V1L [DED1/04, novd T1: [08/01404, D& A04])
T1: [06/01404, now Color W32 [OBI01J04, OB 4706
1 [DBMOS, now] T2: [06r 0404, now]
T1: DG (04, DI04,
2 [DBAOSA, OB 4/04]
T2: D6 004, now Main Page

RG8 Industries

W1 [0BM5/04, now]
T (06004, now]

Contact

W1 (DB S/04, naw]
T1. [06M 0504, now]

O

About g

Cyan

Figura 4. Updated document with identifiers and temporal labels.

Notice that with the conjoint use of the validity and trartgattime labels, it is pos-
sible to identify four different states of knowledge:

e FROM 06/ 01/ 04 TO 06/ 04/ 04. The current view of the document is as in figure 3a,
excluding theCol or attribute. It is already known, however, that this attréowmtill
become valid ab6/ 05/ 04.

e FROM 06/ 05/ 04 TO 06/ 09/ 04. The current view of the document is as in figure 3a,
and it is believed that it will remain in this way.

e FROM 06/ 10/ 04 TO 06/ 14/ 04. The current view is still correspondent to figure 3a,
but it is already known that, starting 6/ 15/ 04, the correct values will be as in
figure 3b.
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e STARTING AT 06/ 15/ 04. The current view corresponds to figure 3b, but the knowl-
edge about the previous states remains.

2.2 Modeling Versions

In addition to the timestamps for control of transaction waliity time, the proposed
model also includes the possibility of defining versionshe tlocument. The creation of a
version is determined by the user, in case of a significamighén the document, and it is
accomplished through replication and modification of thii@s of an existing version. A
document always possesses a root version, from which thayebe derived versions. The
hierarchy of derivation of versions built according to thesles takes the form of a tree: each
version possesses exactly one parent version (exceptdantt), and may possess one or
more derived versions, which evolve independently fromamather. The global identifiers
indicate the correspondence of fragments of informatidween different versions.

@ Q Document Root
T |:| Version

Main \,\\ AXML Tree
Layout i

kgurrent @ ~-—__Current
Summer h\“\‘
Layout \‘.

T 1 [ N IR A Parent |
) e ) Lo Pasent ]
Christmas New Year |’ || Main || Summer || Christmas || New Year

Layout Layout Layout || Layout Layout Layout
(@ (b)

Figura 5. Versioning example - hierarchical structure (a) and flatcttrre (b).

For instance, imagine a company that wishes to change tloaitaf its homepage
according to the time of the year (figure 5). Each layout isestaunder the form of a XML
document, such as the one in figure 1a. There is a main laydithvis used for most of
the year - this will be the root version. When summer comeslaiout changes to a special
Summer layout, which is a modified version of the main layout, thusge derived version
from the root version. During summer (if you live at the SarthHemisphere), two special
occasions occur, that cause other changes in the layphut:st mas andNew Year ; these
will be new versions derived from ttgunmmer version. Despite any similarities, each version
has its own code, which must evolve separately from othesiaes. Therefore, each version
node points to the root of its own version of the XML documehg lifetime of a version is
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considered to be the same of the root element it points to.

There may be objects common to many versions - for examplanady at the top of
the page with the name of the company. These can be modetaehtihrepeated elements
in the involved versions, all with the same global identifiédso, there is the notion of a
current version, which is simply the default target of update and query esgicas when no
particular version is specified. This means that all versitan be queried and/or updated at
any given time, not just the current one.

Figure 5 shows two ways to model the relations between vessithrough a hier-
archical structure and through a flat structure. When emgpttiem in the form of XML
documents, the hierarchical structure translates to degesions, while the flat structure,
in which the hierarchy is modeled through pointers, implieging each version completely
isolated from the others within its own XML fragment. In thi®rk, we chose to use the
hierarchical structure, because then we can assign id#stifi the versions in such a way to
speed-up the process of locating a given version within thi Xlocument through its iden-
tifier, instead of scanning the whole file as it would be nemsswith the flat structure. For
instance, we could assign to tNew Year Layout the identifierl. 1. 2, indicating that it
is the second child of the first child of the root version, taliswing one to find it by simply
walking from the root.

2.3 The Complete Model

The complete TVX model can be described through the UML otéagram shown
in figure 6. Each document can have an associated schemactiena, if present, must
be defined when the document is created, and once definedwefoetver unchanged. The
schema is, therefore, unalterable and unique for all theimas that ever come to be asso-
ciated to that document. Each modification that takes plaoald maintain all states of the
document, at any instant, coherent with the schema. If nersahis de-fined, then there is no
restriction to the update operations that can be appliduetoiodeled document. The chosen
format for representation of the schema is XML Schema, fogdlbasic reasons: wide use
and acceptance, superior flexibility in com-parison to DI Bd mainly for being a XML
dialect, which makes it possible to in-corporate it dingatito the document.

Each document has an initial version, from which it is pdsstb derive other ver-
sions, whose structures will be identical to the first onectBaersion has a distinct element
corresponding to the root of the XML document that it représe Elements are codified
in the El enment class, with properties to register the name of the elemenhitaridentifier.
Through inheritanceg! enent is involved in aval i di t y relationship that includes the sev-
eral validity intervals corresponding to the lifespan of thferredEl ement . Each interval is
defined through a series of timestamps, represented bydperied VT, FVT,| TT andFTT,
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TimeStamps N - o AMLOBject
+IVT: timestamp : ol =
+FyT: timestamp . 0 = Previous
+[TT:tmestamp : Pointer le
_ Validity
+FTT: timestamp +Valus: integer q [
KMLPrimaryObject

+Global D integer

0.r Next 1
0r
I
E

Document
Content
+Schema: XML Schema ZP\
0.1 . 0.1
+MNextID: integer 0.1
: lement
1

+Name: NMTOKEN

Root Current
Yersion Wersion

1

Roat
Element

Yersion
+Wersion|D: 1D
+Name: string g

< sUe0

=

Altribute Stnng
cantains =
+Mame: NMTOKREM T +¥alue: string
Derived Versions

Figura 6. TVX class diagram.

which correspond, respectively, to the initial and finaidi&y times and to the initial and fi-
nal transaction times. The temporal labels of the root etgsapply also to the versions to
which they are subordinated.

For eactEl enent there is also a (possibly empty) set of attributes whichespond
to that element. Each attribute is modeled through an instafitheAt t r i but e class, which
also represents its lifetime througfal i di ty. Throughout its existence, an attribute can
assume several values, each one with its own validity iatettiose are registered through
theSt ri ng class. Eaclst ri ng has a property that identifies its value, as well as timessamp
to account for the temporal intervals associated to eaclobihe values assumed along time.

Finally, each element can contain subelements and textsndbese are modeled
through theCont ent relationship. The ordering between these children nodals@ssubject
to change, as it can be seen by the existence of timestaPmaed ous andNext pointers.
Subelements have the same structure previously descri&ednodes also have temporal
labels for the object itself and for each one its values,tbnithe same way of the other
properties. Each one of those objects presents the restritiat its life interval should be
contained in the life interval of its immediate superiortie thierarchy. Th&M.Obj ect and
XMLPri mar yQbj ect classes are non-instantiable; they serve only to identifperties and
relationships that are common to their specialized clashiedice that the model does not
define the granularity of the temporal labels, allowing ivéwy according to the application.
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To conclude the example, figure 7 shows how the evolving decuiin figure 3 can
be coded with the proposed approach. For the sake of sityplice schema was omitted,
and we give a detailed view only of the filstnk element. Also, due to space constraints,
versioning is not shown in this example (figure 3a and figurargbtwo different states of
the same version), but a new version would simply be repteddisy anothe¥er si on tag
with a modified copy of the document under it, which would htheesame structure seen in
figure 7.

The understanding of most of the tags used in figure 7 is $iifaigvard: elements,
attributes and so on are modeled through tags with the sames& he temporal labels that
appeared in the incoming edges in figures 2 and 4 are now amestunder thgal i di ty
element, which is present under all the main tags; theystitk in the same way as explained
at the end of the subsection 2.1. Recall from the example figunes 3 and 4 that the way
to properly model the change on the position of Ba@ner element was left unexplained.
In figure 7 we can see, for eveBl enent andText, a pair ofPr evi ous andNext tags
that work as pointers to the previous and next siblings ofrémeesented object. The value
contained in these pointers, which are also timestampéuk iglobal identifier of the pointed
element/text; valid identifiers start from 1, so a value abZredicates that there is no previous
or next sibling. For th&i nk element shown in this example, we can see that it used to come
after theBanner (@ obal | D = "2") element, but after the promoted changes it has no
predecessor, thus being the first child of its parent. Analsty, it used to be the last child
of its parent, but now it is followed by anothieirrnk element - the one with the number 6 for
its d obal I D.

3 Query Language

The proposed query language is a modification to the stand@ukery [11], with
modified XPath [12] expressions to filter the document adogrtb a temporal predicate and
to bind variables not only to elements, but also to attribated text nodes. The additional
constructions that may appear in the path expressions dod@ss:

¢ In the layout document, the following query gives acceshorbot element of the
Summer version:
FOR $r in document(”layout.xml”) /tvzx : version[ Summer']/

e To do arollback and recover a past state of the databaseaf<#y,08/04) using the
transaction time labels, the syntax is:
FOR $r in document(”layout.xml”) /tvz : rollback|'06/08,/04']/

e Likewise, the syntax to specify a given interval for validiime (say, fromd6,/07/04
to 06/12/04) is:
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Faliclit
=Dacum ent Current="1" MextlD="5"= = aJSt::ug}
=Schema= ... =/Schemas=
=Version Version/D="1"

=Yalue= Main Page < Malues=
Mamm e="M ain "=

=TS IWT="06/01/04" F%T="now"

ITT="06:/01 104"
=Element Mam e="Layout" GlobalD="1"= FTT="0RM3M4"
="alidity= _n "
=TS IYT="060104" F%T="now" :TFS\!'T\E_DSEE%TQ
ITT="DE01 04" FTT="nowi= ITT="08M0/04" FTT="nows
=Paliclity= </String=
=Aftributess- =Etings
<CI,ETntenlt-:N o o GloballD="2" =Walues= shout Us <Malues
<=v:|ni1d?ty> amesHanner Hohall="a =TS 1WT="08/ 504" F 4T ="now
ITT="06M10/04" FTT="now""
=TS [T ="0B/H 04" FYT ="riow" . nawE
=IString =
ITT="06/01/04" FTT="nomm"=
= Ralidity= «Text=
=/Cantent=
=Element= T ugn =Previous=
iE\Lglni'nde;tT}Nam e="Link" Globall D="4"= =Painter Yalua="2"s
=TS IWT="0B/MD1 04" FYT="now" o o Tt
ITT="06101/04" FTT="now"=
=Malicdity=

FTT="06/09/04"=

| =TS VT ="06/11 04" F4/T="08/1 4/04"
= Adtribites= ITT="DEA 004" FTT="nicwa!"'=
=Atribute Mame="Coalar"= Sy —

="alidity= . e
=TS VT ="D6I01 104" FYT="ncw e e e
ITT="06A01/04" ITT="06A 004" FTT="row!/=
FTT="06/09/04 " <P nirtere
TS YT ="DB/01 04" P 1o
F 4T ="06/ 4 /04" hests
ITT="06A 004" FTT="na"f> R
“g alicht 7= =TS IWT="DRI 04" FYT="naw!
=String= ITT="0EA1 04"
=Walue= Cyan =ialues= FTT="0609/04"=
<TS [V1="06001 14" FVT="now 4TS 1T 2 0B/ 04" FYT =06 404"
ITT="061/04 ITT="06A 004" FTT="riow!/=
FTT="06/09/04 " <P nirtere
<TFS\’LI_\I"_F"=D§§;E;D;BI4 =Pointer Yalue="g"=
= =TS VT ="06M 504" F4T="nio
ITT="DBA 004" FTT="no"f> T TaMOBA DAY FTT <ol o
=:.|’Stn.ng:= =P oirter=
=iAftrbute = 2Mests

=iMtributes=

S =/Elem ent=

=Text GlobalD="5"= Flements

=Yalicity= )
=TS 1T ="D6/01 104" F YT ="now Shfrsone
ITT="0B/01/04" FTT="na"f=

Figura 7. Example document adjusted to the TVX model.
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FOR $r in document(”layout.xml”) /tvx : validity['06/07/04',/06/12/04']/

The above constructions can be combined in the same expngesillow more flexi-
ble queries. However; this is not mandatory. For instarfeectrrent version is used in case
the target version is not specified. The query can also irectadls to functions specific to
this query language (due to space constraints, we will nat gifull list of these functions in
this paper), which can be classified in three groups:

e FUNCTIONS THAT OPERATE ON THE HIERARCHY OF VERSIONSExamples of such
functions are:current (), to recover the identifier of the current versioni() , to
recover the identifier of the root version; anslpar ent (ver si ony, versi ons), to
test ifver si on. is directly derived fronver si on;.

e FUNCTIONS THAT COMPARE TIME INSTANTS AND TIME INTERVALS The definition
of these functions was based on Allen’s temporal relatid®. [ Examples of such
functions are:equal (a, b), which returns whether parameters a and b contain the
same time instant/intervabr ecedes(a, b), to test if parametes precedes param-
eterb in the timeline; and nt ersect (a, b), which returns true if the intersection
betweera andb is a now-empty interval and false otherwise.

e FUNCTIONS THAT DEAL WITH MODEL-SPECIFIC DATA ON THE CONTENT OF THE
XML DOCUMENTS. Examples of such functions aréd( obj ect), to return the
global identifier of the referred object} t (obj ect), to return its final transaction
time; andsnapshot (obj ect), to return the XML fragment rooted in the referred
object stripped of its temporal labels.

All the resources created for the query language are alstablato the data manip-
ulation language shown in the next section. Taking once rtt@alocument of the previ-
ous examples, the query in figure 8a returns a XML documentiating the vision of the
current version ad6/ 12/ 04 about the objects that would be valid betweé®i 07/ 04 and
06/ 13/ 04. The result can be seen in figure 8b. The text content of itlé element shown
in figure 8a does not appear in the result because, contrémg ko nk itself and its attribute,
none of its text values is valid during the entire specifietgm The seconti nk element
of the previous examples was left out entirely, becauseéithé element itself is only valid
starting from06/ 15/ 04.
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<Ver si on Nane="{vnane(current())}" <Ver si on Name="Main" |D="1">
ID="vid(current())"> { <Layout >
FOR $l ayout | N document ("l ayout.xm ")/ <Li nk Col or="Cyan"/>
tvx:rol |l back[’ 06/12/04' ]/ <Banner > RGS | ndustries </Banner>
tvx:validity['06/07/04', '06/13/04']/1ayout </ Layout >
RETURN snapshot ($l ayout) } </Version> </ Ver si on>
@) (b)

Figura 8. (a) Query Example and (b) Query Result.

4 Data Manipulation Language

The proposed DML is also a modification to the standard XQuwelngre, among other
changes, th@ETURN clause is replaced with auPDATE clause. Itis, in fact, a modification
of an existing proposal [14], which was extended to incogp®temporal information into
the update operations. The allowed operations that mdagfgontent of the XML document
are:

INSERTIONOf new elements, attributes and text nodes. With excepfitireattributes,
there are variants to specify the position in which the neyeatshould be inserted,
with respect to an existing object. If no particular positis specified, the element/text
is inserted as the last child of its parent.

e DELETION of an object and all its descendants.
e UPDATE of the content of attributes, text nodes and validity labels

e MOVING an entire sub-tree to a new location inside the same XML decuymwith and
without specification of the target position (cannot be ggapto attributes; the target
position may be a new location under the same parent node adifferent parent
node). A move that does not specify the target position iaithfiplaces the root of the
XML subtree as the last child of its new parent.

e AnewFOR. . LET.. WHERE. . UPDATE expression (allows nested expressions, to work
on multiple levels of the XML document with a single expressi

UPDATE clauses are followed by a binding to a variable and an ordesedf update
commands. The bounded variable serves as an implicit tevgetl the update commands
listed next to it. There are also operations for creating mergions and setting the current
version, but these are not contained withinWDATE clause. The syntax of the proposed
operations is shown in figure $OR, LET andWHERE clauses work in the same way as they
do in standard XQuery, therefore their detailed syntaxe®anitted.
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Updat eExpressi on :: = Creat eDocunent
| Versi onManagenent
| Updat eCont ent

Creat eDocunent ::= CREATE(Root Nane[, SchemaURI])
[ FROM DocURI, ivt,fvt)]
[ AS Updat eCont ent ]
Ver si onManagenent ::= DERI VE(vid, NewNane)
[ AS Updat eContent] |
SETCURRENT( vi d)
Updat eContent ::= FOR $bi nding I N XPat h-expr,
LET $bi ndi ng : = XPat h-expr,
WHERE pr edi cat e,
UPDATE $bi nding UpdQp , UpdOp*
UpdOp ::= InsEl (name, ivt, fvt)
| InsEl Bef ($child, name, ivt, fvt)
| InsEl Aft($child, name, ivt, fvt)
| I'nsAt(name, str, ivt, fvt)
| InsTxt(str, ivt, fvt)
| InsTxtBef ($child, str, ivt, fvt)
| InsTxtAft($child, str, ivt, fvt)
| Del ($child, ivt)
| Upd($child, str, ivt)
| Updl VT(ivt)
| UpdFVT(fvt)
| Mov($srcref, ivt)
| MovBef ($srcref, $child, ivt)
| MovAft($srcref, $child, ivt)
| Updat eCont ent

Figura 9. Grammar for update expressions.

Once again taking figure 3 as an example, the expression irefifu creates the
document in figure 3a, and the expression in figure 11 tramsfdihe document in figure 3a
into the document appearing in figure 3b. To conclude this@gdigure 12 gives an example
of the derivation of &unmrer version from the currem¥ai n version.

CREATE(’ Main’) AS FOR $root IN/ UPDATE $root |InsEl (' Layout’,
' 06/01/04, 'now ),
FOR $I I N $root/I ayout
UPDATE $I I nsEl (' Banner’, '06/01/04’, 'now ),
FOR $b I N $l ayout/ banner
UPDATE $b InsTxt (' RGS I ndustries’, '06/01/04, 'now) ,
InsEl (" Link’, '06/01/04, 'now ),
FOR $li IN $layout/Ilink
UPDATE $li InsAt(’Color’, 'Cyan', '06/05/04’, 'now)

Figura 10. Example of a document creation expression.
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FOR $l a I N docunent ("l ayout.xm ")/tvx:version[1]/layout, $b IN
$l a/ banner UPDATE $la FOR $li IN $la/link, $c IN $li/@olor, $t IN
$li/ltext()
UPDATE $li Del ($c, '06/15/04’), Upd($t, ’About Us', '06/15/04") ,
InsEl (" Link’, ’06/15/04’, 'now),
FOR $li IN $la/link[2]
UPDATE $li I nsTxt(' Contact’, '06/15/04', 'now ) ,
Mov($t, ' 06/15/04")

Figura 11. Example of an update expression.

DERI VE(current (), 'Sunmer’) AS FOR $layout IN /layout UPDATE $l ayout
InsEl (" Link’, '12/20/04', '03/20/05"),
FOR $link IN $layout/link[last()]
UPDATE $link InsTxt('dick here for our Summer schedule’, '12/20/04",
' 03/20/05")

Figura 12. Example of a version derivation expression.

5 Case Study

The target application of this case study is a historic quneogdule over the text of the
Brazlian Constitution, accessible through the siteBrfazilian Treasury Department (ht t p:
/1w, recei ta.fazenda. gov. br). The text of the Constitution is stored in XML
format, currently through thenapshot collection method [15]. To briefly explain it, for each
new state of the Constitution a new XML file is created, camtaj the text in its entirety, and
this new file is then appended to the database. The new filaiosrioth the new fragments
and those that where left unchanged, thus resulting in & langount of redundancy. The

importance of temporal models for normative documents inbftmat is better discussed
in [16].

Figure 13 compares the employment of the snapshot colteatiethod and of the
TVX model to storage the text of the Brazilian Constitutigritachanges through time (due to
modifications promoted by Constitutional Amendments)ardmg the size of the database.
As aresult, it is clear that the conversion of the XML docutsdrom its original format to
the TVX model format caused a great increase in the spacéreelfo storage the original
state, when compared with the conventional technique. Mewas the document suffered
modifications, the difference was gradually lessened aedteally the TVX model became
more advantageous than the other approach in terms of egbgpace. One can also observe
from figure 14 that this difference tends to increase withetinit is concluded, therefore,

that the TVX model finds applicability in real situationsjigpossibly a better solution than
others currently used.

RITA e Volume XIV e NUmero 2e 2007 23



TVX - Time and Versions in XML

Slze of the XML Database
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Figura 13. Space requirements for the TVX model and the Snapshot Gioltemethod.

6 Related Work

Figure 14 synthesizes the differences and similaritiesvden the TVX model and
other existing proposals with similar goals. The compariscludes the TXPath model [17],
the Edit-Based and Copy-based UBCC [3], the RBVM model 7§, $PaR method [2], the
TXML language [4], the Xyleme method [18] and Wong & Lam'’s imed [6].

Fodel Temporal Labels Versio ning Focus Protofype | XML
IT VI  Type Oriended

TV Madel Tes  Tes Interwl Fes DCiata Ha Tes
THPath Ho  VTes Interwl Ha Dlata Ha Ves
Edit-Based UBCC Ho  Ho - Ho Operatioms Tas Ho
Copy-Based UBCC Ho Ho - Hao Data Tas Na
REEVM Ha Ha - Ha DCiata Tes Tes
PR Ho VTes Interwal Ha Dlata Tes Ves
TZML Tes Tes Interval Ho Data Ho Teas
Hylema Yes Ho Fomt Hao Oparaborns Tas Vas
Wongz & Lam Method Tes  Tes Foint Ha Operations Tes Tes

Figura 14. Comparison between the TVX model and the studied proposals

TheTT column indicates whether each model uses transaction &ilbvedd; similarly,
the VT column indicates whether each model uses validity timelsabBepending on the
model, each label may appear as either a single point in tings @ discrete in-terval. It
is also shown which models support versioning, as well agkvbhhes focus on registering
evolution through the data itself and which ones registeroberations that modify the data.
The latter ones often require less space, but are more ieeffiwhen recovering past states
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of the document. Finally, the last two columns indicate whicodels went beyond theory
and were already implemented to some degree, and which madeXML oriented, thus
taking advantage of specific characteristics of the XML leage, instead of being developed
for generic semi-structured documents.

The TVX model innovated in the sense that we added both tcéinsaime and va-
lidity time to the conventional XML model, while the studiegbrks (with the exception
of the TXML language) employ only one (mostly transactiand), or sometimes neither,
using instead only a sequential numbering of the many stagedocument assumes. Com-
bined, these two types of temporal labels become much mavenfa. To the best of our
knowledge, this is also the first work to associate versigmiharacteristics (according to
the definition presented in [8]) to XML documents. The termarsion"does appear in other
works, but with a different meaning, equivalent to the cqiad "states"we used throughout
the paper.

Compared to these works, however, the TVX model is at an etalye, with much
left to be done. For instance, this paper did not cover impletation issues, such as storage
organization and indexing mechanisms, as it is done in [3].7Also, contrary to [6], the
guery language does not provide direct support to refei@plto the operations that trans-
form the documents (although it can be done by carefully idemmg the transaction time
labels), such as querying which objects were deleted atengivoment, or to generate an
edit-script that synthesizes the changes that occurrexeleettwo different states.

7 Summary and Future Work

The presented work showed a model capable of combining ctesistics of many
existing proposals, unifying temporal representation erdioning features in a single ap-
proach. This paper discussed only the logical organizatfahe data, and not its physical
implementation. The proposed format for representing XMcuments in the TVX model
is also in XML, thus retaining all advantages inherent te thhguage, such as platform in-
dependence. Because it uses no mixed-content, it fallginategory oData Oriented XML
Documents [19]. As opposed to generic XML documents, these can beyessiresented
in both relational and XML native databases. Also, in theppsed languages, queries and
update expressions are specified over the original stridiefined for the document, and not
in its internal representation.

This work is a first step in our research group to add tempodansions to con-
ventional XML documents. As such, many issues remain toumdied in future works:

e The study of physical implementation issues, such as palsiganization of the data,
index structures and query optimization.
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e The adaptation of the TVX model to a multitemporal data meded., one that can
handle both temporal and static data in the same document.

e Currently, it is only possible to define versions of the XMLcdment as a whole.
One possible extension would be to reduce the granularitie@¥ersioning scheme,
allowing the definition of versions of fragments of the XMLalonent.

¢ Most importantly, the inclusion of mechanisms to handle=seh evolution.
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