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Abstract.  The use of XML has become pervasive. It is used in a range
of data storage and data exchange applications. In many cases such XML

data is captured from users via forms or transformed automat ically from

databases. However, there are still many situations where users must read
and possibly write their own XML documents. There are a varie ty of both

commercial and free XML editors that address this need. A lim itation of

most editors is that they require users to be familar with the grammar

of the XML document they are creating. A better approach is to provide

users with a view of a document's grammar that is integrated i n some
way to aid the user. In this paper, we formalise and extend the design
of such an editor, Xeena for Schema. It uses a grammar tree viev to

explicitly guide user navigation and editing. We identify a key property

that such an editor should have, stable reversable navigation, then via

our formal treatment extend the Xeena for Schema design to satisfy it.

1 Introduction

The eXtensible Markup Language (XML) [16] has become a stanard foundation
for both data exchange and electronic documents. Many XML laaguages for
display and data exchange have been de ned: XHTML [19] for wb browsers,
SVG and X3D for 2D and 3D graphics, MathML for mathematical equations,
and DocBook for written documents such as technical reports Documents in
these languages can be displayed through suitably con gum web browser or
dedicated viewers. XML is already adopted by OpenO ce 2.0, and Microsoft
is adopting XML for it's o ce applications as well, as they de ne languages
for les created by their word processor and spreadsheet agdjcations. Universal
business language (UBL) is one of many languages developeat fthe exchange
of business data. These are only a small selection of the manyocument and
data oriented XML languages that exist.

Dedicated tools usually create XML documents. Web authorirg tools pro-
vide a WYSIWYG interface that allows users to drag and drop web page ele-
ments from a toolbar and save the generated web pages as XHTMtocuments.
Similar tools support other document-oriented languages sch as MathML and
DocBook. Speci ¢ business tools and applications convert dta from a variety
of sources into XML languages for exchange and processing.nather approach



for the entry of data documents is web based interactive forrs generated from
a DTD or schema by systems such as XForms [18] and Forms-XML [7

There are XML languages for which dedicated editors are eithr not avail-
able or not freely available. Because an XML document is a tek le, it can be
created and edited with any text editor. An XML enabled web browser such as
Microsoft's Internet Explorer can check it for well-formedness and validity. How-
ever, this requires authors to observe XML syntax and gramma constraints as
they create and edit. Authors that rarely use XML must learn how to write with
XML tags and attributes, while authors that are familiar wit h XML must still
learn the document's grammar. If an author does not use a langage regularly
or the language itself is very large or complex this can be a tge learning task.
A better choice is an XML editor.

XML editors integrate knowledge of XML syntax and grammar constraints
when given a DTD or Schema. They support the creation of arbitary XML
documents, providing automatic assistance to keep generatl documents well
formed and valid. The signi cant number of commercial XML editors [15, 20, 21]
and free XML editors [2, 17] that are currently available, can rm user demand
for such editors. These editors provide a grammar view that Bows one level of
potential elements.

The Xeena for Schema XML editor [12, 13] integrates a view of @ocument's
grammar to aid the user. It uses a more powerful deeper grammaview that
explicitly assists navigation and guides editing. This paper extends earlier work
[12, 13] in two respects. Firstly, we present here dormal treatment of Xeena for
Schema. We identify and formally prove nice key properties bthe original Xeena
for Schema design. Our formalism describes a grammar view ¢e, a document
view tree and the structure preserving mappings between the that facilitate
navigation and editing. Secondly, though a navigational Imitation of the original
design is identi ed, we show how this limitation can be overome.

2 Related Work

When text documents need to conform to a grammar, authors nea to know
the grammar or receive some interactive assistance, in ordeto create them
manually. Such documents include: computer source codes #t must conform
to a particular programming language, technical documentsfor which allowable
structures have been de ned, and more recently XML documens. Many editors
that provide such interactive assistance with some kind of gammar directed
editing have been created. The earliest were syntax directt program source
code editors [3, 14, 22] which have had limited success, asidenced by the
fact that existing commercial program editors do not use granmar directed
editing, but typically support syntax highlighting or keyw ord completion only.
Many editors for structured documents, usually large techncal document have
also been developed. These have been more successful. Irsthection we review
these document editors and the reasons for their relative stcess. We also review
recent XML navigation tools and editors.



2.1 Structured Document Editors

Grammar based editors called structured document editors \ithin the technical
document community have been successful. This is evidencday the range of
commercial and free structured document editors such as SGMeditors currently
available. A key driver in the design of document preparation systems was the
need to separate content from presentation, so that the sameontent could be
re-used in a variety of settings. This required content to bestructured in some
way, so document portions could be referred to or located in aystematic way
for presentation processing. Content was represented as aee of portions or
elements whose arrangement satis ed a grammatical structte.

Unlike computer programs, structured documents contain makup; start tags
and end tags that delimit an element and explicitly type the enclosed content.
In many document languages, each grammar rule correspond®tan element in
a document. This means that regular grammars are often su cient for many
structured document languages rather than the richer contet free grammars re-
quired for programming languages. For most computer progrenming languages,
the non-terminal grammar rules have no corresponding visike artifact in a pro-
gram. To contrast, a structured documents nested element tee can reveal its
grammar while a program sources lack such an explicit tree sticture. This sug-
gests users will have greater success manipulating a strusted document's more
visible element structure via its grammar.

Grif [6] is an early structured document editor. It provides several document
views. A plain text global view for content entry, an outline or table of contents
view, a presentation view that shows nal presentation and aspecialised view
for editing mathematical formula. During editing in the glo bal view a popup
menu shows the elements that can be validly added or inserteat the current
document location, while the various views are coordinatedaround this current
location. Grif does not provide a raw text view that includes markup tags so its
documents are always well formed, and because only valid gédoperations are
o ered the element structure is always consistent with the gammar. Grif has
also been proposed as a HTML editor for web documents [10]

Another early structured document editor is Rita [5]. Its authors noted "since
various types of documents require tags with di erent placanent, the creator
of a document must learn and retain a large amount of knowledg". That is,
because many documents grammars are large, it can be demandi for users
to be familiar enough with a document's collection of tags tomanually create
one. To aid users, the Rita interface provided a presentatia view, an element
structure view, and a dynamic menu of element tags. A user cdd select an
element in the structure view and be presented with the choie of elements that
could be validly inserted. Users could also transform elenmmds via a menu of
valid transformations. To support greater editing exibil ity invalid portions of
a document could be marked with a special tag so they were trdad as text,
while a patch area allows arbitrary cut and pasting. Both Grif and Rita guide
user editing with one visible grammar level.



2.2 Querying and Mining XML Structure

An integrated grammar view can assist user navigation of lage structured doc-
uments. It can assist navigation from one instance of a gramrmar rule such as a
section header to the next or previous instance. BBQ [8] is sth a system for
navigating and querying XML documents. It presents tree views of both a doc-
ument and its grammar. The grammar view recursively present each grammar
rule as a node in an indented tree. The grammar tree view prodes an overview
of the grammar a user can explore to an arbitrary depth while dso supporting
navigation. BBQ also supports join-based queries that a usebuilds via multiple
grammar tree views. Its focus is the application of a grammarree view to the
querying of large XML documents, while the focus of our work § the application
of a grammar tree view to XML document editing.

Large grammars are also dicult to work with. Many DTDs and XM L
Schema are so large that most document instances only use a athsubset of
the de ned elements. In such cases, presenting an author wht all elements that
can be added may be overwhelming. The di culty is that most grammars are
designed to organise content. They are not designed explity for visual presen-
tation to a user. An alternative approach is to study the patterns of element
use in a document, and initially only propose those element®r tree patterns
the user is likely to use next. Because this approach works bgtudying existing
document content it can be applied to XML documents have no DTD or XML
Schema de ned. This is the approach Chidlovskii's structural advisor for XML
document authoring [4] takes. This approach could be integated with BBQ
style grammar tree view, by restricting the displayed grammar tree to nodes for
common elements only. This would be a useful extension of ouwork.

2.3 XML Editors

A wide variety of Commercial and free XML editors that provid e grammar assis-
tance for editing are available. Some are element structur@riented while others
are content-oriented. Xeena [17] is a structure-oriented @itor. Editing is done
within a tree view of document elements. Users are guided wit a DTD deter-
mined list of possible elements, shown in a separate panel.ddrs can select one of
these potential elements and add or insert around the currendocument position.
The Topologi document editor [15] is a content oriented edibr for progressively
convert arbitrary text documents into valid XML documents. It allows users to
rapidly apply markup to large documents. Its primary editin g view is a raw text
view. It also o ers grammar (SGML and XML) guidance when adding elements,
providing users with a choice of valid elements.

Editors can also provide multiple editable views. XMetal [20] provides sev-
eral editable views: a structure view, formatted view and fomatted view with
exposed tags. Like Xeena it 0 ers a grammar sensitive list ovalid elements to
guide editing. XMLSpy [21] provides two editable document views: an indented
tree view and a nested tree element view. It also o ers a grammr sensitive list



of valid elements to guide editing. The Amaya editor [2, 11] povides format-
ted, structure, source text and specialised views for markp languages such as
XHTML, SVG and MathML. It also provides a table of contents vi ew to aid
rapid navigation. All its views are editable. Again, elemerts can be added by
choosing from a list of valid elements. Elements can also bedaded manually, in
which case, the system tries to create a series of in-termeatie elements down to
the chosen type based on the grammar.

These editors use a document's grammar to determine the eleenmt list pre-
sented in a menu or panel that can be added into a document. Use make valid
edits by inserting them. However, such a list provides a narow view of the gram-
mar that is only one level deep. It also does not indicate the gpmmar role of
each potential element, whether it required, optional, repeatable or a choice. Our
editor design is structure-oriented and uses a deeper BBQKe multi-level gram-
mar tree view annotated with grammar roles to better support structure based
navigation and editing. A design that we re ne and formalise in this paper.

3 Building and Navigating

This section demonstrates Xeena for Schema editing and nagation to provide
a context for the formal treatment.

3.1 Starting

On startup Xeena for Schema presents a document and its gramar. Figure 1
shows a new report document that contains a title and empty baly in the right
panel and its grammar tree in the left panel. The indented granmar tree has
been manually unfolded to show several levels of the reportrgmmar. It pro-
vides an overview that guides user editing. The grammar viewuses the visual
syntax shown in gure 2. In XML grammars, each element has a pe x called a
cardinality operator that indicates how many times it may occur in a document
according to the grammar. An "?' indicates that it is optional, i.e. it can occur
zero times or once; an * indicates that is can occur arbitray often, including
zero times; and an an “+' indicates that is can occur arbitrary often, but it has
to occur at least once. If no cardinality operator is given, e new element has
to occur exactly one. In our ongoing formalization, this will be denoted by "1'.
Besides the cardinality, each child element participatesm either a sequence or a
choice. In Xeena for Schema, round parentheses indicate tHermer and square
parentheses indicate the latter. A grammar may be recursiveFor example if the
List node in gure 1 were unfolded it would contain another List node, and so
on without limit. The grammar view also shows which elementshave been in-
stantiated in the document. Instantiated nodes have coloued icons while other
nodes icons are grey. In gure 1 the document only contains aeaport, title and
empty body element. Only their corresponding nodes in the gammar view are
shown red. The grammar tree view provides both a comprehengé overview of
potential structure and an indication of what has been instantiated so far.



Fig.1. A new report document

Fig. 2. Visual syntax of our grammar view

3.2 Building

A document is built by adding elements. The grammar tree viewshows which
elements can be added. Any grammar node that can occur multile times or any
node that can occur once but has not been instantiated (showras grey) can be
added. In gure 1 the report grammar was unfolded ve levels deep to show the
row elements. A user adds three row elements by just selectinit and clicking the
add toolbar icon three times. Figure 3 shows the result. Thre row elements, all
required intermediate elements and all required compulsor elements are added
by the editor.

An XML grammar may be recursive. Our grammar view supports this. For
example in a report document, a list contains listitems which contain text and



Fig. 3. The document after adding 3 rows

an optional list. Our design does not address the general recsive case directly
because a user will never unfold a recursive grammar tree torain nite depth,
but it does address the nite unfoldings of a recursive gramnar that a user does
when they progressively open the grammar tree. For example hen a user opens
the list node in the grammar view its child node listitem becames visible, then
after opening listitem its children a text node and a list node become visible,
then this list node could be opened; increasing the depth ofhe visible tree
further. We note that grammar tree nodes always have unique pth names, for
example the path names section.list and section.list.listem.list are distinct.

3.3 Unstable and Stable Navigation

The grammar view always shows the surrounding context for tle current docu-
ment cursor element. After adding the three row elements in gure 3, if the user
selects the table node in the grammar view, the document cuie will move to
the corresponding table element. Figure 4 shows this. To resrse this, the user
can select the third row element in the document view again. he result would
be gure 3 again. However, with Xeena for Schema if the user aempts to do
this via the grammar view, i.e., if he clicks in the last step rot on the third
row element in the document view, but on the row element in the grammar
view instead, the behaviour is di erent. The user would expect to return to the
third row after this up-down navigation via the grammar view , but instead the
document cursor has lost it's initial position (third row) a nd ended up on the
rst row. This is shown in gure 5. This is a limitation of the X eena for Schema
design that our formal treatment will characterise and address.



Fig. 4. The user selects the table node in the grammar view movings the document
cursor to the corresponding table element

Fig.5. The user selects the row node again in the grammar view moving the document
cursor to the rst row element.



Figure 6 outlines a stable navigation design that addresseshis. The doc-
ument cursor is separated into two parts: (i) the element theuser has clicked
(shown with a black rectangle) which established the range binterest and (ii)
the original document cursor (shown with blue Il). Navigat ion in the grammar
view only changes the document cursor, leaving the range csor unchanged.
The range cursor only changes when the user manually selecé element in the
document view. In gure 6 (i) both of cursors start as element ¢, but separate
in (ii) after bis selected in the grammar view, into document cursoib and range
cursor ;. In (iii) after cis selected in the grammar view, the document cursors
returns to ¢, it's initial position, while the range cursor has not changed and
S0 remains positioned atc,. This downwards navigation has retained the initial
context, set when the user selected th&, element in the document view.

If the user selects a non-comaprable node in the grammar viethere are sev-
eral approaches which preserve stable navigation. We desbe these alternative
approaches for stable navigation later after providing ourformal treatment.

Fig. 6. Stable navigation separate the document cursor into document cursor and range
cursor



4 Labelled Ordered Trees

In this section, XML grammars and XML documents are formalized aslabelled
ordered trees , according to the notions of [1] or [9]. We assume that the reder
is familiar with trees. To clarify matters, trees are in our approach formalized
as posets P; ), where the smallest element ofP is the root of the tree. For
p2P,weset#p:=fg2 P jg pgand"p:=fq2 P jq pg. Technical
terms like Upper/lower neigbours , minimal/maximal elements , childs ,
siblings and leaves etc. are de ned as usual. Theinfimum of two elementsp
and p is denoted by p” q. For p;g2 P with q < p, let ¢° denote the uniquely
given upper neighbour ofqwith g < g p. In the Hasse-diagram representation
of trees, will draw them 'upside down', i.e., the bottom element of the tree is at
the top of the representation.

Each elementp 2 P gives rise to thepath #p. In the following scrutiny on
XML-trees, we are more interested in the paths than the elemats of P, but as
the elements stand in one-to-one to the paths, we do not prode a notation for
the paths on its own. Note we havep q(# p # Q.

Labelled ordered trees will be de ned to be trees, where the ades in the
tree correspond to XML elements, their labels denote the tyg names of the
elements. Given a node, its children are totally ordered. Fothe ongoing formal
treatment, it is convenient to extend this additional order to all elements of the
tree.

De nition 1 (Additional Order on Trees). Let (P; ) be a tree. A partial
order v on P is called order on siblings , i * whenever two distinct elements
p; q are comparable w.r.t. v, they are siblings. If moreover siblings are always
comparable w.r.t. v, we call v a total order on siblings ,and (P; ;v)is
called ordered tree

To each order on siblingsv , we assign an extensiorv of v as follows: For
two incomparable (w.r.t. ) elementspi;p2 2 P, let q:= p1 * p2, and we set
pr @p2 ;, O @ qgP2. Let v be the re exive closure of @

In the Hasse-diagram representation of trees, given two simgs p and g, we
will draw p to the left of qi pv q.

Of course, @ is not simply another order on P, but it has to respect some
additional restrictions. For example, if a path A is left to a path B, then each
subpath of A should be left to B as well. We rst x this idea.

De nition 2 (Respecting ). Arelation R P P respects , if we have
R\ = p (= f(p;pip 2 Pg), and for all p;q; P’ with p6& g, p  p®and
qg o we havepRq, pRdC

Now, given a tree P; ), the orders R on P which respect are exactly the
orders obtained by extending orders on siblings. Moreoveisuch anR is obtained
from extending atotal order on the siblings i R is a total order on the leaves
of P. This is captured by the following lemma.

Lj:if and only if



Lemma 1 (Extending Sibling Orders). Let (P; ) be a tree, letv be an or-
der on siblings ofP. Then v is an order extendingv which respects . Moreover,
v is a total sibling order i v is a total order on the leaves.

Vice versa, let (P; ) be a tree andR be an order onP which respects
Then there exists a orderv on the siblings withR = v .

Proof: We start with the rst propostion. We rst show that @is a strict order.
As @is de ned only on pairs of incomparable (w.r.t. ) elements, it is obviously
irre exive. Now let p; @ p2 @ ps; we have to showp; @p;. Let ¢p ;= p1 " p2,
G = p2” ps, and q:= py ~ p3. We haveqf* @ qf* and ¢)? @ ¢f°. Moreover,
asth;p P2, we see thatqy and g are comparable. We do a case distinction.
For @ = @@, we haveq= o = @, thus ¢°* @ g2 @ g"¢, henceg” @ ¢, thus
p1 @ ps. For a1 < 2, we haveq = a, thus g™ @ o2 = ¢?, henceg”* @ o2,
thus py @ ps. The caseq > 2 is done analogously to the last case. S@is a
strict order, thus v is an order.

Obviously, for siblings p;1; p2 and g := p1” p2, we havep; = gt and p; = g2,
thus v is indeed an extension of@ Moreover,v respects by de nition.

Next, let v be a total sibling order, and let p;1; p, be two distinct leaves of
P. Then p; and p, are incomparable w.r.t. . Let q:= p1 " pz, thus q < p3; p2.
As g1, g2 are siblings, they are comparable with respect ta@ thus, due to the
de nition of @ p; and p, are comparable with respect to@ Thus v is a total
order on the leaves.

Vice versa, letv is a total order on the leaves, and letp;; p, be two siblings.
Then there are leavespy; pd with p;  p? and p,  p3. Now p? and pd are
comparable with respect tov, and v respects , sop; and p, are comparable
with respect to v .

As now the rst proposition of the lemma is proven, we continue with the
second. LetR be an order onP which respects . Let v be the restriction of R
to siblings. Let py; p2 distinct elements of P. If p;;p. are incomparable (w.r.t.

), for g:= p1 " p2 we have

mRp: B PR F v F Y pvop

If p1;p2 are comparable (w.r.t. ), then (p1;p2) 2 R by Def. 2 and (p1; p2) 2v
by Def. 1. We concludeR =v .

So a labeled ordered tree could be alternatively be de ned tde a tree with
an additional order which respects and which is a total order on all leaves
of the tree. To ease the notation, if an ordered tree P; ;v) is given, we will
from now on identify the total order v on the siblings with its extension v .
Note that for two distinct nodes p; g, they are incomparable w.r.t. i they are
comparable w.r.t. v .

De nition 3 (Labeled Ordered Tree). Let L be a set oflabels , denoting
the type names of the elements. Arordered, labeled tree (loto) is a
structure (P; ; v ;1) where(P; )isanorderedtreeand : P 'L isalabeling
function



Let (P; P;vP;IP) and (Q; @;v?;1Q) be ordered, labeled trees. We say
that p2 P and g2 Q are congruent and write p= i the total orders #p
and #q are ‘the same sequence of labels', i.e., there exists a ordisomorphism
i #p ¥ qwith 19@(s) = i(I°P(s)) for all s p. An ordered, labeled tree
(P; ;v;l)is called purified , i there are no p;p’2 P with p& p®and p= p°
Finally, for two distinct siblings p;q, we setp v g :( pv gandp= g

The acronym ‘loto' is adopted from [9] and stands for “labeld ordered tree
object'. Note that, similarly to v, the order v, respects

Now we are nally prepared to de ne XML grammars and documents by
means of labeled ordered trees.

De nition 4 (XML-Trees). A document tree  is a nonempty labeled or-
dered tree. Agrammar tree  is a structure (P; ; v ;num;nk), where(P; ;Vv)

is a nonempty, puri ed, labeled ordered tree,num : P I'f ;+;?;1gis a mapping
such that nk maps the bottom ofP to 1, and nk : P I f s;cgis a mapping.

The mapping num formalizes the cardinality operator of XML grammars,
and the mapping nk (nodekind) indicates whether we have to make a choice
among the siblings or not. Note that we consider only non-amigous XML-
grammars, that is, the corresponding XML-trees are puri ed.

5 Mapping Documents to Grammars

As described in section 3, in each state the user has selecteah element in the
XML grammar and an element in the XML document. Changing the selected
element in the XML grammar a ects the selected element in theXML document,
and vice versa, changing the selected element in the XML doguent a ects the
selected element in the XML grammar. To describe the interdpendence between
the elements in the XML grammar and in the XML document formally, in this
and the following section, we de ne mappings between the gnamar tree and
the document tree.

In this section, we start with the easier direction, which is mapping nodes in
the document tree to nodes in the grammar tree. In order to do e, we have to
de ne when a document tree conforms to a given grammar as wellThis is done
by the following de nition.

De nition 5 ((Partial) Valid Docs). Let G:=(G; ©;vC;1%,numC®;nk®)
bea grammar-tree, letD := (D; P;vP;IP) be document-tree. We say thatD
is a partial valid document w.r.t. G,i

1. For each elementd 2 D, there exists exactly one g 2 G with d = g. This
element will be denoted (d).

2 As G is puri ed, we could replace 'exactly' by 'at least'.



2. For all di;d> 2 D we have
dvPd =) (d1) v© (dy)

That is.,  respects the left-right-orderv .
3. There do not exist ad 2 D with distinct children d;;d,D with nk(d) = ¢
andd; 6 d;, (i.e., respect choices).

Let d 2 D. We say thatd is completed , i we have:

1. If nk( (d)) = s, then:
(a) For each child g° of (d) with nk(g® = + , there exists at least one child
d®of d with  (d% = ¢°
(b) For each child g° of (d) with nk(g% = ?, there exists at most one child
d® of d with  (d%) = ¢°
(c) For each child g° of (d) with nk(g® = 1, there exists exactly one child
d®of d with  (d% = ¢°
2. If nk( (d)) = c, and if there is a child g° of g with num(g® 2 f +; 1g, then
d has at least one child.

We say that a partial valid documentD is a complete valid document
w.rt. Gi all d2 D are completed.

The mapping is the mapping from grammar trees to document trees, which
is used to describe the navigation formally. A rst nice property in terms of stable
navigation is that respects , and on puri ed downsets, it is even an order-
embedding.

Lemma 2 (Properties of ). Let G := (G; ©;vC;I®) be a grammar tree
and D := (D; P;vP;IP) be partial valid document tree w.r.t. G. Then re-
spects P, i.e., forall di;dp 2 D we haved; P dy) (di) © (dy), and
[D] is a downset ofG (with [D]:=f (d)jd2 Dg).
If B D is a puried downset, then restricted to B is even an order
embedding, i.e., for allb;;, 2 B we haveby P b, (b)) © ().

Proof: Let di;d> 2 D with d; P d,. Then there is ag®2 G with ¢° (d2)
and ¢° = (dy), thus g° = (d;) due to the de nition of . Hence we get
(d1) (d2). It can be similarly argued that [D] is a downset.

Now let B be a puri ed downset and by;b, 2 B with  (by) © (k). Then
there existsd 2 D with d by, andd= (by), henced= b;. As B is a downset,
we haved 2 B, and asB does not contain distinct and congruent elements, we
haved = b;. Hence we obtainb; by.

6 Mapping Grammars to Documents

In the last section, we de ned the mapping from document trees to grammar
trees. The de nition of is straight forward. In this section, we consider the



other direction, that is, mapping nodes in the grammar tree to nodes in the
document tree.

Note rst of all, as the document tree will usually be only partial valid, but
not completed, we cannot expect that we nd for each grammar rode a congruent
document node. On the other hand, it might happen that for a given node in
the grammar tree, we can have a number of di erent congruent mdes in the
document tree.

The basic idea of our approach is that we have a selected nodealled range
cursor , in the document tree. This range cursor will be used to idenify a
set of nodes in the document tree which can be considered to ba range of
interest xed by the range cursor. It is the introduction of this range cursor into
our formalism that makes stable navigation possible. The maping from the
grammar tree to the document tree will map each grammar node ® a document
node in this range of interest. We will use the letter' to denote the mapping
from grammar trees to document trees, and as As ' depends on on a range
cursor r, it will be indexed with r (i.e., we write ' ;).

Assume we have an XML-document, and a range cursor, which is aode
rc in the corresponding document tree. This node correspondsot a path. To
which other paths can we move? We can move to subpaths of the ggn path
#r, but not to paths which are congruent to a subpath of the givenpath #r
without already being a subpath. Or to put it another way: If w e have a path
which deviates from the given path, then the node where it deiates must have
a dierent label. This idea will be xed by a target area  TA(r). Now, the
target area may still contain congruent, but di erent nodes. If we have such a
choice, we choose the left-most path. The left-most elemestin the target area
will be called the range of r. We rst have to x these notions formally.

De nition 6 (Target Area, Range). Let D :=(D; ;v;l) be a labeled, or-
dered tree, letr 2 D be an element. Let

TA(r):=fd2Dj8g d8c r:q=c) g=cg

Now let Rg(r) be the set of all minimal elements ofTA(r) with respect tov .
We call Rg(r) the range of r.

Due to the informal description, it should be clear that the target area of a
given document cursor is a down-set. This carries over to theange. Moreover,
the range is puri ed. These claims are proven in the followirg lemma.

Lemma 3 (Properties of Range). Let D :=(D; ;v;l) be alabeled, ordered
tree, letr 2 D. Then Rg(r) is a downset w.r.t. , and it is puri ed.

Proof: We rst prove that Rg(r) is a downset. Letd 2 Rg(r) and e < d. We
obviously haveRg(r)  TA(r), thus d 2 TA(r), and TA(r) is a downset w.r.t.
thus e 2 TA(r) as well. Assume thate is not minimal w.r.t. v, i.e., there exists
f 2 TA(r) with f @ e. Then, asv, respects due to Lem. 1, we havef @ d
as well, in contradiction to the minimality of d w.r.t. v in TA(r). So we obtain
e 2 Rg(r).
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AssumeRg(r) is not puri ed. So there are d;e2 Rg(r) with d6 eandd = e.
Then d; e are incomparable w.rt. . Let gq:= d” e, thus g <d;e. From ¢¢ d,
¢ e andd= ewe concludeq® = ¢f. Thus ¢; ¢ are comparable w.r.t. v,
thus d; e are comparable w.r.t.v . Sod or e is not minimal w.r.t. v, which is a
contradiction.

Now we can de ne the desired mapping ; and prove that it is, similarto
order-preserving, and that it to some extent the inverse maping to

Lemma 4 (Mapping Induced by a Document Cursor). Let a grammar-
tree G :=(G; ©;v©;1°) begiven and leD :=(D; P;vP;IP) be partial valid
document tree w.r.t. G, let r be a document cursor. Let' ; : G! D be de ned
as follows:

"r(g)=max fd2Rg(r)j (d) gg

Then ' ; well-de ned and order-preserving (w.r.t. ). For each b2 Rg(r), we
have' ( (b)) = b. Finally, we have (' ;(g)) g foreachg2 G.

Proof: Let (g):= fd2 Rg(r) j( (d) ggforeachg?2 G. The root of D is an
element of Rg(r), thus it is an element of (g), so (g) 6 ;. Let d;;d> 2 (Q).
Then as (d;) gand (d2) g, (di) and (dy) are comparable w.r.t.
As Rg(r) is a puri ed downset due to Lem. 3, from Lem. 2 we conclude tha
d; and d, are comparable w.rt. as well. So (g) is a nonempty total order,
thus it has a maximal element, i.e.,’ ; is well-de ned. Moreover, forg; g, we
have (¢1) (Q2), thus " (1) =max  (g1) max (%)= "r(%) so0"is
order-preserving.

We have ( (b)) = fd2 Rg(r)j ( (d) (bg= fd2 Rg(r) jd bg for
eachb2 Rg(r) due to Lem. 2, which yields' . ( (b)) = b.

Finally, (' (g)) g follows immediately from the de nition of ' ..

For illustrating ' ., we come back to the second example of Fig. 7. The
corresponding mapping' ; is depicted in Fig. 8.
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7 Stable Navigation Approaches

Our formal description of the grammar to document mapping in the previous
section introduced a range cursor that was distinct from thetarget area. That is,
the document may contain two cursors from a users perspect&. A cursor that
captures where the user last clicked and a cursor that shows kere the target of
the grammar cursor is. Figure 6 introduced a visual syntax fo these cursors. In
this section we describe how this separation provides the fmdation for several
stable navigation designs.

When using Xeena for Schema, in each state an element in the XMgram-
mar, the grammar cursor, and an element in the XML document, the document
cursor, is selected. Changing the selected element in the grammaiiew induces a
new selected element in the document, and vice versa, changj the selected ele-
ment in the document view induces a new selected element in thgrammar. This
changes have been formally captured by the mappings and ' ;. The mapping
'+ relies on a range cursor. For our formalization of navigation, let a state
be a triple (cg; cq; r) with a grammar cursor  ¢q 2 G, a document cursor
¢y 2 D, and anrange cursor r 2 D. Now the navigation can be captured as
follows:

1. If a user clicks in a state €g; cg; ) On @ grammar nodeg, then let (g;" (g); r%
be the new state.

2. If auser clicks in a state €g; cq; ) on a document noded, then let ( (d); d; r%)
be the new state.

We leave it for a moment open howr? is obtained.

We have shown that both and' ; are order preserving. That is, for example,
if a user clicks in a given state on a grammar element below thgrammar cursor,
the document cursor changes to a new document cursor below ¢hold one as
well. So, the navigation is to some extent well behaved.



Now assume a user selects a grammar cursgy, then selecting a grammar cur-
sorg; g1, and then he selectg); again. This yields a series of statesd;; c;;r1),
(92;C2;12), (91;¢c3;r3). The question is: Does at the end of this “hopping up and
back' procedure on the grammar side, we are back on the same doment cursor
as well? If this is true, i.e. if we necessarily havec; = c¢;, we call our nav-

igation upward stable w.r.t. the grammar . The notions of downward
stable w.r.t. the grammar (where we then impose the conditiong,  ¢1)
and upward/downward stable w.r.t. the document (where we navigate

on the document instead of the grammar) are de ned analogouy. Obviously, it
is desirable that the navigation is in all these respects sthle.

Let us rst note that, as  does not depend on the range cursor, our navi-
gation is always upward and downward stable w.r.t. the docunent. So we have
to discuss only stable grammar navigation.

In the Xeena for Schema implementation, the range cursor isigiply set to
be the document cursor (i.e., we have only statesq; cqy; Cg). In this case, the
navigation is upward stable w.r.t. the grammar. This can eadly be seen, as we
havec, c¢i, thus ¢; 2 Rg(c;) (see Lemma 3). But, as discussed in section 3.3,
this navigation is not downward stable w.r.t. the grammar.

Automatically changing the range cursor whenever the grammar cursor is
changed is not appropriate. Certainly not when a user change from a given
grammar cursor to a new grammar cursor below, the range curgshould remain.
Thus a di erent approach for changing the range cursor is neded. There are
basically two di erent approaches:

1. The range cursor remains if the a user changes from a givemaymmar cursor
to a new comparable grammar cursor (below or above). If the usr changes
to a new, incomparable grammar cursor, the range cursor is $¢o the new
document cursor.

2. The range cursor is never changed when the user changes theammar cur-
sor. Instead, the user has to explicitely set the range curso

These approaches yield stable navigation. It is unlikely trat a pure theoretical
investigation can determine which of the given behaviours $ best suited for
users. The di erent approaches need to be implemented thenvaluated in future
work. But regardless of the choice, as they all yield stable avigation they are a
signi cant improvement on the Xeena for Schema implementaton.

8 Conclusion

We have presented a formal description that extends the grammar based navi-
gation and editing of XML document trees implemented in Xeera for Schema.
Our formal description abstracts beyond that implementation by dealing with
generic XML grammar and document trees so that the design carbe applied
more broadly.

A key part of our formalism was the inclusion of a range cursotthat captures
user selection in the document view. This extra state allowd our revised design



to support stable navigation, unlike Xeena for Schema whichdoes not. This
process of nding limitations and solving them is a major bere t of formalising

designs in general, but is particularly so in the case of deghing visual notations
and languages and the interactive systems that use them.
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