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Abstract

This work addresses what we believe to be a central issue in the
field of XML diff and merge computation: the mathematical modeling
of the so-called editing deltas and the study of their formal abstract
properties. We expect at least three outputs from this theoretical work:
a common basis to compare performances of the various algorithms
through a structural normalization of deltas, a universal and flexible
patch application model and a clearer separation of patch and merge
engine performance from delta generation performance. Moreover, this
work could inspire technical approaches to combine heterogeneous en-
gines thank to sound delta transformations. This short paper reports
current results, discusses key points and outlines some perspectives.

1 Introduction and State of the Art

XML diff operations are basically used to realize two fundamental operations
on structured documents: comparison and merging. Therefore tree based
diff algorithms are central to solving various important problems related to
XML document management and editing processes ([2]), among which:

• checking modifications with respect to a reference document, typically,
the last version stored inside a repository or a file system (version
management [3])

• synchronizing variants, that is, detection of changes that occurred con-
currently on two copies of a reference document, detecting potential
conflicts ([6])

• merging variants, which is about fusing two variants into a unique
document integrating modifications of both instances (this may imply
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solving potential conflicts when the underlying document management
system applies a weak control policy)

• recovering anterior state(s) of a document

An abundant literature exists on this topic, including recent and excellent
synthetic work on an old topic, linear differencing ([5]). Most work covers :

1. Algorithmic complexity of the differencing operation, either for ordered
or unordered tree models. The problem was first approached as a par-
ticular case of string oriented diff computation (see [5] for a point on
most recent algorithms in this area), implying computing an adequate
linearization of the XML trees. Zhang and Shasha described a fast
algorithm in 1989 for computing tree edit distance [17] improving pre-
vious work conducted in 1979. Still the runtime and space complexity
was higher than quadratic on sequential architectures, but could drop
to quadratic levels on parallel architectures. In [15] an algorithm for
unordered tree was presented with a polynomial complexity for op-
timal differences, whereas previous works established a NP-complete
complexity for general cases. A survey (still of interest 14 years later)
and a comparative study on the topic can be found in [1] and [4].
Most recent algorithms for ordered diff computation are described in
[7], [10, 11].

2. Optimality of editing scripts (also called deltas). The very notion of
optimality is highly controversial. From a pure theoretical perspec-
tive, it means measuring the number of atomic operations (this is a
simple transposition of the so called Levenstein distance on strings),
however, this method lacks two qualities to be really relevant: (i) a
normal form for editing scripts has never been defined and (ii) dif-
ferent algorithms can not be compared using a common vocabulary
of deltas. From engineering perspectives, measuring performance de-
pends on the implementation of the delta application engine (far from
being objective as depending on languages and implementer’s skills),
and the code is usually optimized toward particular document pro-
files and some implicit applicative expectations. In addition, usages
and document types deeply impact the structure of deltas and thus
the runtime performance of algorithms. As a consequence, diff algo-
rithms should ultimately be chosen and parameterized on the basis of
document type and related activities.

3. Delta models and use of diff operations inside storage architectures
(typically databases). In [9], a versioning graph is proposed based on
XLink designation mechanism. But in this proposal, the graph relates
two separated documents that may exist in independent storage in-
frastructure. Hence there is no notion of encapsulation and explicit
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consistency. In [13], an application is proposed that offers online ver-
sioning services for XML documents. However, there is no notion of
history encapsulation, and the history itself cannot be exported or or-
ganized into an explicit form (see [12] for an online demo). A recent
paper [10] proposes reversible deltas using a straightforward mecha-
nism as deletion operation conveys explicitly the deleted subtree (this
could quickly lead to enormous overhead, especially in the perspective
of storing the whole history). The authors focus on algorithmic and
speed performance issues of a novel diff algorithm using a bottom-
up approach (and also precomputed hash codes on a sliding window
of adjacent nodes.) Another approach from DB community explored
a diff model based on so-called completed deltas with strong proper-
ties among which reversibility and reduction of delta composition [8].
However, the designation mechanism entirely relies on maintaining
persistent identifiers for each node of the tree. Thus, according to this
framework, no path are needed and the problem of comparing nodes
is reduced to numerical equality (of IDs). However, this approach con-
fines the application field to document management systems based on
a dedicated indexation system.

As a conclusion, we observe that most work conducted in this area focused
on related algorithm performance, time and space complexity of the diff
operation and also optimality of generated deltas, but little attention has
been paid to tools and models to make use of these in efficient ways. From
the practical point of view, no work considered the necessity and applicative
interest of abstracting over deltas and related operation models.

2 The formalism: definitions

2.1 XML model and basic operations

We propose to use a simplifying data model for capturing XML particular-
ities: total order over nodes including attributes (direct translation of the
linear semantics of document) but order over attributes not significant in
tree comparison. Moreover, attributes can be attached to element nodes
only, and are uniquely defined through a name. We denote by d the doc-
ument fragments (or subtrees), t the terminal nodes (text, attribute value)
and n the names of elements or attributes. The following syntax captures
the the positional information of nodes thanks to the exponents. Empty
element nodes are captured through ni[ε], just noted ni. The following at-
tributed Tree grammar capture our tree model together with most structural
constraint of XML.
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Definition 1 document and tree model

di ::= ni[fk] | ti | @ni= t (∀i > 0)
fk ::= fk−1dk (∀k > 0)
f0 ::= ε

At this abstraction level, we assume that the lexical constraints of XML are
always satisfied, and so are well-formedness constraints, leading to always
successful parsing and identification of documents with trees resulting from
parsing. In our proposal, trees are operands of abstract operations (thus,
similar to abstract types [16]): diff, get, patch and merge.

Definition 2 Abstract modeling of basics functions

∀d1, d2, ∃∆ diff(d1, d2) = ∆ [ a-diff]

∀d1, d2, ∃∆ patch(d1,∆) = d2 [ a-patch]

diff(d1, d2) = ∆

patch(d1,∆) = d2
[p-patch]

diff(d, d1) = ∆1 diff(d, d2) = ∆2 ∆1 ⊥ ∆2

patch(d,∆1;∆2) = d′

merge(d1, d2, d) = d′
[a-merge]

Note that diff and patch are far from being defined stricto sensu: the for-
mulas a-diff and a-path just state that the operations shall work on any
pair of well-formed documents, producing a result ∆ which syntax will be
detailed in the sequel. Patch and diff relate through an invariance property
p-patch. Finally, the (conflict-free) three way merge requires a logical con-
dition, we called it orthogonality, over the deltas issued from applying diff
on d1 and d2 with respect to a reference document d.

2.2 Paths

Paths are closely related to trees and serve as designation mechanisms. The
definition (3) below shows three types of path to designate the elements,
attributes and text nodes in this order, and is similar to many previous
works (e.g. [10, 11]), but starting counting children nodes at value 1, and
being always relative to what is assumed as being the context tree. These
two points are not minor, as they enables algebraic operations on paths (see
(5)) and also compositional concatenation.

Definition 3 Syntax of paths

p ::= pp | pp/@n | pp[`] (1)

pp ::= i/pp | i (2)
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This syntax distinguishes paths p designating all kind of node including
terminal text and attributes, and paths pp designating only element nodes.
A path p is well-formed with respect to a document d (d |= p) if it indeed
allows accessing part of d:

Definition 4 well-formed paths and tree access

di |= i

ti |= pp

ti |= pp[`]

nj [· · ·@ni= t · · ·] |= pp

@ni= t |= pp/@n

dj |= pp

ni[· · · dj · · ·] |= i/pp

Definition 5 tree access
d = ni[f j ]

get(d, i) = d

get(d, i)=ni[· · · dj · · ·] get(dj , pp)=d′

get(d, i/pp) = d′

get(d, pp)=n[· · ·@ni= t · · ·]
get(d, pp/@n) = t

get(d, pp)= ti

get(d, pp[`]) = ti

Proposition 1 Soundness of path well-formedness

d |= p ⇒ ∃d′ | get(d, p) = d′

The proposed paths can be compared (useful for asserting precedence over
subtrees) and added (useful to propagate changes in the structure of the
tree).

Definition 6 reflexive path ordering based on prefix

∀pp pp ⊆ pp (3)

∀pp, p pp/p ⊆ pp (4)
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This definition expresses subtree embedding. Intuitively, 1/2/3 designates
a subtree of 1/2, which is directly captured by 1/2/3 ⊆ 1/2. The following
relation is larger, and defines a strict path ordering that reflects the total
document node ordering defined in the XML data model:

Definition 7 Strict path ordering.

i<j
i/pp≺j/pp′ [≺-1]

i<j
i/pp≺j [≺-2]

i≤j
i≺j/pp′ [≺-3]

pp≺pp′
i/pp≺i/pp′ [≺-4]

i<j
i≺j [≺-5]

pp≺pp′
pp/@n≺pp′ [≺-6]

pp≺pp′
pp≺pp′/@n [≺-7]

pp≺pp′
pp[`]≺pp′ [≺-8]

pp≺pp′
pp≺pp′[`] [≺-9]

Note that by construction, this relation is irreflexive. The next relation,
smaller, captures ordering between sibling nodes, and turned out to be cen-
tral in studying dependencies among delta operations:

Definition 8 Sibling path ordering

i < j

i� j
[�-i]

i < j

i� j/pp
[�-i/pp]

pp� pp′

i/pp� i/pp′
[�-pp]

pp� p

pp[`]� p
[�-`-L]

p� pp

p� pp[`]
[�-`-R]

These relations lead us to define a more abstract relation, the orthogonality
of paths, which application is to assess the independence of atomic deltas,
and subsequently, of composite deltas.

Definition 9 Path orthogonality

¬(p ⊆ p′) ¬(p′ ⊆ p) ¬(p� p′) ¬(p′ � p)

p ⊥ p′
[⊥-path]
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Now we introduce a partial path addition as the commutative relation sat-
isfying the following properties:

Definition 10 path addition

i/pp1 ⊕ j/pp2 = (i+ j)/(pp1 ⊕ pp2)
i/pp ⊕ j = (i+ j)/pp

pp1/@n ⊕ pp2 = (pp1 + pp2)/@n
pp1[`] ⊕ pp2 = (pp1 + pp2)[`]

(5)

Path addition is useful to propagate structural information related to tree
modification. Together with what we call fingerprints, it allows to relocate
atomic deltas thus permitting swaps in modification sequences.

Definition 11 path fingerprint

ζ(i) = 1
ζ(i/pp) = 0/(ζ(pp)

ζ(pp/@n) = ζ(pp)/0
ζ(pp[`]) = ζ(pp)

(6)

2.3 The syntax of delta-based transformations

We propose to express a clear distinction between atomic operations (noted
δ) and transformations of tree using combinations of atomic deltas (noted
∆). Composite transformations are built up using Atomic deltas and three
operators:

Definition 12 Composite and atomic delta-based Transformations

∆ ::= δ | ∆1�∆2 | ∆1 ./∆2 | ∆1;∆2 (7)

δ ::= ins(p, d) | del(p) (8)

The ∆1;∆2 notation expresses sequences of transformations, understood
that ∆2 is applied on the tree resulting from applying the ∆1 transforma-
tion. Thus, ∆1 and ∆2 necessarily refer to different trees. On the contrary,
∆1 �∆2 describes transformations that can be done concurrently without
any risk of interfering each others. This operator allows describing con-
current transformations, in that sense that whatever sub-transformation is
applied first, a subsequent merge is always feasible. Moreover, both sub-
transformations use the same tree operand as reference (or equivalently, the
structural changes induced by one operation can not modify the references
involved in the other operation). As an example,

patch(a1[b1[c1]d2], ins(1/1/2, e)�del(1/2)) = a1[b1[c1 e2]]
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and however

patch(a1[b1[c1]d2],del(1/2);ins(1/1/2, e)) =
patch(a1[b1[c1]], ins(1/1/2, e)) = a1[b1[c1 e2]]

as well as

patch(a1[b1[c1]d2], ins(1/1/2, e);del(1/2)) =
patch(a1[b1[c1 e2]d2],del(1/2)) = a1[b1[c1 e2]]

The third operator, ∆1 ./ ∆2 lies in between, since commutative up to a
transformation of the right-hand delta. This transformation will not be
described here, and is basically a transposition of paths in ∆2 having a
dependency on tree modifications induced by ∆1. This transposition, noted
d∆2e∆1 is based on fingerprints, path addition and ordering of paths.

Definition 13 Equational properties of deltas

∆1�∆2 = ∆1;∆2 = ∆2;∆1 if ∆1 ⊥ ∆2

∆1 ./∆2 = ∆2 ./∆1

∆1 ./∆2 = ∆2;∆1 = ∆1;d∆2e∆1 if ∆1 � ∆2

Definition 14 Sibling dependencies(? ∈ {�, ; , ./})

p� p′ ∨ p = p′

ins(p, d)� δp′

p� p′

del(p)� δp′

∆� ∆1 ∆� ∆2

∆ � ∆1?∆2

∆1 � ∆ ∨ ∆2 � ∆

∆1?∆2 � ∆

Definition 15 Orthogonality of deltas (? ∈ {�, ; , ./})

p ⊥ p′

δp ⊥ δp′

del(p) ⊥ del(p)

∆ ⊥ ∆1 ∆ ⊥ ∆2

∆ ⊥ ∆1?∆2

∆1 ⊥ ∆ ∆2 ⊥ ∆

∆1?∆2 ⊥ ∆
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3 Synthesis and perspectives

The definitions above (mainly, the equational laws) will allow us designing
a normalization function, and also designing sound transformations for op-
timization purpose or e.g. for adapting the delta vocabulary to any specific
patch engine. So far our formalism defined the following elements:

1. a simple tree model still capturing basic XML peculiarities (in partic-
ular, mixed node ordering policies),

2. a simple designation mechanism to specify tree areas and various items
of the tree,

3. a syntax for building diff operations,

4. a compositional semantics of diff operations taking in account opera-
tion dependencies.

This last point, based on an axiomatic approach outlined in [14], is not fully
presented here. Our next step will be first to assess formally the sound-
ness of our definitions, explore the consistence of our whole system through
structural lemmas and:

1. propose a mapping of known constructs into our delta model (update-
node, delete-node, delete-tree, insert-node, insert-tree, append-node,
append-tree, move, copy ; see [14] for a first approach),

2. propose a normalization process and relevant transformations of deltas,

3. prove soundness of previous operations,

4. show how to model real world applications (patch, merge) using the
formalism.

Ultimately, our theoretical framework should help reasoning on architecture
optimization, establishing sound metrics to assess qualitative and quantita-
tive performance of algorithms and tools, and last but not least, inspire and
help defining novel approaches among which patching algorithms based on
streaming execution models.
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