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Abstract. Database design aims to find a database schema that per-
mits the efficient processing of common types of queries and updates
on future database instances. Full first-order decompositions constitute
a large class of database constraints that can provide assistance to the
database designer in identifying a suitable database schema.
We establish a finite axiomatisation of full first-order decompositions
that reflects best database design practice: an inference engine derives all
potential candidates of a database schema, but the final choice remains
with the database designer.
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1 Introduction

Modern database management systems provide commensurate tools to store,
manage and process different kinds of data. The core of these systems still re-
lies on the sound technology that is based on the relational model of data [8].
From the perspective of finite model theory, a relational database is a finite
structure over a relational signature [24]. Relations permit the storage of incon-
sistent data, i.e., data that violate conditions which every legal database instance
ought to satisfy. Consequently, semantic constraints are specified by the database
designer in order to restrict the databases to those which are considered mean-
ingful to the application at hand. During database normalisation join-related
constraints are explored to minimise data redundancy for efficient means of up-
dating. In practice, most normalised schemata are subject to denormalisation in
order to facilitate the efficient processing of the most common types of queries.
The quality of the target database depends on the ability to reason correctly
and appropriately about database constraints [14, 28].

Full first-order hierarchical decompositions (FOHDs) constitute a large class
of relational constraints [9]. A relation is a model of an FOHD when it is the
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Table 1. A relation over Work and two of its projections

natural join over at least two of its projections that all share the same join
attributes. More precisely, a relation r satisfies the FOHD X : [Y1 | · · · | Yk]
when r is the natural join over the projections r[XYi] of r to the attribute sets
XYi for all i = 1, . . . , k.

Example 1. As a running example we consider the relation schema Work com-
prising the attributes Employee, Salary, Year, Insurance and Child. Intuitively,
any row over the table Work collects information about an employee, the salary
of this employee in a certain year, an insurance that the employee has taken out,
and a child of the employee. It appears that the information on the child of any
employee is independent of the information on the insurance, salary and year
of the same employee. This separation of facts can be modelled by the FOHD
Employee : [Child | Insurance,Salary,Year]. We may also choose to specify the
FOHD Employee : [Salary,Year | Child,Insurance] indicating that the informa-
tion on the year’s salary depends only on the employee independently of the
employee’s information on children and insurances. The Work-relation in Ta-
ble 1 satisfies the first FOHD since it is the natural join over its two projections
on {Employee,Child} and {Employee,Insurance,Salary,Year}. ⊓⊔

Database constraints interact with one another. In fact, a constraint is im-
plicitly specified if it is satisfied by any database that satisfies all the constraints
that have been specified explicitly. A fundamental problem is the determination
of such implicit knowledge. An axiomatisation for the implication of database
constraints can form the basis of an enumeration algorithm that lists all conse-
quences. In practice, such an enumeration is often desirable to validate explicit
knowledge. For instance, the FOHD Employee : [Child | Insurance | Salary,Year]
is implied by the the two FOHDs from Example 1.

FOHDs tell the database designer which attribute sets can form independent
information units, e.g. {Employee, Child} and {Employee, Salary, Year, Insur-
ance} based on the FOHD Employee : [Child | Insurance,Salary,Year]. Moreover,
the original notion of an FOHD, as introduced by Delobel [9], also tells us in
which order the separation of these information units takes place.

Example 2. The FOHD Employee : [Child | Insurance | Salary,Year] instructs us
to first decompose the relation schema Work from Example 1 into {Employee,
Child} and {Employee,Insurance,Salary,Year}, and subsequently to decompose
the latter schema into {Employee,Insurance} and {Employee,Salary,Year}. ⊓⊔
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Intuitively, the decomposition can be processed in an arbitrary order and not
just in the order that is indicated by a given FOHD. That is, for any permutation
π the FOHD X : [Yπ(1) | · · · | Yπ(k)] is implied by the FOHD X : [Y1 | · · · | Yk].
Syntactically, this can be represented as the inference rule

X : [Y1 | · · · | Yk]

X : [Yπ(1) | · · · | Yπ(k)]

known as the permutation rule [9, 29].

Example 3. Given the FOHD Employee : [Child | Insurance | Salary,Year] we
apply the permutation rule to infer Employee : [Insurance | Salary,Year | Child].
This FOHD instructs us to first decompose the relation schema Work from
Example 1 into {Employee,Insurance} and {Employee,Salary,Year,Child}, and
subsequently to decompose the latter schema into {Employee,Salary,Year} and
{Employee,Child}. ⊓⊔

The final database schema of a decomposition is invariant under the order
in which attribute sets on the right-hand side of an FOHD appear. In practice,
however, it is rarely the case that the final database schema of a decomposition is
chosen as the layout of the target database. The reason for this is that normalised
database schemata only guarantee the efficient processing of updates [30]. Very
commonly, the efficient processing of common queries outweighs the maintenance
of database constraints and hence, databases are denormalised.

Example 4. Consider the two database schemata D1:

{Employee,Child}, {Employee,Insurance}, {Employee,Salary,Year}

and D2:{Employee,Child,Insurance}, {Employee,Salary,Year}. The schema D1

provides a good choice when the most common types of queries do not re-
quire any joins between the three relation schemata and/or updates of either
Child-, or Insurance- or Salary- and Year-information based on Employee-values
are common. In that case no maintenance of FOHDs on any of the relation
schemata is necessary. The second schema D2 may become preferable if common
queries require a combination of Child- and Insurance-values, e.g. what is the
most common insurance of employees that have at least two children? The ef-
ficient processing of these queries may outweigh the maintenance of the FOHD
Employee : [Child | Insurance] on {Employee,Child,Insurance}. ⊓⊔

We note that denormalised database schemata occur in intermediate steps
of the normalisation process, e.g. {Employee,Salary,Year,Child} in Example 3.
Such denormalised schemata may only be discovered due to the inference of an
implicitly specified FOHD. In particular, the order in which the attribute sets
occur on the right-hand side of an FOHD does seem to matter after all.

However, in database practice it is the database designer who chooses the
final layout of the database. Consequently, the database designer chooses the
order in which the information units are separated from one another. Hence, we
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would like to gain complete knowledge about these information units, i.e., the
minimal sets of attributes that are independent of one another.

Contributions. In this paper, we will develop a theory that reflects this
common practice in database design. First, we develop a theory based on the
original notion of an FOHD. We establish an axiomatisation in which it is always
possible to delay an application of the permutation rule to the very last step of
the inference. Consequently, the decision on the order in which the information
units are separated from one another is delayed until the end of the design process
(this reflects the choice of the database designer after they become aware of all
possibilities for separating the information). If it was not always possible to shift
the permutation rule to the very last step of an inference, then one may argue
that database designers are limited in their choices for the final layout of the
database. That is, the inference engine pre-determines an order in which the
information units are to be separated, without any good reason.

Secondly, we introduce order-invariant hierarchical dependencies (OIHDs)
which do not take the order of a decomposition into account. Intuitively, an
OIHD X : {Y1, . . . , Yk} represents the set

{X : [Yπ(1) | · · · | Yπ(k)] : π is a permutation on {1, . . . , k}}

of FOHDs. The OIHD Employee:{{Insurance}, {Salary,Year},{Child}} repre-
sents the 6 different FOHDs where the left-hand side is Employee and the right-
hand side is a permutation of {Insurance}, {Salary,Year}, and {Child}, for
example. We establish an axiomatisation for the implication of OIHDs which
contains exactly the inference rules adapted from our axiomatisation of FOHDs,
but without the permutation rule. This is a further explanation of our intuition
about the design process in practice: an inference engine mechanically determines
those information units that can be separated, and, subsequently, the database
designer decides how the actual separation will be implemented.

Finally, we show that correspondences between dependencies and fragments
of propositional logic [19, 27] do not carry over to full-first order decompositions.

Organisation. We repeat concepts of the relational model of data in Section
2, in particular FOHDs, their semantic implication and syntactical inference. In
Section 3 we establish an axiomatisation of FOHDs that reflects the role of the
permutation role. We study order-invariant hierarchical dependencies in Section
4 and comment on their relationships to propositional logic in Section 5. We
conclude in Section 6.

2 Full First-Order Decompositions

Let A = {A1, A2, . . .} be a (countably) infinite set of symbols, called attributes.
A relation schema is a finite set R = {A1, . . . , An} of attributes from A. Each
attribute A of a relation schema is associated with a domain dom(A) which
represents the set of possible values that can occur in the column named A.
If X and Y are sets of attributes, then we may write XY for X ∪ Y . If X =
{A1, . . . , Am}, then we may write A1 · · ·Am for X . In particular, we may write
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simply A to represent the singleton {A}. A tuple over R (R-tuple or simply
tuple, if R is understood) is a function t : R →

⋃

A∈R

dom(A) with t(A) ∈ dom(A)

for i = 1, . . . , n. For X ⊆ R let t[X ] denote the restriction of the tuple t over
R on X , and dom(X) =

∏

A∈X dom(A) the Cartesian product of the domains
of attributes in X . A relation r over R is a finite set of tuples over R. Let
r[X ] = {t[X ] | t ∈ r} denote the projection of the relation r over R on X ⊆ R.
For X, Y ⊆ R, r1 ⊆ dom(X) and r2 ⊆ dom(Y ) let r1 ⊲⊳ r2 = {t ∈ dom(XY ) |
∃t1 ∈ r1, t2 ∈ r2(t[X ] = t1[X ] ∧ t[Y ] = t2[Y ])} be the natural join of r1 and r2.

Definition 1. A full first-order hierarchical decomposition over the relation
schema R is an expression X : [Y1 | . . . | Yk] with a non-negative integer k,
X, Y1, . . . , Yk ⊆ R such that Y1, . . . , Yk forms a partition of R −X. A relation r

over R is said to satisfy (or said to be a model of) the full first-order hierarchical
decomposition X : [Y1 | · · · | Yk] over R, denoted by |=r X : [Y1 | · · · | Yk], if and
only if r = (· · · (r[XYk] ⊲⊳ r[XYk−1]) ⊲⊳ · · · ) ⊲⊳ r[XY1] holds. ⊓⊔

The FOHD ∅ : [Y1 | · · · | Yk] expresses the fact that any relation over R is the
Cartesian product over its projections to attribute sets in {Yi}k

i=1. For k = 0,
the FOHD X : [ ] is satisfied trivially, where [ ] denotes the empty list.

Suppose we allow the sets Yi to be empty. Then for all positive k we have
the property that for all relations r the FOHD X : [∅, Y2, . . . , Yk] is satisfied by
r if and only if r satisfies the FOHD X : [Y2, . . . , Yk]. In particular, if k = 1,
then X : [∅] is equivalent to X : [ ]; more specifically, they are satisfied by
the same relations. One may now define an equivalence relation over the set of
FOHDs defined on some fixed relation schema. Indeed, two such FOHDs are
equivalent whenever they are satisfied by the same relations over the schema.
Strictly speaking, we will apply inference rules to these equivalence classes of
FOHDs. For the sake of simplicity, however, we have limited Definition 1 to
those FOHDs where no empty sets are allowed to occur within the sequence of
attribute sets. As the property above shows, this is not a real limitation but just
a suitable choice of a representative from the equivalence classes.

For the design of a relational database schema semantic constraints are de-
fined on the relations which are intended to be instances of the schema. During
the design process one usually needs to determine further constraints which are
logically implied by the given ones.

Definition 2. Let Σ ∪ {ϕ} be a set of constraints on the relation schema R.
We say that Σ implies ϕ if and only if every relation r over R that satisfies all
constraints in Σ also satisfies ϕ. ⊓⊔

In order to determine implied FOHDs one can use the set of inference rules
from Table 2 [9, 29]. These inference rules have the form

premise

conclusion

and inference rules without a premise are called axioms.
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∅ : [R]
(universal, U)

X : [Y1 | · · · | Yk]

XZ : [Y1 − Z | · · · | Yk − Z]

X : [X1 | X2] XXi : [Y1 | · · · | Yk]

X : [Y1 | · · · | Yk | Xi]
(augmentation, A) (transitivity, T )

X : [Y1 | · · · | Yk]

X : [Y1 | · · · | YiYj | · · · | Yk]

X : [Y1 | · · · | Yk]

X : [Yπ(1) | · · · | Yπ(k)]
(merging, M) (permutation, P)

Table 2. Inference Rules for Full First-Order Hierarchical Decompositions

Let Σ ∪ {ϕ} be a set of semantic constraints from the class C, all defined
over the relation schema R. In this paper, the class C may refer to full first-
order hierarchical dependencies or order-invariant hierarchical dependencies. Let
Σ ⊢S ϕ denote the inference of ϕ from a set Σ of constraints in C by the set
S of inference rules. Let Σ+

S = {ϕ | Σ ⊢S ϕ} denote the closure of Σ under
inferences by S. The set S is called sound for the implication of constraints in
C if for every relation schema R and for every set Σ of constraints in C over R

we have Σ+
S ⊆ Σ∗ = {ϕ ∈ C | Σ implies ϕ}. The set S is called complete for the

implication of constraints in C if for every relation schema R and for every set Σ

of constraints in C over R we have Σ∗ ⊆ Σ+
S. A complete set S is called minimal

for the implication of constraints in C if the removal of any inference rule from
S results in a system that is incomplete for the implication of constraints in C.

Note the following global condition that we enforce on all applications of
inference rules that infer FOHDs. Whenever we apply such an inference rule, we
remove all empty sets from the exact position in which they occur as elements in
the sequence in the conclusion. For instance, we can infer R : [ ] by an application
of the augmentation rule A to the FOHD ∅ : [R]. The split rule

X : [X1 | X2] X : [Y1 | · · · | Yk]

X : [Y1 | · · · | Yj ∩ Xi | Yj − Xi | · · · | Yk]

is derivable from {A, T ,M,P}

Theorem 1. The set F of inference rules from Table 2 is sound, complete and
minimal for the implication of full first-order decompositions. ⊓⊔

The completeness argument in the proof of Theorem 1 is similar to the com-
pleteness proof for multivalued dependencies [3, 5]. It relies on the notion of a
dependency basis. Let DepR(X) be the set of all W ⊆ R − X for which some
FOHD X : [Y1 | · · · | Yk] with W ∈ {Y1, . . . , Yk} can be inferred from Σ by F.
Due to our definition of FOHDs, we must explicitly enforce the empty set to be
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included in DepR(X) as well. Note that DepR(X) is finite, and (DepR(X),⊆
,∪,∩, (·)C , ∅, R − X) constitutes a Boolean algebra due to the soundness of the
merging and split rule. In particular, every finite Boolean algebra is atomic [16].
The set DepBR(X) of all atoms of (DepR(X),⊆, ∅) is called the dependency
basis of X with respect to Σ [2].

Even though F forms a minimal axiomatisation one may still simplify the
inference rules in F. For example, the transitivity rule T ′:

X : [X1 | X2] XX1 : [Y1 | · · · | Yk]

X : [Y1 | · · · | Yk | X1]

and the permutation rule P allow us to infer the transitivity rule T . Moreover,
the merging rule M′:

X : [Y1 | · · · | Yk]

X : [Y1Y2 | · · · | Yk]

and the permutation rule P allow us to derive the merging rule M.

Corollary 1. The set F′ = {U ,A, T ′,M′,P} is an axiomatisation for the im-
plication of full first-order hierarchical decompositions. ⊓⊔

3 The Role of the Permutation Rule

We will show now that the axiomatisation F has the following property. For all
relation schemata R, for all sets Σ of FOHDs on R, and for all inferences γ of an
FOHD ϕ from Σ by F there is an inference ξ of ϕ from Σ by F in which the per-
mutation rule is only applied in the very last step of ξ. Consequently, F soundly
reflects the role of the permutation rule as a means for fixing a decomposition
strategy, but not as a means to derive elements of the dependency basis.

Example 5. The FOHD Employee:[Insurance|Salary,Year,Child ] can be inferred
by F from Employee:[Salary,Year |Child,Insurance] and Employee:[Child | Insur-
ance,Salary,Year ]. Indeed, the inference

Employee : [Salary, Year | Child, Insurance]

P : Employee : [Child, Insurance | Salary, Year]

Employee : [Child | Insurance, Salary, Year] A : Employee, Child : [Insurance | Salary, Year]

T : Employee : [Insurance | Salary, Year | Child]

M : Employee : [Insurance | Salary, Year, Child]

applies the permutation rule P in an intermediate step. According to our rea-
soning, this inference is not adequate. In fact,

Employee : [Salary, Year | Child, Insurance]

Employee : [Child | Insurance, Salary, Year] A : Employee, Child : [Salary, Year | Insurance]

T : Employee : [Salary, Year | Insurance | Child]

M : Employee : [Salary, Year, Child | Insurance]

P : Employee : [Insurance | Salary, Year, Child]

shows an inference by F which is indeed adequate. ⊓⊔
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The reasoning in Example 5 applies to arbitrary inferences by F.

Theorem 2. Let R be some relation schema, and Σ a set of FOHDs over R.
For each inference γ from Σ by F there is an inference ξ from Σ by F with the
following properties:

– γ and ξ infer the same full first-order hierarchical decomposition,
– in ξ the permutation rule P is applied at the very last step only. ⊓⊔

Theorem 2 says that the set consisting of the universal axiom U , the augmen-
tation rule A, the transitivity rule T and the merging rule M is almost complete
for the implication of FOHDs in the following sense.

Corollary 2. Let R be some relation schema and Σ a set of full first-order
hierarchical decompositions on R. Then for all X : [Y1 | · · · | Yk] on R we have:
X : [Y1 | · · · | Yk] ∈ Σ+

F if and only if there is some permutation π on {1, . . . , k}

such that X : [Yπ(1) | · · · | Yπ(k)] ∈ Σ+
{U ,A,T ,M}. ⊓⊔

Note that it is, by no means, self-evident that an axiomatisation of FOHDs
has the property that applications of the permutation rule can always be deferred
until the very last step of an inference. The axiomatisation F ′, for example, does
not have this property.

4 Order-invariant Hierarchical Dependencies

We will now introduce and study order-invariant hierarchical dependencies. A
single order-invariant hierarchical dependency X : {Y1, . . . , Yk} is a compact
representation of k! many full first-order hierarchical decompositions.

Definition 3. An order-invariant hierarchical dependency over relation schema
R is an expression X : {Y1, . . . , Yk} with non-negative integer k, X, Y1, . . . , Yk ⊆
R such that Y1, . . . , Yk forms a partition of R − X. A relation r over R is
said to satisfy the order-invariant hierarchical dependency X : {Y1, . . . , Yk} on
R, denoted by |=r X : {Y1, . . . , Yk}, if and only if r is the natural join over
{r[XYi]}

k
i=1, i.e., if r = r[XY1] ⊲⊳ · · · ⊲⊳ r[XYk] holds. ⊓⊔

Intuitively, the set-notation of OIHDs makes any application of the permuta-
tion rule unnecessary. The remarks regarding empty attribute subsets in FOHDs
also apply to OIHDs. In particular, we apply the same global condition to infer-
ences by the inference rules in Table 2.

Theorem 3. The set O of inference rules from Table 3 is sound, complete and
minimal for the implication of OIHDs. ⊓⊔

Corollary 2 enables us to reason about OIHDs by reasoning about FOHDs,
and vice versa. If ϕ denotes the OIHD X : {Y1, . . . , Yk}, let ϕ̄ denote the corre-
sponding FOHD X : [Y1 | · · · | Yk], and let Σ̄ = {σ̄ | σ ∈ Σ} denote the set of
FOHDs that corresponds to the set Σ of OIHDs.
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X : {Y1, . . . , Yk}

XZ : {Y1 − Z, . . . , Yk − Z}

X : {X1, X2} XXi : {Y1, . . . , Yk}

X : {Y1, . . . , Yk, Xi}
(augmentation, A) (transitivity, T )

∅ : {R}

X : {Y1, . . . , Yk}

X : {Y1, . . . , YiYj , . . . , Yk}
(universal axiom, U) (merging, M)

Table 3. Inference Rules for Order-Invariant Hierarchical Dependencies

Corollary 3. Let R be some relation schema, Σ a set of OIHDs and Σ̄ the
corresponding set of FOHDs over R. Then for all OIHDs ϕ on R we have:
ϕ ∈ Σ+

O if and only if ϕ̄ ∈ Σ̄+
F . Moreover, for all FOHDs ϕ̄ on R we have:

ϕ̄ ∈ Σ̄+
F if and only if ϕ ∈ Σ+

O. ⊓⊔

5 Logic and Data Dependencies

Essentially, data dependencies are certain first-order formulae [13]. For instance,
the OIHD A : {B, C, D} over the relation schema R can be expressed by

∀a, b, c, d, b′, c′, d′, b′′, c′′, d′′

((R(a, b, c, d) ∧ R(a, b′, c′, d′) ∧ R(a, b′′, c′′, d′′)) ⇒ R(a, b, c′, d′′)).

Binary OIHD X : {Y1, Y2} are known as multivalued dependencies [12, 5]. The
implication of multivalued dependencies (MVDs) is even in one-to-one corre-
spondence with fragments of propositional logic [10, 11, 27].

For a relation schema R let VR = {VA : A ∈ R} denote its corresponding set
of propositional variables. For an OIHD X : {Y1, . . . , Yk} on R, denoted by ϕ,
let ϕ′ denote the following propositional formulae over VR:

(

∧

A∈X

VA

)

⇒

(

k
∨

i=1

(

∧

B∈Yi

VB

))

. (1)

For a set Σ of OIHDs over R let Σ′ denote the set {σ′ : σ ∈ Σ} of propositional
formulae over VR. The following theorem holds for MVDs [27].

Theorem 4. [27] Let R be some relation schema, and let Σ ∪ {ϕ} be a set of
MVDs over R. Then Σ |= ϕ if and only if Σ′ |= ϕ′. ⊓⊔

However, for the class of OIHDs an extension of the correspondence to the
fragment of formulae defined by Equation (1) fails. In fact, let us consider the
OIHD σ = A : {{B, C}, {D}} and the OIHD ϕ = A : {{B}, {C}, {D}}. We
observe that σ does not imply ϕ as the two tuple relation {(a, b, c, d), (a, b′, c′, d)}
over R = ABCD shows. However, σ′ = VA ⇒ ((VB ∧ VC) ∨ VD) does logically
imply ϕ′ = VA ⇒ (VB ∨ VC ∨ VD). Hence, the correspondence fails.
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We will now briefly discuss which dependencies do correspond to the fragment
of propositional logic defined by Equation (1). These are degenerated OIHDs,
a subclass of Boolean dependencies [27]. The syntax of a degenerated OIHD is
that of an OIHD. A relation r over R is said to satisfy the degenerated OIHD
X : {Y1, . . . , Yk} over R if for all tuples t1, t2 ∈ r the following holds: if t1[X ] =
t2[X ], then there is some i ∈ {1, . . . , k} such that t1[Yi] = t2[Yi] holds. This is the
same as saying that for all tuples t1, t2 ∈ r it is true that for some i ∈ {1, . . . , k}
the two-tuple relation {t1, t2} satisfies the functional dependency X → Yi.

A consequence of Theorem 4 is that the implication of binary OIHDs corre-
sponds exactly to the implication of degenerated OIHDs (i.e. degenerated multi-
valued dependencies) [27]. In general, however, the implication of OIHDs is not
equivalent to the implication of degenerated OIHDs. For instance, if we view the
OIHDs σ and ϕ as degenerated OIHDs, then σ does imply ϕ. Hence, σ implies
ϕ when viewed as degenerated OIHDs, but σ does not imply ϕ when viewed as
OIHD. Vice versa, ϕ implies σ when viewed as OIHDs, but ϕ does not imply σ

when viewed as degenerated OIHDs.

6 Conclusion

We have established an axiomatisation of full first-order hierarchical decompo-
sitions that reflects the role of the permutation rule as a mere means to fix the
order in which a database schema is decomposed. Hence, the permutation rule
does not have any impact on the set of minimal units into which a database
schema can be separated, i.e., the elements of the dependency basis. Indeed, our
axiomatisation allows applications of the permutation rule to be delayed until
the very last step of an inference. Removing the permutation rule from the ax-
iomatisation results in a set of inference rules that is sound and complete for the
implication of order-invariant hierarchical dependencies.

The results of this paper are complementary to Biskup’s results on the role of
the complementation rule in the context of multivalued dependencies [4]. Indeed,
there are axiomatisations of MVDs in which applications of the complementa-
tion rule could be avoided completely or deferred until the very last step of an
inference [4, 25]. Consequently, the complementation rule is a mere means to
achieve database normalisation. These results were extended to the context of
partial database relations [26], full hierarchical dependencies [22], functional and
multivalued dependencies [5].

The eXtensible Markup Language (XML) [6] offers a flexible way to store
data. As such, it has received considerable interest from the database commu-
nity. One challenging area of XML research addresses constraints, which provide
effective means to capture important semantic information about XML data [15].
So far, the interest in XML constraints has mainly addressed keys [7, 18, 20, 21]
and functional dependencies [1, 17, 23, 31, 32]. As far as the author is aware, the
decomposition of XML data based on integrity constraints has not been studied.
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