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Abstract

In this paper, we describe a translation algorithm
that maps spatio-temporal conceptual schemas into XML
schemas expressed in the W3C XML Schema Language.
Moreover, we propose a suitable Java library to validate
XML documents with respect to the translated schemas.

1. Introduction

Geographic information which evolves over time is in-
volved in several database applications, including many en-
vironmental, social, and economic systems [?]. Spatio-
temporal conceptual models can be successfully exploited
in the development of these applications to provide the set-
ting for the interaction between customers and developers.
In particular, they allow the developers to detect possible
inconsistencies and incompleteness in customers’ require-
ments. Moreover, since conceptual schemas are indepen-
dent of any specific implementation, they can be used in the
case of technology upgrade and transfer. We focus our at-
tention on the ChronoGeoGraph (CGG for short) formalism
for conceptual modeling of spatio-temporal databases [6].
CGG extends the Entity-Relationship (ER) formalism with
a number of constructs that capture spatio-temporal aspects
of the application domain. In particular, CGG encompasses
multiple temporal dimensions, ranging from the classical
dimensions of transaction and valid times to the recently-
proposed event and availability time dimensions [2], it sup-
ports both the object-based and the field-based view of spa-
tial information, and it makes it possible to describe the tem-
poral evolution of geometrical properties, such as location
and shape, of the modeled entities/phenomena, e.g., a con-
taminated site or a storm.

The contribution of the present work is twofold:

1. we propose a mapping from CGG conceptual schemas
into W3C XML Schema Language schemas [17, 18]
(XML schemas, in the following) and implement it in

the Java programming language;

2. we design and implement a Java validation library for
spatio-temporal constrains.

The CGG project [?] includes a tool for the visual syn-
thesis of CGG conceptual schemas. This tool has been
extended with the translation algorithm that maps CGG
schemas into XML ones. The validation library is used
to validate XML documents with respect to the generated
XML schemas. All in all, we developed a tool to validate
spatio-temporal information, stored in XML documents,
with respect to spatio-temporal constrains, expressed as vi-
sual CGG conceptual schemas.

The proposed mapping has the following advantages:

1. Since an XML schema is an XML document, one
can take advantage of XML query languages, such
as XQuery [19], to query the XML schema. For in-
stance, one might want to detect structural properties
of the original schema, e.g., to check whether there
exists a path which satisfies suitable conditions, that
connects a specific pair of entities of the conceptual
schema (reachability problem). As an example, con-
sider the case of a conceptual schema that represents
the contaminated sites of a region [3]. Such a schema
includes an entity commune and an entity site linked
together by either an inclusion relation (the commu-
nal territory includes the site) or an overlapping one
(communal territory and site overlap). To take into ac-
count the possibility that contamination spreads by the
rivers, one may extend the schema with an entity river
linked to both the entity commune and the entity site
by a (distinct) cross relation (a river may cross a com-
munal territory as well as a contaminated site). Once
a conceptual schema is mapped into an XML one, one
can query the XML schema to determine all paths con-
necting any pair of entities. In the considered case,
such a capability can be exploited to compute the set
of all direct and indirect paths that link the entity site
to the entity commune, which includes the path pass-
ing through the entity river.



2. Since both the schema and its instance are stored as
XML documents, one can query both the schema and
the instance in the same query. For instance, one might
want to retrieve all key values of spatial entities in the
database. Entity key values are stored in the XML in-
stance whereas the fact that an entity is a spatial one is
said in the XML schema.

3. The mapping of CGG schemas into XML ones also
supports the exchange and integration of spatio-
temporal data among different applications. In par-
ticular, it allows one to take advantage of definitions
of the standard Geography Markup Language (GML),
proposed by the OpenGIS Consortium (OGM) [14],
which is based on XML Schema. XML, and in par-
ticular GML in the spatial context, is indeed becoming
the standard for publishing and exchanging data on the
web. On the one hand, a lot of applications directly en-
code data in XML. As an example, many pieces of ge-
ographic information published on the web using We-
bGIS applications are in the GML format. On the other
hand, data in relational DBMSs, such as Oracle (Spa-
tial), can be exported in XML.

The rest of the paper is organized as follows. In Section
2, we briefly analyze the related work. In Section 3, we
describe the basic features of the ChronoGeoGraph model,
with a special emphasis on its spatial and temporal com-
ponents. In Section 4, we first define the XML Schema
counterpart of the spatio-temporal CGG constructs; then,
we give the complete translation algorithm. In Section 5,
to check all constrains, we propose a spatio-temporal val-
idator for CGG schemas. In the conclusions, we provide
an assessment of the work and we outline future research
directions.

2. Related Work

The study of the relationships between XML and (rela-
tional) databases is a very active research area in the XML
and database communities. A lot of work has been devoted
to the analysis of similarities and differences between XML
and (relational) DBMSs in storing, retrieving and updating
data. Moreover, various algorithms for converting data from
XML to the relation model, and vice versa, have been devel-
oped. A detailed comparison of concepts available in XML
schema specification languages and relational data defini-
tion languages is provided by Kappel et al. in [11]. They
also define some basic correspondences between XML and
relational concepts to overcome the data model heterogene-
ity between XML (DTDs and XML Schema) and the re-
lational model. Finally, they propose a possible approach
to the integration of XML (limited to the case of DTDs)
and relational database systems. However, they do not take

into consideration basic integrity constraints such as pri-
mary keys, foreign keys and cardinality constraints. Sim-
ilar correspondences have been established between XML
schemas and conceptual schemas. On the basis of them,
various translation algorithms to map conceptual schemas
into XML documents have been developed in the recent
years. In particular, an algorithm to automatically generate
XML DTDs from conceptual schemas, that deals with ba-
sic integrity constraints (keys and cardinality constraints),
is given in [12]. The use of XML Schema for semantic
data modeling is systematically investigated in [13]. In [15],
Pigozzo and Quintarelli take advantage of such a character-
ization to devise an algorithm for generating XML Schema
documents from ER schemas.

In this paper we address the problem of translating
spatio-temporal conceptual schemas into XML Schema
documents. The addition of spatial data to XML has been
systematically studied by the Open Geospatial Consortium
(OGC), which developed the standard GML. GML is an
XML grammar that allows one to express geographical fea-
tures. It supports a variety of geographic representations,
ranging from simple geometric types, like points, lines, and
polygons, to complex collections of geometries. It serves as
a modeling language for geographic information systems as
well as an open interchange format for geographic transac-
tions on the internet, and it has been already adopted by a
number of international projects. As for temporal informa-
tion, the problem of adding one or more temporal dimen-
sions to XML has been addressed by various researchers.
As an example, the addition of a temporal dimension to
XML to manage the validity of web documents has been
investigated in [4], while the addition of multiple tempo-
ral dimensions to deal with normative texts in XML format
is considered in [5]. In general, the hierarchical structure of
XML can naturally model temporality of data. In particular,
the redundancy of temporally extended relational schemas
can be avoided by adopting a representation based on tem-
poral grouping [1].

3. The ChronoGeoGraph model

The ChronoGeoGraph model (CGG for short) is a con-
ceptual model that extends the classical Enhanced Entity-
Relationship model (EER) with additional constructs for
spatio-temporal information [6, 2, 3]. As for CGG fea-
tures borrowed from the EER model, we refer the reader
to database textbooks. We focus our attention on its spatial
and temporal features.
The spatial features of CGG. First of all, the CGG model
has a notion of schema territory. A schema territory de-
fines the spatial domain over which all spatial elements of
the schema are located. Furthermore, it supports 8 differ-
ent spatial data types, namely, point, multipoint, line, mul-



tiline, polygon, multipolygon, collection, and undefined.
Spatial data types can be associated with both entities and
attributes.
As for entities, CGG distinguishes between spatial and non
spatial entities. A spatial entity is characterized by a set of
descriptive attributes plus a geometry of a given spatial data
type. The geometry defines the shape and location of the
spatial entity. It may be part of the primary key of the entity.
A spatial entity devoid of descriptive attributes is called a
purely spatial entity. Such entities are uniquely identified
by their geometry. Spatial attributes are attributes that take
their value over a spatial data type.
A spatial dimension can be added to relations as well. CGG
distinguishes 2 different types of spatial relations: topo-
logical, metric and direction relations, and the relation of
spatial aggregation. In particular, topological relations are
spatial relations which are preserved under the topological
transformations of translation, rotation, and scaling. CGG
includes the set of topological relations: disjunction, adja-
cency, equality, inclusion, covering, overlap with disjoint
borders and overlap with intersection of borders. Spatial
aggregation expresses the composition relation over spatial
entities. It constrains the geometries of the component en-
tities to be fully included in the geometry of the compound
entity; furthermore, it does not allow the geometries of the
component entities to overlap and it requires the geometry
of the compound entity to be completely covered by the spa-
tial union of those of the component entities.
Besides the usual relation of specialization, CGG introduces
the relation of cartographic specialization, which supports
different spatial representations of the same spatial entity.
CGG distinguishes 2 different types of cartographic special-
ization: (i) with scale variation, when different geometries
are associated with the same entity at different scales, and
(ii) with shape variation, when different geometries are as-
sociated with the same entity at a given scale. Both the
parent and the children entities of a cartographic specializa-
tion are spatial entities. Besides single-level cartographic
specializations based on either scale variation or shape vari-
ation, CGG encompasses two-level specialization hierar-
chies that pair scale variation with shape variation. It goes
without saying that spatial entities may be involved in non-
cartographic specializations as well. This is the case, for
instance, with the specialization of the spatial entity trans-
port network into the spatial entities road network, rail net-
work and bus line network (which inherit the geometry of
the parent entity).
Finally, CGG supports the field-based view of spatial infor-
mation by the notion of (spatial) field. A field is a feature
that varies over space. It can be associated with either the
whole schema territory or a single spatial entity, and it is
characterized by a specific sampling type [16].
The temporal features of CGG. CGG allows one to tem-

Figure 1. A simple CGG schema.

porally qualify the various constructs by properly annotat-
ing them. One or more temporal dimensions can be as-
sociated with the schema territory, entities, attributes, re-
lations (generic relations, topological relations, spatial ag-
gregation), and fields. Different temporal dimensions are
associated with different constructs. Entities can be pro-
vided with a existence time, eventually paired with a state
diagram, a transaction time, an event time, and an availabil-
ity time. The other constructs can be provided with a valid
time, a transaction time, an event time, and an availability
time.

Furthermore, CGG introduces a distinction between snap-
shot and lifespan cardinality constraints for attributes and
relations. Snapshot cardinality constraints specify the min-
imum and maximum number of values that an attribute can
take (resp., of instances of a given entity that may partic-
ipate in a relation) at a given time, while lifespan cardi-
nality constraints specify minimum and maximum bounds
with respect to the whole existence of the entity instance
(resp., the validity interval of the relation instance). As for
attributes, CGG also allows one to collect sets of attributes
of a given entity that change in a synchronous way. For-
mally, a temporal collection is a set of entity attributes with
a common temporal annotation. Finally, CGG explicitly
keeps track of the events that affect a relevant element, e.g.,
events that change the state and/or the geometry of an entity,
the validity of a relation, the value of an attribute.

Figure 1 shows the CGG schema to model a simplify
Italian health-care system. This schema deals with the local
medical companies (ASL) and their spatial relations with
the communes , the patients and their residences, the hospi-
tals and their localizations, and the admissions of patients to
hospitals. In this application domain, spatial and temporal
information play a major role. As an example, it can be used
to monitor patient attraction/escape phenomena, that is, to
determine the number of patients which choose to be admit-
ted in hospitals not located in the ASL of the commune they
reside in.



4. From CGG schemas to XML Schema

The encoding of basic EER constructs is straightforward.
An entity E is mapped into an XML complexType element
composed by the sequence of XML elements correspond-
ing to the attributes of E. Attribute cardinalities are spec-
ified by means of the XML attributes minOccurs and
maxOccurs, while the key constraint is encoded by using
the XML key feature. Any relation R in which the entity
E participates can be modeled in two different ways: either
by directly including the other entities participating in R in
the XML element for E or by adding to the XML element
for E the references to the other entities involved in R by
exploiting the keyref feature.

Let us consider now the encoding of CGG spatial and
temporal features in XML. As a preliminary remark, it
is worth pointing out that XML allows one to guarantee
some, but not all, spatial and temporal constraints of a CGG
schema. In particular, it cannot guarantee the constraints
imposed by topological relations. As an example, it cannot
constrain the geometry of a given spatial entity, e.g., a re-
gion, to be included into the geometry of another one, e.g., a
country (topological relation of inclusion). In a similar way,
whenever the snapshot and lifespan cardinality constraints
on a given attribute differ from each other, it cannot impose
both of them (the same holds for the constraints on the par-
ticipation of entities in relations). The proposed translation
keeps track of such constraints by properly annotating the
generated XML Schema document (annotation feature)
and delegates their verification to specific spatio-temporal
validator as described in Section 5.

The spatial constructs of CGG are dealt with as follows.
Schema Territory. The schema territory defines the spa-
tial domain of the schema and it has only one geometry
instance. It is encoded in XML by adding a geometry el-
ement, called SchemaTerritory, as a subelement of the root
element.
Spatial Entity. In GML, the basic components of identi-
fiable spatial objects are defined as extensions of Abstract-
FeatureType obtained by adding a spatial reference. Analo-
gously, the XML encoding of spatial entities extends that of
basic entities by adding a spatial geometry reference to the
sequence of attributes. In addition, the algorithm annotates
the element with the indication of its topological relation
with the schema territory (if it is different from the standard
relation of inclusion).
Topological relations and spatial aggregation. CGG
makes it possible to constrain, at the schema level, the topo-
logical relation that holds between the geometries of any
pair of spatial entities (the same holds for spatial aggrega-
tions). Since XML Schema cannot automatically validate
topological constraints on spatial relations between entities,
we translate the topological relations and the relation of spa-

tial aggregation as generic relations. In addition, we anno-
tate the XML schema with information on the type of topo-
logical relation that holds between the participating entities.
In the following example, we provide the XML counterpart
of the topological relation of inclusion connecting a com-
mune to the country (one and only one) it belongs to.
To model the relation of spatial aggregation, we add a
subelement aggregation to the element for the compound
entity, which includes the elements for the component enti-
ties or references to them.
Cartographic specialization. Cartographic specialization
can be dealt with as the usual relation of specialization by
adding as many distinct subelements as the different geome-
tries are.
Field. Fields linked to spatial entities or to the schema terri-
tory are mapped into an XML complexType element, which
includes the value and the sampling type (geometric type)
associated with the field.

One or more temporal dimensions can be added to var-
ious CGG constructs. In the following, we will briefly an-
alyze the most relevant cases. As already pointed out, in
general XML Schema cannot guarantee both snapshot and
lifespan cardinality constraints. We will exploit the XML
attributes minOccurs and maxOccurs to respectively
encode the minimum snapshot cardinality and the maxi-
mum lifespan cardinality. In addition, we will keep track
of the remaining two constraints by properly annotating the
XML schema.
Temporal attribute and collection. The XML counterpart
of a temporal attribute (resp., a temporal collection) is an
XML element that specifies the set of values that the at-
tribute (resp., set of attributes) has taken over time. More-
over, for every such value we add a pair of XML attributes
for every temporal dimension. The optional XML attribute
use allows one not to define a CGG attribute when its value
is undefined. Such a possibility is exploited to represent
right endpoints of intervals (which are not defined for open
intervals). To translate a temporal collection, we introduce
an XML complex element which encodes the attributes of
the collection, with their cardinality, as XML subelements
and the temporal dimensions as XML attributes.
Temporal attribute and collection. The XML counterpart
of a temporal attribute (resp., a temporal collection) is an
XML element that specifies the set of values that the at-
tribute (resp., set of attributes) has taken over time. More-
over, for every such value we add a pair of XML attributes
for every temporal dimension (one or two attribute for event
time). The optional XML attribute use allows one not to
define a CGG attribute when its value can be undefined.
Such a possibility is exploited to represent right endpoints
of intervals (which are not defined for open intervals). To
translate a temporal collection, we introduce an XML com-
plex element which encodes the attributes of the collection,



with their cardinality, as XML subelements and the tempo-
ral dimensions as XML attributes.
Temporal entity. When temporal dimensions are associ-
ated with an entity, we must add to its complex element a
special subelement, called lifespan, that can be view as a
temporal attribute. In general, the lifespan element is empty
and its cardinality is 1:1[1:1]. If a state diagram is asso-
ciated with the entity, the lifespan element of entity must
be a value takes over the set of states of the state diagram
and its cardinality is 1:1[1:N]. Since CGG allows one to
associate the same state diagram with different entities, a
simpleType is separately defined for every distinct state
diagram, which introduces a restriction on the values that
the state attribute can assume.
Temporal relation. The inclusion method cannot be ap-
plied to temporal relations. Relation changes would indeed
force one to repeatedly insert all tree subelements (redun-
dancy). All temporal relations (including aggregation) are
dealt with by using key references. As in the case of tem-
poral attributes, every temporal dimension is modeled as an
XML attribute of the element that encodes the relation.
Temporal schema territory. Whenever a temporal dimen-
sion is added to the schema territory, we associate it with
its geometry, thus reducing the problem of translating the
temporal schema territory to that of translating a temporal
geometry attribute.
Temporal field. In the case of temporal fields, we basically
add a temporal dimension to the sampling. Temporal fields
are then dealt with by introducing temporality in XML field
elements, analogously to the case of temporal compound
attributes.
Event. CGG explicitly models events that initiate/terminate
valid time intervals as well as events that initiate/terminate
availability time intervals. In XML, events are modeled
as additional temporal attributes. We introduce the at-
tributes startEventVT and/or endEventVT for the
events that affect valid time intervals, and the attributes
startEventAT and endEventAT for the events that
affect availability time intervals. Moreover, we constrain
these attributes to take their value over the set of admissible
event types specified by the CGG schema.

Now, we conclude the section by sketching the complete
algorithm that maps a CGG schema into the correspond-
ing XML Schema document. It basically pairs the rules
for basic ER constructs, defined by Pigozzo and Quintarelli
in [15], with the above-described additional rules needed
to deal with the spatio-temporal features of CGG schemas.
The algorithm takes advantage of the following notions of
first-level entity and inclusion condition, which extend the
corresponding notions introduced in [15]. A first-level en-
tity (FLE) is an entity that satisfies one of the following con-
ditions: (i) its (snapshot) participation in relations is always
partial; (ii) it totally participates only in many-to-many re-

lations and in one-to-many relations (on side one); (iii) it is
the parent entity of a specialization and it is not involved in
any other relation; (iv) it plays the role of compound entity
in an aggregation and it is not involved in any other rela-
tion. FLEs are coded as elements of the root. A one-to-one
or one-to-many relation R can be represented as an element
of the participating entity E1 (on side one, in the case of
one-to-many relations) that specifies the other participating
entity E2 provided that the following conditions, called in-
clusion conditions (IC), hold: (i) E2 has not been coded yet;
(ii) E2 totally participates in R; (iii) if R is not the identi-
fying relation, E2 is not weak entity; (iv) Ea2 is not a child
of a specialization; (v) E2 is not a component entity of an
aggregation; (vi) E2 is not a first-level entity; (vii) R is not
temporal relation. If some of these conditions are not satis-
fied, we only add a reference to entity E2 in entity E1 using
the keyref feature. An analogously condition is defined
for aggregations.

The main steps of the translation algorithm can be sum-
marized as follows:

• create the file .xsd and define default namespaces in
the xs:schema element which includes the gml import
and the root element of XML counterpart of the CGG
schema (if the CGG schema has not a spatial compo-
nent, gml is not imported);

• create the root element for the CGG schema and, if it
has spatial components, include the schema territory;

• identify the first-level entities (FLEs);

• for every entity (first the first-level ones and then the
other ones), execute the following steps (entity man-
agement procedure):

a. if it has not been already encoded, encode it as a
subelement of the current element;

b. for any relation it participates in which has not
been already encoded (if any), execute one of the
following actions (the choice of the action to ex-
ecute depends on the structural properties of the
relation [15]): (i) encode the relation as a subele-
ment of the considered entity, and either include
the other entities participating in the relation as
subelements of such a relation element or simply
add a reference to them (in the case of one-to-one
or one-to-many relations, the choice depends on
the truth or falsity of the inclusion condition; in
the case of many-to-many relations, the second
option is always selected); (ii) do nothing and
delegate the encoding of the relation to one of
the other participating entities;



c. for any aggregation it participates as compound
entity, encode it as a subelement of the consid-
ered entity, and either include the component en-
tities as subelements of such an element or sim-
ply add a reference to them (the choice depends
on the inclusion condition for aggregation);

d. for any specialization it participates as the parent
entity, encode it as a subelement of the consid-
ered entity, and either include the child entities
as subelements of such an element;

e. keep track of the entity identifier (key);

f. encode the temporal collections (if any);

g. encode the descriptive attributes which do not be-
long to any temporal collection (if any);

h. if the entity is spatial, encode its geometry (pro-
vided that it does not belong to a temporal col-
lection) and fields (if any);

i. if the entity is temporal, encode its temporal di-
mensions;

j. for each entity subelement included from b to d
recursively call the translation procedure;

• for every field of CGG schema include relative ele-
ment;

• include the keys and keyrefs, which have been de-
termined by the entity management procedure, in the
root element for the CGG schema;

• include the simpleTypes associated with the state
diagrams specified by the CGG schema (if any) in the
xs:schema element.

From the simple CGG schema described in Figure 1, the
proposed algorithm, as a first step, creates the XML Schema
file and it specifies its initial elements. Since the CGG
schema is spatial, it adds a geometry subelement, that repre-
sents the schema territory, to the root element (the Sanity
element in our example). Then it determines the first-level
entities, namely, Patient and ASL. Next, it starts the en-
tity management procedure. The first entity to be dealt with
is the entity Patient. The algorithm creates an Patient
element as a complexType. It participates in two relation...
The next first-level entity is ASK, and the algorithm repeats
on it the same operations it applied before. When all enti-
ties in the CGG schema are encoded in the XML Schema
document, keys and keyRefs are included in the Sanity
element. Finally, the simpleType associated with state
diagrams are specified. The result of the execution of the
algorithm is given by the hierarchical structure of Figure 2.

5. Spatio-Temporal Validation

This section describes the spatio-temporal validation li-
brary. The library is used to validate XML documents (also
referred to as XML instances) with respect to XML schemas
encoding CGG conceptual schemas. The constrains that
one may want to check are of three types:

1. Constrains on the CGG model. These are constrains
that refer to the CGG model. For instance, a constrain
that forces a topological relation to relate spatial enti-
ties only. These constrains are checked when the CGG
model is synthesized and hence are not part of the val-
idation process;

2. W3C XML Schema Language constrains. These are
constrains that can be encoded directly in the XML
schema language. For instance, to bound the mini-
mum and maximum number of occurrences of a mul-
tivalue attribute we can use the minOccurs and
maxOccurs attributes of the xs:element element.
These constrains are verified by using a standard val-
idator for the W3C XML Schema Language.

3. Spatio-temporal constains. These are all spatial and
temporal constrains defined in the CGG conceptual
model that are not checked in the previous two steps.
For instance, the fact that a certain geometric entity is
contained in another geometric entity or that any va-
lidity interval is a proper temporal interval. These con-
strains are checked by the developed validation library.

The general architecture of the spatio-temporal validator
is depicted in Figure ??. The validator is divided in three
main packages:

1. JDOM package. It contains classes to parse the XML
instance and the XML schema into DOM models. It
uses the Java parser JDOM [9].

2. Xerces package. It contains classes to check the W3C
XML Schema Language constrains as defined in [17,
18]. It uses the popular XML schema validator Xerces
[20].

3. Spatio-temporal validation package. It contains
classes to fetch the spatio-temporal constrains from the
XML schema document, to retrieve the corresponding
constrain instances from the XML instance, and to per-
form the actual validation. The retrieval of the con-
strain (instances) is performed by taking advantage of
the XPath processing library Jaxen [8]. The validation
of spatial constrains involving knowledge of computa-
tional geometry notions is performed with the aid of
the library Java Topological Suite [10].



Figure 2. The XML schema corresponding to CGG schema of Figure 1.

The Java source code for the validation library and the re-
lated Javadoc documentation is available at the CGG project
website [?].

6. Conclusions and further work

In this paper we outlined a translation algorithm that
maps spatio-temporal conceptual schemas, expressed in the
CGG formalism, into XML schema documents. It directly
encodes in XML Schema all basic integrity constraints, e.g.,
domain, primary key, foreign key, and snapshot cardinal-
ity constraints; moreover, it keeps track of additional spa-
tial and temporal constraints by taking advantage of XML
attributes and annotations. The algorithm has been imple-
mented and integrated in a software tool for the synthesis of
CGG schemas [7].
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