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Abstract

With the proliferation of heterogeneous devices
(desktop computers, personal digital assistants,
phones), multimedia documents must be played un-
der various constraints (small screens, low band-
width). Taking these constraints into account with
current document models is impossible. Hence,
generic source documents must be transformed
into documents compatible with the target contexts.
Currently, the design of transformations is left to
programmers. We propose here a semantic frame-
work, which accounts for multimedia document
adaptation in very general terms. A model of a mul-
timedia document is a potential execution of this
document and a context defines a particular class
of models. The adaptation should then retain the
source document models that belong to the class
defined by the context if such models exist. Oth-
erwise, the adaptation should produce a document
whose models belong to this class and are “close”
to those of the source documents. We focus on the
temporal dimension of multimedia documents and
show how adaptation can take advantage of tempo-
ral reasoning techniques. Several metrics are given
for assessing the proximity of models.

1.1 Multimedia documents

A multimedia document is a digital document composed of

objects of different nature: text, sound, image, animation,

etc. These objects and their compositions are called multime-
dia objects. Multimedia documents are traditionally analysed

following four dimensiongLayaida, 199J

e |ogical (organisation into chapters, shots, etc.),

e spatial (graphic layout),

e hypermedia (relations between documents and docu-
ment fragments),

e temporal (temporal ordering of the multimedia objects).

These dimensions are not totally independent and require a
combined processing.

This paper primarily focuses on the adaptation of multime-
dia documents along their temporal dimension. In a temporal
multimedia document, the presentation of the multimedia ob-
jects is scheduled over time. Such a document is presented
in Figure 1. Time is displayed on the horizontal axis. The
example presented is the introduction of a slideshow made
of different panels composed of graphic objects that can be
presented simultaneously. The first panel displays the title,
authors and outline of the speech; each of these objects are
represented by a segment whose begin and end points corre-
spond to the beginning and ending of their presentation on
screen.

1 Introduction Tte =~ A _C

The multiplication of execution contexts for multimedia doc- Outline

uments requires the adaptation of document specifications to Authors B_D

the particularities of the contexts. Adaptation is not very pre- 0 5 5 8 10 12 ¢ (s)

cisely defined and it is currently specified through program-

ming. We propose a semantic approach to multimedia docu- _ . . . .
ments (82). It does not deal with the semantics of document Figure 1: Temporal dimension of a multimedia document.
content, but with that of their composition. The approach
allows the definition of adaptation in very general semantic The Title object starts at second 0 and ends at second 5,
terms independent from the multimedia objects (83). We thenvhile the Author object starts at second 2 and ends at sec-
investigate the temporal dimension of multimedia document®nd 5. Between seconds 5 and 8 the Outline object is pre-
specified qualitatively (84) and propose metrics for findingsented. etc. Such a description is exact and quantitative since
the “best” adaptations. We discuss then the limitations oft defines exactly the beginning and ending instants of each
current multimedia specifications that prohibit a better adapmultimedia object. This information is sufficient for playing
tation (85). the document: to one exact quantitative representation corre-
We first introduce the characteristics of multimedia docu-sponds only one possible execution of the document (within
ments (8§1.1) and adaptation (§1.2). a fixed temporal reference).



Specifying a multimedia document in an exact manner is C

like writing a paper directly in PostScript instead of using A 10 g go: {5} As
IATEX. Multimedia documents are not often specified in an g1
exact way because it is more convenient for the author to A B
leave the interpretation of the specification to the machine as
soon as the will of the author is clearly expressed. The author
can concentrate on the creative part of is or her work instead
of characterising the exact position of each object.

Non-exact specifications can be achieved by expressingthe A semantic approach to multimedia
gualitative relations between multimedia objects. There are documents
several languages for specifying multimedia documents with
different ways of expressing the temporal dimension: SMILWwe describe the specification of multimedia documents (§2.1)
[W3C, 1998 expresses the positioning of multimedia ob- before defining their semantics (§2.2) used finally for defining
jects with parallel and sequence operators on intervals; Magigdaptation (§3).
[Dalalet al,, 1994 and Madeu$Layaida, 199Fuse a restric-
tion of the Allen algebra of temporal intervals. 2.1 Specifications

The document of Figure 1 can be expressed qualitatively. L L , ,
For instance, the Authors object starts after and finishes with{/e @ssume that the qualitative specifications of multimedia
the Title object; the Authors object meets the Outline objectdocuments use the temporal interval algebAdien, 1989
From such a specification, the multimedia presentation sySOF representing the temporal relationships between multime-
tem (or the Player) computes a plan (called “scenario”) thagla objects. So, the temporal extent of the multimedia ob-

can be executed. This function is called temporal formatting/€Cts Will be a temporal interval whose beginning and end-
ing time are identified by~ andI™. The specification will

1.2 Adapting multimedia documents relate each pair of multimedia objects by a subset of the set

A server delivers a multimedia document to be played by 413 Of temporal relations (presented in Table 1).

client. Clients and servers can be different machines with

Figure 2: Relation graph (inverse arcs are not displayed).

different capabilities. Different contexts of multimedia pre-|_"elation ¢): xry xly converse: y—" X
sentations introduce different constraints on the presentatign before (b) (bi) after
itself. For instance, bandwidth limitations between the client meet (M) (mi) met by

(di) contains
(oi) overlaped by
(si) started by

and the server can result in preventing the client from playing during (d)

two bandwidth-demanding videos at the same time. Display overlaps (0)

limitations can produce similar constraints. Other constraints _starts (s) 1) Ste

may also be introduced by user preferences, content protec- finishes (f) (fi) finished by

tion or terminal capabilities. The constraints imposed by a equals (e) (e)

client are called a profile. . i )
Profiles can be expressed in terms of a restriction of the Table 1: The 13 relationships between temporal intervals.

language used for specifying target documents or in terms of

additional constraints imposed on the objects. For instanceyefinition 1 (Specification). A specifications = (O, C) of a
if the device features only a screen with limited capabilities,yocument is made of a set of obje@snd a set of constraints
it can be impossible to display two images simultaneously o peqyeen these objects (i.e., a relation between several ob-

the same screen. . . . éects). The set of all specifications will be not&d
For satisfying these constraints, multimedia document

must be adapted before being played. From the profile anBxample 1 (Temporal specifications).

the source document, the adaptation must provide a document = ({4, B},{A{0} B})

satisfying the constraints expressed in the profile. Qualitativez = ({4, B,C}, {A{o} B, C{s}A})

specifications are central to this process as they enable more |, ihe remainder, the constraints will be considered as bi-

efficient adaptation by providing more flexibility. This adap- 51y The temporal specification can then be represented as a

tation is usually performed by a program transforming the g|ation aranHvan Beek. 1990 This representation will be
documentVillard, 2001; Lemlouma and Layaida, 2401 lon grapfv , 199 This rep fon wi

gy : used for describing models.
For the purpose of characterising the adaptation process,

we introduce a semantics of multimedia documents and illusDefinition 2 (Relation graph). A specifications = (O, C)
trate it on the temporal dimension (§2). The semantic defican be represented as a complete direct labelled graph
nition of adaptation (§3) leads to distinguish refining adapta{XN, £, \) such that the elements &f are in bijection with
tion (in which the models of the adapted document are modthose of N andX : E — 2413 is a total function from the
els of the source documents) from transgressive adaptaticCs to temporal relations such that for each y € C,
(in which the models are as close as possible to those of th&((z,y)) C 7.

source document). Section 4 illustrates the notion of close-

ness for the temporal dimension. The limits of our approactPefinition 3 (Resolved relation graph). A relation graph is
are then presented (85). resolved iff all the labels are singletons.




2.2 Semantics of a specification 3.1 Adaptation constraints

The specification of a multimedia document is interpreted a®efinition 7 (Adaptation constraint). An adaptation con-
the set of its potential executions. A model of a multimediastrainta determines a set of possible executidvis. The set
document (in the sense of model theory) is an execution obf adaptation constraints will be notetl

the document satisfying the specification. The example above introduced a constraint prohibiting

Definition 4 (Interpretation). An interpretation of a specifi- More than one image to be displayed at once on a screen.
cation is a pair1, D) such thatD is the domain of interpre- This can be expressed by a MSO constraint.

tation and! is a function fromO to D and fromC to D x D Example 5 (Maximum Simultaneous Obijects). The con-
(i.e., such that a constraint applied to two elements of the dostraint MSQ-(n) (Maximum Simultaneous Objects) is a
main of interpretation is either true of false). global constraint prohibiting the display of more tharb-
Example 2 (Temporal interpretation). In order to interpret 1€CtS belonging to the sétsimultaneously. It thus determines
the temporal aspects of multimedia documents, we considdP€ Set of interpretationd’, D) of a specifications = (O, C),

the interpretations such that the objectsirare interpreted SUch thatvi € R, [{o € T I(0)” <i < I(0)"}| < n. Inthe

as intervals of the positive real numbers and the constraint€mainder, MSO will be used instead of MGO

are interpreted as the corresponding relations in the temporal A profile p is a set of such constraints. It determines a class
interval algebra. For instance} can be interpreted as the of qualitative models (those who satisfy the constraints). The
interval[10 20[, B as[12 30[ andC as[10 30[, ois true ifits  role of adaptation is thus to determine if there exist models of
first argument begins before the second one and ends duringe initial specification belonging to that class. Otherwise, it
it, {b m o} is true if its first argument begins before the secondis convenient to alter the specification by finding, among the
one and ends before the end of the second one. set of models satisfying the profile, those that are “semanti-
cally closer” to the source specification.

Definition 8 (Classification of adaptation). Three types
of adaptation can be identified in function of the value of
M, N M, (inducing three different constraints on the model
selection functionv):

Compliant specification M;N.M,, = M,: the source doc-
ument satisfies the adaptation constraints (all models of
M satisfy the adaptation constraints,s@s identity).

In the following, we will always consider that there exists Refining adaptation § ¢ M, N M, C M,: there exists
at Ieast one model of the source specification (which is thus g5 me models of satisfying the adaptation constraints
consistent). (@(My) = My N M,).

These models correspond faithfully to the execution of the o cw
multimedia documents. However, the formatter will consider ''ansgressive adaptation M, N M, = §: no model ofs
executions as equal if they only differ by a translation factor ~ Satisfies the adaptation constrainés il then select
and the adaptation will consider two executions as equal if ~ SOme models aM,, closest to those of the specification
they only differ in duration, preserving topology and order- s)-
ing. We introduce qualitative representations of models as If the constraints of the profile can be expressed as a for-
abstractions of models. mula of the specification language, the two first cases are
characterised by the consistencysofp. The MSG-(1) con-
straint can be expressed by the relation graph in which all
the labels of arcs connecting two nodesIirare subsets of
{b- m mi bi}. Filtering it can be efficiently performed.

A model is defined in the usual way:

Definition 5 (Model). A model of a specificationO, C)

is an interpretation, D) such that for eacls r o' € C,
(I(0),I(0")) € I(r)istrue. The set of models of a specifica-
tion s is noted M.

Example 3 (Temporal model). The interpretation presented
in Example 2 is a model of; but not ofss.

Definition 6 (Qualitative representation of a model). The
qualitative representation of a moddl, D) of a specifica-
tion (O, C) is a complete direct labelled grapi, F, A) such
that the elements aP are in bijection with those oV and
X\ : E — 2413 js a total function from the arcs to temporal 3.2 Problems

relapons such thatfor eédm) r 1), /\(<'_T’ vy =r- _ One of the benefits of the approach is to be able to clearly pro-
Since the Allen relations are exclusive and exhaustiveyide criteria that an adaptation functiermust meet. These

qualitative representations of a model correspond to resolvegiteria are expressed here as a set of problems.

relation graphs. The first one is that the adapted specification must satisfy

Example 4. ¢}, = ({4, B,C},{A{0}B,C{s}A,C{m}B}) the adaptation constraints.

is a qualitative representation of one of the three models oProblem (soundness).M. ;) € M,,: do the models of the

52. adapted specification satisfy the adaptation constraints?
] ] Moreover, if there exists a possible execution of the doc-
3 Semantics of adaptation ument satisfying the adaptation constraints, this execution

The adaptation of a multimedia document is constrained by"USt be preserved in the adapted specification.
the profile. The profile defines constraints that must be satisProblem (refining-completeness).if M N M, # 0 then
fied by the document to be played. Mz 2 Ms N M,



In such a case, the adaptation should not authorise models AbB [A]
that were not models of the source specification. AmB [KP_?]
Problem (refining-parsimony). if M, N M, # 0 then /

Mz € M. B aoe Amis BiA]

Unfortunately, no guarantee is given that the languages B
used for expressing the specifications and the adaptation con- AbiB

straints allow the expression of a specification satisfying these

requirements. N Figure 3: The four solutions corresponding the linearization
Problem (representability). Vs € S;Vp C A, Doest(s) €  ofan overlapping.Marso(1))-
S exist such that1 () = M N M,,.

Moreover, one constraint that should be achieved by a s
mantic approach is that the result of adaptation must not d
pend on the syntactic form of the specification.

i / . —
iﬁlglbIim/\/gsyntixAllndca,pendence).Vs, s € SM, = Va}rious methgds exist for aggregating distanceg (e.g.., sin-
80 = IV (s) 7(s") o le linkage, full linkage, Hausdorf distance). The single link-
Taking the semantic approach to multimedia documengge (j.e., the distance between two sets of models is the small-
adaptation allows the characterisation of adaptation in a verggt distance between a pair of elements of both sets) seems
general way depending only on model theoretic considerapetter for semantics because the designer of the specification
tions. In particular, these definitions are totally mdependenta|ways has a privileged model in mind.
from the language used for expressing documents and profiles The second element is the distanééhat is considered
as well as the multimedia object and constraint types. hereaftet.
This characterisation clearly emphasises the constraints
that a refining adaptation must meet and that can be oved.1 Distance on the qualitative models

§§efinition 9 (Distance between sets of models).

AM M) = Frie momr e d(m, m’)

looked when programming the transformation. _ The first distance that comes to mind consists of counting

Transgressive adaptation is more difficult to characterisgne relations between two objects that differ between models.

and this is considered in the next section. It is comparable to the Hamming distance (i.e., the cardinal

. L of the symmetric difference between two sets) counting the

4 Transgressive adaptation in the temporal propositional atoms that do not have the same truth-value in
dimension propositional logidDalal, 1988. Because qualitative models

orrespond to resolved relation graphs, the distance is easily
7(s) as close as possible to the source specificati@eman- computed by counting the labels which differ between each

tically, this amounts to find the specifications whose modelPa" of objects. The distance is defined on graphs (and more
are the closest possible to those of the source specificatioR€CiSely on their labelling functions).

Figure 3 shows the set of models satisfying MSO(1). A dis-Definition 10 (Distance between resolved relation graphs).
tanceA must be defined between two sets of models in order

to find which models to select.

Problem (compactness).if M, N M, = () then A0 N) = S wen {1 it X((n,n')) # XN ((n,n'))

(s) = MA(MS/,MS){SI €S My C M,) . 0 otherwise
Example 7. Concernings;, the four models are all at the

Example 6. For f[he spe_cificat_ionl = ({4, B}, {A{O}B.}> same distance from the model of the source specification be-
and the constraint of displaying only one graphic object alé

once (MSO(1)). adaptation must be transgressive. The 1 ausg _they all differ by two relations (the one between A and
possible models correspond to the 13 possible Allen rela- andits convgrse). . o

tions. Among these models, only those built from before In order to find more precise results that discriminate be-
({b}), meets ({m}), met by ({mi}) and after ({bi}) satisfy the tween the four models of the example, the relations between

adaptation property MSO(1). These possible combination&tervals can be transcribed into relations between their begin
are presented in Figure 3. and end points and the same sort of distance can be used.

Applying a semantic approach to transgressive adaptation.2 Point-based distance on the qualitative models

can be compared to the use of the semantic approach fqrhe relations of the interval algebra can be represented by

k{lowtlegge Ease r%v?ldrﬁ)alghl, 1h988.tr-1r Tihw'" be tlhe df.'rft relations of the instant algebra between the endpoints of the
step taken nere. but we wilt show that the Simple distlancgy, o515 For instance, the meet relation)(will be repre-

;J_seddfordcomparlr;g nlc/lodels IS ngt sufflg_lent fortr?d?(ptgwgfmul- ented byy(m) = (<, <,=, <). The distance between two
Imedia documents. vieasures depending on the Kind of MUiyaya1s based on their endpoints will be the number of posi-

timedia objects are required. . : i .
The usual way to compute the distance between sets &ons in the 4-uple that differ.

models is function of a distanegbetween two models and 1The metrics presented satisfy all the properties of distances
a method of aggregatioh. [Monjardet, 1981 This is not discussed due to space constraints.

The goal of transgressive adaptation is to find a specificatio



Definition 11 (Distance between interval relations based
on endpoints).

bt =i, {3 A0 £

0 otherwise

The distance between models is the sum of the distance
between each interval relation.

Figure 4: Conceptual neighbourhood grapfy).

Definition 12 (Distance between models based on end-

points).
Definition 14 (Conceptual distance). The conceptual dis-
A X)) = Sy end(A((n, '), X ((n,n'))) tanced’ between two relations is the length of the shortest
/N X
Example 8. Table 2 exhibits the relations on endpoints pre—path betweem andr” in the graph ofVy.
served by each of the four models gf satisfying the adap- Then the distance between models can be expressed by

tation constraint with regard to the model of the source specsumming up the conceptual distances between the relation-
ification. This distance discriminates better the models foiships used in both models.

Definition 15 (Conceptual distance between models).

A /B~ | A"/BT | AT/B~ [ AT/BT [ ¢
AoB < < > < 0
AbB < < < < 1 d()‘v)‘/) = Zn,n’GNal(/\«nvn/»?)‘/(<n7n/>))
AmB < < = < 1 Example 9. Concernings;, the models satisfying the adapta-
AmiB > = > > 3 tion constraint MSO(1) are at different conceptual distances
AbiB > > > > 3 from the source specification: before is at a distance of 2,

] . . L meet is at a distance of 1, met by is at a distance of 5 and after
Table 2: Relations preserved by the linearization of an overis at 5 distance of 6. So the closest solution to serializing the

lap overlap relation is meet. This corresponds to the intuition.

adapting situatiors;. Two models (before and meets) are ® Limitations

clearly preferred over the others (met by and after). But in£xtending the presented work to the spatial dimension does
tuitively, it seems that meet is a better solution because ihot look very difficult. The logical dimension is even eas-
reduces the distance between the two objects which wherigr because it provides a very structured organisation of the
previously overlapping. We show that it is possible to find adocument that, we conjecture, can yield direct adaptation. So

distance conforming to this intuition. the proposed approach is able to cope with adaptation in each
. . . dimension of the document.
4.3 Conceptual distance in the interval algebra Real difficulties arise when hypermedia and temporal and

The problem with the former distance is that it does not takespatial dimensions are considered together. As a matter of
into account the topological structure of temporal relationsfact, the presence of hypermedia links which, when triggered
(i.e., it only counts differing relations on endpoints or inter- by the users, jump to other parts of the presentation, introduce
vals without consideration for a proximity between the dis-non-determinism in the interpretation of documedalal et
agreeing relations). To take this proximity into account, weal., 1996; Fargieet al, 1998. This non determinism does
take advantage of the notion of conceptual neighbourhoodot easily fit with the conceptual neighbourhood approach
[Freksa, 199band the shortest path distance in its graph (seavhich favours continuity.
Figure 4). A further analysis shows that the temporal information

Conceptual neighbourhood attempts at capturing the proxsontained in specifications is not sufficient for a good adapta-
imity between qualitative relations by observing the effects oftion. For instance, considering two panels composed of two
transforming the related objects. pictures each (AB and then CD, like in Figure 1) and the
MSO(1) constraint, the closest models linearizing the presen-
tation are ABCD and ABDC with a conceptual distance of
18. However, if both panels aim at comparing two objects
O1 (right) and O2 (left) on the basis of two features (one by
panel), preserving the parallelism (which suggests the com-
parison) imposes the choice of ABCD. The absence of in-
formation about the comparison is missing from the speci-

The conceptual neighbourhood relation for the transformafication resulting in lower quality adaptation. Some authors
tion that moves one endpoint without affecting the others idRutledgeet al., 2004 have proposed to use rhetorical struc-
given in Figure 4. tures[Mann and Thompson, 198ih order to choose a better

A distance between relations can be directly computegbresentation at the formatting stage. This could be useful for
from the graph. the adaptation stage as well.

Definition 13 (Conceptual neighbourhood). The concep-
tual neighbourhood relation is a binary relatidii* between
elements of a set of relatiors such thatN (r, ') iff the
continuous transformatio of a situation involving two in-
dividualsz andy can transformr(z, y) into v’ (z, y) without
transiting by a third relation.



6 Related work AAAI, Philadelphia (PA US)pages 475-479, Philadelphia

The most related work is that ¢Dalal et al,, 1994, which (PAUS), 1988. AAAI.

describes the generation of multimedia presentations througfrargieret al, 1998 Hélene Fargier, Muriel Jourdan, Nabil

the negotiation of the temporal constraints. Like the work Layaida, and Thierry Vidal. Using temporal constraints

presented here, the temporal specifications are expressed bynetworks to manage temporal scenario of multimedia doc-

Allen relations. The approach differs because we consider an uments. InProceedings of ECAI 98 Workshop on Spatial

existing specification to be adapted where the authors gen- and Temporal Reasoningrighton (UK), 1998.

erate schedules and preferences among them on the fly. $preksa, 1995 Christian Freksa. Temporal reasoning based

there is no alteration of already existing constraints based on on semi-intervals. Artificial Intelligence 54(1—2):199—

the semantic characterisation, but a satisfiability check and 227 1996.

negotiation of constraints when inconsistency is detected. . N . . L
The transgressive adaptation can be compared with the (LGardenfors, 1992Peter Gardenfors, editoBelief revision

vision in knowledge basdsardenfors, 1992 the addition Cambridge university press, Cambridge (GB), 1992.

of a new (adaptation) constraint leads to inconsistency. IfLayaida, 199F Nabil Layaida.Madeus: Systeme d’édition

is necessary to find a new specification satisfying this con- et de présentation de documents structurés multimédia

straint and not too different from the source specification. These d’informatique, Université Grenoble 1, 1997.

One difference is that adaptation constraints are not alwayg emlouma and Layaida, 20pTrayeb Lemlouma and Nabil
formulas of the specification language. Having several con- | ayaida. The negotiation of multimedia content services
straints raises problems similar to incremental revision: since heterogeneous environments.Aroc. 8th International

the constraints are not provided in a sequence butinaset, itis conference on Multimedia Modeling (MMMQ1pages
important that the adaptation does not depend on some order 187206, Amsterdam (NL), 2001.

of presentation constraints. Although transgressive adapta- -
tion is neither revision (it does not correspond to some changtwj?ﬂgring;hogﬁ:&?icﬁzm'géﬁ:g trl:/él}%r:n. :Qﬁeo\?ar:)?rtaext
in our knowledge) nor update (it cannot be compared to the organigatio.n Technical Report RS—87¥i90 Inte?/national

acquisition of a new information), more generic techniques . . ;
developed for revision could be used in the context of multi-  COMPuter Science Institute, Marina Del Rey, CA, 1987.

media adaptation. [Monjardet, 1981 Bernard Monjardet. Metrics on par-
tially ordered sets — a survey.Discrete mathematics

J_Rutledgeet al, 2004 Lloyd Rutledge, Jim Davis, Jacco van
Ossenbruggen, and Lynda Hardman. Inter-dimensionnal
hypermedia communicative devices for rhetorical struc-

This paper applied a semantic approach to multimedia doc
ments and their adaptation. This allows for a precise defini-
tion of what is expected _from the adaptation .Of these doc- ture. InProc. 7th International Conference on Multimedia
uments and the comparison of the results given by hand- Modeling (MMMO00) pages 89105, Nagoya (JP), 2000
made transformation with what was expected. It proposes a 9 pag » Nagoy ' '
model-based distinction between compliant documents, refilvan Beek, 199p Peter van Beek. Reasoning about quali-
ing adaptation and transgressive adaptation. This framework tative temporal informationAtrtificial Intelligence 58(1-
has been applied to the temporal dimension of the documents 2):297-326, 1992.

providing measures for sharply discriminating the possiblg\illard, 2001 Lionel Villard. Authoring transformations
transgressive adaptations. by direct manipulation for adaptable multimedia presenta-

As discussed above, there remains more work to be carried tions. InProc. ACM Symposium on Document Engineer-
out for covering all the aspects of multimedia documents and ing (DocEng’01) pages 125-134, Atlanta (US), 2001.

for deepening the specification of documents and adaptati e
constraint so that the adaptation produces quality results. Opwﬁtfp/l/m\yvg%rg /TR?F\'YIE”E:-S]I;]% / Specificatian 1998.
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