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This paper presents the results of the VENUS european project aimed at providing

scientific methodologies and technological tools for the virtual exploration of deep wa-

ter archaeological sites. We focused on underwater archaeological 3D surveys validation

problem. This paper shows how the validation problem has been tackled within the Re-

moved Sets framework, according to Removed Sets Fusion (RSF) and to the Partially

Preordered Removed Sets Inconsistency Handling (PPRSIH). Both approaches have

been implemented thanks to ASP and the good behaviour of the Removed Sets oper-

ations is presented through an experimental study on two underwater archaeological

sites.

1 Introduction

The VENUS European Project (Virtual ExploratioN of Underwater Sites, IST-
034924)1 aimed at providing scientific methodologies and technological tools for
the virtual exploration of deep underwater archaeology sites. In this context,
digital photogrammetry is used for data acquisition. The knowledge about the
studied objects is provided by both archaeology and photogrammetry. One task
of the project was to investigate how artificial intelligence tools could be used
to perform reasoning with underwater archaeological 3D surveys. More specif-
ically, this task focused on the validation problem of underwater artefacts 3D
surveys. Within this project two different conceptual descriptions of the surveyed
artefacts have been proposed leading to two different solutions both developed
within the Removed Sets framework. This syntactic approach is more suitable
than a semantic one, in order to pinpoint the errors that cause inconsistency.
The present paper provides a synthesis of these two solutions. The first solu-
tion stems from the Entity Conceptual Model for modeling generic knowledge
and uses instanciated predicate logic as representation formalism and Removed
Sets Fusion (RSF) with Sum strategy for reasoning [9]. The second one is based
on an application ontology for modeling generic knowledge and the belief base
is represented in instanciated predicate logic equipped with a partial preorder

1 http://www.venus-project.eu
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and Partially Preordered Removed Sets Inconsistency Handling (PPRSIH) for
reasoning [17]. The paper is organized as follows. After describing in Section 2
the validation problem in the context of the VENUS project, Section 3 gives
a brief synthetic presentation of the Removed Sets framework. Section 4 shows
how the validation problem is expressed as a RSF problem while Section 5 shows
that how the validation problem can be reduced to a PPRSIH problem. Finally,
Section 6 discusses the results of the experimental study before concluding.

2 The Validation Problem in VENUS

In the context of the VENUS project, digital photogrammetry is used for data
acquisition. Usual commercial photogrammetric tools only focus on geometric
features and do not deal with the knowledge concerning the surveyed objects.
The general goal is the integration of knowledge about surveyed objects into the
photogrammetric tool ARPENTEUR [5] in order to provide more “intelligent”
3D surveys. In this project, we investigated how Artificial Intelligence tools can
be used for representing and reasoning with 3D surveys information.

Within the context of underwater archaeological surveys, we deal with infor-
mation of different nature. Archaeologists provide expert knowledge about arte-
facts, in most of the cases amphorae. Archaeological knowledge takes the form of
a characterization of amphorae thanks to a typology hierarchically structured.
For each type corresponds a set of features or attributes which we assign an
interval representing the expected values for an amphora of this type.

The data acquisition process provides measures coming from the photogram-
metric restitution of surveyed amphorae pictures on the underwater site (see ➀
in figure 1). These observations usually are uncertain, inaccurate or imprecise
since the pictures are taken “in situ”, their quality could not be optimal, be-
cause of the hostile environment: weather conditions, visibility, water muddying,
site not cleaned, . . . Moreover, errors could occur during the restitution step.
For all these reasons, the archaeological knowledge (see ➁ in figure 1) and the
data coming from the photogrammetric acquisition process could conflict. This
special case of inconsistency handling is a validation problem because the mea-
sured values of attributes of a surveyed amphora “in situ”, an instance, may not
fit with the characterization of the amphorae type it is assumed to belong to.
The VENUS project does not use image recognition. The generic knowledge is
inserted in the system by the experts. There is no automatic image recognition
since the experts recognise the objects in the image during the measuring step
thanks to their a priori knowledge.

Example 1. We illustrate the validation problem with the Pianosa island site
[12]. There are 8 types of amphorae: Dressel20, Beltran2B, Gauloise 3, . . . and
each type of amphorae is characterized by 9 attributes, totalHeight, totalWidth,
totalLength, bellyDiameter, internalDiameter, . . . [14]. However, the only measur-
able attributes are totalHeight, totalLength2. Default values for these attributes

2 For amphorae the attributes totalWidth and totalLength have the same value since
there are revolution objects.
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take the form of a range of values [v − v.t%, v + v.t%] centered around a typi-
cal value v (expressed in m.) where t is a tolerance threshold. For example, the
default values for the attributes totalHeight and totalLength for the Dressel20
type are [0.5328, 0.7992] and [0.368, 0.552], while for a Beltran2B type they
are [0.9008, 1.3512] and [0.3224, 0.4836]. Suppose, during the photogrammetric
restitution process, the expert focuses on a given amphora, he recognizes as a
Beltran2B. When the survey provides the values 1.13 as totalHeight and 0.27 as
totalLength, the question is do these values fit with the characterization of the
Beltran2B? When the values do not fit, the most probable reason is that the
measures are incorrect due to bad conditions of acquisition.

In order to provide a qualitative representation of this validation problem, a con-
ceptual description of archaeological knowledge is required (see ➁ in figure 1).
Several conceptual descriptions have been used within the VENUS project. At
the beginning of the project, we used a object oriented conceptual description,
restricted form of the Entity Model approach [16]. The restricted Entity Model
is denoted by E = {C, Vd, CI} where C is a concept (or a class), Vd is the set
of default values for the attributes, CI is a set of constraints on attributes. The
concepts are the types of amphorae surveyed on the archaeological site. For each
concept, that is each type of amphorae, we represent the measurable attributes.
The default values for these attributes take the form of a range of values and Vd is
a set of intervals, each interval corresponding to the possible values of attributes
for a given type of amphorae. The set of constraints on the attributes CI consists
in integrity contraints, domain constraints and conditional constraints which ex-
press the compatibility of the measured values of attributes with the default values
of attributes for a given type. The belief profile consists of the generic knowledge
according to the restricted Entity Model provided by the typology.xml file and
of the instances of amphorae provided by the amphora.xml file.

During the project, we constructed an application ontology [13] from a do-
main ontology which describes the vocabulary on the amphorae (the studied
artefacts) and from a task ontology describing the data acquisition process. This
ontology consists of a set of concepts, relations, attributes and constraints like
domain constraints. The belief base contains the application and ontology, con-
straints and observations. The ontology represents the generic knowlegde which
is preferred to observations. Due to the lack of space, we only consider a small
part of the ontology (Figure 2).

3 The Removed Sets Framework

The Removed Sets framework provides a syntactic belief change approach for
revision and fusion. When dealing with belief change operations since we deal
with uncertain, incomplete, dynamic information, inconsistency can result. In
order to provide a consistent result of the change operation, the Removed Sets
approach focuses on the minimal set of formulae to remove, called Removed sets,
in order to restore consistency. The Removed Sets operations have been proved to
be equivalent to the ones based on maximal consistent subsets [15,4,1]. However,
in the context of applications where few inconsistencies may occur, the Removed
Sets approach seems to be more efficient when implementing large belief bases.
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Fig. 1. General scheme

Initially, the Removed Sets approach has been proposed for revising proposi-
tional formulae in CNF (RSR [11,18]). It has then been generalized to arbitary
propositional formulae for revision and fusion (RSF [9]). The Removed Sets ap-
proach has been extended to totally preordered belief bases (PRSR [2]), (PRSF
[8]) and more recently to partially preordered belief bases for revision (PPRSR
[17]). A central notion is the one of potential Removed Set3 which are sets of
formulas whose removal restores consistency into the union of belief bases.

Definition 1. Let E = {K1, . . . , Kn} be a belief profile such that K1, . . . , Kn

are propotional belief bases and K1� . . .�Kn is inconsistent (� denotes set union
with accounting for repetitions). X ⊆ K1 � . . . � Kn is a potential Removed
Set of E if and only if (K1 � . . . � Kn)\X is consistent.

The collection of potential Removed Sets of E is denoted by PR(E). Since the
number of potential Removed Sets of E is exponential w.r.t. the number of for-
mulae, we only consider the minimal potential Removed Sets w.r.t. set inclusion.
Moreover belief change operations or belief change strategies are formalized in
terms of total preorders or partial preorders on potential Removed Sets minimal
w.r.t. set inclusion.

3.1 Removed Sets Fusion

For Removed Sets Fusion, the fusion strategies (Card, Sum, Max, GMax) are
formalized thanks to a total preorder over PR(E). Let X and Y be two potential

3 We give the definitions in the general setting of fusion where revision is a special
case.
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Removed Sets, for each strategy P a total preorder≤P over the potential Removed
Sets is defined. X ≤P Y means that X is preferred to Y according to the strategy
P . We define <P as the strict total preorder associated to ≤P (i.e. X <P Y if and
only if X ≤P Y and Y �≤P X).

Definition 2. Let E = {K1, . . . , Kn} be a belief profile such that K1 � . . . �Kn

is inconsistent. X ⊆ K1 � . . . � Kn is a Removed Set of E according to the
strategy P if and only if i) X is a potential Removed Set of E; ii) �X ′ ∈ PR(E)
such that X ′ ⊂ X; iii) �X ′ ∈ PR(E) such that X ′ <P X.

The collection of Removed Sets of E according to the strategy P is denoted by
RP (E). The Removed Sets Fusion operation is defined by:

Definition 3. Let E = {K1, . . . , Kn} such that K1 � . . . � Kn is inconsistent.
The merging operation is defined by: ΔRSF

P (E) =
⋃

X∈RP (E){(K1�. . .�Kn)\X}.

3.2 Partially Preordered Removed Sets Inconsistency Handling

Let K be a finite set of arbitrary formulae and �K be a partial preorder on
K. Restoring the consistency of a partially preordered belief bases involves the
definition of a partial preorder on subsets of formulae, called comparators [3,19].
Several ways have been proposed for defining a preference relation on subsets
of formulae of K, from a partial preorder �K . In the VENUS project, we focus
on the lexicographic preference [19] which extends the lexicographic preorder
initially defined for totally preordered belief bases to partially preordered belief
bases. The belief base K is partitionned such that K = E1 � . . . � En (n ≥ 1)
where each subset Ei represents an equivalence class of K with respect to =K

which is an equivalence relation. A preference relation between the equivalence
classes Ei’s, denoted by ≺s is defined by Ei ≺s Ej iff ∃ϕ ∈ Ei, ∃ϕ′ ∈ Ej

such that ϕ ≺K ϕ′. This partition can be viewed as a generalization of the
idea of stratification defined for totally preordered belief bases. We rephrase the
lexicographic preference defined in [19] as follows:

Definition 4. Let �K be a partial preorder on K, Y ⊆ K and X ⊆ K. Y is said
to be lexicographically preferred to X, denoted by Y �� X, iff ∀i, 1 ≤ i ≤ n:
if |Ei ∩ Y | > |Ei ∩ X | then ∃j, 1 ≤ j ≤ n such that |Ej ∩ X | > |Ej ∩ Y | and
Ej ≺s Ei.

Let PR(K) be the set of potential removed sets. Among them, we want to prefer
the potential removed sets which allow us to remove the formulae that are not
preferred according to �K . Therefore we generalize the notion of Removed Sets
to subsets of partially preordered formulae. We denote by R�(K) the set of
removed sets of K.

Definition 5. Let K be an inconsistent belief base equipped with a partial pre-
order �K. R ⊆ K is a removed set of K iff i) R is a potential removed set; ii)
�R′ ∈ R�(K) such that R′ ⊂ R; iii) �R′ ∈ R�(K) such that R′ �� R.

Definition 6. Let K be an inconsistent belief base equipped with a partial per-
order �K . Restoring the consistency leads to a consistent belief base K ′ such
that K ′ =

⋃
X∈R�(K){K\X}.
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3.3 ASP Implementation

In order to implement belief change operations within the Removed sets frame-
work, we translate the belief change problem into a logic program with answer
set semantics. This method proceeds in two stages. The first stage consists in the
translation of E into a logic program ΠE and we have shown that the answer
sets of ΠE correspond to the potential removed sets of E [9].

Let E be a belief profile4. Each propositional variable a occuring in E is
represented by an ASP atom a ∈ A in ΠE . The set of all positive, (resp. negative)
literals of ΠE is denoted by V +, (resp. V −). The set of rule atoms representing
formulae is defined by R+ = {rf | f ∈ E} and FO(rf ) represents the formula of
E corresponding to rf in ΠE , namely ∀rf ∈ R+, FO(rf ) = f . This translation
requires the introduction of intermediary atoms representing subformulae. We
denote by ρj

f the intermediary atom representing f j which is a subformula of
f ∈ E. The first part of the construction has two steps:

1. We introduce rules in order to build a one-to-one correspondence between
answer sets of ΠE and interpretations of V +. For each atom, a ∈ V + two
rules are introduced: a ← not a′ and a′ ← not a where a′ ∈ V − is the
negative atom corresponding to a.

2. We introduce rules in order to exclude the answer sets S corresponding
to interpretations which are not models of (E\F ) with F = {f | rf ∈ S}.
According to the syntax of f , the following rules are introduced: (i) If f =def

a then rf ← not a is introduced; (ii) If f =def ¬f1 then rf ← not ρf1 is
introduced; (iii) If f =def f1∨. . .∨fm then rf ← ρf1 , . . . , ρfm is introduced;
(iv) If f =def f1 ∧ . . . ∧ fm then it is necessary to introduce several rules:
∀1 ≤ j ≤ m, rf ← ρfj .

This stage is common to any belief change operation while the next one depends
on the chosen belief change operation.

In case of fusion the second stage provides, according to selected strategy P ,
another set of rules that leads to the program ΠP

E and we have shown [9] that
the answer sets of ΠP

E correspond to the removed sets of E for a strategy P .
In the validation problem since we have to minimize the number of formulae to
remove, therefore the number of formulae occuring in a removed set, we select
the Sum strategy. This strategy is expressed by the minimize{} statement and
the new logic progam ΠSum

E = ΠE ∪minimize{rf | rf ∈ R+} is such that the
answer sets of ΠSum

E which are provided by the CLASP solver [7] correspond to
the removed sets of ΔRSF

Sum(E) [9].
In case of partially Preordered Removed Sets Inconsistency Handling the

CLASP solver [7] gives the answer sets of ΠE . We then construct a partial
preorder between them using the lexicographic comparator ��. We have shown
in [17] that the preferred answer sets according to �� correspond to the removed
sets of E. We used a java program to partially preorder the answer sets to ob-
tain the preferred answer sets. Since the lexicographic comparator satisfies the
monotony property [19], it is sufficient to compare the answer sets which are
minimal according to the inclusion. Moreover, the determination of the minimal
4 In case of inconsistency handling the profile E is reduced to a belief base K.
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answer sets according to this partial preorder does not increase the computa-
tionnal cost, since this cost is insignificant compared to the cost of answer sets
computation by CLASP.

4 The Validation Problem within RSF

In order to represent the validation problem within the RSF framework and to
implement it with ASP, we represented this problem with instanciated predicate
logic. The belief profile consists of two belief bases. The first one stems from
the restricted Entity Model conceptual description and represents the generic
knowledge. We introduce the predicates type(x, y) and cmp(z, y, x) where x is
an amphora, y is a type of amphorae and z is an attribute. type(x, y) expresses
that an amphora x belongs to a type y and cmp(z, y, x) expresses that an at-
tribute z of an amphora x of type y has a value compatible with the possible
values for the type y, as specified in 2. The domain constraints specify that an
amphora must have one and only one type. For n types of amphorae, for each
amphora there is one disjunction type(x, y1) ∨ . . . ∨ type(x, yn) and n(n − 1)/
2 mutual exclusion formulae ¬type(x, yi) ∨ ¬type(x, yj). The conditional con-
straints specify the compatibility of the attributes values with respect to the
type. For each amphora x, for each attribute z and for each type y, there is a
formula type(x, y) → cmp(z, y, x). Let m be the number of attributes, the in-
compatibility of type specifies that for each amphora and each type there is a
formula ¬cmp(z1, y, x) ∧ . . . ∧ ¬cmp(zm, y, x) → ¬type(x, y). The second belief
base represents the instances of amphorae: the type the observed amphora be-
longs to (namely type(x, y)) and the compatible attributes with the type (namely
cmp(z, y, x)). We illustrate the RSF approach with the example 1.

Example 2. We limit ourselves to only two types of amphorae Beltran2B and
Dressel20, respectively denoted by B2B and D20 thereafter, and to the sur-
vey of one observed amphora (denoted by 4 hereafter). Two attributes are
used: totalHeight (denoted by tH) and totalLength (denoted by tL). The
first belief base is automatically generated from the typology.xml file and
K1 = {¬type(4,B2B) ∨ ¬type(4,D20), type(4,B2B) ∨ type(4,D20), type(4,D20) →
cmp(tH,D20, 4), type(4, D20) → cmp(tL,D20, 4), type(4,B2B) → cmp(tH, B2B, 4),

type(4,B2B)→ cmp(tL, B2B, 4), ¬cmp(tH,B2B, 4) ∧ ¬cmp(tL, B2B, 4) → ¬type(4,

B2B), ¬cmp(tH,D20, 4) ∧ ¬cmp(tL, D20, 4) → ¬type(4,D20) }. The second belief
base corresponding to the observed amphora is automatically generated from
typology.xml and amphora.xml files and K2 = {type(4,B2B), cmp(tH,B2B, 4)}.
The operation ΔRSF

Sum,�(E) where E = {K1, K2} is translated into ΠSum
E as

follows:

cmp(tH,B2B, 4). 1 {type(4, d20), type(4,B2B)} 1.
r(x0)← not type(4,B2B). n type(4,B2B)← r(x0).
r(x5) ← type(4, d20), not cmp(tH, d20, 4),

not cmp(tL, d20, 4).
← n type(4, d20), type(4, d20).

r(x1)← type(4, d20), not cmp(tH,d20, 4). n cmp(tH,d20, 4)← r(x1).
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r(x2)← type(4, d20), not cmp(tL, d20, 4). n cmp(tL, d2, 4)← r(x2).
r(x6) ← type(4,B2B), not cmp(tH,B2B, 4),

not cmp(tL, B2B, 4).
← n type(4,B2B), type(4,B2B).

r(x3)← type(4,B2B), not cmp(tH,B2B, 4). n cmp(tH,B2B, 4)← r(x3).
r(x4)← type(4,B2B), not cmp(tL,B2B, 4). n cmp(tL, B2B, 4)← r(x4).

minimize {r(x0), r(x1), r(x2), r(x3), r(x4)r(x5), r(x6)} .

Note that the ASP translation uses some shortcuts compared to the translation
scheme depicted in section 3.3. Thanks to the cardinality literals by recent ASP
solvers, the unique type constraint is reduced to a single rule 1 {type(4, d20),
type(4, B2B)} 1. Also, the generation of the rule corresponding to type(4, B2B)
and the mutual exclusion between this atom and its classical negation are com-
pacted into a single rule.

The only answer set of the above program is {cmp(tH, B2B, 4),
type(4, B2B), r(x4), n cmp(tL, B2B, 4)} which corresponds to the removed set
{type(4, B2B) → cmp(tL, B2B, 4)} that pinpoints a bad measure for the total
length attribute under the hypothesis of an amphora of type Beltran2B.

5 The Validation Problem within PPRSIH

The conceptual description in this approach is represented in terms of an appli-
cation ontology and an extract is illustrated in Figure 2.

Fig. 2. Extract of the application ontology

The belief base consists of the application ontology, the constraints and the
instances of amphorae represented in predicate logic. The introduced predicates
are shown in an instanciated version in Table 1. The formulae corresponding to
the extract of the ontology are given below where amph, amph it, arch it, meas it,

metro, has metro, tL, tH , type denote amphora, amphora item, archaeological item,

measurable item, metrology , has metrology, totalLenght, total Height, typology re-
spectively: ∀x arch it(x)→ meas it(x), ∀x amph it(x) → arch it(x), ∀x amph(x)→
amph it(x), ∀x meas it(x) → ∃z has metro(x, z), ∀x∀z has metro(x, z) → metro(z),

∀z metro(z)→ ∃l tL(z, l)∧∃h tH(z, h), ∀x amph(x)→ amph it(x)∧(type(x,y1)∨· · ·∨
type(x, yn)). The set of constraints consists in integrity constraints which specify
that the value of attributes do not exceed a given value, domain constraints are
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specified by cardinality constraints within the application ontology and condi-
tional constraints express the compatibility of the attribute values with respect
to the type. The domain constraints are expressed like in Section 4 by one dis-
junction ∀x type(x, y1)∨· · ·∨ type(x, yn) and n(n−1)/2 mutual exclusion formulae
¬type(x, yi)∨¬type(x, yj). The integrity constraints are expressed by the formulae:
∀x meas it(x) → ∃z∃h(tH(z, h) ∧ cmpMItH(h,x)), ∀x meas it(x) → ∃z∃l(tL(z, l)∧
cmpMItL(l, x)), ∀x arch it(x)→ ∃z∃h(tH(z,h)∧ cmpARItH(h,x)), ∀x arch it(x) →
∃z ∃l (tL(z, l) ∧ cmpARItL(l, x)), ∀x amph it(x)→ ∃z∃h(tH(z,h)∧ cmpAItH(h,x)),

∀x amph it(x)→ ∃z∃l(tL(z, l)∧ cmpAItL(l, x)). The conditional constraints are ex-
pressed by the formulae: ∀x type(x, yi)→ ∃z∃h(tH(z, h)∧cmptH(h, yi)) ∀x, type(x, yi)

→ ∃z∃l(tL(z, l) ∧ cmptL(l, yi)). The formulae corresponding to the instances of
amphorae are amph(x), type(x, y), metro(z), meas it(x), arch it(x), amph it(x),

has metro(x, z), tL(z, l) ∧ cmpMItL(l, x) ∧ cmpARItL(l, x) ∧ cmpAItL(l, x) ∧
¬cmptL(l, yi) and tH(z, h) ∧ cmpMItH(h,x) ∧ cmpARItH(h,x) ∧ cmpAItH(h,x) ∧
¬cmptH(h, yi). The belief base is equipped with a partial preorder which reflects
the hierarchy of concepts in the ontology. Moreover constraints are preferred
to the ontology which is preferred to the instances. We illustrate the PPRSIH
approach thanks to example 1.

a = b
↓
ai

INSTANCE ↓
ari m =
↓ l ∧ cMIl

∧ cARIl
∧ cAIl

∧ ¬clb
=

mi = hm h ∧ cMIh
∧ cARIh

∧ cAIh
∧ chb↓

a → ai ∧ b
↓

ai → ari ↓
ontology ↓

ari → mi

↓
GENERIC mi → hm = hm → m m → l ∧ h

KNOWLEDGE ↘ ↙
(d ∨ b) ∧ (¬b ∨ ¬d) =

d → l ∧ cld
= d → h ∧ chd

= b → l ∧ clb
= b → h ∧ chb↓

constraints ai → h ∧ cAIh
= ai → l ∧ cAIl↓

ari → h ∧ cARIh
= ari → l ∧ cARIl↓

mi → h ∧ cMIh
= mi → l ∧ cMIl

Fig. 3. Partial preorder on formulae of the belief base

Example 3. We limit ourselves to the amphorae types Beltran2B and Dressel20
and to the survey of the observed amphora denoted by 4. Table 1 presents the
instanciated predicates and Figure 3 illustrates the partially preordered belief
base.

The validation problem is translated into a logic progam ΠE in the same
spirit than the one presented in section 3.3. CLASP provides 1834 answer sets.
However, if only focusing on the minimal answer sets with respect to inclusion
we have to partially preorder 320 answer sets. According to the lexicographic
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Table 1. Instanciated predicates and their corresponding proposition p

predicate p predicate p predicate p

meas it(4) mi arch it(4) ari amph it(4) ai

amph(4) a metro(m) m type(4,Dressel20) d
type(4,Beltran2B) b has metro(4,m) hm tL(m, l) l

tH(m,h) h cmpMItL(l, 4) cMIl cmpARItL(l,4) cARIl

cmpAItL(l, 4) cAIl cmpMItH(h,4) cMIh cmpARItH(h,4) cARIh

cmpAItH(h,4) cAIh cmptL(l, Dressel20) cld cmptH(h,Dressel20) chd

cmptL(l, Beltran2B) clb cmptH(h,Beltran2B) chb
amph(4) a

type(4,Beltran2B) b metro(am) am

comparator ��, we obtain two uncomparable preferred answer sets S1 and S2

such that FO(S1∩R+) = {a, b} and FO(S2∩R+) = {l∧cARIl
∧cAIl

∧cMIl
∧¬clb}.

Therefore, there are two removed sets R1 = {a, b} and R2 = {l∧ cARIl
∧ cARIl

∧
cMIl

∧ ¬clb}. The removed set R1 pinpoints the typology while R2 pinpoints
that the value of TotalLength attribute may be wrong. This approach provides
2 removed sets while the RSF one only provides one removed set. The reason is
that in PPRSIH approach the typology is only suspected if the value of one of
the attributes is incompatible while in RSF approach the typology is suspected
if the values of more than one attributes are incompatible.

6 Concluding Discussion

We now present the results of the experimental study, first on the full Pianosa
survey which contains 40 amphorae then on the Port-Miou survey which con-
tains 500 amphorae. We used 4 different tolerance thresholds t around the typical
values of each type: 20%, 10%, 5% and 1% and N denotes the number of inconsis-
tent amphorae. The CPU times T 1, T 2, T 3 and T correspond to the translation
from the XML files to the logic program, the ASP implementation of RSF, the
translation from ASP to an XML file and the total time T 1 + T 2 + T 3 respec-
tively. The tests were conducted on a Centrino Duo cadenced at 1.73GHz and
equipped with 2GB of RAM. The results are summarized in Table 2.

Table 2. CPU times (s) for RSF and PPRSIH on two surveys

(a) Pianosa survey (40 amphorae)

RSF PPRSIH

t N T1 T2 T3 T T1 T2 T3 T

20 5 0.05 0.62 0.95 1.62 0.24 1.12 0 1.36
10 26 0.05 0.60 0.64 1.29 0.27 5.13 0 5.40
5 30 0.05 0.61 0.45 1.11 0.29 5.87 0 6.16
1 36 0.05 0.60 0.33 0.98 0.31 6.91 0 7.22

(b) Port Miou survey (500 amphorae)

RSF PPRSIH

N T1 T2 T3 T T1 T2 T3 T

44 0.43 5.26 0.14 5.83 0.68 9.38 0 10.06
65 0.43 5.06 0.04 5.53 0.75 13.69 0 14.44
72 0.43 4.99 0 5.42 0.81 15.03 0 15.84
81 0.43 5.06 0 5.49 0.88 16.80 0 17.68
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Concerning the knowledge representation aspect the RSF approach stems from
the Entity Model conceptual description and uses instanciated predicate logic. It
creates a flat knowledge base, with numerous formulae, where all the objects are
at the same level. In the full Pianosa survey involving 40 amphorae, the traduction
of the problem requires 8462 formulae and 4160 atoms and in the full Port Miou
involving 500 amphorae, the traduction of the problem requires 105775 formulae
and 52000 atoms. Moreover, it only considers the intrinsic constraints between ob-
jects. However, the lack of expressivity and the high number of formulae are com-
pensated by the good computational behaviour of the reasoning tasks expressed
in this language. The PPRSIH approach stems from the application ontology and
uses instanciated predicate logic equipped with a partial preorder. It creates a
more structured belief base, involving less formulae than the first approach. In
the full Pianosa survey involving 40 amphorae, the traduction of the problem re-
quires 1080 formulae and 840 atoms and in the full Port-Miou survey involving
500 amphorae and the traduction requires 6021 formulae and 4683 atoms. It al-
lows for representing the intrinsic constraints as well as the taxonomic relations
between objects, and relations between objects. The partial preorder defined on
the finite set of formulae expresses more structure than the first solution. This
approach takes advantage of the good computational behaviour of instanciated
predicate logic while expressing, in the same time, a more structured belief base.

Concerning the reasoning aspect, both implementations rely on CLASP which
is one of the most efficient current ASP solver. The results obtained on Pianosa as
well as on Port Miou survey given in Table 2 clearly show that both approaches
deal with the full survey with a very good time. However, the first solution gives
the best running times. Moreover, reducing the tolerance intervals increases the
number of inconsistencies as illustrated in table 2 and the first solution seems to
be not sensitive to this increasing while the running time of the second solution
grows with the number of inconsistencies. The consuming task comes from the
reading of the answer sets before partially ordering them in order to only select
the preferred ones. In order to improve this approach we have to investigate how
to directly encode the partial preorder on answer sets within the logic program.
Another direction to follow in order to reach a trade-off between representation
and reasoning could be to represent the validation problem in Description Logic,
since the generic knowledge in expressed in terms of ontology. However, we have
to study which low complexity Description Logic could be suitable. Moreover, we
have to study to which extent the approach combining Description logic and ASP
[6] could be used for implementation as well as the extended ASP solver to first
order logic[10].

Acknowledgements

Work partially supported by the European Community under project VENUS
(Contract IST-034924) of the ”Information Society Technologies (IST) program
of the 6th FP for RTD”. The authors are solely responsible for the content of
this paper. It does not represent the opinion of the European Community, and
the European Community is not responsible for any use that might be made of
data appearing therein.



674 J. Hué et al.
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19. Yahi, S., Benferhat, S., Lagrue, S., Sérayet, M., Papini, O.: A lexicographic inference
for partially preordered belief bases. In: Proc. of KR 2008, pp. 507–516 (2008)

http://www.venus-project.eu
 http://www.venusproject.eu
http://www.venus-project.eu

	Underwater Archaeological 3D Surveys Validation within the Removed Sets Framework
	Introduction
	The Validation Problem in VENUS
	The Removed Sets Framework
	Removed Sets Fusion
	Partially Preordered Removed Sets Inconsistency Handling
	ASP Implementation

	The Validation Problem within RSF
	The Validation Problem within PPRSIH
	Concluding Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




