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Outline	
•  Goals of this work 
•  The standard ISO 19108 “Temporal Schema” 
•  Time in archaeology: temporal information in the 

data model of the SITA@Rome/SITA@VeRone 
projects. 

•  Using ISO 19108 for describing the temporal 
information of SITAR/SITAVR data model 

•  Dealing with time vagueness in ISO 19108: an 
approach based on fuzzy sets theory 

•  Time vagueness in the data model of the SITAR/
SITAVR project 



Goals	
•  Analyse the standard ISO 19108 in order to identify 

the different features for time representation that it 
provides. 

•  Identify in the data model of the SITAR/VR project 
the temporal properties and model them using ISO 
19108 features. 

•  Dealing explicitly with time vagueness in the data 
model, in order to have a correct description of the 
knowledge about time and eventually apply 
reasoning tools for automatic inference of new 
information. 



ISO  19108	
SCOPE 
This International Standard defines concepts for describing 
temporal characteristics of geographic information.  
It depends upon existing information technology standards for 
the interchange of temporal information.  
It provides a basis for defining temporal feature attributes, feature 
operations, and feature associations, and for defining the 
temporal aspects of metadata about geographic information. 
Since this standard is concerned with the temporal 
characteristics of geographic information as they are abstracted 
from the real world, it emphasises valid time rather than 
transaction time.  



ISO  19108	
•  Temporal objects instances of TM_Object class are 

the basic concept of the standard.  
•  The standard allows one to represent both 

“geometry” and “topology” of a temporal object. 
o  Geometry defines two primitives: instants and periods on the time 

axis (geometric primitives) 
o  Topology defines two primitives: temporal nodes (abstraction of 

instants) and temporal edges (abstraction of periods) and allows to 
represent temporal relations among them. 

o  The two approaches for representing temporal data can be 
combined defining instants as realizations of nodes and periods as 
realization of edges. 

•  Calendars are modelled for defining temporal 
positions of instants in different ways. All defined 
calendars have to specify a method for the 
conversion of a calendar date into a Julian date. 



TM_Object

TM_Primitive TM_Complex

TM_GeometricPrimitive TM_TologicalPrimitive
TM_TopologicalComplex

-primitive
1..*

-complex 1

-position : TM_Position

TM_Instant
TM_Period

-begin

1..1

-begunBy

0..*

Beginning

-end

1..1

-endedBy

0..*Ending

+relativePosition(in other : TM_Primitive) : TM_RelativePosition

«interface»
TM_Order

+distance(in other : TM_GeometricPrimitive) : TM_Duration
+length() : TM_Duration

«interface»
TM_Separation

«uses»

«uses»

TM_Edge TM_Node
-previousEdge

0..*

-end

1..1Termination

-nextEdge0..* -start 1..1Initiation

0..1

0..1

Realization-geometry0..1

-topology

0..1
Realization

ISO  
19108	

Standard for 
representing 
temporal 
data – 
Instants and 
periods 
(UML class 
diagram) 

	
	

	
	

	
	

GEOMETRY	 	
	

	
	

TOPOLOGY	

associated to nodes f3 and f4 are realized as the years 1850
and 1820, respectively. Conversely, dates related to nodes
f1 and f2 are not realized, but they are located between
two dummy nodes representing the years 1800 and 1899.
Given such topological relations some automatic reasoning
techniques can be applied in order to realize also such dates.
In particular, all dates between 1820 and 1850 could be
consistent realizations for f2, while all dates between 1800
and 1820 could be consistent realizations for f1.

Fig. 5. Example of topological complex representing ordinal temporal
relations between chronologies of archaeological partition.

V. REPRESENTING VAGUENESS IN TIME

Several proposals can be found in literature about the
representation of temporal knowledge and some reasoning
algorithms have been defined for automatically deriving new
information. This paper considered both quantitative (metric)
and qualitative (logical) temporal information. In particular,
it refers to Temporal Constraint Network (TCN) and its fuzzy
extension for representing metric knowledge, while it considers
the Allen’s temporal relations for the logical one.

A. Fuzzy Temporal Constraint Network

Temporal Constraint Network (TCN) [8] is a formalism for
representing temporal knowledge based on metric constraints
among pairs of time-points. This papers considers only binary
constraints, since their expressiveness is satisfactory for many
applications.
Defintion 1 (temporal constraint network). A temporal con-
straint network N is a tuple ⟨X , C⟩, where X is a set of
variables representing time points, and C is a set of binary
constraints on those variables. Variables take values on R,
while a constraint Cij restrict the duration of the time elapsed
between two temporal variables xi, xj ∈ X [8].

A TCN can be represented by a directed graph in which
each node is associated with a variable and each arc corre-
sponds to the constraint between the connected variables.

However, in the archaeological domain, temporal knowl-
edge is generally characterized by a level of vagueness and
dates are usually expressed as interval of great possibility
together with a less possible interval. For instance, the con-
struction date of a building can be expressed as: between 1830-
1850 plus or minus 10 years. Therefore, a fuzzy representation
of time seams to be the more appropriate solution. A general-
ization of TCN based on fuzzy sets has been proposed in [4]
in order to cope with vagueness in temporal relations.

A fuzzy temporal constraint network (FTCN) is a general-
ization of TCN in which a degree of possibility is associated to
each possible value of a temporal constraint. In other words, a
constraint between a pair of time-points represents a possibility
distribution over temporal distances.

Defintion 2. (fuzzy temporal constraint network) A fuzzy
temporal constraint network F = ⟨X , C⟩ consists of a set
of variables X = {x1, . . . xn} and a set of fuzzy temporal
constraints C = {Cij | i, j < n} between them. Each
constraint Cij is represented as a possibility distribution
function πij : R → [0, 1] that restrict the possible values for
the temporal distance xj − xi [4].

In other words, π(d) is the possibility degree for the
distance xj − xi to take the value d under the constraint Cij .

This paper considers only trapezoidal distributions since
they are sufficiently expressive in practical contexts, while
computationally less expensive during the reasoning. They can
be represented as a 4-tuple ⟨a, b, c, d⟩, where the intervals [b, c]
and [a, d] represent the core and the support of the fuzzy
set, respectively. In [5] the authors use a richer representation
of trapezoidal fuzzy distribution in which the trapeze height
can be different from one. More specifically, they introduce
a value αk, called degree of consistency, which denotes the
height of the trapeze and allows the representation of non-
normalized distributions. This paper assumes that the initial
knowledge produced by archeologists is always represented
by a trapeze with height equal to one. However, during the
reasoning the conjunction of the given constraints can produce
trapezes with an height less than one, as it will be shown in
the following; therefore, such parameter cannot be excluded
from the constraint formulation. Given such considerations, the
notion of fuzzy temporal constraint can be defined as follows.
Defintion 3 (fuzzy trapezoidal constraint). Given two variables
xi and xj , a fuzzy trapezoidal temporal constraint Cij =
{T1, . . . , Tm} is a disjunction of trapezoidal distributions πTk ,
each one denoted by a trapeze Tk = ⟨ak, bk, ck, dk⟩[αk],
where the characteristics 4-tuple is enriched with a degree
of consistency αk representing its height [5].

The components of a trapeze Tk take values as follows:
ak, bk ∈ R ∪ {−∞}, ck, dk ∈ R ∪ {+∞}, αk ∈ [0, 1],
supp(πTk) = {x : πTk(x) > 0} = (ak, dk), and core(πTk) =
{x : πTk(x) = 1} = [bk, ck].
Defintion 4 (well-formed trapeze). A trapeze T = ⟨a, b, c, d⟩
is well-formed, if a ≤ b ≤ c ≤ d [5].

The semantics of a constraint Cij = {T1, . . . , Tm} is
the possibility distribution function πCij corresponding to the
disjunction of the trapezoidal distribution πTk : R→ [0, 1] for
k = 1, . . . ,m.
Defintion 5 (trapezoid possibility distribution function). The
possibility distribution function of a generic trapeze Tk ∈ T
can be written as: πTk(x) = 0 if x < ak∨x > dk, or πTk(x) =
αk · ((x − ak)/(bk − ak)) if ak < x < bk, or πTk(x) = αk ·
((x−dk)/(ck−ak)) if ck < x < dk, or αk otherwise [5].

Defintion 6 (solution). Let F = ⟨X , C⟩ be a fuzzy temporal
constraint network. An n-tuple S = {s1, . . . sn}, where si ∈
R, is a possible solution of F at degree α if and only if:
deg(S) = mini,j{πCij (sj − si)} = α, where πij stands for
the possibility distribution associated to the constraint Cij and
the degree corresponds to the least satisfied constraint [4].

In the case of a FTCN, each solution is characterized by a
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SITAVR  
data  
model	

ArchaeoUnit class 
“a complex archaeological entity representing 

the union of finds of different archaeological 
contexts aimed to rebuild an ancient object” 
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SITAVR  
data  
model	
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“archaeological elements, classified in a 

specific context by function, chronology etc. 
(structures, architectural elements, etc.)” 
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Fuzzy  temporal  instant	
From temporal instants to fuzzy temporal instants. 
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Introducing
vagueness	 Fuzzy Temporal Positions 
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Introducing  vagueness	
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Vagueness  in  SITAR/VR	
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Vagueness  in  SITAR/VR	
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Reasoning  on  vagueness	
Fuzzy temporal constraint networks [VG94][BFG04] 
can be derived from a dataset that is an instance of 
this model, so that known algorithms can be applied 
in order to obtain: 
•  A consistency check of the represented temporal 

scene 
•  The inference of more precise temporal information. 

[BFG04] S. Badaloni, M. Falda, and M. Giacomin,  
“Integrating Quantitative and Qualitative Fuzzy Temporal Constraints,” 
 AI Communications, vol. 17, no. 4, pp. 187–200, 2004.  
[VG94] L. Vila and L. Godo, “On Fuzzy Temporal Constraint Networks,”  
Mathware and Soft Compunting, vol. 3, pp. 315–334, 1994 
 



Reasoning  on  vagueness	
Example: “Porta Borsari” an ancient roman gate in Verona 

like OCL [13] for representing such temporal constraints in
the model, this section provides some examples of application
specific constraints and their translation to FTCN.

Each ST_FuzzyPhaseInstant has two attributes that
can be specified: a fuzzy calendar date or a fuzzy position
inside an era. In case both attributes are specified, an implicit
constraint is considered during the FTCN construction:

∀o ∈ ST FuzzyPhaseInstant(
¬(o.position.isUndefined() ∨ o.era.isUndefined()) =⇒
(o.era.begin.before(o.position)∨

o.era.begin.equal(o.position))∧
(o.era.end.after(o.position) ∨ o.era.end.equal(o.position))))

As regards to the translation, if the era position is represented
by two nodes xs and xe connected by an arc ⟨a, b, c, d⟩[1]
and the calendar date is represented by a node y, then an
arc is added from xs to y and one from y to xe with label
⟨0, 0, c − b, d − a⟩[1].

Moreover, an implicit constraint exists between the dating
of each archaeological partition and the associated phase. In
particular, let us assume that the phase is translated into an
edge between two FTCN nodes n andm connected by an edge
n

⟨a,b,c,d⟩[1]−−−−−−−→ m. The implicit derived relations are determined
by the type of archaeological partition as follows:

∀p ∈ ST_MobileArchaeoPart

(x = p.LifeStartDate ∧
(n.equal(x) ∨ n.before(x)) ∧ (m.equal(x) ∨ m.after(x)))

which is represented by the following two additional edges:
n

⟨0,0,d−a,d−a⟩[1]−−−−−−−−−−−→ x and x
⟨0,0,d−a,d−a⟩[1]−−−−−−−−−−−→ m.

∀p ∈ ST_StructuralArchaeoPart

(x = p.LifeStartDate ∧ y = p.BuildingDate ∧
((n.equal(x) ∨ n.before(x)) ∧ (m.equal(x) ∨ m.after(x)) ∧
(¬y.isUndefined() =⇒ (n.equal(y) ∨ n.before(y))∧

(m.equal(y) ∨ m.after(y)) ∧ (y.equal(x) ∨ y.after(x))))

which is represented by the following additional edges:
n

⟨0,0,d−a,d−a⟩[1]−−−−−−−−−−−→ x, x
⟨0,0,d−a,d−a⟩[1]−−−−−−−−−−−→ m,

n
⟨0,0,d−a,d−a⟩[1]−−−−−−−−−−−→ y, y

⟨0,0,d−a,d−a⟩[1]−−−−−−−−−−−→ x, and
x

⟨0,0,+∞,+∞⟩[1]−−−−−−−−−−→ y.

∀p ∈ ST_ReusedArchaeoPart

((x = p.LifeStartDate ∧ x.before(n))∧
(y = p.ReuseDate ∧ ¬y.isUndefined() =⇒
((n.before(y) ∨ n.equal(y))∧
(m.after(y) ∨ m.equal(y) ∧ y.after(x)))

which is represented by the following additional edges:
x

⟨0,0,+∞,+∞⟩[1]−−−−−−−−−−→ n, n
⟨0,0,d−a,d−a⟩[1]−−−−−−−−−−−→ y,

y
⟨0,0,d−a,d−a⟩[1]−−−−−−−−−−−→ x, and x

⟨0,0,+∞,+∞⟩[1]−−−−−−−−−−→ y.

IX. EXAMPLE OF REASONING ON A SITAVR MODEL

The translation of a model to a FTCN allows to answer dif-
ferent interesting questions. In particular, in the archaeological

domain two issues can be of particular interest: compute the
minimal network (i.e., minimize the constraints and find more
precise dates), and check the network consistency in order to
aid the archaeologist during the dating process.

This section illustrates an example of reasoning performed
on a portion of the SITAR model that allows the iden-
tification of some new temporal knowledge. It regards an
archaeological object called Porta Borsari which is an ancient
Roman gate in Verona. This object has been modeled as an
ST_ArchaeoUnit which is composed of seven archaeolog-
ical partitions and is characterized by three different phases:
Phase A – first foundation as Porta Iovia during the Late
Republican Time (from 200 B.C. to 27 B.C.), Phase B –
reconstruction during the Claudian Time (from 41 A.C. to
54 A.C.), and Phase C – Teodorician changes during the
Middle-Age (from 312 A.C. to 553 A.C.). The three phases
are temporally located using the era attribute inside the
corresponding nodes: in particular, phase A starts and ends
inside the Late Republican Time, phase B starts and ends
during the Claudian Time, and phase C starts and ends inside
the Middle-Age.

Archaeological partitions are dated as in the second col-
umn of Table III, and assigned to the phase reported in the
third column of the same table. For all partitions, only the
LifeStartDate has been specified.

TABLE III. DATING OF EACH PARTITION AND ASSOCIATED PHASE.

Archaeological Partition LifeStartDate Ph
P208 Foundation and ⟨−110,−100,−1, +9⟩[1] A

North Tower I B.C. ± 10 years
P263 Structures of ⟨−60,−50,−45,−35⟩[1] A

eastern facade Middle of I B.C. ± 10 years
P214 Front of the ⟨35, 45, 50, 60⟩[1] B

external facade Middle of I A.C. ± 10 years
P248 External ⟨−9, 1, 100, 110⟩[1] B

Foundations I A.C. ± 10 years
P275 Internal ⟨−10, 1, 50, 100⟩[1] B

Foundations Middle of I A.C. ± 5 years
P250 Defensive ⟨401, 450, 500, 500⟩[1] C

structures 2nd middle of V A.C.

The following temporal relations are also known between
partitions: P208 terminates before P263 starts, and P248 ter-
minates before P214 starts.

Accordingly with the transformation rules of the previous
section, the first operation to perform is the definition of
a common coordinate reference system. The origin of such
system is placed to 200 B.C., since it is the earliest date in
the model, while the interval is year since all dates have the
granularity of at least one year.

In order to simplify the presentation, the resulting network
is presented through three portions, each one corresponding
to a different phase. The overall network is obtained by
combining the three pieces and by adding an edge from
phase A to phase B and an edge from phase B to phase C,
both labeled with ⟨0, 0,+∞,+∞⟩[1]. These edges represents
the precedence relations between phases. Moreover, when
not specified, α is assumed equal to 1, while the constraint
⟨0, 0,+∞,+∞⟩[1] is usually omitted from the arcs for not
cluttering the diagram.

Fig. 12 illustrates the subnetwork related to phase A: node
s represents the starting point, nodes As and Ae represent
the start and end points of the phase respectively, while
nodes P263 and P298 represent the LifeStartDate of
the corresponding archaeological partitions. This portion of
FTCN allows to compute some derived constraints for the
nodes based on the declared one, using the formula in Def. 7:
π′

ij(x) = πij ⊗a (πik ◦ πkj(x)).

Fig. 12. Portion of FTCN
related to phase A.

Fig. 13. Portion of FTCN related to
phase B.

In particular, a more precise relation can be de-
rived between partition P208 an partition P263, which
is initially represented simply as an edge labeled with
the constraint ⟨0, 0,+∞,+∞⟩. In particular, by assum-
ing i = P208, k = s and j = P263, the follow-
ing new constraint π′

ij can be derived between P208 and
P263: π′

ij = ⟨0, 0,∞,∞⟩ ⊗a (⟨−209,−199,−100,−90⟩ ◦
⟨140, 150, 155, 165⟩) = ⟨0, 0, 55, 75⟩. From this derivation
follows that the distance between P208 and P263 can be from
0 to 75 years, with great possibility until 55. This is consistent
with the observations that P208 is located in I B.C. but it shall
precedes the P263 which is located in the middle of I B.C.

A similar operation can be performed on the FTCN
portion in Fig. 13, where Bs and Be represents the start
and end points of phase B, respectively. The constraint
between partition PA-248 and PA-214 can be restricted
as follows by considering i = P248, k = s and j =
P214: π′

ij = ⟨0, 0,∞,∞⟩ ⊗a (⟨−209,−199,−100,−90⟩ ◦
⟨140, 150, 155, 165⟩) = ⟨0, 0,∞,∞⟩⊗a ⟨−69,−49, 55, 75⟩ =
⟨0, 0, 55, 75⟩. The consideration is similar to the previous one,
since P214 happens in the middle of the I A.C. and P248 is
generally dated I A.C. but has to finish before P214 start living.

Fig. 14. Portion of FTCN related to phase C.

Finally, as regards to phase C whose corresponding
sub-network is reported in Fig. 14, the dating of its only
partition can determine a restriction of the phase start as
follows by considering i = s, k = P250 and j = Cs:
π′

ij = ⟨512, 512, 753, 753⟩ ⊗a (⟨601, 650, 700, 700⟩ ◦
⟨−241,−241, 0, 0⟩) = ⟨512, 512, 753, 753⟩ ⊗a

⟨360, 409, 700, 700⟩ = ⟨512, 512, 700, 700⟩.
Clearly, these are only some examples of the derivations

that can be obtained by executing the path-consistency algo-
rithm on the overall network and considering all the triangles.

However, these examples makes clear the utility of applying
known temporal reasoning techniques on archaeological data.

X. CONCLUSION
This paper proposes a framework for representing and

managing time dimensions in archaeological data. As regards
to the representation task, the applicability of the Standard ISO
19108 is evaluated by considering a real-world information
system, called SITAVR, which has been developed for the
archaeological data of Verona. From this preliminary analysis
has emerged that the Standard is unable to represent the inher-
ent vagueness of archaeological data. Therefore, an extension
of the Standard concepts has been defined which is based on
a fuzzy representation of dates and of ordering relations about
time points. Such extension has been successfully applied to
the SITAVR case. Conversely, as concerns to the managing
aspect, the main idea is using existing reasoning techniques
in order to guide archaeologists during the complex dating
process. For this reason, some translation rules have been
defined from the proposed extended Standard model to Fuzzy
Temporal Constraint Networks (FTCNs). These rules have
been applied to a portion of the SITAVR data and some implicit
constraints have been derived. As future work, a tool will
be developed for automatically translating an archaeological
model into a FTCN using the proposed rules. Such tools will
be validated by considering the content of the overall SITAVR
information system.
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Conclusion  and  future  work	
•  ISO 19108 can help to represent the time dimension of 

archaeological data 
•  We showed a possible approach to link the data model of 

SITAR/VR project to the ISO standard 
•  However, in ISO 19108 a formal tool for representing vagueness 

is missing. 
•  We present an approach that aims to extend the standard 

with fuzzy concepts, this approach can be generalized. 
•  The use of the standard has to be tested also in other 

archaeological data models  
•  Other approaches for vagueness representation have to be 

included in the standard 
•  GeoUML tools could possibly be used for the conceptual 

modelling of archaeological data starting from the ISO 19108 
standard. 
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