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DSSApple
• The cultivation and export of apples is a big economic factor for 

many countries around the world with the US, China, and Italy 
leading the list. In 2014, such exports amounted to a total value 
of 7.5 trillion dollars 


• Defects in Post-Harvest activities can still cause losses of up to 
10% in integrated production and up to 30% in organic 
production 


• Many diseases have similar-looking symptoms that make 
diagnoses harder 


• We are developing a Decision-Support System combining 
Machine Learning and Ontology-Based Reasoning



A Methodological Note
• In practice, a rather common “anti-patterns” is the mixing of separable concerts 

(e.g., in building taxonomies)


• Here, we break down the problem in different coherent concerns, namely:


• Apple Characterization (e.g., the thing itself, its parts and qualities) 


• Apple Handling (e.g., the processes of the post-harvest apple handling 
process, its qualities and participants)


• Apple Pathology (e.g., diseases, disorders and their manifestations)


• Dispositional Factors


• Apple Pathology Representation (e.g., pictures of symptoms and pathogens 
signs that can become prototypical examples of symptom types and 
Pathogen types, respectively)



UFO  
(Unified Foundational Ontology)
• Over the years, we have built a Philosophically and Cognitively 

well-founded Ontology to contribute to the general goal of 
serving as a Foundation for Conceptual Modeling 

• This Ontology has been used to as a theory for addressing may 
classical conceptual modeling constructs such as Object Types, 
Identity and Taxonomic Structures (CAISE 2004, CAISE 2007, 
CAISE 2012, Synthese 2015), Part-Whole Relations (CAISE 
2007, CAISE 2009, FOIS2010, CAISE 2011), Intrinsic and 
Relational Properties (ER 2006, ER 2008, ER 2011, CAISE 
2015, DKE 2015), Weak Entities, Attributes and Datatypes (ER 
2006), Events (ER 2013, BPM 2016), Multi-Level Modeling and 
Powertypes (JOWO 2015, ER 2015, DKE 2017), etc… 
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Everything else in the model is a representation of a type that these kinds of things 
can instantiate contingently. 

 
Fig 1. Representing the possibility of change for Endurants 

 
This model of figure 1 is represented in a conceptual modeling language termed On-
toUML [9]. This language has been design to reflect the ontological distinctions and 
axiomatization put forth by the Unified Foundational Ontology (UFO) [9,13]. In par-
ticular, this language has as modeling primitives those that represent ontological dis-
tinctions between all the aforementioned sorts of types (e.g., kinds, phase, roles, role 
mixins, relators). Figure 1 represents the possibility of change, i.e., how things could 
possibly be for the entities that are assumed to exist in this domain (i.e., people, or-
ganizations, cars and car rentals). In this approach, the OntoUML model of figure 1 
can be automatically translated to knowledge representation languages such as OWL 
to support automated reasoning [13]. Moreover, as discussed in [13], the OntoUML 
approach offers a support for model validation via visual simulation. In this approach, 
the simulation of this model exposes its ontological commitment and allows us to find 
the possible difference between the intended state of affairs of this domain and the 
valid instances of this model. For instance, by simulating this model, one could find 
out that there is a possible instance in which an organization rents a car to itself (i.e., 
the roles of renter and renting organization are played by the very same entity).  

One way to exclude these unintended modes is to enrich the model with formal con-
straints. The idea is to provide an axiomatization for the model such that set of its 
valid instances and the set of instances representing intended states of affairs of the 
domain coincide [13]. Some of these constraints are temporal constraints dealing, for 
example, with the life cycle of the endurants in the model. In particular, in the On-
toUML approach, one can include temporal constraints (in temporal OCL) prescrib-
ing the permissible phase transitions in the model, for instance, from Child, to Teen-
ager and (only then) to Adult, or governing the more complex transitions involved in 
the phases of a car rental [14]. 

2.2  Events in Business Process Models  

As previously discussed, structural models such as in figure 1 represent what can pos-
sibility change and what has to remain the same in the properties of endurants, i.e., 
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Characterizing Apples

Figure 1. Module 1 describing the characteristics of an apple

space forming a taste tetrahedron) [11,17]. Apple Features include Apple Stain,
Hole in Apple, but also Insect Sting in Apple and Pressure Mark in Apple
(not shown in the diagram), among others.

As with all aspects [11], the common characteristic of apple qualities and apple
features is that they are existentially dependent on some bearer, namely, apple and their
parts. In OntoUML, this relation of existential dependence is represented by the relation
of characterization [11].

There are certain qualities that characterize the fruit as a whole. In particular, the
Apple Nutritional Factor. For this reason, for example, a redefined relation of
characterization is created between Apple Nutritional Factor and Apple. Finally,
since aspects are endurants in UFO, they can bear their own aspects, which, in turn, can
change in time. For instance, a hole can have a diameter, which can vary in time.

3.2. Apple Handling

This second module addresses the parts of an apple handling activities as the char-
acteristics of these handling processes may have a significant influence on the health of
whole apple batches.

Apple Handling activities here include Apple Harvest and Apple Storage
activities. Since all apple handling activities are subtypes of Event, they occur in a par-
ticular time interval (delimited by time points). As discussed in [18], from these time
points, we can infer the derived relations between events. Here, use the a historical
dependence relation (see [11]) to represent that Apple Storage must be preceded by
Apple Harvest activities. Finally, all events occur in a Spatial Region.

In all Apple Handling Activities, we have the participation of an Apple
Batch, which is a collective whose members are individual Apples (see the member
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Apple Handling

Figure 2. Description of the handling processes during harvest and storage

of relation in [19]). In Apple Storage, we also have the participation of a Storage
Facility, which is a role played by a Building.

Storage facilities and spatial regions are Spatial Entities. All spatial entities
can be characterized by Physical Qualities, such as Humidity, Gas Concentration
and Temperature. Since we are interested in how these qualities change their values
through time, we, once more, employ here one of the truthmaking patterns proposed in
[20]. In this way, we explicitly represent the Physical Quality States of Physical
Qualities. Each of these states (which are events and, hence, occur in a particular time
interval) can be mapped to a value in a suitable quality space. Moreover, we define a
particular type of Physical Quality State called a Physical Quality State of
Spatial Entity During Apple Handing. As explicit in its name, this is a quality
state of either a store facility involved in an Apple Storage activity or the quality state
of a spatial region on which an Apple Handing Activity occurs. As such, the rela-
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Figure 3. The pathology view representing the disease state of an apple consisting of the states of its single
parts

Symptoms Photograph), as well as prototypical pictures associated with types of
(Prototypical Apple Pathogen Sign Photograph). The model also recognizes
the existence of photographs of particular symptom manifestations (Apple Symptoms
Photograph) of particular apples, as well as of pathogen signs (Apple Pathogen
Infection Photograph). Photographs of these two latter kinds can deliberately cho-
sen to play the role of prototypes, i.e., Prototypical Apple Symptoms Photograph
and Prototypical Apple Pathogen Sign Photograph are roles played by pho-
tographs of individual apples
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Dispositional Factors

Figure 4. Dispositional factors that either occur before or during harvest and favour the development of defects

Figure 5. Representation of the image data of the system with the dinstinction between images of symptoms
and images of signs

3.6. Ontology Encoding in SWRL

In order to support reasoning with actual disease instances according to the descrip-
tions in the specialist literature, we implemented parts of the model in section 3 as an
ontology in the OWL language enriched with SWRL rules [24].

This approach not only gave us the required flexibility to represent the myriad of
possible combinations of aspects and aspect values that can be used to characterize spe-
cific pathologies. So, the disease data in our model would not just include information
like “there are spots on the skin of the apple”, but rather provide detailed descriptions
like “the spots on the apple are brown with irregular shapes and diffuse margins”, which
may increase the reasoning power of a decision support system. As a concrete example,
a description of Alternaria Rot in FrudiStor amounts to “Early infestation usually occurs



Dispositional Factors

Figure 4. Dispositional factors that either occur before or during harvest and favour the development of defects

Figure 5. Representation of the image data of the system with the dinstinction between images of symptoms
and images of signs

3.6. Ontology Encoding in SWRL

In order to support reasoning with actual disease instances according to the descrip-
tions in the specialist literature, we implemented parts of the model in section 3 as an
ontology in the OWL language enriched with SWRL rules [24].

This approach not only gave us the required flexibility to represent the myriad of
possible combinations of aspects and aspect values that can be used to characterize spe-
cific pathologies. So, the disease data in our model would not just include information
like “there are spots on the skin of the apple”, but rather provide detailed descriptions
like “the spots on the apple are brown with irregular shapes and diffuse margins”, which
may increase the reasoning power of a decision support system. As a concrete example,
a description of Alternaria Rot in FrudiStor amounts to “Early infestation usually occurs



gguizzardi@unibz.it

mailto:gguizzardi@unibz.it

