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Abstract 

Situation modeling is a common challenge in modeling systems in non-trivial domains. 

The General Formal Ontology (GFO) is a top-level ontological theory that includes various 

notions for representing complex temporally extended situations. It has been used for situ-

ation modeling in diverse biomedical domains. We have analyzed and compared such 

GFO-based application cases. In accordance with this study, we present derived ontology-

based design patterns as a conceptual toolset for situation modeling. 
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1. Introduction 

Situations are ubiquitous entities in reality. Many real-world information systems and ap-

plication scenarios demand the processing of information of complex situations, often also 

evolving over time. Situations are commonly perceived as integrated wholes [10], yet hav-

ing an internal structure of multiple objects in interrelations that are of relevance in that 

situational context. There exist numerous analyses of situations, e.g., in philosophy [12], 

[18], and linguistics [2]. The complexity of understanding ‘situation’ is reflected in practi-

cal modeling in that it is effortful, requires many decisions, and it benefits from experience 

of the modeler. 

Design patterns for recurrent design and modeling issues are a well-established means 

in software engineering. In ontology engineering, ontology design patterns have been de-

fined as “a template to represent, and possibly solve, a modelling problem” [9], cf. [4]. In 

this work, a design pattern for situations is a representational blueprint based on situations, 

a selection of participating objects, and their relevant interrelations and qualities. Such pat-

terns are created with the aim to ease situation modeling. 
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Beyond the value of information systems modeling in general, we argue that conceptual 

modeling patterns grounded in ontological theories have additional advantages. The 

grounding allows for high-quality models that can be extended and that can be integrated 

more easily with further models grounded in the same ontology. Despite many approaches 

and frameworks for modeling situations (up to ontology design patterns), we see a lack of 

appropriate modeling patterns that are properly grounded in established ontologies. 

The General Formal Ontology (GFO) [10, 11] has been successfully applied in several 

projects involving situation modeling, see [14, Sect. 5], partially with differing terminol-

ogy and building on different (though compatible) variants of the GFO theory. For the 

distillation of design patterns, so far we investigated four of those use cases, all in non-

trivial biomedical domains: (1) cell tracking experiments [5, 6], (2) surgical navigation 

[15, 16], (3) medical risk assessment [17] and (4) pregnancy (not yet published). 

The current paper reports on a step towards our overarching objective of establishing 

harmonized patterns for situation modeling that are based on GFO. We synthetize variants 

in prior work into a family of design patterns, thereby making use of a revised terminology. 

Those patterns can be used interchangeably, depending on the modeling context. They fur-

ther allow for capturing situations temporally at time points or as time-extended entities.  

Section 2 presents a first set of GFO-based situation modeling patterns as the main 

contribution. Related work on situation patterns is considered with hindsight in Section 3. 

Section 4 concludes the paper with a brief discussion and an outlook on future work. 

 

2. Situation Design Patterns Founded on GFO 

We identified several commonalities in the way in which situations are modeled (including 

in combination with which related kinds of entities), but also some differences. Despite 

targeting patterns that are founded on GFO, we aim at only minimal ontological commit-

ments and adapt terminology to conceptual modeling, both to maximize adoption. The 

minimal ontological commitment involves the notions of objects, qualities and relations. 

An Object (aka gfo:Continuant) is a mutable entity with a finite lifespan, in contrast to an 

immutable, time-extended process (aka gfo:Occurrent). A Quality links an entity to a value 

specifying its characteristic, while Role describes an entity in the context of a Relation. 

 

2.1. Object-Situation Patterns 

Situations—complex entities comprehended as wholes [2], [11]—are often equipped with 

labels, say, political situations like World War 2. The latter is highly intricate, but already 

facts exhibit an internal structure. Note that we assume situations with at least one object. 

A simple situation—i.e., a fact—can be either a single object together with one of its 

qualities, or two or more objects linked with a relator (the GFO term for a relation instance). 

In the cell-tracking domain, two cells touching each other exemplify a fact composed of 

two objects and a relator. Yet situations can be wholes that are more complex than facts, 

involving multiple objects and facts. For example, beyond just two cells, consider multiple 

cells that are interrelated in a bigger situation, up to snapshots of a full cellular genealogy. 

Finally, situations can also be quality bearers in GFO; e.g., a risk degree may be attributed 

to a pregnancy situation of Mary. Against this background, Figure 1 depicts our proposed 

Object-Situation Patterns by integrating three levels of representational granularity.  

The first level alone (above the upper dotted line) constitutes the Simple Object-Situa-

tion Pattern, which models a situation as a named/identified collection of participating 

objects. For both, the situation and its objects, qualities can be captured. Already this sim-

ple object-situation pattern is applicable in many cases, where no further details on the 

interplay between objects, or between objects and the situation need to be expressed. To 

leave even the object(s) of the situation implicit in a model, qualities of the object(s) can 

be attached directly to the situation. The hasParticipantQuality relation—as used in the risk 

identification project [17]—allows for distinguishing such object-related qualities from 

genuine characteristics of the situation; e.g., it may link the age of a patient directly to a 

risk situation. Its derived semantics can be given via an ontological usage scheme, cf. [13]. 
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Fig. 1. Object-situation patterns, displayed in three levels of representational detail (numbered at the right). A 

situation model may comprise a situation with (1) just objects or additionally include (2) roles up to possibly 

(3) relators. Each of those model elements is subject to being equipped with qualities. 

 

Levels 2 and 3 of Figure 1 turn the simple object-situation pattern into the Extended 

Object-Situation Pattern. This incorporates either only roles (Level 2), or both roles and 

relators (Level 3). Commonly it is sufficient to model only certain roles, then leaving rela-

tors as their contexts implicit. Objects can also play roles within the situation itself, and the 

same object can play different roles in the same situation. Qualities can be attributed to 

roles and/or relators in a model, analogously to objects and situations at Level 1. 

 

2.2. Time-Indexed Situation Patterns 

The object-situations patterns are agnostic about time, i.e., at best they capture situations 

with an implicit reference to time. As time information is essential in many cases, we pro-

pose Time-Indexed Situation Patterns based on time entities and temporal entities in GFO. 

Figure 2 shows the relevant distinctions and relations, with Time Points (gfo:TimeBound-

ary) and Time Intervals (gfo:Chronoid) at the bottom, indexing Presentic and Time-Ex-

tended Entities via the time relation. Note that Time-Extended Entity encompasses Object 

(and gfo:Continuant), Presentic Entity includes snapshots of objects (gfo:Presential). 

Time-indexed situation patterns result from amalgamating object-situation patterns 

with entities in Figure 2. Through the left half, thus focusing on one time point, the Pre-

sentic Situations Pattern enhances the object-situations pattern (Level 1 of Figure 1) by 

adding a time index of type time point to quality bearer. Thereby we view all modeling 

elements as presentic entities existing at one time point. A usual example is an observation 

at a single time point, e.g., a single microscopy picture or a single blood test. That situation 

and all objects, roles and relators involved are assumed to exist at the very same time point. 

However, many phenomena to be modeled are extended over time. In analogy, the 

Time-Extended Situations Pattern indexes Quality Bearer with Time Interval and reinter-

prets all modeling elements of the object-situations pattern as time-extended. Next, observe 

that often information about time-extended entities is actually computed or inferred from 

point-indexed raw data. For instance, the raw data of time-lapse experiments in cell track-

ing usually contains only presential information, but nothing genuine about the cells as 

persisting objects. Hence, an even more complete picture interlinks both types of time-

indexed patterns, where time-point-based raw data give rise to multiple presentic situa-

tions, which may be understood as time-indexed reifications of a time-extended situation. 

 

 
 

Fig. 2. Time and temporal entities that serve as foundation for time-indexed situation patterns. 
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There are different options for interlinking presentic and time-extended situations. Figure 

2 contains the snapshotOf relation between Presentic and Time-Extended Entity. That can 

be directly used to link elements in instantiations of presentic and time-extended situation 

patterns. A natural assumption in this respect is that (presentic) objects are linked to (time-

extended) objects, etc., i.e., faithfulness in accordance with the types of the elements is 

presumed. Another kind of interlinking situations refers to sequences of them. Presentic 

situations may follow one another, e.g., referring again to raw data with distinct time 

stamps. A relation followUp can be used to express corresponding connections across such 

situations and their elements. It can further serve as a foundation for eliciting their time-

extended counterparts (and possibly snapshot connections). Completing the inclusion of 

followUp into some patterns and investigating forms of integrating presentic and time-ex-

tended situations that are more sophisticated remains future work. 

 

3. Related Work 

Design patterns—an established means for guiding programmers and modelers on recur-

rent matters—gained much traction in software engineering, e.g., via Gamma et al. [8], as 

well as in ontology engineering, cf. [4], [9]. Since the mid-2000s, a sub community on 

ontology design patterns established itself and a well-known portal1 with 240 patterns. 

Therein exists a modeling issue ‘Situation classification’ with five patterns, all part of 

the DUL ontology2, one of which is labeled ‘Situation’3. Formally, that ‘Situation’ pattern 

with one class dul:Situation and one relation pair dul:hasSetting/dul:isSettingFor is very 

distinct from our proposed patterns. Conceptually, some overlap may be drawn from “It 

can also be seen as a ‘relational context’ [...]”3, but especially requiring a dul:Description 

for each dul:Situation, that pattern is of a very different nature.  

Narrowing the context further to design patterns founded in top-level ontologies 

(TLOs), first, we are not aware of any other design patterns focusing on situations that are 

based on GFO [14], one of the systems covered in a 2022 special issue on active TLOs. 

This unawareness largely still applies when considering the other six TLOs therein, with 

two reservations. One is that DUL (above) has been created with some recourse to DOLCE. 

The other refers to the gentle Unified Foundational Ontology (gUFO) [1], which covers a 

notion of gufo:Situation, as well, with a conceptually very similar approach and referring 

to patterns [1, Sect. 2.9]. However, the patterns proposed in the present paper seem to make 

a case between gufo:Situation and its five direct subclasses, e.g., gufo:QualityValueAttrib-

utionSituation and gufo:TemporaryRelationshipSituation. The former class includes fac-

tual and counterfactual/possible situations, while the five subclasses select and refine as-

pects on which object-situations patterns and their time-indexed extensions are based. 

Overall, the patterns presented herein share with [1], [7] the idea of modeling situations 

through their participants. Beyond that general idea, our patterns address varying levels of 

detail, for distinct modeling needs and optionally without modeling participants explicitly. 

Furthermore, the grounding in the time ontology of GFO [3] enables a particular modeling 

of phenomena of change and situation composition. 

 

4. Conclusions and Future Work 

Situations are complex entities, which presents a challenge for modelers across various 

domains. This observation indicates that modeling situations can benefit from cross-do-

main tools. The General Formal Ontology (GFO) is a domain-independent ontological 

framework aimed at supporting conceptual modeling since its inception [11]. It has been 

applied in several biomedical projects involving situation modeling, a. o., cell tracking and 

surgical navigation. Those projects employ aspects of GFO’s situation theory and utilize it 

to build domain models that serve as key components of the developed systems. 

 
1 http://ontologydesignpatterns.org 
2 http://ontologydesignpatterns.org/wiki/Ontology:DOLCE%2BDnS_Ultralite   (DOLCE+DnS UltraLite (DUL)) 
3 http://ontologydesignpatterns.org/wiki/Submissions:Situation 

http://ontologydesignpatterns.org/
http://ontologydesignpatterns.org/wiki/Ontology:DOLCE%2BDnS_Ultralite
http://ontologydesignpatterns.org/wiki/Submissions:Situation
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Targeting conceptual modeling, this work-in-progress paper outlines several design pat-

terns for situations, with an ontological foundation in GFO as their novelty. We demon-

strate that several basic patterns can be established on the GFO theory. Showing in-depth 

effects of GFO underneath and an evaluation of that foundation remain subject to an ex-

tended article. Altogether, we see these patterns as steps toward a toolset for modeling 

situations, their participants, qualities, dynamics, and the changes they undergo over time.  

Moreover, we plan the inclusion or tight integration of the presented and extended pat-

terns with modules of GFO 2.0 [14]. This will require further refinements of the underlying 

theory, e.g. extensions associated with cross-situation relations such as ‘part-of’ and others. 
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