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Our Contribution

• We propose to adopt an ontology-based 
knowledge base as the main (enhanced) data 
structure of a DSS:
- T-Box: formally represents the content manipulated in 

the three decision-making phases (problem, data, 
conclusions)

- A-Box: each request submitted to the system 
corresponds to a single incrementally-built A-Box (a 
“semantic request script”)
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Advantages

• Facilitates the integration of heterogeneous 
knowledge and data sources

• Semantic exposure of DSS processing to external 
services

• Some of the inference steps of the DSS can be 
performed via state of the art logical reasoning 
services
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Outline

• PESCaDO Use Case: An Environmental DSS

• The Decision Support Knowledge base (DSKB)
- Problem component
- Data component
- Conclusion component
- Semantic Request Script (SRS)

• Incremental construction of a SRS

• Exploitation of SRSs

• On Engineering the DSKB

• Conclusions 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           Use Case

• A multilingual web-service platform providing 
personalized environmental information and decision 
support

• Example scenarios:
- A pollen allergic person, planning to do some outdoor 

activities, interested in being notified of potentially harmful 
environmental conditions 

- A city administrator, to be informed whether the current air 
quality situation requires some actions to be urgently taken.

• The PESCaDO DSS demo-video

• PESCaDO FP7 EU Project 
- Demos, Videos, Ontologies, etc: http://www.pescado-project.eu

http://www.pescado-project.eu
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The Problem Component

• Formally describes all the aspects of decision 
support problems that the user can submit to the 
DSS

• Examples of content:
- taxonomy of the request types supported by the 

system
- input parameters needed by the DSS to provide 

adequate decision support
- users profile
- ...

• May also be used to dynamically constrain the 
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The             Problem Component

• Organized in sub-modules (Request, User, Activity)

• These three sub-modules are interrelated by 
object properties and subclass axioms
- Example of constrains:

• CheckAirQualityLimits subClassOf hasRequestUser only 
AdministrativeUser

• AnyHealthIssue subClassOf hasRequestActivity some 
(AttendingOpenAirEvent or PhysicalOutdoorActivity or 
Traveling)

- Used in the PESCaDO UI to guide the users in 
formulating their decision support problems

• Additional Parameters: time, location
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The Data Component

• Formally describes the data accessed and 
manipulated by the DSS (aka domain ontology of 
the DSS)

• An ontology to be used as data component may 
be already available in the web

• It favors the integration of (structured) data 
provided by heterogeneous sources (web-sites, 
LOD) 



An Ontological Framework for Decision Support - Marco Rospocher, Luciano Serafini

The            Data Component
• It describes environmental related data:

- meteorological data (e.g., temperature, wind speed) 
- pollen count data
- air quality data (e.g., NO2, PM10, air quality index)
- traffic and road conditions

• Details represented
- observed, forecast, or historical data, 
- the time period covered
- type of the data (e.g., instantaneous, average, minimum, maximum) 
- mapping between qualitative and quantitative values 

• moderate birch pollen count corresponds to 10 - 100 grains per meter cube of air 

- data source (e.g., measurement station, web-site, web-service) details, e.g., 
geographical location, confidence value.

• It facilitated the integration of data obtained from heterogenous 
sources, and with different techniques 
- e.g. content distillation from text and images
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The Conclusion Component

• Formally describes the output produced by the DSS 
by processing the problem description and the data 
available, e.g.
- warnings/suggestions/instructions/decisions
- data aggregations, data analysis results

• A weight (e.g. confidence, relevance) may be 
assigned to the conclusions produced 

• Tracking of the data that triggered conclusions 
(“ProduceConclusion” object property)

• User feedback (degree of satisfaction) may also be 
included 



An Ontological Framework for Decision Support - Marco Rospocher, Luciano Serafini

The             Conclusion Component

• It describes conclusion types like 
- exceedances of air pollutants limit values detected from 

data
- warnings and recommendations that may be triggered by 

environmental conditions
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SRS: An A-Box of the DSKB
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SRS: An A-Box of the DSKB

hasData
hasConclusion
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Incrementally building SRSs 
Exploitation of Logical Reasoning

• Phase1: Instantiation of the problem
- consistency check to verify that the user request is 

compliant with the problem supported by the DSS

• Phase2: Instantiation of the data
- data relevant for the user problem may be determined via 

ontology reasoning 
• PESCaDO: using “owl:hasValue” restrictions

- e.g. userSensitiveToBirchPollen subClassOf RelevantAspect value 
Rain

• Phase3: Instantiation of the conclusions
- instantiation depends on the decision support techniques 

adopted by the DSS
• PESCaDO: two layers DL+RuleBased reasoning framework
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Exploitation of SRSs 
Natural language generation of DSS report

• A SRS provides a complete “semantic” snapshot of all 
the information processed and produced by the DSS 
for a request, with “explanations”

• A natural language report can be automatically 
generated from it
- especially appreciated by laymen, media corporations, ...

• PESCaDO: multilingual personalized information 
generation from SRSs. 
- text planning module

• enrich the SRS with information on the content to be selected, and the 
way the text should be organized

- linguistic generation module 
• produces the text in the three languages supported by the system
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Situation in the selected area between 08h00 and 20h00 of 07/05/2012. 
The ozone warning threshold value (240g/m3) was exceeded between 
13h00 and 14h00 (247g/m3), the ozone information threshold value 
(180g/m3) between 12h00 and 13h00 (208g/m3) and between 14h00 
and 15h00 (202g/m3). The minimum temperature was 2C and the 
maximum temperature 17C. The wind was weak (S). There is no data 
available for carbon monoxide, rain and humidity.

Ozone warning: ozone irritates eyes and the mucous membranes of 
nose and throat. It may also exacerbate allergy symptoms caused by 
pollen. Persons with respiratory diseases may experience increased 
coughing and shortness of breath and their functional capacity may 
weaken. Sensitive groups, like children, asthmatics of all ages and elderly 
persons suffering from coronary heart disease or chronic obstructive 
pulmonary disease, may experience symptoms. [...]
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Exploitation of SRSs 
Semantic Archive of SRSs

• SRSs could be archived in a semantic repository 
(e.g. Sesame, Virtuoso), incrementally fed

• Enables to:
- fine-tune the decision support strategies implemented 

in the DSS
- strengthen the cases selection in case-based reasoning 

DSSs
- expose to the world the DSS processing in LOD 

format, favoring its exploitation by other applications/
web-services

- easily compute relevant statistics
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On Engineering the DSKB
• Checks on the DSKB

- formal consistency check
- correct instantiation with the usage in the DSS

• Assessment of the adequacy of the DSKB for the DSS
- all decision support problems to be supported by the DSS are formally 

representable in the Problem component
- all the data relevant for the DSS are characterized in the Data component
- all the conclusions and explanations to be generated by the DSS are 

formalized in the Conclusions component 

• In PESCaDO:
- Problem: all the types of problems defined in the use cases can be 

represented 
- Data: environmental experts assessment (appropriateness: 94% - 

completeness: 92%)
- Conclusions: environmental experts assessment (appropriateness: 90% -  

completeness: 87%)
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Conclusions
• We propose to adopt an ontology-based knowledge base as the 

main data structure in DSSs

• Each decision support request submitted to the DSS corresponds 
a semantic request script which describes 
- the request itself
- the data relevant for the request
- the conclusions/suggestions/decisions generated by DSSs

• Demonstrated the advantages in a concrete implementation for 
an environmental DSS (PESCaDO EU project) 
- integration of heterogeneous sources of data available in the web (e.g., 

web sites, web services)
- tracking and exposure in a structured form of all the content processed 

and produced by the DSS for each request
- exploitation of logical reasoning for several of the inference steps of the 

DSS decision-making process
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