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What are (computable) policies?

§ Policies are commonly defined as domain-specific assets for 
supporting decision-making, specifying allowed or recommended 
actions under certain conditions (or rules)

§ Largely published in natural language, but with increasing 
engagement in the development of computable policies

§ They can be location-specific
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Request
- Requester (device, service, system …)
- Start and end time
- Location (geo-coordinates)
- Requested frequency (range)

Permit / Deny / Obligations

Dynamic Spectrum Acces
(DSA) Policy Framework

Spectrum
manager
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d

Geospatial relationships 
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Whyis1
Knowledge Graph Framework

1. http://tetherless-world.github.io/whyis/
2. https://github.com/tetherless-world/setlr

SE
TL

r2

Policy evaluation engine
(GeoSPARQL + OWL reasoning)

External system
Spectrum management tool

Census.gov
shapefiles

Dynamic Spectrum Access
Knowledge Graph

Policy
decisions

http://tetherless-world.github.io/whyis/
https://github.com/tetherless-world/setlr
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Representing policy location rules

Class: USLocation
EquivalentTo:
prov:Location and
(geo:sfWithin value STATE_01 or
geo:sfWithin value STATE_02 or
...)

SubClassOf:
prov:Location

Class: US91-2-c_Location
EquivalentTo:
USLocation and (
(geo:sfWithin value Fairbanks) or
(geo:sfWithin value CampParks) or
...

SubClassOf:
USLocation
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Evaluating location-specific policies

Request evaluation engine

GeoSPARQL OWL reasoner 
(HermiT)

Precedence
evaluation

Evaluation
explanation

- Request ID
- Policy ID
- Effect
- Obligations
- Explanations

- Request ID
- Policy ID
- Effect
- Obligations
- Explanations

- Request ID
- Policy ID
- Effect
- Obligations
- Explanations

Requests

RDF individuals
- Requester
- Time frame
- Location 

(prov:Location)
- Requested frequency

:location geo:sfWithin <named_location>

Description Logics
- Classification
- Realization
- DL query
:request rdf:type <policy>

Resolves conflicts 
when multiple policies 
are applicable

Traverses the policy hierarchy 
(rdfs:subClassOf) to identify 
unsatisfied rules that would turn 
the DENY effect into a PERMIT

FILTER(geof:sfWithin({{WKT_STR}}^^geo:wktLiteral, ?wkt))
BIND(geof:distance({{WKT_STR}}^^geo:wktLiteral, ?wkt, units:kilometer) AS ?distance)
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The DSA Policy Framework in use

Number of geographical features 915 polygons
Imported Census.gov datasets STATE and MIL
Number of policies 96 policies
Number of involved physical radios 4 radios
DSA radios’ rate of frequency change Every minute
Number of transmission requests 450 requests
Number of calls to the evaluation engine ~23 calls
Number of transmission requests per call ~20 requests
Evaluation engine response time < 10 seconds



6/30/21
Geospatial Reasoning with shapefiles for Supporting Policy Decisions

4th International Workshop on Geospatial Linked Data – GeoLD 2021
9

Concluding... advantages of semantic approach

§ Support the direct referencing of external geographical data sources within policy 
constructs
− OWL classes that represent policies directly refer to geographical features, facilitating the policy authoring process

§ Integrated domain knowledge base
− As a knowledge graph composed by policies, locations, domain knowledge
− Exploration by users

§ Results of geospatial reasoning are leveraged during OWL reasoning
− Policy evaluation engine fully implemented in a single platform
− Use of standardized vocabularies and off-the-shelf reasoners
− Explanation of results is possible by identifying rules that were not satisfied
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Thank you!

Henrique Santos, James P. McCusker, and Deborah L. McGuinness
email: oliveh@rpi.edu

Geospatial Reasoning with shapefiles for 
Supporting Policy Decisions

Pre-print: https://tw.rpi.edu/web/doc/santos-geold-2021
DSA Policy Framework paper: https://tw.rpi.edu/web/doc/santos-iswc-2020

https://tw.rpi.edu/web/doc/santos-geold-2021
https://tw.rpi.edu/web/doc/santos-iswc-2020

