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Data Semantics Lab, Kansas State University

• in Manhattan, Kansas

• https://daselab.cs.ksu.edu/
• 2 postdocs, 8 PhD students

• (Modular) Ontology Engineering and Knowledge Graphs
• Neuro-Symbolic Artificial Intelligence
• Explainable AI
• Knowledge Representation and Reasoning

• Application Partners: Digital Humanities, Agriculture, 
GeoSciences, Cognitive Science, Oceanography, ...
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KnowWhereGraph

• 2 years, $5M. Follows a $1M, 1-year pilot.
• NSF “Open Knowledge Networks” (OKN) program. 

21 phase 1 projects; 5 phase 2 projects.
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KnowWhereGraph

4



GeoKG @ GIScience, September 2021

(some) project goals

• pushing the state of the art in spatiotemporal 
Knowledge Graph (KG) engineering

• transfer of KG technology towards adoptable practice

• application showcases

Addressing the bottleneck in data science:

80% is data processing
20% is deriving insights

http://KnowWhereGraph.org/ 
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TOC

1. Schema design
2. The graph and geo-enrichment
3. Application use cases
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Schema design

• Early 2000s: Ontology hype only schema
• Late 2000s: Linked Data hype no schema
• Since ~2015: KG hype consolidation

[Hitzler 2021]

Problems with traditional quality schema design:

• time-consuming / costly
• re-use or modifications are hard
• waterfall model (design first) does not work with tight timelines.
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addressing cost and re-use [Shimizu 2021]

• principled use of schema diagrams

• use of existing ontology design patterns
(or make new ones)

• modular schema design
– a module corresponds to a concept meaningful for a human
– modules remain identifiable in the final schema
– future changes remain “local” in the module sense

– departures from ontology tradition: 
• modules are central, taxonomies are not
• ontology shall not define, but constrain
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Causal Relations Pattern
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[Shimizu 2021a]
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InK Browser [Zalewski 2021a]
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CoModIDE (Protege plug-in) [Shimizu 2021]
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Cells (S2)
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Cells (S2)
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Cells and Region Connection Calculi

[Zalewski 2021]

• information inheritance (logical inference) along cell hierarchy: 
compressed data representation

• uniform graph representation of spatial data (using cells) for 
better querying

• graph representation that does not necessitate repeated costly 
calculations of region intersections. 

• Comes with some loss of spatial accuracy, depending on cell 
level used.
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Schema
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addressing waterfall design issue

• we work both top-down (design first) and bottom-up (graph 
construction first) – but it’s the same group of people.

• that way, perspectives converge over time, but we gain a 
stronger schema
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TOC

1. Schema design
2. The graph and geo-enrichment
3. Application use cases
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The graph

• currently over 1B triples
• target 10B
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Graph Utilization
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TOC

1. Schema design
2. The graph
3. Application use cases

21



GeoKG @ GIScience, September 2021 22



GeoKG @ GIScience, September 2021

Conclusions
• Lowering cost of spatiotemporal KG engineering
• Modular, extendable KG
• GIS interface to add KG-based data as needed
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Thanks!
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