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1 – About geospatial rules

• Rules must be considered as first-class citizens in IT 
(Graham, Morgan, Ross, etc.)

• Generally, in business intelligence:
• IF-THEN-fact
• IF-THEN-Action

• Encoded by means of logic

• But for geospatial rules: geometry, topology, etc.

Encoding Business Rules

<Implies>

<if>

<..>

</if>

<then>

<..>

</then>

</Implies>
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Examples of geospatial rules (1/2)

• If a lane is narrow, make it one-way, except if it is a cul-de-sac (dead end);

• When planning a metro, move underground networks;

• No parking, no business;

• Each building must be connected to utility networks (water, electricity, gaz, 
telephone, internet, etc.);

• Council flats must be connected to urban heating systems;

• If a cross-road is dangerous, install traffic lights;

• In city centers, transform streets into pedestrian precincts;

• When a commercial mall is planned in the neighborhood of a city, shops located in 
the city center will be in jeopardy;

• If the number of car parking lots is insufficient, encourage using buses or bikes;

• At the vicinity of an airport, limit building heights 

Examples of geospatial rules (2/2) 

• When a big plant is closing, unemployment will increase;

• At the vicinity of an historic building, no modifications of building are allowed 

• Every lamppost can be considered as holder of sensors (temperature, pollution, 
noise, etc.);

• When defining a new industrial area, unemployment will diminish;

• When a road is wide and buses are running, provide a bus lane;

• If a recreational park is inside a city, provide bike lanes coming to this park;

• In France, it is forbidden to open a new tobacconist shop within 500 meters from 
an existing one;

• If there is one or several rivers crossing a city, design systems to mitigate floods;

• In a city with many hills, consider cable-cars linking them.

Physical laws
Engineering rules

Legal rules
Standards

Best practices
Text-mining

Data-mining
Watching

Origin

Temporal
Dimension

Past: ancient rules
Present or near future

Future: projects

Logic
Geometry

Operation research
Differential equations

Math tools
Objects, natural or manmade
Object relations,  
Object structures
Places, gazetteer
Ontologies, languages

Object semantics
Object geometry
Object identification

Object 
characteristics

Components

Updating
Consistency Checking

Sharing

Managing

Mandatory
Fuzzy

Associative
Recommended

Superseded

Modality

Monitoring
Forecasting
Planning
Understanding the past
Innovating
Etc.

Usage

Geospatial
Rules

From Data Mining

• Malerba et al. (2003) have discovered the following 
rule:

• Salleb-Aoussi et al. (2015) have studied geology 
and mineral deposits in South America. 
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Expert Rules

• Varadharajulu et al. (2016) have proposed the 
following rule for checking road length against road 
type

Egenhofer topological relations

A B

Disjoint (A, B)

A      B

Contains (A, B)

A

B

Inside (A, B)

A B

Overlaps (A, B)

A B

Touches (A, B)

A      B

Equals (A, B)

A B

Covers (A, B)

B A

~Covers (A, B)

Why a Mathematical Language?

• Too early for a computer language
• Analysis of the semantics (to be extended)
• Independence from any software product

• Basis for the design of a computer language
• Links with inference engine

Assumptions for a Mathematical 
Language (1/2)

• a global geographic object called Earth includes all 
existing geographic objects (GO) and territories (Terr),

• an ontology will describe their types/classes (whatever 
is the concept) together with some specific attributes 
and generic relations between them,

• all objects will have valued attributes; in the case of 
new objects, the attributes are set to null,

• there exists a set named Projects which comprises all 
possible environmental and urban projects,
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Assumptions for a Mathematical 
Language (2/2)
• there exists a gazetteer integrating all place names 

possibly with different variants and in different 
languages,

• it is assumed that all information is correct and 
consistent,

• it is assumed that there are no problems neither 
regarding geometry accuracy, nor multi-representation,

• there are no considerations for storing, 
implementation, optimization, etc.,

• this language is not a rigid language as in computer 
sciences, but a sketch in which everybody can add 
symbols, functions, etc.

Characteristics of this language

• First level
• Set theory
• Logic (First order, fuzzy)
• 2D Computational geometry
• 2D Topology

• Second level (not yet done !!!)
• 3D
• Temporal dimension
• Operation research
• Graph theory
• Differential equations

About the symbol =

• Three meanings:

• = as a comparator in Boolean conditions; so that the 
answer will be either true or false,

•  for definitions, especially of new variables,

• := for assigning a new value to a known variable.

2 – Grammar

Context : Conditions Implication Consequents <

Grammar:
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Context and declarations

Context:

Variable GeographicObjects

,

b%

a

Places

Declarations:

Declarations

, Definitions

Definitions and Definition

Definition

,

Definitions:

Variable  AlgebraicExpression

⊧ Relationship

Definition:

Conditions

NOT

Condition

( Condition 





Conditions )

Conditions:

Condition

AlgebraicExpression =

<

₪

AlgebraicExpression





>



Condition:
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Implication



[ BP

Support , Confidence

]

Implication:

Consequents

{ Consequent ; Consequents }

Consequent

Consequents:

Consequent

Declarations

Consequent:

Variable := AlgebraicExpression

⊧ Relationship

ProcedureCall

3 – A few Examples

• Creation of a relationship
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Other examples In Urban Planning

Best practice
• When studying road incidents in the city of 

Helsinki, Finland, Karasova et al. have shown by 
spatial data mining that many incidents occur near 
bars and restaurants. More exactly, around each 
incident they have designed a 50 m buffer and see 
whether there were incidents in those zones 
(Support 1.7% and confidence 40.0%). 
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• In their study in the city of Antwerp, Belgium, Zhou 
et al. have a lot of co-location association rules 
within 600 m buffers. 

Located 
Rules

4 – Examples in Urban Planning

Airport airstrip,
construction prohibited

Where building’s height
is limited to 8 m

At the vicinity of
historical monuments,
in Downtown,
construction prohibited

Rural
Area

Suburban
Area

Creation of Urban Planning Zone
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Types of Zones

Suburban
AreaDowntown

Projected
Building

Near 
Airport

Rural
Zone

Planning
Zones

Historical
Monument

States for Building Permits

Parcel

Vacant 
Land

Constructible
Parcel

Existing
Bldg Brownfield Historical

or airport
With

preemption

Demolition
Permit Depolution

Constructible
With limitation

Reserved for
municipality

Parameters For Suburban Zone
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Final Approbation 5 - Conclusions

• Mathematical language for geographic static rules
• Syntax
• Examples
• Expressive power

• In total 500+ geographic rules encoded 
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Perspectives (1/2)

• Integration of 3D, especially for terrain modeling 
and engineering networks; 

• Integration of temporal issues; this will lead to 
dynamic geospatial rules;

• Integration of rules deriving from continuous fields, 
especially for dealing with meteorology, pollution, 
etc. and other aspects in physical geography;

• Integration of additional clauses to extend its 
expressive power, overall to deal with networks 
whatsoever, electricity, sewerage, bus lines, etc.;

Perspectives (2/2)

• Looking for more issues in order to enrich semantics, 
especially for the automatic adaptation to special contexts; 
for instance, how to adapt a rule such as "when planning a 
metro, move underground engineering networks" to various 
street configurations;

• Transformation of this mathematical language into a 
computer language;

• Study of metadata relative to geographic rules (origin, etc.);
• Design of an inference engine to reason with those rules; 
• Defining the organization of rules together for their access 

mechanisms taking temporal and spatial superseding 
mechanisms.

Thanks for your attention!

• Roberto.Laurini@gmail.com

• http://www.laurini.net/robert/
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