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OMT-G primitives

Georeferenced Conventional

Class Name Class Name




OMT-G primitives

Geo-objects: geometry and network topology

Point Line Polygon
* Tree we== | Curb line Building
Unidirectional Bidirectional
Line Line Node

- | Sewer pipe + | Water pipe . Crossing




OMT-G primitives

Geo-fields
Triangular
Regular Network Isolines
/\ | Temperature @ Land Relief
Tesselation

Satellite Images

Planar
Subdivision

AN

Districts

Sampling

Elevation Points




OMT-G primitives

Relationships

Building owned by Owner

Simple
association

District Block

Contains

Spatial
relationship

Network - | TraficSegment | _ - — — - - — — = = e | Street Crossing
(a rc-node) street network
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OMT-G primitives

Generalization / Specialization

* Terminal

I

Subway * Bus




OMT-G primitives

Generalization / Specialization

Traffic sign

7

Bus stop

*

Business
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No parking

Commerce

Partial / Disjoint

School
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Public school

Partial / Overlap
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Industry

* Transportation terminal
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Private
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Total / Disjoint

Total / Overlap
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OMT-G primitives

Spatial aggregation (whole-part) / Aggregation

Block

Thoroughfare

Parcel

Street segment




OMT-G primitives

Conceptual generalization
(multiple representations)

River

River axis

- | River banks

River floodplain

River segment




OMT-G primitives

Conceptual generalization
(multiple representations)

City

Boundaries * Point




OMT-G Designer

! Diagram-building tool

! Web-based modeling interface, embedded in
a browser

| Saves the schema and the diagram in XML

| Logic consistency check while building the
diagram



OMT-G Designer

Relations

Classes

>
e B |
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e

® Import XML

® Export to XML

Bus_Line

9, Line_number: Number

Description: Varchar2
Operator: Varchar2

1

includes

1.*

—

Bus_Route_Segment

& Export to SQL A Print Project

Traverse_time: Number
Segment_number: Number

School_District

9, District_name: Varchar2
School_capacity: Number

11
1

contains

L
1.4,

Bus_Stop

%

Stop_ID: Number
Shelter_type: Varchar2

I »




Bus_Line

9, Line_number: Number
Description: Varchar2
Operator: Varchar2

- [ Bus_Route_Segment

Traverse_time: Number

Segment_number: Number

School_District

9, District_name: Varchar2

School_capacity: Number

11
|

contains

N
1.4

. Bus_Stop

9, Stop_ID: Number

Shelter_type: Varchar2




OMT-G to Object-Relational (OGC SFS)
mapping

1.! Classes, attributes an*j representations
2.! Simple associations 1%
3.! Simple associations 1:N and aggregations

4.! Simple associations M:N and arc-node
relationships

5. Multivalued attributes
6.! Generalizations and specializations

7.! Conceptual generalizations
8L Attribute-constraints

O.! Spatial integrity constraints




Mapping Representations
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Point

Geo-object
Geo-object
Geo-object
Geo-object
Geo-object
Geo-object
Geo-field
Geo-field
Geo-field
Geo-field
Geo-field

Line

Polygon

Network node
Unidirectional arc
Bidirectional arc
Sampling

Isolines

Planar subdivision
TIN

Tesselation
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Point

Linestring
Polygon

Point

Linestring
Linestring

Point

Linestring
Polygon

Point + Polygon

GeoRaster



Spatial integrity constraints

1.! Planar enforcement rule (geo-fields)
2.1 Isolines

3.! Tesselation

4.! Planar subdivision

5.1 Triangular irregular network

6.! Arc-node network structure

7.! Arc-arc network structure

8.! Spatial aggregation “whole-part”

9. Line geometry

10.!Polygon geometry

11.!'Polygonal region geometry
12.!Topological constraints (relationships)



Bus_Line

School_District

9, Line_number: Number

Description: Varchar2 9, District_name: Varchar2
Operator: Varchar2 School_capacity: Number
T T
1 1
I
includes contains
. L
1. 1. :

— Bus_Route_Segmfm"t "I Bus_Stop

Traverse_time: Number ‘ ‘ t:atlsgo:ta_tio_nfyftim_ %itop_lD: Number

Segment_number: Num helter_type: Varchar2

7. Arc-node network relationship constraint



Bus_Line

School_District

9, Line_number: Number

Description: Varchar2 9, District_name: Varchar2
Operator: Varchar2 School_capacity: Number
T T
1 11
I
includes contains
. n
1. 1.%,
- [ Bus_Route_Segment . Bus_Stop
Traverse_time: Number | tiatlsgo:ta_tio_n fyftim_ 9, Stop_ID: Number
Segment_number: Number Shelter_type: Varchar2

12. Topological relationship (“contains”)



Bus_Line

School_District

9, Line_number: Number

Description: Varchar2 9, District_name: Varchar2
jpemamha;zL School_capacity: Number
| T
1 1
I
includes contains
* * I
1. 1.%,
= | Bus_Route_Segment . Bus_Stop
Traverse_time: Number 1 t:arlsgoita_tio_n fyftim_ 9, Stop_ID: Number
Segment_number: Number Shelter_type: Varchar2

Conventional relational integrity constraint



Bus_Line

n

chool_District

9, Line_number: Number

Description: Varchar2 @, District_name: Varchar2
Operator: Varchar2 School_capacity: Number
T T
1 1
I
includes contains
. N
1. 1.%
- [ Bu$_Route_Segment . Bus_Stop
Traverse_time: Number | transportation system | g 5165 |D: Number
Segment_number: Number Shelter_type: Varchar2

9/10/11. Geometric constraint on lines and polygons



Mapping to physical

! Current spatial DBMSs lack DDL commands for
specifying spatial integrity constraints

! Physical representations are simplified
versions of the conceptual primitives

| Any additional semantics must be
implemented by the application developer



SQL — DDL statements

—-— Create table Bus Stop
CREATE TABLE Bus Stop (

Stop ID NUMBER (null, 1),

Shelter type VARCHARZ2 (100),

geom MDSYS.SDO GEOMETRY,

CONSTRAINT pk Bus Stop PRIMARY KEY (Stop ID)
)i

-— Insert the geom column of Bus Stop into metadata table
INSERT INTO USER SDO GEOM METADATA (TABLE NAME, COLUMN NAME, DIMINFO, SRID)
VALUES ('Bus Stop', 'geom’, MDSYS.SDO DIM ARRAY
(MDSYS.SDO DIM ELEMENT ('X', -180.00, 180.00, 0.005),
MDSYS.SDO DIM ELEMENT('Y', -90.00, 90.00, 0.005)), '29100");

-— Create the spatial index on geom column of Bus Stop
CREATE INDEX SIDX Bus Stop ON Bus Stop (geom)

INDEXTYPE IS MDSYS.SPATIAL INDEX

PARAMETERS ('SDO_ INDX DIMS=2, LAYER GTYPE=POINT');

/ << ..>>

-— CREATE TABLE * 4

—-— 1nsert into SDO USER METADATA * 4

—-— CREATE INDEX * 4

-— ALTER TABLE * number of primary keys

-— CREATE an auxiliary TABLE to store spatial integrity errors
-- 95 lines of code



Network constraint: trigger

-— Validate the network between the Bus Route Segment and Bus Stop
CREATE OR REPLACE FUNCTION val network Bus Bus
RETURN VARCHAR IS

<<...declarations...>>

BEGIN

END;

/

-- 1.

-> check for nodes at the extreme vertices of the arc

FOR reg IN (SELECT rowid, geom FROM Bus Route Segment) LOOP

<<L..

-- 2.
<<...

p_geom initial vertex := get point (reg.geom);
p geom final vertex := get point(reg.geom, SDO UTIL.GETNUMVERTICES (reg.geom)) ;
BEGIN

SELECT rowid INTO p rowid initial vertex
FROM Bus_ Stop

WHERE MDSYS.SDO EQUAL (geom, p geom initial vertex) = 'TRUE’;
EXCEPTION
WHEN NO DATA FOUND THEN -- initial vertex does not coincide with a node
.exception code...>>

-> check that the node is connected to some arc
code ...>>

139 lines of code total

/ == 139 lines of code total



“Contains” constraint: trigger

-— Validate the topological relationship between School District and Bus Stop

CREATE OR REPLACE TRIGGER val top rel Sch Bus
BEFORE INSERT OR UPDATE ON BuS_StOp
REFERENCING NEW AS NEW OLD AS OLD
FOR EACH ROW

DECLARE
w_rowid rowid;

BEGIN
SELECT rowid INTO w rowid

WHER SDO_RELATE(w.geom, :NEW.geom, 'MASK=contains') = 'TRUE'

. L
N OWIT I =Ly

EXCEPTION
WHEN NO DATA FOUND THEN
RAISE APPLICATION ERROR(-20001, 'Topological relationship']|
'between SchooI_District and Bus Stop Stop ID = '||:NEW.Stop ID] |
' is not contains');
END;



Spatial Integrity Constraints

| One set of templates for each type of
constraint

| Replace placeholders in the templates with
elements from the OMT-G schema

| Compose three sets of DDL commands
—IStructure

—IStatic controls

—IDynamic controls



Conjecture

What if

constraints
were implemented as

DDL statements?



CREATE TABLE bus_;ine (
line number number PRIMARY KEY,
description varchar2 (250),
operator wvarchar2(100)

) ;

CREATE TABLE bus route segment (

geom geometry,

id number PRIMARY KEY,

traverse time number,

segment number number,

line number number NOT NULL FOREIGN KEY
REFERENCES bus line(line number),

SPATIAL CONSTRAINT NETWORK ARC
CONNECTED WITH bus stop(geom),

SPATIAL CONSTRAINT DIRECTED LINE

) ;

29



CREATE TABLE bus stop (
geom geometry,
ID escola char(5) PRIMARY KEY,
nome escola char(120),
grau number,
capacidade number,
SPATIAL CONSTRAINT NETWORK NODE
CONNECTED WITH bus route segment (geom),
SPATIAL CONSTRAINT POINT

) ;

CREATE TABLE school district (
geom geometry,
district name varchar(100) PRIMARY KEY,
school capacity number,
SPATIAL CONSTRAINT CONTAINS bus stop (geom),
SPATIAL CONSTRAINT PLANAR SUBDIVISION



Future work

!l Tool
—lInterface and interactivity improvements
—!Generate PostGIS 2.0 DDL code

—lInclude GML schemas

el Research

—IHow to map conceptual schemas (or parts of them) to
NoSQL DBMSs?

—IWhich parts of a schema can be mapped to OGC Web
services or to NoSQL?
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