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Agenda

e Create database structures
e Load Spatial Data

* Index

e Issue SQL queries

e Develop simple Oracle Application Server
Mapviewer application
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What Is a Spatial Database?

Spatlal AnaIyS|s

Spatial Indexing

il

Fast Access to
Spatial Data

All Spatial Data
Stored in the Database

Spatial Access Through SQL
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Create Required Database
Structures
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All Spatial Types In
Oraclel0g

Networks
_ (lines)
Loca}tlons Parcels
(points) ¢ (polygons)

N ~
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(raster, grids) ? Addresses
(geocoded points)

Topological Relations
(persistent topology)

ORACLE



Vector Map Data in Oracle Tables
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The MDSYS Schema

 When Oracle Locator or Spatial is installed, the
MDSYS user is created

- Owner of Spatial types, packages, functions, procedures,
metadata

— Similar to user SYS
— Privileged user
- With ADMIN option

e This account is locked by default
— Be careful with this administrative account
— You should never need to log in as MDSYS
- Never create any data as user MDSYS
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SDO_ GEOMETRY Object

e SDO GEOMETRY Object

SDO_GTYPE NUMBER
SDO_SRID NUMBER
SDO_POINT SDO_POINT_TYPE
SDO_ELEM_INFO SDO _ELEM_INFO_ARRAY
SDO_ORDINATES SDO_ORDINATE_ARRAY
 Example
SQL> CREATE TABLE states (

2 state VARCHAR2(30),

3 totpop NUMBER(9),

4 geom SDO_GEOMETRY);
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SDO_ GEOMETRY Object

e SDO POINT TYPE

% NUMBER
y NUMBER
z NUMBER

e SDO ELEM INFO ARRAY

VARRAY (1048576) OF NUMBER

e SDO ORDINATE_ARRAY
VARRAY (1048576) OF NUMBER
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SDO_ GEOMETRY Object

e SDO GTYPE - Defines the type of geometry
stored in the object

GTYPE Explanation

1 POINT Geometry contains one point

2 LINESTRING Geometry contains one line string
3 POLYGON Geometry contains one polygon

4 HETEROGENEOUS COLLECTION Geometry is a collection of
elements of different types:
points, lines, polygons

5 MULTIPOINT Geometry has multiple points
6 MULTILINESTRING Geometry has multiple line strings
7 MULTIPOLYGON Geometry has multiple polygons
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SDO GTYPE

SDO_GTYPE Four digit GTYPESs - Include dimensionality
2D 3D 4D

1 POINT 2001 3001 4001

2 LINESTRING 2002 3002 4002

3 POLYGON 2003 3003 4003

4 COLLECTION 2004 3004 4004

5 MULTIPOINT 2005 3005 4005

6 MULTILINESTRING 2006 3006 4006

7 MULTIPOLYGON 2007 3007 4007
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Constructing Geometries

SQL> INSERT INTO LINES VALUES (
2> attribute 1, ... attribute n,
3> 'SDO_GEOMETRY (
4> 2002, null, null,
5> SDO_ELEM_INFO_ARRAY (1,2,1),
6> SDO_ORDINATE_ARRAY (
7> 10,10, 20,25, 30,10, 40,10))
8> ) E
(20,25)
(10,10) (30,10) (40,10)
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How Spatial Data Is Stored

£ Oracle 50L*Plus
Fi

le Edit Search Optionz Help

S0L> describe customers
Hame

CUST_ID

LAST_ HAME

FIRST_HAHE

ADDRA1

ADDR2

CITY

STATE

ZIP

GEOLOC

PROPERTY UALUE
PROPERTY_DESCRIPTIOHN
PROFITABILITY

HOT HULL

SOL> select count{*) from customers;

COUMT { *)

SOL> select cust_id, last_name, geoloc from customers where rownum < 3;

CUST_ID LAST_HAME

MUMBER

UARCHAR2( 48)
UARCHARZ{ 28}
UARCHARZ (6 8)
UARCHAR2{ 68}
UARCHARZ{ 38}

Data type

]
UARCHARZ2({38)
MDSYS .S5D0_GEOMETRY

HUMBER

Geographic
coordinates

3)

1 Liu

SDO_GEOMETRY({1, HULL, SDD POIHNT TYPEQ-122.82415, 37.
2 Crow

SDO_GEOMETRY({1, HULL, SDOD POIHWT TYPEQ-122.39411, 37.

In4318, HMULL, HULL}

786136, HMULL, HULL}

SQL>
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Spatial Metadata

e The spatial routines require you to populate

a view that contains metadata about
SDO GEOMETRY columns

 The metadata view is created for all Oracle
Spatial users when Oracle Spatial Is installed

e The metadata view Is called
USER _SDO GEOM METADATA

e For every SDO_GEOMETRY column, insert a
row in the USER_SDO_GEOM_METADATA
view
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USER SDO GEOM METADATA

SQL> DESCRIBE USER_SDO GEOM_METADATA
Name NulI? Type
TABLE_NAME NOT NULL VARCHAR2(32)
COLUMN_NAME NOT NULL VARCHAR2(1024)
DIMINFO SDO _DIM_ARRAY
SRID NUMBER

« MDSYS.SDO DIM ARRAY
VARRAY(4) OF SDO DIM_ELEMENT

 MDSYS.SDO DIM_ELEMENT object

SDO DIMNAME  VARCHAR2(64)
SDO_LB NUMBER
SDO_UB NUMBER
SDO_TOLERANCE NUMBER
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Populating the
USER_ SDO_GEOM_METADATA

View
SQL> INSERT INTO USER _SDO GEOM_ METADATA
2> (TABLE_NAME, COLUMN_NAME, DIMINFO, SRID)
3> VALUES (
4> "ROADS*" ,
5> "GEOMETRY ",
6> SDO_DIM_ARRAY (

7> SDO_DIM_ELEMENT("Long", -180, 180, 0.5),
8> SDO_DIM_ELEMENT("Lat", -90, 90, 0.5)),
9>  8307);

Note: For geodetic data, the x axis bounds must be —180 to 180, and y
axis bounds —90 to 90.
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Load Spatial Data into Oracle
Spatial Database
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Loading Spatial Data

* Categories of loading:
- Bulk loading of data
e SQL*Loader
* Import
— Transactional inserts
* INSERT statement

- Loading using Partner Tools
e Example — SAFE Software’'s FME
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Validating Geometries

e QOracle Spatial validation routines ensure spatial
data in Oracle Spatial is valid
- SDO_GEOM.VALIDATE_GEOMETRY_WITH_CONTEXT

- Determines if a geometry is valid
- SDO_GEOM.VALIDATE_LAYER_WITH_CONTEXT

- Determines if all geometries in a layer are valid

e |If data is invalid, both routines return why and
where the geometry is invalid
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DEMO
Loading Data using FME
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FME Workbench

File  Edit

View  Insert

Source Data  TransFormers

Destination Data  Tools

Help

DB b B/ xDBY [

LEZ e %MW

Bl xl | Main |

[B4 Streets [SHAPE]

= Transformers

@ Bookmarks

=i EPLIb|IShEE| Parameters
3t Source ESRI Shape
it Destination COracle
El f;@ Wurkspace Settings
458 Workspace Title: <
%2 Log File: <not sets
¢ Source Redirect: M

Source Types d

] Sheets. HAPE] {1

Drata Flowr d

Destination Typas d

1 Feature Type Properties

= Generall L User P.ttributesl [ Format Attribukes b Parametersl

Farameter alue

Farameter Mame
res

Additional table creation parameters

l

»E STREET...LESI]]

8¢ Destination Redire:  Drop existing table Yes -
-3 Advanced Update Key Columns _
Delete Key Columng _
Target geometry column name B
|pdate Geometry Contents e -
|Jpdate GeoR aster Contents e =
Truncate exsiting table Mo B
Spatial referencing [SRID] value a3 .
Geometry column name GEOM
1 I I Geometric dimenzion 2 j
I—l— Minirium x coordinate -180 ..
@9 Workspace g bale tinirmum p coordinate a0 _I
x| Minimurn 2 coordinate a
L F axirnum = coordinate 180
b awirnum v coordinate a0
Faximum z coordinate a
Comparzion tolerance for » coordinate 0.005 ;I
Help | apply to Al | QK | Cancel
[Ready [5TREETS [all] A s




FME Mapping

Documents and Settings'.ekleiman’My Documents', My FME Workspaces' streets.fmw - SHAPE - DRACLESI - FME Wor-... [ [=] [E3

File Edit Wiew Insert Source Data Transformers Destination Data  Tools Help

DRH2 P B|xbBYA|(MAAES A %E

Bl=l | Main | il
[B Streets [SHAPE] Source Types d Drata Flow EI Destination Tppes d
Af| orcl [ORACLEST]
‘;j' Transformers [=] Strests. HAPE]] _‘ {>PE STREET..LEBI] _|r
) coclmaris DT_CREATE b= F+DT_CREATE
3t Published Parameters =
'@I‘ Source ESRI Shape File(s): E-m* ¥+ B-DT_RETIRE
it Destination Oracle Service: M"' FR-GRREL_CODE
El__@ Wiarkspace Settings JRSDCTH D = BJRSDCTN_ID
5 Warkspace Title: <not set: NEN * FHRN
:@ Loqg File: <nok setz POS_ACC * =POS_ALCC
:@ Source Redirect: No Redire STATE_FID } B STATE_PID
@ Destination Redirect: Mo Re SREN * =5RN
ik Advanced ST_LNE_FID B-ST_LNE_PID
NaME e NAKE
STSFx_CODE *‘ = STSFx_CODE
STTvP_CODE ? FSTTYP_CODE
SFTYF_CODE ? = SFTYP_CODE
| THIER_CODE >
THIER_CODE | [=THIER_CODE m
KN — 2
|2? Wiorkzpace |§ Galleryl 1 |

2
5 L
il
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Oracle Structures

& Oracle SQL*Plus =]
File Edit 3Search Options Help
SDO_GEDHMETRY({2@882, 8311, HULL, SDO_ELEM IHFO_ARRAY({1, 2, 1), SDO_ORDINATE_ARRAY(
1756 rows selected.
SQL> describe streets
Mame Hull? Type
DT_CREATE DATE
DT_RETIRE DATE
GRREL_CODE HUMBER{11)
JRSDCTH_ID CHAR(16)
HRH CHAR(12)
POS_ACC HUMBER{11)
STATE_PID CHAR(15)
SRH CHAR({12})
ST_LHE_PID CHAR(1S)
HAHE CHAR(188)
STSFX_CODE CHAR(1S)
STTYP_CODE CHAR(15) 4 Oracle SQL*Plus P [=1 3
SFT?P_BUDE HUHBER(11) Fil: Edit Search ©Options Help
THIER_CODE HUMBER{11) 0L )
GEOH MDS¥S._SDO_GEOMETRY  SOL>
- soL>
soL>
sqQL> SQL>
SOQL>
Al sQL>
SQL> select = from user_sdo_geom_metadata where table_name = 'STREETS';
TABLE_HAME

COLUMN_NAME

DIMINFO{SDO_DIMNAME, SDO_LEB, SDO_UB, SDO_TOLERANCE)

STREETS
EEOM
SDO_DIM_ARRAY(SDO_DIM ELEMENT('X', -188, 188, .085), SDO_DIM ELEMENT('Y', -908, 9
0, .805))
2311

TABLE_HAME

COLUMN_NAME

DIMINFO{SDO_DIMNAME, SDO_LEB, SDO_UB, SDO_TOLERANCE)




Set up Spatial Indexes
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Spatial Indexing

e Used to optimize spatial query performance

e R-tree Indexing

—- Based on minimum bounding rectangles (MBRs) for 2D
data or minimum bounding volumes (MBVs) for 3D
data

-~ Indexes two, three, or four dimensions

* Provides an exclusive and exhaustive coverage of
spatial objects

e Indexes all elements within a geometry including
points, lines, and polygons
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Optimized Query Model

- h 4 ) Exact
Prlrlnary Secondary Result
Filter i
Layer Data | |Reduced | Al Set
: Data Set : - > | EXxact
Spatial Spatial
Ind : Result
naex Functions Set
\_ ) \_ Yy,
Column Index retrieves Procedures
where —> area of interest —> that determine
coordinates (window) exact relationship

are stored
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A Look at R-tree Index
Structures

create i1ndex GEOD STATES SIDX
on GEOD STATES (GEOM)
indextype 1s MDSYS.SPATIAL_ INDEX;

Index Information

l

Table MDRT_7B50%
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Issue SQL Queries
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Spatial Operators

e Full range of spatial operators
- Implemented as functional extensions in SQL

- Topological Operators

* Inside Contains

e Touch Disjoint
* Covers Covered By

e Equal Overlap Boundary
- Distance Operators

stangf Hospital #2
e Within Distance
« Nearest Neighbor e

INSIDE

Hospital #1

2]
£
T
=
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Spatial Operators

* QOperators
- SDO_FILTER
* Performs a primary filter only
- SDO_RELATE and SDO_<relationship>
» Performs a primary and secondary filter
-~ SDO_WITHIN_DISTANCE

* Generates a buffer around a geometry and
performs a primary and optionally a secondary
filter

— SDO_NN
* Returns nearest neighbors
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SDO FILTER Example

- Find all the cities in a selected rectangular area
— Result is approximate

SELECT c.city, c.pop90
FROM proj cities c
WHERE [sdo_TilTter (
c.location,
sdo_geometry (2003, 32775, null,
sdo _elem_info array (1,1003,3),
sdo _ordinate _array (1720300,1805461,
1831559, 2207250))

) = "TRUE":

Hint 1. All Spatial operators return TRUE or FALSE. When writing spatial
gueries always test with = "TRUE", never <> "FALSE" or = "true”.

ORACLE



SDO RELATE Example

* Find all counties in the state of New Hampshire

SELECT c.county, c.state _abrv
FROM geod counties c,
geod_states s
WHERE s.state = "New Hampshire-®
AND |sdo_relate (c.geom,
s.geom,
"mask=INSIDE+COVEREDBY ")
="TRUE";

Note: For optimal performance, don’t forget to index
GEOD_STATES(state)
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Relationship Operators
Example

* Find all the counties around Passaic county in New
Jersey:

SELECT /*+ ordered */ a.county

FROM geod counties b,
geod _counties a
WHERE b.county = "Passaic”
AND b.state = "New Jersey"

AND |SDO TOUCH(a.geom,b.geom)| = "TRUE";

* Previously:

AND |SDO_RELATE(a.geom,b.geom,
"MASK=TOUCH®") = "TRUE";
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SDO WITHIN _DISTANCE
Examples

 Find all cities within a distance from an interstate

SELECT /*+ ordered */ c.city
FROM geod i1nterstates 1, geod cities C
WHERE 1.highway = "1170"

AND [sdo_wrthin_distance (
c.location, 1.geom,
"distance=15 unit=mile")| = "TRUE";

* Find interstates within a distance from a city

SELECT /*+ ordered */ 1.highway
FROM geod cities c, geod interstates 1
WHERE c.city = "Tampa“

AND [sdo_wrthin_distance (
1.geom, c.location,
"distance=15 unit=mile")| = "TRUE";
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SDO NN Example

 Find the five cities nearest to Interstate 1170,
ordered by distance

SELECT /*+ ordered */

c.city, c.state abrv,

sdo _nn_distance (1) distance_in_miles
FROM geod iInterstates 1,

geod cities c
WHERE 1._.highway = "1170"
AND |sdo_nn(c.location, i1.geom,

"sdo _num _res=5 unit=mile®, 1)|= "TRUE"
ORDER by distance_in_miles;

*  Note: Make sure you have an index on GEOD INTERSTATES
(HIGHWAY).
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Spatial Functions

Returns a geometry
Union

Difference
Intersect

XOR

Buffer

CenterPoint
ConvexHull

Returns a number

Original

Union

Difference

3

Intersect

XOR

LENGTH |

H

Which parcels are within 60m of the road? |

I

nimind

AREA

E?Wmﬁﬁﬁﬁp_

-

S

Distance |

..................................

:I‘: i |
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DEMO
SQL Developer
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Develop Simple Oracle
Application Server MapViewer
Application
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Oracle Spatial 10g Platform

Partner Customer Oracle & Partne Telemetry
Spatial Solutiond  Built Solution Business Services
pplications

31 Party Tools 7S\
LBS APIs
MapViewer Web Services

Oracie Application Server 10g SOAP, WSDL
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MapViewer Overview

Title

* A map rendering service in Oracle
Application Server 10g. Itis a
server component (not a client
viewer!)

e |t visualizes data managed by
Oracle Spatial.

* Provides a comprehensive set of
APIs( XML and Java-based),
using which client viewers can be
easily developed and OGC WMS
APls

* Provides an enterprise-level
solution to mapping metadata
management.

ORACLE
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MapViewer Overview

Architecture

Mid-tier

Database Oracle Mapping

Spatial metadata
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MapViewer Query

A map request consists _

of:

A map response consists

of:
Base map name A streamed map image

Center of map or

Width and height of map A URL to the map image
Optional tags along with the map MBR
map name
jdbc_query
others

| |
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MapViewer APIs

e MapViewer supports 3 API flavors

- XML-based
* Native language to MapViewer

— Java thin library
* a mapping “bean” (without Ul)

- JSP custom tags
* a subset of functions
* To be used as a ‘fast start’ for beginners

* The JSP taglib can be easily added to Oracle JDeveloper’s
component palette

* A JDeveloper extension that lets you browse the current list of
existing maps/themes/styles in a data source

ORACLE



Enhanced APIs and JDeveloper
Integration

E_‘a: Oracle IDeveloper 10g - L)Work.jws : mapviewer_vob.jpr i |EI|5|
File Edit Search View Project Run Debug Versioning Code Tools Window Help
NEES PYNXDBE TGN s o *rv @HEEN N @ o
B Connections - Mavigator ¥ | ®ltagmap.js Component Palette X
E‘% C L ! 1 J;I- x ¥ | g p.jsp |
® @ b 2<%[ page import="oracle.lbs.mapclient.MapViewer™ - |/ Maptiewer Tag Libray 1\ ll
E (gunections 10 [ | I3 Pointer
-z Application Server 11| <%0 taglib uri="/WEE-INF/uwtaglib.tld™ prefix="mw" %> (1 -+
E» cy5 Server o £ addIDECTheme
[E Database 13| <HTML> B addPredefinedTheme
lﬁ';r Designer Workarea | 14| <HEAD> @getMapURL
(- Mapiiemer Servers 15| <METR HITP-EQUIV="Content-Type” CONTENT="text/html; charset=WINDOWS- -
[=]-- §&# mapviewer_at_lgian_sur . . " . ) " =1 getPararm
E|E§‘ o 16 <METR NAME="GENERATOR™ CONTENT="0Oracle9id3 Map¥Wiewer - 1.
-T2 Maps 17| < fHERD - 2 identify
..... @ DEMO_MAP 18 | B0DY- )] importBaseMan I
]
----- @ DENSITY_MAP . & int e I .
..... @ FLASH_MAP 20| <% ; mapviewer impor eMap
..... @ FLASH_TEST 21| 1if[ request.getParameter("inited™) == null ) ma mport themes from,a basemap
----- @ GECD_MAP 2z | % run
..... @ IMAGE_MAP 23 String =
" " " - : =g setParam
----- @ TEST_MAP ] 24 wvUURL = "http://"+ request.getierverlane (14" : "+request. getierverFo;
----- a 25 request.getContextlath( )+ " /fonserver™;
----- | || 28|
E‘. Styles 27 Initializing client MapViewer handle. 3ave the handle in the sessi:
bl #) Themes et using key "wvHandle™....<hr>
E'l@“ SQAR Server | 28] omiinit url="<%-mvURLE"
) i |
i et UDDI Registry '] 30 datazource="nwvdenc"” id="mvHandle™ /-
[81 webDay Server a1
32 SeCting mapviewer parameters...<pr
33 “arisetParam title="Hello World!™ bgcolor="#££LE£EE" widrh="500" he:
34 antialiasing="rtrue" ;=
35
36 Adding themes from a base map...<ps
37 <mv:importBaseMap name=""demo map” /-
38
39 Jetting initial map center and size...<p>
i setParam centerx="-12Z.0" center¥="37.5" size="1.5" /> -
| >|




MapViewer Key Concepts

* Datasource
 Map

e Basemap
e Theme

e Style
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MapViewer Welcome Page
http://1localhost:8888/mapviewer

— lcon to go to/from the Admin page (see key icon in upper left)
— Several other hyperlinks, including Demos

3 http:/ /localhost:8888,/ mapviewer,; - Microsoft Internet Explorer - |EI|1|
File Edit Wiews Favoribes Tools  Help
¢aBack -~ = - () i | Qsearch [GgFavorites GliMedia C | By S B -

Address IEJ http: fflocalhost: 5566 mapviewer| j G | Links **

s
OoORACLE iI()ér
APPLICATION SERVER
=0 Aodrin
Welcome ! =
map request datasouwrces imfo request maps themes styles AP JawaDoc Demos
Sample Map Request:
<?¥ml wverzion="1.0" standalone="yes"’> =
<HEp redquest
title="oracle LEI MAP™
hasemap="demo_map"
datasource = "mrrdemo '
width="540"
heightc="430"
bgoolor="#adtcse0"
antialiase="false"
-+ s = 4= = FETIRT T ST A MR- LI
|Ej (25 Local intranet =
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MapViewer Welcome Page
Demos

3 http:/ /localhost:8888 ‘'mapviewer, - Microsoft Internet Explorer - |EI|5|
File Edit ‘“iew Favorites Tools Help
Back ~ = - ) b | @l 5earch [GElFavorites HfiMedia % | BN S B -

Address I@ http: fflocalhost: 858 mapviewer ' #demos j GO | Lirks **

|

On-line JSP Demos

These are the detnos that come with vour IMapViewer deployment. MNote that the last two detos requite the demo datazet be inported
and a corresponding datasource defined. The demo dataset can be downloaded from OTH MWap Viewer site.

s fview.{sp A sitnple no hassle spatial data viewer
o mapclent jop A simple TSP demo that uses a Java bean.
This detno wortlcs with any Oracle Spatial dataset as long as you have defined a datasource for it
o mapinit {sp A TSP demo using the WMapViewer bean
This detno worlcs only if wou have imported the demo dataset and defined a datazource named "mvdeme”. SV G in action!
« tagmap sp & demo using MapViewer ISP tags and the bean
This demo worlcs only if vou have imported the demo dataset and defined a datazource named "mvdemeo”.
o Mew demos for 10.1.2 A set of demos for new features i MapViewer 10, 1.2,

map request  datasources  mfo recquest maps themes stvles APT JavaDoc Demos

Build: Verif 1_2_BO41201

i€ [ [ B8 Local intranet 4
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Oracle Map Builder

* Replacement for the Map s .
Definition tool
e Currently in Beta and
available on OTN for
download
- http://www.oracle.com/tech L
nology/software/products/m
apviewer [ oo |
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DEMO
Mapviewer and Mapbuilder
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