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Definitions

® Database — an integrated set of data on
a particular subject

® Geographic (=spatial) database -
database containing geographic data of
a particular subject for a particular area

® Database Management System (DBMS)
— software to create, maintain and
access databases
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Advantages of Databases over

Files

® Avoids redundancy and duplication
® Reduces data maintenance costs

@ Applications are separated from the data
= Applications persist over time
= Support multiple concurrent applications

® Better data sharing

® Security and standards can be defined and
enforced
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Dlsadvantages of Databases over
Files

® Expense

® Complexity

® Performance — especially complex data

types
® Integration with other systems can be
difficult
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Types of DBMS Model

® Hierarchical

® Network

® Relational - RDBMS

® Object-oriented - OODBMS
® Object-relational - ORDBMS

© 2005 John Wiley & Sons, Ltd
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Characteristics of DBI\/IS (1)

® Data model support for multiple data
types

= e.g MS Access: Text, Memo, Number,
Date/Time, Currency, AutoNumber,
Yes/No, OLE Object, Hyperlink, Lookup
Wizard

® Load data from files, databases and
other applications

® Index for rapid retrieval

© 2005 John Wiley & Sons, Ltd
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Characteristics of DBI\/IS (2)

® Query language — SQL
® Security — controlled access to data
= Multi-level groups

@ Controlled update using a transaction
manager

@ Backup and recovery
® DBA tools
= Configuration, tuning

© 2005 John Wiley & Sons, Ltd
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Characteristics of DBMS (3)

® Applications
22 CASE tools
@ Forms builder
= Reportwriter
= Internet Application Server

® Programmable API

© 2005 John Wiley & Sons, Ltd
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Role of
DBMS

© 2005 John Wiley & Sons, Ltd

- Data load
- Editing

- Mapping
- Analysis

- Storage
Object-Relational * Indexing
Database Management - Security
system * Query
- Backup
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Relational DBMS (1)

® Data stored as tuples (tup-el),
conceptualized as tables

® Table — data about a class of objects
@ Two-dimensional list (array)
@2 Rows = objects

@ Columns = object states (properties,
attributes)

© 2005 John Wiley & Sons, Ltd



SECOND EDITIO

Relational DBMS (2)

® Most popular type of DBMS
= Over 95% of data in DBMS is in RDBMS

® Commercial systems
= |BM DB2

Informix

Microsoft Access

= Microsoft SQL Server

= Oracle

= Sybase

© 2005 John Wiley & Sons, Ltd
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Column = property
Table =
R Attributes of STATES =10 x| .
FID Shape™ AREA STATE_MAME STATE_FIPS [~ [ O bJ eCt CI aS S
41 | Palygon A1715.656 Alabama m
49| Polygon S7REREE.ESY Alaska 0z
35| Palvgon 113711.523 Afizaona 04
45| Polygon 522797 Arkanzas 05
23| Polygon 157774187 California 0&
30| Palygon 104093109 Colorado ng
17| Polygon 4976.434 Connecticut 09
27 | Palygon 2054 50R Delaware 10
26| Polygon BE.063 District of Columbia 1h!
. 47 | Palygon ARE15.051 Florida 12
RO W=0 bJ ect 43|Polygon | 58623195 Geoigia 13
43 | Polygon £381.435 Hawai 15 .
7| Polpgon B340 594 Idah 16 O bJ e Ct
25| Polygon BE297.953 [linoiz 17 |
20| Polygon 36399.516 Indiana 18 CI 1 h
12| Polygon BE257.219 lowia 19 as S eS W I t
32 | Palygon g32195.437 F.anzaz 20
31|Polygen 40318777 Kentucky 21 G eomet ry
46 | Paolygon 45835.898 Louiziana 22
2| Palpgon 32161 664 Maine 23 I I d
29| Polygon 9739.753 aryland 24 C a‘ e
13| Palygon 172 482 tazzachuzetts sl
B0|Polygon | 57898.367 Michigan 2 Feat ure
9| Palygon 34517 463 binneszata 27
42| Polygon 47R18.723 Mizzizzippi 28 CI
34| Polygon £9831.625 bizzoun 29 a'S S eS
1| Palygon 147236.021 tiontana 30 o
< | i
Recaord: ﬂllll 0 _blﬂl Show: W Selected | Records [0 out of 51 Selected.]
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Figure 10.2b
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B Attributes of POPULATION
STATE_FIPS |SUB_REGIOM|STATE_ABBR| POP19390 POP1996 |~
A3 Facific: W, 4866632 REZ29613
a0 ktr kT 799065 a8avEZ
23 M Eng ME 1227923 1254465
38 W Cen MO E38800 B33534
45 WM Cen S0 B9E004 TA374
s ktn W 453588 487142
A5 E M Cen | 4891769 144123
16 ktr 1] 1006743 1201327
a0 M Eng WT RE27RE REYYE
27 W Cen kM 4375093 4633333
4 Pacific: aR 284234 3203820
33 M Eng HH 1109252 1156932
19 WM Cen &, 27767550 2831890
25 M Eng b, E01E425 BOBEST3 -
H WM Cen HE 1578385 1622272
36 bdid At MY 17330455 18293435
42 bid & P, 11831643 12077607
n3 M Eng CT 3287116 3287604
a4 M Eng Rl 1003464 933306
34 kid A4 A Fraiaa 756917
18 E M Cen IM FR44159 RA0023
32 ktn M 1201833 1532295
49 Mtn T 1722850 2000630
06 Pacific: Ch 29760021 32218713
33 E M Cen OH 10847115 11123416
17 E M Cen IL 11430602 11731783
11 5 Al oCc ROR300 RROOYE ;I
| >

4
Fecord: EILII I:I_Plﬂl Shnw:lﬁ Selectedl Fecords [0 out of

A1 Sele
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B Attributes of COMBINED STATES and POPULATION
FID Shape™ AREA STATE_MAME STATE_FIPS |SUB_REGION|STATE_ABBR| POP1990 POP1996 | &
0 |Palygan B7286.875 W azhingtan 53 Pacific Wi, 4866R92 BE29E13
1 [Palygan 147236.01 Maontana an ]y MT 733065 aan7E2
2 [Palygon 22161664 b zire 23 M Eng ME 1227328 1254465
3 |Palygon 70310156 Morth Dakota aa Wk Cen MHD B33800 B33554
4 |Palygon 77193625 South Dakota 46 Wik Cen sD B3E004 721374
5 [Palygon 97799.492 Wiyoming ] b tr W 453588 487142
B [Falygon AE038.06R Wigconsin ala] E M Cen Wil 4391763 144123
7 [Palygan 23340594 |dahin 16 ] I 1006749 1201327
2 |Palygon 96032148 Werrnant a0 M Eng WT hE275a ha772E
9|Palygan 24517 469 Minnesata 27 WM Cen kAN 4375099 4639933
10|Palygon AF0F0.750 Cregon 41 Facific ]3] 2842321 3203820
11 | Paolyaon 9259.514 Mew Hampshire 33 M Eng HH 1109252 1156332
12 |Palygon AE2ET.219 |z 19 Wik Cen ) 27TETRR 28341830
13| Palyaon 7248z b azzachusetts 25 M Eng b G071 6425 BOBEST3
14 |Palygon 77328336 MHebraska Kl WM Cen ME 1573385 1622272 L
15 |Palygan 48560578 Mew ark, a6 Mid At M 17390455 18293435
16 |Palygan 45359.238 Pennzylvania 42 id At P, 11881643 12077607
17 | Polygon 4976424 Connecticut 09 M Eng CT 3287116 3287604
18 |Palygon 1044.850 Rhode [zland 44 M Eng R 1003464 293306
19 |Palygon 7R0F 302 MHew Jersey Gt kid Atl M Franias 786917
20|Palygon 3A6399.516 Indiana 14 E M Cen IM 5544153 RE01023
21 |Palygon 1106E7. 297 Mevada 32 b tr M 1201833 1532295
22 |Palygon 248701387 [tah 43 b tr T 1722850 2000830
23 |Palygan 157774187 Califarria ] Pacific CA, 29760021 32218713
24 | Palygan 41192.863 Ohio a9 E M Cen OH 10847115 11123416
25 | Palygan BE237.953 v 17 E M Cen IL 11430602 11731783
26 | Palygon BE.0E2 Diztrict of Columbia 11 S Al DC BOE300 aa0076
27 |Palygon 2054 506 Delaware 10 5 Al DE BEGTES 724830 ll
Recard: ﬂllll I} _Plﬂl S how; W Selected | Recaordz [0 out af 51 Selected. ] Optionz vl
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Figure 10.3A
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ParcelNumb | OwnerNam OwnerAddress PostalCode | ZoningCode ZoningType Date / AssessedValue
673/100 Jeff Peters 10 Railway Cuttings 114390 2 | Residential 2002 220000

673-101 Joel Campbell 1115 Center Place 114390 2 | Residential 2003 545500

674-100 Dave Widseler 114391 3 | Commercial 99 249000

674-100 452 Diamond Plaza 114391 3 | Commercial 2000 275500

674 100 D Widseler 452 Diamond Plaza 114391 3 | Commercial 2001 290000

670-231 Sam Camarata 19 Big Bend BId 114391 2 | Residential 2004 450575

674-112 Chris Capelli Hastings Barracks 114392 2 | Residential 2004 350000

674-113 Sheila Sullivan 10034 Endin Mansions 114391 2 | Residential 02 1005425

© 2005 John Wiley & Sons, Ltd
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Figure 10.3B

OBJECTID* ParcelHumb OwnerdHam OwnerAddress PostalCode| ZoningCode ZoningType DateAssessed | AssessedValue
1673100 Jeff Peters 10 Railway Cuttings 114380 2 |Residertial 2002 220000
26731 Joel Camphell 1115 Center Place 114380 2 |Reszidertial 2003 245500
3674100 Dave Widseler 452 Diamond Plaza 114391 3 | Commercial 19499 249000
4 |E7¥4-100 Dave Widseler 452 Dismond Plaza 114391 3 |Cammercial 2000 275500
5 |674-100 Dave Widseler 452 Diamond Plaza 114391 3 | Commercial 200 250000
B |670-231 Sam Camarsta 19 Big Bend Bid 114391 2 |Reszidertial 2004 450575
T ET4-112 Chris Capelli Hastings Barracks 114392 2 |Residerntial 2004 350000
g |674-113 Sheila Sullivan 10034 Endin Manszions 114391 2 |Reszidertial 2002 1005425
Record; illll ] _Plil Show; W Selected | Records [0 out of 8 Selected.] Optians v|
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OBJECTID* ParcelHumb | ZoningCode | DateAssessed AzzessedValue OwnersdHame
1 |6¥3-100 2 2002 222000 |Jeff Peters
21673101 2 2003 545500 [Joel Campbell
3 |E74-100 3 19949 249000 (Daree Widseler
4 |E74-100 3 2000 275500 (Darve Widseler
S |E74-100 3 2001 290000 (Davve Widseler
G| 670-231 2 2004 450575 [Sam Camarats
7 ET4-112 2 2004 350000 (Chriz Capelli
3 5674113 2 2002 1005425 | Sheila Sullivan

Record: EILII S _Irlﬂl Show: W Selected | Records [0 out of 8 Selected.]

Optiong =

OBJECTID*

ZoningCode

ZoningType

112

Residertial

213

Commercial

Recard: ﬂllll 1 _Plﬂl Show:; W Selected | Recordz [0 out of 2 Selected.]
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Figure 10.3C

OBJECTID*| OwnerHame* Address PostalCode
2 [Jeff Peterz 10 Railvway Cuttings 114390
3 [Joel Camphell 1115 Center Place 114390
4 |Dave Widseler 452 Diatnond Plaza 114331
5 |Sam Camarata 19 Big Bend Bid 114331
& [Chriz Capeli Hastings Barracks 114392
7 | Sheila Sullivan 10034 Endin Mansions 114331
Recaord: ﬂllll 0 _Plﬂl Shiow; W Selected | Recordz [0 out of B Selected.]
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Figure 10.3D Joined table
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OBJECTID| ParcelHumb | DateAsse=ssed | AssessedValue | ZoningType | ZoingCode | OwnerHame OwnerAddress PostalCode
1 |6F3-100 2002 222000 |Residertial ) 2 | Jeff Peters 10 Railway Cuttings 114380
2|673-1M 2003 245500 |Reszidertizl 2 |Joel Camphkell 1115 Center Place 114390
3(674-100 19489 243000 | Cammercial 3 |Dave Widseler 1452 Diamond Plaza 114391
4 |674-100 2000 275500 | Commercial 3 |Dave Widzeler 452 Diamond Plaza 11429
S |674-102 2004 280000 |Residertisl 2 |Dave Widseler 452 Diamond Plaza 1143591
B |670-231 2004 450575 |Residertial 2 |Sam Camarata |19 Big Bend Bid 114391
774112 2004 250000 |Residertial 2 |Chriz Capelli Hastings Barracks 114392
g 674113 2002 1005425 |Rezidertial 2 |Sheila Zulivan 10034 Endin Mansions 114391

Recaord: ﬂllll ] _Flﬂl Shiowr: W Selectad | Records [0 out of 8 Selected |
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Fig 10.4

= Join3a3b3c : Select Query E=0(3]
Address Aszessediyalue

1115 Center Place 45500
19 Big Bend Bld 450575
Hastings Barracks 350000
10034 Endin Mansions 10054245

Record: IE] 1 I 1 E]@ k4 of 4

© 2005 John Wiley & Sons, Ltd
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Relation Rules (Codd 1970)

® Only one value in each cell (intersection
of row and column)

® All values in a column are about the
same subject

® Each row Is unigue
® No significance In column seguence
® No significance in row sequence

© 2005 John Wiley & Sons, Ltd
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Normalization

® Process of converting tables to conform to
Codd’s relational rules

® Split tables into new tables that can be joined at
guery time
= The relational join

® Several levels of normalization
= Forms: INF, 2NF, 3NF, etc.

® Normalization creates many expensive joins

® De-normalization is OK for performance
optimization

© 2005 John Wiley & Sons, Ltd
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Relational Join

® Fundamental query operation

® Occurs because
= Normalization

= Data created/maintained by different users, but
Integration needed for queries

® Table joins use common keys (column
values)

® Table (attribute) join concept has been
extended to geographic case

© 2005 John Wiley & Sons, Ltd
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® Structured (Standard) Query Language —
(pronounced SEQUEL)

® Developed by IBM in 1970s

® Now de facto and de jure standard for
accessing relational databases
® Three types of usage
= Stand alone queries
= High level programming
= Embedded in other applications

© 2005 John Wiley & Sons, Ltd
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Types of SQL Statements

® Data Definition Language (DDL)
= Create, alter and delete data
@ CREATE TABLE, CREATE INDEX

® Data Manipulation Language (DML)
= Retrieve and manipulate data
2 SELECT, UPDATE, DELETE, INSERT

® Data Control Languages (DCL)
= Control security of data
2 GRANT, CREATE USER, DROP USER

© 2005 John Wiley & Sons, Ltd
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Geometry Class Hierarchy

| Geometry |—— SpatialReferenceSystem |

— Point | | Curve |

| GeometryCollection |

) 2

Polygon| |MultiSurface| [MultiCurve| | MultiPoint |

| Line | |LinearRing

A

[ MultiPolygon | [MultiLineString|

9

3

¢ Composed
A Type
— Relationship

© 2005 John Wiley & Sons, Ltd
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Spatial Relations

® Equals — same geometries
® Disjoint — geometries share common point
® Intersects — geometries intersect

® Touches — geometries intersect at common
boundary

® Crosses — geometries overlap

® Within— geometry within

® Contains — geometry completely contains

® Overlaps — geometries of same dimension overlap

® Relate — intersection between interior, boundary or
exterior

© 2005 John Wiley & Sons, Ltd
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Two Possible Relations for Geographic
Databases

(A)

Comparison Geometry

Contains

Does the base geometry contain the comparison

geometry?

Base Geometry

No containment
relationship
possible

A
.

No containment
relationship
possible

No containment
relationship
possible

| K| D

For the base geometry to contain the comparison
geometry, it must be a superset of that geometry.

A geometry cannot contain another geometry of

higher dimension.

© 2005 John Wiley & Sons, Ltd

(B)

Comparison Geometry

Touches

Does the base geometry touch the comparison

geometry?

Base Geometry
®

No touch
relationship
possible

~
=
]

i
Lt
T

Two geometries touch when only their boundaries

intersect.




3 L

SECOND EDITION

Spatial Methods

@ Distance — shortest distance

® Buffer — geometric buffer

® ConvexHull — smallest convex polygon geometry
® Intersection — points common to two geometries
® Union — all points in geometries

® Difference — points different between two
geometries

® SymDifference — points in either, but not both of
Input geometries

© 2005 John Wiley & Sons, Ltd
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Examples of

spatial analysis

methods on

geometries

© 2005 John Wiley & Sons, Ltd

(A)
Buffer

DNy

Given a geometry and a buffer distance, the buffer
operator returns a polygon that covers all points
whose distance from the geometry is less than or
equal to the buffer distance.

(€)
Intersection

L]
... — [ ]
e o o .

—>

The intersect operator compares a base geometry
(the object from which the operator is called) with
another geometry of the same dimension and returns

a geometry that contains the points that are in both
the base geometry and the comparison geometry.

e

(B)

v

v

Given an input geometry, the convex hull operator

returns a geometry that represents all points that are
within all lines between all points in the input geometry.

A convex hull is the smallest polygon that wraps
another geometry without any concave areas.

(D)

Difference

Base
. —O
Comparison Result

[ Ty v | e —[

The difference operator returns a geometry that
contains points that are in the base geometry and
subtracts points that are in the comparison geometry.

—



use In GIS projects.

Project City Defense Retail
Domain water forestry EElSES

E 3
E
Object-Relational

© 2005 John Wiley & Sons, Ltd
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Stages In Database Design

Conceptual Model

Logical Model

1. User
View Physical Model
v v

2. Objects and
Relationships

v

3. Geographic
Representation

6. Database

Schema

© 2005 John Wiley & Sons, Ltd
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Topology

® Two main database approaches

@ Normalized
e Arc-node primitives
= Physical
e Simple features + rules

© 2005 John Wiley & Sons, Ltd
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Normallzed Database Topology I\/Iodl

© 20C

W1+

Parcels Buildings Walls
. ID ID ID
|E2 P1 B1 W1
:N3
Parcel x Face Wall x Edge
—:E4 Bi E3 P1 Parcel| Face Wall | Edge | Order |Orientation
F2 F1 P1 F1 WA1 E2 1 +
JO% P1 | F2 Wi | E4 | 2 i
Wi ES 3 +
| E5 Building x Face
: E1 Parcel| Face
N1 B1 F2
Nodes Edges Faces
ID ID | Vertices From| To | Left |Right 1D
N1 E1](0,10),(8,10),(8,0),000) | N4 | N1 | FO | F1 FO
N2 E2|(0,10),0,7) N4 | N3 | F1 | FO F1
N3 E3 |(0,7),(5,7),(5,3),(0,3) N3 | N2 | F1 | F2 F2
N4 E4 |(0,3),(0,7) N2 | N3 | FO | F2
E5 | (0,3),(0,0) N2 | N1 | F1 | FO
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Phy3|cal Database Topoloy I\/Il"'('jdel ?

' Parcels
1 ID | Vertices
__EZ P1 |(0,0),(0,3),(0,7),(0,10),(8,10),(8,0),(0,0)
N3
@
Buildings
Wi-LE4 B1 E3 P1 ID | Vertices
1 F2 F1 B1 | (03).(0,7),(5,7),(5,3).(03)
N2
@
| Walls
|ES ID | Vertices
Ik E1 W1 (0,10),(0,7),(0,3),(0,0)
N1
Topology Rules Topology Errors Dirty Area
ID | Rule Type ID | Vertices |Rule Type | Feature |IsException| | Vertices
R1 | Pacels no overlap E1 - - -

R2

Buildings no overlap

© 2005 John Wiley & Sons, Ltd
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Indexing

® Used to locate rows quickly

® RDBMS use simple 1-d indexing (R-tree, B-
tree, etc.)

® Spatial DBMS need 2-d, hierarchical indexing
= Grid
= Quadtree
= R-tree
= Others

® Multi-level queries often used for
performance (MBR)

© 2005 John Wiley & Sons, Ltd
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Original Data Level 1 Level 2 Level 3
1 1
13 13
69 14
52 22
25 25
26 26
71 31
36 36
22 52
72 53
67 67
68 68
14 &
70 70
31 [a
© 2005 John Wiley & ¢ 53 72




Multi-level Grid Index

Feature 2 / Feature 3

Index Grid 1 /
A Y ( Index 2
Index Grid 2 1 )
________ 1 2/ ) 2 | 1
3 |3
5 6 7 8 > | 1
C D 6 |1,3
// / / / Index 1 7 | 3
Feature 1 9 10 1 12 A 123 [9 |1
W J o B EE
13/ 14/ 15 16 cl1 L

© 2005 John Wiley & Sons, Ltd
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Point Quadtree

A.
B H

L
c
—®

_.

E
Gy EL

¢ D
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| t e g I O I l Reagion Tree data shucturs

IHegim Applet - I

I[:I, 0] ™ Zoom IndOut Mode I[512, 0] Loac I Save | Zlear I

Quadtree e

Jperations |Insert |

Undo |

Operation Color Legend I

Help

Click. .o ingzart 2
new data point(s).

01 wiri oy I
Speed i __I_ b
“rogress q ¥
Start I Eaze I ]iex)
Sun Mude. Icontinuou.s ;I

Zompled on Feb 04, 2003

[1.51%]

Curzor (380, 2 [512.512]
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Quadtree Search Order

Original Data Linear Quadtree Index Order
2 3
032(033
be 030|031
1
00 01

© 2005 John Wiley & Sons, Ltd
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Database transactions: (A) Linear short

transactions; (B) Branching version tree
(A) (B)

0«0«0<0+«O
e

© 2005 John Wiley & Sons, Ltd
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Version Reconciliation

e
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Version tree
showing
database
states for a
Main Plant
geographic
database

© 2005 John Wiley & Sons, Ltd

User 4 ¢ User1 User 2
Branch Branch Branch
As Built
User 3 . 4 v v
Branch
Plan A Update 1 Update 2
lEdit
Proposal 1 Plan A =al
lEdit
A 4
@ Merge
Plan A Update 1 ¢

As Built




8

" ; ~ SECOND EDITION | ED ITI(.ZI N !-.
Summary

® Database — an integrated set of data on
a particular subject

® Databases offer many advantages over
files

@ Relational databases dominate
® Some limitations for GIS

© 2005 John Wiley & Sons, Ltd



