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2.1.1
DATABASE AND DBMS




DATABASE

A database is an organized collection of structured data, or information, typically stored electronically in a

computer that can be easily accessed, managed, and updated
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https://www.fivetran.com/blog/what-is-a-database

TYPES OF DATABASE
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https://blog.algomaster.io/p/15-types-of-databases

DATABASE MANAGEMENT SYSTEM (DBMS)

A software system that is designed to manage and organize data in a structured manner.

Key features of DBMS

DATA STORAG DATA SECURITY DATA INTEGRITY BACKUP & RECOVRY

Store large amounts of Implements access control  Ensure the consistency of  provide tools to back up

data systematically to protect data from data through constraints the database
unauthorized access



OPEN-SOURCE TECHNOLOGIES

= MySQL = PostgreSQL = MongoDB
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0 MongoDB.

= SQLite = DynamoDB = MariaDB
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KEY ATTRIBUTES OF A ROBUST DBMS

= Reliability
" The system can function correctly and consistently over time

" The system must be able to offer continual uninterrupted service

= Consistency

m Refers to ensuring that the database remains accurate, valid, and follows defined rules or
constraints

® Technology-Proof

® The system is adapted to evolving technologies and its long-term viability



2.1.2 GEODATABASE




GEODATABASE

A Geodatabase is a specialized type of database designed to store, manage, and analyze spatial and geographic
data.

It serves as a comprehensive framework for organizing spatial data and associated attribute information, allowing
users to perform advanced geographic analysis, mapping, and data management tasks.



GEODATABASE IN GIS
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FEATURE DATASETS AND FEATURE CLASS

= A feature dataset is composed of feature class

= A feature class is a collection of geographic features with the same geometry type, attributes, and spatial
reference.
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ADVANTAGES OF USING A GEODATABASE

= Centralized Data Management

Combines spatial (maps, shapes) and non-spatial (tabular) data in a single database.

Provides a unified framework for managing diverse data types, including vector, raster, and attribute data.




COMPARING TYPES OF GEODATABASES IN ARCGIS PRO

More detailed comparison of geodatabases

Comparing types of geodatabases

Key

characteristics

Description

Number of users

Storage format

Enterprise

geodatabase

A collection of various
types of GIS datasets held
as tables in a relational

database.

Multiple editors and can

support multiple readers.

* Oracle

* Microsoft SQL

Server
¢ [BM Db2
* PostgreSQL
e SAP HANA

Mobile geodatabase

A collection of various
types of GIS datasets
contained within a

relational database.

Single editor and can

support multiple readers.

All the datasets that
belong to one mobile
geodatabase are
contained in an SQLite
database that is stored in

a single file.
gle fil

File geodatabase

A collection of various types of
GIS datasets held in a file system
folder.

Single editor and can support

multiple readers.

Each dataset is a separate file on
disk. All the datasets that belong
to one geodatabase are

contained in a single folder.



https://pro.arcgis.com/en/pro-app/latest/help/data/geodatabases/overview/types-of-geodatabases.htm

COMPARING TYPES OF GEODATABASES IN ARCMAP

More detailed comparison of geodatabases

Comparing the three types of geodatabases

Key

L. Enterprise geodatabase File geodatabase Personal geodatabase
characteristics
A collection of various types ) ] Original data format for
A collection of various types of
of GIS datasets held as tables ) ) ArcGIS geodatabases
) ) ) GIS datasets held in a file system )
in a relational database (This o stored and managed in
o ) ) folder. (This is the recommended ) )
Description is the recommended native Microsoft Access data files.
native data format for ArcGIS . o
data format for ArcGIS stored ) ] (This is limited in size and
) ) stored and managed in a file ) )
and managed in a relational tied to the Windows
system folder.) )
database.) operating system.)
Single user and small workgroups: ]
) Single user and small
many readers or one writer per )
workgroups with smaller
) feature dataset, stand-alone
Number of Multiuser: many readers and datasets: some readers and
) feature class, or table. Concurrent ]
users many writers one writer. Concurrent use

use of any specific file eventually

eventually degrades for
degrades for large numbers of

large numbers of readers.
readers.


https://desktop.arcgis.com/en/arcmap/latest/manage-data/geodatabases/types-of-geodatabases.htm

ADVANTAGES OF USING A GEODATABASE

" Data Integrity and Consistency

» Supports topology rules to ensure data accuracy (e.g., no overlapping polygons or gaps).

» Enforces data validation and constraints to maintain reliable relationships between features.

» Versioning support allows multiple users to work on the same dataset without conflicts.

Must not overlap |E F)
Polygons must not
overlap within a . n

feature class or
subtype.
Polygons can be
disconnected

or touch ata point or Polygon errors are

touch along created from areas

an edge. where polygons
overlap.

Use this rule to make sure that no polygon overlaps another Avoting district map cannat
polygon in the same feature class or subtype. have-any overlaps iniis coverage:



https://pro.arcgis.com/en/pro-app/latest/help/editing/pdf/topology_rules_poster.pdf

ADVANTAGES OF USING A GEODATABASE

" Cross-Platform Compatibility
» Compatible with various GIS software tools, such as ArcGIS, QGIS, and GeoServer.

» Works with relational database systems like PostgreSQL/PostGIS, Oracle, or SQL Server.

PostgreSQL




ADVANTAGES OF USING A GEODATABASE

m  Scalability

» Supports various levels of implementation:

(1 File Geodatabases: A file geodatabase is stored as multiple files in a folder with a . gdb extension. For team collaboration on medium-
scale projects.

O Enterprise Geodatabases: Also known as multiuser geodatabases, enterprise geodatabases are stored in relational databases. They can
be virtually unlimited in size and number of users; the limits differ depending on the database management system (DBMS) vendor. For
large organizations and multi-user environments.

0 Mobile Geodatabases: A mobile geodatabase is stored in an SQLite database that is entirely contained in a single file and has
a .geodatabase extension.

= Capable of handling large datasets efficiently in enterprise environments.
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2.1.3 5QL




STANDARD QUERY LANGUAGE (SQL)

= SQL is a standard programming language specifically designed for managing and manipulating relational
databases.

= It allows users to interact with a DBMS to perform various operations such as querying, updating, and managing
database structures.



HOW SQL WORKS

» |t serves as a standard interface for interacting with relational database management systems (RDBMS), allowing
users to perform a variety of routine tasks and operations on data

» such as querying, updating, inserting, and deleting records.

How SQL Works?
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https://unstop.com/blog/advantages-and-disadvantages-of-sql

KEY POINTS BETWEEN DBMS AND SQL

= SQL is Independent of DBMS: While SQL is a standard, each DBMS may implement it with slight variations or
extensions (e.g., PL/SQL in Oracle, T-SQL in SQL Server).

= DBMS Without SQL: Some DBMS types, such as NoSQL databases (e.g., MongoDB), do not rely on SQL but use
alternative query languages.

" SQL Requires a DBMS: SQL commands need a DBMS to interpret and execute them. Without a DBMS, SQL
commands would have no database to operate on.



2.1.4 SOFTWARE




SOFTWARES

PostgreSQL

What is PostgreSQL?

» An open-source, powerful, object-relational database management system.
» Known for its reliability, extensibility, and SQL compliance.

Why PostgreSQL for GIS?

» Supports structured queries for data management and manipulation.

» Extensible via plugins, making it adaptable for spatial needs.
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SOFTWARE

= What is PostGIS?

» A spatial database extension for PostgreSQL.

>

Adds support for geographic objects like points, lines, and polygons.

= Key Features of PostGIS:

>
>

Spatial data types: GEOMETRY and GEOGRAPHY.
Spatial functions:

) Query and manipulate spatial data (ST_Intersects, ST_Buffer, ST_Distance).

. Perform spatial analyses (e.g., clipping, union, or proximity searches).



POSTGIS 3RD PARTY INTEGRATION
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POSTGIS IS POWERFRUL

® Functions to work with GeoJSON (Geographic JavaScript Object Notation), Keyhole Markup Language (KML),
Mapbox Vector Tiles (MVT) allowing web applications to talk directly to PostGIS

" GeoJSON and KML are two of the older, more popular vector formats used by web mapping applications

Example: Analyze Boston has GeoJSON and KML to store vector data

® Mapbox Vector Tiles is a relatively new standard that has gained quite a bit of popularity in the last few years


https://geojson.org/
https://en.wikipedia.org/wiki/Keyhole_Markup_Language
https://docs.mapbox.com/data/tilesets/guides/vector-tiles-introduction/
https://data.boston.gov/group/geospatial

POSTGIS IS POWERFRUL

Comprehensive geometry processing functions that go far beyond basic geometric operations, including
functions for fixing invalid geometries and for simplifying and deconstructing geometries

eomet spatial
9 ry reference
surface curve point geume_try
collection
. . multi multi multi
polygon linestring surface curve point
multi multi
polygon linestring




POSTGIS IS POWERFRUL

® Built-in 3D and Topology Support

>

YV VYVYYVYVY

ST _3DClosestPoint(g1, g2)
ST 3DDistance(gl, g2)

ST _3DDWithin(g1, g2, r)

ST _3DDFullyWithin(g1, g2, r)
ST 3DlIntersects(gl, g2)

ST 3DLongestLine(gl, g2)
ST _3DMaxDistance(gl, g2)
ST 3DShortestLine(gl, g2)

Jii+yi a2




POSTGIS IS POWERFRUL

Over 300 seamless operations for working with vectors and rasters in tandem, as well as for converting between
the two families



https://postgis.net/docs/manual-1.5/ch08.html

2.1.5 PGADMIN




USER INTERFACE

Add New Server button: Open the Register - Server dialog to add a new server definition.

Configure pgAdmin button: Open the Preferences dialog to customize your pgAdmin client.

PostgreSQL Documentation: The Documentation page for the PostgreSQL open-source project.
pgAdmin Website: The website for pgAdmin releases and other project information.
Planet PostgreSQL: Postgres related blogs.

Community Support: information about obtaining support for PostgreSQL features.

¥ pgAdmin 4

File Object Tools Edit View Window Help

Object Explorer S B wQ Dashboard X Properties X SQL X Statistics X Dependencies X Dependents X Processes X
~ = Servers(2) I
- fj} PostgreSQL17 Welcome

+ = Databases (4) .
> = postgis_35_sample pg Ad m I n
> = postgres Management Tools for PostgreSQL

» == spatialanalysis

> = test i e

~ Feature rich | Maximises PostgreSQL | Open Source
> &b, Login/Group Roles

> Tablespaces pgAdmin is an Open Source administration and management tool for the PostgreSQL database. It includes a graphical administration interface, an SQL query tool, a procedural code debugger and much more. The tool is designed to answer the needs
> Ef PostgresqQL 17 of developers, DBAs and system administrators alike.

Quick Links

— ey

Add New Server Configure pgAdmin

[\ E o_0
11 a®n
A\ /4 Y

PostgreSOL Documentation pgAdmin Website Planet PostgreSQL Community Support

Getting Started



https://www.pgadmin.org/docs/pgadmin4/development/server_dialog.html#server-dialog
https://www.pgadmin.org/docs/pgadmin4/development/preferences.html#preferences

MENU BAR

Option

Action

Preferences

Click to open the Preferences dialog to customize your pgAdmin settings.

Reset Layout

If you have modified the workspace, click to restore the default layout.

Runtime

Click to open a submenu to Configure, View Log and Zoom settings. Only visible when pgAdmin4
runs in desktop mode. To know more about runtime menu click here

File Object Tock Edit

Preferences

Reset Layout

View Logs...

Configure runiime...

Bt



https://www.pgadmin.org/docs/pgadmin4/development/preferences.html#preferences
https://www.pgadmin.org/docs/pgadmin4/development/desktop_deployment.html#desktop-deployment

TOOLBAR

= Query button: Open the Query Tool in the current database context.

= View Data button: View/edit the data stored in a selected table.

= Filtered Rows button: Access the Data Filter popup to apply a filter to a set of data for viewing/editing.
= Search objects button: Access the search objects dialog. It helps you search any database object.

= PSQL Tool button: Open the PSQL in the current database context.

Object Explorer =5 V= Q G




TABBED BROWSER

= The Server sessions or Database sessions: Display the interactions with the server or database.

= The Transactions per second: Display the commits, rollbacks, and total transactions per second that are taking
place on the server or database.

= The Tuples: Display the number of tuples inserted, updated, and deleted on the server or database.
= The Tuples out graph: Display the number of tuples fetched and returned from the server or database.

= The Block I/0 graph: Display the number of blocks read from the filesystem or fetched from the buffer cache (but
not the operating system’s file system cache) for the server or database.

Activity  State  Configuration Logs System

Database sessions B Total [ Active [l Idle  Transactions per second [l Transactions [l commits [l Rollbacks

60

3 | 40

1 Yy 20

0 ! 0

S

Tuples in [l inserts [l Updates ] Deletes  Tuples out [l Fetched [l Returned  Block I/0 B Reads [l Hits
100
40K K |
75
30K 3K
20K 2K

0
23 10K 1K
0

0 ~ . - 0



~ = Servers(2) ;
TREE CONTROL « @ Postgresal17
~ = Databases (4)
~ = postgis_35_sample

> (B8 Casts (40)
> % Catalogs(2)
~ [T} Event Triggers ,
> ) Extensions (15)

> = Foreign Data Wrappers

= o

» = Lamguages

" The left pane of the main window > & Publications
displays a tree control (Object > 4 Schemas

» "¥) Subscriptions

explorer) that provides access to « = postgres

the objects that reside on a > B casts
> &P Catalogs

server. » [T Event Triggers

~ 5l Extensions (2)
T plpgsql
T2 postgis
> = Foreign Data Wrappers

[ [ b e e

ot

» = Lamguages

> ¢ Publications

» %P Schemas

» ") Subscriptions 1
» = spatialanalysis
» = test

> &b, Login/Group Roles

=

» 7% Tablespaces

» = PostgresaL 17

MORE IN PDADMIN DOCUMENTATION: HTTPS://WWW.PGADMIN.ORG/DOCS/PGADMIN4/DEVELOPMENT/INDEX.HTML
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DATABASES UNDER SERVER

= The server contains two databases
" Oneis the default postgresql database
® The other one is the database we created while installing PostgreSQL
= |f one of the servers has a red cross on it means that it is not connected
® You can click on it to have access
® Sometimes you are required to provide the password

Object Explorer

v = Servers(1)
v §¥ PostgresqL17
« = Databases(3)
> = postgis_35_sample

» = postgres



CREATE A DATABASE

" Create a new Database per you need

~ = Databases (3}

> = postares Refresh



CHECK EXTENSION

» The default extension is plpgsql
® Adding postgis extension through Query tool
=  Type “CREATE EXTENSION postgis” in Query

®=  Then the postgis extension was created under Extensions

Dashboard X Properties X SQL X Statistics X Dependencies X Dependents X Processes X Sg spatialanalysis/postgres@PostgreSQL17% X

- = spatialanalj.rsis & | spatialanalysis/postgres@PostgresqQL17 v &
> B Ccasts mAv/ Yo omt - ®m ey A@YS B = O
Query Query History " Scratch Pad X
> Catalogs EE—
% 9 1 CREATE EXTENSION postgis
» [ Event Triggers 2
v T Extensione (1
€) plpgsa Create ¥

> = Foreign| Refresh
» £} Languag Search Objects...
> @¢ Publicati PSQL Tool

v % Schema RNV

A el

Data Output Messages Notifications




SQL SHELL

What if | do not want to use pgAdmin?
SQL shell (psql) is your second option

The suggested server is localhost, Database is postgres,port is 5432, username is postgres

Start executing SQL statements

sQL shell (psql) X +

Iﬁzj Server [localhost]: localhost
Database [postgres]: postgres
Port [5432]: 5u32

Username [postgres]: postgres

Password for user postgres:

QL Shell (psqgl)
p

S
App

psql (17.2)

WARNING: Console code page (U437) differs from Windows code page (1252)
8-bit characters might not work correctly. See psql reference
page "Notes for Windows users" for details.

Type "help" for help.

postgre5:#|




VERSION OF POSTGIS AND POSTGRESQL

SELECT postgis_full version()

POSTGIS="3.5.0 3.5.0" [EXTENSION]

PGSQL="170" GEOS="3.13.0-CAPI-1.19.0" PROJ="8.2.1 NETWORK_ENABLED=0OFF
URL_ENDPOINT=https://cdn.proj.org
USER_WRITABLE_DIRECTORY=C:\WINDOWS\ServiceProfiles\NetworkService\AppData\Local/proj
DATABASE_PATH=D:\PostgreSQL\share\contrib\postgis-3.5\proj\proj.db" (compiled against PROJ 8.13.0)
LIBXML="2.12.5" LIBJSON="0.12" LIBPROTOBUF="1.2.1" WAGYU="0.5.0 (Internal)"



CHECK VERSION IN SQL SHELL

postgres=# SELECT version();

version

PostgreSQL 17.2 on x86_6U-windows, compiled by msvc-19.42.34435, 6U-bit
(1 row)

psql waits for the semicolon and executes all line as one SQL statement

A multiple lines SQL statement is not executed before we include a semicolon at the end

| prefer the UPPERCASE syntax for SQL commands



CREATE DATABASE IN SQL SHELL

CREATE DATABASE test;
\1

postgres=# CREATE DATABASE test;
CREATE DATABASE
postgres=# \1
List of databases
Owner | Encoding | Locale Provider | Collate

postgis_35_sample | postgres English_United States.1252
postgres postgres English_United States.1252
spatialanalysis postgres English_United States.1252
template® postgres English_United States.1252
+

templatel postgres English_United States.1252
+

test postgres | UTFS English_United 1252 |
(6 rows)

English_United
English_United
English_United
English_United

English_United

English_United

States.
States.
States.
States.

States.

| Locale | ICU Rules |

Access privileges

=c/postgres

postgres=CTc/postgres
=c/postgres

postgres=CTc/postgres




CHECK NEW DATABASE IN PGADMIN

= Refresh the Database under your server

~ B¥ PostgresQL17

v = Databases(4)
» == postgis_35_sample
» = postgres
» == spatialanalysis
y = fest

> &b Login/Group Roles

» I Tablespaces




CONNECT DATABASE IN PSQL

psql (17.2)

WARNING: Console code page (U437) differs from Windows code page (1252)
8-bit characters might not work correctly. See psql reference
page "Notes for Windows users" for details.

Type "help" for help.

test=# \c postgres
You are now connected to database "postgres" as user "postgres".
postgres=#




CONNECT TO DATABASE USING COMMAND LINE

Using command line to check the documentation for command in psql

Open command line and type
psql --help

where psql
If you have this error message: 'psgl' is not recognized as an internal or external command.

Then you need to add PATH of psql to your window path:

C:\Users\yy00021>psql —help
psgl is the PostgreSQL interactive terminal.

Usage:
psql [OPTION]... [DBNAME [USERNAME]]

General options:
——command=COMMAND run only single command (SQL or internal) and exit
——dbname=DBNAME database name to connect to
—File=FILENAME execute commands from file, then exit
—list list available databases, then exit
——set=, —-variable=NAME=VALUE
set psql variable NAME to VALUE
(e.g., —v ON_ERROR_STOP=1)
-V, —version output version information, then exit
=X, ——no-psqlrc do not read startup file (~/.psglrc)
-1 ("one"), ——single-transaction
execute as a single transaction (if non-interactive)
-7, —help[=options] show this help, then exit
—help=commands list backslash commands, then exit




DANGEROUS COMMAND

= DROP DATABASE test;
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