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SQL and PostgreSQL

SQL (Structured Query Language) – is a structured query 
language for working with databases.

PostgreSQL is opensource application for database 
management which could be compared with the most 
powerful commercial solutions.
Features:

● high reliability,
● speed,
● ability of analysing big amount of data (several million 

queries),
● with addons it is possible to perform analysis of 

spacial data (PostGIS), pictures (PostPic), text indexing 
(OpenFTS), etc.

● it is free.



Data organisation

Database server  → Database  Table  → →
Column  Row.→



Data organisation

Database  table  column  row.→ → →

finance=# \d
List of relations
Schema | Name                     | Type  | Owner
-------+--------------------------+-------+-------
public | supervizor_transactions  | table | matej
public | budget_users             | table | matej
public | companies                | table | matej
public | standard_activities      | table | matej

    finance=# \d companies
    Table "public.compnies"
    Column               | Type    | Modifiers
    ---------------------+---------+-----------
    registration_number  | text    |
    tax_number           | integer |
    company_name         | text    |
    region               | text    |
    muncipality          | text    |
    company_form         | text    |
    main_activity        | text    |



Main data types

The most used data types are:
● text data type (text, char...)
● numeric data type (decimal, numeric, 
integer,...)

● time data type (timestamp (with or 
without time zone), date, time…),

● other (geometric, boolean,...).



PostgreSQL installation

PostgreSQL is awailable for many operating systems (Linux, 
Windows, Mac OS, BSD, Solaris).

<https://www.postgresql.org/download>

Installation process is specific for target operating system.

After installation you need to set access rights to 
databases, create database users, set firewall, etc. … 
especially if database server will be accessible from the 
internet:

● create new databases users,
● set strong passwords,
● limit user rights,
● set firewall and encrypted connections to database 

server,...



PgAdmin

PgAdmin is a graphical tool for working with PostgreSQL. It 
allows users to connect to remote database servers too.



PgAdmin vs. command line

Instead of PgAdmin we can use command line.



Preparing the data

Geting the data:
● public sources,
● Access To Public Information Act.

Understanding form of data:
● CSV, tab-delimited, MDB, XML, JSON…
● character encoding (i. e. selecting correct character table, 

like CP-1250, ISO-8859-2, UFT-8,...).

Preparing and cleaning of data:
● manually,
● Excel/LibreOffice,
● Google Refine, TextEdit/Gedit, bash...

grep -v '^$' data.txt > 
data_without_empty_lines.txt



Creating new database

Databases – Create - Database.



Creating new database

Set database name and owner. Database will contain tables.



Creating new database

Databases - “my_database” - Schemas – public – Query Tool



Creating new user and new database

On Linux systems:
sudo su
su - postgres
psql

Creating new user (in database postgres):
CREATE USER student WITH PASSWORD 
'myproject';
ALTER USER student VALID UNTIL 'infinity';

Creating new database:
CREATE DATABASE finance WITH OWNER 
student;



Creating new table

Create new table and define its structure:
create table supervizor_transactions 
(debit_sub_account text, 
date_of_transaction date, 
amount_of_transaction numeric(16,4), 
currency_code text, recipient_bank_account 
text, name_of_recipient text, 
registration_number text, tax_number 
integer, budget_user_code integer, 
zr_sns_oe text, purpose text);

Why »text« data type?



Creating new table

Databases - “my_database” - Schemas – public – Tables - 
“my_table” - Properties - Columns



Importing data into table - “manually” 

Rule:
INSERT INTO my_table (col1, col2) VALUES 
('value 1', 'value 2');

Our example:
INSERT INTO supervizor_transactions 
(debit_sub_account, date_of_transaction, 
amount_of_transaction, currency_code, 
recipient_bank_account, name_of_recipient, 
registration_number, tax_number, 
budget_user_code, zr_sns_oe, purpose) 
VALUES ('011006300109972', '2003-01-03', 
8419.9633, 'EUR', '010000001910013', 'DBS 
d.d.', '5349907000', 18787762, 16110, 
'161140-02-01220', '3054913 POROŠTVA RS 
GLAVNICA');



Importing data into table – from file 

Databases - “my_database” - Import/Export.
Format, encoding, delimiter, does file has header?



Importing data into table – from file 

Rule:
COPY my_table FROM 'filename.csv' with csv 
header delimiter  E'\t';

COPY my_table2 FROM 'filename.txt' with 
csv header delimiter ';' encoding 
'windows-1250';

Our example:
COPY supervizor_transactions from 
'C:\psql\finance_culture.csv' with csv 
header delimiter  E'\t';

On Linux systems use \COPY instead of COPY.



Creating indexes

Indexes are used to increase performance of data 
operations. For indexing »special« data types, you need to 
add extensions. For text indexing and fast text searching 
you need to add pg_trgm extension:

CREATE EXTENSION pg_trgm;

Create index on numeric data (tax_number):
CREATE INDEX itax_number on 
supervizor_transactions(tax_number);

Create index on text data (purpose):
CREATE INDEX ipurpose on 
supervizor_transactions USING gist 
(purpose gist_trgm_ops);



Adding data

Adding additional columns:
ALTER TABLE supervizor_transactions ADD 
COLUMN tax_number_text text;

Adding values into additional columns:
UPDATE supervizor_transactions SET 
tax_number_text = tax_number::text;

Adding rows: with INSERT or COPY.



Deleting data

Deleting columns:
ALTER TABLE supervizor_transactions DROP 
COLUMN tax_number_text;

Deleting rows:
DELETE FROM supervizor_transactions 
WHERE (budget_user_code = 16110);

Deleting table:
DROP TABLE supervizor_transactions;



Let’s import our sample data...

CREATE TABLE supervizor_transactions (debit_sub_account text, 
date_of_transaction date, amount_of_transaction numeric(16,4), 
currency_code text, recipient_bank_account text, name_of_recipient 
text, registration_number text, tax_number integer, 
budget_user_code integer, zr_sns_oe text, purpose text);
COPY supervizor_transactions from 'C:\psql\finance_culture.csv' 
with csv header delimiter  E'\t';

CREATE TABLE budget_users (budget_user_code integer, name text, 
category text);
COPY budget_users from 'C:\psql\budget_users.csv' with csv header 
delimiter  E'\t';

CREATE TABLE companies (registration_number text, tax_number 
integer, company_name text, region text, muncipality text, 
company_form text, main_activity text);
COPY companies from 'C:\psql\companies.csv' with csv header 
delimiter  E'\t';

CREATE TABLE standard_activities (level text, category text, 
description_slo text, description_eng text, parent_level text);
COPY standard_activities from 
'C:\psql\standard_classification_of_activities.csv' with csv header 
delimiter  E'\t';



Basic overview of data

SELECT * FROM companies;
SELECT company_name FROM companies;
SELECT region FROM companies;
SELECT company_name, region FROM companies;

SELECT * FROM companies LIMIT 5;

SELECT * FROM supervizor_transactions ORDER 
BY amount_of_transaction;

SELECT purpose FROM supervizor_transactions 
ORDER BY amount_of_transaction DESC;

SELECT company_name, tax_number FROM 
companies ORDER BY 1 DESC;

-S q



Conditions

SELECT * FROM supervizor_transactions WHERE 
(amount_of_transaction > 100000);

SELECT * FROM supervizor_transactions WHERE 
(budget_user_code = 33405);

SELECT * FROM supervizor_transactions WHERE 
(budget_user_code = 33405) ORDER BY 
date_of_transaction DESC;

SELECT * FROM supervizor_transactions WHERE 
(amount_of_transaction > 100000) AND 
(budget_user_code = 16110);



Conditions

SELECT name_of_recipient FROM 
supervizor_transactions WHERE 
(registration_number = '5860571000') AND NOT 
(budget_user_code = 16110);

SELECT name_of_recipient, 
amount_of_transaction, currency_code FROM 
supervizor_transactions WHERE 
(registration_number = '5860571000') AND 
(budget_user_code = 16110) ORDER BY 2 DESC 
LIMIT 5;



Conditions

SELECT * FROM supervizor_transactions WHERE 
(purpose ~* 'obres');

SELECT * FROM supervizor_transactions WHERE 
(purpose ~* '^obres');

“obres”  “obresti” (eng. “money interest”)→



Numeric operations

SELECT sum(amount_of_transaction) FROM 
supervizor_transactions;

SELECT count(*) FROM 
supervizor_transactions;

SELECT count(*) FROM supervizor_transactions 
WHERE (amount_of_transaction > 100000);

SELECT min(amount_of_transaction) FROM 
supervizor_transactions;

SELECT max(amount_of_transaction) FROM 
supervizor_transactions;



Numeric operations

SELECT avg(amount_of_transaction) FROM 
supervizor_transactions;

SELECT round(avg(amount_of_transaction), 2) 
AS average_payment FROM 
supervizor_transactions WHERE 
(budget_user_code = 16110);

SELECT round(avg(amount_of_transaction), 2) 
AS average_payment FROM 
supervizor_transactions WHERE NOT 
(budget_user_code = 16110);



Data aggregation

SELECT sum(amount_of_transaction), 
currency_code FROM supervizor_transactions 
GROUP BY currency_code;

SELECT count(*), currency_code FROM 
supervizor_transactions GROUP BY 
currency_code;

SELECT count(*) AS num_of_payments, 
EXTRACT(year from date_of_transaction) AS 
fiscal_year FROM supervizor_transactions 
WHERE (currency_code = 'EUR') GROUP BY 
fiscal_year ORDER BY fiscal_year;



Linking multiple tables

Table: companies

Table: supervizor_transactions



Linking multiple tables

SELECT * FROM supervizor_transactions, 
companies WHERE 
(supervizor_transactions.registration_number 
= companies.registration_number);

SELECT amount_of_transaction, currency_code, 
name_of_recipient, company_name FROM 
supervizor_transactions, companies WHERE 
(supervizor_transactions.registration_number 
= companies.registration_number) LIMIT 100;



Linking multiple tables

SELECT company_name AS "Company Name", 
supervizor_transactions.tax_number AS "Tax 
Number", sum(amount_of_transaction) AS 
"Received Money", count(*) AS "Number Of 
Payments" FROM supervizor_transactions, 
companies WHERE 
(companies.registration_number = 
supervizor_transactions.registration_number) 
GROUP BY company_name, 
supervizor_transactions.tax_number ORDER BY 
3 DESC;



Linking multiple tables

SELECT name AS "Budget User", company_name 
AS "Company Name", 
round(sum(amount_of_transaction),1) AS 
"Received Money", count(*) AS "Number Of 
Payments", 
round(sum(amount_of_transaction)/count(*),1) 
AS "Amount Per Payment" FROM 
supervizor_transactions, companies, 
budget_users WHERE 
(companies.registration_number = 
supervizor_transactions.registration_number) 
AND (budget_users.budget_user_code = 
supervizor_transactions.budget_user_code) 
GROUP BY name, company_name ORDER BY "Amount 
Per Payment" DESC;



Linking multiple tables

SELECT name AS "Budget User", company_name AS 
"Company Name", 
round(sum(amount_of_transaction),1) AS "Received 
Money", count(*) AS "Number Of Payments", 
round(sum(amount_of_transaction)/count(*),1) AS 
"Amount Per Payment", description_slo, 
description_eng FROM supervizor_transactions, 
companies, budget_users, standard_activities 
WHERE (companies.registration_number = 
supervizor_transactions.registration_number) AND 
(budget_users.budget_user_code = 
supervizor_transactions.budget_user_code) AND 
(right(standard_activities.category,6) = 
main_activity) GROUP BY name, company_name, 
description_slo, description_eng ORDER BY 
"Amount Per Payment" DESC;



Linking multiple tables



Saving results to external file

COPY (SELECT count(*) as num_of_payments, 
EXTRACT(year from date_of_transaction) as 
fiscal_year FROM supervizor_transactions 
GROUP BY fiscal_year) to 
'C:\psql\results.csv' with csv header 
delimiter ';';

… and have fun! :-)



Matej Kovačič
matej.kovacic@ijs.si

Personal blog: https://telefoncek.si

Cartoon: (CC) xkcd.com

SELECT questions FROM audience;
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