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RELATION DATABASE REVIEW
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Relational Algebra Operations: 1, 0, p~™*

Catego ries categoylD ﬂegnrrhlame Description \ Picture

i1 Beverages Soft drinks, coffees, teas, beers, and ales 0 151C2F000200000000000E001 40021 00FFFFFFFF4265746. .
2 Condiments Sweet and savory sauces, relishes, spreads, and ... | (1 51C2ZF000200000000000E001 40021 00FFFFFFFF4265746. .
3 Confections Desserts, candies, and sweet breads (b 151C2FO00200000000000ED0T 4002
4 Dairy Products  Cheeses (151 C2F00020000000 0 000E001 4002
5 (Grains/Cereals  Breads, crackers, pasta, and cereal (b 151C2F000200000000000E001 4002
53 Meat Pouttry Frepared meats (e 151C 2000200000000 000EDDT 400271 0OFFFFFFFR42657456. ..
7 Produce Dried fruit and bean curd (e 151C2F000Z200000000000EDD1 40021 00FFFFFFFF4265746. ..
8 Qﬂfﬂud Seaweed and fizh / (e 151C2ZFO00Z0000000D000EDDT 40021 00FFFFFFFF4269746. ..

pCats(ID, Name, Description, Picture)(CategO”eS) p.-rename

Cats ID ______ Mame Description Picture

i1 | Beverages Soft drinks, coffees, teas, beers, and ales <151C2F000200000000000E0014002100FFFFFFFF4269746...

2 Condiments  Sweet and savory sauces, relishes, spreads, and .. (x151C2FD0020000000D000EDD14002100FFFFFFFFA269746...

3  Confections Deszerts, candies, and sweet breads e 151C2F000200000000000E0014002100FFFFFFFF4265746...

4 Dairy Products  Cheeses (b 15 1C2FOD0Z0000000D000EDD 1 40021 00FFFFFFFF4265746.

B (Grains/Cereals Breads, crackers, pasta, and cersal (151 C2F000200000000 000E0014002100F FFFFFFF42659746. ..

&  Meat/Poultry Prepared meats (<1 51C2FOD0Z0000000D000EDD 140021 00FFFFFFFF4265746...

6 7 Produce Dried frut and bean curd (c151C2F0D0Z00000000000EDD 140021 00FFFFFFFF4265746...

g  Sesfood Seaweed and figh (151C2F0D0Z00000000000EDD 140021 00FFFFFFFF4265746...



Relational Algebra Operations: <
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Join: R1t,_cR2
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Mathematics to Computer: RA to SQL

[H >
Math
RA is the conceptual basis for DB systems

Computer




\
Key of a relation

= A set attributes {A|,A,, ..,A } is called a key of the
relation R if:

= | .Those attributes determine all other attributes.
—> It is impossible for 2 tuples of R to agree on all of {A,A,,..,A,}

= 2.No subset of {A,A,, ..,A_} determines all other attributes

= A Key must be minimal
= Example

" AccademicResults (StudentlD, SubjectlD, grade, comment)




Different key types of a relation

Super key
= Set of attributes (columns) to uniquely identify rows
Key or candidate key

= Minimal super key

Primary key

= One selected from candidate keys

Alternate key

= Candidate key other than PK
Foreign key

= Attribute refers to a PK of another relation

VIETNAM FRANCE UNIVERSITY



NORMAL FORMS



Why normalization?

= Data redundancy

= Update abnormally

VIETNAM FRANCE UNIVERSITY



Normal forms

Atomic
values,
unique rows

Non-primary
key attributes
depend on all
component of
PK
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No non-key
attributes
depends
others

All
determinants
must be
super keys



1NF

= First Normal Form

= Attributes are single-valued, atomic

= Tuples are unique (dentified by PK)

= Case study: Garment management

= |s Products (item, colors, price, tax) in | NF?

item colors price tax

T-shirt red, blue 12.00 0.60
polo red, yellow 12.00 0.60
T-shirt red, blue 12.00 0.60
sweatshirt blue, black 25.00 1.25

VIETNAM FRANCE UNIVERSITY



INF normalized

item colors price tax

T-shirt red, blue 12.00 0.60
polo red, yellow 12.00 0.60
T-shirt red, blue 12.00 0.60
sweatshirt blue, black 25.00 1.25
item color price tax

T-shirt red 12.00 0.60
T-shirt blue 12.00 0.60
polo red 12.00 0.60
polo yellow 12.00 0.60
sweatshirt blue 25.00 1.25
sweatshirt black 25.00 1.25

VIETNAM FRANCE UNIVERSITY



2NF
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= Non-primary key attributes depend on all component of PK

= PK is a single attribute = guaranteed

= Qur case:

= {item} = {price}, {price} > {tax}

item color price tax

T-shirt red 12.00 0.60
T-shirt blue 12.00 0.60
polo red 12.00 0.60
polo yellow 12.00 0.60
sweatshirt blue 25.00 1.25
sweatshirt black 25.00 1.25




2NF normalized

VIETNAM FRANCE UNIVERSITY

item color price tax
T-shirt red 12.00 0.60
T-shirt blue 12.00 0.60
polo red 12.00 0.60
polo yellow 12.00 0.60
sweatshirt blue 25.00 1.25
sweatshirt black 25.00 1.25
item color > LW 92 MF
T-shirt red /}‘
T-shirt blue , . :
item price tax
polo red
T-shirt 12.00 0.60
polo yellow
sweatshirt blue polo 12.00 0.60
Sweatshin black SWEEtShII"[ 2500 1 25




3NF

= No non-key attributes depends on others

= Example

" Products (item, price, tax)

item price tax
T-shirt 12.00 0.60
polo 12.00 0.60
sweatshirt | 25.00 1.25
= {ltem} = {price}, {price} = {tax}
item price .
T-shirt 12.00 price |tax
polo 12.00 12.00 |0.60
sweatshirt | 25.00 25.00 |1.25

VIETNAM FRANCE UNIVERSITY



BCNF (3.5NF or 4NF)

VIETNAM FRANCE UNIVERSITY

= Condition: If XY then X is a super key

= Example: ProjectSites (PrjlD, Site, Manager):

PrjlD

0O ® ® >» O ® >»

= Rules:

Hanoi
Hanoi

Hanoi

m LocalManager

Daniel
Daniel

Green

HCMcity  Kevin
HCMcity  Kevin

Danang

Danang

Hauge

Brown

= Each manager can work at maximum 0| site

= A manager can manage multiple projects at the same time

= Functional dependencies:

= {PrjlD, Site} > {LocalManager} R isin 3NF as {PrjD, Site} forms the PK

= {LocalManager} - {Site}
key.

R violates BCNF since LocalManager is not a super
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Normalize into BCNF

= ProjectSites (PrjlD, Site, Manager) = not in BCNF

= Normalization into BCNF

= Managers (LocalManager, Site)

= ManagerProjects (LocalManager, ProjectID)

VIETNAM FRANCE UNIVERSITY



ADVANCED SQL QUERIES

SQL Server (developer edition)
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= MSSQL Server Developer Edition
= MSSQL Management Studio

VIETNAM FRANCE UNIVERSITY
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SQL data retrieval query structure

SELECT

[FROM

[WHERE

[GROUP BY

[HAVING BY

[ORDER BY

desired expressions, columns

one or more tables]

conditions about expected rows]

rows with the same column values]

condition to restrict result]

column list]

VIETNAM FRANCE UNIVERSITY
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Advanced SQL QUERIES

CASE WHEN clause
Subqueries

Outer JOIN

Self JOIN
Challenges

VVVVVVVVVVVVVVVVVVVVVVV
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CASE WHEN clause

= |n AdventureWorks2012:

\
USTH
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= Table Production.Product (ProductlD, ProductNumber, ProductLine,

Name, ...) where ProductLine= {'R’,'M’,'T",‘S’, NULL}

= How to get a list of products with 3 columns ProductNumber,
Name, Category which is the meaning full allias of ProductLine

ProductMumber  Category

: AR-5381

BA-8327
BE-7421
BB-8107
BE-3108
BC-MO05
BC-R205
BE-2343
BE-Z508
BK-M18B-40

i Mot for sale

Mot for sale
Mat for sale
Mot for sale
Mot for sale
Mountain
Road

Mot for sale
Mot for sale
Mountain

Name

Adjustable Race
Bearing Ball

LL Bottom Bracket
ML Bottom Bracket
HL Bottom Bracket
Mountain Bottle Cage
Foad Bottle Cage

BE Eall Bearing
Headset Ball Bearngs
Mountain-200 Black, 40

SELECT

CASE ProductLine

WHEN
WHEN
WHEN
WHEN
ELSE
END,
Name

FROM Production.Product
ORDER BY ProductNumber;

'R' THEN
'M' THEN
"T' THEN
'S" THEN
"Not for

ProductNumber, Category =

"Road’

"Mountain'
'"Touring'

'Other sale items'
sale’



Another CASE WHEN example in SELECT
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ProductMumber  Mame List Price FroductMumber ~ Mame Price Range

: AR-5381 . Adjustable Race 0.00 1 | AR-5381 . Adjustable Race Mg item - not for resale
BA-33Z7 Bearing Ball 0.00 2 BA-83Z7 Bearing Ball Mfg item - not for resale
BB-7431 LL Bottom Brachket h3 .99 3 BE-7421 LL Bottom Bracket Under 8250
BE-2107 ML Bottom Erachet 101.24 4 BE-8107 ML Bottom Bracket Under 5250
BE-5108 HL Bottom Erachket 121.45 5 BB-9108 HL Bottom Bracket Under 2250
BC-MD05 Maourtain Bottle Cage 555 & BC-MO05 Mountain Bottle Cage Under 250
BC-R205 Road Bottle Cage 8595 7 BC-R205 Road Bottle Cage Under 550
BE-2345 BE Ball Bearing 0.00 g BE-2345 BE Ball Bearing Mfg item - not for resale
BE-Z508 Headset Ball Bearings 0.00 5 BE-Z508 Headset Ball Bearings Mfg item - not for resale
BE-M13E-40 Mourtain-500 Black, 40 53955 10 BK-M12B-40 Mountain-500 Black, 40  Under £1000

SELECT ProductNumber, Name, "Price Range" =
CASE
WHEN ListPrice = © THEN 'Mfg item - not for resale'’
WHEN ListPrice < 50 THEN 'Under $50'
WHEN ListPrice >= 50 and ListPrice < 250 THEN 'Under $250°
WHEN ListPrice >= 250 and ListPrice < 1000 THEN 'Under $1000°
ELSE 'Over $1000'
END
FROM Production.Product
ORDER BY ProductNumber

)
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Use CASE WHEN in ORDER BY

. BusinessErtitylD
= List salesmen order by 1[5
. 2 278
countries. If salesmen 3 om
lives in the USA, we sort . ..
by his region il
3 283
9 284
10 280
11 275
12 276
13 281
14 785

SELECT BusinessEntityID, LastName,
FROM Sales.vSalesPerson
WHERE TerritoryName IS NOT NULL

LastMame

Tsoflias

Vargas
Saraiva

Carson

Varey Chudukatil

Valdez

Bhthe
Camphbell
Mensa-Annan
Ansman-Wolfe
Reiter

Mitchel

o

Pak

TemtonyMame
Australia
Canada
Canada
Central
France
Gemany
Martheast
Morthwest
Morthwest
Marthwest
Southeast
Southwest
Southwest
United Kingdom

\
USTH
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CountryRegionMame

Australia
Canada
Canada
United States
France
Gemany
United States
United States
Urited States
United States
United States
Urited States
Urited States
United Kingdom

TerritoryName, CountryRegionName

ORDER BY CASE CountryRegionName WHEN 'United States' THEN TerritoryName

ELSE CountryRegionName END;
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Use CASEWHEN in HAVING clause 7

= Use HAVING to get JobTitle whose MAX(payrate) of men >
$40 or MAX(payrate) of women > $42

JobTitle

Chief Executive Cfficer

Vice President of Production
Vice President of Sales

Vice President of Engineering
Chief Financial Officer

Research and Development Manager

CO T FI S I S U N

Information Services Manager

[==]

Morth American Sales Manager

i

Facific Sales Manager

—
ca

European 5Sales Manager

—
—

Finance Manager

—
L]

Engineering Manager

28

MadimumRate

| 125.50

04.1346
721154
63.4615
60.0362
50.43808
50.43808
48.107

48.107

48.107

432692
4326532

SELECT JobTitle, MAX(phl.Rate)AS MaximumRate
FROM HumanResources.Employee AS e
JOIN HumanResources.EmployeePayHistory AS phl
ON e.BusinesskEntityID = phl.BusinessEntityID
GROUP BY JobTitle
HAVING (MAX(CASE WHEN Gender = 'M’
THEN phl.Rate
ELSE NULL END) > 40.00
OR MAX(CASE WHEN Gender = 'F'
THEN phl.Rate
ELSE NULL END) > 42.00)
ORDER BY MaximumRate DESC;



Subquery

29
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Main Query:

' Which employees have salaries greater
than Abel’s salary?

Subquery

? g
L:f//; What is Abel’s salary?
=l

SELECT last name

FROM employees 11000
WHERE salary > 4—\
(SELECT salary

FROM employees
WHERE last name = 'Abel');




N
USTH'
Correlated Sub-Query

® The inner query is dependent on the outer query.

= |t is used whenever a sub-query must return a different

result or set of results for each candidate row considered by
the main query.
SELECT columnl, columnZ,
FROM tablel outer
WHERE columnl operator

(SELECT columl, columnZ2

FROM tablel
WHERE exprl =

outer .lexprd) ;

The subquery references a column from a table in
the parent query.

30
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Correlated Sub-query Example

Find all employees who earn more than the average
salary in their department.

SELECT last name, salary, department id
FROM employees outer
WHERE salary =
| (SELECT AVG (salary)
FROM employees
WHERE department id =
outer.department id)| ;

Each time a row fror
the outer query

Is processed, the
inner query is
evaluated.
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Correlated Sub-query Example

Display details of those employees who have switched
jobs at least twice.

SELECT e.employee id, last name,e.job id
FROM employees e
WHERE 2 <= (SELECT COUNT (*)
FROM job history
WHERE employee id = e.employee id);

32
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Subqueries in FROM clauses

= Another use for subqueris is as relations in a FROM
clause:

= SELECT name
FROM movieExec, )
(SELECT producerC#
FROM movies, starsin
WHERE title = movieTitle
AND year = movieYear
AND starName = ‘Harrison Ford’

) as Prod
WHERE cert# = Prod.producerC#
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OUTER JOIN

= List all Customers with theirs Orders, even those without
any order (In Northwind)

CustomerlD  CompanyMName OrderlDl  CustomerlD  EmployeelD  OrderDate RequiredDate ShippedDate Ship
827 SIMOB Simons bistro 11074 SIMOB 7 1958-05-06 00:00:00.000  15998-06-03 00:00:00.000 NULL 2
828 RICSU Richter Supemarid 11075 RICSU 8 1958-05-06 00:00:00.000  15998-06-03 00:00:00.000 NULL 2
823 BOMNAFP Bon app” 11076 BOMAF 4 1958-05-06 00:00:00.000  15998-06-03 00:00:00.000 NULL 2
830 RATTC Rattlesnake Canyon Grocery 11077 RATTC 1 1958-05-06 00:00:00.000  15998-06-03 00:00:00.000 NULL 2
831 PARIS Pars specialités MWULL MNULL MULL MULL MWULL MNULL MLUL
832 FISSA FISSA Fabrica Inter. Salchi..  NULL MNULL MULL MULL MWULL MNULL MLUL

SELECT Customers.CustomerID, CompanyName, [Orders].*

FROM Customers LEFT OUTER JOIN [Orders] ON Customers.CustomerId = [Orders].Customerld
WHERE OrderDate IS NULL

SELECT Customers.CustomerID, CompanyName, [Orders].*

FROM [Orders] RIGHT OUTER JOIN Customers ON Customers.CustomerId =
[Orders].Customerld

WHERE OrderDate IS NULL

34



\
USTH

VIETNAM FRANCE UNIVERSITY

SELF JOIN

= List employees’ fullname and his/her boss name (in

Northwind DB).
L_|* (Al Columns) || ™ (Al Columns)
FullMame Boss v | EmployeelD | EmployeelD
................................................. : ¥ |LastMame ¥ |Lasthame
1 Nancy Davolio t Andrew Fuller — e — e
............................... o Ui i
2 Janet Lewvering Andrew Fuller ~Brthpate Brthate
HireDate HireDate
3 Margaret Peacock  Andrew Fuller | Address [ Address
ity city
4 Steven Buchanan  Andrew Fuller |Region |Region
| |PostalCode | |PostalCode
B Michael Suyama Steven Buchanan [ |Country [ |Country
|_|HomePhone | [HomePhone
& Robert King Steven Buchanan _|Extension _|Extension
|_|Photo | |Photo
= | [Motes | [Motes
/ Laura Callahan Andrew Fuller lReoortsTo reportsTo
PhotoPath PhotoPath
g Anne Dodsworth Steven Buchanan — e —rneere
SELECT E.FirstName + ' ' + E.LastName AS FullName, B.FirstName + ' ' + B.LastName Boss

FROM Employees E INNER JOIN Employees B ON E.ReportsTo = B.EmployeeID

35
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Challenge |

" |In Northwind, list categories whose average prices are
greater than 309, sort by those values

CategoryMame  AvgPrice

1 i Produce 3237

?  Beverages  37.9791
3 Meat.Poultry hd 0066

SELECT C.CategoryID, C.CategoryName, AVG(P.UnitPrice) AvgPrice

FROM Categories C INNER JOIN Products P ON C.CategoryID = P.CategoryID
GROUP BY C.CategoryID, C.CategoryName

HAVING AVG(P.UnitPrice) > 30

ORDER BY AVG(P.UnitPrice)
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Challenge 2

= In Northwind, find the 34 highest Unit Price of Products

ProductlDl  ProductMame Supplierll  CategorylD  GuartityPerUnit  UnitPrice  UnitsinStock  UnitsOnOrder  ReorderLewel

: 9 : Mishi Kobe Miku 4 6 18-500gpkos. 57.00 23 0 0

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

SELECT P1.*

FROM Products P1 WHERE 3 = (SELECT COUNT(DISTINCT UnitPrice)
FROM Products P2
WHERE P1.UnitPrice <= P2.UnitPrice

)

H
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