CSI 2132 Tutorial 6

The Structured
Query Language (SQL)

¢« De facto standard used to interact with
relational DB management systems

* Two major branches

»DDL (Data Definition Language)

» Contains statements that define the
structure of the database (create, alter or
delete tables, relationships, constraints,
etc)

»DML (Data Manipulation Language)
* Retrieve and modify data
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5 ¢ Chapter 4: “Basic SQL"

Exercise 4.6

Consider the schema for the AIRLINE
database in Fig. 3.8

What are the referential integrity
constraints that should hold on the
schema?

_ Write appropriate SQL DDL statements
to define the database.

Bl AIRPORT (

Airport_code Name | City | State

FLIGHT
[ Flight_number | Airline | Weekdays |

& FLIGHT_LEG

‘ Flight_number ‘ Leg_number | Departure_airport_code | Scheduled_departure_time
Arrival_airport_code | Scheduled_arrival_time
LEG_|
‘ Flight_number [ Leg_number | Date I Number_of_available_seats | Airplane_id
Departure_airport_code |Depar’(ure_time | Arrival_airport_code | Arrival_tifine
FARE
| [ Flighnumber | Fare code | Amount | Restrictions |
. AIRPLANE_TYPE
‘ Airplane_type_name' Max_seats | Company ‘
CAN_LAND
[ Airplane_type_name [ Airport_code |
. AIRPLANE
‘Airplane_id | Total_number_of_seats ‘ Airplane_type |
SEAT_RESERVATION
‘ Flight_number ‘ Leg_number | Date | Seat_number | Customer_name Customer_phone

Figure 3.8
The AIRLINE relational database schema.
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AIRPORT
[[Airpori_cod® [ Name | Gity | State |

FLIGHT
[ Flight_number [ Airline | Wael -kd&s

FLIGHT &

[ Flight_ninber [ Leg numbdf [l Departure_airport_code [ || Scheduled_departure_time

Arrival_airport_code | Scheduled_arrival_time

LEG INSTRNCE

Flight_niinber Leg _numbg | Date I Number_of_available_$eats | Airplane_id
Departure_airport_dbde |Departursflime | Arrival_airport_code | Arrival_time

FARE

Flight_number } Fare_code [Amouni ‘ Restrictions |

AIRPLANE_TYPE
‘ Airplane_type_name' Max_sefits | Company ‘

CAN_LAND
[ Airplane_type_name [ Airport_code |

AIRPLANE
‘Airplane_id | Total_number_of_seats ‘ Airplane_type |

SEAT_RESERVATION

‘ Flight_number ‘ Leg_number | Date | Seat_number | Customer_name Customer_phone

Figure 3.8
The AIRLINE relational database schema.

AIRPORT
‘ Airport_code [ Name ICity I State |

FLIGHT
[ Flight_number | Airline | Weekdays |

FLIGHT_LEG

‘ Flight_number ‘ Leg_number | Departure_airport_code | Scheduled_departure_time
Arrival_airport_code | Scheduled_arrival_time

LEG_INSTANCE

‘ Flight_number [ Leg_number | Date I Number_of_available_seats | Airplane_id

! L - - '.;l"rture_time | Arrival_airport_code | Arrival_time

LJ

FARE

[ Fiight_number | JFare_code | Amount | Restrictions |

AIRPLANE_TYPE

‘ Airp|ane_type_nam7| Max_seats | Company ‘

CAN_LAND

[ Airplane_type_namf | Airport_code |

AIRPLANE

‘Airplane_id | Totfgl_number_of_seats ‘ Airplane_type |

SEAT_RESERVATION 1

‘ Flight_number ‘ Leg_number | Date | Seat_number | Customer_name Customer_phone

Figure 3.8

The AIRLINE relational database schema.
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hapter 4: “"Basic SQL"”

AIRPORT
| Airport_ code | Name | City | State |

CREATE TABLE AIRPORT |
ATRPORT CODE CHAR(3) NOT NULL,
NAME VARCHRR (30} NOT NULL,
CITY VARCHAR (30} NOT NULL,
STATE VARCHAR (30},
FRIMARY KEY (AIRECRT CODE)
i :

’Chapter 4: “Basic SQL”"

FLIGHT
| Flight_number | Airline | Weekdays

CEEATE TRBLE FLIGHT |
NUMBER VARCHLR (&) NOT NULL,
ATRLINE VARCHAR({20) NOT WULL,
WEEKDLYS VARCHRLR(10) NOT NULL,
PRIMAREY KEY (NUMBER)
I




FLIGHT_LEG

g I Flight_number | Leg_number | Departure_airport_code I Scheduled_departure_time

Arrival_airport_code | Scheduled_arrival_time

CREATE TAELE FLIGHT LEG (

FLIGHT_NUMBER VARCHAR (&) NOT NULL,

LEG_NUMBER INTEGER NOT NULL,
DERLRTURE_ATRPORT_CODE CHAR(3) WOT NULL,
SCHEDULED_DEFERTURE_TIME TIMESTEME WITH TIME ZONE,
ARRTVAL_ATRPORT_CODE CHAR(3) NOT NULL,
SCHEDULED_ARRIVAL TIME TIMESTAMP WITH TIME ZONE,
PRIMARY KEY (FLIGHT NUMBER, LEG_NUMBER),

FOREIGN KEY (FLIGHT NUMBER) REFERENCES FLIGHT (NUMBER),
FOREIGN KEY (DEPARTURE_ATRBORT _CODE) REFERENCES
ATRPORT (ATRPORT_CODE),

FOREIGN KEY (RRRTVAL ATRPORT CODE) REFERENCES
AIRPORT (AIREORT_CODE) ):

g Chapter 4: "Basic SQL"

LEG_INSTANCE
] Flight_number | Leg_number | Date | Number_of available_seats ‘ Airplane_id

Departure_airport_code | Departure_time [ Arrival_airport_code | Arrival_time

CREATE TRBLE LEG_INSTRNCE (
FLIGHT_NUMBER WVARCHAR(4) NOT NULL,
LEG NUMEBEE INIEGER MNOT NULL,
LEG_DATE DATE NOT NULL,
N0 _OF AVAILAELE SEATS INIEGER,
ATRFLANE ID INTEGER,
DEFARTURE ATRPORT CODE CHAR(3),
DEFARTURE_TIME TIMESTAMF WITH TIME ZONE,
ARRIVAL. ATRPORT_CODE CHRR({3),
ARRIVAIL, TIME TIMESTAMF WITH TIME ZONE,
FRIMARY KEY (FLIGHT_ NUMBER, LEG_NUMBER, LEG_DATE),
FOREIGN EKEY (FLIGHI NUMEEER, LEG NUMBEER) EEFERENCES
FLIGHT LEG (FLIGHT NUMBER, LEG NUMEER),
FOREIGN EEY (AIRFLANMNE ID) EEFEEENCES
LIRPLANE (RIRPLANE ID),
FOREIGHN EEY (DEFARTIURE AIRPORI COLDE) REFERENCES
LIRPORT (ATREORT CODE),
FOREIGHN KEY (ARRIVAL ATRPORT_CCODE) REFERENCES
LTIRFORT (AIRFCORT_COLE)
I

10
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g Chapter 4: "Basic SQL”

FARE

] Flight_number | Fare_code | Amount | Restrictions

CREATE TABLE FARES (
FLIGHT WUMBER VERCHAR (6) NOT NULL,
FARE_CODE VARCHAR(10) NOT NULL,
IMOUNT DECTMAL(2,2) NOT NULL,
RESTRICTICNS VARCHAR(200),
PRIVERY ¥EY (FLIGHT NIMBER, FARE CODE),
FOREIGN ¥EY (FLIGHT NIMBER) REFERENCES FLIGHT (NTMBER)

)i

11

f Chapter 4: “Basic SQL”

AIRPLANE_TYPE

] Airplane_type_name I Max_seats | Company

CREATE TABLE AIRFLANE TYFE |
TYPE_NAME VARCHRR (20) NOT NULL,
MLY SERTS INTEGER NOT NULL,
COMPANY VARCHRER (15) NOT NULL,
FRIMLRY EEY (TYEE NZME)
I

12
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¥ Chapter 4: “Basic SQL”

CAN_LAND
] Airplane_type_name | Airport_code |

CREATE TABLE CRN LRND {
LTRPLANE TYPE NAME VARCHAR(20) NOT WULL,
LIRPORT CODE CHRR(3) NOT WULL,
PRIMARY KEY (AIRPLANE TYFE NAME, AIRPORT CODE),
FOREIGN KEY (ATRPLANE TYPE NAME) REFERENCES
LIRPLANE TY¥FE (IYPE NAME),
FOREIGN KEY (AIRPORT CODE) REFERENCES
LIRFORT (ATREORT CODE)
) r

13

f Chapter 4: “Basic SQL”

AIRPLANE
| Airplane_id Total_number_of seats | Airplane_type

CRELTE TARLE AIRPLANE |
AIRPLANE ID INTEGER NOT NULL,
TOTAL NUMBER (F SEATS INTEGER NOT NULL,
LIRPLANE TYPE VARCHAR(20) NOT NULL,
PRIMARY KEY (AIRELANE ID),
FOREIGN KEY (AIRELANE TYPE) REFERENCES AIRELANE TYPE (TYPE NAME)
K
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Chapter 4: "Basic SQL"

B~ SEAT RESERVATION
. |Flighl_number | Leg_number ‘ %‘ Seat_number |Cugmmer_name Customer_phone

% CREATE TABLE 3EAT RESERVATICN (

5 FLIGHT NUMBER VARCHAR () NOT NULL,

LEG_NUMBER INTEGER NCT NULL,

LEG DATE DATE NOT NULL,

SEAT NUMBER VARCHAR(4) NOT NULL,

CUSTOMER NAME VARCHAR(30) NOT NULL,

CUSTOMER PHONE CHAR(12),

PRIVARY ¥EY (FLIGHT NUMBER, LEG NTMEER, LEG DATE, SEAT NUMEER),
FOREIGN KEY (FLIGHT NUMBER, LEG NUMBER, LEG DATE) REFERENCES
LEG INSTANCE (FLIGHT NUMBER, LEG NUMBER, LEG DATE)

I

15

g Chapter 4: "Basic SQL”

Pe- \\e use the following notation to describe
& the foreign key constraints.

B FLIGHT LEG.(FLIGHT NUMBER) -->
&% | IGHT.(NUMBER)

SEAT_RESERVATION.(FLIGHT _NUMBER,
LEG_NUMBER, LEG_DATE) -->
LEG_INSTANCE.(FLIGHT _NUMBER,
LEG_NUMBER, LEG_DATE)

16

05/03/2012



hapter 4: “"Basic SQL"”

Exercise 4.7

Consider the schema for the LIBRARY
database in Fig. 4.6

Choose the appropriate action (reject,
cascade, set to null, set to default) for
each referential integrity constraint,
both for a deletion of a referenced tuple
and for the update of a primary key
attribute value in a referenced tuple.
Justify your choices.

17

BOOK

| BOOk_idl Title | F’ublisherﬁnamel
1) —

BOOK_AUTHORS

| Eloukfidl Aulhorfnamel

PUBLISHER

| ml Address | Phone |
A

BOOK_COPIES

| Book_idl Branch_id| No_of_copies |
L ]

BOOK_LOANS

| Book_id[ Branch_id‘ Card_no ‘ DatE,OUll Due_date

L 1 |
[ 1
-

LIBRARY_BRANCH

[ Branch_id| Branch_name | Address |
it

BORROWER Figure 4.6

| Cardfnn| WEr= | Address ‘ Phone ‘ A relational database
schema for a
LIBRARY database.

18
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hapter 4: “"Basic SQL"”

¥ BOOK_AUTHORS.(Bookld) -->
BOOK.(Bookld)

ON DELETE CASCADE
ON UPDATE CASCADE

Automatically propagate the deletion or
- change of a BOOK to the referencing
BOOK_AUTHORS.

19

hapter 4: “"Basic SQL"”

~ BOOK.(PublisherName) -->
PUBLISHER.(Name)

ON DELETE REJECT
ON UPDATE CASCADE

Do not delete a PUBLISHER tuple which
has linked BOOK tuples.

_ Update the PUBLISHER’s name on all
- BOOK tuples which refer to it.

20
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B Chapter 4: “Basic SQL”
& BOOK_LOANS.(BookID) -->
BOOK_.(BookID)

ON DELETE CASCADE
ON UPDATE CASCADE

If a BOOK record is deleted, then delete
all its associated BOOK_LOAN records.
- ldem with updates.

REJECT on DELETE also possible!

21

g= BOOK_COPIES.(BookID) -->
BOOK.(BooklID)

ON DELETE CASCADE
ON UPDATE CASCADE

If a BOOK record is deleted, then delete
all its associated BOOK_COPIES tuples.
- Do likewise with updates.

22
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B Chapter 4: “Basic SQL”

§ BOOK_LOANS.(CardNo) -->
: BORROWER.(CardNo)

ON DELETE CASCADE
ON UPDATE CASCADE

| If a BORROWER record is deleted, then
delete all its associated BOOK _LOANS
tuples. Do likewise with updates.

- REJECT on DELETE also possible!

23

& BOOK_COPIES.(BranchiID) -->
: LIBRARY_BRANCH.(BranchID)

ON DELETE CASCADE
ON UPDATE CASCADE

" If aLIBRARY BRANCH record is deleted,
then delete all its linked BOOK_COPIES
tuples. Do likewise with updates.

- REJECT on DELETE also possible!

24
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B Chapter 4: “Basic SQL”

& BOOK_LOANS.(BranchiD) -->
LIBRARY_BRANCH.(BranchiD)

ON DELETE CASCADE
ON UPDATE CASCADE

If a LIBRARY_BRANCH record is deleted,
then delete all its linked BOOK_LOANS
tuples. Do likewise with updates.

- REJECT on DELETE also possible!

25

, Consider the EMPLOYEE table’s
constraint EMPSUPERFK as in Fig 4.2

26
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CREATE TABLE EMPLOYEE
(o
Dno INT NOT NULL DEFAULT 1,
CONSTRAINT EMPPK
PRIMARY KEY (Ssn),
CONSTRAINT EMPSUPERFK
FOREIGN KEY (Super_ssn) REFERENCES EMPLOYEE(Ssn)
ON DELETE SET NULL ON UPDATE CASCADE,
CONSTRAINT EMPDEPTFK
FOREIGN KEY(Dno) REFERENCES DEPARTMENT(Dnumber)
ON DELETE SET DEFAULT ON UPDATE CASCADE);
CREATE TABLE DEPARTMENT
QPP
Mgr_ssn  CHAR(9) NOT NULL DEFAULT ‘888665555,

CONSTRAINT DEPTPK
PRIMARY KEY(Dnumber),

CONSTRAINT DEPTSK
UNIQUE (Dname),

CONSTRAINT DEPTMGRFK

FOREIGN KEY (Mgr_ssn) REFERENCES EMPLOYEE(Ssn) Figure 4.2
ON DELETE SET DEFAULT ON UPDATE CASCADE); Example illustrating
CREATE TABLE DEPT_LOCATIONS how default attribute
[P values and referential
PRIMARY KEY (Dnumber, Dlocation), integrity triggered
FOREIGN KEY (Dnumber) REFERENCES DEPARTMENT(Dnumber) actions are specified
ON DELETE CASCADE ON UPDATE CASCADE); in SQL.

Chapter 4: “Basic SQL”"

Exercise 4.15

If the constraint is changed to read as
follows:

CONSTRAINT EMPSUPERFK
FOREIGN KEY (SUPER3SN) REFERENCE3 EMPLOYEE (33N)
ON CELETE CASCRDE QN UPDATE CASCALE

28
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' Chapter 4: “Basic SQL”
Exercise 4.15

What happens when the following
command is run on the COMPANY
database state shown in Fig. 3.6?

CELETE EMPLOYEE WHERE LNAME = 'Borg'

29

Figure 3.6
One possible database state for the COMPANY relational database schema.
EMPLOYEE
Fname | Minit | Lname Ssn Bdate Address Sex |Salary | Super_ssn | Dno
John B | Smith | 123456789 | 1965-01-09 |731 Fondren, Houston, TX| M |30000 (333445555 | 5
Franklin T Wong | 333445555 | 1955-12-08 | 638 Voss, Houston, TX M [40000 (888665555 | 5
Alicia J Zelaya | 999887777 | 1968-01-19 |3321 Castle, Spring, TX F (25000 |987654321 4
Jennifer S Wallace | 987654321 | 1941-06-20 | 291 Berry, Bellaire, TX F [43000 |888665555 | 4
Ramesh | K [ Narayan | 666884444 | 1962-09-15 | 975 Fire Oak, Humble, TX| M |38000 |333445555 | 5
Joyce A English | 463453453 | 1972-07-31 | 5631 Rice, Houston, TX F 25000 |333445555 5
Moldabbar | 087087087 | 4950.02.00 | 920 Dallac Hoyatan T | M- lomono loa7asdadd |4
James E |Borg 888665555 | 1937-11-10 | 450 Stone, Houston, TX | M |55000 |NULL 1
DEPARTMENT DEPT_LOCATIONS
Dname Dnumber Mgr_ssn Mgr_start_date Dnumber Dlocation
Research 5 333445555 1988-05-22 1 Houston
Administration 4 987654321 1995-01-01 4 Stafford
Headquarters 1 888665555 1981-06-19 5 Bellaire
5 Sugarland
5 Houston

15



‘ ¥ Chapter 4: "Basic SQL”

Answer: The table gets emptied.

»>Triggers a deletion of all subordinate
records in James Borg’s supervision
hierarchy.

31

hapter 4: “Basic SQL”
- Exercise 4.15

Is it better to CASCADE or SET NULL in
case of EMPSUPERFK constraint ON
DELETE?

32
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B Chapter 4: “Basic SQL”
Answer:

SET NULL is preferred, since an
EMPLOYEE is not fired (deleted) when
his/her supervisor is deleted.

. Instead, the SUPERSSN field should be
SET NULL so a new supervisor could be
assigned later on.

33

, Specify the following additional SQL
gueries on the COMPANY database of
Fig. 3.5

34
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EMPLOYEE
|Fname ‘ Minit | Lname| Ssn | Bdate | Address | Sex | Salary ‘ Super_ssn| Dno |

DEPARTMENT
| Dname ‘ Dnumber | Mgrfssn| Mgrﬁstartfdate|

DEPT_LOCATIONS

| Dnumber | Dlocation |

PROJECT

| Pname ‘ Pnumber | Plocation | Dnum |

WORKS_ON
| Essn ‘ Pno | Hours |

Figure 3.5
DEPENDENT Schema diagram for the

COMPANY relational

| Essn | Dependent_name | Sex | Bdate | Relationship database schema.

hapter 5: "More SQL"”

Exercise 5.5

a) For each department whose average
employee salary is over 30K, retrieve

* the department name and the number of
. employees working for it.

36
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hapter 5: "More SQL"”

Exercise 5.5

a) For each department whose average
employee salary is over 30K, retrieve

= the department name and the number of
~ employees working for it.

SELECT DMRAME, COUNT (*)
FROM DEFARTMENT, EMPLOYEE
WHERE DNUMBER=DNO

GROUE BY DNAME

HAVING AVG (SALARY) > 30000

37

hapter 5: "More SQL"”

Exercise 5.5

b) Suppose we want the number of male
employees in each department rather
than all employees.

Can we specify this in SQL? Why or
why not?

38
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Chapter 5: "More SQL”

Yes, via a nested query

SELECT DNAME, COUNT [*)
FROM DEPARTMENT, EMPLOYEE
WHERE DNUMBER=DNO AND SEX='"M' AND DNO IN
SELECT DNO
FROM EMPLOYEE
GROUE BY DNO
HAVING AVG (SALARY) > 30000
|
GROUP BY DNAME

39

p Chapter 5: "More SQL”

Exercise 5.6

Specify the following SQL queries on
the UNIVERSITY database schema of
Fig. 1.2

40
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STUDENT
Name Student_number Class Major
Smith 17 1 Cs
Brown 8 2 CS
COURSE
Course_name Course_number | Credit_hours | Department
Intro to Computer Science CS81310 4 CS
Data Structures CS3320 4 [@35]
Discrete Mathematics MATH2410 3 MATH
Database CS3380 3 CS
SECTION
Section_identifier | Course_number | Semester Year Instructor
85 MATH2410 Fall 07 King
92 CS1310 Fall 07 Anderson
102 CS3320 Spring 08 Knuth
112 MATH2410 Fall 08 Chang
119 CS1310 Fall 08 Anderson
135 CS3380 Fall 08 Stone
41
GRADE_REPORT
Student_number Section_identifier Grade
17 112 B
17 119 C
8 856 A
8 92 A
8 102 B
8 135 A
PREREQUISITE
Course_number Prerequisite_number
CS3380 CS3320
CS3380 MATH2410
CS3320 CS1310
42
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hapter 5: "More SQL"”

Exercise 5.6

a) Retrieve the names and major
departments of all straight-A
students (i.e. those who got ‘A’ in all
their courses)

43

hapter 5: "More SQL"”

Exercise 5.6

a) Retrieve the names and major
departments of all straight-A
students (i.e. those who got ‘A’ in all
their courses)

SELECT Name, Major
FRCM STUDENT
WHERE NOT EXISTS { SELECT *
FRCM GRADE REPORT
WHERE StudentWumber= STUDENT.StudentNumber
IND NOT {Grade='A")
|

44
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Chapter 5: "More SQL”

Exercise 5.6

b) Retrieve the names and major
departments of all students who do
not have any grade of A in any of
their courses.

45

B Chapter 5: “More SQL”

Exercise 5.6

b) Retrieve the names and major
departments of all students who do
not have any grade of A in any of
their courses.

SELECT Name, Major
FROM STUDENT
WHERE NOT EXISTS ( SELECT *
FROM GRADE RERORT
WHERE StudentNurber= STUDENT.StudentNumber
AID Grade='2"
}

46
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B Chapter 5: “More SQL”
Another way

SELECT Name, Major

FROM STUDENT

WHERE Studentlurber NCT IN { SELECT Studentlumber
FROM GRADE REPCRT
WHERE StudentNumber = STUDENT.StudentNumber
AND Grade = 'A

J

47

‘ L_Chaptel‘ 5: “More SQLII
=~ Exercise 5.7

In SQL, specify the following queries on
the COMPANY database in Fig. 3.5
using the concept of nested queries

~ a) Retrieve the names of all employees
who work in the department that has the
employee with the highest salary
among all employees.

48
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EMPLOYEE
|Fname ‘ Minit | Lname| Ssn | Bdate | Address | Sex | Salary ‘ Super_ssn| Dno |

DEPARTMENT
| Dname ‘ Dnumber | Mgrfssn| Mgrﬁstartfdate|

DEPT_LOCATIONS

| Dnumber | Dlocation |

PROJECT

| Pname | Pnumber | Plocation | Dnum |

WORKS_ON
| Essn ‘ Pno | Hours |

Figure 3.5
DEPENDENT Schema diagram for the

COMPANY relational
database schema,

| Essn | Dependent_name | Sex | Bdate | Relationship

49

Chapter 5: "More SQL"”

a) Retrieve the names of all employees
who work in the department that has the
employee with the highest salary
among all employees.

SELECT LNAME
FROM EMPLOYEE
WHERE DNC = ( SELECT LCNO
FROM EMPLOYEE
WHEEE 3ALARY = ( SELECT MRX([SALARY)
FROM EMPLOYEE

)

50
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B Chapter 5: “More SQL”

Exercise 5.7

b) Retrieve the names of all employees
whose supervisor’s supervisor has
‘888665555’ for SSN.

51

Exercise 5.7

b) Retrieve the names of all employees
whose supervisor’s supervisor has
‘888665555’ for SSN.

SELECT LNAME
FROM EMPLOYEE
WHERE SUPERSSN IN { SELECT 355N
FROM EMFLOYEE
WHERE SUPER33N = ‘BE88665535¢
)

52
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hapter 5: "More SQL"”

Exercise 5.7

c) Retrieve the names of employees
who make at least 10K more than the
® employee who is paid the least in the
.~ company.

53

hapter 5: "More SQL"”

Exercise 5.7

c) Retrieve the names of employees
who make at least 10K more than the
® employee who is paid the least in the
& company.

SELECT LMNAME
FROM EMPLOYEE
WHEEE SALARY >= 10000 + ( SELECT MIN(3ALARY)
FROM EMFI.OYEE
)

54
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CSI 2132 Tutorial 6

The Structured
Query Language (SQL)
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