Figure 7.1 The attributes and tuples of arelation STUDENT.

Relation name Attributes
STUDENT Name SSN HomePhone Address OfficePhone |Age| GPA
Benjamin Bayer 305-61-2435 373-1616 2918 Bluebonnet Lane null 19 | 321
Katherine Ashly 381-62-1245 375-4409 125 Kirby Road null 18 | 2.89
% Dick Davidson 422-11-2320 null 3452 Elgin Road 749-1253 25 | 353
Tuples =——— | Charles Cooper 489-22-1100 376-9821 265 Lark Lane 749-6492 28 | 3.93
Barbara Benson 533-69-1238 839-8461 7384 Fontana Lane null 19 | 3.25
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Figure 7.2 Therelation sTuDenT from Figure 7.1,

with a different order of tuples.

STUDENT Name SSN HomePhone Address OfficePhone Age |GPA
Dick Davidson 422-11-2320 null 3452 Elgin Road 749-1253 25 3.53
Barbara Benson 533-69-1238 839-8461 7384 Fontana Lane null 19 3.25
Charles Cooper 489-22-1100 376-9821 265 Lark Lane 749-6492 28 3.93
Katherine Ashly 381-62-1245 375-4409 125 Kirby Road null 18 2.89
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Figure 7.3 Two identical tuples when order of attributes
and values is not part of the definition of arelation.

t = < (Name, Dick Davidson),(ssN, 422-11-2320),(HomePhone, null),(Address, 3452 Elgin Road),
(OfficePhone, 749-1253),(Age, 25),(GPA, 3.53)>

t = < (Address, 3452 Elgin Road),(Name, Dick Davidson),(ssN, 422-11-2320),(Age, 25),
(OfficePhone,749-1253),(GPA, 3.53),(HomePhone, null)>
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Figure 7.4 The cARr relation with two candidate keys:

LicenseNumber and EngineSerialNumber.

CAR LicenseNumber EngineSerialNumber Make Model Year
Texas ABC-739 A69352 Ford Mustang 96
Florida TVP-347 B43696 Oldsmobile Cutlass 99
New York MPO-22 X83554 Oldsmobile Delta 95
California 432-TFY C43742 Mercedes 190-D 93
California RSK-629 Y82935 Toyota Camry 98
Texas RSK-629 U028365 Jaguar XJS 98
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Figure 7.5 Schema diagram for the company relational
database schema; the primary keys are underlined.

EMPLOYEE
FNAME | MINIT | LNAME | SSN | BDATE | ADDRESS | SEX | SALARY | SUPERSSN | DNO
DEPARTMENT
DNAME | DNUMBER | MGRSSN | MGRSTARTDATE
DEPT_LOCATIONS
DNUMBER | DLOCATION
PROJECT
PNAME | PNUMBER | PLOCATION | DNUM
WORKS_ON
ESSN | PNO | HOURS
DEPENDENT
ESSN | DEPENDENT_NAME | SEX | BDATE | RELATIONSHIP
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Figure 7.6 One possible relational database state
corresponding to the compaNY schema.

EMPLOYEE | FNAME | MINIT | LNAME SSN BDATE ADDRESS SEX | SALARY SUPERSSN |DNO
John Smith 123456789 1965-01-09 731 Fondren, Houston, TX M 30000 333445555 5
Franklin Wong 333445555 1955-12-08 638 Voss, Houston, TX M 40000 888665555 5
Alicia Zelaya 999887777 1968-01-19 3321 Castle, Spring, TX F 25000 987654321 4
Jennifer Wallace 987654321 1941-06-20 291 Berry, Bellaire, TX F 43000 888665555 4
Ramesh Narayan 666884444 1962-09-15 975 Fire Oak, Humble, TX M 38000 333445555 5
Joyce English 453453453 1972-07-31 5631 Rice, Houston, TX F 25000 333445555 5
Ahmad Jabbar 987987987 1969-03-29 980 Dallas, Houston, TX M 25000 987654321 2
James Borg 888665555 1937-11-10 450 Stone, Houston, TX M 55000 null 1

DEPT_LOCATIONS DNUMBER | DLOCATION
Houston
Stafford
DEPARTMENT DNAME DNUMBER MGRSSN MGRSTARTDATE Bellaire
Research 5 333445555 1988-05-22 Sugarland
Administration 4 987654321 1995-01-01
Headquarters 1 888665555 1981-06-19
WORKS_ON ESSN PNO | HOURS
123456789 1 325
123456789 2 75
666884444 3 40.0
453453453 1 20.0
453453453 2 20.0 PROJECT PNAME PNUMBER PLOCATION DNUM
333445555 2 100 ProductX 1 Bellaire 5
333445555 3 100 ProductY 2 Sugarland 5
333445555 10 100 ProductZ 3 Houston 5
333445555 20 100 Computerization 10 Stafford 4
999887777 £y 300 Reorganization 20 Houston 1
999887777 10 100 Newbenefits 30 Stafford 4
987987987 10 35.0
987987987 30 5.0
987654321 30 20.0
987654321 20 15.0
888665555 20 null
DEPENDENT ESSN DEPENDENT NAME SEX BDATE RELATIONSHIP
333445555 Alice F 1986-04-05 DAUGHTER
333445555 Theodore M 1983-10-25 SON
333445555 Joy F 1958-05-03 SPOUSE
987654321 Abner M 1942-02-28 SPOUSE
123456789 Michael M 1988-01-04 SON
123456789 Alice F 1988-12-30 DAUGHTER
123456789 Elizabeth F 1967-05-05 SPOUSE
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Figure 7.7 Referentia integrity constraints displayed

on the compPaNy relational database schema diagram.

EMPLOYEE
FNAME MINIT | LNAME SSN BDATE ADDRESS | SEX | SALARY | SUPERSSN | DNO
]
DEPARTMENT
\
DNAME DNUMBER MGRSSN MGRSTARTDATE
DEPT LOCATIONS
DNUMBER DLOCATION
PROJECT
PNAME PNUMBER PLOCATION DNUM
WORK‘S\_—CD
\ /
ESSN PNO HOURS
DEPENDENT
ESSN DEPENDENT _NAME SEX BDATE RELATIONSHIP
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(@)

()

Figure 7.8 Results of seLECT and PROJECT operations.

(@) O (DNO=4AND SALARY>25000) OR (DNO=5AND SALARY>30000)(EM PLOYEE).
(b) TG NAME, FNAME, SALARY(EM PLOYEE). (C) Ty, SALARY(EM PLOY EE)

FNAME | MINIT [LNAME SSN BDATE ADDRESS SEX | SALARY | SUPERSSN | DNO
Franklin T Wong 333445555 | 1955-12-08 | 638 Voss,Houston, TX M 40000 888665555 5
Jennifer Wallace | 987654321 | 1941-06-20 | 291 Berry,Bellaire, TX F 43000 888665555 4
Ramesh Narayan | 666884444 | 1962-09-15 | 975 FireOak,Humble, TX M 38000 333445555 5
LNAME | FNAME | SALARY © | SEX | SALARY

Smith John 30000 M 30000

Wong Franklin 40000 M 40000

Zelaya Alicia 25000 F 25000

Wallace Jennifer 43000 F 43000

Narayan Ramesh 38000 M 38000

English Joyce 25000 M 25000

Jabbar Ahmad 25000 M 55000

Borg James 55000

© Addison Wesley Longman, Inc. 2000, Elmasri/Navathe, Fundamentals of Database Systems, Third Edition




(a) T[LNAM E, FNAME, SALARY

Figure 7.9 Results of relational algebra expressions.

(9

DNO=

using intermediate relations and renaming of attributes.

-(EMPLOYEE)). (b) The same expression

(a) FNAME | LNAME | SALARY
John Smith 30000
Franklin Wong 40000
Ramesh Narayan 38000
Joyce English 25000
(b) TEMP FNAME MINIT LNAME SSN BDATE ADDRESS SEX | SALARY | SUPERSSN | 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
Ramesh K Narayan 666884444 1962-09-15 975 Fire Oak,Humble, TX M 38000 333445555 5
Joyce A English 453453453 1972-07-31 5631 Rice,Houston, TX F 25000 333445555 5
FIRSTNAME LASTNAME SALARY
John Smith 30000
Franklin Wong 40000
Ramesh Narayan 38000
Joyce English 25000

© Addison Wesley Longman, Inc. 2000, Elmasri/Navathe, Fundamentals of Database Systems, Third Edition




Figure 7.10 Query result after the uNniON operation:
RESULT « RESULT1 00 RESULTZ.

RESULT1 SSN RESULT2 SSN RESULT SSN
123456789 333445555 123456789
333445555 888665555 333445555
666884444 666884444
453453453 453453453
888665555
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Figure 7.11 lllustrating the set operations union, intersection,
and difference. (a) Two union compatible relations.
(D) STUDENT 0 INSTRUCTOR. (C) STUDENT [ INSTRUCTOR.
(d) STUDENT — INSTRUCTOR. (€) INSTRUCTOR — STUDENT.

@ | STUDENT | FN LN | INSTRUCTOR | FNAME | LNAME
Susan Yao John Smith
Ramesh Shah Ricardo Browne
Johnny Kohler Susan Yao
Barbara Jones Francis Johnson
Amy Ford Ramesh Shah
Jimmy Wang
Ernest Gilbert
(b) EN LN © FN LN
Susan Yao Susan Yao
Ramesh Shah Ramesh Shah
Johnny Kohler
Barbara Jones
Amy Ford
Jimmy Wang
Ernest Gilbert
John Smith
Ricardo Browne
Francis Johnson
C) FN LN ©) FNAME | LNAME
Johnny Kohler John Smith
Barbara Jones Ricardo Browne
Amy Ford Francis Johnson
Jimmy Wang
Ernest Gilbert
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Figure 7.12 Anillustration of the CARTESIAN PRODUCT Operation.

FEéV"\ﬁL-'SE— FNAME | MINIT | LNAME |  SSN BDATE ADDRESS SEX | SALARY | SUPERSSN | DNO
Alicia J Zelaya 999887777 1968-07-19 3321 Castle,Spring, TX F 25000 987654321 4
Jennifer S Wallace | 987654321 1941-06-20 | 291 Berry,Bellaire, TX F 43000 888665555 4
Joyce A English 453453453 1972-07-31 | 5631 Rice,Houston, TX F 25000 333445555 5
EMPNAMES | FNAME | LNAME SSN
Alicia Zelaya 999887777
Jennifer Wallace 987654321
Joyce English 453453453
EMP_DEPENDENTS FNAME LNAME SSN ESSN DEPENDENT_NAME SEX BDATE LRI
Alicia Zelaya 999887777 333445555 Alice F 1986-04-05 e oo
Alicia Zelaya 999887777 333445555 Theodore M 1983-10-25 e oo
Alicia Zelaya 999887777 333445555 Joy F 1958-05-03 e oo
Alicia Zelaya 999887777 987654321 Abner M 1942-02-28 o o0
Alicia Zelaya 999887777 123456789 Michael M 1988-01-04 e oo
Alicia Zelaya 999887777 123456789 Alice F 1988-12-30 LIRS
Alicia Zelaya 999887777 123456789 Elizabeth F 1967-05-05 LRI
Jennifer Wallace 987654321 333445555 Alice F 1986-04-05 e oo
Jennifer Wallace 987654321 333445555 Theodore M 1983-10-25 oo
Jennifer Wallace 987654321 333445555 Joy F 1958-05-03 LRI
Jennifer Wallace 987654321 987654321 Abner M 1942-02-28 e oo
Jennifer Wallace 987654321 123456789 Michael M 1988-01-04 LI
Jennifer Wallace 987654321 123456789 Alice F 1988-12-30 e oo
Jennifer Wallace 987654321 123456789 Elizabeth F 1967-05-05 LI
Joyce English 453453453 333445555 Alice F 1986-04-05 oo e
Joyce English 453453453 333445555 Theodore M 1983-10-25 oo
Joyce English 453453453 333445555 Joy F 1958-05-03 e o0
Joyce English 453453453 987654321 Abner M 1942-02-28 oo e
Joyce English 453453453 123456789 Michael M 1988-01-04 e o o
Joyce English 453453453 123456789 Alice F 1988-12-30 e oo
Joyce English 453453453 123456789 Elizabeth F 1967-05-05 e oo
ACTUAL_DEPENDENTS FNAME | LNAME SSN ESSN DEPENDENT_NAME SEX BDATE
Jennifer Wallace 987654321 987654321 Abner 1942-02-28
RESULT FNAME | LNAME DEPENDENT_NAME
Jennifer Wallace Abner
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Figure 7.13

[llustrating the JoIN operation.

DEPT_MGR DNAME DNUMBER MGRSSN FNAME MINIT LNAME SSN
Research 5 333445555 Franklin T Wong 333445555
Administration 4 987654321 Jennifer S Wallace 987654321
Headquarters 1 888665555 James E Borg 888665555
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Figure 7.14 An illustration of the NATURAL JOIN operation. (a) PROJ DEPT
— PROJECT * DEPT. (b) DEPT LOCS «~ DEPARTMENT * DEPT_LOCATIONS.

@) PROJ DEPT PNAME PNUMBER | PLOCATION | DNUM DNAME MGRSSN | MGRSTARTDATE
ProductX 1 Bellaire 5 Research 333445555 1988-05-22
ProductY 2 Sugarland 5 Research 333445555 1988-05-22
Productz 3 Houston 5 Research 333445555 1988-05-22
Computerization 10 Stafford 4 Administration | 987654321 1995-01-01
Reorganization 20 Houston 1 Headquarters 888665555 1981-06-19
Newbenefits 30 Stafford 4 Administration | 987654321 1995-01-01
® I pepT LOCS DNAME | DNUMBER | MGRSSN | MGRSTARTDATE | LOCATION
Headquarters 1 888665555 1981-06-19 Houston
Administration 4 987654321 1995-01-01 Stafford
Research 5 333445555 1988-05-22 Bellaire
Research 5 333445555 1988-05-22 Sugarland
Research 5 333445555 1988-05-22 Houston
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[llustrating the division operation.

(@) Dividing ssN_PNos by smiTH_PNOS. (b)) T « R =+ S.

Figure 7.15
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Figure 7.16 Anillustration of the AGGREGATE FUNCTION operation. (a)
R(DNO, NO_OF_EMPLOYEES, AVERAGE_SAL) « . &S

COUNT SSN,AVERAGE SALARY
(EMPLOYEE). () DNO%COUNT SSN,AVERAGE SALARY(EM PLOYEE).
(C) %COUNT SSN,AVERAGE SALARY(EM PLOY EE) )
@) DNO | NO OF EMPLOYEES | AVERAGE SAL
5 4 33250
4 3 31000
1 1 55000

®) | DNO | COUNT SSN | AVERAGE_SALARY
5 4 33250
4 3 31000
1 1 92000

© COUNT_SSN AVERAGE_SALARY

8 35125
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Figure 7.17 A two-level recursive query.

(Borg's SSN is 888665555)

(SSN) (SUPERSSN)
SUPERVISION SSN1 SSN2

123456789 333445555

333445555 888665555

999887777 987654321

987654321 888665555

666884444 333445555

453453453 333445555

987987987 087654321

888665555 null
RESULT 1 SSN RESULT 2 SSN RESULT SSN

333445555 123456789 123456789
987654321 999887777 999887777
666884444 666884444
(Supervised by Borg) 453453453 453453453
087987987 987987987
333445555
(Supervised by Borg’s subordinates) 087654321

(REsuLT1 [ RESULT2)

© Addison Wesley Longman, Inc. 2000, Elmasri/Navathe, Fundamentals of Database Systems, Third Edition



Figure 7.18 The LEFT OUTER JOIN Operation.

RESULT FNAME MINIT LNAME DNAME

John B Smith null

Franklin T Wong Research
Alicia J Zelaya null

Jennifer S Wallace Administration
Ramesh K Narayan null

Joyce A English null

Ahmad V Jabbar null

James E Borg Headquarters
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Figure 7.19 The AIRLINE relational database schema.

AIRPORT
AIRPORT_CODE | NAME | CITY | STATE |

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 | NUMBER_OF AVAILABLE_SEATS | AIRPLANE_ID |

DEPARTURE_AIRPORT_CODE DEPARTURE_TIME | ARRIVAL_AIRPORT_CODE ARRIVAL_TIME

FARES
FLIGHT_NUMBER | FARE_CODE | AMOUNT | RESTRICTIONS

AIRPLANE_TYPE
| TYPE_NAME | MAX_SEATS | COMPANY |

CAN_LAND
| ARPLANE_TYPE_NAME | AIRPORT_CODE |

AIRPLANE
| ARPLANE_ID_| TOTAL_NUMBER_OF_SEATS | AIRPLANE_TYPE |

SEAT RESERVATION
| FLIGHT_NUMBER | LEG NUMBER | DATE | SEAT_NUMBER | CUSTOMER_NAME | CUSTOMER_PHONE
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Figure 7.20 A relationa database schema for aLIBRARY database.

BOOK BOOK_AUTHORS
Bookld Title PublisherName Bookld AuthorName

PUBLISHER
Name Address Phone

BOOK_COPIES BOOK LOANS
Bookid Branchid No_Of Copies Booklid Branchid CardNo DateOut DueDate

BORROWER
CardNo Name Address Phone

LIBRARY_BRANCH
Branchld BranchName Address
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Figure 7.21 A database state for the relations T1 and T2.

Table T1 Table T2

P| Q| R A | B| C
10 a 5 10 b 6
15 b 8 25 ¢ 3
25 a 6 10 b 5
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