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Relational Database Operators

“*The degree of relational
completeness can be defined by the
extent to which relational algebra is
supported.

“*Relational algebra defines the
theoretical way of manipulating table
contents using the eight relational
functions: UNION, INTERSECT,
DIFFERENCE, PRODUCT, SELECT,
PROJECT, JOIN, and DIVIDE.
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Union Relational Operator

“»UNION combines all rows from two tables.
The two tables must be union compatible.

“*Union Compatible means share same
columns and domains.

P_CODE UNION P_CODE yields P_CODE
123456 345678 123456
123457 345679 123457
123458 123458

345678
345679

FIGURE 2.5 UNION

Figure2.5 UNION

Intersect Relational Operator

“*INTERSECT produces a listing that
contains only the rows that appear in both
tables. The two tables must be union
compatible.

F NAME INTERSECT F NAME Yields F NAME
George Jane Jane
Jone William Jorge
Elaine Jorge

Wilfred Dennis

Jorge

FIGURE 2.6 INTERSECT

Difference Relational Operator

“» DIFFERENCE yields all rows in one table that
are NOT found in the other table;

“*i.e., it subtracts one table from the other.
“*The tables must be union compatible.

F_NAME DIFFERENCE F_NAME Yiolds F_NAME
George Jane George
Jone Jorge Elaine
Eloine Wilired
Willred

Jorge

Figure2.6 INTERSECT

FIGURE 2.7 DIFFERENCE

Figure2.7 DIFFERENCE
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Select Relational Operator

“ SELECT yields values for all attributes found in
a table. It yields a horizontal subset of a table.

Original table New table or list
P_CODE | | P_DESCRIPT | | PRICE P_CODE | | P_DESCRIPT | | PRICE
213345 | | 9v battery 1.92 213345 | | 9v batt 1.92
311452 | Power drill 3499 311452 | Power drill 34.99

254467 | 100W bulb 1.47 254467 | | 100W bulb 1.47
SELECT all will yield P_CODE | | P_DESCRIPT | | PRICE
213345 | | 9v battery 1.92

SELECT only PRICE Iess4| . f
than 2.00 will yleld conlld | Eitoadic B | REG

P_CODE | | P_DESCRIPT | | PRICE

SELECT only P_CODE aqunl—l 311452} | Power drill 34.99
1o 311452 will yield

FIGURE 2.9 SELECT

Join Relational Operations

“+JOIN operations allow us to combine
information from two or more tables
¢Power behind relational databases

¢ Allowing the use of independent tables
linked by common attributes

Table name: CUSTOMER Table name: AGENT
CUS_CODE | | CUS_LNAME Cus_zip AGENT_CODE AGENT_CODE | | AGENT_CODE
1132445 | | Walker 32145 231 125 6152439887
1321242 | | Rodriguez 37134 125 167 6153426778
1657399 | | Vanloo 32145 231 231 6152431124
1312243 | | Rakowski 34129 167 333 9041234445
1542311 | | Smithson 37134 42]
1217782 | | Adares 32145 125
FIGURE 2.11 Two TABLES THAT WILL BE USED IN JOIN ILLUSTRATIONS

Natural Join Relational Operator

< Natural JOIN links tables by selecting only rows
with common values in common attribute(s).

“»Basically a M:1 operation where Foreign Key
must match a Primary Key

Figure2.14 Natural Join

CUS_CODE | | CUS_LNAME Cus_zIP AGENT_CODE | | AGENT_PHONE
1132445 | | Wolker 32145 231 6152431124
1321242 | | Rodriguez 37134 125 6152439887
1657399 | | Vanloo 32145 231 6152431124
1312243 | | Rokowski 34129 167 6153426778
1217782 | | Adares 32145 125 6152438887

FIGURE 2.14 NATURAL JOIN, STEP 3: PROJECT

Outer Join Relational Operator

*»Quter JOIN links tables and retains unmatched
pairs.

“»Values for the unmatched rows items would be
left blank or null.

CUS_CODE | | CUS_LNAME Cus_zIP AGENT _CODE | | AGENT_PHONE
1132445 | | Walker 32145 231 6152431124
1321242 | | Rodriguez 37134 125 6152439887
1657399 | | vanloo 32145 231 6152431124
1312243 | | Rakowski 34129 167 6153426778
1542311 | | Smithson 37134 421
1217782 | | Adares 32145 125 6152439887

333 9041234445

FIGURE 2.15 QUTER JOIN
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Introduction to SQL

“+SQL is an database specification
language:
¢ Data definition
o Creates Database and Table Structures
¢Data manipulation
o Allows data Select, Delete, and Update
#SQL is relatively easy to learn.
¢ANSI prescribes a standard SQL.

e Microsoft Access supports some but
not all of the ANSI specification

e Results in Syntax conflicts with book
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Data Definition SQL Commands

“+*The Database Model
¢Simple Database -- PRODUCT and
VENDOR tables

e Each product is supplied by only a
single vendor.

e A vendor may supply many products.

1 M
VENDOR () supplies ) PRODUCT
O.N) .1
FIGURE 3.1 THE DATABASE MODEL
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E PRODUC
P_CODE P_OHHAHD H 'RICE |P_DISCOUNT |v_CODE

| b |110ER31 Power painter, 15 psi., 02-Dec-1996 8 5 $100.99 0.00 25595
| [13-Q2P2 7.25-in. pwr. saw blade 12-Hou-1996 32 15 $14.99 0.05 21344
| [142113 9.00-in. pwr. saw blade 12-How-1996 18 12 31749 0.00 21344
| [1546-002  Hrd. cloth, 1/4-in., 2x50 14-Aug-1996 15 8 $39.95 0.00 23119
| [1558-0WA  Hrd. cloth, 1 14-Aug-1996 23 5 $43.99 0.00 23119
| |2232:QTY B&D jigsaw, 12- 29-Oct-1996 8 5 $109.92 0.05 24288
| |2232/0WE | B&D jigsaw, 23-Sep-1996 1] 5 $99.87 0.05 24288
|__|2238/0PD  BZD cordless drill, 12-in. 19-Oct-1996 12 5 33895 0.05 25595
| [2¥09-HB  Claw hammer 19-Hou-1996 23 10 $5.95 0.10 21225
| [2¥M14-AA  Sledge hammer, 12 Ib. 01-Dec-1996 8 5 1440 0.05
| |s9778-2T Rat-tail file, 1/8-in. fine 14-Jun-1996 43 20 $4.99 0.00 21344
| |89WRE-Q | Hicut chain saw, 16 in. 06-Jul-1996 " 5 $256.99 0.05 24288
| |PVC2IDRT | PVC pipe, 3.5-in., 8-ft 19-Dec-1996 188 75 $5.87 0.00
| |SM-18277 | 1.25-in. metal screw, 25 23-Hou-1996 172 5 $6.99 0.00 21225
| |SW-23116  2.5-in. wd. screw, 50 23-Sep-1996 237 100 $8.45 0.00 21231
| [WR3TT3 Steel matting, 4'x8'x1/6", .5" mesh | 16-Hov-1996 18 5 $119.95 0.10 25595
* n n ___annn n

B8 YENDOR : Table

Table 3.1 A Data Dictionary for the CH3 Database

TABLE 3.1 A DATA DICTIONARY FOR THE CH3 DATABASE

Y_CODE V_HAME REACODE | V_PHOMNE | V_STATE

L + 21225 | Bryson, Inc.  Smithson 615 223-3234 |TH ¥
| |+ 21226  Superloo, Inc. Flushing 904 258995 FL H
| |+ 21231 DSESupply  Singh 615 2283245 | TH ¥
| |* 21344 Gomez Bros. Ortega 615 $89-2546 KY H
| |* 22567 Dome Supply Smith 0 678-1M9  GA H
| [+ 23113 Randsets Ltd. Anderson 01 678-3998 GA ¥
| |+ 24004  Brackman Bro: Browning 615 2231410  TH H
| |* 24288 ORDVA,Inc.  Hakford 615 8981234 |TH ¥
| |* 25443  B&K, Inc. Smith 904 2270093 |FL H
| [+ 25501 Damal Supplie: Smythe 615 890-3529 | TH H
| |+ 25585  Rubicon Sis.  Orton 904 456-0092 | FL ¥
#

TABLE ATTRIBUTE CONTENTS TYRE FORMAT RANGE REQUIRED PY O PR FRREFERENCED
NAME HAME TABLE
PRODUCT P_CODE Product code CHAR(I0) SN, A i 3
P_DESCRIPT Product description VARCHAR(IS) e A ¥:
P_INDATE Stacking date DATE DOMMTYYY A T
P_ONHAND Units vaible SMALUNT iy 0955 T
PN s ety SULINT st 09959 ¥
P_PRICE Product price NUMBERIE.D) o 000-5999.00 ¥
P_BSCOUNT Dacouen rate NUMEER(4.2) [T 000020 *
V_CODE ‘Vendor code ITEGER o 1005 F® VENDOR
VENDOR. ¥_CODE ‘Vendor cade INTEGER, ] 10007579 T 3
V_NAME ‘Vendor rame CHARIIS) Hoomeoo: A T
V_CONTACT ‘Consact person CHAR[S) oo A T
V_AREACODE Area coda CHAR(T) 2 A "
V_PHONE Phane rumber CHARTE) = A T
V_STATE S CHARRY) P A ™
V_ORDER Previous order CHAR()) X YorN 3
FK = Foraign key
PR = Primary key

CHAR = Fixed character length data, 1 to 255 characters.

VARCHAR = Variable character length data. 1 to 2,000 characters. May also be labeled VARCHARZ in Oracle.

NUMBER = Numeric data. NUMBER(9.2) is used to specify numbers with two decimal places and up to nine digits. inchsding the decimal places. Some
REBMSs permit the use of a MONEY or a CURRENCY data type

INT = Integer values only

SMALLINT = Small integer values only
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Access Supported Data Types and Syntax

‘Item |Svnonyms ‘Description

Stores alphanumeric text with field width (w).
CHAR (w) Limited to 255 character maximum. Each

IEXL (W) YARCHAR (w) character requires 1 hyte storage.

No difference hetween CHAR and YARCHAR.

Memo data type supports up to 65,535
MEMO characters. o field width is specified as
allocated dynamically. No Synonyms.

Stores 4-hyte long integer (whole number) value
INTEGER INT . e .
with permissible range +2 hillion.
Stores 2-hyte integer (whole number) value with
SMALLINT P
‘ permissihle range +32,000.
BYTE Stores 1-byte integer (whole number) value with
permissible range +127 to -128.
STHGLE St.ures 4.-hy.te ﬂnatil:lg. point (real number) value
with 6 significant digits accuracy.
DOUBLE - ER St.ures S-Pyt.e ﬂnatmg. P oint (real number) value
with 13 significant digits accuracy.
CURRENCY S.tu.res 8-hyte currency value with 15 significant
digits accuracy.
‘ YESNO | ‘ Stores a Boolean truefalse value.
|pATET HE [patE | Stores Date and Time in this field.

SQL Data Definition Commands
CREATE TABLE Statement (MS Access)
<+ CREATE a database TABLE (entity set) with the specified structure.

< PRIMARY KEY is a CONSTRAINT that is assigned an identifier.

< For Entity Integrity to exist for this table, it's PRIMARY KEY must
have the integrity constraints NOT NULL and UNIQUE.

CREATE TABLE VENDORL (

V_CODE | NTEGER NOT NULL UNI QUE
CONSTRAINT  pkVENDOR PRI MARY KEY,
V_NAME TEXT(35) NOT NULL,
V_CONTACT TEXT(15) NOT NULL,
V_AREACODE TEXT(3) NOT NULL,
V_PHONE TEXT(8) NOT NULL,
V_STATE TEXT(2) NOT NULL,
V_ORDER TEXT(1) NOT NULL

SQL Data Definition Commands
CREATE TABLE Statement (MS Access)

“ FOREIGN KEY is assigned as a CONSTRAINT which REFERENCES
afield in the joined table.

< Create only one table per query or MS Access "chokes".

CREATE TABLE PRCDUCT1 (

P_CODE TEXT( 10) NOT NULL  UNIQUE
CONSTRAINT  pkProduct PRI MARY KEY,

P_DESCRI PT TEXT( 35) NOT NULL, =
P_I NDATE DATE NOT NULL,

P_ONHAND SMALLINT ~ NOT NULL,

PMN SMALLINT  NOT NULL,

P_PRI CE CURRENCY ~ NOT NULL,

P_DI SCOUNT SI NGLE NOT NULL,

V_CODE I NTEGER NOT NULL

CONSTRAINT  f kVENDOR REFERENCES VENDCRL( V_CGODE)

SQL Data Management Commands

«»Data Entry

I NSERT | NTO <t abl e name> VALUES
“»Deleting Table Rows

DELETE FROM PRODUCT WHERE

“*Making a Changes to Data Items
UPDATE PRODUCT

Robert Laurie - 16
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SQL Data Management Commands
Data Record (Tuple) INSERT INTO

“ Insert only one record per query or MS Access "chokes".

© I NSERT | NTO VENDORL VALUES(21225, 'Bryson, Inc.',
"Snmithson', '615','223-3234', 'TN, 'Y');

© I NSERT | NTO VENDORL VALUES(25595, 'Rubicon Sis.',
"Orton', '904','890-3529', 'TN, 'N);

© I NSERT | NTO PRODUCT1 VALUES('11 QER/ 31', ' Power
painter, 15 psi., 3-nozzle', '07/02/1999', 8, 5,
109. 99, 0.00, 25595);

Microsoft Access x|

Microsoft Access can't append all the records in the append query.

Microsoft Access set O field{s) to Null due ko a type conwversion Failure, and it didn't add 1 record(s) to the table due
& to key violations, O recordis) due to lock violations, and O recordis) due to validation rule vialations.
Do you wank ko run the action query anyway?
Ta ignore the error(s) and run the query, click Yes.
Far an explanation of the causes of the violations, click Help.

Yes Mo | Help |

¢ | NSERT | NTO VENDCOR1 SELECT * FROM VENDCR;
¢ | NSERT | NTO PRODUCT1 SELECT * FROM PRODUCT;

SQL Data Management Commands
Data Record (Tuple) DELETE FROM
«» DELETE record(s) as specified in WHERE clause.

¢ DELETE FROM VENDOR1 WHERE V_STATE=' FL';
¢ DELETE FROM VENDOR1 WHERE V_STATE=' KY' AND

V_STATE=" GA'
¢ DELETE FROM VENDCOR1 WHERE V_STATE=' KY' OR
V_STATE=" GA'

B YENDOR : Table

V¥_CODE| Y _HAME |V _CONTACT | Y_AREACODE | ¥_PHOME | ¥V_STATE | V_ORDER
L + 21225 Bryson, Inc.  Smithson 615 223-3234 |TH Y
||+ 21226 SuperlLoo, Inc. Flushing 904 215-8995 | FL H
||+ 21231 DEESupply Singh 615 228-3245 | TH ¥
| [ 2134 Gomez Bros. Ortega 615 869-2546  KY H
| [+ 22567  Dome Supply Smith 901 6781419 | GA H
| |* 23119 Randsets Ltd. Anderson 901 678-3998 GA Y
| |+ 24004  Brackman Bro: Browning 615 2281110 |TH H
||+ 24288 ORDVA, Inc. Hakford 615 #95-1234 TH ¥
| [+ 25443 BEK, Inc. Smith 04 2270093 | FL H
||+ 25501 Damal Supplie: Smythe 615 890-3529 |TH H
| |+ 25595  Rubicon Sis.  Orton 904 456-0092 | FL Y
*

SQL Data Management Commands
Dataltem UPDATE SET WHERE

“» UPDATE items specified in WHERE clause to SET value.
+ UPDATE PRODUCT1 SET P_I NDATE = ' 6/ 1/ 2001' WHERE
P_CODE = ' 13-Q/ P2';
¢ UPDATE PRODUCT1 SET V_CODE = 23119 WHERE V_CODE =

24288;
EH PRODUCT : Table
P_CODE P_DESCRIPT P_IHDATE | P_OHHAND |P_MIN | P_PRICE |P_DISCOUHT |V_CODE

| b |110ER31 Power painter, 15 psi., 3-nozzle 02-Dec-1996 ] 5 $109.99 0.00 25595
[ |13-02P2  7.25-in. pwr. saw blade 01-Jun-2001 2 15 $14.99 0.05 21344
| [142113 9.00-in. pwr. saw blade 12-How-1996 18 12 31749 0.00 21344
| [1546-002  Hrd. cloth, 1/4-in., 2x50 14-Aug-1996 15 8 $39.95 0.00 23119
| |1558-0wA Hrd. cloth, 1/2-in., 3x50 14-Aug-1996 23 5 $43.99 0.00 23119
| |2232:QTY B&D jigsaw, 12-in. blade 29-Oct-1996 8 5 $109.92 0.05 23119
| |2232/0WE | B&D jigsaw, 8§-in. blade 23-Sep-1996 1] 5 $99.87 0.05 23119
|__|2238/QPD  B&D cordless drill, 112-in. 19-0ct-1996 12 5 33895 0.05 25595
| [2¥09-HB  Claw hammer 19-Hou-1996 23 10 $5.95 0.10 21225
| [2¥M14-AA  Sledge hammer, 12 Ib. 01-Dec-1996 8 5 1440 0.05
| |s9778-2T Rat-tail file, 1/8-in. fine 14-Jun-1996 43 20 $4.99 0.00 21344
| |89WRE-Q | Hicut chain saw, 16 in. 06-Jul-1996 " 5 $256.99 0.05 23119
| |PVC2IDRT | PVC pipe, 3.5-in., 8-ft 19-Dec-1996 188 5 $5.87 0.00
| |SM-18277 | 1.25-in. metal screw, 25 28-Houv-1996 172 5 $6.99 0.00 21225
| |SW-23116  2.5-in. wd. screw, 50 23-Sep-1996 237 100 $8.45 0.00 21231
| [WR3TT3 Steel matting, 4'x8'x1/6", .5" mesh | 16-Hov-1996 18 5 $119.95 0.10 25595

* 0 0 $0.00 0.00

SQL Queries Commands

“+Partial Listing of Table Contents
SELECT <col um(s) >
FROM <t abl e nane>
VWHERE <condi ti ons>;

SELECT P_DESCRI PT, P_| NDATE,
P_PRICE, V_CODE
FROM PRODUCT1
WHERE V_CCDE = 21344;

Thursday, August 12,1999 $14.99 21344

9.00-in. pwr. saw blade Thursday, August 12,1998 $17.49 21344

IRaHaﬂ file, 1:8-in. fine Saturday, August 14,1999 $4.899 21344

FIGURE 3.5 SELECTED PRODUCT TABLE ATTRIBUTES FOR VENDOR CODE 21344
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Figure 3.6: The Microsoft Access QBE and SQL
ol x|
ProDuCTY

Field: |P_DESCRIPT P_INDATE P_PRICE V_CODE =
Table: [PRODUCTL PRODUCTL PRODUCTL PRODUCTL
Sark:
Shiow:
Criteria: L1344
ar: i
o 3

SELECT P_DESCRI PT, P_INDATE, P_PRICE, V_CODE
FROM PRODUCT1
WHERE V_CCDE = 21344;

Queries

Relational (M athematical) Operators

TABLE 3.4 MATHEMATICAL OPERATORS

SYMBOL MEANING

= Equal to

< Less than

<= Less than or equal to

> Greater than

= Greater than or equal to
<> Mot equal to *

*Some SQL versions use !'= rather than < >

Table3.4
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Queries

SELECT P_DESCRI PT, P_ONHAND,
P MN, P_PRICE
FROM PRODUCT
WHERE P_PRI CE <= 10;

10]
Roat-tail file, 1/8-in. fine 43 20 499
BYC pipe, 3.5-in., B-ft 188 75| $587
i el ST =T i S
2.5-in. wd. screw, 50 237 100 §6.45

FIGURE 3.8 SELECTED PRODUCT TABLE ATTRIBUTES WITH A P_PRICE RESTRICTION

Figure 3.8
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Queries

“*Using Relational Operators on
Character Attributes

SELECT P_DESCRI PT, P_ONHAND,
P MN, P_PRI CE FROM PRODUCT
WHERE P_CODE < ' 1558- QW ' ;

| TR | Fower pairter, 15 psi,, 3-nozzle

[ 13-02P2 |7.25-in. pwr. saw blade 32 15 #1499
_1:!.-9_1&;_1.5.99;31.1:»\_@&_@9!!.'!&9_ | 18 12| $17.49
1546.QQ2 |Hrd. cloth, 14-in., 2x50 15| 8| $3995

FIGURE 3.9 SELECTED PRODUCT TABLE ATTRIBUTES: THE ASCII CODE EFFECT

—_ T
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Queries

“*Using Relational Operators on
Dates

SELECT P_CODE, P_DESCRI PT,
P_I NDATE
FROM PRODUCT1
WHERE P_| NDATE >= #11/ 15/ 1996#;

Logical Operators

P_CODE | P_DESCRIPT | P_INDATE
| [1TQERST Fower painter, 15 psi., 3-nozzle 02-Dec-1896
| b |231059-HE Clawr hammer 19-Nov-1996
| [SM18277 1.25-in. metal screw, 25 28-Mov-1995
| [WR3TT3 Steel matting, 4'%3'%1/48", 5" mesh 1B6-Mow-1905
Robert Laurie - 25
Queries

SELECT P_DESCRI PT, P_I NDATE,
P PRI CE, V_CODE FROM PRODUCT1
WHERE (P_PRI CE < 50) AND
(P_I NDATE > #11/ 15/ 1996#) ;

:ZZ\:.-‘-.-' harnrer 19-Mow-1996 $5.95 21225
1.25-in. metal s 28-Now-1996 $6.99 21225

P DESCRIPT| P INDATE | P PRICE | V CODE |
*
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B There are three logical operators
BAND && A | NOTA
EOR || F T

T |F
BNOT <> I=
A B | AANDB
PR IF A B |AORB
F T |F
0 0 |oO
T F |F
T T T o 11
1 0 |1
1 1 |1
Robert Laurie - 26
Queries

“» Special Operators used with WHERE

¢ BETWEEN - define range limits.

4 IS NULL - check attribute value is null

¢ LIKE - check for similar character strings.

¢ IN - check if attribute value matches a value
contained within a (sub)set of listed values.

¢ EXISTS - check whether an attribute has a
value. EXISTS is the opposite of IS NULL.

“*Wild Card Characters
¢ * AnyandAll
¢ ? Any 1 Character

Robert Laurie - 28
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Special Operators

“BETWEEN used to define range
limits same as below.
SELECT *
FROMV PRODUCT1
WHERE P_PRI CE BETWEEN 50. 00
AND 100. 00;

«»IN used to check whether an attribute
value matches a value contained
within a (sub)set of listed values.

SELECT * FROM VENDOR1 VWHERE
V_CODE I N (21344, 24288);

Robert Laurie - 29

Special Operators

“»IS NULL is used to check whether an
attribute value is null.

SELECT P_CODE, P_DESCRI PT
FROM PRCDUCT1
WHERE P_M N | S NULL;

<+ LIKE is used to check for similar
character strings.

SELECT * FROM VENDOR VWHERE
V_CONTACT LIKE 'Smith*';
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Arithmetic Operators

“+UPDATE table using a mathematical
expression

UPDATE PRODUCT1

SET P_PRICE = P_

PRI CE*1. 10 WHERE P_PRI CE < 50. 00;
UPDATE PRODUCT1

SET P_ONHAND = P_ONHAND - 1
VWHERE P_CCDE = ' 13-Q2/ P2';

ARITHMETIC OPERATOR DESCRIPTION
+ Add

- Subtract

» Multiply

/ Divide
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Queries Windows

il
Qpen l%Q&slgn @New | < | 8

Objects

421 YENDORI Append 1
dp 1 YENDOR1 Append 2

]
=t

#1 PRODIUCTL 10% Price Increase 41 YENDCRI Append All

1 PRODUCTL Append L e VENDORL Create Table

P! PRODUCTL Append Al #1 YENDCR1 Delete State=FL
PRODUCT1 Create Table 71 YEMDOR1 Delete State=KYy AND GA

PRODUCTL Select Date
PRODUCT1 Select P_CODE < 1558
PRODUCTL Select P_Price <=10
PRODUCTI Select ¥_Code=21344
PRODUCTL Update &/1j2001
PRODUCTL Update Yendor

paaaf

E—
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