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INTRODUTION

TheStuctured Quey Language, SQLs aquery language whichis used with relational
databases.This chapter starts by describing some of the terms wsed indata processing
and how they relate to SQL Thelater part of this dapter describesrelational databases
and how QL isusedto query them.

"A Cdlection of Rdated Data™:
Databases and DatabaseManagement Systems.

Let's start from badcs. What is a ditaba®? In very general terms, adatabase is a
collection of related data. Notice the word related, this mpliesthat the collection of
letters on this page do not by themsedves constitute a database. Butif we think of them
as acollection of lettersarranged to form words, thenthey canbe conceptualizedas
data in a dathase. Using similar reasoning, we canalso say that atome suchasa
telephone directory isalsoa datdbase. Itisa databasefirst, becauseit is acollection of
lettersthat form words and second, because it is an alphabetical listhg of people's
names,their addresses andtheir telephone numbers.How we think of a database
deperds on what use we want to makeof the information that it contains.

Sofar, we have talked alout a datébase in it's broadest serse. This very general
definition is not what most people mean when they talk abaut a database. Inthis
electronic age, the word database hadecome synonymous with the term
"computerised database”. Cdlins Engish Dictionary describesa database as"A store of
a lage amount of information, esp.in a form that canbe handled bya computer.” In
this ook, we will be dealing only with computerised databases. Irkeeping with popular
trend though, we will be using the word database to refer to a computerised ditabase.

A database (computeriseddatabase remember) by itself, isnot much use. The data is
stored electronicallyon the computer's disk inaformat whichwe humans cainot read
or undergand directly. What we need is some way of acessig thisdata and
converting it into a form which we do undergand. This is thgob of the datebase
management system or DBMS br short. ADBMSis essentiallya suite of programsthat
actasthe interfacebetween the humanoperator andthe dataheld in thedatabase.
Ushgthe DBMS,t is possble to retrieve usefulinformation, update or delete obsolete
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information andadd new information to the database. Aswell as dita entry and
retrieval, the DBMSplays an important role inmaintaining the overallintegrity of the
data in the dtabase.Thesmplestexample of is enauring that the values enteredinto
the database conform to the datatypesthat are gecified. Forexample, inthe
telephone book database,the DBMSmight have to ensure that each fhone number
entered conformsto a set format of XXX-XO0KX Xwhere Xrepresentsan integer.

"The Database as aXllection of Tables":
Rdational databasesand SQL.

Inthe eaty days of computerized databases, all lage database systems conformed to
either the network daamodel or the hierarchical data model. We will not be discussng
the technical ddails of thesemodels except to say that they are quite complexand not
very flexible. Qne of the main drawbacksof thesedatabaseswasthat in order to
retrieve information, the userhadto have anideaof wherein the daabasethe data
wasstored. Thismeantthat data processing andinformation retrieval was atechnical
job whichwasbeyond the ability of the average office manager. Inthose days lifewas
simple. data processing staff were expededto prepared theannual or monthly or
weekly reports and managerswere expected to formulate and implement day to day
businessstrategyaccording to the information contained inthe reports. @mputer
literate executiveswere rare and DP staff with business ssnsewere even more rare. This
wasthe state of affairs before the advent of relational databases.

Therelational data model wasintroduced in1970, E.F.Codd, aresearch felow

working for IBM, in his aricle "A Relatonal Model of Data for Large Shared Databanks'.
Therelational databasemodel representedthe datebase as acollection of tableswhich
relatedto one another.

Unlike network andhierarchical databases,the relational databaseis quite intuitive to
use,with dataorganised nto tables,columns androws. Anexample of arelational
databasetable is siown inFgure. Wecan see just by looking at Figure what

the table is. The table is a list of people's ramesand telephone numbers. Itis similar to
how we might go about the task of jotting down the phone numbers of some of our
friends, in the lack of our diary for example.
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NUM VURNAME FRSTNAME PHONE NUMBER
1 Jones Frank 9635
2 Bates Norman 8313
3 Clak Brian 2917
4 Sionehouse Mark 3692
5 Warwick Rita 3487

Therelational data model consistsof anumber of intuitive conceptsfor storing anytype
of datain a datdoase, along with a number of functions to manipulate the information.

Therelational data model as prgosedby Godd provided thebasicconceptsfor a new
database management system, the relational database management system (RDBMS).
Smn after the relational model wasdefined, a umber of relational database languages
were developed andusedfor instructing the RDBMS.Structured Query Language

being one of them.

TheSQUanguage is so inextricably tied to relational databasetheory that it is
impossible to disaussit without also disaissngthe relational data model. Thenext two
sections biiefly describe some of the concepts of thismaodel.

Tables, cdumns and rows.

We have alreadyseen that a relaional database stores data in tabdes. Eachcolumn of
the table represent anattribute, SURIAME,HRSNAME, PHONE_NUMBERfor example.
Each ow in the table is arecord. Inthe table in Figure, eachrow isa record of one
person. A sngle table witha mlumn androw structure, doesnot representarelational
database.Techically,thisis known asaflat file or cad indextype database. Relational
databaseshave severaltableswith interrelating data. Supposethat the information in
the table of Figure is actualy the list of people working in the company with their
telephone extensons. Now we get an ideathat this simple table is actudly a small part
of the overall daabase, the personnel datebase. Another table, suchasthe one in
Fgure could contain additional details on the personslisted in the firsttable.
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NUM D OB DEPT GRADE
2 12/10/63 ENG 4

5 07/05/50 DESGN 7

3 03/11/45 SALES 9

1 09/03/73 ENG 2

The Pmary keyand the foreign Key.

Thetwo tablesdescrbed in the previous section and shown inboth the Fgures, now
constitute arelational database. Ofourse, in areal personnel database,you would
need to store agreat dealmore information andwould thus nesd alot more related
tables.

Notice that the first column in each talke isthe NUM column. Theinformation stored in
NUM doesnot reallyhave anything to do with the person's record. Whyisit there? The
reaon isthat NUMis usedo uniquely identify eachperson'srecord. Wecould have
used he person's rame, but chancesarethat in a Arge company, there would be more
than one person with the same name. NUM is known asthe primary key for the table of
FHgure. For he table of Figure, where a piimary key of anothertable is usedto relate
data, NUMis acalled aforeignkey.

Theprimary keys andforeign keys are averyimportant part of relational databases.
Theyare the fieldsthat relate tablesto eachother. In the table of Fgure for example,
we know that the first record is for Norman Bates becausethe value for NUMis 2 and
we cansee from the table of Fgure that thisis Naoman Bates' record.

"Communicatingto the DBMSwhat you want it to do":
Introductionto the SQUanguage

TheStuctured Quey Language is arelational database language. Byitself, SQLdoesnot
make a DBMS.It is just amedium whichis used to as ameansof communicating to the
DBMSwhat you want it to do. SQL commands consistof english [ke statements which
areusedto query, insett, update and delete data. What we mean by "Engdlishlike’, is that
L commands resemble english Bnguage sertencesin their construction and use. This
doesnot mean tat you cantype in something like "Pull up the figuresfor last
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guarter's sale’ and expectSQLto understandyour reques. Whatit doesmeanisthat
SQLis alot easer to learnand understand than most of the other computer languages.

SQLls sometimesreferred to asa hon-procedural databaselanguage. What thismeans
is thatwhenyou isaue an SQLcommand to retrieve data from a datebase, you do not
have to explicitly tell SQLwhere to look for the data. It is enough just to tell QL what
datayou want to beretrieved. The DBMS willtake care of locating the information in
the database. This isvery useful becasge it meansthat usersdo not needto have any
knowledge of wherethe data is and how to getat it. Procedural languagessuch as
COBObr Pascal and even older databasesbased on the network and hierarchical

data modelgequire that usersspecify what data to retrieve and also how to getat it.
Mogt large corporate databasesare held on several different computersin different
parts of the building or even at different geographic locations. Insuchsituations,the
non-procedural nature of YL makesflexible, adhoc queryinganddataretrieval
possble. Userscan construct and execute an SQL query, look at the daa retrieved,

and change the query if needed all in aspontaneous manner. To perform similar queries
using a procedural language suchasCOBL would mean that you would have to creat,
compile and run one computer programsfor eachquery.

Commercialdatabasemanagement systemsallow SQLto be used intwo distinct ways.
Frst, SQLcommands can be typed atthe command line directly. TheDBMS nterprets
and processesthe QL commandsimmediately, andany resut rowsthat areretrieved
are digplayed. Thismethod of SQL processing is caled interactive QL. The second
method is called pogrammatic SQ. Here, SQLstatementsare embedded ina host
language suchasQOBOLor C. SQheeds ahost language becauseSQLis not really a
complete computer programming language as suchlt has nostatementsor constructs
that allow a program to branch or loop. Thehost language providesthe necessay
looping and branching structuresand the interfacewith the user, while SQL providesthe
statementsto communicate with the DBMS.

"A Research Prgect Corducted by IBM":
The history of SQL.

Theorigins of the SQL language date back to aresearch project conducted by IBM at
their research ldoratoriesin Sandse, Caiforniain the early 1970s. Theaim of the
project wasto develop an experimental RDBM Swhich would eventually leadto a
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marketable product. At that time, there wasa lot of interest in the relational model for
databasesat the acalemic level, in conferencesand seminars.IBM, whichalreadyhad a
large share of the commercial databasemarket with hierarchical andnetwork model
DBMS;, realised auite quickly that the relational model would figure prominently in
future datebaseproducts.

Theprojectat IBM's Sanbselabswasstarted in 1974 and was ramed System R.A
language called Segel (for Strucured Emlish QUEY Language) waschosen asthe
relational databaselanguage for Sysem R.Inthe projed, Sequel was albreviated to
SQLThis isthe reason why SQLis still generally pronounced assee-quel.

Inthe first phaseof the System Rproject, researchers concerntrated on developing a
basicversion of the RDBMS Themain aim at this sagewasto verify that the theories of
the relational model could be translaed into aworking, commercialy viable product.
This fist phase was sucessfully completed by the end of 1975, andresuted ina
rudimentary, sirgle-userDBMSbasedon the relational model.

Thesuwbseauent phasesof Sysem Rconcentrated on further developing the DBMSfrom
the first phase. Alditional featureswere added, multi-user cgpability wasimplemented,
and by 1978, acompleted RDBMS wageady for userevaluation. The Sytem R project
wasfinally completed in 1979. During this time, the SQLIanguage wasmodified and
added to asthe needs of the Sysem RDBM Sdictated.

Thetheoretical work of the Sysem Rproject resuted in the development andreleasein
1981 of IBM's first commercial relational database management system. The product
wascaled SQ/DS ad ranunder the DOS/\&E operating system environment. Two
years hbter, IBMannounced a version of SQU/DSfor the VM/CMSoperating system. In
1983, IBMreleased asecond SQLlbased RDBMS calledB2, whichran under the MVS
operatingsystem. DB2 quickly gained widegread popularity and eventoday, versions of
DB2form the basisof many database systemsfound in large corporate data-certres.

During the development of Sysem Rand SQL/ DS,other companies were alsoat work
creatingtheir own relational database management systems. Some of them, Oracle
being a prime example, even implemented )L asthe relational databaselanguage for
their DBMSsconcurrently with IBM.
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Today, the SQUanguage has ganed ANSI(AmericanNational Standards Insttute) and
ISO (International Standards Organization) certification. Averson of QL is available

for aimost any hardware platform from CRAY supercomputersto IBMPC
microcomputers. Inrecentyears,there hasbeen amarked trendfor software
manufacturersto move away from proprietary databaselanguagesand settle on the
SQLstardard. Themicrocomputer platform especally has gen a poliferation of
previously proprietary packagesthat haveimplemented SQLfunctionality. Even
spreaddieet andword processingpackayes have added optionswhich allow datato be
sentto andretrieved from SQLbaseddatabasesviaa Lacal Areaor aWide Areanetwork
connedion.

"SRLCommarus Build Upon Tremselves':
Organization of this book.

After this ntroduction, this book first presentsthe SQL language in a nutshell.
Subsequent chapters then focuson explaining eachof the SQL command groups (the
SELECThe UPDATE, the CREATEtc) more fully. Thereaon for thismethod of
presentation isthat alot of the SQL commands tuild upon themseves. Forexample,
you cannot discuss he INSERTNTOwith SEECT command without having knowledge
of andundergtanding the SHECTstatement itself. SO where do you put the chapter on
INSERTNTOwith SHEQ™? You can't put it before the chapter on SEECThecauseas
we've sad, it requiresthe readerto have knowledge of the SHECTstatement. You can't
put it after the chapter on SELEQJecausdhe SEECT staement requiresdatato be
input into the tables byusing the INSERBtatement. We have gone for the second
option becauset isalot easierto take aleapof faith and believe that somehow the
tablesare already populated with dataanduse SHECT o query them rather thantrying
to understand the INSERT INTOwith SEECT without any knowledge of how SEECT
works.

Tosave havingto put phrasessuchas"see the later chapter on SEECT "or "see the
earlierchapter on INSER" throughout the book, we have started off by describing the
SQUanguage globally, andthen detailing eachcommand group separately. It'sabit like
a ourse for auo mechanics, sg, you start off by first describing the layout of the car
and allit's major parts sich asthe engine, the gearbox etc., before going on to discuss
topics lkethe detailed construction of the engine.

Primarily, this ook is designed to teach you how to use SQLto create, modify, maintain

8
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and usedatabases inpractical situatons. It isnot intended to be anacalemic treatise
on the subject, andso doesnot go into the mathematical kasisof the topicsconsidered.
What itdoescontain is lots of examplesand discussons on how they work. You should
work your way through this ook by reading through a section, andactualy trying out
each SQRuery presented for yourself. Ifyou do not have accessto an $JL based
database,thenyou canorder a fuly functional ANS/1S0 SQldatabaseat an affordable
price, by serding off the order form at the backof thisbook. The quickest and easiest
method of learning QL (or indeed anycomputer language) isto use it in real e,
practicalsituations. Thechapters of this book are laid out so that each sction builds
upon the information andexamples pesertedin the previous chapters. Byfollowing
the SQlquery examples, you will creae a database,populate it and thenuseit to
retrieve information.

Ramember that the SQL queriesin this ook are only given asexamples.They represent
one possble method of retrieving the results that you want. Asyou gain confidencein
SQLyou may be able to constructamore elegant query to solve a problem thanthe
one that we have used. Thisjust goesto show the power and fexibility of SQ.

Thestructure of thisbook is such thatsyou progressthrough it, you will be exposedto
more and more complex aspeds of QL Ifyou follow through the book, you will find
that you are not suddenly presented with anything particularly difficult. Raher, you will
be gradually leadthrough and adively encouraged to try out SQL queriesandvariations
of queries wntil you have thoroughly understood the underlyingideas.

Thechapters will not all take the same amount of time to readandunderstand. You will
benefit most if you sit down, gart at a new sedion, and work your way through until it
is ompleted. Although we understand that you mayfind some of the longer sections
difficult to finishin one session. You should nonethelessendeavour to complete each
section in asfew sittings as possble. Takingshort breaksto think over conceptslearned
asyou progressthrough the section is ako a good idea asit reinforcesthe leaming
process. You should try to undergtand the underlying concepts of what you are leaming
rather than coasting through the book.

Notational conwentions.
Thefollowing notational conventions areused throughout this book:
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BOLD TYPE Theseare keywords anddata in a statement. They are to appear
exactly asthey are shown in bold.
{} Qurly bracegyroup together logicallydistinct sections of a

command. If the biacesare followed by an asterix (*), then the
section ingde them can occur zeroor more timesin a
statement. If followed by a plus (+),then the section inside must
appear atleastoncein the statement.

[] Syuare braclets are usedto signify sections of astatement that
areoptional.
@) Parentheses inbold are part of the SQLcommand, andmust

appear asshown. Parentheseswhicharenot in bold are to
indicatethe logicalorder of evaluation.
Theellipses show that the section immediately proceeding
them may be repeated any number of times.

| Theverticalbar means"or".

Throughout this ook, SQlcommand structure will be explained byusing examples of
actualstatements.

10
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AROUGH GUIDBED SQL

This clapter presers anoverview of the SQLIanguage. The major commands ae
described from a functional point of view. Emphasis iggiven on briefly describing the
SQLstatements used ircreating, populating, querying and modifying the database
tables. ltisleft to the later chaptersto give a detaileddescription of eachcommand.
This clapter givesyou afeel for the SQLlanguage and it's main command groups.

"Conrsider the Smple AddressBook™:
A Basic Rdational Database.

As wehavealready seen, the relational database model representsthe datebaseas a
collection of tableswhichrelateto eachother. Tdles consistof rowsand columns. The
column definitions descrbe the fields in the table, while the rows arethe datarecords in
the table. For example, consider the simple addressbook. Ifwe wanted to computerize
this, we could represent it as arelational databasetable. Thetable would consist of
columnsandrows. For atypical adiressbook, the table column headings might be
LRNAME,HRSTNAME, THHEPHONE, , ADDRESS RATNG, asn Figure, where RATNG is a
measue of how closea friendthe person is! Notice how the column headngsfor a
table appear exactly asthey would in a writen verson of the addressbook.

Thesequence in whichthe columns are defined when the table isfirst created is
important to QL. Thiswill be most evident when wecome to adding data usngthe
INSERTommand. The column namesin a table must all be different but you canuse
numbersto distingush between smilar columns. For example NAME1and NAME2are
valid column names. Inpracticethough, thiswould be a poor choice becatse they do
not describe the contents of the columns in anyway. A much better choice would have
been something like FIFSTNAMEand INITIALS. Thecolumns area method of giving

the table a structure inwhich toaddour data records. You canthink of a database table
as ablank sheet of paper. The overall objective isto use that sheetto store the names
and addresses of people we know.

SQLTips

IBM'sDB2redricts user namesto 8 charadersbut allows 18 charactersin table and
column names.

11



| TECH COMPUTER EDUCATION SQL

Theactualentriesthat you make into the table will form the rows (or records). S
(‘Jones', Andrew', '(0523) 346639 '767 The FrsLE46TY 15554) is avalid record in
the

URNAME FRSNAME TEIEBPHONE ADDRESS RATING
Jones Andrew (0523) 346639 267 The FrsLE46TY 15554
Mason James (0553) 786139 1933 Tripsom Cbse 12224
Malins Dick (0553) 867139 1966 GtGenn Rd 13444
McGhn Mick (0525) 567139 145 Glossop St 15664
Walsh Paul (0553) 656739 TheManor LE9PH 16778

table of Fgure Note how the data inthe record row is organised inthe same seguence
asthe column headngs inthe table.

As wehavedefined t, the addressbook table is a pretty bad database. Irorder to
undergand what exactly iswrong with our table, we need to consider some "what if"
situations.

- What would happen iftwo or more people lived at the same address?We would need
to have a separate entry for eachfriend, but with the same ADDRESS8eld contents.

- What ifsome of the people have more than one phone number? We would need to
have a separate row in our table for each phone number.

Thesetwo "what ifs' show that the current addressbook definition will leadto
disorganisedrows anda lot of redundant data (in the more than one contact phone
number example for instance, we would have two rows with exactly the same
information except for the PHONE_NUMBERield).

Fortunately, the relational databasemodel lets us create multiple related tablesto form
a datdbase.When andyzing areal lfe problem (suchasthe addressbook problem), a
formal method of resolving the tables' columnsandtheir relationships canbe used. This
method, known asData Normalization, was firstsuggested by Codd in 1972. Although it
is beyond the scope of thisbook to disaussData Normalization fully, the contentsof the
next few paragraphs derive from this method.

12
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Logicaly, we canspit up the addressbook into threetables. Theirst table to hold
details of who our friendsare, the second to hold detailsof wherethey live, and the
third table to hold details ofphone numberswherethey canbe contacted. We don't
reallyneed atable for the ratings becausea friend cannot have more than one rating at
the same time. S we canadd RATING to the NAMESable. If wewantedto keep a
historicalrecord of the ratings, then we would have to have a sepaete table for ratings
aswell.

Fgure shows how our addressbook canbe spit up to form atrue relational database.
Each take has a w field, FRNO. Tis field isthe primary key in the NAMES tale, anda
foreign keyin the other tables. Itiswhat relatesthe tablesto each other. Arecord
whichrefersto a particular friend will have the same FRNOin all thetables.Thus, for
our friend who hastwo houses,there will be anentry in tablesone and threeand two
entries intable two.

FRNO SIURNAME FRSTNAME RATING
1 Jones Andrew 15554
2 Mason James 12224
3 Malins Dick 13444
4 McGhn Mick 15664
5 Walsh Paul 16778
The NAMESTable

FRNO ADDRESS

1 267 The Frs LE46TY

2 1933 Tripsom Clcse

3 1966 GtG3ennRd

4 145 Glossop St

5 he Manor LE69PH

The ADDRESSTable

FRNO TEIBPHONE

1 (0523) 346639

2 (0553) 786139

13
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3 (0553) 867139
4 (0525) 567139
5 (0553) 656739

The THLEPIONE NUMBERTable

In this smple example, the splitting up of the datebase into three tablesis rot very
practical. Br a personal addressbook, we would have been better off with the flat file
(single table) database The point to note thoughisthat the three table version of the
databaseis more flexible (we canstore the details of a friendeven ifhe has25
telephonesand 14 houses, without havingto store redundant data). Fr large and
complex databaseswvhich may consistof dozensof tables andtensof thousands of
records, thislogical spitting up of datainto separate tables(known as Data
Normalization) is vital in preventing data redundancy and creatinga relationally correct
database.

"SQLCommars Fall into Different Categories":
Subdivisionsof SQL.

TheSQUanguage asdefined by ANSlis subdivided nto a number of different sections.
Thismeans ttat the SQLcommands fall nto different categoriesdepending on what
function they perform.

TheData Definition Language or DDL, (calledSchema Definition Language by ANS)
consistsof those commands in SQthat directly create databaseobjects suchastables,
indexes views. Alot of SQLcommands alsacreate temporary databaseobjects during
processing. TheSH ECTcommand for example, createsatemporary table to hold the
resuts of aquery. Sichcommands arenot part of the DDL

TheData Manipulation Language or DML consids of those commands which operate on
the data inthe database.This ncludesstatements whichadddatato the tables as well
asthose statements whichare usedo querythe database.

A third, unofficial, subdivison of SQLcommands isData ntrol Language or DCL It is
generaly usedto refer to those SQL commands areused br data security. These are
commandsthat are used to determine whether a user is albwed to cary out a
particular operation or not. The ANSIstandard groups thesecommands asbeing part of
the DDL

14
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"Enter QL Staements at the Command Line":
Using Interpretive SQL.

All SQlstatements in this book have been run using the Data-Lab SQLRDBMS and
interpreter. The interpreter isthe interface that you useto communicate with the
DBMS It allowsyou to type, composeandedit your SQLqueries andhas gecialediting
commandsto helpyou with this. When you are satisfied withthe wording of the query,
you canenter a semicolon characterwhichinstructs the interpreter to passthe queryon
to the L engine for processhg.

If you are usihg a different SQLinterpreter, you will in most cases,not need to modify
the SQIstatementsbecatse they follow the ANSIstandard quite closely. Wheae
extensionsto the ANSlIstandard are disaussed, you will needto consut the reference
manual for your product to find out the exactform of the statement. Note that since
Data-Lab SQLis quite closeto OracleSQ, Orade usersshould have no problems.

"Usethe CEEATE ABLEstatement”:
Qreating Database Tables.

TheSQLcommand to creae tablesisthe CRBTETABLE statement.

We will usethisto create asimple car cealership databasewhichwill be used

throughout the rest of thischapter. This simple database consistsof the three tables
shownin Hgure. TheCARSable holds detailsof the car's model mme, the body style

and the year of manufacturer. The MD_NUM field isused aghe primarykey. The SPECS
table storesthe information on additional equipment on eachof the cars. Tie STOCK
table holds detailsof the number of cars of eachmodel that are currently in stock, and
their retail price.

CARS FES STOCK

MD NUM  MD NUM  MD_NUM

MD_NAME MPG QTY
STYE RADIO PRICE
YEAR ENGNE

Tablesusedin the usedcardealership database

15
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Tocreate the first table in the car dedershp database
CREATEABLEEARS$

MD_NUM INTEGER,

MD_NAME  CHAR(D),

STYE CHAR(G,
YEAR INTEGER
Table CARScreated.

This stéement creaesa databasetable on disk,and assgn it the name CARS The tade's
columnsare ako defined abng with their data types.Whenyou creae tables, eaclof
the columns must be defined asa specific data type. For example, the MD_NUM column
isdefinedas an NTEGERand MD_NAME s defined as CAR(10). Thismeans thatwhen
data isaddedto the table,the MD_NUM column will only hold intege's and the
MD_NAME column will hold character string values upto a maximum of 10 characters.
The subject of data typesand valid andinvalid valueswill be disaussed indetail in the
nextchapter.

Now that we have seen how to usethe CREAE T ABLE statement, we cancreate the
next two tablesin our cardealershipdatabase by typing:

CREATEABLEPECS (
MD_NUM INTEGER,

MPG INTEGER,
RADIO CHAR(3,
ENGNE CHAR(7));

Table SPE_Ssuccessfully created.

CREATEABLEST@K(

MD_NUM INTEGER,
QTY INTEGER,
PRICE INTEGER

Table STOCK successfully created.

When ceated, the tablesare empty. In order to be of any usethey need data. The next
section descrbesthe INSERTstatement whichis usedto add datato the tables.

SQLTips: Oracleallows you to use up to 30 characters for both table and column
names

16
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"Usethe INERTINTO Staement™:

Adding Data to Tables.

SQL

Data isadded to tablesby using the INSER §tatement. The valuesthat we need to add

to the car dealersip databaseare shown inFgure.

MD NUM  MD_NAME

1 HONDA
2 TOYOTA
3 BUCK
4 NISSAN
5 FORD
The Cars Table

1 43
2 25
3 18
4 50
5 45
The Specs Table

1 10
2 3
3 5
4 1
5 2
The Sock Table

ESTATE
VAN
SALOON

RADIO

YES
NO
YES
NO
YES

YEAR
1983
1990
1991
1992
1993

ENGINE

21-4CYI1
41-V8
5L-V8
21-4CYI1
3L-V6

Starting with the firgt table, the CARS able, the first record or row is added by:

INSERTNTOCARS(MD_NUM, MD_NAME, STLE, YEAR)

VALUES(1, 'HONDA', 'CQJUPE',1983);

17



| TECH COMPUTER EDUCATION SQL

1 row successfully inserted.

Therest of the rows canbe added to GARSby using exactlythe same statement format,
but changng datavalues eachtime.

INSERTNTOCARS(MD _NUWM, MD_NAME STLE, YEAR)
VALUES(2, TOYOTA, 'SALOON, 1990);

INSERTNTOCARS(MD_NUM, MD_NAME, STLE, YEAR)
VALUES(3, 'BUCK','ESKTE', 1991);

INSERTNTOCARS(MD_NUM, MD_NAME, STLE, YEAR)
VALUES(4, 'NISSAN, 'VAN', 1992);

INSERTNTOCARS(MD_NUM, MD_NAME, STLE, YEAR)
VALUES(5, 'FORD', 'SALOON', 1993);

4 rows succesfully inserted.

Inthe form of the INSERT statement that we haveused above, you must specfy three
pieces of information. Frst, the name of the table to insertdatainto. Second, the names
of the columnswhere datais tobe added. Fnally, you need to specify the actual data
values.

We canadddatato the SPECS tale by:
INSERTINTOSPECS MUES (, 43, 'YES'2L-4CY);
INSERTINTOSPECS/ALUES R, 25, 'NO','4L-V8);
INSERTINTOSPECS MUES 8, 18, 'YES'5L-V8);
INSERTNTOSPECS MLUES 4, 50, 'NO', '2L-4CYL);
INSERTINTOSPECS MLUES 6, 45, 'YES'3L-V6');

5 rows succesfully inserted.

and to the STOCKable by:
INSERTNTOSTOCR/ALIES (, 10, 4980);
INSERTNTOSTOCR/ALIES 2, 3, 13865);
INSERTINTOSTOCK/ALWES 8, 5, 14900);
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INSERTINTOSTOCR/ALUES 4, 1, 11000);
INSERTINTOSTOCR/ALUES b, 2, 24600);

5 rows succesfully inserted.

TheINSERStatementsfor the SPECS rad the ST@Ktable didnot useavalue list. This is
a shotcut which SQlallows you to usewhen you specifyvaluesfor allthe columns in
eachrow, aswe have been doing.

"Usethe HECTIatement™:
Exractingdata from tables.

Themost important job of any databaseisto provide you with information. InSQL, the
actof retrieving information is called querying the database. hformation is retrieved
from the databaseby usingthe SH ECTstatement.

Theprevioustwo sedions,first created the car dealaship database,them added data
to it. To retrieve the datafrom the CARS take of this databasefor example, you could
usea HECTtatement. ASELECTatement isalso called a aiery because it
interrogatesthe datebase:

SELECMD _NAME, SYLE, YEAR

FROMCARS;

MD_NAME STYE YEAR
HONDA CQAJPE 1983
TOYTA SALOON 1990
BUCK ESTATE 1991
NISSAN VAN 1992
FORD SALOON 1993

Thedataretrieval requirementsvary from userto user. Forexample, in our car
dealershipdatabase, one usermight want to know how many Nissancarsthere are in
stock while another might need to know how many cars thereare which have aradio,
eight cylinders andcost lessthan 10,000. Aslong asthe information that you require is
stored inthe databasein some form, you will be able to construct aform of SHECT
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statement whichretrievesit. It becatse of thisflexibility that the SEECTstatement is
the most complexand alsothe most usefulof allthe SQLcommands.

"Usethe UPDATEand DEHETEStatements'™:
Modifying data.

In daily use,a database is aconstantly changng store of data. The SQL commands which
are usedo modify datathat is ateadyin the datebase arethe UPDATEand the DHETE
commands. Forexample, to change the record of the Fordmodel in the CARStable to
showthe year of manufacture as1989 and not 1993:

UPDATE @RS

SET YEARL989
WHERBD_NAME="'FORD';
1 row updated.

We canexpresswhat this query is doing in words as "Update the CAR$able andset the
YEARoIumn value to 1989 for allthose recards where the MD_NAME column value is
FORD." Aimportant point to note isthat UPDATE iapable of modifying the valuesof
more thanone record in atable. Saf the CAR$able had several Fods, then this
statement would have changed thedate of manufacture on all of them to 1989. You
need to be wary of this when modifying valueswith UPDATE. Therick isto be so
specifc in the WHEREclausethat only thoserecords that you want to be changed are
changed.

Another reason for wanting to modify the datebaseiswhen ddeting unwanted records
from the tables SQLusesthe DHETEcommand for this.

Forexample, if we decidethat the Ford model in theCARSable isnot available for
sale,we cansimply delete it's record from the table by:

DHETHROMCARS
WHERBMD_NAME="FORD' AND YEAR- 1989;

1 row deleted.
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Just aswith the UPDATEstatement, caremust be taken when usng DHETHo ensure
that only thoserecordsthat you want deleted are actually deleted. The WHERE clausein
this gatement isalittle more specifc thanthe one we used inthe last UPDATE
statement. It asks QL to delete only thoserecords where the MD_NAMEis Fordand
alsothe YEAR is1989. To confirm that the DELETEstatement did remove the record for
the Ford, we canquery the CAR$able:

SELECT

FROMCARS,;

MD_NUM MD_NAME STYLE YEAR
1 HONDA COWPE 1983
2 TOYOTA SALOON 1990
3 BUCK ESTATE 1991
4 NISSAN VAN 1992

2.8"Another Kind of Table, Cdled aVirtual Tale":
Views.

Thetablesthat you have been using up to now are cdled baseables. hereisanother
kind of table, caled avirtual tabe or view that is allowed for in SQL. Base tablesare
database objects whosestructure andthe datathey contain are both stored on disk.
Views ae tableswhosecontents are derived from basetables. Ory their structure is
stored on disk.

SQL'OML statementsoperate on views just asthey do on basetables,but with one
exception: when data is goparently added to, dekted or modified from a view, the
actualdatathat isoperated on isthat in the underlying basetablesthat make up the
view.

You canthink of aview asa gencilor awindow into atable or tables. $ippose thatin a
company personnel database,a staff table contains relevant work related information
on employeessuchas defartment, supervisor, date joined etc. Thetable might also
contain sensitive information suchassalay, home addressand telephone number etc.
Anexcellent method of limiting casial useracaessto only the relevant work related
information, andrestrict access to the sensitive information would be to usea view.
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Inthe usedcar dedershp databasefor example, ifthe manager decidesthat he does
not want everyone to seethe price of the carsin the STOCkable, he could create a
view caled NO_PRICE:

CREATHIEWNO_PRICE
ASSEECTMD_NUM, QTYFROMSTO®

View NO_PRICEsuaessflly created.

Notice that the CREATKIBWV statement contains aSH ECTstatement aswell. Aview is
in factjusta stored query that gets executed whenever the view is used asthe subject
of acommand. Theresuts of the query define the records "held' in the view ie. the data
in the view.

Oncecreated, the view's definition is stored by the DBMS ad canbe queried ust like a
regular basetable. Forexample, to list allthe "rows"in NO PRICE:

SELECT
FROMNO PRICE

Notice that the view only displaystwo columns from the STOCKable. PRICEhasbeen
hidden from the user.

"Prevent Acaessto Snsitive Information™:
Databasesecurity.

As wehavealready seen, views canbe used to prevent accessto sensitve information
in the database. Aother method of enforcing securty is by use of the GRAT and the
REVOK&atements.
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SQLloperateson the concepts of user identification, ownersip of databaseobjects, and
that of granting andrevoking privilegesfrom users. When atable isfirst created, it is
owned by the userwho created it. Thismeansthat the userwho creaed thetable is
automaticaly given ful privilegesto operate on that table (INSER Hata, UPDATE
values,DH ETErowsetc). All other usersare gven no privilegeson the table.

Let's see how thisworks.We will first create aview called NEW _CARS hich consistsof
carswhoseyear of manufacture isafter 1990). We'll create this view under the userID
of JOEDon't worry too much if theformat of the CREATE VIEWppears dittle strange.
What itis doingisto temporarily set the user ID to JOE,then create the view, then
revert back to the original user|D:

CREATECGEVA AUTHORZATIONJOE
CREATHEWNBEWN_CARS
ASSEECT HROM CARSVHERE/EAR >1990;

View NBN_CARSsuccesfully created.

Now if we try to look at the data inthe view:

SELECT

FROMNEWN_CARS

Error 98: User doesnot have the necessary SH ECT privileges.

SQltells usthat we do not have the necessay privilegesfor thisoperation. We can

confirm that the owner of the view, JOE,is alowed to look at the information by
prefixing the JOE user-id to the viewname:

SELECT
FROMIOENEW CARS ;

MD NUM  MD_NAME  SIYLE YEAR
3 BUCK ESTATE 1991
4 NISSAN VAN 1992

Thisquerytells QLthat we know the userlD of the person who created the table is
JOE ,and we want it to usethis for retrieving datafrom NEW_CARS.
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CREATINGAND MANTAINING ABLES

Before you cando anythingin SQLsomeone must first creae a databasestructure
composed of related tables, andthen adddatato those tables. The CREATHABLE
command is usedto create newtablesand isa part of SQL'©DL This chapter starts by
considering the DDL asdefined bythe ANS/1S0 standard. Thelater sections of this
chapter describe how to create, alter and delete SQLtables. Al the commands
described inthis section are concernedwith operations on the tables themselves and
do not directly affectthe data gored inthem.

Indexesare amethod of speeding up the querying of tables, andheseare also
introduced inthis dapter.

"The ANS Standard MakesQuch aDistinction...":
The DDLand the ANSINSOstandard.

TheANS/1S0 standard definesthe SQLIanguage asbeing composed of the Data
Manipulation Language (DML) andthe Data Definition Language (DDL). The DDL canbe
broadly considered asthose SQLcommandsthat operate on the structure of the
database,ie. the databaseobjects such asables, indexes andviews. The DML onthe
other hand, canbe thought of asthose statementsthat operate on the datastored in
the datebase tablesthemselves.

TheANS/1S0 standard makes sucha dstinction between thesetwo aspects of QL
that it considersthem astwo sepaate sublanguages. Indeed, once the database
structure hasbeen creaed, the ANS/1SO standard doesnot even require the ROBMS
to accept any DDL statements. This meansthat the ANS/1S0 stardard dividesthe
database development andcreaton activitiesfrom the databaseutilization adivities.

This is ot the case in commercial SQlbasedRDBM Sswhere almost all alow the
database development activities andthe databaseutilization adivitiesto be caried out
jointly, with no separation between the DDL statements and the DML statements. This
allows a minimal databaseto be created, populated with data andusedwhile at the
same time, the structure of the database is lkroadened.
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It isobvious that the ANS/ISO method of sepaagting the development adivity from the
utilization activity will leadto complicationswhen itcomesto altering the structure of
the database, for instance, when itcomesto removingatable. Infact, the ANS/ISO
standard doesnot even define the DROP TABLEtatement to delete atable from the
databaseor the ALTERT ABLE statement to change the structure of atable. Qne of the
few advantagesof the ANS/ISO method is that it forcesyou to adopt arigorous systems
analysis srategy before committing the final database desigh. Subsequent changesto
the datebase structure will meansystem down time soyou haveto think hardto design
the right system before you start usingit.

"3ngle and Multiple Database Architectures':
The structure of SQLdatabases.

TheANS/1S0 QLstandard specifieghat the daabaseschema consistof a single large
databasewith tables whichare ownedby various users. Theownership of the tables
sub-classifiegheminto different virtual databasegroups. This ist®wn inFgure. The
tablesowned by FRAIK _Gmight be the Accounts (sub)databaseand those owned by
MARK B,the Quppliers (sub)database. Unler the ANS/ISO standard, both the Accounts
tablesand the Qupplierstables arepart of the overall system database.All the tables in
suchsingle-database architectures caneasly reference eachother. Thesingle-database
architecture is wsed inboth the Oracle and IBM's DB2 systems.

|TABLE  TABLR | | TABLE3 || TABLE TABLE5 | |

I | | I
|TABLE  TABLB | | TABLE67 | | TABLE6 TABLES |

I || || I
| TABLB6 TABLE9| | TABLES2 | | TABLB2 TABLE3|

I | | |
Ownedby FRFANK G Ownedby  OwnedbyMARK B |
SALLY R |

System Database
ANS/ IS0 structure consistsof one large system database,which all tables area part of.
Taldesare ownedby users.
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Oneof the disadvantagesof the single-databasearchitecture isthat over time, asmore
and more tables ae addedto the system, the database becomesvery bigand bulky.
Performing databaseadministration tasks suchasback-ups, perbrmance analyzing
etc. on suchlarge databases becomesa complex process,requiring the sevicesof a
dedicated databaseadministrator. A datdase architecture whichdoesnot suffer from
this disavantage is the multiple-databasearchitecture. Here tablesare organized into

several dstinctdatabases. This is Bown in Fgure. Athoughthe datais sgit into
several smaller, more managealle databases,the multiple-databasearchitecture does
suffer from a erious disalvantage. Thetablesin one database cannot (easly) contain
foreign keyreferencesto keys in another database'stable. Themultiple-database
architecture is wsed inSybase, QL Sever and Ingres systems.

TheAGCOOUNTS dathase

| TABLEL TABLE |

I I
| TABLE TABLE |

| |
|TABLBE6  TABLHO |

| I
Owned byFRAK G

TheCUWBTOMERS dtabase

| TABLB

I
| TABLB7

I
| TABLEB2

P
Owned bySALLY R
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TheSUPPLIERSlatabase

| TABLE TABLE |

I I
|TABLBE6  TABLES|

I I
|TABLE2  TABLR3|

I |
Owned byMARK B

"Creating a daabasetable":
The CREATE TABLEcommand.

Creatingdatabase tables isdone through the CREATEABLEommand. TheCREATE
TABLEommand is one of three SQL statementsthat are part of the DDL and areused to
manipulate the structure of tablesthat constitute a database.The other two are ALTER
TABLENdDROPTARE.We'll meet these later in thischapter.

The syntax of the G(REATHABLE statement is $rown in Fgure. TheCREATHABRE
command creates anempty table-one with no records. Theparametersthat you must
supply are reme of the table, a listof the columns inthe table and adescrption of the
columns (datatype, size etc). Avalid table must have at least one column but there is
usually no upper limit spedfied.

CREATEABLEable [ RAD_ONLY]
(element{, element});

table
Thetable name. This canbe up to 24 characters.

element
column definition | unique constraint definition

column definition
col_name col_type [ NOT NULL] [ UNIQUH INDEX]
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col_name
Thename of the column can be up to 24 characters.

col_type
ANS/ 10 columns can be of the followingtype:

CHAR [ (ength) ] I

VAR [ (ength) ] I

NUMERIC [ precisbn [, scale ]) ] I
DECIMAL [(precisbn [, scde]) ] [
INTEGER|

SMALINT |

FLOAT(precison )]

DOWBLE PRECHON |

DATE

unique constraint definition

UNIQUE ¢€ol_name {, col_name )

ANS/ IS0 SQLlalso allows you to create READ ONLY tables. Thigneansthat once
created, SQLcommands cannot be usedto inset or update or delete data anyin the
tables. Ceating READ ONLY tablesonly makes ®nse if some non-SQLprocess(an
application programfor example) is goindo addthe data.

Thedatatypes alowed in the column definitions vary considerably from product to
product. Most commercialSQLsystems support the ANSIdatatypes asa minimum,
and add additional typesthat areproprietary. Thevalid ANS/1S0 datatypesare given
in Appendix A.

SQLTips
IBM'sDB2letsyou store oriental language characters suchasKanijiin fixed and
variable length strings of 16-bit characters.

TheUNIQUEandthe INDEX column modifiers oth create indexesfor the field to which
they are applied. Indexeswill be dscussed inletail inthe next section. TheNOT NULL
column modifier adds the condition that arecord cannot be insetted into the table if no
value is supplied for this particular field.

In SQ, tablesare ownedby the userwho created them. Initially, only the table'sowner
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is albwed to perform any operationsinvolvingthat table. Gther usersmust refer to the
table by preceding the table name with the owner'suser's ID. Aable whichis meantfor
useby all userscanbe created under a special ger identifier known asPUBLC. Tables
created under PUBLIGllow all useson the system to accessthem. We came acrossthe
conceptof ownership andprivilegesbriefly in chapter 2. Thesubject of table ownershp
is disaussedmore fully in the chapter on databasesecurity.

Thenamesof tableswhichare owned by anygiven user must all be different. Some
systems extend this sothat the namesof all thetablesin the whole system must be
differentfrom each other. Thisalsoappliesto column nameswithin atable, but
sepagte tablescanhowever, have repeating column names.

We will be using a database basedon a university administration system throughout
this ook. The database consistsof five tables: STUDENT S LECTURERSSUBECTH
EXAMS ad DEBPARTMENTS Thewhole databasewill be created andused instages as
we progressthrough the chapters. Thestructure of the tablesaswell asthe data in
them is shown in Figure. Appendix Bgives an indepth descrption of this sample

database.

VURAME  FIRST_NAME DOB STUDENT NO DEPT_NO YEAR
Duke Htzroy 11-26-1970 1 4 2
Al-Essawy ZadM A 11-26-1970 2 4 2
Ayton Phil J MA 07-13-1967 3 3 1
Patel Mahesh 12-07-1970 4 2 1
Jones GarethPY 01-24-1970 5 2 1
Sott Ga/inTJ 02-20-1971 6 2 2
Baker Abu-Mia 03131971 7 4 1
Brown JosephPA 04-19-1970 8 3 3
Monkhouse  Robert Jones 05-23-1967 9 1 1
Grimm Hans dhan 06-21-1971 10 2 1
Gyver elJV 07-30-1968 11 4 2
Hungun Jmmy Lau 08-11-1969 12 1 3
Middleton Jane P 09-14-1971 13 1 3
Mulla Farook F U 10-24-1968 14 3 2
Layton Hudh 11-16-1971 15 5 1
Wickes Wendy YYW 12-05-1969 16 1 1

THESTUDENTSTABLE
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SURNAME INITL  LEETNO DHEPT_NO SUB N GRADE PAY  JOINED

Jones RA 1 1 2 E 24000 03-25-1990
Scivens TR 2 3 1 D 31800 09-30-1986
Nizamuddin WM 3 3 4 A 86790 05-26-1969
Canpbell JG 4 5 3 C 43570 02-23-1980
Ramanujan S 5 4 5 C 40900 01-01-1985
Fnley GY 6 4 5 D 34210 03-28-1960
THELECTURERSABLE

SUB_NO SUB_NAME DEPT_NO CRBDITS PASS

1 Mathematics 1 2 65

2 Emglish Lit 2 1 60

3 Ergineering Drwg 1 1 71

4 Basic Acounts 3 1 67

5 Industrial Law 4 2 52

6 Organic Clemistry 5 3 57

7 Physiology 6 3 78

8 Anatomy 6 1 74

9 Eled¢ronics 1 3 71

10 Marketing 3 2 56

THE SBECTSTABLE

SUB NO STUDENT _NO MARK DATE TAKEN

1 1 76 05-23-1984

9 1 42 05-20-1984

3 1 67 05-15-1984

2 2 52 06-05-1984

2 3 89 06-08-1984

2 3 51 05-11-1984

4 4 34 05-11-1984

10 4 49 06-26-1984

5 5 62 05-03-1984

5 6 70 05-17-1984

5 7 36 05-23-1984
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5 8 52 05-20-1984

6 9 67 05151984

6 10 82 06-05-1984

6 11 73 06-08-1984

7 12 27 05-11-1984

8 12 56 05-11-1984

8 13 67 06-26-1984

7 13 63 05-03-1984

THEEXAMSTABLE

DER_NO DER_NAME HEAD BUDGET P_BUDGET

1 Ergineering 59 5780000 6200000

2 Arts & Humanities 23 753000 643000

3 Management Sudies 3 2510000 1220000

4 Industrial Law 12 78000 210000

5 PhysicalSciermes 18 4680000 4250000

6 Medicine 67 6895000 6932000
THEDERARTMENTSTABLE

Let's beginby creating the first table in our univerdty admin. system, the STUDENTS
table:

CREATSGEMA AUTHORZATIONPUBLIC
CREATEABLEBSTUDENTS(
URNAME ~ CHAR(15) NOTNULL,
ARST NME CHAR(S),
DOB DATE,
STWENT NO INTEGERIOTNULL UNIQUE,
DEPT NO  INTEGR,
YEAR  DECIML(R));

Talde STUDENT Ssuccessfully created.
Thisquery instructs the system to create a new table called STDENT Swith sixfields.
Whenthe table is firstcreated, it contains nodatarows. We have usedCREAETABLHE

conjunction with the CREATE SBEMA statement becausethe ANS/ SO standard
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specifesthat the CREATESCHEMA statement formsthe basisof the CRETETABLE
statement aswell asthe CREATWIBN and the GRANT statements.

TheCRETE SHEVA statement tells SQLwho the owner of the newly created table

is tobe and this canbe different from the current user-id. Stictly speaking, ANSISQL
doesnot allow the CREAETABLEtatement to be used without the CREAE SGHEVA
clausebut almost all popular versions of SQLallow CREATH ABLE statementsto be used
without the preceding CREATE SKHEMA clause.In this case the current authorization
identifier will be assgned asthe owner of the table.

Theorder in whichthe columns ae defined isimportant. The column order isthe
defaut order in which theresults ae displayed whenever you query the table. Inthe
STUWENTStable, SURNAME,ARST_MME,D_O B, ... are allcolumn names.Columns in
the same table must eachhave unique column names tut columns indifferenttables
canhavethe sane name.

TheCREBTETABLEtatement must define the daatype for eachcolumn, immediately
after the column name. Data typesdefine the type of the datathat canbe stored inthe
column. For example, ifa column is defined asbeing DECIMAL datatype, thanit will
only hold deamal values.Tryingto store text stringsin the column will cause anerror.

Appendix A deschesthe ANS/ISO stardard datatypes, kut these are not the only types
that areavailable in commercial SQL systems. Amost all the popular SQLRDBM S5
support the ANS/I1SO datatypesas aminimum setbut add to it substantidly. Some of
the more common additional data typesinclude money, date andboolean (o store
true/false values).

SQLTips
DB2supports three different date andtime datatypes: DATE, TIMEand TMESAMP
whichis usedto specfy aninstant in ime.

Now let's construct the other tablesthat form the sample datebase. TheLECURERS

table holds detailsof the teaching staff atthe universiy. To create the LECTURES
table:
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CREATEABLEECTURERS(

SURNAME CHAR(B) NOTNULL,
INITL CHAR(3,

LECTNO INTEGEROTNULL
DEPT_NO INTEGER,

UB_NO INTEGER,
GRADE CHAR(D,

PAY DECIMAL(6),
JONED DATE,

UNIQUE (SURAME,LECT_NO));
Talde LECTBERSuaesstllly created.

Notice that thistime, the unique constraint definition is atthe endof the CREBTETABLE
statement. ANS/1S0 SQL allowsyou to specify a group of columns asbeing UNIQUE in
thisway. Thisdiffers from using the UNIQUEkeyword asa column modifier inthat SQL
considersthe combination of fields (SURNAMEand LECT NOin this cae) to be unique.

SQLTips
OS/2Exended Editon does rot support date arithmetic.

TheSUBECT $able holdsthe details of the subjectstaught at the university. Tocreate
the SUBECT $able:

CREATEABLESUBECTS(

UB_NO INTEGERNOTNULL UNIQUE,
SUB NAME  CHAR20),

DEPT_NO INTEGER,

CRBITS NUMERI@),

PASS NUMERI@) );

Talde SUBECTS suecessfuly created.

TheEXAM Stable holds the details of the examstaken by the studentsand the results
they achieved. To create the examstable:
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CREATEABLEEXAMS  (

UB_NO INTEGEROT NULL,
STWENT_NO INTEGEROT NULL,
MARK DECIMAL(3),
DATETAKEN DATE);

Talde EXAMS siccessfully created.

TheDEPARTMENT Stable holds the detailsof all the university departments. To create
the depatments table:

CREATEABLIPEPARTMENTS (
DEPT_NO INTEGERIOT NULL,
DEPT_NAME  CHAR20),

HEAD INTEGER,

BUDG&T DEGMAL(10),

P_BUDGET DECIMAL(10),
UNIQUEDEPT_NO) );

Tale DEPARTMENTS sucessilly created.

SQLTips
Oracle'sDATRype stores both date and time down to a scond accuracy. Inthis
respect,it issimilar to DB2s TMESTMP type.

"Apply Restrictionsto Groups of Cdumns":
Golumn and table modifiers.

TheCREBTETABLEommand allowsyou to specify column modifiers, suchasNOT NULL
for the DEPT_NO column in DEPARTMENT Sand UNIQUEfor the STUDENT_NO column in
STWENTS Thesemodifierstell SQLto control the daa that canbe input into the
column. TheCREATHABLE command also lets you specify table modifierswhich apply
redrictionsto groups of columns such ashe UNIQUEable modifier in the LEQURERS
table definition which appliesthe UNIQUEonstraint to both the SURIAME and the
LECTNOfieldsjointly.
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The NOTNULL modifier.

TheNOTNULL modifier prevents NUL (atoken that desighates acolumn asbeing
empty) valuesfrom appearing in the column. Thismeansthat a row cannot be added to
the table if valuesfor the NOTNULL columns isnot supplied. NOT NUWLis usually used
for primary keys, for whichthere must be a value for all rows in thetable.

TheUNIQUEmodifier.

TheUNIQUEmMOadifier is used inthe STUDENT Stable on the SURNAME and the
STUWENT _NO fietls. UNIQUEensuresthat the valuesentered into the column are all
differentfrom each other. Rows cannot be added to the table if the value for a UNIQUE
column is already in the table. Itonly makessenseto apply UNIQUEoO columnsthat are
alsodeclared NOT NULL. Ifthis isnot done, then only one row will be allowed to have a
NUL Lvalue for that column becauseghe UNQUEconstraint will prevent other NULLs
from being entered. Subsequent rowswill thus have the NOTNULL constraint applied by
defaut.

SQLTips
Most commercial QLsystems wse the non-stardard CREATENDE Xstatement to specify
a olumn asbeing unigue.

The INDEXhodifier.

ThelNDEXmodifier isnot part of the ANS/1S0 standard but is quite common in
commercial QLsystems. INDEXcausesanindexto be created based on the valuesin
the column, whichgreatly speeds upquery processimg. Almost all commercial L
systems also create anindex for columnsthat are defined as UNQUE Index
maintenance is taken careof bythe DBMS, and so the user isnot always avare of when
indexesare being created.

The PRMARY KEY modifier.

ThePRIMARY KEYmodifier is a elatively new feature in SQLwhichis not available in all
systems. It modifier enables usto tell SQLwhich columns inour tables arethe primary
keys.Upto now, we havebeen dealihgwith primary keys as lgical conceptsonly. This
modifier enables usto extend this sothat we canformally define primary keys. For
example, in the SUBECT Stable, we saidthat the SUBNO column isthe primary key. To
formally define this,the CREATH ABLE statement would be:
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CREATEABLBUBECTS(

UB_NO INTEGERNOTNULL,
UB NAME  CHAR(20),
DEPT_NO INTEGER,
CRBITS NUMER2),

PASS NUMERIGR),

PRIMARYKEY(SUBNO));
Talde SUBECTS sueessfuly created.

Note that acolumn must be declared as NDT NULL before the PRMARYKE Ymodifier
canbe appliedtoiit.

The FOREN KEYmodifier.

Thismodifier is dosdy related to the PRIMARY KEYmodifier. Most tablescontain
referencesto primary keysin other tables,caled foreignkeys. SQLallows you to define
theserelationswhenyou createthe table. Inthe SUBECT $able for example, the
DEPT_NO column isa foreign key. Thus amore complete CREATH ABLE statement
would be:

CREATEABLBSUBECTS(

UB_NO INTEGERNOT NLL,
UB_NAME CHAR(D),

DEPT_NO INTEGER,

CRBITS NUMERIGR),

PASS NUMERI@R),

PRIMARYKEY (SUBNO),

FOREIGKEY (DEPT_NO)

REFEREESDEPARTMENTS );

Talde SUBECTS sueessfuly created.

This stéementtells QLthat the DBHPT_NOcolumn isa foreign key in this table what
referencesthe DEBPARTMENT Stable. Sincethere canonly be one primary key for each
table, the DBMSknowsthat the DEPT_NOcolumn (foreignkey in SUBECTS) réerences
the DEPT_NO column (primary key) in the DEPARTMENT Stable.
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The DEAULT modifier.

TheANS/1S0 standard allows you to define defaut valuesthat columns shouldhave.
Uaially, if no value is supplied for a column, then itis assgned the NULL value. The
DEFAULT column modifier overridesthis. Inthe SUBECTS thle for example, if the
defaut passmarkfor anexamis 65%,then we can set this atthe CREATHABLE stage
by:

CREATEABLEUBECTS(

UB_NO INTEGERNOTNULL,

SUB_ NAME  CHAR20),

DEPT_NO INTEGER,

CRBITS NUMERIG2),

PASS NUMERI@2) DEFAULT 65,

PRIMARYKEY(SWB_NO,

FOREIGKEY (DEPT_NO)

REFERERSDEPARIMENTS );

Talde SUBECTS suecessfuly created.

You should usedefaut valueswhere you would otherwise have to type repetitive data.
Such asthe city column in an addresstable, where most of the valuesmight be for the
same city. Defaut valuescanalsobe usedas an alernative to NULLs. NULL values
appear falsein any comparison operations andhence tend to be excluded ina lot of SQL
guerieswhere their inclusion might give more meaningful results.

The CH& modifier.

Same of the columns inthe tablesyou create will have arange of acceptalle valuesor
the valuesmay need to be entered in a particular format. The CHECK modifier allows
you to tell SQLabout theseaaceptable valuesor format. Inthe EXAMStable for
example, the CHDITSawarded for asubject must be greaterthan0 andthe maximum
number of credits that canbe awarded for anysubject is 10. Thiscanbe expressed in
the CRETETABLEstatement as:

CREATEABLBUBECTS(
UB_NO INTEGERNOT NLL,
UB_ NAME  CHAR(20),
DEPT_NO INTEGER,
CRBITS NUMERIG2) CHECK
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(CREITS 0 ANDCHDITS<=10),
PASS NUMERI@2) DEFAULT 65,
PRIMARYKEY(SUBNO),

FOREIGKEY (DEPT_NO)
REFERERSDEPARIMENTS );

Table SUBECTS sueessfuly created.

As withthe other column modifiers, CHECKcan alsobe applied as aable constraint.
This is useil where CHECK s to be applied to more than one column. Thusfor the
LECURERSble, if asalay of 100,000 or more isonly allowed if the lecturer ison
seniorty grade A or B,then we could use CHECK as atable modifier:

CREATEABLEECTURERS(
URNAME ~ CHAR(15) NOTNULL,
INITL CHAR(3,

LECTNO INTEGEROTNULL,
DEPT_NO NTEGER,
UB_NO INTEGER,
GRADE CHAR(),

PAY DECINAL(6),
JONED DATE

UNIQUE (SURAME,LECT_NO),
CHECK(PAY< 100000 ORGRADE='B) );
Tale LECTBERS suwesstilly created.

"Indexes ae Ordered for Extremely Fast Seaches":
Inxexes.

Anindexis a databaseobject created and maintained by the DBMS.It is essentially a list
of the contents of a column or group of columns. hdexesare ordered so that extremely
fastseachescanbe conducted through them to find data. Therows in tables are not
ordered inanyparticular sequence,they are merely stored inthe order in which they
were insetted into the table. Asmogt large SQLldatabaseshave tableswith thousands or
even millions of rows, searching through them to find particular values can become
quite time consuming. Indexesspeed upthis search pocess bykeeping a sorted list of
valueswhichthe DBMScan searchthrough

38



| TECH COMPUTER EDUCATION SQL

How doesthe DBMSuseindexes? To answer this question, let's consider anexample.
Fgure shovsatable in a corporate database. Assme that it holds records of all
potential supplierslisted for allthe citiesof the world. If werun the query for anun-
indexed tabk, SQlwould need to look through 99003 rows before it found the record
for Hyderabad, whichwe wanted. Inexecuting suchaquery, SJL starts at record 1 and
checksdf the condition CITY="HYBD' istrue. If itis,then the record isretrieved nto the
resuts table. SQIthen moveson to record 2 andrepeatsthe process.This is done until
it reachesthe lastrow in the table.

QUER: HECT* ROMSUPPLERS
WHEREITY="HYBD

C_NUM QTY CITY....
99001 934 N..
99002 467  LOND
99003 12 HYBD<----- The query needsto look through
99004 456 LA | 99005 rowsto find these records.
99005 23 HYBD<-----

The SUPRIERSable

Now let's see how the query is speeded upby usng anindex. If theCIT Yield was
indexed, thenthe index will keep anordered listof allthe data inthe QTYcolumn as
well asinformation that tells theDBMS whee to find each reord on disk.Hgure shows
how the indexis organized. To resolve the query with condition CITY="HYBD',

the DBMSonly needsto scanthrough the indexandfind the first entry for HYBD. The
indextellsthe DBMS where to look in thetable to find the actual record. The index
holds all the entriesfor HYBDsequentially, and so thedatabasecanquicklyrefer to the
indexto find all the rowswhere ATY="HYBD'.

KEYHHD LOCATION

HAMBURG 0033433344
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HE.SNKI 0042124442
HYBD 0001276900
HYBD 0001276902
JHBG 0034412344
KBUL 0056789877

TheKEY-HELD is an ordered list of the CITIESolumn in the SUPPLIERSable.
TheLOCATION number that tellsthe DBMS eactly where on the diskto find each
record.

Although indexing tableshasmany advantages,it also has dsadvantages. Irdexes use
up additional disk sg@ace,and alsowhen talles areadded to, deleted from or the values
of indexed columns are modified, theDBM Sneeds to maintain the indexaswell. This
additional makes NSERTUPDATE andHETEommands runslower.

Indexesare created with the non ANS/I1SO CRETE NDEXcommand. Onmost systems,
this command also lets you specifythe nhame of the indexto be created. Although you
will not be allowedto directly manipulate the indexin any way, the index name is useful
whenyou wantto delete the index.

Tocreate anindexon the ATYcolumn of the SJPPLIERS take in Figure for
example:

CREATEIDEXSUPP CTY IDX
ONSUPPLERS (QV);

Index SUPP_CTY _IDXsucessilly created.
We could have also used CREATEINIQUE NDEXinstead of CREATHNDEX. The UNIQUE
keyword tells SQLthat the CITYolumns canonly contain unique values.Recallthat the

ANS/1S0 stardard allows you to specify UNIQUEas acolumn modifier in the CREATE
TABLBtatement itself.
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As CREATHDEX s not a part of the ANS/1S0 stardard, systems vendors allow many
additional clausesto thiscommand that dealwith the physical daracteristics of the
indexto be creaed.

Indexescreated with the CREATHENDEXcommand can later be deleted by the DROP
INDEXcommand. To getrid of the SUPP_CTY_IDXindex:

DROP INDEXSUPP_CTY_IDX;

Index SLPP_CTY _IDXsucessilly dropped.

"Changingthe Structure ofa Table™:
The ALTERTABLE Command.

TheALTERTABLEommand allows a userto change the structure of atable. New
columns canbe added with the ADD clause.Existhg columns canbe madified with the
MODIFY clause. @lumns can be removed from atable by using the DROP clause The
syntax of the ALTERTABLE @mmand is shown in Figure.

ALTERARBRE(tbl name

ADD(

column definition [BEFOREdI_name ]

{, column definition [BEFOREcol_name ] }*)

DROP ( col_name{, col_name }*)

MODIFY ( column definition { , column definition }*) ;

tbl_name
Thename of the table to alter.

col_name
Thename of the column to alter.

column definition
Seethe CRBTETABLEsection for the syntax of column definition.

TheALTERTABLEommand is not part of the ANS/ISO stardard. Acordingto ANS/ISO

reaoning, you shouldhave desgned your tableson paper first, and subsequent
alterationsto them should not be necessary.Thenonstandard nature of the ALTER

41



| TECH COMPUTER EDUCATION SQL

TABLEommand meansthat, all the commercialdialects of QL implement different
clausesand command syntax.

Onmost systems, you are allowed to add more than one column with asingle ALTER
TABLEommand. However, you should not count on this fegure. Toaddthe
depatmental thone number column to the DEPARTMENT Stable for example:

ALTERAREDEPARTMENTS
ADD(PHONE_NO CHAR(12) BEFORHE);
Talde DEPARTMENTS sueessillly altered.

Thisquery altersthe strucure of the DEPARTMENT Stable byadding an additional
column caled PHONE_NOTheBEPREclause isoptional and tells L to position the
new column immediately before the column caled HEAD.The new structure of the
table is $1own inFigure. Ifthe BEF®E clauseis omitted, then thenew column will

be added atthe end of the existing columnsie. dter P_BLDGETMost dialects of SQLset
the valuesin the newly added mlumn to NULL for all extant rows, but asever, this
shouldnot always beassamed.

DEA_NO DEA_NAME  PHONE NO HEAD BUDGET  P_BUDGET
1 Ergineering ? 59 5790000 6200000
2 Art & Humanities ? 23 753000 643000

3 Management Sudies ? 34 2510000 1220000
4 Industrial Law ? 12 78000 210000

5 PhysicalScieres ? 18 4680000 4250000
6 Medicine ? 67 6895000 6932000

The?in the PHONE NOcolumn indicatesa NULL value added to the column valuesfor
all extant rows.

Most formsof ALTERTABEalsoallow you to delete columns from tables. Thus:
ALTER ABEDBEPARTMENT SDROP(PHONE_NO);

Talde DEPARTMENTS sucessillly altered.
will remove the PHONE_NO column from the DEPARTMENT Stable.
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Oncethe column isdropped, then thedata islost. It cannot be retrieved.

The MODIFY clauseof the ALTER ABRE command allowsyou to modify the UNIQUEor
the NOTNULL status of a column. Tomake more extensive changesto a column, you
shouldDROPIt and then ADD it with the changesincorporated.

You should only maodify the UNIQUEbr NOT NULL status of acolumn if the table is
empty. If the UNIQUEor the NOTNULL statusof a column is modified on a non-empty
table, anerror may occurbecause dplicate or NULL valuesof that column may aready
exist inthe table data. Changing the structure of atable alrealy populated with data is
riskyto saythe leag. Oncorporate databases especialy, even on the best administered
system, there are always some views ageated by uses or embedded )L programs
whichmay no longer function becatse they relied on the previous structure of the
modified table.Modifications need to be carelully planned andimplemented.

For awell designed table,you should never need to change the constraints (UNIQUE,
NOTNULL etc.) on atable column andyou should only usethe ALTERTABLEammand
as alastresort, when allelse fails. Analternative to usingthe ALTERTABLEommand is
to simply create a newtable with the modified stiucture and populate it with data from
the old table. (Asimple way of doing thisisto use the INSEREommand with a HECT
guery. This iglisaussed irfull in the next chapter).

Ramember that in order to be able to usethe ALTERTABLE command, in the first place,
you must be either the table'sowner or have been granted ALL PRMLESESfor the table
by the owner.

"Remove Ra&lundant Tables fromthe Database":
The DROP T ABLE Command.

Asyour databaseevolves, you will eventually want to remove redundant tablesfrom
the database. The DROPTABLEcommand is usedto delete atable from the database.
Sane DBMSgequire that the table to be eliminated must be empty before it can be
dropped from the daabase. This is ed asa saéty feature, to prevent accilental
deletion of tablesthat are still in use.You should not count on this and shouldalways
delete tableswith extreme care.
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Sncethe DROP TABE option removesall trace of the table as farasSQL is concerned, it
is mportant to ensure that no command files,embedded SQL mgrams or columns
from other tablesrefer to the droppedtable's fieldsin the form of foreign keys. Also,
the table should not be accessd by anyVIEWS bt most implementations of SQLare
smart enough to prevent you from deletingtablesthat have associated views.

Todelete the STUDENT Stable for example:
DROP TABLE STUDENTS ;

Talde STUDENT Ssuccessfully dropped.
Although DROPTABLE s not part of the ANSIstandard (ANSIspecifiesno meansof

degroyingtable definitions) it is nonetheless a very usefulcommand for regructuring
and maintaining your database.
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QUERYINGSQLTABLES

A query isamethod of interrogating an )L database. It is usedto tell the DBMSwhat
information you want it to retrieve from the database and alsohow you want the data
to appear.Whenyou think about it, the only reason for storing and maintaining a
database of information isto make it easy to get at the information that you need, when
you need it. Oneof the most important functions of any query language isto make the
retrieval of information as easyandalsoas powerful as possble for the user.

Dataretrieval needsto be easybecausamost of the time, the people who query the
databaseare not the same people who programmed the database.Usersare not
intereged inthe technicalitiesof how the database is organized or how it ismanaged.
Thequery language needsto have easy to understand (preferaly plain engdlish)
commands that userscan useintuitively. The query language alsoneedsto be powerful
becausdt needsto be capable of providing userswith all the information that they may
want. As he DBMShas noideaof what the user queriesare goingto be beforehand, the
language constructs must be powerful enough to dealwith all the requeststhe user is
likely to make.

"The most basic query":
The Simde SBECT statement.

TheSHEECTstatement alows you to specifythe datathat you want to retrieve, what
orderto arrange the data, what calaulationsto perform on the retrieved data and many,
many more operations. Ast's the only SQLverbthat enablesyou to query the database
and SQLis aquery language, it is necessarilythe most complex of all SQLcommands.
ANS/1S0 SQlallows up to six dfferent clauses inthe SELECTatement of whichthe
firsttwo are mandatory. The syntaxof the full SEECTstatement is shown in Figure.

Thesmple HECTtatement, asthe name implies, is the most elementaryform of
guery which usesonly the mandatory clausesof the full SEECTIt only requiresyou to
supply two piecesof information. Hrst, the columnsthat you wishto see, and second,
the name of the table that the columnsarein. For example, this cquery retrievesall the
rowsin the DEPARTMENT Stable:
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SELECEPT_NO,DEPT_NAME,HEAD, BUDGET ,P_BUDGET

FROMDEPARIMENTS,

DEA_NO DER_NAME HEAD BUDGET P_BUDGET
1 Ergineering 59 5780000 6200000
2 Arts & Humanities 23 753000 643000

3 Management Sudies 3 2510000 1220000
4 Industrial Law 12 78000 210000

5 PhysicalSciemes 18 4680000 4250000

SELECTDISTINCT] field_expressbn {, field expresson }*
FROMable_ spec{, table_spec }*
[WHEREearchcondition |

[ORDERYfield_name {, field_name }* ]
[GROUMYfield_name {, field_name }* ]

[HAVING condition ]

field expression
Thefield expression may be one of the following:

-Held nane eg SO, SSND.
- ANSlaggregate function SUM(), AVY)), MIN(), MAX() and COWT().
-* is aspecial ield expresson whichmeans s&ectall fields.

table_spec
Thename for the table(s)to selectfrom.

search condition
TheWHEREsearchcondition specifeswhat records are to be retrieved inthe SHECT.

field name
Thefield name may be up to 24 characters inlength.

condition
TheHAVING condition is used to elminate some groups from a SHLECT query.
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You canspecfy more than one table name in the FROM clause, but in this case, SQLwill
producea listingof all the rows from the second named table for each row in the first
named table. Thids known asthe cartesian praluct of the tables.

Forexample:
SELECOEPT_NAME,SUBNAME
FROMDEPARIMENTS SIBECTS ;
DEPT_NAME SUB_NAME
Ergineering Mathematics
Ergineering Erglish Lit
Ergineering Ergineering Drwg
Ergineering Basic Acounts
Ergineering Industrial Law
Ergineering Organic Clemistry
Ergineering Physiology
Ergineering Anatomy
Ergineering Eledronics
Ergineering Marketing

Arts & Humanities Mathematics
Arts & Humanities Erglish Lit

Arts & Humanities Ergineering Drwg
Arts & Humanities Basic Aoounts
Arts & Humanities Industrial Law
Arts & Humanities Organic Clemistry
Arts & Humanities Physiology

Arts & Humanities Anatomy

Theinformation retrieved by a cartesianproduct query canquickly grow if more than

two tablesare specifed. For three tablesof 100 rows each, acartesian product HECT
will produce 1 million resut rows. Inmost cases,the results &e not of much useasthey
do not easly relateto reallife situaions.

Tofind out what the simple SEECTdoes, let's have a closerlook at what the query

we've just used istelling the DBMS;"SEECTthe DEPT_NO, theDEPT_NAME, the HEAD,

the BUDGETandthe P_BUDGETcolumns FROM the DEPARTMENT Stable™.
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Whenyou readit out like this, itis obvious what information this query isrequesting
from the DBMS.In most versions of interpreted SQ, the resuts are displayed assoon as
the DBMS finishes executing the query. Inmost cases,the resuts appearon the screen
asthey are shown inthis book. Column namesare at the top with the columns shown in
the order in whichthey were specifed inthe SEECTstatement. Ifmore columnsare
specifed inthe SEECTstatement than canfit on the screen, on some systemsthey are
split up on two or more lines.Other systemsallow you to scroll up, down, Ieft or right
through the resultsby using the arrow keys. The second method is better becausewhen
resuts columns arespit up on different lines, the formatting is lost and dataappearsto
be displayed haphazardly.

Thequery resut rows are not listed in any particular order. The DBMS jist lists the rows
in the order in whichit comesaaossthemin thetable.

Note that all SQLgueries (and other statementstoo, for that matter) endwith the
semicolon character. Newline canbe usedto format the query into clausessothat it is
easierto understand what the queryis doing whenyou refer to it severalweeks later
say.Most QL interpretersand programstreat the newline and the tab characters as
equivalentto the space character. You cantype all QLstatementson along single line
if you wanted. To tell SQLthat you have finished entering the query, you must type the
semicolon character at the end.

Toretrieve all the columns from atable, )L allowsyou to use the agerisk,*, character
as ashortcut. Thus the following query is exactly the same asthe previous query where
we retrieved allthe columns from the DEPARTMBENT Stable:

SELECT

FRONDEPARIMENTS

DEA_NO DER_NAME HEAD BUDGET P_BUDGET
1 Ergineering 59 5780000 6200000

2 Arts & Humanities 23 753000 643000

3 Management Sudies 3 2510000 1220000

4 Industrial Law 12 78000 210000

5 PhysicalScieres 18 4680000 4250000

6 Medicine 67 6895000 6932000
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In place of the agerisk,you should read "all the fields"in the S ECTstatement. Notice
how the columnsin the results appear in e order in whichthey were defined when the
table was ceated.

So farwe have looked atH ECTstatementsthat retrieve all the columns from atable.
In most cases,we are only interesed incertain columns in atable. SQLallows usto
specifythesecolumns inthe first clauseof the S ECTAs anexample, say we wanted to
look at the pass mark for eachsubject in the SIBEJS talte, we are only interested in
the SUBNAMEand the PASScolumnsin the SUBEJS tabe:

SELECHASS, 8B NAME

FROMIUBECTS

PASS UB_ NAME

65 Mathematics

60 Erglish Lit

71 Ergineering Drwg
67 Basic Acounts
52 Industrial Law

57 Organic Clemistry
78 Physiology

74 Anatomy

71 Eled¢ronics

56 Marketing

If a lumn listis used the columnsin the resuts table appear inthe order in which they
are specitd inthe SEECTY au canusethis fact to change the order in whichthe
columnsappear inthe reaults.

Leaving columns out of the SEECT statement only affedsthe resultsof the query. It
doesnot affectthe data in the named talde in anyway.

As well as $mple column names, the SEECTclause alsolets you use scalar expressbns

and string constants. Schar expressions are simple cdculations performed on numeric
type column values. The resuts of the calallation aredisplayed in the resuts table as
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columns. For example, we canusea scalar expression using the annual payfield to
display the monthly payfor eachlecturer:

SELECJURIAME PAY, (PAY /12)

FROMEQURERS

URNAME PAY

Jones 24000 2000
Scivens 31800 2650
Nizamuddin 86790 7232
Canpbell 43570 3630
Ramanujan 40900 3408
Fnley 34210 2850

Thethird column in the results table hasbeen generaed as airectresultof the PAY/ 12
calallation that we specified. The datain this column is not actualy stored inany tabe,
but hasbeen calallated by SQL. Inmost versions of L, expressbnsare only alowedto
usethe adlition, sibtraction, multiplication and division functions. Thefields used in
expressbns must be numeric type. Notice that the headng of the generated olumn is
the expresson that we used inthe SHECTclause. Thisfeature depends on the particular
version of SQLthat you use.Some dialecs of SQLhave blank headngsfor calalated
columns.

SQUets you use string constants in he column list to output text messageswWhen you
use string constarts, the string value will appear inthe column position for each row of

the resutstable. Aswith all string values, constarts must be inside single quotes:

SELECIUBNAME,'has mssmark of', PASS,'%'

FROMIUBECTS

UB_NAME PASS
Mathematics has passnark of 65 %
Erglish Lit has passnark of 60 %
Ergineering Drwg has passnark of 71 %
Basic Acounts has passnark of 67 %

50



| TECH COMPUTER EDUCATION SQL

Industrial Law has passnark of 52 %
Organic Clemistry has passnark of 57 %
Physiology has passnark of 78 %
Anatomy has passnark of 74 %
Eledronics has passnark of 71 %
Marketing has passnark of 56 %
SQLTips

SQLSever, Informix and dBase \accept string constants endosed indouble quotes

(...

Inthis query, the use of string constantsis not very elegant. The same comment appears
for allthe resut rows. Constants aremost usefulwhenused withaggregate functions
that produce a shgle calalated value basedon the data in tablesfor example:

SELECTheaverage passmarkis, AVG(PASS), '%per subject’
FROMSUBECTS

AVGPASS)

Theaverage pass 65.1 % per subject

AVGPASS) isan aggegate function which calalatesthe average value of the PASS
column. This willbe disaussed further in alater section.

ANS/ISO SQLdefines SH ECTstatementsaspart of the DML. ANS/1S0 SQL further
definesDML commands as having the ability to change the data in the database. SELECT
by itself, cannot alter datain the database and so it isnot strictly a part of the DML
Database data ismodified only when & ECTis usedin conjunction with other DML
commands suchasINSERTand UPDATE. lisbest to think of the SHECTasbeingin a
category by itself.

SELEQg&tsyou usethe DISTINCTkeyword to eliminate duplicate rows from the query
resuts. Gonsider the DEPT_NOcolumn in the STUDENT Stable. Thigyivesthe
depatment number that eachstudent belongsto. Ifwe simply wanted to know which
departmentsare represented inthe STUDENT Stable, we could usethe DISTINCT
argument to remove repeat values for this column from the resutstable:
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SELECDISTINCTDEPT_NO
FROMSTUDENTS ;

DISTINCTis very useful in querieswhere you simply want to know if avalue is present in
atable andare not interested inhow many timesit occurs. DISTINCTitself canonly be
usedonce in a EECT statement. However, you canspecify more than one column after
DISTINCT. Irthis case, SQlwill eliminate those rowswhere the valuesare the same in all
the columns.

Theoppostite of DISTINCTis ALL. This ighe defaut that SQlasaimesif neitheris
specifed. In practice, ALL is not used. It isundergtood that if DISTINCTis absent,then
the defadt, ALLis in effect and all mlumns, incuding duplicates will be displayed in the
resuts table.

Cdculated columns.

As well as uang simple column names,you canalso specify scalamrmathematical
expressons. Theseare known ascdculated columns; for example:

SELECOEPT_NAME, (BUDGET+15000), (BUDGET - P_BUDGET),
(BUDGET *2.25), (BUDGET/ 4.5)

FRONDEPARIMENTS

DEH_NAME

Ergineering 5795000 -420000 65025000 1284444.4
Arts & Humanities 768000 110000 8471250 167333.3
Management Sudies 2525000 1290000 28237500 5577777
Industrial Law 93000 -132000 877500 17333.3
PhysicalScieres 4695000 430000 52650000 1040000
Medicine 6910000 -37000 77568750 1532222.2
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Thisquery demonstratesthe useof cdculated columns. You are allowed to usethe
addition, subtraction, multiplication anddivision mathematical functionswith both
numeric constants andcolumn namesaslong as the columnsinvolved arenumeric type
columns. Tryingto usenon-numeric column typeswill causeanerror.

"Seleding rows foroutput":
The WHERElause.

Oneof the most usefulfeature of the YL query isthat it allowsyou to seledively
retrieve only thoserowsthat interestyou. Ina laige database,with thousands of rows
in each téle, you mayonly be interesed ina handful of recordsat any time. The
WHEREIlause of the SHECT statement letsyou specfy a predicate, whichtells QL
what records areto appearin theresults. A pedicateis alogical expresson that canbe
eithertrue or false. As arexample, consider in the DEPARTMENT Stable, the predicate
"department name is Ergineering'. For anyrow in the DEPARTMENT Stable, this
predicateis either true or false. Thelepartment name is ather "Ergineering' or it is
not. Now let's usethis predicatein the WHERElause of a SHECT statement:

SELECT
FRONMDEPARIMENTS
WHERBBEPT NAME="Ergineering ;

DEA_NO DEA_NAME HEAD BUDGET P_BUDGET

1 Ergineering 59 5780000 6200000

Notice that the word Ergineering isin single quotes. Thesemust be usedto spedfy all
text strings. This geryretrievesall the rowsin the DHPARTMENT Stable wherethe
DEPT_NAME s Ergineering. Inthis cae, it retrievesonly one record. Inthis query, we
have used theasteriskto retrieve all the columns from DEPARTMENTS irthe results.
You do not have to include the columnsthat appear inthe WHERElausein the
resuts, but it helpsto highlight what the query is doing.

When piocessing a query with a predicate, the DBMSgoesthrough all the rowsin the
table and checksto see if the predicate istrue or false for eachrow. This ighe type of
qguerywhichis greatly speeded upif the row that isused inthe predicateisindexed.
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Comprison Test Operators: =, <,<=, >, >=, <>,

Inthe previous section we sawhow predicates evaluate equivalence statementsas
eithertrue or false. Aswell asthe equalsto operator, (=), SQL also allowsyou to usethe
other comparison operators stown inFgure. The predicate resolvesto either true or
falsefor each row in the table for all these comparison operators aswell. For example,
lets run a query that gets the namesof allthose lecturerswho earnmore than

60,000:

Comparison

Operator Rehbtion Example of use

= Equals to suname ='Jones'
Lessthan mark <65

> Greatr than salay >45000

<= Equal toor lessthan surname <='Smith’

>= Eaqual toor greater than date >=12-Aug1993

<> Not equalto dept_no<>14

SELEQNITL, SURNAME
FROMEQURERS
WHERPAY> 60000;

WM Nizamuddin

Theoperators fown inFgure are standard mathematical sgnsthat acton numerical
information. InSQL predicaes, they canalso be applied to charader type values.The
resut of the predicate will dependon the character representation system usedby the
computer's operating system. Most microcomputer and minicomputer systemsuse the
AClIsystem. Some large mainframesuse a system known asEBZDIC.Both these
systemsrepresent alpghanumeric charadersas rumeric values that the computer can
undergand. SQlusesthese underlyingnumericvalues asthe basisof comparison. In
this ook, we will assume that all the exampleswe use are runon an ASClIsystem. As
this isthe most popular system, this isquite a good assumption. Let's look at an
example. Inthe STUDENT Stable, to list the namesof all the students whose surname
begnswith characters rom M to Z
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SELECSURIAME, FIRST_NAME
FROMSTUDENTS
WHEREWNAME> "M,

IURNAME FIRST NAME
Patel Mahesh
Sott Ga/inTJ
Monkhouse Robert Jones
Middleton Jane P Mulla

Farook F U
Wickes Wendy YYW
SQLTips

TheANS/1S0 standard specifiesthe inequality operator as<>. IBM'sDB2 and SQU/ DS
use-=and SQLSewer uses!=.

Notice that the rows arenot arranged inalphabeticalorder. QL liststhe rowsin the
order in whichit findsthem in the table. Ordering is possble in .ECT, and thiswill be
disaussedin later sections of this chapter.

Inthe previous query, we used he uppercasecharacer, M, in thepredicate. Itis
important to remember that M is not the same asm. If we hadused thelowercase
characterinstead,SQLwould not have found any mat ching records:

SELECSURIAME, FIRSTNAME
FROMSTUWDENTS
WHEREISNAME>'m';

No matching records found.

Thereason for this query coming up empty isthat in the ASClischeme, uppercase
charactersare defined asbeing less(they have alower underlyingnumeric value) than
lowercasecharacters. Allthe surnamesin the STUDENT Stable start with anuppercase
letter andso inthe ASClischeme, they are all lessthanthe lowercasem. Thevalues
assgned inACllarereversed inEBDIC,s0 lowercase charactersare lessthan
upperca®. You needto be sure whichscheme your computer system usesbefore
constructing your queries.

SQL
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Range Test Operator: BETWEEN.

TheBETWEENange testoperator allowsyou to define a predicate in the from of a
range. Ifa column value for arow falls within thisrange, then the predcate istrue and
the row will be addedto the resuts table. TheBETWEENrange test consigds of two
keywords, BETWHEEN and AND. It must be supplied with the upper and the lower range
values. The first value must be the lower bound andthe second value, the upper bound.

Forexample, in the LECTURER$able, if we wantedto look at the records of allthose
lecturerswho earn between 31,800 and 40,900:

SELECSURIAME PAY
FROMEEQURERS
WHERPAYBEWHEN 31800 AND 40900;

SURNAME PAY

Scivens 31800
Ramanujan 40900
Fnley 34210

Thisquery retrievesthree records. Notice that the upper and lower parameters ae
inclusive. Thismeans that the rowswhere pay equals31,800 (lower bound) and 40,900
(upper bound) are also retrieved inthe results. L will not allow you to specifythe
upper bound first. Thusthe following query doesnot return anyrecords:

SELECSURIAME, PAY

FROMEQURERS

WHERPAYBEWHEEN 40900 AND 31800 ;

No matching records found.

You canusecharacter valuesas ypper andlower range bounds:
SELECT

FROMEEQURERS
WHEREWNAMEBEWHEEN'N' AND 'R’
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SURNAME INITL LECT_NO DBEPT_NO SUB NO GRADE PAY JOINED

Nizamuddin WM 3 3 4 A 86790 05-26-1969

Thequery only retrievesone row because Nizamuddin is between N and R,but
Ramanujanis not. Whencomparing strings of unequal length, SQL pds out the smaller
string with spacesbefore doing the comparison. As he space charader hasa lower
value than letter characters in the A8l scheme, the word Ramanujan falls outside the
upper bound.

BEWEENdoesnot actually add anynew functionality to SQL. All queriesthat use
BEWEENcanbe rephrased to run usig only the comparison testoperatorsinstead.
Forexample the lastquery canbe expressed without using BETWEENas:

SELECT
FROMEQURERS
WHERESURIAME>="N') AND (SURNAME <= 'R) ;

VURNAME INITL  LECTNO DEPT_NO SUB NO GRADE PAY  JOINED

Nizamuddin WM 3 3 4 A 86790 05-26-1969

TheAND keyword is a booleanoperator that tellsSQlthat both expressons insde the
parenthesesmust be true for the predicate to be true. Although this query is
functionally the same asthe previous query, the one using BETWEENis more elegant
and it is dearerto the reader whatthe queryistryingto achieve.

SetMembership Test Operdaor: IN.

We've seen that BETWHEN definesa range of valuesto check against for indusion or
exclusion from the resultstable. This isiot always enough What ifyou neededto check
for certainvaluesonly? Vduesthat do not always fitinto a neat range. To accommodate
this, SQlallowsthe useof the IN operator. Anexample will illustrate the use of IN. In
the SUBECT $able, if we wantedto look at the rows of the Anatomy and thePhysiology
subjects, we could use a query with IN:

SELECT
FROMIUBECTS
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WHERE SBJNAMEIN (‘Anatomy’, 'Physiology’) ;

UB_NO SUB NAME DER_NO CREDITS PASS
7 Physiology 6 3 78
8 Anatomy 6 1 74

You must define the set valueswithin parentheses,and must sepaste each value with a
comma. Inthis example, we have usedstring values.IN alsoallows other valid data
typesto be used asset membersfor example to list the subjects rows given that their
passmarksare 52, 56 and57:

SELECSUBNAME,PASS

FROMSUBECTS
WHERPASS IN(52, 56, 57);
UB_ NAME PASS
Industrial Law 52
Organic Clemistry 57
Marketing 56

As with althe SQL query commands, the resultrecords arenot displayed inanyorder
unlessthe ordering is explicitly specified. Inthe above query for example, we specified
passmarksof 52, 56 and 57 in theindusion set. Theresultstable displayed therowsin
the 52, 57, 56 order. Thereason for thisisthat this isthe orderin whichthe DBMS
found the rows in thetable.

As withBETWEEN, INloesnot add to SQL's functionality. Whet IN doescanalsobe
acomplishedby using comparison and booleanoperators. For example, the previous
guery canalsobe expresead as:

SELECSUBNAME,PASS
FROMIUBECTS
WHERPASS =52
ORPASS=56
ORPASS=57;
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SUB_NAME PASS
Industrial Law 52
Organic Clemistry 57
Marketing 56

Patern Matching Test Ogerator: LUKE.

ThelUKEoperator isusedto matchstring pattern values. LIKE useswildcardcharacters
to specifyone or more string charactervalues.ANS/ISO SQdefinestwo wildcard
characters, the underscore () andthe percent (%). Theseare the charactersthat are
almost wiversaly used incommercial SQL systemsfor pattern matching.

Stiing pattern matching isuseful in caes where you are not sureof the exactstring
value that you needto search for. For example if you cannot remember the speling of a
person's name:

SELECT
FROMSTUDENTS
WHEREWNAMEUKEA ton’

SURNAME HARSTNAME D OB SWUDENTNO DEPT NO  YEAR

Ayton Phil 3 MA 07-13-1967 3 3 1

Theunderscore character is one of the wildcards, ands usedo representanyvalid
character (one only). Inthis query, we are not sure if the student's sirname is spelt as
Ayton or Aeton or even Aton. ThellKEA ton' predicate tells L that the first letter of
the surname is'A' andthe lastthree letters are'ton’, but we are not sure of the second
letter. Ifyou are familiar with the MS-DOSor OS2 or UNIXoperating systems, then the
_ charader performsthe same function in SQLas ?doesin MSDOS, ad . doesin UNIX.

Theprevious query told QL to retrieve those rowswhere the second letter of the
suname isanyvalid character. The rest of the patternie. thefirst and the lastthree
letters must match exactly as specifid.

Thesecond wildcardcharacter you canusein LKEisthe percent (%9 character. This is
used torepresenta sequence of zero or more characters. The percent wildcardin SQL
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correspordsto the * wildcardin MSDOS ad OS 2 and UNIX Let's usepercent to look
at the records of allthose studentswhosesumame ends in‘ton':

SELECT
FROMSTUDENTS
WHEREWNAMEUKEYton' ;

SURNAME ~ FRSTNAME D OB  SIUDINTNO DEANO  YER

Ayton Phil 3 MA 07-13-1967 3 3 1

You canalsomix and match the %andthe _ wildcardcharactersin a shgle query:

SELECT
FROMSTUDENTS
WHEREWNAMEUKEA t9% ;

SURNAME ARSTNAME D OB  SIUDENTNO DEANO  YERR

Ayton Phil J MA 07-13-1967 3 3 1

The%and _ characters arethemsdveslegal AClIcharacters.Usihg valid characersas
wildcards cancauseproblems. What if you wantedto use%or _as pat of the string
and not aswildcards? QL's olution to this isto allow you to define and usethe escape
character. Theescape character hasa specialmeaningin the LUKEstringin that the
characterimmediately followingit istreated asa regular characterand not awildcard.

Forexample suppose we wanted to searchfor the string'_search%ivhere%and _are
regular charadersand not wildcards, then we could usethe following query with the
ES@PEclause:

SELECT

FROMSUBECTS

WHERE INAMELIKE'$ search$%' ESAPE'S ;

No matching records found.
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TheESBPE clause at the end of the query definesthe dollar ($) character asthe escape
character. Inthe string, '$_searcl$%', %and_are treated ascharactersand not as
wildcards. Ofcourse, this query comesup empty becausewe do not have a subject
called '%earch_'in the SUBECT $able.

SQLTips
IBM'sDB2,032 Extended Edtion, Oracleand SQLServer do not support the EXAPE
clause.

NULL Value Test Operator: ISNULL

As weknow NULL valuesare usedto indicate that no data has leen defnedyet. This is
different from blank string valuesor zero numericvalues. Blak and zero valuesare just
that, values. NULL marksthe column asnot having any definite value. Whenyou use
NULLs inSQLexpressions, the resut will always be undefined. For example, ifyou
wantedto look at the rowsin the LECURER®&ble wherethe value for the DEPT_NO
field is NULL, the following query will not retrieve the resuts you warnt:

SELECSURIAME DEPT_NO
FROMEEQURERS
WHERBHEPT_NO =NULL,;

Jones 1
Scivens 3
Nizamuddin 3
Canpbell 5
Ramanujan 4
Fnley 4

TheDBMSretrieved all thelecturersrow in our system becausehe predicate
"DEPT_NO=NULL" is unknown for allthe rows. It isneithertrue nor false.Another
DBMScould just aseasilyhave not retrieved anyrows deperding upon how it treats
unknown predicate results.SQLprovidesthe ISNULL operator to search pecificdly for
NULLvalues.Thevalid form of the previous query isthus:
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SELECSURIAME, DEPT_NO
FROMEEQURERS
WHERBEPT_NOISNULL,;

No matching records found.

TheNOTlogicaloperator (disaussed irthe nextsection) canbe usedto reversethe
mearning of ISNULL. To retrieve the rows of thoselecturerswhere the DBPT_NO value
is notNULL:

SELECSURIAME DEPT_NO
FROMEEQURERS
WHERBHEPT_NO ISNOTNULL ;

1
Scivens 3
Nizamuddin 3
Canpbell 5
Ramanujan 4
Fnley 4

NOTcanalso be usedwith the other operators, eg NOT BEFWHEEN and NOT LUKEto
reversetheir meanng.

Logical Operators: AND,ORand NOT.

Thescope of the WHERIElause and the operators used with it canbe extended by using
the logical operators AND, ORand NOT.Theyenable you to specify compound search
conditionsto fine tune your data etrieval requirements. he functioning of these
operatorsis stown inFigure. The logical operators link multiple predicateswithin a
singe WHERElause.For example, to see the records of thosesubjects which have a
creditvalue of 1 andwhose passmarkvalue is geater than 70%,we need two
predicates inthe WHERElause:
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Logical

Operator Usage Result

AND Predicate1 AND Predicate2  Returnstrue if both Predicate 1 and
Predicate 2 aretrue.

OR Predicate1 ORPredicate? Returnstrue if either Predicate 1 or
Predicate 2 aretrue.

NOT NOTBoolean Epressonl Returnstrue if Expesson lisfalse.
Reurns fake if Expres$on listrue.

SELECSUBNAME

FROMSUBECTS

WHERERBDITS =1

AND PASS>70 ;

SUB_NAME

Ergineering Drwg

Anatomy

TheWHEREevaluatesto true if both the first predicate (CREDITS= 1) AND the second
predicate (PASS> 70) are true. Aswith the singe predicate query, the DBMSprocesses
allthe rowsin the STUDENT Stable one by one and checkdo see if this multiple
predicateevaluatesto true or false for eachrow. You canuseasmany logical operators
asyou like to link predicates intocomplex expressons:

SELECTHROM LECTURES
WHERDBET_NO=4

AND (GRADE>'C'ORPAY <= 30000)
AND NOTLECT_NO=35;

URNAME INITL LEETNO DEP_NO SUB NO GRADE PAY JOINED

Fnley GY 6 4 5 D 34210 03-28-1960

SQLUets you group expressons byusing parentheses. Thesehave the same effectin
SQLlexpressons asthey do in mathematicalexpressions. Theexpressons insde the
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parenthesis ae evaluatedfirst, andaretreated asa sngle expression. Inthe above
guery, AND appliesto the expresson ingde the parenthesisas awhole, ie. GRDE>'C'
ORPAY <= 30000. Whenyou are analyang complex WHERElauses, it is best to break
the WHEREINto it's congtituent predcatesand reading themin plain english.

Let's apply thisto the last query. Thefirst searchcondition is "department number is
equal to4". The AND linksthis to a paenthesizedexpressbn, "either the grade islower
than Cor payis 30000 or less".You need to be carelul here becatse grade Dis bwer
than grade C hut the character Dis greater than C.The last predicateis slightly more
tricky. Inengdlish,we would say" lecturer number is not equalto 5". SQLdoesrit let you
construct thisasLECTNONOT=5. The NOTmust precedethe booleanexpresson that
it operateson. Ifwe now put thesealltogether, the WHERElause canbe expressed as
"Where department number is equal to 4 andeither the grade is lower than Cor payis
30000 or less andalso, the lecturer number is rot equal to5".

SQLTips
TheANS/1S0 standard specifiesthat NOThas thehighest precedence, followed by AND
and then OR.

"Orderingthe output of a query":
The ORDERBYclause.

Inall the querieswe've seen sofar, the rowsin the reaults table have not been ordered
in anyway. QL just retrieved therows in theorder in whichit found them in the table.
TheORDERBYclauseallows you to impose an order on the query resuts.

You canuse ORDERB Ywith one or more column namesto specify the ordering of the
guery resuts. For example, to list student's recordsin alphabetical order by sumame:

SELECT

FROMSTUDENTS
ORDER BYSURIAME;;
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URNAME FIRST_NAME DOB STUDENT_ NO DEPT_NO YEAR
Al-Essawy ZdadM A 11-26-1970 2 4 2
Ayton Phil J MA 07-13-1967 3 3 1
Baker Abu-Mia 03131971 7 4 1
Brown JosephPA 04-19-1970 8 3 3
Duke Htzroy 11-26-1970 1 4 2
Grimm Hans dhan 06-21-1971 10 2 1
Gyver elJV 07-30-1968 11 4 2
Hungun Jmmy Lau 08-11-1969 12 1 3
Jones GarethPY 01-24-1970 5 2 1
Layton Hudh 11-16-1971 15 5 1
Middleton Jne P 09-14-1971 13 1 3
Monkhouse  Robert Jones 05-23-1967 9 1 1
Mulla Farook F U 10-24-1968 14 3 2
Patel Mahesh 12-07-1970 4 2 1
Sott Ga/inTJ 02-20-1971 6 2 2

TheORDERBYclauseonly affectsthe manner in which theserows are displayed by SQL.
If thereare NULL valuesin the ORDERBYcolumn thenthey appear either at the
beginning or atthe end of the list depending on your dialect of SQL

Thisquery listed the student's rows aphabetically by SURNAME ,in asaeending order.
This is thedefault. We canexplicitly specfy the ordering by using the ASC(for
ascering) and the DESCfor descending) keywords. If we had used DESC ibhe
previous query:

SELECT
FROMSTUWDENTS
ORDER BYSURIAMEDESC

SURNAME ARST NAME D OB STUDENT NO DEA_NO YER
Wickes Wendy YYW 12-05-1969 16 1 1
Sott GavinTJ  02-20-1971 6 2 2
Patel Mahesh  12-07-1970 4 2 1
Mulla Farook F L 10-24-1968 14 3 2
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Monkhouse  Robert ones 05-23-1967 9 1 1
Middleton Jne P 09-14-1971 13 1 3
Layton Hudh 11161971 15 5 1
Jones GarethPY 01-24-1970 5 2 1
HungSun Jmmy Lau 08-11-1969 12 1 3
Gyver QelJV 07-30-1968 11 4 2
Grimm Hans dbhan 06-21-1971 10 2 1
Duke Htzroy 11-26-1970 1 4 2
Brown JosephPA 04-19-1970 8 3 3
Baker Abu-Mia 03-13-1971 7 4 1
Ayton Phil 3 MA 07-13-1967 3 3 1

Thestudents arenow listed in reversealphabetical order. Note that ASC isoptional. If
neither DESMR ASG specified then ACisassimedto bein effed.

You canuse ORDERB Ywith more than one column. Inthis cag, SQL will use the first
column asthe primary ordering field, the second column asthe secondary and so on. In
our STUDENT Stable for example, to list the student'srecords by depatmentsand
within eachdepartment by sumame:

SELECT
FROMSTUDENTS
ORDER BYDEPT_NO, SRNAME;

URVAME HARST NAME D _OB STUDENT NO DEA NO YEAR
Hungun Jmmy Lau 08-11-1969 12 1 3
Middleton JaneP 09-14-1971 13 1 3
Monkhouse Robert Jones 05-23-1967 9 1 1
Wickes Wendy YYW 12-05-1969 16 1 1
Grimm Hans Johan 06-21-1971 10 2 1
Jones Gaeth PY 01-24-1970 5 2 1
Patel Mahesh 12-07-1970 4 2 1
Sott GarinTJ 02-20-1971 6 2 2
Ayton Phil IM A 07-13-1967 3 3 1
Brown JosephPA 04-19-1970 8 3 3
Mulla Farook F L  10-24-1968 14 3 2
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A-Essawy ZdadM A 11-26-1970 2 4 2
Baker Abu-Mia 03-13-1971 7 4 1
Duke Htzroy 11-26-1970 1 4 2
Gyver QelJV 07-30-1968 11 4 2

Notice that the rows in theresuts table are now ordered bythe DEPT_NOfield. This is
the primary ordering field. Withineachdepatment, the studentsare displayed in
alphabeticalorder by SURIAME.This is the secondary ordering field. Athough you can
useasmany ordering fieldsasyou like in the ORDERBY clause,the ANS/1S0 standard
requiresthat the columns used inthe ORDERBY clause are alsodisplayed in the results
table. This meansthat they must be specified inthe S ECTclause,either explicitly by
name, or implicitly by using the asterisk. This ANS/1SOrequirement isnot enforced by
all SQldialectsbut it isagood ideato adhere to it anyway for portability reasons.

You have seen how to order resultsrows by using column namesin the ORDERBY
clause.What if you don't know what the column name is?Such sitwations ae not as
remote asyou might think. For example cdculated columns andaggregate functions
cannot be referredto by their column name. Toovercome this, ORDERBYalso accepts
column number values. Forexample, we canlist the contents of the DEPARTMENTS
table in allocated budget order either by specifyhg ORDERBYBUDGETor by specifying
the column number:

SELECDEPT_NO,DEPT_NAME,BUDGET

FRONMDEPARIMENTS

ORDER BY3;

DEA_NO DEA_NAME BUDGET
6 Medicine 6895000
1 Ergineering 5780000
5 PhysicalSciemes 4680000
3 Management Sudies 2510000
2 Arts & Humanities 753000

4 Industrial Law 78000

Thefirst column specifiedin the SEECTclauseis always column 1. Sibsequent columns
have numericvalues acording to where they are specified inSEECTand not where
they occurin thetable itself. Ths appliesto calalated columns aswell:
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SELECOEPT_NAME, (BUDGET 2.25)

FRONMDEPARIMENTS

OFDER BY?;

DER_NAME

Medicine 775687500
PhysicalScieres 526500000
Industrial Law 877500

Management Sudies 28237500
Arts & Humanities 8471250
Ergineering 65025000

"ummary of data in tables":
The ANSlaggegae functions.

Therowsin a table are elemental pieces ofinformation that you canuse to base your
decisbnson. Vay often, the datathat you need canbe found directly in one or more
columns. But sometimes, the data isbasedon the valuesof all therowsin the table. For
example, ifyou need to know the average mark inthe examstable, you must add up the
marksfor all thestudents, then divide that value by the number of studentsin the table.
ANS/ IS0 SQLprovidesfive functions, known asaggegate functions whichcanbe used
to summarize data intables. Thesdunctionsoperate on the table data and producea
single value asoutput.

The five ANSYI SO @indions are:

COWNT() outputs the number of rows or column valuesthat would be sekected by
the query. The function doesnot actudly list any of the rows, but only a
value denoting the total number of rows orcolumn valuesthat the
gueryretrieves.

JM() outputs the sum total of all the column valuesthat are addressed by the
guery. This finction can only be used with numeric type columns.
AVG() outputs the average (arithmetic mean)of the column valuesaddressd

by the query. Aswith the SUM() function, AMZ)) canonly be usedwith
numerictype columns.

MIN() outputs the minimum, the smallest, column value from thosethat are
addressd by the query.
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MAX() outputs the maxmum, the largest, column value from thosethat are
addressd by the query.

Aggegate functions canbe used inthe select list just like regular columnswith the
following provisions. You cannot nest aggregate functions andyou cannot mix regular
columnsandaggregate functions inthe same query.

The number of values orrows: The COUNT/() function.

Thereare two different versions of the COUNT ()aggregate function that ANS/1S0
allows. Thefirst counts and liststhe number of non-NULLvaluesin a paticular column.
Thesecond counts and displaysthe total number of rowsthat would be retrieved by a
guery. These two verdgons of GOUNT ()differ only in the argumentsthat are pas®d to
them.

Let's use QOUNT()to count the number of datavaluesin a column. To find out how
many studentshavebeen asspned to a dgartment inthe STUDENT Stable:

SELECTOUNDEPT_NO)
FROMSTUDENTS;

COWT(DEPT_NO)

16

Inour case, allthe students areassigned a depatment number andthe number output
by the query isthe same asthe number of students there are in the table. Ifthiswere
not the case, ie. if there were NULL valuesin the DEPT_NO fieldfor some of the
student'srows, then theserowswould not appear inthe COUNT() function'stotal. To
count the number of different valuesin a column, the column name must be preceded
by the DISTINCTkeyword. Forexample, to look at the number of different departments
that arerepresented inthe DEPT_NOfield of the STUDENT Stable:

SELECTOUNDISTNCTDEPT_NO)
FROMSTUDENTS;
COWT(DEPT_NO)
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Theoutput from this query is 5 becausethere arefive different depatment number
valuesin this column. TheANS/1S0 stardard statesthat DISTINCTmust be used with
column namesin the GOUNT ()function, most commercial versions of SQLrelaxthis
requirement andleave it up to the user to useDISTINCTor not.

Aspointed out earlier, the COUNT () function canalso be usedto count rows in atable
aswell ascolumn values. To do this, COUNT () must be used withan aserisk.Tocount
the number of rowsin the EXAMStable:

SELEGTOUNT)
FROMEXAMS;
COWNT()

TheCOUWNT(*) total includes all therows addressed bythe query, induding NULL and
duplicaterows. Ifwe areonly interested in knowingthe number of examstaken by a
particular student, we would haveto use the WHEREclauseto retrieve those rowsthat
we are intereged in:

SELECTOUNT)
FROMEXAMS
WHERSTUDENT NO=1;
COWT()

Thetotal of values: The SUM() function.

TheSUM() aggregate function calalatesthe sum total of the valuesin a column. The
parameter passed to SUM() must be the name of the column either by itself or used ina
scalarexpresson. Thedata in the columns usedoy SUM() must be numeric of type such
as nteger, dedmal etc. Let's useSUM() to find the total expenditure on staff pay:
SELECIUMPAY)

FROMEQURERS

SUM(PAY)

261270
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Thisquery adds upall thevaluesin the PAYcolumn and liststhe final total. Theoutput of
SUM() (andalsothe other aggregate functions that dealwith numeric type data) is
usually of the same datatype asthe column data but sometimes, the result is of greater
precisbn then the column data.

You canusescalarexpressons asparametersto the aggregate functions. Te
following query adds 1500 to each écturer's pay and calaulatesthe sum total:

SELECSUMPAY), SUM(PAY + 1500)
FROMEQURERS

UM(PAY)  SUM(PAY+1500)

261270 270270

Inthis smple example, we could have calalated this value by adding 1500 x 6 = 9000 to
the SUM(PAY)value. Scdar expressions are most useful whenyou wantto look at say,
the total expenditure on pay for a pecentage increase in salay for each lecturer. For
example, this query findsthe total experditure on pay if we increaseeachlecurer's
salay by 7.5%

SELECSUMPAY), SUM(PAY* 1.075)
FROMEEQURERS

UM(PAY)  SUM(PAY-1.075)

261270 280865

The aveagevalue: The A\G() function.

TheAVG()function calalatesthe average or anthmetic meanof the values in acolumn.
AVG()canonly be applied to numerictype columns and outputs a numeric value. SQL
calallatesthe average by adding up all thevalues inthe column, then dividing the total
by the number of values.As an eample, the following query cdculatesthe average pay
for alecturer:

SELECAVG(PAY)
FROMEQURERS
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AVG(PAY)

We canalsoseledively cakulate averages. This query finds the average mark obtained
by studentsin a paticular subject:

SELECAVG(MARK)
FROMEXAMS
WHERE BJNO=5
AVGMARK)

The mnimum and maximum values: TheMIN() and MAX()

functions.

TheMIN() function finds the smallestvalue in a column of data.MIN() canoperate on
string andnumeric datatypesaswell asnon-ANSItypessuchasdate andtime. For
example, to find the earliest date when alecturer joined the staff:
SELEQVWIN(JONED)

FROMEEAQURERS

MIN(JONED)

03-28-1960

SQLTips
Inthe ERDIC claracter set, whichis usedin IBM mainframes, the lowercase characters
precede the uppercasecharacterswhich precededigits.

Mogt dialects of QL treatearlierdatesand timesasbeing lessthan later datesand
times. Sao find the last date when a kcturer joined the staff:
SELEQWAX(JOINED)

FROMEQURERS

MAX(JONED)

03-25-1990
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MIN() and MAX()both allow you to use scalarexpressons aswell ascolumn namesas
parameters.For example, if the average passmark for all sibjects wasfound to be 58%,
then this query finds the lowest difference in percentage points between this mark

and the exammarks:

SELEQWIN(SS - MARK)
FROMEXAMS ;
MIN(58 - MARK)

Thequery comesup with the answer of -31 becausethe highestmarkin EXAMSis 89
and 58 - 89 =-31. Thisresut may not be what you expeced and servesto illustrate an
important point. You need to be careful whenwording your queriesto ensure that they
do what you intend them to do.

Theorder of precederce within the datatypesis si1own in Fgure. Remember that this
appliesonly to the AClIcharacterscheme.

DATES NUMERIC STRNG
A 01-JAN1980 -100.50 123ABC
| 31-JAN1980 0.40 ABCDEF
| 01-DEG1980 O Abcdef
| 01-JAN1981 250.30 abcdef
DECRE#&
SQLTips

TheANS/1S0 standard specifiesthat NULL valuesare ignored by the column functions.

Subtotals ofvalues: The GROUPBY chuse.

Theaggegate functions descrbed inthe previous sedion have been usedo produce
grand totals. Valuesoutput by them are just like the totalsthat appear atthe end of
eachcolumn ligting in areport. You can alsousethesefunctionsto output sub-total
values. The GROUPBYclause of the SEECT statement letsyou split up the values ina
column into subsets. The aggregate functions ae then applied to these subsetsinstead
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of the column as awhole. For example, in the EXAM Stable, we could find the average
mark obtained bythe studentsby:

SELECAVG(MARK)

FROMEXAMS ;

AVGMARK)

SQLTips
SQlLSever allowsthe COMPUTEclausewhichis usedto calalate subtotals of subtotals.

Thisvalue is not very informative asthe examswere satby studentsof all ahlities. It
would be more mearningful to get the average mark for eachstudent. Thiscanbe
obtained by using the GROUPBY clause:

SELECITUDENT NO, AVGIMARK)
FROMEXAMS
GRQPBYSTUDENT NO;

STWENT _NO AVGMAR)

0O NO O WDN P
(o)
ol

Thisqueryfirst groupsthe rowsin the EXAMS tabie by the values in SUDENT_NO.
TheAVG()function then operates on each goup. Theaverage valuesoutput are thus
the averagesfor the examstakenby individual sudents.

Queriesusing the GROUP BY clauseare known asgrouped queries. Althe rulesfor
using the ANS/130 functions that we have looked at alsoapply to grouped queries.
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Theonly differencebeing that in grouped queries,the DBMS gpliesthe functionsto
each goup individually rather thanto the column asawhole. You canalsogetthe same
resuts by running several querieswith aWHERI[Elause. Br example, to find the
average mark for astudent:

SELECSTUDENT_NO, A\G(MARK)

FROMEXAMS

WHEREBTUDENT NO=1;

STWENT NO AVGMARK)

Bychangng the 1 value in the predicate, we could cakulate the average for different
students.

GRQ@JPBY canbe usedwith multiple fields. Forexample, in theSUBECT$able, to find
the highest pass mark for eachdepartment/ credts combination:

SELECSUBNAME,DEPT_NO, CHDITSMAXPASS)

FROM3UBECTS

GRQ@PBYDEPT NO,(RBDITS ;

UB_ NAME DEHA_NO CREDITS MAX(PASS
Ergineering Drwg 1 1 71
Mathematics 1 2 65
Eled¢ronics 1 3 71
Emglish Lit 2 1 60
Basic Acounts 3 1 67
Marketing 3 2 56
Industrial Law 4 2 52
Organic Clemistry 5 3 57
Anatomy 6 1 74
Physiology 6 3 78
SQLTips

SQLSeaver's CAMPUTE cuse produces ron-table reaults which are, needlessto
say, hghly non-stardard.
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Elimnating groups of data: The HAVING dause.

You cannot use aggegate functions in he WHEREclause of a SHECTstatement. This
meansthat you cannot useWHEREO selectively eliminate datathat doesnot interest
you from the resuts of aggregate gqueries.For example, in the gquery that we used to
find the average mark for eachstudent, if we are only interested inaveragesthat are
above 56% then SQLwon't let you use the following query becauseit usesAVG()in the
WHERElause:

SELECITUDENT_NO, A\GIMARK)
FROMEXAMS

WHERE A&MARK)> 56
GRQPBYSTUDENT_NO;

Error 67: Aggegate function used inWHERE.

TheHAVING claiseperforms asimilar function to WHERERN that it eliminatesgroups
from the resuts table. Thusto list only those sudentswhere the average is above 56%

SELECSTUDENT_NO, AVG (MARK)
FROMEXAMS
GRQPBYSTUDENT NO

HAVING A/GMARK) >56 ;

STUDENT NO AVG(MARK)
1 62
3 70
6 74
8 62

Thefield referenced byHAVING can notave more than one value for each goup. This
meansthat in practice HAVING canonly reference aggregate functions and columnsthat
are used IrGR@PBY.
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"Retrieving data from multiple tables":

SQLoins.

So farwe've beenlooking at queriesthat retrieve data from single table at atime.
Sngle table queries areuseful but they do not exploit the full power of the SQL
language. SQlis arelational database giery language and assud, one of it's most
important featuresisit's ability to retrieve information from several different related
tables. In redtional databaseterms, this processis cdled ajoin. Thetablesto be joined
are naned inthe FFOM clause of the 3 ECT with each table name separated bya
comma. Therelationships between thetablesin ajoin are defined by the predicate in
the WHEREclause. The predicate canrefer to anycolumn from the joined tablesto form
the relations. For example, to ligt the namesof allthe lecturersandthe subjects that
theyteac:

SELEAECTURRSSURNAME, SUBECTSSUB_NAME
FROMEEAQURERSUBECTS
WHEREEQURERSBHEPT_NO = SUBECTS.[EPT_NO ;

LETURRRS SURNAME SUBECTSUB_ NAME
Jones Eledronics

Jones Ergineering Drwg
Jones Mathematics
Scivens Marketing
Scivens Basic Aoounts
Nizamuddin Marketing
Nizamuddin Basic Acounts
Canpbell Organic Clemistry
Ramanujan Industrial Law
Finley Industrial Law

Of course,thisjoin assimesthat all the lecturers aremulti-skilledin thateach isable to
teachallthe subjectsin one particular department. Notice the column naming
convention we have usedThe column namesin this query are prefixed by the name of
the table that the column is partof. If allthe columnsin the joined tabks hadunique
names,then the table prefix would not have been required. Inour universiy example
though, there is acolumn called DEPT_NO inboth the LECURERS antthe SUBECTS
tables. In ths casewe must useLECTBERIEPT _NOand SUBECTS.B’T_NOto
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distingushbetween the columns. Geneally, it is good to get into the habit of usng the
table name prefix to specify columns. Asyour queries get more and more complex, it
may not always beclearto the reader whichcolumn you mean ifthe table prefixis not
used.

In the lastquery we did not haveto tell SQLhow to retrieve the data from the tables,
instead, we merely specifed what datawe wanted to see. The actualtablesthemseles
might have been gored on diskslocated atdifferent sites. )L shiebsthe user from
thesetechnicalitiesin that you do not have to know how to getat the dataor even
whereit is. You only have to specify the datato get at. When processinga querywith a
join, KL looks atall the possble combination of rowsfrom the tablesin thejoin and
usesthe criteria defined in the predcate to addor omit the rows from the resultstable.

Thesteps nvolved inprocessig this query areshowvnin Figure.

SURNAME  SUB NAME

Jones Mathematics---------- > Add to Results

Jones Emglish Lit

Jones Ergineering Drwg---—> Add to Results
Jones Basic Acounts

Jones Eled¢ronics------—--—-- > Add to Results
Jones Marketing

Scivens Mathematics

Scivens Emglish Lit

Scivens Marketing------------- > Add to Results

Finley Marketing

-------- -> = Thepredicateis truefor thisrow combination.

1.Construct alist of every possble combination of rows from the LECTURER&hd the
SUBECT$able.
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2.(heck to seeif the predicateistrue for eachcombination of rows. ie.
if LECTURRRSDEPT_NO=SUBECTS.B’T_NO.

3.If the predicate istrue, then addthe LECURERSURNAMEand the
SUBECTSUJB NAMEvalue for the row to the resuts table.

4.Whenall the combination rows have been checked, display the resuts table.

We saw in the simple query, how we canusethe asterisk chaiacter to mean "allthe
columns'. This dsoappliesto queriesinvolvingtable joins. Thefollowing query listsall
the columns of the joinedtables:

SELECT
FROMEEAQURERSUBECTS
WHEREEQURERSBHEPT_NO = SUBECTS.[EPT_NO ;

URNAME INITL LECT_ NO DBEPT_NO  SUB NO GRADE PAY JOINED

Jones RA 24000 03-25-1990
Jones RA 24000 03-25-1990
Jones RA 24000 03-25-1990
Scivens TR 31800 09-30-1986
Scivens TR 31800 09-30-1986

86790 05-26-1969
86790 05-26-1969
43570 02-23-1980
40900 01-01-1985

Nizamuddin WM
Nizamuddin WM
Canpbell JG
Ramanujan S

O D W WNNRL AR
Ao wwwwkr PR
G WhDRERPRERNMNNDN
OO>» > o0 mMmmm

Theaderiskcausesall the columns of both joined tablesto be listed but sincethe
screen isonly 80 columnswide, only those columnsthat fit on the screen areshown in
the alove example. Theagteriskis rot usually used asit retrievestoo much irelevant
information. Whenjoining tables,we are only interested incolumnsthat convey useful
information that isdirectly relatedto the query.

Thelastguery egablished a join between the LECTBERS thle and the SUBECTS talbe
through the use of columnswhich have the same data type in both tables,ie. The

LECURER®EPT_NO and the SUBECT®HET_NO columns. Inrelational databases,
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certainlinkagesare defined when thetablesarefirst created, the primary key/foreign
key relationships for example. Joins caneasilyusethese"natural”" relationshipsto
extract datafrom tables.For example, the DEPT_NO column isthe primary key in the
DEPARTMENT Stable andaforeign keyin the JBEJS talle whichrefersto
DEPARTMENTS.S we canjoin these two tables usngthis @lumn:

SELECSUBECTSUB_NAME,DEPARTMENT SDEPT_NAME
FROMIUBECTIEPARIMENTS
WHERE SUBCT®EPT_NO = DEPARIMENTSDEPT_NO ;

SUBECTSSUB NAME DERARTMENTSDEPT_NAME

Mathematics Ergineering

Emglish Lit Arts & Humanities

Ergineering Drwg Ergineering

Basic Acounts Management Sudies

Industrial Law Industrial Law

Organic Clemistry PhysicalSciemes

Physiology Medicine

Anatomy Medicine Ele¢ronics
Ergineering

Marketing Management Sudies

Each sbject islisted dongwith the department that offers it. Notice that we did not
specifythe DBPT NOfield in the SEECTist. We only usedDEPT_NO inthe predicateto
from alink between the two tables. Inpractice, primary andforeign key columns
seldom appearin the resuts table becauseahey are often just sequential numbers or a
combination of numbersand lettersthat do not mean very muchto the reader. The
as®ciated columns in therecord that the keyidentifies @mnvey far more information eg.
the SURIAME,DEPT_NAME,BUDGETetc.

You canalsoextend the join to more than two tables.Forexample, If we modify the
previous query to indude the namesof the lecturersthat teachthe course, we would be

joiningthree tables:

SELECSUBECTSUB_NAME,DEPARTMENT SDEPT_NAME ,LECURERSURNAME
FROMUBECTEPARIMENTS LEAQURERS
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WHERE SUBCT®EPT_NO = DEPARTMENT SDEPT_NO

SUBECTSSUB NAME DERARTMENTSDEPT_NAME LECTURERS SURNAME
Mathematics Ergineering Jones
Ergineering Drwg Ergineering Jones
Basic Acounts Management Sudies Nizamuddin
Basic Acounts Management Sudies Scivens
Industrial Law Industrial Law Fnley
Industrial Law Industrial Law Ramanujan
Organic Clemistry Physical Sciaces Canpbell
Eled¢ronics Ergineering Jones
Marketing Management Sudies Nizamuddin
Marketing Management Sudies Scivens

Notice that certain subjects (suchas Basic éounts) appeartwice in the resuts with
differentlecturer names.Thisis becase lecturerswho arein the same department such
as Nzamuddin and Scrirens havehe sane DEPT_NOvalue and both matchthe
UBECTS.BPT_NOvalue for that subject row. So QL liststhe subject twice with
differentlecturers.

Whenyou join tables with a predicate suchasLECTURERS.BPT_NO=
UBECTS.BPT_NO,NULL valuesfor the DEPT_NO column (in both tables)will be
omitted from the results. Alot of commercial SQimplementations usea non-ANS/1S0
standard technigue calledthe outer join to indude NULLs inthe results. Tisis beyond
the scope of this ook andwe will not be disaussing it.

SQLTips
ThelBM SQLproducts only support the inner join but many implementationsincluding
SQLSever, Orade and SQLBasesupport both the inner andthe outer joins.

Chssification of joins.

SQUoins areclass#fied acording to the type of predicatethat they use. Allthe joins that
have been described so far have used theequivalence operator (the =sign) in the
predicateeg. SUBECT®EPT_NO = DEPARTMENT SDEPT_NO.This type of join is called
the equijoin andisthe one most commonly used.Any of the other comparison
operators canalso be usedin defining the predicate, and will leadto non-equijoins.
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L Tips
The ANS/1S0 standard specifiesonly the inner join.

"Joining a table to itself":

The self-join.

SQL'sonceptof joining two or more tablesalso appliesto joining two copiesof the
same table. At first, this may sound strange. Surely the idea bénind the join isto extract
information from related but differenttables.What nformation canwe extract by
joining two copiesof the same table? Well, joining atable to itself, caledthe sef-join
enablesusto perform gqueriesthat exploit relationships within the table itself. Data
retrieved by selfjoins cannot be obtained byanyother type of query.

Therulesgoverning the self-join arethe same asfor any other type of join. Infact if we
think about it, a self-join isjust like anyother join but are where all the joined tables are
identical. This lest fact does presenisame problemsaswe shdl se.

As anexample, consider the LECTURRS tale. If we wanted to list all pairs of lecurers
who work in the same department (ie. have the same DEPT_NO column value), we
could only do this by using a =lf-join query:

SELEAECTURRSSURNAME, LEQURERSURNAME
FROMEQURER3IECTURERS
WHERBPBEPT_NO =DEPT_NO;

LECTURERS SURNAME LECTURERS SURNAME

Waitaminute. Let's look at this query agan. Althoughiit is syntacticallycorred, it doesrit
make sense. Itis clearthat the query istryingto join two copiesof the LECURER&able,
but it's not clearwhich DEPT_NO column is from whichtable. In the last gction, we
leamt that whenyou join two tableswhere column namesare repeatd, you hadto use
the table name prefix to fully identify eachcolumn. When using the sef- join, we are
faced withthe added problem of repeated table names.

Fortunately, QL allowsusto use aliases or temporary namesfor tables.If we re-write
the query using aliasesijt will become obvious what aliasesare and how to use them:
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SELECHURNAME,SSURNAME,F.DEPT_NO
FROMEEAQURERS HE-CTURERS S
WHERE.BEPT_NO=SDEPT_NO;

FSURNAME SSURNAME F.CBPT_NO
Jones Jones 1
Scivens Nizamuddin 3
Scivens Scivens 3
Nizamuddin ~ Nizamuddin 3
Nizamuddin  Scrivens 3
Canpbell Canpbell 5
Ramanujan  Fnley 4
Ramanujan  Ramanujan 4
Fnley Finky 4
Fnley Ramanujan 4

Whenexecuting this query, the DBMStreats the aliases astwo distinct tablesand joins
them accordingly. The rows from the joined tade are checled aganst the predicate and
where FDEPT_NO=SDEPT_NO,theyareretrieved into the resuts table. The FROM
clauseof the query tellsSQL that the first incamation of LECURERS it® be known by
the alias Fand the second incamation, by the alias Shroughout the duration of the
guery. Thismakeslife alot easier. Inthe SHECTclause, the SURNAME columns ae
described as RURNAME and SSURNAME .We usedthe aliasesasthe table name
prefixesfor thesecolumns becausdn the self-join, both table ramesarethe same.

In the WHEREclause, the aliasnamesare agan usedas table name prefixesto specify
the DEPT_NO columns from the first andthe second copiesof the LEQURER&ble.
SQlallowsthe use of aliasnamesfor tablesin all queries, rot just self-joins. Sdor
example if your databaseconsisted of tableswith long names,thenyou could define
and usesimple alissesto refer to them instead.You must remember though that the
aliasonly existsfor asalong asthe query is being executed but most commercial
implementations allow you to define more permanent aliasedor tablescalled
synonyms. Orade for example letsyou usethe CREAESYONYM statement to
assgn a permanent alasto atable.

Theresutsof the previous sef-join query contain redundant data. Forexample, the first
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row lists onestwice. We are only intereged inpairs of different lecturers who work in
the same depatment. Thefirst row only lists one ledurer, Jonesasbeingin department
1. To eliminate suchredundancy, we needto addan extra condition to the WHERE
clause:

SELECHSURNAME,S SURNAME,F.DEPT_NO

FROMEQURERS BEECTURERS S

WHERE.BEPT_NO=SDHE’T_NO

AND F URNAME<> SSURNAME;

FURNAME SURNAME F.CBPT_NO
Scivens Nizamuddin 3
Nizamuddin Scivens 3
Ramanujan Finley 4

Fnley Ramanujan 4

Although this lastcondition getsrid of some of the redundant rows, the remaining pairs
of valuesare still listed twice. eg. Scivenswith Nizamuddin in one row, and Nizamuddin
with Scivens inanother. Such repetiion is usually eliminated by using > or <instead of
<>in the extra condition of the WHER[Elause:

SELECHIURNAME,SSURNAME,F.DEPT_NO
FROMEQURERS BECTURERS S
WHERE.BEPT_NO=SDEPT_NO

AND FSURNAME> SSURNAME:

FIURNAME SURAME F.CEPT_NO
Scivens Nizamuddin 3
Ramanujan Finley 4
"Nesed SHECT mtements™:

The subquery.

We've seen how querieswork andwe've seen how predicateswork. Inthis sction we
will be looking at how to use queriesin the predicates of other queries. Recallthat a
predicate definesa condition whichistested agdanst the rows of the table(s) fom which
data isto beretrieved. Allthoserows which make the predicate condition true are
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retrieved inthe resuts. Asubqguery canalso be usedto provide one or more of the
valuesthat are used inthe predicate. For example, consider this situation, whichis quite
common in live Ldatabases.We want to look at the records of all the examstaken by
Phil 3 MA Aiton. Although we know the student's full name, we do not know his
student number. This isvhere the subquery comesin:

SELECT

FROMEXAMS
WHERETUDENT NO=
(SELECITUDENT NO
FROMSTUDENTS
WHERESRNAME='Ayton’) ;

SUB_NO STUDENT_NO MARK DATE TAKEN
2 3 89 06-08-1984
2 3 51 05-11-1984

TheDBMSexecutesthe subqueryfirst. Thisgenerates a single value of 3 for the
STWENT_NOcolumn from the row where SURNAME s equal to 'Ayton'. TheDBMS
then evaluatesthe full query as usualThepredicate being set to STUDENT NO=3.
When usig the equivalence operator (=) in the predicate, you must makesurethat the
subquery retrievesexactly one value. Thismeans that the subquery must sdectonly
one column in the SEECTIist and must be phrasedso that it retrieves asingle row.

Thecolumn sekcted by the subquery must also be of the same datatype asthe
column it is being compared to in the predcate. Ifthese conditions are not met, then
SQLwill sighal anerror andthe query will be aborted. Thefollowing query contains a
stbquery which selects more than one row and SQLrejects it:

SELECT

FROMEXAMS

WHERSTUWDENT _NO=

(SELECITUDENT_NO

FROMSTUDENTS

WHERBEPT_NO=3);

Error 76: The subquery found more than one value.
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And this variation of the same query selects no rows, and alsofails:
SELECT

FRONMEXAMS

WHEREBTUWDENT NO=

(SELECITUDENT_NO

FROMSTUDENTS

WHERBPBET_NO=365);

Error 75: The subquery did not find any values.

Aggegate functions are allowed inthe subquery aslong asthey do not usethe GROUP
BYor the HAVING clauses.Thereason for this isthat aggegate functions on their own
operate on the whole column and produce a single value asoutput. When usedwith
GRQ@PBYandHAVING, aygregate functions operate on subsets ofvaluesin the column
and produce one value per group asoutput. Bven ifyou phrased thesubquery with
GRQ@PBYso thatthe HAVING claiseretrievesonly one value asoutput, the query will
still be rejected by most QL systems. You canusually get round this restriction by
judicious useof the WHERIElausein the subquery. Let's ook at an example of a
subquery which usesan aggregate function to get the namesof those lecturerswho
earn lesghanthe average payfor all thelecturers:

SELECSURIAME PAY
FROMEQURERS
WHERPAY<

(SELECAVG(PAY)
FROMEQURERS)

Nizamuddin 86790
Canpbell 43570

The ANS/ISO standard requires that the format of the predicate with subquery cannot
change. The subquery always appear after the comparison operator and cannot appear

before. Thus, we cannot re-arrange the previous query to read:

SELECT
FROMEXAMS
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WHERKESELET STUDENT_NO
FFOM STUDBENTS

WHERBPEPT_NO=3)

=STUDENT_NO;

Error 36: Invalid Syntax.

Thismeans ttat you sometimeshaveto reversethe logic of the statement without
changngthe mearing to convert it into a form that SQLcanacept. Sofar, we've have
looked at using subqueriesin predicateswith comparison operators (=,<, >, <, >=, <=).
Thesequeriesnecessarly required the subquery to output a shgle value. You cannot
sayDEPT _NO=12, 14, 7, 9 for example asit doesrit makesense.

Touse subquerieswhich return multiple values, you must usethe IN operator. For
example, to look at all the examstaken by students indepartment number 3:

SELECT

FROMEXAMS
WHERSTUDENT NOIN
(SELECITUDENT_NO
FROMSTUDENTS
WHERBEPT NO=3);

VB NO STUDENT_NO MARK DATE TAKEN
2 3 89 06-08-1984
2 3 51 05-11-1984
5 8 52 05-20-1984

Thepreviousverson of this query failed becase the subquery retrieved more thanone
row. Thedifferencehereisthat the equivalenceoperator (=) hasbeen replacedby the
IN operator. INlooksfor amatching value from the rowsthat areretrieved bythe
stbquery. Athough IN candealwith multiple valuesretrieved by the subquery, the
valuesmust all come from the same field. Thismeansthat you must still specify a shgle
column in the subquery's SHECTelauseandthe column must have the same data type
asthe value that it is being comparedto. Wecanreversethe logic of INwith NOT IN. For
example, in the previous query, we can retieve the examstaken bystudentswho are
not in department number 3 by using NOT IN:
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SELECT

FROMEXAMS
WHERSTUDENT NONOTIN
(SELECITUDENT_NO
FROMSTUDENTS
WHERBEPT NO=3);

UB_NO STUDENT_NO MARK DATE TAKEN
1 1 76 05-23-1984
9 1 42 05-20-1984
3 1 67 05-15-1984
2 2 52 06-05-1984
4 4 34 05-11-1984
10 4 49 06-26-1984
5 5 62 05-03-1984
5 6 70 05-17-1984
5 7 36 05-23-1984
6 9 67 05-15-1984
6 10 82 06-05-1984
6 11 73 06-08-1984
7 12 27 05-11-1984
8 12 56 05-11-1984
8 13 67 06-26-1984
7 13 63 05-03-1984

Because INisesa set of valuesto match ajainst, it canalsobe used inplace of the
equivalerce operator (=). This meansthat we canrephraseone of our earlier queriesas.

SELECT
FROMEXAMS
WHERSTUDENT NOIN
(SELECITUDENT_NO
FROMSTUDENTS
WHERESRNAME="Ayton’) ;
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SUB_NO STUDENT_NO MARK DATE TAKEN
2 3 89 06-08-1984
2 3 51 05-11-1984

Here,we've simply replaced the equivalence operator (=) with IN but the query still
retrievesexactly the same rows. You might well askwhy bother with the equivalence
operator at all? Why not use the INoperator all the time? The answver iswe could, but
the equivalenceoperator isvery usefulin highlighting casesvhere potential errors
could affect the resuts. Inthe above query for example, if there were two students with
the surname Ayton, thenthe query with INwould have retrieved the exam resuts for
both of them. Looking at the resuts, you would mistakenly think that theseexams were
taken by the same person. Theverson of the query, which used theequivalence
operator, would havesimply failed ifthe subquery retrieved two rowsfor Ayton.

Whenwe were discussng aggegate functions, remember we saidthat the value
supplied to the HAVING chuse canalso be geneiated by a subquery. Let's look at an
example wherethis isdone:

SELECSUBNO, SUBNAME, AVG(MARK)
FROMEXAMS

GRQPBYSUBNO

HAVING SUBNO =

(SELECIUBNO

FROMSUBECTS

WHERIPASS =60) ;

2 Erglish Lit 64

Thisquery calallatesthe average mark obtained by studentsin the department whose
budget is 2,510,000.

Theneded queriesthat we've usedso far fave all been second level. TheANS/ISO
stardard itself does rot place any restriction on the number of levelsof nesting that you
canhawe, but practical constraints limit negingto quite alow number. Higher levels of
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neging require fargreaer processing andit becomesdifficult for the readerto follow
what the query istrying to do. Many implementations of SQLregrict subquery nesting
to alow value. You canusually phrase allyour queriesto fit this level of nesting.

"Linked HECT mtements":

The correlated sub query.

We have seen how you canlink two or more tablesin a shgle query by using the SQLQin
operation. Inthis section, we will look at the correlated subquery. This isnother method
of extracting datafrom different tables bylinking them through the subquery. A
stbquery becomesa correlated subquery when it refers to columns from the main
guery'stable. Asyou will see, correlated subqueriesare similar to joins in thet they both
involve comparing each row of atable against every row of another table. Thesimilarity
doesnot endthere. dist aswe canjoin two copiesof the same table, so we canalso
correlate atable to itself.

Anadvancedvarning. Theconcepts of correlated subqueriesare probably the most
difficult in SQLfor abegnner to undergand. Don't worry too much ifyou find this
section a bit confusing on the firstreadng. Aswe've said before, the bestteacher is
experience. Try the queriesgiven for yourself, on your own QL system. Varythe query
to seethe different resultsand you will soon graspthe ideas béind correlated
subqueriesby seeing and by doing.

So,what doesa correlated subquery look like? Well, here'sone:

SELECT

FROMEXAMS

WHERE RJNO IN

(SELECSUBNO

FROMSUBECTS

WHERE SUBCTS.F35<=EXAMSMARK;

UB_NO STUDENT NO MARK DATE TAKEN
1 1 76 05-23-1984
2 3 89 06-08-1984
5 5 62 05-03-1984
5 6 70 05-17-1984
5 8 52 05-20-1984
6 9 67 05-15-1984
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6 10 82 06-05-1984
6 11 73 06-08-1984

Thisquery retrievesrows from the EXAMS talde for those studentswho pass irthe
subject. The EXAMStable is in theouter query andthe STUDENT Stable in the correlated
stbquery (some texts refer to the correlated subquery asthe interblock reference). The
stbquery usesthe phrase WHERE SUBCTS.PS<= KAMSMARKThis is he same as
sayng "where thestudent's mark is equal to more than the passmark for the subject”
Theuseof the column from the table in the outer query, the EXAMSMARKcolumn, in
the subquery isknown asan outer reference.

Although this query may be lessefficient becauseof the interblock referenceand can
probably be better expresed without using it, there are many SQL queriesthat cannot
be performed without the correlated subquery. Thecorrelated sibquery is executed
oncefor eachrow in the outer query. Snhcethe value from the outer query changesfor
eachrow, the inner query resultswill be different for eachouter query row. Thecurrent
outer query row for whichthe subqueryisexecuted iscaled the candidate row. FHgure
showsthe steps nvolved inexecutingthis query.

As wesaidearlier the correlated sibquery canalso refer to two incamations of the
same table (cf. the sef-join). For example:

SELECMSTINCTA.DEPT_NO

FROM.EEQURERS A

WHERE BEPT_NOIN

(SELECOEPT_NO

FROMEEQURERS

WHERE BURNAME<>A.SJRNAME);
ADEPT_NO

Thisquery lists the department numbersfor the departmentsthat have more thanone
lecturer on staff. QL runsthe subquery oncefor eachA.DEPT_NO (eachouter query
row). Thesubquery checksif thereis arother lecturer who isalsoin the same
depatment. (itusesthe SJRNAMEfieldto differentiate betweenthem) Thisquery
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illustratesthe importanceof the correlated sibquery. It isimpossible to perform this
type of query without useof the correlated sibquery.

SELECTFROM EXAMSWHERESUB_NO IN (SELECTSUB NO FFOM SUBECTSVHERE
SUBECTS.FS<= EXAVSMARK)
I\

----- This is theouter reference.

LB NO  STUDENT_NO MARK DATE TAKEN

1 1 76 23-MAY-1984  ------

9 1 42 20-MAY-1984 |

~~ ~~ ~~ ~—~ | Cardidate Row

- - - — |

\|/

Thesubquery is executed using
the value of 76 for the outer
reference.

B NO Thesubquery builds a set

______ of values for whichthe
predicate SUBECTS.F5<=76
is true.

SUB_.NO  STUDBNT_NO MARK DATETAKEN

1 1 76 23MAY-1984 <----- Testthe predicate of the
main query aganst the intermediate set of SUB_NOvalues. Itistrue, so thisrow
is addedto the resuts table.
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SUB NO STUDENT_NO MARK  DATE TAKEN

1 1 76 23-MAY-1984

2 3 89 08-JUN-1984 <--- The subquery is run for
5 5 62 03-MAY-1984  eachrow of the outer
5 6 70 17-MAY-1984 table inturn, andthis
5 8 52 20-MAY-1984  producesthe full

6 9 67 15MAY-1984  resultstable.

6 10 82 05-JUN-1984

6 11 73 08-JUN-1984

"Doesthe subquery retrieve values":

The EXSTSoperator.

TheEXIST Soperator is wsed in the predicate of aquery justlikethe INoperator. EXSTS
must always have a subquery asits argument andit returnstrue if the subquery
retrievesanyvalues.EXISTS retuns fake if the subgquery doesnot retrieve any values.
As a snplified example consider the following query. It retrievesall the rowsin the
UBECT$able only if there is asubject whichhasa passmark of 75%o0r more:

SELECT
FROMSUBECTS
WHEREXISTS
(SELECT
FROMSUBECTS
WHERPASS>=75) ;

UB_NO SUB NAME  DEA_NO CREDITS PASS

Granted that this query doesnot maketoo much sense in the realworld, but it does
sewve toillustrate the useof EXISTS. §Lexecutesthe subquery andfindsthat thereis
only one row, the row for Physiology, for whichthe passmark is geater than 75%.
Becausehe subquery found arow, EXIST8valuatesto true for all rowsin the outer
table. The subquery doesnot make any referenceto the outer table columns soit is only
run once and not once for eachrow of the sub-query. The query will thus retrieve all the
rows from the SUBECT Stable. Notice that the subquery usesthe asterisk in the HECT
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clause.This isbecause EXIST®nly checksif output isproduced bythe subquery. It
doesnit care what actual columns areselected or returned.

EXISTS canlaobe usedwith correlated subqueries.With these, the EXIST8auseis
evaluated separately for each row of the outer query table. EXST Swill return true or
false deperding on the value of eachrow in the outer query table unlike in the previous
example where the subquery was only evaluated once. Thefollowing query usesa
correlated subquery with EXISTS1 liststhe student number for thosestudentswho
have sat more than one exam:

SELECOISTINCTSTUDENT_NO
FROMEXAMS A

WHEREXSTS

(SELECT

FROMEXAMS B

WHERE BTBDENT NO=ASTWENT NO
AND B.$JB_NO <> A.SUB NO);

12
13

Foreachouter query row, the subquery searcheghe EXAVIStable to find rowswhere
the student numbers inboth the outer andthe inner query are the same. The AND
clauseeliminatesthosecaseswhere the student satmore than one examin the same
subject. The DISTINCT keyword isused inthe outer query becausewithout it, the query
would have listed eachstudent number more than once (once for eachexam that they
took).

TheEXIST Sexamples that we have seen so far have been simple querieswith
subqueries. EXIST Scanalso be applied to querieswhere the outer query joinstables.
Forexample, if we wantedto extendthe previous query so that it displayed the
student's name aswell asthe student number, we would haveto use a query which
joined the EXAMS and the STUDENT Stables:
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SELECISTINCTA.STUDENT NO, B SURNAME
FROMEXAMSA, STUDENTS B

WHEREXSTS

(SELECT

FROMEXAMS C

WHERE CTSDENT_NO=A.STWENT NO
AND C.SUDENT NO=B.STUDENT NO

AND C.$JB_NO <>A.SUB NO):;

A.STUDENT NO B.URNAME
1 Duke

4 Patel

12 HungSun
13 Middleton

Theouter query joinsthe EXAMS and the STUDENT Stables. Theextra AND clause (AND
CSTUWDENT _NO =B.STDENT_NO)in the inner query ensuresthat the subquery only
retrievesrowswherethe STUDENT NOvalue from the STUDENT Stable matchesthe
STUWENT_NOvalue from the EXAMS talte. This inturn ensuresthat the right SURNAME
value islisted aganst each STUDENT _NOvalue in the resuts table.

Themearning of EXISTS igeversed byadding the NOTboolean operator. Thusthe
following query liststhe student numbersof those studentswho satonly one exam:

SELECOISTINCTSTUDENT_NO
FROMEXAMS A

WHERE GTEXISTS

(SELECT

FROMEXAMS B

WHERE BTBDENT NO=A.STWENT NO
AND B.3JB_NO <>A.SUB NO);

95

SQL



| TECH COMPUTER EDUCATION SQL

“Two more subquery operators":

The ANYand ALL operators.

We have looked at the IN operator andwe've alsolooked at the EXIST Soperator. Now
let's examine the lasttwo specialized operators usedspecificaly with subqueries.The
ANY (alsocaled SOMEwhich is gnonymouswith ANY) and ALLoperators dffer from
EXISTS inthat they canbe usedwith relational operators.

SQLTips
The ANS/1S0 standard specifiesthat SOMEand ANY can be usedinterchangeally.

TheANY operator evaluatesto true if anyof the values retrieved bythe subquery equal
the outer query column value used inthe predicate. For example the following query
retrievesthe names of the lecturerswho work in a department whichhasa budget of
more than 3,000,000:

SELECSURIAME INITL, DEPT_NO
FROMEQURERS A
WHERE BEPT_NO = ANY

(SELECHDEPT_NO

FRONMDEPARIMENTSB
WHERBUDGET> 3000000) ;

SURNAME INITL DEHA_NO
Jones RA 1

As withthe INandthe EXIST Soperators, the ANY clausealso requires asubquery which
must be anentire SHECTstatement. Inthis example the resut of the subquery isallist
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of B.DEPT_NOvalues. SQlthen tests ifthe value of ADEPT_NOfor the current row is
equal to ANY of the valuesretrieved by the sub-query. If it is,then the = ANY clause
returnstrue.

The=ANY phrase poducesthe same resuts asthe INoperator. Aswell as=, ANY can
alsobe usedwith the other valid SQL comparison operator (=,<, <=, >, >=,<>). We could
have used >in the previous query:

SELECSURIAME, INITL, DEPT_NO
FROMEEQURERS A

WHERE BEPT_NO>ANY
(SELECEDEPT_NO

FRONDEPARTMENT SB
WHERBUDGET>3000000) ;

SURNAME INITL DEHA_NO
Scivens TR 3
Nizamuddin WM 3
Canpbell JG 5
Ramanujan S 4

Fnley GY 4

At firstyou would think that this query would also retrieve the records of thoselecturers
who work in departmentswith budgets more than 3,000,000. Clcser examination revels
that the query actudly retrievesthe rows of thoselecturerswho work in a dgpartment
whichhas adepartment number more than 1. Therow for Jones has leen omitted ashe
works in adepartment where the department number equals1. As bdore, the subquery
selectsthe DEPT_NOvalues for depatmentswith a budget of more than 3,000,000, ie.
1, 5and6. Theouter query predicatereturnstrue for thoserowswhere the ADEPT_NO
value isgreaer thanany one of 1, 5, 6. Thisstrue for all thelecturers except Jones. In
general,> ANY meansgreater thanthe smallest value in the list producedby the
stbquery, and< ANY means lessthanthe largestvalue producedby the subquery.

Note that ANS/1S0 SQlallowsyou to usethe SOMEkeyword in place of ANY.Theyboth
produce exadly the same results. Tlisthe previous query could have been written as:
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SELECSURIAME, INITL, DEPT_NO
FROM.EEQURERS A

WHERE BEPT_NO>SOME
(SELECHDEPT_NO

FRONMDEPARTMENT SB
WHERBUDGET>3000000) ;

SURNAME INITL DEHA_NO
Scivens TR 3
Nizamuddin WM 3
Canpbell JG 5
Ramanujan S 4

Fnley GY 4

Theversatiity of the SQL language meansthat there is usually more than one way of
expressing any query. All querieswhich usethe ANY operator for example, canalsobe
constructed with the EXISSoperator (the reverseis not true though). The queryto list
lecturerswho work in a department with a budget of more than 3,000,000 canthus be
expressed usng EXIST&s:

SELECSURIAME, INITL, DEPT_NO
FROMEQURERS A
WHEREXISTS

(SELECT

FROMDEPARTMENTSB
WHERBUDGE T> 3000000

AND BDEPT_NO=A.DEPT_NO);

URNAME INITL DEH_NO

Jones RA 1
Canpbell JG 5

The EXISTSverdon of the query is lessefficient in terms of the processing it requires.
Thereason for this isthat it's ®rrelated subquery must be executed once for each of
the rowsin the outer table. The ANY version of this query only executesthe subquery
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once. Thevaluesproducedby the subquery, are thenused br all the rows of the outer
table.

TheALL operator returnstrue if allthe valuesselected by the subquery meet the
requirementsdefined bythe predcate. The ALL keyword is used inan $Lquery just as
the ANY keyword. Forexample, the following query liststhe namesof those lecturers
who do not teach hdustrial Law:

SELECSURIAME, INITL
FROM.EEQURERS A

WHERE AUB_NO<> ALL
(SELECH.SJB_NO

FROMSUBECTS B

WHERE BJNAME="Industrial Law’) ;

Jones RA
Scivens TR
Nizamuddin WM
Canpbell JG

SQLexecutesthe subquery first. This producesa SUB_NO value of 5 for the Industrial
Law subjed. The<> ALL condition matchesall the outer table rowswhere A.SJB _NOis
not equalto 5. This levesuswith alist of lecturerswho do not teach hdustrial Law.
Note that if the subquery had producedmore than one value, then the <>ALL would
have made the predicatetrue only for thoserows where A.SJB_NOis ot equal to all
the subquery values.The equivalenceoperator (=)is not usually usedwith ALL because
= ALLwould only make senseif allthe valuesproduced by the subquery are identical
(ASUB_NO cannot equal 5and also8 at the same time).

Sametimes,the subquery producesno values. InthesecasesSQLsetsthe ANY operator
to false for all rows of the outer query, and sets ALL to true for all outer query rows.
Thus ifwe wantedto list thoselecturerswho earnmore than allthose in department
number 12:
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SELECSURIAME, INITL, PAY
FROM.EEQURERS A
WHERE RAY> ALL
(SELECHAY
FROMEEQURERS
WHERBEPT NO=12);

SURNAME INITL PAY

Jones RA 24000
Scivens TR 31800
Nizamuddin WM 86790
Canpbell JG 43570
Ramanujan S 40900
Fnley GY 34210

As thereare no lecturersin department 12, the subquery comesbackempty. Thismeans
that the ALL predicate istrue for allrows. Thusthe query listsall the lecturersbecause
theyall earnmore then theno-existent lecturersof department 12. Smilarly, if wehad
used ANYinsteadof ALL:

SELECSURIAME, INITL, PAY

FROMEQURERS A

WHERE RAY> ANY

(SELECHAY

FROMEQURERS

WHERBPET NO=12);

No matching records found.

TheANY predicateis now falsefor allrows. Sothis query retrievesno rows.

"Comhbining multiple queries™:

The UNION clause.

TheUNIONCclause allowsyou to combine the output of two or more individual queries.
UNION(differsfrom subqueries inthat it is made up of queriesthat are independent
from eachother. UNIONcombinesthe output of theseindividual SELETsand lists them
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as pat of asinge output table. Forexample, to getalist of all students and lecturersin
depatment number 3:

SELECSURIAME, DEPT_NO
FROMSTUDENTS
WHERBHET_NO=3
UNION

SELECSURIAME, DEPT_NO
FROMEQURERS
WHERBPEBEPT_NO =3;

JURNAME DEP_NO

Ayton 3
Brown 3
Mulla 3
Scivens 3
Nizamuddin 3

Notice that the output columns don't have column headings. This i®ecause the
columnsvaluesare from two sepaate tableswhichmay have different headngs (in this
casetheydon't). Hgure shows how SQLexecuesthis query. The UNIONis made up of
two queries,one liststhe studentsin department 3 and the other lists the lecturers.

SQLTips
Same commercialsystems,induding SQLSever and dBaselV do not support the UNION
operation.

SURNAME HARSTNAME D OB  SIUDINTNO DEA NO YER

Duke Htzroy 11-26-1970 1 4 2
Al-Essawy ZadM A 11-26-1970 2 4 2
Layton Hugh 11-16-1971 15 5 1
Wickes Wendy YYW  12-05-1969 16 1 1
THESTUDENTSTABLE
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SELECSURIAME, DEPT_NO
FROMSTUDENTSWHEREDEPT_NO =3

| SQLexecutesthe first query andinternally stores
| the results.

URNAME INITL LECTNO DHEPT_NO 3SUB N GRADE PAY JOINED

Jones RA 1 1 2 E 24000 03-25-1990
Fnley GY 6 4 5 D 34210 03-28-1960
THELECTURERSABLE

SELECSURIAME, DEPT_NO
FROMEQURER®/HERBEPT NO=3
I
| SQLlexecutesthe second query andinternally stores
| theresults.
\|/
I
LURNAME DEPT_NO
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Mulla
Kitson
Grace
Avery
Davis
TABLEB

W oy W WwWww

SQLlinternally combinesresuts tablesA andB and outputs the resuts asa UNION of
thesetables.

Scivens
Nizamuddin

TheANS/1S0 standard applies some restrictions on the use of the UNONCclause. These
include:

- Thecolumns selected bythe individual S ECTstatementsmust be compatible. ie.
each aiery must select the same number of columns and eachcorresponding column

must have the same datatype.

- If one column is specied asNOTNULL, thenthe correspanding column in the other
SELECSatementsmust alsobe NOT NULL

- TheUNIONCclausecannot be used insubqueries.
- Theindividual SHECT statementsin the UNONmust not useaggegate functions.

- Theindividual SH.ECT statements must not usethe ORDER Btlause.
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TheUNIONwill eliminate duplicate rows from the final resultstable by default. This is
the opposite of SEECTstatements, whereduplicate rowsare included inthe results by
defaut. You caninstruct SQLto leave the duplicaterowsin the resultsby using UNION
ALLinsteadof UNION.

Although you cannot use ORDERBYin the individual queries,you canspecfy ordering
on the resuts of the UNION itself. For example, to rephrasethe previous query and
order the resuts alphabeticallyby sumame:

SELECSURIAME, DEPT_NO
FROMLEQURERS
WHERBPBE’T_NO=
(SELEAET_NO
FRONMDEPARIMENTS
WHERBBET NAME="Management Stulies")
UNION
SELECSURIAME, DEPT_NO
FROMSTUDENTS
WHERBEPT NO=
(SELEHET_NO
FRONMDEPARIMENTS
WHERBEPT NAME="'Management Studies")
OFDER BYL ;

JURNAME DEP_NO

Ayton 3
Brown 3
Mulla 3
Nizamuddin 3
Scivens 3

TheORDERBYappears atthe end of the UNIONand actson the resuts producedby it.
ORDER BMsesa column number to define the ordering sequenceinstead of a column
name becausehe resultsof a UNIONquery do not show column names. Thisquery also
shawsusthat, we canuse subqueriesin the individual SELEGTatements of the UNION.
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ADONGAND UPDATNGDATA

SQlallowsdata to be added to, updated inanddeleted from tables byusingthe INSERT,
UPDATE andHEETHata Manipulation Language (DML) commands. ANS/1S0O SQL
refersto all these commands genericallyasthe update commands and this sometimes
causesconfusion becausdJPDATE isalsoa specific SQLcommand. In this ook, we will

be using the word UPDATRo refer to the SQLcommand and update to refer to the

group of commands.

Whenyou useanyof the DML commandsto manipulate the data inthe database, the
DBMSmust be cgpable of carrying out your request aswell as smilar requeds from
other usersof the system. Thismeans that the DBMSmust protectthe overall irtegiity
of the database at all times, preventingthe changesmade by one user from interfering
with thosemade by other userson the system.

"Adding Sirgle Rovsat a Time":

The INSIRT command.

Records areaddedto tables byusing the INSERTommand. Esentially, there are two
variations on this command. Hrst, INSER&atementsthat addrecordsarow at atime.
And second, INSERT statementsthat add severalrowsat a time.

Thesyntax of the shgle-row INSERStatement isshown inFigure. Forexample, to insert
the firstrow into the STUDENT Stable:

INSERTNTOtbI_name
[ (col_cname{,col_name}*])
VALUES yalue { value }*, ) ;

tbl_name
Thename of the table to insertdatainto. This must have been previously defined with
the CRETETABLEcommand.

col_name

Thename of atable column to insert data into. If no column names arementioned, then
it isasumedthat dataisto be INSERED for allthe columns in thetable.
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value

Thevalue to insert into the corresponding table column. GHARtype data must be inside
single-quotes. Thedatain the value listmust correspond to the column names specified
in the column list.

INSERTNTOSTUDENTS
(SURIAME,FIRST_NAME,D_O_B,STUDENT_NO,DEPT_NO, YEAR)
VALUES'Duke', 'Ftzroy', '26-NO\:70', 1, 4, 2);

1 row successfully inserted

Obvboudly, inorder to be able to adddatato atable, the table must have already been
created by using the CRBTE TARE command. TheINEERTcommand does not produce
any output data. Onmost interactive SQLsystemsthough the DBMStellsyou if rows
have been adled, andif so,how many.

Data canonly be INSERHD into tableswhichthe userownsor hasINSERPrivilege on.
In practice,what thismeans isthat you must have created the table or the person who
created it must give you permisgon to inset data by using the GRAT command. The
column listis optional inthe INSER&atement. If alist of columns isspecifed, then the
valueslist must contain the same number of itemsandin the same order. The data type
of each column/value pair must also be compatible.

If no column namesare mentioned, then itisassimedthat dataisto be INSERed for
all mlumns. Thusthe followingis also avalid QL statement:

INSERTNTOSTUWDENTS
VALUES Al-Esswy', 'Zad M A, '26-NO\+70', 2, 4, 2);
1 row successfully inserted.

Thisquery alsoinsertsa row into the STUDENT Stable, but it doesnot specfy a column
list. SQlassimesthat datais tobe addedto all the columns in thetable.

CHAR ype datamust be inside single-quotes,’ '. The DATE-TIMEtype is not defined by
ANS/1S0 sodifferent SQLvendors have different spedfications on how a DATE- TIME
value must be entered.Usually, it isentered agf it isa GHARtype, eg 01271990 or '27-
Jan-1990'.
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You canenter NULLs ascolumn valuesby using the NULLkeyword in placeof a column
value. Inthe SUBECT$able for instance, if you don't know the creditsthat are awarded
for asubject, you could enter NULL for this column:

INSERTNTOSUBECTS
VALUES (1, 'Mathematics',1, NULL, 65 );

1 row successfully inserted.

Columns will also be set to NULL(or the defaut value if one wasdefined inthe CREATE
TABLEtatement) if they are omitted from the column list. Theprevious INSERT could
alsohave been expresed as:

INSERTINTOSUBECT$3UB_NO, SUB_NAME,DEPT_NO, PASS)
VALUES (1, 'Mathematics',1, 65);
1 row successfully inserted.

TheCHRDIT Scolumn is missing from the column list, so SQL sets the value in thiscolumn
to the defaut value. Aswe have not defined a defailt value for this column, SQLenters
aNULLfor this column.

" Adding Multiple Rows at a Tine":

The INSIRT with SEECTcommand.

TheINSERTommand canbe usedto addmore thanone row at atimeto atable if it is
used inconjunction with an appropriate SQLquery. To dothis,the VALUES clase of the
INSERBtatement must be replacedwith a SEECT statement that retrievesthe
required rows from a second table. As arexample, supposewe create atable cdled
BITE EXAMS whichholds those exam resultswhere students have scored 80%or more.
Aneasyway of populating this table would be to extractthe rowsfrom the EXAMS talte
wherethe value for the MARKcolumn is 80%or greder. Aftercreating the

BITE BEXAMS tabe, the following query will populate it:

INSERTINTOELITE EXAMS
SELECTHROM EXAMS
WHERBARK>=80;
2rowsinserted.
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In order for this NSERTo work, the BITE_ EXAM Stable must have the same column
typesasthe EXAMStable and in the same order. Thusthe firsttwo columns of

BITE EXAMSmust be INTEGERypeswith the third column being DECIMAL andthe
fourth DATEOnce itis created and populated, theBLITE EXAVIStable is a database
entity in itsown right. It isnot related to the EXAMStable in any way exceptthat it
shares some of the valuesof that table. S if the data in EXMMSchanges,then SJL does
not passthe changesto BUTE EXAMS.The INSERWith SEECTstatement canbe used
with column names ifyou wishto move only sdeded olumns:

INSERTNTOELITE EXAMS(E_MARK E_STDENT)
SELEQWARK, STUDENT _NO FROM EXAMIS
WHERBMARK>=80;

2 rowsinserted.

This stéement takes only the MARK and the STUDENT_NOcolumns from EXAMS.Of
course,in thiscaseonly the E MARKandthe E_STDENT columns from BUTE EXAMS
will have valid values. SQMWill enter NULLs for the other two columns.

Inthis section, we haveso far seen how queriesare usedwith the INSERT statement to
add datathat alreadyexists inother tables. The SQLlupdate commands, ramely INSERT,
UPDATE and>HETEalso allow the useof sub-queriesaswell as qieriesin targeting
rowsthat you areinterested in. As an @ample consider if we created atable caled
LOW_BIDGETwhichholdsthe records of those students who study in adepartment

with an aanual budget of lessthan 100,000. Thedatathat we need to populate this
table already existsin the university database. The following INSEREdeds qualifying
rows from the STUDENT Stable andaddsthem to the LOW_BIDGETtable:

INSERTNTOLOW_BUDGET

SELECT

FROMSTUDENTS

WHERDBEPT_NOIN

(SELEAET_NO

FRONMDEPARIMENTS

WHERBUDGET< 100000) ;

4 rowsinserted.

Thequery (along with the sub-query) siftsthrough the STUDENTS andhe
DEPARTMENT Stables andfinds the records of those studentswhere the department
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that they study in has abudget of lessthan 100000. It isimportant to note that the
guery (or the sub-query) must not make any reference to the table that INSERT is
operatingon, inour cese, LOW BUDGET. This constraint means thatyou cannot easily
perform updates basedon information contained inthe table that isgoingto be
updated. Inall suchcases,the desired ypdate canbe accomplishedby using two
gueries. Oneaquery to get the information from a table andthe second to update the
table basedon thisinformation. Apart from thisrestriction, allthe material described in
the section on queriesand sub-queriesis ako applicable to queriesand sub-queries
used agart on anINSERTstatement.

"Modifying Data in Rows":

The UPDATEcommand.

TheUPDATEcommand is usedto change the existing valuesof the columns.Init's
simplestform UPDATEonly needsthree pieces of information: the name of the table
whereupdatesare required, the name(s) of the column(s)to update andthe value(s)to
setthe column(s)to. You must have guessd by all the (s)s flying around that UPDATE
canchange the value of more than one columnin a sngle satement.

Inthe LECTURERS thle, for example, the following UPDATEWill set the salay of allthe
lecturersto 25,000:

UPDATELEQURERS

SETPAY=25000;

6 rowsupdated.

When pdating rows, we usually do not want to usesuch awide brushasto change the
column values of all the rowsin the table at once. UPDATEcanbe qualified with an
optional WHERE clause which canspecfy a group of rowsto modify. In the LECTURERS
table for example, if oneshad served long enough to be promoted to grade D seniority,
we could change hisrecord by:

UPDATELEQURERS
SET GRDE='D
WHEREEQ_NO=1;
1 row updated.

If Jonesalso got a payriseto gowith hispromotion, then wecould havemodified these
two columnswith asingle UPDAT Estatement:
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UPDATELEQURERS

SET GRDE="'D', PAY=28000
WHEREEQ NO=1;

1 row updated.

Although the UPDATE steement allows you to modify several columnsin a teble, you
cannot update multiple tableswith a single command. This dllows on from the fact that
table prefixescannot be used withthe column namesin the SETlause.

Scdar expressons canbe usedin the SET lauseasa multiplication factor for example.
Thisis usefll in situations whereyou need to change the valuesof acolumn by a preset
amount. Inthe LECTURERt@&ble for example, if it is university policy to awarda set
percentagepayincrease to all the staff, we canupdate the PAYcolumn by:

UPDATELEQURERS
SETPAY=PAY* 1.05;
6 rows updated.

ThePAY column value for al the lecturerswill be multiplied by1.05 (or in other words, a
5%pay rise). Queliesand sub queriescanalso be used with the UPDATEcommand just
asthey canwith the INSERT. This endlesyou to define complex criteria for choosing
exactly the rowsthat you want to be modified. Asan example, consider this stuation.

As a resulof humanerror, all the exam papersfor subjects offered by the Ergineering
depatment have been marked down by4 percent. To correctthis in he EXAMStable:

UPDATEEXAMS
SETMARK=MARK+ 4
WHERE RJNO=ANY
(SELECIUBNO
FROM3UBECTS
WHERBEPT NO=1);
2 rows updated.

Thequery part of this UPDATE fids all he subjects which haveavalue of 1 in the
DEPT_NOfield. Asthis isa primary key field whichrefersto the DEPARTMENT Stable,
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thiswill only apply to one department, the Engineering department. The subjects
offered by this depatment are Mathematics,Ergineering Drwg., andHedronicsand
arereturned bythe query. TheUPDATE ads4 percent to all exams in thesesubjects.

Thequery part of the previous UPDATErequiresthat you know the value of the
DEPT_NO column for the Engineering department. Inmost real lifecases, you will not
readily have suchinformation at hand. Thismeans that you will either havetoruna
sepagte query on the DEPARTMEIT Stable to getthe value or dternatively, you can
compose an UPDATEcommand with anadditional sub-query:

UPDATEEXAMS

SETMARK=MARK+ 4

WHERE RJNO=ANY

(SELECIUBNO

FROMSUBECTS

WHERPEPT_NO=

(SELEAEPT_NO

FROMDEPARIMENTS
WHEREDEPT_NAME="Engneering’) ) ;

2 rows updated.

At first, you may have been puzZed atthe sequenceof chapters inthis ook. We started
by creating tables,thenwent straight on to disausshow to query the (already
populated)tables.We described howto populate and update the tablesafter the
section on querying tablesbecausen order to fully understand the SQLupdate
commands, you need a frm graspof composing SQLgueries.Trying to make sense of
the lastUPDATEcommand without

"Removing Rows Form Tables™:

The DELEEcommand.

Smner or later you will want to delete some of the data from your tables. This might be
incorrect information or redundant data. SQL &lwsyou to remove data by usingthe
DHETEstatement.

DHETHEallows you to remove one or several rows from tables. This command operates
on entire rows. It doesnot allow you to remove individual fieldvalues.You must remove
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anentire row or not at all. When usedvithout a predicate, DHETEremovesall the rows
from atable. To clearthe BUTE EXAMS tale of all dda:

DEETHROMBITE EXAVS ;
2 rowsdeleted.

As with althe QL update commands, before you candelete from a table, you must
either bethe table'sowner or you must have been gven thenecessary privilegesby the
owner.

Uaually, you do not wantto delete all the rows from the table. DHETEallows the useof
the WHEREclause to selectively remove rows from atable. Inthe STUDENT Stable,
supposethat Wendy Widckes decidedo leave the course,and we wantedto remove
her record from the table. We cando this by:

DHETHROM STUDENTS
WHEREWBRNAME="Wickes' AND FIRSTNAME="Wendy YYW';
1 row deleted.

Although this command doesindeed delete the required row from the table, it is not the
bestmethod. If there had been another student with the same name, thanthat
student's record would also have been removed with this @mmand. Inreal life
situations, where each talde might contain thousands or even hundredsof thousands of
rows, we must be absoltely surethat only the row that we wantto be removedis
deleted.

It isgood policy to first look at the row that isto be deleted by using a SH ECT query,
with the sasme WHERIElauseasthe intended DELET Estatement. To makeabsoltely
sure that only the right row is deleted, it by referencedonly by the primarykey field in
the DEHETEstatement. Thusto remove Wendy Wickes record:

DEETHROM STUDENTS
WHERBSTUDENT NO=16;
1 row deleted.

This is doolproof method of removing only the intended row from our table. Asthe
STUWENT_NO fieldis a ptimary key, it is wique for eachrow and only Wendy YY W
Wickes has avalue of 16 for this column.
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DATAINTESRITY

This setion looksat the conceptsusedby SQLto regrict the information that can be
added to the daabase.Restrictionsare usually thought of asnegaive (constraints,
limitations, confinesetc). Whenthey are applied to data integrty, they do a positive job.
ie. thatof enauring you do not inadvertently addjunk datato the database.Data
integrity regrictionsin effect, act aspolicemen for the database.They are responsible
for protecting the overallintegrity of the datebasefrom rogue datathat maybe
introducedby INSER&nd UPDATEstatements.

"Keepngthe Data Tidy":

The Basicsof Data Integrity.

Bydefinition, arelational databaseis made up of interrelatedtables. The relationships
between each talde being formed byforeignand primary keys. Dataintegrity is
concemed withensuwring that any new data that is added to thetablesis compatible
with the exigting inter-table relationships. Data irtegrity isimplemented by applying
certainredrictionsto the datathat isaddedto andupdated in atable. These
redrictions canbe broadly divided intofour categories; Non-NULL columns, data
validity, table integrity and referential integrity.

"Fields That Must Have Values":

Non-NULL Columns.

Thistype of integrity constraint is theeadestto implement and comply with. It is gplied
to columnsthat must have valid valuesfor all rows in thetable. Theseare usually the
primary keyswhich are usedto uniquely identify eachrow and somust have different
valuesfor eachtable row. Non-NULL columns aresupported by the ANS/1S0 stardard
and areimplemented by use of the NOT NULL column modifier.

A ©lumn must be declaed as NONULLwhenthe table isfirstcreated, inthe CREATE
TABLBtatement. Subsequent INSERBtatementsthat add rowsto the table are
checled by the DBMSto makesure that a value is supplied for the non-NULLdedared
column. This cleck also appliesto UPDATE statements where the DBMSenauresthat
the proposed wpdate supplies avalue for the non-NULL column.

Golumns specifed as NDT NULLare exadly that. They must contain a value that is rot
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NULLfor allrowsin the table. Thismeansthat you cansupply a value of zero for
numerictype columns or spacesfor character type columns. Inensuring thistype of
integrity constraint, the DBMSdoesnot checkand doesnot care if the value supplied is
total nonserse. For example, the SURIAME column in the STUDENT Stable is defned as
NOTNULL But the DBMSwill still allow you to insert a row into STUDENT Seveniif you
specifya SURIAMEvalue of '1230QRTY456'. Obvouslythe surname doesnrt make sense,
but as itisa non-NULLvalue, the DBMS a&ceptsit.

"Values Must be the Right \&lues™:

Data Validity.

This ype of dataintegiity constraint addresses the problem that we touchedon at the
end of the last section. It ensuresthat the right values areinserted into the columns.
TheANS/1S0 standard providesonly limited suypport for confirming data validity. The
DBMSonly guaranteesthat anydata added to a column is of the same type asthe
column. Recall that the daa type of eachcolumn must be specified inthe CREATE
TABLEtatement. Thismeansthat if you try to addatext stringto a numerictype
column, or vice versa,thenthe DBMSwill reject the operation.

Datatype checking still does rot enaure the full validity of the data. We could still add
the '1230QRTY456' value to the SURIAME column of the STUDENT Stable for example.
Thefactthat the value isenclosed insingle quotestells SQIthat it isacharader string.
As far aghe DBMSis concerned, it is alegalvalue for the SURIAMEfield whichwas
declaredasCHAR(5). What we really need to ensure against sucherrorsis amethod of
defining arange or a set of valid valuesfor each column. Although this isnot supported
by the current ANS/10 standard, many commercial SQLsystems vendors provide ways
of checkingthe valuesthat are adledto the table.

Oracle for example hasdata validity chedking built into its dataentry forms package.
This is aepaate program which checksthe data valuesasthey are entered on aform
on the screen. The datavaluesarethus validated before they are submittedto SQL DB2
alsoleavesthe datavalidation to separate programs. It allowsyou to create external
programs caled validation proceduresand assgn them to each tdle. DB2passesthe
proposed NSER&nd UPDATEcolumn valuesto the validation procedure whichchecks
it agdnstits defined parameters. Athough validation proceduresmean thet DB2
doesnot have to extend the SQLanguage to support validity checkirg, they have to be
created by someone with programming experience.
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"Primary keyvalues must be unique":

Entity Integrity.

Aprimarykey in atable has thejob of uniguely identifying eachrow in thetable. It isa
bit like the socialsecurity number that is allocated to you by the state. Ituniquely
identifiesyou as an ndividual. Just asthere would be serious problems ifmore than

one person wasallocated the same social security number, soit iswith primarykeys. If
more than one row in the table hadthe same value for the primary key, then the DBMS
would not be able to distinguish between therows and the overall integity of the table
would be lost.

Therequirement that primary keys must have a dfferent value for each row is one of
the constraints desgned to maintain data integrity. Indatabasejargon, atable isalso
known as an etity (the columns arecaledthe attributes of this entity) and this
constraint is caled theentity integrity constraint.

TheANS/1S0 standard supports entity integrity by use of the PRIMARYKEY modifier.
Primary keys aredefined inthe CREATH ABE statement. The DBMS ensresthat all
INSER&nd UPDATE statementsthat affect the primary key do not duplicate values
that arealreadyin the database.

SQLTips
Fomal support for primary keyswas adledto IBM'sDB2in 1988.

"All Chid Ravs must have parents":

Rderential Integrity.

Fgure illustrates how primary, foreign and parent keys areusedto relate tablesin a
database.The DEPT_NOfield in the LECTBERS thle is aforeign key whichreferencesa
primary key of the same name in the DEPARTMBENT Stable. This fat by itself does rot
tell usmuch. The underlying concept, the reason for this Inkagehowever, does.If we
look solely at the LEQURERS take, then we cansee that R Adonesis on senioiity grade
Eand earns 24,000. We can alsoseethat heworksin department number 3. Giade E
and 24,000 gave us solid information but what doesdepatment number 3 mean? Well,
by itself, not much.

However, if we know that DEPT_NOis a foreign key whichreferencesthe
DEPARTMENT Stable, thenwe could instruct the DBMS tolook up the row in the
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