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Foreword 

• 

The field of systems programming primanly grew out of the efforts of many program­
mers and managers whose creative energy weni into producing practical, utilitarian 
sysrems programs needed by the rapidly growing computer industry. Programming was 
practiced as an art where each programmer invented his own solutions to problems. 
with little guidance beyond !,hat provided by his immediate lllisociates. In 1968, the late 
Ascher Opler. then at IBM. recognized that it was necessary to bring programming 
knowledge rogether in a form that would be accessible to all systems programmers. 
Surveying the state of the art, he decided that enough useful material existed to justify 
a significant codification effort. On bir, recommendation. IBM decided to sponsor The 
Sy.stems Programming Series as a long term project to collect, organize, and publish 
those p rinciples and techniques that would have lasting value throughout the industry. 
Since 1968 nineteen titles have been published in the Series including An lnrroduction 
t(J Database Systems, SL'rth Edition, the most thoroughly revised of all previous edi­
tions. Like its predecessors, the book provides the basis for a solid education in the 
fundamentals of darabase technology and reflects the latest developmems in the field. 

The Series consist<; of an open-ended collection of text-reference books. The con­
tents of each book represent the individual author's view of the subject area and do not 
necessarily reflect the views of the TBM Corporation. Each is organized for course use 
but is detailed enough for reference. 

Representative !Opie areas already published, or that are contemplated to be cov­
ered by the Series, include: database systems. communication systems. graphics sys­
tems. expert systems. and programming process management. Other ropic areas wilt be 
included as the systems programming discipline evolves and develops-

The Editorial Board 
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.. 
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first people anywhere to recQgnize the significance of Codd·s pioneering wock on the 
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Data/Jase Systems: Volume n ( 1983). which covers advanced aspects of the subject: 
Datubas.e: A Primer ( 1983). which treats database systems from the nonspecialist'~ 
point of view; Relational Daiabase: Selected Writings ( 1986). Relational Dara/Jase 
Writings 1985-1989 t 1990). and Relatio11al Dawbase Writings 1989-1991 ( 1992), 
which treat various aspects of relational technology in depth: and a series of books on 
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Mr. Date has also published well over I 00 technical papers and articles and ha~ 
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Preface to the 
Sixth Edition 

• 

The fteld of database technology is suffering from an information explosion-ironi­
cally enough, since information processing ms what database rechnology is supws.ed to 
be all about. Here, for example, is a partial list of professional publications in the field 
that appear in the United States on a regular basis: 

• ACM Transactions on Database Systems (TODS). published quarterly- around 
700 pages per year 

• ACM SIGMOD Record, published quarterly- around 250 pages per year 

• Proceedings of the Annual ACM SIGMOD I111ematio11al Conference 011 Ma11age­
nre111 of Data-around 450 pages per year 

• Proceedings of the Ann11al ACM S/GACT-SIGMOD Symposium on Principles of 
Database Systems-around 350 pages per year 

• Proceedings of the Armual lmemational Co1ifere11ce an Vef)• large Data Bases 
(VLDB )-around 650 pages per year 

• The VLDJJ Journal. published quarterly- around 450 pages per year 

Add to lfie foregoing the various more specialized conferences on distnputed 
database systems. or CAD/CAM datab~es, or expert database systems, or client/server 
systems. or object-oriented systems (etc.)-say eighr or ren conferences a year. with 
proceeclingl) typically running at around 300-350 pages ... add loo the huge number of 
technical reports from universities and industrial research laboratories ... add tlie tx:­
casional papers that appear in the publications or related disciplines. such as office 
automation. artificial intelligence, and programmi,ng languages ... add the trade jour­
nals such as Data Base Newsletter, Da1abe1se Revi11w. hrfoDB, Dmal;ase Programming 
& Design, etc., etc .. which together represent many thousand~ of pages per year ... add 
the trade shows such as Dmabase World and DB/Expo, each with trs own voluminous 
set of proceedings ... add the vendor reference manuals and oLher document!> describ­
ing various commercial produces. each with a new release every 18 months or so .. 
add the numerous textbooks now available thnt have the word "dmnbase" somewhere 
in their title .. _ and it becomes apparent that there are (conservalively) somewhere in 
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x Preface to the Sixth Edltion 

excess or 100.000 pages of new material published every year. Lt is thus clearly impo~'­
~1ble to keep abrea.~L of everything that is happening in the dlitabase. field_ 

From all of the above. it follows that the present book-despite its inordinate 
Ieng ch, for which I apologize'---<:an only be, as its title indicates, an incroduction ro the 
subject. not an exhaustive treatment. Because of the explosive growth of the field. 
moreover. even wllat it is that constitutes ""a good introduction'' to the subject changes 
fairly rapidly; as a result. this new (sixth) edition of the book is once again so different 
from its predecessor chat it is to all intents and purposes a brand new book. The overall 
objective remains Lhe same, however-namely. to provide the basis for a solid educa­
tion in the fundamental!\ of database technology, and in particular to pave the way for 
an understanding of the directions in which the field is currently developing and is 
Likely to develop in the future. The book is intended primarily as a textbook. not a work 
of reference. !hough to some ex rem I am hopeful that it can serve the fatter purpose also. 
The emphasis is on insight. not algorithms. 

Prerequisite.f: Readers are assumed to be professionally interes1ed in some aspect 
of data processing: they may. for example. be systems analysts or designers. applica­
Lion programmer!>, ~ystems programme~. students following a callegi: or similar 
course in computer science. or teachers o[such a course. They are expected: 

• To have a reasonable appreciation of the capabilities of a modem computer system. 
especially the file-management features of such. a system (though the book does 
include an appendix that 11rovides a tutorial overview of this latter topic); 

• To have some familiarity with at least one high-level programming language. 

Since these prerequiSices are not particuJarly demanding, however. lam llopeful that 
the book will prove suitable as an introductory te~xt for anyone concerned with using or 
implementing a database system. or for anyone who simply wishes to broaden a general 
knowledge of the computer science field. 

The book is di'Videdlnto six major parts. as follows: 

I. Basic Concepts 

ll. The Relational Model 

JU. Dru.aba:.e Design 

IV. Datu Protection 

V Funher Topics 

VI ObJCc~Oriented Systems 

E.ach part in mm is divided Into several chapters: 

• Part r (three chapters) provides a broad introduc..-iion to the concepts of database 
~y~tem!> in general and relational database systems in particular. 

• Pan n !live cllapters I. which IS che longest pan of cbe book-indeed. it is almost a 
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Preface to the Sheth Edition xi 

book within a book---consists of a derailed and very careful examination of the 
relational model, which is not only the theoretical foundation underlying today's 
relational products, but is in fact the 1heoretical foundation for the entire database 
field.* A lengthy chapter on the major concepts of the standard relational language 
SQL is also included. 

• Part ill (four chapters) discusses the general question of database design; three 
chapi.ers are devoted to design theory and one to the entity/relationship model. 

• Part IV (four chapters) is concerned with various aspects of the data protection 
problem. Specifically. it discusses the concepts of recovery. concurrency, security. 
and integrity in a database environment . 

• P art V (five chapters) shows how the ideas of the relational model are relevant to a 
variety of further aspects of database tecbnology-qptimization, distribu1ed 
database precessing, view support, and so on. 

• Finally. Part V1 (four chapters) describes the important new object-oriented ap­
proach to database systems. Chapter 25 in particular (the last in the book) considerS 
the possibility of a rapprochement between object-oriented and retatlonaJ technol­
ogy. 

In addi tion, there are four appendixes--one on file management and physical stor­
age structures (as already mentioned), one on a commercial relalional system (IBM's 
DB2 product), one on the comparatively new field oflogic-based systems, and one that 
lists some important abbreviations and acronyms. 

The book overall is meant to be read in sequence more or less as written. Each 
chapter opens with an introduction and closes With a summary: in addition, most c hap­
ters include a set of exercises. usual! y with answers (often the answers give additional 
information aboLLt the subject of the exercise). Mosl chapters also include an exrensive 
list of references, many of them annotated. Thls structure allows the subjecl macter 10 
be treated in a multilevel fashion, with the mos1 imporran1 concep.ts and results !being 
presented "in line" lo the main body of the lext and various subsidiary issues and more 
complex aspects befog deferred to the Exercises. Answers, or References sections. as 
appropriate. 

Nore: References are identified in the texl by two-part numbers in square brackets. 
For example. che reference "[4. IT' refers to the first i1em in the list of references a1 Lhe 
end of Chap1er 4, namely. a paper by E. F. Codd published in Commu11ica1ions of rhe 
ACM (CACM). Vol. 13. No. 6 (JLLne 1910). 

For readers who mighl be familiar with Lhe previous edition of the book. the major 
differences from that edition are summarized below. 

• Part I: Chapters 1-2 cover roughly the same ground as Chapters 1-2 in the previ­
ous edition. but they have been rewriucn, and the treaunent of certarn topics (e.g., 

• liy hnppy coonc1dl!nc~. 1hl1 bl>ok\ planned publl<::11ion tlntl.' coincide~ nirno,1 c•n~1ly "'hh Ille rcla1ton11l 
mod~I ·~ sih tr nnni>'l.'rsllry (Codd'~ first publicu&inn on the >ubjccll I .f.21 wa~ dated AugU\I I 91h, 1969). 
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xii Preface to the Sixth Edition 

diem/server processing) has been improved and amplified. Chapter 3 is new: it 
provides a gentle introduction to some of the material to be covered in more detail 
in later pans of the book (especial! y Part 11). 

• Ptlrt 11: Chapter 4-7 Con the relational model) represent a complerely l'ewriuen, 
considerably expanded. and very much improved version of Chapters I 1-15 from 
the pre' ious edition. Chapter 8 (on the SQL language) is a condepsed and consid­
erably revised version of material from Chapters 5-6 and 9 (and elsewhere) from 
that edition. 

Note; Some word5 of explanation are in order here. P revious editions of this 
b<.X>k discussed commercial re.Jational systems, and in particular the commercial 
SQL language. before getting into details of the theeretical relational model; this 
was done in the belief that it is usually easier on the student to show the concrete 
before the abstract. Unfortunately, however. the gulf between SQL and the rela-
1ional model has grown so wide that l now feel it would be actively miSICJ1ding10 
treat SQL fir~I. In fact. SQL in its present forrn is so far from being a true embodi­
ment of relational principles~it suffers from so many sins of both omission and 
commis!iion-that I would hnve preferred IQ relegate it to an appendix in this edi­
tion; but the language is so imp,0rtant from a commercial point of view (and every 
dmabase professional needs to have some famlliadty with it) 1hat ir would simply 
not be appropriate to treat it in so dismissive a manner. 1 have therefore serried on 
a compromise-a long chapter on SQL basics in this part Of the book, and individ­
ual sections in subsequent chapte.r:s desuribing those aspects of SQL that are spe­
ctfic to the subjecn of thechaprer in question (where applicable). 

Incidentally. all SQL discussions in this edition are at tbe level of the current 
SQL s1andard known lnfoanally as "SQU92." 

• Pnl'I Ill: Ch<1pter 9 (on functiona.I dependenciesl is almost entirely new. Chapters 
I 0 and I l represent a major revision and expansion of the old Chapter 2 1. Chapter 
12 is a rewrite of the old Chapter 22 (the material on the entity/relationship model 
hus heen amplified and the !llALerial on RM!I' bas been dropped). 

Again, some explanation is in order. Many reviewer.s compJaioed that the pre­
' ious edition treated database design is$ues far too late. IL is my own feeli ng that 
students are simply not ready to design databases properly or to appreciate design 
ls~uel. until they have some understandingofwha.1 databasesru:e and how they are 
used, in oiher words, I believe iI is important to spend some time on the relniional 
model and related matters before exposing the srudent to database design ques­
tionl> However. I do agree that it is possible to treat design mauers earlier Lhan the 
fll"e\ iou' edi t.ion djd, and I buve accordingly done so in th.is edition. 

• Part IV: The four ch1,1pttirb or tbb pa11 represent a major revision and expansion of 
Chapters 16 rind 17 from the previous edil ion. 

• P1111 V. Chapters 18 Con optimization) and 21 (01i dilltributed dlltabase) are ex­
panded and signiticantJy revised versions of the old Chirpters J 8 and 23, respcc­

Livcl). Chapter 17 (on views) ts almosLcompletely new (it replaces the old Chapter 
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Preface to the Sixt'1 Edition xiii 

8}; in panicular. it includes some important new results regarding view updatabil­
icy. Chapters 19 (on domains) and 20 (on missing infonnation) are both new. 

• Parr VI: This part is almost cqmpletely new, though certai11 portion&Qf the material 
did appear in Chapter 25 in the previous edition. 

Finally. Appendixes A, B, and C replace. the old Chapters 3. 4. llnd 24. respec­
tively, and Appendix Dis an updated version of the old Appendix D. 

Jn addition to the changes sketched above. tbe foUowing. topics bave been (mostly) 
dropped f rom this edition: 

• l NGRES (old Chapter 10) 

• Frontend subsystems (old Chapter 19) 

• Administration facili ties (old Chapter 20) 

• RMrr (part of the o ld Chapter 22) 

• Further research topics (old Chapter 26) 

• P rerelational systems (old Appendixes A. B, and C) 

Several readers of the previous edition felt that these topics were somewhat peripheral 
to the book's main theme; in an attempt to keep the book down to a comparatively 
manageable size, therefore (and also to keep it more focused), it seemed reasonable to 
drop them from this new edition. 

One further introductory remark~ The previous editlon included tbe qualifier Vol-
11me I in lLS title. That was because at that Lime there was a sequel. A11 lnrrodtu:tion to 
Dlltabase Systems: Volume l1 (first edition, Addison- Wesley, 1983). Volume D is stilJ 
in print and is sti ll reasonably current: over the years. however. much of the material of 
Volume J1 has found its way into Volume I as well with the result that Lhe "Volume I 
vs. Volume ll'' spJit no longer makes much sense. I have therefore decided to drop the 
"Volume I'' qualifier from the title of this edition. 

1 would like to close these prefatory notes with the following edited extract from 
another preface-Bertrand Russell'$ own preface to The Benrand R11ssef/ Diclianar:t' 
o.f M ind, Marter and Morals (ed .. LeRter E. Denonn). Citadel Presfi, 1993. reprihted! here 
by permission: 

I hove been oca11setl of ti lwl1it of dw11gi11g my 11pi11ian.v ... . I am 111lt 111yselfl11 tm.r 
de.1<ree ashamed of /that habit/. Wlwr physicist 1~·hu was alruudy active in 1900 
would dream of boastirrg rlwt his opi11h111s had 11ut rhanged during the lc1.1r ha(( 
ce11Y11ry? . .. The kind of philo.rnph.1• lht11 l 1ial11e 1111d lull'e entfetlVm1red ri> 1nu·s11e 
is sciemffic, in the sense that there is some defi1111e knowledge Ill he ohtained and 
rhar new discoverie.f can make the atimlfshm af fanner error i11e11itublc tr/ any 
candid mind. For what I hm•e Mtid, whether earl.\' or fare, I dri 1w1 l'lai1111he !..i11d '!( 
trLLlh wlriclt 1/11wlbgiwu t:laimfnr tltl'it <' l'i!t!d1. I dllill1 t111I.\'. m bl'.W, thm t/11• op111-
io11 expressed ll'GS a sensi/Jla one w lwhl ot the t11111•, . .. / ,1.,1111/ld he 111ud1 surprised 
if .mb.veq111mt re.\'C!(irch did nm .1how tlw11111t>eded 1<1 ht• m1Jdijied. I Suell apinin11.1 
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were 1101 /intended as pcmtifu:a/ pruno1111ct!ma11ts, bu1 only a.~ the best I t'l>uld do at 
tile 1ime towards rlre promotion of clear and accurate thinking. Clarity, above all. 
has been my aim. 

Readers of earlier editions of this book. if !hey study lhe present edition. will find that 
I 100 have changed my opinions on many matters (and wiJI no doubt continue to do so). 
I hope they wi'll accept lhe remarks quoted above as adequate j ustilication for this state 
of affairs. I shareBertrilnd Russell's perception ofwhatlheiield of scientific inquiry is 
all about. but he expresses that perception far more eloquently than I could hope to do. 

For information about the on-line lnstructor's Manual which complements this 
book, mllil may be sent ti;> date@aw.com. To obtain an information Ille. type in for­
mat ion on the subject line and send inf ormation in the body of the text. 
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PART I 

BASIC CONCEPTS 
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Part I consists of three introductory chaprers. 

• Chapter 1 sets the scene by explaining wha1 a database is and why database sys­
tems are generally desirable. It also very briefly discusses the difference between 
relational database systems.and others. 

• Next, Ch:tpter2 presents a general architecture for database systems. the so•called 
ANSI/SPARC architecture. Thar architecture serves as a framework on which all 
larer chapters in the book will build. 

• Chapter 3 then presents a broad overview of relational systems. in order to serve as 
a geTitle introduction to the much more comprehensive discussions of the same 
subject to follow in later parts of 1he book. ii also provides a brief intrOduction to 
the srnndard relational language SQL. and introduces and explains che running ex­
ample (the suppliers-and-parts database). 
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1 An Overview of 
Database Management 

1.1 An Introductory Example 

A database sy.stem is essentially nothing _more than a computerized record-keceping 
system. The database itself can be regarded as a kind of electronic filing cabine1; in 
01her words. ii is a reposi1ory fora collection of computerized data files. The user of the 
sysiem wil I be gi ventaci lilies to perform a variety of operations on such files, including 
the following;among others: 

• Adding new, emJ?lY files to the database 

• Inserting new data into existing files 

• Retrieving data from existing files 

• Updating data in existing fi les 

• Deleting data from eJlisting files 

• Removing existing mes, empty or olherwise. from the database 

By way ofinustration. Fig. I. I shows a very small database ccmtainingjust a single 
file. c;alled CELLAR. which in tum contains data concerning the contents of a wine 
cellar. Fig. 1.2 shows an example of a retrieval operation against tfiat database, to­
gether with the data (more accurately. the resulr-but iris usual in database contexls to 
refer to results as data also) returned from chat retrieval. Nore: Throughout I.his book we 
show all database operations and suchlike matedaJ in uppercase for cladty. In practice, 
it is often more convenient 10 enter such material in lower case. Most systems wi ll 
accept both. 

Fig. l.3 gives examples. all more or less self-explanatory, of inser t, update, and 
delete operations on the wine cellar databa~e. EK~mples of adding and removing entire 
Oles will be given 1 at er, iu Chapters 3 and 4. 

To conclude this introductory secuon, a few final remarks: 

• Fir~t. for obvious i:easons, computerized files such as CELLAR in the example are 
frequently referred to as tab les rather than files (ln fact, they are r ela tional 
table.<i-see Section 1.6). 
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Chapter 1 An Overview of Database Management 3 

filN W.lNE PROODCER \'£AR JlOnLES R£ADV 

2 Chardonnay Buena Vlsta 912 L 94 
3 Chardonnay Geyee?;, llea k 92 5 94 
6 Chardonnay Stonestr -c 9i 4 93 

12 cro. Riesl ing J ekel 9l l 94 
21 Fume Blanc: Ch . Si: . Je.in 92 4 94 
22 Furn~ lllanc: Robi:;. l>fo nda vi. ql 2 'l .3 
30 i;>e wu=i:ralt\lner Ch. St. Jean 93 3 94 
43 Cab. Sauvignon Wind'!ior S.6 12 95 
45 Cab. Sauvignon Geyser "Peak 89 12 97 
4il Cab. Sa uvignort Rob t. Monclavi es 12 99 
50 Plnot Noir Gary Farrell 91 l ~ 
5l Pei.not !-~air Ste mmJ.er 98 3 95 
52 P.inot Noir DehlinJijer 90 l 93 
58 Me.r.lot Clos du Bois 89 9 95 
64 Zintande l Ly ti;on Spring 89 9 98 
72 Z.infande.1 Raf'ane lll 90 2 9g 

AG. 1. t The wine ce llar database (CEUAR file) 

• Sec0<nd, the rows of such a table can be thought of as representing the records of 
the file (sometimes referred to explicitly as logical records, to disting uish I.hem 
from other kinds of records 10 be discussed later). Likewise, the columns can be 
regarded as representing the nelds of those logical records. ln this boo k, we will 
lend to use the "record'' and "field" terminology when we are talking about 
dafilbase sy~tems in general. the "row" and "col1,1mn" terminology when we are 
talking about relational systems specificalJy. (AcruaJly. when we gel ro our more 
fonnal relational discussions in later parts of 1he book, we will switc h to more 
formaJ terms anyway.) 

Re~1'Leval : 

SELECT WINE, Bn;. PRODUCER 
FROM CELLAR 

WHBRE READY -; 9 5 

l!esuJc (as shown on, e.g., a ai.splay screen): 

Cab, Sauvig:nQn 
Pino~ Noir 
Mer lot 

Bil'l PROWCER 

43 WinpsQr 
51 Stemmler 
5 8 Clos du BOU! 

FIG. 1.2 Sample retrieval againstthe wine eel la r database 
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4 Part I Basic CorrceptS 

Imerclng new rlac": 

WSE?T 
tllTO ELLA~ am. ~am:. PPODtlCER. {T....AF, sotn ES. P£ADY 

VALUES S;. 'Pin t No r•. Sa r.t bury•. · 2, .1, · 6 

Updating ex1sttng datat 

OF!lhTE CELLA:< 
SET BOTTLES ~ 

i/lit:R E BTN ~ '3 1 

DELETE: 
FROM CELLA?: 

~JJlE:Rt: Sl!l ~ 2 

FIG. 1.3 INSERT, UPDATE, a111d DH.EJE examples 

• Third. I.he SELECT, rNSERT, UPDATE, and DELETE OlJCrations shown in Fjgs. 
1.2 and 1.3 nbove are actually all examples of statements from a database language 
called SQL. SQL is the language currently supported by most commercial 
database products: in ract. it is the official <>tandard language for dealing with refa­
tional systems (see further discusf.ion in Section J ,6 below). The n3.me .. SQL" was 
originally an abbreviation for "Structured Query Language," and was pronounced 
"i.equel." Now tha1the1.aoguage has become a ~tandard, however, the name i~ just 
a name-it Is not officially an abbreviation for anything at all-and the pendulum 
ha.<> c;wung in favor of the pronunciation "ess--cue-e!L" We will assume this latter 
pronunciation in this book. 

1.2 What Is a Database System? 

To repeat from Section l. I. a database system is ba.c;ically a computerized record­
keeping system; that is, it is a computeri1-ed system whose overaU purpose is to main­
tain information and to make that infonnation availabJe on demand. The information 
concerned can be anyth1ng that is deemed to be of significance to the individual or 
orgruw..ation the sysiem is intended 10 serve-anything, in other words, that is needed to 
assist in the general prooess of running the business of that individual or organizatlon. 

/\'(Jee: The term~ "data" and " information" are 1rea1ed as ~ynonymou~ in thl~ boo)... 
Some writer\ prefer to distinguish between lhe two, using ''datn" to refer to the values 
actually stored in the database and ·'information'' 10 refer to the mea11i111: of those value5 
a' undemood by some user. The dhtinction ii. clearly import.am-so imponant that it 
seem\ preferable 10 make jl exnlicit, where relevant, inMead o r relying on a some\\ hilt 
arbitrary di.1Terenlia11on between two e~~ntially similar term.c;.. 
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Chapter 1 An Overview of Database Management 

Database management sySlem (DBMSI 

/ 

t+~i..--

Application 
programs 

/ 

'/ ,. ,. 
/ 

/ 

------
-

Database 
I 

I / 

FIG. 1.4 Simplified picture of a database system 

,, ,, 

5 

( ) 

End users 

Pig. 1.4 shows a greatly simplified view of a database system. The figure i~ in­
tended to illul>trate the p<>int that a database l>yMem involves four major component:.. 
namely, data. hardware, sofu\·are, and users. We consider Lhese four comp0nents 
briefly beJow. Later. of course. we will discuss each in much more detail (except for the 
hardware componeru. most details of which are beyond the scope of thil> book). 

Data 

Database systems are available on macbmes that range all the way from quite ~mall 
micros (even portable PCs) LO Lhe largest mainframe~. Needless IO ~ay, the facilities 
provided by any given system are to some extent determined by the ~fae and power of 
the underJying machine. In particular, systems on large machine~ ("large sybleim .. ) 
tend LO be m11lti-11ser, whereas those on smaller machines ("small ~ystem~" J tend to be 
sil1gle-user. A single-user sy!>'tem is a system in which nt most one user can access the 
databai;e at any given time; a muJtl-user system is a system ia which maay u'crs e<in 
accesi, the database concurreriuy As Fig. 1.4 ~ug~Ls, we will normally aM.ume the 
latter case in this book. for generality. but in fact the dic;Linctiort i\ largely irrelevan1 so 
far as most users are concerned: A maJor objecuve of most mulll·u~er ~ysteins ii, pre­
cisely to allow each individual ui.er to behave as 1f he or ~he .,., ere working with a 
single·u~er '>y'>tem. The 1>pcclal problemi, or multi-u1>cr ~y.,tem~ ure primarily problem\ 
that are 111temal to the i;yi;mm. no1 ones that are visible w the u~er C~ee Part IV of th1~ 
book. ~peciolly Chapter 14 ). 

lncidcnutlly, it i!> usually convenient to as~umi,: for the ~11ke of '>implicity that the 
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6 Part I Basic Concepts 

turality or dal<l stored tn the system is all held in a single database. and we will nonnally 
make thii. assumption. since it does not materially affecL any of our other diseussions. 
Ln practice. however, there might be good reasons. even in a small system, wby the data 
should be split across severlil dlstinc1 da1abases. We wlll touch on some of those rea­
sons elsewhere in this book (e.g .. in Chapter 2). 

In general, then. the data in the databa,se-at least in a large system-will be both 
imegrcued and shtired. As we will see in Se~tion 1.4, these two aspects, data inLegralion 
and data sharing. represeni a major advantage of database systems in the "large" envi­
ronment: and data integration. at least. can be significam in the ''small" environment 
also. Of course. 1here are many additional advantages also (to be discussed later), even 
in the small environment. But first let us explain what we mean by the terms "inte­
grated'' and "shared." 

• By integrated, we mean that the database can be thought of as a unification of 
several otherwise distinct data files. with any redundancy among those files wholly 
or partly eliminated. E'or example, a given database might contain both an 
EMPLOYEE file. giving employee names. addresses, departments, salaries. etc., 
and an ENROLLMENT file. representing the enrollment of employees in training 
course.' (refer to Fig. 1.5). ~ow suppose that. in order to carry out the process of 
trainingeourse administration. it i~ n_ecessnry to know the department for each en­
rolled s1udent. Then there is clearly no need ro include tha1 infonnation. redun­
dantly, in the ENROLLMENT file, because it can always be discovered by refer­
ring to the EMP.LOYEE file instead. 

• By shared, we mean that individual pieces of data in the database can be shared 
among i.-everal different users, in the sense that each of those users can have access 
to the same piece of data (and different users can use it for cltlfereni purposes). As 
indicated earlier, d ifferem users can even be accessing the same piece of data at the 
same rime ("concurrent access"). Such sharing (concurrent or otherwise) is partly 
a con&equence of Lhe fact that the database is integrated. In the E~YEE­
ENROLLMENT ex.ample cited above, the department infonna1ion in the 
EMPLOYEE file would typically be shared by users in the Personnel Department 
aml users in the Educalion Department-and. as suggested above, thGse two 
c la~ses of u Ser.. would ~ypical I y use that information for differem purposes. 

AnoU1er consequence of the fact that the database is integrated L~ that any given 
user will typically be concerned only with some small portion of the total database 

EMP [NA11E I IU)OP.5SS I DE.PARTMENT I SAL.AEY 

0 I ·~Etl. [ !:.•.~IE I 1.:oUP.SEl I ... 

FIG. 1.S ThP EMPlO'fEE and ENROLLMENT files 
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(m(>reover. different users' portions wlU overlap in many different ways). ln other 
words, a given database will be perceived by different users in a variety of different 
ways. In fact, even when two users share the same portion of rhe database. their views 
of lhat portion might differ cons1d~rably at a detailed level. Tim, lauer point is discu.~sed 
more fully in Section 1.5 and in the next chapter. 

Hardware 

The bard ware portions of the s~tem consil.t of: 

• The secondary storage volumes-I) pically moving-bead magnetic dis~at are 
used IO bold tbe Stored data, together witb the associated 1/0 devices (disk drives. 
etc.). device controllers. 1/0 channels, and so forth; and 

• The processor(~) and as:;ociated main memory that are used to support the execu­
tion of the database system software (~ee the next subsection below). 

This book does not concern itself very greatly with the hardware portions of the 
system. for the following reasons among others: First. these aspects fonn a major topic 
in their own right; second, the problems encoun1ered in this area are not peculiar to 
database systems; and third, those problems bave been very thoroughly investigated 
and documented in numerous other places. 

Software 

Between the physical database itself (i.e .. ·the data as actually stored) and the users of 
the system is a layer of software, the data base manager (DB manager) or, more usu­
any. database management system (DBMS). All reguesL~ from usets for access to the 
databa<>e are handled by the DBMS: the facilities sketched in Seetion I. I for adding and 
removing files (or tables), retrieving data from and updating data in such files or tables. 
and so forth, are all facilities pl'oVided b-y lbe DBMS One general function provided b) 
the DBMS is thus the. shieldill!J of dmabase u.rers from Jzardware-/ei•el details tmuch 
as programming-language systems shield application programmers from hardware­
level detaib). ln other words, the DBMS provides users with a view of the databa~e that 
i~ elevated somewhat above the hardware level. and suppons user operations (such ib. 

the SQL operations discu:>sed brieO) in Section 1.1) that are expressed in tenns of that 
higher-level view. We shall discuss this function. and other functions of the DBMS. in 
con~iderably more detail throughout tbe blid) of th.U. book. 

Note: The DBMS is easily the most important software component III the overall 
system. but it is not tbe only one. Others include utilnies. application developmen1 
tools, design aids. report writers. and so on. See Chapter'.! for funber discus~ion. 

Users 

We consider three broad classes of users: 

• First, there a.re the applltation programmers.who :ire responsible for wnung up-
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plication programs that use the database. typically in a language such as COBOL 
or PUI or some more modern language such as C or Pascal. Those programs oper­
ate on the data in all the usual ways- retrieving existing information, inserting new 
infonnation. deleting or changing existing information. All of these functions are 
of course performed by issuing the appropriate request to the DBMS. The pro­
grams themselves may be conventional batch applications, or they may be online 
applications. whose function is to support an end user(see the next paragraph) who 
is accessing the database from an online workstation or tenninal. Most modem 
applications are of the on line variety. 

• The second class of user, then. is end users, who imeraot with the system from 
online workstations or terminals. A given end user can access the database via 
one of the on line applications mentioned in the previous paragraph. or he or she 
can use an interface provided as an integral part of the database system soft­
ware. Such interfaces are also supported by means of online applications, of 
course. but those applications are builtin, TIOt user-written. Most systems pro­
vide at least one such builtin application, namely an interactive- query lan­
guage processor, by which the user i.s able to issue high- level commands or 
statements (such as S ELECT. INSERT. etc.) to the DBMS. The Janguage SQL 
mentioned in Section I . I can be regarded as a typieal example of a database 
query language. 

Note: The tem1 "query language," common though it is, is really a misnomer, 
inasmuch as the English verb ··query" suggests rerrievdl (only), whereas query lan­
guages typically provide UPDATE. lNSERT, and DELETE eperations (and pcob­
ably other operations,) as well. 

Most systems also provide additional builtin interfaces in which users do 
not issue explicit command~ such as SELECT at all, but instead operate by 
te.g.) choosing Items from a menu or filling in boxes on a form. Such menu- or 
forms-driven interfaces tend ro be easier to use for people who do not have a 
formal training in liT (lT ; Lnfonnation Technology; the abbreviation JS = 
Information Systems is often used with much the same meaning). By contrast, 
command-d riven interfaces-i.e., query languages-do tend to require acer­
tain amount of prnfessicmal IT expertise. though perhaps not a very great deal 
(obviously not as much as is needed to write an application program in a lan­
guage like COBOL). Theo again, a command-driven inteJTface is likely to be 
more flexible than a menu- or forms-driven one, in that query languages 
typically provjde certain functions that are not supported by those other inter­
faces. 

• The third class of user (net shown in Fig. 1.4) is the da tabase administrator or 
DBA. Discussion of the OBA function-and the associated (very important) data 
administrator funot ion-is deferred to Sections I .4 and 2. 7. 

This completes our preliminary description of the major aspects of a database sys­
tem. We now go on lo discu!>s the ideai. in somewhat more detail. 
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1.3 What Is a Database? 

Persistent Data 

It is customary to refer to the data in a database as "persistent'' (even though it might 
not actually persist for very long!). By ··persistent," we mean to sugges1 thac database 
daca differs in kind from other, more ephemeral, data, such a~ input data, output da1a, 
control statements, work queurs. softwaie control blocks, intermediate results, and 
more generally any data that is transient in nature. Let us elaborate briefly on the terms 
"input data'' and "output data": 

• "Input data" refers to information entering the sys1em for the very first time (typi­
cally from a tenninal orwockstation). Such ilifonnation miglll cause achange to be 
made to the persistent data (it might become part of the persistent data). bu1 it is not 
initiially part of the database as such. 

• Similarly, "ou1pu1 data" refers co mes'.Sages and results emanating from the system 
(typically printed or displayed on a screen). Again. such information mighl be derived 

from the persistent data, but it is not irself considered to be part of the database. 

Of course, the distinction between persis1ent and transient data is not a hard and 
fast one-it depends to some extent on coruex1 (i.e., how I.he data is being used). How­
ever, ass Urning that the distinction does at least make some in1uitive sense. we can now 
give a slightly more precise definition of the term "database'': 

• A database consists of some collection of persistent data that is used by 1he appli­
Gation systems of some given enterprise. 

The cenn "enterprise" here is simply a con veniem generic rerm for any reasonably self­
contained commercial. scientific. technical, or other organization. An enterprise might 
be a single individual (with a small private database), or a complete corponition or 
similar large body (with a very large shared database). or anything in between. Here are 
some examples: 

L. A manufacturing company 

2. A bank 

3. A hospital 

4. A university 

5. A government departmenl 

Any enterprise must necessarily mairutain a IC>I of data about its opera1ion. This is 
the "persistent da1a" referred to above. The en1erpri~e.\ju~1 mentioned would typically 
include 1he following among their persis1en1 daia: 

I . Product data 

:2. Account data 

3. Patient data 
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4. Student daut 

5. Plal)ning daU! 

Nme: The first fuw editions of lhis book used lhe tenh "operational data'' in place 
of "persistent data." That earlier tenn reflected the original emphasis in database sys­
tems on operational or production applications-i.e .• routine, highly repetitive appli­
cations that were executed over and over again to support the day-to-day operation of 
the enterprise (for example. an application to suppon the deposit or withdrawal of cash 
in a banking system). Now chat databases are increasingly being used for other )cjnds of 
application as well-i.e .. decision support applications-the term "operational data·· 
is no longer entirely appropriate. Indeed. enterprises nowadays often maintain two dis­
tinct databases. one containing operational data and one containing decision suppon 
data. The decision support database frequently consists ef summary infomwtio11 (e.g., 
rotals. averages), where that summary information in turn is extracted from lhe opera­
tional database on a periodic basis- say once a day or once a week. 

Entities and Relationships 

Let us consider the example of a manufacturing oompany in a linle mote detail. Such an 
enterprise will typically wish to record information about the projects it ha.~ on hand; the 
parts used in those projects; the suppli~rs who supply those pans; the l\'areho11ses in 
which the parts are stored~ the employees wllo work on the projects; and so on. Pr0jects. 
pans. suppliers, etc., thus constirute the basic entities about which the company needs 
to record information (the term '·entity" is widely used in database circles to mean any 
dlstinguishable object lhat is to be represented in the database). Refer to Fig. 1.6. 

LoCJtlons Depanmeors 

FIG. 1.6 A simple enuty/relationshfp (E/R) diagram 
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It is imponant to understand that. in addition tO the basic entities themselves, there 
will also be relationships linking those basic entities together. Such relationships are 
represented by diamonds and connecting lines in Fig. 1.6. For exl!mple. there i:. a rela­
tionship ("SE'") between Suppliett and parts: Each supplier supplies certain parts. and 
conversely each pan is supplied by cenain suppliers (more accurately. each supplier 
supplies. certain kinds of parts. each kind of pan is supplied by certain suppliers). Sim­
ilarly, p,arts are used in projects, and conversely projects use parts (relationship PJ): 
parts are stored in warehouses~d warehouses store parts (relationship WP): and so 
on. Note that these relationships are all bidirectional-tha1 is, they can be traversed in 
either direction. For example. relationship SP between suppliers and pans can be used 
to answer either of the following question s: 

• Given a supplier. find the parts supplied by that supplier 

• Given a part. find the suppliers who supply that part 

The significant point about this relationship, and all of the others illustrated in the 
figure. is that they are just as mu~ll a part <~f the <;/Qta as are the basic entities. They 
must therefore be represented in the database. just like the basic entities. Later in this 
book we will consjder ways in which !his can be done. 

lncidentalJy, Fig. 1.6 is a simple example of what is calJed (for obvious reasons) an 
entity/relationship diagram (E/R diagram for shon). lo Chapter 12 we wiJJ consider 
such diagrams in some detail. 

flig_ 1.6 also illustrates a number of other points: 

I. Although most of the relationships in the diagram involve two types of entity-i.e .. 
they are bi11al)•relationships-it is by no means the case that all relationships must 
necessarily be binary in this sense. In I.be example there is one relationship ("SPJ") 
involving three types of entity (suppliers. pans. and J>rojecrs)- a tem<tl)' relation­
srup. The intended interpretation is that certain suppliers supply certain parts to 
certain projects. Note carefully that trus ternary relationship ('"suppliers supply 
parts to projects") is 11m equivalent. in general, to the combination of the three 
binary relationsrups "suppliers s upply partS," "pans are used in projects:· ru1d 
"projects are supplied by suppliers." !For example, the statement that 

(a) Smith supplies monkey wrenches to the Manhattan project 

tells us rrrore than the following three statements do: 

(b) Smith supplies monkey wrenches, 

(c) Monkey wrenches are used in lhe Manhattan project, and 

(d) The Manhanan project is supplied by Smith 

- we cannot (validly!) infer (a) knowing only {b). (c). and (d). More precisely. 1r 
we know (b), (c). and (d). then we might be able lo infer that Smi1h supphel> mon­
key wrenches to some project (say project Jz). that rome wpplier (say !>Upplier Sx) 
supplies monkey wrenches to the Manhattan projecL and that Smith supplies .1·onw 
part (say part Py) to the Manhattan project-but we cannot validly infer thal S.1 1s 

Smith or that Py is monkey wrencheb or 1ha1 J;: is the Mai,hattan prnject. P;llse 
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12 Part I Bask Concepts 

inferences such as these are examples of what is sometimes called the coonectioa 
trap. 

2. The diagram also inc ludes one relationship (PP) involving just one type of entity 
(parts). The relationship here is chat certain parts include other parts as immediate 
componems (the so-called bill-of-materials relationship}-for ex~Je. a screw is 
a componen1 of a hinge asse mbly, which is also considered as a part and might in 
tum be a component of some higher-level part such as a lid. Note char this relation­
ship is still binary: iL is just that the two types of entity that are linked together. 
namely parts and pans. happen co be one and the same. 

3. ln general. a given set of entity types might be linked together in any number of 
distinct relationsliips. In the diagram, there are two relatioTiships between projects 
and employees: One (EJ) represents the fact that employees are assigned to pro­
jects, the olher (Ml) represents the fac.1 lha1 emJ>loyees manage projects. 

Nore crirefully that a re/pt(o11ship can be regarded as an entity in its own righ(. If we 
take ai. our definition of entity '·any object about which we wish to record infonnatron," 
then a relationship certainly fits the defini tion. For instance. "part P4 is stored in ware­
house W8" is an entity about which we might well wish to record infonnation--e.g., 
the corresponding quantity . Moreover, there are definite advantages ~yond the scope 
of the presenl chapter) Lo be obtained by not making any unnecessary distinctions be­
tween entities and reJationships. Jn this book, therefore, we will generally treat relation­
ships as just a special kind of enLity. 

Properties 

As just indicated. we regard an entity as any Object about which we wish to record 
information. lrt other words. entities (and hence relationships also) have properties. 
For exa mple, suppliers have /oc(lfions: parts have weights; projects have priorities; 
assignments have start dqtes: and so on. Such-properties m ust therefore berepresented 
in the dnLabase also. For example, the database might include a.record type S represent­
ing Lhe "suppliers" enrity type. and rbar record type in tum might include a field type 
ClTY repres1mting the '' location'' property. 

Properties in turn mig ht be very simple in nature, or they might have an internal 
structure of arbitrary complexity. For example, the ·'supplier location'' property is pre­
sumably quite simple. consisting as it does or just a city name. and can be represented 
in the database b y a ~imple characn:r string. By contrast, a warehouse might have a 
"floor plan·· property. antJ that property might be quite comple x., consisting perhaps of 
an entire architectural dra wing plus associated descriptive text. Current database prod­
uct~ are mostly not very good at dealing with complex properties such as drawings or 
teXL. We will return to thi.i. topic laier in this book (especially in Chapter 19 and Cllap­
ters 22-25); un tiJ then, we will generally assume (where ir makes any difference) that 
all properties are ''~imple" and can be represented by "simple' ' data types in the 
daUlbru,e_ Exam[lles of 'luch "simple" daui type!! include numbecs, strings, dates, times. 
etc. 
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1.4 Why Database? 

Why use a database system? What are the advantages? To some extent the answer to 
lhese questions depends on whether the system in question is single- or multi-user (or 
rather. to be more accurate. there are numerous additional advantages in the multi-user 
case). Let us consider lhe single-user case first 

Refer back to the wine cellar example once again (Fig. l . I), which we can regard 
as typical of a single-user database. Now. that particular database is so small and so 
simple that the advantages might not be very immediately obvious. But imagine a sim­
ilar database for a large restaurant, with a stock of perhaps thousands of bottles and with 
very freq uent citanges ta that stock; or think of a liquor store, with agaiJi. a very large 
st.oek and with liigh turnover on that stock. (These would typically still be single-user 
systems~ incidentally, even though the database is larger.) The advantages of a database 
system over ttaditional, paper-based methods of record-keeping will perhaps be more 
readily apparent in these examples. Here are some of them: 

• Compacmess: No need for possibly voluminous paper files. 

• Speed: The machine can retrieve and change data far faster than a.human can. In 
panicular, ad hoc, spur-of-the-moment queries (e.g .. " Do we haveruore ZinfandeJ 
than Pinot Noir?") can be answered quickly without any need for time...,;onsuming 
manual or visual searches. 

• Less drudgery: Much of the sheer tedium of maintaining files by hand is elimi­
nated. Mechanical ta~ks are always better done by machinei.. 

II Currency: Accurate. up-to-date information is available on demand at any time. 

The foregoing benefits apply with even more force in a multi-user environment, of 
course, where the database is li.k-ely to be much larger and much more complex Lhan in 
the single-user case. However. there is one overriding additional advantage in such an 
environment. namely as follows: Tire database sy.~tem provides the ellterpri.~e ll'ith ctltl­

tralized control of its data (which. as the reader should realize from Section 1.3, is one 
of its most valuable assets). Such a situation contraSts sharply with that found in an 
enterprise without a database system. where typically each application has 1 ts own pri­
vate fi les-quite often its own private tapes and disks. t~o Lhat the data is widely 
dispersed and might thus be difficult to control in any systematic way. 

Data Administration and Database Administration 

Let us elaborate a little on this conc.ept of 'centraJjzed control. The concept implies that 
(in an enterprise with a database system) there will be some idenuflable person who has 
this central responsibility for the data. That person is the data administrator C~ome­
times abbreviated DA) mentioned briefly a1 the end of Section 1.2. Given that (ru. indi­
cated ab<>ve) the data is one of the enterprise's most' alu:ible asset~. It is imper.itn•e that 
there should be some person who understands the data, tmd the needs of 1he enterprise 
with respect to the data. at a senior managemenr level. The darn adrn1ni:,trator il> that 
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person. Thus. 1l is the daia administrator's job to decide what data should be stored in 
the dat11bru$e in the first place. and lo establish policies for maintaining and dealing with 
lhal data once il has been stored. An example of sueba policy would be one that dictates 
who can perform wbac operations on what data in what circumstance~in other words, 
a dara security policy (see further aiscussion below). 

Note carefully that the data adminislrator is amanager, n0t a technician (although 
he or she certoirtly does need to have some appreciation of the capabilities of database 
systems at a technical level). The technical person responsible for implementing the 
darn administrator's decisions is the database administrator (usually abbreviated 
DBA ). Thu.~. the DBA. unJike the data administratoc. is an IT professio11al. The job of 
the DBA is 10 create the accual database and co implement the technical controls needed 
to enforce thevarious policy decisions made by the data administrator. The DBA is also 
responsible for ensuring that the system.operates with adequate ¢rformance and for 
providing a variety of other related technical services. The DBI\ will typically have a 
smff of systems programmers and other technical assistants (i .e .• the DBA function will 
typicaJly be perfonned in practice by a team of several people, not just by one person); 
for simpJicity. however. it is convenient to assume that the OBA is indeed a single 
individual We will disCU$S the OBA functlon in more detail in Cb31?ter2. 

Benefits of the Database Approach 

We close this :;ection by identifying srune o[ the specific advant:ages that accrue from 
the notion of cencral:ized oonlrol of the data. 

• Redundancy can be reduced. 

f n non database systems each application bas its own private files. This fact can 
often Lead to caosiderable redundancy in stored data, with resultant waste in stor­
age space. For example, a personnd application and an education-records applica­
tion might both own a file that includes department information for employees. As 
sugge!>ted in Scctlon 1.2, those two files can be integrated, and the redundancy 
eliminated. if tbe data administrator is aware of the data requirements for both iw­
pllcatio1ts-Le .. (f 1he e11terprise hns the necessary overall control. 

Incidentally, we do not mean to suggest that all redundancy can or necessarily 
~hould be eliminated.. Sometimes there are sound business.or technical reasons for 
mainlllining ~evcral distinct copies of the same stored dam. However, we de mean 
lo suggest lhl1t any such redundancy should be carefully co111rolled- that is, the 
DBMS i.hould be aware of it, if it exists. and should assume responsibility for 
'·propagaiin~updates" (see the next point below). 

• Inconsistency can be avoided (to some ex.tent). 

This is really a corollary of the previous point. Suppo-se that a given fact about 
the real world-i.ay the fact that employee E3 works in department 0 8-is repre­
'cntcd by two distine1 entriei. in the stored dalabase. Suppose also that the DBMS 
1s not aware of lhis duplication (i.e .• the redundancy is not controlled). Then there 
will necessarily be occas1ons on which the two entries will not agree-namely. 
when one of the two has been updated and the other has not. At such times rhe 
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database is said to be inconsistent. Clearly, a database that is in an inconsistent state 
is capable of supplying incorrect or contradictory infocmation co ill. usei:s. 

ft should also be clear that if the given fact is represented by a single entry (i.e .. 
if the redundaney is removed), then such an inconsistency cannot occur. Alterna­
tively, if the redundancy iJ> not temoved but is controlled (by milking it known to 
the DBMS). then the DBMS could guarrantee that the database is never inconsistent 
as seen by the user, by ensuring that any change made ro either of the two entries 
is automatically applied to Ille other one also. This process is known as propagat­
ing updat~here (as is usually the case) the term "update" is taken to include. 
all of the operations of insertion, deletion, and modiflcation. Note, however, that 
few commercially available systems todaY, are capable of auromarically propaga1-
ing updates in this mannec; that is, mast current products d0 not support ,controlled 
redundancy at all, except in certain special s.ituations. 

• The data can be shared. 

We discussed this point .in Section 1.2, but for completeness we menti0a it 
again here. Sharing means not only that existing applications can share the data in 
the database; but also that new applications can be developed to operate against 
!hat :same stored data. In other words, it might be possible to satiKfy the data re­
quirements of new application~ without having to cre11te any additional stored data. 

• Standards can be enforced. 

With central control of the database, the OBA (under !he direction of the data 
administrator) can ensure that all applicable standards are observed in the represen­
tation of the data. Applicable standacds might include any or all of the following~ 
cor:porate, installation, deparunental, industry, natiQDaL and international stan­
dards. Standardizing data reJ>resentation is panicularly desir.able as an aid ro daw 
i11terchange, or migration of data between systems (this consideration is becoming 
particularly important with the advent of distributed processing technology-sec 
Section 2.12). Likewise, data naming and documentation standards are also very 
desirable as an aid to data sharing and understandability. 

• Security restrictions can be applied. 

Having complete jurisdiction over the database, the OBA (a) can ensure that 
the only means of access to the database is through the proper channel!>, and hence 
(bJ can define security rules to be checked whenever access is attempted 10 ~cnsl­

rive data (again, under appropriate dire.crion from the data administrucor). 01fferem 
rules can be established for each type of access {rerrieve. insen. delete, etc.) to i!U,•h 
piece of information in the database. Note. however, that v. ithout ~uch mies the 
security of the data might actually be more at risk than in a traditional (di~persed) 
filing system; that is, the centralized nature of u database system 111 a sense reqwres 
that a good security system be in place also. 

111 Jntegrity can be maintained. 

The problem of integrity i!> the problem of en~uring that the d:iw in the 
database is accurate. Inconsistency between two entries thnt purport tl> represent 
the same .. face is an example of lack of integrity (see the discussion oJ this point 
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above): of course, Lhat particular problem can arise only if redundancy exists in the 
stored data. Even if there is no reduncluncy, however. the database might still con­
tain incorrecl information. For example. an employee might be shown as having 
worked 400 hours in the week instead of 40. or as belonging to a department D9 when 
no such department exists. Centralized control of the database can help in avoidi11g 
such prob'lems-i.nsofar as they can be avoided-by permitting the data admin is­
trator to define (and the DBA to implement) integrity rules to be checked whenever 
any data update operation is attempted. (Again we are using the term "update'" 
generically to cover all of the operations of insertion, deletion, and modification.) 

It is worth pointing out that data integrity is even more important in a multiuser 
database system than it is in a "private files'' environment, precisely because the 
database ls shared. For wit.hOut appropria1e controls 11 would be possil;lte for one 
user 10 update the database incorrec1ly. thereby generating bad data and so ''infect­
ing" other innocent users of tha1 data. It should also be mentioned that most 
database products tend to be somewhat weak in their supp<>rtfor integrity controls, 
allhough there have been some recent improvements in this area. 

• Conflicting requirements can be balanced. 

Knowing the overall requirements of the enterprise- as opposed to the re­
quirements of individual users-the OBA (under the data administrator's direc­
tion, as al ways) can so structure the system as to provide an overaTI service that is 
"be$t tbr the enterprise." For example, a representation can be chosen for the data 
in storage that gives fast access for the most important applications (possibly at the 
cost of poorer performance for certain 01her applications). 

Most of the advantages listed above are probably fairly obvious. However, one 
further point, which might not be so obvious (although it is in fact implied by several 
of the others) needs to be added to the list-namely, the provision of data indepen­
dence. (Strictly ~peaking, this is an abjective for database systems. rather than an ad­
vantage necessarily.) The concept of data independence is so important that we devote 
a separate section to it. 

1.5 Data Independence 

Data independence can most easily be explained by fir.st explaining its opposite. Appli­
cauons implemented on older systems tend to be dru:a-dependent. What this means is 
that the way in which the data is organiL.ed in secondary storage. and the technique for 
accessing it. are both dictated by th(!> requirements of the application under consider­
ation. and moreover that knowledge of1lw1 dalll organi;:.milm and 1/lat access technique 
i.~ b11ii1 i1110 1he application logic a11d code. 

• Example: Suppose we have an appllcatfon that processes the CMPLOYEE file, and 
suppose it is decided. for performance reasons. that the file is to be stored indexed 
on the "employee name" field. ln an older ~ystem, the application in question will 
typically be aware of the fact that the index exist~. anti aware also of the file se-
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quence as defi:n.ed by that index, and the internal structure of the application wiU be 
built around that knowledge. In particul.ar, the precise form of the variou.c; dataac.cess 
and exception-checking procedures within the application will depend very heavily on 
details of the interface presented ro the application by the data managemenu software. 

We say that an application such as the one in this example is data-dependent. 
because it is impossible ta change the storage &'true.tun: (how the data is physically 
stored) or access technique (bow it is accessed) without affecting:lhe applica1ion, prob­
ably drastically. For instance, it would not be possible to replace the index:ed file in the 
example by a hash-addressed file wichout making major modifications to the applica­
tion. What is more, the portions Qf the application requiring alteration in such a case are 
precisely those portions that communicate with the data managemenl software; the dif­
ficulties involved are quite irrelevant to the problem the applicariortwliS originally writ­
ten to solve-Le .. they are difficulties imrod11ced by the nature of the data management 
interface. 

ln a database system, however. it would be extremely undesirable to allow applica­
tions to be data-dependent, for at least the following rwo rea~ons: 

l . Different applications Will need different view~ of the same data. For example, 
suppose that before the enterprise introduces its integrated database, there are two 
appliications. A and B. each owning a private file that includes the field ''customer 
balance." Suppose, however, thal application A records this field in decimal, 
whereas application B records it in binary. lt wjlJ still be possible to jntegrate the 
two files, and to eliminate the redundancy, provided the DBMS is ready and able 
to perform all necessary conversions, between the stored representation chosen 
(which might be decimal or binary or somelhing else again) and the fonn in which 
each application wishes to see il. For example, if It is decided to store the field in 
decimal, then every access by B will require a conversion to or from binary. 

This is a fairly trivial example of the kind of difference that might exist in a 
database system between the data as seen by a given applitation and Lhe da1a as 
physically stored.Many other possible differences will be considered later. 

2. The DBA must have the freedom to change the storage structure or access tech­
nique in response 10 changing requirements. wi thout having tc> modify existing 
applications. For example, new kinds of data might be added 10 the database: new 
standards might be adopted.; applicarion priorities (and therefore relative perfor­
mance requirements) migh1 change: new types of storage device mig;h1 become 
available; and so on. rt applications are da1a-dependent. such change~ wil I typically 
require corresponding changes to be made to programs. thus 1ying up pmgrnmmer 
effort that would otherwise be available for the creation of new applica~ions. It b 
still not uncommon, even today, to find that 25 percent c>r eve11 more t}f 1he pro­
gramming e.ffortavailable ln the in$talllation i~ dcvo1ud 10 this kind of maintenance 
activ ity--clearly a was cc of a scarce and valuable resource. 

ll fol lows 1hat the provision or tinta inuepen<lencc i~ a major objective. of <lataba~c 
systems. Data independence can be defined as the immunity of applications to 
change in storage structure and access technique--wh1ch imp lie~. of courl.e, tha1 the 
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18 Part I Basic Concepts 

applications concerned do not depend on any one panicular storage structure or access 
technique. In Chapter 1, we describe an architecrure for database syscems that provides 
a basis for achieving the daca independence objective. Before then. however, let us 
consider in more detail some examples of the types of c;haqge that the DBA might wish 
to make. and that we might therefore wish applications to be immune to. 

We stan by defining three terms: stored field, stored record, and sroredftle (refer 
to Fig. 1. 7}. 

• A stored field is the smallest unit of stored data. The database will. in general. 
contain marry occurrences (or instances) of each of several types of stored field. 
For e xa1nple. a database containing information aboul parts would probably in­
clude a stored field rype called "part number.'' and there would be one occurrence 
of this stored field for each kind of part (screw, bing~ lid , etc.). 

two occurrenc~ 
of the "part" 

stored record 1ype 

s10 red databese 

'Parts• srored file PFILE 

part part 
no, name 

srored field oco1,1rrences 

l l \ \ - - --+---+! P2 Boll Green 17 

part part part part 
no. name color weight 

FIG. 1.7 Stored fields, records, and files 
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• A stored recoril is a eollection or related stored fields. Agarn we distinguish be­
tween type and occurrence. A stored record ocoorrence (or instance) cons1st"S of a 
group ohelated stored field ~currences. For example, a stored record occurrence 
in the "parts" carabase miglu consist of an occurrence of each of the following 
stored fields: part number, part name. part color, and part weight. We say that the 
datal>ase contains many occurrences of the "pan·· stored record type (again. one 
occurrence for each distinct,.k.;nd of part). 

As an aside. we note that it js common to drop lbe qualifiers ··cype'' and "oc­
currence" and to rely on context to indicate which is meant. Although there is a 
slight risk of confusion. the practice is convenient. and we wi.11 adopt ii ourselves 
from time to time in this book. 

• Final ly, a stored f11e is the collection of all occurrences of one type of stored re­
cord. Note: We deliberately ign0re the possibility of a stored Ill~ containing more 
than one ~pe of stored record. This is anothersimplifying assumption that does not 
materially affect any of our subsequent discussions. 

Now. in nondatabase systems it is u.~ually the case tbru. an application.·~ logical 
record is identical to some corresporulingsroted record. As we have alreild}' seen. how­
ever, this is not necessarily the case in a database system. because the OBA might need 
to be able· to make changes 10 the storage structure-that is. to the stored fields, records. 
and files-while the corresponding logical structure does 1101 change. For example, tbe 
''part weight" field mentioned above might be stored in binary to economize on storage 
space, whereas a given COBOL application might see it as a PJCTURE item (i.e .. as a 
character string). And later the DBA:might decide for some reason 10 change the stored 
representation of tbatfield from binary to decimal, and yet stfll nllow the application to 
see it in e haracter forrrt 

As siated earlier. a djfference such as I.bis one. mvo1ving daca type conversion on u 
particular field on each access~ is comparatively minor: in principle, however, the dif­
ferenee between what the application secs and what is actually stored might be quite 
considerable. To amplify this remark. we present below a list of aspects of the database 
storage structure that mi.ght be subject to varfalion. The render should consider in each 
case whar the DBMS would have 10 do to proteel an application from ~uch variaUon 
(and indeed whether such protection can al ways be achieved). 

• Representation of numeric data 

A numeric field migh1 be stored in internal arithmetic form (e.g .. in packed 
decimal) or as a character qcring. Either way. the OBA rhu~t choose an appropriate 
base (e.g., binary or decimal). scale (fixed or floatmg pmnt). mode (real or com­
plex), and precision (number of djgilSJ. Any of the!>e ui.pects might be changed to 
improve perfocmanae or to conform le> a new s1andard or for many mher reason~ 

• Repr:esenration of character dara 

A character string field might be stored using any of several distinct coded 
character sets or "form5-of-u~e" (e.g., ASCJ'I , EBCDIC). 
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• Units for numeric data 

The units in a numeric field m1ghl change-from inches to centimeters, for 
examp_le. during a p~oce.~s of metrication. 

• Data enc-Oding 

In some situarions it might be desirable to represent data in storage by coded 
values, For example. the ' 'part color" field, which an application sees as a character 
string ("Red'' or "Blue" or "Green" ... ), might bes toredas a single decimal digit, 
interpreted according lo the coding scheme I = "Red," 2 = "Blue," and so on. 

• Data materialization 

In practice the logical field seen by an application wiU usually correspond to 
some specific stored field (although, as we have already seen, there might be dif­
ferences in data type.. units, and so on). In such a case, the process of materializa­
tion-that is, constructing an occurrence of the logioal field from lhe correspond­
ing stored field occunence and presenting it to lhe application-can be said to be 
direct. Sometimes. hQwever, a logical field will have no single storedcount!lq>llrl; 
instead, its values will be materialized by means of some computation pecfonned 
on a set of several scored field occurrences. For example, values of the logical field 
"total quantity" might be materialized by summing a number of individual stored 
quamiry values. ''Total quantity'' here is an example of a virtual field, and the 
materialization process is said Lo be indirect. Note. however. that the user might see 
a difference between real and virtual fields, inasmuch as it might not be (directly) 
pos~ible to insert or modify an occurrence of a virtual field. 

• SLructure of stored records 

Two exi!;ting stored records might be combined into one. For example. the 
stored records 

I P.u-t: NumbeL I tohrrj and I Part" lilumbe r I Weight. 

could be combined to fom1 

I Part t1u1nber [color I Weighi: 

Such a change might occur as predatabase applicati-ons are brought into the 
database system. II implies that an applieation's logical record might consist of a 
5Ubset of the corresponding stored record- that is, certain fields in that stored re­
cord would be invisible to the application in question. 

Altemallvely, a 'llnglestoredrecord type might be split into two. Reversing the 
previous elCample, the stored record type 

I Part Nwnl-<>• I Color I w.-igtrt 

could be broken down into 
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Part Nwnber J Color J and J Pare Number J Waight 

Such a split would allow tess frequenUy used portions of the originaJ record 10 
be stored on a slower device. for example. The implicalion is lhal an application's 
Logical record might contain fields from several distinct stored records-that is, it 
would be a superset of any given one of those stored records. 

• Structure of stored files • 

A given soored file can be physically implemented in s1orage in a wide variety 
of ways. For example, it might be entirely contained within a single storage volume 
(e.g., a single disk), or it might be spread across several volumes on several differ­
ent device types; it might or might not be physically sequenced according to the 
values of some stored field; it migh1 or might not be sequenced in one or more 
additional ways by some other means, e.g., by one or more indexes or one or more 
embedded pointer chains (or both); it might or mi.ght not be accessible via hasb­
addressing; the stored records might or might no1 be physically blocked (several 
per physical record); and so on. But none of these considerations should affect 
app li cations in any way (other than in performance, of course). 

This concludes our list of aspects of the storage structure that are subject to possi­
ble change. The list implies (among other things) that the database should be able lo 
grow wilhout affecting existing: applications; indeed, e-0abling the database lO grow 
without logically imp airing existing applications is probably the single most important 
reason for requiring data independence in the first place. For example, it should be 
possible 'lO extend an existing stored record by the addition of new stored fields, repre­
senting, typically, further information concerning some existing type of entity (e.g .. a 
"unit cost" field might be added lO the "part" stored record). Such new fields should 
simply be invisible to existing applications. Likewise. it should be possible to add en­
tirely new types of stored record (and hence new stored files). again without requiring 
any change to existing applications; such records would typically represen1 new types 
of e ntity (e.g., a "supplier" record type could be added 10 !he "pans'' database). Again. 
such add itions should be invisible to existi ng applica1ions. 

We close thi,s section by noting that data independence is not an absolute-tliffer­
enrsystems provlde ii.in different degrees. To put Lbis another way, few sys11:ms. if any. 
p rovide no data independence at all; it is just that some systems are less data-indepen­
dent than others. Modem systems tend to be more data-independent than older systems. 
but they are still not perfect, as we will see in some of the chapters 1-0 come. 

1.6 Relational Systems and Others 

Almost all of lhe database prod1,1c1!> developed since 1hc lale 1970~ have been based on 
what is called the relational apprOach; whal is more. the va~I majori1y of databa~e 
research over the hm 25 years has also been based-albeit a little indirectly. 111 some 
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cases-on that approach. lo fact. il is undeniable t.bal tile relalionaJ approach repre­
sents the dominant trend in the marketplace coday, and that the "relationaJ model"' 
(see Pan fl of this book) is lhe single most important development in the enlire 
history of the database field. For these reasons, plus the additional reason thal the 
relational model is solidly based on certain aspects of mathematics and therefore 
provides an ideal vehicle for reaching the concepts and principles of database sys­
tems. tbe emphasis in this book is very heavily on relational systems and the rela­
tional approach. 

Whal then does it mean to say that a system is relational? It is unfortunately nol 
possible to answer this question fully at this early poinl in our discussions; however, it 
is possible, and desirable, to give a rough-and-ready answer, which we can make more 
precise later. Briefly, a relational system is a system in which: 

I. The data is perceived by the user as tables (and nothing bul tables); and 

2. The operators at the user's disposal (e.g .. for data retrieval) are operators that gen­
erate new tables from old. Por example. there will be one operator lo extract a 
subset of the rows of a g:i ven I.able, and another to exuact asubset of the columns­
and of course a row subset and a column subset of a table can both. in tum be 
regarded a.~ tables themselves. 

The reason such systems are called "relational" is that the tenn "relation" is essen­
tially just a mathematical term for a table. For most practical ·purposes, indeed, the 
terms '·relation'' and "table" can be taken as synonymous. See Pan D of this bo<ik for 
further discussion. 

A.~ indicated, we will make the foregofog definition conSiderably more precise 
later, but it will serve for the time being. Fig. 1.8 provides an illustration. The data- see 
pan (a) of the figure--consislS of a single table, named CELLAR (in fact, it is a scaled­
down version of lhe CELLAR tablei'rom Fig. 1.1. reduced in size to make it a little 
more manageable). Two sample retrievals-one involving a row-subsettingoperation 
and the other a column-subsetting operntio~are shown in part (b) of the figure. Note: 
Once again, lhe two retrievals are in fact examples of the SELECT statement of the 
language SQL first mentionedin Section l.l. 

We can now distinguish between relational and nonrelationaJ systems, as follows. 
M aiceady Slated, lhe user of a relational system sees the data as tables, and nothing but 
tables. The user of a nonrelatiooaJ system, by contrast, 11ees o.t.ber data structures, eitber 
insrea:d of or in addition to Lhe tables of a relational system. Those other structures, in 
tum. require other operator& to manipulate them. For example, in a hierarchic system, 
the data is represented to the userin lhe form of a set of tree structures (hierarchies), and 
the operators provided for manipulaling suchslructures include operators for traversing 
hierarchic paths up and down the trees. 

To pursue the point a Ii ttle funher: Database systems ean in fact be conveniently 
categorized according to the daca :.tructure.~ and operators they present lo the user. First 
of all, older (prerelational) systems fall into three bread categ0ries, namely inverted 

,, 
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a) G:i ven cable : - Cm;LA:R mm; Yp.R BO'l"l'X.ES 

' 
Chardonnay !H 4 
fum~ Blanc 91 2 
Pinet Non: gs 3 
Zinfandel 89 9 

b) Operators /exa111PlesJ '• 

i . Row subset: Result : ~ YEAR BOO'TLES 

SELECT wµm, ~BAR. :BOTTLES Chardonnay 91 4 
FROM CEJJLAR Furn~ Blanc 91 2 
WHERE YEAR > 90 : 

2. column subset: Resu1c: WIN JO BOTTLES 

SELECT WINE, BOT'!' LES Clu1Tdonnay I.I 
FROM CELLAR : Furn~ e1anc 2 

Piooc Noir 3 
Zinfandel 9 

FIG. 1.8 Data structure and operators in a relational system (exampl~) 

&t, hieran:hlc, and network systems. Examples of commercially available products 
in these three categories include: 

In 11ened list: 

Hierarchic: 

Network: 

CA-DATACOM/DB, from Computer Associates International 
Inc. (previously known as DAT ACOM/DB, from Applied 
Data R esearch) 

lMS, from IBM Corporation 

CA-IDMS/DB, from Computer Associates International 
Inc. (previously known as IDMS, from Cullinet SGftware 
lnc.) 

Tbefust reladonal products began to appear in the late 1970s and early L980s. At 
the time of Writing (1993), there are well ovet 100-pei'haps as many as 200-sucb 
products commercially available, and chose products run on just about every kind of 
hardware and software platform imaginable. Examples of such products include 082 
from mM Corporation; RdbNMS from Digital Equipment Corporation; ORACLE 
from Oracle Corporation; INGRES from the IngresDivisioo of The ASK Group Inc.; 
SYBASEfrom Sybase Inc.; and many, many more. 

More reeently, research has proceeded on a variety of what might be called 
"postrelational" systems, some 0f them based on upward-compatible extensions to the 
original relational approach, others consisting of attempts at doing something entirely 
different. We content ourselves for now w.ith merely mentioning some of these more 
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recent approaches by name, without making any attempt at this point to explain what 
the names mean or wbai the researchers are iryJng to achieve: 

• Deductive DBMS:-; 

• Expert DBMSs 

• Extendable DBMSs 

• Objeci-orientedDB MSs 

• Semantic DJlMSs 

• Universal relation DBMSs 

rn the case of object-oriented systems. in fact, some produces have begun ro aJ>< 
pear. including GemStone from Servio Corporation. ObjectStore from Object Design 
Corporation, and OpenODB from Hewlerr-Packard Corporation. We will examine 
some of these newer directions-object-oriented systems in particular-Jn later parts of 
the book. 

1.7 Summary 

We close this introductory chaprer by summarizing lhe main peints discussed. FJist. a 
database system c.an be thought of as a computerized record-keeping system. Such a 
system involves the data itself (stored in the database), hardware, software (in par­
ticular the database management system or DBMS). and-most impon ant!-users. 
Users in tum can be dlvided into application programmers, end users, Md the data­
base administrator or DBA. The OBA is refiponsible for admini~rering the database 
and database system in accordance with policies established by the data administrator. 

Databases are integrated and (usually) shared; they are used to srore persistent 
data. Such data can be usefully (albeil informally} considered as representing entities, 
together with relationships among those entities- although in fact a relationship is 
really just a special kind of entity. We very briefly examined the idea of entity/ 
relationship diagram s. 

Database systems provide n number of benefits. of which one of the moSL impor­
tant is dataindependtmce (the immunity of applicati~ms to changes in the way the data 
is stored and accessed). 

Finally. database systems can be based on a number of different approaches, in­
cluding in particular the relational approach. From bolh an econ0mic and a theoretical 
perspective. the relational approach is e<1sily the most importanl (and this state of affairs 
is not likely to change in the foreseeable future). In a relational system, the data is seen 
by the user as tables, and the operator~ available to the user for dealing with the data 
are operator& ~hat manipulme tables. We have seen a few simple examples ofSQL, the 
standard language for dealing with relational sy:.tcms. This book will be heavily based 
on the relational approach, although 11111-l'or reasons explained in the Prefaee-on 
SQLperse. 
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Exercises 

J .l Define the following terms: 
binary relationship 
eommand-driven interface 
conaurrcnt access 
data administration 
database 
database system 
data independence 
OBA 
DBMS 
entity 
entity/relationship diagram 
focms-dri ven interface 
integration 
integrity 

• 

menu-driven interface 
multi-user system 
on1ine application 
persis1em data 
propeny 
query language 
redundancy 
relationship 
security 
s~aring 
stored field 
stored file 
SIOred reGord 

t .2 What are the advantages of using a da1abase system? 

l.3 What are 1he disadvantages of using a database system? 

25 

1.4 What do YOll understand by the term "relational system"? Distinguish between relational 
and nonrelational sysrems. 

J.S Show the effects of the foJlowing SQL retrieval operati.Qns on the wine cellar database of 
Fig. I. I. 

(a) SELECT WINE, PF!ODUCER 
E'RbM CELLAR 

WEI.ERE .BUJ = 12 i 

(b) SELECT WINE. PRODUCER 
!:ROM C£LLAR 

WEfERE Y.EAP > 9 l : 

(c) SELECT BU[, WINE, 'iEAR 

!'ROM C~ 
WEIERE READY < 9 4 

(d) SE!LEC:T W!NE. BIN, 'iEAlt 
~OM CE!Ll,Af\ 

WRERE PRODUCER = 'RobL MOndavi.' 
AlilD BO'!"l'LEE > t> I 

1.6 Show the effecrs of the following SQL update operations on the wine cellar database of Fig. I. I. 

(a) INSERT 
INTO CELLAR 

VALUES 

(b) DELET.E 

FROM CELLAA 

B:IN, W::~IE. PRODUCER. YEAR, BO'l"OJES. ii<EAD'i 
!!0, 'Syrah', 'Me=diao·, 89, U , 9~ ) : 

WJ1ERE READY > 91 ; 

(C) CPDA'l'E CELLAR 

SET .BOT'm.ES = 5" 
\~RERE !IIN s SO ; 
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(dJ UPDA7E ~ 
SET BOTI'LES = BOTTLES - 2 
WHEP E BIN 50 ; 

1.7 Write SQL suitements to perform the following operations on the wine cellar dat.abaSe: 

(a) Retrieve bin number, name of wine. and number of boitle-. !for all Geyser Peak wines 

(b) Retrieve bin num~r and name of wine for aU wines for whi:ch there are more than five 
bottles in stock. 

Ce) Retrieve bin number for all red wines. 

(d) Add three boUJes to bin number 30. 

(el Remo,•eaU Chardonnay from stock. 

Cf) Add an entry for a new case ( 12 bonies) of Gary Farrell Me_rlot: bin number 55, Yt!llf 
91. ready in 96. 

1.8 Suppose you have a classical music collection consisting of CDs and/or LPs and/or audio 
tape~. and you want to build a database that will let you find which recording~ you have for 
a specific composer(e.g .. Sibelius) or conductor (e.g .. Simon Rattle) or soloist (e.g., Anhur 
Grumiau1t) or work (e.g .. Beethoven's Fifth) or orchestra (e.g .. the NYPOJ or kind of work 
(e.g.. violin concerto) or chamber group (e.g •. the Kronos Quartet). Draw an entity/relation-
5h.ip diagram like th.at of Fig. 1.6 for this database. 

Answers to Selected Exercises 

I. I We make one remark here: The~ p.ress, sales brochures, etc .. very frequently UM: the 
term daraba.se when they really mean DBMS (e.g., "vendor X's database outperformed ven­
dor Y's database by a factor of two to one"). Th.is usage is sloppy, and deprecated. but \'ery. 
very common. Ca,vear lector. 

1.3 Some disadvantages are as follows: 

• Security might be compromised (without good controls) 

• Integrity might be compromised (without good controls) 

• Additional hardware might be required 

• Performance overhead might be significant 

• Successful operation l~ crucial (the enterprise might be highly vulnerable to failure) 

• The system is likely LO be complex (though such complexity should be concealed from 
the user) 

1.5 (a) .------~----~ 
' WINE PRODUCER 

I Z1nran:iel Rafanell! 

Cb1------~-----I -f!N!t 

I Cha::donn.»y 
Ct..Q:rdonna;· 
Jo. !Ue: • .tnq 
!"unoe 31 'lnc 
GP.Pfitllzt r ani i ru!I:' 

Buena V"-sta 
Geyser E!eaA 
Jekel 

Ch. St . .Jean I 
Ch. s::.. Jean 
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(c) 
BIN WfNR Y:EAR. 

fi Chardonnay n , 
22 Flll1'E Blanc 91 
52, Pinotc Nolr 90 

(d ) 
WINE BJN YEAR 

!:ab. Sauvignon 48 as 

J.6 (a) Row for bin $0 added 10 fhe CELLAR table. 

(b) Rows for bins 45, 48. 64. and 72 deleted from the CELLAR table. 

(c) Row for bin 50 has number of bonles sci 10 5. 

(d) Same as (c). 

1.7 (a) SELECT BIN, WINE, BOTTLES 
fROM CELLl\R 
WHERE PRODUCER : 'Geyser Peak' 

(b) S ELECT BIN, WINE 

FROM CELLAR 
WHERE BQlrl1£ES > 5 

(C) SELECT BIN 
FROM CELLAR 
WHERE WINE ~ ' Cab. Sauvignon' 
OR WINE= ' Pi.no~ Nolr ' 
OR WINE = ' ZiQfandel' 
OR WINE= ' Syrah' 
OR ....... ~ . ; 

27 

There i's no shortcul answer 10 this que&dcm, because "l!olor of wine" is not expliei1 ly re­
corded in the database. 

(d) U !?DATE CEL.LAR 

SET BOTTUES = BOTTLES + 3 
WRt:RE BIN = 30 

(e) D.ElLE'TE 
FROM CE!.LAR 
WHERE WINE = •Chardonnay ' 

(fj lNSER'l: 

rmo CSLLAR Bl:N' WTNE, PRODUCER' YEJAR. BOT'rt..Es. P.EAOY I 
VALOES 55, 'MerloL', "Gary Farrell', 91, 12, q6 I ; 
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