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PART I 
PRELIMINARIES 

Part I consists of four introductory chapters: 

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

■ Next, hapter 2 presents a general architecture for database systems, the so-called 
ANSI/SPAR architecture. That architecture serves as a framework on which the rest 
of the book will build. 

■ hapter 3 then presents an verview of r laLi nal systems the aim is 10 serve a, a gen­
Lie intr duction to the mu h more comprehensive di cussions f the same subject in 
Part 11 and lat r pans of the book). ft al o intrnduc s and explains the running exam­
ple, the suppliers and parts database. 

■ Finally, Chapter 4 introduces the standard relational language SQL. 
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CHAPTER 1 
An Overview of 
Database Management 

1.1 INTRODUCTION 

2 

A database system is basi ·a lly just a camput r ized record-keeping s_)stem. The database 
its If an be regarded as a kind of electronic filing cabinet; i.e., iL i. a 1-er ository r oma.iner 
for a collection of comput dzed daLa files. Users of the system can perform n variety of op­
erations on such files-for example: 

• Adding new, empty files to the database; 

• Inserting data into existing files; 

• Retrieving data from existing files ; 

111 Changing data in existing files; 

• Deleting data from existing files; 

• Removing existing files from the database. 

Fig. 1.1 shows a very small databa e containing just one fil e, called CELLAR, which 
in turn contains data concerning the contents of a wine cellar. Fig. 1.2 shows an example 

BIN# WINE PRODUCER YEAR BOTTLES READY 

2 Chardonnay Buena Vista 1997 1 1999 
3 Chardonnay Geyser Peak 1997 5 1999 
6 Chardonnay Simi 1996 4 1998 

12 Joh. Riesling Jekel 1998 1 1999 
21 Fume Blanc Ch. St. Jean 1997 4 1999 
22 Fume Blanc Robt. Mondavi 1996 2 1998 
30 Gewurztraminer Ch . st. Jean 1998 3 1999 
43 Cab. sauvignon Windsor 1991 12 2000 
45 Cab. Sauvignon Geyser Peak 1994 12 2002 
48 Cab. sauvignon Robt. Mondavi 1993 12 2004 
50 Pinet Noir Gary Farrell 1996 3 1999 
51 Pinet Noir Fetzer 1993 3 2000 
52 Pinet Noir Dehlinger 1995 2 1998 
58 Merlot Clos du Bois 1994 9 2000 
64 Zinfandel Cline 1994 9 2003 
72 Zinfandel Rafanelli 1995 2 2003 

Fig. 1.1 The wine cellar database (file CELLAR) 
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Chapter 1 I An Overview of Database Management 3 

Retrieval: 

SELECT WINE, BIN#, PRODUCER 
FROM CELLAR 
WHERE READY= 2000; 

Result (as shown on, e.g., a display screen): 

WINE BIN# PRODUCER 

Cab. Sauvignon 43 Windsor 
Pinet Neir 51 Fetzer 
Merlot 58 Clos du Bois 

Fig. 1.2 Retrieval example 

of a retri val peration against that databru e, t get her with the data returned by that oper­
tttion. Nore: Thrnughoul thi book we show databa e operations, file names. and other ~1 cb 
material in upper case for clarity. In prtctice iL is often more convenient Lo enter such ma­
terial in lower case. Most systems will accept both. 

Fig. 1.3 gives examples, all more or less self-explanatory, of insert, change, and delete 
operations on the wi n cellar database. Examples of adding and removing entire files will 
be giv n later in hapters 3 4, 5, and elsewhere. 

Inserting new data: 

INSERT 
INTO CELLAR ( BIN#, WINE, PRODUCER, YEAR, BOTTLES, READY ) 
VALUES ( 53, 'Pinet Nair', 'Saintsbury' , 1997, 6, 2001 ) ; 

Changing existing data: 

UPDATE CELLAR 
SET BOTTLES= 4 
WHERE BIN# = 3 ; 

Deleting existing data: 

DELETE 
FROM CELLAR 
WHERE BIN#= 2 ; 

Fig. 1.3 Insert / change / delete examples 
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4 Part I I Preliminaries 

Points arising from these examples: 

1. For obvious reasons, computerized files such as CELLAR in Fig. 1.1 are often called 
tables (more precisely, relational tables-see Sections 1.3 and 1.6). 

2. The rows of such a table can be thought of as the records of the file, and the columns 
can be regarded as the fields of those records. In this book, we will use the terminol­
ogy of records an I fields when we are talking about database systems in general 
mostly just in the first two chapters); we will use the terminology of rows and columns 

when we are talking about relational systems in particular (again , see Sections 1.3 and 
1.6). Note: Actually, when we get to our more forma l discussions in later parts of the 
book, we will switch to more formal terms anyway. 

3. For simplicity we have made a tacit assumption in the example that columns WINE 
and PRODUCER contain character string data and all other columns contain integer 
data. We will consider this question of column data types io more detail in Chapter 
3, 4, and especially 5. 

4. Column BIN# constitutes the primary key for table CELLAR (meaning no two 
CELLAR rows ever contain the same BIN# value). We often u e double underlining 
to indicate primary key columns, as in Fig. I. I. 

5. The sample op rnti o or "statements" in Figs. 1.2 and L.3- SF.,LECT INSERT 
UPDATE, DELETE-are all expressed in a language ca lled SQL. SQL is the slan­
daJd language for int ra ling with relati mal databa es, and itis uppor1ed by ju Labout 
every database product on the market today. Note: The name "SQL" originally tood 
for' truclured Query Language" and was pronounced 'sequel.'' Now the language bas 
become a standard, however, the name is just a name-i.l is not officially an abbrevia­
tion for anything at all-and the pendulum bas SWllng in [av r of the pronunciation 
"ess-cue-ell." We will assume this latter pronunciation in this book. 

6. Note that SQL uses the keyword UPDATE to mean "change" specifically. This fact can 
cause confusion, because the term "update" is also used to refer to the three operations 
INSERT, UPDATE, and DELETE as a group. We will distinguish between the two 
meanings in this book by using lower case when the generic meaning is intended and 
upper case to refer to the UPDATE operator specifically. 

7. As you probably already know, the vast majority of databa e systems in use today are 
in fact relalional (or would-be relational, at any rate- see Chapter 4, Section 4.7). 
Partly for this reason, the emphasis in this book is heavily on such systems. 

One last preliminary remark: An under landing f th material io this chapter and the 
next is fundamental to a full appreciation of U1e features and capabi lities fa modern data­
ba e sy tern. However, it cannol be denied that the material is mewhat abstract and ratber 
dry in place , and it does tend to involve a hu·ge number of con epts and terms Uial mighl 
be new to you. In later parts of the book-e peciaUy bapters 3 and 4-you will find ma­
terial that is much less abstract and hence m re immediately understandable, p rhaps. You 
might therefore prefer just to give these first two chapter a "once over lightly" reading for 
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Chapter 1 I An Overview of Database Management 5 

now, and to reread them more carefully later as they become more directly relevant to the 
topics at hand. 

1.2 WHAT IS A DATABASE SYSTEM? 

To repeat from the previous section, a database system is basically a computerized record­
keeping system; i.e., it is a computerized system whose overall purpose is to store infor­
mation and to allow users to retrieve and update that information on demand. The 
information in question can be anything that is of significance to the individual or organi­
zation concerned-anything, in other words, that is needed to assist in the general process 
of running the business of that individual or organization. 

Note: The terms "data" and "information" are treated as synonymous in this book. 
Some writers prefer to distinguish between the two, using "data" to refer to what is actu­
ally stored in the database and "information" to refer to the meaning of that data as under­
stood by some user. The distinction is clearly important-so important that it seems 
preferable to make it explicit, where appropriate, instead of relying on a somewhat arbitrary 
differentiation between two essentially synonymous terms. 

Fig. 1.4 is a simplified picture of a database system. It is meant to show that a database 
system involves four major components: data, hardware, software, and users. We con-

Application 
programs 

Database management system (DBMS) 

Database 

-- -----~ 

Fig. 1.4 Simplified picture of a database system 

D 

D 

D 

D] 
fl \\ 

End users 

Petitioner Exhibit 1029, Page 7 of 110



6 Part I I Preliminaries 

sider these four components briefly below. Later, of course, we will discuss each in much 
more detail (except for the hardware component, details of which are mostly beyond the 
scope of this book) . 

Data 

Database systems are available on machines that range all the way from the smallest per­
sonal computers to the largest mainframes. Needless to say, the facilities provided by any 
given system are determined to some extent by the size and power of the underlying ma­
chine. In particular, systems on large machines ("large systems") tend to be multi-user, 
whereas those on smaller machines ("small systems") tend to be single-user. A single-user 
system is a system in which at most one user can access the dal!!ba ·e a1 uny given Lime; n 
multi-user system is a system in which many user can acces th c.latabase at the same 
time. As Fig. 1.4 suggests, we will normally a. su111c the I alter case in thi s bo k. for gener­
ality, but in fact the distinction is largely irrelevant so far as most users are concerned: A 
major objective of multi-user systems in gencrn l is precisely to allow each user to behave 
as if he or she were working with a si113 /e- uscr system instead. The special problems of 
multi-user systems are primarily problems that are internal to the system, not ones that are 
visible to the user (see Part IV of this book, especially Chapter 15). 

Note: It is convenient to assume for the sake of simplicity that the totality of data in the 
system is all sl~)red in a single database, and we will usually make that assumpti n in this 
book (since it does not materially affect any or our 0U1er discussions). ln rra Lice, however. 
there might be good reasons, even in a small system, why the data sh.oul I be pliL a ross 
several distinct databases. We will touch on some of those reasons later, in Chapter 2 mid 
elsewhere. 

In gen · ral, Lh ll , the data in the database- al least in a lai'ge system- will be both in­
tegrated and sh ired. As we will see in Sccti n 1.4, lbe two aspe ~ts, data integrution and 
data shm·ing, re_prcsent a major advantage of datab,ls ystems in the " larg " environment; 
and data integration, at least, can be significtrnl in Lhe 'small" envir lll11 nt as well. Of 
course, there are many additional advantages (to be discussed later), even in the small en­
vironment. But first let us explain what we mean by the terms integrated and shared. 

■ By integrated, we m :111 Lhat the database can be thought of as a unification of several 
otherwise dis t inut fil es with any redundancy among LhOl; ·' files at least partly elimi­
nated. For example, a given c.latabase might contnin b th an EMPLOYEE file , giving 
employee names, addresses, departments, salnri ., etc., and an ENROLLM ENT fil e. 
representing the enrollment of employees in training courses (ref•r to Fig. 1.5). Now 
suppose that, in order to carry out the process of training couJse administration, it is 
necessary to know the department for each enrolled student. Then there is clearly no 
need to include that information redundantly in the ENROLLMENT file, because it can 
always be discovered by referring to the EMPLOYEE file instead. 

■ By shnred, we mean that individual pieces of data in the database can be shared among 
different users, in the sense that each of those users can have access to the same piece 
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Chapter 1 I An Overview of Database Management 7 

EMPLOYEE NAME ADDRESS DEPARTMENT SALARY 

ENROLLMENT NAME COURSE 

Fig. 1.5 The EMPLOYEE and ENROLLMENT files 

of data, possibly for different purposes. As indicated earlier, different users can effec­
tively even access the same piece of data at the same time ("concurrent access"). Such 
sharing, concurrent or otherwise, is partly a consequence of the fact that the database 
is integrated. In the example cited above, for instance, the department information in 
the EMPLOYEE file would typically be shared by users in the Personnel Department 
and users in the Education Department-and, as already suggested, those ·two classes 
of users would typically use that information for different purposes. Note: If the data­
base is not shared, it is sometimes described as "personal" or "application-specific." 

Another consequence of the foregoing facts-that the database is integrated and (usu-
ally) shared-is that any given user will typically be concerned only with some small por­
tion of the total database; moreover, different users ' portions will overlap in various ways. 
In other words, a given database will be perceived by different users in many different ways. 
In fact, even when two users share the same portion of the database, their views of that por­
tion might differ considerably at a detailed level. This latter point is discussed more fully 
in Section 1.5 and Chapters 2, 3, and especially 9. 

We will have more to say regarding the nature of the data component of the system in 
Section 1.3. 

Hardware 

The hardware components of the system consist of: 

• The secondary storage volumes-mostly magnetic disks-that are used to hold the 
stored data, together with the associated 1/0 devices (disk drives, etc.), device con­
trollers, I/0 channels, and so forth; and 

• The hardware processor(s) and associated main memory that are used to support the ex-
ecution of the database system software (see the next subsection). 

This book does not concern itself very much with the hardware aspects of the system, for 
t1_1e follow i11g reasons among others: First, those aspects form a major topic in their own 
nght; s~cond the problems encountered in this area are not peculiar to database systems; 
and third, those problems have been very thoroughly investigated and described elsewhere. 
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8 Part I I Preliminaries 

Software 

Between the physical database itself-i.e., th data as physicall y ·tored-an I the user, of 
th system is a bycr of oftw·tr , known variou. ly as Lh database manager or database 
server or, mosl c mmonly, Lhe databa e management system (DBMS . All requ , for 
ace ss LO the datahus arl: handled by Lh DBMS: th fa ·ilit·i s sketched in S ction I. I for 
adding and removing rile · (()rt.ables), retri eving data from and updaLing dnw in such rues 
or tables, and so rorth , a r all fo ·ilitie, provided by IJ,e DBMS. ne general function pro­
viJed by the DBMS is Lhu. the sltit:lding rl darobase users from lwrdwnre-Leval dl'mil.,· 
(mu h as pr gramming language systems shield application programmers from hardware­
leve l d wiL ). In olher word . IJ1 DBMS provides users with a perception of the database 
lhal is levateu somewhat above Lhe hardware level, and iL suppOrt.5 user operation, (such 
a. the SQL op rations uiscusscd briefly in Se tion 1.1) thu1 are ex pre sed in l nm r that 
higher-level perception , W will discus, this fun lion, an I nLh r functions of the DBMS 
in onsicl rab'ly more cl tail throughout th body of this book. 

A couple of further points: 

■ The DBM is nsily 111 most important . ortware component in the overall system. but 
it i. n l IJ1 · nly one. IJ1crs in ludc utilities. 1pplica1io11 development tool.. d s ign 
aid.~, report writ 0 1-.., and (m st impoitanl) Lhe r,w,s/.1 ·tion 11w11,,ger or Tl monitor. 'ee 
Chapters 2 :.i nd 3 and (esp cially) Parl IV for rurth r di scussi ,n r thes compon -·nts. 

■ The term DBJ\11S is al so uscJ l< re fer gc11crically to snm I articu lar product from som 
particu lar vendor- fire ·1mple, IBM's" B2 Universal Dniahase'· pro<luct for O ' / 
390. The term DIJMS insto11c • is then s metimes used w re fer 10 the pai-ticular copy of 
such a product that happ ns to be running on some particular computer installation. As 
you will surely appreciate, sometimes it is necessary to distinguish carefully between 
these two concepts. 

Note: You should be warned that pe pie in the industry often use the term data­
base when they really mean DBMS in ·ithcr of the foregoing senses). Here is a typi­
cal example: "Vendor X's database outpe1formed vendor Y's database by a ratio of two 
to one." This usage is sloppy. and deprecated, but very, very common. The problem 
is, of course, if we call 1h DBM, the database, then what do we call Lh' database?) 
Caveat lector. 

Users 

We consider three broad (and somewhat overlapping) classes of users : 

■ First, there are application programmers, r sponsible for wrili n , <.lat:.tbase appli ·uti on 
programs in som' progrnmming l,U1guage su ha. OB L, PUI , ++. fav~1, • r some 
high r-1e el ' l'ourth generation" l.mguage (. ee hapter 2). Such program. m.: cs. lho..: 
database hy issuing IJ1e appropriate r q11 ·st- Lypica lly an QL slal ment- LC> the 
DBMS , The progn1111 • ihemselves can b conv n1ion.1l bat h npplicati us, or lhey ·nn 
be online applications, whose purpose is lo allow an end user (. e tbe next parugruph) 
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Chapter 1 I An Overview of Database Management 9 

to access the database from an online workstation or terminal. Most modern applica­
tions are of the on line variety. 

■ The second class of user, then, is end users, who interact 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 software. Such vendor-provided in­
terfaces are also supported by means of online applications, of course, but those appli­
cations are builtin, not user-written. Most database systems include at least one such 
builtin application, namely a query language processor, by which the user can issue 
database requests (also known as statements or commands) such as SELECT and 
INSERT to the DBMS interactively. The language SQL mentioned in Section 1.1 is a 
typical example of a database query language. 

Note: The term "query language," common though it is, is really a misnomer, inas­
much as the natural language verb "to query" suggests retrieval only, whereas query 
languages usually (not always) provide update and other operations as well. 

Most systems also provide additional builtin interfaces in which users do not issue 
explicit database requests such as SELECT at all, but instead operate by (e.g.) choos­
ing items from a menu or filling in boxes on a form. Such menu- or forms-driven 
interfaces tend to be easier to use for people who do not have a formal training in 
IT (IT= information technology; the abbreviation IS, short for information systems, is 
also used with much the same meaning). By contrast, command-driven interf'aces­
i.e., query languages-do tend to require a certain amount of professional IT expertise, 
though perhaps not much (obviously not as much as is needed to write an application 
program in a language like COBOL). Then again, a command-driven interface is likely 
to be more flexible than a menu- or forms-driven one, in that query languages typically 
include certain features that are not supported by those other interfaces. 

■ The third class of user, not shown in Fig. 1.4, is the database administrator or OBA. 
Discussion of the OBA function-and the associated (very important) data adminis­
trator function- is deferred to Section l.4 and Chapter 2 (Section 2.7). 

This completes our preliminary description of the major aspects of a database system. 
We now go on to discuss the ideas in somewhat more detail. 

1.3 WHAT IS A DAT ABASE? 

Persistent Data 

It is customary to refer to the data in a database as "persistent" (though it might not actu­
ally persist for very long!). By persistent, we mean, intuitively, that database data differs in 
kind from other more ephemeral data, such as input data, output data, control statements, 
work queues, software control blocks, intermediate results, and more generally any data that 
is transient in nature. More precisely, we say that data in the database "persists" because, 
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10 Part I I Preliminaries 

once it has been accepted by the DBMS for entry into the database in the first place, it can 
subsequently be removed from the database only by some explicit request to the DBMS, not 
as a mere side effect of (e.g.) some program completing execution. This notion of persis­
tence thus allows us to give a slightly more precise definition of the term "database": 

■ A database is a collection of persistent data that is used by the application systems of 
some given enterprise. 

The term "enterprise" here is simply a convenient generic term for any reasonably self-con­
tained commercial, scientific, technical, or other organization. An enterprise might be a sin­
gle individual (with a small personal database), or a complete corporation or similar large 
body (with a large shared database), or anything in between. Here are some examples: 

1. A manufacturing company 

2. A bank 

3. A hospital 

4. A university 

5. A government department 

Any enterprise must necessarily maintain a lot of data about its operation. Such data is 
the "persistent data" referred to above. The enterprises just mentioned would typically in­
clude the following among their persistent data: 

1. Product data 

2. Account data 

3. Patient data 

4. Student data 

5. Planning data 

Note: The first few editions of this book used the term "operational data" in place of 
"persistent data." That earlier term reflected the original emphasis in database systems on 
operational or production applications-i.e., routine, highly repetitive applications that 
were executed over and over again to support the day-to-day operation of the enterprise (for 
example, an application to support the deposit or withdrawal of cash in a banking system). 
The term online transaction processing has come to be used to refer to this kind of envi­
ronment. However, databases are now increasingly being used for other kinds of applica­
tions as well-i.e., decision support applications-and the term "operational data" is thus 
no longer entirely appropriate. Indeed, enterprises nowadays often maintain two separate 
databases, one containing operational data and one, often called the data warehouse, con­
taining decision support data. The data warehouse often includes summary information 
(e.g., totals, averages), where that summary information in turn is extracted from the oper­
ational database on a periodic basis-say once a day or once a week. See Chapter 21 for 
further discussion of decision support databases and applications . 
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Chapter 1 I An Overview of Database Management 11 

Entities and Relationships 

We now consider the example of a manufacturing company ("KnowWare Inc.") in a little 
more detail. Such an enterprise will typically wish to record information about the projects 
it has on hand; the parts used in those projects; the suppliers who supply those parts; the 
warehouses in which those parts are stored; the employees who work on those projects; and 
so on. Projects, parts, suppliers, etc., thus constitute the basic entities about which Know Ware 
Inc. needs to record information (the term "entity" is commonly used in database circles to 
mean any distinguishable object that is to be represented in the database) . Refer to Fig. 1.6. 

In addition to the basic entities themselves (suppliers, parts, and so on, in the example) , 
there will also be relationships linking those basic entities together. Such relationships are 
represented by diamonds and connecting lines in Fig. 1.6. For example, there is a relation­
ship ("SP") between suppliers and parts: Each supplier supplies certain parts, and conversely 
each part is supplied by certain suppliers (more accurately, each supplier supplies certain 
kinds of parts, each kind of part is supplied by certain suppliers) . Similarly, parts are used in 
projects, and conversely projects use parts (relationship PJ); parts are stored in warehouses, 
and warehouses store parts (relationship WP); and so on. Note that these relationships are all 
bidirectional-that is, they can be traversed in either direction. For example, relationship SP 
between suppliers and parts can be used to answer both of the following questions: 

■ Given a supplier, get the parts supplied by that supplier; 

■ Given a part, get the suppliers who supply that part. 

Locations >----------1 Departments 

Fig. 1.6 Entity /relationship (E/R) diagram for KnowWare Inc. 
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12 Part I I Preliminaries 

The significant point about this relationship (and all of the others illustrated in the fig­
ure, of course) is that they are just as much a part of the data as are the ba.l'ic entities. They 
must therefore be represented in the database, just like the basic entities. Note: In a rela­
tional system specifically, both the basic entities and the relationships connecting them will 
be represented by means of tables like the one shown in Fig. 1.1, as we will see in Chapter 3. 

We note in pass ing thal Fig. 1.6 is an example of what is called (for obvious reasons) 
an entity/relationship diagram (E/R diagram for short). In Chapter 13 we will consider 
such diagrams in some detail. 

Fig. 1.6 also illustrates a number of other important points: 

1. Although most of the relationships in that figure involve two entity types-i.e., they are 
binary relationships-it is by no means tJ1e case that all relationships must nece arily 
be binary in this sense. In the example there is one relationship ("SPJ") involving three 
entity types (suppliers, parts, and projects): a ter11.ary relationship. The intended inter­
pretation is that certain suppliers supply cerurin parts to certain projects. Note careful ly 
that this ternary relationship ("suppliers supply part. to project ') i 1w1 equivalent in 
general, to the combination of the three binary r lationship, "suppliers . upply parts, 
"parts are used in projects," and "projects are surplied by suppliers. F r example, the 
statement that 

a. Smith supplies monkey wrenches to the Manhattan project 

tells us more than the following three statements do: 

b. Smith supplies monkey wrenches, 

c. Monkey wrenches are used in the Manhattan project, and 

d. The Manhattan project is supplied by Smith 

-we cannot (validly!) infer a. knowing only b., c., and d. More precisely, if we know 
b., c., and d., then we might be able to infer that Smith supplies monkey wrenches to 
some project (say project Jz), that some supplier (say supplier Sx) supplies monkey 
wrenches to the Manhattan project, and that Smith supplies some part (say part Py) to 
the Manhattan project-but we cannot validly infer that Sx is Smith or that Py is mon­
key wrenches or that Jz is the Manhattan project. False inferences such as these are ex­
amples of what is sometimes called the connection trap. 

2. The figure also shows one relationship (PP) involving just one entity type (parts). The re­
lationship here is that certain parts include other parts as immediate components (the so­
called bill-of-materials relationship)-for example, a screw is a component of a hinge 
assembly, which is also considered as a pmt and might in turn be a component of some 
higher-level part such as a lid. Note that this relationship is still binary; it is just that the 
two entity types that are linked together, pa1ts and parts, happen to be one and the same. 

3. In general, a given set of entity types might be linked together in any number of dis­
tinct relationships. In the example in Fig. 1.6, there are two distinct relationships in­
volving projects and employees: One (EJ) represents the fact that employees are 
assigned to projects, the other (MJ) represents the fact that employees manage projects. 
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Chapter 1 I An Overview of Database Management 13 

We now observe that a relationship can be regarded as an entity in its own right. If we 
take as our definition of entity "any object about which we wish to record information," then 
a relationship certainly fits the definition. For instance, "part P4 is stored in warehouse W8" 
is an entity about which we might well wish to record information-e.g., the correspond­
ing quantity. Moreover, there are definite advantages (beyond the scope of the present 
chapter) to be obtained by not making any unnecessary distinctions between entities and re­
lationships. In this book, therefore, we will usually treat relationships as just a special kind 
of entity . 

Properties 

As just indicated, an entity is any object about which we wish to record information. It fol­
lows that entities-relationships included--can be regarded as having properties, corre­
sponding to the information we wish to record about them. For example, suppliers have 
locations; parts have weights; projects have priorities; assignments (of employees to pro­
jects) have start dates; and so on. Such properties must therefore be represented_in the data­
base. For example, the database might include a table called S representing suppliers, and 
that table might include a column called CITY representing supplier locations. 

Properties in general can be as simple or as complex as we please. For example, the 
"supplier location" property is presumably quite simple, consisting as it does of just a city 
name, and can be represented in the database by a simple character string. By contrast, a 
warehouse might have a "floor plan" property, and that property might be quite complex, 
consisting perhaps of an entire architectural drawing and associated descriptive text. At the 
time of writing, most database products are only just beginning to be able to deal with com­
plex properties such as drawings and text. We will return to this topic later in this book (es­
pecially in Chapter 5 and Part VI); until then, we will mostly assume (where it makes any 
difference) that properties are "simple" and can be represented by "simple" data types. Ex­
amples of such "simple" types include numbers, character strings, dates, times, and so 
forth. 

Data and Data Models 

There is another (and important) way of thinking about what data and databases really are. 
The word data derives from the Latin for "to give"; thus, data is really given facts, from 
which additional facts can be inferred. (Inferring additional facts from given facts is exactly 
what the DBMS is doing when it responds to a user query.) A "given fact" in turn corre­
sponds to what logicians call a true proposition;* for example, the statement "Supplier S 1 
is located in London" might be such a true proposition. It follows that a database is really 
a collection of such true propositions [1 .2]. 

~ A _Proposition in logic is somelhing th,11 evu luates to either true or false, une4u ivocally. For instance, 
Wilham Shakespeare wrote Pricll' and Prt>,ilfJice" is a proposition (a false one, HS it happens), 
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One reason relational database systems have become so dominant-in both the indus­
trial and the academic world, be it noted-is that they support the foregoing interpretation 
of data and databases very directly (almost trivially, in fact). Relational systems are based 
on a formal theory called the relational model of data, according to which: 

■ Data is represented by means of rows in tables, and such rows can be directly inter­
preted as true propositions. For example, the row for BIN# 72 in Fig. 1.1 can be inter­
preted in an obvious way as the following true proposition : 

"Bin number 72 contains two bottles of 1995 Rafanelli Zinfandel, which will be ready 
to drink in 2003." 

■ Operators are provided ror operating on rows i.n l:lbles, and those operators directly sup­
port the proces of inferring atldilionul true propos iti.ons rrom the given ones. As a sim­
ple example, the relational project perator see Se ·tion 1.6) allows us to infer, from the 
true proposition just quoted. th following additional true proposition among others: 

"Some bottles of Zinfandel will be ready to drink in 2003." 

(More precisely: "Some bottles of Zinfondel in some bin, produced by some producer 
in some year, will be ready to drink in 2003.") 

The re laliomll 111 dot i • not the only data model , however; others do exist (see Section 
1.6)- lh ugh mo. l of them differ from the relational model in that they are ad hoc to a de­
gre , inst ad of' being finnly based on ~ rmal logic. Be that as it may, the question arises: 
What in general is a data model? We can define the concept thus: 

• A data model is an abstract, self-contained, logical definition of the objects, operators, 
and so forth, that together constitute the abstract machine with whi ·h users interact. 
The objects allow us to model the structure of data. The operators allow us to model 
its behavior. 

We can then usefully distinguish the model from its implementation: 

■ An implementation of a given data model is a physical realization on a real machine 
of the components of the abstract machine that together constitute that model. 

In a nutshell : The model is what users have to know about; the implementation is what users 
do not have to know about. 

Note: As you can see, the distinction between model and implementation is really just 
a special case (a very important special case) of the familiar distinction between logical and 
physical. Sadly, however, many of today's clntabuse systems-even ones that profess to be 
relational-do not make these distinctions a ' learly as they should. Indeed, there seems to 
be a fairly widespread lack of understanding of these distinctions and the importance of 
making them. As a consequence, there is all too often a gap b tween database principles 
(Lbe way daLaba • . yslems ought to be) .1111.l database pmclice the way they actually nre). 
In thi s book we are con erned primaril y with prin ·ipl ' , . but it i , only fair Lo warn you that 
you might therefore b in for a few surpri ses, mosUy or an unp leasant nature, wb n you start 
using a commercial pr duct. 
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In closing this section, we should mention the fact that, actually, the term data model 
is used in the literature with two quite different meanings. The first is as described above. 
The second is as a model of the persistent data of some particular enterprise ( e.g., the man­
ufacturing company KnowWare Inc. discussed earlier in this section). The difference be­
tween the two meanings can be characterized thus: 

• A data model in the first sense is like a programming language-albeit one that is 
somewhat abstract---whose conslructs can be used to solve a wide variety of specific 
problems, but in and of themselves have no direct connection with any such specific 
problem. 

■ A data model in the second sense is like a .1pecific program written in that language. 
In other words, a data model in the second sense takes the facilities provided by some 
model in the first sense and applies them to some specific problem. It can be regarded 
as a specific application of some model in the first sense. 

In this book, the term data model will be used only in the first sense from this point 
forward, barring explicit statements to the contrary. 

1.4 WHYDATABASE? 

Why use a database system? What are the advantages? To some extent the answer to these 
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). We 
consider the single-user case first. 

Refer back to the wine cellar example once again (Fig. 1.1 ), which we can regard as il­
lustrative of the single-user case. Now, that particular database is so small and so simple 
that the advantages might not be all that obvious. But imagine a similar database for a large 
restaurant, with a stock of perhaps thousands of bottles and very frequent changes to that 
stock; or think of a liquor store, with again a very large stock and high turnover on that 
stock. The advantages of a database system over traditional, paper-based methods of record­
keeping are perhaps easier to see in these cases. Here are some of them: 

■ Compactness: There is no need for possibly voluminous paper files. 

■ Speed: The machine can retrieve and update data far faster than a human can. In par­
ticular, ad hoc, spur-of-the-moment queries (e.g., "Do we have more Zinfandel than 
Pinot Noir?") can be answered quickly without any need for time-consuming manual 
or visual searches. 

• Less drudgery: Much of the sheer tedium of maintaining files by hand is eliminated. 
Mechanical tasks are always better done by machines. 

• 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 likely to be much larger and more complex than in the 
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single-user ca c. Ffowever there i. one verciding additional advantnge in such an envi­
r nmenl namely as follows: The database system pro\lide. the ente,prise with centralized 
·ontml of its dat(t (which as you should reaJi ze by now is one of it. most vaJuabl as. ets). 

Such a situation contrasts , harply with that found in an enterprise wiLboul a database sys-
tem, where typically each application has its own private files---quite often its own private 
tapes and disks, too-so that the data is widely dispersed and difficult to control in any sys­
tematic way. 

Data Administration and Database Administration 

We elaborate briefly on this concept of centralized control. The concept implies that there 
will be some identifiable person in the enterprise who has this central responsibility for the 
data. That person is the data administrator (DA for short) mentioned briefly at the end of 
Section 1.2. Given that (to repeat) the data is one of the enterprise's most valuable assets, 
it is imperative that there should be some person who understands that data, and the needs 
of the enterprise with respect to that data, at a senior management level. The data adminis­
trator is that person. Thus, it is the data administrator's job to decide what data should be 
stored in the database in the first place, and to establish policies for maintaining and deal­
ing with that data once it has been stored. An example of such a policy might be one that 
dictates who can perform what operations on what data in what circumstances-in other 
words, a data security policy (see the next subsection). 

Note carefully that the data administrator is a manager, not a technician (although he 
or she certainly does need to have some appreciation of the capabilities of database systems 
c.11 ate hni al I ·v I). The technical person r spon ibl ror implementing the data n lminis­
trator s clecisi ns is the database administrator (DBA f r short . The OBA, unlike the data 
admini strator, is thus an IT professional.. The job of Lhe DBA is to er at 1h actua l data­
base and to implement lhe l chnica l contr Is needed to enforce the various policy decisions 
made by the data admjn istraLor. The DBA is also responsible for en, uring 11,at the ystem 
operates wil11 adequate performance and for providing a variety of other te hnical . ervi es. 
The OBA will Lypically have a , taff of sysl 'ITI programmers and other technical assistnnts 
(i.e., 11Je DBA function will typically be performed in prn Lice I ya team of people, nc t just 
by one p · r. on); for simplicity, however, it is convenien t LO n sume that the DBA is indeed 
a single individual. We will discuss the DBA function in more detail in Chapter 2. 

Benefits of the Database Approach 

In this subsection we identify some of the specific advantages that accrue from the forego­
ing notion of centralized control. 

• The data can be shared 

We discussed this point in Secti n 1.2, ul for completeness we mention it ngain here. 
Shoring mean, n t only that existing applications can share the data in the data! ase, but 
also that new applications can be develop d to operate aga inst that same darn. fn other 
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words, it might be possible to satisfy the data requirements of new applications with­
out having to add any new data to the database. 

• Redundancy can be reduced 

In nondatabase systems each application has its own private files. This fact can often 
lead to considerable redundancy in stored data, with resultant waste in storage space. 
For example, a personnel application and an education records application might both 
own a file that includes department information for employees. As suggested in Sec­
tion 1.2, however, those two files can be integrated, and the redundancy eliminated, so 
long as the data administrator is aware of the data requirements for both applications­
i.e., so long as the enterprise has the necessary overall control. 

Incidentally, we do not mean to suggest that all redundancy can or necessarily 
should be eliminated. Sometimes there are sound business or technical reasons for 
maintaining several distinct copies of the same data. However, we do mean to suggest 
that any such redundancy should be carefully controlled; that is, the DBMS should be 
aware of it, if it exists, and should assume responsibility for "propagating updates" (see 
the next point below). 

• Inconsistency can be avoided (to some extent) 

This is really a corollary of the previous point. Suppose a given fact -about the real 
world- say the fact that employee E3 works in department D8- is represented by two 
distinct entries in the database. Suppose also that the DBMS is not aware of this du­
plication (i .e., the redundancy is not controlled). Then there will necessarily be occa­
sions on which the two entries will not agree: namely, when one of the two has been 
updated and the other not. At such times the database is said to be inconsistent. Clearly, 
a database that is in an inconsistent state is capable of supplying incorrect or contra­
dictory information to its users. 

Of course, if the given fact is represented by a single entry (i.e., if the redundancy 
is removed), then such an inconsistency cannot occur. Alternatively, if the redundancy 
is not removed but is controlled (by making it known to the DBMS), then the DBMS 
can guarantee that the database is never inconsistent as seen by the user, by ensuring 
that any change made to either of the two entries is automatically applied to the other 
one as well. This process is known as propagating updates. 

■ Transaction support can be provided 

A transaction is a logical unit of work, typically involving several database operations 
(in particular, several update operations). The standard example involves the transfer 
of a cash amount from one account A to anoLher ace unt B. Clearly two updates are re­
quired here, one to withdraw the cash from ac ount A and the other to Jepo, it it to ac­
count 8. It' tbc user has stated that the two updates are part r lb ·ame u·an. action, th ' n 
the sy 1cm can effecti ve ly guarantee U1at either botJ1 of U,em are done or neith r is vcn 
if, e. • the system faili; (say b-caus of u power utage) halfway through U1e pr cess. 

Note: Th tra nsaction aromid ty f ature just illustrated is not the onl y benefit of 
Lran" action support. but un.l ike some of the others it is one that applies even .in the 
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single-user case.* A full description of all of the various advantages of transaction sup­
port and how they can be achieved appears in Chapters 14 and 15. 

■ Integrity can be maintained 

The problem of integrity is the problem of ensuring that the data in the database is cor­
rect. InconsisLency between two ent.riei that purport t repr sent the same "fact" is an 
example of lack of integrity (see the di cuss ion of this poin l earlier in this subsection) ; 
of course, this particular problem can ari :; -: only if redundancy l!x ists in the stored data. 
Even if there is no redundancy, however, the database might slill contain incorrect in­
formalion. For example, un employee might be sb wn a having worked 400 h Lll.'S in 
the week instead f 40, r as belongin Lo a department Lhat doe, not ex is t. Centralized 
conLrol of the database can help in avoiding uch problem. - insofar as U1ey can be 
avoided- by permi tting the t.lata admin istrator to define, and the DB A Lo implement, 
integrity constraints (also known as business rules) to be checked whenever any up­
date operation is performed. 

lL is worLh pointing out thaLdaLa integrity i. ev n m re important .in a daLabase ys­
tem Urnn it is in u "plivate files" environment, precisely because the data is hared. For 
without appropriate contrnls it would be possible fo r one u ·er to update the database 
incorrectl y, thereby generati ng bad data ands "infecti ng" other inn cenl user of that 
data. It should also be mentioned that most database products are currently rather weak 
in their support for integrity constraints (though there have been some recent im­
provements in this area) . This fact is unfortunate, given that-as we will see in Chap­
ter 8-integrity constraints are both fundamental and crucially important, much more 
so than is usually realized. 

• Security can be enforced 

Having complete jurisdiction over the database, the DBA (under appropriate direction 
from the data administrator, of course) can ensure that the only means of access to the 
database is through the proper channels, and hence can define security constraints or 
rules to be checked whenever access is attempted to sensitive data. Different con­
straints can be established for each type of access (retrieve, insert, delete, etc.) to each 
piece of information in the database. Note, however, that without such con Lrn inls the 
security r the data might actually be more at risk than in a traditional (d ispersed) fil­
ing system; that is, the centralized nature of a database system in a sense requires that 
a good security system be in place also. 

■ Conflicting requirements can be balanced 

Knowing the overall requirements of the enterprise (as opposed to the requirements of 
individual users), the OBA-again under the data administrator' s direction-can so 
structure the system as to provide an overall service that is "best for the enterprise." For 

*On the other hand, single-user systems often do not provide transaction support at all but simply leave the 
problem on the user's shoulders. 
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example, a physical representation can be chosen for the data in storage that gives fast 
access for the most important applications (possibly at the cost of slower access forcer­
tain other applications). 

■ Standards can be enforced 

With central control of the database, the DBA (under the direction of the data admin­
istrator once again) can ensure that all applicable standards are observed in the repre­
sentation of the data. Applicable standards might include any or all of the following: 
departmental, installation, corporate, industry, national, and international standards. 
Standardizing data representation is particularly desirable as an aid to data interchange, 
or movement of data between systems (this consideration is becoming particularly im­
portant with the advent of distributed systems-see Chapters 2 and 20). Likewise, data 
naming and documentation standards are also very desirable as an aid to data sharing 
and understandability. 

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 oth­
ers) needs to be added to the list: namely, the provision of data independence: (Strictly 
speaking, this is an objective for database systems, rather than an advantage ne~essarily.) 
The concept of data independence is so important that we devote a separate section to it. 

1.5 DATA INDEPENDENCE 

We begin by observing that there are two kinds of data independence, physical and logical 
[1.3- 1.4]; for the time being, however, we will be concerned with the physical kind only. 
Until further notice, therefore, the unqualified term "data independence" should be under­
stood to mean physical data independence specifically; we will discuss logical data inde­
pendence in Chapters 2, 3, and especially 9. Note: We should perhaps say too that the term 
"data independence" is not very apt (it does not capture very well the essence of what is re­
ally going on); however, it is the term traditionally used, and we will stay with it in this book. 

Data independence can most easily be understood by first considering its opposite. 
Applications implemented on older systems-prerelational or even predatabase systems­
tend to be data-dependent. What this means is that the way the data is physically repre­
sented in secondary storage, and the technique used to access it, are both dictated by the 
requirements of the application under consideration, and moreover that knowledge of that 
physical representation and that access technique is built into the application code. 

• Example: uppos we have an applicati on that uses the EMPLOYEE file of Fig. 1.5, 
tin I suppos • it is tlecitled, for r erfor.man e reasons, that the file is to be indexed on its 
" I emp oycc name• ric lcl . ln an Ider sysl m, the application in question will typically 
~c nwnrc of lhe fact lhat the .index xists, and aware also of the record sequence as de­
imed by thnl index, anti Lhe internal structure of the application will be built around that 
knowledge. lo particular, the precise f'orm of the various data access and exception 
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checking routines within the application will depend very heavily on details of the in­
terface presented to the application by the data management software. 

We say that an application such as the one in this e nmpl is data-dep ndent, because 
ii L impossible to chnnge th phy. i 'a l r pr entation (how lhe lata is phy ically represented 
in storage) r access lcchnique (h w il L physically accessed) without affecting the appli­
cation, probably drastically. For in taoce, il would not be possible to replace the index in 
the ex.::unpl by a hashing scheme without making major modifications to the application. 
What is mor . U1e porlions of Lhe application requiring alteration in such a situation are pre­
cisely those porti_ons that communicate with the data management software; the difficulties 
involved arc quit irrelevant to the problem the application was originally written to solve­
i.e., they are difficulties introduced by the na111r of the data management interface. 

In a database system, however, it would b extremely undesirable to allow applications 
to be data-dependent in the foregoing sense, for at least the following two reasons: 

I. Different applications will require different views of the same data. For example, sup­
pose that b for the enterprise introduces its integrated database there are two appli­
cations, A and B, each owning n private file that includes th field "customer balance." 
Suppose, h wev r, that application A )i tore. that fi Id in de ·imal wheren, application 
B stores it in binary. It will still be possible to integral th two files, and 10 eliminate 
the redundancy, provided the DBMS is ready and abl top rB rm all ne ·es. ary con­
versions between the stored representation hosen (which might be decimal or binary 
or something else again) and the form in which each application wishes to see it. For 
example, if it is decided to store the field in decimal, then every access by B will re­
quire a conversion to or from binary. 

This is a fairly trivial example of the kind of difference that might ex ist in a data­
base system between the data as seen by a given application a11d the data as physically 
stored. We will consider many other possible difference lat r in tbi ection. 

2. The DBA must have the freedom to change the physical repre entalion r access tech­
nique in re ponse to changing requirements, without having to modify existing appli­
cations. For ex.amp! , new kinds f data might be added lo th database; new tandards 
might be adopted; application priorities (and therefore relative performance require­
ments) might change; new storage devices might become available; and so on. If appli­
cations ar ' data-dependent, su ·h ch·mge. wi II typically require corresponding changes 
to programs, thus tying up progntmm r ffon that would otherwise be available for the 
er alion () r new applicati on .. ll is still not uncommon, even today, to find a significant 
fraction of the available programming effort devoted to this kind of maintenance (think 
of the "Year 2000" problem !)-hardly the best use of a scarce and valuable resource. 

It follows that the provision of data indepcndenc • is a major obj c ti ve for lalabase sys-
tems. Data independence can be defined as the immunity of applications lo cJrnnge in 
physical representation and access techniqu which implies, of course thal lbe appli­
cations concerned do not depend on any one particular physical representa tion or access 
technique. In Chapter 2, we describe an architecture for database ·ystems that provi ues a 
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basis for achieving this objective. Before then, however, let us consider in more detail some 
examples of the types of changes that the DBA might wish to make, and that we might 
therefore wish applications to be immune to. 

We start by defining three terms: stored field, stored record, and stored file (refer to 
Fig. 1.7). 

■ A stored field is, loosely, the smallest unit of stored data. The database will contain 
many occurrences (or instances) of each of several types of stored field. For exam­
ple, a database containing information about different kinds of parts might include a 
stored field type called "part number," and then there would be one occurrence of that 
stored field for each kind of part (screw, hinge, lid, etc.) . 

Note: In practice it is common to drop the qualifiers "type" and "occurrence" and 
to rely on context to indicate which is meant. Although there is a slight risk of confu-

stored database 

"Parts" stored file PFILE 

part part part part 
no. name color weight 

---1 P1 I Nut I Red I 12 I 
two occurrences 

of the "part" 
stored record type 

\ \ \ t 
stored field occurrences 

t \ \ \ 
---+-----+- [ P2 [ Bolt !Green I 17 I 

part part part part 
no. name color weight 

Fig, 1.7: Stored fields, records, and files 
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sion, the practice is convenient, and we will adopt it ourselve from time to time in this 
book. (These remarks apply to stored record as well-see th paragraph immediately 
following.) 

■ A stored record is a collection of related stored fields. Again we distinguish between 
type and occurrence. A stored record occurrence (or instance) consists of a group of 
related stored field occurrences. For example, a stored record occurrence in the "parts" 
database might consist of an occurrence of each of the following stored fields: part 
number, part name, part color, and pmt weight. We say that the database contains 
many occurrences of the "part" stored re ord type (again, one occurrence for each kind 
of part). 

■ Finally, a stored file is the collection of all currently existing occurrences of one type 
of stored record. Note: We a, sume for simplicity that any given stored file contains just 
one type of stored record. This simplification does not materially affect any of our sub­
sequent discussions. 

Now in nondataba. syi; t m. it is normally the ca e that any given logical record as 
cen by some applicalion is identical lo s me corresp nding stored record. As we have al­

r -ady sc n. however, thi s is not nee ssaril y th ca. e in a darnha, e c;ystem. becaus the DRA 
might n , d to be ahl ro mnkc chnngcs ro the stored representation of data- --that is, to the 
stored [ielcl , records, and fi les-whit the data as seen by applications does not change. For 
example, the DEPARTM ENT field in the EMPLOY :£ fil mighl be stored in binnry to 
economize on storage . pa e, whereas a given OBOL applicati on might see it as a char­
acter string. And later the OBA might decide for some r a. on to chunge the stor -d r pre­
sentation of that field from binary to decimal, say, and yet still allow the COBOL 
application to see it in character form. 

As stated earlier, a difference such as this one, involving data type conv rsion on some 
field on each access, is comparatively minor. In general , however, the dil'~ r nee between 
what th applic.ati n ·ces and whaL is acluall y slored might b quite considerable. To am­
plify this remark, w pres nl b low n Ii. l of aspects of Lhc . torcd r pr s ntation that mig_ht 
be subject to chang -. You should onsider in each cas wh:il th DBMS woulu hav to do 
to make applications immune to such change (and indeed whether such immunity can al­
ways be achieved). 

■ Representation of numeric data 

A numeric field might be stored in internal arithmetic form (e.g., packed decimal) or 
as a character string. Either way, the DBA must choose an appropriate base (e .g., bi­
nary or decimal), scale (fixed or floating point), mode (real or complex), and predsion 
(number of digits). Any of these aspects might need to be changed to improve pe,fo r­
mance or to conform to a new standard or for many other reasons. 

■ Representation of character data 

A character string field might be stored using any of several distinct coded character 
sets-e.g., ASCII, EBCDIC, Unicode. 
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■ Units for numeric data 

The units in a numeric field might change-from inches to centimeters, for example, 
during a process of metrication. 

■ Data coding 

In some situations 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 be stored as a single decimal digit, interpreted 
according to the coding scheme I = "Red," 2 = "Blue," and so on. 

■ Data materialization 

In practice the logical field as seen by an application does usually correspond to some 
specific stored field (although, as we have already seen, there might be differences in 
data type, coding, and so on). In such a case, the process of materialization-that is, 
constructing an occurrence of the logical field from the corresponding stored field oc­
currence and presenting it to the application-can be said to be direct. Sometimes, 
however, a logical field will have no single stored counterpart; instead, its values will 
be materialized by means of some computation, perhaps on several stored field occur­
rences. For example, values of the logical field "total quantity" might be materialized 
by summing a number of individual stored quantities . "Total quantity" here is an ex­
ample of a virtual field, and the materialization process is said to be indirect. Note, 
however, that the user might see a difference between real and virtual fields, inasmuch 
as it might not be possible to update an occurrence of a virtual field (at least, not di­
rectly). 

■ Structure of stored records 

Two existing stored records might be combined into one. For example, the stored 
records 

I part no. part color and part no. part weight 

might be combined to form 

I part no. I part color part weight 

Such a change might occur as existing applications are integrated into the database sys­
tem. It implies that an application's logical record might consist of a proper subset of 
the corresponding stored record-that is, certain fields in that stored record would be 
invisible to the application in question. 

Alternatively, a single stored record type might be split into two. Reversing the 
previous example, the stored record 

[ part no. part color part weight 
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might be split into 

I part no. I part color and part no. part weight 

Such a split would allow less frequently used portions of the original record to be stored 
on a slower device, for example. The implication is that an application's logical record 
might contain fields from several distinct stored records-that is, it might be a proper 
superset of any given one of those stored records. 

■ Structure of stored files 

A given stored file can be I hy. ica ll y implemented in st rnge in a wide va.riely or ways. 
For example, it mighl be entire ly conta ined within n sing le storage volume le.g., a sin­
gle disk), or it might be spread across s 'veral volumes (possibly on severn l different 
tlevicc lypes); it might or might not be physically sequenced according to the values or 
. om· stored fic l I; it might or might n l I e sequenced in ne r more atldilional way · 
by some other means, e.g., by one or more in(lex s or one or more cmbedtled p )inler 
chains (or both); it might or might not be accessible via some hashing scheme; the 
stored records might or might not be physically blocked; and so on. But none of these 
considerations should affect applications in any way (other than performance, of 
course). 

This concludes our Ii . t of lls pccrs or the stored data rcpresenlalion that arc subject to 
po. sibl change. The list implies (among 01.her Lhfogs) that the database should be able to 
l,'l·ow wiU1 ut impairing existing applicali ns; indeed. ennbling Lhe database to grow with­
oul logi<.:ally impairing ex isting applications i one or the most imp rt:mt reasons for re­
quiring <.lala intlepcntlcncc in th · lir. I plac . For example, it should be possible to extend 
an xisting. lored record by lhe addition r n w stored fields , representing, typically, fur­
ther information concerning s11mc existing type of entity (e.g., a "unit cost" field mighl be 
addcJ to the ' pmt" ·tored record . Such new fields should simply be invisible to xisling 
applications. Likewise, it sh uld h p ssible to add entire ly n w st re<l ret.:ord types (and 
hen ·e new stored ril es , a!_!ain without requiring ~u1y change lo cxl ling applicu tions: such 
records would typically represent new entity type. (e .. , n ·•supplier" rec rd lyp ·ould be 
added to the "parts" database . Again, such additions sh uld b invisible Lo ex isting appli­
cations. 

By now you might have realized that data ind •pen<lcncc is one or tbe reasons whys p­
:.irating lhe data mod I from it: implementation. a ' tli s us ·ed near th i.:nd of Section 1.3, is 
so important: To Lhc ex tent wed> not make Umt sepur,Hion, we will 11 ()1 achieve data inde­
p nd1.nce. 111 widespread fa.i.lure t make lhc separation rm>perly, in Louuy 's QL system. 
in pnr1icu lar, is tlrns particu larly djstrcssing. Noll': We Jun t meant uggest by these re­
marks Lh::tl today's SQ I systems provide 110 claw independence al all. only that they do I ro-

ide much (es. than relucionnl systems are th ore ti cully capable of. In olher words, data 
indepcnc.Jen ·e is not an ab ·olu le (d ifferent syst ms prov id it to different degrees, and few 
if any provitle non• al all ); SQL syste ms proviu' more th.in older systems, but they are i.till 
nut pcrrecl, as we will see in the clmplcrs Lo come. 
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1.6 RELATIONAL SYSTEMS AND OTHERS 

As mentioned at the end of Section 1.3, DBMS products that are based on the relational 
model of data ("relational systems") have come to dominate the database marketplace. 
What is more, the vast majority of database research over the last 30 years has also been 
based-albeit a little indirectly, in some cases-on that model. In fact, the introduction of 
the relational model in 1969-70 was undeniably the single most important event in the en­
tire history of the database field. For these reasons, plus the additional reason that the rela­
tional model is solidly based on logic and mathematics and therefore provides an ideal 
vehicle for teaching database principles, the emphasis in this book is (as noted in Section 
1.1) heavily on relational systems. 

What then exactly is a relational system? It is obviously not possible to answer this 
question fully at this early point in the book-but it is possible, and desirable, to give a 
rough and ready answer, which we can make more precise later. Briefly (and loosely), a re­
lational system is one in which: 

1. The data is perceived by the user as tables (and nothing but tables); and 

2. The operators available to the user (e.g., for retrieval) are operators that generate new 
tables from old. For example, there is one operator, restrict, which extracts a subset of 
the rows of a given table, and another, project, which extracts a subset of the 
columns-and of course a row subset and a column subset of a table can both in tum 
be regarded as tables themselves, as we will see in just a moment. 

Note: The reason such systems are called "relational" is that the term relation is basi­
cally just a mathematical term for a table; indeed, the terms relation and table can be taken 
as synonymous, at least for informal purposes (see Chapters 3 and 5 for further discussion). 
Perhaps we should add that the reason is definitely not that the term relation is "basically 
just a mathematical term for" a relationship in the sense of entity/relationship diagrams (see 
Section 1.3); in fact, there is very little direct connection between relational systems and 
such diagrams, as we will see in Chapter 13. 

To repeat, we will make the foregoing definitions much more precise later, but they will 
serve for the time being. Fig. 1.8 provides an illustration. The data-see part a. of the fig­
ure-consists of a single table, named CELLAR (in fact, it is a scaled down version of the 
CELLAR table from Fig. I. I, reduced in size to make it more manageable). Two sample 
retrievals-one involving a restriction or row-subsetting operation and the other a projec­
tion or column-subsetting operation-are shown in part b. of the figure. Note: The two re­
trievals are expressed in SQL once again. 

We can now distinguish between relational and nonrelational systems, as follows. As 
already stated, the user of a relational system sees the data as tables, and nothing but tables. 
The user of a nonrelational system, by contrast, sees other data structures, either instead of 
or in addition to the tables of a relational system. Those other structures, in turn, require 
other operators to manipulate them. For example, in a hierarchic system such as IBM's 
IMS, the data is represented to the user in the form of a set of tree structures (hierarchies), 
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a. Given table: CELLAR WINE YEAR BOTTLES 

Chardonnay 1996 4 
Fume Blanc 1996 2 
Pinet Noir 1993 3 
Zinfandel 1994 9 

b. Operators (examples): 

1. Restrict: Result: WINE YEAR BOTTLES 

SELECT WINE, YEAR, BOTTLES Chardonnay 1996 4 
FROM CELLAR Fume Blanc 1996 2 
WHERE YEAR> 1995 

2. Project: Result: WINE BOTTLES 

SELECT WINE, BOTTLES Chardonnay 4 
FROM CELLAR ; Fume Blanc 2 

Pinet Noir 3 
Zinfandel 9 

Fig. 1.8 Data structure and operators in a relational system (examples) 

and the operators provided for manipulating such structures include operators for travers­
ing pointers-viz., the pointers that represent the hierarchic paths up and down the trees. (By 
contrast, it is an important distinguishing characteristic of relational systems that they in­
volve no such pointers, as we have seen.) 

To pursue the issue a little further: Database systems can in fact be conveniently cate­
gorized according to the data structures and operators they present to the user. According 
to this scheme, the oldest (prerelational) systems fall into three broad categories, namely in­
verted list, hierarchic, and network systems.* We do not discuss these categories in de­
tail in this book because from a technological point of view, at least, they must be regarded 
as obsolete. (You can find tutorial descriptions of all three in reference [ 1.5] if you are in­
terested.) However, we should at least say that the term network in this context has nothing 
to do with a communications network!-it refers rather (to repeat) to the kinds of data struc­
tures and operators supported by the systems in question. 

*By analogy with the relational model, earlier editions of this book referred to inverted list, hierarchic, and 
network models (and much of the literature still does). To tnlk in such lerms is ruther misli::tding, however, 
because, un like the rel01lonnl model, lhe inverted Ii. t, hiemrchic, and network "m dcls .. were all defined 
qfier the/act; .i.e., commercial i.nvertcd li~l. hierarchic, and network products were implememcdjirsr, and 
lhe corresponding "model~" were defined s11bseqrie,11ly by u pro · -ss of indu Lion- in tbi. context, n polite 
term for gue-~swork-from tl1os existing implementations. 
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Note: Network systems are sometimes called either CODASYL systems or DBTG 
systems, after the body that proposed them-namely, the Data Base Task Group (DBTG) 
of the Conference on Data Systems Languages (CODASYL). Probably the best known ex­
ample of such a system is IDMS, from Computer Associates International Inc. Like hier­
archic systems (but unlike relational ones), all such systems expose pointers to the user 
(among other things). 

The first relational products began to appear in the late 1970s and early 1980s. At the 
time of writing, the vast majority of database systems are relational, and they run on just 
about every kind of hardware and software platform available. Leading examples include, 
in alphabetical order, DB2 (various versions) from IBM Corp.; Ingres II from Computer As­
sociates International Inc.; lnformix Dynamic Server from lnformix Software Inc.; Mi­
crosoft SQL Server from Microsoft Corp.; Oracle 8i from Oracle Corp.; and Sybase 
Adaptive Server from Sybase Inc. Note: When we have cause to refer to any of these prod­
ucts later in this book, we will refer to them (as most of the industry does, informally) by 
the abbreviated names DB2, Ingres (pronounced "ingress"), Informix, SQL Server, Oracle, 
and Sybase, respectively. 

More recently, certain object and object/relational products have become available.* 
The object/relational systems represent (for the most part) upward-compatible extensions 
to certain of the original relational products, as in the case of DB2 and Informix; the object 
(sometimes object-oriented) systems represent attempts to do something entirely different, 
as in the case of Gemstone from GemStone Systems Inc. and Versant ODBMS from Ver­
sant Object Technology. We will discuss these newer systems in Part YI of thjs book. 

In addition to the various approaches mentioned above, research has proceeded over 
the years on a variety of alternative schemes, including the multi-dimensional approach 
and the logic-based (also called deductive or expert) approach. We discuss multi-dimen­
sional systems in Chapter 21 and logic-based systems in Chapter 23. 

1.7 SUMMARY 

We close this introductory chapter by summarizing the main points discussed. First, a data­
base system can be thought of as a computerized record-keeping system. Such a system in­
volves the data itself (stored in the database) , hardware, software (in particular the 
database management system or DBMS), and-most important!-users. Users in turn 
can be divided into application programmers, end users, and the database administra­
tor or DBA. The DBA is responsible for administering the database and database system 
in accordance with policies established by the data administrator. 

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

*The _term object here has a rather specific meaning, which we will explain in Part VI. Prior to that point, 
we will use the term in its normal generic sense, barring explicit statements to the contrary. 
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D1\labnse system. provide a number orb nefi ts, or which one oflh 1110. 1· important is 
(phy. ical) data indepcnd •n e. Data indcp' ndencc ·a11 b d fined ns th -• immunity or np­
plica1ion programs to ·hangcs in the way th data is physically wred and ace . sed. Among 
other Lhings. datu indcpend nc r qui r s Lh,tt a sharp distin ·tion h, 111ade between the data 
model anu ils implementation. (We 1 • mind you in pass ing that the t rm data model, per­
haps unfortunately bas two rather different meanings. 

Database ys lems al. (l usually supp rt transactions or logical units of work. One ad­
vantage of Lransm:tions is !hat they ar~ guarante d ( b atomic (all or nothing), even if the 
system foil s in the midu le or their execution. 

Fin.illy, database syst ms can b b~ised on <1 number r differenl approachc . Relalionnl 
systems in particulur ure hn:ed on a r,rmnl theory called th' relational model (tccording 
10 whii:.:h data Is r prcscnlcd us r ws in tabl s linlerpreted as true propositions and op r­
ators are provided that lircctl y suppo1t th pr0<.:ess of inferring additiomLI true proposilion. 
from the iven ones. From holh an econ mic and a thenreti al persp ·tiv r lational sys­
I ms ur easi ly Lh.e mos1 imp rtant ::md this l:1l · or affairs is not likely t change in t.h for·­
. eeabl , l'ulurc . We hav . e n a rcw simple example, or QL, the standard language for 
dealing wiIh rel::itiomd sys! 111. in parti cular examples or the QL SELE T, lNSERT, 
UPDATE, and DELETE .:tate111e111 ). This book wil l be he.iv ily based on r·lationnl sys­
tems. allhough- forrcason. explained in lhe preface-not so much on SQL per se. 

EXERCISES 

1.1 Define the following terms: 

binary relationship 
command-driven interface 
concurrent access 
data administration 
database 
database system 
data independence 
DBA 
DBMS 
entity 
entity/relationship diagram 
forms-driven inte1face 
integration 
integrity 

menu-driven interface 
multi-user system 
online application 
persistent data 
prope1ty 
query language 
redundancy 
relationship 
security 
sharing 
stored field 
stored file 
stored record 
transaction 

1.2 What are the advantages of using a database system? 

1.3 What are the disadvantages of using a database system? 

1.4 What do you understand by the term relatiollal system? Distinguish between relational and non­
relational systems. 
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1.5 What do you understand by the term data model? Explain the difference between a data model 
and its implementation. Why is the difference important? 

1.6 Show the effects of the following SQL retrieval operations on the wine cellar database of Fig. 
1.1 : 

a. SELECT WINE, PRODUCER 
FROM CELLAR 
WHERE BIN# = 72 ; 

b. SELECT WINE, PRODUCER 
FROM CELLAR 
WHERE YEAR> 1996 

C. SELECT BIN#, WINE, YEAR 
FROM CELLAR 
WHERE READY< 1999 ; 

d. SELECT WINE, BIN#, YEAR 
FROM CELLAR 
WHERE PRODUCER= 'Robt. Mondavi' 
AND BOTTLES> 6 ; 

1.7 Give in your own words an interpretation as a true proposition of a typical row from each of your 
answers to Exercise I .6. 

1.8 Show the effects of the following SQL update operations on the wine cellar database of Fig. 1.1: 

a. INSERT 
INTO CELLAR ( BIN#, WINE, PRODUCER, YEAR, BOTTLES, READY) 
VALUES ( 80, 'Syrah', 'Meridian', 1994, 12, 1999) ; 

b. DELETE 
FROM CELLAR 
WHERE READY> 2000 

C. UPDATE CELLAR 
SET BOTTLES 5 
WHERE BIN# = 50 

d. UPDATE CELLAR 
SET BOTTLES= BOTTLES+ 2 
WHERE BIN#= 50; 

1.9 Write SQL statements to perform the following operations on the wine cellar database: 

a. Get bin number, name of wine, and number of bottles for all Geyser Peak wines. 

b. Get bin number and name of wine for all wines for which there are more than five bottles in 
stock. 

c. Get bin number for all red wines. 

d. Add three bottles to bin number 30. 

e. Remove all Chardonnay from stock. 

f. Add an entry for a new case ( 12 bottles) of Gary Farrell Merlot: bin number 55, year 1996, 
ready in 200 I . 
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1.10 Suppose you have a classical music collection consisting of CDs and/or LPs and/or audio tapes, and 
you want to build a datahase that will let you find which recordings you have for a specific composer (e.g., 
Sibelius) or conductor (e.g. , Simon Rattle) or soloist (e.g., Arthur Grnmiaux) or work (e.g., Beethoven's 
Fifth) or orchestra (e.g., the NYPO) or kind of work (e.g., violin concerto) or chamber group (e.g., the 
Kronos Quartet). Draw an entity/relationship diagram like that of Fig. 1.6 for this database. 
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ANSWERS TO SELECTED EXERCISES 

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; 
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• Successful operation is crucial (the enterprise might be highly vulnerable to failure); 

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

1.6 a. WINE PRODUCER 

Zinfandel Rafanelli 

b. WINE PRODUCER 

Chardonnay Buena Vista 
Chardonnay Geyser Peak 
Joh. Riesling Jekel 
Fume Blanc Ch. st . Jean 
Gewurztraminer Ch. st. Jean 

C. BIN# WINE YEAR 

6 Chardonnay 1996 
22 Fume Blanc 1996 
52 Pinet Noir 1995 

d. WINE BIN# YFII.R 

Cab. Sauvignon 48 1993 

1.7 We give a solution for part a. only: "Rafanelli is a producer of Zinfandel"-or, more precisely, 
"Some bin contains some bottles of Zinfandel that were produced by Rafanelli in some year, and they 
will be ready to drink in some year." 

1.8 a. A row for bin number 80 is added to the CELLAR table. 

b. The rows for bin numbers 45, 48, 64, and 72 are deleted from the CELI.AR table. 

c. The row for bin number 50 has the number of bottles set to 5. 

d. Same as c. 

Incidentally, note how convenient it is to be able to refer to rows by their primary key value (the pri­
mary key for the CELLAR table is {BIN#}-see Chapter 8). 

1.9 a. SELECT BIN#, WINE, BOTTLES 
FROM CELLAR 
WHERE PRODUCER= 'Geyser Peak' 

b. SELECT BIN#, WINE 
FROM CELLAR 
WHERE BOTTLES > 5 

C. SELECT BIN# 
FROM CELLAR 
WHERE WINE 'Cab. Sauvignon' 
OR WINE 'Pinet Noir' 
OR WINE= 'Zinfandel' 
OR WINE= •syrah' 
OR ....... ; 
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There is no shortcut answer to this question, because "color of wine" is not explicitly recorded 
in the database; thus, the DBMS does not know that (e.g.) Pinot Noir is red. 

d. UPDATE CELLAR 
SET BOTTLES BOTTLES+ 3 
WHERE BIN#= 30 

e. DELETE 
FROM 
WHERE 

f. INSERT 

CELLAR 
WINE= 'Chardonnay' 

INTO CELLAR ( BIN#, WINE, PRODUCER, YEAR, BOTTLES, READY 
VALUES ( 55, 'Merlot', 'Gary Farrell', 1996, 12, 2001) ; 
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CHAPTER 2 
Database System Architecture 

2.1 INTRODUCTION 

We are now in a position to present an architecture for a database system. Our aim in pre­
senting this architecture is to provide a framework on which subsequent chapters can build. 
Such a framework is useful for describing general database concepts and for explaining the 
structure of specific database systems- but we do not claim that every system can neatly 
be matched to this particular framework , nor do we mean to suggest that this particular ar­
chitecture provides the only possible framework. In particular, "small" systems (see Chap­
ter I) will probably not support all aspects of the architecture. However, the architecture 
does seem to fit most systems reasonably well; moreover, it is basically identical to the ar­
chitecture proposed by the ANSI/SP ARC Study Group on Data Base Management Systems 
(the so-called ANSI/SPARC architecture-see references [2.1-2.2]). We choose not to fol­
low the ANSI/SPARC terminology in every detail, however. 

Note: This chapter resembles Chapter I insofar as, while an understanding of the ma­
terial it contains is essential to a full appreciation of the structure and capabilities of a mod­
ern database system, it is again somewhat abstract and dry. As with Chapter 1, therefore, 
you might prefer just to give the material a "once over lightly" reading for now and come 
back to it later as it becomes more directly relevant to the topics at hand. 

2.2 THE THREE LEVELS OF THE ARCHITECTURE 

The ANSI/SPARC architecture is divided into three levels, known as the internal , concep­
tual, and external level, respectively (see Fig. 2.1 ). Broadly speaking: 

• The internal level (also known as the physical level) is the one closest to physical stor­
age-i.e., it is the one concerned with the way the data is physically stored; 

• The external level (also known as the user logical level) is the one closest to the users­
i.e., it is the one concerned with the way the data is seen by individual users ; and 

• The conceptual level (also known as the community logical level, or sometimes just 
the logical level, unqualified) is a level of indirection between the other two. 

Observe that the external level is concerned with individual user perceptions, while the 
conceptual level is concerned with a community user perception. In other words, there will be 

33 
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External level 
(individual user views) 

Conceptual level 
(community user view) 

Internal level 
(storage view) 

Fig. 2.1 The three levels of the architecture 

I 

/ 
/ 

many di stinct 'ext rnul views,' each con.-Ui ng of a more or less abstract representation of 
som' r ortion or the total du.Laba, e, and thcr · wi ll be precisely one "conceptual view," consist­
ing of a similarly abstract repr•~ ntalion or th database in its entirety.* (Recall that most users 
will nnl be inter st d in th total database, I ut only in some reslri t. d p01tion of it.) Likewise, 
there will be precisely one "internal view," representing the dat1tba!:le as physically stored. 

An example will make these ideas clearer. Fig. 2.2 shows the conceptual view, the cor­
responding internal view, and two corresponding external views (one for a PL/I user and 
one for a COBOL user), all for a simple personnel database. Of course, the example is com­
pletely hypothetical-it is not intended to resemble any real system-and many irrelevant 
details have deliberately been omitted. Expla11ation: 

■ At the conceptual level, the database contains information concerning an entity type 
called EMPLOYEE. Each indi viclu. I mployee has an EMPLOYEE_N MB R (six 
characters), a DEPARTMENT_ NUMBER (four characters), and a SALARY (five 
decimal digits) . 

• At the internal level, employees are r presented by a stored record type called 
STORED_EMP, twenty bytes long. ST RED~ EMP contains four stored fields: a six­
byte prefix (presumably containing control information such as flags or pointers), and 
thr data fi elus corresponding to the three properties of employees. In addition, 
ST REJ _EMP records are indexed on the EMP# field by an index called EMPX, 
whose definition is not shown. 

• The PL/I user has an external view of the database in which each employee is repre­
sented by a PL/I record containing two fields (department numbers are of no interest 

*By abstract here, we merely mean that the representation in question involves constructs such as records 
and fields that are more user-oriented, as opro.scd lo constructs such as bits and bytes that are more ma­
chine-oriented. 
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ternal (PL/I) 

DCL 1 EMPP, 
2 EMP# CHAR{6), 
2 SAL FIXED BIN(31); 

Conceptual. 

EMPLOYEE 
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Exter nal. (COBOL) 

01 EMPC. 
02 EMPNO PIC X{6). 
02 DEPTNO PIC X{4). 

EMPLOYEE NUMBER 
DEPARTMENT NUMBER 

CHARACTER (6) 
CHARACTER { 4) 
NUMERIC (5) 

InterrJal 

SALARY -

STORED EMP 
PREFIX 
EMP# 
DEPT# 
PAY 

BYTES=20 
TYPE=BYTE(6) ,OFFSET=O 
TYPE=BYTE{6),0FFSET=6,INDEX=EMPX 
TYPE=BYTE{4),0FFSET=l2 
TYPE=FULLWORD,OFFSET=l6 

Fig. 2.2 An example of the three levels 

to this user and have therefore been omitted). The record type is defin~d by an ordi­
nary PL/I structure declaration in accordance with the normal PL/I rules. 

■ Similarly, the COBOL user has an external view in which each employee is represented 
by a COBOL record containing, again, two fields (this time, salaries have been omit­
ted). The record type is defined by an ordinary COBOL record description in accor­
dance with the normal COBOL rules. 

Notice that corresponding data items can have different names at different points. For 
example, the employee number is called EMP# in the PL/I external view, EMPNO in the 
COBOL external view, EMPLOYEE_NUMBER in the conceptual view, and EMP# again 
in the internal view. Of course, the system must be aware of the correspondences; for ex­
ample, it must be told that the COBOL field EMPNO is derived from the conceptual field 
EMPLOYEE_NUMBER, which in turn is derived from the stored field EMP# at the inter­
nal level. Such correspondences, or mappings, are not explicitly shown in Fig. 2.2; refer to 
Section 2.6 for further discussion. 

Now, it makes little difference for the purposes of the present chapter whether the system 
under consideration is relational or otherwise. However, it might be helpful to indicate briefly 
how the three levels of the architecture are typically realized in a relational system specifically: 

• First, the conceptual level in such a system will definitely be relational, in the sense that 
the objects visible at that level will be relational tables and the operators will be rela­
tional operators (including in particular the restrict and project operators discussed 
briefly in Chapter 1). 

• Second, a given external view will typically be relational also, or something very close 
to it; for example, the PL/I and COBOL record declarations of Fig. 2.2 might loosely 
be regarded as, respectively, the PL/I and COBOL analogs of the declaration of a 
relational table in a relational system. 
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Note: We should mention in passing that the term "external view" (usually abbre­
viated to just "view") unfortunately has a rather specific meaning in relational contexts 
that is not identical to the meaning ascribed Lo it in this chapter. See Chapters 3 and 9 
for an explanation and discussion of the relational meaning. 

■ Third the internal level will nm be t h1tiona.l . because Lhe obj •cts at that I ve l will not 
be just (stored relational tables-in t ad, they will be the same kinds of obje t s found 
at the internal level of any other kind f 'Y tem (stc>r d records, pointers, indexes, 
hashes, ' tc.) . ln fact, lb relational 1110 d · I as such bas nothing whatsoever to say 
about the internal level· it is, to repeal from hapter I, conce1'n d wi th how the datu­
base looks to the user. 

We now pruce d to di scuss the three levels of th • arch.iteclure in considerab.l y mor de­
tail, tarting witb the ex ternal I v I. Thr ughout our discussions we will be making repeated 
references Lo Fig. 2.3 wh.i h hows tbe major component of the architt:cture and their in­
terrelationships. 

Schemas 
and 

mappings 
built and 

maintained 
by the 

database 
administrator 

(OBA) 

f 

User A1 
Host 

language 
+ DSL 

User A2 
Host 

language 
+ DSL 

~- ~ t 

User B1 
Host 

language 
+ DSL 

UserB2 
Host 

language 
+ DSL 

User 83 
Host 

language 
+ DSL 

~\ / 
( *External 
1 schema External view A 

*External 
schema 

B 
External view B - - - -

I A 
I 
I 
I 
I 

./ 
External/conceptual External/conceptual 

mapping A mapping B 

"- / ~ 
Conceptual 

schema 

...--"------'---~ 

Conceptual view ◄ ► 

t 
Conceptual/internal 

mapping 

t Storage 
structure 
definition AR.~HH~ ~A 
(Internal u LJ0u0ul~~:~rueu u 
schema) .._ _________________ ___. 

I *User interface I 

Fig. 2.3 Detailed system architecture 
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2.3 THE EXTERNAL LEVEL 

The external level is the individual user level. As explained in Chapter 1, a given user can 
be either an application programmer or an end user of any degree of sophistication. (The 
DBA is an important special case; unlike other users, however, the DBA will need to be in­
terested in the conceptual and internal levels also. See the next two sections.) 

Each user has a language at his or her disposal : 

■ For the application programmer, that language will be either a conventional program­
ming language (e.g., PL/I, C++, Java) or else a proprietary language that is specific to 
the system in question. Such proprietary languages are often called "fourth generation" 
languages (4GLs), on the-fuzzy!-grounds that (a) machine code, assembler lan­
guage, and languages such as PL/I can be regarded as three earlier language "genera­
tions," and (b) the proprietary languages represent the same kind of improvement over 
"third generation" languages (3GLs) as those languages did over assembler language 
and assembler language did over machine code. 

■ For the end user, the language will be either a query language or some special-purpose 
language, perhaps forms- or menu-driven, tailored to that user's requirements and sup­
ported by some on line application program (as explained in Chapter I). 

For our purposes, the important thing about all such languages is that they will include 
a data sublanguage-i.e., a subset of the total language that is concerned specifically with 
database objects and operations. The data sublanguage (abbreviated DSL in Fig. 2.3) is said 
to be embedded within the corresponding host language. The host language is responsi­
ble for providing various nondatabase facilities, such as local variables, computational op­
erations, branching logic, and so on. A given system might support any number of host 
languages and any number of data sublanguages; however, one particular data sublanguage 
that is supported by almost all current systems is the language SQL discussed briefly in 
Chapter l. Most such systems allow SQL to be used both interactively as a standalone query 
language and also embedded in other languages such as PL/I or Java (see Chapter 4 for fur­
ther discussion). 

Now, although it is convenient for architectural purposes to distinguish between the 
data sublanguage and its containing host language, the two might in fact not be distinct so 
far as the user is concerned; indeed, it is probably preferable from the user' s perspective if 
they are not. If they are not distinct, or if they can be distinguished only with difficulty , we 
say they are tightly coupled. If they are clearly and easily separable, we say they are 
loosely coupled. While a few commercial systems (especially object systems-see Chap­
ter 24) do support tight coupling, most do not; SQL systems in particular typically support 
loose coupling only. (Tight coupling provides a more uniform set of facilities for the user 
but obviously involves more effort on the part of the system developers, a fact that pre­
sumably accounts for the status quo.) 

. In principle, any given data sublangunge is really a combimtlion of at least two sub­
ordmate languages-a data definition hmguag • (DDL), which supports the definition or 
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declaration of database objects, and a data manipulation language (DML), which supports 
the manipulation or processing of such objects. For example, consider the PL/I user of Fig. 
2.2 in Section 2.2. The data sublanguage for that user consists of those PL/I features that 
are used to communicate with the DBMS: 

■ The DDL portion consists of those declarative constructs of PL/I that are needed to de­
clare database objects-the DECLARE (DCL) statement itself, certain PL/I data types, 
possibly special exlensiot 1s to PL/1 to support new objects that are not handled by ex­
isting PL/I. 

■ The DML portion consists of those executable statements of PL/I that transfer infor­
mation to and from the database--again, possibly including special new statements. 

Note: In the interests of accuracy, we should say that PL/I in fact does not include any 
specific database features at ail at the time of writing. The "DML" statements in particular 
are lypi ally just PUI CALL statements that invoke the DBMS (though those calls might 
be ·yntac1ically disgui sed in some way to make them a little more user-friendly-see the 
discussion of embedded SQL in Chapter 4). 

To return to the architecture: Wi:, have already indicated that an individual user will 
generally be interested only in some portion of the total database; moreover, that user' s view 
of that portion will generally be somewhat abstract when compared with the way the data 
is physically stored. The ANSI/SPARC term for an individual user's view is an external 
view. An external view is thus the content of the database as seen by some particular user 
(Llrnl i Lo that user the ex ternal view is the database). For example, a user from the Per­
sonnel D panment might regard the database as a collection of department and employee 
record ccun·encc ·, and might be quite unaware of the supplier and prut record occurrences 
seen by users in the Purchasing Department. 

In general , then, an external view consists of many occurrences of each of many types of 
extern.al record (no/ necessarily the same thing as a stored record).* The user' s data sublan­
guagc is defined fol rms of external records; for example, a DML retrieve operation will re­
trieve external record occurrences, not stored record occurrences. Nute: We can now see that 
the term "logical record" used a couple of times in Chapter 1 actually referred to an external 
record. From this point forward, in fact, we will generally avoid the term "logical record." 

Each external view is defined by means of an external schema, which consists basi­
cally of definitions of each of the various external record types in that external view (again, 
refer back to Fig. 2.2 for a couple of simple examples). The external schema is written using 
the DDL portion of the user's data sublanguage. (Thal DDL is therefore sometimes referred 
to as an external DDL.) For example, the employee external record type might be defined 
as a six-character employee number field plus a five-digit (decimal) salary field, and so on. 

• w e arc assuming here thai (LIi i nfo□ntttion is repr ·~cmed al th · external level in the form of records. How­
ever, some systems allow inf nna1lt)u tu be rc1 n~scmeu in uLhe, ways instead or or as wel l us re ·1, rds. Fur 
a sy~te111 using such ulternm.ive me tho Is, lhe de 111itions und ~plmtation gi v •n itt t11is section will require 
suiu.tblem dificution. Analogous rcnuu'k. apply to the 1:onceptual ond intermtl levels also, q. 11. Dct:.ii lcd c:on­
sideration of such mauers is beyond the scope of thi. early part of the book; see Chapter · I (especia lly 1h ' 
''References and Bibl iogruphy" section) and 24 for flud,er discussion. 
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In addition, there must be a definition of the mapping between the external schema and the 
underlying conceptual schema (see the next section). We will consider that mapping later, 
in Section 2.6. 

2.4 THE CONCEPTUAL LEVEL 

The conceptual view is a reprcselltation of the entire information content of the database, 
again (as with an external view) in a form that is somewhat abstract in comparison with the 
way in which the data is physically stored. It will also be quite different, in general, from the 
way in which the data is viewed by any particular user. Broadly speaking, the conceptual view 
is intended to be a view of the data "as it really is," rather than as users are forced to see it by 
the limitations of (for example) the particular language or hardware they might be using. 

The conceptual view consists of many occurrences of each of many types of concep­
tual record. For example, it might consist of a collection of department record occurrences 
plus a collection of employee record occurrences plus a collection of supplier record occur­
rences plus a collcclion of part record occunences (etc ., elc.). A conceptual record is not nec­
essarily the same as either an external record on the one hand, or a stored record on the other. 

The conceptual view is defined by means of the conceptual schema, which includes 
definitions of each of the various conceptual record types (again, refer to Fig. 2.2 for:a sim­
ple example) . The conceptual schema is written using another data definition language, the 
conceptual DDL. If physical data independence is to be achieved, then those conceptual 
DDL definitions must not involve any considerations of physical representation or access 
technique at all- they must be definitions of information content only. Thus, there must be 
no reference in the conceptual schema to stored field representation, stored record seqri.ence, 
indexes, hashing schemes, pointers, or any other storage and access details. If the c:'oncep­
tual schema is made truly data-independent in this way, then the external schemas, which 
are defined in terms of the conceptual schema (see Section 2.6), will a fortiori be data­
independent too. 

The conceptual view, then, is a view of the total database content, and the conceptual 
schema is a definition of that view. However, it would be misleading to suggest that the con­
ceptual schema is nothing more than a set of definitions much like the simple record defi­
nitions found in (e .g.) a COBOL program today. The definitions in the conceptual schema 
are intended to include a great many additional features, such as the security and integrity 
constraints mentioned in Chapter I. Some authorities would go so far as to suggest that the 
ultimate objective of the conceptual schema is to describe the complete enterprise-not just 
its data per se, but also how that data is used: how it flows from point to point within the 
enterprise, what it is used for at each point, what audit or other controls are to be applied at 
each point, and so on l2.3J. It must be emphasized, however, that no system today actually 
~upports a conceptual schema of anything approaching this degree of comprehensiveness; 
111 mo~t txisting systerns, the" ·trnccplmtl sch ·ma" is really li1Llc mor , than a sirnpl ' union 
?f_all of Lhc i11dividual ex td'nal ·cbemas, plus certain security and i11tl!grily wnstraint •. Bui 
It is cert1tinly possible Lhat sys tems o f the futu re will be mu h mon: sophis ticated in their 
SUpport of the conceptual level. 
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2.5 THE INTERNAL LEVEL 

Th third lcv I of lhe ar hite lure is the intcrmd level. The internal view i. n low-level rep­
res nlali<>n of th , entire database; it consi ~ • f many o currence. of each or many types of 
internal record. " Internal rcconl" is Lh ·' ANSJ/ PAR term l'or the construct thal we have 
been calling a S/ored record (aod we will contu1u I use this latter term . TIP int rnal view 
is lhus stiJI al one remov ' from Lhe physical level, since it does not deal in terms of physi­
w l r cords- also calle<l blocks or pages- nor with any device-specific considerations 
, m:h as cylinder or track size ··. In other word., the int rnal view eff ctively assumes an in­
linite linear addres . . pace; detail s of how that address , pn i .. mapped 10 physica l storage 
are highly sy tern-specifi c uod are delib ratcly omiued from th general rn·chite lure. Nnre: 
The blo ·k, or page, is tbe unit of [/0- i . . , il is the amount of data transferred between sec­
ondary storag und main memory in a .s ingl 1/0 operation. Typical page sizes are lK, 2K, 
or 4K bytes (K = 1024). 

The internal view is described by means of lh internal chema, which 1101 only d -
fines the various stored record types but also spe ·ifies what indexes exist, how stor d ficl Is 
are represented, whul phy i ·al scquen e the stored r c rdr- ar in, and so on (once a ain. 
see Pig. 2.2 for a simpl · ample . Th internal schcmu is written usin , yet another datu 
tlelinition language- the internal DDL. Note: In lhis book w wi ll normally use (he more 
intuitive terms "storage structure" or "stor •c.l Lht.ubase" in plac ' of " int ·rnul view'" and 
' t m1g • i;tructur · dcf'inilion' in plac of " internal schema." 

Ln clo. ing, w remark I.hat. in certain exceptional situations, application programs-in 
particular. applications of a wilily nature see Section 2.11)-might be permitted to oper­
at directly HL th int rnal I vcl rulh rthan at the external level. Needless to say, the prac­
tice L not n.:c0111mended; il r ' pr sent~ a security risk (since the security consu·ninls are 
hypas etl) and ::111 integrity ri sk (sin ·c Lh integrity constraints are hypa. sed likewise , and 
th pr grnm will b data-dep •ndcnt to b ot; bul sometimes it might be lhe only way to ob­
tain the r quired function·11ity or per~ m,ance- just as the u er in a high-lev I programming 
language sy lem might occasionally nee J Lo descent! U> assembler languag in order t sat­
isfy cerlui n fun ·Lional i ty or performance objei;Li v s t day. 

2.6 MAPPINGS 

In addition to the three levels per se, the architecture of Fig. 2.3 involves certain map­
pings- )I\ conceptual/internal mapping and several external/conceptual mappings, in 
general: 

■ The conceptual/internal mupping defines the correspondence between the conceptual 
view and the stored databas ; it pecifie how conceptual re ords and ti · Ids are repre­
s nt d at th in1ernal I vcl. ff Lhe stru ·turc ,r 11,e st red dutabAs is ·han d- i .c .. i f a 
change is ma<l L 1he storag structure d finition- Lh ·n the conccplual/internal map­
ping mu, L be changed a cordingly, so thol Lhe con ·eplunl schema can remain invari-
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ant. (It is the responsibility of the DBA to manage such changes, of course.) In other 
words, the effects of such changes must be isolated below the conceptual level, in order 
to preserve physical data independence. 

■ An external/conceptual mapping defines the c01Tespondence between a particular ex­
ternal view and the conceptual view. In general, the differences that can exist between 
these two levels are analogous to those that can exist between the conceptual view and 
the stored database. For example, fields can have different data types; field and record 
names can be changed; several conceptual fields can be combined into a single (vi1tual) 
external field; and so on. Any number of external views can exist at the same time; any 
number of users can share a given external view; different external views can overlap. 

Note: It should be clear that, just as the conceptual/internal mapping is the key to phys-
ical data independence, so the external/conceptual mappings are the key to logical data in­
dependence. As we saw in Chapter 1, a system provides physical data independence [1.3] 
if users and user programs are immune to changes in the physical structure of the stored 
database. Analogously, a system provides logical data independence [1.4] if users and user 
programs are also immune to changes in the logical structure of the database (meaning 
changes at the conceptual or "community logical" level) . We will have more to say on this 
important issue in Chapters 3 and 9. 

Incidentally, most systems permit the definition of certain external views to be ex­
pressed in terms of others (in effect, via external/external mappings), rather than always re­
quiring an explicit definition of the mapping to the conceptual level-a useful feature if 
several external views are rather similar to one another. Relational systems in particular 
provide such a capability. 

2.7 THE DATABASE ADMINISTRATOR 

As explained in Chapter I , the data administrator (DA) is the person who makes the strate­
gic and policy decisions regarding the data of the enterprise, and the database administra­
tor (DBA) is the person who provides the necessary technical support for implementing 
those decisions. Thus, the DBA is responsible for the overall control of the system at a tech­
nical level. We can now describe some of the tasks of the DBA in a little more detail. In 
general , those tasks will include at least all of the following : 

■ Defining the conceptual schema 

It is the data administrator's job to decide exactly what information is to be held in the 
database-in other words, to iu nlify the entities of interest to the enterprise and to 
identify the information to be rec.:ordeu about those entities. This process is usually re­
ferred to as logical- sometimes conceptual-database design. Once the data admin­
istrator has thus decided the content of the database at an abstract level, the DBA will 
~hen create the corresponding conceptual schema, using the conceptual DDL. The ob­
Ject (compiled) form ol" that schema will be used by the DBMS in responding to access 
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requests. The source (uncompiled) form will act as a reference document for the users 
of the system. 

Note: In practic , mall rs mighl n l be as clearcut as the ror g ing remarks sug­
gest. In some cases, the data adminisLralor might create the conceptuol schema directly. 
In others, the DBA might do the logical design. 

■ Defining the internal schema 

The DBA must also decide how the data is to be represented in the stored database. This 
pro ·e s is LI , ually referred lo as pby ical database design.* Having done the physical 
design, Lbc OBA mu. t then create Lh corresponding storage structure clefinili n i.e., 
the internal chemn), using th inLcrnnl DDL. ln nddi lion he or sbe must al ·o define 
the associutecl conceptual/internal mappi11g. In practice, either Lh conceptual DL or 
the internal DDL- mosl likely the former- wiU probably include the means for defin­
ing that mapping, buL Lhe Lwo function (crea li11g the schema, defining the mapping) 
should b clearly separable. Like the conceptual schema, the internal schema and cor­
responding mapping will exist in both source and object form. 

■ Liaising with users 

It is the business of the DBA to liaise with users to ensure that the data they need is 
wailable and to write (or help the users write) the necessary external . chemas, using 
the appLicablc;extemal DDL. (As already mentioned a giv n system might suppon scv­
era l dislinct c Lerna! DDLs. In addition, the corresponding cxlcrnal/conccpluol map­
pings must also b defined. In practice, the external DDL will probably includ lh 
means for specifying those mappings, bul nee ugain t11e schemas and the mappings 
should be clearly separable. Each external schema and corresponding mapping will 
exist in both source and object form. 

Other aspects of the user liaison function include consulting on application design; 
providing te ·hnical education; assisting with problem determination and resolution; 
and similar profes ional services. 

■ Defining security and integrity constraints 

As already discussed, security and inlcgrily constraints can be regarded as part of the 
conceptual schema. The conceptual ODL must include facilities for specifying such 
constraints. 

■ Defining dump and reload policies 

Once an enterprise is committed to a database system, it becomes critically dependent 
on the successful operation of' I hat system. In the event of damag to any portion of the 
database-caused by humnn error, say, or a failure in the hardware r operat.in sys­
tem-it is essential to be able to repair the data concern d with the minimum of lcloy 
and with as little effect as possible on the rest of the sy. 1e111. F r xample, the avail­
ability of data that has not been damaged should ideally not be uffcc1ed. The OBA must 

*Observe the sequence: Decide what data you want first, then decide how to represent it in storage. Phys­
ical design should always be done after logical design. 
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define and implement an appropriate damage control scheme, typically involving (a) 
periodic unloading or "dumping" of the database to backup storage and (b) reloading 
the database when necessary from the most recent dump. 

Incidentally, the need for quick data repair is one reason why it might be a good 
idea to spread the total data collection across several databases, instead of keeping it 
all in one place; the individual database might very well form the unit for dump and re­
load purposes. In this connection, note that terabyte systems*-i.e., commercial data­
base installations that store well over a trillion bytes of data, loosely speaking-already 
exist, and systems of the future are predicted to be much larger. It goes without saying 
that such VLDB ("very large database") systems require very careful and sophisticated 
administration, especially if there is a requirement for continuous availability (which 
there usually is). Nevertheless, we will continue to talk as if there were in fact just a 
single database, for simplicity. 

■ Monitoring performance and responding to changing requirements 

As indicated in Chapter 1, the DBA is responsible for organizing the system in such a way 
as to get the performance that is "best for the enterprise," and for making the appropriate 
adjustments-i.e., tuning-as requirements change. For example, it might be necessary 
to reorganize the stored database from time to time to ensure that performance levels re­
main acceptable. As already mentioned, any change to the physical storage (internal) 
level of the system must be accompanied by a corresponding change to the definition of 
the conceptual/internal mapping, so that the conceptual schema can remain constant. 

Of course, the foregoing is not an exhaustive list-it is merely intended to give some 
idea of the extent and nature of the DBA' s responsibilities. 

2.8 THE DATABASE MANAGEMENT SYSTEM 

The database management system (DBMS) is the software that handles all access to the 
database. Conceptually, what happens is the following (refer to Fig. 2.3 once again): 

1. A user issues an access request, using some particular data sublanguage (typically 
SQL). 

2. The DBMS intercepts that request and analyzes it. 

3. The DBMS inspects, in turn, (the object versions of) the external schema for that user, 
the corresponding external/conceptual mapping, the conceptual schema, the concep­
tual/internal mapping, and the storage structure definition. 

4. The DBMS executes the necessary operations on the stored database. 

_ l 02'I byl~ = one kiloby1e KB ); 1024KB = one megabyte (MB): 1024MB = one gigabyte (GO); 1024GB 
-.o~c terubyte (TB ; 1024TB = one pe1aby1e (PB); l024PB = one exnbyte (EB). Note thtll a gigabyte is a 
bills 11 bytes loosely speaking (the nbbrevialion BB is somelimes used in pl ttce of GB). Tncidentully- and 
contrary lo popular b~lief- uigtibyte is pronounced with a soft initial g ("jigabyte"). 

Petitioner Exhibit 1029, Page 45 of 110



44 Part I I Preliminaries 

By way of an example, consider what is involved in Lhe reLrieva l f o pmticular exter­
nal record occurrence. In general, fields will be required from several con · ptual record oc­
currences, and each conceptual record occurrence io Lum will require fields [rom several 
stored record o LllT nces. Conceptually, Lhen, the DBMS must first relriev -· all required 
stored record occun·ences then construct th r quired conceptual record occurrences, and 
then conslru t th required external record occurr nee. Al each stage, <.lata type or oth r ·on­
versions might be nece. sa ry. 

Of course the for going description i, very much simplified ; in particul.ir, it implies 
that the enlire pr cess is interpretive, u,asmuch as it suggests that th proces e. f analyz­
ing the request, in ·pecting the various schema , etc., are aU done at run time. Interpretation, 
in tum, often implies poor performance, becau e of the nm-time overhead. In practice how­
ever, it might be possible for access requests to be compiled prior to run time (in particular, 
several of today's SQL products do this- ee the annotation to references [ 4.12] and [ 4.26] 
in Chapter 4). 

Let us now examine the functions of the DBMS in a little more detail. Those functions 
will include support for at least all of the following (refer to Fig. 2.4): 

• Data definition 

The DBMS must be able to accept data definitions (external schemas, the conceptual 
schema, the internal schema, and all associated mappings) in source r rm and onvert 
them to the appropriate object form. In other words, the DBMS mlh 1 includ DDL 
processor or DDL compiler components f'or each or the various lain lefiniLi n lan­
guage, (DDLs . The DBM must nJso "und rslan I Lhe DDL definition~ in the sen 
that, for xample, it 'und rstands" tbnt EMPLOY E ex ternal records include a 
SALARY field; it must then be able to use thi ~ knowledge in analyzing and respond­
ing to data manipulation requests (e.g., "Get all employees with salary< $50,000"). 

■ Data manipulation 

The DBMS must be able to handle requests to retrieve, update, or delete existing data 
in the database or to add new data to the database. In other words, the DBMS must in­
clude a DML processor or DML compiler component to deal with the data manipu­
lation language (DML). 

■ In general, DML requests can be "planned" or "unplanned": 

a. A planned request is one for which the need was foreseen well in advance of the time 
at which the request is executed. The DBA will probably have tuned the physical data­
base design in such a way as to guarantee good performance for planned requests. 

b. An unplanned request, by contrast, is an ad hoc query, i.e. a r quest for which th' 
need was not seen in advance, but instead arnse in a spur-ol'-1he-moment fashio11 . 
The physical database design might or might not be ideally uil d for Lhc spe 'ific 
request under consideration. 

To use the Lermin logy introduced in Chapter l ( ection 1.3), planned reque ·ts are 
charac.:L ri. lie of "operational" or "production" applications while unpl anned requests 
are charn terislic of' "deci. i n support'' applicalions. Furth •nnore plMn d requests 
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Fig. 2.4 Major DBMS functions and components 
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will typically be issued from prewritten application programs, whereas unplanned re­
quests, by definition, will be issued interactively via some query language processor. 
Note: As we saw in Chapter 1, the query language processor is really u builtin online 
application, not part of the DBMS per se; we include it in Fig. 2.4 for completeness. 

• Optimization and execution 

DML requ st. , planned or unplanned, musl be processed by the optimizer componeot 
wbos rurp<is is to determine an effi cient way of implementing the r~quest. Opti­
mizaLi n i. di. cussed in detai l in hapter 17. TI1e ptimi zed requests nr then executed 
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under the control of the run-time manager. Note: In practice, the run-time manager 
will probably invoke some kind of file manager to access the stored data. File managers 
are di scns ed briefly at the end of the present section. 

■ Data security and integrity 

The DBMS must 111011.iror user rcqu ts and reje t any attempts to violate the security 
and integrity constrai nts d lined by th' DBA ( ec the previous section). These tasks can 
b carrieu out at co111piJe ti.rn ' or run time or some mixture of the two. 

■ Data recovery and concurrency 

The DBMS-or, more likely, some other related software component, usually called 
the transaction manager or transaction processing monitm· (TP rnonitor)-mu 't en­
forci.:; certain recovery and concurrency C()ntr Is. Details of thes aspe ts of the system 

are beyond the s ope of d1i s chapter· se Prut rv of d1i book for an indepl11 discussion . 
Note: The transaction manager i nol hown in Fig. 2.4 because it i usually not pa.rt of 
the DBMS per se. 

■ Data dictionary 

The DBMS must provide a data dictionary functi on. The data dictionary can he re~ 
garded as a clatubuse in it · own ri ght but o system Llatubosc rn tber Uum a user databa e . 
The dictionary cont:.,ins "data ab uL ci1c data" ( ometimes called 11/e/'(.Jdnta or de.w:rip­
/ors)- 1.hat is, dejinirions ()f 0111 r >bJ • cts in the sy ·tem, in. Lead or just "raw dt1L1:1." In 
parti ular, all r the vnri us schemas and mnppings (ex ternal , con ·eptual, etc. and all 
of the va ri ous , ecurity and inte rity constraims wi ll be stored, in both sourc und ob­
ject form, in the dictionary. A comprehensive dictionary wi ll His ii1c lud' much addi­
tional information, showing, for instance, which progrnms u e which parts or the 
database which user ' require which report. , nnd , o on. The dictionary might ev n­
in fuel, probably should- be integrute<.l into the data bas it de fin • and thus incluu ~ its 
own <.lefinili on. Certuin ly it should b possible to query the dicli nary just lik e any 
< ther database so that, for x<1 mpl , ii is r oss ible to te ll which I r grams and/or users 
are likely to be affected by some proposed change to the system. See hapter _ for fur­
ther discussion. 

Note: We are touching here on an area in which there is much terminological con­
fusion. me pe pl W()u'ld refer Lo what we are calling th· dictionary as a ilir •cf01J1 or 
n cntalog- with the impli ntion 11,at directories and cuta.log, ar somehow .inf ri or 10 a 
u11e dictionury-anLI woulLI r serve th term di ·fiomuy tc> r fer I a specific (i rnportanl) 
kiocl or application developm hi tool. Ol11er terms thm ar · also sometime~ used Lor fer 
to this latter kind of object are data reposilOl:V "ee Chapter 13) and dara encyclopedia. 

■ Performance 

It goes without saying that the DBMS should perform all of the tasks identified above 
as efficiently as possible. 

We can summarize all of the foregoing by saying that the overall purpose of the DBMS 
is to provide the user interface to the database system. The user interface can be defined 
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as a boundary in the system below which everything is invisible to the user. By definition, 
therefore, the user interface is at the external level. However, as we will see in Chapter 9, 
there are some situations in which the external view is unlikely to differ very significantly 
from the relevant portion of the underlying conceptual view, at least in today's commercial 
SQL products. 

We conclude this section by briefly contrasting database management systems as dis­
cussed above with file management systems (file managers or file servers for short). Basi­
cally, the file manager is that component of the underlying operating system that manages 
stored files; loosely speaking, therefore, it is "closer to the disk" than the DBMS is. (In fact, 
the DBMS is typically built on top of some kind of file manager.) Thus, the user of a file man­
agement system will be able to create and destroy stored files and perform simple retrieval 
and update operations on stored records in such files. In contrast to the DBMS, however: 

■ File managers are not aware of the internal structure of stored records and hence can-
not handle requests that rely on a knowledge of that structure. 

■ They typically provide little or no support for security and integrity constraints. 

■ They typically provide little or no support for recovery and concurrency controls. 

■ There is no true data dictionary concept at the file manager level. 

■ They provide much less data independence than the DBMS does . 

■ Files are typically not "integrated" or "shared" in the same sense that the database is 
(they are usually private to some particular user or application). 

2.9 THE DATA COMMUNICATIONS MANAGER 

In this section, we briefly consider the topic of data communications. Database requests 
from an end user are actually transmitted from the user's workstation-which might be 
physically remote from the database system itself-to some online application (builtin or 
otherwise), and thence to the DBMS, in the form of communication messages. Likewise, re­
sponses back from the DBMS and online application to the user's workstation are also trans­
mitted in the form of such messages. All such message transmissions take place under the 
control of another software component, the data communications manager (DC manager). 

The DC manager is not part of the DBMS but is an autonomous system in its own right. 
However, since it is clearly required to work in harmony with the DBMS, the two are some­
times regarded as equal partners in a higher-level cooperative venture called the data­
base/data-communications system (DB/DC system), in which the DBMS looks after the 
database and the DC manager handles all messages to and from the DBMS, or more accu­
rately to and from applications that use the DBMS. In this book, however, we will have 
comparatively little to say about message handling as such (it is a large subject in its own 
right). Section 2.12 does briefly discuss the question of communication between distinct 
systems (i.e. , between distinct machines in a communications network, such as the Internet), 
but that is really a separate topic. 
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2.10 CLIENT/SERVER ARCHITECTURE 

So far in this chapter we have been discussing database sy. terns fr m the point f view of 
the so-called ANSI/SPARC architecture. In particular. we gave a simplified picture of that 
architecture in Fig. 2.3. In thi secti n we take a look at database systems from a slighlly 
different per ·pective. 111e overall purpose of su h ystems, of cour e, i Lo support the de­
velopment and execution of databa. e applications. From a high-level point of view, there­
fore, a database system can be regarded as Jiaving a very simple tw -part su·ucture, 
consisting of a server (also called the backencl) and as I of clients (al o called_fi·ontends). 
Refer to Fig. 2.5. Explanation: 

• The server is just the DBMS itself. fl upports all f the basic DBMS functions dis­
cussed in Section 2. --data definition, data manipulation data se urily and integrity, 
and so on. In particular, .it provide all of the external, conceptual, and inlernal level 
support discussed in Sections 2.3-2.6. Thus, "server' in Lhi" context is just anol11cr 
name for the DBMS. 

• The c:lie111s are the various applications that run on top f the DBMS-both u er-writ­
ten applicntions and builtin applications, i.e., applications pr vid d by the DBMS ven­
dor or by some third party. A. far as the server is concerned f course th re is no 
difference between user-written and builtin applicoli n.-they all u e L11e same inter­
face to the server, namely ll1e ex:t rnal -levcl interface discussed in Secti on 2.3. 

D End users 

Applications Clients 

DBMS Server 

Database 

Fig. 2.5 Client/server architecture 
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Note: Certain speciaJ 'utility" applications might con tiLUte an exception to the 
foregoing, ina much as they might sometimes need t perate directly at tbe imernal 
level of the system (a mentioned in Section 2.5). Such utilities are best regarded a in­
tegral components of th DBM , rather than as applications _in Lhe u ual sense. They 
are discussed in more detail in the next section. 

We elaborate briefly on the question of user-written vs. vendor-provided applications: 

• User-written applications are basically regular application programs, written (typi­
cally) either in a conventional 3GL such as C or COBOL or in some proprietary 4GL­
though in both cases the language needs to be coupled somehow with an appropriate 
data sublanguage, as explained in Section 2.3. 

• Vendor-provided applications (often called tools) are applications whose basic purpose 
is to assist in the creation and execution of other applications! The applications that are 
created are applications that are tailored to some specific task (they might not look much 
like applications in the conventional sense; indeed, the whole point of the tools is to allow 
users, especially end users, to create applications without having to write programs in a 
conventional programming language). For example, one of the vendor-provided tools 
will be a report writer, whose purpose is to allow end users to obtain formatted reports 
from the system on request. Any given report request can be regarded as a small appli­
cation program, written in a very high-level (and special purpose) report writer language. 

Vendor-provided tools can be divided into several more or less distinct classes: 

a. Query language processors; 

b. Report writers; 

c. Business graphics subsystems; 

d. Spreadsheets; 

e. Natural language processors; 

f. Statistical packages; 

g. Copy management or "data extract" tools; 

h. Application generators (including 4GL processors); 

1. Other application development tools, including computer-aided software engineer-
ing (CASE) products; 

and many others. Details of most such tools are beyond the scope of this book; how­
ever, we remark that since (as stated above) the whole point of a database system is to 
support the creation and execution of applications, the quality of the available tools is, 
or should be, a major factor in "the database decision" (i.e. , the process of choosing the 
right database product) . In other words, the DBMS per se is not the only factor that 
needs to be taken into account, nor even necessarily the most significant factor. 

We close this section with a forward reference. Since the overall system can be so 
neatly divided into two parts, server and clients, the possibility arises of running the two on 
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different ma hines. 1n olber words, the potential exists for distributed proce sing. Dis­
lributed proce sing means lhat distinct machines can be conne Led togelher into some kind 
of communications nelw rk in such a way that a single dala-proce ing task can be spread 
across several machines in the network. In fact, so attractiv is thi po. sibility- for a vari ­
ety of reasons, mainly econ mic-Lhat lhe term "clienl/servet ' has c me L app ly almo l 
exclusively to the case wh r lient and , ervcr are indeed n different machin s. We will 
discuss distributed processing in more letai l in ecti.on 2.1 2. 

2.11 UTILITIES 

Utilities are programs designed to help the DBA with various administration tasks. As 
mentioned in the previous section, some ulility program operate at the external level of the 
sy tern, and Um are effectively nothing more than pecial-purpo e appli ation • ome 
might not even be prov id d by Lbc DBMS vendor, bur rather by ome third party. Other util ­
iLi es however, operat directly al the internal level in other words, tbey are reaJly pan of 
the server , and hence must be provided by theDl3MS vendor. 

Here are some examples of the kind of ulililies that are typically needed in practice: 

■ Load routines, to create the initial version of the database from one or more operating 
system files; 

■ Unload/reload routines, to unload the database, or portions thereof, to backup storage 
and to reload data from such backup copies (of course, the "reload utility" is basically 
identical to the load utility just mentioned); 

■ Reorganization routines, t reu.mll1, lhe dala in the stored database l'or various rea­
sons (usually having to do with performance - e.g. , to cluster data l getlier in some 
particular way on the disk, or to reclaim space occupied by data th.al has become ob­
solete; 

• Statistical routines, to compute various performance statistics such as file sizes or 
value distributions or I/O counts, etc.; 

■ Analysis routines, to analyze the statistics just mentioned; 

and so on. Of course, this list represents just a small sample of the range of functions that 
utilities typically provide; a wealth of other possibilities exist. 

2.12 DISTRIBUTED PROCESSING 

To repeat from Sec ti n 2. 10, the term "distributed processing" means that distinct machines 
can be connected together into a comm~mications network such as Lh Internet, such that a 
single data-processing task can span several rnacJJines in the network. (The term "parallel 
processing" is also sometimes used with essentialJy the sum· meaning except that tl1e dis­
tinct machines tend to be physically close together in a "parallel' system ,md need not be 
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so in a "distributed" system-e.g., they might be geographically dispersed in the latter 
case.) Communication among the various machines is handled by some kind of network 
management software-possibly an extension of the DC manager discussed in Section 2.9, 
more likely a separate software component. 

Many levels or varieties of distributed processing are possible. To repeat from Section 
2.10, one simple case involves running the DBMS backend (the server) on one machine and 
the application frontends (the clients) on another. Refer to Fig. 2.6. 

As mentioned at the end of Section 2.10, "client/server," though strictly speaking a 
purely architectural tenn, has come to be almost synonymous with the arrangement illus­
trated in Fig. 2.6, in which client and server run on different machines. Indeed, there are 
many arguments in favor of such a scheme: 

■ The first is basically just the usual parallel-processing argument: namely, many pro­
cessing units are now being applied to the overall task, and server (database) and client 
(application) processing are being done in parallel. Response time and throughput 
should thus be improved. 

■ Furthermore, the server machine might be a custom-built machine that is tailored to the 
DBMS function (a "database machine") and might thus provide better DBMS perfor­
mance. 

IY 
DBMS 

Client machine 

Transparent 
remote access 

Server machine 

Fig. 2.6 Client(s) and server running on different machines 
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■ Lik wL e, the client machine might be a personal workstation, 1ailor d to the needs of 
the end user and tlm • able to provide better interfaces, high availability, faster re­
ponses, and overall i.rnproved ease f' us to the u. er. 

■ Several different client machines might b able (in fact, typically will be able) co ac­
cess the snm , erver machine. Thus, a single databa, e might be shared acros • sev ral 
distinct client systems (see Fig. 2.7). 

In addition to the foregoing arguments, there is al · the point that running th li ent(s) 
and the server on 'eparate ma .hincs matches th way enterpri es actually operate. It is quite 
common for a single enterprise-a bank, for example-to op rate many computers, such 
that Lhe uata for one portion of tbe enterprise is stored on one computer and the data for an­
other p rtion is stored on another. It is also quite common for u ers on one computer lo need 
at lea ·t occa ional access to data stored on another. To pursue the banking example for a 
mom nt il is very likely that users at one branch office will occasionally need acce s to data 
stored at another. Note, therefore that the client machines might have stored data of their 
own, and the ·erver machine might have application of it. own. In general LJ1ereforc, each 
machine will act as a serv r for some users and a client for others see Fig. 2.8); in other 
words, each machine will upport an entire database .1·ystem, in the sen e of earlier sections 
of this chapter. 

D D 
. . . . 

Server 
machine 

Fig. 2.7 One server machine, many client machines 

D 
Client 
machines 
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D 

Clients 

Server 

Communication 
network 

Clients 

Server 

Clients 

Server 

Fig. 2.8 Each machine runs both client(s) and server 

The final point is that a single client machine might be able to access several different 
server machines (the converse of the case illustrated in Fig. 2.7). This capability is desir­
able because, as mentioned above, enterpri es do typically operate in such a manner that the 
l l'ality of their data i, not stored on one single machine but rather is spread across many 
di Linet machines, and applications will sometimes need the ability to access data from more 
than one nrnchine. Such access an basically be provided in two different ways: 

• A given client might be able to a cess any number of crv rs, but only one at a time 
(i.e., each individual datnbase request must be directed to just one server). In such a 
system it is not po sible, within a single request, to combine data from two or more 
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different servers. Furthermore, the user in such a system has to know which particular 
machine holds which pieces of data. 

• The c li ent might be ab le to ace ss many server . . imultaneously i ... a s ingl database 
requ l might be able Lo combi11e data from sev ·ral servers). In thi case, Lhe servers 
lo k to tbe lient- from o logi al point f view-as if they were really a , ingl server, 
and the user does not have to know wbich machjncs hold which pieces of data. 

This latter case constitutes what is usually ca ll d a distributed database system. Dis­
Lrihu!ed database is a big l pie in it. own right; carried lo its logica l c nclusi n full di s­
Lrlbllled clatabas : upport implie. lhnl a s in le application shoulu b ab l to operate 
' 1tram;par nlly" n dam lhut is spread a ross a variety of dim rent databases, managed by a 
variety of different DBM s, runnin ,_, on a variety o'f' diff renl machines ·upporlcd by a va­
ri ety of different operating sy. terns, and connected togeU1er by a variety f djfferent om-
1mmi ati n netw r.ks- whcre ·•transparently ' means Lhat the ttppli ·ati n op"rales from a 
logica l point of view as if Lbe data were all managed by a single DBMS running on n sin­
gle machine. Such a capabilHy migh1 sound like a preuy tall order!- but it is highly des ir­
abl from a pm ·Lica l persp cLive, and vendor are working hard to make such . ystern, a 
reality . W wil l di . us. su h sysl ms in ti tail in Chapter 20. 

2.13 SUMMARY 

In this chapter we have looked at database systems from an architectural point of view. First, 
we described the ANSI/SPARC architecture, which divides a database system into three 
levels, as follows: The internal level is the one closest to physical storage (i.e., it is the one 
concerned with the way Lhe data is physically stored); the external level is the one closest 
to the users (i.e., it is the one concerned with the way the data is viewed by individual users); 
and the conceptual level is a level of indirection between the other two (it provides a com­

munity view of the data). The data as per eiv d al ea ·h level is de ·cribed by a ·hema (or 
several schemas, in the case of the external level . Mappings defi ne tJ1e corr •spondence be­
tween (a) a given external schema and the conceptual schema uncl (h Lh conceptual 
schema and the internal schema. Those mappings are the key t th provision of logical and 
physical data independence r sp ·Liv ly . 

Users-i.e., end users and appli ation programmers. both of whom operate at the 
external level-interact with the data by means fa data sublanguagc, which divi tcs in lo 
at least two components, a data definition language (DDL) anti a dala manipulation 
language (DML). The data . ublanguage is -mbedded in a host language. No1e: The 
b umfaries between the host lunguag and Lh • data sublanguoge and h tw en ilie DD 
and the DML are primarily oncepltml in natu1 ; ideally lh y . hould b "lTansparent to ili ' 
user." 

We also took a closer look at the functions of the OBA and the DBMS. Among other 
things, the DBA is responsible for creating the internal schema (physical database design); 

Petitioner Exhibit 1029, Page 56 of 110



Chapter 2 / Database System Architecture 55 

by contrast, creating the conceptual schema (logical or conceptual database design) is the 
responsibility of the data administrator. And the DBMS is responsible, among other things, 
for implementing DDL and DML requests from the user. The DBMS is also responsible for 
providing some kind of data dictionary function . 

Database systems can also be conveniently thought of as consisting of a server (the 
DBMS itself) and a set of clients (the applications) . Client and server can and often will run 
on separate machines, thus providing one simple kind of distributed processing. In gen­
eral, each server can serve many clients, and each client can access many servers. If the sys­
tem provides total "transparency"-meaning that each client can behave as if it were 
dealing with a single server on a single machine, regardless of the overall physical state of 
affairs-then we have a true distributed database system. 

EXERCISES 

2.1 Draw a diagram of the database system architecture presented in this chapter (the ANSI/SPARC 
architecture). 

2.2 Define the following terms: 

backend 
client 
conceptual DDL, schema, view 
conceptual/internal mapping 
data definition language 
data dictionary 
data manipulation language 
data sublanguage 
DB/DC system 
DC manager 
distributed database 
distributed processing 
external DDL, schema, view 
external/conceptual mapping 

frontend 
host language 
load 
logical database design 
internal DDL, schema, view 
physical database design 
planned request 
reorganization 
server 
storage structure definition 
unload/reload 
unplanned request 
user interface 
utility 

2.3 Explain the sequence of steps involved in retrieving a particular external record occurrence. 

2.4 List the major functions performed by the DBMS. 

2.5 Distinguish between logical and physical data independence. 

2.6 What do you understand by the term metadata? 

2.7 List the major functions performed by the DBA. 

2.8 Distinguish between the DBMS and a file management system. 

2.9 Give some examples of vendor-provided tools. 

Petitioner Exhibit 1029, Page 57 of 110



56 Part I I Preliminaries 

2.10 Give some examples of database utilities. 

2.11 Examine any c.Jatabase sysLem thut might be available to you. Try to map that syst 111 to the 
ANSI/SPARC architect.um as described in this chapter. Does it cleanl y suppon Lite three levels of the 
an:hitecture'I How are Lhe mappings between level. defined? What do the various DDLs (ex ternal, 
con ·eptual, internal ) l.oelk like? What data sublanguage(s) does th system support? Whal host lan­
guages? Wbo performs th' OBJ\ t'Llnction? Are there any security or integri ty fac ili ties'! Is there a dic­
tionary? I:; it sell'-describing'1 What vendor-provided applications does Lhe system support '! What 
utilit.iei-'! ls th re 11 separate DC manager? Are there any distributed processing capabilities? 
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of concepts fo r concepllrnl schema langu(1ge.~." ll im:hJc.Jcs an introduc1io11 10 Lhrec competing. 
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Petitioner Exhibit 1029, Page 58 of 110



Chapter 2 / Database System Architecture 57 

supp01ts that notion. Heavy going in places, but an important document for anyone seriously in­
terested in the conceptual level of the system. 

2.4 William Kent: Data and Reality. Amsterdam, Netherlands: North-Holland/ New York, N. Y.: El­
sevier Science (1978). 

A stimulating and thought-provoking discussion of the nature of information, and in particular 
of the conceptual schema. "This book projects a philosophy that life and reality are at bottom 
amorphous, disordered, contradictory, inconsistent, nonrational, and nonobjective" (excerpt 
from the final chapter) . The book can be regarded in large part as a compendium of real-world 
problems that (it is suggested) existing database formalisms-in particular, formalisms that are 
based on conventional record-like structures, which includes the relational model-have diffi­
culty in dealing with. Recommended. 

2.5 Odysseus G. Tsatalos, Marvin H. Solomon, and Yannis E. Ioannidis: "The GMAP: A Versatile 
Tool for Physical Data Independence," Proc. 20th Int. Conf. on Very Large Data Bases, Santiago, 
Chile (September 1994). 

GMAP stands for Generalized Multi-Level Access Path. The authors of the paper note correctly 
that today's database products "force users to frame their queries in terms of a logical schema 
that is directly tied to physical structures," and hence are rather weak on physical data indepen­
dence. In their paper, therefore, they propose a conceptual/internal mapping language (to use the 
terminology of the present chapter) that can be used to specify far more kinds of mappings than 
are typically supported in products today. Given a particular "logical schema," the language 
(which is based on relational algebra:--see Chapter 6-and is therefore declarative, not proce­
dural, in nature) allows the specification of numerous different physical schemas, all of them for­
mally derived from that logical schema. Among other things, those physical schemas can include 
vertical and horizontal partitioning (see Chapter 20), any number of physical access paths, clus­
tering, and controlled redundancy. 

The paper also gives an algorithm for transforming user operations against the logical 
schema into equivalent operations against the physical schema. A prototype implementation 
shows that the DBA can tune the physical schema to "achieve significantly better performance 
than is possible with conventional techniques." 
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CHAPTER 3 
An Introduction 
to Relational Databases 

3.1 INTRODUCTION 

Ali explained in hapter I, th emphasis in thi s book is v ry much on r lati nal sysl ms. ln 
particu lar, Part H covers the the ireti ·a l foundati n of such sy ·terns the rclati nal model) 
in c nsiderable deplh. Tbc purpo e of' the pr sent chapter is ju l to give a prellminury, in­
Luilive, an I very informal intro luction L the material to b' addr"'SS d in Part 11 an I to ome 
'XLcnl in , ubsequent parts lo , in ord r 10 puve the way for a better understanding of those 
later J arts of' th book. Mo 'l f LJ1 topi s memioned will be discussed more formally, and 
in much m r detai l, in those later hapt 1 • 

3.2 AN INFORMAL LOOK AT 
THE RELATIONAL MODEL 

58 

We have already said several times that relational systems are based on a formal founda­
tion, or theory, called the relational model of data. Intuitively, what this statement means 
(among other things) is that in such a system: 

1. Structural aspect: The data in the database is perceived by the user as tables, and 
nothing but tables; 

2. Integrity aspect: Those tables satisfy certain integrity constraints (to be discussed 
toward the end of this section); 

3. Manipulative aspect: The operators available to the user for manipulating those ta­
bles-e.g., for purposes of data retrieval-are operators that derive tables from tables. 
Of those operators, three particularly important ones are restrict, project, and join. 

A simple relational database, the departments and employees database, is shown in Fig. 
3.1. As you can see, that database is indeed "perceived as tables" (and the meanings of those 
tables are intended to be self-evident) . 
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DEPT DEPT# DNAME BUDGET 

Dl Marketing lOM 
D2 Development 12M 
D3 Research 5M 

EMP EMP# ENAME DEPT# SALARY 

El Lopez Dl 40K 
E2 Cheng Dl 42K 
E3 Finzi D2 30K 
E4 Saito D2 35K 

Fig. 3.1 The departments and employees database (sample values) 

Fig. 3.2 shows some sample restrict, project, and join operations against the database 
of Fig. 3.1. Here are (very loose!) definitions of those operations : 

■ The restrict operation (also known as select) extracts specified rows from a table. 

■ The project operation extracts specified columns from a table. 

■ The join operation joins two tables together on the basis of common values in a com­
mon column. 

Restrict: Res ult: DEPT# DNAME BUDGET 

DEPTs where BUDGET> 8M Dl Marketi ng lOM 
D2 Development 12M 

Project: Result: DEPT# BUDGET 

DEPTs over DEPT#, BUDGET Dl lOM 
02 12M 
D3 5M 

Join: 

DEPTs and EMPs over DEPT# 

Result: DEPT# DNAME BUDGET EMP# ENAME SALARY 

Dl Marketing lOM El Lopez 40K 
Dl Market i ng lOM E2 Cheng 42K 
D2 Development 12M E3 Finzi 30K 
D2 Development 12M E4 Saito 35K 

Fig. 3.2 Restrict, project, and join (examples) 
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Of the three examples, the only one that seems lo need any further xp lanaLion i, the 
last one, the join example. Observe first that the two wbles D PT nnd EMP do indeed have 
~ common column, DEPT#, so they can be joi11ed Logel her on Lbe b(ls_i.,; of common value: 
tn that column. A given row from table DEPT will join t. :1 given row in table EM P (to yield 
a row of the result table) if and only if the tW( rows in question have a common DEPT# 
value. For example, the DEPT and EMP rows 

DEPT# DNAME BUDGET EMP# ENAME DEPT# SALARY 

Dl Marketing l,OM El Lopez Dl 40K 

(column names shown for explicitness) join together to produce the result row 

DEPT# DNAME BUDGET EMP# ENAME SALARY 

Dl Marketing lOM El Lopez 40K 

because they have the same value DI in the common column . Note Lh::it the comm n va lue 
appears once, not twice, in the re~ult ;·ow . Th ov ' rall result of the join c nta ins a ll possi­
ble rows that can be obtained in this manner :mu no other rows . Nole in purticular that 
since no EMP row has a DEPT# value of D3 (i.e., no mployec i. curTe111ly assi ned to that 
department), no row for D3 appears in the result even though Lher ·· is a ro w for D3 in table 
DEPT. 

Now, one p int that Fig. 3.2 ·leurl y hows is that the res1tl1 of each of the 1hr e oper­
ations is t /11(1/h<'I' /(Ible (i n other words. the operators are inueed "operaLors Lhat derive 
tables from tables; as previously stated). Tbi~ is the closur property f relational sys­
t~ms, and it is very important. Basically, because the output of any operation is the same 
kmd of object as the input-they are all tables-so 1/Je ourpw from one opertlfirm can be­
come input to another. Thus it is possible, e.g., to take a projection of a join, or a join of 
tw~ restrictions, or a restriction of a projection, etc. etc . 1n other word. , it is possible to 
wnte nested expressions-i.e., expressions in which IJ1e operands them elves ar repre­
sented by general expressions, instead of just by s imple lable name . Thi fa t in turn has 
numerous important consequences, as we will se later (both in this chapter and in muny 
subsequent ones). 

By the way, when we say that the output from each operation is another table, it is im­
po'.tant to understand that we are talking.from a c:011ce11fl1al point of view. We do not m an 
~o ~mply _that the system actually has to materia liz • lhe result of every indi vidual opernlion 
111 its entirety. For example, suppose we are trying to compute a restri ction of n join. Then, 
as soon as a given row of the join is formed. th sy ·tern nn immediately l . t that row 
agamst the specified restriction condition to l> e whether it belongs in the final r suit , and 
immediately discard it if not. In other words , the intermeuiate resull that is the oulpul from 
the join might never exist as a fully materialize I table in its own ri ght at ull. As a general 
rule, in fact, the system tries very hard not t materialize inl rm •diaLe results in Lh ir en­
tirety , for obvious performance reasons. Note: lf inten11 di ate re ·ult. a r fully materiali zed, 
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the overall expression evaluation strategy is called (unsurprisingly) materialized evalua­
tion; if intermediate results are passed piecemeal to subsequent operations, it is called 
pipelined evaluation. 

Another point that Fig. 3.2 also clearly illustrates is that the operations are all set-at­
a-time, not row-at-a-time; that is, the operands and results are whole tables, not just single 
rows, and tables contain sets of rows. (A table containing a set of just one row is legal, of 
course; so too is an empty table, i.e., one containing no rows at all.) For example, the join 
in Fig. 3.2 operates on two tables of three and four rows respectively, and returns a result 
table of four rows. By contrast, the operations in nonrelational systems are typically at the 
row- or record-at-a-time level; thus, this set-processing capability is a major distinguishing 
characteristic of relational systems (see further discussion in Section 3.5 below). 

Let us return to Fig. 3.1 for a moment. There are a couple of additional points to be 
made in connection with the sample database of that figure: 

■ First, note that relational systems require only that the database be perceived by the user 
as tables. Tables are the logical structure in a relational system, not the physical struc­
ture. At the physical level, in fact, the system is free to store the data any way it likes­
using sequential files, indexing, hashing, pointer chains, compression, etc.-provided 
only that it can map that stored representation to tables at the logical level. Another way 
of saying the same thing is that tables represent an abstraction of the way the data is 
physically stored-an abstraction in which numerous storage-level details, such as 
stored record placement, stored record sequence, stored data value representations, 
stored record prefixes, stored access structures such as indexes, and so forth, are all hid­
den from the user. 

Incidentally, the term "logical structure" in the foregoing paragraph is intended to 
encompass both the conceptual and external levels, in ANSI/SPARC terms. The point 
is that-as explained in Chapter 2-the conceptual and external levels in a relational 
system will both be relational, but the internal or physical level will not be. In fact, re­
lational theory as such has nothing to say about the internal level at all; it is, to repeat, 
concerned with how the database looks to the user.* The only requirement is that, to re­
peat, whatever physical structure is chosen must fully implement the logical structure. 

■ Second, relational databases abide by a very nice principle, called The Information 
Principle: The entire inj(mnation content cl the database is represented in one and 
only one way, namely as explicit values in column positions in rows in tables. This 
method of representation is the only method available (at the logical level, of course) 
in a relational system. In particular, there are no pointers connecting one table to an­
other. In Fig. 3.1, for example, there is a connection between the DI row of table DEPT 
and the E 1 row of table EMP, because employee E 1 works in department DI; but that 

II i~ 111 un forturmle fncl lhnt 111osI of today's SQL prodlh.: I~ do not support I)1is uspcct of Ilic the< ry prnp­
~rly. 'ro be 1110\'c ~pcclfic, lhcy lypicully support only rnthcr restri<.: ti vc conceptual/ internal nrnp1 ing~ (typ­
icnlly, they map on · logica l table directl y 10 one sturnd file), As a c.:unscqucnc', they don I pr ,vid nenrl y 
ru, lllll ·h physical data indepcndcuce as relational technology is theoretically capable of. 
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connecti n is represente I, not by a pointer, bul by the appearanc of I.be value D 1 in 
the DEPT# po. ilion of Lhe EMP row for E I . In nomelational systems by ·ontrast (e.g. 
IM· or IDM ) sucb information is typically r ·presenled- as menlion d in Chapter 
I- by some kind of poin ter that i: explicitly visible to the u ·er. 

Note: When we say there are no pointers in a r lational database, w do n I mean 
th re cannot b point ·rs al the rhysical level n the contrary , there certainly can and 
indeed there almo. t certainly will. Bul, lo r peal, all . uch phy. ica l storage deta ils are 
con ea.led from the us r in n relational. syst m. 

Lo much l'or lhe structural and manipulaLive a pect. r the relational moclcl; now we 
turn lo th integrity aspect. Consider Lhe dep,utments an I employees dotaba.~ or Fig. 3. 1 
once again. In pra ·Lice Lhal datab·tse might be required lo sati sfy any number or integrity 
on. traints- f r x.ample, employee sr1 laries might have t be in Lhe raage _5K Lo 5K 

(say d pnrtment budgels might have to be in th• range IM t 15M (. ay , and so on. Cer­
tain of those constrainls ar of such major pragmatic importan e, h wev r, that they enjoy 
some special nomenclature. To b specific: 

I. Each row in table DEPT must in ·lu I · a unique D :.PT# value: li kewise each row in 
table EMP must in lud a unique EMP# va lue. We say. le osely Lhat co lumns DEPT# 
in table DEPT and EMP# in tilble .MP are tlP primary keys for their r s1 ectiv ' !a­
bles. (Re all from hapl r I that w indi al primary keys in our ligur . by double un­
derlining.) 

2. Each DEPT# value in t:ibl • ·MP must exist as a D •PT# va lue in table DEPT, tor -
fleet the fa ·t lhat every employe must be assigned to an existing cl partm · nl. We say, 
loosely, Lhat column DEPT# in table MP is a fol"cign key, rercrcn ·in th primary key 
of table DEPT. 

We Jos this section with a definition f the relational 111 dcl, J'or purp sell of subs -
qu 01 r•fcrcn e (despit the fo ' L that lh dcriniti on is quit abstrac1 nnd wi'II not b very 
compr hcnsibl • at thi .. 1agc). Briefly, lhe relational model , nsisl. r lhe fo llowing l'ive 
components: 

I. An open-ended collection of scalar types (including in particular the type boolean or 
truth value); 

2. A relation type generator and an intended interpretation for such generated relation 
types; 

3. Facilities for defining relation variables of such generated relation types; 

4. A relational assignment operation for assigning relation values to such relation vari­
ables; 

5. An op n-ended collection of generic rdational operators for deriving relation values 
from other relation values. 

As you can see, the relational model is very much more than just "tables plus restrict, pro­
ject, and join," though it is often characterized in such a manner informally. 
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Note: You might be surprised to see no explicit mention of integrity constraints in the 
foregoing definition. The fact is, however, such constraints represent just one application 
(albeit a very important one) of the relational operators; that is, such constraints are for­
mulated---conceptually, at any rate-in terms of those operators, as we will see in Chapter 8. 

3.3 RELATIONS AND REL VARS 

If it is true that a relational database is basically just a database in which the data is per­
ceived as tables-and of course it is true-then a good question to ask is: Why exactly do 
we call such a database relational? The answer is simple (in fact, we mentioned it in Chap­
ter 1): "Relation" is just a mathematical term for a table-to be precise, a table of a certain 
specific kind (details to be discussed in Chapter 5). Thus, for example, we can say that the 
departments and employees database of Fig. 3.1 contains two relations. 

Now, in informal contexts it is usual to treat the terms "relation" and "table" as if they 
were synonymous; informally, indeed, the term "table" is used much more often than the 
term "relation." But it is worth taking a moment to understand why the term "relation" was 
introduced in the first place. Briefly, the explanation is as follows: 

■ As we have seen, relational systems are based on the relational model. The relational 
model in tum is an abstract theory of data that is based on certain aspects of mathe­
matics (mainly set theory and predicate logic) . 

• The principles of the relational model were originally laid down in 1969-70 by E. F. 
Codd, at that time a researcher in IBM. It was late in 1968 that Codd, a mathematician 
by training, first realized that the discipline of mathematics could be used to inject some 
solid principles and rigor into a field-database management-that, prior to that time, 
was all too deficient in any such qualities. Codd' s ideas were first widely disseminated 
in a now classic paper, "A Relational Model of Data for Large Shared Data Banks" (see 
reference [5 .1] in Chapter 5). 

■ Since that time, those ideas-by now almost universally accepted-have had a wide­
ranging influence on just about every aspect of database technology, and indeed on 
other fields as well, such as the fields of artificial intelligence, natural-language pro­
cessing, and hardware system design. 

Now, the relational model as originally formulated by Codd very deliberately made use 
of certain terms, such as the term "relation" itself, that were not familiar in IT circles at that 
time (even though the concepts in some cases were). The trouble was, many of the more fa­
miliar terms were very.fuzzy-they lacked the precision necessary to a formal theory of the 
kind that Codd was proposing. For example, consider the term "record." At different times 
and in different contexts that single term can mean either a record occurrence or a record 
type; a logical record or a physical record; a stored record or a virtual record; and perhaps 
other things as well. The relational model therefore does not use the term "record" at all; 
instead, it uses the term "tuple" (rhymes with "couple"), which can be given a very precise 
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definition. We do not give that definition here; for present purposes, it is sufficient to say 
that the term "tuple" corresponds approximately to the notion of a row (just as the term "re­
lation" corresponds approximately to the notion of a table). When we move on to study the 
more formal aspects of relational systems in Part II, we will make use of the formal termi­
nology, but in this chapter we are not trying to be so formal (for the most part, at any rate), 
and we will mostly stick to terms such as "row" and "column" that are reasonably familiar. 
However, one formal term we will use a lot from this point forward is the term "relation" 
itself. 

We return to the departments and employees database of Fig. 3.1 once again in order 
to make another important point. The fact is, DEPT and EMP in that database are really re­
lation variables-variables, that is, whose values are relation values (different relation val­
ues at different times). For example, suppose EMP cmTently has the value-the relation 
value, that is-shown in Fig. 3.1, and suppose we delete the row for Saito (employee num­
ber E4): 

DELETE EMP WHERE EMP# = 'E4' 

The result is shown in Fig. 3.3. 

EMP EMP# ENAME DEPT# SALARY 

El Lopez D1 40K 
E2 Cheng Dl 42K 
E3 Finzi D2 30K 

Fig. 3.3 Relation variable EMP after deleting E4 row 

onccptually, what has happened h re is that the old relation value of EMP has been 
re1Jlt1Cl1d n bloc by an e11lfr ,f new relation va lue. Of course, the old valu (wilh four rows 
and L11e 11ew one (wi th three ) ar very similar, but conc.:eplually they are differenl vulues. 
lndel.!d, the del • D operation in qu •s1ion is bn ·ically j ust shorthand for a ertojn relalional 
assignment operation that might look some1hing like this: 

EMP := EMP MINUS ( EMP WHERE EMP# = 1 E4 1 ) ; 

Ni 1c: Both the origi nal DELETE and lhe equi va lent ass ignrn nt statement arc ex1 rcsscu 
i11 ,1 langua 1e ailed Tutorial D r:u 1- MINU is the Tutorfal D keyword for 1he relaLi onul 
d(l]ere11c·e opcratio11-scc 'hapl r 6.) As in all u, signrn 111s, what is happening h r con­
ceptually sp aking, is rhal (a) lh •x,prcss ion on lli> right-hand side is evaJuutcd, nnd th n 
b) th r sull or that •va luation is as. ig11etl t:o the vnriabl , on 1.he I. fl -hand side (by defini­

tion , ol' ·ouri; , that lel'l-hand side 111usl identify a variable specifically) . As nlreacly stated 
the net cffed is thus to , place the ' old" EMP value by a "new" one. 
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In analogous fashion, of course, relational INSERT and UPDATE operations are also 
basically shorthand for certain relational assignments. 

Now, it is an unfortunate fact that much of the literature uses the term relation when 
what it really means is a relation variable (as well as when it means a relation per se-i.e., 
a relation value). Historically, however, this practice has certainly led to some confusion. 
Throughout this book, therefore, we will distinguish very carefully between relation vari­
ables and relations per se; following reference [3.3], in fact, we will use the term relvar as 
a convenient shorthand for relation variable, and we will take care to phrase our remarks 
in terms of rel vars, not relations, when it really is rel vars that we mean. 

Note: We should warn you that the term relvar is not in common usage-but it should 
be! We really do feel it is important to be clear about the distinction between relations per 
se (i.e., relation values) and relation variables, even though earlier editions of this book 
failed to do so, and most of the current database literature still fails in this respect. 

3.4 WHAT RELATIONS MEAN 

In Chapter 1, we mentioned the fact that columns in relations have associated data types.* 
And at the end of Section 3.2, we said that the relational model includes "an open-ended 
set of [data] types." What this means (among other things) is that users will be able to de­
fine their own types (as well as being able to use system-defined or builtin types,. of 
course). For example, we might define types as follows (Tutorial D syntax again; the el­
lipses " ... " stand for portions of the definitions that are not germane to the present dis­
cussion): 

TYPE EMP# ... ; 
TYPE NAME ... ; 
TYPE DEPT# ; 
TYPE MONEY • , • ; 

Type EMP#, for example, can be regarded (among other things) as the set of all possible 
employee numbers; type NAME as the set of all possible names; and so on. 

Now consider Fig. 3.4, which is basically the EMP portion of Fig. 3.1 expanded to 
show the column data types. As the figure indicates, every relation-to be more precise, 
every relation value-has two parts, a set of column-name:type-name pairs (the heading), 
together with a set of rows that conform to that heading (the body). Note: In practice we 
often ignore the type-name components of the heading, as indeed we have done in all of oui· 
examples prior to this point, but you should understand that, conceptually, they are always 
there. 

Now, there is a very important (though perhaps unusual) way of thinking about rela­
tions, and that is as follows: 

*The more usual relational term for data types is domains, as we will see in Chapter 5. 
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EMP 

EMP# i EMP# 
I 

DEPT# \ SALARY; ENAME ; NAME DEPT# MONEY 
I 

El Lopez Dl 4OK 
E2 Cheng D1 42K 
E3 Finzi D2 30K 
E4 Saito D2 35K 

Fig. 3.4 Sample EMP relation value, with column types shown 

■ First, given a relation r, th heading of r denotes a certain predicate or truth-valued 
function; 

■ econ<l, as mentioned briefly in Chapter 1, each row in the body of r denotes a certain 
tru propo ition obtained from the predicate by substituting certain tJrgumcmt values 
of Lb appropriate type for the placeholders or parameters of that preui ale(' insl::tJlti­
ating the predicate"). 

In the case of Fig. 3.4, for example, the predicate looks something like this: 

Employee EMP# is named ENAME, works in department DEPT#, and earns salary 
SALARY 

(the parameters are EMP#, EN AME, DEPT#, and SALARY, corresponding of course to the 
four EMP columns). And the corresponding true propositi ns are: 

Employee El is named Lopez, works in department DJ, and earns salary 40K 

(obtained hy . ubstiwting the EMP# value El, the NAME value Lopez, the DEPT# value 
Dl, and th MONEY value 40K for the appropriate parameters); 

Employee E2 is named Cheng, works in department DJ, and earns salary 42K 

(obtained by sub. lituling the EMP# value E2, the NAME value Cheng, the DEPT# value 
Dl, and the MONEY value 42K for the appropriate parameters); and so on. In a nutshell, 
therefore: 

■ Types are (sets of) things we can talk about; 

■ Relations are (sets of) things we say about the things we can talk about. 

(Ther ' is a nice unalogy h r • Iba! might help you appreci ate and rernember these imporl:u1t 
p ints: Types are tn relations c1s nouns are to sentences. ) Thus, in U1 example, the Lhings 
we can talk ab Ul are crnp'loyee numbers, names, department numbers and m ney value:-. 
at1d the thing. we ay are true utterances of the form "The employee with the sp cificd cm­
pl yee number has Lh specified name, works in the specifi d depmtment, and earns the 
·pecil'ied salary.' 
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It follows from all of the foregoing that: 

■ First, types and relations are both necessary (without types, we have nothing to talk 
about; without relations, we cannot say anything). 

■ Second, types and relations are sufficient, as well as necessary-i.e., we do not need 
anything else, logically speaking. 

Note: It also follows that types and relations are not the same thing. It is an unfortu­
nate fact that certain commercial products-not relational ones, by definition!-are con­
fused over this very point. We will touch on this confusion in Chapter 25 (Section 25.2). 

By the way, it is important to understand that every relation has an associated predi­
cate, including relations that are derived from others by means of relational operators such 
as join. For example, the DEPT relation of Fig. 3.1 and the three result relations of Fig. 3.2 
have predicates as follows: 

■ DEPT: "Department DEPT# is named DNAME and has budget BUDGET." 

■ Restriction of DEPT where BUDGET> BM: "Department DEPT# is named DNAME 
and has budget BUDGET, which is greater than eight million dollars." 

■ Projection of DEPT over DEPT# and BUDGET: "Department DEPT# has some name 
and has budget BUDGET." 

■ Join of DEPT and EMP over DEPT#: "Department DEPT# is named DNAME and has 
budget BUDGET and employee EMP# is named ENAME, works in department 
DEPT#, and earns salary SALARY." Note that this predicate has six parameters, not 
seven-the two references to DEPT# denote the same parameter. 

3.5 OPTIMIZATION 

As explained in Section 3.2, relational operations such as restrict, project, and join are all 
set-level operations. As a consequence, relational languages are often said to be nonproce­
dural, on the grounds that users specify what, not how-i.e., they say what they want, with­
out specifying a procedure for getting it. The process of "navigating" around the stored data 
in order to satisfy the user's request is performed automatically by the system, not manu­
ally by the user. For this reason, relational systems are sometimes said to perform auto­
matic navigation. In nonrelational systems, by contrast, navigation is generally the 
responsibility of the user. A striking illustration of the benefits of automatic navigation is 
shown in Fig. 3.5, which contrasts a certain SQL INSERT statement with the "manual nav­
igation" code the user might have to write to achieve an equivalent effect in a nonrelational 
system (aclunlly a CODASYL network system; the example is taken from the chapter on 
network databases in reference [1.5]). Note: The database is the well-known suppliers and 
parts database. Refer to Section 3.9 for further explanation. 

De pile the remarks of the previou, paragraph, it has to be said that nonprocedural is not 
a very sa.tisfa tory term, common 1j1ough it is, because procedurality and nonprocedurality are 
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INSERT INTO SP ( S#, P#, QTY) 
VALUES ( 'S4 1 , 'P3', 1000 

MOVE 1 S4 1 TO S# INS 
FIND CALC S 
ACCEPT S-SP-ADDR FROM S-SP CURRENCY 
FIND LAST SP WITIITN S-SP 
while SP found PERFORM 

ACCEPT S-SP-ADDR FROM S-SP CURRENCY 
FIND OWNER WITHIN P-SP 
GET P 
IF P# IN P < 'P3 1 

leave loop 
END-IF 
FIND PRIOR SP WITHINS-SP 

END-PERFORM 
MOVE 'P3 1 TOP# IN P 
FIND CALC P 
ACCEPT P-SP-ADDR FROM P-SP CURRENCY 
FIND LAST SP WITHIN P-SP 
while SP found PERFORM 

ACCEPT P- SP-ADDR FROM P-SP CURRENCY 
FIND OWNER WITHINS-SP 
GETS 
IFS# INS< 'S4' 

leave loop 
END-IF 
FIND PRIOR SP WITHIN P-SP 

END-PERFORM 
MOVE 1000 TO QTY IN SP 
FIND DB-KEY IS S-SP-ADDR 
FIND DB-KEY IS P-SP-ADDR 
STORE SP 
CONNECT SP TO S-SP 
CONNECT SP TOP-SP 

Fig. 3.5 Automatic vs. manual navigation 

not absolutes. The best that can be said is that some language A is either more or less pro­
·cdurn l than . om, other Ian ua e B. P rhaps a better way l>f putting maltcrs would be 1.0 

ay that Ian ,uages such as SQL are mu higher level of ah.\'trat:Lion tlwn languages . uch as 
++ and BOL (or data sublunguages such as ar Lyrica lly round in nonrelnti nal 

DBM. s come l that, as 1-i •. 3.5 sh w ). untfamentally il is this raisi ng of rhe lev I of 
al . traction that is responsible for lhe increa • cl producti vi ty that relational systems can pro­
vide. 

Deciding just how to perrorm the automati. • navigation ref rred to above is th · re­
sponsibility of a very impo11anl DBM componcnl called lhe optimizer (we melllioncd this 
component briefly in hapt ·r 2). In other words, for •ach relnlionnl r quest from the user, 
it is the job of the optimizer to ch ose an d'ficicnl way lo imp! ment thal request By way 
of an example, Jet us suppose the us r issl1es th · fo llowing request (Tutorial D ont:e again): 

RESULT := ( EMP WHERE EMP# = 1 E4 1 ) {SALARY} ; 
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Explanation: The expression in parentheses ("EMP WHERE ... ") denotes a restriction 
of the current value of rel var EMP to just the row where EMP# is E4. The column name in 
braces ("SALARY") then causes the result of that restriction to be projected over the 
SALARY column. Finally, the assignment operation (":=") causes the result of that pro­
jection to be assigned to relvar RESULT. After that assignment, RESULT contains a 
single-column, single-row relation that contains employee E4's salary. (Incidentally, note 
that we are implicitly making use of the relational closure property in this example-we 
have written a nested relational expression on the right-hand side, in which the input to the 
projection is the output from the restriction.) 

Now, even in this very simple example, there are probably at least two ways of per­
forming the necessary data access: 

1. By doing a physical sequential scan of (the stored version of) relvar EMP until the re­
quired data is found; 

2. If there is an index on (the stored version of) the EMP# column-which in practice 
there probably will be, because EMP# values are supposed to be unique, and many sys­
tems in fact require an index in order to enforce uniqueness-then by using that index 
and thus going directly to the required data. 

The optimizer will choose which of these two strategies to adopt. More generally, given 
any particular request, the optimizer will make its choice of strategy for implementing that 
request on the basis of considerations such as the following: 

■ Which relvars are referenced in the request; 

• How big those relvars currently are; 

■ What indexes exist; 

■ How selective those indexes are; 

■ How the data is physically clustered on the disk; 

■ What relational operations are involved; 

and so on. To repeat, therefore: Users specify only what data they want, not how to get to 
that data; the access strategy for getting to the data is chosen by the optimizer ("automatic 
navigation"). Users and user programs are thus independent of such access strategies, which 
is of course essential if physical data independence is to be achieved. 

We will have a lot more to say about the optimizer in Chapter 17. 

3.6 THE CATALOG 

A, explained in hapter 2. •very DBMS must prov ide a catalog or dictionary fun ri on. 
The catalog is th place wh •r -amon oth ~r things- all of the vari us. h mns (external. 
conceptual , int rnol) an I all f the corr sponding moppings (ex lernal/conccpwnl, om;ep­
ru11 l/internnl nre kept. ln otln· words. the ca talog contain, ti tll iled in formation (som tim ~. 
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called descriptor information r metadata) r garding the variou objects that are or imer­
csl t lhe yst rn it ·e lf. Examples of such object · are rel ars, index , users. integrity con­
strai nts, security constra ints, and • n and . o forth. De.~criptor information is essential if the 
. y ·tem is Lo do its job prop rly. P r example, the ptimizcr uses catalog informatio n ab UL 

indexes and lher physical slorag·. tru turcs, as well a. much other information, to help it 
decide how to implement user reque. ts. Likewise, th se ·uri ty ·ubsystem uses ca talog in­
formation about users and security constn1 ints see hapL r 16) to grunt or deny such request 
in th ru· L place. 

w one of the nice featur • of relational sy terns is that, in such a y Lem. the cata­

log itself con ists of re/vars (more pr ciscly syst ,,,, rel vars, so called to dis ti11guish them 
from ordinary user nes . As a result, users can interrogate the catalog in exactly the same 
way r.hey interrogate 1.heir own data. For example, lh • cu lalog will typically include two sys­
lcm r !vars called TABLE and OLLJMN the purpose of whi his to describe the tables 
(i.e. rel vars in the datuba e and the c lunm. in those table . (We say "typically' because 
th atalug is not th ·ame in every system; lhe differences arise because the catalog for a 
particular sy. Lem ne ·es arily contai n a good deal f informution that i spcci fie to that sys­
tem.) For the d partmcnts and employees data bas' o r Fig. 3. I, the TABLE und COLUMN 
rel vars might look- in outlin -as shown in Fig. 3.6.* 

Note: As mentioned in hapter 2, I.he catalog should normally be self-describing-i.e., 
it should include entries describing the catalog relvi,r U1emselves. No such entries are 
shown in Fig. 3.6, however. ee xerci • 3.3 at th· end of the chapter. 

TABLE 

COLUMN 

TABNAME COLCOUNT ROWCOUNT 

DEPT 
EMP 

TABNAME 

DEPT 
DEPT 
DEPT 
EMP 
EMP 
EMP 
EMP 
. . . . . . . 

COLNAME 

DEPT# 
DNAME 
BUDGET 
EMP# 
ENAME 
DEPT# 
SALARY 
. . . . . . . 

3 
4 

..... 

. .... 

. .... .. ... 

. .... 

..... 

..... 

. .... 

. .... 

3 
4 

Fig. 3.6 Catalog for the departments and employees database (in outline) 

• Nore tbat the presence of a ROW OUNT column in the figure suggests 1hat I SERT and DELETE op· 
ern1ions on the dulaba~e will cnu.sc an upd,11e tu 1be catalog as o side effect. In prac1ice. ROW ~ouNT might 
be updntccl only oo request (e.g., when some uti lity is l'llll). meaning the vulues might not nlwuy. be cur­
rent. 
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Now suppose some user of the departments and employees database wants to know ex­
actly what columns rel var DEPT contains ( obviously we are assuming that for some reason 
the user does not already have this information). Then the expression 

( COLUMN WHERE TABNAME = 'DEPT' ) { COLNAME} 

does the job. Note: If we had wanted to keep the result of this query in some more perma­
nent fashion, we could have assigned the value of the expression to some other rel var, as in 
the example in the previous section. We will omit this final assignment step from most of 
our remaining examples (both here and in subsequent chapters). 

Here is another example: "Which rel vars include a column called EMP#?" 

( COLUMN WHERE COLNAME = 1 EMP# 1 ) { TABNAME} 

Exercise: What does the following do? 

( ( TABLE JOIN COLUMN) 
WHERE COLCOUNT < 5) { TABNAME, COLNAME} 

3.7 BASE REL VARS AND VIEWS 

We have seen that, starting with a set of rel vars such as DEPT and EMP, together with a 
set of relation values for those rel vars, relational expressions allow us to obtain further re­
lation values from those given ones-e.g., by joining two of the given ones together. It is 
time to introduce a little more terminology. The original (given) relvars are called base rel­
vars, and their relation values are called base relations; a relation that is or can be obtained 
from those base relations by means of some relational expression is called a derived or de­
rivable relation. Note: Base rel vars are called real rel vars in reference [3.3]. 

Now, relational systems obviously have to provide a means for creating the base rel­
vars in the first place. In SQL, for example, this task is performed by the CREA TE TABLE 
statement ("TABLE" here meaning, very specifically, a base relvar). And base relvars ob­
viously have to be named-for example: 

CREATE TABLE EMP ... i 

However, relational systems usually support another kind of named rel var also, called 
a view, whose value at any given time is a derived relation (and so a view can be thought 
of, loosely, as a derived relvar) . The value of a given view at a given time is whatever re­
sults from cvuluating a certain relational expression at that time; the relational expression 
in ques tion i i, specified at the time the view in question is created. For example, the stnte­
ment 

CREATE VIEW TOPEMP AS 
( EMP WHERE SALARY> 33K) { EMP#, ENAME, SALARY} 
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might b used Lo define a view called TOPEMP. Note: For reasons that are unimportant at 
this juncture, Lhis xample is ex pres, ed in a mixture of SQL and Tutorial D. 

When this statement is executed, th · relational expres ·ion fol lowing the AS- the vicw­
d •fining cxpre sion- is not evaluated hul is merely ''r ·membered' by the system in some 
way actually by . aving il in Lhc catalog. uncl r U1e specified nam TOPEMP). To Lhe user 
h.owev r, iti . now asiflher reallywcre ar lvarinthe databas calledT P ~ P, wilh cur­
rcnt vnlue as indicated in th unshnded portions (on ly) of Fig. 3.7 below. And the user 
should b ubl Lo pcrnte on that i w just as if it were a bas rel var. Nme: H (a . uggested 
above) D PT and EMP are thought or a, real rel vars. then TOPEMP might he thought of 
us a virtuul rclvar- i.e., a rel var tJ1a1 apparently exists in it. own right but in fac t cloe.s not 
(il s value at any given time depends n lh value(s) of certain Lher rclvar(s) . 

TOPEMP EMP# ENAME 

El Lopez 
E2 Cheng 

m!iam:mm ::::iF,'.:Ji:n:ji/ji:::: 
E4 Saito 

SALARY 

40K 
42K 

.irnmm~~mm 
35i< 

Fig. 3.7 TOPEMP as a view of EMP (unshaded portions) 

Note carefully, however, that although we say that the value of TOPEMP is the rela­
tion that would result if the view-defining expression were valuated, we do nol mean Lo 
suggest that we now have a se1wrate copy of the data ; i.e., we tlo nol mean to sugges t that 
lhe view-defining express ion actually i,\· evaluated. On the contrary, the view is effeclively 
just n window int U1 underlying base rel var EMP. As a onsequence, any chang s t lhat 
underlying relvar will l)e aULomaLically and instantaneously visible through lhut window 
(as ·tuning U1ey lie witb in U1e unshaded porti(ln, or course). Likewise, changes Lo TOPEMP 
will automatically and i11s1antaneously be applied Lo relvar EMP. and hence be vi. ible 
through the window (see later for an example). 

Here is a sample retrieval operation against view TOPEMP: 

( TOPEMP WHERE SALARY< 42K) { EMP#, SALARY} 

Given the sample data of Fig. 3.7, the result will look like this: 

EMP# SALARY 

El 40K 
E4 35K 

Conceptually, operations against a view like the retrieval operalion just shown are 
handled by replacing references to the view name by the view-defining expression (i.e., 
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the expression that was saved in the catalog). In the example, therefore, the original 
expression 

( TOPEMP WHERE SALARY< 42K) { EMP#, SALARY} 

is modified by the system to become 

( ( EMP WHERE SALARY > 33K ) { EMP#, ENAME, SALARY } ) 
WHERE SALARY< 42K) { EMP#, SALARY} 

(we have italicized the view name in the original expression and the replacement text in the 
modified version). The modified expression can then be simplified to just 

( EMP WHERE SALARY> JJK AND SALARY< 42K) { EMP#, SALARY} 

(see Chapter 17), which when evaluated yields the result shown earlier. In other words, the 
original operation against the view is effectively converted into an equivalent operation 
against the underlying base rel var, and that equivalent operation is then executed in the nor­
mal way (more accurately, optimized and executed in the normal way). 

By way of another example, consider the following DELETE operation: 

DELETE TOPEMP WHERE SALARY< 42K; 

The DELETE that is actually executed looks something like this: 

DELETE EMP WHERE SALARY> 33K AND SALARY< 42K; 

Now, the view TOPEMP is very simple, consisting as it does just of a row-and-column 
subset of a single underlying base rel var (loosely speaking). In principle, however, a view 
definition, since it is essentially just a named relational expression, can be o_f arbitrary com­
plexity (it can even refer to other views) . For example, here is a view whose definition in­
volves a join of two underlying base relvars: 

CREATE VIEW JOINEX AS 
( ( EMP JOIN DEPT) WHERE BUDGET> 7M) { EMP#, DEPT#} ; 

We will return to the whole question of view definition and view processing in Chap­
ter 9. 

Incidentally, we can now explain the remark in Chapter 2, near the end of Section 2.2, 
to the effect that the term "view" has a rather specific meaning in relational contexts that is 
not identical to the meaning ascribed to it in the ANSI/SPARC architecture. At the exter­
nal level of that architecture, the database is perceived as an "external view," defined by an 
external schema (and different users can have different external views) . In relational sys­
tems, by contrast, a view (as explained above) is, specifically, a named, derived, virtual rel­
var. Thus, the relational analog of an ANSJ/SPARC "external view" is (typically) a 
collection of several rel vars, each of which is a view in the relational sense, and the "ex­
ternal schema" consists of definitions of those views. (It follows that views in the relational 
sense are the relational model's way of providing logical data independence, though once 

Petitioner Exhibit 1029, Page 75 of 110



74 Part I I Preliminaries 

again it has to b . aid that today's commercial products are seriously deficient in this re-
gard. Se hapter 9.) 

Now, the ANSl/SPAR architectur is qui.Le general and allows for arbitrary variabil­
ity between the cxlema.l and conceptual levels. In principle. even th, types of data structures 
supported Ill the tw(l level could be different- for xamr,I , the nceptual level could be 
relational , while a given user ould have an ex ternal view that wa hierarchic. In practice, 
however, mo t sy ·tems u. e th rune type of structure a the basi for both levels, and rela­
tional product are n exception 10 thi n1le-views are still relvars ju t like tl1e base rel­
vars arc. And since the ame type of object is supported at botb levels the same data 
sublanguage (u mllly SQL applies at b th levels. [ndeed, Lbe fact that a view is a relvar is 
precisely one of the rrcngrhs of relational ystems· it is important in just th same way that 
ilie fa t that a ubset is a et i important in mathematics. Note: QL products and the QL 
tandard see hapler 4) often em t mi s. chi. poim however, i.Jrnsmuch as they refer re­

peatedly to "tables and views" (with the impJicati n that a view is not a table . You are 
strongly advised not to fall ioto this common trap of taking· tables" (or "relvars") to mean, 
pe ifically, base table. (or relvars on ly . 

There is one final point that needs to be made on th ubject of base relvars vs. views, 
as follows. The base rel var vs. view distinction is fr quently characterized thus: 

■ Base rel vars "really exist," in the sense that they represent data that is actually stored 
in the database; 

■ Views, by contrast, do not "really exist" but merely provide different ways of looking 
at "the real data." 

However, this characterization, th ugh r> rlrnps useful in an informu l . nsc. does 11 La cu­
rately reflect the true st:u of affair .. II is true that u:er can think of base rel vars as if they 
were physically stored; in a way. in fo t th who!• point f relational system. is to allow 
users to think of base rel vars ns physi ully ex i. ling. while not having to cone ' rn Lherns Ives 
with how those re'lvars arc acLUally repre .. ent cl in swrag•. Uu and it is a hig bull- thi s 
way r thinking should not he c 11s1ru d a: meaning that a base r· lvar i physically stored 
in any kind of dir l way (e.g., as a single store I ril • .* As xpluined in Se(;Lion 3.2, bus' 
r Ivar ar be/it thought of u an ubstra ·rion of some co llection <)f stor d data- un ahstrnc­
tion in which all ·torage- lev I details ur' concealed. ln principle. thcr ' con be nn arbit rary 
degr c of diff r 111iati n bclwe n a bu. c rel var and its ·t r d counterpart. 

A simple examr,le might hel.p to larify this p int. onsid r th departm nts und em­
ployees database once again. Mo tor today's relational systems would pr bably imp'lement 
that database with two st reu flies. ne for •u h of th two bnsc rclvars. But there is ab-

"'The following quote from 11 recent book display. scv•1·ul of 1hc confusion being lli ·cussed hen::. a~ well 
a,~ others tl iscusscd in Section 3.3 earlier: ''[hJ is impom1nt 10 make a disLlnction between torcd rclalit1ns, 
which :m: lob/es, 11mJ virtunl rel~tions, which ore 11iC'll'.V •.• fWcj shall 11Re rdafi1>11 only whcr • ,, t..1blc or n 
view couJd be used. When we wa111 tQ emphasize that a rcl:uion is stc red. milter 1han :1 view, w• shall ~ome­
times Ub the term has rt'iatirm or ba.w tab/e." The quorc is. regreltahly, 11 0 1 at all atypical. 
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solutely no logical reason why there should not be just one stored file of hierarchic stored 
records, each consisting of (a) the department number, name, and budget for some given 
department, together with (b) the employee number, name, and salary for each employee 
who happens to be in that department. In other words, the data can be physically stored in 
whatever way seems appropriate, but it always looks the same at the logical level. 

3.8 TRANSACTIONS 

Note: The topic of this section is not peculiar to relational systems. We cover it here nev­
ertheless, because an understanding of the basic idea is needed in order to appreciate cer­
tain aspects of the material to come in Part II. However, our coverage at this point is 
deliberately not ve1y deep. 

In Chapter 1 we said that a transaction is a logical unit of work, typically involv­
ing several database operations. We also indicated that the user needs to be able to in­
form the system when distinct operations are part of the same transaction. The BEGIN 
TRANSACTION, COMMIT, and ROLLBACK operations are provided for this purpose. 
Basically, a transaction begins when a BEGIN TRANSACTION operation is executed, and 
terminates when a con-esponding COMMIT or ROLLBACK operation is executed. For ex­
ample (pseudocode) : 

BEGIN TRANSACTION; /* move 
UPDATE account A; 
UPDATE account B ; 
IF everything worked fine 

THEN COMMIT; 
ELSE ROLLBACK 

END IF; 

Points arising: 

$$$ from account A to account B *I 
/* withdrawal */ 
/* deposit */ 

/* normal end */ 
/* abnormal end*/ 

1. Transactions are guaranteed to be atomic-i.e ., they are guaranteed (from a logical 
point of view) either to execute in their entirety or not to execute at all, even if (say) 
the system fails halfway through the process. 

2. Transactions are also guaranteed to be durable, in the sense that once a transaction suc­
cessfully executes COMMIT, its updates are guaranteed to be applied to the database, 
even if the system subsequently fails at any point. Note: Fundamentally, it is this dura­
bility property of transactions that makes the data in the database persistt"11t, in the 
sense of Chapter l. 

3. Transactions are also guaranteed to be isolated from one another, in the sense that data­
base updates made by a given transaction Tl are not made visible to any distinct trans­
action T2 until and unless Tl successfully executes COMMIT. COMMIT causes 
updates made by the transaction to become visible to other transactions; such updates 
are said to be committed, and are guaranteed never to be canceled. If the transaction ex­
ecutes ROLLBACK instead, all updates made by the transaction are canceled (rolled 
back) . In this latter case, the effect is as if the transaction never ran in the first place. 
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4. The interleaved execution of a set of concurrent transactions is (usually) guaranteed to 
be serializable, i11 the sense that it produces the same result as executing those same 
transactions one at a time in some unspecified serial order. 

Refer to Chapters 14----15 for an extended discussion of all of the foregoing points and 
much else besides. 

3.9 THE SUPPLIERS AND PARTS DATABASE 

Our runni ng examr le throughout most of thi. book i th well-I n wn suppliers and parts 
Jmaba e (mai ntained as we saw in Chapter I, by u fi ctiti us mpany called KnowWm·c 
Inc.). ·n1e purpose or lhis section is to explain that datuba e in rder to serve a. a p int of 
reference for later chapter . Fig. 3.8 shows a set f sample data values· subsequent exam­
ple wil l actually msume U1ese pecific valu . where it makes any difference. Fig. 3.9 
show tbe database 1 fi nition, expressed in (a slight variation on) Tutorial D once again . 
Note the p1imary aml foreign key . pecificalion. in particu lar. Note lo that a sev ral 
columns have data types or th' same nam as Lhe column in question; (b) the, TATUS col­
umn and the two CITY columns are defined in terms of builLin typcs- lNT GER (integer ') 
and CHAR (character slring. of arbi trary lcnglb in tea I of user-defined ones. Note fi ­
nally that there is an importu nt p int Lo b matle regarding th c lumn valu • as shown in 
Fig. 3.8, but we are not yet in a position to make that point; we wi ll come back t it in hap­
ter 5, Section 5.2, in the ' UbsecLion enlitl -d " Pos ·ible Representations." 

s S# SNAME STATUS CITY SP S# P# QTY 

Sl smith 20 London Sl Pl 300 
S2 Jones 10 Paris Sl P2 200 
S3 Blake 30 Paris Sl P3 400 
S4 Clark 20 London Sl P4 200 
S5 Adams 30 Athens Sl P5 100 

Sl P6 100 
S2 Pl 300 
S2 P2 400 

p P# PNAME COLOR WEIGHT CITY S3 P2 200 
S4 P2 200 

Pl Nut Red 12.0 London S4 P4 300 
P2 Bolt Green 17.0 Paris S4 P5 400 
P3 Screw Blue 17.0 Rome 
P4 Screw Red 14.0 London 
P5 Cam Blue 12.0 Paris 
PG Cog Red 19.0 London 

Fig. 3.8 The suppliers and parts database (sample values) 
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TYPE S# ... i 
TYPE NAME .. . 
TYPE P# ... ; 
TYPE COLOR . . . i 
TYPE WEIGHT ... i 
TYPE QTY ... ; 

VARS BASE RELATION 
{ S# S#, 
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SNAME NAME, 
STATUS INTEGER, 
CITY CHAR} 

PRIMARY KEY { S# 

VAR P BASE RELATION 
{ P# P#, 

PNAME NAME, 
COLOR COLOR, 
WEIGHT WEIGHT, 
CITY CHAR} 

PRIMARY KEY { P# 

VAR SP BASE RELATION 
{ S# S#, 

P# P#, 
QTY QTY} 

PRIMARY KEY { S#, P#} 
FOREIGN KEY { S#} REFERENCES S 
FOREIGN KEY { P#} REFERENCES P 

Fig. 3.9 The suppliers and parts database (data definition) 

The database is meant to be understood as follows: 

• Rel var S represents suppliers. Each supplier has a supplier number (S#), unique to that 
supplier; a supplier name (SN AME), not necessarily unique (though the SNAME val­
ues do happen to be unique in Fig. 3.8); a rating or status value (STATUS); and a lo­
cation (CITY). We assume that each supplier is located in exactly one city. 

• Rel var P represents parts (more accurately, kinds of parts) . Each kind of part has a part 
number (P#), which is unique; a part name (PNAME); a color (COLOR); a weight 
(WEIGHT); and a location where parts of that type are stored (CITY). We assume­
where it makes any difference-that part weights are given in pounds. We also assume 
that each kind of part comes in exactly one color and is stored in a warehouse in ex­
actly one city. 

• Relvar SP represents shipments. It serves in a sense to link the other two relval's to­
gether, logically speaking. For example, the first row in SP as shown in Fig. 3.8 links 
a specific supplier from S (namely, supplier S 1) to a specific part from P (namely, part 
PI )-in other words, it represents a shipment of parts of kind P 1 by the supplier called 
SI (and the shipment quantity is 300). Thus, each shipment has a supplier number (S#), 
a part number (P#), and a quantity (QTY) . We assume there can be at most one ship­
ment at any given time for a given supplier and a given part; for a given shipment, 
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therefore, the combination of S# value and P# value is uniqu wilh respect to the . et of 
shipments currently appearing in SP. Note.· The , ample value · in Fig. 3.8 delib rately 
include one supplier, supplier S5, with no matching shipments at a11. 

We remark that(, already pointed out in hapter l , Secli n 1.3) suppliers and parts 
can be regarded as entities, trnd a shjpment cun be regarded as a relationship bclween a 
particul ,lr supplier and a i><U'liculnr part. As also pointed out in that se tion. however, a re­
lationship is best regarded a. just a . pecial case of an entity. One advantage of re lational 
databases is precise!) that all entities, regardl ess of whether they are in !'act r lationships, 
are represented in the same uniform way-namely, by means of rows in relations, as the 
example indicates. 

A couple of final remarks: 

• First, the suppliers and parts database is of course exlremcly simple, much simpler than 
any real database is li kely to b ; most real databases will involve many m re entiti s 
and relationships and many more kinds r enliti s and relationships) Uwn thi • one 
does . Nevertheless it is at least a I •quute to illustrate me st of the poi ms that we need 
to make in the rest of the bo k, anti (as already slat d) we will use it as the ba.is for 
most-not all--of ur examples in the next few chapters. 

• Second, there is of c urse) noll,ing wrong with using more descriptive mtmes such as 
S PPLIER , PARTS, and SHIPMENT in pluc f the rather terse names S, P, and 
SP used above; indeed descriptive names arc enerally t be recommended in prac­
Lice. But in the case of suppliers and part .. pcc i1ica11y . the relvnrs are referenced so fre­
quently in the chapters that follow that very short nam s seem d desirable. Long names 
tend to become irksome with much repetition. 

3.10 SUMMARY 

This brings us to the end of our short overview of relational technology. Obvi usly we have 
barely scratched the surface of what by now has becom a very extensive subject, but the 
whole point of the chapter has been to serve as a gentle introduction to the much more com­
prehensive discussions to come. Even so, we have managed to cover quite a lot of ground. 
Here is a summary of the major topics we have discussed. 

A relational database is a database Ll1al is perceived by its users as a collection of re­
lation variables-Le., relvars-or, more inl' nnally, tables. A relational system is a sys­
tem that . up1 orts relational databases and operations on . uch databases, including in 
rm·ticular lh operations restrict, project., and join. Th(;S' peralions. and others like them. 
u.re all set-level. The closure property of relational systems means that the output From 
every operation is the same kind of obje ·t as U,e input they n1 - all relations). whi h mem1s 
we can write nested reJational expre ·sions. Rel vars can be up lat d by mean. Clf Lhe rela­
tional assignment open.1Lion : th familiar updat operauons INSERT, UPDATE, and 
DELETE can b regarded as shorthands for ·ertain ommon relational assignments . 
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The formal theory underlying relational systems is called the relational model of 
data. The relational model is concerned with logical matters only, not physical matters. It 
addresses three principal aspects of data-data structure, data integrity, and data manip­
ulation. The structural aspect has to do with relations per se; the integrity aspect has to do 
with (among other things) primary and foreign keys; and the manipulative aspect has to 
do with the operators (restrict, project, join, etc.). The Information Principle states that the 
entire information content of a relational database is represented in one and only one way, 
namely as explicit values in column positions in rows in relations. 

Every relation has a heading and a body; the heading is a set of column-name:type­
name pairs, the body is a set of rows that conform to the heading. The heading of a given 
relation can be regarded as a predicate, and each row in the body denotes a certain true 
proposition, obtained by substituting certain argument values of the appropriate type for 
the placeholders or parameters of the predicate. In other words, types are (sets of) things 
we can talk about, and relations are (sets of) things we say about the things we can talk 
about. Together, types and relations are necessary and sufficient to represent any data we 
like (at the logical level, that is). 

The optimizer is the system component that determines how to implement user re­
quests (which are concerned with what, not how). Since relational systems therefore assume 
responsibility for navigating around the stored database to locate the desired data, they are 
sometimes described as automatic navigation systems. Optimization and automatic navi­
gation are prerequisites for physical data independence. 

The catalog is a set of system rel vars that contain descriptors for the various items that 
are of interest to the system (base relvars, views, indexes, users, etc.). Users can interrogate 
the catalog in exactly the same way they intetTOgate their own data. 

The original relvars in a given database are called base relvars, and their values are 
called base relations; a relation that is obtained from those base relations by means of some 
relational expression is called a derived relation (collectively, base and derived relations 
are sometimes referred to as expressible relations). A view is a relvar whose value at any 
given time is such a derived relation (loosely, it can be thought of as a derived rel var); the 
value of such a rel var at any given time is whatever results from evaluating the associated 
view-defining expression. Note, therefore, that base relvars have independent existence, 
but views do not-they depend on the applicable base rel vars. (Another way of saying the 
same thing is that base rel vars are autonomous, but views are not.) Users can operate on 
views in exactly the same way as they operate on base rel vars (at least in theory). The sys­
tem implements operations on views by replacing references to the name of the view by the 
view-defining expression, thereby converting the operation into an equivalent operation on 
the underlying base relvar(s). 

A transaction is a logical unit of work, typically involving several database operations. 
A transaction begins when BEGIN TRANSACTION is executed and terminates when 
COMMIT (normal termination) or ROLLBACK (abnormal termination) is executed. 
Transactions are atomic, durable, and isolated from one another. The interleaved execu­
tion of a set of concurrent transactions is (usually) guaranteed to be serializable. 
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Finally, the base example for most of the book is the suppliers i:tncl parts database. 
It is worth taking the time Lo familiarize yourself with that example now, if you have not 
ulready done so; that i., you should at least know which relvo.r have which columns and 
whm the primary and foreign keys are (it is not so important to know exactly what the sam­
ple data values are!). 

EXERCISES 

3.1 Define the following terms: 

automatic navigation 
base relvar 
catalog 
closure 
commit 
derived relvar 
foreign key 
join 

primary key 
projection 
proposition 
relational database 
relational DBMS 
relational model 
restriction 
rollback 

optimization set-level operation 
predicate view 

3.2 Sketch the contents of the catalog relvars TABLE and COLUMN for the suppliers and parts 
database. 

3.3 As explained in Section 3.6, the catalog is self-describi.ng-i.e., it includes entries for the cata­
log rel vars themselves. Extend Fig. 3.6 to include the necessary enu·ies for the TABLE and COLUMN 
rel vars themselves. 

3.4 Here is a query on the suppliers and paits database. What does it do? 

RESULT := ( ( S JOIN SP) WHERE P# = 1 P2 1 ) { S#, CITY} ; 

Note: Ac1ually there is a ·light problem with this query, having to do with the t.law type of the P# col­
umn. We will come back to this point in Chapter 5, Section 5.2 (subsection "Type Conversion."). 
Analogous renrnrks apply to the next exercise also. 

3.5 Suppose the expression on the right-hand side of the assignment in Exercise 3.4 is used in a view 
definition: 

CREATE VIEW VAS 
( ( S JOIN SP) WHERE P# 1 P2' ) { S#, CITY} 

Now consider the query 

RESULT := ( V WHERE CITY 'London• ) { S#} 
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What does this query do? Show what is involved on the part of the DBMS in processing this query. 

3.6 What do you understand by the terms (transaction) atomicity, durability, isolation, and serializ­
ability? 

REFERENCES AND BIBLIOGRAPHY 

3.1 E. F. Codd: "Relational Database: A Practical Foundation for Productivity," CACM 25, No. 2 
(February 1982). Republished in Robert L. Ashenhurst (ed.), ACM Turing Award Lecrures: The First 
Twenty Years 1966-1985. Reading, Mass.: Addison-Wesley (ACM Press Anthology Series, 1987). 

This is the paper Codd presented on the occasion of his receiving the 1981 ACM Turing A ward 
for his work on the relational model. It discusses the well-known application backlog problem. 
To paraphrase: "The demand for computer applications is growing fast-so fast that informa­
tion systems departments (whose responsibility it is to provide those applications) are lagging 
further and further behind in their ability to meet that demand ." There are two complementary 
ways of attacking this problem: 

1. Provide IT professionals with new tools to increase their productivity; 

2. Allow end users to interact directly with the database, thus bypassing the IT professional 
entirely. 

Both approaches are needed, and in this paper Codd gives evidence to suggest that the necessary 
foundation for both is provided by relational technology . 

3.2 C. J. Date: "Why Relational?", in Relational Database Writings 1985-1989. Reading, Mas·s .: 
Addison-Wesley (J 990). 

An attempt to provide a succinct yet reasonably comprehensive summary of the major advan­
tages of relational systems. The following observation from the paper is worth repeating here: 
Among all the numerous advantages of "going relational," there is one in particular that cannot 
be overemphasized, and that is the existence of a sound theoretical base. To quote: 

" .. . relational really is different. It is different because it is not ad hoc. Older systems, by 
contrast, were ad hoc; they may have provided solutions to certain important problems of their 
day, but they did not rest on any solid theoretical base. Relational systems, by contrast, do rest 
on such a base ... which means [they] are rock solid. 

"Thanks to this solid foundation, relational systems behave in well-defined ways; and (pos­
sibly without realizing the fact) users have a simple model of that behavior in their mind, one 
that enables them to predict with confidence what the system will do in any given situation. There 
are (or should be) no surprises. This predictability means that user interfaces are easy to under­
stand, document, teach, learn, use, and remember." 

3.3 . J. Date and Hugh Darwen: Fm111dario11Jor Ob)e,·1/Nelathmal Dawhases: T/11.' Third Mcmifestu. 
Rending. Muss.: Addison-WesJey ( I \198). See also the introductory overview pup r " 7111• Third 
M1.m(le.wo: Foundation for Obje 1/Reiationol Dmabuscs," in • .. J. Dare, .Hugh Darwen, anti D11vitl 
McGovcran, Relatio11a/ Database Writings 1994- 1997. Rending, Mass. : Atlllison-Wesley ( I l 98). 

The Third Manifesto is a detailed, formal, and rigorous propos::il for the future direction of data­
bases and DBMSs. It can be seen as an abstract blueprint for tht: design of a DBMS and the lan­
guage interface to such a DBMS. It is based on the classical core concepts type, value, variable, 

Petitioner Exhibit 1029, Page 83 of 110



82 Part I I Preliminaries 

and operator. For example, we might have a type lNTEGER; the integer "3" might be a value 
of tlrnt Lype; N might be a variable of thm type, whose value at nny given time is some integer 
value {i.e., some valu of tl1:11 type); and "+' might be an perntor that applies Lo integer values 
(i.e., to values of that type). 

ANSWERS TO SELECTED EXERCISES 

3.3 Fig. 3.10 below shows the entries for the TABLE and COLUMN relvars (only-tbe entries for 
the user's own relvars are omitted). It is obviously not possible to give precise COLCOUNT and 
ROWCOUNT values. 

3.4 The query retrieves supplier number and city for suppliers who supply part P2. 

3.5 The meaning of the query is "Get supplier numbers for London suppliers who supply part P2." 
The first step in processing the query is to replace the name V by the expression that defines V, 
giving: 

( ( ( ( S JOIN SP) WHERE P# 'P2 ' ) { S#, CITY } ) 
WHERE CITY= 'London' ) { S#} 

This simplifies to: 

( ( S WHERE CITY= 'London' ) JOIN 
( SP WHERE P# I P2 I ) ) { S# } 

For further discussion and explanation, see Chapters 9 and 17. 

TABLE TABNAME COLCOUNT ROWCOUNT ..... 
TABLE (>3) (>2) ..... 
COLUMN (>2) (>5) ..... . . . . . . . . .... ... . ....... . .... 

COLUMN TABNAME COLNAME ..... 
TABLE TABNAME ... .. 
TABLE COLCOUNT ..... 
TABLE ROWCOUNT ..... 
COLUMN TABNAME .. ... 
COLUMN COLNAME ..... 
. . . . . . . . . . . . . . . . .... 

Fig. 3.10 Catalog entries for TABLE and COLUMN themselves (in outline) 
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CHAPTER 4 
An Introduction to SQL 

4.1 INTRODUCTION 

As noted in Chapter I , SQL is the standard language for dealing with relational databases, 
and it is supported by just about every product on the market. SQL was originally devel­
oped in IBM Research in the early 1970s (see references [4.8-4.9) and [4.28]; it was first 
implemented on a large scale in an IBM prototype called System R (see references [4.1-4.3) 
and [ 4.11-4.13)), and subsequently reimplemented in numerous commercial products from 
IBM (see reference [ 4.20)) and many other vendors. In this chapter we present an intro­
duction to the SQL language; additional aspects, having to do with such matters as integrity, 
security, etc., are described in subsequent chapters devoted to those topics. All of our dis­
cussions are based (except where otherwise indicated) on the current version of the stan­
dard known informally as SQL/92, also as SQL-92 or just SQL2 [4.22-4.23]; the official 
name is International Standard Database Language SQL (1992). 

Note: We should immediately add that work is nearing completion on SQL3, the pro­
posed follow-on to the current standard; ratification is expected in late 1999. By the time 
this book appears in print, therefore, the cun-ent standard might possibly be "SQL/99," not 
SQL/92. However, we felt it would be too confusing to base our discussions on SQL3, 
since-fairly obviously-no product yet supports it; we therefore decided to discuss SQL3 
separately in an appendix (Appendix B). In any case, we should also point out that no prod­
uct today supports even SQL/92 in its entirety;* instead, products typically support what 
might be called "a superset of a subset" of SQL/92 (i.e., most of them fail to support cer­
tain aspects of the standard and yet go beyond the standard in certain other respects). For 
example, IBM's DB2 product does not currently support all of the SQL/92 integrity fea­
tures, but it does go beyond SQL/92 in its rules regarding the updating of views. 

A few additional preliminary remarks: 

• SQL was originally intended to be a "data sublanguage" specifically. With the incor­
poration of the Persistent Stored Modules feature (PSM) into the standard in late 1996, 
however, SQL became computationally complete (it now includes statements such as 

~In fi)C l no product possibly could support SQL/92 in its entirety, because SQL/92 as currently specified 
co,_11 11 ns numerous gaps, mistakes, nnd inconsistencies. See reference [ ~-. 19) for a detailed discussion of this 
1)0 11\l, 

83 
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LL, RETURN, S T CASE, IF, LOOP, LEAVE, WI--DLE, and REPEAT, as well 
as sev raJ related featurei: such as variables and exception handlers). A a consequence, 
Lherc is no I nger any need to ombine SQL with some di tin t " host" language in order 
to levelop a complete application . However, we choose not L discuss PSM in any de­
tail in this book. 

• You will not be surprised to learn that SQL u. e. the term table i n place of both of the 
terms relation and re/var(. ee haprer . or consi. t ncy wiU, Lh QL standard and 
SQL pr ducts, ther fore, we will do likewi e in this chapter and el. ewhere in Lhi I ook 
whenev r wear concerned wilh SQ speci fically . Also SQL doe. no! use the terms 
headi11g and hody (of a tab! or relation). 

■ SQL is an enorm us language. h standard do umcnt r4.22 I it If i w II ov r 600 
pages long and the QL pecification ar over Lwice U1at . ize . A. a on. cqucnc . 
it is nol pos ible in n book of this nature lo treat d1e subject e haustive ly; all we can 
hope t do i de crib maj or a. peel in a reasonably comprehensive mann r, but you 
are warned that our di cu. sions are necessarily . upcrfi cial. 1n parti cular, we have not 
hesitated to omit material thnt is irr I vant to th purpose at hand, nor to make simpli­
fi ations in the inter st of br vity. Mor comp! te (but . till tutorial) description. can 
be ~ und in r ferences j4.4J, 14. 191, and 14.271, 

• Finall y it has to b said that (a. indi at ·d at various points in hapten, 1- 3) QL is 
very far fr m being th pe1f ct relational languag - it suffer rrom sins of both omis­
sion and commi. sion. N • v rU1ele , it i. th l'andard it i, supported by ju t about very 
product on the market, and every databa e pro fes. ional n ed lo know som thing about 
it. Hence the coverag in this book. 

4.2 OVERVIEW 

SQL includes boU, data definition perations and data manipulalioD operati ns. We con­
sider definitional perntions fir. t. Fig. 4.1 give · an SQL definition for U,e suppliers and 
par database (compare and contrast Fig. 3.9 in Chapter 3). A s you can see, the definition 
include one CREATE TABLE statement for each of the diree base tables (a. noted in 

hapter 3, the keyword TAD E iJ1 REAT TABLE means a ba e tabl peciJical.ly. Each 
such CREATE TABL • statem nt . pecifi s Ihe name of Lhe bns table to be created, the 
name and data ryp s of the olumns of thnt table. and th primary key and any foreign key. 
in that table (possibly som additional information also, not illustrat d in Fig. 4.1 . A c u­
ple of syntactic points arising: 

• N ole U,at we often make use of the"#" character in (<!.g.) names of columns, but in fact 
chot character is not lega l in SQL/92. 

■ We us the semicolon ·'' as a statement terminator. Whether SQL/92 actually uses 
such tem,inacors depends on U,e contex t The specifics are beyond the scope of this 
book. 
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CREATE TABLES 
( S# CHAR(5), 

SNAME CHAR(20), 
STATUS NUMERIC(5), 
CITY CHAR(l5), 

PRIMARY KEY ( S#) ) i 

CREATE TABLE P 
( P# CHAR(6), 

PNAME CHAR(20), 
COLOR CHAR(6), 
WEIGHT NUMERIC(5,l), 
CITY CHAR(l5), 

PRIMARY KEY ( P#) ) ; 

CREATE TABLE SP 
( S# CHAR(5), 

P# CHAR(6), 
QTY NUMERIC(9), 

PRIMARY KEY S#, P# ), 
FOREIGN KEY ( S#) REFERENCES 
FOREIGN KEY ( P#) REFERENCES 

s, 
p . , 

Fig. 4.1 The suppliers and parts database (SQL definition) 

One important difference between Fig. 4.1 and its counterpart (Fig. 3.9) in Chapter 3 
is that Fig. 4.1 includes nothing corresponding to the type definitions (i.e., TYPE state­
ments) of Fig. 3.9. The reason is, of course, that SQL does not permit users to define their 
own types;* thus, columns must be defined in terms of builtin (system-defined) types only. 
SQL supports the following more or less self-explanatory builtin types: 

CHARACTER [VARYING] (n) 
BIT [VARYING] (n) 
NUMERIC (p,q) 
DECIMAL (p,q) 

INTEGER 
SMALLINT 
FLOAT (p) 

DATE 
TIME 
TIMESTAMP 
INTERVAL 

A number of defaults, abbreviations, and alternative spellings-e.g., CHAR for CHAR­
ACTER-are also supported; we omit the details here. Also, the square brackets "[" and"]" 
on CHARACTER and BIT are meant to signify that the material they enclose is optional 
(as is normal with BNF notation, of course). Observe finally that SQL requires certain 
lengths or precisions to be stated for certain types (e.g., CHAR), as our hypothetical syn­
tax of Chapter 3 did not. In fact, SQL apparently regards those lengths and precisions as part 
of the type (implying that, e.g., CHAR(3) and CHAR(4) are different types); we believe it 
is better to regard them as integrity constraints (and so we do-see Chapter 8, especially 
Exercise 8.4). 

Having defined the database, we can now start operating on it by means of the SQL 
manipulative operations SELECT, INSERT, UPDATE, and DELETE. In particular, we 

IL cl?°'~. pi.: rtni t them to define what it calls domains, but those "domains" are not really domain.~-i .e. , 
l(~~-111 th~ rclntional sense (see Chapter 5). Note: User-defined types are supported in SQL3, however 
,ee Appenthx ll) . 
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~an perform relaLiona.1 rcstricL, pr jcct andj in peraLi ns on th data in eacb case by using 
Lhe QL darn manipulation state rn ntSELE T. Fig. 4.2 show h w certain restrict, project, 
and j in operali n might b form ulated in SQL. Note: The join example in that ftgurt: il­
lu. lraLe Lhe poiDt that qualified name · (e.g., .S#. SP.S#) are omctim s nece. ·ary in SQL 
to "disambiguaLe" column reforenc s. The broad rnle is that qnalified names are always ac­
ccplable buL unqualified name are also ace pLable so I ng as they cause no ambiguity. 

We remark that QL also supports a shorlhund form of the SELECT clause as illus­
trated by the following example: 

SELECT * -- or "SELECT S. *" (i.e., the "*" can be qualified) 
FROM S; 

The result is a copy of the entire S table; the . tar or ast risk is . horthantl for a comrna-sep­
tHated list f all co lumn names in th lable( referenced in lb f7ROM clause in the lert­
to-right rder in whi h lho. e column(s) UJ defined within those table ). Notice the 
comment in thi s exampl . incidentall y (introduced with a double hyphen and Lem1inated 
with a newlin ' characLer). Note: The ex pre sion • E T * FROM T, wher Tis a table 
name, can b· furlh r abbr viated lo just ABLE T. 

The SELECT statement is dis ti. sed at much greater length in Chapter 7 (Section 7.7). 

Restrict: Result: S# P# QTY 

SELECT S#, P#, QTY Sl P5 100 
FROM SP Sl PG 100 
WHERE QTY < 150 ; 

Project: Result: S# CITY 

SELECT S#, CITY Sl London 
FROM s ; S2 Paris 

S3 Paris 
S4 London 
S5 Athens 

Join; 

SELECT S , S#, SNAME, STATUS, CITY, P#, QTY 
FROM s, SP 
WHERE S.S# = SP.S# ; 

Result; S# SNAME STATUS CITY P# QTY 

Sl Smith 20 London Pl 300 
Sl Smith 20 London P2 200 
Sl Smith 20 London P3 400 
. . .. . .. . . . ..... . . . .. 
S4 Clark 20 London P5 400 

Fig. 4.2 Restrict, project, and join examples in SQL 
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Turning now to update operations: Examples of the SQL INSERT, UPDATE, and 
DELETE statements have already been given in Chapter I, but those examples deliberately 
involved single-row operations only. Like SELECT, however, INSERT, UPDATE, and 
DELETE are all set-level operations, in general (and some of the exercises and answers in 
Chapter I did in fact illustrate this point). Here are some set-level update examples for the 
suppliers and parts database: 

INSERT 
INTO TEMP ( P#, WEIGHT 

SELECT P#, WEIGHT 
FROM P 
WHERE COLOR= 'Red' 

This example assumes that we have already created another table TEMP with two 
columns, P# and WEIGHT. The INSERT statement inserts into that table part numbers and 
corresponding weights for all red parts. 

UPDATES 
SET STATUS= STATUS* 2 
WHERE CITY= 'Paris' ; 

This UPDATE statement doubles the status for all suppliers in Paris. 

DELETE 
FROM SP 
WHERE P# = 1 

This DELETE statement deletes all shipments for part P2. 
Note: SQL does not include a direct analog of the relational assignment operation. 

However, we can simulate that operation by first deleting all rows from the target table and 
then performing an INSERT ... SELECT ... (as in the first example above) into that table. 

4.3 THE CATALOG 

The SQL standard does include specifications for a standard catalog called the Information 
Schema. In fact, the conventional terms "catalog" and "schema" are both used in SQL, but 
with highly SQL-specific meanings; loosely speaking, an SQL catalog consists of the de­
scriptors for an individual database,* and an SQL schema consists of the descriptors for that 
portion of that database that belongs to some individual user. In other words, there can be 
any number of catalogs (one per database), each divided up into any number of schemas. 
However, each catalog is required to include exactly one schema called INFORMATION 
_SCHEMA, and from the user's perspective it is that schema (as already indicated) that per­
forms the normal catalog function. 

;in the lnrerc~ts of accuracy, we should mention that there is actually no such thing as a "database" in the 
_QL Sl!~ndar(ll Exactly what the l:Ollection of data is called that is described by a catalog is implementa­

l!on-dellned . However, it is not unreasonable to think of it as a database. 
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The Information Schema thus onsists ol' a set or SQL wblcs whose c ntenL~ effe tively 
echo, in a precisely defined way all or Uic dcfiniti n from all of the other schemas in the 
catalog in question. Mor precisely, the ln[ormation Schema is defi1Pd LO conluin a sel of 
views ol' a hypothetical ' Definilion Sch ma." The implementation is not required to sup­
port U1c Defin .ition ,_ chema as such, but it i required a) to upp rt some kind of "De11ni­
Uon Schema," and (h to sur port views of that "Defi nition S hema" that do look lik those 
of the .l11formaLion. ch ma. Points arising: 

I . The rationale fo r stating the rcquir menl in terms of tw separate pieces (a) and b) as 
just described is a. follows. First, ex.isling producl • cvrtai11ly I uppon ometbing akin 
to th ·'Defin ition Schema . However, those "De11nition chemus'' vury widely from 
one produ t Lo another even when the product in qucsLion come from the sam ven­
dor . Hence lhe idea or requiring nly that the implementation upport certain prede­
fined views or its "D ·flnition Scbema'' d e make sense. 

2. We should really say "an" not "the") ln formaLion Schema, since as we have seen ther 
is one such schema in every catalog. In g neral, 1here~ re, L11e totalily of data u ailable 
to a given user will not b described by u ·ingle In ~ rmation Schema. For simplicity. 
however, we will continue to talk as i r ther were ju l one. 

It is not worth going into great detail on the content of the Lnforniation S hemu here· 
instead, we simply !isl some uf the rnore important ln t'i rrn.1Lio11 Schema views, in Lb ' hope 
that lh ir names aJon• will be sufficient lo give. ome idea of what those views c 11Lain. We 
sbould say, however, lliat Lh - TABLES view contains in fonnation for all named lables, 
views as well as hasc tables, while the VIEWS view contain informmi n for views only. 

SCHEMATA 
DOMAINS 
TABLES 
VIEWS 
COLUMNS 
'rABLE PRIVILEGES 
COLUMN PRIVILEGES 
USAGE PRlVUiEGES 
DOMAIN CONST.MINTS 
TABLE_CONSTRAI NTS 

REFERENTIAL CONSTRAINTS 
CHECK CONSTRAINTS 
KEY COLUMN USAGE 
ASSERTIONS-
VIEW TABLE USAGE 
Vl.EW-COLUMN OSAGE 
CONSTRAINT TABLE OSAGE 
CONSTRAINT-COLUMN OSAGE 
CONSTRAINT=DOMAIN=USAGE 

R Ference [4.19] gives more detail : in pmliculur, it show · how to formulate queries 
against the Information Schema (Lhe process is not as straighlfonvttrd as you might xp ct). 

4.4 VIEWS 

Here is an example of an SQL view definition: 

CREATE VIEW GOOD SUPPLIER 
AS SELECTS#~ STATUS, CITY 

FROM S 
WHERE STATUS> 15; 

And here is an example of an SQL query against this view: 
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FROM GOOD SUPPLIER 
WHERE CITY- = 'London' 
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Substituting the view definition for the reference to the view name, we obtain an ex­
pression that looks something like this (note the nested subquery in the FROM clause): 

SELECT GOOD SUPPLIER.S#, GOOD SUPPLIER.STATUS 
FROM (SELECTS#, STATUS, CITY 

FROM S 
WHERE STATUS> 15 ) AS GOOD SUPPLIER 

WHERE GOOD_ SUPPLIER.CITY = 'LondonT ; 

And this expression can then be simplified to something like this : 

SELECTS#, STATUS 
FROM S 
WHERE STATUS> 15 
AND CITY= 'London' 

This latter is the query that is actually executed. 
By way of another example, consider the following DELETE operation: 

DELETE 
FROM GOOD SUPPLIER 
WHERE CITY- = 'London' 

The DELETE that is actually executed looks something like this : 

DELETE 
FROM 
WHERE 
AND 

s 
STATUS> 15 
CITY= 'London' 

4.5 TRANSACTIONS 

SQL's analogs of our COMMIT and ROLLBACK statements are called COMMIT 
WORK and ROLLBACK WORK, respectively (the keyword WORK is optional in both 
cases). However, SQL does not include any explicit BEGIN TRANSACTION statement. 
Instead, a transaction is begun implicitly whenever the program executes a "transaction­
initiating" statement and does not already have a transaction in progress. Details of exactly 
which SQL statements are transaction-initiating would be out of place here; suffice it to say 
that all of the statements discussed in this chapter are transaction-initiating (except for 
COMMIT and ROLLBACK themselves, of course) . 

EMBEDDED SQL 

Most SQL products allow SQL statements to be executed both directly (i.e., interactively 
from nn Online terminal) and as part of an application program (i.e. the SQL statements can 
be embedded, meaning they can be intermixed with th programming language st,1tements 
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f such u program). In th embedded case, m reover, the application program can typically 
be written in a variety of ho ( languages- OB , Java, PL/I, etc.* In this section we on-
sid r th embedded case spe ificall y. 

Th fundamental principle underlying em.bedded SQL. whi h we I' ~ r to a· the duaJ­
mode principle, is lbal any S L .1·tt1Lemenl that ca11 be used interactive/ , ran also be used 
in an ap1 lication program. Of course, tbcr are variou ' difference: of detail b tween a 
given interactive SQL . tuternen1 and its embedded counterpart and relri val operations in 
particular require significantly tended trea tment in a ho t program nvironm nt . e later 
in this se Lion), but the principle is nevc,tb les broadly Lru . It conv rse L not. by th 
way-several ·mt edded SQL stat-ement: cann t b~ used int ractivcly, as we will see.) 

Before we can discuss lb a ·tual stat m nts of emb dded SQL it is necessary to co er 
a number of pr liminary details. Most of th ·e details are illustrated by th program frag­
m nt shown in Fig. 4.3. (To fix our idea· we as. ume the host language is PUI. Most or th 
ideas translate inL other host languag • with only minor change)..) Poi11ts arising: 

l. Embedded L statem nls ar prefixed by EXEC SQL, to distinguish them from 
stat men1s or th · host Ian )uage and ar • terminated by a special terminator . ymbol (a 
semicolon for PL/I). 

2. An executable SQL statement for U1c r st of this ction we will mostly t.lrop the ··cm­
b ddcd" qualifier can appear whert:ver an ex ·utablc host stalem nt can appear. Not~ 
that "executabl ,' by th ~ way: Unlik intcmcliv QL. emb ddcd QL inclut.les som 
statements that are pur ly de larntivc, not xecutable. For e ample, DE LARE 
CURSOR is not an exe ·utable ·tatemcnl see the subscc1ion ' p rations Involving 

EXEC SQL BEGIN DECLARE SECTION 

DCL SQLSTATE CllAR(5) ; 
DCL P# CHAR(6) ; 
DCL WEIGHT FI XED DECIMAL(5,1); 

EXEC SQL END DECLARE SECTION; 

P# = 1 P2' ; I* for example 
EXEC SQL SELECT P.WEIGHT 

INTO :WEIGHT 
FROM p 
WHERE P.P# = :P# 

IF SQLSTATE "" 1 00000 1 

THEN ; I* WEIGHT = retrieved value 
ELSE ... ; I* some exception occurred 

Fig. 4.3 Fragment of a PL/I program with embedded SQL 

*I 

*I 
*/ 

*Tbe SQL standard 14.221 currently supports Ada, C, COBOL, Fortran, M (previously called M MPS), 
Pascal, and PL/1. Java upport i not included at the time of writing, but it is clue 10 be added soon see ref­
erence [4.6), also Appendix.13), and some products already support it. 
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Cursors" later), nor are BEGIN and END DECLARE SECTION (see paragraph 5 
below), and nor is WHENEVER (see paragraph 9 below). 

3. SQL statements can include references to host variables; such references must include 
a colon prefix to distinguish them from SQL column names. Host variables can appear 
in embedded SQL wherever a literal can appear in interactive SQL. They can also appear 
in an INTO clause on SELECT (see paragraph 4 below) or FETCH (again, see the sub­
section "Operations Involving Cursors" later) to designate targets for retrieval operations. 

4. Notice the INTO clause on the SELECT statement in Fig. 4.3. The purpose of that 
clause is (as just indicated) to specify the target variables into which values are to be 
retrieved; the ith target variable mentioned in the INTO clause corresponds to the ith 
value to be retrieved, as specified by the SELECT clause. 

5. All host variables referenced in SQL statements must be declared (DCL in PL/I) within 
an embedded SQL declare section, which is delimited by the BEGIN and END 
DECLARE SECTION statements. 

6. Every program containing embedded SQL statements must include a host variable 
called SQLST ATE. After any SQL statement has been executed, a status code is re­
turned to the program in that variable; in particular, a status code of 00000 means the 
statement executed successfully, and a value of 02000 means the statement did execute 
but no data was found to satisfy the request. In principle, therefore, every SQL state­
ment in the program should be followed by a test on SQLST A TE, and appropriate ac­
tion taken if the value is not what was expected. In practice, however, such testing ~an 
often be implicit (see paragraph 9 below). 

7. Host variables must have a data type appropriate to the uses to which they are put. In 
particular, a host variable that is to be used as a target (e.g., on SELECT) must have a 
data type that is compatible with that of the expression that provides the value to be as­
signed to that target; likewise, a host variable that is to be used as a source (e.g., on 
INSERT) must have a data type that is compatible with that of the SQL column to which 
values of that source are to be assigned. Similar remarks apply to a host variable that is 
to be used in a comparison, or indeed in any kind of operation. For details of exactly what 
it means for data types to be compatible in the foregoing sense, see reference [ 4.22]. 

8. Host variables and SQL columns can have the same name. 

9. As already mentioned, every SQL statement should in principle be followed by a test 
of the returned SQLST ATE value. The WHENEVER statement is provided to sim­
plify this process. The WHENEVER statement takes the form 

EXEC SQL WHENEVER <condition> <action> ; 

Here <condition> is either SQLERROR or NOT FOUND, and <action> is either 
CONTINUE or a GO TO statement. WHENEVER is not an executable statement; 
rather, it is a directive to the SQL compiler. "WHENEVER <condition> GO TO 
<label>" causes the compiler to insert a statement of the form "IF <condition> GO TO 
<label> END IF" after each executable SQL statement it encounters; "WHENEVER 
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<condition> NTINUE" causes it not t ins rt any such stalements, the implication 
being that th• programmer will insert . uch stat ments by hand. Th two <condition>s 
are defined as follows : 

NOT FOUND means 

SQLERROR means 

no dn ta was found 
- QLSTATE = 02000 (usually) 
an error occurred 
- - s" reference r 4.22] for SQLSTATE 

Each WHENEY ·R statemcnl the SQL compiler encounters on its sequential scan 
through the prog ram text for a particular condition) overrides the previous one it found 
(for that condition). 

10. Note final ly that- to use Lhe terminology of Chapter 2-embedded SQL constitutes a 
loose coupling helween , QL and the host language. 

So much for the preliminaries. In 1he re. t of 1hb s ·tion we concentrate on datu ma­
nipulaLion op rations specitica ll y. As already indicat d. 1110:;t of those op n1Lion. can b 
h,.mtlled in a fairly stnri hlforward fa hion (i . .. with only minor changes to th ir . yntax). 
Retrieval operations require special Ir atmenL, h wever. TI1e probl m is lhlll such opnra­
tions retrieve many rows (in gen ral . noL just one. and host langu::ig s are generally not 
equipp d I<) hand I lhe rclri va l of more than n row at a time. II i~ th ' r fore neces. ary to 
provid som kind of hridge b tweenlheset- 1,evelretri va l c<1 pahili1i sofSQ andthe r w-
1 vel r trieval ,tpahi Ii Li · s of the hosl, imd cursor prov id such a bridge. A curnor i. asp -
cial kind of SQL objet:l that upplic • 10 cmh lded SQL only (because interactive SQL ha.,; 
no need of it). It consists ess ntio ll y of a kind or (logical) poi111cr that can b u. d to run 

through a col lcctfon or row ·, poin ting Lo cnch of the rows in Lurn anc.l thereby providing ad­
dressability lo those rows on at a tim •. Howcv r, we defer detailed discussi n of cursors 
lo a l~uer subs ction , and on. ider first tho slalemenl, that hav no need of them. 

Operations Not Involving Cursors 

The data manipulation statements that do not need cursors are as follows: 

■ Singleton SELECT 

■ INSERT 

■ UPDATE (except the CURRENT form-see later) 

• DELETE (again, except the CURRENT form-see later) 

We give examples of each of these statements in tum. 

Singtcton SELECT: G l status and city for the supplier whose supplier number is given 
by the host variable GIVENS#. 

EXEC SQL SELECT STATUS, CITY 
INTO :RANK, :CITY 
FROM S 
WHERE S# = :GIVENS# 
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We use the term singleton SELECT to mean a SELECT expression that evaluates to a 
table containing at most one row. In the example, if there is exactly one row in table S satis­
fying the condition in the WHERE clause, then the STATUS and CITY values from that row 
will be assigned to the host variables RANK and CITY as requested, and SQLST ATE will be 
set to 00000; if no S row satisfies the WHERE condition, SQLSTATE will be set to 02000; 
and if more than one does, the program is in error, and SQLSTATE will be set to an e1Tor code. 

INSERT: Insert a new part (part number, name, and weight given by host variables P#, 
PNAME, PWT, respectively; color and city unknown) into table P. 

EXEC SQL INSERT 
INTO P ( P#, PNAME, WEIGHT) 
VALUES ( :P#, :PNAME, :PWT) ; 

The COLOR and CITY values for the new part will be set to the applicable default val­
ues. See Chapter 5, Section 5.5, for a discussion of SQL default values. 

UPDATE: Increase the status of all London suppliers by the amount given by the host 
variable RAISE. 

EXEC SQL UPDATES 
SET STATUS= STATUS+ :RAISE 
WHERE CITY= 'London' ; 

If no supplier rows satisfy the WHERE condition, SQLST ATE will be set to 02000. 

DELETE: Delete all shipments for suppliers whose city is given by the host variable 
CITY. 

EXEC SQL DELETE 
FROM 
WHERE 

( 

SP 
:CITY= 
SELECT CITY 
FROM S 
WHERE S.S# = SP. S# ) ; 

Again SQLSTATE will be set to 02000 if no SP rows satisfy the WHERE condition. 
Again, note the nested subquery (in the WHERE clause this time). 

Operations Involving Cursors 

Now we turn to the question of set-level retrieval-i.e. , retrieval of a set containing an ar­
bitrary number of rows, instead of at most one row as in the singleton SELECT case. As 
explained earlier, what is needed here is a mechanism for accessing the rows in the set one 
by one, and cursors provide such a mechanism. The process is illustrated in outline by the 
example of Fig. 4.4 (overleaf), which is i!l.lended to retrieve supplier details (S#, SNAME, 
and STATUS) for all suppliers in the city given by the host variable Y. 

Explanation: The statement "DECLARE X CURSOR ... " defines a cursor called X, 
with an associ,1ted table expression (i.e., an ~xpression that evaluates to a table), speciiied 
by the SELE T Lhat forms pRrl of that DE LARE. That table expression is not evaluated 
at this point; DECLARE CURSOR is a purely declarative statement. The expression is eval-
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EXEC SQL DECLARE X CURSOR FOR /* define the cursor */ 
SELECT S.S#, S.SNAME, S.STATUS 
FROM S 
WHERE S.CITY = :Y 
ORDER BYS# ASC; 

EXEC SQL OPEN X /* execute the query */ 
DO for all S rows accessible via X; 

EXEC SQL FETCH X INTO :S#, :SNAME, :STATUS; 
/* £etch next suppl~er */ 

END; 
EXEC SQL CLOSE X; /* deactivate cursor X */ 

Fig. 4.4 Multi-row reh·ieval example 

untecl wh n Lhc cursor is opened ("OP N X"). Th talemenl "FETCH X INTO ... " i, then 
used lo r Lrieve row ne al a tim from Lh resulting . et. ass igning retrieved valu • s to host 
vari ables in accordnn • with the spe ification • of the INTO clause in Lhat statement. (For 
si.mpli ·ity we have given the bost variablvs Lhe ame name. a the corre •ponding databa • 
·olumn: . Notice that Lhe SELE Tin the cur. or dc.:claration does not have an INTO clause 
of i s own.) Sim; there will be many rows in Lile r ·sull sel. the FET H wil.l normally ap­
p ar within .i loop; th loop will be repeated so long as thcr · are more rows still to come in 
that re, ul! set. On ex it fr m the loop cursor X i. cl cd " LOSE X"). 

N w we consider ctu-s rs nncl cursor operaLi ns in more detail. First ot' all , a curs r is 
declared by means of a DE LARE ,U RSOR st.ntemenl which tak s the general form 

EXEC SQL DECLARE <cursor name> CURSOR 
FOR <table expression> (<ordering>) ; 

(we ur ignoring a few optional specificaLion in the interests of brevity). For a complete 
explanal.ion of <table expression>, see App ndix A. The opti nal <ordering> takes the 
form 

ORDER BY <order item commalist> 

where (a) the commalist or <or !er itl'm> musL not b empty- ·ce the parugra1 h immedi­
ately following-and (b) ea h individual <ortln item> ·onsi ts of a olumn name (un ­
qualified, pleas note , optionally followed by AS ascending) or DESC (clcsc nding , and 
ASC is the dehull. 

Note: We define the term commalist as follows. Let <xyz> denote an arbitrary syntac­
tic ca tegory (i.e .. :1nything that appears on the left-hand side of some BNF producti n rule . 
Then the vxprcssion <xyz.- ·01111110/ist> denotes a sequence of zero or more <,Y:r> in whi h 
each pair of adjacent <xy-> is separated by a comma (anu p ssibly on or rnore blanks , 
Please not that we will mak ex tensive us of the c mmalisL shorthand in future . yn ta..x 
rule all synlax rule , thaL i., not just. SQ ones). 

As prev iously stated. the DECLARE 'URSOR slat ment is declurntive, not exe­
cutable; it declares a cursor with Lhe specified name and baving the specified table expres-
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sion and ordering permanently associated with it. The table expression can include host 
variable references. A program can include any number of DECLARE CURSOR state­
ments, each of which must (of course) be for a different cursor. 

Three executable statements are provided to operate on cursors: OPEN, FETCH, and 
CLOSE. 

• The statement 

EXEC SQL OPEN <cursor name>; 

opens or activates the specified cursor (which must not currently be open). In effect, 
the table expression associated with the cursor is evaluated (using the current values 
for any host variables referenced within that expression); a set of rows is thus identi­
fied and becomes the current active set for the cursor. The cursor also identifies a po­
sition within that active set, namely the position just before the first row. (Active sets 
are always considered to have an ordering, so the concept of position has meaning.* 
The ordering is either that defined by the ORDER BY clause, or a system-determined 
ordering in the absence of such a clause.) 

■ The statement 

EXEC SQL FETCH <cursor name> 
INTO <host variable reference commalist>; 

advances the specified cursor (which must be open) to the next row in the active set 
and then assigns the ith value from that row to the ith host variable referenced in the 
INTO clause. If there is no next row when FETCH is executed, SQLST A TE is set to 
02000 and no data is retrieved. 

■ The statement 

EXEC SQL CLOSE <cursor name> ; 

closes or deactivates the specified cursor (which must currently be open). The cursor 
now has no current active set. However, it can subsequently be opened again, in which 
case it will acquire another active set-probably not exactly the same set as before, es­
pecially if the values of any host variables referenced in the cursor declaration have 
changed in the meantime. Note that changing the values of those host variables while 
the cursor is open has no effect on the current active set. 

Two further statements can include references to cursors, namely the CURRENT 
forms of UPDATE and DELETE. If a cursor, X say, is currently positioned on a particu-

*Sets per s uo nol huv • an ordering, of course see Chupter 5), so an "active set" is not really a set, as such, 
at all. It would be better to think of it us nn rm/t!red Ii ·/ or array (of rows). 
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lar row, th n iL is possible to UPDATE or DELETE "the current of X," i.e., the row on 
which X is posi tioned. For example: 

EXEC SQL UPDATES 
SET STA1US =STATUS+ :RAISE 
WHERE CURRENT OF X; 

Nole: The .URRENT ~ nns of POATE and D LETE are not permitted if the table 
expr ssion in Lhe cursor declaration would d fin a nonupclalable view if it were part of a 

REATE VI W slntem 111 ( ee hapter 9, ection 9.6). 

Dynamic SQL 

Dyna mi QL consi ts ()fa ·et of embed I-d SQL foci Ii Lie, that.u·e illlencled to support the 
construction of generali1..ed, nline oud possibly interuc:Live application ·. (Recall from 

hupL0r I that an onlin appli ·aLion is an appli ation that supports acces.s Lo the database 
from an onlin terminal. ) onsider what a typical online appli ation has to do. In outline 
Lh ' steps it must go througb are as follows. 

l. Accept a command from the terminal. 

2. Analyze that command. 

3. Execute appropriate SQL statements on the database. 

4. Return a message and/or results to the terminal. 

If the set of commands the pr gram ·an ace pt in tep 1 is fairly small, as in the a 
of (p rhaps) a rr gram handling a.irUn rcservrnions, then the set of possible SQL slat·­
menu lo be executed will pr bably also be mall and can b' ·'hardwired ' into Lhe pro <>ram. 
ln Lhis cuse, Steps 2 and 3 above will cons ist si mply of lo 0 ic Lo examine the inpul command 
and Lh 11 braJl ·h lo the part o r U1 program Lhal issues Lhe pr defined 'QL state m ·nt(s). On 
the olh r 111111 I, ii' there can be great variability in Lh input. then it might not b pra ·ticable 
to prcd fin and "hardwire .. SQ srnlernents for very poss ible c mmand. Instead, it i 
pn bably mu h mor conveni nt to construct the necessary Q statcmenL'i dynamicall y, 
and th II lo compile and execute those constructed statements dynamica lly. The faciJiLi cs 
of dynamic SQL arc pr vided to assist in this proce. s. 

The two pri11cipal dynamic statements are PREPARE and EXECUTE. Their use is il-
lustrated in the following (unrealistically simple but accurate) example. 

DCL SQLSOURCE CHAR VARYING (65000) i 

SQLSOURCE = ' DELETE FROM SP WHERE QTY< 300' i 
EXEC SQL PREPARE SQLPREPPED FROM :SQLSOURCE i 
EXEC SQL EXECUTE SQLPREPPED i 

Explanation: 

I. Th name SQL. OUR E ideutilies a PL/I varying-length character string v,1riablc in 
which th program will . omehow construct the source form (i.e .. charm:ter slring rep· 
res nuuion c r. me QL statement-a DELETE statement iJ1 our parli ·ular xample. 
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2. The name SQLPREPPED, by contrast, identifies an SQL variable, not a PL/I variable, 
that will be used (conceptually) to hold the compiled form of the SQL statement whose 
source form is given in SQLSOURCE. (The names SQLSOURCE and SQLPREPPED 
are arbitrary, of course.) 

3. The PL/I assignment statement "SQLSOURCE = ... ;" assigns to SQLSOURCE the 
source form of an SQL DELETE statement. In practice, of course, the process of con­
structing such a source statement is likely to be much more complex - perhaps in­
volving the input and analysis of some req11est from the end user, expressed in natural 
language or some other form more user-friendly than SQL. 

4. The PREPARE staternt>nt then takes that source statement and "prepares' ' (i .e., com­
piles) it to produce an executable version, which it stores in SQ! ,PREPPED. 

5. Finally, the EXECUTE statement executes that SQLPREPPED version and thus causes 
the actual DELETE to occur. SQLST ATE information from the DELETE is returned 
exactly as if the DEi ,ETE had been executed directly in the normal way. 

Note that since it denotes an SQL variable, not a PL/1 variable, the name SQLPREPPED 
does not have a colon prefix when it is referenced in the PREPARE and EXECUTE state­
ments. Note too that such SQL variables do not have to he explicitly declared. 

Incidentally, the process just described is exactly what happens when SQL statements 
themselves are entered interactively. Most systems provide some kind of interactive SQL 
query processor. That query processor is in fact just a particular kind of genera1i7:ed on line 
application; it is ready to accept an extremely wide variety of input, viz. any valid (or in­
valid!) SQL statement. It uses the facilities of dynamic SQL to construct suitable SQL state­
ments corresponding to its input, to compile and execute those constructed statements, and 
to return messages and results back to the terminal. 

We conclude this subsection (and this section) with a brief mention of a more recent 
(1995) addition to the standard known as the SQL Call-Level Interface ("SQL/CLI," CLI 
for short). CLI is heavily based on Microsoft's Open Database Connectivity inte1face, 
ODBC. CLI permits an application written in one of the usual host languages to issue data­
base requests by invoking certain vendor-provided CLI routines. Those routines, which 
must have been linked to the application in question, then use dynamic SQL to perform the 
requested database operations on the application's behalf. (From the DBMS's point of 
view, in other words, the CLI routines can be thought of as just another application.) 

As you can see, SQL/CLJ (and ODBC too, come to that) both address the same gen­
eral problem as dynamic SQL does: They both allow applications to be written for which 
the exact SQL statements to be executed are not known until run time. However, they ac­
tually represent a better apprm1ch to the problem than dynamic SQL does . There are two 
principal reasons for this state of affairs: 

• First, dynamic SQL is a source code standard. Any application using dynamic SQL 
thus requires the services of some kind of SQL compiler in order to process the oper­
ations-PREPARE, EXECUTE, etc.-prescribed by that standard. CLI, by contrast, 
merely standardizes the details of certain routine invocations (i.e., subroutine calls, 
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basically ; no special ompiler s ,-v ices ar needed, only the ,regular service. or Lhe 
standard host language compi ler. As a result, applications can be distributed (perhaps 
by third-party softwar v •11dors in 'shrink-wrapped" ol~iecl code form. 

■ Sec nd, tho e uppli ·ations can be DBMS-intlepe11dew; that is, CU includes fea tures 
Lhal p rmil U1e crcnli 11 (again perhaps by third-1 arty software vendors) of generic ap­
pli. ali ns Lhat can b used with everal differenl DBMSs inst· ad of having to be spe­
cific to some particular DBMS. 

fnterfaccs such M LI, ODB , and JDB (a .lava variant of ODB ) nrc becoming in­
crcas.ingly important in pracli ·e, l'or reasons to b Lli scusscd in part) in hapter 20. 

4.7 SQL IS NOT PERFECT 

As , taled in th inlroduclion to this ·haptcr, SQL is very far from being rh 'pe1·rc ' L" rein­
ti rnal languag - it . uffcrs from numerous sin f both omissi n and commission. Specific 
riticism will b ffer cl .-it appropriate points in subsequent chapters. but the overriding 

i. ue i. simply LhaL QL fails in all loo many ways to support lhe r lmional model prop­
erly. A a consequent , it i noL at all clear thal today"s QL prouu t • rea lly deserve th 
lab. ·I "relaIitmi1I" at all! Indeed, so rar as this writer i. aware, there is 110 product cm the mar­
ket 10day that s11pports cve,y detail of the rela1imwl model. This is nol Lo say that some parts 
r Um model are uni mp rtanL; on th contrary every detail of the mode'J i. important, and 

importam, moreover '~ 1r Qcnuinely pra ·Lica l reasons. Indeed, the point ·.uinot b str . sed 
too sLr ngly that the purpo e of relalional theory is not just " theory for iLs own sak ,•· ; 
raU1er, Lile purpose is Lo provide a base n whicb 10 build sy terns Lhat arc JOO percent prclc­
rical. But d1esad fact is thal the vendors bave not yet relllly stepped up t rhe challeng of 
implem nling Uie theory in it, entirety. As a ons'quence th " relational· products or 
today all fail in one way r .uwlher, to deliver n the full promise of r ' lational rechnol.ogy. 

4.8 SUMMARY 

Tl1is conclude oar intl'oduction to some of the maj r features of the SQ standard 
" SQU92"). We empbasiz d the fact that SQ is very importan t fr m a commercial per­
·pecLive, though it is un~ rtunutely somcwhaL def'i ient from a pure relational point of vi 'W. 

SQL includes bot.h a data definition languag (DDL) component and a data manip­
ulation language (DML).component. The SQLDML can operate at bolh the ex termtl level 
on views) an<l the conceptual level n base tnbles). Likewise, tbe SQL DDL can be use!:! 

l d fine objects at the ex ternal level (views). the onccrtunl level ba e tables), arid even­
in 111 st commercial ystems. I.hough n I in Lhe sta ndard 1wr se--the internal I vel as well 
(i.e. in<lexes and other phy. ical . torage structures), Moreover, SQL also provides certain 
claw c0111rol fac.ilili s- i.e., focil itie that cannot really be classified as belonging to ei ther 
the DDL r the DML. An example of such a faci lity is the GRANT ·Latement, which al­
low, us rs LC) grant nccess privileges to each 0U1 r (see haptcr 16). 
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We showed how SQL can be used to create base tables, using the CREA TE TABLE 
statement. We then gave some examples of the SELECT, INSERT, UPDATE, and 
DELETE statements, showing in particular how SELECT can be used to express the rela­
tional restrict, project, and join operations. We also briefly described the Information 
Schema, which consists of a set of prescribed views of a hypothetical "Definition Schema," 
and we took a look at the SQL facilities for dealing with views and transactions. 

A large part of the chapter was concerned with embedded SQL. The basic idea behind 
embedded SQL is the dual-mode principle, i.e., the principle that (insofar as possible) any 
SQL statement that can be used interactively can also be used in an application program. 
The major exception to this principle arises in connection with multi-row retrieval oper­
ations, which require the use of a cursor to bridge the gap between the set-level retrieval 
capabilities of SQL and the row-level retrieval capabilities of host languages such as PL/I. 

Following a number of necessary (though mostly syntactic) preliminaries-including 
in particular a brief explanation of SQLSTATE-we considered those operations, namely 
singleton SELECT, INSERT, UPDATE, and DELETE, that have no need for cursors. 
Then we turned to the operations that do need cursors, and discussed DECLARE 
CURSOR, OPEN, FETCH, CLOSE, and the CURRENT forms of UPDATE and 
DELETE. (The standard refers to the CURRENT forms of these operators as positioned 
UPDATE and DELETE, and uses the term searched UPDATE and DELETE for the non­
CURRENT or "out of the blue" forms.) Finally, we gave a very brief introduction to the 
concept of dynamic SQL, describing the PREPARE and EXECUTE statements in par­
ticular, and we also mentioned the SQL Call-Level Interface, CLI. 

EXERCISES 

4.1 Fig. 4.5 (overleaf) shows some sample data values for an extended form of the suppliers and pmts 
database called the suppliers-parts-projects database. Suppliers (S), parts (P), and projects (J) are 
uniquely identified by supplier number (S#), part number (P#), and project number (J#), respectively . 
The significance of an SPJ (shipment) row is that the specified supplier supplies the specified part to 
the specified project in the specified quantity (and the combination S#-P#-J# uniquely identifies such 
a row). Write an appropriate set of SQL definitions for this database. Note: This database will be used 
as the basis for numerous exercises in subsequent chapters. 

4.2 In Section 4.2 we described the CREATE TABLE statement as defined by the SQL standard per 
se. Many commercial SQL products support additional options on that statement, however, typically 
having to do with indexes, disk space allocation, and other implementation matters (thereby under­
mining the objective:-: M physica l cfaln Ind •pendenc, and intersystem ·ompatibility). Inve Ligate any 
SQ product that might b available lo you. Do tbe foregoing cri1ioisms apply to that product? Specif­
icnlly, wha1 additiona l CREATE TABLE options Joe-~ thal product $Upport? 

4,3 Once ngain, inv st igale any SQL product that mighl be available to you. Does that product sup­
port the Infonnution Sehcma? If not, wh:.1L d11es its cutalog support look likt:? 

4,4 Give SQL formulations for the following updates to the suppliers-parts-projects database: 

a. Insert a new supplier SIO into table S. The name and city are Smith and New York, respectively; 
the status is not yet known. 

Petitioner Exhibit 1029, Page 101 of 110



100 Part I I Preliminaries 

s S# SNAME STATUS CITY SPJ S# P# J# QTY 

Sl Smith 20 London Sl Pl Jl 200 
S2 Jones 10 Paris Sl Pl J4 700 
SJ Blake 30 Paris S2 PJ Jl 400 
S4 Clark 20 London S2 PJ J2 200 
S5 Adams 30 Athens S2 PJ JJ 200 

S2 P3 J4 500 
S2 PJ JS 600 
S2 P3 J6 400 

p P# PNAME COLOR WEIGHT CITY S2 PJ J7 800 
S2 PS J2 100 

Pl Nut Red 12.0 London SJ P3 Jl 200 
P2 Bolt Green 17 . 0 Paris SJ P4 J2 500 
PJ Screw Blue 17.0 Rome S4 P6 JJ 300 
P4 Screw Red 14.0 London S4 P6 J7 300 
PS Cam Blue 12 .o Paris S5 P2 J2 200 
P6 Cog Red 19.0 London S5 P2 J4 100 

S5 PS JS 500 
S5 PS J7 100 
S5 P6 J2 200 

J J# JNAME CITY S5 Pl J4 100 
S5 P3 J4 200 

Jl Sorter Paris S5 P4 J4 800 
J2 Display Rome S5 PS J4 400 
JJ OCR Athens S5 P6 J4 500 
J4 console Athens 
JS RAID London 
J6 EDS Oslo 
J7 Tape London 

Fig. 4.5 The suppliers-parts-projects database (sample values) 

b. Change the color of all red parts to orange. 

c. Delete all projects for which then: are no shipments. 

4.5 Again u~ing lhe ~uppliers-purts -prujects databai;e. write u prngram wi th cmbcdued S L sUtlc­
ments 10 liNl all supplier rows. in supplier numb ·r on.ler. Each supplier row sh0ttld be in 1111cdiatdy 
followed in the listing by ull pro_jccl rows fur pnuects supplicd by l11ut supplier. in project number 
orller. 

4.6 Let tables PART and PART_ STRUCTURE be defined as follows: 

CREATE TABLE PART 
( P# . .. , DESCRIPTION 

PRIMARY KEY ( P#) ) 

CREATE TABLE PART STRUCTURE 
MAJOR P# .~. , MINOR Pl ... I Q'I'Y .. . ' 
PRIMARY KEY ( MAJOR P#, MINOR P# ), 
FOREIGN KEY ( MAJOR-P# ) REFERENCES PART, 
FOREIGN KEY ( MINOR=P/ ) REFERENCES PART) 

Table PART_STRU TURE s hows which parts (MAJOR_ P#) contain which other purt 
MINOR_P#J as first- level cc1mponcnls. Write un SQL program to list all component part.~ of ti given 
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PART STRUCTURE MAJOR_ P# MINOR_ P# QTY 

Pl P2 2 
Pl P3 4 
P2 P3 1 
P2 P4 3 
P3 P5 9 
P4 P5 8 
P5 P6 3 

Fig. 4.6 Table PART_STRUCTURE (sample value) 

part, to all levels (the part explosion problem). Note: The sample data shown in Fig. 4.6 might help 
you visualize this problem. We remark that table PART_STRUCTURE shows how bill-o.f111aterials 
data-see Chapter 1, Section 1.3, subsection "Entities and Relationships"-is typically represented 
in a relational system. 

REFERENCES AND BIBLIOGRAPHY 

4.1 M. M. Astrahan and R. A. Lorie: "SEQUEL-XRM: A Relational System," Proc. ACM Pacific 
Regional Conf., San Francisco, Calif. (April 1975). 

Describes the first prototype implementation of SEQUEL, the earliest version of SQL [4.8]. See 
also references [4.2--4.3], which perform an analogous function for System R. 

4.2 M. M. Astrahan et al.: "System R: Relational Approach to Database Management,'' A CM TODS 
1, No. 2 (June 1976). 

System R was the major prototype implementation of the SEQUEL/2 (later SQL) language 
[4.8]. This paper describes the architecture of System Ras originally planned. See also reference 
(4.3] . 

4.3 M. W. Blasgen et al.: "System R: An Architectural Overview," IBM Sys. 1. 20, No. I (February 
1981). 

Describes the architecture of System R as it became by the time the system was fully imple­
mented (compare and contrast reference [4.2]). 

4.4 Stephen Cannan and Gerard Otten: SQL--The Standard Handbook. Maidenhead, UK: McGraw­
Hill International (1993). 

"[Our] objective ... is to provide a reference work explaining and describing [SQL/92 as orig­
inally defined] in a much less formal and very much more readable way than the standard itself' 
(from the book's introduction). 

4.s Joe Celko: SQLfor Smarties: Advanced SQL Programming. San Francisco, Calif.: Morgan Kauf­
mann (1995). 

"This is the first advanced SQL book available that provides a comprehensive presentation of 
the techniques necessary to support your progress from casual user of SQL to expert program­
mer" (from the book's own cover). 
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4.6 Andrew Eisenberg and Jim Melton: "SQU Pnrt O. Now Known as SQLIOLB (Object LtUlguagc 
Bindings),'' /\CM SIGMO/J Record 27, N<). 4 (December 1998). Seet1.lso Gray los man 111 al.: ''Java 
and Relational Database ·: SQU.' Proc. L998 A M SJGMOD Int. Conr. on Management of Data, 
Scali.le Wash . (June 199< . 

4.7 Don Chamberlin: Using the New DB2. San Francisco, Calif.: Morgan Kaufmann (1996). 

A readable and comprehensive J cri ption of u state-of-the-a1t commercial SQL product, by one 
of the two principal designers of the original SQL language 14.8]. 

Note: The book also discusse. "some controversial dt!cision •• that were made in the design 
of S L-primarily (a) the decision to support nulls :md b the decision to permit duplicate rows. 
"My !i.e .. Cl1ambcrlin' I purpose ... is bi , torical rather than per ·unsive- 1 re ·ognize that nulls 
and duplicates are reli ious issues .. . For the most part, tb designers f [SQLl were practical 
people rather thaD theoretician , and this orientat ion wa: retlected in many I.design) <lel!i~ions."' 
Thi po ·ition is very lilTcrem from that or 1J1c pres nt writer! Null: and duplkatcs are scie111(fic 
i ·sues not religious ones; they ar di scussed, scienlilically, in this book in hapters 18 and 5, 
respectively. As for ''1 nlctical .. . rather than T the retical]," we categorically reject the sugges­
tion that theory is Ml practical ; we have already stated (in Section 4.5) our position that relational 
theory, at least, is very practical indeed. 

4.8 Dona.le.ID. Chnmberlin and Raymond F. Boyce: "SEQVfil.: A Structured Engli h Query Lan­
guage," Proc. I 74 A M SIGMOD Workshop on Oma Description, Access, and Control, Ann Arbor 
Mich. May l '74). 

The paper that tlr. t introdui;ec.l lhe SQL language (or SEQUEL, as it was originally called; the 
name was subsequently ch:mgcc.1 for legal reasons). 

4.9 Dom1ld D. hrunberlin et al.: "SEQUEU2: A Unified Approach to Data Definition, Manipula­
tion, mid Control." IBM. J. R&D. 20, N . 6 (N ivember 1976). See also the errnta in 1/JM J. R&D. 21, 
No. I January 1977). 

Experience from the eurly prototype implementation or SE UEL discussed in reference [4.1] 
and results from the usability 1 ·ts reported in referen • (4.28] led to the de.~ign or a revis ·u ver­
sion of the language callcd SEQUEL/2, The language supp rtec.l by Sys1em R 14.2-4.3 1 wui. ba­
sically SEQUEU2 (with the con pic.:uous nbscnce ~,r the ·o-ca.Ut!d ''assertion" and " tri gger" 
facilities-see Chapter 8). plus cenain extensi n. suggesred by c:o rly user experience [4. 10]. 

4.10 Donald D. ChamberLin: "A Summary of User Experience with the SQL Data ublanguage," 
Pr •. Int. Conf. on Databases, Aberdeen, Scotland (July I 80). Also ,1vailuble as IBM Research Re­
port RJ2767 (April 1980). 

Discu ·ses early user experience wi th Sy~tem R and proposes some extensions ro tbe SQL lan­
guage in the 1igh1 of Lhnt experience. ertain of those extensions- · XfST , LIKE. PREPARE. 
anu EXE UTE- were in fact implemented in the rinal version of System R. Note: ee Chnpter 
7 and Appendix A for a discussion of EXISTS and LIKE, respectively. 

4.11 Donuld D. Chamberlin et al.: "Support for Repetitive Transactions and Ad Hoc Queries in Sys­
tem R," A !vi TODS 6, No. 1 (March 1981 ). 

Gives some me, surement of System R performance in both the ad /toe qllery ancl • cairneJ Iran • 
uclioD'' environments. A ·'canned transaction" is :1 simple application llY1L accessc 011ly a small 
part of the datilbase and is compiled ptior LO cxCl!ution time. ft correspond LO what we called a 
pla1111ed rttquesr in Chapter 2. 'eclion 2.8.) The measurements were taken on an IBM y ·tl!ll"I 
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370 Model 158, running System R under the VM operating system. They are described as "pre­
liminary"; with this caveat, however, the paper shows , among other things, that (a) compilation 
is almost always superior to interpretation, even for ad hoc queries, and (b) a system like Sys­
tem R is capable of processing several canned transactions a second, provided appropriate in­
dexes exist in the database. 

The paper is notable because it was one of the first to give the lie to the claim, frequently 
heard at the time, that "relational systems will never perform." Since it was first published, of 
course, commercial relational products have achieved transaction rates in the hundreds and even 
thousands of transactions per second. 

4.12 Donald D. Chamberlin et al.: "A History and Evaluation of System R," CACM 24, No. 10 (Oc­
tober I 98 I). 

Describes the three principal phases of the System R project (preliminary prototype, multi-user 
prototype, evaluation), with emphasis on the technologies of compilation and optimization that 
were pioneered in System R. There is some overlap between this paper and reference [ 4.13]. 

4.13 Donald D. Chamberlin, Arthur M. Gilbert, and Robert A. Yost: "A History of System Rand 
SQL / Data System," Proc. 7th Int. Conf. on Very Large Data Bases, Cannes, France (September 1981). 

Discusses the lessons learned from the System R prototype and describes the evolution of that 
prototype into the first of IBM's DB2 product family, SQL/DS (subsequently renamed "DB2 for 
VM and VSE") . 

4.14 C. J. Date: "A Critique of the SQL Database Language," A CM S!GMOD Record 14, No. 3 (No­
vember 1984). Republished in Relational Database: Selected Writings. Reading, Mass.: Addison­
Wesley (l 986). • 

As noted in the body of the chapter, SQL is not perfect. This paper presents a critical analysis of 
a number of the language's principal shortcomings ( mainly from the standpoint of formal com­
puter languages in general rather than database languages specifically). Note: Certain of this 
paper' s criticisms do not apply to SQL/92. 

4.15 C. J. Date: "What's Wrong with SQL?", in Relational Database Writings 1985- 1989. Reading, 
Mass.: Addison-Wesley (1990). 

Discusses some additional shortcomings of SQL, over and above those identified in reference 
[4.14], under the headings "What's Wrong with SQL per se," "What's Wrong with the SQL 
Standard," and "Application Portability." Note: Again, certain of this paper's criticisms do not 
apply to SQL/92. 

4.16 C. J. Date: "SQL Dos and Don'ts," in Relational Database Writings 1985-1989. Reading, 
Mass.: Addison-Wesley (1990). 

This paper offers some practical advice on how to use SQL in such a way as (a) to avoid some 
of the potential pitfalls arising from the problems discussed in references [4.14--4.15] and [4.18] 
and (b) to realize the maximum possible benefits in terms of productivity, portability, connec­
tivity , and so forth. 

4.17 C. J. Date: "How We Missed the Relational Boat," in Relational Database Writings 1991-1994. 
Reading, Mass.: Addison-Wesley (1995). 

A succinct summary of SQL's shortcomings with respect to its support (or lack thereof) for the 
structural, integrity, and manipulative aspects of the relational model. 
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4.18 . J. Dute: "Grievous Bodily Harm" (in Lw<, p,1rrn), Ollf>&D 11, No. 5 (May 1998 and 11, No. 6 
(June 199 ); "Filly Ways to uo1e Your Query," >n the D/JP ·D website www.dlipd.com (July 1998). 

S Lis an extremely redundant lnnguagc, in the . enl-e that all hut rhe most trivi:11 nf queries can 
be ex pressed in many different wnys. These I op rs illusu11te this point uncJ discuss som • of it 
impli ·ntions. In particul;ir, they shnw that the GROUP BY clause. Lhe HA VTN clause, mid 
runge variables colild 1111 be drnppcd from th language with effectively nn loss of functionality 
(m1d Lhc umc i • ulsn ITue of lhe "LN suhque1J1" construct). Note: All I f lh se QL constructs 11 re 
expluincd in hap1cr 7 (S ·tion 7.7) andfor App ndix A. 

4.19 .. J. D;1te and Hugh Dmwcn: A Gr,/ le t, the SQL Standard (4th edition). Reading, Mass.: Ad­
di son-Wes! y ( J l 97). 

A omprchensive tutori:,l nn QL/92, including LI and PSM . fn pnnicul :w, the bouk C()nt ai11s 
nn app ·ndix. App ndi D, thnt documents "many aspects or the : Landnrd that appear to b i11 ud­
c4LiaLely defined, m even incorrectly d fin d. at thi s time." Nm11: Refer n cs [4.41 and 14.27] .ll'e 

also QU92 tutori als. 

4.20 C. J. Date and Colin J. White: A Guide to OB2 (4th edition). Reading, Mass.: Addison-Wesley 
(1993). 

Provides an ex LCnsive and thorough overview or IBM' s original DD2 product (as of 1993) and 
some of its companion products. DB2, Ii ' c SQUDS 14. 131, wa: b:is ·don System R. 

4.21 Neal Fishman : "SQL du lour," DBP&D JO, No. 10 (October 1997). 

A depressing survey of some of the incompatibilities to be found among SQL products that all 
claim to "support the SQL standard." 

4.22 International Organization for Standardization (ISO): Database Lan,c: uage SQL. Document 
ISO/IEC 9075:1992. Also available as American National Standurds Institute (AN I) Document 
ANSI X3.135-J 992. 

The original ISO/ANSL SQL/92 deli nil ion (known to the cognoscenti as /SOI/EC 9075, or . omc­
Limes just ISO 907S). ·n1c original single-part document bas i;inc been ex pane.I d into an tipcn­
ended s ries of separate parts, under Lhc general title Information 'frdmology- nmal>ase 
Lt111g1.w.r~e.1·-SQL At th Lime of writing, the following parts huvc been defined (though certainly 
not all completed): 

Part I : . ramework (S U Framework) 
Part 2: FountlnLion (SQUPnunduti m) 
P!u1 3: Call-Level lnterl'ace (SQL/ I) 
Piu·t 4: PcrsistenL Stored Modules(. QL/P, M) 
Part 5: Host Language Bi11ding. (, 'QL/Bindings) 
Part 6: • A Spcc inlizali< n ( Ql/frnns.1clion) 
Part 7: Tempnral (SQLrfempornl 
Pa.rt 8: 11w.r i.1· 110 Pan 8 
Pan 9: Management or External Data SQL/MED) 
Part 10: Obje-el Language Bindings (SQL/OLB) 

The SQL3 prr posa ls that are expected £11 be ratified in 1999 logically belong in Parts 1, 2, 
4 and 5. Working draft · describing those proposals can be found on the World Wide Web at 
ft1 i:/ljerry.ec:e.1111111s.1·d.eJ11/iso1vgJldb/l lJJ\SEd,wslJ1ublic. 

Nore: The p(linl is wrn1h mentioning Lh nt. ulthough SQL is widely recognized as the intcr­
natiom1l "relutionnl' ' database standard, th• standard cl icument does not describe itself as such; 
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in fact, it never actually uses the term "relation" at all! (As mentioned in an earlier footnote, it 
does not mention the term "database" either, come to that.) 

4.23 International Organization for Standardization (ISO): Information Technology-Database 
Languages-SQL--Technical Corrigendum 2, Document ISO/IEC 9075:1992/Cor.2: l 996(E). 

Contains a large number of revisions and corrections to the original version of reference [ 4.22]. 
Unfortunately, those revisions and corrections fix almost none of the problems identified in ref­
erence [4.19]. 

4.24 Raymond A. Lorie and Jean-Jacques Daudenarde: SQL and Its Applications. Englewood Cliffs, 
N.J.: Prentice-Hall (1991). 

An SQL "how to" book (almost half the book consists of a detailed series of case studies in­
volving realistic applications). 

4.25 Raymond A. Lorie and J. F. Nilsson: "An Access Specification Language for a Relational Data 
Base System," IBM J. R&D. 23, No. 3 (May 1979). 

Gives more details on one particular aspect of the System R compilation mechanism [4.11,4.25-
4.26]. For any given SQL statement, the System R optimizer generates a program in an internal 
language called ASL (Access Specification Language). That language serves as the interface be­
tween the optimizer and the code generator. (The code generator, as its name implies, converts 
an ASL program into machine code.) ASL consists of operators such as "scan" and "insert" on 
objects such as indexes and stored files. The purpose of ASL was to make the overall translation 
process more manageable, by breaking it down into a set of well-defined subprocesses. 

4.26 Raymond A. Lorie and Bradford W. Wade: "The Compilation of a High-Level Data Language," 
IBM Research Report RJ2598 (August 1979). 

System R pioneered a scheme for compiling queries ahead of run time and then automatically 
recompiling them if the physical database structure had changed significantly in the interim. This 
paper describes the System R compilation and recompilation mechanism in some detail, with­
out however getting into questions of optimization (see reference [ 17.34] for information on this 
latter topic). 

4.27 Jim Melton and Alan R. Simon: Understa11ding the New SQL: A Complete Guide. San Mateo, 
Calif.: Morgan Kaufmann ( 1993). 

A tutorial on SQL/92 (as originally defined). Melton was the editor of the original SQL/92 spec­
ification [4.22]. 

4.28 Phyllis Reisner, Raymond F. Boyce, and Donald D. Chamberlin: "Human Factors Evaluation 
of Two Data Base Query Languages: SQUARE and SEQUEL," Proc. NCC 44, Anaheim, Calif. 
Montvale, N.J.: AFIPS Press (May 1975). 

SQL's predecessor SEQUEL [4.8] was based on an earlier language called SQUARE. The two 
languages were fundamentally the same, in fact, but SQUARE used a rather mathematical syn­
tlllt whereas SEQUEL was based on English keywords such us SELECT, FROM, WHERE, etc. 
The present paper reports on a set of experiml;!ms that were carried out on the usability of the 
two languages, using college students as subjects. A number of revisions were made to SEQUEL 
as a result of that work [4.9]. 

4,29 Daviu Ro1..cnshtein, Anatoly Abramovich, and Eugene Birger: Optimizing Transact-SQL: Ad­
l'Wiced P1VJJ.:l'l11111l1/11g Techniques. Fre111 0 11l , Calif.: SQL Forum Press (J l 95). 

Trunsm:t-SQL is the dialect of SQL supported by the Sybase and SQL erver products. This book 
prcse.ms a series of programming tcchniqu •s for Tra11sac1-SQL based on the use of characteris-
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ri functions (defined by the uutho as "devices that allow programmers to encode conditional 
logic as ... expressions within ELECT, WHERE, ROUP BY, and . ET clausei;" . Although 
exprei sed in lcrms of Trnn ·acLaSQL . pccificully, the idea~ are actually of wider applicabi li ty. 
Nore: We should perhaps add that U1e "optimizing" mentioned in Lb book '!i title refers not to 
the DBMS optimizer component, but rather Lo ·•optimizutions'' that can b done by user. U1 ·m­
selves, by hand. 

ANSWERS TO SELECTED EXERCISES 

4.1 CREATE TABLES 
( S# 

SNAME 
STATUS 
CITY 

PRIMARY 

CHAR(5), 
CHAR(20), 
NUMERIC(5), 
CHAR(l5), 

KEY ( S# ) ) ; 

CREATE TABLE P 
( P# CHAR(6), 

PNAME CHAR(20), 
COLOR CHAR(6), 
WEIGHT NUMERIC(5,l), 
CITY CHAR(l5), 

PRIMARY ~EY (Pl ) ) ; 

CREATE TABLE J 
( J# CHAR(4), 

JNAME CHAR(20), 
CITY CHAR(l5), 

PRIMARY KEY ( J#) 

CREATE TABLE 
( Sf 

P# 
J# 
QTY 

PRIMARY 
FOREI GN 
FOREIGN 
FOREIGN 

SPJ 
CHAR(5), 
CHAR(6), 
C~AR(4), 
NUMERIC(9), 

KEY ( S# , P#, J# ), 
KEY ( S# ) REFERENCES 
KEY ( P# ) REFERENCES 
KEY ( J # ) REFERENCES 

s, 
P, 
J ) 

4.4 a. INSERT INTO S ( S#, SNAME, CITY ) 
VALUES ( 'SlO', 'Smith', 'New York' 

ST A TUS here is set to the applicable default value. 

b. UPDATE P 
SET COLOR= 'Orange' 
WHERE COLOR= 'Red' ; 

c. DELETE 
FROM J 
WHERE J (- NOT 

( SELECT 
FROM 

IN 
J# 
SPJ ) ; 

Note the nested subqucry and the IN operator (uctually, the negated IN operator) in the solution to 
pa1t c. here. See Chapter 7 for further explanation. 

Petitioner Exhibit 1029, Page 108 of 110



Chapter 4 I An Introduction to SQL 107 

4.5 Note that there might be some suppliers who supply no projects at all; the following solution deals 
with such suppliers satisfactorily (how, exactly?). First we define two cursors, CS and CJ, as follows: 

EXEC SQL DECLARE CS CURSOR FOR 
SELECT S.S#, S.SNAME, S,STATUS, S.CITY 
FROM S 
ORDER BYS#; 

EXEC SQL DECLARE CJ CURSOR FOR 
SELECT J.J#, J,JNAME, J.CITY 
FROM J 
WHERE J.J# IN 

( SELECT SPJ,J# 
FROM SPJ 
WHERE SPJ.S# :CS_S# 

ORDER BY J#; 

(Note the nested subquery and the IN operator once again.) 
When cursor CJ is opened, host variable CS_S# will contain a supplier number value, fetched 

via cursor CS. The procedural logic is essentially as follows: 

EXEC SQL OPEN CS; 
DO for all S rows accessible via CS; 

EXEC SQL FETCH cs INTO :cs S#, :cs SN, :CS_ST, :CS_sc; 
print CS S#, CS SN, CS ST,-CS SC;-
EXEC SQL-OPEN CJ ; - -
DO for all J rows accessible via CJ; 

EXEC SQL FETCH CJ INTO :CJ J#, :CJ JN, :CJ JC 
print CJ J#, CJ JN, CJ JC - -

END DO ; - - -
EXEC SQL CLOSE CJ 

END DO; 
EXEC SQL CLOSE CS 

4.6 This is a good example of a problem that SQL/92 does not handle well. The basic difficulty is 
as follows: We need to "explode" the given part ton levels, where the value of 11 is unknown at the 
time of writing the program. A comparatively straightforward way of pe1iorming such an n-level "ex­
plosion"-if it were possible-would be by means of a recursive program, in which each recursive 
invocation creates a new cursor, as follows: 

CALL RECURSION ( GIVENP#) 

RECURSION: PROC ( UPPER P# RECURSIVE; 
DCL UPPER P# ... ; -

END 

DCL LOWER-P# ... ; 
EXEC SQL DECLARE C "reopenable" CURSOR FOR 

SELECT MINOR P# 
FROM PART STRUCTURE 
WHERE MAJOR_P# :UPPER_P# 

print UPPER P# ; 
EXEC SQL OPEN C; 
DO for all PART STRUCTURE rows accessible 

EXEC SQL FETCH C INTO :LOWER P# 
CALL RECURSION ( LOWER P#); 

ENDDO; -
EXEC SQL CLOSE C; 
PROC; 

via C 

Petitioner Exhibit 1029, Page 109 of 110



108 Part I I Preliminaries 

We have as. umcd here rhal the (lictitiou ·) ; peciflcution " reopennble .. vn DECLARE lJRSOR 
means Lhat it is legal t , OPEN U1at cursor even if it is already open, and I.hat the effect of such :in 

PEN is 10 crl!a te u new in.wan 'I! of th· cw: or for tJ1 specified tnble e pre. sinn (u:ing tJ1c cwTcnl 
values of any host variable. t'ercrem:cd in U1:ll expre ·~inn). We have a ·sumed Further that reference:; 
to such a cursor in PET H (ere.) are references to the '·cu1-ren1•· instance. anu that LOSE desLmys 
Lhat instanc ' ,mu reinstm s Lhc previous insllmcc as ··cum:nt.'' In oth r words. we h:1ve assumed that 
a rcopenable uursor fom,~ a s111ck, with OPEN aml LO E :.crvin, :L~ th "push" and "pop'' npera­
tors for Uwt stack. 

nfo1'll111ately, lbese as: umptions are purely ltypoth tical toe.lay . Tbcrc is no uch thing us ll re­
ll l cm1ble cursor in ' QL tllday (indeed, an attempt to OPEN a cursor that is alrc.\dy npen wi ll fail). 
The foregoing cotl is illegal. But the example 111:tkeh it clear that " reope1mble curs(lrs" would b • a 
very desirable extension . 

. ince rhe foregoing approach does not work, we give a sketch of a possible (but very inefficient) 
approach that does. 

CALL RECURSION ( GIVENP#) 
RECURSION: PROC ( UPPER Pf RECURSIVE; 

DCL UPPER Pf ... , -
DCL LOWER- P# ... INITIAL ( ' 1 ) 

EXEC SQL DECLARE C CURSOR FOR 

print UPPER Pf ; 
DO "forever"; 

SELECT MINOR P# 
FROM PART STRUCTURE 
WHERE MAJOR Pl -= :UPP'.ER P# 
AND MTNOR- P/ > :LOWER-P# 
ORDER BV MrNOR_ P# -

EXEC SQL OPEN C; 
EXEC SQL FE'rCtt C INTO :LOWER_P# 
EXEC SQL CLOSE C; 
I F' no "1.ower P# " r etrieved THEN RETURN ; END IF 
rF " lower P# " retr ieved THEN 

CALL RECURSION ( LOWER_P#) ; END IF; 
END DO; 

END PROC; 

Ohserv • in this solution llrnt lhc same cursor ih used on every invocation of R • ' URSLON. (By 
contra ·1, n w i11starn.:cs or UPPER_ P# an<l L WER_ P# an! crcatec.l uynamicaJJy euch litne 
RECURSfON is invok..:d; those instam:es me lestroyell at completinn or thut invoca1ion.) Because nf 
1hb ract, we have 10 use a Lri()k-

· ··AND MINOR_P# > :LOWER_P# ORDER BV MINOR P# 

- :-<> 1hal. on each invocation of RE LJRSION, we ignore all immediate components (LOWER_P#s) 
or th ·u1-rc111 UPPER_Ptl I hat have uln:utly b •en proce sed. 

ee (u) reference., 14.5 1 und 14.7 1 for u discui;sion of ~0111 • alt ·rn:ui e SQL-styh: apprnache:- to 
thix problem. (b) haptcr 6 (end if S ·ct ion 6. 7) for u dcscliptim1 of a pcr1ine11l rclatiunul upcrntor 
(.'a.lied 1r1111si1ive clo.rnri ·. and (c) ppemJil( B for un overview ,,r some rclevu11t SQLJ focilitie~. 
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