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PART I 
PRELIMINARIES 

Part l 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, Chapter 2 presents a general architecture for database systems, the so-called 
ANSI/SPARC a rchitecture. That architecture serves as a framework on which the rest 
of the book will build. 

■ Chapter 3 then presenL~ on overview of relaLional systems (the aim is to serve as a gen­
Lie introduction to the much more comprehensive discussions of the same subject in 
Part II a.nd later parts of the book). Jt also introduces 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 basically just a computerized remrd-keepi11~ -')'Stem. The database 
itself can be regarded as a kind of electronic filing cabinet; i.e .. il is a repository or container 
for a collection of computerized data liles. 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; 
• Changing data in existing files; 
• Deleting data from existing files; 
■ Removing existing files from the database. 

Fig. 1.1 shows a very small database containing just one file, called CELLAR, which 
in turn contains data concerning the contents of a wine cellar. Fig. I .2 shows an example 

BINI 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. Ri esling Jekel 1998 1 1999 
21 Fume Blanc Ch. St. Jean 1997 4 1999 
22 Fumll! Blanc Robt. Mondavi 1996 2 1998 
30 Gewurztrami ner 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 Pi not Noir Gary Farrell 1996 3 1999 
51 Pi net Noir Fetzer 1993 3 2000 
52 Pi net 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 
Pinot Noir 51 Fetzer 
Merlot 58 Clos du Bois 

Fig. 1.2 Retrieval example 

of a r tri val p ralion again t that database, t gether with the data returned by that oper­
nti n. Nore: Through ut thi book we h w dawba e peralion. , fil e names. and ther ~•ch 
materi al in upper ca; e for larity. In pra Lice it i • often m r nvenient t enter su h ma­
terial in lower case. Most systems will accept both. 

Fig. 1.3 giv examples. all more r le s 'elf-explanatory, of insert, change, and delete 
operations n th win c liar database. • xumples of adding and removing entire files will 
be given later in hapters 3, 4, 5, and elsewhere. 

Inserting new data: 

INSERT 
INTO CELLAR ( BIN#, WINE, PRODUCER, YEAR, BOTTLES, READY ) 
VALUES ( 53, 1 Pinot Noir 1 , 'saintsl:mry', 1997, 6, 2001 ) ; 

Changing existing data: 

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

Deleting existing data: 

DELETE 
FROM CELLAR 
WHERE Bilf# = 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. l are often called 
tables (more precisely, relational tables-see Sections 1.3 and I .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 and fie lds 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 taJking about re lational systems in particular (again, see Sections 1.3 and 
1.6). Note: Actually, when we get to our more formal discussions in later pa11s of the 
book, we will switch to more formal terms anyway. 

3. For simplicity, we have made a tacit assumption ia the example that columns WINE 
and PRODUCER contain character string data and aJI other columns contain integer 
data. We will consider this question of column data types in more detail in Chapters 
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 use double underlining 
to indicate primary key columns, as in Fig. 1.1 . 

5. The sample operotions or "statements" in Figs. 1.2 and 1.3- SELECT, INSE RT, 
UPDATE, DELETE-arc all expressed in a language called SQL. SQL is Lhe stan­
dard language for interacting with relational databases, and it is supported by just about 
every database product on the market today. Note: The name "SQL" originally stood 
for "Structured Query Language" and was pronounced "sequel." Now the language has 
become a standard, however, the name is just a name-it is not officially an abbrevia­
tion for anything at all- and the pendulum has swung in favor 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 lo 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 dntabllse systems in use today are 
in fact relational (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 understanding of the mate,fal in lhis chapter and the 
next is fundamental to a full appreciation of the features and capabilities of a modern darn­
base system. However, it cannot be denied that the material is somewhat abstract and rather 
dry in places, and it does tend 10 involve a large number of concepts and terms that might 
be new lo you. In later parts of the book-especially Chapters 3 and 4-you will find ma­
terial that is much less abstract and hence more immediately understandable, perhaps. You 
might therefore prefer just to give these first two chapters a "once over lightly" reading for 
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Chapter 1 / An Overview of Database Management 5 

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

1.2 WHAT IS A DATABASE SYSTEM? 

To repeat from the previous section, a database system is basically a com[Juterized 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 i s 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 i s 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. I .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-

D 
D 
D 

Application 
programs 

Database management system (DBMS) 

Database 

-----~ 

-- .,,,.-

Fig. 1.4 Simplified picture of a database system 

End users 
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6 Part I I Pre/i111i11aries 

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 eun uceess lhe database at any given time; a 
multi-user system is a system in which many users cun access the database at Lhe same 
time. As Fig. 1.4 suggests, we wiU normally nssumc Lhc hmer case in this hook, for gene r­
ality, but in fact the distinction is largely irrelevant so far as most users are concerned: A 
major objective of mulli-use1 systems in general is precisely to allow each user to behave 
as if he or she were workmg with a si11;:le-u':>cr 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 stored in a single database, and we will usually make that assumption in lhis 
book (since it docs not materially affect any of' our olher discussions). Tn practice, howe ver. 
there might be good reasons, even in a small system. why the data should be split across 
several distinct databases. We will touch on ~oine or those reasons later. in Chapter 2 and 
elsewhere. 

In general, then, the data in the database-at leas1 in a large syslCm- will be borh in­
tegrated and shared. As we will see in Section I .4. these two aspects. data integration and 
data sharing, represent a major advantage of database systems in the ''large" environment; 
and data integration, at least, can be signifa:ant in the ·'small" cnviroument as we ll. 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 mean thal the database can be thought of as a unification of several 
otherwise uis1i11ct files, with any redundancy among Lho.~c files at least partly e limi­
nated. For example, a given uatabasc might contain both an EMPLOYEE file , g iving 
employee names, addresses, de partments, salaries. etc .. and an ENROLLMENT fil e. 
representing the enrollment of employees in training courses (refer Lo Fig. 1.5). Now 
suppose that, in order to carry out the process of training course a<lministration, 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. 

■ 13y shared, we mean that individual pieces of data in the database can be shared among 
<liffe rent 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 rime ("concurrent access"). Such 
sharing, concurrent or otherwise, is parlly 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 typ ically 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 detai led 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 syslem consist of: 

■ The secondary slorage volumes- mostly magnetic disks- that are used Lo hold the 
stored data, together wilh the associated 1/0 devices (disk drives, etc.), device con­
trollers, l/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 
t~e followi Ilg reasons among others: First, those aspects form a major topic in their own 
nght; ~cconcl, 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 l I Preliminaries 

Software 

Between the physical database itself-i.e., the data as physica ll y 'il red- and the user. of 
lh system is a layer of oft ware, known variou. ly as Lh databa c manager or dalaba 
s rvcr or. most ·ommonly, th dalaba e rminag 'ment sy ·tern (DBMS). All requ . LS for 
access 10 the database an.: handled by the DBMS: the fo ·ilitic .. ketched in Section 1.1 for 
adding and removing lilcs (or rnblcs). rclri ving uata rrom and upclaLing dnta in such Iii s 
or labl ·, and ·o f'orth. ar oll fo ·i litie. provided hy th DBMS. neg n ral func1i n pro­
viued by the BMS is Lhu. the .1·hi<:ftli11g of datnhose user.I' from lumlware-lewl dt'wils 
(mu has pr gramming language. yslem. shield application programmers from hardware­
level J tail.). In other word , the BM proviues users with a perception of the database 
that is leva ted somewhat above th hardware level, and it . uppon. us r operation. (such 
a. the QL op rations discuss d briefl y in ection 1.1) thal a, ex pre :cd in l rms r Lhm 
higher-le I p rceplion. We will discus Lhis function, and nlhcr f'unc1ions or the DBMS, 
in considerably m red lail Lhroughout th body of this book. 

A couple of further points: 

■ Th BM is ;1sily lh most import'llll . ofh: ar component in the overall sy ·t m. but 
it i. n t lh only on . then, include utiliti s. npJ')lieati n de lopmenl tools. dcsi '11 

aids, report writer. and (111 sl important ) the 1rw1.wctio11 111c11wger or TP 111011.itor. See 
hap1crs 2 and 3 and ( sp ially) Part IV for further discussion r thes compon nt.~. 

■ The term DBMS is also usc<l to re~ r g 11cri ally t snm particular product from som 
particu lar vendor- for example, IBM 's" 82 niv·rsal D.nnhase•· pro<lu I r r O / 
390. The t rm D/JMS instwwe i~ then som lime. u cd LO 1 ~ r 10 the parli ·u lar opy of 
such a product th.it happens lo be running on some particular computer installation. As 
you will surely appreciat . sometim s it is necessary lo distinguish carefully between 
these two concepts. 

Note: You should be warned thm re pie in the indu try often use the term data­
base when they real ly mean DBMS (in 'i lher 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. anti deprecated, but very, very common. (Th pr b!em 
is, of course, if we cal! lh DBMS the database, then what do we call th database?) 
Caveat lector. 

Users 

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

■ First, there are application programmers r spon ible for writ in, uawbas a1 plication 
pr grams ins m pro ramming language such a. OBOL, PU! , ++. Java, or some 
high ·r-1 · I ·r unh gen ration ' l.mguage (. e haptcr 2). uch programs acccs. the 
database by issui11g the appropriate rcquc. 1- Lypically an QL slal mcnt- to the 
DBM . he progrnrn. themselves can be ·onv 111iom1! bat ·h npplications, or L11 Y an 
be online applications, whose purpose is to allow an encl u. r . e th nex t 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 on line 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 aJways) 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 interfaces­
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 DBA. 
Discussion of the OBA function-and the associated (very important) data adminis­
trator function-is deferred to Section 1.4 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 DATABASE? 

Persistent Data 

It is customary to refer to the data in a database as "persistent" (though it might not actu­
ally per isl 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 slighlly 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 

S. 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 lypically in­
clude the following among their persistent data: 

l. Product data 

2. Account data 

3. Patient data 

4. Student data 

S. 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 syslem). 
The term onlinc 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 periodjc 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 
il 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 ce1tain 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 Lhe following questions: 

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

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

Locations >--------l Departments 

Fig.1.6 Entity/relationship (E/R) diagram for KnowWare Inc. 

Petitioner Exhibit 1029, Page 13 of 110



12 Part I I Preliminaries 

The significant point about this relationship (and all of the others illu. tratcd in the fig­
ure, of course) is that they are just as much a part of the data as are the ba 'ic entities. They 
must therefore be represented in the databru c, just like the basic entities. Note: In a rela­
tional system specifically, both the basic ntities 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 passing that 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 diagram in some detail. 

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

I. Although most of the relationships in that figure involve two entity types-i.e., they are 
binary relationships-it is by no means the ca e 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 project. : a rerna,y relation hip. The int nded inter­
pretation is that certain suppliers supply ertain pans to certain proj cts. Note carefully 
that this ternary relationship ("suppliers ·upply paw; t projc t. " i 1101 quivalent, in 
general, to the combination of the three binary relationship. " uppli rs . upply parts," 
"parts are used in projects," and "projects ar~ supplied by ·uppliers. • or 'xample, 1he 
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., lhen 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) involvingjust one entity type (parts). The re­
lationship here is that certain parts include other parts as immediate components (the so­
cal!ed bill-of-materials relationship)-for example, a screw is a component of a hinge 
assembly, which is also considered as a patt an I 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, patts 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) represent the fact that employee· are 
assigned to projects, the other (MJ) represents the fact that employees manage project . 
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Chapter 1 I An Overview of Database Management 13 

We now observe that a relationship cmL be regarded as an entity ill 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 in. tance, "pa,t 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
low 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 represente~_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" properly 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 texl. 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 arc "simple" and can be represented by "simple" data types. Ex­
amples of such "simple" types include numbers, character strings, dates, times, and o 
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 i really givenfacrs, 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 Sl 
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 _rroposition in logic is somclhing th:11 cvnluates to either true or false, unet1ui vocally. For instance, 
Wilham Shakespeare wrole Prich• and Pn',j11,lice" is a proposition (a false one, a. ii 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 tri ially, in fact). Relational systems are based 
on a formal theory called the relational mod l 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. l. l can be inter­
preted in an obvious way as the following true proposition: 

''Bin number 72 contains two bottles of L 995 Rafanelli Zinfandel, which will be ready 
to drink in 2003." 

■ perawr. arc provided rur operating on rows in Lable., and those operators directly sup­
port th pr ces ofinrerring additional true propo iLi ns from the given ones. As a sim­
pl e ampl , th relational pmjec1 perat r (see Section 1.6) allows us to infer, from the 
true proposition just quoted. Lh following additional lru proposition among others: 

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

(More predsely: "Some bottles of Zinfandel in some bin, produced by some produt:er 
in some year, will be ready to drink in 2003.") 

Th relati nul m dcl i • n t the nly data m d~I. h wevcr; others do exist (see Section 
1.6)- th ugh m t of them difft.:r from the relational mod I in that they are ad hoc to a de­
gr , inst ad f b ing finnly ba. don formal I gic. Be that as it may, the question ari es: 
What in general is a data m de!? We can define the concept thu : 

• A data model is an abstract, self-contained, logical definition f the bjects, operator , 
and so forth, that together constitute the abstract machine wilh whi ·h user 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 phy ·i ·a l 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 <lat, buse 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 betwe n databa -~ pri11 ·i/JJ ,s 
th way dat.aba • . yst ms ought LO be) anti databas • 111·ac1ice (th• way they a ·tually arc) . 

In thi s hook w • are ·on erneu primarily with prin ·ipk .. but it i only fair Lo wa111 y u that 
you might therefore b • in r or a few surpri, c ·, m stly of an unpl 'asant nature, when you sturt 
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 i like a programming language-albeit one that is 
somewhat abstract--whose conslrw . .:ts 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 .,pecific program written in that language. 
In other words, a dala model in the second sense take Lhe facilitie 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 WHY DATABASE? 

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-us r ca c. However, there i one overriding additional advant.1gc in such an envi­
r nment nnm ly a. follow, : The databt1se system provide. the e111e1prise with ·entmlized 
control of ils dou1 (which ns you hould r alize by now, is on of it most valuabl a . . er.). 

uch a ituation contra. t .. harply with that found in an ent rprisc without a databns . y -
tern, 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 responsibi lity 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'· 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 
al D Le hni DI I v l . Th technical per. on r . pon. ibl !'or implementing th data admini -
traLor's decisi ns i the database administrator (DBA Ii r . hort . Th OBA, unlik the darn 
admini. trator, is thus an IT professional. The j b of lh OBA is to ·rcat 1h actual data­
base and to imp! menl the l chnica l ontrol. n eded to enforce the variou policy tlccisions 
mnde by the data administrator. The DBA i al o r sponsib le r r n:uring that the ·ystem 
operat s wiU, adcquat performun and r r proviclin a variety or other te hnical . crvices. 

he DBA will typically hav a . taff of system programm rs and other le hnj al assistants 
(i.e., 1he OBA function will typically be performed in prn tice by a team of p oplc not just 
by one p -r, n)· for simplicity however, it i convenien t tons ·ume lhal the OBA i ind tl 
a ·ingle indivitlunl. We will discus. th 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 

W discussed this poim in Secli 11 1.2. bul for completeness we mention ii nguin here. 
holing mean, not only thm ex isting applications can ·har th> data in the dolal a. e, but 

al • that new application. can be develop d to op rat agai nsL that same dntn. In other 
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words, it might be possible to satisfy the data requiremenls 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 aboul 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 nol 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. 

• Tramaction 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 account B. Clearly two updates arc re­
quired here, one to withdraw the cash from account A and the other to deposit it to ac­
coum B. If the user has slated that the two updates are part or the same u·ansaction, then 
the system can e ffectively guarnntec that either both of them arc done or neither is--cvcn 
if, e.g., the system fails (say because of a power outage) halfw,1y through the process. 

Now: The ll""<tasaction atomid iy feature just illustrat.:d is not the only benefit of 
transaction support. but unlike some of the others i1 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 i nlegrity is the prob I m of ensuring that the data in the database is cor­
rect. Inconsistency b tween tw nu·ie. that purport ~ repre ent the same "fact" is an 
example of lack of integrity (see the di cus. ion of thi. poinl earlier in this subsection); 
of course, this particular problem can arise only if redundancy exists in the stored data. 
Even if there is no redundancy, however, the database might still contain incorrect in­
formuli n. •or xample. an cmploye might b sbown a having worked 40 h urs in 
th w ck. in lead of 40, r a. belongin 10 a department Lhal do snot ex isl. Centralized 
control of the database can help in avoicling u h problem. - ins far a. they can be 
avoided- by p rmitting th data admini. trator to define. and th DBA l implement, 
integrity constraints (also known as business rules) to be checked whenever any up­
daL operation i p r~ rmed. 

II i. w rth pointing out that data int grily i. ev n more imp rtmll in a database ys­
tem than it i • in a "private fi le. " nvironm m precisely b cau e the data i hared. For 
without appropriate controls it would be po ible lor one u. cr to update Lbe database 
incorrectly, lh r by generaiing bad data and so "in~ cling•· oth r inn c nt user ' of that 
data. It should also be mentioned that most database products are currently rather weak 
in their support for integrity constraints (th ugh there have been some recent im­
provements in this area). This fact is unfo,tunare, 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 OBA {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 trainLs the 
security or U1c data might actually be more at risk than in a traditional (dispersed 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 lo 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 lo 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 fi rst 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. 

• E. wnple: uppos we hav an u1 plication that uses the EMPLOYEE file of Fig. 1.5, 
an I suppos • 11 is de ·id d for p rforman e reasons, that the file is to be index.ed on its 
''employee name" riclcl . In an Ider sysL m, the application in question will typically 
~c aware r lhe fact that Lhe index exist . and aware also of the record sequence as de­
lmed by lhat index. and 1.hc internal stru ture of the application will be built around that 
knowledge. In particular, the precise form of the various data access and exception 
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che king routines within the application will depend very heavily on details of the in­
terfa e presented to the application by the data management software. 

We say that an application such as the one in this e ompl i data-dep >ndent, because 
ii L impossibl Lo chang the physi ·a l r presentation (how the data is phy. ically represented 
in . torage) r acccs. technique (how it i. phy. ically accessed) without affecting the appli­
cation. probably drastically. For in. tanc , it w uld not be possible lo replace the index in 
the cxampl hy a lrnshin s hem without making major modifications to the application. 
Whal i ' m re. Lh p ,r1ion. of 1h applicatio requiring alt ration in such a situation are pre­
cisely those por'lions 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 nature r 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 h for the enterprise introduces its integrated dmab.rse, there are two appli­
cations, A and 8, each owning a private file that include. th Ii Id "customer balance." 
Suppose, how v r. that application A st r . that ri Id in d cimal wh · rca. applicati n 
B stores it in binary. II will still be po .. i I to integral th tw fil s, and to liminatc 
the redundancy, provided the DBMS is r ady and abl t per~ rm all n c ' . ary c n­
versions between the stored representation h ·en (which mi •ht bed cimal 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 diff r ·nc Lhat might exi l in a data­
base system between the data as seen by a given appli ali n and the data a. phy. ically 
stored. We will consider many other po·,sible difference lat r in thi ection. 

2. The DBA mu t have d1e fre dom to change the phy ical repre, entalion r access tech­
nique in re p n e to changing requiremen , without having to m c:lify existing appli­
cation. . or cxampl , n w kind f data mi ht be added lo the databa e ; 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
cation: ar' data-dependent, su h hang , will typically require COffesponding changes 
I programs, thus tying up pr grnmm r ffort that would otherwise be available for the 
er ntion of new application, . It i. 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 maj r hj Live for database sys-
tems. Data independence can be defined as th immunity of application to dmn •e in 
physical representation and access techniqu which implic . f c ur , that Hie appli­
cations concerned do not depend on any on pai'li ular physi ·a.I r pre ·entati n or a ·ce s 
technique. In Chapter 2, we describe an archit clur for databo. e ·y tem that I ro ides n 

Petitioner Exhibit 1029, Page 22 of 110



Chapter 1 I An Overview of Database Management 21 

basis for achieving Lhis objective. Before Lhen, however, let us consider in more delail some 
examples of the types of changes that the DBA might wish to make, and that we mighL 
therefore wish applications to be immune to. 

We start by defining three terms: stored field, siored 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 "occun-ence" 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 1ype 

\ \ t t 
stored field occurrences 

t \ \ \ 
---+--► I P2 I Bolt I Green 1 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 ad pl it ourselvc from time to time in this 
book. (These remarks apply to stored record. as well- see the 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 pan weight. We say that the database contains 
many occurrences of the "part" stored record t pe (again, one occwrence for each kind 
of part). 

• Finally, a stored file is the collection of all currently existing occurrences of one type 
of stored record . Note: W · a. ume for simplicity that any given stored file contains just 
one type of stored record . This simplification does not ma1 rially affect any of our sub­
sequent discus ions. 

Now in nondataba. . ysl m. it is norrn:i lly the ca. that any g iven logical re ·ord as 
seen by sorn application i identical to omc c rre. p ndin stored r cord. As we have ai ­
r ady s n, howe v r. this is not nee: s. nril y Lh ca. in a darnha. e "-Y· tem. b mis the ORA 
mi ghl need to he able 10 mnke r h:mg<'s rn 1hr stored representation of data- -that is, to the 
stored fi eld. , r c rds, and fil s- whil the data as seen by applications does not change. For 
example, the DEP/\RTM NT field in the .• MPLOY fil might be stored in binary to 
economize on torage . pa e, whereas n gi ven BO application might see it as a char­
acter string. And later the OBA might decide fo r some ren. on to change 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, n difference such as this one, involving data type conv rsion on some 
field on each access, is comparatively minor. In general , however, the dif~ ·rence between 
what the applicali n ce. and what is actuall y ·ta red might b quite cons iderable. To am­
plify this r mark. w pre. nL be low a list of asp cts or th . tor u r pr . ntation that might 
be subject to chang . You should ·onsider in each case wh:11 th DBMS would have 10 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 mighl be stored in internal arithmetic form (e.g., packed decimal) or 
as a character string. Either way, the OBA must choose an appropriate base (e.g., bi­
nary or decimal), scale (fixed or floating point), mode (real or complex), and pr cis1on 
(number of digits). Any of these aspects might need to be changed to improve p ,for­
mance or lo 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 unit'> in a numeric field might change-from inches to centimeters, for example, 
during a process of metrication. 

■ Data coding 

In , ome 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 cotTesponding 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 

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

Such a split would allow less frequently used portions of lhe 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 file.,· 

A given stored file can be physica lly implcm ·nted in storage in a wide variety of\ ays. 
For example, it might b cnli r •ly conwined will1i11 n single ·torage volume (e.g .. a . in­
gl' disk), or it might be spread acro~s 1, ·vernl volumes (possibly on s veral lliff rem 
device types); it might or might not he physicully sequenced a ·ording ICJ the values or 
. omc stored field · it might or 111igh1 not be scqucm:cd in one or more addi tional wuy:; 
by some other means, e.g., by one or mor inde s ur one or more cmbeddeu point r 
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 I erforrnance, of 
course). 

This concludes our list of asr ·cts or the torct.l uata rcpr scntation Lhat ar • . ubject to 
po .. ibl change. Th' list implies (among otJ1er things) thut the t.lataha:e should he able Lo 
grow without impairing existing urpliculi n. ; inuced. enabling the database 10 grow with­
out logically impairing e isting applications is 011 of the mnst important r ·asons r ,r re­
quiring data inucp n<lcnc • in th· lirst pluc . For example, it should be possible to extend 
:m ,xisting stored recort.l by the addi tion of n w stored fields, representing, typically, fur­
ther inrormalion com:eming s()mc e i ting type of entity (e.g., a "unit cost" fie ld might be 
adclc<l to the ·'part" -ior d re ·oru). Su h new fields should simply be invisible to cxbting 
applications. Lik ·wise, it shoulu h • possible to aud entirely new stored record types (anti 
hence new stored rile:), again without requiring any change Lo cxL ting upplications: such 
records would typically r present new entity types tc.g., a ··suppli r·· record lyp could b' 
added to the "parts" databa!-ic). Again, such audi tions ,hou ld b invi:ib!c lo e isling. appli­
cations. 

By now you might have realized llrnl data ind 'pendcncc is one or th rcas ns whys p­
ar:ui ng th data model from its impl mental ion, :1s uiscusscd near the end of Sc ·tio11 1.3, is 
so imporl.,ml: T lh extent w do nol make that scpuratio11 , we will not a ·hievc clala ind·­
p ndcn ·c. 171 widespread failure l make the sepnratiou properly. in today s. QL systems 
in pnrticular, is tJ1us particularly distressing. Nol<' .' We do not mean to . uggcst hy these re­
marks that today ' s SQI sysl •ms provide no darn indep ·ndence al all. only that they do pro­
vide much !es, tlrnn rclationul sy!.I rm, are 1heorctic:i!ly capable or. In other words, data 
indcpenuen • is not an absolute (differ·nt syst ms pn vid it l diff rent degrees, and few 
if any provide none al all ); SQL sy tcm • provit.le mor" lhnn older sy, tcm, , but they are 1,till 
nut p 'rrect, as we will see in the chapters to come. 
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1.6 RELATIONAL SYSTEMS AND OTHERS 

As menlioned 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 olidly 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 ge·nerate new 
tables from old. For example, there is one operalor, 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 turn 
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 illustralion . 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. 1.1, 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, a 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 a 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 
Pinot 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 

Pinot 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: Darnbasc 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 wlk in such 1er111s i~ rather misleading, however. 
bet:ause, unlike lhe relationnl model, the inverted Ii t. hiernn:hic, ond network "models" wer · all d•lined 
t! fter 1hefae1; i.e., cormnercin l inverted list, hiemrchic, and network producL~ were implemen1cd ji1:i-1, nnd 
the corresponding "models'' wer defined s11bscq11e111/y by II pro· s of induction-----in thi 1:ontext, a polite 
Lenn for gu sswork- from 1hos exi sti ng implementations. 

Petitioner Exhibit 1029, Page 28 of 110



Chapter 1 I An Overview of Database Management 27 

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 uch 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 J 970s and early 1980s. AL the 
time of writing, the vast majority of database systems are relational, and they nm 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.; Informix 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 Jnformix; Lhe object 
(sometimes object-oriented) system · represent attempts to do something entirely different, 
as in the case of GemStone from GemStone Systems fnc. and Ver ant ODBMS from Ver­
sant Object Technology. We wil! discuss these newer systems in Port VI 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, sortware (in particular the 
database management system or DBMS), and-most important!-users. Users in tum 
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. 

*Thc_term object here ~as a ralher specific meaning, which we will explain in Part VI. Prior 10 that point, 
we will use the term 111 its normal generic sense, barring explicil stalements to the contrary. 
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Onl!lba. system), pro id a numb r orb nelils. of which on f th - most important is 
physi al) data indcp •11d nc . Data ind I endcncc ·an h d fin d as th • immunity of ap­

pli -~11ion pro nuns to ·hang 'l, in th way the clatu il> physically 11 re<l and nc • . s cl . Amon 
other things, lata indcµcnd nc r quir •. that a sh rp di!-.tin ·tion h made h tween the data 
model and its implem •ntation. (W r'mind ou in passing th~H the l rm data mod<!/, p r­
hnps unfonunat ly, has 1wo rather 1.lif~ rent meanings.) 

Datahas yst ms al. o usu.illy supp rt h·ansaclions or logical units of work. One ad­
vun1age of transactions i. that they ar' guarani d to h atomic (al l or nothing), even if the 
system fails in th' micklle of their xccuti n. 

"ina l ly, tlatabas syst ms can b ba ·ed on n numb •r r dif~ rent approach .. Relational 
system: in parti ul11r :u·· bu-scd < n t1 formal theory ailed th relational model, according 
10 which data is r pr sent 'd as rowi. in tahl s interpreted 11. true propositions and op r­
ators arc prov id d 1ha1 dir~ctly support th prot: 'S:-. of inferrin, nclditional tru pr po. ilion. 
from the given ones. From hoth an economic and a th o ti al persp ·tiv . r lational sy. -
t ms 11r easily th' most important :incl this , Lat of affairs is not likely t chang, in th ~ r -
. ceahl rutur ). We hav . n a few . implc xample. or QL th standard lun uage for 
lcalin with r'lati nul systems (in parti ·ular, ampl ·s of 1h QL SELE T LNSERT, 
PDA TE, and DELET stat ·m nt. ). Thi~ book will be heavily ha. don r ·lationnl sys­

tem ·. 1llhou h- for reason. explain ti in the preface-not so much on SQL per se. 

EXERCISES 

1.1 Define the following term. : 

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 
property 
query language 
redundancy 
rel ationship 
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 relational system? Di tinguish between relational and non­
relational system . 
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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 Lo Exercise I .6. 

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

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 hollies 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 tind 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 thi, database. 
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ANSWERS TO SELECTED EXERCISES 

1.3 Some disadvantages are as follows: 

• Security might be compromi. ed (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 (Lhough 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. Ri esling Jekel 
Fume Blanc Ch. St. Jean 
Gewurztraminer Ch, st. Jean 

C. BIN# WINE YEAR 

6 Chardonnay 1996 
22 Furne Blanc 1996 
52 P i not Noir 1995 

-- -
d. WI NE BIN# YFI\R 

Cab. Sauvignon 48 1993 

1.7 We give a solution for part a. only: "Rafanelli is a producer ofZinfandel"-or, more precisely, 
"Some bin contains some bottles ofZinfandel that were produced by Rafanell i 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 numhers 45, 48, 64, and 72 are deleted from the CELLAR 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 val ue (the pri ­
mary key for the CELLAR table is {BIN#}-see Chapter 8). 

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

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

C. SELECT BIN# 
FROM CELLAR 
WHERE WINE 'Cab. Sauvignon• 
OR WINE 'Pinot Noir' 
OR WINE= 'Zinfandel' 
OR WI NE= •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 BI N# = 30 

e. DELETE 
FROM CELLAR 
WHERE WINE= 'Chardonnay ' 

f. INSERT 
INTO CELLAR ( BI N#, 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 syslem. Our aim in pre­
senting th is architecture is to provide a framework on which subsequem chapters can build . 
Such a framework is useful for describing general database concepts and for explaining the 
structure of specific darnbase 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. ln particular, " small'' systems (see Chap­
ter I) will probably not suppon all aspects of the architecture. However, the architecture 
does seem co fit most systems reasonably well; moreover, it is basically identical to the ar­
chitecture proposed by the ANSI/SPARC Study Group on Data Base Management Systems 
(the so-cal led ANSI/SPARC architecture-see references (2.1-2.2)). We choose not to fol­
low the ANSI/SPARC terminology in every detail, however. 

Nore: 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
em database system, it is again somewhat abstract and dry. As with Chapter l, 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 internol level (also known as the physical level) is the one closest to physical stor­
age-i .c., it is 1he one concerned with the way the data is physically stored; 

• The external level (also known as the userlogical level) is the one closes! to the users­
i.c., 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 

/ 
/ 

111:iny distinct .. cxtemol views." c~ich consisring of a more or less abstract representation of 
some portion of the total datab,t~e. and there will be precisely one "conceptual view," consist­
ing of a similarly abstract representation of the database in its entirety.* (Recall that most users 
will not be interested in tl1e total datnbase. but only in some restricted po1tion of it.) Likewise. 
there will be precisely one "internal view," representing the datnbase 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. ExplGJ1ation: 

• At the conceptual level, the database contains information concerning an entity type 
called EMPLOYEE. Each indi vidual employee has an EMPLOYEE_NUM BER (six 
characters), a DEPARTM13NT_N UMBER (four characters), and a SALARY (five 
decimal digits). 

■ At the internal level, employees are represented by a stored record type called 
STORED_EMP, twenty bytes long. STORED_ EMP contains four stored fields: a six­
byte prefix (presumably containing control information such as flags or pointers), and 
three data fieltls corresponding to the three properties of employees. In addition, 
STORED_ 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 1ha1 the repn:scmation in question involves constructs such as records 
and fields that are more user-oriented, as opposed to constructs such as bits and bytes that are more rna­
chinc-orientcd. 
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External (PL/I) II I 
External. (COBOL) II 

DCL 1 EMPP, 01 EMPC. 
2 EMP# CHAR(6), 02 EMPNO PIC X(6). 
2 SAL FIXED BIN(Jl); 02 DEPTNO PIC X(4). 

I Conceptual. 
I 

EMPLOYEE 
EMPLOYEE NUMBER CHARACTER (6) 
DEPARTMENT_ NUMBER CHARACTER (4) 
SALARY NUMERIC (5) 

Internal II 
STORED EMP BYTES=20 

PREFIX TYPE=BYTE(6) ,OFFSET=O 
EMP# TYPE=BYTE(6),0FFSET=6,INDEX=EMPX 
DEPT# TYPE=BYTE(4),0FFSET=l2 
PAY 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, EMP O 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 fi eld 
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 syslem 
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 conceplual level in such a system will definitely be relational, in the sense that 
the objects visible at that level wiJI be relational tables and the operators will be rela­
tional operators (including in particular the restrict and project operators discussed 
briefly in Chapter l ). 

• 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 :1 rather specific meaning in rel:.11ional contexts 
that is not identical to the meaning ascribed 10 it in this chnpter. See Chapters 3 and 9 
for an explanation and discussion of the relational meaning. 

■ Third, Lhe intemaJ level will nm be rch1Lional. because Lhe obj ects at Iha1 level will not 
be just (stored) relational tables-instead, they will be 1he sume kinds or objects found 
a1 the internal level or any Other kind of system (swrcd records, pointers. indexes. 
hashes, etc.). In fact. tile relational model as suc..:h has nothing whatsoever to say 
about the internal level; it is, to repeul from Chapter I. concerncu with how the data­
base looks to the user. 

We now proceed 10 discuss the three levels of the archjtecturc in considerably more de­
tail, starting with the external level. Throughout our discussions we will be m:lking repeated 
references LO Fig. 2.3, whk h shows U1e major components of the arcbiLecture and Lheir in­
terrelationships. 
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Host 
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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 I, 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; un like other users, however, the OBA will need to be in­
terested in the conceptual and internal levels al o. See the next two sections.) 

Each user has a language at hi s 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" language (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'. requirements and sup­
ported by some online application program (as explained in Chapter I). 

For our purposes, the important thing about al l 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 (sec 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' 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 easi ly separable, we ay 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 U1c system developers, a fact that pre­
sumably accounts for the status quo.) 

In principle, any given data sublanguag i. really a combination of al least two sub­
ordinate languages-a data definition languag (DDL), which supp rts 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 wi th the DBMS: 

■ The DDL pmtion 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 exlensio11s to PUl to support new objec ts Lhat c.1re 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- agai n, possibly including special new statements. 

Note: In the interests of accuracy, we should say that PL/I in fact does not include any 
specific daLabas features at ail at the time of writing. The "DML" statements in particular 
are 1ypically just PL/1 ALL statements that invoke the DBMS (though those calls might 
be . ynlactic.'llly disguis d in some way to make them a little more user-friendly-see the 
discussion of embedded SQL in Chapter 4) . 

To n::turn to tht! architecture: We 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 
(that i - 10 that u er the external view is the database). For example, a user from the Per­
sonn ·I D panm nL might rt.:gard the database as a co llection of deparLme111 and employee 
n.cord occurrence·, and migh t be quite unaware of the supplier and pait r 'Cord occurrences 
seen by users in the Purchasing Department 

In general, 1hen, ,m external view consists of many occurrences of each of many types of 
external record 1101 oect!ssarily the same thing as a stored record).* The user's data sublan­
guag • is defined in t ·n11s of external records; for example, a DML retrieve operation will re­
trieve external record occurrences, not stored record occurrences. Note: We can now see that 
the term "logical record" used a couple of times in Chapter I actual ly referred to an external 
record. From this point forward, in fact, we will generally avo id 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 simpl ' •xarnpl s . The external schema is written using 
the DDL portion of the user's data sublan •mtge. (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. 

• we arc assuming her ' tluu ull in ormution b rer,1"<:,c111ed ut the external level in the fonn of recurdi.. I low­
evcr. some ·y~tcms ulluw infoona111rn to be n::p1esc11ted in u1hc1 w 1y.- in ·Icad of ur ai. wd l us 1ccor Is. Fur 
a y~t 111 u~ing such (1hernativc method~. the de 11miuns und c plu11ati1 ns given in th is 'ecti n will require 
suiiablc modificmion. Analogous rcmurk. upply 10th' conceptual and inten1ul levels 11 lso, 11.11. Detailed cun­
. ideration of such m:men; i • beyond the cope of thi, early part of the book; see Chapter · 13 (especiul ly 111 
"Refcrc:nccs :rnd Bibliogruphy" section) and ~4 for fm1hcr dL ·ussion. 
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In addition, there must be a definjtion of the mapping between lhe 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 u n:prese111ation 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 
i intended Lo 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 con ists 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 occuncm.:e (etc ., etc.). A conceptual record is not nec­
essarily the same a either an external re ord 011 the one hand, or a stori;d 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 definition. of information content 011/y. Thus, there must be 
no reference in the conceptual schema to stored field representation, tored record seq)ience, 
indexes, ha. hing chemes, pointers, or any other storage and access details. If the concep­
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 inc.:lude a great many additional features , such ns 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; 
Ill moi.t ·xi~ting sysl 111s, the" ·ouccpLU al sch ·111a" is really little mor ' lhan a simpl ' union 
?f_all of Lh indi vidual 1;;X lcrnal ·h mas, plus ·enain securil and inll!grily const.rai111 •. But 
It is certuin ly possible Lhat sys tem of the fuw rc will b • much mun.: sophislicatctl in Lh ir 
support of Lhe conceptual level. 
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2.5 THE INTERNAL LEVEL 

is • • vcl. internal view is ::i low-lev I rep-
1 ntalion f lh' enlir tla it ny rren ach of many lyp s of 
i rnaJ record. " Int rn:11 " i AR rm~ onstru ' l Lhat w have 
been call in, a stored record (nnd we will onturn to use lhi. latter t rm . h' int rnal vi w 
i. Lhus still al nc rcmov' from Lhe physi al lev I, since it does not deal in terms of physi­
c:o / rccords-:1lso ,Ill d blo ·ks or pag • - n r with any device-specific considerations 
, uch a. cylind r or track size . In olh ' r word, , the int rnal vi w r~ cliv ly ossumcs an in­
linit linear add s . . pac ; d tails or how that address I a is mapp d l physi nl sI rag 
ar highly sy ·t nH ,p cili c and are d lib rat ly omitt I fr m th gen ·ral ar hit ·1tIrc. Nore: 
Th bl ·k, or pagi:: i. the unjt of 1/0- i. .. it is the amount of data transferred between sec­

ndury . torag und m:1in memory in a sing! 1/0 operation. Typical page sizes are lK, 2K, 
or 4K bytes (K = 1024). 

The internal view is described by means lr 1h int rnal thcma, which not only ti -
fines the various stored record types but also sp ·iJies what indexes exist, how ·tor d ricl Is 
ar r pre. cnlcd, what phy ica l s qu 11 111 . torcd rec rds ar in and so on on · again. 
s Fig. 2.2 f r a simpl e ample . Th int rnal sch ma is wrilt ·n using yel an 1ther data 
uelinilion languag - th i11tPma/ DDl,. Nott!: In this book w will normally us 111" more 
intuitive terms " storage structure" or "sto1 ·d dalaha. ·• in pla • f " int ·rnal view" and 
'. torag ·structu re d ·linition·· in plac of " internal schema." 

In clo. ing. w r 1mrk that. in cer1ai11 cxccptional situations, application programs-in 
parti ular. applications of a 111ili1y nutur (s e Section 2.11)- might be permitted to oper­
a! directly at th • in1ernal 1, cl rat11 r than at the external level. eedless to say, the prac­
li is n t r~c mmend ·d; it rcpr senL" a security ri ·k (s ince th se ·urity on. 1rnin1 • ar · 
hypa .. et.l rnd an int ,rity ri: 1-.. (sin · ' th integrity onstrainls ar hypa, d lik wis , and 
lh progrum will b da1.a-<lep nd nt 10 bool ; but somctim s ii might b lhe only way to ob­
tain th r quired functionality or p r~ rn1ance- ju. Las th u er in a high-I v I programming 
lunguag sy L ·m 111ighI casiomilly ne cl lo d •scend to ass mt ler languag~ in order to sat­
isfy certnin functi nality or p 1formance ,bj ctiv s today. 

2.6 MAPPINGS 

In addition to the three levels per se, the architecture of Fig. 2.3 involves certain map­
ping 11 conceptual/internal mapping and several external/conceptual mappings, in 
general: 

■ The conceptual/internal mappiJl , defines the correspondence between the conceptual 
view and the stored databa ; it . pecifie how conceptual re ords and Ii Ids ar repr •­
s 111 d al lh internal I v ·I. If th • structur • of t11e st r d dutabas is chan • d- i . .. i f a 
change i • made I th storag ·tructure d 11nition h 11 U1 c nc ptunl/intcmal map­
ping mu t be changed a ordingly, so that the c 11 ·eplual 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 correspondence between a particular ex­
ternal view and the conceptual view. In general, the differences that can exist between 
these two levels arc 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 J, 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 OBA in a little more detail. ln 
general, those tasks will include at least all of the following: 

• Defining the co11cep1ual schema 

It is the data administrator 's job to decide exactly what info1mation is to be held in the 
database-in other words, to iuenlil"y the entities of interest to the enterprise and to 
identify the information to be recorded 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 o f that schema will be used by the DBMS in responding to access 
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requests. The source (uncompiled) form will act a a reference document for the users 
of the system. 

Note: In practic -, man r. mighL n L be as clearcut as the for g ing remarks sug­
gest. In some cases, th duta ndministrator might creale the conceptual schema directly. 
In others, the DBA mi •ht de the logical design. 

■ Defining the internal schema 

The OBA must also decide how the data is Lo be represented in the stored database. This 
pro ·es. i lL ually referred 10 as phy ical database design.* Having done the physical 
design, the OBA must then create th correspondjng storage structure definition (i ... 
the in ternal schema), using the internal DDL. Jn addiLion. he or he must al ·o define 
the ussociuLed c nccptual/intcrnaJ mupping. In practice. either the conceptual D r 
the in1e111al DDL- most likely the former- wi ll probably include the means for defin­
ing that mapping, bu t th two function (er ating the ·chema, defining the mapping) 
should be clearly ·eparabl . 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 
a :-iilabl and to writ· (or help the users write) Lhe necessary externals hemn • using 
th appli abl' external DDL. (As already m ntioncd. a given system might suppon . ev­
cnll di ·ti net c ·tcmal DDLs.) In atltliLion the con·e ponding e Lernn l/ n cptual map­
pings must also b defined. In pm Lice. th ext nm! DDL will probably 111clud Lh' 
means for specifying those mappings, but nee again lhe 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 professional services. 

■ De.fining security and integrity w11strai11ls 

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

■ Defining dump and reload policies 

Once an enterprise is committed to a database system, it b com s critically dependent 
on the successful operation of that system. In the event of damag to any portion of the 
database-caused by human 'l'l'OJ', say, or a failure in the hnrdwar r operating sy:.­
tem- it is essential to be able Lo repair the data concern d with the minimum of dclny 
and with as little effect as possible on the rest of the system. , r xample. th :JVail­
abi li ty of data that has not been damaged hould ideally not h affected. The DBA 11111st 

*Observe the sequence: Decide what darn you want first, then decide how to represent it in storage. Phys­
ical design should always be done afler 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 wcJI 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 l , the DBA is responsible for organizing the system in such a way 
as to get the pe1fo1mance 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 pe,formance 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 10 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 lhe 
database. Conceptually, what happens is the following (refer to Fig. 2.3 once again): 

I. A user issues an access request, usirng 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. 

_1024 bytes= one kilobyte (Kil): 1024KB = one mcgnbytc (MB): I 024MB = one gii;nbyte (CB): 1024GB 
;-~~e ternhy1e (TB): 1024TB = one pernby1e (PB): l024Pil = one cxabyte (ER). Note that a glgubyte is a 
•
1 10

:1 bytes, loosely spcnking (the nbbrcviaiion 88 is some1irnes used in place of GB). lncidentully-and 
comr,iry 10 popuhir beli~f- ,:i.11<tby1e is pronounced with a soft initial g ("jigabyte"). 
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By way of an example, consider what is involved in th reLri val r n particular c tcr­
nal record occurrence. In general, fields will be r 1uired from • veml on • ptual record c­
currences, and each conceptual record occurrenc in turn will rcquir fi Id. from ' v ml 
stored re ord oc urr nee .. C nceptually, th n, the BM must li.rst retri v • all r quired 
stored re on.I ccurrence. , then con truct the r quired conceptual rec rd occun nee , and 
then onstruct Lhe r quired ext ·rnal record occurrence. Al each stage, data typ or oth r con­
vcr. ion might b n • s. ary. 

f cours , lli> for g ing description i. very much ·implified; in parti ular, it impli s 
that the enlire pr e • is interpr live, inasmuch u it ·ugges ts that th pr ces f analyz­
ing the reque l, in p ting the variou chema , etc., are all done at run time. Interpretation, 
in turn, often implies poor performance, becau e of the nm-time overhead. ln 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 thi - e 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 onverl 
them to lhe appropriale object form. In other words, the DBMS mu I in ludc DDL 
pro' ssor r DDL compiler compon nt • f' reach r the variou data dcfinili n hm­
guagc. CDDLs). The DBM must al. o' und rsiand" Lh DDL definition., in the s •n 
Lhat, for xampl , it "under tands'' that EMPLOY E xtema.l rec rds includ a 
SALARY field; it must then be able to use this kn wledg in analyzin 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 exi ting 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 ho· query, i.e., a r qu st for which th · 
need was not seen in advance, but instead an s in a spur-of-th ·-mom nt fashion . 
The physical database design might or might not be ideally . uit d for the spe · ific 
reque t under consideration. 

o use the terminology introduced in hapler J ( cti n 1.3), plann <l r quests are 
charn ·t ri. tic of" pcrati nal" or "pro<lu · Lion' ' application , whil • unplarmed requests 
are ch:1rac1eristic )f "d >Ci i n support" application . Furth •nno1 . plann d requests 
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Fig. 2.4 Major DBMS functions and components 

unplanned (ad 
hoc) DML requests 

Query 
Language 
Processor 

enforce security 
and integrity 
constraints 

metadata 

will typically be issued from prewril.ten application programs, whereas unplanned re­
quests, by definition , wi II be issued interactively via some query language processor. 

Note: As we saw in Chapter l , the query language processor is really a built in online 
application. not part of the DBMS per se; we include it in Fig. 2.4 for completeness. 

• Optimization and execution 

DML requests, planned or unplanned. must be processed !by the optimizer component, 
whose purpose is to determine an efl1cient way of implementing the request. Opti­
mization is discussed in detail in Chapter 17. The optimized requests are then executed 

Petitioner Exhibit 1029, Page 47 of 110



46 Part I I Preliminaries 

under the control of the run.time manager. Note: In practice, the run-time manager 
will pr b:1bly invoke some kind offi1e manager to access the stored data. File managers 
are di cus ed briefly at the end of the present section. 

■ Data security and integrity 

Th DBMS must monitor user rcqu ts and r j I any attempts to violate the security 
and integrity constraint • cl lined by th• OBA ( e the previous section). These tasks can 
I 1.:arri u ul 111 compile Lim· or run tim r some mixture of the two. 

■ Data recovery and co1Zcurrency 

The DBMS-or, more likely, some other related software component, usually called 
the transaction manager or transaction processing monitor TP m nit r mu t en­
for • rtain recovery and con ·urrcncy controls. etails of th s asp ~L of the y t ·rn 
ur beyond the p or U1is cha pt r: see Part IV f tbi book f run indeplh di ·cu ·sion . 
Note: h transncti n manag r i not , h wn In Fig. 2.4 because it is u. ually not part f 
the DBMS per se. 

■ Data dictionary 

The DBMS must provide a data dictionary fun Li n. The data dictionary can he re• 
gardcd us a datubas in it · >wn right (but a system database nHber than a user dalaba c . 
Th dicli nary ·onl:.lin • "data ab ut the data'' ( om tim s ailed 111ewdaw or des Tip ­
rors)- Lhnl is, deji11itio11s ()f oth r obj t in the syst m, in. tend ol'just' raw datu." ln 
pnrti ular, nil or the vari ui. s hemas Hnd mappings external. con ·cplunl Le. and all 
or th variou • • curity and inte rity constraints will be . tored, in botlt . >urc • und ob­
ject form, in the dictionary . A comprl;hcnsiv di · tionary will nls includ , much addi­
tional information, showing, for instance, which programs u c which parts or the 
databn e. which user rcquir whi h report.. an I , o on. Th di tionnry might v n­
in fact, pr bably : houltl- b intcgrul d into the datnbas it dcfi n sand thus in ·lull its 
own d finiti n. ertuinly it : hould b possible to query the di · Li nary ju ·t lik any 

ther database, so that, for xamplc, ii is possible to t - II which pr grams and/or users 
are likely to be affected by some proposed chang 10th system. . c hapt r 3 for fur­
ther discussion . 

Note: We are touching here on an area in which there is much terminological con­
ru ion. om peopl would r fer t whaL we are calling th dictionary as a diret1or:v r 
a ·ata/og- with the implicalion that dir 1ories and catalog, arc somehow inl'erior Lo a 
true dictionar -and would r s rve lh l rm dic1io11a,:v to refer I asp ·cific (i mportant) 
kind of appJic:.11io11 c.lev I pm 111 to I. ther l rm · that ar al som time, u cd lo r., f r 
to this latter kind of object are data repositmy ( ee hapl r 13) and dtua encyclopedio. 

■ 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 aying 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 sec 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 di s­
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 

fn 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 (buillin or 
otherwise), and thence to the DBMS, in the form of communicalion 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 di scussing database systems from the poini of view of 
the so-cal led ANSJ/S PA RC architecture. In particular. we gave a simplified picture of that 
architecture in Fig. 2.3. In this section we take a look al database systems from a slightly 
different perspective. The overall purpose of such systems. of course. is to support the de­
velopment and execution of dmaba1,e applications. From a high-level poim of view. there­
fore, a database system can be regarded as having a very simple two-part su·ucture. 
consisting of a server (also called the backend) and a set of clients (also calledjhmtends). 
Refer to Fig. 2.5. Explanation: 

■ The server is just Lhe DBMS itself. ft supports all o f the basic DBMS functions dis­
cussed in Section 2.8-data definition, data manipulation, daia security and integrity, 
and so on. In particular, it provides all of the external, conceptual, and internal level 
support discussed in Sections 2.3-2.6. Thus, "'server'· in this context is just another 
name for the DBMS. 

■ The clie111s are the various applications that run on top of the DBMS-both user-writ­
ten applicntions and builtin applications, i.e., applications provided by the DBMS ven­
dor or by some third party. As far ns the server is concerned. of course, there is no 
difference between uscr-wrillen and builtin applicotions-lhey all use the same inter­
face to the server, namely the extemal-lcvcl interface discussed in Section 2.3. 

,,......----.._ 

D End users 

I 
Applications Clients 

I 

DBMS Server 

_l 
~ I ~ 

"'- ~ 

Database 

Fig. 2.5 Client/server architecture 
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Note: enain special "utility" applications might c n tilule an xccption to the 
foregoing ina much u they might sometime need to pernle directly at Lb imemcil 
I vel of the . y tern (n mentioned in Section 2.5). uch utilities are be t regarded a in­
tegral • mp nenlS of d1 DBM , rarner than a applications in the u ual en. e. 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 born cases me language needs to be coupled somehow wiili 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 oilier 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 fo1matted 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. Repo1t 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); 

i. 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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differem ma hi11es. ln oLher words, the potential exi ts ~ r di ·tributcd processing. Di -
tributed proce sing mean lhat distinct machines can be conn ted t geU1er into . m kind 
of communications network in such a way that a single data-proce ing la ·k can be pread 
across several machines in the network. In fact, so attractive i thi p . sibility- ~ r a vari­
ety of reasons, mainly ec n mi - that the term "cli nt/server" has ·ome t npply almost 
exclusively to the case wh re lient anu . erv r are indeed n differ at machin s. We will 
discuss distributed processing in m re detail in ection 2.1 2 . 

2.11 UTILITIES 

Utilities are programs designed to help the DBA with various administration tasks. As 
mentioned in the pl) vious section, som ulility program operate nt the ext rnal level of the 
. y rem, and thu are effectively nothing more than pe ial-pu rpo e appl ication ; ome 
might not cven be provided by tbe DBMS vendor, but rather by ome third party. Other util ­
ilics , however, operat directly at the internal lev I (in otb r words, they are really pal'! f 
the server), and hence must be provided by the DBM vendor. 

Here are some examples of the kind of uli li li . Lhat 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, to rearrun , the data in the tored database r r various rea­
sons (usually having to do wi th r,erfonm111 e .g., to cluster data together in ome 
particular way on the disk, or to reclaim space occupied by d11tn that has become ob­
solete; 

■ Statistical routines, to compute various performance statistics such as fil e sizes or 
value distributions or T/0 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 Sed i n 2.10, the term "distributed processing" means that di tinct machines 
can be connected together into a communi at ion. n twork su h as th 1111 rnct, . u ·h that ,1 

single data-processing task can span several machine. in the 111;:lwork . (The term "para llel 
processing'' is also sometimes used with essentially the same mean ing. except thaL the di ·­
ti net ma hines tend to be physically close together in a "parallel' system and need n lb 
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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 term, 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. 

D 

I 
DBMS 

l 
I ..... 

~ 

Client machine 

Transparent 
remote access 

I Server machine 

Fig. 2.6 Client(s) and server running on different machines 

Petitioner Exhibit 1029, Page 53 of 110



52 Part I I Preliminaries 

■ Likewise, the client machine might be a personal workstation, tailored to the needs of 
the end user and thus able to provide better interfaces, high availability, fas ter re-­
sponses, and overall improved ease o f use to the user. 

• Several dirfercot client machines might be able ( in fact, 1ypicnlly will be able) to ac­
cess the same server machine. Thus, a sing le database might be shared across several 
distinct client systems (see Fig. 2.7). 

In addition to the foregoing arguments, there is also the point that running the client(s) 
and the server on separate machines matches the way enterprises actually operate. I t is quite 
common for a single enterprise- a bank, for example~ to operate many computers, such 
that the data for one portion of the enterprise is stored on one computer and the data for an­
other port.ion is stored on another. l't is also quite common for users on one computer to need 
at least occasional access to data stored on another. To pursue the banking example for a 
moment, it is very likely that users ato11e branch office will occasionally need access to datu 
stored at another. N ote, therefore, that the client machines might have stored data of th eir 
own, and the server machine might have applications of i t~ own. fn gcnernl , therefore, each 
machine will act as a server for some users and a client for others (see Fig . 2.8); in other 
words, each machine will support an entire database system, in the sense of earl ier sections 
of this chapter . 

D 

Communication 
network 

• • • • 

Server 
machine 

Fig. 2.7 One server machine, many client machines 

D 
Client 
machines 
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Clients 

D Server D 

Clients Clients 

Server Server 

D D 

Clients Clients 

Server 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, cnterprfacs do typicalJy operate in such a manner that the 
lOlalily of their daw is nOL stored on one sing le machine but rather is spread across many 
dislinct machines, and applications will sometimes need the ability to access data from more 
thun one machine. Such access can basically be provided in two different ways: 

• A given client might be able to access any number of servers, but only one al a time 
(i.e., each individual database request must be directed to just one server). In such a 
system it is not possible, 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. 

■ Th cli nl miglll be able lo access many. crver. simulLane usly i ... a sing! d:.11a a e 
reque L might e able ll ·omhine data from • vcral . rvers). In thi cas , the servers 
look 10 the Ii nt- rrom o I gical point f view- as if they w re really a . ingl . erver. 
and the user does not have Lo kn w which machin . h Id which pi ces or data. 

This latter case constitutes what is usually c.111 d a distributed databa ' y. tem. Dis­
Lribuled daLabas is a bi i pie in it. own right; carri d lo iu; I gica l conclusion, full tlis­
Lribu1 d tla1ahns supp rt impli . that a ingl • applic.ition sh ultl be abl Lo operat 
' 'trnnspar nll y" on data that is ·p1 ad across a v, ricLy r di rn r 111 databns , , manag u by a 
vari ty f different DBMS. , running n a variety of diff; r 111 mn hin upp rt 'u by a va­
riety or different operating ·y. terns, and connect d t ether by a vari ty f different c m­
muni ation nelw rks- wh r "trnn. parently' means 1hat th appli ·nti n operates from a 
logica l point of view as i f the data were all manag d by a single DBM running on a in­
gle machine. Such a capa ilily might sound lik a prelly tall ordcr!- bul it is high ly desir­
abl fr m a prn ·Lical rerspcctive. and vendo are , 01'1.ing hard to make s11 ·h . yslems a 
r aliLy. We will di, ·us. su h syst ms ind Lail 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: ·n1c internal level is the one closest to physical storage (i.e., it is the one 
concerned with the way Lh 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 eived at ea ·h level is u • ·rib d by a chcma (or 
several schemas, in the case of the external level). Mapping d fine the corr spondence be­
tween (a) a given external schema and the conceptual schema, und (h th con ·eptual 
schema and the internal schema. Those mappings are the key t th pro i ·i 11 f logical and 
physical data independence r sp ·Liv ly. 

Users-Le., end users and appli :Hi n pr grnmmcr ·. both of whom operate al the 
external level-interact with the duta by means of n data ·ubhmguagc, which divid ·s into 
at least two components, a data d ' finition language (DDL) :md o data manipulation 
Ian uag (DML). The data . ubl:.111guage is cmb dded in o ho t language. Nore: The 
boundaries between the hosl lunguag anti th• du.la sublan unge and b tw n the DD 
and the DML are primarily conc;eplual in natu1 : ideally th y . hould b "transpar nt l th' 
user." 

We also took a closer look at the functions of the DBA and the DBMS. Among other 
things, the DBA is responsible for creating the internal schema (physical database design); 
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by contrast, creating the conceptual schema (logical or conceptual database design) is the 
responsibi lity 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 appl ications). Client and server can and often will run 
on separate machines, thus providing one s imple kind of distributed processing. In gen­
eral, each server can serve many clients, and each c lient 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 th is 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 sublanguagc 
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 
reorganizat ion 
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 me/ad(l(a? 

2.7 Lise the major functions performed by the OBA. 

2.8 Distinguish between the DBMS and a file management system. 

2.9 Give some examples of vendor-provided tools. 
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2.10 Give some examples of database utilities. 

2.11 Examine any tlmabase system that might be available to you. Try lo map lhal sy~t Ill to the 
ANSI/SPARC architecture as described in this chapter. Does it cleanly supp<)rt the three lt;vcls of the 
archi tecture'! How ;11-e the m;ippings between lcveb defined? Whm do th· various DDu; (ex ternal, 
conceptuttl , internal) look like? Wha1 data sublanguage(s) does tJ1 • system supporl'l What husl lan­
guages? Who performs th' OBA function? Are there any security or integrity facilili<:l '! b them a dic­
tionary? Is ii self-describing'! What vendor-provided applications do ~ the system support'! What 
utilities'! Is there n separate manager? Are there any distributed processing capabilities? 
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(2) "binary rclutionship" scheme~. and (3) " imcrprctecl predicate logic" schemes. Th· report obo 
includes a discussion or the fundu111cmal concepLS uu lerlyin!\ the notion of the ·1nKep1uul 
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suppot1s that notion. Heavy going in places, but an impo1tant 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 Odysseas 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 coITectly 
that today's database products "force users to frame their queries in terms of a logical schema 
that is c.lirecLly 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 lo 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 

As explained in Chapter I , the emphasis in this book is very much on rcluLionul systems. In 
particular. Part lJ covers the theoretical foundations of such systems ( the rclaLional model) 
in considerable depth. The purpose or the present chapler is just to give u pmliminury, in­
tuitive, and very infonnal introduction LO the material 10 be addressed in Part JI (and to some 
extent in subsequent parti,, loo), in order to pave the way for a better understanding of those 
later parts of the book. Most of tJ,e Lopics mentioned will be discussed more formally, and 
iJ, much more detail, in those later chapters. 

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 relation.al model of data. Intuitively, what this statement means 
(among other things) is that in such a system: 

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

2. Integrity aspect: Those tables satisfy certain integJ"ity 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 databa.-;e, 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 D1 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 (al o known as select) extracts specified rows from a table. 

■ The prnject operation extracts specified columns from a table. 

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

Restrict: Result: DEPT# DNAME BUDGET 

DEPTs where BUDGET> SM 01 Marketi ng lOM 
D2 Development 12M 

Project: Result: DEPT/ BUDGET 

DEPTs over DEPT#, BUDGET 01 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 
02 Development 12M E4 Sai to 35K 

Fig. 3.2 Restrict, project, and join (examples) 
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Of the three example., the only one that seems to ne d any further explanalion i. the 
last one, the join example. Observe first that the 1wo t.tbl s D -PT and E IP d indeed hav 
a common column, DEPT/t, so they can be joined together on th basi. of ommon values 
111 that column. A given row from table DEPT will join 1.0 a given row in tabl E P (to yield 
a row of the result table) if and only if the two rows in question hav a common DEPT# 
value. For example, the DEPT and EMP rows 

DEPT# DNAME BUDGET EMP# ENAME DEPT# SALARY 

Dl Marketing lOM El Lopez Dl 40K 

(column names shown for expl icitness) join together to produce the resu lt row 

DEPT# DNAME BUDGET EMP# ENAME SALARY 

01 Marketing lOM El Lopez 40K 

bccau. e they have the same value, DI, in the common column. ote Lh:ll the common valu 
appears once, not twice, in the result row. The overall result of the join contain. all po.• i­
ble rows that can be obtained in this manner (and no other rows) . oL in putticular thai 
incc no EMP row has a DEPT# value of D3 (i .e., no employee i. curr nlly assigned to lhat 

department), no row for 03 appears in the result evi;n Lh ugh Lherc is a row for D. in tabl 
DEPT. 

N lw, nc poim tha1 ·ig. ___ clearly show~ is that the result of each of t/1e three oper-
ations is w111tlu•r table (in oth r words. the operators arc ind d '·operaLOrs Lhat d rive 
tables from tables; as previously state I). This is the closur property of r lationul sys­
t~ms, and it is very important. Basically, because the output or any operati n is the same 
kmd of object as the input- they are all table - the owput from one operatirm can be­
come input to another. Thus it is possible, e.g., LO Lak a projection fa join, or a join of 
tw~ restrictions, or a restriction of a projection, etc., etc. ln U1 r word , il is po siblc to 
wnte nested expressions-i.e., expressions in whi ·h the op rands them elve. ar repre­
sented by general ex pres ions, instead of just by simple tabl name . Thi ra t in turn has 
numerous important consequences, as we will se lat r (both in thi. chapt ·rand in many 
subsequent ones). 

By the way, when we say that the output from each operation i another table, it is im­
po~tant to understand that we are talking.from " co11ce11fllal poi Ill 11/ view. W d 1101 m an 
lo imply that the system actually has to mate,;oliz • lhc re. ult of cv ry individual op ·ra1ion 
in its entirety. For examp le, suppose we are try in Lo compute ;l restriction of a jnin. 11ic11, 
as soon as a given row of the join is formed. th sy:tcm can imm dim ly t . I that row 
against the specified restriction condition to ~ e whether it b longs in the final r suit. and 
immediately discard it if not. In other words, the interm -<.liate r su it that i th ou1pu1 fr 111 

the join might n ver exist as a fully materializ cl table in its own right :u all. As a general 
rule, in fact, the system tri es very hard 11.01 t materialize int rm <liate r suit. in th i~ en­
tirety, for obvious performance reasons. Note: Ir intcnn di ate re ·ults ar fuJly materiallz d. 

Petitioner Exhibit 1029, Page 62 of 110



Clwplcr 3 I An l11trod11ctio11 to Relatio11nl Databases 61 

the overall expression evaluation trategy i called (unsurprisingly) materialized evalua­
tion; if intermediate results are pa 'Sed piecemeal Lo ubsequent 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-Lime; that is, the operands and results are whole tables , not just single 
row. , and table 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 al all.) For example, the join 
in Fig. 3.2 operates on two tables of three and four rows respectively, and return 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-processi11g capability is a major distinguishing 
characteristic of relational systems (sec further discussion in Section 3.5 below). 

Let us return Lo 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 table . Tables are the logical structure in a relational system, not the physical struc­
ture. At the physical level, in fact, the sy tem 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 lo 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 
sy tem 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 infor111atio11 content of the database is represented in one and 
only 011e way, namely as explicit values in colu11111 positions in rows in tables. This 
method of representation is the only method available (at the logical level, of course) 
in a relational system. ln particular, there a1·e 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 EI row of table EMP, because employee EI works in department DI ; but that 

II i,., 11 11 un fortumne Incl thm most of today's SQL product~ do not . uppon thi:. a:,pcct of the theory prop­
_'rly. To be more ,,x:cilk. they typicully support only m1hcr restrkuvc conceptuaVinternal 111up1>ing.~ typ­
ically, they map 011 • logical table dira ·tty to 011 • M reel file). A ;1 con c4111:n ", they do not pmvid n' irly 
a much phy:ie:11 d:11a independence as relational technology is theoretically capable of. 
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connection is repr scnlecl, nm by a p int r, but by the app aran ·c f th value D 1 in 
t·h ~PT# position of the EMP row for E l. In nonr l:nionnl systems. by ·ontrast (e.g. 
IMS or lDMS) such information is typically r pres nted- n, mention cl in Chapter 
I- by s 111 kind of poi111er that is xplicitly visible to the user. 

Nnte: Wh n we say th r are no p inter. in a r lational database, w don I mean 
th r cannot b pointer. al the rli sic(l l /f've l nth c ntrary, 1.h r c rtainly can and 
indeed there almost c rtninly will. But, I repeat, all . uch phy. ical . torag detail. are 
con ealcd from the us r in a relational system . 

• o mu ·h ror th stru wral and manipulative a p cts f the rclati nal m d l; now we 
turn lo th int grity aspc t. on ·idcr th departments and mpl~ y s databas of Fi . . I 
once again. la pra ·tice. that dalabHse might b rcquir1; I to sati · fy any number or integrity 
on. traints- f r xample, employee sa laric. might hav • L he in rhe rnng 25 K to 95K 

(say cl partment budgets might have 10 be in th· rnn •c IM to 15 (, ay), and so on. cr­
rnin of those constraints ar~ of . uch major prngmati ' importctn e. howev r, Uuu they enjoy 
some sp cial nom n lature. o b spc ·ific: 

I . Ea h row in tahl • D PT must in ·lud a unique D •PT# value: lik wise each row in 
table -MP must in lud a unique •MP# va lu . We. ay. loosely, that co lumn, D PT# 
in table D PT and · MP# in tahle -:.MP are th primary key for th ir r spectiv ta­

bles. (R ' all from hapter I that we indicate primary keys in our figur . by LI ublc un­
derlining.) 

2. ach D •PT# valu in tabl EMP mu. t exist a. a DEPT# alue in tuble D -:.PT, to re­
flect th fac t I hat ev • ry cmployc must he assigned 10 an existing d panm nl. We st1y 
1 o. ly, Uial olumn D ,PT# in 13 le MP is a for •ign key, re~ rcncing th primary k y 
of table DEPT. 

We lose U1is section with a definition of th· r Inti nal moll I, for purp scs of sub. -
quc111 refer n c (despit the fo I that th d finiti n i. quit abstract and will not b very 
cornpr hcnsibl • at thi. . 1a 0 c). Briefly lhe relational model ·on. i. I. or the foll wing five 
components: 

1. 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- nd d collection of generic rdational operators for deriving relation values 
from other relation values. 

As you can see, the relational model i 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 impo1tant 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 RELVARS 

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. Brieny, 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 rBM. 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 LS.I) in Chapter 5). 

■ Since Lhat 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 thal 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 sy terns in Part fl, we will make u e of the formal termi­
nology , but in this chapter wear not trying to be so formal (for the most part, at any rate), 
and we will mostly ·tick to term such as "row" and "column" that are reasonab ly 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 databas are really re­
lation variables- variables, that is, whose values are relation values (different relation val­
ues at differenl times). For example, suppose EMP currently 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 1 

The result is shown in Fig. 3.3. 

EMP EMP# ENAME DEPT# SALARY 

El Lope z D1 401< 
E2 Cheng 01 421< 
E3 Finzi D2 30K 

Fig. 3.3 Relation variable EMP after deleting E4 row 

on ptually, wh.11 ha · happen c.J h r is tha1 the nld relmio11 va/u of EMP has hec11 

replltc •ii n bloc by a11,•11lirel 111ell' relation value. r ·ours , the old value (with four r ws) 
and the n won (wiLh Lhr>c J ar~ very s imilar, hut conceptually 1hey are diff renl values. 
Ind cu, th dd t p ·rution in qu :,, tion is bn.sica!ly just shorLhand ~ r a ennin r laLional 
ai.-signment opcra1ion tha1 might lo k some1hing like this: 

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

(Nol(' : 13 th the ori >inul DE. E E and th ' quivalcnt a ·signm nL Latem nt ar~ xpr ssc<l 
in .1 langua, ail ed Tulo.-iul O 13. 1. Ml U is Lhc Tutorial Dk yword ft r the relaLionol 
diffen ·m·e op rntion-s ·c hapl r 6. A s in a ll a. signmelll. , what is happening h r , c n­
ccptually sp akin•, is lhal (a) 1h 'X f'll' 'ssion n th right-hand side is evaluuted nnd th n 
(b} 1h r 'sull or 1ha1 ·v:duati II is as. igned tc, ch ' va riabl on the left-hand side (by defini-
1io11 . or ·m11·s , that I r1- h, nd si<ll! must idcnti l'y a ,,arioble sp • ·ificall y). As already slated, 
the ncl cfh:L is 1hus tu plu • lh " kl" l.:.MP 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 aid 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 figu re 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 our 
examples prior to this point, but you shou ld 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 fo llows: 

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

EMP# ; EMP# 
I I 

SALARY; ENAME NAME DEPT# : DEPT# MONEY 
' I 

El Lopez Dl 40K 
E2 Cheng Dl 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; 

• Second, a. mentioned I ri fly in Chapter 1, each row in the body fr denotes a certain 
true proposition obtained from the predicate by substituting certai n urgu111e11t vnlues 
or th uppr priute typ for the placeholders or parameters of that pr ui ale " instanti­
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 parameter are EMP#, EN AME, DEPT#, and SALARY, corresponding of course to the 
four EMP columns). And the corresponding true pr p siti ns are: 

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

(obtained by . ub lituLing the EMP# value E1, the NAME value Lopez, the DEPT# value 
Dl , and !he M •Y value 40K for the appropriate parameters); 

Employee £2 is named Cheng, works in department DJ, and earns salary 42K 

(obtained by sub. tituling the EMP# value E2, the NAME value Cheng, the DEPT# value 
D 1, and the MO Y 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 nic .inalogy her· that might help you appreciate and rem mber the e import:inl 
points: T pes tm: to relations c1,f nouns are to se111e11ce.\·, ) Thus, in Lh example. the things 
w can Lalk ab u1 arc employee numbers, names, departm nt numbers, and mon y values. 
anu th thing w ay are true utterances of the form "The employee wiU1 the specified cm­
pl ye numb r has Lh specified name, works in the specift d d partm ·nt, and earns the 
· peci □ d 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 arc sufficiem, as well as necessary- i.c., we do not need 
anything else, logically speaking. 

Note: It also follows that types and relations are not the same thing. It is an unfo1tu­
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# i~ named DNAME and has budget BUDGET." 

■ Restriction of DEPT where BUDGET> BM: "Depa1tment 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 bEPT# 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 pammeters, 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 arc often said to be nonproce­
dural, on the grounds that users specify what, not how- i .e., they say what they want, with­
out speci fying 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 (actually a CODASYL network system; the example is taken from the chapter on 
network databases in reference ( 1.5]). Note: The database is the wel I-known suppliers and 
parts database. Refer to Section 3.9 for further explanation. 

Despite tl1e remarks or the previous paragraph. it has to be said that no11procedural is not 
a very satisfactory tenn, common though it is, because procedurality and nonprocedurality are 
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INSERT INTO SP ( S#, P#, QTY) 
VALUES { 1 54 1 1 'PJ', 1000 

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

ACCEPT S-SP-ADDR FROM S-SP CURRENCY 
FIND OWNE.R WITHIN P-SP 
GET P 
IF P# IN P < 1 P3 1 

leave l oop 
END-IF 
FIND PRIOR SP WITHINS-SP 

END-PERFORM 
MOVE 1P3 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 rs 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
cedural limn ·om~ other languag B. P·rhaps a b ttcr way of pulling mull · r • would b LCl 

ay Llrnl Ian •uagcs ·u h as QL are al a higher lc>vel uf abs1ractio11 than lnngung . uch as 
++ and BOL (or dula sublunguages such us ar typically found in n rll' luLional 

DBM. s ome to that, as 1-i •. '.'.5 . how.). uru.Jamentally il is !hi raising of Lhe I v I of 
ab. tra Lion that is responsihl for the increa • cl productivity that relational systems can pro­
vide. 

Deciding just how to perform lh aulomati navigati 11 ref rrcd 10 above is lhc re­
sponsibility of a very imp 1tan1 DBM componcnL ailed Lhe optimizer (we merllion ·cl this 
componenl briefly in hapt r 2). In oth 'r words, for ·ach relalionnl 1'&1uc:l f'r()m the us0r, 
il is Lhcjob of the oplimizer to choos an effi icnL way to impl rnenl lhal request By way 
of an example, let us suppose the user issues th f II wing requ st (Tutorial D nee again : 

RESULT : = ( EMP WHERE EMP# = ' E4 ' ) {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 resu lt of that restriction to be projected over the 
SALARY column. Finally, the a signment 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 imple 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) rel var 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 rel vars cuffently are; 

■ What indexes exist; 

■ How selective those indexes are; 

■ How the data is physically clustered on the disk; 

■ What relational operations are involved; 

and o 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 op timizer ("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 wi ll have a lot more to say about the optimizer in Chapter 17. 

3.6 THE CATALOG 

Al. expluined in hapt r 2, 'V ry DBM must pro idc a catalog or di tiouar fun ti n. 
The mnlog i. th plm.;c wh ·r -among other thin s- al I of the variou .. chcmu. ( xt rnal , 
concc1 tual int mal} m1d all or 1he corr ponding mappin •s (ex ternal/1.: nc ptual, conccp­
tuul/intemal are kepl. In other words. U, catalog ontains dctaile I information (. ometim ' . 

Petitioner Exhibit 1029, Page 71 of 110



70 Part I I Preliminaries 

called descriptor information r mctodata) r arding the vari u object that are or inter­
c l to Lh y t rn it ·elf. Example f such bjects ar r Ivar , ind x user . integrity con­
straints, sc urity conslraints, ands n and so~ rlh . e! cripl r inC rmati n i. s ntial if the 
sy tern i to do its job prop rly . F r example, Lhe plimizc.:r uses catal g info,mation ab UL 

index s and lher physical sLOrag' Lru lures, a. well a. much other informati n, to help it 
decide how to implement user requ . t . Likewise, the . e urity ubsy I m uses catalog in­
formation about users and security con ·tr.iin lS :ee haptcr 16) 10 grant or d ' ny such r que l 
in th ru·st place. 

ow one c>f Lhe nice ~ atures of relational sy tems i that, in such a y tern. rhe cata­
log irself con is1s of re/vars (more pr ci cly. sys! m rel vars, :o called to di tinguish them 
from ordim1ry user ones). As a result, u. ers can interrogate t11e catalog in exactly the same 
way lh y interr gate their own daLa. For ex ample, Lh • catalog will typically include two sys­
t m r lvai ca ll d TABL • and OL MN the purp se of which is to describe the tables 
(i . . , r I vars) in the databru e and the c lumn. in Lim. e table .. ( We say "typically" because 
the atalog is 1101 th ame in v ry sy. Lem ; the differences ari e because the cata log for a 
panicular sy. Lem neces arily co111ai11 a g odd al I' inlorm:.11ion th,ll i ' P cilic to that sys­
tem.) For the u pai1mcms and employees databa • of rig. . I, th' TABL and COLUMN 
relvars might look- in outlin -as , hown in Fig. 3.6. * 

Note: As 111 ntioned in haplcr 2 the catal. g houlu normally be self-describing-i.e., 
it should include entries describing th cural g r Ivar themselves. No such entries are 
shown in Fig. 3.6, however. ee • xcrcis 3.3 at the end of L11e 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) 

Note thlll the pre~enl'C ot a ROW O T t:0lu111n in the figure suggests 1ha1 I , RT and D LETE_op-
cnuiun~ on the dulabu~c will cause an upd:ue tu 1he catalog as o ~idi: effect. In practice. R W OUNT 1111ghl 
he updmcd only on request (e.g., when ome utility is nm). meaning Lhe va lue. might nol always 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. Nore: If we had wanted to keep the result of this que1y 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 relvars include a column called EMP/t?" 

( COLUMN WHERE COLNAME ~ 'EMP#' ) { 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) rel vars 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 relvars 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 CREATE TABLE 
statement ("TABLE" here meaning, very specifically, a base relvar). And base relvars ob­
viously have to be named-for example: 

CREATE TABLE EMP ... ; 

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 cvilluating a certain relational expression at that time; the relational exprei;sion 
in question i~ ~pecified at the time Lhe view in quescion is created. For example, the staLc­
ment 

CREATE VIEW TOPEMP AS 
( EMP WHERE SALARY> 33K) { EMPI, ENAME, SALARY} 
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might be used 10 define a view called TOPEMP. Nore: For reasons that are unimportant at 

lhis j uncture, Lhis example is expressed in a mixture of SQL and Tutorial D. 
When Lhis stmemcnl is executed, 1he relational expression fol lowing Lhe AS- the vicw­

delini11g expr ession- is 1101 evaluated hul is merely "romemberecl .. by the system in some 
way (ac1ually by saving it in Ihc calalog. uncler the speci fied narne TOPEMP). To Lhe user, 
however, ii is now ns if Ihcrc really were a rclvar in the liatabose called TOPEMP, with cur­
rent va lue as indicated in Ihe unshndcd portions (only) or Fig. 3.7 below. And t11e user 
shou l(I be able to opcra1e on Lhat view just us if' ii were a hase relvar. Note: Lr (as 1;ugge.s1ed 
above) DEPT and EMP are thought of as r<'Ctl relvarn. then TOPEMP might he thought of 
as a vir111al rclvar- i .e., a rel var that appare111ly ex ists in its own right, hut in facl does nol 
(i1s value at any given 1imc depends on Lhc value(s) ofcenain oLher rclvar(s)). 

TOPEMP EMP# ENAME 

El Lopez 
E2 Cheng ... 

w~mimm 1rnt.4lxii~rni 1m 
E4 Saito El. • ,; 

SALARY 

40K 
42K 

iiilfiiiiiiiip~J{iii 

35K 

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 evaluated, we do nol mean Lo 

suggest that we now have a se1wrate copy or the dut~,; i.e .. we do not mean lo suggest that 
lhe vicw-dclining expression octually i s evaluated . On the contrary, the view is effectively 
just n 1i, i11clow into the underlying ba~e rel var EMP. As a consequence, any changes 10 Ihn1 
underlying relvar will be auLomatically and instanlancously visible through thut window 
(assuming they lie withi n the unshaded r o11io11, or course). Likewise, changes to TOPEMP 
will automatically and insI0111.tneously be applied to relvur EMP. and hence be visible 
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# SAIARY 

E1 40K 
E4 35K 

Conceptually, operations against a view like the retrieval operation 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> 33K 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, cons ider 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, con i. ting as it doe 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 of 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 rel vars: 

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

We wi ll 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 11amed, derived, virtual rel­
var. Thus, the relational analog of an ANSI/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 fo llows that views in the relational 
sense are the relational model's way of providing logical data independence, though once 
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again it has to b aid that l day's commercial products are seriou ly deficient in this re-
gard. Se hapler 9.) 

ow lhe A I/SPAR architecture is quil general and allows for arbitrary variabil-
ity between Lhc external and c n eptual lev Is. In prin ipl , cv n 1he types of data structures 
supported at the tw I vel cou ld h cliff rent- for xampl , lhe c nceptual level could be 
r huional. whil a given u er oultl hav an external view that wa, hierarchic. In practi e 
h we er, mo t sy ·tern. u. th ame type of structure. the basi for b th levels. and rela­
Li aal products are n exception 10 thi , rule- view are Lill rel vars, ju t like the bas rel ­
var arc. And ·ince the ame type of bjecl i upported at both level . the , amc data 
ublanguage u ually SQL applic at b th level . £ndeed, the facl thnt a view i a r Jvar i, 

pre.ci ely 11 • o[ the trcngrh • fr lational ·y tcms· it i imp rtant in ju t th ·ame way that 
th fa t that a ub et i a el i imp rtan1 in mathematic ·. Nole: QL produces and the QL 
. tandard ( e hapter 4) often em l mis. thi. point, however, ina much a they refer re­
pcnLedly l "tables and views" (wi th the implication tha1 a view i not a table) . You are 
trongly advised 1101 to foll into this comm n trap of taking "tables" (or "relvars") to mean, 
pe ifically, base Lable. (or relvurs) on ly. 

There is one final p inL that ne ds to be made n th . ubjecl of base relvars vs. views, 
as follows. The base relvar vs. vi w di. tinction i. fr quently characterized thus: 

■ Base relvars "really exisL," in the sense thaL they repres nt data that is actually stored 
in the database; 

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

However, thi characterization, lh ugh pcrhnp u. eful in an informal 11 ·e. doe. n t accu­
rately rellc L the true state of affair .. II i. Lru thaL user can 1hi11k f' bas rel vars as if they 
were phy. ically stored; in a way. in ra l, Lhc wh le point r relational system. i. to allow 
users to think of base rel vars as phy ically exi. Lin,. while not having to cone 111 them. Ives 
wilh h w those rel var. arc acLually reprc. cnted in sLorag . But- and it is a hig bull- chis 
way of thinking . h uld not be con tru cl ·1:, meaning that a ba. c rel var i physically st r d 
in any kind or di1 t v ay ( .g., a a single . L red nlc). * As xplain cl in S ction 3.2, busc 
r Ivar m b . l thought of a an abs1rac1io11 f sc me ollection of. Lorctl data- an ahslra ' ­
Lion in which all st rage-level details ar' concealed. ln principl . thcr' can he an arbitrary 
d grec of diff rcntiaLi n bet we n a base rel var and its tor d ount ·rpart. 

A . implc xample might h Ip t larify this p int. onsid r th departments and em­
ployees database once again. M st or today" srel Li nal systems would pr hably implement 
that database with two st r ti liles. one for •n h or th Lwo busc r Ivar .. But there i ab-

*Th following quote from u rcccnl book display~ severul of th· confu. ion being lliscusscd hen:. ;ii, well 
as ochers discus ·cd in Section 3.3 earlier. "( Il l is important to make a di ·unction between . torcd rela tion,, 
which nre Jab/e.v, um.I virtuul relations, which are view.v ... I WeJ shall u. e rdatitm nly wh ·re a I.able or n 
view could be us d. When we wanl IO cmpha.qize that a rel:.11ion is . tored. rather than a view, we shall some­
times u~e lhc h: rm hust· rl'it11i1111 or bast' wb/e. •• Th quote i . . regreuahly, 11 t at all mypical. 
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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 ll. However, our coverage al this point is 
deliberately not very deep. 

In Chapter I 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 i 
ELSE ROLLBACK 

END IF; 

Points arising: 

$$$ from account A to account B * I 
/ * withdra wal */ 
/ * deposit * / 

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

I. 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 lo 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·,,t, in the 
sense of Chapter 1. 

3. Transactions arc also guaranteed to be isolated from one another, in the sense that data­
base updates made by a gi vcn transaction T 1 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 ,ire canceled (rolled 
back). In this latter case, the effect is as if the transaction never ran in the first place. 

Petitioner Exhibit 1029, Page 77 of 110



76 Part I I Preliminaries 

4. The interleaved excculi n of a set of concurrent tran actions is (usually) guaranteed to 
be serializable, ia 1J1e . ense that ii protlu e. the . ame re ult as executing those same 
transactions one at a time in some un pecifi d serial order. 

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

3.9 THE SUPPLIERS AND PARTS DATABASE 

ur running cxampl thr ugh< u1 most r 1his bo k i the well-known upplicrs and part 
Ja1aba e (maintained a we saw in hnpt r I , I y a Ii Lili u ompany call d Kn wWarc 
Inc.). The purp se or this . e tion i. t explain 1J1ut databa. e, in rd r 10 s rve a. a point r 
refer n for Inter hapt r . Fig. 3.8 . h w. a set r ample data valu • ub 'equem exam­
ple wi ll actually a sume U1ese pecific value . where it make. any dfffcren ·e. Fig. 3.9 
h w tbe databas d finition cxpre sed in (a slight variation n) Tutorial D once again . 
01e the primary and for ign k y . pecifi ·ntion. in parti ular. te to that (a veral 

columns have data types or th· sam • name as the olumn in qu . lion; (b) tb . TATUS col­
umn and the two CITY columns m d fined in lenns of builtin tyJ s-1 T ER (int ger.) 
and CHAR (character string. of arbitrary length instead of u. er-defined on s. oie fi ­
nally tJ1at th re is an important p int l be made regarding th c lumn value as hown in 
Fig ... ', but~ are n t yet in a p . ition 10 make that point; we wi ll wme bu kt it in hap­
ter . S ction 5.2, in the ub cction ·111itl d "P s ible Representation ." 

s SI SNAME STATUS CITll SP S# P# QTl/ 

Sl Smith 20 London S1 Pl )00 
S2 Jones 10 Paris S1 P2 200 
SJ Blake )0 Paris Sl PJ 400 
S4 Clark 20 London S1 P4 200 
SS Adams )0 Athens S1 PS 100 

S1 P6 100 
S2 Pl 300 
S2 P2 400 

p P# PNAME COLOR WEIGHT CITl/ S3 P2 200 
S4 P2 200 

Pl Nut Red 12. 0 London S4 P4 300 
P2 Bolt Green 17.0 Paris S4 PS 400 
PJ Screw Blue 17 . 0 Rome 
P4 Screw Red 14.0 London 
PS Cam Blue 12.0 Paris 
P6 Cog Red 19.0 London 

Fig. 3.8 The suppliers and parts database (sample values) 

Petitioner Exhibit 1029, Page 78 of 110



TYPE S# ... ; 
TYPE NAME .. . 
TYPE P# ... ; 
TYPE COLOR . . . ; 
TYPE WEIGHT ... ; 
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 (CJTY). 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 shipme11ts. It serves in a sense to link the other two relvars 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 SI) to a specific part from P (namely, part 
PI )-in other words, it represents a shipment of parts of kind PI by the supplier called 
S 1 (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# va lue is uniqu with respect to the et of 
shipment currently a.pp aring in SP. Note: The sample value · in Fig. 3.8 delib rately 
include one supplier, supplier S5, with no matching shipm nts at all. 

We remark that (i already pointed ou1 in hapler I, Secli n I. ) :;uppl ier. and parts 
can be regarded as entitle , mid a sh.ipmcnt can be regard d as a relationship bctwe n a 
particular supplier and a particular pan. A. al op int d ut in thnL ·e lion, h w ver, a r -
lati nship is best regard d a. just a special cas of an ntity. ne advantag f relational 
databa es is precise]) that all entilies, regardle s of whether they are in fo t relationship. , 
are represented in the same uniform way-namely, by means of rows in relations, as the 
example indicates. 

Ac uplc of final remarks: 

■ First, the uppliers ond parts database is of c ur c exLremely simple. much simpler than 
any real uatabase is lik ly lO be; most real dat:ibases will involve many mor entitie 
and r lation hip· (and many m re kinds f entities and relalion hips) titan Lhi one 
does. Nevertheless, ii is uL least ud ·qual L illuslrat 1110. t of Lhe p i111s that we need 
to make in the reM of Lh bo k., anti (as already slat d) we will use it as the ba, i • f r 
most- not all--of ur ·xampl s in the ext few chapters . 

■ Second, ther is of course) nothing wron with using mored scriptive names such as 
S PPLI R , PAR , and SfUPMENT in pluc f the rather t r. e names S, P, and 

P used above; indeed d scriptive names arc genernlly t be recommended in prac­
tice. But in the ca e f suppliers and part. . pccilically. Lhe rel vars are referenced so fre­
quently in th chapters that follow that very short nam s s em d desirable. Long names 
1encl to become irksome with much repetition. 

3.10 SUMMARY 

This brings us to the end of our short overview of relational technology. Obviously we have 
barely scratched the surface of what by now has bee me 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 i a summ, ry f the major topics w have di scu ·sell. 

A relational database is a database Lhat is perceive{! by its users as a collection of re­
lation variables-i.e. , relvars-or, more inf 1111ally, table . A relational system is a sys­
I rn Lhat . upporls relational databases and operalions on such database , including in 
particular th 01 rations restrict, project, and join. Thcs • per.uions. and others lik them. 
ure all • t-level. The closure property fr lational system. mean. that the output from 
every operation is the same kind of object as U1 input (lhey arc all r lat ions). which m ans 
we can write nest •d relational e,rpressions. Re l ars can be updal d by 111 ans of Lh ' r ln­
tional • • i nmenl peration ; the fan iliar updat operations INSERT POAT ~, :md 
DELET can b re arcl d a sh rthancls for certain ommon r lational assignments. 
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The formal theory underlying relational . ystems is called the relational model of 
data. The relational model is concerned with logical matters only, not physical matters. It 
addresses three principaJ 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 arc 
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 var that contain descriptors for the various items that 
are of interest to the system (base rel vars, views, indexes, users, etc.). Users can interrogate 
the catalog in exactly the same way they inten-ogate 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 refen-ed to as expressible relations). A view is a rel var 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 arc 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 Lo 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 supplier and partc, databa . 
It i worth taking the time to familiarize yourself with that example n w, if you lrnvc not 
uJrcady don so; that i. , you should at least know which relvur hav which columns and 
whnl the primary and forci n 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 
optimization 
predicate 

primary key 
projection 
proposition 
relational database 
relational DBMS 
relational model 
restriction 
rollbnck 
set-level operation 
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-de. cribing- i.e., it includes entries for the cata­
log rel vars themselves. Extend Fig. 3.6 to include the nee ·sary entries for the TABLE and COLUMN 
relvars themselves. 

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

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

Nat : Actually there is a ·light problem with this query, having to do with the dmu type of the P# col­
umu. W • will come back lo Lhis point in Chapter 5, Section 5.2 (subsection "Type Conversion.''), 
Analogou~ rem11rks apply 10 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 
( ( 5 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 Lec111res: 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 Award 
for his work on the relational model. lt discusses the well-known application backlog problem. 
To paraphrase: "The demand for computer applications is growing fast- so fast that informa­
tion systems depanmems (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: 

I. Provide IT professionals with new tools 10 increase their productivity; 

2. Allow end users Lo 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 ( 1990). 

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 sol id theoretical base. Relational systems, by contrast, do rest 
on such a base ... which means [they J 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 C. J. Date and Hugh Darwen: Fm111dt1tiu11 for Obj,u·1/Re/111i1m11/ /)u1a/,as11,1·: 71,t> Third Ma11ifes10. 
Reading. Ma.~s.: Addison-Wesley ( 1998). See also Lha i11t roduc1ory overview puper ·''1111· Third 
Mw1i[t's10: Foundation for Object/Relationnl Durnbases:· in C. J. Dale. Hugh Darwen, and Dnvid 
McGt>vcran, Nefationaf Databusl! Writings 1994- 19'}7. Rending, Ma~s.: Adtlison-Wesley ( 1998). 

The Third Ma11ifesw is a detailed, formal, and rigorous proposal for the future direction of data­
bases and DBMSs. It can be seen as an abstract blueprint for lhc design of a DBMS and the lan­
guage interface to such a DBMS. It is based on the classical core concepts type, value, variable, 
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and operator. or example, we might have a type lNT R; the integer "3" might be a value 
f that type; might b a variable of Lhtll type, who. valu at any given time i. some integer 

value (i.e., some valu of that type ; and .. +" mjght be an peraLOr 1ha1 applies L 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- the entries for 
the user's own relvars are omitted). It i obviously not possible to give precise C L UNT and 
ROWCOUNT values. 

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

3.5 The meaning of the query i "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 cxpres -j n that defines V, 
giving: 

( ( ( ( S JOIN SP) WHERE P# 'P2' ) { S#, CITY} ) 
WHERE CITY= 1London 1 ) { S#} 

This simplifies to: 

( ( S WHERE CITY= 'London' ) JOIN 
( SP WHERE P# 1 P2 1 ) ) { S# } 

For fur1her 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 1, 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 14.1-4.3) 
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 current standard might possibly be "SQU99," 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 

• i., ft)CI no product possibly could support SQL/92 in its t:nlircly, because SQL/92 as currently specified 
CO~lto,ns numerous gaps, mis1akes. nnd inc,insistencies. See referenco [4. 19] for a detailed discussion of this 
pom1. 

83 
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P, L AVE, WHILE, and REPEAT, a well 
a cv raJ r lated feature. such a. voriabl . and e, ceplion handler ). A a c n • · quen , 
U1crc is no le nger any ne I to ombine QL withs me di ti net ··11 t" language in ord r 
to d v lop a omplet application. However, we choose n l l discu. s P M in any de­
tail in this book. 

• You will not be surprised to I arn Uiat SQL u. e. th term table in place of both of the 
term relation and re/var(. e hap1er r con. i t ncy with th Q standard and 

QL products, th refore, we will cl likewi e in this chapter (and elsewhcr in thi bo k 
when vcr wear concerned with Q speci 1cally). Also, QL do . not use the term · 
heading amJ hody (of a tahl or r lation . 

• SQL is an n rm u. lunguage. Th . tandard d um 111 r4.22j its If i, w II v r 600 
pages long and the L pecifi ation nr over twice that . ize . A, a c n. qu nc . 
it is not pos ibl in a b ok of thi naLUr to treat 1.he subject e Jiau tiv ly; all we can 
hop Lo do is describ major aspect in a reas nably comprehensive mann r, but you 
are warned that our di m,sion. ar~ neccs ·arily uperfi ial. In particular, w hav n L 
he itM d to omit material that is irr I vanl to th purpose at hand, nor t mak simpli­
fi ations in th int r . 1 f br vity. M I c mplete (but . till tutorial) descripli n. can 
b ~ und in r ~ r nccs I4.4j, 14.191. and 14.271. 

■ Finally, it ha · lob said that (a. indi at d at vari u point in hapters 1- 3) Q is 
very far from b ing th per~ cl relational languag - ii suffer from . in · of b th omis-­
. ion ·md c mmi. i n. ev rlhel . , it i. th tandnrd, il is upportcd by ju L about v ry 
product on the mark I and v ry data a. profe . ional n d to knows m thin ab ul 
it. Hence the cov rag in this book. 

4.2 OVERVIEW 

SQL include · b th data definition perati n and data manipulation op ration . We con­
sider d finitional peration fir. l. ig. 4.1 give an SQL definition for the upplicr and 
par databa e (compare and contra t ig. 3.9 in hapter . A you can ee, the definition 
include one RE TE TABLE statement for each f the thre ba.e table a noted in 

hapLer the kcyw rd TABLE in RE T ABLE mean a ba e tab! p cilically . Ea h 
such CREATE TABL ,... Lalem nt . p cifi s lh nam of th bru table Lo be er ated, the 
name and data Lyp s of the column. of that table. and th primary key and any for ign key. 
in that table (possibly som addi tional information al. o, n L illu. Lral din Fig. 4. 1). A c u­
ple of syntactic points arising: 

■ t that w oft n make use of the"#" character in (e.g.) names of column , but in fact 
1hnt chara tcr is n I legal in SQU 2. 

■ We use the . micolon ·';" as a stat ment terminal r. Whether SQL/92 actually uses 
uch terminator dep nd on the context. The sp cifics are beyond the scope of this 

book. 
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CREATE TABLES 
( S# CHAR(5) 1 

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

PRIMARY KEY (SI) ) ; 

CREATE TABLE P 
( P# CHAR(6), 

PNAME CHAR(20), 
COLOR CHAR ( 6) 1 

WEIGHT NUMERIC(S,l), 
CITY CHAR(lS), 

PRIMARY KEY (Pl) ) ; 

CREATE TABLE SP 
( S# CHAR(S), 

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

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

It tl~. I 1.:r111i1 them to define what it calls domains, but those "domains" are not really domains- Le .. 
l(ypc.~- 111 the r..:lurional sense (see Chapter 5). Note: User-defined types are supported in SQL3, however 
See Appendix U). 
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can perform r lati nal re tricL, pr jccl. and j in I rati ns on Lh data, in each ens by u ing 
the QL data manipulation statem nt ELE T. Fi . 4.2 how h w ertain restrict. project, 
and j in operali n might b formulated in Q . Nole: Th join exampl in that figur il­
luslrme. the point thal qnalHicd names (e.g. .S#, P.S#) are m tim nee . ·ary in QL 
to "disambiguate" column refc1 nc . . Th br ad 11.ile i • that qualified names are always ac­
ccplable but unqualified name are al. o a· eptable o long a · they cau e no ambiguity. 

We remark that also SL.q)port • a shorthand form or 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 I.Ible; the tar or a t ri ·k i . . horthand ~ r a comma- ep­
arat d Ii ·t fall olumn names in th table( ) fer ·need in th FROM clause, in the len­
to-right order in whi h tho. c lumn s) ar defined within th . e rnbl (, ). otice the 
comment in thi s exmnpl . in id ntally (intr du ed with a d ublc hyphen and t rrninatcd 
with a newlin' character). Note: Th cxpre si n • L • T * ROM T wher Ti. a table 
name, can be rurthcr abbreviated to just TABL T 

The SELECT statement is dis uss cl al much greater length in Chapter 7 (Section 7.7). 

Restrict: Result: SI P# QTY 

SELECT SI, P#, QTY Sl P5 100 
FROM SP Sl P6 100 
WHERE QTY < 150 ; 

Project: Result: S# CITY 

SELECT SI, CITY Sl London 
FROM s ; S2 Paris 

S3 Paris 
S4 London 
S5 Athens 

Join: 

SELECT s . s1, SNAME, STATUS, CITY, Pl, QTY 
FROM s, SP 
WHERE s.s, = SP . SI ; 

Result: SI SNAME STATUS CITY Pl 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 1, 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 arc some set-level update examples for the 
suppliers and parts database: 

INSERT 
INTO TEMP ( 

SELECT 
FROM 
WHERE 

P#, WEIGHT 
P#, WEIGHT 
p 
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 
coJTesponding 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# - ' 

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 
lhen 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 lnu:n::sL,; of accuracy, we should mention that 1here is accually no such thing as a "dacabase" in the 
_QL stundarcl! faactly what the collection of data is called that is described by a catalog is implementa­

tion-defined. However, it i~ not unreasonable to think of i t as a database. 
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The Information Schema thus 011. i 1s of a set or 'QL wblcs wh sc c 11Lcnl! eff tiv •ly 
echo, in a precisely defined way, .111 f the definition from all of th olh r sd1emas in th 
catulog in quc tion. Mor~ pre isely, the ln~ rm:11ion cherna is defined L contuin a set of 
views of a hypothetical " ~finiLion chema." The implcmcnt.ati n is not required 10 sup­
po11 the Oelinilion S h ma a : uch, but ii i r quired (a) Lo upporl some kind f "D lini­
tfon chema,'' and (b to. upport views r that "D finilion. hema ' that do look lik tho. e 
of lhc lnfornialion hcma. P ints arising: 

I . The ra1iooule for stating the quir men! in tem1s eparaL piece (a) and b) as 
juM described is as follows. First, exi. ting produ • ccrwinly d . upp rt omething akin 
to the ''Definiti n Sch ·ma.'' I low ver, th s " D finiti n hemus•· vary widely from 
one produ t Lo au ther (even when the product. in qu tion me from the ame ven­
dor . Hcnc th ideu of requiring nly l11at 111 implementation upp rt certain prede-
fined view!> of its " D ·rinition Sch 111:1" d make sense. 

2. We should really say "an" (1101 " th ") In~ rm:Hion chernu, since as we hav seen 1her 
is one such schema in every cmalo . In g neral, th re~ re, th totality of ua1~1 uvailable 
to a given user will not be de ribed by a ·ingle In~ rmati n Schema. F r simplici1 . 
however, we will continue 10 talk as if ther were ju I one. 

JI is not worth going into gr~:ll d tail on 111 • cont 111 f the Ln fonnation ·chemu here; 
im,Lead, w1,; simply lis1 som • of the mor impo11ant In~ rmation Sch ma views, in 111 ' hop· 
thal lh ir names alon • will be . ufficienl lo gi ve s me idea of what those views c 11Lain. W 
should say, how v r, lhat th TABL view c ntains informati 11 for ull narn d tables 
views as well as has· tabJ s, while the VI WS view con1ain information for views only. 

SCHEMATA 
DOMAINS 
TABLES 
VIEWS 
COLUMNS 
'rABLE PRIVILEGES 
COLUMN PRIVILEGES 
USAGE PRIVILEGES 
DOMAIN CONSTRAINTS 
TABLE_CONSTRAINTS 

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

Re~ rcncc (4.19] gives more d lails: in particular, it shows how to formulate qu ·ries 
again L lhc Information Schema (the proc ·ss i!.. n t as 1raight~ ,ward 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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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 suhquery in the FROM clause): 

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

FROM S 
WHERE STATUS> 15) AS GOOD SUPPLIER 

WHERE GOOO_ SUPPLIER.cx·ry = 'London• ; 

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

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

This lauer 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 caJled 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 an on line 1crminal) and as part of an application program (i.e., the SQL statements can 
be embedded, meaning they can be intermixed with the programming language statements 
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of , uch a pr gran 1b dded ca. c, r, the application program can typically 
be writt n in av~ t languagei - . Java, PL/I, le.• In th is: tion we on-
ider th emb dd • lly. 

Th fundamental prin 1derlying mb dded QL. whi h we r ~ r to a· th duaJ-
mode principle i lhat m lllement that cm, be u.~ed i111eractively can t d .1·0 be used 
in cm oppfi ·ation progran urs , ti • various di • • 
given interactive Q 1a1emen1 and its c c untcrp 
particularr quircsignificantlye tend d in a h I t 

in lhi :e tion), b principle is I madly Lr 

way- several mb d QL statem used int 11 
Before we can us • lh • a tual r emb ·ddc ry to c er 

a numb r of pr lim detail . M . t, ils arc illus grnm frag-
m nt shown in ig. 4.3. (To fi our idea · e the host lm1guag osL r Lh • 
ideas translate int other ho. 1 language. with only minor change!>. Po g: 

I. L statem •ms ar pref-ix d by E E SQL, to dist in ui h th m fr m 
slat mcnt f Lh host Ian uag , and ar terminat d by a special terminator . ymbol (a 
semicolon for PL/I). 

2. n ex<'rntabf , SQ . tat men! ~ r U1 r • ·1 lf this ction we will mo tly drop lh • " "m­
b dd d'' quulifi r can appear wherever an c e ·uta I ho ·t statem nt can appear. ot ~ 
1ha1" xe utabl :· by 1h ~ way: nlik intern tive . cmb •cld d QL incluJe. som 
tatements that are pur ly d l:trativ . not executable. or e ample, D ARE 

CURSOR is not an exe ·u table ·1atern nl . cc lhc subs ction .. p ratic ns Involving 

EXEC SQL BEGIN DECLARE SECTION 

DCL SQLSTATE CHAR(5) ; 
DCL P# CHAR(6) ; 
DCL WEIGHT FIXED DECIMAL(S,l); 

EXEC SQL END DECLARE SECTION i 

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

INTO : WEIGHT 
FROM P 
WKERE P.P# = :P# 

IF SQLSTATE = 1 00000 1 

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

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

*TI1e SQL standard 14.221 currently supports Ada, C, COBOL, Fortran, M (pr viously called M MP ), 
Pascal, and PUI. Java upp rt i not included at the time of writing, but it is due to be added oon c rd­
erence [4.61, also Appendix B). und 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 tatemcnts 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 I TO 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 Lo 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 variable 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 A TE. 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 wa expected. In practice, however, such testing ~an 
often be implicil (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 arc to be as ·igned. 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 WHE EVER statement takes the form 

EXEC SQL WHENEVER <condition> <action>; 

Here <condition> i 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 IP' after each executable SQL statement it encounters; "WHENEVER 
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<condition> TINUE" causes it not l in~ rt any such stat m nts, the implication 
being lhat the programmer will insen ~u h . lat ments by hand. Th two <cnndition>s 
are defined as follows: 

NOT FOUND means 

SQLERROR means 

no data was found 
- Q STATE=02000(usually) 
an rror occurred 
- s,, reference r 4.22] for SQLST A TE 

Each WHEN JV R statern'nl the SQL compiler enc uni r. on its s qu -ntial scan 
through the program text (for a particular condition) overrid . the previ us one it found 
(for that condition). 

10. otc finully thnt- to use the terminology of Chapter 2-embedded SQL constitutes a 
loo ·i: co11p/in~ between . QL and the ho t language. 

So much for the preliminari ).. In th ri::st or thi -, s tion we concentrate on data ma­
nipulation op rat ions spc ·ificnlly. As air mly indi at d. m •;t of thos op rati n, can be 
handled in a fairly stra i 1 h1forward fa hion (i ... \ ith only minor chang !> 1 th ir yntnx). 
Retrieval operations requi re . pccial tr c11111 nt. h w v r. The prohl m i th:11 such c p ra­
tions retrieve many rows (in g, 'n ml). not j11).t one. and ho:r languag s are generally not 
'quipped 10 hand I ' Lh r tri val of more than on row at a tim •. II i. thc1 for· neces. ary to 
provid . om kind of hridge b ' lw en the set-I vel rel ri v,1 1 capahi liti . f . QL and the row­
l ·v I r'lri v;il apahiliti s of th host. and cur or prov id -;uch a hridgc. A cur-.;or is a spc-
ial kin I of obj ct that applies to emh dd ·cl SQL only (h cau. c interactive QL ha., 

no need of it). It consists ess ntiolly of a kind of (logical} pointer that can he u. d Lo run 
through a coll ction of row:, pointing to cnch of the row. in lllrn and lhcr by pr viding ad­
dres ·ability Lo thos rows on at a tim . How v r, w defer detailed di. ·ussi n f cursors 
l a later subs ct ion, and con. id r 11r t tho stat m -nl. that hav no n d 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- ee later) 

We give examples of each of the e statements in tum. 

Sing! ton SELE T: G l "ilalus and city for the supplier whose supplier number is given 
by Lhe host variable GI V N 4t. 

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 contajning 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 SQLSTATE will be 
set to 00000; if no S row satisfies the WHERE condition, SQLST ATE will be set to 02000; 
and if more than one does, the program is in error, and SQLST A TE will be set to an etrnr 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 ( Pl, PNAME, WEIGHT) 
VALUES ( :Pl, :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 supplier 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 a!! shipments for supplier 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 et to 02000 if no SP rows satisfy the WHER condition. 
Again, note the nested subquery (in the WHERE clause this time). 

Operations Involving Cursors 

ow 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 iri.tended to retrieve supplier details (S#, SN AME, 
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 ass< iatc<.I table expression (i.e., an •xpression that evaluate- to a table), spc iii d 
by the S •L T that forms part of that D LARE. That table expres ion is not ·valuated 
at this point; DECLARE CURSOR is a purely declarative tatement. 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; 
/* fetch next supplier*/ 

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

Fig. 4.4 Multi-row reh·ieval example 

m11ed wh n Lhe ursor is opened (''OP~ X"). Th Ia1 menl "FET H X INTO ... " i. th n 
us d t rdri v row. ne al a tim from th n.:. ulling et. assigning retrieved va lue · t host 
vnriab l s in a ·cordnnc' with the pe ·ificati ns of the INTO clau. e in that Slat ment. (For 
simpli ·i1y we hav given lh host variables the . ame namei. a. lh c rrcsponding datuba ' 

lumn:. otic that the SEL in the ur. or declaration ti >CS not ha can T TO clau ·c 
of i~ own.) inc· there will be many rowi, in th r·. ull sci. the PET H will normally ap­
pear within u loop; lh lo p will be repealed o long a.~ thcr are more rows still to come in 
that re. ult :et. n e it fr m Ihe I op, ·ur. or Xi. do ·cd (" LOSE X"). 

Now we con. ider cursors nnd cursor op rations in more detail. First of all , a cursor is 
declar d by mean: of a DE LARE ' RSOR . l:ltement which tal,.e the g neraJ form 

EXEC SQL DECLARE <cursor name> CURSOR 
FOR <table express i on> [ <ordering> J ; 

(we arc ignoring a few optional specification. in the interests of brevity). For a complete 
explanati n of <table expre.uion>, see App ndix A. The opti nal <ordering> takes the 
form 

ORDER BY <order item commalist> 

where (a) the commalii,I of <order item> must not be empty-·ce the paragraph imm di­
atcly following- and (b) each individual <ortlt'r ire111> ·cmsi Is of a c lumn mun (u11-

qualilied, pl a ~ 1101 ), optionally ~ llowcd by A (a.'- ending) or DES (dcsc nding), and 
ASC is th d fault. 

Not<': We defin the term commalist as follows. Let <xyz> denote an arbitrary syntac­
tic caleg ry (i.e .. anything that appears on the left-hand side of some B F producli n rule . 
Th n the i.: pre< sion <x •.: cor,11110/ist> denote. a i, quence f zero or more <xy-> in which 
each pair of adja cnt <xyz>, i pan.lied by a comma (and p ss ibly on or more I lanks). 
Plea:e not that we will make extensive us of the commalisL . horthand in future syntax 
rule (all syntax rule . thaL L. n0Ljus1 SQL on s . 

A previ usly lated. lhe DE LARE URSOR statement is declarative, not c e­
cutable; ii d clares a cursor with th . p citied name and having the specified table expres-
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sion and ordering p rmanently 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 lhat 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 ATE 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 currenl 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. ote 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 si: .In not h,Wt; an oruering, of our e see hLlpter 5), so an "active set" is not really a set, as such, 
at all. It wmild be better to think or it U$ an ord~r d Ii ·1 or array (of rows). 
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Jar row, th n it is possible to UPDATE or DELETE "the current of X," i.e., the row on 
which X i.~ positioned. For example: 

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

Note: Th RRE T forms of PD TE and DELETE are not p rmitted if the table 
exprei.sion in the cur ·or d clarntion would d lin a nonupdatable view if it were part of a 

R ·ATE VLEW statem Ill ( c haptcr 9, ec1ion 9.6). 

Dynamic SQL 

0 mimic QL consiMs of u :cl r cmbedd d QL focilitie that arc imcnded lo . upp rt th 
com,Lruction of generalized online and possibly interaclive appli ations. (Recall from 

hupter I that an onlinc application is an appli ation that supports access to Lh databa e 
from an onlin terminal.) on. id r what a typicnl online appli ation has to do. Ln outline, 
the step:-. it must go through are as follows. 

1. 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 program ·un ac pt in tep 1 is fairly small, as in the a, 
of (perhaps) a pr gram handling airlin r s rvmions, then the set of possible SQL slut·­
ment Lo be c ·ccutcd will pr hably ulso b' small and can h ·"hardwired ' imo the program. 
In Lhb cuse, S1cps 2 and 3 aho c will con.~ is1 simply of logic L l xamin 1h inpul command 
und lh n brnnch to Lh • parl of Lh program thtll is, ues th ~ prcdelin •d QL stal m •nt(s). On 
1h oth r hund, if Lhcrc can b great variability in l11 • input. then it might not b • pra ·ticable 
t l prcd ·lin and '·hardwire" SQ srn1emcnt.s for v ry po. sihlc c mmand. Instead, it i • 
prnbahly mu h mor • co1w ni nt to con. truct th nee s. ary SQL statcmenL~ dynamically. 
an I th n tu c mpilc and execute those constructed statem nts dynamicully . h • fa ·i liti s 
of dynami • SQL ar • pr vitled to assist in this pr ccss. 

The 1wo principal dynumic statements are PREPARE and EXECUTE. Their u e is il-
lustrated in the following (unrealistically simple but accurate) example. 

DCL SQLSOURCE CHAR VARYING (65000) ; 

SQLSOURCE g 'DELETE FROM SP WHERE QTY< JOO' i 
EXEC SQL PREPARE SQLPREPPED FROM :SQLSOURCE; 
EXEC SQL EXECUTE SQLPREPPEO 

Explanation: 

I. Th nam • S . 0 R E i<fontili s a PU! varying- lengll1 character . Lring variable in 
whi h 1h ' program will , omchow constrnct the , ource fom1 (i.e., chara1.:tcr string rep­
res •11t:11io11) of . nme Q . tatement-a DELETE statement, in our partit;ular c ·ample. 
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2. The name SQLPREPPED, hy contrast, identifies an SQL variahle, not a PL/I variable, 
that wi II be used ( conceptually) to hold the compiled form of the SQL statement whose 
source form is given in SQLSOURCE. (The names SQI ,SOURCE and SQLPREPPED 
arc arbitrary, of cm1rsc.) 

3. The PL/J assignment statement "SQLSOURCE = ... ;" assigns to SQLSOURCE the 
source form of an SQL DELETE statement. In prnctice, 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 request from the end user, expressed in natural 
language or some other form more user-friendly than SQL. 

4. The PREPARE slMement then takes that source statement and ·'prepares" (i.e., com­
pil es) it to produce an executable version. which it stores in SQI ,PREPPED. 

5. Finally. the EXECUTE srntement executes that SQLPREPPED version and thus causes 
the actual DEi ,ETE to occur. SQLSTA TE in formation from tht> DELETE is returned 
exactly as if the DEi ,F.TE h:icl been executed directly in the normal way. 

Note that since it denotes an SQL variable, not a PLn 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. 

Incidental ly, the process just descrihed is exactly what happens when SQL statements 
themselves are entered interactively. Most systems provide some kind of interactive SQL 
query processor. Thal query processor is in fact just a particular kind of genernli7:ed onl inc 
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 compi le 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 ," CL/ 
for short). CLI is heavily based on Microsoft's Open Database Connectivity interface, 
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 t0 that) both address the same gen­
eral problem as dynamic SQL does: They both allow applicarions to be written for which 
the exact SQL statements IO he executed are not known until run time. However, they ac­
tually represent a belier approach to the problem than dynamic SQL does. There arc two 
principal reasons for this stale 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 compiler services arc needed. only the regulnr services of Lhe 
standard host language compiler. As a result. :1pplications can be distributed (perhaps 
by Lhird-parly software ve111.lors) in ''shrink-wmpped" object code form. 

• Second. Lhose applications can be DBMS-i11cl<!pe11tlem; that i$, CLI includes rcmurcs 
that permit the c.-catio11 (again, perhaps by third-party softwurc vendors) of generic ap­
plications that cai1 be used with several different DBMSs, instead of having to be spe­

cific to some particular DBMS. 

lnt.erfaccs such us CU, ODBC, and JDBC (a .lava variant of ODBC) arc becoming in­
creasingly imponant in practice, f'or reasons 10 he discussed ( in part) in Chapter 20. 

4.7 SQL IS NOT PERFECT 

A." stated in Lhe introduction to this chapter, SQL is very far f'rom being the "perfect·· rela­
tion.ti language-it suffers from numerous sins of both omission and commission. Specitic 
criticisms will he offered ,ll appropriate poims in subscquen1 chapters. but the overriuing 
issue is ~imply that SQL fai ls in all too many ways to support the relational model prop­
erly. As a consequence, it is not at all clear that today's SQL products really deserve the 
label ··relational .. at all! Indeed, so far as this writer is aware, there is 110 product 011 tlw mar­
ket today 1/tt11 s11p1wrts e11<JJ)' dewil of the relatimwl 111ndel. ·n1is is not 10 say Lhal some p,1rts 
or the model arc unimportant: on Lhc contrary, every de1ttil of the model is important, and 
important, moreover. for genuinely practical rcnsons. rndecd, the poinL canno1 be stressed 
100 strongly that the purpose of relational theory is not just --1hcory for its own sake'·; 
rather, the purpose is to provide a base on which to build systems that arc JOO perct'llt prac-
1ictil. But the sad fact is that the vendors have not yet really stepped up to the challenge of 
implementing the lheo1y in its entirety. As a consequence, the " relational .. products or 
today all rail , in one way or anc>Lher, to deliver on the full promise of relational technology. 

4.8 SUMMARY 

This concludes our introduction Lo some of the major features of the SQL st:indard 
("SQU92"). We emphasi?.cd the foci that SQL is very important from a commercial per­
speclive, though it is unfortunmely somewhat deficient from u pure relational point of view. 

SQL includes both a data definition language (DDL) component and a data oHmip• 
ulalion language (DML) component. The SQL DML can opcnile at both Lhc extermtl level 
(on views) nm.I the conccpluul level (on base tables). Likewise, the SQL ODL can be used 
to define objects at the external level (views), 1heconccr1ual level (base tables), and even­
in most commercial systems. though 1101 in 1hc standard per se- thc internal level ~1s well 
(i.e., in<lexes and other physical storage structures). Moreover. SQL also provides certain 
data c:011trol focilitics-i.c., fociJitics that can1101 rcaJly be classified as belonging 10 either 
the ODL or the DML. An example of such a facili1y is the GRANT statement, which aJ­
lowl> users to grant access privileges to cuch other (sec Chapter J 6). 
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We showed how SQL can be used to create base tables, using the CREATE 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 tenn 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 parts 
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 pa1t 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 product support additional options on that statement, however, typically 
having to do with indexes, disk space allocation, and other implementation matters (thereby under­
mini ng the objectives of physical data ind ·1 ndcnc • ,111cl in1ersystem compatibility). lnve Ligate any 
• Q product th:it might be availabl 10 y u. Do Lhe r rcgoin, criticism ' apply to that product? Specif­
ically, what uddiLional CREAT • TABLE opti ns du •s that product support ? 

4.3 Once again, inv ~tig:m: any QL product that mi hL be avnilnble to ynu . Does that product sup­
port the Inf innution S ·h •m.i? If 1101, wh:11 does its cmalog support look like'! 

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

a. Insert a new supplier S l O into table S. The name and city are Smith and New York, respectively; 
the status is not yet known. 
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s S# SNAME STATUS CITY SPJ S# Pl JI QTY 

Sl Smith 20 London Sl Pl Jl 200 
S2 Jones 10 Paris Sl Pl J4 700 
SJ Blake 30 Paris S2 P3 Jl 400 
S4 Clark 20 London S2 P3 J2 200 
S5 Adams 30 Athens S2 P3 JJ 200 

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

p Pl PNAME COLOR WEIGHT CITY S2 P3 J7 BOO 
S2 PS J2 100 

Pl Nut Red 12.0 London S3 PJ 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 12.0 Paris S5 P2 J2 200 
P6 Cog Red 19.0 London S5 P2 J4 100 

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

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

Jl Sorter Paris S5 P4 J4 BOO 
J2 Display Rome S5 PS J4 400 
J) OCR Athens S5 P6 J4 500 
J4 Console Athens 
JS RAID London 
J6 EDS Oslo 
J7 Tape London 

Fig. 4.5 Tht! supplit!rs•parts-projects database (sample values) 

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

c. Delete all projects fur which there are no shipments. 

4.5 Aga111 u~ing th · ~uppli >rs-p.1rt1,-p1ujcct, dutaba~e. write u prugr-.1111 with mhedded SQL ~tate­
mcnts tu list all supplie1 rows, in supplier numb ·1 order. Each ~upplicr rm ~hould be in1mcdiat •ly 
followed in the listing by all project ruws fur pntiect1> supplied by that ~uppfii.:,r, in project 11u111bl!r 
urdcr. 

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 Pl.~. , MINOR Pl ... , QTY ... , 
PRIMARY KEY ( MAJOR P#, MINOR P# ), 
FOREIGN KEY (MAJOR-Pl) REFERENCES PART, 
FOREIGN KEY ( MINOR=Pi) REFERENCES PART) 

Tobi PART_STRU UR · sho\ s which parts (MAJ R_P#) contain which thcr I art 
(M INOR_P#J a first-level l:nmponcnts. Write an L prugrum to list all component pai1s of u g iven 
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PART_STRUCTURE MAJOR_P# MINOR_P# QTY 

P l P2 2 
Pl P3 4 
P2 P3 1 
P2 P4 3 
P3 P5 9 
P4 PS 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.f-111ateria/s 
data-see Chapter I , Section 1.3, subsection "Entities and Relationships"-is typically represented 
in a relational system. 
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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,'' ACM 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. J. 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 {4.21). 

4.4 Stephen Cannan and Gerard Olien: SQL,-The Sra11daril Handhonk. 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•5 Joe Celko: SQLfor Smarties: Advanced SQL Programming. San Francisco, Calif.: Morgan Kauf­
mann (1995). 

"This is the first udvanced SQL book available that provides a comprehensive presentJtiun 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 · i ·enbcrg am.I Jim Melton: .. QU Part U. Now Known as U LB C bjecl :rnguagc 
Bindings}." A M SIGMOD Record 27. No. 4 (December 19 8). ee nls Gray los man t!l al.: "Java 
and R lali nal Database ·: SQU," Proc. I 98 M IGM D Int. onf. on Management of Data, 
ScatLlc, W, sh. (J unc I l l 

4.7 Don Chamberlin: Using the New D82. San Francisco, Calif.: Morgan Kaufmann (1996). 

A readable and compreh n. ive d ripti n of u ·tate-of-the-ait commercial SQL product, by one 
of the two principal d signers of the riginal L language 14.8). 

Note: The book als discu sc~ ··s m ontroversiu.l deci ·i n •· !hut were made in the design 
ofS L rim ri ly (a) th decision to suppon nulls and b) the decision to permit duplicate rows. 
"My ji .e.. hambcrlin' I purpose ... i • bi t ricol ratb r than pcr ·unsive- 1 r ·c gnize thm nulls 
and duplica1 ·s :ire rcligiou • issu s .. . Por the most pun. tbc: <.le ·igners f [S L] wer • practical 
pe pie rather than th r lician., and tl1i~ orientation wa • reflected in many Lde_,;ign I de ·i~ion .. • 
Thi position is very differem from tlrnt of the present writer! Null. and duplicates ure sci ,,11ific 
i sues, n t re ligious ones; they are discus. ed . . cient.ifically, in thi book in haptcrs 18 and 5, 
respectively. As for •·practical ... rather than ftheorctical]," we categorically reject the :uggcs­
tion that theory is not practical; we ha • ulrca ly stated (in Section 4.5) our position that relutional 
theory, at least, is very practical indeed. 

4.8 Dona.Id D. hamberlin and Raymond F. Boyce: "SEQ : A Structured ngli, h Query Lan­
guage," Proc. I 74 A M SIGM D Workshop on Data Description, Access, and omrol, Ann Arbor, 
Mi h. (May 1974). 

The paper that firM introduced the SQL language (or SEQUEL, a it was originally called; the 
name was sub equ ntly changed for legal reasons). 

4.9 Donald D. hnmberlin et al. : "S ·QUEU2: A Unified Approach 10 Data Definition, M.111ipula­
tion, and onlTol.'' IBM J. R&D. 20, N . 6 (November 1976). See also the errma in IBM J. R&D. 21, 

o. I (January I 77). 

Experience from the early prototype implementation of SE U L discus ed in reference [4.1] 
and results from th· u. ability l ts reported in rcferen • [4.28) led 10 the d sign of a revised ver­
sion of the language called S ·QU U2. Th lunguugc supp lrted by y~t m R 14.2-4.31 was ba­
sically SEQUEU2 wi th the conspicuous absence of the s 1-called "assertion • und " trigger" 
facilities-see Chapter 8 . plus cenain extension .. ugges1ed by eal'ly user experience 14. 101. 

4.JO Donald D. Chamberlin: "A Summary of User Experience with the SQL Data Sublanguage," 
Proc. Int. Conf. on Databa s, Aber<.leen, Scotland (July I 80). A lso available as IBM Research Re­
port RJ2767 (April 1980). 

Di. cus ·cs early user experience with y~tem R and propo • to the SQL lan-
guage in d1e light of 1hn1 experience. enain of d1ose exten i I K , PREPARU. 
and EXE TE- were in fact implemented in the linal versi n of Sy:,tcm R. Nate: e huph!r 
7 and ppem.lix A for a dis ussion of EXISTS and LJKE, respectively. 

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

Gives s m measun.:mem of. ysrcm R p rforman e in both the ad /we query and· canned tran~· 
action'' envir nmcnts. (A "canned Iran-ae1 i 11" is a . imple apI lic:Hion ilrnt acccsse only a small 
pa11 or the dnwba.~ and is compi led prfor to ex ·u1i n Lime. ft c rrespond. 10 what w callc I a 
pla1111ed rl!<JW!SI in Chapter 2. •clion 2.8.) The measurements wer taken on an LBM ysrem 

Petitioner Exhibit 1029, Page 104 of 110



Chapter 4 I An Introduction to SQL 103 

370 Model 1.58, 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 alwuys superior to interpretat ion, even for act hoc queries, and (b) a system like Sys­
tem R is capable of processing several canned u·ansactions 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. IO (Oc­
tober 1981). 

Describes the three principal phases of the System R project (prel iminary 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 L:1rge 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, SQUDS (subsequently renamed "DB2 for 
VM and VSE"). 

4.14 C. J. Date: "A Critique of theSQL Database Language," ACM SfGMOD Record 14, No. 3 (No­
vember 1984). Republished in Relational DcrtabaJ·e: Selected Writings. Reading, Mass.: Addison­
Wesley ( 1986). • 

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 thi~ 
paper' s criticisms do not apply to SQU92. 

4.15 C. J. Date: "What's Wrong with SQL?", in Relatio11al Darabase Writings 1985- /989. 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 
Starrdard," and "Application Portability." Note: Again, certain of this paper's criticisms do not 
apply to SQU92. 

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 lo use SQL in such a way as (a) to avoid some 
of the potential pitfalls arising from the problems discussed in references l4. I 4-4. l 5) and [4. I 8J 
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 1',191- 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. 

Petitioner Exhibit 1029, Page 105 of 110



104 Part l I Prelimi11aries 

4.18 . J. Dute: .. Gri vous Bcxlily llarm" (in two pa11s), {)IJ/'&D 11, No. 5 (May 1998 and ll, No. 6 
(Ju11c 1908): "'Fifty Ways IO uote Your Query," on the f)Jjp •D website www.dhpd.com (July 1998). 

QL is :in extr ·mcty redundant lunguugc, in the sense that all hut the most trivh1I of qu rics can 
be ex.pressed in many different wnys. Thes • pnpers illustmte this point und di;cuss some of it 
implication .. In purticul;ir they show Lhm th· GROUP BY clause. Lhe IIA VIN clause, and 
rungc v:.iriublcs cou ld :il l be umppcd from the l:mguage with effecti vely nc, loss of function:1lity 
(rind the . urne is also trne of the " I .rnlu111ery" com;truct), Not<•: II of th s SQI. construcL~ :1re 
explained in hapl ·r 7 (, c ·1io11 7.7) nmJ/or Appendix A. 

4.J 9 . J, Date :111d I I ugh Darwen: A Grrith• 111 1/,c SQI. Sw11dard ( 4th edition). Reading, Mass.: Ad­
dison-W sl y { J l 97). 

A umprchen~ive tutorial on QL/92, including LI and PS I. rn particular, the book ccmtains 
an appendix. Appemli D, that dn ·uments " many aspects of lh • slandarcl that appear In h • inuu­
cqual ly d >fi11cd.11r even incorr~c1 !y defin cl. al lhis time." NIIII': Refer ·nee~ [4.41 anu j4.27J are 
also QL/92 1u111rial., . 

4.20 C. J. Date and Colin J. White: A Guide to D82 (4th edition). Reading, Mass.: Addison-Wesley 
( 1993). 

Provides an extensive and thorough overview of IBM's nriginnl D132 product (as of 1993) and 
some of its com1mnion product . OB2, like 'QLJ S 14. ! 31, was b~1., ·don System R. 

4.21 Neal Fishman: "SQL du Jo11r," DBP&D 10. 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): Dataht1 't! Lw1.~1wg , SQ/J, Document 
TSO/I EC 9075: 1992. Also available as American National Standards Institute (AN I) Document 
ANSI X3. 135- I 992. 

The originul ISO/AN, I SQLJ( 2 definition (known I th cognoscenti us /SOIIEC 9075. or . omc­
time. jus1 ISO 9075). ·n1c original ~ingle-pnrt do ·umcnt has ~inc been cxpnnded into m1 open­
ended series of scparmc parts, und ·r the geuerul till· l11fl1mw1im1 'fcd1110/11gy- /Jm11hase 
li111g11agt'.1'- Qf_ Al the Lime of writing, the fo llowing parts have b i:n d Jin d (though ccrtnin ly 
not all completed): 

Pnn I : rnmcwork (SQL/F'ramcwork) 
Pmt 2: oumlmion ( QL/Pou11clu1ion) 
Pun 3: CalJ -Level lnterf:1ce (SQL/ LI) 
Part 4: Pcr$istent '10rcu Modules ( QLJP, M) 
Part 5: Ho. t Languaoc Binuings (. 'QL/Bindings) 
P:irt 6: A, pecializ:1lion ( QL/Trnnsaclion 
Part 7: Temporal (SQIJl'emporal) 
Part 8: Th,m_, i.1· '"' l'tm H 
Part t : Management 1f · xtt:rnal DnLa (S L/MED) 
Pan 10: Object Language Bindings (SQ /0 B) 

The QL3 prnposol thtll arc expected tn be ratified in I 999 logically belong in Pans I, 2, 
4, ond 5. Working draft · describing 1hose proposals can be found on the World Wide Web at 
J1p:/ljerr .,:i-e.1111111ssd.ctf11/i. 0111~]/dl,//Hli SEdm slf 111hlic. 

Note: The point is wonh mcmioning that. although SQL is widely recognized as the intcr­
naliC1nal "relntionnl" datnbase standard, lhe standnrd document 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---Teclmical Corrigendum 2, Document ISO/IEC 9075: 1992/Cor.2: I 996(E). 

Contains a large number of revisions and corrections lo 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: SQLand 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 I ligh-Lcvel 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 optimizution (see reference [ 17 .34] for information on this 
latter tupic). 

4.27 Jim Melton und Alan R. Simon: U11der.1wndi11g 1he New SQL: A Complete Guide. San Mateo, 
Calif.: Morgan Kaufmann (1993). 

A tutori al on SQL/92 (as originally defined). Melton was the editor of the original SQU92 spec­
ification l4.22]. 

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 P1·ess (May 1975). 

SQL's predei.;essor SEQUEL [4.8] was based on an earlier language called SQUARE. The two 
languages were fundamenwlly the same, in fact, but SQUARE used a rather mathematical syn­
ta., whereas SEQUEL was based on English key words such a~ SELECT, FROM, WHERE, etc. 
ThL· present paper n:.ports on a set of experimc111s that were 1.:arried out on the usability of the 
two languages, using college students as subjects . /1. number of revisions were made to SEQUEL 
as a result of that work [4.9]. 

4,29 Duviu Rn1..cnshtein, Anatoly Abramovich, and Eugene 13irgcr: Optimhing Transm.:r-SQL: Ad-
1'1111t'ed /Jr0Ji r11111111i11g Tec/111i411e.1·. Fremont . Calif.: SQL Porum Press ( J l 95). 

Trunsuct-SQL is the dialect of SQL supported by the Syhus • and SQL erver products. This book 
prc~i.:ms a series of programming techniqmis for Transact- 'QL bas don the u e of c:haracteris-
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ric functions (defined by Lhe uuthors ns "devices that allow programmers to enco<le conditional 
logic a.~ . . . expressions within SELECT. WHERE, GROUP BY, and SET clauhCS"). AJthough 
expressed in terms of Trnnsact-SQL ~pcdlically, the itlea:- are actually of wider applicability. 
Nmi:: We should pcrhups al.Id tha1 tJ1c ·•op1imiz.ing" mentioned in tile book's 1i1le refers not lo 
the DBMS optimizer component, bul rather 10 ·•optimiwtions'' 1hul can be done by use~ them­
selves, by hand. 

ANSWERS TO SELECTED EXERCISES 

4.1 CREATE TABLE S 
( S# CHAR(S), 

SNAME CHAR(20), 
STATUS NUMERIC(S ), 
CITY CHAR(lS), 

PRIMARY KEY ( S#) ) ; 

CREATE TABLE P 
( P# CHAR(6), 

PNA.ME CHAR(20), 
COLOR CHAR ( 6) , 
WEIGHT NUMERIC(S,l), 
CITY CHAR(15) 1 

PRIMARY XEY (Pl) J ; 

CREATE TABLE J 
( JI CHAR(4), 

JIQ.ME CHAR(20), 
CITY CHAR(l5) 1 

PRIMARY KEY (JI) 

CREATE TABLE 
( S# 

Pl 
J# 
QTY 

PRIMARY 
FOREIGN 
FOREIGN 
FOREIGN 

SPJ 
CHA.R(S), 
CUAR(6), 
CHAR(4), 
NUMERIC(9) , 

K~Y ( S#, Pl, J# ), 
KEY ( S#) REFERENCES S, 
KEY ( P#) REFERENCES P, 
KEY ( J# ) REFERENCES J) 

4.4 a. INSERT INTO S ( S#, SNAME, ClTY ) 
VALUES ( ' Sl0 ', ' Smith', 'New York ' 

STATUS here is set to the applicable default value. 

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

C. DELETE 
FROM J 
WH ERE J# NOT IN 

( SELECT J# 
FROM SPJ) ; 

Note the nested subqucry and the IN operator (actually, the negated IN operator) in the solution to 
pru1 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, $ . 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 alls 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 ba ic difficulty is 
as follows: We need to "explode" the given part to 11 levels, where the value of II is unknown at the 
time of writing the program. A comparatively straightforward way of pe1forming such an 11-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 fo llows: 

CALL RECURS I ON ( 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 a l l PART STRUCTURE rows accessible 

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

ENDDO; -
EXEC SQL CLOSE C; 
PROC; 

via C 
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108 Part I I Preliminaries 

We have as. umcd here 1hm the (!ictilious) specification "r opennble .. on DE LARE URS R 
mean Lhm it i, legal 10 OP ·N 1h,11 cursor even if ii iii already open, and that th effect of such ;in 

PEN is t cn.:f"l te u new iturw, ·t1 of th• cursor for th . pecilicd tnble expre.~sinn (using tl1e current 
values of any host vnriablc. ,•~fcrenccd in that cxpres:-ion). We have a· umed fu11her that references 
to such a cur:;or in ·ET H (ere.) nre references t th ··current'' inswnce. ant.I that LOS destroys 
that instant:• tmd rcinstmcs the previou • instance a.~ ··current.' ' In otll r word<;. we ha e as. umcu that 
u rcop nablc cursor form~ tl .,tac/.:. with OP ·N and LO E cr-ving as th· .. push" and "pop .. npera­
wrs for Lhut stad,. 

nfmtuntll ly, thcs as:umptions are purely hypoth Lical tout1y There i • no such thing us u rc-
111 n rblc cursor in SQL tuday (indeed, an attempr to Ol'EN a cursor that i alreiu.ly open will fail). 
Tin: fore oing co<l is illcgul. But the example make~ ii clear 1hn1 "reopenuble cursors" would b • a 
very de. iruble extension . 

. incc 1h foregoing approach docs not work, we give a sketch of a possible (but very inefficient) 
approach that does. 

CALL RECURSION ( GIVENP#) 
RECURSION: PROC ( CJPPeR Pl RECURSIVE; 

DCL UPPER Pl ... ; -
DCL LOWER-Pl . . . INITIAL ( ' ' ) 
EXEC SQL DECLARE C CURSOR FOR 

print OPPER Pl; 
00 " forever"; 

SELECT MINOR P# 
FROM PART STRUCTURE 
WHERE MAJOR Pl • : OPPER Pl 
AND MINOR-Pl > : LOWEtCP# 
ORDER BY MINOR_P# -

EXEC SQL OPEN C; 
EXEC SQL fETCH C INTO :LOWER_P# 
EXEC SQL CLOSE C; 
IF no " lower P# " retrieved THEN RETURN; END IF 
IF "lower P# " retrieved THEN 

CALL RECURSION ( LOWER_P#) ; END IF; 
END DO; 

END PROC; 

Observe in llns olu1iun thm the same cursor i~ used on ever invoca11on of RE • RSION. (By 
contrast. new 111~tancc~ ol Ul'P ·R_ P# ant.I LOWER_ P# an: crc.rted llynamically each 1irnc 
RE URS ION is invoki:d; 1110.~i: ins1;111cc • arc dcstroycll ut complctitm or thUL invoca111m.) Bec:msc of 
lhi:. facl, we have lO use a 1rid.-

... ANO MINOR Pl> :LOWER_P# ORDER BY MINOR_P# 

~n lh,11. on cm.:h i11vocatit)11 of RE RSION. we ignore all immediate components (LOWER_P#s) 
of the currclll PPER_ Pl/ 1ha1 have ulreudy hci:n flH>ce. s ·d 

. ee (u) r fcrcu ·c., 14.51 anll 14.71 furn discus. ion uf ~om· oil ·rnativc SQL-~lylc appr'\xichei, to 
thi:.. prnhlclll. (b) hnptcr c, (end of Section 6. 7) for n lcsc:rirtil)n or u pcrtinc11l rclarionul up.:mwr 
cal led 1rw1.vi1ive 1 /0.mn·. :md (c} rpcnuix B for un ovi:rvicw ol :.. me rclevunl S(.!L. fucilitil!~. 
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