EREERIINE

(EYSSEEal
T
5 15

Professional Readings

in Information
Management

EFT £ 4w

D) JeiK T it /
7002 /'y

PEKING UNIVERSITY PRESS




ERAEERTHE

% B iE

Professional Readings in Information Management

MEHN E®W

(2R e & F Rt

20> PEKING UNIVERSITY PRESS




EBENME (CIP) M8

BREBE W EE/EN . —Ib3 LA 2 1 A ,2005. 2
(EREBRIHE)
ISBN 7 -301 -08312 -2

I {5 0. % O FREE-RE-RHFEK-HHM V. H3I
T A 4R CIP BB (2004) 5 122806 5

# Z:MREKREVRE
FhETE: BREHN TN
* i 4B TR
¥5 % 3 . ISBN 7 -301 -08312 -2/H - 1355
& 47 bR KSR
H it AEHFBREPEAERKCERAN 100871
™ hit: http.//cbs. pku. edu. cn
B . BRMHER 62752015 R 4THB 62750672 HBER 62767347
B F {5 #: zpup@ pup. pku. edu. cn
# B E: DGR RFFITEFRSHE 51736661
B R & =WhHHeeFERAR
% % K. FHeHE
650 x980 16 FF & 16.75 BI 274 T
20054E2 A1 20054E 12 ASB 2 (REDW
%E #:25.00 5



(S

AERARAKEFLEERAERRBREEAIEEN—F, 2HBE
B2 EFRERERNEARE U R AFPRAFRRR.FR4
SAERR GRAFSRE £ LARER AR NF. HENFERE
AR, BELGE M MG e, HEHRRURIR B PREXERNS
X BEHENDEERBEAZL U XIMGES, XBEHEE, %I ME
R, REMPEXKRTUENRRELERE AT ESH, BTHE
AEBEEALARBRESIUKFHETEY,



H ¥

Lesson 1 Database ---- -1
Lesson 2  Automatic Indexing - 20
Lesson 3  Computer-assisted Database Indexing; the State-of-the-art ------ 36
Lesson 4 Control Web Site CONtent -« eseceeevueesesviisrsersernrssasorsaenees 51
Lesson 5 Information Retrieval in the Web: beyond Current

Search Engines «:--:---- - 66
Lesson 6 Adding Value to Information --..... - 80
Lesson 7 The Digital Dilemma; Intellectual Property

in the Information Age (1) - 99
Lesson 8 The Digital Dilemma; Intellectual Property

in the Information Age (2) «------ ... 114
Lesson 9 Enterprise Knowledge Management --++coccoonceviienennniiiinne 132
Lesson 10 The First 90 Days of Your CIO Career at a New Company --- 152
Lesson 11 Rights and Obligations of Information Users - 169
L 3& T 3:-38
£ 1R BEE . 185
% 2 ARSI . veeeee 194
%3 R HENLIREEER HRER - e 199
%4 MBHIAEHE ceererernereneaenes 205
$5 W FEHERR ARG EIHE ARG RIE oo 211
%6 fERME - ceeerenereerennenees 217
$7 R B HFRI M ERHRBETEALL) oo 25
% 8 B B BB . ERRRKNARZR(©) - -+ 231
£9R SlMRER - 238
F10 CIO BRI AEENRY 90 X - .- 246
FNR FERAPEBHSE LS cee 255
Key to Exercise - 261



Lesson 1

Database

1. Introduction

The past two decades have witnessed enormous growth in the number and
importance of database applications. Databases are used to store, manipulate,
and retrieve data in nearly every type of organization including business, health
care, education, government, and libraries. Database technology is routinely
used by individuals on personal computers, by workgroups accessing databases
on network servers, and by all employees using enterprise-wide distributed
applications.

Following this period of rapid growth, will the demand for databases and
database technology level off? Certainly not. In the highly competitive
environment of the late 1990s there is every indication that database technology
will assume even greater importance. Managers are seeking to use knowledge
derived from databases for competitive advantage. For example, detailed sales
databases can be mined to determine customer buying patterns as a basis for
advertising and marketing campaigns. Many organizations today are building
separate databases, called “data warehouses,” for this type of decision support
application (Lambert, 1996).

Although the future of databases is assured, much work remains to be
done. PMany organizations have a proliferation of incompatible databases that

were developed to meet immediate needs, rather than based on a planned

@ # 4]t a proliferation of incompatible databases 218> W M E A ¥ 5 9 W W, thar F| RN 51 8
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strategy or a well-managed evolution. Much of the data are trapped in older,
“legacy” systems, and the data are often of poor quality. New skills are required
to design data warehouses, and there is a critical shortage of skills in areas such
as database analysis, database design, data administration, and database
administration. We address these and other important issues in this textbook.

A course in database management has emerged as one of the most important
courses in the information systems curriculum today. As an information system’s
professional, you must be prepared to analyze database requirements and design
and implement databases within the context of information systems development.
You must be prepared as well to consult with end users and show them how they
can use databases (or data warehouses) to build decision support systems and
executive information systems for competitive advantage.

In this chapter we introduce the basic cencepts of databases and database
management systems ( DBMS). We describe traditional file management systems
and some of their shortcomings that led to the database approach. We describe
the range of database applications, from personal computers to workgroup,
depanmeﬁtal, and enterprise databases. Next we consider the benefits, costs,
and risks of using the database approach. We conclude the chapter with a
summary of the evolution of database systems and of the range of technologies
used to build, use, and manage databases. This chapter is intended to serve as a

preview of the topics in the remainder of the text.

2. Basic Concepts and Definitions

We define a database as an organized collection of logically related data. A
database may be of any size and complexity. For example, a salesperson may
maintain a small database of customer contacts on her laptop computer that
consists of a few megabytes of data. A large corporation may build a very large
database consisting of several terabytes of data ( a terabyte is a trillion bytes) on
a large mainframe computer that is used for decision support applications

{ Winter, 1997). ( We assume throughout the text that all databases are
computer-based. )
2



Lesson 1 Database

2.1 Data

Historically, the term data referred to known facts that could be recorded
and stored on computer media. For example in a salesperson’ s database, the
data would include facts such as customer name, address, and telephone
number. This definition now needs to be expanded to reflect a new reality.
Databases today are used to store objects such as documents, photographic
images, sound, and even video segments, in addition to conventional textual and
numeric data. For example, the salesperson’s database might include a photo
image of the customer contact. It might also include a sound recording or video
clip of the most recent conversation with the customer. To reflect this reality, we
use the following broadened definition; Data consist of facts, text, graphics,
images, sound, and video segments that have meaning in the users’
environment.

We have defined a database as an organized collection of related data. By
organized we mean that the data are structured so as to be easily stored,
manipulated, and retrieved by users. By related we mean that the data describe
a domain of interest to a group of users and that the users can use the data to
answer questions concerning that domain. For example a database for an
automobile repair shop contains data identifying customers ( the data items it lists
include each customer’s name, address, work phone number, home phone
number, and preferred credit card number), automobiles belonging to those
customers (the data items include make, model, and year) , and repair histories
for each of those automobiles ( e.g., date of service, name of person who

worked on vehicle, type of repair performed, and dollar amount of work

performed ) .
2.2 Data Versus Information

‘The terms data and information are closely related, and in fact are often

used interchangeably. However, it is often useful to distinguish between data
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and information. PWe define information as data that has been processed in
such a way that it can increase the knowledge of the person who uses it. For

example, consider the following list of facts,

Baker, Kenneth D. 324917628
Doyle, Joan E. 476193248
Finkle, Clive R. 548429344
Lewis, John C. 551742186
McFerran, Debra R. 409723145
Sisneros, Michael 392416582

These facts satisfy our definition of data, but most persons would agree that
the data are useless in their present form. Even if we guess that this is a list of
persons’ names together with their Social Security numbers, the data remain
useless since we have no idea what the entries mean. Notice what happens when
we place the same data in a context, as shown in Figure 1a. By adding a few
additional data items and providing some structure, we recognize a class roster
for a particular course. This is useful information to some users, such as the
course instructor and the registrar’ s office.

Another way to convert data into information is to summarize it or otherwise
process and present it for human interpretation. For example, Figure 1b shows
summarized student enrollment data presented as graphical information. This
information could be used as a basis for deciding whether to add new courses or

to hire new faculty members.

OB that 3| FHE BN data, B - A that BRI B4, BH way, 7585 it 3§
information, RATE XHBAUBSHNAP AROFLHBEOBE.
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Lesson 1 Database

Class Roster

Course; MGTS500 Semester; Spring 199X

Business Policy

Section; 2
Name D Major GPA
Baker, Kenneth D. 324917628 MGT 2.9
Doyle, Joan E. 476193248 MKT 3.4
Finkle, Clive R. 548429344 PRM 2.8
Lewis, John C. 551742186 MGT 3.7
McFerran, Debra R. 409723145 IS 2.9
Sisneros, Michael 392416582 ACCT 3.3
{a) Data in context
¢ 20%
FIN
10%
MKT
15%
ACCT
25% IS
15%
Percent Enrollment by Major (199X)
(b) Summarized data
Figure 1 Converting data to information
12 In practice, databases today may contain either data or information { or

both), according to our definitions. For example, a database may contain an
image of the class roster document shown in Figure la. Also, data are often

preprocessed and stored in summarized form in databases that are used for

5
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decision support. Throughout this text we use the term database without

distinguishing its contents as data or information.
2.3 Metadata

As we have indicated, data only become useful when placed in some
context. The primary mechanism for providing context for data is metadata.
Metadata are data that describe the properties or characteristics of other data.
Some of these properties include data definitions, data structures, and rules or
constraints.

Some sample metadata for the Class Roster (Figure 1a) are listed in Table
1. For each data item that appears in the Class Roster, the metadata show the
data item name, the data type, length, minimum and maximum allowable values
( where appropriate ), and a brief description of each data item. Notice the
distinction between data and metadata. Metadata are once removed from data.
That is, metadata describe the properties of data but do not include that data.
Thus, the metadata shown in Table 1 do not include any sample data from the
Class Roster of Figure 1a. Metadata allow database designers and users to
understand what data exist, what the data mean, and what the fine distinctions
are between seemingly similar data items. The management of metadata is at
least as crucial as managing the associated data since data without clear meaning

can be confusing, misinterpreted, or erroneous.

Table 1 Example Metadata for Class Roster

Data Item Value
Name Type Length Min  Max Description
Course Alphanumeric 30 Course ID and name
Section Integer 1 1 9 Section number
Semester  Alphanumeric 10 Semester and year
Name Alphanumeric 30 Student name
ID Integer 9 Student ID { SSN)
Major Alphanumeric 4 Student major
GPA Decimal 3 0.0 4.0 Student grade point average
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3. The Range of Database Applications

Databases range from those for a single user with a desktop computer to
those on mainframe computers with thousands of users. The range of database
applications can be divided into four categories, from simplest to most complex;
personal computer ( or PC) databases, workgroup databases, department
databases, and enterprise databases. We introduce each category with a typical

example, followed by some issues that generally arise within the category of use.
3.1 Personal Computer Databases

Personal computer (PC) databases are designed to support one user with a
standalone personal computer { for example, a desktop or laptop computer). For
example, consider a company that has a number of salespersons who call on
actual or prospective customers. Each salesperson might carry a laptop computer
with a simple database application to record customer information and the details

of contacts with each customer. A typical user view of data from that application

is shown in Figure 2.

Customer Name
Multi Media, Inc.
Address:

1000 River Road
City:

San Antonio

State H
X

Zip;

76235

Phone .

(219) 864-2000

Next Contact Date: Time .
10/17/1998 10.30 AM

Customer
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Date Time Contact Comments
08/04/97 10,00 AM Roberts Review proposal
08/19/97 08.00 AM Roberts Revise schedule
09/10/97 09.00 AM Pearson Sign contract
09/21/97 02.00 AM Roberts Follow up

Contact History for Customer

Figure 2 Typical data from a personal computer database

Some of the key decisions that must be made in developing personal
computer databases are the following;

1. Should the application be purchased from an outside vendor or developed
within the organization?

2. If the database application is developed internally, should it be
developed by the end user or by a professional within the information systems
(IS) department?

3. What data are required by the user and how should the database be
designed?

4. What commercial DBMS product should be used for the application?

5. How should data in the personal computer database be synchronized with
data in other databases?

6. Who is responsible for the accuracy of the data in the personal computer
database?

Personal computer databases are widely used because they can often
improve personal productivity. However, they entail a risk; the data cannot
easily be shared with other users. For example, suppose the sales manager wants
a consolidated view of customer contacts. This cannot be quickly or easily
provided from an individual salesperson’s databases. This illustrates a very
common problem ; if data are of interest to one person, they probably are ( or will
soon become) of interest to others as well. For this reason, personal computer
databases should be limited to those rather special situations ( such as in a very
small organization) where the need to share the data among users of the personal

computer database is unlikely to arise.
8



19

20

21

Lesson 1 Database

3.2 Workgroup Databases

A workgroup is a relatively small team of people who collaborate on the
same project or application or on a group of similar projects or applications. A
workgroup typically comprises fewer than 25 persons. These persons might be
engaged (for example) with a construction project or with developing a new
computer application. A workgroup database is designed to support the
collaborative efforts of such a team.

Consider a workgroup that develops both standard and custom objects ( or
software components) that are sold to software vendors as well as to end users.
Table 2 is a list of some of the software objects that have been developed
recently. Typically one or more persons work on a given object or component at a
given time. © The group needs a database that will track each item as it is
developed and allow the data to be easily shared by the team members.

Table 2 List of Software Objects in an Example Workgroup Database

Object Place, Inc.
400 Magnolia St.
Atlanta, GA 02103

Name Language Description Price
123Xtender Visual Basic Spreadsheet wrapper 595
DSS Objects C ++ Decision support generator 595
Object Suite Smalltalk Set of 6 generic objects 5000
Order Object Smalltalk Generic order object 1000
Patient Object Smalltalk Generic patient object 1000

The method of sharing the data in this database is shown in Figure 3. Each
member of the workgroup has a desktop computer and the computers are linked
by means of a local area network (LLAN). The database is stored on a central
device called the database server, which is also connected to the network. Thus
each member of the workgroup has access to the shared data. Different types of

group member (e. g., developer or project manager) may have different user

@ that 51389 A G H database,as 5| SRFMAY, JE 0 it # item, THEAME—BEAEXB
BREHXNE—ANTE A FHRRREABLER P HRE.
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views of this shared database. Notice that this arrangement overcomes the
principal objection to PC databases, which is that the data are not easily shared
(at least data are easily shared within the workgroup). This arrangement,
however, introduces many data management issues not present with personal

computer (single-user) databases, such as data security and data integrity with

-concurrent user data updating. Also, since an organization is composed of many

workgroups, and individual may be part of many different workgroups at the
same or different times, it is possible to generate many databases, just as in the
situation of personal computer databases.

In establishing a workgroup databases, the organization must answer the
same questions that applied to personal computer databases. In addition, the
following database management questions arise ;

1. How can the design of the database be optimized for a variety of group
members’ information requirements?

2. How can the various members use the database concurrently without
compromising the integrity of the database?
3. Which database processing operations should be performed at a

workstation and which should occur on the server?

Developer 1 Developer n Project Manger Librarian

Local area network

Database server Workgroup database
Figure 3 Workgroup database with Local area network

3.3 Department Databases

A department is a functional unit within an organization. Typical examples

of departments are personnel, marketing, manufacturing, and accounting. A

10



25

Lesson 1 Database

department is generally larger than a workgroup’ ( typically between 25 and 100
persbns) and is responsible for a more diverse range of functions.

Department databases are designed to support the various functions and
activities of a department. They are the most common of the four types of
databases described in this section. For example, consider a personnel database
that is designed to track data concerning employees, jobs, skills, and job
assignments. A simplified diagram of this database is shown in Figure 4. With
the data entities and relationships shown in this diagram, users can query the
databases to obtain answers to questions such as the following;

1. For a particular job classification (such as Software Engineer) , what job
opportunities exist in the company at the present time?

2. For that same job classification, what skill (or skills) are required?

3. What skills are possessed by a particular employee? Conversely, which
employees possess a particular skill (such as C ++ programming)?

4. Which employees have held a particular job assignment? Conversely,
what is the job history for a particular employee?

5. Which employees are supervised by a particular manager?

Typical questions that must be addressed when designing and implementing
department databases { besides those already described) include the following .

1. How can the database and its environment be designed to produce
adequate performance, given the large number of users and user transactions?

2. How can adequate security be provided to protect against unauthorized
disclosure or distribution of sensitive data?

3.A What database and application development tools should be used in this
complex environment?

4. Do other departments maintain the same type of data, and if so, how can
data redundancy and consistency of data and metadata best be managed?

5. Are the users of the database geographically dispersed or the size of the
database so great that data must be stored on several computer systems, thus

creating a distributed database?

11
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Has Belong to JOB
o8 Provides CLASSIFICATION
Is for Requires
ASSIGNMENT o ssed by
's use
{ Work on Possesses
| EMPLOYEE Is possessed by] ~ SKILL

Supervises Is supervised by

Figure 4 An example departmental database ( Personnel Department)

3.4 Enterprise Databases

An enterprise database is one whose scope is the entire organization or
enterprise { or, at least, many different departments). Such databases are
intended to support organization-wide operations and decision making. Note that
an organization may have several enterprise databases, so such a database is not
inclusive of all organizational data. A single, operational, enterprise database is
impractical for many medium to large organizations due to difficulties in
performance for very large databases, diverse needs of different users, and the
complexity of achieving a single definition of data ( metadata) for all database
users. An enterprise database does, however, support information needs from
many departments. Arguably the most important type of enterprise database today
is called a data warehouse. A data warehouse is an integrated decision support
database whose content is derived from the various operational databases (such
as personal computer, workgroup, and department databases). We describe
data warehouses in detail in Chapter 14.

Consider a large health care organization that operates a group of medical
centers including hospitals, clinics, and nursing homes. As shown in Figure 5,
each of these medical centers has a separate database { or databases) to support
the various operations at that facility. These databases contain data concerning
patients, physicians, medical services, business operations, and other related
entities.

12



