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Preface

Information and communications technology has changed rapidly since the first edition of the Black
well Encyclopedia of Management. Each wave of new technologies enables innovations in organization

systems for information processing and communication. New ways of performing the transactions and

management and knowledge work activities of organizations are made possible. Organization systems

are no longer simple and easily constructed or modified; they are complex, depend on technology, and

require significant effort to construct, implement, and modify. Managers and other knowledge

workers at all levels in an organization can do their work better if they understand information

systems. They can rely on technical personnel to handle the technical issues, but they need to

understand the systems if they are to use them effectively and efficiently, and if they are to be able

to specify improvements and innovative changes.

Information systems are vital to products, services, and management processes in an organization. A

new organization function has been established to plan, implement, and manage the information

technology infrastructures and systems required by an organization. The business function is justified

by the size of investments in information resources and its importance to organizations. An academic

discipline has also emerged to teach and research the use of information technologies in organizations

and the management of information resources.

A variety of names are applied to the new organization function and academic discipline. The term,

Management Information Systems or MIS, is widely used; other often used terms are information

systems and information management. The term IT or information technology may also be used

because of the importance of information and communications technology in information systems.

The focus of the Management Information Systems volume in the Blackwell Encyclopedia of Manage
ment is on information systems in organizations and the management of information and information

system resources. There are articles describing the concepts, processes, and tools employed in

planning, building, and managing information systems and information resources. Those persons in

an organization who deal with or use information systems and information resources should have a

user level understanding of systems, applications, and databases. They frequently need to understand

the information and communications technology employed in the systems. They do not need to be

technologists, but they need a user level or managerial level understanding of the technology. The

emphasis of the MIS volume is on the systems, applications, and processes that are employed in

planning, managing, and delivering information resources to an organization. However, there are also

user level and management level explanations of technical terms that are relevant to dialogue about

existing systems and opportunities and requirements for new applications. In other words, technolo

gies that are important only to technologists are not included; technologies that are important

to organization systems are explained. An example of a technology that is included is rad io

frequency ident if icat ion (RFID), a new technology that is the basis for new systems for

managing inventory and tracking customer purchases.

A useful starting point for a user of the Management Information Systems volume is the entry on

management informat ion systems . It defines and describes the management information

system for an organization and the scope of the organization function that manages it. Underlying
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concepts are found in entries on informat ion concepts and system concepts appl ied to

informat ion systems .

The articles and definitions in the volume have been written by academics and professional

colleagues working in the field of information systems. They were instructed to make the descriptions

technically correct but understandable to a reader who is not a specialist in the field. The writers come

from universities and companies in a number of countries. I appreciate their work.

Gordon B. Davis

Preface vii
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hardware based products and services. Such

standards often relate to specific industries

such as the banking and finance sector, health

care, and so on.

See also biometrics; cryptography (crypto);
identity theft; phishing

automated teller machine

ATMsareused inconsumer (retail) banking.Cus

tomers may withdraw cash or enter deposits from

remote locations.ATMsare typically connectedto

a network that allows customers from different

banks or holding different credit cards to use

them (see electronic funds transfer ).

automated teller machine 23
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B

bar code

Gordon B. Davis

Bar codes such as the universal product code

(UPC) are important to information processing

because they provide a low cost, well defined

method for identifying products, parts, equip

ment, etc. The bar code itself consists of sets of

black and white bars of different widths. There

is a human readable interpretation of the bar

code at the bottom of the bar code space. The

bar code can be read by a hand scanner or by a

checkout counter scanner connected to a cash

register. For sales purposes, a UPC is assigned

to a product and placed on a small rectangular

space on the product package. In the case of a

retail store, the data scanned from the bar code

are input to a computer that looks up the price

and provides it to the cash register. The com

puter also collects data for inventory updating

and sales analysis.

A bar code can be used internally without

obtaining an assigned code. For commerce pur

poses, a company, Uniform Code Council

(UCC), assigns a unique six digit manufacturer

identification number in return for an annual

fee. The UPC used for a product consists of

the manufacturer number plus a five digit item

number and a check digit (for error checking

purposes). There are rules for coding special

situations such as coupons, items to be weighed

on checkout, etc.

The advantage of the UPC bar code is its sim

plicity and the existence of inexpensive devices

for creating tags for products. Separating the

product identification fromits sellingprice allows

a retail store to change the price being charged

without changing the price on each individual

item. It reduces the need for a checkout clerk to

enter a product identificationnumber andaprod

uct price. A disadvantage is the possibility of a

person making an unauthorized UPC for an item

that shows a different (lower priced) item code,

applying it to the item, and going through check

out with a lower price being charged. An alterna

tive to a bar code is a radio frequency

ident if icat ion (RFID), which contains

coded data that is transmitted to a reading device.

batch processing

A term applied to periodic processing of trans

actions that are assembled into batches. See

process ing methods for informat ion

systems .

biometrics

William J. Caelli

The term ‘‘biometrics’’ is defined in the US’s

NCSS Instruction 4009 (revised May 2003), an

IT assurance glossary of terms, as encompassing

‘‘automated methods of authenticating or veri

fying an individual based upon a physical or

behavioral characteristic.’’

The term relates to the original definition of

three ways to verify a claim of identity that

emerged in the 1970s. These are proof of iden

tity claimed by:

. what you know, such as a password, personal

identification number (PIN), etc.;

. what you possess, such as a smart card,

mechanical/electronic token, etc.; and/or

. what you are, such as a fingerprint, eye ret

inal pattern, voiceprint, DNA pattern, etc.
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The most common biometric, in a historical

sense, is the usual fingerprint used in police and

like investigations. For added security, two or all

of these may be combined and products incorp

orating all three factors are now coming to the

market. Examples include a smart card that can

sense and read a fingerprint which holds it while

the associated card reader requires a password to

activate the card itself. Problems with the wide

spread introduction of biometric systems for

increased overall system security and user iden

tity authenticat ion have included user ac

ceptance and cost.

However, there are other problems that need

to be considered in relation to the use of biomet

ric systems. These include the following factors.

Should a biometric system be compromised in

some way, e.g. a user’s fingerprint be duplicated,

it is more or less impossible to overcome the

problem in a direct fashion. This is not the case

with, say, the token or password situation where

these can be changed and reissued.

In particular, it has to be observed that a

biometric subsystem employed as a security

scheme in an information system is only as

good as the systems that protect the ‘‘string of

bits’’ that represent the user’s biometric meas

urement. So, for example, if a fingerprint scan

ner system is used and verification of the print

pattern is performed by, say, a central server

system, then the bit pattern that represents that

fingerprint must be itself authenticated and kept

confidential on an end to end basis. This usually

means that some form of cryptographic algo

rithm and protocol set must be used to perform

such a service, and this brings with it the neces

sity to manage that cryptographic subsystem and

its associated keys with a very high degree of

trust. It can also be argued that since such bio

metric systems may be used to produce data in

the form of audit trails that provide evidence in a

court of law, such systems should themselves be

evaluated for their own security robustness using

accepted national and international standards,

e.g., IS 15408, FIPS 140 (for associated crypto

graphic services and related key management

schemes), and so on.

The price of biometric units has collapsed

since 2000 and such units as fingerprint scanners

can now be observed in such items as laptop

computers, cell phones, personal digital assist

ants (PDAs), access controls for doors, and other

devices.

blog (weblog)

A blog is the web page that publishes the online

journal of an individual. Many blogs are updated

frequently, even daily, with entries describing

events, emotions, or questions in the life of the

individual. Some blogs become the basis for a

discussion about issues such as health, handling

personal problems, opinions, etc. The style is

personal and informal.

See also bulletin boards

broadband

see electronic communicat ions

bulletin boards

Gordon B. Davis and J. Davis Naumann

Computer bulletin boards can be a valuable

source of information for organizations. Three

different types of information sharing groups

have evolved: (1) bulletin board systems;

(2) commercial discussion groups; and (3) per

sonal discussion groups. Bulletin board systems

are independent systems created and operated

by entrepreneurs or organizations. The largest

bulletin board system is the Usenet. These news

groups number in the tens of thousands and are

globally distributed over the Internet . The

Usenet evolved with no central organizational

structure. It has been the source of controversy

and even legislation because of the lack of control

over its contents.

A second class of discussion groups and infor

mation services isprovidedby themajor commer

cial online vendors.The services aremarketed for

a relatively low monthly fee and hourly charge.

They are one of the primary sources of technical

information provided by information industry

vendors. Vendors assign staff to follow their

bulletin boards, post replies, announce problem

bulletin boards 25
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received and an investigation reveals a failure

to adhere to data protection principles would

a system be ‘‘deregistered.’’ Thus, this

model provides more remedial than anticipa

tory enforcement of principles.

5 The licensing model creates a requirement that

each databank containing personal data be

licensed (usually upon payment of a fee) by

a separate government institution. This in

stitution would stipulate specific conditions

for the collection, storage, and use of per

sonal data. This model anticipates potential

problems and heads them off, by requiring a

prior approval for any use of data.

The US is usually described as intermingling

the self help and voluntary control models.

Germany is often viewed as a good example of

the data commissioner model, the UK as

the registration model, and Sweden as the licens

ing model. Some countries have no data protec

tion laws at all (seeBennett, 1992;Madsen, 1992).
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processing methods for information systems

Gordon B. Davis

Processing methods are generally associated

with transaction processing. Transaction pro

cessing is a basic organization activity. Without

transaction processing, business transactions

would not be completed. Without it, bills

would not be paid, sales orders would not be

Lower Medium Higher

Self-help

Voluntary
control Data commissioner Registration Licensing

Figure 1 Regulation models: lower, medium, and higher refer to the level of government regulation in corporate privacy

management (Milberg et al., 1995)

254 processing methods for information systems
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filled, manufacturing parts would not be

ordered, and so on. Without it, data for manage

ment activities would not be available.

Transaction Processing Cycle

The transaction processing cycle begins with a

transaction that is recorded in some way. Al

though handwritten forms are still very

common, transactions are often recorded dir

ectly to a computer by the use of an online

terminal, desktop computer, or handheld device

with communications capabilities. Recording of

the transaction is generally the trigger to pro

duce a transaction document or instructions that

are displayed on a terminal, desktop computer,

or handheld device. Data from the transaction

are frequently required for the updating of

master files; this updating may be performed

concurrently with the processing of transaction

documents or by a subsequent computer run.

The capturing of data on documents or by

direct entry is a necessary first step preceding

other activities in processing the transaction. For

example, a sales order is manually prepared on a

sales order form by a salesperson, a telephoned

order is entered in a computer by a telephone

salesperson, a cash withdrawal is entered in an

automatic teller machine by the customer, and a

reservation is entered by a travel agent using an

online reservation terminal.

When a transaction is recorded manually, a

copy of the document is usually used for data

preparation. The transaction is keyed into a file

using a terminal or data entry computer. The

records of the transactions are used for process

ing. Many times, the documents involved are

partially or completely coded. A bank check is

precoded with the customer number and bank

number; the amount of the check must be added.

A turnaround document may be coded with

much of the transaction data. An example is the

part of the invoice returned with the payment;

the turnaround portion may often be read with

optical scanning.

Data validation is the testing of input data

records to determine if they are correct and

complete. This cannot be accomplished with

complete assurance, but reasonable validation is

usually possible. Validation tests applied against

each data item or set of items may include tests

for missing data, valid field size for each data

item, numerical data class test, range or reason

ableness test, valid or invalid values test, and

comparison with stored data. Identification

numbers and processing codes are very sensitive

to errors. They can be validated for size, range,

and composition of characters. An additional,

very effective, validation technique for codes is

a check digit. It is a redundant digit derived by

computations on the identification number and

then made a permanent part of the number.

During data preparation and input validation,

the check digit derivation procedure is repeated.

If the procedure performed during input results

in a different check digit, there has been an error

in recording or entering the identification

number.

When input data items have been validated,

the transactions are processed. Subsequently,

two major activities occur during transaction

processing: updating of machine readable stored

data (master file) related to or affected by the

transaction, and preparation of outputs such as

transaction instructions, documents, and

reports. In these activities, control information

is also produced.

Transaction data output can be classified as to

its purpose. There are three major reasons for

producing transaction documents or other trans

action outputs: (1) informational to report, con

firm, or explain proposed or completed action;

(2) action to direct a transaction to take place or

be completed; and (3) investigational for back

ground information or reference by the recipi

ent. Action documents include shipping orders,

purchase orders, manufacturing orders, checks,

and customer statements. These documents in

struct someone to do something. For example,

a purchase order instructs a vendor to ship, a

check instructs a bank to pay, etc. When action is

taken, the completed action (or lack of comple

tion) is reported back to the organizational unit

initiating the action. A sales order confirmation

verifies receipt of an order. Lists of checks not

paid by banks represent a confirmation of com

pleted action (if not on list, checks have been

paid) and lack of completed action (by being

listed as unpaid). A single document or different

copies of it may serve both action and informa

tional purposes. For example, one copy of the

sales order confirmation may be sent to the cus

tomer to confirm the order; a second copy may
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be used as an action document to initiate filling

of the order.

Some transaction records are distributed to

other departments in the organization to provide

background information for recipients in the

event that they need to respond to inquiries or

need them for other reference. With online

systems, a reference copy of the transaction can

be stored in a computer file and may be retrieved

viaa terminalbyanyonewho is authorizedandhas

need of the information. Transaction documents

may also be used for managerial information or

control scanning, as when a purchasing manager

scans all purchase orders to spot unusual occur

rences. In general, however, managerial informa

tionpurposes arebettermetbyreports or analyses

that summarize transactions.

When transactions are processed, a transaction

report is usually prepared for a period of time

such as a day, a device such as terminal, or other

basis for reference. The listing includes control

totals for the number of transactions processed,

total dollar amount of transactions, etc. The

listing represents a batch of transactions received

or input during a period of time. It provides a

means of processing reference and error control.

Methods for Processing Transactions

There are three different methods commonly

used for processing transactions and updating

master files: (1) periodic data preparation and

periodic batch processing (usually termed batch

processing); (2) online entry with subsequent

batch processing; and (3) online entry with im

mediate processing (termed online processing).

The choice of methods should reflect the under

lying process being supported. If the underlying

process is transaction oriented with immediate

completion of the transaction desirable (as with

order entry), online processing is indicated. If

the process is periodic (as with payroll), batch

processing is adequate.

Batch processing involves the accumulation of

transactions until a sufficient number has been

assembled to make processing efficient or until

other considerations, such as a report cycle, ini

tiate processing. The processing of batches can

be daily, weekly, or monthly, depending on the

volume of transactions and other considerations.

Batch processing of transactions can be very

efficient in terms of data preparation and pro

cessing of transactions. One major disadvantage

of periodic batch processing is the delay in

detecting and correcting errors. This is an espe

cially serious problem for errors that can be

found only when the transaction is compared

against the master file. For example, if a transac

tion is coded with an apparently valid customer

number for a nonexistent customer, the

error will not be detected until processing is

attempted against the customer file. The delay

makes it difficult to trace the transaction back to

the origination point and identify the correct

customer.

With a batch system, the user prepares data

input as a batch of transactions recorded over a

period of time such as a day or week. A user

responsible for processing data in a batch system

must prepare input data in the exact format and

with the exact codes required by the processing

program, prepare control information used to

insure that no records are lost or remain unpro

cessed, and check output received for errors

(including checking against the control informa

tion prepared with input data). The user is also

responsible for reviewing error reports, prepar

ing corrections, and submitting corrections for

processing.

When transactions are entered at an online

terminal, the transaction is entered directly into

the computer and validated immediately. The

processing itself may be performed immediately

or at a subsequent time as with periodic batch

processing. One important advantage of online

entry over periodic data preparation and input is

that most of the validation may be performed

while the transaction is being recorded. Many

errors can therefore be corrected immediately

while the person entering the transaction is

available for correction. Often the user or cus

tomer originating the transaction is still available

to make appropriate changes. In addition, the

master files can be accessed for the detection of

errors such as nonexistent master file records. In

online entry with subsequent batch processing,

the computer is used for direct data entry and

validation, but valid transactions are stored for

later periodic batch processing.

In online entry with immediate processing, the

transaction is validated online and then pro

cessed immediately if valid. A response with

the result of processing or a confirmation of
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completion of processing is generally provided

to the user at the input terminal. The advantages

of this approach are the same as direct entry with

subsequent processing (i.e., immediate valid

ation with opportunity for immediate correc

tions by the person doing the input) plus the

additional advantage of immediate processing

with immediate results. The master files are

always up to date. For instance, after an item is

sold, the inventory master file reflects the actual

state of the inventory for that item. The disad

vantages of immediate processing are the some

what higher cost of online processing versus

periodic batch processing (requires greater com

puter power and often data communications)

and the extra procedures required to produce

adequate control information and to safeguard

the files against accidental or deliberate destruc

tion during online updating.

In online processing, the user has a terminal,

microcomputer, or handheld device for the

input of transactions and output of results. The

input devices are connected by wired or wireless

communication lines to a remote computer

where processing actually takes place. Transac

tions are entered and processed one at a time as

they occur (in real time). The user generally has

to be identified to the system as an authorized

user before transactions are accepted. System

sign on and authorization usually uses a pass

word protection scheme. Users may have differ

ent authorization levels which determine what

types of transactions they may perform. For

instance, a user may be authorized (via his or

her password) to process certain update transac

tions (e.g., a sale) but not others (e.g., alteration

of payroll data). The mode of operation is a

dialogue. The dialogue may be extensive and

provide tutorial and help information for entry

of data, or it may be very limited and require the

user to understand what data to enter and how

they should be entered. A user responsible for

processing data in an online system must enter

transactions in the proper format based on a

dialogue, a visual form, or instructions in a

manual; respond to error messages (since the

system should reject any invalid data) with cor

rected input; and review control information. At

the end of a period of processing transactions,

the user signs off, so that an unauthorized user

may not subsequently enter data.

Retrieval in Transaction Processing

Many online systems use data retrieval software

to support transaction processing. Even in appli

cations where batch updating is appropriate, the

capability to access related records during trans

action preparation is often desired. For instance,

a bank may install online terminals so that cus

tomers may inquire about the status of their

accounts. A customer complaint department in

a retail catalogue company may check the status

of an order when a customer calls. In these

examples, online inquiry into master files is re

quired.

Inquiries associated with a transaction pro

cessing system tend to be fairly structured, so

that they may be programmed to use a standard

set of commands that can be mastered fairly

easily. In some systems, commands can be

assigned to special function keys on the keyboard

so that the operator needs only to press a

single key rather than type in a command. Ter

minals that are only to be used for inquiries, such

as terminals for customer use on a bank floor,

may be specially designed with only function

keys.

Information Processing Controls

Control of transaction processing begins with

the design of the document or screen for initially

recording the transaction. If the document is

manually prepared, it should be designed to

minimize errors in completing it. This requires

adequate space, unambiguous directions and

labels, and a sequence of recording that is natural

to the preparer. Boxes, lines, colors, labels, and

menus of alternatives are some of the methods

used to aid the preparer. One serious problem is

how to make sure every transaction is recorded

and entered into processing. Interruptions or

carelessness may cause a transaction to not be

recorded or the source document to be mis

placed. To prevent or detect such errors and

omissions, the transaction processing system

may have one or more controls such as the

following: (1) computer defined transaction

number or prenumbered source document; (2)

record anticipating a transaction (such as pay

ment due); (3) document produced as a by prod

uct; or (4) comparison with related transaction

controls.
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The use of a terminal, desktop computer, or

handheld device to enter the original transaction

has the advantage that a machine readable

record is produced at the same time as source

documents needed for the transaction are pre

pared. If a source document is misplaced or lost,

the computer record permits the tracking or

reconstructing of the missing record. Accuracy

and completeness considerations for source

document design also apply to input screen

design for the visual display terminal. Since

online entry may also be performed without a

source document (as with order entry by tele

phone), the machine record may be the only

‘‘document.’’

In the flow of control in batch processing, it is

best to establish a control total of documents

before the batch processing begins. The control

total can be a record count, a financial total, or a

‘‘hash total’’ of numbers such as account

numbers, which are not normally summed

(hence the total is meaningless except for control

purposes).

During the data preparation process, the con

trol totals are checked to verify that no transac

tions are missing and that items used in control

totals have been entered correctly. The control

total is input with the data and checked by com

puter as part of data validation, processing, and

output. The control totals appear on batch

reports and on other control reports. The output

(after adjusting for rejected transactions) should

match the control total for the input batch.

Computer programs and control personnel

make control total comparisons during process

ing; users check controls on output against con

trol totals for data they submitted for processing.

This checking provides a simple but powerful

control procedure to insure that all transactions

in the document batch are processed.

In the case of online input from documents,

there is no control total of transactions prior to

entry. However, if there are reasonable control

procedures to enforce entry of all transactions,

control totals can be developed for logical

batches of input (transactions that are logically

grouped by some common feature). The logical

batches provide a basis for listings for reference,

follow up, comparison with physical evidence,

and so on. For example, the log of all transac

tions entered is sorted, and logical batches of

transactions are prepared by terminal, by oper

ator, by type of transactions, etc.

There are special control considerations with

online processing. The files change continu

ously, and therefore any error can disrupt a file

and create additional errors as subsequent trans

actions are processed. The straightforward pre

processing batch control totals cannot be used to

check batches before updating. Some examples

of controls illustrate how control in online pro

cessing is handled. Restart procedures tell input

personnel which transactions were lost if a

system goes down. A separate backup file copy

and transaction log are used for making file

correction.

Processing Reference Control

The audit trail (or a processing reference trail) is

the trail of references (document numbers, batch

numbers, transaction references, etc.) which

allows tracing of a transaction from the time it

is recorded through to the reports in which it is

aggregated with other transactions, or the re

verse, tracing a total back to amounts on individ

ual source documents. The processing trail is

required for internal clerical, analytical, and

management use because of the frequent need

to examine the details behind a total or to trace

what happened to a transaction. It is also needed

by external auditors and is required by certain

tax regulations for tax related records.

An audit trail should always be present. Its

form may change in response to computer tech

nology, but three requirements should be met:

1 Any transaction can be traced from the

source document through processing to out

puts and to totals in which it is aggregated.

For example, each purchase of goods for

inventory can be traced to inclusion in the

inventory totals.

2 Any output or summary data can be traced

back to the transactions or computations

used to arrive at the output or summary

figures. For example, the total amount

owed by a customer can be traced to the

sales and payments that were used to arrive

at the balance due.

3 Any triggered transaction (a transaction

automatically triggered by an event or con

dition) can be traced to the event or condi
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tion. An example is a purchase order trig

gered by a sale that reduced inventory below

an order point.

programming languages

Gordon B. Davis

A computer program is a set of instructions that

direct the computer to execute operations.

Writing a set of instructions is termed ‘‘coding.’’

The computer executes machine language in

structions, but programs are not written in this

form because they are expressed in some binary

form that is difficult for human use. A symbolic

assembly language was used in the early develop

ment of computers to allow programmers to code

machine level instructions using mnemonic

names for instructions and symbolic names for

storage locations. The difficulty with symbolic

assembly languages is that they require one sym

bolic instruction for each machine instruction.

Most programming is now done in a higher

level language. There are different types of

high level languages, but a common characteris

tic is that the program is written in instructions

that describe the procedures or problem solving

steps to be performed. The high level instruc

tions are converted to a machine level program

by a computer program called a ‘‘compiler.’’

High level languages used in information pro

cessing can be categorized by their orientation.

The classification below is useful in thinking

about the orientation of languages, but often

programming languages do not fit exactly into

any one category.

1 Algebraic, formula processing languages.

2 Business data processing languages.

3 Specialized languages.

4 General purpose languages.

5 Fourth generation languages (4GL).

6 Screen oriented languages.

7 Object oriented languages.

Algebraic languages are oriented toward com

putational procedures for solving mathematical

and statistical problems or problems that can

be expressed in terms of formulas or numerical

solution procedures. Algebraic languages have

good facilities for expressing formulas, for de

scribing computational procedures, and for spe

cifying common mathematical functions.

Typically, they are less useful for complex input

and output and manipulation of non numeric

data. There are a large number of such languages,

each one suited to a specialized environment.The

most commonly used algebraic languages are

fortran (FORmula TRANslator) and

BASIC (Beginners All purpose Symbolic In

struction Code). FORTRAN has developed

through a number of versions and is supported

by standards efforts. BASIC was developed as a

language for student use but is nowwidely used as

a simplified language. Since most languages have

facilities for expressing formulas and mathemat

ical functions, many newer object oriented lan

guages with facilities for Internet applications

are used for mathematical and statistical prob

lems (see object or iented programs

and systems ).

Business data processing languages emphasize

information processing procedures involving

manipulation of non numeric data, large files,

and high volume of input and output. They

also have extensive formatting capabilities for

reports. The processing procedures do not usu

ally require extensive mathematical manipula

tion. Cobol (COmmon Business Oriented

Language) has historically been the most widely

used of these languages. As a historical note, a

language often used with smaller business com

puters was RPG (Report Program Generator).

In the development of business oriented data

processing, existing languages have been

expanded to include user screen design and

screen object operations. Newer object oriented

languages suited to applications involving

microcomputers and Internet applications are

often used for business data processing applica

tions. Database packages include programming

facilities for retrieval of data and formatting of

reports. A standard language, sql , is the most

common query language. Many database pack

ages have graphical user interfaces (see graph

ical user interface ) for formulating

queries, but the underlying instructions are gen

erated in an SQL like language.

Specialized languages are used for situations

requiring functions that are not common to al

gebraic or business processing. An example is
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simulation languages, which are used to simulate

operations involving queues. These can be quite

complex and difficult without a specialized lan

guage. For example, a simulation of the oper

ation of a job shop will involve many processing

stations, many waiting lines of jobs to be pro

cessed, etc. Other specialized languages are used

to write programs to control machine tools, do

computations unique to engineering, etc.

General purpose languages are designed to sup

port both algebraic and business data processing

plus some common specialized functions. An

example is ADA, a general purpose program

ming language. It is especially suited for the

programming of large, long lived systems with

a need for ongoing maintenance. It supports

modern programming structured techniques

and concurrent processing.

Fourth generation languages (4GL) are

languages that produce programs based on

high level specifications rather than detailed

procedural code. Fourth generation languages

are used by both professional programmers and

experienced users to access data and build

reports. Complete applications can be built

using fourth generation languages. This is fre

quently the case in applications that depend

upon database use.

Screen oriented languages are designed to assist

in programming applications that are run by a

user employing a graphical user interface to

select operations from a menu, by a mouse oper

ation to activate a screen object, or by keyboard

entry.

Object oriented languages are designed to assist

in programming with reusable objects rather

than writing extensive procedures. Each element

of an object oriented program is an object. Each

object consists of data structures plus the oper

ations, called methods, that can be performed on

its data. Objects are activated by messages that

come fromother objects or are triggered by exter

nal events. Objects interact only by exchanging

messages (which can include data). This charac

teristic of data and methods contained within an

object is called ‘‘encapsulation,’’ one of the main

principles of the object oriented approach. The

effect of encapsulation is that data can only be

affected through the methods of the object con

taining them.Another important characteristic of

objects is inheritance. Once an object has been

defined, a descendant object may be created that

automatically inherits the data structures and

methods of the original object. The two most

widely used object oriented languages are Cþþ
and Java, but there aremany others. Each of these

language systems provides complete develop

ment environments tailored to the needs of

object oriented implementation.

The type of language or its orientation is

useful in selecting the programming language

that best fits the characteristics of an application.

However, because most information processing

functions can be programmed in almost

any language, a programmer will often select

a language that is known rather than the lan

guage that has the best functionality for the

problem.

protocols

Gordon B. Davis

When two devices are communicating, there

must be agreement as to the meaning of control

information being sent with the data, and agree

ment as to how the control information and data

will be packaged. This agreement is the protocol.

There are a number of standard communication

protocols. The most widely known communica

tions protocol is the OSI (open systems intercon

nect) reference model developed by the ITU

(International Transport Union). It has been

standardized as the X.25 seven layer model. In

this model, separate sets of rules (protocols) are

defined for different communication conditions

and needs.

There are other models or collections of

protocols. These models are often called com

munications architectures. Examples include

IBM’s SNA (systems network architecture)

and TCP/IP (transmission control protocol

and Internet protocol, two key elements of the

protocol architecture). Communication on net

works using a single protocol architecture is

simpler and more efficient than communication

involving multiple architectures.
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gateways, companies offer guest users access to

the Internet, whereas employees have full access

to internal resources once they are authenticated.

This helps to balance the flexibility versus se

curity issue.

There have been numerous concerns

regarding the security of devices supporting

Bluetooth. In a technical sense, someone may

be able to download the contents of your PDA

or your cell phone address book just by simply

walking past you and making a wireless connec

tion. In the case of infrared connections, the

limits of range and need for line of sight makes

security less of a concern. However, there is a

new proposed use of IRDA called IRFM (infra

red financial messaging), also known as ‘‘Point

and Pay,’’ which integrates unique security fea

tures to pay for transactions using a personal

device.

wireless communications

see wireles s comput ing

worldwide web

Mark A. Fuller

In 1993, a new Internet function was intro

duced by the CERN physics laboratory in Switz

erland termed the worldwide web. The

worldwide web is a service that provides an

Internet accessible network of hyperlinked

documents. The documents are standardized in

their underlying structure, facilitating the ex

change of complex types of information. Until

this time, most people had not found the Inter

net to be particularly useful. While some busi

nesses and many universities used the basic

functions of the Internet, i.e., message and file

exchange, the ability to gather useful informa

tion from remote locations was still a reasonably

complex task, beyond the skill and interest of

many. The worldwide web (also known as the

web or WWW) changed usage by making it

possible to exchange information more easily

and in richer forms.

Information on the worldwide web is organ

ized into pages and accessed through software

called a web browser. Each page may contain

information in the form of text, images, sound

files, or full motion video. The worldwide web

has evolved into an interactive media as well.

Programs running in the background of some

web pages allow the user to respond to questions

online, fill out forms, access remote databases, or

interact with other types of programs. These

interactive capabilities have the potential

to change the way users run both their personal

life (through applications involving activities

such as online banking, shopping, or entertain

ment) and their work (through online

systems that assist in business activities such as

inventory control, product ordering, and com

munication).

Web pages typically contain hypertext links to

other pages and resources. When links are acti

vated, the user may be retrieving data from the

same computer where the original page resides,

or from a computer in a remote location thou

sands of miles away. Each page and computer

combination has a unique address called a uni

form resource locator (URL). This addressing

system enables users to store the location of a

resource for access in the future. Web docu

ments are created in a particular language

which browsers recognize and translate. The

language, termed hypertext markup language

(or HTML), is reasonably simple to learn,

allowing even relative computer novices to

create basic web pages in a short amount of

time (see markup languages ).

The earliest web browser, called Mosaic,

was designed at the University of Illinois

and incorporated the ability to interpret graphical

images on the screen. Since that time, a variety of

other browsers have been developed, including

Netscape’s Navigator and Microsoft’s Internet

Explorer. The web became a rapid success,

changing Internet usage from primarily the gov

ernmental and educational sector to nearly 10

million users by 1994, just one year after its in

ception. As of 2003, the estimated number of

users was nearly 600 million. In that year, these

users accessed over 6 billion web pages and spent

nearly $100 billion dollars purchasing goods and

services on the Internet’s worldwide web.
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X

XML (extensible markup language)

Roger Debreceny

Markup languages are used to define the

content of files that are exchanged between dif

ferent applications or different users. They are

very important because they define the format

and meaning of strings of characters or text

within letters, documents, forms, and other

business documents that are sent within an or

ganization or between organizations. In the ab

sence of a markup language, each message or

document would need to describe how the

strings of characters being exchanged should be

interpreted. The markup language is a standard

way to describe the content. Without a markup

language, for example, a document containing a

financial report would need significant descrip

tive information to explain the elements of the

report and how the recipient should format the

elements in the report.

There are many markup languages; the most

significant are those accepted as standards. Some

are limited in scope and use; others are broad and

extensible. For example, HTML (hypertext

markup language) is a standard markup language

for Internet pages that interconnect with

other pages. XML (extensible markup language)

is one of the most important markup languages,

because it is standard in its structure and yet can

be extended to include new markup require

ments and creation of new markup languages.

XML was developed in response to the need

for a general purpose markup language that

could be widely deployed on the Internet. The

World Wide Web Consortium (W3C) created

the extensible markup language version 1.0

(XML 1.0) as a foundation for the development

of new Internet based standards and applica

tions in electronic commerce (see e com

merce ), metadata management, and other

application areas. XML is a metalanguage,

designed to support the creation of new lan

guages. XML is a subset of the standard gener

alized markup language (SGML), which is

expressly designed for the Internet and the

worldwide web .

A markup language is coded in plaintext. De

fined components of the file are interpreted as

markup (‘‘tags’’) instead of content. The text

‘‘<title>’’ and ‘‘</title>’’ in the string

<title> This is the title of this document

</title> are the opening and closing tags or

markup that provide semantic value to, in this

case, a fragment of text.

Markup within a file may contain instructions

for the application using and interpreting the

plaintext file. The markup may alternatively

provide semantic interpretation of the text con

tained within the markup. Semantic interpret

ation of the markup is defined by the markup

language. SGML, XML, and HTML are

examples of markup languages. In contrast with

the predefined set of tags (tagset) defined in the

HTML specification, XML has an extensible

tagset. XML makes no semantic restriction on

the tags that may be incorporated within a par

ticular application. Indeed, HTML 4.0 is repro

duced in XML as XHTML.

XML semantic content can be incorporated

within both tags and/or attributes of tags. The

XML code fragment shown below illustrates the

use of both tags that are designed to impart

semantic content to the text they encompass

(e.g., ‘‘<paragraph>’’) and tag attributes

that add semantic meaning to the encompassed

content (e.g., ‘‘<display¼ ‘‘ Yes’’>’’).

<?xml version¼ ‘‘1.0’’?>
<helloworldtext>

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1013, Page 000025



<title>
My First XML Document
</title>
<paragraph display¼ ‘‘Yes’’>
Hello World.
</paragraph>
</helloworldtext>

XML 1.0 has, by design, a highly limited set of

features. XML provides no direct support for

presentation of content on interactive displays or

in print. It has no mechanism for transporting

XMLcontentontheInternetor anyothernetwork

architecture. It provides no direct support for ex

ternally defining the semantic meaning of the ex

tensible tagset within XML documents. For

example, the semantic meaning of the markup

such as ‘‘<title>’’ and ‘‘<paragraph>’’

shown in the code fragment above will be com

pletely dependent on the application under devel

opment. In this case, the markup has semantic

valuewithin theEnglish language.The tags (elem

ents) could equally as well have been represented

by the terms ‘‘<ax74t>’’ or ‘‘<xi3f5>.’’

Support for the prerequisites for any complete

application such as presentation, transport, and

semantic definitions are found either elsewhere in

the suite of standards definedby theW3Cand that

make up the XML family, or in the wider body of

Internet standards defined by organizations such

as the Internet Engineering Task Force (IETF).

The suite of companion XML standards
developed by the W3C is both broad and deep,
covering presentation, namespaces, semantic
structuring, information querying, and hyper
linking. Support for transformation and presen
tation of XML documents is covered by the
extensible stylesheet language family (XSL).
XSL transformations (XSLT) provides a
means for transforming XML documents from
one form (‘‘source tree’’) to another (‘‘result
tree’’). The content and structure of the trans
formed document will depend on the way in
which the consuming application has utilized a
template that is associated with an XML docu
ment. XSL 1.0 (previously XSL Formatting
Objects (XSL FO)) provides a means for for
matting a result tree in a particular display
format, typically a print based layout.

The core XML specification makes no re

striction on the naming of elements or attributes

and there is, consequently, no central registry of

elements or attributes. It is highly likely, then,

that application designers will each identically

name elements or attributes. In designing an in

ventory application, for example, it will be

common to have elements such as ‘‘<part
_id>’’ or ‘‘<bin_location>.’’ The XML

Namespaces specification provides amechanism,

based on standard Internet universal resource

identifiers (URIs), to uniquely identify the au

thority for a given element or attribute. This will

allow the consuming application to differentiate

‘‘<my:part_id>’’ from ‘‘<your:part_
id>.’’

The foundation of SGML, of which XML is

a subset, was in the processing of textual docu

ments for publication purposes. Whilst these

documents typically have complex structures,

they are of quite a different character to the

semantic structures required for processing

business or e commerce information. SGML

provides a method for externally imposing a

data structure upon one or more instance docu

ments through the document type definition

(DTD) mechanism. Whilst this mechanism is

also supported in XML, it has been effectively

replaced by the relatively recent XML Schema

specification. XML Schema was created in re

sponse to a clear need for a more efficient and

effective method for enforcing data structures

over instance documents in a wide variety of

application domains, notably in all aspects of e

commerce. XML Schema provides a more data

centric approach to specifying knowledge struc

tures in instance documents. The specification

provides a systematic approach to defining

both simple and complex data structures that

can be consistently enforced on a set of instance

documents by an application. XML Schema

defines a host of simple data types that are

commonly found in database schema languages,

including string, decimal, integer,

negativeInteger, and positiveIn-
teger. The specification provides a mechan

ism for deriving further specializations of the

predefined simple types. For example, nega-
tiveInteger and positiveInteger are

both specializations of the integer simple type.

XML Schema also supports the creation of

complex types, such as a ‘‘purchaseOrder’’

or ‘‘customerAddress.’’ These complex
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types incorporate sets of simple data types or

complex types. The complex type can impose

both ordering or sequence and cardinality on

sets of simple and complex types. Data struc

tures can be reused by associating different

names with predefined simple or complex

types. Specialization is also supported by

allowing new types to be created that are exten

sions of existing types. Types may be associated

with rich sets of attributes that may, in turn, be

associated with enumerated lists.

XLink and XPath are components of the com

panion suite of XML standards that collectively

provide a significantly enhanced set of hyperlink

ing functionality, as compared with HTML.

XLink supports both simple and complex

(‘‘extended’’) hyperlink structures. The HTML

hyperlink based on the anchor construct is func

tionally equivalent to the simple link in XLink.

Extended links, however, allow designers to in

corporate highly complex link structures in their

applications (‘‘linkbases’’). Links in XLink at

their simplest level join two resources such as

content in XML instance documents together

over an arc. The manner by which those links

are established can be derived in complex ways.

An extended link associates an arbitrary number

of resources. XLink providesmechanisms for the

developer to bind resources together by networks

of links, associate human readable titles to a given

hyperlink, set rules for traversal between re

sources, and define the resources that may be

accessed by a given hyperlink.

XML instance documents will frequently

have highly complex internal structures. Infor

mation that is of value to applications may be

stored within some subsection of the instance

document. XPath provides syntax for applica

tions based on other standards such as XPointer

and XSLT to address given components of an

instance document. The choice of components

may depend on some processing logic and selec

tion criteria by the application using (consum

ing) the data. XPath provides a mechanism for

applications to locate parts of XML documents.

XPath sees documents as a tree of nodes that

include text, attribute, and namespace nodes and

then provides a mechanism for retrieving sets of

nodes. A revised version of the XPath specifica

tion is also an important component of the archi

tecture to query sets of XML instance

documents, along with the nascent XQuery.

XQuery is designed to allow consuming applica

tions to query documents that are of a primarily

textual nature (semi structured) as well as sets of

documents that correspond to a database in

nature (structured). Both the revised XPath

and XQuery are designed to interoperate with

XML Schema.

A knowledge store defined in XML Schema

is functionally equivalent to the semantic

structure of an object oriented database

(see object oriented database man

agement systems ). In a relat ional

database , database structures are typically

homogeneous, regular, and flat; the order of rows

in tables is immaterial and missing information is

typically represented by null values. In a database

of XML instance documents, metadata are typic

ally heterogeneous, with semantic structure being

drawn from multiple XML schemas; ordering is

intrinsically semantically significant; and missing

information is represented by the absence of an

element. XQuery is a strongly typed object query

language that provides a wide array of functions,

including math, sequences, Boolean, string ma

nipulation, and regular expressions. Developers

may also derive their own functions.

The World Wide Web Consortium has also

developed several knowledge management (see
knowledge management systems ) and

ontology specifications that are either based

on XML or include XML documents within the

resources described in the ontology. An early

and important specification was the resource

description framework (RDF). This framework

provides a mechanism to describe any resource

that can be encapsulated within a URI, including

information that may be accessed on the Internet

(such as websites, HTML documents, or a gate

way to a Z39.59 library database), or animate or

inanimate objects that are not reachable on the

Internet. RDF ontological data describe both the

location and properties of information resources.

RDF/XML allows the exchange of structured

information about these resources. OWL (web

ontology language) is a new specification that

provides a formal means for developers to pro

vide a rich set of descriptives on web resources,

including XML instance documents. OWL is in

three versions, each of increasing functionality

(‘‘Lite,’’ ‘‘DL,’’ and ‘‘Full’’). OWL can describe
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resources in terms of XML Schema datatypes,

equivalence, cardinality, versioning, and charac

teristics of the resource.

XML and the suite of companion specifica

tions have provided a common language for the

development of a wide range of knowledge inter

change standards. XML is used as a common

means to specify them. Some of the most im

portant XML based standards have been in the

broad sweep of e commerce. One of the most

significant uses of XML in this segment is by

RosettaNet, a consortium of more than 500 cor

porations primarily in the electronics sector.

RosettaNet defines partner interface processes

(PIPs) that provide the requisite information

environment for the establishment, initiation,

and completion of a wide range of business pro

cesses between trading partners. PIPs exist in

seven ‘‘clusters’’ that include partner product

and service review; product information; order

management; inventory management; marketing

information management; service and support;

and manufacturing. The semantic content of

PIP specifications is represented in document

type definitions. Each business process includes

a schema of the information transferred (e.g.,

in a quote request, the GlobalPayment
MethodCode,contractIdentifier.
ProprietaryDocumentIdentifier
and estimatedAvailabilityDate.
Date Period are each defined) and provides

a choreography as the business process proceeds

from initiation to completion.

The extensible business reporting language

(XBRL) is an important markup language

(based on XML) for the exchange of business

performance data. XBRL is being standardized

by XBRL International, an international consor

tium of more than 200 organizations and corpor

ations. Whilst the primary rationale for XBRL

was to provide a means for representing the

financial and non financial information typically

found in a corporate quarterly or annual report,

XBRL has been used in a variety of regulatory

and other information exchange environments.

Whilst the business processes established in

RosettaNet are sufficiently structured and well

defined to be incorporated directly into the

RosettaNet technical specifications, financial

reporting is more fluid and subject to variation

at the international, regional, and entity level.

TheXBRL specification establishes a framework

for the establishment of reporting ontologies,

known in the XBRL community as taxonomies,

rather than attempting to predefine all reporting

constructs.The taxonomiesprovide themetadata

necessary to provide semantic value to facts

reported by a reporting entity. XBRL is based

upon three primary XML specifications: XML

Schema,XMLNamespaces, andXLink. Indeed,

the XBRL community is arguably the most sig

nificant user of the XLink specification. XBRL

taxonomies are, at their most essential, a simple

XML Schema containing a flat list of the elem

ents in the taxonomy. The elements described in

the schema may take on the datatypes as defined

XMLSchemaand theXBRLspecificationmarks

out several datatypes that have been defined es

pecially for business reporting. The implementa

tion of the monetary data type in the XBRL

specification, for example, requires instance

documents to report both the quantum and the

reporting currency of any monetary item.

Most performance reporting applications re

quire more than just a listing of elements within

a particular knowledge domain. Descriptions of

the taxonomy element and the nature of the

mathematical and semantic relationship of one

element of the taxonomy to another are all

matters which application designers may wish

to incorporate into the taxonomy. These elem

ents of the XBRL ontology are bestowed in a set

of so called ‘‘linkbases.’’ XBRL linkbases

employ XLink to provide enhanced metadata

and to impose a node structure on the elements

defined in the XML Schema based taxonomy.

The XBRL specification defines the role of pre

sentation, references, calculation, label, and def

inition linkbases in linkbases. Traversal of the

arcs within the linkbase is optional – in other

words, an application consuming an XBRL in

stance document may not need to associate the

predefined label of an element with the element

tag and will not therefore need to process the

label linkbase to retrieve the label. Other appli

cations will need to report the name associated

with a given taxonomy element and will traverse

the arc to retrieve the label.

The XBRL specification is silent on many

important elements that are necessary to con

struct a complete reporting environment, includ

ing registration of taxonomies, transmission,

XML (extensible markup language) 353

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1013, Page 000028



signing, or choreography. The XBRL consor

tium leaves these issues to the designers of par

ticular reporting applications.

E commerce provided significant importance

to the development of standard markup lan

guages based on XML. ebXML (electronic busi

ness using extensible markup language) is an

ambitious endeavor to construct a suite of

XML based specifications designed to facilitate

electronic business over the Internet. ebXML

was originally developed by OASIS (Organiza

tion for the Advancement of Structured Infor

mation Standards) and the United Nations/

ECE agency CEFACT, with technical develop

ment now primarily resident at OASIS. Taking

a significantly more ambitious approach to elec

tronic business than taken by RosettaNet,

ebXML aims to bring two or more trading part

ners together in a wide range of business trans

actions. Aspects of this exchange process include

registration of trading partners, description of

products and services, catalogues of business

processes, mechanisms for the discovery of

trading partners and products and services, and

the establishment, undertaking, and conclusion

of trading relations between trading partners.

Semantic structure of the various information

exchanges is enforced in XML Schema and

DTD frameworks. These knowledge schemas

control the format of, for example, a trading

entity’s collaboration protocol profile (CPP),

which is a document that allows a trading entity

to describe its ‘‘business processes’’ and ‘‘busi

ness service interface’’ requirements. These pro

files are managed in a repository. Information is

exchanged between the firm and the registry

using a set of controlled terms. ebXML uses

the extensible nature of the XML suite of speci

fications to enable a highly flexible set of inter

actions, ranging from an entity that may only

want to discover potential trading partners,

through to discovery not only of trading partners

but also of the detailed products and services

offered by those partners, and development of

an agreement for the purchase and delivery of

those products and services and completion of

the requirements of that agreement.
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digital signature 63 4, 89 90

public key 63, 89 90, 117

single-key 63

see also encryption

CSCW see computer-supported

cooperative work

CSF see critical success factors

CSMA/CD protocol (carrier

sense multiple access with

collision detection) 205

culture see cross-cultural issues in

MIS; organizational culture

Currie, W. 10

customer relationship

management

(CRM) 64 5, 157, 249

customer satisfaction 221

customer service

and information technology

use 306

management 65

Cyc 235

Cyert, R. 151 2

D&M model of information

system success 309 11

Das, S. R. 304

data

coding 12, 24, 37 39

collection 170, 219, 261, 315

communication 112, 113

compression see compression

couples 320

and datacenter

professionals 30

electronic 17, 39, 113

entry 53

and information 232

infrastructure 212

input 53, 176 9

manipulation 299 300

non-record-based see object-

role modeling

organization see file

processing see processing

methods for information

systems

record-based 230

relational 268, 291

repository 319 20

retrieval 169 1, 226, 257

standard data format 113

storage see computer storage;

data modeling, physical;

storage of digital data

transaction 255

transmission 17, 179, 260

validation 255, 256

see also database; database

management system;

encryption; information

concepts

data administration 20, 66,

173

DATA BASE 16

data dictionary 66 7, 261,

319, 320, 321

see also data repository

data flow diagram (DFD)

and agile development 4

in systems analysis and

design 318 19, 320 1

data mining 67, 186, 215

data modeling

attributes in 230, 268 69, 299

entities in 230

relationships in 317 18

see also data modeling, logical;

data modeling, physical

data modeling,

logical 67 72, 172

data modeling,

physical 72 4

data privacy see privacy

Data Processing Management

Association (DPMA) 6, 16

data repository 319 20

see also data dictionary

data structure(s) 74 6

data structure diagrams 172

data warehousing 65, 76 78,

212

data warehouse

professionals 30

real-time data 78

database

controls 20

definition 299

definition language

(DDL) 299

design 230

for executive information

systems 215

macros 207

online 170

professionals 30

requirements

determination 270

and ubiquitous

computing 333

see also data structure(s); file;

relational database

database management system

(DBMS) 18, 20, 78 9, 200,

211, 212

and information systems

methodologies 172

object-oriented

(OODBMS) 227 28

and programming

language 290, 298 300

relational 227, 232, 269, 291

and report generators 269

software 290, 297

and strategic planning 248

Davis, Fred 325

DBMS see database management

system (DBMS)

DBPE (distributed business

process execution) 347
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debit cards, and electronic funds

transfer 114

debugging of computer

programs 79 80, 125,

208, 320

decentralization of IT 239

decision analysis 320

decision-making

automated 251

and bounded rationality 151

and information

overload 168 9

and systems analysis and

design 320

tools 232

and value of information 166

decision modeling 139 40, 141,

211, 215

decision support systems

(DSS) 80 2, 139

and management information

systems 211, 215

see also executive information

systems; expert systems;

group decision support

systems; neural networks

decision theory

and uncertainty 167

and value of information 166

decomposition, system 314

degree, in ER diagrams 123

deliverables, information

systems 322

Deming, W. E. 27

deontology 125

deployment diagram 338 39

see also unified modeling

language

Desai, B. 10

desktop publishing 82 5

and knowledge workers 201

device management 55

DHTML (dynamic HyperText

Markup Language) 154,

155

digital cash 83

digital convergence 84 6

digital data storage see storage of

digital data

digital divide 86 88

Digital Equipment Corporation

(DEC) 149

digital representation 37, 38,

111, 112, 146, 222

digital rights

management 88 9

digital signatures 63 4, 89 90

digitized images, storage 93

digitizer tablets 178

directory service, distributed 92

disaster recovery see backup and

recovery processes

discovery see computer forensics

discussion groups, online 23 4,

60

discussion support 139

disk drive 302 3

disk storage 302 3

DVDs 93, 303

floppy disk 303

magnetic 53, 222, 302 3

optical 93, 222, 242, 303

shared 112

dispute resolution, and

outsourcing

agreements 191

dissipative structures 42

distributed business process

execution (DBPE) 347

distributed systems 35, 90 2

distribution, and information

technology use 305

document, virtual 154

document image processing

systems 92 5, 178

pdf files 93, 250

see also compression

domain knowledge 128, 130,

193

DOS (disk operating

system) 149

dot pitch (dp) 241

downsizing, of information

systems function 31

dp see dot pitch

DPMA (Data Processing

Management

Association) 6, 16

Drucker, Peter 187

Dutch auctions 182, 184

DVD (digital versatile disk) see
CD-ROM and DVD

EAS (electronic article

surveillance) 264, 266

e-Butler services 243

Eckert, J. P. 146

e-commerce 96 102, 180, 235

and advertising 98 9, 224

business-to-business (B2B) see
e-commerce business-to-

business systems

business-to-consumer

(B2C) 96, 104

business-to-government

(B2G) 97

consumer-to-business

(C2B) 97

consumer-to-consumer

(C2C) 97

and electronic data

exchange 113

government-to-business

(G2B) 97

government-to-consumer

(G2C) 97

and identity theft 156

and information system

planning 248, 249

Internet-based selling 185 7

and ontologies 235

and personalization 243, 306

success, measuring 311

and worldwide web 224

e-commerce business-to-

business systems 96 7,

102 4, 181

e-commerce clicks-and-

mortar 104 5, 185

economies of scale, and IT

outsourcing 190

economies of scope, and

outsourcing 190

EDGAR 2

EDI see electronic data

interchange

EDIFACT 103, 113 14

education and training in use

of information

technology 105 7, 126

and multimedia use 223

EEPROM (electrically erasable

programmable read-only

memory) 265

effectiveness, measurement 275,

324

see also success of information

systems

efficiency

and agency problem 3

and computer-supported

cooperative work

60

and email 117

in information systems

use 188

and requirements

determination 275
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EFT see electronic funds transfer

Eggemeier, T. 169

e-government 107 9

EIS see executive information

systems

electronic article surveillance

(EAS) 264, 266

electronic commerce see
e-commerce

electronic

communication 109 13,

222

see also email; integrated

services digital network;

Internet; local area networks;

voice mail; wide area

networks

electronic data interchange

(EDI) 103, 113 14,

249

and inter-organizational

systems 113, 187, 188

and sales order

processing 217

electronic data processing

(EDP) 211

electronic funds transfer

(EFT) 63, 114 15

failures 18

and fraud 126

see also automated teller

machine

Electronic Funds Transfer Act

1980 (US) 126

electronic mail see email

electronic meeting systems

(EMS) 57, 58, 59 60

see also group decision support

systems

email 109, 110, 112, 115 17,

231, 344

and bulletin boards

25 6

and computer-supported

cooperative work 60

disadvantages 223

and multimedia 223

phishing 115, 245

spam 115, 117, 297

spyware 116, 156

see also Internet; virus

e-marketplaces 103

embedding see object linking and

embedding (OLE)

employees

empowerment 267

and manufacturing use of

information

technology 218 19

employment, for information

systems professionals 30 1

see also telecommuting

EMS (electronic meeting systems)

see group decision support

systems

encapsulation, in object-oriented

programming 57, 228, 229,

260, 291

encryption 20, 112, 117, 253

see also cryptography (crypto)

end-user computing

(EUC) 13, 15, 29, 117 19,

130, 292

and agency theory 4

and application generator

packages 292

assessment 13

and expert system shells 130

professionals 29

and software 292

English auctions 182

multiple-unit 182, 183

ENIAC (Electronic Numerical

Integrator and

Computer) 146

enterprise analysis 269

enterprise architecture and

information

technology 35, 119 122

evolution 22 3

enterprise marketing

automation 65

enterprise systems (enterprise

resource planning or

ERP) 65, 122 3, 212, 216,

297

and application service

provision 9

and information systems

planning 249

and manufacturing use of

information

technology 216, 217, 218,

219

success, measuring 311

entertainment, and

multimedia 223

entities, in data modeling 230

entity-relationship (ER) diagrams

see ER diagrams

entity-relationship model see ER

diagrams

entropy

negative 314

system 314, 315

entry of data 53

environment, competitive, and

information technology

use 12, 13, 14

e-procurement systems 103

equifinality of systems 313,

315

ER diagrams 123 4, 230

in systems analysis and

design 317 18

e-retailing (e-tailing) see Internet-

based selling

ergonomics 124, 177

errors

computer program, and

reusability 56

user 153

errors in information

systems 124 5

detection 125, 165, 167, 256,

257, 258

ethical issues 126, 251

processing errors 124, 125,

256, 257, 258

and speech recognition 298

Estridge, P. D. 149

Ethernet protocol 112, 205

ethics of computer use

125 7

ETHICS design method 282 4,

317

evaluation technologies, and

e-commerce 99

Everest, G. C. 251

evidence, computer

forensics 50 1

executive information

systems (EIS) 127 28,

296

and management information

systems 211, 214 15

and systems analysis and

design 316

expenditure, on information

technology 12

expertise, leveraging 306

expert systems 128 1, 193,

268

and cognitive science 40

and neural networks 226

rule-based 215

shells 130, 296

and strategic planning 248
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expert systems (cont’d )

see also artificial intelligence;

cognitive science and

information systems;

inference engine; knowledge

base

explanation systems 131

extensible business reporting

language (XBRL) 2,

353 4

extensible markup language see
XML

extensible stylesheet language

family (XSL) 351

Formatting Objects (XSL-

FO) 351

transformations (XSLT) 351

extranet 103, 131

see also intranet

extreme programming 261

see also agile development

facsimile, and data

transmission 39, 231

failure analysis 219

failure of information system

applications 18, 132 3

and soft systems

methodologies 287

Fair Credit Reporting Act 1970

(US) 126

FAQs (frequently asked

questions) 26

Faraday, Michael 264, 265

FASB see Financial Accounting

Standards Board

fault tolerance 21

Federal Information Systems

Management Act

(FISMA) 161, 277 8

Federal Paperwork Reduction Act

1980 (US) 127

feedback

and decision support

systems 140

electronic 3

and prototyping 261

and systems analysis and

design 322

Feigenbaum, E. A. 12

Felt, D. E. 145

ferromagnetic random access

memory (FRAM) 265

fiberoptics 111

and integrated services digital

network 179

and local area networks 205,

206

file 133

distributed file system 92

sharing 57, 58

Tagged Information File

Format (TIFF) 93

see also database

file system management 55

file transfer protocol

(FTP) 133, 180

anonymous 133

finance uses of information

technology 36, 296, 305

auditing 17

on-line financial reports 2

Financial Accounting Standards

Board (FASB) 2

financial forecasting 226

fingerprint scanning 24, 25

firewalls 131, 162, 348 9

firewire 239, 240

first-in-first-out (FIFO) 272

first-mover advantage 307

Fitzgerald, G. 285

flash auctions 184

flash memory 302, 303

flexible working 340 1

floppy disk 303

flowchart 133

Follett, M. P. 281

forecasting

financial 226

sales 216, 219

software 296

time-series 226

tools 232

forensics, computer 50 1

Forrester, J. W. 146

FORTRAN (FORmula

TRANslator) 133, 147,

259, 291

Fowler, M. 4

FRAM (ferromagnetic random

access memory) 265

Frankston, B. 149

fraud

computer 126

and identity theft 156

and phishing 115, 245, 298

Freedom of Information Act 1966

(US) 126

frequency, electromagnetic 110

frequently asked questions

(FAQs) 26

FTP see file transfer protocol

functional cohesion 314

fuzzy logic 288

games 305

multimedia 223

Gane, C. 318

Gates, Bill 149

Gell-Mann, M. 41

General Electric, and early digital

computers 147

generation, and genetic

algorithms 134 5

generative grammar 204

genetic algorithms

(GA) 134 6

geographic information systems

(GIS) 227

Germany, and privacy

regulations 251, 254

globalization, and IT

outsourcing 192

global positioning system

(GPS) 136

Gorry, G. A. 215

government see e-government

government-to-business (G2B)

e-commerce 97

government-to-consumer (G2C)

e-commerce 97

graphical user interface

(GUI) 38, 136, 153, 290,

316

design 124

in end-user computing 55

in expert system shells 130

and file transfer protocols 133

and programming

languages 259

and systems analysis 322

graphics in information

systems 136 7

coding 38

and presentation bias 165

software 136, 231

statistical 136

graphs, and tables 136 7

Greenhaus, J. H. 30

grid computing 137 38, 232

intergrid 137

group decision support

systems (GDSS) 60,

139 4

and decision

modeling 139 40, 141,

211

and multimedia 223, 224
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see also computer-supported

cooperative work; decision

support systems

group memories 58

groupware see computer-

supported cooperative work

Gruber, T. R. 233

Hagel, J. 10

Halpin, T. 230

Halstead, M. 294

hard copy 240, 241

hard disk 302 3

hard systems

methodologies 286, 287

hardware see computer hardware

architecture

hardware abstraction layer

(HAL) 54

hazards, workplace 126

Hertz, H. 264

heuristics, human 11, 131, 151

hierarchy, information

technology systems 54,

56, 314

Hilmer, F. G. 188

history of organizational use

of information

technology to

1980 145 50

early electronic digital

computers 146 7, 211

mechanical and

electromechanical

machines 146, 211

punched-card

tabulation 145 6, 147, 176,

261 2

Hoff, M. 149

Hollerith, H. 145, 261

home, working from 328,

340 1

Ho, V. 31

HTML (HyperText Markup

Language) 154 5, 219,

220, 280, 349

dynamic (DHTML) 154,

155, 349

HTTP (hypertext transfer

protocol) 98, 104

humans as information

processors 150 2

and mental workload 168 69

as open systems 313

human computer interaction

(HCI) 124, 152 4, 215

and software 289

speech interaction 204

and system concepts 314,

315

and virtual reality 179

hypermedia/

hypertext 154 5

see also worldwide web

HyperText Markup Language see
HTML

IAS machine 146

IBM (International Business

Machines)

history 146, 147 48

IBM 60 series 148

IBM 368 148

IBM 648 147

IBM 699 147

IBM 700 147

IBM 1399 147 48

minicomputers 148

and personal computers 149

SNA (Systems Network

Architecture) 260

and strategic planning 247

and SYSTEM R 299

ICIS (International Conference

on Information

Systems) 16, 156

ICT (information and

communications

technology) 107

identifiers

in ER diagrams 124

in object-oriented database

management systems 227

in object-oriented programs

and systems 228

identity authentication see
authentication

identity theft 156

see also spyware

IEC see International

Electrotechnical

Commission

IEEE see Institute of Electrical

and Electronic Engineers

IFIP (International Federation

for Information

Processing) 15, 156

and system development life

cycles 171

if-then rules 12, 56, 129, 130,

193

Igbaria, M. 30

image processing see document

image processing systems

IMAP (Internet message access

protocol) 116

implementation of

information

systems 156 60

incentives

and agency theory 3

rule-based 191

independence, of computer

program modules 56

index, and multimedia

images 223

indexing 94

inference engine 160, 226

see also expert systems

infomediaries 243, 306

information

access to 127

acquisition 200 1

bias 165, 167

and consent 126

hard/soft 128

load 168

portals 103

sharing 4, 25 6, 58, 140, 169,

188

underload 168

information architecture 13, 14

information

assurance 160 3, 276

information and communications

technology (ICT) 107

information concepts 163 7

information economics see
allocating resources to IT/IS

information goods 167 68

information management (IM) see
management information

systems

information overload 168 9,

198

information portals 103

information processors, humans

as 150 2, 168 9

information retrieval 133,

169 1

in neural networks 226

information security management

(ISM) 276

information society, and

ethics 125, 126

information system function

and business

contribution 221

Index 363

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1013, Page 000038



information system function

(cont’d )

clients 221

decentralization 239

see also assessment of

management information

system function;

organization structure of the

IS/IT function

information system

methodologies 171 2

information systems

172 3

and absorptive capacity 1

auditing 17 21

and authentication 21 3

context 12 13

design 167, 171

development life cycle

(SDLC) 3, 171 2, 247,

248, 267, 317

expenditure on 12

geographic 227

implementation 156 60

legacy 43 4, 114, 203, 345

resource allocation 6 9

risks 17 18

support functions 14 15

and systems concepts 312 15

user evaluation 14, 339

see also failure of information

system applications;

management information

systems; planning for

information systems;

requirements determination

for information systems;

security; success of

information systems

Information Systems and Audit

and Control Association

33

information system stage

hypothesis 173 4

information technology

and absorptive capacity 1

history of organizational

use 145 50

management 34

new 1

standards 300 2

see also innovation and

information technology; IT

outsourcing; organization

structure of the IS/IT

function

information technology use, and

organization structure 13,

18

information theory 163 4, 167

INFORMS see Institute for

Operations Research and the

Management Sciences

infrared data association

(IRDA) 348, 349

infrared financial messaging

(IRFM) 349

infrastructure

data 212

electronic

communication 110, 113

and information

systems 13 14

personnel 212

technology 211 12

inheritance, in object-oriented

programs and systems 228,

229 30, 260

ink-jet printer 240, 241

innovation diffusion theory 326

innovation and information

technology 13, 174 6

see also reengineering and

information technology

input devices 53, 176 9, 212,

290

early 147, 176

keyboards 124, 176 7

punched cards 145 6, 147,

176, 261 2

and systems analysis 321, 322

see also bar code

instant messaging (IM) 115,

179

Institute of Electrical and

Electronic Engineers

(IEEE) 15, 16, 163, 206

Institute for Management

Sciences (TIMS) 16

Institute for Operations Research

and the Management

Sciences (INFORMS) 16

insurance industry, and use of

information

technology 178, 241

integrated circuits 52

integrated services digital

network (ISDN) 113,

179

intellectual capital 200

intellectual property, and ethical

issues 126

intelligence, artificial see artificial

intelligence

intelligent agent 293

see also software agents

intelligent search 234 5

interactivity

and electronic

communication 109 10

in processing methods 227

and worldwide web 109, 349

interface 14, 179

application programming

(API) 227

data-oriented 142 3

multi-user 58

natural language 203 4

network interface card 112

partner interface processes

(PIPs) 353

process-oriented 142

system 313, 315, 322

and systems analysis 322

wireless infrared 347

see also graphical user interface;

user interface

intergrid 137

intermediation, and e-

commerce 97 98

internal bus architecture 52

International Conference on

Information Systems see
ICIS

International Electrotechnical

Commission (IEC) 301

International Federation for

Information Processing see
IFIP

International Standards

Organization (ISO) 33,

161, 162

and IEC Joint Technical

Committee 1 (JTC1)

301

9660 standard 33

standards 33, 300, 301

Internet 109, 112, 180 1, 189,

305, 306

accessing 168

and advertising 224

and authentication 22

and banking 349

blog 25, 169

and client/server

computing 35

as data communication

network 112
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and dispersal of knowledge

work 306

and e-government 107

and email 115

evolution 180

extranets 103, 131

and file transfer protocols 133

financial reports on 2

and grid computing 138

growth 181, 349

IMAP (Internet message access

protocol) 116

Internet2 180

intranets 138, 189

listserves 169

portals 250, 279, 280

protocols 260

relay chat (IRC) 198

search engine 279, 292

and spyware 116, 156

standards 351

and trust 329 1

and uniform resource identifier

(URI) 280, 351

uniform resource locator

(URL) 345, 349

Usenets 25, 60, 198

and viruses 342

voice over Internet

protocol 343 4

and wireless gateway 348 9

see also worldwide web

Internet auctions 100, 181 5,

249

Internet-based selling and

information

systems 185 7

see also e-commerce

inter-organizational systems

(IOS) 187 89, 306

and electronic data

interchange 113, 187, 188

and ethical issues 125

interviews, group 272

intranet 189, 345

and grid computing 138

portal 250

see also extranet

inventory management 147,

219

and bar code use 24, 178

and systems requirements

determination 271 2, 274,

275

investment

and resource allocation 6, 7 8

in software 295

stage hypothesis 173

IP voice see voice over Internet

protocol

IRDA (infrared data

association) 348, 349

IRFM (infrared financial

messaging) 349

ISDN (integrated services digital

network) 113,

179

ISO see International Standards

Organization

IT alignment 34

IT fit 34

IT outsourcing 190 2

and agency problems 3

application service

provision 9

and careers in information

systems 31 2

risk assessment and risk

management 278

software development 208

Jacobs, G. 1

Jacobson, I. 334

JAD see joint application design

Java 228, 229, 230, 260, 291

job satisfaction 30, 339

Jobs, S. 149

joint application design

(JAD) 272, 273, 325

Joseph, D. 31

joysticks 177

JPEG (Joint Photographic

Experts Group)

standard 39

Juran, Joseph 27

justice 125

just-in-time (JIT) systems, and

electronic data

transmission 113

kanban 218

Kauffman, S. 42, 43

Keen, P. 189

Kern, T. 10

keyboards 124, 176 7

Khan, N. 10

KIF see knowledge interchange

format

Kilby, J. 148

King, W. R. 248

knowledge

and absorptive capacity 1

and computational models 40

coordination 194

distribution 194

domain 128, 130, 193

explicit 193

heuristic 11, 131, 151

and information systems

planning 248

knowledge-based systems

(KBS) technology 143 4

new 1

overlapping 1

ownership 194 5

as primary resource 200

reuse 195 6

sharing 1

structure 194

tacit 193

transfer 194

knowledge base 129, 130,

193

diversity in 1

ethical issues 126

inference engine 160

personal 200

shared 58

see also artificial intelligence;

expert systems

knowledge-based systems (KBS)

technology

143 4

knowledge interchange format

(KIF) 235 6

knowledge management

systems (KMS) 1,

193 200

and information systems

planning 249

and XML 352

knowledge work, use of

information

technology 200 2

electronic relocation 306

and software packages 296

teams 324 5

and ubiquitous

computing 333

Koh, C. 191

Konsynski, B. R. 188

Kwon, T. 175

labor

contract 31, 208

costs 306

Lacity, M. C. 10

LAN see local area networks
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languages

machine language 56, 290

macro languages 342 3

query 227, 259, 291, 298 0

see also markup languages;

ontology languages;

programming languages;

syntax; unified modeling

language

laptop computers 241, 332, 341,

347

laser printer 240, 241

learning

continuous 201

distance 223

in neural networks 225

see also machine learning

legacy systems 43 4, 114, 203,

345

Leibnitz, G. W. von 145

Lempel, Abraham 39

Lempel-Ziv algorithm 39

LEO computer 147

Levinthal, D. A. 1

life cycle

information system 171 2,

246

SDLC 3, 171 2, 247, 248,

261, 267, 317

light pens 177

linguistics and

computers 203 4

semantic web 203, 279 1

syntax 36, 203

links, network 154, 349

Linux 236, 237

liquid crystal display

(LCD) 241

LISP 130

listserves 169

local area networks

(LANs) 94 5, 112, 128,

137, 180, 204 6, 222, 248,

290

and e-commerce 96

Locke, John, and property

rights 126

logical inference 226

logic bombs 126

logistics information

systems 188

loop, in structured

programming 56, 308

McCabe, T. J. 295

McCarthy, J. 148

McCorduck, P. 12

McDonald, M. 189

McFarlan, F. W. 188

McGee, J. V. 188

machine language 56, 290

machine learning 12, 131

Macintosh computer 149,

153

macro languages 342 3

macro program 57, 207

magnetic ink character

recognition

(MICR) 177 78, 237

magnetic tape strips 178

mail

multimedia 223

voice 109, 110, 231

see also email

mainframe computers 53, 148,

149

and client/server

architectures 35

maintenance

assessment 14

knowledge management

systems 199

system 315, 316

see also software maintenance

make or buy for

software 208, 291 2

malware 208

see also spyware; virus

management

decision-making 232

and e-commerce 100 2

strategic 214

style 13, 60

management information

system (MIS) 173,

209 16

cross-cultural issues in 61

and information concepts 167

real-time 148

and system concepts 209,

314 15

see also assessment of

management information

system function; decision

support systems; executive

information systems;

information systems

manuals 322

manufacturing resource planning

(MRP)

and finishing schedule 217

and master schedule 217

see also manufacturing use of

information technology

manufacturing use of

information

technology 216 19, 267

and artificial intelligence 12

early systems 147

multiple software

packages 297

and ubiquitous

computing 332

see also enterprise systems

(enterprise resource

planning or ERP); inventory

management

March, J. 151 2

Marconi, G. 264

market-center personalization

technique 243

market makers 103

marketing

information systems 188

and unauthorized use of

information 251

markup languages 219 0

DHTML 154, 155

ebXML 114, 354

HTML 154 5, 219, 220, 280,

349

SGML 154, 220, 350, 351

XBRL 2, 352 3

XML 98, 103, 104, 219,

220, 234, 236, 280, 345,

350 4

Mauchley, J. W. 146

Maxwell, J. 264

m-commerce see wireless

computing

meetings see electronic meeting

systems (EMS)

megabytes (MB) 52

memory

cache 53, 55

external 150

ferrite core 146, 147

flash 302, 303

group memories 58

human 150

long-term 150

magnetic drum

technology 147

mercury delay-line 147

programmable read-only

(PROM) 52

random-access (RAM) 52, 55

read-only (ROM) 52, 55
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subsystem management 55

tube memory technology 146,

147

write-once-read-many

(WORM) 93

see also computer storage;

storage of digital data

memory chips 52

messages

coding 110

and communication 110,

112

electronic messaging 57

in object-oriented programs

and systems 228

and objects 228, 260

reduction 164 5, 167

routing 112, 165, 167

summarization 164, 167

metadata 319, 350

metaphor, in system design 5,

153

methodology

agile development 4 6

computer forensics 50 1

extreme programming 4 5

information system 171 2

systems analysis and

design 286 89, 316 17

metrics for assessment of

information

systems 220 2

microcomputer 54

and client/server

architecture 35

history 149

and macros 57

and multimedia 222

operating systems 27

and speech recognition

systems 298

see also desktop publishing;

software

microfiche 241

microfilm 241

microprocessor 149

chips 52

CISC (complex instruction set

computer) 52

and internal bus

architecture 52

RISC (reduced instruction set

computer) 52

middleware 103 4, 162, 277

Milberg, S. J. 253

Miller, G. A. 50

MIME (multipurpose Internet

mail extensions) 116

minicomputers 35, 54, 148 9

Mitleton-Kelly, E. 41, 43

mobile computing see wireless

computing

modeling

computational 40

decision 139 0, 141, 211, 215

entity-relationship 230

logical and entity-relationship

model 317 18

object role 230 1

record-based 230

see also data modeling; data

modeling, logical; data

modeling, physical; unified

modeling language

modems, and compression 39

modularity in systems 56, 57,

313, 314, 320 1

monitoring, electronic 3

monitors 222, 241

monopoly, and information

control 127

Moore’s law 52

Mosaic 349

motion video, coding 37, 38 9,

222

motivational model 326

mouse 177

MP3 39

MPEG-2 (Moving Picture

Experts Group)

standard 39

multimedia 222 4

and computer-supported

cooperative work 57

and firewire 240

and hypermedia 154

and input devices 179

and object-oriented database

management systems 227

output 53

and ports 240

multipoint networks 112

multitasking 55

Mumford, E. 281, 282 4

mutation, and genetic

algorithms 134 5

MYCIN 130

narratives, in human information

processing 151

NASA-TLX (Task Load

Index) 169

national information

infrastructure protection

(NIIP) 276

National Security Agency

(NSA) 161, 162

natural language

interfaces 203 4

negative entropy 314

Nelson, T. 154

Netscape 349

network interface card

(NIC) 112

networks 54, 57

bus 52, 205

and client/server

architectures 35

data communication 112

design 30

in distributed systems 35, 91,

92

early 148

and electronic

communication 54, 57,

112 13

and group decision support

systems 140

links 154, 349

multipoint 112

operating systems 206

personal area network

(PAN) 348

professionals 30

protocols 112

ring 205

specialists 30

star 205 6

and ubiquitous

computing 333

value added (VANs) 102, 114

wide area (WAN) 96, 112 13,

137, 248, 290

see also integrated services

digital network; Internet;

local area networks; neural

networks

Neumann, J. von 146

neural networks 215,

225 6

Newell, A. 11, 150, 153

news sites 9

NIAM (Nijssen Information

Analysis Method) 230

NIIP (national information

infrastructure

protection) 276

Nilles, J. 340
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nodes 154, 225, 226

and local area networks 204

and neural networks 225 6

noise, in information theory 167

Nolan, R. L. 173, 174

Noyce, R. 148

OASIS 354

object 228, 230, 260

object identifier see identifiers

object linking and embedding see
OLE

object-oriented database

management systems

(OODBMS) 227 28

and programming

languages 27, 227, 259

and XML 352

object-oriented programs and

systems 57, 228 30,

316 17

encapsulation 57, 228, 229,

260, 291

inheritance 228, 229 30, 260

and programming

languages 228, 291

and unified modeling

language 334

object program 57

object role modeling 230 1

OCR see optical character

recognition

OCR-A 237

OCR-B 237

office automation 231

and computer-supported

cooperative work 60

offspring, and genetic

algorithms 134

OLAP see online analytic

processing

OLE (object linking and

embedding) 231

Olson, K. 149

on-demand computing 232

see also grid computing

online analytic processing

(OLAP) 65, 232

online auctions 100, 181 5

online systems 53, 233

financial reports 2

online entry with immediate

processing 256 7

Ontolingua 236

ontology 233 6

and XML 352

ontology languages

Cyc 235

KIF 235 6

Ontolingua 236

OWL 233, 235, 236, 280

WordNet 235

open architecture 149

Open Doc 231, 236

open source 236 7

open systems 237

operating system see computer

operating system

operational/operations

research 286

operations, assessment 14

Operations Research Society of

America (ORSA) 16

opportunity cost, and information

accuracy 126

optical character recognition

(OCR) 94, 178, 222, 231,

237, 264

see also bar code; digitizer

tablets; scanners

optical storage 93, 222, 242,

303

Orange Book 162

order processing 271 2, 274,

275

organization

as artificial system 314

digital divide 88

effectiveness 324

as human activity system 287

objectives 36

as open system 313

organization structure, and

information technology

use 13, 18

organization structure of the

IS/IT function 237 39

and systems analysis and

design 317

virtual organizations 60 1

see also enterprise architecture

and information technology

organizational culture

and applications failure 132

and business process

reengineering 266

and information

partnerships 188

and information technology

use 12, 13

and soft systems

methodologies 287

OSI (Open Systems

Interconnect) 260

output devices 53, 212, 239 2,

290

early 147

multimedia 53

output controls 20

shared 206

and systems analysis 321, 322

see also speech recognition and

synthesis

overload, information 168 69,

198

OWL-S (OWL for services)

235

OWL (web ontology

language) 233, 235, 236,

280, 352

packet switching 17, 180

paired programming 4

parallel ports 239

Parasuraman, S. 30

partner interface processes

(PIPs) 353

partner relationship

management 65

partnerships, information 188

Pascal, Blaise 145

Pascal programming

language 228

passwords 131, 133, 189

patches 21

pattern recognition, and online

analytic processing 232

payroll systems 56

early systems 147, 211

and object-oriented

programs 229 30

PDAs see personal digital

assistants

PDF see portable data format

pel see pixel

pen-and-tablet devices 178

perception, and information

systems failure 132

performance evaluation computer

systems 316

and information systems

use 220 1

peripherals, computer see
interface; mouse; printers

personal area network

(PAN) 348

personal computer see
microcomputer
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personal digital assistants

(PDAs) 60, 96, 332, 341,

347, 348, 349

personal identification number see
PIN

personalization

technologies 243 5, 306

personnel management

and information systems

assessment 15, 18

and information systems

auditing 18 19

and information systems

use 212, 221

phishing 115, 245, 298

see also spam

pictures, coding 37, 38

PIN (personal identification

number) 22, 24, 245

pipelining 53

piracy, software 126

pixel 38, 241

planned behavior, theory of

(TPB) 326

planning

and agile development 5

and extreme programming 5

sales 216, 219

planning for information

systems 14, 19, 171,

245 49

and management information

systems function 210

plotters 241

point-of-sale systems 186

scanners 24

Point and Pay 349

pollution

and information systems

failure 18

reduction 340

Popov, Alexandr 264

POP (post office protocol)

mail 116

portable computers 219, 241

portable data format

(PDF) 93, 250

portal 250, 279, 280

Porter, M. 6

portfolio management,

information economics as 7

ports 239, 240

power, and information systems

use 127

Powers, J. 146

presentation bias 165, 167

pricing, nonmarket-based 191

Prigogine, I. 42

principal agent problem, in

information systems 3

printers 240, 241

sharing 112, 206

privacy in information

systems 20, 126, 250 4

and radio frequency

identification 266

Privacy Act 1974 (US) 126

Privacy Protection Act 1980

(US) 126

problem solving

in artificial intelligence 11,

12, 40

and human information

processing 151,

272

and soft systems

methodologies 286

states 11

state space 11

see also expert systems; group

decision support systems

process control, statistical 296

process design 218, 219

processing, online 65, 232 3

processing methods for

information

systems 254 59

batch processing 25, 256, 258

and client/server

architecture 35

and computer programs 57

concurrent 35, 53, 255

controls 20, 257 59

electronic (EDP) 211

interactive 227

online systems 53, 65, 232 3,

255, 256 7

vector processing 53

see also document image

processing systems; input

devices; transaction

processing

processing reference trail 258

product, personalization 243 5,

306

product design 218, 219

production control 219

production and operations use of

information technology see
manufacturing use of

information technology

productivity

and information technology

use 218

and knowledge

workers 201 2

in software

maintenance 294 5

professionals

career orientations 30 1

information systems 3,

29 32, 170

and software

maintenance 295

see also associations and

societies for information

systems professionals

program see computer program;

macro program;

programming

programmable logic

controller 54

programmable read-only memory

(PROM) 52

programming

and construction 171 2

extreme 4 5

outsourcing 208

paired 4

see also structured

programming

programming languages 56,

172, 259 60, 290 1

ADA 3, 260

algebraic/algorithmic 133,

147, 259, 291

BASIC 259, 291

basic assembly 148

business data programming

languages 36 7, 147,

259, 291

C 27, 228, 291

Cþþ 27, 227, 228, 230,

260, 291

COBOL 36 7, 147, 259, 291

database definition

(DDL) 299

and database management

systems 290, 298 300

data manipulation

(DML) 299

FORTRAN 133, 147, 259,

291

fourth generation (4GL) 260,

291

general purpose 3

high-level 259, 260, 291

Java 228, 229, 230, 260, 291
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programming languages

(cont’d )

LISP 130

object-oriented 27, 227, 228,

260, 290, 291

Pascal 228

procedural 36, 290, 307

query 227, 259, 291, 299 300

and report generators 269

RPG 259

screen-oriented 260

simulations 260

SmallTalk 227, 228, 229, 230

and software 290 1

specialized 259 60

SQL 259, 269, 291, 298 300

symbolic assembly

language 148, 291

project management

and information systems

implementation 30, 159

software 60, 296

project planning, and information

systems use 246

PROM (programmable read-only

memory) 52

PROSPECTOR 130

protocols 260

CSMA/CD 205

data transmission 111 12,

205, 260

electronic

communication 110 12

Ethernet 112, 205

file transfer (FTP) 133, 180

four-layer model 111 12

and grid computing 138

HTTP (hypertext transfer

protocol) 98, 104

Internet 180

network 112

OSI (Open Systems

Interconnect) 260

SNA (Systems Network

Architecture) 260

T1 113

TCP/IP 180, 260, 324

token-passing 205

Token Ring 112

wired equivalent protocol

348

X.25 seven-layer model 260

see also ASCII; ATM

(asynchronous transmission

mode); standards

prototyping 261

and requirements

determination 261, 271,

272 3, 317

see also systems analysis and

design

Prusack, L. 188

public key cryptography 63,

89 90

publishing see desktop publishing

punched cards 145 6, 147,

176, 261 2

quality

of information 165 6

and information technology

use 219

management 219

of software 221

see also assessment of

management information

system function

query languages 227, 259, 291,

298 300

queuing simulations 260

quick-response (QR)

systems 113

Quinn, J. B. 188

R1 130

radio application development

(RAD) 325

radio frequency identification

(RFID) 24, 178, 264 6,

306

RAD (radio application

development) 325

RAM (random access

memory) 52, 55

rationality, bounded 151, 232

RDF and RDF schema 234,

236, 280, 352

read-only memory (ROM) 52,

55

real-time applications 148

real-time data warehousing 78

real-time management

systems 148

reasoned action, theory of 326

recommendation systems 293

records, decomposition 227, 230

recovery and backup

processes 15, 20

reduced instruction set computer

(RISC) 52

redundancy

checks 125

in communication 167, 276

and ubiquitous

computing 333

reengineering and

information

technology 60, 172,

266 68

and application

software 291 2

and business startups 268

and client/server

architecture 35

and computer-supported

cooperative work 60

and information systems

planning 249

and inter-organizational

systems 188 89

refactoring 4 5

register, computer 53

relational database 227, 232,

268 69, 291, 299, 352

see also SQL

relationships

binary 123

in data modeling 317 18

and degree 123

and fuzzy logic 288

in object-oriented database

management systems 228,

299

in object role modeling 230,

231

types 123 4

see also entities; ER diagrams

reliability, of information

126 7

remote work 340 1

see also telecommuting;

telework; virtual work

Renaud, P. E. 35

repetitive strain injury 177

report generators 269

representation

analog 37, 38, 111, 146, 222

digital 37, 38, 111, 112, 146,

222

multidimensional 232

process/data-oriented 142 3

see also document image

processing systems

requirements determination

for information

systems 30, 269 6, 317

and critical success factors 61,

274 5
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research

on computational

linguistics 204

on information overload 169

and information

retrieval 169 1

and information transfer 169

on Internet auctions 184 5

reservation systems,

computerized 148, 255,

305

reserve price 184

resistance, user 132

resource allocation

first-in-first-out (FIFO) 272

and management information

systems 12

see also allocating resources to

IT/IS

retrieval

data 169 1, 226, 257

information 133, 169 1, 226

software 215, 257

reusability, in computer

programming 56, 131, 230,

294

RFID see radio frequency

identification

ring network 205

RISC (reduced instruction set

computer) 52

risk, in information systems

use 17 18

risk assessment and risk

management 276 78

risk management of

information

systems 278

Rivest-Shamir-Adleman (RSA)

algorithm 63

Robert Rules of Order 139

robotics 204

Rogers, E. M. 174, 175 6

ROM (read-only memory) 52,

55

routers 112, 113

see also TCP/IP

RPG (Report Program

Generator) 259

rules, if-then 12, 56, 129, 130,

193

Sabherwal, R. 304

SABRE reservation system

148

SAGE computer system 147

sales analysis, and bar code

use 24

sales force automation 65

sales order processing 216 17

sales planning 216, 219, 271

Sambamurthy, V. 239

Sarbanes-Oxley Act 2002

(US) 2, 160

Sarson, T. 318

satellites, global positioning

system 136

scanners 178, 231

flatbed 178

handheld 178

point-of-sale 24

schemas

and genetic algorithms 135

and linguistics 203

RDF 234, 236, 280

Schickard, W. 145

SCM see supply chain

management

Scott Morton, M. S. 215

scripts, in human information

processing 151

SDLC (systems development life

cycle) 3, 171 2, 247, 248,

261, 267, 317

traditional 247, 261

search

and bulletin boards 26

and e-commerce 99

heuristic 11

and information needs 170

intelligent 234 5

search engine 279, 292

secondary task method of

workload

measurement 169

second-price auctions 182

secrecy see privacy in information

systems

Securities and Exchange

Commission (SEC) 2

EDGAR 2

security 15, 18, 21, 58

and computer operating

system 55 6

and e-commerce 99 100

firewalls 131, 162, 348 9

information assurance 160 3

legislation 126

and networks 112, 206

and operating system 55 6

passwords 131, 133, 189

software 22, 316

see also authentication;

encryption; privacy in

information systems; virus

SEI see Software Engineering

Institute

self-employment, and

information systems

professionals 31

self-organization 43

semantics

and artificial intelligence 12

and hypertext 154

semantic web 203, 279 1

Semiconductor Chip Protection

Act 1984 (US) 126

SEQUEL see SQL

sequence diagrams 335 6

see also unified modeling

language

serial ports 239

service, personalization 243 5,

306

SERVQUAL 309

SGML (Standard Generalized

Markup Language) 154,

220, 350, 351

Shannon, C. 163

shell, expert system 130, 296

Shewhart, W. 27

shilling 184

shipping function 219, 273, 275

SIGCPR (Special Interest Group

on Computer Personnel

Research) 16

SIGMIS (Special Interest Group

on Management Information

Systems) 16

signature

digital 63 4, 89 90

message 228

Simon, H. A. 11, 150, 151, 215

simple object access protocol

(SOAP) 104, 346

simplification, system 314

SIM (Society for Information

Management) 17, 281

simulations

languages 260

and multimedia 223, 224

and use of virtual reality 340

skills

information systems 31 2,

188

for system analysis and

design 316

Slaughter, S. A. 30, 31
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SmallTalk 227, 228, 229, 230

smart cards 264, 281

SMS text messaging 224

SNA (Systems Network

Architecture) 260

sniping 184

SOAP (simple object access

protocol) 104, 347

social cognitive theory 326

societies, professional, for

information technology 3,

6, 15 17, 156, 281

Society for Information

Management see SIM

sociotechnical concepts

applied to information

systems 281 6, 315, 317

ETHICS 282 4, 317

failure of information

systems 132 3

fundamental concepts 281 2

Multiview approach 284 5

soft copy 240

soft systems methodologies

(SSM) 286 89, 317

software 289 92

agile development 4 6

application 289, 290, 291 2,

296 7, 315 16, 317

application-specific

controls 20 1

assessment 220 1

browser 349

business solution

packages 296 7

and CMMs 27, 28

collective ownership 5

commercial package 291 2,

296 7, 317

communications 290

complexity 294

constraints 153

design 294

development

professionals 30, 208, 306

errors 124 5

failures 18

and file transfer protocols 133

generalized audit software

(GAS) 19

graphics 136, 231

groupware 59, 142 3

Internet 180

and macros 207

make or buy for 208, 291 2

metaphors, use of 5

middleware 103, 162

open source 236 7

performance 316

piracy 126

and programming

languages 290 1

retrieval 215, 257

security 22, 316

as service 9

and speech recognition

systems 298

system 289 90, 315 16

user-friendly 149

see also computer-supported

cooperative work; neural

networks; virus

software agents 198, 292 3

software-as-service 9

software engineering 30, 221,

292, 293

see also CASE

Software Engineering

Institute (SEI) 27, 221,

293 4

software maintenance 57, 221,

294 6

make or buy decisions 208,

291 2

for microcomputers 57

software package

solutions 291 2, 296 7

sound, coding 37, 38

source documents, as input

data 258

source program 57

SOX see Sarbanes-Oxley Act

2002

spam 115, 297 298

filters 115, 117

see also phishing; virus

speech recognition and

synthesis 222, 241, 298

spreadsheets

and application generator

packages 292

embedded 231

and knowledge workers 201

and macros 207

and manufacturing resource

planning 216

and online analytic

processing 232

and speech recognition

systems 298

SPS 148

spyware 116, 156, 208, 298

see also identity theft

SQL (Structured Query

Language) 259, 269, 291,

298 300

SRAM (static random access

memory) 265

SSADM 317

stage model of information

systems 173 4

stakeholders

and applications failure 132

and ethics of computer

use 125 6

and information system

implementation 157,

159 60

and soft system

methodologies 287, 288

standard business

documents 114

standard data format 113

standard generalized markup

language (SGML) 154,

220, 350, 351

standards

for authentication

technologies 22 3

for CD-ROMs 33

for coding 5

for electronic

communication 110 12

for electronic data

interchange 113 14

and grid computing 138

installation standards 300

for Internet 351

and ubiquitous

computing 333

see also American National

Standards Institute;

International Standards

Organization; protocols

standards for information

technology 33, 300 2

star network 204 5

statechart diagrams 338

see also unified modeling

language

states 11

state space 11

static random access memory

(SRAM) 265

statistical process control

packages 296

Stibitz, G. 146

Stockman, H. 264
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storage of digital data 53,

302 3, 315, 318

CD-ROM 33, 93, 303

DVD 33, 93, 303

flash memory 302, 303

magnetic disk 53, 222, 302 3

magnetic tape 53, 222, 302 3

optical 93, 222, 242, 303

and retrieval time 33, 302 3

see also computer storage;

memory

Strachey, C. 148

STRADIS 317

strategic alignment between

business and IT 304 5

strategic alliances, and inter-

organizational systems 188

strategic outsourcing 187 88,

190

strategic planning, and

information systems

function 214, 245, 247 48

strategic use of information

technology 305 7

and information systems

planning 245, 247 48

and power 127

strategy, organizational, and

information systems

use 15, 30, 159, 210, 245,

247 48, 305

Straub, D. W. 32

structure chart 320 1

structured design 56, 292,

307 8, 315

see also modularity in systems

structured English 320

structured programming 3,

295, 307 8

alternation structure 56, 307

case structure 56, 307 8

repetition structure 56, 308

sequence control

structure 56, 307

Structured Query Language see
SQL

subjective workload assessment

technique (SWAT) 169

success of information

systems 308 12

see also effectiveness

summarization, in message

reduction 164, 167

supercomputers 53 4, 138

supply chain

management 312

and RFID technology 266

and ubiquitous

computing 332

Swanson, E. B. 295

SW-CMM see Capability

Maturity Model

Sweden, and privacy

regulations 251, 254

symbolic assembly

language 148, 291

syntax, in computer

programs 36, 203, 290

system catalog see data dictionary

system concepts applied to

information

systems 209, 312 15

system engineering see CASE

system logs 21

SYSTEM R 299

system software 289 90,

315 16

see also computer operating

system; graphical user

interface; software

systems analysis and

design 30, 158, 171,

316 23

and information systems

failure 132

methodology 286 89,

316 17

and soft system

methodologies 286 89,

317

and software

development 208

systems development life cycle

(SDLC) 3, 171 2, 247,

248, 261, 267, 317

see also CASE; prototyping

systems development

and agency problems 3

life cycle (SDLC) 3, 171 2,

247, 248, 261, 267, 317

teams 208, 324 5

see also requirements

determination for

information systems; soft

systems methodologies

tables 137

tablet PCs 178

tabulation, punched-card

145 6, 147, 176, 261 2

Tagged Information File Format

(TIFF) 93

tape storage, magnetic 53, 222,

302 3

task/system fit 324, 325, 339

taxation, and processing reference

trail 258

TCB (trusted computing

base) 54

TCP/IP (Transmission Control

Protocol/Internet

Protocol) 180, 260, 324

see also protocols

teams in system

development 324 5

and make or buy

decisions 208

virtual team 340

see also knowledge work

technology

acquisition 14

fit 324, 325

technology acceptance model

(TAM) 325, 326

perceived usefulness 309

technology acceptance:

unified model 325 28

technology support IT

professionals 30

telecommunication see electronic

communication

telecommuting 126, 328, 340

see also virtual work

teleconferencing 109, 231

telephone system 110, 112, 343

television 109, 111, 112

telework 328, 341

see also virtual work

terminal

and transaction

processing 257

video display 241

text messaging 224
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and macros 207

workflow, management 57, 60

workforce, dispersed 60

workload, human mental 168 9
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