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Chapter 5 IT Infrastructure and Emerging Technologies
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m What is IT infrastructure, and what are the
stages and drivers of IT infrastructure evolution?

In Chapter 1, we defined information technology (IT) infrastructure as the shared
technology resources that provide the platform for the firm'’s specific informa-
tion system applications. An IT infrastructure includes investment in hard-
ware, software, and services—such as consulting, education, and training—that
are shared across the entire firm or across entire business units in the firm. A
firm’s IT infrastructure provides the foundation for serving customers, working
with vendors, and managing internal firm business processes (see Figure 5.1).
Supplying firms worldwide with IT infrastructure (hardware, software, net-
working, and IT services) in 2018 was estimated to be a $3.7 trillion industry
(Gartner, 2018). Investments in infrastructure account for between 25 and
50 percent of information technology expenditures in large firms, led by finan-
cial services firms where IT investment is well over half of all capital investment.

Defining IT Infrastructure

An IT infrastructure consists of a set of physical devices and software applica-
tions that are required to operate the entire enterprise. But IT infrastructure
also includes a set of firmwide services budgeted by management and com-
posed of both human and technical capabilities. These services include the
following:

e Computing platforms used to provide computing services that connect
employees, customers, and suppliers into a coherent digital environment,
including large mainframes, midrange computers, desktop and laptop com-
puters, and mobile handheld and remote cloud computing services
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198 Part Two Information Technology Infrastructure

I FIGURE 5.1 CONNECTION BETWEEN THE FIRM, IT INFRASTRUCTURE, AND BUSINESS
CAPABILITIES

The services a firm is capable of providing to its customers, suppliers, and employees are a direct function of its
IT infrastructure. Ideally, this infrastructure should support the firm's business and information systems strategy.
New information technologies have a powerful impact on business and IT strategies as well as the services that
can be provided to customers.

Business
Strategy

Customer
Services

IT Services A
e Supplier
Services
Infrastructure

Enterprise
Services

Information
Technology

e Telecommunications services that provide data, voice, and video connectivity
to employees, customers, and suppliers

e Data management services that store and manage corporate data and provide
capabilities for analyzing the data

e Application software services, including online software services,
that provide enterprise-wide capabilities such as enterprise resource
planning, customer relationship management, supply chain manage-
ment, and knowledge management systems that are shared by all
business units

e Physical facilities management services that develop and manage the physi-
cal installations required for computing, telecommunications, and data man-
agement services

e IT management services that plan and develop the infrastructure, coordinate
with the business units for IT services, manage accounting for the IT expen-
diture, and provide project management services

e IT standards services that provide the firm and its business units with
policies that determine which information technology will be used, when,
and how

e IT education services that provide training in system use to employ-
ees and offer managers training in how to plan for and manage IT
investments
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e IT research and development services that provide the firm with research on
potential future IT projects and investments that could help the firm differ-
entiate itself in the marketplace

This “service platform” perspective makes it easier to understand the busi-
ness value provided by infrastructure investments. For instance, the real
business value of a fully loaded personal computer operating at 3.5 gigahertz
that costs about $1,000 and a high-speed Internet connection is hard to un-
derstand without knowing who will use it and how it will be used. When we
look at the services provided by these tools, however, their value becomes
more apparent: The new PC makes it possible for a high-cost employee mak-
ing $100,000 a year to connect to all the company’s major systems, includ-
ing collaboration systems, and the public Internet. The high-speed Internet
service saves this employee about an hour per day in reduced wait time for
Internet information. Without this PC and Internet connection, the value of
this one employee to the firm might be cut in half.

Evolution of IT Infrastructure

The IT infrastructure in organizations today is an outgrowth of more than
50 years of evolution in computing platforms. There have been five stages
in this evolution, each representing a different configuration of comput-
ing power and infrastructure elements (see Figure 5.2). The five eras are
general-purpose mainframe and minicomputer computing, personal com-
puters, client/server networks, enterprise computing, and cloud and mobile
computing.

Technologies that characterize one era may also be used in another time
period for other purposes. For example, some companies still run traditional
mainframe systems or use mainframe computers as servers supporting large
websites and corporate enterprise applications.

General-Purpose Mainframe and Minicomputer Era

(1959 to Present)

The introduction of the IBM 1401 and 7090 transistorized machines in 1959
marked the beginning of widespread commercial use of mainframe comput-
ers. In 1965, the mainframe computer truly came into its own with the in-
troduction of the IBM 360 series. The 360 was the first commercial computer
that could provide time sharing, multitasking, and virtual memory in more ad-
vanced models. IBM has dominated mainframe computing from this point on.
Mainframe computers became powerful enough to support thousands of online
remote terminals connected to the centralized mainframe using proprietary
communication protocols and proprietary data lines.

The mainframe era was a period of highly centralized computing under the
control of professional programmers and systems operators (usually in a cor-
porate data center), with most elements of infrastructure provided by a single
vendor, the manufacturer of the hardware and the software.

This pattern began to change with the introduction of minicomputers, pro-
duced by Digital Equipment Corporation (DEC) in 1965. DEC minicomputers
(PDP-11 and later the VAX machines) offered powerful machines at far lower
prices than IBM mainframes, making possible decentralized computing, cus-
tomized to the specific needs of individual departments or business units rather
than time sharing on a single huge mainframe. In recent years, the minicom-
puter has evolved into a midrange computer or midrange server and is part of
a network.
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200 Part Two Information Technology Infrastructure

I FIGURE 5.2 ERAS IN IT INFRASTRUCTURE EVOLUTION

lllustrated here are the typical computing configurations characterizing each of the five
eras of IT infrastructure evolution.
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Personal Computer Era (1981 to Present)

Although the first truly personal computers (PCs) appeared in the 1970s (the
Xerox Alto, the MITS Altair 8800, and the Apple I and II, to name a few), these
machines had only limited distribution to computer enthusiasts. The appear-
ance of the IBM PC in 1981 is usually considered the beginning of the PC era
because this machine was the first to be widely adopted by businesses. At first
using the DOS operating system, a text-based command language, and later the
Microsoft Windows operating system, the Wintel PC computer (Windows op-
erating system software on a computer with an Intel microprocessor) became
the standard desktop personal computer. Worldwide PC sales have declined be-
cause of the popularity of tablets and smartphones, but the PC is still a popular
tool for business. Approximately 88 percent of desktop PCs are thought to run a
version of Windows, and about 8 percent run a version of MacOS. Wintel domi-
nance as a computing platform is receding as iPhone and Android device sales
increase.

Proliferation of PCs in the 1980s and early 1990s launched a spate of personal
desktop productivity software tools—word processors, spreadsheets, electronic
presentation software, and small data management programs—that were very
valuable to both home and corporate users. These PCs were stand-alone systems
until PC operating system software in the 1990s made it possible to link them into
networks.

Client/Server Era (1983 to Present)

In client/server computing, desktop or laptop computers called clients are
networked to powerful server computers that provide the client computers
with a variety of services and capabilities. Computer processing work is split
between these two types of machines. The client is the user point of entry,
whereas the server typically processes and stores shared data, serves up web
pages, or manages network activities. The term server refers to both the soft-
ware application and the physical computer on which the network software
runs. The server could be a mainframe, but today, server computers typi-
cally are more powerful versions of personal computers, based on inexpen-
sive chips and often using multiple processors in a single computer box or in
server racks.

The simplest client/server network consists of a client computer networked
to a server computer, with processing split between the two types of machines.
This is called a two-tiered client/server architecture. Whereas simple client/server
networks can be found in small businesses, most corporations have more com-
plex, multitiered client/server architectures (often called N-tier client/server
architectures) in which the work of the entire network is balanced over several
different levels of servers, depending on the kind of service being requested
(see Figure 5.3).

For instance, at the first level, a web server will serve a web page to a cli-
ent in response to a request for service. Web server software is responsible for
locating and managing stored web pages. If the client requests access to a cor-
porate system (a product list or price information, for instance), the request is
passed along to an application server. Application server software handles all
application operations between a user and an organization’s back-end business
systems. The application server may reside on the same computer as the web
server or on its own dedicated computer. Chapters 6 and 7 provide more detail
on other pieces of software that are used in multitiered client/server architec-
tures for e-commerce and e-business.
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