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tablets. If a device is lost or stolen, the MDM soft-
ware is able to wipe the devices remotely. Because
Mobilelron allows Rosendin to separate and isolate
business apps and data from personal apps and data,
the company allows employees to use certain con-
sumer apps and store personal photos on company-
owned tablets. Rosendin has found that employees
of companies that are able to personalize company-
owned iPads are more likely to treat them as prized
possessions, and this has helped lower the number
of devices that become broken or lost. The company
has the right to wipe the devices if they are lost.
Rosendin's mobile security is not iron-clad. An
employee might be able to put company data in
his or her personal Dropbox account instead of
the company-authorized Box account. However,
Mobilelron is able to encrypt data before it gets into
a Dropbox account, and this lowers the risk. With
company-owned and managed devices, Rosendin still
benefits from volume discounts from wireless carri-
ers and does not have to do the extra work involved
in reimbursing employees when they use their own
devices for work.

Sources: Ryan Patrick, "Is a BYOD Strategy Best for Business?"

IT World Canada, March 22, 2016; “5 BYOD Management Case
Studies,” Sunviewsoftware.com, accessed May 5, 2016; Aruba Net-
works, “Enterprise Security Threat Level Directly Linked to User
Demographics, Industry and Geography," Business Wire, April 14,
2015; Alan F, "Open Signal: 24,093 Unique and Different Android-
Powered Devices Are Available,” Phonearena.com, August 5, 2015;
‘Tom Kaneshige, “Why One CIO Is Saying ‘No' to BYOD," CIO,
June 24, 2014; “CIO Meets Mobile Challenges Head-On," CIO, July
7, 2014; and “Cass BYOD: How Michelin Became a Mobile-First
Enterprise,” Cass Information Systems Inc., 2014.

CASE STUDY QUESTIONS

5-14 What are the advantages and disadvantages of
allowing employees to use their personal
smartphones for work?

5-15 What management, organization, and technol-
ogy factors should be addressed when deciding
whether to allow employees to use their
personal smartphones for work?

5-16 Compare the BYOD experiences of Michelin
North America and Rosendin Electric. Why did
BYOD at Michelin work so well?

5-17 Allowing employees to use their own smart-
phones for work will save the company
money. Do you agree? Why or why not?

MyMISLab

Go to the Assignments section of MyMISLab to complete these writing exercises.
5-18 What are the distinguishing characteristics of cloud computing, and what are the three types of cloud services?

5-19 What is the total cost of ownership of technology assets, and what are its cost components?




Management at Michelin North America believes
BYOD will make the business more flexible and pro-
ductive. Initially, all 4,000 mobile devices used by
the company were company-owned and obsolete,
with a large number of traditional cell phones that
could only be used for voice transmission and mes-
saging. Only 90 employees were allowed access
to e-mail on mobile devices, and fewer than 400
were allowed access to calendars on these devices.
Service costs were high, and the business received
little value from its mobility program. Management
had identified significant business benefits from
increasing mobility in sales, customer support, and
operations.

In mid-2011, the company created a team com-
posed of executives and representatives from the
IT, human resources, finance, and legal depart-
ments as well as the business units to share in the
development, rollout, and management of a new
mobile strategy for corporate-owned and personal
mobile devices. The team decided to transition the
mobility business model from corporate-owned to
personal-liable.

According to Gartner, Inc. consultants, about half
of organizations with a formal BYOD program com-
pensate their employees for the amount of time
they use their personal devices on their jobs using
stipends, reimbursements, or allowances. Handling
employee reimbursement for using personal devices
for corporate purposes has proved to be one of the
most problematic aspects of BYOD mobile programs.
Although most companies use expense reports or
payroll stipends to reimburse employees for BYOD,
these methods have drawbacks. Expense reports are
an administrative burden for both the employee and
the employer, and payroll stipends can have tax con-
sequences for both as well.

For some companies, the best option is to make
direct payments to wireless carriers to reimburse
employees for the expense they incur when they
use their own wireless devices for company busi-
ness. The employer provides funds to the wireless
carrier, which then applies a credit to the employee's
account. When the employee’s bill arrives, the
employee pays the amount owed less the credit
amount that was funded by the employer.

Michelin opted for a managed service from Cass
Information Systems that enables the company to
make payments directly to wireless carriers. Cass
Information Systems is a leading provider of trans-
portation, utility, waste, and telecom expense man-
agement and related business intelligence services.
A single employee portal handles enrollment of
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corporate and BYOD devices and provides track-
ing and reporting of all ongoing mobile and related
inventory and expenses. The portal can automati-
cally register employees, verify user eligibility,
ensure policy acknowledgment, and distribute cred-
its directly to employees’ wireless accounts for the
amount of service they used for their jobs.

Since implementing its version of BYOD, Michelin
North America increased the number of mobile-
enabled employees to 7,000. Employee efficiency,
productivity, and satisfaction have improved from
updating the mobile technology and functional-
ity available to employees and giving them choices
in mobile devices and wireless carrier plans, The
program is cost-neutral. Michelin has obtained new
vendor discounts across all wireless vendors in
the United States and Canada and has reduced the
cost of deploying each mobile device by more than
30 percent.

Iftekhar Khan, IT director at Toronto's Chelsea
Hotel, remains less sanguine. He believes BYOD
might work for his company down the road but not
in the immediate future. Khan notes that the hospi-
tality industry and many others still want employees
to use corporate-owned devices for any laptop, tab-
let, or smartphone requiring access to the corporate
network. His business has sensitive information and
needs that level of control. Although the hotel might
possibly save money with BYOD, it's ultimately all
about productivity.

Management at Rosendin Electric, a Silicon Val-
ley electrical contractor, worried that BYOD would
become a big headache. Rosendin has thousands of
employees and deploys hundreds of smartphones,
more than 400 iPads, and a few Microsoft Surface
tablets. These mobile devices have greatly enhanced
the company's productivity by enabling employees
to order equipment and supplies on the spot at a job
site or check on-site to see whether ordered items
have arrived. However, CIO Sam Lamonica does not
believe BYOD would work for this company. He wor-
ries employees would be too careless using apps,
cloud, and technology devices. (An Aruba Networks
study of 11,500 workers in 23 countries found that
60 percent share their work and personal devices
with others regularly, nearly 20 percent don't have
passwords on devices, and 31 percent have lost data
due to misuse of a mobile device.)

Lamonica feels more confident about equipping
employees with company-owned devices because
they can be more easily managed and secured.
Rosendin uses MobileIron mobile device manage-
ment (MDM) software for its smartphones and
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BYOD: Business Opportunity or Big Headache?

CASE STUDY

Just about everyone who has a smartphone wants
to be able to bring it to work and use it on the job.
And why not? Employees using their own smart-
phones would allow companies to enjoy all the same
benefits of a mobile workforce without spending
their own money to purchase these devices. Smaller
companies are able to go mobile without making
large investments in devices and mobile services.
According to Gartner, Inc., by 2017, 50 percent of
employers will require employees to supply their
own mobile devices for the workplace. BYOD is
becoming the “new normal.”

But ... wait a minute. Half of all enterprises
believe that BYOD represents a growing problem for

their organizations, according to a number of studies.

Although BYOD can improve employee job satisfac-
tion and productivity, it also can cause a number
of problems if not managed properly. Support for
personally owned devices is more difficult than it
is for company-supplied devices, the cost of man-
aging mobile devices can increase, and protecting
corporate data and networks becomes more difficult.
Research conducted by the Aberdeen Group found
that on average, an enterprise with 1,000 mobile
devices spends an extra $170,000 per year when it
allows BYOD. So it's not that simple.

BYOD requires a significant portion of corporate
IT resources dedicated to managing and maintaining
a large number of devices within the organization.
In the past, companies tried to limit business smart-
phone use to a single platform. This made it easier
to keep track of each mobile device and to roll out
software upgrades or fixes because all employees
were using the same devices or, at the very least,
the same operating system. Today, the mobile digital
landscape is much more complicated, with a variety
of devices and operating systems on the market that
do not have well-developed tools for administration
and security. Android has 80 percent of the world-
wide smartphone market, but it is more difficult to
use for corporate work than Apple mobile devices
using the iOS operating system. I0S is considered
a closed system and runs only on a limited num-
ber of different Apple mobile devices. In contrast,
Android’s fragmentation makes it more difficult and
costly for corporate IT to manage. There are about
25,000 different models of Android-based devices
available around the world, according to a report by

OpensSignal, which researches wireless networks
and devices. Android’s huge consumer market share
attracts many hackers. Android is also vulnerable
because it has an open source architecture and
comes in multiple versions.

If employees are allowed to work with more than
one type of mobile device and operating system, com-
panies need an effective way to keep track of all the
devices employees are using. To access company infor-
mation, the company’s networks must be configured to
receive connections from that device. When employees
make changes to their personal phone, such as switch-
ing cellular carriers, changing their phone number, or
buying a new mobile device altogether, companies will
need to quickly and flexibly ensure that their employ-
ees are still able to remain productive. Firms need a
system that keeps track of which devices employees
are using, where the device is located, whether it is
being used, and what software it is equipped with.

For unprepared companies, keeping track of who gets
access to what data could be a nightmare.

With the large variety of phones and operating
systems available, providing adequate technical sup-
port for every employee could be difficult. When
employees are not able to access critical data or
encounter other problems with their mobile devices,
they will need assistance from the information sys-
tems department. Companies that rely on desktop
computers tend to have many of the same computers
with the same specs and operating systems, making
tech support that much easier. Mobility introduces a
new layer of variety and complexity to tech support
that companies need to be prepared to handle.

There are significant concerns with securing
company information accessed with mobile devices.
If a device is stolen or compromised, companies
need ways to ensure that sensitive or confidential
information isn't freely available to anyone. Mobility
puts assets and data at greater risk than if they were
only located within company walls and on company
machines. Marble Security Labs analyzed 1.2 million
Android and i0S apps and found that the consumer
apps on mobile devices did not adequately protect
business information. Companies often use tech-
nologies that allow them to wipe data from devices
remotely or encrypt data so that if the device is sto-
len, it cannot be used. You'll find a detailed discus-
sion of mobile security issues in Chapter 8.
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5-10 Qantas Airways, Australia's leading airline, faces cost pressures from high fuel prices and lower levels of
global airline traffic. To remain competitive, the airline must find ways to keep costs low while providing a
high level of customer service. Qantas had a 30-year-old data center. Management had to decide whether to
replace its IT infrastructure with newer technology or outsource it. What factors should be considered by
Qantas management when deciding whether to outsource? If Qantas decides to outsource, list and describe
points that should be addressed in a service level agreement.

Improving Decision Making: Using a Spreadsheet to Evaluate Hardware and Software Options

Software skills: Spreadsheet formulas
Business skills: Technology pricing

5-11 In this exercise, you will use spreadsheet software to calculate the cost of desktop systems, printers, and
software.

Use the Internet to obtain pricing information on hardware and software for an office of 30 peo-
ple. You will need to price 30 PC desktop systems (monitors, computers, and keyboards) manufactured by
Lenovo, Dell, and HP. (For the purposes of this exercise, ignore the fact that desktop systems usually come
with preloaded software packages.) Also obtain pricing on 15 desktop printers manufactured by HF, Canon,
and Dell. Each desktop system must satisfy the minimum specifications shown in tables that you can find
in MyMISLab.

Also obtain pricing on 30 copies of the most recent versions of Microsoft Office and Apache OpenOf-
fice (formerly Oracle Open Office) and on 30 copies of Microsoft Windows 10. Each desktop productivity
package should contain programs for word processing, spreadsheets, database, and presentations. Prepare
a spreadsheet showing your research results for the software and the desktop system, printer, and software
combination offering the best performance and pricing per worker. Because every two workers share one
printer (15 printers/30 systems), your calculations should assume only half a printer cost per worker.

Improving Decision Making: Using Web Research to Budget for a Sales Conference

Software skills: Internet-based software
Business skills: Researching transportation and lodging costs

5-12 The Foremost Composite Materials Company is planning a two-day sales conference for October 19-20,
starting with a reception on the evening of October 18. The conference consists of all-day meetings that the
entire sales force, numbering 120 sales representatives and their 16 managers, must attend. Each sales rep-
resentative requires his or her own room, and the company needs two common meeting rooms, one large
enough to hold the entire sales force plus a few visitors (200) and the other able to hold half the force. Man-
agement has set a budget of $175,000 for the representatives’ room rentals. The company would like to hold
the conference in either Miami or Marco Island, Florida, at a Hilton- or Marriott-owned hotel.

Use the Hilton and Marriott websites to select a hotel in whichever of these cities that would enable
the company to hold its sales conference within its budget and meet its sales conference requirements.
Then locate flights arriving the afternoon prior to the conference. Your attendees will be coming from Los
Angeles (51), San Francisco (30), Seattle (22), Chicago (19), and Pittsburgh (14). Determine costs of each
airline ticket from these cities. When you are finished, create a budget for the conference. The budget will
include the cost of each airline ticket, the room cost, and $70 per attendee per day for food.

Collaboration and Teamwork Project
Evaluating Server and Mobile Operating Systems

5-13 Form a group with three or four of your classmates. Choose server or mobile operating systems to evaluate.
You might research and compare the capabilities and costs of Linux versus UNIX or the most recent version
of the Windows operating system for servers. Alternatively, you could compare the capabilities of the
Android mobile operating system with i0S for the iPhone. If possible, use Google Docs and Google Drive or
Google Sites to brainstorm, organize, and develop a presentation of your findings for the class.
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Review Questions

5-1

What is IT infrastructure, and what are the

stages and drivers of IT infrastructure
evolution?

Define IT infrastructure from both a tech-
nology and a services perspective.

List each of the eras in IT infrastructure evo-
lution and describe its distinguishing
characteristics.

Define and describe the following: web
server, application server, multitiered cli-
ent/server architecture.

Describe Moore's Law and the Law of Mass
Digital Storage.

Describe how network economics, declining
communications costs, and technology stan-
dards affect IT infrastructure.

What are the components of IT infrastructure?

List and describe the components of IT
infrastructure that firms need to manage.

What are the current trends in computer hard-

ware platforms?

Describe the evolving mobile platform, con-
sumerization of IT, and cloud computing.

Discussion Questions

5-6
MyMISLab

Why is selecting computer hardware and soft-
ware for the organization an important man-
agement decision? What management,
organization, and technology issues should be
considered when selecting computer hard-
ware and software?

Hands-On MIS Projects

The projects in this section give you hands-on experience in developing solutions for managing IT infra-
structures and IT outsourcing, using spreadsheet software to evaluate alternative desktop systems, and
using web research to budget for a sales conference. Visit MyMISLab’s Multimedia Library to access this
chapter's Hands-On MIS Projects.

Management Decision Problems

5-4

Explain how businesses can benefit from
virtualization, green computing, and multi-
COTe Processors.

What are the current computer software plat-

forms and trends?

5-5

Define and describe open source software and
Linux and explain their business benefits.
Define Java and HTML5 and explain why
they are important.

Define and describe web services and the
role played by XML.

Name and describe the three external
sources for software.

Define and describe software mashups and
apps.

What are the challenges of managing IT infra-

structure and management solutions?

5-7
MyMISLab

5-8
MyMISLab

Name and describe the management chal-
lenges posed by IT infrastructure.

Explain how using a competitive forces
model and calculating the TCO of technol-
ogy assets help firms make good infrastruc-
ture investments.

Should organizations use software service
providers for all their software needs? Why or
why not? What management, organization,
and technology factors should be considered
when making this decision?

What are the advantages and disadvantages of
cloud computing?

59

The University of Pittsburgh Medical Center (UPMC) relies on information systems to operate 19 hospitals,

a network of other care sites, and international and commercial ventures. Demand for additional servers
and storage technology was growing by 20 percent each year. UPMC was setting up a separate server for
every application, and its servers and other computers were running a number of different operating sys-
tems, including several versions of Unix and Windows. UPMC had to manage technologies from many dif-
ferent vendors, including Hewlett-Packard (HP), Sun Microsystems, Microsoft, and IBM. Assess the impact
of this situation on business performance. What factors and management decisions must be considered

when developing a solution to this problem?
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5-4 What are the current computer software platforms and trends?

Open source software is produced and maintained by a global community of programmers and is
often downloadable for free. Linux is a powerful, resilient open source operating system that can run
on multiple hardware platforms and is used widely to run web servers. Java is an operating system-
and hardware-independent programming language that is the leading interactive programming envi-
ronment for the web. HTML5 makes it possible to embed images, audio, and video directly into a web
document without add-on programs. Web services are loosely coupled software components based on
open web standards that work with any application software and operating system. They can be used
as components of web-based applications linking the systems of two different organizations or to link
disparate systems of a single company. Companies are purchasing their new software applications
from outside sources, including software packages, by outsourcing custom application development to
an external vendor (that may be offshore), or by renting online software services (SaaS). Mashups com-
bine two different software services to create new software applications and services. Apps are software
applications that run on mobile devices and are delivered over the Internet.

5-5 What are the challenges of managing IT infrastructure and management solutions?

Major challenges include dealing with platform and infrastructure change, infrastructure management
and governance, and making wise infrastructure investments. Solution guidelines include using a com-
petitive forces model to determine how much to spend on IT infrastructure and where to make strategic
infrastructure investments, and establishing the total cost of ownership (TCO) of information technology
assets. The total cost of owning technology resources includes not only the original cost of computer hard-
ware and software but also costs for hardware and software upgrades, maintenance, technical support,
and training. Many firms are turning to cloud computing in an effort to reduce their IT platform costs.

Key Terms
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IT vendors are competing on cost, not design, and where there are multiple
suppliers. However, you do not want to put off investment in new technologies
or allow competitors to develop new business models and capabilities based on
the new technologies.

Competitor firm services. Try to assess what technology services competitors

offer to customers, suppliers, and employees. Establish quantitative and quali-

tative measures to compare them to those of your firm. If your firm’s service
levels fall short, your company is at a competitive disadvantage. Look for ways
your firm can excel at service levels.

Competitor firm IT infrastructure investments. Benchmark your expendi-

tures for IT infrastructure against your competitors. Many companies are quite

public about their innovative expenditures on IT. If competing firms try to keep

IT expenditures secret, you may be able to find IT investment information in

public companies’ SEC Form 10-K annual reports to the federal government

when those expenditures affect a firm’s financial results.

Your firm does not necessarily need to spend as much as or more than your
competitors. Perhaps it has discovered much less expensive ways of providing
services, and this can lead to a cost advantage. Alternatively, your firm may be
spending far less than competitors and experiencing commensurate poor per-
formance and losing market share.

Review Summary

5-1 What is IT infrastructure, and what are the stages and drivers of IT infrastructure evolution?

IT infrastructure is the shared technology resources that provide the platform for the firm's specific
information system applications. IT infrastructure includes hardware, software, and services that are
shared across the entire firm.

The five stages of IT infrastructure evolution are: the mainframe era, the personal computer era,
the client/server era, the enterprise computing era, and the cloud and mobile computing era. Moore's
Law deals with the exponential increase in processing power and decline in the cost of computer tech-
nology, stating that every 18 months the power of microprocessors doubles and the price of computing
falls in half. The Law of Mass Digital Storage deals with the exponential decrease in the cost of storing
data, stating that the number of kilobytes of data that can be stored on magnetic media for $1 roughly
doubles every 15 months. Metcalfe’s Law states that a network’s value to participants grows exponen-
tially as the network takes on more members. The rapid decline in costs of communication and grow-
ing agreement in the technology industry to use computing and communications standards are also
driving an explosion of computer use.

5-2 What are the components of IT infrastructure?
Major IT infrastructure components include computer hardware platforms, operating system plat-
forms, enterprise software platforms, networking and telecommunications platforms, database man-
agement software, Internet platforms, and consulting services and systems integrators.

5-3 What are the current trends in computer hardware platforms?

Increasingly, computing is taking place on a mobile digital platform. Quantum computing is an emerg-
ing technology that could dramatically boost processing power through the ability to be in more than one
state at the same time. Consumerization of IT is the business use of information technology that origi-
nated in the consumer market. Virtualization organizes computing resources so that their use is not
restricted by physical configuration or geographic location. In cloud computing, firms and individuals
obtain computing power and software as services over a network, including the Internet, rather than pur-
chasing and installing the hardware and software on their own computers. A multicore processor is a
microprocessor to which two or more processing cores have been attached for enhanced performance.
Green computing includes practices and technologies for producing, using, and disposing of information
technology hardware to minimize negative impact on the environment.
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Competitive Forces Model for IT Infrastructure Investment
Figure 5.13 illustrates a competitive forces model you can use to address the
question of how much your firm should spend on IT infrastructure.

Market demand for your firm’s services. Make an inventory of the services
you currently provide to customers, suppliers, and employees. Survey each
group, or hold focus groups to find out if the services you currently offer are
meeting the needs of each group. For example, are customers complaining of
slow responses to their queries about price and availability? Are employees
complaining about the difficulty of finding the right information for their jobs?
Are suppliers complaining about the difficulties of discovering your production
requirements?

Your firm’s business strategy. Analyze your firm'’s five-year business strategy
and try to assess what new services and capabilities will be required to achieve
strategic goals.

Your firm’s IT strategy, infrastructure, and cost. Examine your firm's infor-
mation technology plans for the next five years and assess its alignment with
the firm's business plans. Determine the total IT infrastructure costs. You will
want to perform a TCO analysis. If your firm has no IT strategy, you will need to
devise one that takes into account the firm's five-year strategic plan.
Information technology assessment. Is your firm behind the technology
curve or at the bleeding edge of information technology? Both situations are to
be avoided. It is usually not desirable to spend resources on advanced technolo-
gies that are still experimental, often expensive, and sometimes unreliable. You
want to spend on technologies for which standards have been established and

FIGURE 5.13 COMPETITIVE FORCES MODEL FOR IT INFRASTRUCTURE

g 1l
Market Demand

_for Your Firm's
Your Firm's ustomer Services,
\ Business Strategy ‘Supplier Services,
and Enterprise
Internal Factors Services
.

External Market Factors
Competitor
Firms’
IT Services

There are six factors you can use to answer the question “How much should our firm spend on IT infrastructure?”
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Total Cost of Ownership of Technology Assets

The actual cost of owning technology resources includes the original cost of
acquiring and installing hardware and software as well as ongoing admin-
istration costs for hardware and software upgrades, maintenance, technical
support, training, and even utility and real estate costs for running and hous-
ing the technology. The total cost of ownership (TCO) model can be used to
analyze these direct and indirect costs to help firms determine the actual cost
of specific technology implementations. Table 5.4 describes the most important
TCO components to consider in a TCO analysis.

When all these cost components are considered, the TCO for a PC might
run up to three times the original purchase price of the equipment. Gains in
productivity and efficiency from equipping employees with mobile computing
devices must be balanced against increased costs from integrating these devices
into the firm's IT infrastructure and from providing technical support. Other
cost components include fees for wireless airtime, end-user training, help desk
support, and software for special applications. Costs are higher if the mobile
devices run many different applications or need to be integrated into back-end
systems such as enterprise applications.

Hardware and software acquisition costs account for only about 20 percent
of TCO, so managers must pay close attention to administration costs to under-
stand the full cost of the firm’'s hardware and software. It is possible to reduce
some of these administration costs through better management. Many large
firms are saddled with redundant, incompatible hardware and software because
their departments and divisions have been allowed to make their own technol-
ogy purchases.

In addition to switching to cloud services, these firms could reduce their TCO
through greater centralization and standardization of their hardware and soft-
ware resources. Companies could reduce the size of the information systems
staff required to support their infrastructure if the firm minimizes the number
of different computer models and pieces of software that employees are allowed
to use. In a centralized infrastructure, systems can be administered from a cen-
tral location and troubleshooting can be performed from that location.

TABLE 5.4 TOTAL COST OF OWNERSHIP (TCO) COST COMPONENTS

INFRASTRUCTURE COMPONENT  COST COMPONENTS

Hardware acquisition Purchase price of computer h ] including
terminals, storage, and printers

Software acquisition Purchase or license of software for each user

Installation Cost to install computers and software

Training Cost to provide training for information systems specialists and
end users

Support Cost to provide ongoing technical support, help desks, and so forth

Maintenance Cost to upgrade the hardware and software

Infrastructure Cost to acquire, maintain, and support related infrastructure, such as

networks and specialized equipment (including storage backup units)

Downtime Cost of lost productivity if hardware or software failures cause the
system to be unavailable for processing and user tasks

Space and energy Real estate and utility costs for housing and providing power for the
technology
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purchases and licenses? How well does the infrastructure scale? Scalability
refers to the ability of a computer, product, or system to expand to serve a large
number of users without breaking down. New applications, mergers and acqui-
sitions, and changes in business volume all affect computer workload and must
be considered when planning hardware capacity.

Firms using mobile computing and cloud computing platforms will require
new policies and procedures for managing these platforms. They will need to
inventory all of their mobile devices in business use and develop policies and
tools for tracking, updating, and securing them and for controlling the data and
applications that run on them. Firms using cloud computing and SaaS will need
to fashion new contractual arrangements with remote vendors to make sure
that the hardware and software for critical applications are always available
when needed and that they meet corporate standards for information security.
It is up to business management to determine acceptable levels of computer
response time and availability for the firm's mission-critical systems to main-
tain the level of business performance that is expected.

Management and Governance

A long-standing issue among information system managers and CEOs has
been the question of who will control and manage the firm’s IT infrastructure.
Chapter 2 introduced the concept of IT governance and described some issues it
addresses. Other important questions about IT governance are: Should depart-
ments and divisions have the responsibility of making their own information
technology decisions, or should IT infrastructure be centrally controlled and
managed? What is the relationship between central information systems man-
agement and business unit information systems management? How will infra-
structure costs be allocated among business units? Each organization will need
to arrive at answers based on its own needs.

Making Wise Infrastructure Investments

IT infrastructure is a major investment for the firm. If too much is spent on
infrastructure, it lies idle and constitutes a drag on the firm's financial perfor-
mance. If too little is spent, important business services cannot be delivered
and the firm’s competitors (who spent the right amount) will outperform the
under-investing firm. How much should the firm spend on infrastructure? This
question is not easy to answer.

A related question is whether a firm should purchase and maintain its own
IT infrastructure components or rent them from external suppliers, includ-
ing those offering cloud services. The decision either to purchase your own IT
assets or rent them from external providers is typically called the rent-versus-buy
decision.

Cloud computing is a low-cost way to increase scalability and flexibility, but
firms should evaluate this option carefully in light of security requirements
and impact on business processes and workflows. In some instances, the cost
of renting software adds up to more than purchasing and maintaining an appli-
cation in-house. Yet there are many benefits to using cloud services including
significant reductions in hardware, software, human resources, and mainte-
nance costs. Moving to cloud computing allows firms to focus on their core
businesses rather than technology issues. As the reliability of cloud computing
has improved greatly in the last decade, in 2016 some Fortune 500 firms are
planning to move the majority of their computing platforms to cloud services.

199
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sources alone. For instance, ZipRealty uses Google Maps and data provided by
online real estate database Zillow.com to display a complete list of multiple
listing service (MLS) real estate listings for any ZIP code specified by the user.

Apps are small specialized software programs (application software) that are
designed for mobile devices like smartphones and tablets. They are downloaded
from app stores like Apple’s App Store and Google Play. Google refers to its online
services as apps, including the Google Apps suite of desktop productivity tools.
Windows 10 refers to all of its desktop software programs as apps. But when we
talk about apps today, most of the attention goes to the apps that have been devel-
oped for mobile devices like smartphones and tablets. It is these apps that turn
smartphones and tablets into general-purpose computing tools. First appearing
in 2008, in 2016 there are hundreds of millions of apps for the i10S and Android
mobile operating systems. The use of apps now exceeds the use of mobile brows-
ers, which are much slower and cumbersome for accessing mobile software.

Apps provide a streamlined non-browser pathway for users to perform a
number of tasks, ranging from reading the newspaper to shopping, searching,
personal health monitoring, playing games, and buying. They increasingly are
used by managers as gateways to their firm's enterprise systems. Because so
many people are now accessing the Internet from their mobile devices, some
say that apps are “the new browsers.” Apps are also starting to influence the
design and function of traditional websites as consumers are attracted to the
look and feel of apps and their speed of operation.

Many apps are free or purchased for a small charge, much less than con-
ventional software, which further adds to their appeal. There are already more
than 2 million apps for the Apple iPhone and iPad platform and a similar num-
ber that run on devices using Google’s Android operating system. Apple reports
that more than 100 billion apps have been downloaded by users. The success of
these mobile platforms depends in large part on the quantity and the quality of
the apps they provide. Apps tie the customer to a specific hardware platform:
As the user adds more and more apps to his or her mobile phone, the cost of
switching to a competing mobile platform rises.

At the moment, the most commonly downloaded apps are games, news and
weather, maps/navigation, social networking, music, and video/movies. But
there are also serious apps for business users that make it possible to create
and edit documents, connect to corporate systems, schedule and participate
in meetings, track shipments, and dictate voice messages (see the Chapter 1
Interactive Session on Management). Most large online retailers have apps for
consumers for researching and buying goods and services online.

5-5 What are the challenges of managing IT
infrastructure and management solutions?

Creating and managing a coherent IT infrastructure raises multiple challenges:
dealing with platform and technology change (including cloud and mobile comput-
ing), management and governance, and making wise infrastructure investments.

Dealing with Platform and Infrastructure Change

As firms grow, they often quickly outgrow their infrastructure. As firms shrink,
they can get stuck with excessive infrastructure purchased in better times. How
can a firm remain flexible if investments in IT infrastructure are fixed-cost
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Software Outsourcing

Software outsourcing enables a firm to contract custom software development
or maintenance of existing legacy programs to outside firms, which often oper-
ate offshore in low-wage areas of the world. For example, UK communications
regulator Ofcom recently signed a £23 million, six-year contract to outsource
application and infrastructure management to NIIT Technologies. NIIT Tech-
nologies is an Indian firm specializing in application development and main-
tenance, infrastructure management, and business process management. NII'T
provides Ofcom with a service desk, data center services, and application man-
agement and project management services (Flinders, 2016).

Offshore software outsourcing firms have primarily provided lower-level
maintenance, data entry, and call center operations, although more sophisti-
cated and experienced offshore firms, particularly in India, have been hired
for new-program development. However, as wages offshore rise and the costs
of managing offshore projects are factored in (see Chapter 13), some work that
would have been sent offshore is returning to domestic companies.

Cloud-Based Software Services and Tools

In the past, software such as Microsoft Word or Adobe Illustrator came in a box
and was designed to operate on a single machine. Today, you're more likely to
download the software from the vendor’s website or to use the software as a
cloud service delivered over the Internet.

Cloud-based software and the data it uses are hosted on powerful servers in
data centers and can be accessed with an Internet connection and standard
web browser. In addition to free or low-cost tools for individuals and small busi-
nesses provided by Google or Yahoo, enterprise software and other complex
business functions are available as services from the major commercial software
vendors. Instead of buying and installing software programs, subscribing com-
panies rent the same functions from these services, with users paying either
on a subscription or per-transaction basis. A leading example is of software
as a service (SaaS) is Salesforce.com, described earlier in this chapter, which
provides on-demand software services for customer relationship management.

In order to manage their relationship with an outsourcer or technology ser-
vice provider, firms need a contract that includes a service level agreement
(SLA). The SLA is a formal contract between customers and their service pro-
viders that defines the specific responsibilities of the service provider and the
level of service expected by the customer. SLAs typically specify the nature
and level of services provided, criteria for performance measurement, support
options, provisions for security and disaster recovery, hardware and software
ownership and upgrades, customer support, billing, and conditions for termi-
nating the agreement. We provide a Learning Track on this topic.

Mashups and Apps
The software you use for both personal and business tasks today may be composed
of interchangeable components that integrate freely with other applications on
the Internet. Individual users and entire companies mix and match these software
components to create their own customized applications and to share information
with others. The resulting software applications are called mashups. The idea is
to take different sources and produce a new work that is greater than the sum of
its parts. You have performed a mashup if you've ever personalized your Facebook
profile or your blog with a capability to display videos or slide shows.

Web mashups combine the capabilities of two or more online applications
to create a kind of hybrid that provides more customer value than the original
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Software Outsourcing and Cloud Services

Today, many business firms continue to operate legacy systems that continue
to meet a business need and that would be extremely costly to replace. But they
will purchase or rent most of their new software applications from external
sources. Figure 5.12 illustrates the rapid growth in external sources of software
for U.S. firms.

There are three external sources for software: software packages from a com-
mercial software vendor, outsourcing custom application development to an
external vendor, (which may or may not be offshore), and cloud-based software
services and tools.

Software Packages and Enterprise Software

We have already described software packages for enterprise applications as one
of the major types of software components in contemporary IT infrastructures.
A software package is a prewritten commercially available set of software pro-
grams that eliminates the need for a firm to write its own software programs for
certain functions, such as payroll processing or order handling.

Enterprise application software vendors such as SAP and Oracle-PeopleSoft
have developed powerful software packages that can support the primary
business processes of a firm worldwide from warehousing, customer rela-
tionship management, and supply chain management to finance and human
resources. These large-scale enterprise software systems provide a single,
integrated, worldwide software system for firms at a cost much less than they
would pay if they developed it themselves. Chapter 9 discusses enterprise
systems in detail.

FIGURE 5.12 CHANGING SOURCES OF FIRM SOFTWARE
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In 2015, U.S. firms spent and estimated $334 billion on software. About 44% of that originated
outside the firm, provided by a variety of vendors. About 10% ($33 billion) was provided by Saa$
vendors as an online cloud-based service.

Sources: BEA National Income and Product Accounts, 2016; authors’ estimates.
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communicate with each other to create a working software application. Busi-
ness tasks are accomplished by executing a series of these services. Software
developers reuse these services in other combinations to assemble other appli-
cations as needed.

Virtually all major software vendors provide tools and entire platforms for
building and integrating software applications using web services. IBM includes
web service tools in its WebSphere e-business software platform, and Microsoft
has incorporated web services tools in its Microsoft .NET platform.

Dollar Rent A Car's systems use web services for its online booking system
with Southwest Airlines's website. Although both companies’ systems are based
on different technology platforms, a person booking a flight on Southwest.com
can reserve a car from Dollar without leaving the airline’s website. Instead of

struggling to get Dollar's reservation system to share data with Southwest’s
information systems, Dollar used Microsoft .NET web services technology as
an intermediary. Reservations from Southwest are translated into web services
protocols, which are then translated into formats that can be understood by
Dollar’s computers.

Other car rental companies have linked their information systems to airline
companies’ websites before. But without web services, these connections had to
be built one at a time. Web services provide a standard way for Dollar's comput-
ers to “talk” to other companies’ information systems without having to build
special links to each one. Dollar is now expanding its use of web services to link
directly to the systems of a small tour operator and a large travel reservation
system as well as a wireless website for cell phones and smartphones. It does

not have to write new software code for each new partner’s information sys-
tems or each new wireless device (see Figure 5.11).

FIGURE 5.11 HOW DOLLAR RENT A CAR USES WEB SERVICES
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Dollar Rent A Car uses web services to provide a standard intermediate layer of software to “talk” to
other companies’ information systems. Dollar Rent A Car can use this set of web services to link to
other companies’ information systems without having to build a separate link to each firm's systems.
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as well as desktops, and it will support the storage of data offline for apps
that run over the web. Other popular programming tools for web applications
include Ruby and Python. Ruby is an object-oriented programming language
known for speed and ease of use in building web applications, and Python
(praised for its clarity) is being used for building cloud computing applications.
Major websites such as Google, Facebook, Amazon, and Twitter use Python and
Ruby as well as Java.

Web Services and Service-Oriented Architecture

Web services refer to a set of loosely coupled software components that
exchange information with each other using universal web communication
standards and languages. They can exchange information between two differ-
ent systems regardless of the operating systems or programming languages on
which the systems are based. They can be used to build open standard web-
based applications linking systems of two different organizations, and they can
also be used to create applications that link disparate systems within a single
company. Different applications can use web services to communicate with
each other in a standard way without time-consuming custom coding.

The foundation technology for web services is XML, which stands for
Extensible Markup Language. This language was developed in 1996 by the
World Wide Web Consortium (W3C, the international body that oversees the
development of the web) as a more powerful and flexible markup language
than hypertext markup language (HTML) for webpages. Whereas HTML is
limited to describing how data should be presented in the form of webpages,
XML can perform presentation, communication, and storage of data. In XML,
a number is not simply a number; the XML tag specifies whether the number
represents a price, a date, or a ZIP code. Table 5.3 illustrates some sample XML
statements.

By tagging selected elements of the content of documents for their meanings,
XML makes it possible for computers to manipulate and interpret their data
automatically and perform operations on the data without human intervention.
Web browsers and computer programs, such as order processing or enterprise
resource planning (ERP) software, can follow programmed rules for applying
and displaying the data. XML provides a standard format for data exchange,
enabling web services to pass data from one process to another.

Web services communicate through XML messages over standard web pro-
tocols. Companies discover and locate web services through a directory. Using
web protocols, a software application can connect freely to other applications
without custom programming for each different application with which it wants
to communicate. Everyone shares the same standards.

The collection of web services that are used to build a firm's software
systems constitutes what is known as a service-oriented architecture.
A service-oriented architecture (SOA) is set of self-contained services that

TABLE 5.3 EXAMPLES OF XML

PLAIN ENGLISH XML
Subcompact <AUTOMOBILETYPE="Subcompact”>
4 passenger <PASSENGERUNIT="PASS" >4</PASSENGER>

$16,800 <PRICE CURRENCY="USD">$16,800</PRICE>




Chapter 5 [T Infrastructure and Emerging Technologies

Linux

Perhaps the most well-known open source software is Linux, an operating sys-
tem related to Unix. Linux was created by the Finnish programmer Linus Tor-
valds and first posted on the Internet in August 1991. Linux applications are
embedded in cell phones, smartphones, tablet computers and consumer elec-
tronics. Linux is available in free versions downloadable from the Internet or in
low-cost commercial versions that include tools and support from vendors such
as Red Hat.

Although Linux is not used in many desktop systems, it is a leading operat-
ing system for servers, mainframe computers, and supercomputers. IBM, HP,
Intel, Dell, and Oracle have made Linux a central part of their offerings to cor-
porations. Linux has profound implications for corporate software platforms—
cost reduction, reliability and resilience, and integration—because Linux works
on all the major hardware platforms from mainframes to servers to clients.

Software for the Web: Java, HTML, and HTML5

Java is an operating system-independent, processor-independent, object-
oriented programming language created by Sun Microsystems that has become
the leading interactive programming environment for the web. The Java plat-
form has migrated into mobile phones, smartphones, automobiles, music play-
ers, game machines, and set-top cable television systems serving interactive
content and pay-per-view services. Java software is designed to run on any
computer or computing device, regardless of the specific microprocessor or
operating system the device uses. For each of the computing environments in
which Java is used, a Java Virtual Machine interprets Java programming code
for that machine. In this manner, the code is written once and can be used on
any machine for which there exists a Java Virtual Machine.

Java developers can create small applet programs that can be embedded
in webpages and downloaded to run on a web browser. A web browser is an
easy-to-use software tool with a graphical user interface for displaying webpages
and for accessing the web and other Internet resources. Microsoft’s Internet
Explorer, Mozilla Firefox, Google Chrome, and Apple Safari browsers are exam-
ples. At the enterprise level, Java is being used for more complex e-commerce
and e-business applications that require communication with an organization’s
back-end transaction processing systems.

HTML and HTML5

Hypertext Markup Language (HTML) is a page description language for
specifying how text, graphics, video, and sound are placed on a webpage and
for creating dynamic links to other webpages and objects. Using these links, a
user need only point at a highlighted keyword or graphic, click on it, and imme-
diately be transported to another document.

HTML was originally designed to create and link static documents com-
posed largely of text. Today, however, the web is much more social and inter-
active, and many webpages have multimedia elements—images, audio, and
video. Third-party plug-in applications like Flash, Silverlight, and Java have
been required to integrate these rich media with webpages. However, these
add-ons require additional programming and put strains on computer process-
ing. The next evolution of HTML, called HTMLS5, solves this problem by mak-
ing it possible to embed images, audio, video, and other elements directly into
a document without processor-intensive add-ons. HTML5 makes it easier for
webpages to function across different display devices, including mobile devices
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High-Performance and Power-Saving Processors

Another way to reduce power requirements and hardware sprawl is to use more
efficient and power-saving processors. Contemporary microprocessors now fea-
ture multiple processor cores (which perform the reading and execution of com-
puter instructions) on a single chip. A multicore processor is an integrated
circuit to which two or more processor cores have been attached for enhanced
performance, reduced power consumption, and more efficient simultaneous
processing of multiple tasks. This technology enables two or more process-
ing engines with reduced power requirements and heat dissipation to perform
tasks faster than a resource-hungry chip with a single processing core. Today
you'll find PCs with dual-core, quad-core, six-core, and eight-core processors
and servers with 16-core processors.

Intel and other chip manufacturers are working on microprocessors that
minimize power consumption, which is essential for prolonging battery life in
small mobile digital devices. Highly power-efficient microprocessors, such as
the A9 and A10 processors used in Apple’s iPhone and iPad and Intel's Atom
processor, are used in lightweight smartphones and tablets, intelligent cars,
and healthcare devices. The Apple processors have about one-fiftieth of the
power consumption of a laptop dual-core processor. Intel introduced a line of
ultrasmall, low-power microprocessors called Quark that can be used in wear-
able devices and skin patches or even swallowed to gather medical data.

5-4 What are the current computer software
platforms and trends?

There are four major themes in contemporary software platform evolution:

e Linux and open source software

e Java, HTML, and HTML5

* Web services and service-oriented architecture
e Software outsourcing and cloud services

Linux and Open Source Software

Open source software is software produced by a community of several hun-
dred thousand programmers around the world. According to the leading open
source professional association, OpenSource.org, open source software is free
and can be modified by users. Works derived from the original code must also
be free, and the software can be redistributed by the user without additional
licensing. Open source software is by definition not restricted to any specific
operating system or hardware technology, although most open source software
is currently based on a Linux or Unix operating system.

The open source movement has demonstrated that it can produce commer-
cially acceptable, high-quality software. Popular open source software tools
include the Linux operating system, the Apache HTTP web server, the Mozilla
Firefox web browser, and the Apache OpenOffice desktop productivity suite.
Google's Android mobile operating system and Chrome web browser are based
on open source tools. You can find out more out more about the Open Source
Definition from the Open Source Initiative and the history of open source soft-
ware in the Learning Tracks for this chapter.
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Large firms are most likely to adopt a hybrid cloud computing model where
they use their own infrastructure for their most essential core activities and
adopt public cloud computing for less-critical systems or for additional process-
ing capacity during peak business periods. Table 5.2 compares the three cloud
computing models. Cloud computing will gradually shift firms from having a
fixed infrastructure capacity toward a more flexible infrastructure, some of it
owned by the firm and some of it rented from giant computer centers owned by
computer hardware vendors. You can find out more about cloud computing in
the Learning Tracks for this chapter.

Green Computing

By curbing hardware proliferation and power consumption, virtualization has
become one of the principal technologies for promoting green computing.
Green computing, or green IT, refers to practices and technologies for design-
ing, manufacturing, using, and disposing of computers, servers, and associated
devices such as monitors, printers, storage devices, and networking and com-
munications systems to minimize impact on the environment.

According to Green House Data, the world's data centers use as much energy
as the output of 30 nuclear power plants, which amounts to 1.5 percent of all
energy use in the world. Reducing computer power consumption has been a
very high “green” priority. A corporate data center can easily consume over
100 times more power than a standard office building. All this additional power
consumption has a negative impact on the environment and corporate operat-
ing costs. Data centers are now being designed with energy efficiency in mind,
using state-of-the art air-cooling techniques, energy-efficient equipment, virtu-
alization, and other energy-saving practices. Large companies like Microsoft,
Google, Facebook, and Apple are starting to reduce their carbon footprint with
clean energy-powered data centers with power-conserving equipment and
extensive use of wind and hydropower.

TABLE 5.2 CLOUD COMPUTING MODELS COMPARED

TYPE OF CLOUD DESCRIPTION MANAGED BY USES

Public cloud Third-party service Third-party service Companies without
offering computing, providers major privacy concerns
storage, and sof.tware Companies seeking pay-
services to multiple as-you go IT services

customers and that is G [
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available to the public

Private cloud Cloud infrastructure
operated solely for a
single organization and
hosted either internally
or externally.

Hybrid cloud Combination of private
and public cloud
services that remain
separate entities

In-house IT or private
third-party host

In-house IT, private host,
third-party providers

resources and expertise

Companies with
stringent privacy and
security requirements
Companies that must
have control over data
sovereignty

Companies requiring
some in-house control
of IT that are also
willing to assign part of
their IT infrastructures
to a public cloud
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Chapter 2 discussed Google Docs, Google Apps, and related software ser-
vices for desktop productivity and collaboration. These are among the most
popular software services for consumers, although they are increasingly used
in business. Salesforce.com is a leading software service for business. Sales-
force provides customer relationship management (CRM) and other application
software solutions as software services leased over the Internet. Its sales and
service clouds offer applications for improving sales and customer service. A
marketing cloud enables companies to engage in digital marketing interactions
with customers through e-mail, mobile, social, web, and connected products.
Salesforce.com also provides a community cloud platform for online collabora-
tion and engagement and an analytics cloud platform to deploy sales, service,
marketing, and custom analytics apps.

Salesforce.com is also a leading example of platform as a service (PaaS).
Its Force.com is an application development platform where customers can
develop their own applications for use within the broader Salesforce network.
Force.com provides a set of development tools and IT services that enable users
to customize their Salesforce.com customer relationship management appli-
cations or to build entirely new applications and run them in the cloud on
Salesforce.com’s data center infrastructure. Salesforce opened up Force.com to
other independent software developers and listed their programs on its AppEx-
change, an online marketplace for third-party applications that run on the
Force.com platform.

A cloud can be private or public. A public cloud is owned and maintained
by a cloud service provider, such as Amazon Web Services, and made available
to the general public or industry group. Public cloud services are often used for
websites with public information and product descriptions, one-time large com-
puting projects, developing and testing new applications, and consumer ser-
vices such as online storage of data, music, and photos. Google Drive, Dropbox,
and Apple iCloud are leading examples of these consumer public cloud services.

A private cloud is operated solely for an organization. It may be managed
by the organization or a third party and may be hosted either internally or
externally. Like public clouds, private clouds are able to allocate storage, com-
puting power, or other resources seamlessly to provide computing resources on
an as-needed basis. Companies that want flexible IT resources and a cloud ser-
vice model while retaining control over their own IT infrastructure are gravitat-
ing toward these private clouds. (Review the chapter-opening case on EasyJet
and the Interactive Session on Organizations).

Because organizations using public clouds do not own the infrastructure,
they do not have to make large investments in their own hardware and soft-
ware. Instead, they purchase their computing services from remote providers
and pay only for the amount of computing power they actually use (utility
computing) or are billed on a monthly or annual subscription basis. The term
on-demand computing has also been used to describe such services.

Cloud computing has some drawbacks. Unless users make provisions for
storing their data locally, the responsibility for data storage and control is in the
hands of the provider. Some companies worry about the security risks related to
entrusting their critical data and systems to an outside vendor that also works
with other companies. Companies expect their systems to be available 24/7
and do not want to suffer any loss of business capability if cloud infrastructures
malfunction. Nevertheless, the trend is for companies to shift more of their
computer processing and storage to some form of cloud infrastructure. Startups
and small companies with limited IT resources and budgets will find public
cloud services especially helpful.




beforehand what the firm's hardware, storage, and
networking needs would be. AWS would provide
whatever Netflix needed at the moment.

Netflix had experienced a major hardware failure
in 2008 at its own data center and began moving
its computing to AWS the following year. The first
thing Netflix shifted was its jobs page, followed by
functions such as its video player, iPhone-related
technology, discovery and search, and accounts
pages. Netflix shifted its big data platform to AWS
in 2013 and billing and payments in 2014. Netflix
is now fully reliant on AWS, using a variety of
web-based software tools such as human resources
software from Workday Inc. for its business
applications.

Netflix also maintains a content-delivery network
through Internet service providers and other third
parties to speed up the delivery of movies and web
traffic between Netflix and its customers. Netflix
competes with Amazon in the video-streaming busi-
ness, and it wanted to retain control of its own con-
tent delivery network.

About 12 percent of companies run IT operations
entirely in the cloud, and nearly all of these compa-
nies are small or medium-sized businesses, accord-
ing to a recent survey by BetterCloud, which makes
management and security products. BetterCloud
predicts that by 2022, slightly more than 20 percent
of large enterprise companies will operate entirely in
the cloud.

Glenn O'Donnell, vice president and research
director at Forrester Research, believes that a
100 percent cloud operation will be extremely rare
for large established companies. Many large com-
panies are moving more of their computing to the
cloud but are unable to migrate completely. Legacy
systems are the most difficult to switch over.

CASE STUDY QUESTIONS

1. What business benefits do cloud computing ser-
vices provide? What problems do they solve?
2. What are the disadvantages of cloud computing?
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Most midsized and large companies will gravitate
toward a hybrid approach. The top cloud provid-
ers themselves—Amazon, Google, Microsoft, and
IBM—use their own public cloud services for some
purposes, but they continue to keep certain func-
tions on private servers. Worries about reliability,
security, and risks of change have made it difficult
for them to move critical computing tasks to the
public cloud.

Giant Eagle, one of the largest U.S. privately
held multiformat food, fuel and pharmacy retail-
ers, is adopting a hybrid cloud solution from IBM
Cloud. The hybrid cloud will provide capablilties
for consumption-based pricing, faster procurement,
and customized deployment of applications along
with integrated system management for greater
visibility into enterprise data. Marriott is keeping
its own data centers but updating them to use the
latest cloud technology. It also uses IBM’s cloud
to host apps that it doesn't want to host itself. The
hybrid cloud environment offers faster digital ser-
vices to web-savvy guests and helps Marriott use
analytics to uncover insights about traveler prefer-
ences for its more than 4,000 properties across the
globe.

Sources: “AWS Case Study: Oscar Insurance,” www.aws.amazon.com,
accessed May 4, 2016; Robert McMillan,* Cloud-Computing Kingpins
Slow to Adapt to Own Movement," Wall Street Journal, August 4, 2015;
Robert McMillan and Rachael King, “Netflix Is Ready to Pull Plug on
Its Final Data Center," Wall Street Journal, August 14, 2015; Dan Ber-
thiaume, “Giant Eagle Flies to the Cloud," Chain Store Age, December
4, 2015; Darryl K. Taft, “IBM Lands Cloud Deals with Marriott, Oth-
ers,” eWeek, February 2, 2015; Kelly Bit, “The $10 Hedge Fund Super-
computer That's Sweeping Wall Street,” Bloomberg Business Week,
May 20, 2015; David Streitfeld and Nick Wingfield, “With Amazon
Atop the Cloud, Big Tech Rivals Are Giving Chase,” New York Times,
April 23, 2015,

3. What kinds of businesses are most likely to benefit
from using cloud computing? Why?




188 Part Two Information Technology Infrastructure

INTERACTIVE

Computing Takes Off in the Cloud

Cloud computing is now the fastest-growing form of
computing. The biggest players in the cloud com-
puting marketplace include Amazon Web Services
(AWS), Microsoft, and Google. These companies
have made cloud computing an affordable and sen-
sible option for companies ranging from tiny Inter-
net startups to established companies like Netflix
and FedEx.

For example, AWS provides subscribing companies
with flexible computing power and data storage as
well as data management, messaging, payment, and
other services that can be used together or individu-
ally as the business requires. Anyone with an Inter-
net connection and a little bit of money can harness
the same computing systems that Amazon itself uses
to run its retail business. If customers provide speci-
fications on the amount of server space, bandwidth,
storage, and any other services they require, AWS
can automatically allocate those resources. You don't
pay a monthly or yearly fee to use Amazon's com-
puting resources—instead, you pay for exactly what
you use. Economies of scale keep costs astonishingly
low, and AWS has been able to keep reducing prices.
To remain competitive, other cloud computing ven-
dors have had to follow suit.

Cloud computing also appeals to many busi-
nesses because the cloud services provider will
handle all of the maintenance and upkeep of their
IT infrastructures, allowing these businesses to
spend more time on higher-value work. Startup
companies and smaller companies are finding that
they no longer need to build their own data center.
With cloud infrastructures like Amazon's readily
available, they have access to technical capability
that was formerly available to only much larger
businesses. Oscar Insurance is a New York-based
health insurance company that relies heavily on
information technology to help customers obtain
better care and keep track of their health. The com-
pany built its HIPAA-compliant health insurance
platform and analytics applications on AWS in just
three months. By using AWS, Oscar can scale to
support the traffic spikes during healthcare open
enrollment season as well as support more than 125
production changes a day that continually improve
customer experience.

Although cloud computing has been touted as a
cheap and more flexible alternative to buying and

SSION: ORGANIZATIONS

owning information technology, it doesn't always
deliver on its promise. For large companies, paying
a public cloud provider a monthly service fee for
10,000 or more employees may actually be more
expensive than having the company maintain its
own IT infrastructure and staff. Companies also
worry about unexpected “runaway costs” from using
a pay-per-use model. Integrating cloud services with
existing IT infrastructures, errors, mismanagement,
or unusually high volumes of web traffic will run up
the bill for cloud service users. The more data and
systems that a company uses in the cloud, the big-
ger the job of changing cloud providers. When you
buy cloud software, you may be stuck with it for a
long time.

Gartner, Inc. technology consultants advise cli-
ents contemplating public cloud services to take into
account the number of machines an organization
will run, the number of hours per day or per week
they'll run, and the amount of storage their data will
require. Additional costs include licenses that need
to be paid for on a recurring basis, the rate of change
for the data, and how much new data the business
is expected to generate. A very large company may
find it cheaper to own and manage its own data cen-
ter or private cloud. But as public clouds become
more efficient and secure and the technology grows
cheaper, large companies will start using more cloud
resources.

A major barrier to widespread cloud adoption is
concern about cloud reliability and security. Ama-
zon Web Services experienced an outage on Septem-
ber 20, 2015, that affected Netflix, Reddit, IMDB,
Product Hunt, Social Flow, and Amazon's own
Alexa and Instant Video services for users across
eastern North America. There were also significant
Amazon cloud outages several times a year in the
preceding five years. As cloud computing contin-
ues to mature and the major cloud infrastructure
providers gain more experience, cloud service and
reliability have steadily improved. Experts recom-
mend that companies for whom an outage would
be a major risk consider using another computing
service as a backup.

In February 2016 Netflix completed a decade-
long project to shut down its own data centers and
use Amazon'’s cloud exclusively to run its business.
Management liked not having to guess months
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Rapid elasticity: Computing resources can be rapidly provisioned,
increased, or decreased to meet changing user demand.

Measured service: Charges for cloud resources are based on amount of
resources actually used.

Cloud computing consists of three different types of services:

Infrastructure as a service (IaaS): Customers use processing, storage,
networking, and other computing resources from cloud service providers to
run their information systems. For example, Amazon uses the spare capacity
of its IT infrastructure to provide a broadly based cloud environment sell-
ing IT infrastructure services. These include its Simple Storage Service (S3)
for storing customers’ data and its Elastic Compute Cloud (EC2) service for
running their applications. Users pay only for the amount of computing and
storage capacity they actually use. (See the Interactive Session on Organiza-
tions). Figure 5.10 shows the range of services Amazon Web Services offers.
Software as a service (SaaS): Customers use software hosted by the
vendor on the vendor's cloud infrastructure and delivered as a service over
a network. Leading software as a service (SaaS) examples are Google
Apps, which provides common business applications online, and Salesforce.
com, which leases customer relationship management and related software
services over the Internet. Both charge users an annual subscription fee,
although Google Apps has a pared-down free version. Users access these
applications from a web browser, and the data and software are maintained
on the providers' remote servers.

Platform as a service (PaaS): Customers use infrastructure and program-
ming tools supported by the cloud service provider to develop their own
applications. For example, IBM offers a Bluemix service for software devel-
opment and testing on the IBM cloud. Another example is Salesforce.com’s
Force.com, which allows developers to build applications that are hosted on
its servers as a service.

FIGURE 5.10 AMAZON WEB SERVICES
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Amazon Web Services (AWS) is a collection of web services that Amazon provides to users of its cloud
platform. AWS is the largest provider of cloud computing services In the United States.
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which computer processing, storage, software, and other services are provided
as a shared pool of virtualized resources over a network, primarily the Internet.
These “clouds” of computing resources can be accessed on an as-needed basis
from any connected device and location. Figure 5.9 illustrates the cloud com-
puting concept.

The U.S. National Institute of Standards and Technology (NIST) defines
cloud computing as having the following essential characteristics (Mell and
Grance, 2009):

¢ On-demand self-service: Consumers can obtain computing capabilities such
as server time or network storage as needed automatically on their own.

e Ubiquitous network access: Cloud resources can be accessed using stan-
dard network and Internet devices, including mobile platforms.

* Location-independent resource pooling: Computing resources are pooled
to serve multiple users, with different virtual resources dynamically assigned
according to user demand. The user generally does not know where the com-
puting resources are located.

FIGURE 5.9 CLOUD COMPUTING PLATFORM
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In cloud computing, hardware and software capabilities are a pool of virtualized resources provided over a network, often
the Internet. Businesses and employees have access to applications and IT infrastructure anywhere, at any time, and on

any device.
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these consumer technologies and make sure they serve the needs of the busi-
ness. The chapter-ending case study explores some of these management chal-
lenges created by BYOD and IT consumerization.

Quantum Computing

Quantum computing is an emerging technology with the potential to dramati-
cally boost computer processing power to find answers to problems that would
take conventional computers many years to solve. Quantum computing uses
the principles of quantum physics to represent data and perform operations on
these data. While conventional computers handle bits of data either as 0 or 1
but not both, quantum computing can process bits as 0, 1, or both simultane-
ously. A quantum computer would gain enormous processing power through
this ability to be in multiple states at once, allowing it to solve some scientific
and business problems millions of times faster than can be done today. IBM has
made quantum computing available to the general public through IBM Cloud.
Google’'s Alphabet and Lockheed Martin currently use quantum platforms
(Follow, 2016).

Virtualization

Virtualization is the process of presenting a set of computing resources (such
as computing power or data storage) so that they can all be accessed in ways
that are not restricted by physical configuration or geographic location. Virtual-
ization enables a single physical resource (such as a server or a storage device)
to appear to the user as multiple logical resources. For example, a server or
mainframe can be configured to run many instances of an operating system
(or different operating systems) so that it acts like many different machines.
Each virtual server “looks” like a real physical server to software programs, and
multiple virtual servers can run in parallel on a single machine. VMware is the
leading virtualization software vendor for Windows and Linux servers.

Server virtualization is a common method of reducing technology costs by
providing the ability to host multiple systems on a single physical machine.
Most servers run at just 15 to 20 percent of capacity, and virtualization can
boost server utilization rates to 70 percent or higher. Higher utilization rates
translate into fewer computers required to process the same amount of work,
reduced data center space to house machines, and lower energy usage. Vir-
tualization also facilitates centralization and consolidation of hardware
administration.

Virtualization also enables multiple physical resources (such as storage
devices or servers) to appear as a single logical resource, as in software-
defined storage (SDS), which separates the software for managing data stor-
age from storage hardware. Using software, firms can pool and arrange multiple
storage infrastructure resources and efficiently allocate them to meet specific
application needs. SDS enables firms to replace expensive storage hardware
with lower-cost commodity hardware and cloud storage hardware. There is less
under- or over-utilization of storage resources (Letschin, 2016).

Cloud Computing

It is now possible for companies and individuals to perform all of their com-
puting work using a virtualized IT infrastructure in a remote location, as is
the case with cloud computing. Cloud computing is a model of computing in
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long-range RFID readers so they can personally greet
guests. Aggregated RFID data will be used to mini-
mize attraction wait times. Messages entice guests

to relocate to less busy areas of the park. FastPass +,
Disney'’s ride reservation system, allocates guests to
the most popular attractions by assigning one-hour
return windows for express entrance.

The value of wearable computing devices isn't
from transferring the same information from a lap-
top or smartphone to a smartwatch or eyeglass dis-
play. Rather, it's about finding ways to use wearables
to augment and enhance business processes. Suc-
cessful adoption of wearable computing depends not

CASE STUDY QUESTIONS

[

. Wearables have the potential to change the way
organizations and workers conduct business. Dis-
cuss the implications of this statement.

2. How would a business process such as ordering a

product for a customer in the field be changed if

the salesperson was wearing a smartwatch
equipped with Salesforce software?

‘What management, organization, and technology

issues would have to be addressed if a company

@

only on cost effectiveness but on the development of
new and better apps and integration with existing IT
infrastructure and the organization’s tools for man-
aging and securing mobile devices (see the chapter-
ending case study.)

Sources: Mary K. Pratt, “Wearables in the Enterprise? Yes, Really!”
Computerworld, February 24, 2016; www.salesforce.com, accessed
May 5, 2016; Bob Violino, “Wearables in the Workplace: Potential and
Pitfalls,” Baseline, September 9, 2015; Brett Nuckles, “Apple Watch:
Is It Good for Business?" Business News Daily, May 12, 2015; Dennis
McCafferty, “Why Wearable Tech Needs Killer Business Apps," CIO
Insight, May 1, 2015; and Daisuke Wakabayashi, “What Exactly Is an
Apple Watch For?" Wall Street Journal, February 16, 2015.

was thinking of equipping its workers with a wear-
able computing device?

4. What kinds of businesses are most likely to benefit
from wearable computers? Select a business and
describe how a wearable computing device could
help that business improve operations or decision
making.

Consumerization of IT and BYOD

The popularity, ease of use, and rich array of useful applications for smart-
phones and tablet computers have created a groundswell of interest in allowing
employees to use their personal mobile devices in the workplace, a phenom-
enon popularly called ‘bring your own device” (BYOD). BYOD is one aspect of
the consumerization of IT, in which new information technology that first
emerges in the consumer market spreads into business organizations. Consum-
erization of IT includes not only mobile personal devices but also business uses
of software services that originated in the consumer marketplace as well, such
as Google and Yahoo search, Gmail, Google Apps, Dropbox, and even Facebook
and Twitter.

Consumerization of IT is forcing businesses to rethink the way they obtain
and manage information technology equipment and services. Historically, at
least in large firms, the IT department was responsible for selecting and man-
aging the information technology and applications used by the firm and its
employees. It furnished employees with desktops or laptops that were able to
access corporate systems securely. The IT department maintained control over
the firm’s hardware and software to ensure that the business was being pro-
tected and that information systems served the purposes of the firm and its
management. Today, employees and business departments are playing a much
larger role in technology selection, in many cases demanding that employees
be able to use their own personal computers, smartphones, and tablets to access
the corporate network. It is more difficult for the firm to manage and control
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INTERACTIVE SESSION: TECHNOLOG

Wearable Computers Change How We Work

It looks like wearable computing is taking off. Smart-
watches, smart glasses, smart ID badges, and activ-
ity trackers promise to change how we go about
each day and the way we do our jobs. According to
an April 2015 report surveying 2,400 U.S. CIOs by

IT staffing firm Robert Half Technology, 81 percent
expect wearable computing devices such as watches
and glasses to become common workplace tools.

Doctors and nurses are using smart eyewear for
hands-free access to patients’ medical records. Oil rig
workers sport smart helmets to connect with land-
based experts, who can view their work remotely
and communicate instructions. Warehouse managers
are able to capture real-time performance data using
a smartwatch to better manage distribution and ful-
fillment operations. Wearable computing devices
improve productivity by delivering information to
workers without requiring them to interrupt their
tasks, which in turn empowers employees to make
more informed decisions more quickly.

Although primarily consumer devices, smart-
watches are being used for business. The Apple
Watch, for example, has a number of features to
make employees more productive. It can take phone
calls and accept voice commands. It will display an
important message, e-mail, or calendar appointment
on your wrist. Instead of buzzing loudly and with
every e-mail, text message, and calendar alert you
receive, the watch uses subtle, discreet vibrations
that won't be a distraction in the middle of a meet-
ing. There are Apple Watch versions of Evernote
(note taking), PowerPoint (electronic presentations),
and Invoice2go, which will automatically prompt you
to start logging your work time as soon as you arrive
at a job site, send basic invoices, and receive alerts
when they're paid.

Salesforce.com has developed several enterprise
applications for the Apple Watch. Salesforcel for
Apple Watch delivers instant notifications to sales-
people, service agents, and other business users to
help speed up their work. For example, sales manag-
ers can receive a discount approval request and take
action right from the watch. Customer service man-
agers can receive alerts if a critical case requires
immediate attention or call wait times are about to
exceed thresholds. Digital marketers can be alerted
when a marketing campaign surpasses a goal. Sales-
force Analytics for Apple Watch enables Salesforce

customers to use analytics data delivered to their
smartwatches to view performance metrics, uncover
new insights, and take action with dashboards.
Users will also be able to query via Voice Search

to access a report, view a dashboard, or find other
information.

Global logistics company DHL worked with Ricoh,
the imaging and electronics company, and Ubimax,
a wearable computing services and solutions com-
pany, to implement “vision picking” in its warehouse
operations. Location graphics are displayed on smart-
glasses guiding staffers through the warehouse to
both speed the process of finding items and reduce
errors. The company says the technology delivered a
25 percent increase in efficiency.

Right now, vision picking gives workers locational
information about the items they need to retrieve
and allows them to automatically scan retrieved
items. Future enhancements will enable the system
to plot optimal routes through the warehouse, pro-
vide pictures of items to be retrieved (a key aid in
case an item has been misplaced on the warehouse
shelves), and instruct workers on loading carts and
pallets more efficiently.

Southern Co., an Atlanta-based energy company,
is experimenting with several different wearables in
its power plants and its power distribution and trans-
mission pipeline. Southern recently deployed both
head-mounted and wrist-mounted computers and
performed several “proofs of concept” with Google
Glass, Apple Watch, and the Moto 360 Android Wear
device. The proofs of concept focused on enhanc-
ing plant workers’ ability to follow documented
procedures more accurately and to document adher-
ence to those procedures. The company also piloted
Bluetooth video cameras worn on the head for docu-
menting work processes and for videoconferencing
between field personnel and central office personnel.
Southern Co. now uses head-worn cameras in some
plants and field locations.

At Walt Disney World Resort in Orlando, Florida,
guests are issued a MagicBand, a radio frequency
identification (RFID) wristband, which serves as
their hotel room key and park entrance ticket and
can be assigned a PIN and linked to a credit card to
make purchases. The wristband is also used to link
photos to guest accounts and will soon connect to a
vacation-planning system. Staff are equipped with
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and a host of independent software developers, including Adobe (Creative
Suite). Chapter 7 describes the components of the firm’s Internet platform in
greater detail.

Consulting and System Integration Services

Today, even a large firm does not have the staff, the skills, the budget, or the
necessary experience to deploy and maintain its entire IT infrastructure.
Implementing a new infrastructure requires (as noted in Chapters 13 and 14)
significant changes in business processes and procedures, training and educa-
tion, and software integration. Leading consulting firms providing this exper-
tise include Accenture, IBM Global Business Services, HP, Infosys, and Wipro
Technologies.

Software integration means ensuring the new infrastructure works with the
firm's older, so-called legacy systems and ensuring the new elements of the
infrastructure work with one another. Legacy systems are generally older
transaction processing systems created for mainframe computers that continue
to be used to avoid the high cost of replacing or redesigning them. Replacing
these systems is cost prohibitive and generally not necessary if these older sys-
tems can be integrated into a contemporary infrastructure.

5-3 What are the current trends in computer
hardware platforms?

The exploding power of computer hardware and networking technology has
dramatically changed how businesses organize their computing power, putting
more of this power on networks and mobile handheld devices. We look at seven
hardware trends: the mobile digital platform, consumerization of IT and BYOD,
quantum computing, virtualization, cloud computing, green computing, and
high-performance/power-saving processors.

The Mobile Digital Platform

Chapter 1 pointed out that new mobile digital computing platforms have
emerged as alternatives to PCs and larger computers. The iPhone and Android
smartphones have taken on many functions of PCs, including transmitting
data, surfing the web, transmitting e-mail and instant messages, displaying
digital content, and exchanging data with internal corporate systems. The new
mobile platform also includes small, lightweight netbooks optimized for wire-
less communication and Internet access, tablet computers such as the iPad,
and digital e-book readers such as Amazon's Kindle with some web access
capabilities.

Smartphones and tablet computers are increasingly used for business com-
puting as well as for consumer applications. For example, senior executives at
General Motors are using smartphone applications that drill down into vehicle
sales information, financial performance, manufacturing metrics, and project
management status.

Wearable computing devices are a recent addition to the mobile digital plat-
form. These include smartwatches, smart glasses, smart 1D badges, and activity
trackers. Wearable computing technology has business uses, and it is changing
the way firms work, as described in the Interactive Session on Technology.
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The largest providers of enterprise application software are SAP and Oracle.
Also included in this category is middleware software supplied by vendors such
as IBM and Oracle for achieving firmwide integration by linking the firm’s exist-
ing application systems. Microsoft is attempting to move into the lower ends of
this market by focusing on small and medium-sized businesses.

Data Management and Storage

Enterprise database management software is responsible for organizing and
managing the firm’s data so that they can be efficiently accessed and used.
Chapter 6 describes this software in detail. The leading database software pro-
viders are IBM (DB2), Oracle, Microsoft (SQL Server), and Sybase (Adaptive
Server Enterprise). MySQL is a Linux open source relational database product
now owned by Oracle Corporation, and Apache Hadoop is an open source
software framework for managing very large data sets (see Chapter 6). The
physical data storage market for large-scale systems is dominated by EMC
Corporation.

Networking/Telecommunications Platforms

Companies worldwide are expected to spend $1.44 trillion for telecommunica-
tions services in 2016 (Gartner, Inc., 2016). Windows Server is predominantly
used as a local area network operating system, followed by Linux and Unix.
Large, enterprise-wide area networks use some variant of Unix. Most local area
networks, as well as wide area enterprise networks, use the TCP/IP protocol
suite as a standard (see Chapter 7).

Cisco and Juniper Networks are leading networking hardware providers.
Telecommunications platforms are typically provided by telecommunications/
telephone services companies that offer voice and data connectivity, wide area
networking, wireless services, and Internet access. Leading telecommunica-
tions service vendors include AT&T and Verizon. This market is exploding with
new providers of cellular wireless, high-speed Internet, and Internet telephone
services.

Internet Platforms

Internet platforms include hardware, software, and management services to
support a firm’s website, including web hosting services, routers, and cabling
or wireless equipment. A web hosting service maintains a large web server,
or series of servers, and provides fee-paying subscribers with space to maintain
their websites.

The Internet revolution created a veritable explosion in server computers,
with many firms collecting thousands of small servers to run their Internet
operations. There has been a steady push to reduce the number of server com-
puters by increasing the size and power of each and by using software tools
that make it possible to run more applications on a single server. The Internet
hardware server market has become increasingly concentrated in the hands of
IBM, Dell, Oracle, and HP, as prices have fallen dramatically.

The major web software application development tools and suites are sup-
plied by Microsoft (Microsoft Visual Studio and the Microsoft .NET family of
development tools), Oracle-Sun (Sun’s Java is the most widely used tool for
developing interactive web applications on both the server and client sides),
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billion business transactions per day, and 80 percent of the world's corporate
data also originates on the mainframe (ITBusinessEdge.com, 2015).

However, the number of providers has dwindled to one: IBM. IBM has also
repurposed its mainframe systems so they can be used as giant servers for
enterprise networks and corporate websites. A single IBM mainframe can run
thousands of instances of Linux or Windows Server software and is capable of
replacing thousands of smaller servers (see the discussion of virtualization in
Section 5-3).

Operating System Platforms

The leading operating systems for corporate servers are Microsoft Windows
Server, Unix, and Linux, an inexpensive and robust open source relative of
Unix. Microsoft Windows Server is capable of providing enterprise-wide oper-
ating system and network services and appeals to organizations seeking Win-
dows-based IT infrastructures. Unix and Linux are scalable, reliable, and much
less expensive than mainframe operating systems. They can also run on many
different types of processors. The major providers of Unix operating systems
are IBM, HP, and Oracle-Sun, each with slightly different and partially incom-
patible versions.

At the client level, 81 percent of PCs use some form of the Microsoft Windows
operating system (such as Windows 10, Windows 8, or Windows 7) to manage
the resources and activities of the computer. However, there is now a much
greater variety of client operating systems than in the past, with new operating
systems for computing on handheld mobile digital devices or cloud-connected
computers.

Google's Chrome OS provides a lightweight operating system for cloud com-
puting using a web-connected computer. Programs are not stored on the user’s
computer but are used over the Internet and accessed through the Chrome
web browser. User data reside on servers across the Internet. Android is an
open source operating system for mobile devices such as smartphones and tab-
let computers developed by the Open Handset Alliance led by Google. It has
become the most popular smartphone platform worldwide, competing with
108, Apple’s mobile operating system for the iPhone, iPad, and iPod Touch.
Android is installed on more than half the tablets, smartphones, and portable
computers in use globally.

Conventional client operating system software is designed around the
mouse and keyboard but increasingly is becoming more natural and intuitive
by using touch technology. iOS, the operating system for the phenomenally
popular Apple iPad, iPhone, and iPod Touch, features a multitouch interface,
where users employ one or more fingers to manipulate objects on a screen
without a mouse or keyboard. Microsoft's Windows 10 and Windows 8, which
run on tablets as well as PCs, have multitouch capabilities, as do many Android
devices.

Enterprise Software Applications

Firms worldwide are expected to spend about $321 billion in 2016 on software
for enterprise applications that are treated as components of IT infrastructure.
We introduced the various types of enterprise applications in Chapter 2, and
Chapter 9 provides a more detailed discussion of each.
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In the past, technology vendors supplying these components offered pur-
chasing firms a mixture of incompatible, proprietary, partial solutions that
could not work with other vendor products. Increasingly, vendor firms have
been forced to cooperate in strategic partnerships with one another in order to
keep their customers. For instance, a hardware and services provider such as
IBM cooperates with all the major enterprise software providers, has strategic
relationships with system integrators, and promises to work with whichever
data management products its client firms wish to use (even though it sells its
own database management software called DB2).

Another big change is that companies are moving more of their IT infra-
structure to the cloud or to outside services, owning and managing much less
on their premises. According to International Data Corporation, by 2020, busi-
ness spending on cloud infrastructure will account for roughly half of the total
computing resources budget. Firms' IT infrastructures will increasingly be an
amalgam of components and services that are partially owned, partially rented
or licensed, partially located on site, and partially supplied by external vendors
or cloud services.

Computer Hardware Platforms

Firms worldwide are expected to spend $626 billion on computer hardware
devices in 2016, including mainframes, servers, PCs, tablets, and smartphones.
All these devices constitute the computer hardware platform for corporate (and
personal) computing worldwide.

Most business computing takes place using microprocessor “chips” manufac-
tured or designed by Intel Corporation and, to a lesser extent, AMD Corpora-
tion. Intel and AMD processors are often referred to as “i86” processors because
the original IBM PCs used an Intel 8086 processor and all the Intel (and AMD)
chips that followed are downward compatible with this processor. (For instance,
you should be able to run a software application designed 10 years ago on a new
PC you bought yesterday.)

The computer platform changed dramatically with the introduction of
mobile computing devices, from the iPod in 2001 to the iPhone in 2007 and the
iPad in 2010. Worldwide, 2 billion people use smartphones. You can think of
these devices as a second computer hardware platform, one that is consumer
device-driven.

The computers with Intel microprocessors in the first computer hardware
platform use complex instruction set computing (CISC) with several thousand
instructions built into the chip. This requires a considerable number of tran-
sistors per processor, consumes power, and generates heat. Mobile devices in
the second computer hardware platform are not required to perform as many
tasks as computers in the first computer hardware platform. They are able to
use reduced instruction set computing (RISC), which contains a smaller set
of instructions, consumes less power, and generates less heat. RISC proces-
sors for mobile devices are manufactured by a wide range of firms, includ-
ing Apple, Samsung, and Qualcomm, using an architecture designed by ARM
Holdings.

Mainframes have not disappeared. They continue to be used to reliably
and securely handle huge volumes of transactions, for analyzing very large
quantities of data, and for handling large workloads in cloud computing cen-
ters. The mainframe is still the digital workhorse for banking and telecommu-
nications networks that are often running software programs that are older
and require a specific hardware platform. Currently, mainframes process 30

179



178 Part Two Information Technology Infrastructure

Beginning in the 1990s, corporations started moving toward standard com-
puting and communications platforms. The Wintel PC with the Windows oper-
ating system and Microsoft Office desktop productivity applications became
the standard desktop and mobile client computing platform. (It now shares the
spotlight with other standards, such as Apple’s iOS and Macintosh operating sys-
tems and the Android operating system.) Widespread adoption of Unix-Linux
as the enterprise server operating system of choice made possible the replace-
ment of proprietary and expensive mainframe infrastructures. In telecommu-
nications, the Ethernet standard enabled PCs to connect together in small local
area networks (LANSs; see Chapter 7), and the TCP/IP standard enabled these
LANS to be connected into firmwide networks, and ultimately, to the Internet.

5-2  What are the components of IT infrastructure?

IT infrastructure today is composed of seven major components. Figure 5.8
illustrates these infrastructure components and the major vendors within each
component category. These components constitute investments that must be
coordinated with one another to provide the firm with a coherent infrastructure.

FIGURE 5.8 THE IT INFRASTRUCTURE ECOSYSTEM
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There are seven major components that must be coordinated to provide the firm with a coherent IT infrastructure. Listed here
are major technologies and suppliers for each component.
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FIGURE 5.7 EXPONENTIAL DECLINES IN INTERNET COMMUNICATIONS
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Verizon FiOS (fiber to the home) delivers 1 kilobit of data for a retail price less than 2 thousandths of

a penny.
Source: Authors.

TABLE 5.1 SOME IMPORTANT STANDARDS IN COMPUTING

STANDARD

SIGNIFICANCE

American Standard Code for Information
Interchange (ASCII) (1958)

Common Business Oriented Language (COBOL)
(1959)

Unix (1969-1975)

Control Protocol Protocol

(TCP/IP) (1974)

Ethernet (1973)

1BM/Microsoft/Intel Personal Computer (1981)

World Wide Web (1989-1993)

Made it possible for computer machines from different manufacturers to exchange
data; later used as the universal language linking input and output devices such as
keyboards and mice to computers. Adopted by the American National Standards
Institute in 1963.

q

An easy-to-use software | that greatly exp i the ability of programmers
to write business-related programs and reduced the cost of software. Sponsored by
the Defense Department in 1959.

A powerful portable operating system initially developed at
Bell Labs (1969) and later released for use by others (1975). It operates on a wide
variety of computers from different manufacturers. Adopted by Sun, IBM, HP, and
others in the 1980s, it became the most widely used enterprise-level operating
system.

Suite of communications protocols and a common addressing scheme that enables
millions of computers to connect together in one giant global network (the Internet).
Later, it was used as the default networking protocol suite for local area networks
and intranets. Developed in the early 1970s for the U.S. Department of Defense.

A network standard for connecting desktop computers into local area networks that
enabled the 1 adoption of dli I and local area k
and further stimulated the adoption of personal computers.

The standard Wintel design for personal desktop computing based on standard Intel
processors and other standard devices, Microsoft DOS, and later Windows software.
The emergence of this standard, low-cost product laid the foundation for a 25-year
period of explosive growth in computing throughout all organizations around the
globe. Today, more than 1 billion PCs power business and government activities
every day.

P o

is for storing, and di asa
worldwide web of electronic pages incorporating text, graphics, audio, and video
enables creation of a global repository of billions of webpages.
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FIGURE 5.6 THE AMOUNT OF STORAGE PER DOLLAR RISES
EXPONENTIALLY, 1950-2016
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Cloud storage services like Google Drive provide 100 gigabytes of storage for $1.99 per month.
Source: Authors' estimates.

Declining Communications Costs and the Internet

A fourth technology driver transforming IT infrastructure is the rapid decline
in the costs of communication and the exponential growth in the size of the
Internet. Today there are more than 3.5 billion Internet users worldwide (Inter-
netlivestats.com, 2016). Figure 5.7 illustrates the exponentially declining cost
of communication both over the Internet and over telephone networks (which
increasingly are based on the Internet). As communication costs fall toward a
very small number and approach zero, utilization of communication and com-
puting facilities explode.

To take advantage of the business value associated with the Internet, firms
must greatly expand their Internet connections, including wireless connectiv-
ity, and greatly expand the power of their client/server networks, desktop cli-
ents, and mobile computing devices. There is every reason to believe these
trends will continue.

Standards and Network Effects

Today’s enterprise infrastructure and Internet computing would be impossible—
both now and in the future—without agreements among manufacturers and
widespread consumer acceptance of technology standards. Technology stan-
dards are specifications that establish the compatibility of products and the abil-
ity to communicate in a network.

Technology standards unleash powerful economies of scale and result in
price declines as manufacturers focus on the products built to a single standard.
Without these economies of scale, computing of any sort would be far more
expensive than is currently the case. Table 5.1 describes important standards
that have shaped IT infrastructure.
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Chip manufacturers can shrink the size of transistors down to the width
of several atoms by using nanotechnology. Nanotechnology uses individual
atoms and molecules to create computer chips and other devices that are thou-
sands of times smaller than current technologies permit. Chip manufacturers
are trying to develop a manufacturing process to produce nanotube processors
economically. Stanford University scientists have built a nanotube computer.

The Law of Mass Digital Storage

A second technology driver of IT infrastructure change is the Law of Mass Digi-
tal Storage. The amount of digital information is roughly doubling every year
Lyman and Varian, 2003). Fortunately, the cost of storing digital information is
falling at an exponential rate of 100 percent a year. Figure 5.6 shows that the
number of megabytes that can be stored on magnetic media for $1 from 1950 to
the present roughly doubled every 15 months. In 2016, a 500 gigabyte hard disk
drive sells at retail for about $50.

Metcalfe's Law and Network Economics
Moore's Law and the Law of Mass Digital Storage help us understand why com-
puting resources are now so readily available. But why do people want more

computing and storage power? The economics of networks and the growth of

the Internet provide some answers.

Robert Metcalfe—inventor of Ethernet local area network technology—
claimed in 1970 that the value or power of a network grows exponentially as
a function of the number of network members. Metcalfe and others point to
the increasing returns to scale that network members receive as more and more
people join the network. As the number of members in a network grows lin-
early, the value of the entire system grows exponentially and continues to grow
as members increase. Demand for information technology has been driven by
the social and business value of digital networks, which rapidly multiply the
number of actual and potential links among network members.

Nanotubes are tiny tubes about
10,000 times thinner than a
human hair. They consist of
rolled-up sheets of carbon hexa-
gons and have potential use as
minuscule wires or in ultrasmall
electronic devices and are very
powerful conductors of electrical
current.
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FIGURE 5.4 MOORE’'S LAW AND MICROPROCESSOR PERFORMANCE
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Packing more than 5 billion transistors into a tiny microprocessor has exponentially increased process-
ing power. Processing power has increased to more than 250,000 MIPS (about 2.6 billion instructions

per second).
Source: Authors’ estimate.

FIGURE 5.5 FALLING COST OF CHIPS
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resources can be accessed on an as-needed basis from any connected device
and location.

Cloud computing is now the fastest growing form of computing. According to
the International Data Corporation (IDC), worldwide spending on public cloud
services is growing at a 19.4 percent compound annual growth rate, nearly six
times the rate of overall IT spending growth—from nearly $70 billion in 2015 to
more than $141 billion in 2019 (International Data Corporation, 2016).

Thousands or even hundreds of thousands of computers are located in cloud
data centers, where they can be accessed by desktop computers, laptop com-
puters, tablets, entertainment centers, smartphones, and other client machines
linked to the Internet. Amazon, Google, IBM, and Microsoft operate huge, scal-
able cloud computing centers that provide computing power, data storage, and
high-speed Internet connections to firms that want to maintain their IT infra-
structures remotely. Firms such as Google, Microsoft, SAP, Oracle, and Sales-
force.com sell software applications as services delivered over the Internet.

We discuss cloud and mobile computing in more detail in Section 5-3. The
Learning Tracks include a table titled “Comparing Stages in IT Infrastruc-
ture Evolution,” which compares each era on the infrastructure dimensions
introduced.

Technology Drivers of Infrastructure Evolution

The changes in IT infrastructure we have just described have resulted from
developments in computer processing, memory chips, storage devices, tele-
communications and networking hardware and software, and software design
that have exponentially increased computing power while exponentially reduc-
ing costs. Let's look at the most important developments.

Moore’s Law and Microprocessing Power

In 1965, Gordon Moore, the director of Fairchild Semiconductor’s Research and
Development Laboratories, wrote in Electronics magazine that since the first
microprocessor chip was introduced in 1959, the number of components on a
chip with the smallest manufacturing costs per component (generally transis-
tors) had doubled each year. This assertion became the foundation of Moore’s
Law. Moore later reduced the rate of growth to a doubling every two years.

There are at least three variations of Moore’s Law, none of which Moore ever
stated: (1) the power of microprocessors doubles every 18 months, (2) comput-
ing power doubles every 18 months, and (3) the price of computing falls by half
every 18 months.

Figure 5.4 illustrates the relationship between number of transistors on a
microprocessor and millions of instructions per second (MIPS), a common
measure of processor power. Figure 5.5 shows the exponential decline in the
cost of transistors and rise in computing power. For instance, in 2016, you could
buy an Intel i7 quad-core processor chip with 2.5 billion transistors for about
one ten-millionth of a dollar per transistor.

Exponential growth in the number of transistors and the power of processors
coupled with an exponential decline in computing costs may not be able to con-
tinue much longer. Chip manufacturers continue to miniaturize components.
Today's transistors should no longer be compared to the size of a human hair
but rather to the size of a virus. Within the next five years or so, chip makers
may reach the physical limits of semiconductor size. At that point they may
need to use alternatives to fashioning chips from silicon or finding other ways
to make computers more powerful (Markoff, 2016).
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FIGURE 5.3 A MULTITIERED (N-TIER) CLIENT/SERVER NETWORK
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In a multitiered client/server network, client requests for service are handled by different levels of servers.

Client/server computing enables businesses to distribute computing work
across a series of smaller, inexpensive machines that cost much less than cen-
tralized mainframe systems. The result is an explosion in computing power and
applications throughout the firm.

Novell NetWare was the leading technology for client/server networking at
the beginning of the client/server era. Today, Microsoft is the market leader
with its Windows operating systems (Windows Server, Windows 10, Windows 8,
and Windows 7).

Enterprise Computing Era (1992 to Present)
In the early 1990s, firms turned to networking standards and software tools that
could integrate disparate networks and applications throughout the firm into an
enterprise-wide infrastructure. As the Internet developed into a trusted com-
munications environment after 1995, business firms began seriously using the
Transmission Control Protocol/Internet Protocol (TCP/IP) networking standard to
tie their disparate networks together. We discuss TCP/IP in detail in Chapter 7.
The resulting IT infrastructure links different pieces of computer hardware
and smaller networks into an enterprise-wide network so that information can
flow freely across the organization and between the firm and other organiza-
tions. It can link different types of computer hardware, including mainframes,
servers, PCs, and mobile devices, and it includes public infrastructures such as
the telephone system, the Internet, and public network services. The enterprise
infrastructure also requires software to link disparate applications and enable
data to flow freely among different parts of the business, such as enterprise
applications (see Chapters 2 and 9) and web services (discussed in Section 5-4).

Cloud and Mobile Computing Era (2000 to Present)

The growing bandwidth power of the Internet has pushed the client/server
model one step further, toward what is called the “cloud computing model.”
Cloud computing refers to a model of computing that provides access to a
shared pool of computing resources (computers, storage, applications, and
services) over the network, often the Internet. These “clouds” of computing
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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 8300, 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 American busi-
nesses. At first using the DOS operating system, a text-based command lan-
guage, and later the Microsoft Windows operating system, the Wintel PC
computer (Windows operating system software on a computer with an Intel
microprocessor) became the standard desktop personal computer. Worldwide
PC shipments have declined more than 10 percent because of the popularity of
tablets and smartphones, but the PC is still a popular tool for business. About
289 million new PCs were sold worldwide in 2015 (Gartner, Inc., 2016). Approx-
imately 87 percent are thought to run a version of Windows, and about 4 per-
cent run a version of Mac OS. The Wintel dominance as a computing platform
is receding as iPhone and Android device sales increase. About 2 billion people
worldwide own smartphones, and most of these users access the Internet with
their mobile devices.

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 sys-
tems 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 typically
are more powerful versions of personal computers, based on inexpensive 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 (often called N-tier) client/server architectures in which
the work of the entire network is balanced over several different levels of serv-
ers, depending on the kind of service being requested (see Figure 5.3).

For instance, at the first level, a web server will serve a webpage to a cli-
ent in response to a request for service. Web server software is responsible for
locating and managing stored webpages. 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 busi-
ness 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
architectures for e-commerce and e-business.
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FIGURE 5.2 ERAS IN IT INFRASTRUCTURE EVOLUTION
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lllustrated here are the typical computing configurations characterizing each of the five eras of IT infra-
structure evolution.
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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 under-
stand 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 making
$100,000 a year to connect to all the company’s major 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 computing power
and infrastructure elements (see Figure 5.2). The five eras are general-purpose
mainframe and minicomputer computing, personal computers, 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 intro-
duction of the IBM 360 series. The 360 was the first commercial computer
that could provide time sharing, multitasking, and virtual memory in more
advanced 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 propri-
etary 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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FIGURE 5.1 CONNECTION BETWEEN THE FIRM, IT INFRASTRUCTURE, AND BUSINESS
CAPABILITIES
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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.

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

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

Application software services, including online software services, that pro-
vide enterprise-wide capabilities such as enterprise resource planning, cus-
tomer relationship management, supply chain management, and knowledge
management systems that are shared by all business units

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

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

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

IT education services that provide training in system use to employees and
offer managers training in how to plan for and manage IT investments
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IT infrastructure itself and part using cloud computing services. Using cloud
computing for part of its IT infrastructure enables EasylJet to expand and offer
new services at very affordable prices. The company pays for only the comput-
ing capacity it actually uses on an as-needed basis and did not have to make
extensive and costly new infrastructure investments.

Here are some questions to think about: How did EasyJet's hardware and
software technology affect the company’s ability to operate? What were the
business benefits of using cloud computing?

5-1 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 and software)
in 2016 is estimated to be a $3.5 trillion industry when telecommunications,
networking equipment, and telecommunications services (Internet, telephone,
and data transmission) are included. Investments in infrastructure account for
between 25 and 50 percent of information technology expenditures in large
firms, led by financial 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:
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When an EasylJet customer books a reservation, EasyJet’s information sys-
tems integrate three different technologies. EasyJet’s web servers handle the
process of customers entering their desired travel dates and destinations for
flight bookings. The company’s reservation system residing in a different com-
puter center presents data on alternative times and prices of flights for custom-
ers to choose from. Finally, the aircraft diagram where users can select their
seats is fully hosted on Microsoft’s Azure cloud service. The entire experience
appears seamless to users.

By enhancing its systems to offer allocated seating, EasyJet was able to
increase customer satisfaction by 5 percent and add 7 percent to its revenue
growth according to the company's 2013 annual earnings report. In the fol-
lowing two years, the company increased customer conversion to its website
by 13 percent. Selecting seats and boarding flights have become much more
pleasant.

EasyJet's management believes that good customer experience combined
with low prices clearly differentiates the company from competitors. The busi-
ness benefits of offering online seat selection using cloud computing services
have made it possible for EasyJet to continue this strategy because it can keep
operating costs low while offering customers top-notch services in searching for
and booking flights. Airlines on average spend 2 percent of their revenue on IT
infrastructure; EasyJet spends only half a percent of its revenue on IT.

What if the new seat allocation system enhancement had failed to improve cus-
tomer service and revenue? EasylJet could have easily turned off the cloud service
for online seat selection if it so chose. It is much easier to eliminate a cloud ser-
vice than to remove the functionality from the company’s core internal system.

Sources: “Leading European Airline Improves Service and Scalability with Hybrid Cloud
Solution,” www.microsoft.com, accessed February 9, 2016; www.easyjet.com, accessed May
1, 2016; Clare McDonald, “How EasyJet Uses Digital to Drive Competitive Advantage,” Com-
puter Weekly, October 13, 2015; and “EasyJet Raises Customer Satisfaction with Hybrid IT,"
Computer Weekly, September 23-29, 2014.

he experience of EasyJet illustrates the importance of information technol-

ogy infrastructure in running a business today. The right technology at the
right price will improve organizational performance. EasyJet was saddled with
an outdated IT infrastructure that was far too costly and unwieldy for adding
new services, such as online passenger seat selection, that were being offered
by competitors. This caused EasyJet to lose customers and prevented the com-
pany from operating as efficiently and effectively as it could have.

The chapter-opening case diagram calls attention to important points raised
by this case and this chapter. As a low-cost carrier, EasyJet is under pressure
to keep costs down, but it still must offer services such as online seat selec-
tion that are provided by competing airlines. Management had to find a low-
cost solution that enabled the company to remain competitive. It decided to
develop and run the new seat selection service on Microsoft's Azure cloud com-

puting platform, where the hardware is located in remote computing centers
accessed via the Internet. The seat selection capability is integrated with Easy-
Jet's internal reservation system, which is maintained on premises. This is an
example of a hybrid cloud strategy, where an organization maintains part of its
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short-haul airline carrier in the world (behind Ryanair) with more than

800 domestic and international routes in 32 countries. Based in Luton,
England, EasyJet has expanded rapidly since its founding in 1995, propelled
by a series of acquisitions as well as fulfilling an important market need for
low-cost airline services. EasyJet carries more than 70 million passengers per
year. Obviously, having a reliable and robust system for booking and manag-
ing reservations while keeping costs low is a key business requirement.

EasyJet's customers, like those of other airlines, like the idea of being able
to select their seats on a given flight when they made their reservations online.
However, EasyJet's existing reservation system did not have the capability to
add this new feature, which required investing in an additional computer cen-
ter and modifying its IT infrastructure.

EasyJet's IT department found a better solution. It retained the core reser-
vation system as is and hosted the seat allocation service in the cloud using
Microsoft's Azure cloud service. EasyJet had tried other public cloud comput-
ing platforms, but Microsoft’s offered a better integration of on-premises and
cloud services. EasyJet had used the Microsoft Azure cloud service to build

E asyJet is the largest airline in the United Kingdom and the second-largest

services that communicate wirelessly at airports without running up major
airport charges for new services desks.

Microsoft's Azure cloud enabled EasyJet’s information system developers
to write their own software program code for seat allocation and use as much
or as little processing power as needed to test the service. It then turned
out to be much faster and cost-effective to have the public cloud actually
host the new seat allocation service rather than use EasyJet’s internal IT
infrastructure.

EasylJet is adopting a hybrid
cloud strategy. It is not moving
its entire IT infrastructure to the
cloud, only specific functions
that its internal IT infrastruc-
ture can't easily handle. The new
capabilities are integrated with
the company's existing 1T Infra-
structure. By enhancing its sys-
tems by adding new features in
the cloud, the company is able to
get more value out of its earlier
IT investments, which amounted

to many millions of dollars.
® CPC Collection/Alamy Stock Photo
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CHAPTER

Learning Objectives
After reading this chapter, you will be able to answer the following questions:

51 What is IT infrastructure, and what are the stages and drivers of IT
infrastructure evolution?

52 What are the components of IT infrastructure?
53 What are the current trends in computer hardware platforms?
5-4 What are the current computer software platforms and trends?

55 What are the challenges of managing IT infrastructure and management
solutions?
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