
Chapter 4
IT Infrastructure:  Hardware and Software
Student Learning Objectives
1. What are the components of IT infrastructure?
2. What are the major computer hardware, data storage, input, and output technologies used in business?
3. What are the major types of computer software used in business?
4. What are the most important contemporary hardware and software trends?
5. What are the principal issues in managing hardware and software technology?
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Teaching Suggestions

Your students’ knowledge and comfort levels with technology are likely to vary, making this chapter difficult to teach and test. The technically-adept know most of this material, and some of the nontechnical types may not find the chapter’s contents particularly interesting. You may want to approach the chapter from a business standpoint—the role of technology in the success of an organization.
One way to begin the chapter discussion is to present several horror stories. (Your students may even be able to provide stories of their own.) For example, many firms have found moving to a client/server architecture is not the dream they had been led to believe. The shortage of support, programming, and management tools, as well as the shortage of staff who understand the technology and programs in such an environment, has doomed many such changes to client/server architecture. Also, you should mention to your students that programming problems have cost organizations millions of dollars and provide examples of programming projects that simply failed.

The opening case about “Cars.Com’s IT Infrastructure Drives Rapid Business Growth” demonstrates the need for successful companies to continually upgrade their IT infrastructure. As the text points out, the company was spending more time and resources trying to integrate legacy software and systems rather than developing applications to meet new business demands. Upgrading its servers alone reduced data center costs based on lower power, cooling, and space requirements. Now Cars.com can concentrate on developing new systems and new programs to support its business strategy and increase its competitive advantage. 

Section 4.1, “IT Infrastructure: Computer Hardware,” familiarizes students with essential computer hardware terminology and concepts. Students are introduced to the five major components that make up an IT infrastructure.  These include: computer hardware, computer software, data management technology, networking and telecommunications technology, and technology services.  
If possible, bring a system unit to class and allow students to see the computer systems parts. Students are often curious to see the inside of a computer and also see that the machine is not as mysterious as it first appears.  You should consider organizing a tour of your university’s IT facilities or the facilities of a local company. Students are often eager to see information technology in action.  

Students should understand that organizations need to select the most appropriate hardware to handle their business requirements.  The text introduces the different categories of computers and computer systems, i.e. PCs, workstations, midrange, mainframe, supercomputers, virtual supercomputer (grid-computing), and computer networks and client/server computing.  You should spend some time discussing the capabilities of the different computer types. This is a good place to discuss the trends that are occurring with technology. One part that is familiar to many of us is the continual increasing memory, speed, and storage capabilities of personal computers.

Consider spending most of your time on hardware trends: mobile digital platforms, nanotechnology, cloud computing, autonomic computing, virtualization, and multicore processors.  That’s where many businesses are headed and students are likely to bump into these trends when they enter the workforce.

Interactive Session: Organizations: Is Green Computing Good for Business?
Case Study Questions

1. What business and social problems does data center power consumption cause?

Excessive power consumption uses vast amounts of electricity that must be generated through hydroelectric plants or coal-fired power plants.  While hydroelectric generation plants are less stressful on the environment than coal-fired, nevertheless, they do pull resources from more useful purposes.  Coal-fired power plants generate huge amounts of carbon dioxide into the atmosphere which some scientists and politicians claim is a major cause of global warming.  Social implications of increased power consumption point to global warming.
Businesses must pay to power their servers and then pay again to keep them cool and operational. Cooling a server requires roughly the same number of kilowatts of energy as running one.
2. What solutions are available for these problems? Which are environment-friendly?

Some of the solutions to cut power consumption discussed in the case study are a good beginning. Building data centers that take advantage of hydroelectric power generation rather than coal-fired power plants; renewable energy projects; alternative energy; employee telecommuting; thin client computers, software that automatically turns computers off; more efficient chips.  Perhaps the most environment-friendly solutions are those that control the hardware and software, thereby controlling the problem at its source.  Virtualization holds great promise as a way to reduce power requirements by reducing the number of servers required to run applications.
3. What are the business benefits and costs of these solutions?

Even though it may cost a business up-front money to install hardware and software that reduces power requirements, it will save a business a lot of money in the long run by reducing the amount it pays for electricity to run the equipment and cool it at the same time. Businesses that reduce their power needs help the environment and can promote themselves as environment-friendly.
4. Should all firms move toward green computing? Why or why not?

All firms should make some effort to reduce their power requirements and promote green computing.  From a business standpoint it makes sense to reduce costs, both short term and long term.  
MIS In Action

Perform an Internet search on the phrase “green computing” and then answer the following questions. (Portions of the answers below were copied from the Web.)
1. How would you define green computing?

Green computing is a way to reduce the impact on the environment and reduce resources consumption that may be detrimental to the environment by using more efficient hardware and better software. 
Still, IT execs would be wise to keep an eye on more than the economics of energy-efficient computing. Energy consumption has gotten so huge—U.S. data centers consume as much power in a year as is generated by five power plants—that policy makers are taking notice and considering more regulation. A group of government and industry leaders is trying to set a clear standard for what constitutes a “green” computer, a mark that IT execs might find themselves held to. Global warming concerns could spark a public opinion swing--either a backlash against big data centers or a PR win for companies that can paint themselves green. IT vendors are piling on, making energy efficiency central to their sales pitches and touting eco-friendly policies such as “carbon-neutral computing.”
One under-the-radar example of what’s changing is a long acronym you’ll start hearing more: EPEAT, or the Electronic Product Environmental Assessment Tool. EPEAT was created through an Institute of Electrical and Electronics Engineers council because companies and government agencies wanted to put green criteria in IT requests for proposals. EPEAT got a huge boost on Jan. 24 when President Bush signed an executive order requiring that 95% of electronic products procured by federal agencies meet EPEAT standards, as long there’s a standard for that product. (Information Week, What Every Tech Pro Should Know About ‘Green Computing’, Marianne Kolbasuk McGee, March 10, 2007)

2. Who are some of the leaders of the green computing movement? Which corporations are leading the way? Which environmental organizations are playing an important role?

Some of the major corporations leading the green computing initiative are the same major players in other computing venues: IBM, HP, and Dell. Other major corporations who are going green as a way to save money on power consumption include most Wall Street firms (since they use a tremendous amount of power in their data centers), banks like Wells Fargo, and Amazon.com.
IT management isn’t the first place you would start looking for environmental activists. But in 2006, the people in charge of buying and deploying computer technology found the concept of green computing extra compelling. Analysts say the main reason is cost, energy and space savings; if it’s also good for the environment, that’s icing on the cake. “Even if a customer is not looking at IT purchasing from an environmental-impact perspective, things like power management and energy efficiency are now a TCO [total cost of ownership] and infrastructure issue,” John Frey, manager of corporate environmental strategies at HP, told internetnews.com. The way things are going, Gartner predicts that by 2008, 50 percent of current datacenters will have insufficient power and cooling capacity to meet the demands of high-density equipment. “With the advent of high-density computer equipment such as blade servers, many datacenters have maxed out their power and cooling capacity,” said Michael A. Bell, research vice president for Gartner. “It’s now possible to pack racks with equipment requiring 30,000 watts per rack or more in a connected load. This compares to only 2,000 to 3,000 watts per rack a few years ago.” And energy costs are rising. HP engineering research estimates that for every dollar spent on information technology, a company can expect to spend the same or more to power and cool it. As companies add more performance, they can expect those costs to continue rising. (Internetnews.com, Greener Systems an Unstoppable Trend, David Needle, December 27, 2006)
Organizations that are playing a major role in green computing include the Environmental Protection Agency and Institute of Electrical and Electronics Engineers (see article in the answer to question 1).

3. What are the latest trends in green computing? What kind of impact are they having?

A few trends in green computing include purchasing green desktops—those built to reduce power needs; more efficient server computers; increase the use of virtualization as a way to reduce the number of servers needed in data centers.  The year 2007 saw the beginning of the green computing movement so it’s a bit early to determine the overall impact all the initiatives are having.  Much of the impetus behind the ‘green computing’ movement is not necessarily to save the environment, although it will certainly help reduce the impact on the environment.  Rather, many companies are seeking ways to reduce power costs; going green is a way to do that. 
4. What can individuals do to contribute to the green computing movement? Is the movement worthwhile?

Individuals can contribute to the green computing movement by purchasing computers that have Energy Star ratings, turning off equipment they aren’t using, recycling computer equipment, and supporting companies that are going green.
Section 4.2, “ IT Infrastructure:  Computer Software,” introduces students to the different types of software. You might take a quick survey of your students to see what operating systems and application software they currently use. Most of the answers will probably revolve around the Windows operating systems and Microsoft Office suite. However, it is possible that some of your students may use software that the rest of the class is not as familiar with. If this occurs, have your students explain why they use that particular operating system and application software.

Explain the business implications of choosing an operating system because of the affect on business capabilities. Some operating systems are better designed for networking, and other operating systems are better for speed. 
Table 4.2 provides a list of the leading PC and server operating systems. Ask your students to research these different operating systems. As part of their research, ask them to identify the features of the operating systems, as well as the market share for each operating system. Which is the most appropriate operating system? Also, ask your students to investigate the application programming languages mentioned in the text (C, C++, COBOL, and Visual Basic).  Which is the most appropriate programming language for business?

Many of the more technically adept students might argue over what should be the appropriate operating system or the appropriate programming language. Students should be warned that in their managerial careers, they may have to sort out these issues because the selection of the proper operating system or software package must support the business, and the technical people may not understand that. You should talk about the superiority of some languages for some tasks. For instance, in Web database development applications, Visual Basic is the language of choice. VB.NET is the first version of the language that was truly object oriented. Point out to students that there are many examples of companies, organizations, and governments choosing the wrong language for the problem and creating disaster.

Two new operating system software programs are introduced in this section: Windows 7 and Google Chrome. Have students research these OS programs on the Web and then compare and contrast them. 

The most interesting part of this section, and one students may not be familiar with, is the Software for the Web and Software Trends.  Since most students use the Web and Internet daily, you can have them explore how new software technologies are making their experiences richer and more efficient.  Have them explore cloud computing, mashups and widgets, on the Web sites they use the most.  Ask students to demonstrate how they might be using these new technologies on MySpace, Facebook, or any of the other social networking sites. 
Interactive Session: Technology: New to the Touch
Case Study Questions

1. What problems does multitouch technology solve?

Multitouch technology allows people who can’t grasp a mouse to access the functionality of a traditional PC by using a finger or a stylus instead. “Haptic” touch gives users the feeling sensation of pressing a button on a screen. That’s helpful for hearing impaired or blind people. Touch Smart technology developed by HP has helped a 14-year old autistic student to speak and communicate with others for the first time in his life. 
2. What are the advantages and disadvantages of multitouch interfaces? How useful are they? Explain.
It’s already evident that touch has real advantages on devices where a mouse isn’t possible or convenient to use, or the decades-old interface of menus and folders is too cumbersome.

HP’s TouchSmart computer lets people use two fingers at once to manipulate images on the screen or to make on-screen gestures designating specific commands without using cursors or scroll bars. Sliding a finger up and down or sideways smoothly scrolls the display. For some users that will increase the speed at which they can perform functions. For others, it may make computing slower. The TouchSmart makes it possible for home users to engage in a new type of casual computing – leaving written, video, or audio memos for family members, quickly searching for directions before leaving the house, putting on music while preparing dinner. Casual computing uses will open up a whole new world of applications. Touch-enabled PCs appeal to elementary schools seeking an easy-to-use computer for students in early grades.
3. Describe three business applications that would benefit from a multitouch interface.
There is an untapped potential for touch technology in the business marketplace to engage users in a way that has never been done before. Users can hold video chats with remote workers through a built-in Webcam and microphone, access e-mail, and the Internet, and manage contacts, calendar items and photos. Hotels can use touch screen kiosks for guest check-ins. Airlines already use touch screen kiosks for passenger and baggage check-in. Touch screens allow customers to connect, select and interact with vendors and each others. 
4. What people, organizational, and technology issues must be addressed if you or your business was considering systems and computers with multitouch interfaces?
People: training users to adapt to the new technology will take time and effort—people don’t like to change their habits even if the technology is easier to use. Users will experience some frustration switching back and forth between the old technology of using a mouse and keyboard and the new multitouch technology.

Technology: writing new applications to employ multitouch and rewriting old applications will take time and effort. Some applications will be easier than others to adapt. 

Organization: purchasing new hardware and software that uses multitouch technology will be expensive and time-consuming. Writing new user policies for multitouch technology will take time. Making the multitouch technology cost beneficial to the organization is a serious consideration.
MIS In Action

1. Describe what you would do differently on your PC if it had multitouch capabilities. How much difference would multitouch make in the way you use your computer?
Answers will vary according to students’ personal experiences and computing habits. Some may find the multitouch technology too confusing, at least at first. Other students that are more comfortable with adapting to new technology will likely love the ability to perform new functions or increase the speed of old functions. For others, the new multitouch technology may help open up computing to a whole new level if they don’t have to fumble with keyboards and mouses. 
2. Do a search on “touch computers,” and identify additional applications of touch computer screens beyond smartphones. Make a list of these applications and describe the kinds of situations where touch computers are used. 
Student answers will vary according to when they complete their search and the links they choose to investigate. A search performed in December 2009, just after Windows 7 with its touch capabilities was introduced to the market, revealed how popular this technology may become in the future. One company advertised touch screens for kiosks, point-of-sale touch monitors, and industrial touch computers for gaming. The popular e-book readers from Amazon.com and Barnes & Noble feature touch screen technology. Other Web sites advertised touch screen technologies for use with executive information systems, real-estate businesses, restaurants, and training facilities.  The most interesting link was to an article in Popular Mechanics, July 2007, that revealed some of the research Microsoft is working on in this emerging technology.

The product behind the Milan project is called the Microsoft Surface, and the company’s unofficial Surface showman is Jeff Gattis. He’s a clean-cut fellow who is obviously the veteran of a thousand marketing seminars. He spoke in sentences peppered with “application scenarios,” “operational efficiencies” and “consumer pain points” while he took me through a few demonstrations of what the Surface can do. One of Gattis’s consumer pain points is the frustrating mess of cables, drivers and protocols that people must use to link their peripheral devices to their personal computers. Surface has no cables or external USB ports for plugging in peripherals. For that matter, it has no keyboard, no mouse, no trackball — no obvious point of interaction except its screen. 

Gattis took out a digital camera and placed it on the Surface. Instantly, digital pictures spilled out onto the tabletop. As Gattis touched and dragged each picture, it followed his fingers around the screen. Using two fingers, he pulled the corners of a photo and stretched it to a new size. Then, Gattis put a cellphone on the surface and dragged several photos to it — just like that, the pictures uploaded to the phone. It was like a magic trick. He was dragging and dropping virtual content to physical objects. I’m not often surprised by new technology, but I can honestly say I’d never seen anything like it.” (accessed at http://www.popularmechanics.com/technology/industry/4217348.html, Dec 2009)

Section 4.3, “ Managing Hardware and Software Technology,” discusses business issues with which most students will not be familiar.  It stresses the importance of understanding the technology requirements for the digital firm and electronic commerce.  Students may be surprised to learn that the total cost of ownership of technology assets extends beyond the purchase price of hardware and software.  It’s not something many of them (or us) really think about. Outsourcing has gotten such a bad rap over the years that you may find some preconceived notions about it among your students.  Have them research several different ways in which a business can outsource its technology needs such as Web hosting services and on-demand computing.  

Section 4.4, “ Hands-on MIS”
Management Decision Problems
1. University of Pittsburgh Medical Center: demand for additional servers and storage technology was growing by 20 percent each year. UPMC was setting up a separate server for every application; servers and other computers were running different operating systems; it was using technologies from many different vendors. 

This case provides an excellent example of how a business can inadvertently create a quagmire with technology. UPMC should consider virtualization as a way to manage its server situation. Virtualization would allow the organization to consolidate many different applications on just a few servers. It could also allow the organization to run different operating systems on a single server. UPMC could consider outsourcing its IT infrastructure so it could concentrate on its core processes.  Sometimes an organization must use third-party vendors who specialize in technology, rather than trying to do everything itself.
2. Quantas Airways: needs to keep costs low while providing a high level of customer service. Management had to decide whether to replace its 30 year old IT infrastructure with newer technology or outsource it. What factors should be considered in the outsourcing decision? List and describe points that should be addressed in an outsourcing service level agreement.

Quantas should use the competitive forces model to help determine how much it should spend on its IT infrastructure. Then it should determine its total cost of ownership of technology assets. It should assess the costs and benefits of software-as-a-service outsourcing, weighing all the people, organizational, and technology issues, including the ability to integrate with existing systems and deliver a level of service and performance that is acceptable for the business. If it chooses to outsource its technology infrastructure, the service level agreement should define the specific responsibilities of the service provider and the level of service expected by Quantas. The SLA specifies 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 terminating the agreement. 

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

Software skills: Spreadsheet formulas

Business skills: Technology pricing

Prepare a spreadsheet showing your research results for the desktop systems, for the printers, and for the software.  Use your spreadsheet software to determine the desktop system, printer, and software combination that will offer both the best performance and pricing per worker.  Because every two workers will share one printer (15 printers/30 systems), assume only half a printer cost per worker in the spreadsheet.  Assume that your company will take the standard warranty and service contract offered by each product’s manufacturer.

This project requires students to use their Web research skills to obtain hardware and software pricing information, and then use spreadsheet software to calculate costs for various system configurations. Answers may vary, depending on when students accessed the vendors’ Web sites to obtain pricing information. The sample solution files provided are for purposes of illustration and may not reflect the most recent prices for desktop hardware and software products.

An example solution file can be found in the Microsoft Excel file named: Ess9ch04solutionfile.xls.

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

Software skills: Internet-based software

Business skills: Researching transportation and lodging costs

The Foremost Composite Materials Company is planning a two-day sales conference for October 19-20, for 125 sales representatives and their 16 managers. Management has set a budget of $110,000 for the representatives’ room rentals. The company would like to hold the conference in either Miami or Marco Island, Florida. What was your final budget? Which did you select as the best hotel for the sales conference and why? 

The students will likely find hotels that interest them personally. The template that has been provided has a checklist for all of the hotel requirements to help keep them on track. You can show this in class or distribute it for your students to use. They should also write a brief report detailing why they chose the hotel they did and price should not be the only issue. Some students will go directly to an airline site and others will go to aggregate Web sites like Expedia or Travelocity. Ask them to rate the use of the Web site in their report as well.

An example template can be found in the Microsoft Excel file named: Ess9ch04 electronic business project template.xls.

Review Questions

1. What are the components of IT infrastructure?
Define information technology (IT) infrastructure and describe each of its components.
A firm’s IT infrastructure provides the foundation, or platform, for supporting all the information systems in the business.  

The five major components of an information technology (IT) infrastructure are:

· computer hardware: technology for computer processing, data storage, input, and output.
· computer software: includes both system software and application software.
· data management technology: organizes, manages, and processes business data concerned with inventory, customers, and vendors.
· networking and telecommunications technologies; provides data, voice, and video connectivity to employees, customers, and suppliers. 
· technology services: external consultants who run and manage infrastructure components.

2.  What are the major computer hardware, data storage, input, and output technologies used in business?

List and describe the various types of computers available to businesses today.

· Personal computers: generally used when working alone or with a few other people in a small business.
· Workstations: desktop computers with more powerful mathematical and graphics-processing capabilities than a PC. Used primarily for advanced design or engineering work requiring powerful graphics or computational capabilities.
· Servers: specifically optimized to support a computer network, enabling users to share files, software, peripheral devices, or other network resources.
· Mainframes: large-capacity, high performance computers that process vast amounts of data very rapidly.
· Supercomputers: specially designed and more sophisticated computers used for tasks requiring extremely rapid and complex calculations with thousands of variables, millions of measurements, and thousands of equations.
· Grid computing: geographically remote computers connected into a single network to create a “virtual supercomputer” by combining the computational power of all computers on the grid.
Define the client/server model of computing and describe the difference between a two-tiered and N-tier client/server architecture.
Client/server computing splits processing between “clients” and “servers”.  Both are on the network but each machine is assigned functions it is best suited to perform.  The client is the user point of entry for the required function and is normally a desktop computer, workstation, or laptop computer.  The user generally interacts directly only with the client portion of the application, often to input data or retrieve data for further analysis. The server provides the client with services.  Servers store and process shared data and also perform back-end functions not visible to users, such as managing network activities.  
Two-tiered client/server architecture is the simplest form of client/server network. It consists of a client computer networked to a server computer, with processing split between the two types of machines.  

N-tier client/server architecture is more complex than the simple two-tiered client/server network.  In this type of architecture, the work of the entire network is balanced over several different levels of servers, depending on the kind of service being requested.

List the most important secondary storage media and the strengths and limitations of each?
The principal secondary storage technologies are magnetic disk, optical disk, magnetic tape, and storage networks.

Magnetic disks are the most widely used secondary storage medium and include floppy and hard disks. Magnetic disks are convenient to use, permit direct access to individual records, are reasonably priced, and provide fast access speeds. Hard drives and USB flash drives provide fast access to data and larger storage capacities. RAID technology packages more than 100 smaller disk drives with a controller chip and specialized software in a single larger unit to deliver data over multiple paths simultaneously.

Optical disks store data at far greater densities than conventional magnetic disks, making them valuable for storing vast quantities of data such as reference materials or documents. There are several types of optical disk systems. CD-ROM is read-only storage, while CD-RW allows users to rewrite data to the disk. DVD is a high-capacity, optical storage medium, capable of storing a minimum of 4.7 gigabytes of data.

Information stored on magnetic tape is more time consuming to access than information stored on a magnetic disk. Magnetic tape sequentially stores and accesses information, and each reel of tape must be individually mounted and dismounted. Tape storage is cheaper than disks, useful for batch applications (such as payroll), and for archiving large quantities of data that do not require immediate usage or are not used every day. Tape storage is also more stable than disk storage. Disk technology is most useful for online applications, where direct access is required and for databases where interrelationships among records exist.

Storage area networks (SANs) connect multiple storage devices on a separate high-speed network dedicated to storage. The SAN creates a large central pool of storage that can be rapidly accessed and shared by multiple servers.

List and describe the major computer input and output devices.
Table 4.1 lists the major input and output devices. Input devices include keyboard, computer mouse, touch screen, optical character recognition, magnetic ink character recognition, pen-based input, digital scanner, audio input, sensors, and radio frequency identification. Output devices include cathode ray tube, printers, and audio output.

The keyboard is the principal method of data entry. Touch screens allow the user to touch the surface of a sensitized video display monitor with a finger or a pointer to make a selection. Optical character recognition (OCR) devices translate specially designed marks, characters, and codes into digital form. Magnetic ink character recognition (MICR) readers read magnetic characters on documents such as bank checks. Pen-based input devices are mainly handwriting recognition devices used on touch-sensitive screens and are often seen with package delivery persons. Digital scanners translate images such as pictures or documents into digital form. Audio input devices compare the electrical patterns produced by the speaker’s voice to a set of prerecorded patterns and accept the sounds when a pattern is recognized. Sensors are devices that collect data directly from the environment for input into a computer system. Radio frequency identification uses tags that incorporate microchips to transmit information about items and their location to special RFID readers.

A cathode ray tube (CRT) displays the output on a screen much like a television set. Printers produce printed copy of information output by the computer. There are impact printers (dot matrix) and non-impact printers (laser, inkjet, or thermal transfer). Audio output devices are voice output devices that convert digitally stored words into intelligent speech.

3.  What are the major types of computer software used in business?
Distinguish between application software and system software and explain the role played by the operating system of a computer.
System software surrounds and controls access to the hardware.  It manages and controls a computer’s activities. Some types of system software consist of computer language translation programs that convert programming languages into machine language that can be understood by the computer and utility programs that perform common processing tasks, such as copying, sorting, or computing a square root.  The operating system allocates and assigns system resources, schedules the use of computer resources and computer jobs, and monitors computer system activities.
Application software works through the system software in order to develop specific business applications.  This type of software includes traditional programming languages, fourth-generation languages, application software packages and desktop productivity tools, software for developing Internet applications, and software for enterprise integration.
List and describe the major PC and server operating systems.
Table 4.2 describes the leading PC and server operating systems. 
· Windows 7: most recent Windows operating system, with improved usability, taskbar, performance, and security as well as support for multitouch interfaces
· Windows Vista:  operating system for powerful PCs with versions for home and corporate users. Features desktop searching, and synchronization with mobile devices, cameras, and Internet services, multimedia tools, and improved security over earlier Windows versions
· Windows Server 2008: most recent Windows OS for servers
· UNIX: used for powerful PCs, workstations, and network servers; supports multitasking, mutiuser processing, and networking; is portable to different models of computer hardware
· Linux: Open source, reliable alternative to UNIX and Windows OS that runs on many different types of computer hardware; can be modified by software developers
· Mac OS X:  OS for Macintosh computers that is stable and reliable, with powerful search capabilities, support for video and image processing, and an elegant user interface; most recent version is Snow Leopard. The iPhone operating system is derived from OS X.
Name and describe each category of fourth-generation software tools, and explain how fourth-generation languages differ from conventional application programming languages.
Table 4.3 lists six categories of fourth-generation tools: PC software tools, query languages, report generators, graphics languages, application generators, and application software packages. 

Fourth-generation languages are extremely sophisticated languages that enable end users to perform programming tasks with little or no professional programmer assistance. They also enhance the productivity of professional programmers. For example, query languages and application generators have features that can be employed by end users or less-skilled programmers and can dramatically increase application development productivity.

Fourth-generation languages tend to be nonprocedural, or less procedural, than conventional programming languages.  Procedural languages require specification of the sequence of steps, or procedures, that tell the computer what to do and how to do it.  Nonprocedural languages need only specify what has to be accomplished rather than provide details about how to carry out the task.  The main differences between fourth-generation tools and conventional programming languages are the degree of user-friendliness and the ability to perform the same functions with fewer lines of program instructions. 
Name and describe the major desktop productivity software tools. 
Word processing allows users to make changes in the document electronically in memory, eliminating the need to retype entire pages to make corrections. It often includes advanced features such as spelling checkers and thesaurus programs. 
Spreadsheets are composed of a grid of columns and rows and are good at performing calculations on interrelated pieces of data. Used for applications in which numerous calculations with pieces of data must be related to each other.  When you change a value or values, all other related values on the spreadsheet will be automatically recomputed.  Spreadsheets provide computerized versions of traditional financial modeling tools and provide an easy-to-use method of performing what-if analysis. 
Data management is used for creating and manipulating lists and for combining information from different fields. Data management software typically has facilities for creating files and databases to store, modify, and manipulate data for reports and queries.
Presentation graphics allow users to create professional quality graphics presentations. This software can convert numeric data into charts and other types of graphics and can include multimedia displays of sound, animation, photos, and video clips.
Software suites combine the functions of the most important microcomputer software packages, such as spreadsheets, word processing, graphics, and data management. This integration provides a more general-purpose software tool and eliminates redundant data entry and data maintenance.  Some low-cost desktop productivity suites can be downloaded from the Web.
Web browsers: easy-to-use software tools for accessing the Web and the Internet.   Web browsers have become the primary interface for accessing the Internet or for using networked systems based on Internet technology.
Explain how Java and HTML are used in building applications for the Web. 

Java is used for building applications that run on the Web and HTML is used for creating Web pages.  Java is an operating system that is processor-independent. Its object-oriented programming language has become the leading interactive programming environment for the Web.  Java enables users to manipulate data on networked systems using Web browsers, reducing the need to write specialized software.  
Hypertext markup language (HTML) is a page description language for specifying how text, graphics, video, and sound are placed on a Web page and for creating dynamic links to other Web pages and objects.  HTML programs can be custom written, but they also can be created using the HTML authoring capabilities of Web browsers or of popular word processing, spreadsheet, data management, and presentation graphics software packages. HTML editors are more powerful HTML authoring tool programs for creating Web pages.

Define Web services, describe the technologies they use, and explain how Web services benefit businesses.
Web services are sets of loosely coupled software components that exchange information with each other using universal Web communications standards and languages. 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.  Web services are not tied to a particular operating system or programming language. Different applications can use them to communicate with each other in a standard way without time-consuming custom coding.
XML is the foundation technology for Web services. This language makes it possible for computers to manipulate and interpret their data automatically and perform operations on the data without human intervention.

Businesses use Web services to tie their Web sites with external Web sites creating an apparently seamless experience for users.  The benefit derives from not having to re-create applications for each business partner or specific functions within a single company.

4. What are the most important contemporary hardware and software trends?

Define and describe the mobile digital platform, nanotechnology, grid computing, cloud computing, autonomic computing, virtualization, and multicore processing.

Mobile digital platform: More and more business computing is moving from PCs and desktop machines to mobile devices like cell phones and smartphones. Data transmissions, Web surfing, email and instant messaging, digital content displays, and data exchanges with internal corporate systems are all available through a mobile digital platform. Netbooks, small low-cost lightweight subnotebooks that are optimized for wireless communication and Internet access, are included. 
Nanotechnology uses individual atoms and molecules to create computer chips and other devices that are thousands of times smaller than current technologies permit. Nanotechnology shrinks the size of transistors down to the width of several atoms.
Grid computing connects geographically remote computers into a single network to create a “virtual supercomputer” by combining the computational power of all computers on the grid. 
Cloud computing is a model of computing where firms and individuals obtain computing power and software applications over the Internet, rather than purchasing their own hardware and software. Data are stored on powerful servers in massive data centers, and can be accessed by anyone with an Internet connection and standard Web browser. Cloud computing consists of three types of services: 
· Cloud infrastructure as a service: customers use processing, storage, networking, and other computing resources from cloud service providers to run their information systems.

· Cloud platform as a service: customers use infrastructure and programming tools hosted by the service provider to develop their own applications.

· Cloud software as a service: customers use software hosted by the vendor. 
Autonomic computing is an industry-wide effort to develop systems that can configure themselves, optimize and tune themselves, heal themselves when broken, and protect themselves from outside intruders and self-destruction.

Virtualization is the process of presenting a set of computing resources (such as computing power or data storage) so that it can be accessed in ways that are not restricted by physical configuration or geographic location. Server virtualization enables companies to run more than one operating system at the same time on a single machine.

Multicore processing uses integrated circuit to which two or more processors have been attached for enhanced performance, reduced power consumption, and more efficient simultaneous processing of multiple tasks.

Explain why open-source software is so important today and its benefits for business. 

Open-source software is not owned by any company or individual.  A global network of programmers and users manage and modify the software, fix errors in it, or make improvements to its functionality.  By definition, open-source software is not restricted to any specific operating system or hardware technology. Several large software companies are converting some of their commercial programs to open source.

Linux is the most well-known open-source software.  It’s a UNIX-like operating system that can be downloaded from the Internet, free of charge, or purchased for a small fee from companies that provide additional tools for the software.  It is reliable, compactly designed, and capable of running on many different hardware platforms, including servers, handheld computers, and consumer electronics.  Linux has become popular during the past few years as a robust low-cost alternative to UNIX and the Windows operating system.  

Thousands of open-source programs are available from hundreds of Web sites. Businesses can choose from a range of open-source software including operating systems, office suites, Web browsers, and games.  Open-source software allows businesses to reduce the total cost of ownership.  It provides more robust software that’s often more secure than proprietary software.

List and describe cloud computing software services, mashups, and widgets and explain how they benefit individuals and businesses.
Cloud computing is becoming popular for describing Web-based applications that are stored and accessed via the “cloud” of the Internet.  The software and the data they use are hosted on powerful servers in massive data centers, and can be accessed by anyone with an Internet connection and standard Web browser. The best examples are Google Apps desktop productivity tools and Microsoft’s Live software suite.
Mashups are new software applications and services based on combining different online software applications using high-speed data networks, universal communication standards, and open-source code. The idea is to take different sources and produce a new work that is “greater than the sum” of its parts.  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 sources alone.
Widgets are small software programs that can be added to Web pages or placed on the desktop to provide additional functionality.  Web widgets run inside a Web page or a blog.  Desktop widgets integrate content from an external source into the user’s desktop to provide services such as a calculator, dictionary, or display current weather conditions. 
Businesses benefit most from these new tools and trends by not having to re-invent the wheel.  Widgets have already been developed by someone else and a business can use them for its own purposes.  Mashups let a business combine previously developed Web applications into new ones with new purposes.  They don’t have to re-invent the previous applications from scratch—merely use them in the new processes.  Organizations using cloud computing generally do not own the infrastructure. Instead, they purchase their computing services from remote providers and pay only for the amount of computing power they actually use. 
5. What are the principal issues in managing hardware and software technology?
Explain why managers need to pay attention to capacity planning and scalability of technology resources.
The principle issues in managing hardware and software assets include capacity planning and scability.  Capacity planning is the process of predicting when a computer hardware system becomes saturated.  It considers factors such as the maximum number of users that the system can accommodate at one time; the impact of existing and future software applications; and performance measures, such as minimum response time for processing business transactions.  Capacity planning ensures that the firm has enough computing power for its current and future needs.

Scability refers to the ability of a computer, product, or system to expand to serve a large number of users without breaking down.  Organizations must ensure they have sufficient computer processing, storage, and network resources to handle surging volumes of digital transactions and to make such data immediately available online.
Describe the cost components used to calculate the total cost of ownership (TCO) of technology assets.

When calculating the total cost of ownership of technology assets, a business must include the original cost of the hardware and software, installation costs, ongoing administration costs for hardware and software upgrades, maintenance, technical support, training, downtime, and even utility and real estate costs for running and housing the technology.  
“Hidden costs” for support staff, downtime, and additional network management can make distributed client/server architectures—especially those incorporating handheld computers and wireless devices—more expensive than centralized mainframe architectures.
Identify the benefits and challenges of using outsourcing, cloud computing services, and mobile platforms.
In the past, most companies ran their own computer facilities and developed their own software.  Today, more and more companies are obtaining their hardware and software technology from external service vendors.

Outsourcing: The most important benefit of outsourcing technology management is that it allows a business to concentrate on its core competencies rather than focusing on technology issues.  Instead of purchasing all the necessary hardware and software for hosting a Web site, a business can use a Web hosting service that maintains a large Web server, or a series of servers, and provides fee-paying subsribers with space to maintain their Web sites.  
Outsourcing custom software development or maintenance to outside firms benefits a company because it won’t have to hire programmers, analysts, and managers with the necessary skills.  An outsourcer often has the technical and management skills to do the job better, faster, and more efficiently. Even though it’s often cheaper to outsource the maintenance of an IT infrastructure and the development of new systems to external vendors, a business must weight the pros and cons carefully.  Service level agreements are formal contracts between customers and service providers that define the specific responsibilities of the service provider and the level of service expected by the customer.

Cloud computing services  refers to services that deliver and provide access to hardware and software remotely as a Web-based service.  A business can rent software from another firm and avoid the expense and difficulty of installing, operating, and maintaining the hardware and software on its own. A business must carefully assess the costs and benefits of the service, weighing all people, organizational, and technology issues.  It must ensure it can integrate the software with its existing systems and deliver a level of service and performance that is acceptable for the business. 
Small and medium-sized businesses may find it more advantageous to use cloud computing services because of the minimal overhead and upfront costs. Large businesses will have to factor in whether cloud computing capabilities are sufficiently secure or reliable for their most critical systems. These firms may choose to handle their average processing loads in-house and pay for only as much additional computing power as the market demands. This arrangement enables firms to have a more flexible infrastructure, some of it owned by the firm, and some of it rented from giant computer centers run by technology specialists. 

Mobile platforms: Integrating mobile platforms with the firm’s existing IT infrastructure and applications may be quite a challenge for many organizations. Central coordination and oversight are essential. Firms must inventory the mobile devices and develop policies and tools for tracking, updating, and securing them and for controlling the data and applications that run on them. Gains in employees’ productivity and efficiency must be balanced against increased costs of integrating the devices into the firm’s IT infrastructure and from providing technical support. The total cost of ownership for each device is much higher than typical IT hardware.
Explain why software localization has become an important management issue for global companies.
A global organization must create systems that can be realistically used by multiple business units in different countries. Software applications may require local language interfaces including menu bars, commands, error messages, reports, queries, online data entry forms, and system documentation. The interfaces must be easily understood and mastered quickly in a variety of languages. Global systems must also consider differences in local cultures and business processes. 
Discussion Questions

1. Why is selecting computer hardware and software for the organization an important business decision?  What people, organizational, and technology issues should be considered when selecting computer hardware and software?
As computer hardware and software significantly impact an organization’s performance, the selection of IT assets is critical to the organization’s operations and ultimate success. Issues, include capacity planning and scalability, making decisions regarding the required computer processing and storage capabilities, computer and computer processing arrangements, kinds of software and software tools needed to run the business, determining the criteria necessary to select the right software, the acquisition and management of the organizations hardware and software assets, and what new technologies might be available and beneficial to the firm.

2. Should organizations use software service providers (including cloud services) for all their software needs?  Why or why not?  What people, organizational, and technology factors should be considered when making this decision?
The answer to the first question is very dependent upon the organization and its processing, storage, and business needs. When evaluating software service providers, the organization should examine such factors as availability and reliability, technology, fees and how the fees are assessed, and available applications. Managers should compare the costs and capabilities of using software service providers to the organization’s costs and capabilities of operating and owning its own hardware and software assets. The organization should examine how using the service will impact organizational culture and how using an outside vendor addresses organizational and business needs. The technology factors include examining how well usage of the service fits with the firms IT infrastructure, as well as examining the appropriateness of using a software service provider to address current problems.

Video Case Questions

You will find a video case illustrating some of the concepts in this chapter on the Laudon Web site at www.pearsonhighered.com/laudon along with questions to help you analyze the case.
Collaboration and Teamwork: Evaluating Server and Mobile Operating Systems
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 the most recent version of the Windows operating system for servers or versus Unix. Alternatively, you could compare the capabilities of the Android mobile operating system with the Symbian operating system or either of these with the most recent version of the iPhone operating system

(iPhone OS). If possible, use Google Sites to post links to Web pages, team communication announcements, and work assignments; to brainstorm; and to work collaboratively on project documents. Try to use Google Docs to develop a presentation of your findings for the class.
Answers for this project will vary as students will select different sources (Web, print media, computer magazines, the university library, and computer science resource materials) from which to gather the information. Students should include the following elements in their answers:

· Performance speed

· Support for multitouch interfaces

· Security enhancements

· Integration with other operating systems

· Stability and reliability

· Ability to operate on many different types of computer hardware

Good sources to explore are:
· http://www.linux.com/
· http://www.microsoft.com/
· http://www.unix.org/
Business Problem-Solving Case: Salesforce.Com: Cloud Software Services Go Mainstream
1. What are the advantages and disadvantages of the cloud computing model?

Advantages:

· Eliminates need for large up-front capital investments in systems

· Eliminates lengthy implementations on corporate computers

· Low cost subscriptions; no expensive licensing and maintenance fees

· No hardware for subscribers to purchase, scale, and maintain

· No operating systems, database servers or applications servers to install

· No consultants and staff

· Accessible via standard Web browser with behind-the-scene software updates

· Better scalability, eliminate cost and complexity of managing multiple layers of hardware and software

Disadvantages:

· Audience for the App Exchange application platform may not be large enough to deliver the level of growth Salesforce wants

· May not be attractive to larger companies for their application needs

· Responsibility of data storage and control is in the hands of the provider

· Security risks may increase and open vulnerabilities to data maintenance

· System reliability issues

· Users dependency on the cloud computing provider

2. What are some of the challenges facing Salesforce as it continues its growth? How well will it be able to meet those challenges?

Challenges include:

· Increased competition both from traditional industry leaders and new challengers hoping to replicate Salesforce’s success

· Expanding its business model into other areas

· Ensuring the system is available 24/7 with no outages

· Defending the system against security breeches

Salesforce is answering the first two challenges by partnering with Google and combining its services with Gmail, Google Docs, Google Talk, and Google Calendar to allow its customers to accomplish more tasks via the Web. Salesforce.com and Google both hope that their Salesforce.com for Google Apps initiative will galvanize further growth in on-demand software. Salesforce opened up its Custom Cloud (also known as Force.com) application development platform to other independent software developers and listed their programs on its AppExchange. The company introduced a development tool for integrating with Facebook’s social network that allows customers to build applications that call functions at the Facebook site. Small businesses can go online and download software applications, some add-ons to Salesforce.com and others that are unrelated.

In order to grow its revenues to levels that industry observers and Wall Street eventually expects, Salesforce will need to change its focus from selling a suite of software applications to providing a broader cloud computing “platform” on which many software companies can deliver applications.

To ensure system availability, Salesforce.com provides tools to assure customers of system reliability and also offers PC applications that tie into their services so users can work offline. 

3. What kinds of businesses could benefit from switching to Salesforce and why?

Small to medium-size businesses are probably the most likely ones to switch to Salesforce.com because of cost factors and the lack of having in-house resources to provide the same level of computing capacity. Businesses that are trying to increase the sophistication of their computing capabilities could also benefit from switching to Salesforce as long as the two are compatible. Businesses that rely on smart customer management would benefit greatly from using the tools available at Salesforce.com. Also companies that have small sales and marketing teams can benefit from the software-as-a-service business model.

4. What factors would you take into account in deciding whether to use Salesforce.com for your business?

Businesses should assess the costs and benefits of the service, weighing all people, organizational, and technology issues. Do the software-as-a-service applications integrate well with the existing systems? Does it deliver a level of service and performance that’s acceptable for the business? Does the SaaS fit with the business’s overall competitive strategy and allow the company to focus on core business issues instead of technology challenges? 
5. Could a company run its entire business using Salesforce.com, Force.com and App Exchange? Explain your answer.
Depending on the type of business, a company probably could run its entire operations using Salesforce.com, Force.com, and App Exchange. All four major functional areas of a business are supported: Sales and Marketing, Manufacturing and Production, Finance, and Human Resources. There are dozens of applications available to fully support all of these areas. It would be a matter of integrating the software from Salesforce.com and App Exchange with any existing legacy systems within the business. 
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