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Chapter 1
Operating Systems Fundamentals
	At a Glance
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Overview

This chapter introduces the idea of an operating system, and describes its basic functionalities. A student should have a general idea of what an operating system is, and what role it fulfills by the end of this chapter. 
Objectives

· Explain basic operating system concepts
· Understand the history of operating system development

· Discuss how operating systems work

· Describe the types of operating systems

· Discuss single-tasking versus multitasking

· Differentiate between single-user and multiuser operating systems

· List and briefly describe current operating systems
Teaching Tips

An Introduction to Operating Systems
1. Introduce to students the concept of an operating system, describing how it utilizes and manages hardware as well as presents a useful front-end to the user.
Desktop Versus Server Operating System

1. Describe a desktop operating system and a server operating system, and briefly mention how these two are different from each other. 

2. Discuss some different types of server hardware that might run a server operating system that would distinguish it from a normal desktop setup.

Input and Output
1. Emphasize the purpose of the operating system for handling input/output functions, and list the common I/O tasks of an OS. Note Figure 1-1. 
A Short History of Operating Systems

1. Give a short history of the development of operating systems. Students would benefit from some pictures of early mainframe machines and a description of the tasks they were typically used for. The operating systems for these machines would be basic. The more complex the task required of the machine, the more complex the operating system would need to be.

2. Detail some of the earlier operating systems that would guide the development of future operating systems, such as Unix.
3. Discuss the historical importance of the GUI as an included feature of the operating system.
4. Tables 1-1 and 1-2 provide a brief history of operating systems released since 1968.
	Teaching 

Tip
	Minix, a Unix like operating system, led to the creation of the Linux kernel in 1991. To help visualize the branching of Linux into the distributions we now have today, see  http://upload.wikimedia.org/wikipedia/commons/9/9a/Gldt1009.svg



Understanding How Operating Systems Work
The Kernel
1. Describe the role of the Kernel in an operating system, and explain what tasks and functions it performs in managing the operating system. 

a. List a few common kernels, such as those in Windows, Mac OS X, and Linux.
	Teaching 

Tip
	There are a number of different types of kernels, depending on how they’re designed. Some operating systems being proposed / developed even side-step the need for a traditional kernel entirely, such as the Kernel-Less Operating System (KLOS)

 


Resource Managers

1. Explain how resource managers handle resources to ensure operating system functionality. 

2. Give a brief example of how this is accomplished with an example, and describe what a slice is in relation to CPU access time.
Device Drivers and the Operating System

1. Define what a device driver is, and how operating systems make use of them to interact with hardware. Explain that these drivers describe to the operating system the way in which to communicate with the device itself. Utilize Figure 1-2.
2. List devices that students might require drivers for prior to being able to use them with their operating system, such as printers or network interface cards.
The Role of Application Software

1. Discuss the varieties of application software, and how operating systems handle the use of application software. Figure 1-3 can aid the discussion. 
The Role of the BIOS

1. Explain the role of the BIOS, and describe the functions it facilitates, such as initiating and enabling communication with hardware devices.

2. Note how the BIOS was stored historically compared to present day. Explain the purpose of a CMOS chip.
3. Explain how the BIOS settings can be changed, using Figure 1-4. 

A Summary of Operating System Elements
1. Utilizing Figure 1-5, provide students with a summary of the common elements in all operating systems:
a. Application software

b. Application programming interface (API)

c. BIOS

d. Operating system kernel

e. Device drivers

f. Resource managers

g. Optional drivers

h. Hardware components
Quick Quiz 1

1. A ________ translates computer code to control and interface with various pieces of hardware, making it usable to an operating system.
a. Kernel

b. I/O tower

c. Device driver

d. Monitor

Answer: C

2. One of the most basic tasks of an operating system is to handle input / output functions.

a. True

b. False

Answer: A

3. Which of the following is not a job typically handled by an operating system’s kernel?

a. Managing the use of RAM
b. Handling priority levels assigned to programs

c. Managing interactions with the CPU

d. Displaying a GUI

Answer: D

4. The _______  performs memory and hardware component tests on startup, during a process called the Power-on Self Test (POST)

Answer: BIOS

Types of Operating Systems

1. Discuss some of the differences between operating systems. Topics may include:

a. Computers running in different devices or appliances. 

b. Changing hardware forms and sizes.
c. Changes over time in storage requirements.

d. Ongoing need for bigger and faster computing.

2. Introduce characteristics that can differentiate operating systems:

a. Time sharing

b. Real-time

c. Multiuser
Time Sharing

1. Define what a time sharing system is, and how it handles applications. Emphasize how resources are shared between users and applications, and how tasks are accomplished with batch processing.
Real-Time Systems

1. Explain how a real time system interacts with a user, and how it provides data. Note that most operating systems today are real-time systems. 
Multiuser Systems

1. Describe what a multiuser system is, and how multiple users can make use of the operating system and hardware at any given moment. It should be mentioned that both time sharing and real time systems can be multiuser systems. Note the historical difference in the examples of Figure 1-6 and 1-7.
a. Give some examples of what a multiuser system would be used for, such as server environments or terminal server environments.
b. Explain the growth of client/server computing; in particular note the linkage between client/server and using the internet.

c. Focus on the emergence of cloud computing. Use Figure 1-8 in your discussion. 

d. Include types of cloud models:

a. Private

b. Hosted private

c. Public

e. Mention contemporary cloud service providers, such as Amazon Web Services, Microsoft Azure, and Dropbox.
Single-Tasking Versus Multitasking

1. Define what multitasking is, and what it means in terms of handling processes.

a. Students need to understand how co-operative multitasking differs from pre-emptive multitasking. Single tasking operating systems like MS-DOS should also be mentioned. Utilize Figures 1-10 and 1-11.
b. Mention the older task-switching operating systems using Figure 1-12.
	Teaching 

Tip
	A number of interesting hybrid multitasking operating systems are in use today. Smartphones using the Apple iOS and Android platforms have unique ways of multitasking applications—especially when they run low on memory. Talk a little bit about how multitasking is accomplished on one of these platforms.




Single-user Versus Multiuser Operating Systems
1. Explain the differences between a single-user and a multiuser operating system. Server operating systems tend to be multi-user, while desktop operating systems tend to have multi-user abilities but not to the same extent of a server operating system. Use Table 1-3 to highlight differences.
Current Operating Systems

1. List the most commonly used operating systems in today’s computing environment:

a. Windows 7, 8.1, and 10
b. Windows Server 2008, 2012, and 2016
c. Unix / Linux

d. Apple Mac OS X

2. Describe some of the desired features of each operating system above, and where each is typically used if applicable.
Quick Quiz 2
1. Any multi-user operating system is incapable of multitasking.
a. True

b. False

Answer: B

2. Which of the following below is not a cloud model described by Microsoft?
a. Private cloud

b. Hosted private cloud

c. Public cloud

d. Local cloud

Answer: D

3. What is the method of multitasking that requires the operating system to give control to a running process, and wait for that process to finish?

a. Cooperative multitasking

b. Shared multitasking

c. Preemptive multitasking

d. Basic multitasking

Answer: A

4. A ___________ interacts with a user and responds immediately or almost immediately to requests.
a. Real-Time system

b. Multiuser system

c. Time Sharing system

d. Multisharing system
Answer: A
Class Discussion Topics

1. Have students research the different methods of multitasking used by various operating systems, especially by mobile ones. Students can then discuss the differences and similarities between different operating systems.
Additional Projects
1. Give students a login to a Linux box with command line access, and demonstrate very basic multi-user functionality. Students can then compare their experience with DOS and single user functionality.

Additional Resources

1. http://crpit.com/confpapers/CRPITV38Vasudevan.pdf for discussion of the Kernel-Less Operating System

2. http://en.wikipedia.org/wiki/Kernel_%28computing%29#Kernel-wide_design_approaches for list of kernel types
Key Terms

· application programming interface (API) Functions or programming features in an operating system that programmers can use for network links, links to messaging services, or interfaces to other systems.

· application software A word processor, spreadsheet, database, computer game, or other type of application that a user runs on a computer. Application software consists of computer code that is formatted so the computer or its operating system can translate the code into a specific task, such as writing a document.

· basic input/output system (BIOS) Low-level program code that conducts basic hardware and software communications inside the computer. A computer’s BIOS basically resides between computer hardware and the higher-level operating system, such as UNIX or Windows.

· batch processing A computing style frequently employed by large systems. A request for a series of processes is submitted to the computer; information is displayed or printed when the batch is complete. Batches might include the processing for all of the checks submitted to a bank for a day, or for all of the purchases in a wholesale inventory system, for example. Compare to sequential processing.

· Beginner’s All-purpose Symbolic Instruction Code (BASIC) An English-like computer programming language originally designed as a teaching tool, but which evolved into a useful and relatively powerful development language.

· blade enclosure A large box with slots for blade servers; the box also provides cooling fans, electrical power, connection to a shared monitor and pointing device, and even network connectivity. The actual design depends on the manufacturer.

· blade server A server unit that looks like a card that fits into a blade enclosure. Blade servers are intended to save space. See blade enclosure.

· client/server systems A computer hardware and software design in which different portions of an application execute on different computers, or on different components of a single computer. Typically, client software supports user I/O and server software conducts database searches, manages printer output, and the like.

· cloud computing A computing technology that provides a host of scalable Web-based applications and services over the Internet or a private network used by clients through Web browsers.

· command-line interface An interface that enables the user to display a command line from which to enter commands. These interfaces include the Command Prompt window in Windows operating systems and the terminal window in Linux and Mac OS X.

· complementary metal oxide semiconductor (CMOS) A type of memory that stores a computer’s BIOS configuration. A CMOS chip uses a low-power memory technology that is powered by a small battery.

· computer program A series of instructions executed by the computer’s CPU.

· cooperative multitasking A computer hardware and software design in which the operating system temporarily hands off control to an application and waits for the application to return control to the operating system. Compare to preemptive multitasking.

· desktop operating system A computer operating system that is typically installed on a PC, usually used by one person at a time, and may or may not be connected to a network. Also called a client operating system.

· device driver Computer software designed to provide the operating system and application software access to specific computer hardware.

· distribution An issuance of UNIX or Linux that is based on a standard kernel, but that also has customizations added by a particular private or commercial development group.

· embedded system A computer that has a dedicated function within a larger system, such as a piece of machinery.

· file system The method by which an OS stores and organizes files and manages access to files on a storage device.

· graphical user interface (GUI) An interface between the user and an operating system that presents information in an intuitive graphical format, including multiple colors, figures, icons, windows, toolbars, and other features. A GUI is usually deployed with a pointing device, such as a mouse, to make the user more productive.

· hardware The physical devices in a computer, including the CPU, circuit boards (cards), disk drives, monitor, and modem.

· input/output (I/O) Input is information taken in by a computer device to handle or process; an example is characters typed at a keyboard. Output is information sent out by a computer device after the information is handled or processed; an example is the display of typed characters on the monitor.

· kernel An essential set of programs and computer code built into a computer operating system to control processor, disk, memory, and other functions central to a computer’s basic operation. The kernel communicates with the BIOS, device drivers, and the API to perform these functions. It also interfaces with the resource managers.

· Microsoft Disk Operating System (MS-DOS) The first widely distributed operating system for microcomputers, created by Tim Paterson and a team at Microsoft that included Bill Gates. This generic computer code was used to control many basic computer hardware and software functions. MS-DOS is sometimes referred to as DOS.

· multitasking A technique that allows a computer to run two or more programs at the same time. 

· multithreading Running several program processes or parts (threads) at the same time.

· multiuser system A computer hardware and software system designed to service multiple users who access the computer’s hardware and software applications simultaneously.

· operating system (OS) A specialized computer program that provides a user interface, file system, services, and a kernel to a computer. An OS runs on computer hardware and facilitates application execution.

· power-on self test (POST) Tests, such as memory and hardware component tests, that are run by the BIOS when a computer starts and that must complete before the operating system is loaded. See basic input/output system (BIOS).

· preemptive multitasking A computer hardware and software design for multitasking of applications in which the operating system retains control of the computer at all times. See cooperative multitasking for comparison.

· process A program that is loaded into memory and run by the CPU. It can be an application a user interacts with, such as a word-processing program or a Web browser, or a program with no user interface that communicates with other processes and provides services to them.

· rack-mounted server CPU boxes mounted in racks that can hold multiple servers, each with its own power cord and network connection—and that often share one monitor and pointing device.

· read-only memory (ROM) Memory that contains information that is not erased when the power is removed from the memory hardware.

· real-time operating system (RTOS) An operating system that receives and processes inputs and produces the required outputs in a specified amount of time.

· resource managers Programs that manage computer memory and CPU use.

· sequential processing A computer processing style in which each operation is submitted, acted upon, and the results displayed before the next process is started. Compare to batch processing.

· server operating system A computer operating system usually found on more powerful PC-based computers than those used for desktop operating systems. A server OS is connected to a network and can act in many roles to enable multiple users to access information via e-mail, files, software, and other means.

· service A process that runs in the background because there is no user interface. See process.

· shell An interface that enables users to interact with an operating system kernel. The shell enables the user to execute commands. See kernel.

· single-tasking A computer hardware and software design that can manage only a single task at a time.

· single-user system A computer hardware and software system that enables only one user to access its resources at a particular time.

· supercomputer A computer that has extreme processing power and speed to handle complex computations that are beyond the reach of other computers.

· task switching A hybrid between single-tasking and multitasking that permits the user or application software to switch among multiple single-tasking operations.

· time-sharing system A central computer system, such as a mainframe, that is used by multiple users and applications simultaneously.

· user interface A component of an operating system that provides a method for users to interact with the computer, usually with a keyboard and mouse or touch screen.
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