Chapter 5 – System Software: The Operating System, Utility Programs, and File Management 

Computer uses two basic types of software:

Application software – the software you use to do everyday tasks at home and at work

System software – the set of programs that helps run the computer and coordinates instructions between application software and the computer’s hardware devices

Operating System Fundamentals 

System software consists of two primary types of programs:

The operating system (OS) is a group of programs that controls how your computer functions. The OS:
· Manages the computer’s hardware, including the processor, memory, and storage devices, as well as peripheral devices such as the printer
· Provides a consistent means for application software to work with the central processing unit (CPU)
· Is responsible for the management, scheduling, and coordination of tasks 

You interact with your OS through the user interface – the desktop icons, and menus that let you communicate with your computer

A utility program is a small program that performs many of the general housekeeping tasks for your computer, such as system maintenance and file compression. 
· A set of utility programs is bundled with each OS, but you can also buy standalone utility programs that often provide more features 

Do all computers have operating systems?

· Every computer has an OS and a computer cannot operate without it 

Common Operating Systems

· Windows 8 developed by Microsoft for laptops, tablets, desktops, all-in-ones, cell phones
· OS X 10.9 developed by Apple for laptops, desktops, all-in-ones
· IOS 7 developed by Apple for tablets, iPhones, iPod Touches
· Android 4.4 developed by Google for cell phones, tablets
· Linux developed by open source for laptops, desktops 

Single-user, single-task operating systems are operating systems designed for a single user performing one task at a time. Microsoft Disk Operating System (MS-DOS) is an example of a single-user, single-task operating system. 

Single-user, multi-task operating systems are available for personal and business use. These computers allow a single user to multitask (to perform more than one process at a time).
· OS such as Windows and OS X provide networking capabilities making them multiuser, multitasking operating systems 

Real-Time Operating Systems (RTOS) 

· Machinery that performs a repetitive series of specific tasks in an exact amount of time requires a real-time operating system (RTOS)
· Also referred to as embedded systems
· RTOSs require minimal user interaction
· This type of operating system is used for devices which run only one application program 
· This type of OS is a program with a specific purpose, and it must guarantee certain response times for particular computing tasks; otherwise, the machine is useless 
· The programs are written specifically for the needs of the devices and their functions 
· There are commercially available standard RTOS software programs (i.e. eCOS, FreeRTOS, LynxOS)
· Devices that must perform regimented tasks or record precise results require RTOSs (devices such as cars, phone, GPS, digital picture frame, robotic equipment and medical equipment use RTOSs)

Operating Systems for Networks, Servers, and Mainframes 

A multiuser operating system (or network operating system) lets more than one user access the computer system at a time by handling and prioritizing requests from multiple users
· Networks (groups of computers connected to each other so that they can communicate and share resources) need a multiuser OS because many users simultaneously access the server (the computer that manages network resources such as printing and communications)
· A network operating system is installed on the server and manages all user requests, ensuring that they do not interfere with each other
· The latest versions of Windows and OS X can be considered network operating systems since they enable users to set up basic networks in their homes and small businesses 
· In larger networks, a more robust network OS is installed on servers and manages all user requests 
· Examples of network operating systems include Windows Server, Linux, and UNIX

What is UNIX?

UNIX is a multiuser, multitasking OS that is used as a network OS, although it’s also often found on PCs
· UNIX is now a brand that belongs to the company The Open Group, but any vendor that meets testing requirements and pays a fee can use the UNIX name 
· Individual vendors then modify the UNIX code to run specifically on their hardware 

What other kinds of computers require a multiuser OS?

· Mainframes and supercomputers also require multiuser operating systems 
· Mainframes routinely support hundreds or thousands of users at a time
· Supercomputers are often accessed by multiple people working on complex calculations 
· Examples of mainframe operating systems are UNIX, Linux on System z, AND IBM’s z/OS 
· The majority of supercomputers use Linux  

Operating Systems for Mobile Devices 

· Popular Smartphone Operating Systems: Android, iOS, BlackBerry, Windows Phone (organized from largest market share to smallest)
· Most smartphones have at least modest multitasking capabilities, such as letting you check e-mail while you’re on a phone call 

· Popular tablet operating systems include Android, iOS (iPad), Windows (organized from largest market share to smallest)

· Gaming systems such as Microsoft’s Xbox 360, the Nintendo Wii, and the Sony PlayStation, as well as personal media players such as the iPod, all require system software developed specifically for the particular device
· The system software controls the physical aspects of the device (such as game controllers) as well as other application programs that come with the device 







Computer Platforms

The combination of operating system and processor is referred to as a computer’s platform. 

Microsoft Windows, OS X, and Linux (an open source OS) are the top three operating systems for personal computers
· For conventional desktop and laptop computers, the OS market share is dominated by Windows 
· Microsoft windows operating systems are designed to coordinate with a series of processors from Intel Corporation and AMD (Advanced Micro Devices) that share the same or similar sets of instructions
· Apple has recently adopted the Intel processor which offers the ability to utilize both the Windows and Mac OS simultaneously 

Microsoft Windows is an operating environment that incorporates a user-friendly, visual interface like the one that was first introduced with Apple’s OS. 
· Improvements in Windows have concentrated on increasing user functionality and friendliness, improving internet capabilities, supporting home networks, and enhancing file privacy and security
· Windows 8 provides a new interface optimized for touch-screen devices and includes many features (such as remote access) that were not included in Windows 7 Home Premium
· Media Center is available as an add-on package for Windows 8 Pro 

Mac OS became the first commercially available OS to incorporate a graphical user interface, or GUI, with user-friendly point-and-click technology
· Latest version, Mavericks, was released in late 2013 and features interface and usability enhancements designed to dovetail with the iOS 7 upgrade released earlier that year 
· Recognized for their superior graphics display and processing capabilities 
· OS X is based on the UNIX operating system, which is exceptionally stable and reliable 

Linux is an open source OS designed for use on personal computers and as a network OS
· Open source software is freely available for anyone to use or modify as he or she wishes 
· Has a reputation as a stable OS that is not subject to crashes or failures 
· Because the code is open and available to anyone, Linux can be modified or updated quickly by hundreds of programmers around the world 

· Android, the tablet and phone OS, is Linux based
· Because the overall size of Android is much smaller than that of Windows, many netbook users choose to use it in place of the factory-installed Windows OS 

· Linux is available for download in various packages known as distributions, or distros
· Distros include the underlying Linux kernel (the code that provides Linux’s basic functionality) and special modifications to the OS, and may also include additional open source software (such as OpenOffice)
· Companies like Red Hat provide free or low-cost Linux software, such as Fedora, but technical support is often not available (or not free)

Does it matter what OS is on my computer?

· An OS is designed to run on specific CPUs
· CPUs have different designs, which can require modifying the OS software to allow it to communicate properly with each CPU
· The combination of an OS and a specific processor is referred to as a computer’s platform 
· For user convenience, computers and other devices usually come with an OS already installed 
· Most application software is OS dependent 

Can I have more than one OS on my computer?

· Many people run more than one OS on their computers because different operating systems offer different features
· If you want to run both OS X and Windows OS at the same time, you can create “virtual drives” using virtualization software such as Parallels 
· In Windows, you can create a separate section of your hard drive (called a partition) and install another OS on it while leaving your original Windows installation untouched 
· After installing the second OS, when your computer starts, you’re offered a choice of which OS to use 

How do operating systems use the “cloud”?

Broadband Internet access and providing computer resources via the Internet (called cloud computing) are becoming more commonplace; operating systems have features that are tied to cloud computing.

Examples:
· Using your Microsoft account, Windows 8 stores your settings and keeps track of applications you’ve purchased from the Windows store online. You can access and store files online in your OneDrive account. You can also log into your Windows account from any Windows 8 machine and be able to see your familiar desktop and applications.
· OS X Mavericks allows you to sign in with your Apple ID, which provides access to Apple’s iCloud system. ICloud stores your content online and automatically pushes it out to all your Apple devices
· Google Chrome OS is a web-based OS where virtually no files are installed on your computing device. Accessing the web through a web browser provides the main functionality of the OS. Chrome OS is only available on certain hardware from Google’s manufacturing partners, and these devices are called Chromebooks 

The open source product eyeOS allows companies to set up private clouds containing data and applications that can be accessed by their employees, partners, or customers. 

The OS coordinates and directs the flow of data and information through the computer system. The OS:
· Manages computer hardware and peripherals
· Provides a consistent interaction between applications and the CPU
· Manages the processor
· Manages memory and storage
· Provides a user interface 

The User Interface

How does the OS control how I interact with my computer?

· The OS provides a user interface that lets you interact with the computer 
· The first personal computers used Microsoft Disk Operating System (DOS), which had a command-driven interface 
· A command-driven interface is one which you enter commands to communicate with the computer system. 
· The DOS commands were not always easy to understand; as a result, the interface proved to be too complicated for the average user
· Therefore PCs were used primarily in business and by professional computer operators 
· The command-driven interface was later improved by incorporating a menu-driven interface 
· A menu-driven interface is one which you choose commands from menus displayed on the screen 
· Menu-driven interfaces eliminated the need for users to know every command because they could select most of the commonly used commands from a menu 

What kind of interface do operating systems use today?

· Current personal computer operating systems such as Microsoft Windows and OS X use a graphical user interface, or GUI 
· GUIs display graphics and use the point-and-click technology of the mouse and cursor (or human finger), making them much more user-friendly
· Linux-based operating systems do not have a single default GUI interface, instead, users are free to choose among many commercially available and free interfaces (i.e. GNOME and KDE), each of which provides a different look and feel 

Processor Management 

· When you use your computer, you’re usually asking the processor (the CPU) to perform several tasks at once 
· The OS arranges the execution of activities in a systematic way 
· To do so, the OS assigns a slice of its time to each activity that requires the processor’s attention 
· The OS must then switch among different processes millions of times a second to make it appear that everything is happening seamlessly 

How exactly does the OS coordinate all the activities?

· When the OS allows you to perform more than one task at a time, it is said to be multitasking

· When you tell your computer to print your document, the printer generates a unique signal called an interrupt that tells the OS that it’s in need of immediate attention 
· Every device has its own type of interrupt, which is associated with an interrupt handler, a special numerical code that prioritizes the requests 
· These requests are placed in the interrupt table in the computer’s primary memory (RAM)
· The OS processes the task assigned a higher priority before processing a task assigned a lower priority. This is called preemptive multitasking.

· When the OS receives the interrupt from the printer, it suspends the CPUs typing activity and Blu-ray activity and puts a “memo” in a special location in RAM called a stack
· The memo is a reminder of what the CPU was doing before it started to work on the printer request
· The CPU then retrieves the printer request from the interrupt table and begins to process it 
· On completion of the printer request, the CPU goes back to the stack, retrieves the memo it places about the keystroke or Blu-ray activity, and returns to that task until it is interrupted again




What happens if more than one document is waiting to be printed?

· The OS also coordinates multiple activities for peripheral devices such as printers
· When the processor receives a request to send information to the printer, it first checks with the OS to ensure that the printer is not already in use 
· If it is, the OS puts the request in another temporary storage area in RAM, called the buffer
· The request then waits in the buffer until the spooler, a program that helps coordinate all print jobs currently being sent to the printer, indicates the printer is available
· If more than one print job is waiting, a line (or queue) is formed so that the printer can process the requests in order 

How Preemptive Multitasking Works

Step 1: CPU is playing a movie 
Step 2: CPU receives an interrupt request from the printer
Step 3: Memo about movie stored in stack (RAM)
Step 4: CPU executes printing
Step 5: Memo about movie retrieved from stack (RAM)
Step 6: CPU resumes playing the movie 

Operating System Architecture

Newer computers operate in a 64-bit environment (which is generally faster for the user) rather than the earlier 32-bit environment.  The only problem with switching to a 64-bit environment is the compatibility of a users 32-bit program. 

Memory and Storage Management 

Why does the OS have to manage the computer’s memory?

· As the OS coordinates the activities of the processor, it uses RAM as a temporary storage area for instructions and data the processor needs 
· The processor then accesses these instructions and data from RAM when it’s ready to process them 
· The OS is therefore responsible for coordinating the space allocations in RAM to ensure there’s enough space for all the pending instructions and data.
· The OS then clears the items from RAM when the processor no longer needs them





Can my OS ever run out of RAM?

· RAM has limited capacity
· As you add and upgrade software and increase your usage of the computer system, you might find that the amount of RAM you have is no longer sufficient for your needs 

What happens if my computer runs out of RAM?

· When there is not enough RAM for the OS to store the required data and instructions, the OS borrows from the more spacious hard drive 
· This process of optimizing RAM storage by borrowing hard drive space is called virtual memory 
· When more RAM is needed, the OS swaps out from RAM the data or instructions that haven’t recently been used and moves them to a temporary storage area on the hard drive called the swap file (or page file) 
· If the data or instructions in the swap file are needed later, the OS swaps them back into active RAM and replaces them in the hard drive’s swap file with less active data or instructions. This process of swapping is known as paging. 

Can I ever run out of virtual memory?

· Only a portion of the hard drive is allocated to virtual memory 
· You can manually change this setting to increase the amount of hard drive space allocated, but eventually your computer will become sluggish as it is forced to page more often. This condition of excessive paging is called thrashing.
· The solution to this problem is to increase the amount of RAM in your computer so that it won’t be necessary for it to send data and instructions to virtual memory 

How does the OS manage storage?

· The OS has a file-management system that keeps track of the name and location of each file you save and the programs you install 

Hardware and Peripheral Device Management 

How does the OS manage the hardware and peripheral devices?

· Each device attached to your computer comes with a special program called a device driver that facilitates communication between the device and the OS
· Because the OS must be able to communicate with every device in the computer system, the device driver translates the device’s specialized commands into commands the OS can understand, and vice versa 
· Devices wouldn’t function without the proper device drivers because the OS wouldn’t know how to communicate with them

Do I always need to install drivers?

· The devices whose drivers are included in Windows are called Plug and Play devices
· Plug and Play (PnP) is a software and hardware standard designed to facilitate the installation of new hardware in PCs by including in the OS the drivers these devices need in order to run  
· PnP lets you plug a new device into your computer, turn it on, and immediately play (use) the device 

What happens if the device is not PnP?

· If you obtain a device second-hand and don’t receive the device driver, or if you’re required to update the device driver, you can often download the necessary driver from the manufacturer’s website 

Can I damage my system by installing a device driver?

· Occasionally, when you install a driver your system may become unstable (that is, programs may stop responding, certain actions may cause a crash, or the device or the entire system may stop working)
· To remedy the problem, Windows has a Roll Back Driver feature that removes a newly installed driver and replaces it with the last one that worked 

Is Mac OS X Safer than Windows?

Most malware is designed to steal sensitive information such as credit card numbers. When thieves expend the time, money, and effort to develop malware, they want to ensure that it targets the largest population of potential victims. Up until recently, Windows had over 90% of the market share for desktop and laptop computers. However, as OS X gains market share, Mac users are becoming a larger group of potential targets. 

· OS X does have certain design features that tend to prevent the installation and spread of malware 
· Apple has designed current versions of iOS and OS X to prevent the installation of unapproved software (i.e. software not available on Apple’s approved online outlets like the App Store)
· Mac apps are designed to limit access to the OS 
· Apps sold on the App Store are required to be designed using the access control technology known as App Sandbox 
· When an app is sandboxed, the developed defines what the app needs to do in order to interact with the OS 
· The OS then grants only those specific rights and privileges to the app and nothing else 
· By doing this, it severely limits what hackers can do in an OS if they breach the security of an app 
· It is more difficult to design exploits for OS X and iOS 

Scareware is software designed to make it seem as if there is something wrong with your computer. The author of the scareware program then “persuades” you to buy a solution to the problem, acquiring your credit card number in the process. 

Extra Security Precautions:

· Make sure your software is set to download and install updates automatically 
· Use third-party antivirus/anti-malware software 
· Be aware of social engineering techniques such as scareware

Software Application Coordination 

How does the OS help application software run on the computer?

· Every computer program, no matter what its type or manufacturer, needs to interact with the CPU using computer code
· For programs to work with the CPU, they must contain code the CPU recognizes
· Rather than having the same blocks of code for similar procedures in each program, the OS includes the blocks of code – each called an application programming interface (API) – that application software needs in order to interact with the CPU

What are the advantages of using APIs?

· To create applications that can communicate with the OS, software programmers need only refer to the API code blocks when they write an application 
· They don’t need to include the entire code sequence
· APIs not only prevent redundancies in software code, they make it easier for software developers to respond to changes in the OS 
· Software companies also take advantage of APIs to make applications in software suites (such as Microsoft Office) that have a similar interface and functionality
· Since these applications share common APIs, data exchange is facilitated between two programs, such as inserting a chart from Excel into a Word document 

The Boot Process: Starting Your Computer 

All data and instructions (including the OS) are stored in RAM while your computer is on. When you turn off your computer, RAM is wiped clean of all its data (including the OS). The computer runs through a special boot process (or start-up process) to load the OS into RAM. Bootstrap loader is a small program used to start a larger program. 

Steps involved in the boot process:

1. CPU activates BIOS
· Basic input/output system (BIOS) is a program that manages the exchange of data between the OS and all the input and output devices attached to the system 
· BIOS is responsible for loading the OS into RAM from its permanent location on the hard drive 
· BIOS itself is stored on a read-only memory (ROM) chip on the motherboard 
· Data stored in ROM is permanent and is not erased when the power is turned off 

2. Power-on self test (POST)
· BIOS ensures that essential peripheral devices are attached and operational – a process called the power-on self-test (POST)
· The BIOS compares results of the POST with the various hardware configurations permanently stored in CMOS
· CMOS (complementary metal-oxide semi-conductor) is a special kind of memory that uses almost no power 
· A little battery provides enough power so that the CMOS contents won’t be lost after the computer is turn off 
· CMOS contains information about the system’s memory, types of disk drives, and other essential input and output hardware components 
· If the results of the POST compare favourably with the hardware configurations stored in CMOS, the boot process continues 

3. Load OS to RAM
· BIOS goes through a preconfigured list of devices in it search for the drive that contains the system files, the main files of the OS
· The OS then loads into RAM from its permanent storage location on the hard drive 
· Once the system files are loaded into RAM, the kernel (or supervisor program) is loaded
· The kernel is responsible for managing the processor and all other components of the computer system
· The kernel is said to be memory resident because it stays in RAM the entire time your computer is powered on 
· Non-resident programs – parts of the OS that stay on the hard drive and are copied over to RAM on an as-needed basis so that RAM is managed more efficiently 
· Once the kernel is loaded, the OS takes over control of the computer’s functions 

4. Configuration and customization settings checked and Start screen displays 
· The OS checks the registry for the configuration of the other system components
· The registry contains al the different configurations (settings) used by the OS and by other applications 
· It contains customized settings you put into place and instructions as to which programs should be loaded first 

The entire boot process takes only a few minutes to complete. The process completes by displaying the login screen or the Start screen, which means the computer, is now ready to accept your first command. 

Errors in the boot up sequence can often be overcome by booting up in safe mode if you are using a Windows based system 

Why do I sometimes need to enter a login name and password at the end of the boot process?

· The verification of your login name and password is called authentication
· The authentication process blocks unauthorized users form entering the system 
· On a Windows 8 computer, the default setting is to input a password to log in to your Microsoft account after your computer has completely booted up 
· Because configuration settings are stored online and associated with a particular Microsoft account, this makes it easy for multiple people to share any Windows 8 computer while maintaining access to their individual settings and preferences 

Handling Errors in the Boot Process

· If you’ve recently installed new software or hardware, try uninstalling it
· Try accessing the Windows Advanced Options Menu. If Windows detects a problem in the boot process, it will add Last Known Good Configuration to the Windows Advanced Options Menu. When you choose to boot with the Last Known Good Configuration, the OS starts your computer by using the registry information that was saved during the last shut down
· Try refreshing your computer 
· Try a System Restore to roll back to a past configuration 

What happens when a PC is “refreshed”?

· Refresh your PC is a new utility program in Windows 8 that attempts to diagnose and fix errors in your Windows system files that are causing your computer to behave improperly 
· It is recommended that you back up your PC prior to refreshing it 

When a PC is refreshed, the following occurs:
· Your data files (documents, music, videos, etc.,) and personalization settings are not removed or changed
· Apps that you have downloaded from the Windows store are kept intact
· Apps that you have downloaded from the Internet or installed from DVDs will be removed from your PC. Therefore, you’ll need to reinstall them after the refresh

What should I do if my keyboard or another device doesn’t work after I boot my computer?

· Sometimes during the boot process, BIOS skips a device (i.e. a keyboard) or improperly identifies it; this is indicated when the device won’t respond after the system has been booted
· Try rebooting 
· If the problem persists, check the OS’s website for any patches (or software fixes) that may resolve the issue 

The Windows Interface

Windows 8 is designed for a variety of devices, including laptops, phones, and tablets. To enable Windows 8 to function on all types of devices, there are often three different ways to accomplish tasks in Windows 8:

1. Using a mouse
2. Touching the screen (on touch-enabled devices)
3. Using keystrokes

The Start screen is the first interaction you have with the OS and the first image you see on your display. The Start screen is the place where you begin all of your computing activities. The Windows 8 Start screen provides you with access to your most used applications in one convenient screen. 

How does Windows 8 “optimized” programs differ from older Windows apps?

Windows 8 apps are applications specifically designed to run in the interface of Windows 8. Apps not specifically designed for Windows 8 (i.e. Word 2010) run on the desktop. 

The Windows 8 interface features large type with clean, readable block images inspired by metropolitan service signs such as those found on bus stations and subways. 

Windows 8 apps either are preinstalled with Windows 8 (such as Photos, Messaging and Calendar) or are available for download from the Windows Store 
· Windows 8 apps are displayed full screen, without distractions of borders or controls (such as scrollbars or menus)

What are the main features of the Windows 8 Start screen?

· The Start screen is based on the interface for Windows smartphones
· The most useful feature of the Start screen is that it lets you customize it to meet your needs 
· Because your Windows 8 settings and preferences are saved in your Microsoft account, when you log on to any Windows 8 computer, you’ll see your own personal settings, preferences, and applications reflected on the Start screen
· For performing common tasks, such as searching or sharing information, Windows 8 has created special shortcuts called charms 

Why can’t I see tiles for certain applications on my Start screen?

· You can choose which applications are visible on the Start screen through a process called pinning
· When you install a Windows 8 app or any other program on your computer, it pins the program (displays it) on the Start screen by default. 

How does the Mac user interface compare with Windows 8?

As is the case with Windows, OS X programs appear in resizable windows and use menus and icons.

Instead of the Start screen, OS X features a Dock with icons on the bottom for your most popular programs  

Organizing Your Computer: File Management 

An additional function of the OS is to enable file management, which provides an organization structure to your computer’s contents

How does the OS organize files?

· Windows organizes the contents of your computer in a hierarchical directory structure composed of drives, libraries, folder, subfolders, and files 
· The hard drive, represented as the C: drive, is where you permanently store most of your files 
· Each additional storage drive (optical drive, flash drive, or external hard drive) is given a unique letter (D, E, F and so on)
· The C: drive is referred to as the root directory 
· All other folders and files are organized within the root directory 

What exactly are files and folders?

· In an OS, a file is a collection of program instructions or data that is stored and treated as a single unit 
· A folder is a collection of files that keep related documents together 

How does the library work?

· In Windows, a library gathers categories of files from different locations and displays them as if they were all saved in a single folder, regardless of where they are physically stored 
· Four default libraries: Documents, Music, Pictures, and Videos 

How can I easily located and see the contents of my computer?

· In Windows, File Explorer is the main tool for finding, viewing, and managing the contents of your computer 
· It shows the location and contents of every drive, folder, and file 

File Explorer is divided into two panes, or sections:

1. The navigation pane on the left shows the contents of your computer (commonly accessed areas, organized by Favourites and Libraries)
2. When you select a Favourite, Library, drive or Home group, the files and folders of that particular area are displayed in the details pane on the right 

 Viewing and Sorting Files and Folders

Live Icons allow you to preview the actual contents of a specific file or folder without actually opening the file. Can be displayed as a details view (sort the contents alphabetically by name or type, or hierarchically by date last modified or file size) or large icons view (preview pane on the right lets you see the first page of your document with first opening it)

Naming Files 

· The first part of a file, or the file name, is the name you assign to the file when you save it 
· In a Windows application, an extension, or file type follows the file name and a period or dot (.)
· This extension identifies what kind of family of files the file belongs to, or which application should be used to read the file 
· File names can have as many as 255 characters 
· No two files stored on the same device and folder can share both the same file name and the same extension 
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File path determines the location of a file.

The backslash characters (\), used by Windows, are referred to as path separators. OS X files used a colon (;) and UNIX and LINUX files used the forward slash (/). 
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The Recycle Bin is a folder on the desktop where files deleted from the hard drive reside until you permanently purge them from your system 




Utility Programs 

[bookmark: _GoBack]Utility programs are small applications that perform special functions on the computer. Some utility programs help manage system resources (i.e. disk defragmenter utilities) and others improve efficiency (i.e. file compression utilities)

1. Those that are included with the OS (such as System Restore)
· The basic utilities designed to manage and tune your computer hardware are incorporated into the OS 
2. Those sold as stand-alone programs 
· Typically offer more features or an easier user interface for backup, security, diagnostic, or recovery functions 
3. Those offered as freeware 

Display Utilities 

You can personalize the Start screen and the lock screen to suit your tastes 

File Compression Utilities 

File compression makes a large file more compact, making it easier and faster for you to send large attachments by e-mail, upload them to the web, or save them onto a disc. 

Most compression programs look for repeated patterns of letters and replace these patterns with a shorter placeholder. The repeated patterns and the associated placeholders are catalogued and stored temporarily in a separate file called the dictionary

System Maintenance Utilities 

Disk Clean-up is a Windows utility that removes unnecessary files from your hard drive to help free space on your hard drive. These include files in the recycle bin and temporary files (files created by Windows to store data temporarily while a program is running). 

Also removes temporary Internet files (web pages stored on your hard drive for quick viewing) and offline web pages (pages stored on your computer so you can view them without being connected to the Internet). 

Error-checking is a Windows utility that checks for lost files and fragments as well as physical errors on your hard drive (i.e. leaving references to files that no longer exist or have been moved) 
· Makes note of any bad sectors so that the system won’t use them again to store data 

If a program has stopped working, you can use the Windows Task Manager utility to check the program or to exit the nonresponsive program 

Disk defragmenting programs group together related pieces of files on the hard drive, allowing the OS to work more efficiently. 
· Data is recorded on hard disks in concentric circles called tracks
· Each track is further broken down into pie-shaped wedges, called a sector 
· The data is further identified by clusters, which are the smallest segments within the sectors 
· A disk becomes fragmented when only part of an older file is deleted, the deleted section of the file creates a gap in the sector of the disk where the data was originally stored 
· Over time, as files are saved, deleted, and modified, the bits of information for various files fall out of order and the disk becomes fragmented 
· When a disk is fragmented the OS is not as efficient as it takes longer to locate a whole file because more of the disk must be searched for the various pieces, slowing down your computer. 
· Defragmenting the hard drive arranges file fragments so that they are located next to each other, making the hard drive run more efficiently 

System Restore and Backup Utilities 

Windows has a utility called System Restore that lets you roll your system settings back to a specific date when everything was working properly 

A system restore point, which is a snapshot of your entire system’s settings, is generated prior to certain events, such as installing or updating software, or automatically once a week if not other restore points were created in that time or manually by a user at any time.  

File History utility creates a duplicate of your libraries, desktop, contacts, and favourites and copies it to another storage device such as an external hard drive 

Accessibility Utilities 

An Ease of Access Center contains tools to help users with disabilities 

a) Magnifier creates a separate window that displays a magnified portion of the screen
b) Narrator reads what is on screen and can read the contents of a window menu option, or text you have typed
c) Speech recognition allows you to dictate text and control your computer by voice
d) On-screen keyboard allows you to type with a pointing device
e) High contrast colour schemes invert screen colours for vision-impaired individuals 
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