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Introduction


The concept of Plug-and-Play (PnP) devices came out around 1995 with the introduction of Windows 95 to provide a more user-friendly hardware installation process.  Traditionally, hardware devices required certain system resources and were given the resources they requested during the booting up process.  However, problems started occurring because multiple devices requested the same resources, leading to a conflict.  Also, the process of installing a new hardware component and configuring it was complicated for a novice computer user.


To greatly simplify the user’s life, Plug-and-Play was invented.  The main companies behind its creation were Compaq, Intel, and Phoenix.  The idea behind it is that when new hardware devices are added, the system automatically detects them, matches them up with their device drivers, and assigns appropriate resources to them.  The result is that the user can simply add a new device and immediately use it, without having to use jumpers or switches to configure it.


In order for the concept to work, the computer must contain plug-and-play compatible hardware and software.  Required are 32-bit drivers for the device, PnP compatible devices, and a PnP compatible BIOS (one from 1995 or later should be fine).  The BIOS gathers information on the devices and distributes the resources, and it communicates to the operating system.  The operating system must also support PnP.  The OS sets up drivers and makes configuration changes, and it informs the user of any changes.


Windows 95 and subsequent versions of the OS meet the requirement of supporting PnP.  Windows NT 4.0 has no PnP support, but the user can install the pnpisa.sys driver (located on the Win NT CD) to add the features of automatic card detection and onboard BIOS management.


The PCI bus was designed with PnP in mind, but the ISA bus was not.  Therefore, making the ISA bus PnP-compatible was very complicated.  Also, not all PCI cards are PnP-compatible.  Later operating systems after Windows 95 add PnP compatibility with USB, PC Card, and FireWire.


Microsoft came up with Universal Plug-and-Play (UPnP) in 1999, which extends the concept of PnP to networks.  When a device such as a printer or a scanner is hooked up to a network, it configures itself automatically and makes the network aware of its presence, and users on the network then have access to that device.  UPnP is available in Windows Me and XP.

How It Works


Whenever the computer is booted, it makes a table of the available system resources.  It then performs a scan of the system.  First it searches for non-PnP devices, called “legacy devices”.  These were made before PnP was available, and they have specific settings that cannot be changed.  The scan then looks for PnP devices.  The computer loads the last configuration and compares it to the one it just scanned for, and if there is any difference, it begins assigning resources.  It assigns resources to legacy devices first, since they have specific resources that they need.  The PnP devices are then assigned resources out of whatever is left.  The booting process then continues.  If no change was found in the first place, the system keeps the current configuration and continues booting.  


The extended system configuration data (ESCD) lives in upper memory and holds the configuration data for the system.  Whenever the system is changed, the new configuration is saved in the ESCD.  Otherwise, every time the computer was booted, it would scan and reallocate resources.


When the computer is first turned on or restarted, the PnP-compatible BIOS configures the hard drive, keyboard, and video card so that the computer will successfully boot.  If the OS is PnP-compatible, it takes over the configuration process.  Otherwise, the BIOS finishes the process.  The BIOS looks to the ESCD as described earlier.


Here is a more detailed description of how PnP works for a PCI Local Bus.  The PCI device has 64 bytes of configuration registers, shown in the table below.  The ones that are important to PnP are the Vendor ID, Device ID, Base Address Register (BAR), and the Interrupt Line Register.  The first two identify the manufacturer and the specific PnP device; each device has a unique Vendor ID and a Device ID unique to that manufacturer.  The BAR tells which resources the device needs.  The first bit tells whether the device is a I/O or memory space, and the rest of the bits tell how much space is needed.  The base address is written to the BAR after configuration.  The Interrupt Line Register tells which hardware interrupt the device needs.  After configuration, the hardware interrupt goes into this register.  The rest of the registers are not specifically used for plug-and-play.

	Address Offset (Hex)
	Size (Bytes)
	Name
	PNP Parameter

	00
	2
	Vendor ID
	Yes

	02
	2
	Device ID
	Yes

	04
	2
	PCI Command
	No

	06
	2
	PCI Status
	No

	08
	1
	Revision
	No

	09
	3
	Class Code
	No

	0C
	1
	Cache Line Size
	No

	0D
	1
	Latency Timer
	No

	OE
	1
	Header Type
	No

	0F
	1
	Built In Self Test (BIST
	No

	10
	4
	Base Address Register 0 (BAR0)
	Yes

	14
	4
	Base Address Register 1 (BAR1)
	Yes

	18
	4
	Base Address Register 2 (BAR2)
	Yes

	1C
	4
	Base Address Register 3 (BAR3)
	Yes

	20
	4
	Base Address Register 4 (BAR4)
	Yes

	24
	4
	Base Address Register 5 (BAR5)
	Yes

	28
	8
	Reserved
	No

	30
	4
	Expansion ROM Base Address
	No

	34
	8
	Reserved
	No

	3C
	1
	Interrupt Line Register
	Yes

	3D
	1
	Interrupt Pin
	Yes

	3E
	1
	Minimum Grant
	No

	3F
	1
	Maximum Latency
	No



Source: Signatec (http://www.signatec.com/products/appnotes/an003.asp)


When the BIOS begins the configuration, it checks the PCI slots to see if a device is present.  A hexadecimal FFFF means that there is no device present or it is invalid.  It then begins checking the registers and assigning values appropriately as described in the previous paragraph.

The operating system (specifically Windows 95 and above) contains information about the different devices in its registry as well.  It holds information on individual devices, their drivers, and which resources they are using.  Application software uses information from the registry rather than the individual registers.  The device manager that comes with Windows allows the user to view the configuration settings.  Windows NT, since it is not truly PnP-compliant, will not automatically add this information to its registry.  Software setup programs can install the devices and change the registry settings, though.  Windows NT diagnostics is a program similar to the device manager in Windows 95 (and above) that allows the user to view the configuration.

Benefits


The most significant benefit of plug-and-play technology is the ease of installation of new hardware components.  PnP eliminates the need for the user to configure the system using switches and jumpers.  Also, there should be fewer conflicts because the PnP system allocates the resources.  There is also the backward compatibility that PnP offers, allowing for non-PnP devices to still work, as long as they configured.  The operating system’s configuration utility gives information on how all the devices are configured.  Overall, PnP is a form of abstraction that allows the user to install new hardware without knowing the details of what is going on inside the system.  This appeals more to users that do not want to open up their computer and play with settings.  

“Plug-and-Pray”?


Plug-and-Play has often been given the title “Plug-and-Pray” because it does not always work correctly.  It does not work as well when there is a mixture of legacy devices and PnP devices present on a single machine.  When there are too many legacy devices, the PnP devices might try to take their settings.  PnP functions best when all of the devices are PnP-compatible. 


The BIOS must be PnP-compatible in order for the plug-and-play technology to work.  Even if the PCI bus is PnP-compatible, if the BIOS is not, the new devices will not be found automatically.  Also, not all PCI devices are PnP-compatible.


As technology improves, however, the problems with plug-and-play are decreasing.  Eventually, ISA devices will be so obsolete that the majority of systems will contain only PnP-compatible devices, eliminating a lot of the problems caused by mixing legacy devices and PnP devices in the same system.  Also, there have been improvements on the PnP BIOS and operating systems to handle PnP better.


There are several recommendations to minimize the problems with PnP.  First, delete old drivers manually.  Sometimes when new drivers are installed, the old drivers remain. Also, buy PnP devices from well-known manufacturers, and keep drivers up-to-date.



Conclusion



Overall, despite its problems, PnP has served to simplify installation of new hardware, making understanding computers easier for users.  It is simpler and more convenient.  PnP is a large step towards increasing computer usability.

The long-term goal of Universal Plug-and-Play, based on the concept of Plug-and-Play, is to integrate household appliances and provide interconnectivity between different parts of the house, the same way different parts of a computer system communicate.  For example, someone sitting at home watching TV would be able to send recipes from a cooking show to the refrigerator, which would compare a list of ingredients required vs. ingredients already in the refrigerator and generate a “shopping list”.  Another idea is that a message could flash at the bottom of the TV or another appliance in the house when the laundry is finished.  There are all sorts of ways to creatively integrate different areas of the house, and the underlying technology would to accomplish this would be PnP.
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