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PC/AT Bus


The PC/AT bus, or AT for short, was the standard bus for all IBM PCs, as well as those PCs by manufacturers that wished to use the IBM personal computer standard.  The AT bus was preceded by the XT bus, but added additional interrupts and direct memory access (DMA) channels.  This helped keep the AT bus backward compatible with the older XT bus cards.  The AT bus was designed from the start to support many different iterations of the computer systems of the time, keeping the bus speed at eight megahertz.  Doing this ensured that all expansion cards of the time would be compatible with each other, eliminating the headache of checking each card to be sure that it would work in a given system.  This also persuaded manufacturers of IBM compatible PCs to conform to this standard, thereby indirectly enforcing an industry standard, which helped the emerging PC market grow.  This brought about consumer confidence in the market, since all new PCs were compatible with each other; small businesses did not have to worry about any subtle differences between different systems and any different software packages they might have to buy for theses different systems.


The AT bus is an eight megahertz bus that moves along a 16 bit data path.  This bus also includes 24 address lines and operates at a maximum transfer rate of eight megabits per second (Mbps). The AT bus in sometimes referred to as ISA, which is not entirely true, since ISA includes the XT bus, which is an 8 bit version of the AT bus.

When designing the AT bus, the designers knew that PC speeds would soon begin to climb.  So, to keep the bus as useable for as long as possible, the design team designed the AT bus so that the AT bus and the CPU bus could run at different speeds.  An AT card can also be plugged into a standard ISA bus connector, which was a feature that ensured that some older components could be reused, therefore helping cut costs for the next wave of systems.  However, this speed difference quickly became too much for the AT bus to handle, and it became a bottleneck for the next wave of computer systems.  It was because of this bottleneck that IBM introduced the Micro Channel Architecture (MCA) bus in 1987, but they failed to make it backward compatible with XT and AT buses, so MCA never caught on.

Micro Channel Architecture Bus


Since the ISA bus was so well documented and widely used, other vendors began to manufacture and market peripherals compatible with the ISA standard. IBM began to feel the effects as a loss of market share.
To regain some market control, IBM released the Micro Channel Architecture Bus in 1987 as an update or upgrade to the ISA bus. It was designed with several additional features over the ISA bus. Among these was a 32-bit bus. MCA still operated at 8 MHz, giving it a 33 MBps throughput. It also featured something similar to the Plug and Play auto-configuring cards. The MCA bus supported bus-mastering adapters which increased efficiency, including proper bus arbitration.

While this bus enjoyed some contemporary technical advantages, it suffered some economic disadvantages. Two factors effectively killed the MCA bus’ wide use in the market. First, they decided to make the bus proprietary. They had in fact done this with the ISA bus, but at that time IBM enjoyed such a wide market share that they could afford to do so. Also at the introduction of the ISA bus, not many vendors were even interested in cloning IBM products. By 1987, “copycats” were a major concern for them. Their second ill-fated decision was to not install backwards-compatibility with the ISA bus. Many users found the idea of having only one source for all devices distasteful and simply didn’t purchase systems using the MCA bus.

For the most part, MCA buses are not used. However, some IBM 6000 RISC UNIX servers still use it.

VESA Local Bus


As time went on throughout the computer industry, processor speeds climbed astronomically.  This created a bottleneck within the aging ISA bus.  Something had to be done about this, and the result was the Video Electronics Standards Association (VESA) Local bus.  Introduced in 1992, the VESA Local bus (VLB) was developed for video performance in home and office PCs.


The VLB has a 32-bit path, and supports speeds up to 33 megahertz.  The VLB also has 30 address bits, and allows a maximum of 3 devices connected.


The VLB contains all the physical characteristics of the ISA bus, with additional data paths, so ISA devices could use the VLB.  This was somewhat wasteful, however, since ISA slots were more plentiful than VLB device slots.  However, due to the extra data paths included with VLB devices, VLB devices could NOT be used in ISA connections


The VLB was used primarily for 486 motherboards, although it was used occasionally for the original Pentium class chipsets.  Its use, however, was short lived.  In 1994, the VLB began its downfall.  There were a variety of reasons for this, including Intel pushing the new PCI bus for high-speed video, problems with synchronization of two or more VESA devices, and lack of Plug and Play support.  The design of the VLB also made it increasingly difficult to adapt the VLB to the newer class Pentiums and Pentium II’s that was emerging in the market.  Add this to the ability of the PCI bus to support Plug and Play, and the VLB was soon on its way out.

Industry Standard Architecture Bus


IBM introduced the Industry Standard Architecture bus in 1982. The ISA Bus was used on the first PC (IBM-XT); the 8-bit bus ran at a speed of 4.77MHz. The IBM-AT (Using the Intel 80286 processor) was released the bus had been expanded to 16 bits with an initial speed of 6Mhz and quickly sped up to 8Mhz by 1984.

The ISA bus uses a sixteen-bit connection with this 8MHz clocking signal. Its theoretical data transfer rate is 16 MBps. However, the true data transfer rate is 8Mbps when you consider that one bus cycle is required for addressing and a further bus cycle for the 16-bits of data.

The easiest way to identify whether a PC card is an eight or sixteen bit ISA card is looking at it. If only one portion of the connector is used, (near the back of the PC) it is an eight-bit card. If both portions are used, it is a sixteen-bit card.

A joint venture between Microsoft and Intel in 1993 resulted in the PnP (Plug and Play) ISA bus. The PnP ISA bus was designed to automatically detect popular peripheral devices like sound cards, video cards and modems. Previously, users had to configure the devices with jumpers and dipswitches. 

The ISA bus enjoyed extremely widespread use for over15 years. Despite the advent of technically superior bus architectures such as MCA and EISA, the ISA bus was more popular than them. Largely due to it’s huge base of peripheral devices. For manufacturers providing legacy support for older devices, ISA is still used. But as these older systems are replaced and upgraded, these buses will become increasingly rare. Most manufacturers are trying to eliminate the use of the ISA bus.
Extended Industry Standard Architecture Bus


In 1987, nine IBM competitors: AST Research, Compaq, Epson, Hewlett Packard, NEC, Olivetti, Tandy, WYSE, and Zenith Data Systems collaborated and designed the Extended Industry Standard Architecture Bus. This bus was designed as a direct competitor to the IBM MCA bus.

Like the MCA bus, it featured a 32-bit bus width at 33 MHz for a 33 MBps throughput. It also supported Plug-and-Play type auto-configuration and bus mastering like the MCA bus.

Unlike the MCA bus, it could support a sixteen-bit ISA card in its’ first row for backwards compatibility. It also supported IRQ Sharing

Unfortunately, despite this advantage over the MCA bus the EISA bus never became popular with the PC purchasing public. This is probably due to the much larger cost of EISA based systems and to poor availability of EISA devices.
PCI Local Bus


The PCI local bus (peripheral component interconnect bus) is a product of Intel, created in the early 1990’s.  It is used to interconnect chips, expansion boards and processor subsystems, and allows direct access to system memory for connected devices.  The first use of the PCI bus in personal computers was in 1994 with the “Saturn” chipset and 486 processor.  Upon the introduction of this high performance bus, PCI replaced EISA, VLB, and MCA.  The ISA slot was left on the board, but it’s estimated that soon enough the PCI will replace this one as well.  It was also discussed in 1998 that the standards for the PCI local bus to go up and support speeds of 133 MHz.  


The PCI bus can be in synchronization with the system clock or not.  The initial PCI could handle clock speeds of 33 MHz; this however was soon outdated and increased to handle 66 MHz operations.  Most PCI buses today still use the 33 MHz speed though.  If the PCI is set up not to run in synchronization with the memory bus it is usually controlled by either jumpers or BIOS settings.  PCI uses a 32-bit multiplexed data and address bus.  It has the ability to support a 64-bit bus through a longer slot, but most personal computers use the 32-bit model.  Below is a table illustrating the superior speed of the PCI local bus over several of its competitors.

	Bus Type
	Bus Width
	Bus Speed
	MB/sec

	ISA
	16 bits
	8 MHz
	16 MBps

	EISA
	32 bits
	8 MHz
	32 MBps

	VL-bus
	32 bits
	25 MHz
	100 MBps

	VL-bus
	32 bits
	33 MHz
	132 MBps

	PCI
	32 bits
	33 MHz
	132 MBps

	PCI
	64 bits
	33 MHz
	264 MBps

	PCI
	64 bits
	66 MHz
	512 MBps

	PCI
	64 bits
	133 MHz
	1 GBps


One major advantage of the PCI bus over its competitors is BURST MODE.  This term refers to the bus’ ability to, once an address is provided; send multiple lines of data very rapidly in close succession.  The PCI bus also supports a plethora of expansion cards, ranging from video cards, high-speed network cards, and SCSI host adapters.  There are some limitations to what the PCI can support.  Serial ports and Parallel ports are still only available for use in the ISA slot.  The PCI bus was also the first bus to allow bus mastering, letting a device other than the chipset take control and perform transfers directly. Arbitration circuitry is also used within the PCI local bus.  This is used to make sure that no device on the bus can lock out any other device; this includes the processor.  Arbitration in essence makes the PCI act like a small LAN (local area network) by allowing all of the devices to freely interact with one another.

Accelerated Graphics Port

The Accelerated Graphics Port, or AGP for short, is an interface that allows 3D images on computers.  It was made for the Pentium II series motherboards, and was designed to allow the system memory directly access textures, known as Direct Memory Execute (DIME).  This cuts out the pre-AGP step of loading the textures from the hard drive via the IDE bus or the PCI bus.  Also the AGP interface peaks at four times the speed of the PCI bus, making it excellent for transferring textures quickly and efficiently. Also since the textures can be accessed directly, the graphics controller is required to keep fewer textures in local memory.  This takes pressure off of the entire system. 


The AGP also allows bursting, sending data in rapid succession, just as the PCI bus does.  Also pipelining is used by the AGP.  This means that the AGP overlaps the memory and is able to transfer its data before any other data can be sent.  Another powerful enhancement supported by the AGP is called the Graphics Address Re-mapping Table (GART).  This table was created as a result of the virtual memory system organizing main memory in haphazard order over a 4KB space.  In order to find anything the DMA has to repeatedly call scatter-gather operations.  The GART creates a linear space of addresses used for graphical purposes.

USB


In the mid-nineties, computer industry leaders realized that there existed a need for a universal means to connect peripheral devices to computers. Companies such as Microsoft, Compaq, Intel, NEC and more wanted to illuminate the serial and parallel port and move everything to one external port, providing simplicity to both users and developers. During 1995 the USB IF, Universal Serial Bus Implementers Forum, was created to develop and raise awareness of a bus that would do just this. 

Entitled Universal Serial Bus, or USB for short, this new means of connecting all sorts of peripherals to computers was introduced to the personal computer market in 1998. Given the plethora of companies that assisted in its development, USB is cross platform compatible, with both IBM and MAC support. The only changes that need to be made when changing platforms are in the drivers; no hardware aspect needs to be altered. This increase in market size for hardware compatibility will provide products at cheaper cost. On the subject of software, another interesting characteristic of USB should be noted. One of the main purposes for the creation of USB was to bring simplicity to peripherals; this is not only found in the hardware but also the software of USB. Plug and play is used to help the installation of USB devices making them normally out of the box solutions. Another perk is USB is hot swappable meaning devices can be added and removed with out the need of rebooting the computer. 

As for the technical aspects of USB, it is an external bus connected into a port on a computer. Multiple devices, up to 128, can be connected to a single port through the use of a hub; keep in mind, a hub is regarded as one of these devices. To connect the devices a compact 4-pin connector is utilized; this is dramatically better then tradition bulky serial and parallel connector, which was 9 and 25 pin respectively. The purpose of these pins is very simple. Two of the pins provide a 5 volt power supply, one for negative and one for positive, for smaller devices to use. This helps reduce merchandise cost and also hardware development time because products no longer need to incorporate their own power supplies.  

The remaining lines are provided for data transfer. Depending on the speed of data transmission, these two lines might vary in construction slightly. Low speed data lines, 1.5 Mbps, do not require that the data lines are twisted or shielded. This type of connection is commonly used for communication to sound, traditional serial and printing devices. For higher speed connections, 12 Mbps, data lines are twisted and shielded. These wires can run longer then lines constructed for low speed communications, 5 meters as apposed to 3 meters. Typical uses for these lines are the transmission of video, connection to external hard drives, and patching together hubs. It is important to note though that between the two data connections, even the slower connections for USB are still significantly faster then traditional parallel and serial transmission speeds. 

Over all, USB adequately fulfilled the requirements for which it was developed. It provided a universal cross platform means of connection peripherals to computer system in an easy cost effective fashion. The speeds of data transmission provided by USB are also attributed to a huge leap forward in external devices given how far superior it is to dated serial and parallel connections. For these reasons USB is the new connection of choice for the computer industry and in all likely hood it is here to stay for a good deal of time. 


Firewire

As USB was beginning to become successful, Apple Computers realized that there will soon, if not currently, be a need for even faster means of connecting external peripherals. Work was begun on IEEE Standard 1394, better known as Firewire. The idea of Fire wire was about the same as USB. Emphasis was still placed on ease of use with “plug and play” and “hot swap” support, ease of development, and cross platform compatibility with the only real difference being the trade of affordability for speed of transmission. Firewire generally cost more on the consumer market then USB but it is significantly more expensive. Currently data transfer speeds are up to 200 Mbps, which is significantly greater then USB’s fastest transfer rate of 12 Mbps. Not only that but means of transferring up to multi-Gbps are seen in the near future. These speeds even surpass previously fast speeds of internal buses such as SCSI. 

The main uses for Firewire currently lie in the multimedia fields of the computer industry, explaining Apple Computer’s intense interest in this bus. The hardware and protocol specifications of this bus are primarily for audio/video streams and large file transfers. Data transfers in isochronous fashion provide guarantee bandwidth for applications that demand streaming data, such as live video and audio.  This bus is clearly designed for applications demanding unsurpassed data connection speeds. 

Beyond the data transfer rates, USB and Firewire are very similar in both reasons for design and hardware solution; Firewire does have a couple other differences though. Of these differences, the way in which communication is handled between peripherals has changed. On a USB bus, the controller found in the computer communicates with different devices in a master slave relationship. Firewire, on the other hand, sets up a peer-to-peer relations ship between devices; this provides many advantages. For example multiple computers can be connected to multiple peripherals, all on the same network. Also devices can easily communicate between themselves without the need of a computer such as with video dubbing between two computers. This peer-to-peer networking aspect was added to encourage the closer of the ever-dwindling gap between computers and home appliances. Another difference between USB and Firewire is that Firewire currently only supports 64 connections, one of which must be a hub. This though is slated to change in the next version of 1394 where 60,000 connections will be allowed. 

Overall though Firewire is generally reserved for those who need the extra speed for example graphic designers. Since Firewire is a new technology it is significantly more the USB products. This being said, the major trade off between these similar technologies is the affordability for speed of transmission. USB for this reason is currently more prevalent in home computing products. Firewire though seems to be the up and coming means for communication between external devices and computer systems. 

BIBLIOGRAPHY

author unknown “AGP” URL: http://www.sysopt.com/agp.html
author unknown (2002?) "ISA Bus Overview" URL: http://www.quatech.com/ApplicationObjects/FAQs/comm-over-isa.htm

author unknown (1998)  "AT bus"  URL:  http://www.webopedia.com/TERM/A/AT_bus.html
author unknown, http://www.usbsecurity.com/eng/usb_page/usb_tut/storia.asp
author unknown, http://www.usb.org/
author unknown,  http://www.computerhope.com/help/bus.htm#02
Apple Computer (2000), “Accelerated Graphics Port Bus” URL: http://developer.apple.com/techpubs/hardware/Developer_Notes/Macintosh_CPUs-G4/PowerMac_G4_03Aug00/PMG4.16.html
Apple Computer (2002), “Why incorporate USB into Mac Architecture” http://developer.apple.com/hardware/usb/whyusb.htm
Browne, Christopher, “MicroChannel Architecture” http://www.cbbrowne.com/info/footmca.html
Davis, Leroy (2002)  "ISA Bus / AT Bus" URL: http://www.interfacebus.com/Design_Connector_PCAT.html
Gardner, Brian (1998)  "Expansion Slots" URL: http://web.ukonline.co.uk/b.gardner/mapinfo/expansionslots.html

Kozierok, Charles M.(1997-2001) “Peripheral Component Interconnect” URL: http://www.pcguide.com/ref/mbsys/buses/types/pci.htm
Kozierok, Charles M. (2001)  "VESA Local Bus (VLB)" URL: http://www.pcguide.com/ref/mbsys/buses/types/olderVLB-c.html
Kozierok, Charles M. (2001) http://www.pcguide.com/ref/mbsys/buses/types/older.htm
Kuo, Hank and Adam Labelson (1998) “Introduction- The Accelerated Graphics Port” URL: http://www.cs.umd.edu/class/fall1998/cmsc411/projects/agp/intro.htm
MacSpeedZone, http://macspeedzone.com/archive/5.0/de/firewire.html

TechFest (1999) “PCI Local Bus: technical summary” URL: www.techfest.com/hardware/bus/pci.htm

ThinkQuest (1995-2001), http://library.thinkquest.org/C006208/data/system-fsb.php?tqskip1=1&tqtime=0420
Tyson, Jeff (1998-2002), “How PCI works” URL:  http://www.howstuffworks.com/pci2.htm    

PAGE  

