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102 COMPUTER SYSTEMS ORGANIZATION CHAP. 2 SE
2.3.11 Blu-Ray

Nothing stands still in the computer business, certainly not storage technol-
ogy. DVD was barely introduced before its successor threatened to make it
obsolete. The successor to DVD is Blu-Ray, so called because it uses a blue laser
instead of the red one used by DVDs. A blue laser has a shorter wavelength than
a red one. which allows it to focus more accurately and thus support smaller pits
and lands. Single-sided Blu-Ray disks hold about 25 GB of data; double-sided
ones hold about 50 GB. The data rate is about 4.5 MB/sec, which is good for an
optical disk. but still insignificant compared to magnetic disks (cf. ATAPI-6 at
100 MB/sec and wide Ultra4 SCSI at 320 MB/sec). It is expected that Blu-Ray
will eventually replace CD-ROMs and DVDs. but this transition will take some
years. .

2.4 INPUT/OUTPUT

As we mentioned at the start of this chapter, a computer system has three
major components: the CPU. the memories (primary and secondary), and the I/O
(Input/Output) equipment such as printers, scanners, and modems. So far we
have looked at the CPU and the memories. Now it is time to examine the /O
equipment and how it is connected to the rest of the system.

2.4.1 Buses -

Physically, most personal computers and workstations have a structure similar
to the one shown in Fig. 2-28. The usual arrangement is a metal box with a large .
printed circuit board at the bottom, called the motherboard (parentboard, for the
politically correct). The motherboard contains the CPU chip. some slots into
which DIMM modules can be clicked, and yarious support chips. It also contains '
a bus etched along its length, and sockets into which the edge connectors of /O
boards can be inserted (the PCI bus). Older PCs also have a second bus (the ISA
bus). for legacy /O boards, but modern computers usually lack it and it is rapidly -
dying off. TR
The logical structure of a simple low-end personal computer is shown in .
Fig. 2-29. This one has a single bus used to connect the CPU, memory, and I/O I
devices; most systems have two or more buses. Each I/O device consists of two b
parts: one containing most of the electronics, called the controller, and one con- A
taining the 1/O device itself. such as a disk drive. The controller is usually con- o
tained on a board plugged into a free slot, except for those controllers that are not -
optional (such as the keyboard), which are sometimes located on the motherboard. s hre.
Even though the display (monitor) is not an option, the video controller is some- o
times located on a plug-in board to allow the user to choose between boards with '
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SCSI controller
Sound card )

|:1|:1;‘1
/
/

i

—

/ Card cage
Edge connector
Figure 2-28. Physical structure of a personal computer.

or without graphics accelerators, extra memory, and so on. The controller con-
nects to its device by a cable attached to a connector on the back of the box.

Monitor
Hard
disk drive
| ooooo
. Hard
Video Keyboard CD-ROM :
CPU Memory disk
controller controller controller controllar
Bus

Figure 2-29. Logical structure of a simple personal computer.

The job of a controller is to control its I/O device and handle bus access for it.
When a program wants data from the disk for example, it gives a command to the
disk controller, which then issues seeks and other commands to the drive. When
‘he proper track and sector have been located, the drive begins outputting the data
2~ a serial bit stream to the controller. It is the job of the controller to break the
~it stream up into units, and write each unit into memory, as it is assembled. A
:nit is typically one or more words. A controller that reads or writes data to or
~om memory without CPU intervention is said to be performing Direct Memory
s ccess, better known by its acronym DMA. When the transfer is completed, the
~ontroller normally causes an interrupt, forcing the CPU to immediately suspend
~nning its current program and start running a special procedure, called an

Petitioners' Exhibit 1025
Page 18 of 21




104 COMPUTER SYSTEMS ORGANIZATION CHAP. 2

interrupt handler. to check for errors, take any special action needed. and inform
the operating system that the I/O is now finished. When the interrupt handler 1s
finished. the CPU continues with the program that was suspended when the inter-
rupt occurred.

The bus is not only used by the 1/O controllers, but also by the CPU for fetch-
ing instructions and data. What happens if the CPU and an I/O controller want to
use the bus at the same time? The answer is that a chip called a bus arbiter
decides who goes next. In general, I/O devices are given preference over the
CPU. because disks and other moving devices cannot be stopped, and forcing
them to wait would result in lost data. When no I/O is in progress, the CPU can
have all the bus cycles for itself to reference memory. However, when some I/O
device is also running. that device will request and be granted the bus when it
needs it. This process is called cycle stealing and it slows down the computer.

This design worked fine for the first personal computers, since all the com-
ponents were roughly in balance. However, as the CPUs, memories, and 1/0
devices got faster, a problem arose: the bus could no longer handle the load
presented. On a closed system. such as an engineering workstation, the solution
was to design a new and faster bus for the next model. Because nobody ever
moved I/O devices from an old model to a new one, this approached worked fine.

However, in the PC world. people often upgraded their CPU but wanted to
move their printer, scanner, and modem to the new system. Also, a huge industry
had grown up around providing a vast range of 1/0 devices for the IBM PC bus,
and this industry had exceedingly little interest in throwing out its entire invest-
ment and starting over. IBM learned this the hard way when it brought out the
successor to the IBM PC. the PS/2 range. The PS/2 had a new, and faster bus, but
most clone makers continued to use the old PC bus. now called the ISA (Industry
Standard Architecture ) bus. Most disk and 1/O device makers also continued to
make controllers for it, so IBM found itself in the peculiar situation of being the
only PC maker that was no longer IBM compatible. Eventually, it was forced
back to supporting the ISA bus. As an aside. please note that ISA stands for
Instruction Set Architecture in the context of machine levels whereas it stands for
Industry Standard Architecture in the context of buses.

Nevertheless, despite the market pressure not to change anything, the old bus
really was too slow, so something had to be done. This situation led to other com-
panies developing machines with multiple buses, one of which was the old ISA
bus, or its backward-compatible successor, the EISA (Extended ISA) bus. The
most popular of these now is the PCI (Peripheral Component Interconnect)
bus. It was designed by Intel, but Intel decided to put all the patents in the public
domain, to encourage the entire industry (including its competitors) to adopt it.

The PCI bus can be used in many configurations, but a typical one is illus-
trated in Fig. 2-30. Here the CPU talks to a memory controller over a dedicated
high-speed connection. The controller talks to the memory and to the PCI bus
directly, so CPU-memory traffic does not go over the PCI bus. However, high-
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SEC. 24 INPUT/OUTPUT 105

bandwidth (i.e., high data rate) peripherals can connect to the PCI bus directly. In
addition, here the PCI bus has a bridge to the ISA bus, so that ISA controllers and
their devices can still be used, although as mentioned earlier, the ISA bus is being
phased out. A machine of this design would typically contain three or four empty
PCI slots and one or two ISA slots, to allow customers to plug in both old ISA 1/0
cards (usually for slow devices) and new PCI I/O cards (usually for fast devices).

Memory bus
CPU PCI // Main
1 scs| [cache] bridge memory
) bus
¢ | |
| Scsl scsl Scsl Video Network
scanner disk controller controller| |controller

), PCI bus
n
r |
Sound Printer

4 card controller Bladem
b
5. ISA bus
e Figure 2-30. A typical modern PC with a PCI bus and an ISA bus. The modem
it and sound card are ISA devices; the SCSI controller is a PCI device.
Y ‘ . ‘
io Many kinds of I/O devices are available today. A few of the more common
e ones are discussed below.
id .
bi 2.4.2 Terminals
or

Computer terminals consist of two parts: a keyboard and a monitor. In the
us mainframe world, these parts are often integrated into a single device and attached
n- to the main computer by a serial line or over a telephone line. In the airline reser-
A vation, banking, and other mainframe-oriented industries, these devices are still in
he widespread use. In the personal computer world, the keyboard and monitor are
ot) independent devices. Either way, the technology of the two parts is the same.
lic

Keyboards

is-
fed Keyboards come in several varieties. The original IBM PC came with a key-
s board that had a snap-action switch under each key that gave tactile feedback and
sh- made a click when the key was depressed far enough. Nowadays, the cheaper
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UNICODE uses the same code point for characters that look almost identical
but have different meanings or are written slightly differently in Japanese and
Chinese (as though English word processors always spelled “blue’” as blew”
because they sound the same). Some people view this as an optimization to save
scarce code points; others see it as Anglo-Saxon cultural imperialism (and you
thought assigning 16-bit values to characters was not highly political?). To make
matters worse, a full Japanese dictionary has 50,000 kanji (excluding names), so
with only 20,992 code points available for the Han ideographs, choices had to be
made. Not all Japanese people think that a consortium of computer companies,
even if a few of them are Japanese, is the ideal forum to make these choices.

2.5 SUMMARY

Computer systems are built up from three types of components: processors,
memories, and I/O devices. The task of a processor is to fetch instructions one at
a time from a memory, decode them, and execute them. The fetch-decode-
execute cycle can always be described as an algorithm and, in fact, is sometimes
carried out by a software interpreter running at a lower level. To gain speed,
many computers now have one or more pipelines or have a superscalar design
with multiple functional units that operate in parallel.

Systems with multiple processors are increasingly common. Parallel com-
puters include array processors, on which the same operation is performed on
multiple data sets at the same time, multiprocessors. in which multiple CPUs
share a common memory, and multicomputers, in which multiple computers each
have their own memories but communicate by message passing.

Memories can be categorized as primary or secondary. The primary memory
is used to hold the program currently being executed. Its access time is short—a
few tens of nanoseconds at most—and independent of the address being accessed.
Caches reduce this access time even more. Some memories are equipped with
error-correcting codes to enhance reliability.

Secondary memories, in contrast, have access times that are much longer
milliseconds or more) and dependent on the location of the data being read or
written. Tapes, magnetic disks and optical disks are the most common secondary
memories. Magnetic disks come in many varieties, including floppy disks, Win-
chester disks, IDE disks, SCSI disks, and RAIDs. Optical disks include CD-
ROMs, CD-Rs, and DVDs.

I/O devices are used to transfer information into and out of the computer.
They are connected to the processor and memory by one or more buses. Exam-
ples are terminals, mice, printers, and modems. Most /O devices use the ASCII
character code, although UNICODE is rapidly gaining acceptance

as the com-
puter industry goes global.

Petitioners' Exhibit 1025
Page 21 of 21




	Front cover
	Inside cover
	Inside cover 2
	Inside Cover through TOC
	102
	103
	104-105
	2 Summary Page



