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Chapter 1 Hardware

1.1 A Closer Look at the -Processor and Primary Storage

We have learned that all computers have similar capabilities and perform essentially the same
functions, although some might be faster than others. We have also learned that a computer
system has input, output, storage, and processing components; that the processor is the
“intelligence ” of a computer system; and that a single computer system may have several
processors. We have discussed how data are represented inside a computer system in electronic
states called bits, We are now ready to expose the inner workings of the nucleus of the computer
system—-the processor.

The internal operation of a computer is interesting,but there really is no mystery to it. The
mystery is in the minds of those who listen to hearsay and believe science-fiction writer. The
computer is a nonthinking electronic device that has to be plugged into an electrical power source,
just like a toaster or a lamp.

Literally hundreds of different types of computers are marketed by scores of
1]

manufacturers The complexity of each type may vary considerably, but in the end each

processor , sometimes called the central processing unit or CPU, has only two fundamental
sections : the control unit and the arithmetic and logic unit. Primary storage also plays an integral

part in the internal operation of a processor. These three

primary storage ,the control unit,

and the arithmetic and logic unit work together. Let’s look at their functions and the

relationships between them.

Unlike magnetic secondary storage devices,such as tape and disk, primary storage has no
moving parts. With no mechanical movement, data can be accessed from primary storage at
electronic speeds, or close to the speed of light. Most of today’s computers use CMOS
(Complementary Metal-Oxide Semiconductor) technology for primary storage. A state-of-the-
art CMOS memory chip about one eighth the size of a postage stamp!*'can store about 4,000,000
bits ,or over 400,000 characters of data!

Primary storage, or main memory, provides the processor with temporary storage for
programs and data. All programs and data must be transferred to primary storage from an input
device (such as a VDT) or from secondary storage (such as a disk) before programs can be
executed or data can be processed. Primary storage space is always at a premium ; therefore,after
a program has been executed, the storage space it occupied is reallocated to another program
awaiting execution.

Figurel-1 illustrates how all input/output (I/O) is“read to” or “written from ” primary

storage. In the figure,an inquiry (input) is made on a VDT. The inquiry,in the form of a
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message , is routed to primary storage over a channel (such as a coaxial cable). The message is
interpreted ,and the processor initiates action to retrieve the appropriate program and data from
secondary storage’®. The program and data are“loaded”, or moved, to primary storage from
secondary storage. This is a nondestructive read process. That is,the program and data that are
read reside in both primary storage (temporarily) and secondary storage (permanently). The
data are manipulated according to program instructions,and a report is written from primary

storage to a printer.

Programs and data Data
ﬂ Secondary storage ]\L
[ rRoMm [ pPrOM | EPROM T

Channel
D $ Primary storage(RAM)

[ t b 14

(FFFFFZPN Cache memor: J
; + a emory * T Qutput (report)
o Decoder Accumulator
Input (inquiry) L
Program General — purpose
register register
Instruction General — purpose
register register
General —purpose Arithmetic
register and
logic unit

Control unit

Figurel-1 Interaction Between Primary Storage and Computer System Components

All programs and data must be transferred from an input device or from

secondary storage beforc programs can be executed and data can be

processed. During processing . instructions and data are passed between

the various types of internal memories, the control unit, and the

arithmetic and logic unit. Qutput is transferred to the printer from

primary storage.

A program instruction or a piece of data is stored in a specific primary storage location called
an address. Addresses permit program instructions and data to be located, accessed, and
processed. The content of each address is constantly changing as different programs are executed

and new data are processed.

Anocther name for primary storage is random-access memory,or RAM. A special type of
primary storage,called read-only memory (ROM),cannot be altered by the programmer. The
contents of ROM are “hard-wired ” (designed into the logic of the memory chip) by the
manufacturer and can be®read only”. When you turn on a microcomputer system,a program in

ROM auromatically readies the computer system for use. Then the ROM program produces the
initial display screen prompt.
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A variation of ROM is programmable read-only memory (PROM). PROM is ROM into
which you, the user, can load “read-only ” programs and data. Once a program is loaded to
PROM, it is seldom,if ever,changed. However,if you need to be able to revise the contents of

PROM , there is EPROM ,erasable PROM.

Cache Memory

Program and data are loaded to RAM from secondary storage because the time required to
access a program instruction or piece of data from RAM is significantly less than from secondary -
storage. Thousands of instructions or pieces of data can be accessed from RAM in the time it
would take to access a single piece of data from disk storage’*. RAM is essentially a high-speed
holding area for data and programs. In fact,nothing really happens in a computer system until
the program instructions and data are moved to the processor. This transfer of instructions and
data to the processor can be time-consuming,even at microsecond speeds. To facilitate an even
faster transfer of instructions and data to the processor,most computers are designed with cache
memory. Cache memory is employed by computer designers to increase the computer system
throughput (the rate at which work is performed).

Like RAM,cache is a high-speed holding area for program instructions and data. However,
cache memory uses a technology that is about 10 times faster than RAM and about 100 times

more expensive. With only a fraction of the capacity of RAM, cache memory holds only those

instructions and data that are likely to be needed next by the processor.
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1.2 RAID Technology

In an industry where there are few breakthroughs, disk array technology may be an
exception.

Users looking to downsize!'! their operations from departmental minicomputers or
enterprisewide mainframes will need the sheer size and data security just now being offered by PC
drive manufacturers.

Disk array technology can provide two benefits: high performance and data security. Most of
these development efforts are based on a paper originated by the University of California at
Berkeley which called the technology RAID(Redundant Arrays of Inexpensive Drives)!?!,

Researchers at U. C. Berkeley performed analysis comparing high performance drives
designed for PC/AT systems to those used by mainframes and minicomputers. While the
inexpensive PC drives had comparable data transfer rates and approximately equal average access
speeds, their failure rates were also much higher.

However, the U. C. Berkeley researchers speculated that use of arrays of the inexpensive
drives can provide similar performance and capacities to those'® provided by the much more costly
mainframe and minicomputer drives, but at a much lower cost.

Overcoming the relatively high failure rate of the PC drives was approached through the
concept of redundancy. Although five levels of RAID were delineated, each level provides
security by splitting up the data across an array of drives, instead of putting all the data on one
drive.

Level One RAID is the simplest form of array technology. Its primary benefit is data
security , along with some performance advantages.

Basically, Level One RAID uses two drives for mirroring. What is written to one drive is
LI



written at the same time to the second drive. If one drive fails, all the data, up to and including
that which was being written at the time of drive failure, will be found on the drive still running
normally,

In addition to the data security provided by a mirrored drive, performance can be boosted for
data reads. Because the data is located in the same place on both drives, an intelligent controller
can take advantage of redundancy and can position the read head of the unused drive in
anticipation of a read request.

Intelligently positioning the heads on the two drives can significantly reduce the time it takes
for a drive head to locate the data to be read. ™

The addition of a third drive to a simple two-drive,Level One RAID architecture adds to the
complexity of the system design. when a third drive is added, the actual usable capacity of the
array doubles that of a one-or two-drive array. Thus,a two-drive array using 30 gigabyte drives
provides a capacity of 30 gigabytes, while a three-drive array provides a total capacity of 60
gigabytes.

Instead of mirroring a single drive,data is distributed across the three drives. In theory,one
third of the three-drive array is in use for data backup,parity,and error-correction data. If one
drive fails,data on the remaining two drives would be adequate to keep the system running,and
for reconstructing the failed drive.

Although data, error-correction code, and parity data can be spread across many drives,
reducing the risk of data loss to near zero,performance can also be significantly boosted.

With intelligent control of the drive electronics,drive heads can be positioned in anticipation
of read requests. Further,data can be written on one drive while it is being read from another
drive. .

Five levels of RAID have been defined by the group at the University of California at
Berkeley, with Level Five providing highest performance and greatest security. In Level Five
RAID, more than one drive can be writing concurrently. “In an eight-drive system; you can do
four simultaneous writes,”said Mike Anderson,director of engineering for the storage systems
division at Micropolis Corp.

Management of Level Five is complex. “Each drive has data and parity,and you have to
figure on the fly'"’ where everything is,and how to update it,” Anderson said. “Many people
think Level Five is only for transaction processing, it’s also for network servers. When you
configure Level Five properly,it can also supply a very high data rate, ”Anderson said.

Today’s drive array architectures lack any clear standards. Although several vendors offer
RAID Level Five, the means of implementing the arrays varies from manufacturer to manufac-
turer.

For large systems,HIPPI(high performance parallel interface) has been proposed as an AN-

SI standard. Currently , HIPPI systems require dedicated drive controllers and can use ESDI or
other high-performance hard disk drives.
Levels RAID

Level 1: provides disk mirroring. Data written to one disk is mirrored to second disk.
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