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Unit 1 Hardware |

1.1 A Closer Look at the Processor and Primary Storage

s

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 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 DRAM
(Dynamic Random-Access Memory) technology for primary storage. A state-of-the-art
DRAM chip about one eighth the size of a postage stamp'® can store about 256,000,000 bits,
or over 25,600,000 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 premfum;
therefore,after a program has been executed, the storage space it occupied is reallocated to
another program awaiting execution.

Figure 1-1 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 coarial 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

H Secondary storage ﬂ
N A4

) RoM | proM | EPROM
) Primary storage (RAM)

Pl v |

l Cache memory I

Output (report)

(inquiry) Level 1
Cache
2 Registers
o
=
E
2
il
ALU
|| Control
unit
CPU

Figure 1-1 Interaction Between Primary Storage and Computer System Components
All programs and data must be transferred from an input device or
from secondary storage before 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.

Another 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 automatically 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. Before a write operation, all the storage cells
must be erased to the same initial state.

A more attractive form of read-mostly memory is electrically erasable programmable read-
only memory (EEPROM). It can be written into at any time without erasing prior contents;
only the byte or bytes addressed are updated., &

The EEPROM combines the advantage of nonwolatility with the flexibility of being
updatable in place " using ordinary bus control, address, and data lines.

Another form of semiconductor memory is flash memory (so named because of the
speed). Flash memory is intermediate between EPROM and EEPROM in both cost and
functionality. Like EEPROM, flash memory uses an electrical erasing technology. An entire
flash memory can be erased in one or a few seconds, which is much faster than EPROM. In
addition, it is possible to erase just blocks of memory rather than an entire chip. However,
flash memory does not provide bytelevel erasure. ™ Like EPROM, flash memory uses only
one transistor per bit, and so achieves the high density of EPROM.

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 SRAM (Static RAM) 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. Two types of cache memory appear widely in computers. The first is referred to as
internal cache and is built into the CPU chip. The second, external cache, is located on chips
placed close to the CPU chip. A computer can have several different levels of cache memory.
Level 1 cache is virtually always built into the chip. Level 2 cache used to be external cache
but is now typically also built into the CPU like level 1 cache.



POWER SUPPLY
The power supply
converts standard
electrical power into
a form the computer
can use.

EXPANSION CARDS

Expansion cards enable users

to add new peripherals or

capabilities to a computer system.

EXPANSION SLOTS

Expansion slots allow the

insertion of expansion cards.
SYSTEM BOARD
The system board is
the main circuit board

STORAGE BAYS
Storage bays hold storage devices,
such as the floppy.CD/DVD.Zip,
and hard drives shown here
CPU CHIP
The CPU chip does
calculations and com-
parisons and controls
other parts of the
computer system,

CD/DVD DRIVE
CDs or DVDs are
inserted here.

HARD DISK DRIVE
The hard disk drive
is the principal
storage medium

\FLOPPY DRIVE
Floppy disks are
inserted here

ZIP DRIVE

Most system units have
room for at least one
additional removable
media drive,such as

the Zip drive shown here

of the computer,and
all components of the
computer system
connect to it

MEMORY (RAM)
Memory temporarily
stores data while you
are working with it.

Figure 1-2 Inside a typical PC system unit. The system unit houses the CPU,

memory, and other important pieces of hardware
Words and Expressions

processor [ 'prouseso ] n. AbFEAL

primary storage F1EfEas

bit [bit] n. 7, ZHFHINL, HFF

hearsay [ 'hissei] n. &8, /&

scores of %

CPU (Central Processing Unit) H 32 4b ¥4,
control unit #EHIERHE, EHlEE

arithmetic and logic unit B ARZ {4

integral parts ASA]ERAGERST, AR5

tape and disk REHF FIRE A

DRAM (Dynamic RAM) A& BHLZ B #2S 5
SRAM (Static RAM)  #ZSBEYLAFIUAF k2%

a state of the art (the state of the art) HAj LZ/K¥, &H A BKE
chip [tfip] n. &H

VDT (Video Display Terminal) Sl ERA



secondary storage $iBIFEfERY, —RIFMES

at a premium JEFEZFR

reallocate [rir'eelokeit | v. EHHHC

capacity [ke'pa&siti] n AR

coaxial cable [F]#HHL 4%

program and data & FFEHE

instruction [in'strakfen] n. 354

register [ 'redziste] n. FFFaR. L%, BiCHE, Bid, HH
location [lou'keifon] n. BJG, (VB

RAM (Random Access Memory) FEHIAFEUFEESS; ROM(Read Only Memory) HEEfFfEas
hardwired ['ha:d'waisd ] adj. BERELRH, LR, FE{F (LR SEIH
EPROM (Erasable PROM) A7) 48 RiE7F 4% 2%
PROM (Programmable Read-Only Memory) 7] 4z# ROM
read-mostly adj. PATERFEHR, KEF LR

EEPROM (Electrically Erasable Programmable ROM) H 7] # 1] 45 ROM
nonvolatility [non'vola'tiliti ] n. JE5) Sk

updatable [ 'apideitabl] adj. AJ[{EEH

in place 7EiE XIS, FFEE

semiconductor [semikan'dakta] n. F&{&

flash memory [NfF

functionality [ 'fank[eneiliti| n. ThRE, ThEEM:, R%H:
byte-level 4%

cache [ ke[| n. BEELE, B

throughput [0ru(:) 'put] n. FH&, £°&, £=/hH

be referred to as FRYE, PUFE

virtually [ 'vetjusli] adv. B|SL b, Lhr b

house [haus] vt. TR, 25+ BF1E

expansion [iks'peenfonn. ¥, @

peripheral [ pa'riforalladj. #MEIR; n. SMERE, IMZ
slot [slot] n. JFHfd, A4

power supply HLE, it

system board Z%ttk = mother board 4

storage bay fFfiE48

floppy ['flopi] n. ##%, floppy drive ##&IKzh%8

Zip drive n. Zip IKzh3%

Notes

1, JXB are marketed A “B4HE ", literally ¥R “AhnEskift, FsLh”, 0%
H AmETKYE, T3 LA JLE AR A EYLTESS & .



2. about one eighth the size of a postage stamp &/ A/%G1E , BEAMHRTE A DRAM chip, B
2 1/8 WREE K/ .

3. retrieve the appropriates-7& 5 “BUH BT as () e- 7, initiate 1R “JB3h. ¥R, &
AN THEURRE, ALIRHL NG B 768 25 B B 75 (O 12 e AR
AHH) E—A]H route IFH “Kik, BH7. A% BIHLIY B MK R E o 8 E
(RS LD Kk B) FA6ER .

4. it is seldom, if ever, changed HH AW if ever & UL, AR “EfE EMANAE” .,

5. only the byte or bytes addressed # addressed {&1fifij i i) the byte or bytes, A</%)a]i%
7 EEPROM FEAEfAIBHEERAI B A, AREBRFLAE, B REH FHRMF £
rEt, |

6. being updatable in place f& of B M4 1E, in place BISTHEH B 7. HIVEIEN 5
SR “ATEHT WEEHNFY”. A% EEPROM {845 e S fnl 57, &
SRR T B RIEVEGS SR, B E A SRS LR . H kR AR

7. AAULH NS RUEEF T RAER” (flash memory does not provide byte-level
erasure) J& % EEPROM A] 3 FH5 60, RI4R A7 R A4 RKR; 1 EPROM 2 &
BUFT, WS ER B B EPROM W RGNS s FIT LA = Fh 705 O 45 B 203 40 Bl 2 .

EPROM BIFHERS
Flash memory HCELITRERD)
EEPROM FH(AIREZAFET)

HErm#sh U &, BRMEIZERINEE: CF £ (Compact Flash), Smart Media f. xD
+ (eXtreme Digital) , i21Z# (Memory Stick), SD < (Secure Digital) &8 NfF .

8. it would take to access'* /&2 E & M A], BT A the time, EFij & 08 T % R L7
that, it 5| /FEXFiE, BLEERIARER to access++. access FH “iJj
B, FFER” . 2A1FN . NHERAFE RS A B A BE T AL BBt ], m] LA RAM i ff
BULT #4828 30E .

E: AW EBENRITEIE CPU, EHFERNFENE.

1.2 Integrated Circuit—Moore’s Law

The basic elements of a digital computer, as we know, must perform storage,
movement, processing, and control functions. Only two fundamental types of components are
required (Figure 1-3): gates and memory cells. A gate is a device that implements a simple
Boolean or logical function, such as IF A AND B ARE TRUE THEN C IS TRUE (AND
gate). Such devices are called gates because they control data flow in much the same way that
canal gates do. ') The memory cell is a device that can store one bit of data; that is, the device
can be in one of two stable states at any time. By interconnecting large numbers of these
fundamental devices, we can construct a computer.

Thus, a computer consists of gates, memory cells, and interconnections among these
elements. The gates and memory cells are, in turn, constructed of simple digital electronic
components.
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The integrated circuit exploits the fact that such components as transistors, resistors, and
conductors can be fabricated from a semiconductor such as silicon. It is merely an extension
of the solid-state art to fabricate an entire circuit in a tiny piece of silicon rather than assemble
discrete components made from separate pieces of silicon into the same circuit. ) Many
transistors can be produced at the same time on a single wafer of silicon. Equally important,

these transistors can be connected with a process of metallization to form circuits.
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Figure 1-3 Fundamental Computer Elements

Figure 1-4 depicts the key concepts in an integrated circuit. A thin wa fer of silicon is
divided into a matrizx of small areas, each a few millimeters square, "} The identical circuit
pattern is fabricated in each area, and the wafer is broken up into chips. Each chip consists of
many gates and/or memory cells plus a number of input and output attachment points. This
chip is then packaged in housing that protects it and provides pins for attachment to devices
beyond the chip. ®7 A number of these packages can then be interconnected on a printed

circuit board to produce larger and more complex circuits.
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Figure 1-4 Relationship between Wafer, Chip, and Gate



Initially, only a few gates or memory cells could be reliably manufactured and packaged
together. These early integrated circuits are referred to as small-scale integration (SSI). As
time went on, it became possible to pack more and more components on the same chip. The
growth in density is one of the most remarkable technological trends ever recorded.* It
reflects the famous Moore’s law, which was propounded by Gordon Moore, cofounder of
Intel, in 1965. Moore observed that the number of transistors that could be put on a single
chip was doubling every year and correctly predicted that this pace would continue into the
near future. ™ To the surprise>of many, including Moore, the pace continued year after year
and decade after decade. The pace slowed to a doubling every 18 months in the 1970s, but has
sustained that rate ever since. So long as this law holds, chipmakers can unleash a new
generation of chips every three years with four times as many transistors. "*/ In memory chip.
this has quadrupled the capacity of dynamic random-access memory (DRAM), still the basic
technology for computer main memory, every three years. [’

The consequences of Moore’s law are pro found :

1. The cost of a chip has remained virtually unchanged during this period of rapid growth
in density. This means that the cost of computer logic and memory circuitry has fallen
at a dramatic rate, 1)

2. Because logic and memory elements are placed closer together on more densely packed
chipst*J, the electrical path length is shortened, increasing operating speed.

3. The computer becomes smaller, make it more convenient to place in a variety of
environments.

4. The interconnections on the integrated circuit are much more reliable than solder

connections. With more circuitry on each chip, there are fewer interchip connections.
Words and Expressions

integrated circuit (IC [ai'siz]) n. HERHEK
Moore's law n. EE/RERE

gate [geit ] n. [ITEVLZET, [THKE

cell [sel] n. fiJC, 40, BIT, Mm&

Boolean ['builion] n. fi/RE, /R, fi/RizE
electronic component n. H,TJoff

exploit [ik'sploit ] vt. | F

transistor [treen'sisto(r) ] n. A%

resistor [ri'zista(r) ] n. HLFH(2$)

capacitor [ ko'peesita] n. HLZ, H AR
conductor [ ken'dakta] n. &, F£k
fabricate [ 'feebrikeit | vt. HIfE

silicon [ 'siliken] n. %E

discrete [di'skrit] adj. 2>LH), EK, BEREH



