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Unit 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 com-
puter system in electronic states called bits. We are now ready to expose the inner work-
ings 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 manu-
facturerst, 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 func-
tions and the relationships between them.

Unlike magnetic secondary storage devices, such as tape and disk, primary storage
has no moving pﬁrts. 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
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premium; 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/0O) 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 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 sécondary 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 accord-

ing to program instructions,and a report is written from primary storage to a printer.

Programs and data Data
] [ Secondary storage ﬂ
ya
Channel rRoM | prom | EPROM
D ) Primary storage (RAM) >
| Cache memmory || Gupeeport
© ]
(inquiry) Levell
Cachy
acte @ [ Registers
=
=
E
v
E
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 be-
tween 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 loca-

tion called an address. Addresses permit program instructions and data to be located,ac-
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cessed,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 pro-
grammer. 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. .

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 re-
vise 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 nonvolatility 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 byte-level erasurel™. Like EPRbM,

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 re-
quired 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 storaéetgj.
RAM is essentially a high-speed holding area for data and programs. In fact, nothing
really happens in a computer system until the program instrucﬂons and data are moved
to the processor. This transfer of instructions and data to the processor can be time-con-
suming,even at microsecond speeds. To facilitate an even faster transfer of instructions
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and data to the processor,most computers are designed with cache memory. Cache mem-
ory 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 capac-
ity 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. Lewvel 2 cache used to be external cache but is now typically also built into the CPU
like level 1 cache.
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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 [ 'prousess] n. ZEFEHL

primary storage FEIFfHaF

bit [bit] n. 7, Z3EHIAL, ik

hearsay [ 'hiesei] n. &8 ,i%f&

scores of £

CPU Hdesb3Edl

control unit #H| 4

arithmetic and logic unit 2R BH I
integral parts RF] §EER 4 H AR ER 4>

tape and disk 3% B $§REH FIRE 2%

DRAM  #h&FELAE B 2%

SRAM #SHEVEIRFiESS

register ['redsisto] n. FF1EEE, 0%, Bic#, Bic,
a state of the art (the state of the art) HRj LZKF, BFTERKF
chip [tfip] n. @A

VDT (Video Display Terminal) #3558 R 235
secondary storage MBITEfERY, " RIFGESS

at a premium JEFEBH

reallocate [ri'eclokeit | v. T 4E

capacity [ko'peesiti] n. &

coaxial cable [F)%Hda 4§

program and data 725 M 3E

instruction [in'strakfon] n. #§4

location [lau'keifon] n. #8270, B

RAM PFEMLFEUEMESS; ROM Hitfrf# a8
hardwired adj. WEELL, B84 (R LK
EPROM WAI#al 42 H A6k &%

cache [kee[] n. BHELF ., B

throughput [6ru(:)'put] n. HFtE A& &£
read-mostly adj. VIHENEN, KEHHEMN
EEPROM Wi A[ ] 472 ROM

nonvolatility [non'vola'tiliti| n. &) K #
updatable ['apideitobl] adj. A EHH)



in place 7EIE HBIHL T, FRHE
semiconductor [semikan'dakts] n. (S
flash memory [RfF

functionality [ 'fapk[eneiliti] n. Zfj&E, ThEEHE, B Bt
byte-level FI54

" be referred to as PR, m i

virtually ['ve:tjusii] adv. FL E, LR E

house [haus] wt. T, %+ BT

expansion [iks'penfon]n. § 75, B

peripheral [ po'riforal]adj. SMEIBY; n ANERE MK

slot [slot] n. $HAE, 4

power supply HLJH, it

system board Z %tk = mother board F R

storage bay TEEPLER

floppy ['flopi] n. &

Zip drive W 2. 4 75 Notes 2

Notes

. X are marketed B AP E”, literally TR “AME KMV FEH”. A
BR - AMEHRMH WG EFILEMH AR ENEHE.

. about one eighth the size of a postage stamp & 4 17 45 1% , 1& ¥fi Ay i 87 DRAM
chip, B ¢ 1/8 BREEK/MHD .

. retrieve the appropriate B N “BH FFFHE /) -7, initiate T R “SF 3, W IHIL” .
AT T B AR R, AL TR AL B Bl 7 A% B BT 7 O RR R R

A E—A]H route IBR R BB, £AFN - EALUEEKERELE
H (BRI EED REP EFEMHEE.

. itis seldom, if ever, changed FiHEAR if ever BRE WAL, JEN“ERENAS
[ 8! S

. only the byte or bytes addressed ¥ addressed &4 #{ I #9 the byte or bytes, 4=
AT %K :EEPROM ZE/EMEHRE AT B A, AT EREANE AR EH F1LE
MFNVRENTH,

. being updatable in place /& of /1A% 15 . in place RIFFEBFH M 7, B
HIENS R TEN BEEHOFEH”., KA TEK . EEPROM BI85 KM
AMATER EEFA T REESGER, BUNEREEN B RBEHE .



hELFBIRL.

7. AL IRNERIREEZE S R AR 7 (flash memory does not provide byte-level
erasure) JZE£1 % EEPROM 1] 3 F ¥ B2, RIIR B F W R B 1 EPROM #
EEFd, WA eERE I EPROM MRS R, BT U= R EME R B A

I3 B R
EPROM BANFHES
Flash memory A TFER
EEPROM FH B

Hat#sh U &, MBI %E 83N A F.:CF -F (Compact Flash), Smart Media
+,xD ¥ (eXtreme Digital) , 12424 (Memory Stick) ,SD - (Secure Digital) Z=#E
MR '

8. it would take to access 2 E1E M A], EMFRTTE B the time, HLETEE IR T X R
1] that, it &5 RiE MERRXEE, BEELEEBRIFAE X to accesse+, access ¥
R LR . AR R LA 28 b 7 0B A B4 BT B B B R, B LA
RAM HFBULT & 382 B8 .

AT EENFITENN CPU, EHFERNFENE.

1.2 Bus Interconnection

A bus is a communication pathway connecting two or more devices. A key charac-
teristic of a bus is that it is a shared transmission medium"!. Multiple devices connect to
“the bus, and a signal transmitted by any one device is available for reception by all other
devices attached to the bus. If two devices transmit during the same time period, their
signals will overlap and become garbled. Thus, only one device at a time can successful-
ly transmit.

Typically, a bus consists of multiple communication pathways, or lines. Each line
is capable of transmitting signals representing binary 1 and binary 0. Over time, a se-
quence of binary digits can be transmitted across a single line. Taken together™,
several lines of a bus can be used to transmit binary digits simultaneously (in parallel).
For example, an 8-bit unit of data can be transmitted over eight bus lines.

Computer systems contain a number of different buses that provide pathways be-
tween components at various levels of the computer system hierarchy 1. A bus that
connects major computer components (processor, memory, 1/O) is called a system bus.

A system bus consists, typically, of from 50 to 100 separate lines. Each line is as-
signed a particular meaning or function. Although there are many different bus designs,
on any bus the lines can be classified into three functional groups (Figure 1-3): data,
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