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s n:.WWHQMHU_Q this fetch phase, the CPU is merely locating ang o«
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he instruction fé!
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stuctiontoaddA 15 called the Instruction Decoder, Its

instructions. A go
various instruction bit

f 00101110 ENSRELIYES function is to examine the levels of the
nstruction_ instruction pattern and then activate
ogister the specific parts of the CPU that carry

out the command.

Assume that we want to move a data
byte from one part of the CPU to another,
The command is fetched and then held
in the Instruction Register. Some of the
instruction bits signify that data is to be
Decoder ;

moved. Other bits tell where the data is

Control signals
from Instruction

Address lines Register R6 located, and still others identify where
A register the data will go. Just eight instruction
AL set 1o add bits encode all this information. Once

function the instruction decoder examines these
bits, additional control logic circuits
are activated to move the data (see
Figure 10.35 for an example of this

Thi ; 5 . " .
T icure shous how the various pars fthe CUwork 0 execute process). After instruction execution is
complete, ihe CPU will automatically

Answer appears
here, 02 + 03 = 05
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next instruction stored in memory, The fetch.
puter and governs :_.m basic timing of 4 noam_xmnEm cycle occurs
ina UHOmmmuoa n.r_u exists by deliberate _N_Em- Operations,
that an instruction, such as moving data Ww.m:. Computer
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AM as mm:m_‘m_.bcaomm registers,
ose register Common to most machinee
ple CPU, the A-register is eight EM_ ﬁmm_.m:nﬂ_mmmnncac_m.o_,_ iy
i i >.q.mo.,mn.m< from the B-register (another 8350:<”-ﬂ~° o
s specific binary pattern of instruction tg do so, After M m-.:m_.:mr
the CPU would carry them out. As a result, the 8-bit dat. mnoa_‘zm E.m
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s carried out by machine-level instructions, e it the
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“”_Mam_ssaw_a ALU m_asz_v..sz%q_%m___v‘ supports add, subtract, multiply
Jdvide operations. The ALU a mn makes possible instructions that compare n:m.
an nitudes of two numbers, and it supports logical operations, such as ANDin.
g. The computations supported by arithmetic circuits vary greatly m.oN
a_,a%aammo_‘ model to Boam_. and because arithmetic circuitry is complex,
i sthematically powerful chips cost more. '
There is also microprocessor circuitry designed for electronic communication
yith external devices (such as connecting your computer to a printer), Serial
ports, found on many nOBUSm-m.. are common examples of communication
druitry. Addi jonal hardware and instructions are usually necessary to use the
(ommunications features.
Every microprocessor includes circuits that control the timing requirements of
JICPU processes, such as fetch and execute.Ina microprocessor, nothing happens
.andomly. Every operation is synchronized to a master clock.

magn”™
and ORiN

Interrupts
Anotherimportant feature of microprocessors is the interrupt logic, which permits

the processor to shift its attention from one program to another. Interrupts
make it possible for many external devices to work with one microprocessor. The
efect is that many devices seem to work simultaneously, but only one device

a,m the processor's attention at any moment. An external device (one not on the
microprocessor chip) n=eding attention interrupts the CPU only when action is
necessary. For example, each key struck on a keyboard generates an Interrupt,
andthe CPU responds tr ~ach by executing an interrupt program that accepts the,
tharacter code of the | - y. Once the interrupt program completes, the GP
to é,m@é program was previously running. Since CPUs are fastef: fhan typing,
the interrupt system permits the slow keyboard device to commuyy

CPU only when nec
fesources, . ;

+
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36 Mr. Joseph lannotti is an electrical engineer working in a research and development lab.
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1. Sketcha diagram showin

2. What is an instruction set? ;
3. Whatis the purpose of the instruction mn,n
4, Where are the instructions for a computer ;

|ON 4: Components of
Y 1 a nog
. : Puter. -,

Som W%, System

® The pur
' PUrpose of the chj
setis twofold, It e chip

y IDEAS >

Mpro
e computer systems performa proves
-_v_mﬁ nce and
’ no&_ﬁ of many elements number of parts reduces the
%E%:@m _.:.Qonanmmuo-. .c needed.
inc and I/O- omputer owners
..:n_do? their systems by can add to
’ _aw_: pcBisthe motherboard, expansion slots s into the
az% holds many key ¥ i .
ﬁ_‘:uozm:? including ﬁm%:cgu are key structural
¢ ; e &
eI IRIReSasar €sIn computer architecture

ry,
e that i
ensure efficient Operation.

m:u a chip set.

ases, a microprocessor chip is not a complete co
mputer syste
m. A

nctional computer needs additional parts and

-emove the cover from a home computer, you Eowﬁm.:u_._mm. If you

. You would see many integrated circuits mm<=_a -mn.o.u:ﬁm this

2l boxes connected by wire cables and v.:B MS._ n_.qn_._: cards,

for the entire system to work, all these devices Bcﬂm circuit .i:.:@. In

her. Complete computer systems consist of many m_mﬂ“ﬁCJ_npr s
, Inclu ._:@ a

h ot
. memory, and 1/O.

icropr
omputer Subsystems
) 37 illustrates several of the critical
figure 10 3 al subsystems found i i
ompUter The CPU, part of the microprocessor chip, nooa,._h_“_“m_: kgl
ity: AS EmsQ:m_v\ discussed, the CPU processes szcﬂ_o”maown .83?:2
emory. Figure 10.37 shows many forms of memory in a nwuﬁnh_mnm_<ma o
amsoqﬁm%:o_o@ used depends on the memory application, th e
required, and the volatility of the memory. ((hememory speed
As a computer operates, the microprocessor inter i
. acts with i
such as keyboards, monitors, disk drives, DVD writers, USB %ZMMQ:% ol
interface cards. These external devices are known as peripheral am«._mn_wm neore
specifically, /O devices. 1/0 stands for input/output and describes noqr”vw”aoqm
ending information to the CPU (input) or receiving i i plic
ing infor
. ] mation from the CPU
You see 33 Figure 10.38 that both I/O devices and memory share a common
wwﬁﬂs_ams_%w:m CPU.The number of wires varies depending on the complexity
of the system, but it typically ranges from ei i
eight to sixty-four wires. Noti
b . b cea
Jza__ua of the wires labeled with the word “bus.” A bus is several wires used for a
M__s: ﬁa m:ﬁoﬁ‘ For e ample, the data bus shown is eight bits wide. This means
gm_m ; Mm@ MN_E\ the “:ata information between the CPU and memory or between
m: 'y . . Mg
o _32_%. w%.: <<.:w nm:_.mm one of the eight data bits. Instead of referring
al wire, it is easier to refer to the data bus in géneral. The size or

0cessor

width of i i
the data bus is an important factor in determining how fast a computer

will g .
perate. The more wires there are in the data bus, the more informat
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buttons

\«.\ﬂﬂé:? B [ power [ #ociDAC ﬂ_c
e M

s block diagram shows e many important su 5yS ems necessary in a note ook computer.
37 . This block d hows th tant subsyst n tebook

each computer operation can process. For systems using bus structures, as most
do, it is important to ensure that only one device actually uses the bus at any
one time. Otherwise, severe electrical and timing problems will result. For this
reason, computer engineers carefully design their systems and use components
specifically created for bus structures.
If you could view the signals on a data bus, you would find either binary
instructions or binary data passing back and forth between the components
attached to the bus. Since systems operate at electronic speeds, any particular piece
of information exists on the bus for only a few nanoseconds. You can appreciatejust
how important timing is when devices operate so quickly.

RAM
24 01 16
bytes file
registers

Devise reset
timer

struction
{ _:nnnonn > Power-on
and control Teset

Watchdog
timer
Internal RC
clock

Voo, Vss

Timing
am_._msﬂ_e:

35| Common groups of wires, called busses,
10

rgue devices-
by

e other important bus shown in Figure 10.38 is the address bus. This bus

psists of many wires, commonly between sixteen and thirty-six. On these wires,
ﬁ_w cpu provides the addressing information necessary to access any specific piece
1

ofinformation- ) ]
Computer systems also have many dedicated signals controlling the timing and

sepencing of operations in the system. For example, a signal is necessary to inform
g kg e whether they are needed at any particular moment. Since
poth devices connect to the same bus, but only one at a time may use the bus,
election control is essential.

Motherboard

When you look closely at pictures of integrated circuits, you will see many smali
pins. In order for a computer system to work, the pins of many ICs and electrical
components must be interconnected to form the necessary circuits. These
wiring interconnections are made on a printed circuit board (PCB) that connects
components efficiently and provides beneficial electrical properties. For instance,
P(Bs keep wiring as short as possible and help reduce signal interference.

The PCB is constructed of nonconductive materials coated with copper metal.

byan etching process. ~fter etching, thin copper lines or wires called t

onthe board. You can easily see the traces on a PCB running from one;
t0another.

Some PCBs are several layers thick. Copper is removed in selected areas of the boards¢s

Section 4
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ority of circuitry ina computer system is interconnected on the system
The maj

Figure 10.39

En.sm-vo!n.

s drilledthrough the copper races permitinsertion ofintegrated circuits ang
Holes drii

her components interconnecting the small pins of individual parts ang :o_a_sm
other col 4

lace with solder. On some PCBs, very small surface-mount componeng
m in : i

ﬁm samm,a directly to the traces without the need to drill holes.

ai

home computer system, themain PCBisthe motherboard, which holds Many
k “mwanoam:a (see Figure 10.39), including memory, the microprocessor, and 5
ey

chip set. The chip setis often two ICs, oné called 20::.9_1%. and Gm other called

Southbridge. The Northbridge chip handles the E_Q.ouanm.mmoi connections
to system memory and graphics memory; the Southbridge chip 826,_m the /0
devices supporting serial communications, Cmm. and other I/O operations, Fig-
ure 1040 illustrates this with a simplified block diagram.

Central
Processing
Unit

Northbridge Southbridge

\

AGP
(video card)

/

Other USB APM

devices

RAM
{memory)

Real PCI
(power time bus
manage- clock
ment)
Figure 10.40 * A computer chip set simplifies the construction and assembly of computer systems

Y zo.:ﬂwoma expansion slots make it possible for additional equipment to be added
e _“_wsm. system-
0@

gose of the chip set is twofold. It improves performance and reduces the
per of PATts neede
m

d, which means increased reli
Jse when circuitry’ €
re

-
=
®
o

S

: ty. Computer speeds also
onnections are on as few chips as possible,

computer technology is always changing as designers strive to make
1ems faster

and more useful. An example is a new series of chip sets from Intel
i intel Hub Architecture, which will make systems even faster.
calle

o o%mluoma also holds special electrical and mechanical connectors called
onslots. Computer owners can mam_ to their systems by plugging small printed

ppa" Ldsintothe expansion slots (see Figure 10.41). For example, a gaming system

:_h..___”mm superior video capabilities, and, in order to keep up with game action, a

2%2 might want to add a high performance video card to his system.

ﬁ:ﬁ peripheral components interface (PCI) bus is an example of a common

expansion

slot that is standard in home systems. This 47-pin bus interface connects
| gevices such as sound cards and disk drives to the motherboard hardware.

TECHNOLOGY IN THE REAL WORLD:
USB Connections

o0 you download pictures from digital cameras to personal computers? You
could be using a USB connection to do this. Figure 10

42 shows the symbol
for USB. You might see this logo near some of your computer connections.

The thumb drive you use for file storage (also known as a memory stick, flash drive,
orjump drive) uses USB to store files.

many bits, one bit at a time. The word “bus” in USB tells how many devices share
awire. The idea behind a bus in a digital system is to have many devices attached
fogether viaa comme ~ wire (or groups of common wires). This saves a lot of wifing
and works well as long as only one device uses the bus at a time .,
fequire specific wirirg and connectots,

USB stands for Universal Serial Bus. The word serial means to send or receive

. The does
. defined voltages on spedific and
distinct signaling specifications that are agreed upon by the sender eiver.

Section 4

Figure 10.42 | The trident symbotl
indicates a USB connection.
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/ knownas a.ﬂ\nm ” communicate. USB is available in severg MUEQ As ou press a key, binary information representing that key’s letter transfers \
. and USB nwjm  pter determines the speed needegq uwma timeé “_._m _@\woma to computer memory, so that your e-mail program can use
“ “ el <ma_o_._wlm_3 reads device information to determine the _A:E . ﬁaﬁa% cpU controls this data transfer, but it is a waste of CPU time to constantly :
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| addressable and may receive or send data to the CPU. Because ions between keystrokes. It does not + 7 b oo o e Ty
[ UsBports there are many VO devices in a computer system, they need ke sense to waste this computing
[ addresses as identifiers. When information is mm.:ﬁ to a computer power looking for keyboard activity, o
E _ LAN port monitor screen for Q_m.v__a._g the mn.c mw:um :ﬂm Q_ME&\ data to the « instead the keyboard circuitry
monitor electronics via the :..o::oﬁw 1/O circuits. The monitor generates an interrupt request signal S
___ Side speakerout port has a specific I/O address, and only w .m: the CPU addresses the each time a key is pressed. The CPU |
P Q Qv Rear speaker out port monitor does the exchange of aﬂa cm@:_ o notices the request, suspends its 5 P = ,_
i nother basic 1/O action. i e -
N B A keyboard illustrates a OIS binary wrent work, acknowledges the @ msoihdem O
code is transferred to the computer system each time a key ierrupt, and, through the-d/O Wil S
Line in port i S g e 5 2
t.‘m Q/ Gr inp is pressed. :_w 1/0 keyboard address selects the keyboard ._“2 gystem, receives keyboard data. Once 9 G Comoien
Line out port service, enabling the CPU to read the keyboard data. Think frished with that key, the CPU picks e
. . .
Microphone port of any piece of equipment you might attach to a computer gl e e i
Figure 10.45 . /0 connectors found on home computers make  SYSt€M, and you will most likely have identified gear using the g
Flgure 10.47 | Computer users can conf

it easy for the user ta plug in equipment. computer’s I/0 system (see Figure 10.45). Emﬂxﬁsﬁéﬂn system & B thei ter's N
; ; eir computer's operating system.
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 iob opportunities in engineering are expected to be uooa. but will vary by

9\2,&_ B> cw%mio} degree is required for most entry-level jobs. Starting salaries

specialty. e highest of all college graduates. Continuing education is Critical for
are among t Ms%a to enhance their value to employers as technology evolyes,

ties;

engineers wh

Nature of the Work v

Engineers apply the principles of science m:o.‘z_m%m,w:m:nu to develop economicy|
solutions to technical problems. Their work is the link between perceived socia|
needs and commercial applications. ,

In addition to design and development, many engineers work in testing,
production, or maintenance. These engineers supervise production in factories,
determine the causes of component failure, and test manufactured products to
maintain quality. They also estimate the time and cost to complete projects. Some

move into engineering management or into sales. In sales, their engineering
backgrounds enable them to discuss technical aspects and assist in product
planning, installation, and use. Supervisory engineers are responsible for major
components or entire projects.

* Computer hardware engineers research, design, develop, test, and oversee

the installation of computer hardware and supervise its manufacture and
installation.

oter 10 ¥t

jengineers design, am,_\m_o P-test, and supervise the manuf;
o mn:_naw:w m_mn.:nm m:a__.:.u.m_.m specialize in reas ucs__”__ acture of
engineering or electrical equipment manufacturin Ch as power
sy$1€" s engineers are responsible fora wide range of Snﬂ.: logi
e music players to the global Positioning systerm Amvm..u nm_o_mm;_.o.:..
D ersdesion: develop, test, and supervise the - Fisctronics

manufac g
such as broadcast and communications m<m~m“.”h“mo‘o.mnnqo:.n

ndition® ildi
%._% ot work in office buildings, laboratories, or industrial p|

ne 3 extensively t0 plants or worksites, Many en. ey
:WM At times, deadlines or design standards ma
k.

gineers work a standard
y brin
e e e et 9 extra pressure to

)n_<m=nmam=n

o degree in engineering is required for almost al| entry-level engineering

‘%m, em:mm::a programs involve a concentration of study in an en

1ong with courses in both mathematics and the U_.__Enum_:mm_.:u

m_..»n_w_g al I and life

ences ndard engineering de
e ddition to the sta g g degree, many colleges offer 2- or 4-year

o rograms in engineering technology. These programs, which usually
%&mm Farious hands-on _mwwa.ﬂoé classes that focus on current issues in the
X on of engineering principles, prepare students for practical design and
9P work, rather than for jobs that require more theoretical and scientific
e.
K%m,”_‘__%“_Mmﬂ quisitive, analytical, and detail oriented. They
e able to work as Um:. cﬁ a ﬂmm_d and to communicate well, both orally and
shot! i moBB::.nmao: abilities are important because engineers often interact
3.§_m=m%__mm in a wide range of fields outside engineering.
i_ﬂm%::mzu engineering graduates usually work under the supervision of
per enced m:@._:mm.a. and, in large noﬁ,vm:_mm. m.m.o may receive formal classroom
o seminar-type :m_:_:m.. As new m_:m_smm.a gain knowledge and experience,
ey e assigned more difficult U-Smn”.m. with greater independence to develop
designs, solve problems, and 3..»_.6 decisions. Engineers may advance to become
echnical specialists or to supervise a staff or team of engineers and technicians.
some may eventually become engineering managers or enter other managerial
or sales jobs.

s should be creative,

Outlook

overall engineering employment is expected to grow by 11 percent over the
2006-16 decade, about as fast as the average for all occupations. Engineers have
traditionally been concentrated in slow-growing manufacturing industries, inwhich
they will continue to be needed to design, build, test, and improve manufactured
products. Overall job opportunities in engineering are expected to be favorable
because the number of m:ngm::@ graduates should bein rough balance with the
number of job openings over this period. &
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those holding bachelor's

tamings for ggineers vary sign| y specialty, industry, and education.

e of the highest average starting salariggamong

;—Ow,r ) Section 4 Compenents of a Computer Systemn




forsnr,
ecar
PRl g

g-salary offers for en

startin :
s average ) gine,
(abulatio” m.._u%m:o:m_ Association of Colleges ang m:._u_owm} ac.
wing the €ry
e 0o e VTS TSR
tod
cordi"d 53,408 $62,459 yoo
cal 3.8
aE::E.c:%E:: 49,764 — T4
/ae -
nerosP™<® 48,664
)n:a:_::& 5458 —
cturd! . : " -
prepec™ | andomedi?! 59,361 68,561
?am:mimm::n 7 3667
| 48,509 48,280 622
emicd 27
< 56,201 60,000 §
civil mu.moo
s 55,292 66,309
hn-:n.:m- omm ::.nm:b: wm.@mv.
cs and € 0
El nEQ__\m__ma:e:_ health 47,96
@ i tal hea
£l 53:33:_\»:53:3&: 55,067 64,756 -
n " A OA
:.QE:_&\E%EEE_:@ 56,233
Materials 54,128 62,798 72763
Enﬁ:u:hi 54,381 - _
Mining and mine?! 56,587 59,167
Nuclear 60,718 57,000 _
parateatt | Outlook Handb
us. Department of Labar, Occuparon? utlook Handbook, 2008-09 gty
gureau of Labo! ?_.::Am_ goviocol] - Visiteq
L 1/ www.bls:
May 12, 2008, hitp//W
——

Summary ~

re Em::mmﬂc.‘ma using m_mnmain. components, such as resistorg
noansm.am Computer design is accomplished at the logic leve|, el

Ha:.maaﬂu:umn in families with similar electrical characteristics, 9

R&%::ch- system provides a Bmﬁsm:gmﬁ._nm_ foundation for logic

ry levels as inputs and outputs. m_:mQ values called “bits”

as only one of two possible values can exjs i

e two values representing on and off are

and
logic dev
The bina
circuits that usé bina
impli design,
simplify computer
any logic device input Or output. Th

i levels.
ferred to as high and low A .
re Logic devices include AND, OR, NAND, NOR, invert, and flip-flop, These

fundamental logic devices combine to create complex digital circuitry,
Computer engineers interconnect basic logic devices into combinatorial ang
sequential circuits; this circuitry is the heart of digital computers. Common

digital circuits include the adder, ALU, and counter.
ting systems require memory chips to store data and

Modern compu :
programming nstructions.Nomemory technology is the perfect combination
of speed, density, and nonvolatility, so computer systems use several memory

technologies.
Microprocessorchipscontain the computation circuitry forcomputers.The

term microprocessor includes embedded processors used in simple products,
microcontrollers used in complex systems, and advanced microprocessors
used in desktop computers. All microprocessor-type chips contain common
features such as the CPU, I/0, and interrupts. Many microprocessor chips have

on-chip memory as well.

cessor internal archi
e B_nqwnwo?mnm- instructions -mwmﬂn”_ﬂ” n”oomz.:..vn
Bm_._nM.E___ pe. Instructions received by the nv:r._ z.n.vm_ Better the overall
decoding- Since machine leve| _:m:cn:osmmmiio the Instruction
easlly decoded. Once decoded, the bl M”w.ﬁ unique binary
o the _:U.En:o:. CPUs undergo a <onstant mm"n..,.n_mu Out the task
ed P of running @ COMPUter program, Xecute process
ocessor chips are only one €oOmpone
omputer system. These systems re:
o PO memory and I/0. The chips in a comp
poard. Computer systems also haye

S the level of

2, In a typical desktop
quire supporg chips to
uter systemn Communicate
many periphera| devices

z___n:ubq

i ther

mo i b i
on m:mg such as mice, xm<, oards, m:@ video cards, The 1O and i
»nan.i_ coordinate how peripheral devices share the iy interrupt
. s,
cired 3

ic device has six input lines, How
gatelog many combinatio,
oduce aone level output? How many combinations will uqa“u of ones and
¢ from the device? uce a zero
sites pertaining to building your own computer. Identj
keep in mind when buying a motherboard, ify three important
d PCI are connector slots found on motherboards. Find infi i
including the technical specifications of each onmation

26105 pr

outPY
nd web
ctors t0
) pIMM an

hese slots,
he memory modules in your own computer, How many memory chip
s are

1 the module? Can you determine how the chips interconnect on the module i
° der to expand the overall memory size? e
o i "
arch online to find out what differentiates PC100 memory modules from

2.H
fa
3.AG
ontl
4,Look att

Resei
5 b33 memory modules.
5. Design @ purglar alarm system using logic devices, so that if any one of three doors
.%m:» abinary signal will trigger an alarm. Assume the doors are equipped with
magnetic switches, such that a closed door switch provides a zero signal to your
circuit, and an open door switch provides a one signal to your circuit. Also, assume
thealarm activates with a one-level signal.
7. Look up the term K-map online to see if you can find an explanation for designing
Jogic circuits with the K-map. Also, search for a K-map program to download. You
should find free programs readily available. Use the program to design the circuit
discussed in Figure 10.12.
Do you have a digital camera? What kind of memory device does your camera use to
store pictures? What is the size of the memory device?
9, Using the Internet, find a data sheet for a DRAM chip. Can you figure out the
relationship between the number of address lines and the number of addresses?
10. Look up information on the ASCII code. If you were to design a memory system to
store ASCIl codes, what word size would you want the memory system to have?
11, Look on the Internet for the instruction set of the 8051 microcontroller. What kinds
ofinstructions are possible with this popular 8-bit machine?
12. Go to a computer manufacturer’s Web site, and design your own computer system.
Explain the reasons for your selections of memory, power supply, microprocessor,

8.

and peripheral devices.

13. Look up information on video-graphics cards. Determine what kind of .
technology these .rds use, Are there any other significant
related to microp + xssors?

s of these cards
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1. Always €x
2, Assume cin
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o Materials N
1. LEDs
2. mmESCmB:BmE
3, TTLO/ CMOS ICs

4, Circuit Breadboard

5, DC Voltage source

6. switches

7. Simulation

AR,
e
SRR

software (such as DigitalWorks)

o Clarify the Design Specifications and Constraints

e complete adder schematic on paper. Identify the individual dj
igital Ic
part

ceded for the circuit as well as the total number of ICs need
of the design’s correctness, create the circuit using ﬂ:mQ. Once yq,
e circuit simulation software you are using. Simul, € schematic
to confirm that your design adds properly, and then gather the parts ate the adde,
system. It is often advantageous to “bring up” the circuit in small se mqa build the
good wiring practices. Short wires are best. Caution: LEDs are analo Qn:.o:m. Folloy
signals will not necessarily light an LED. Switches are also analog QMSMM_MQ Digital
and need

to be configured to produce digital levels.

o Research and Investigate
te the design challenge, first gather information to help you b
u build a

praw th
numbersn
are convinced
capture feature of th

To comple

knowledge base.
1. in your guide, complete the Knowledge and Skill Builder I: Digital
L Ital gates,

2. in your guide, complete the Knowledge and Skill Builder Il: LED
: s and

switches in digital applications.
3. Inyour guide, complete the Knowledge and Skill Builder

Half and full adders.

o Generate Alternative Designs

Describe two of i
your possible alternatives to
: the i i
needed to use switches and LEDs as digital ums.nquaE SR
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