Chapter 1. Computer Systems
—

Presentation slides for

Java Softwar e Solutions

Foundations of Program Design
Second Edition

by John Lewisand William L oftus

Java Softwar e Solutionsis published by Addison-Wesley

Presentation slides are copyright 2000 by John Lewisand William L oftus. All rightsreserved.
Instructor s using the textbook may use and modify these slides for pedagogical purposes.



Focus abthe Course
# Object-Oriented Softwar e Development

* problem solving
e program design and implementation
e Object-oriented concepts

— objects
— classes
— Interfaces
— inheritance
— polymor phism
» graphicsand Graphical User Interfaces
» theJava programming language



Computer Systems

# Wefirst need to explorethe fundamentals of computer

processing

% Chapter 1 focuseson:
e componentsof acomputer

how those components interact
how computers store and manipulate information

e computer networks
thelnternet and the World-WideWeb

programming and programming languages

graphic systems
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Hardware and Software

% Hardware
* thephysical, tangible partsof a computer
« keyboard, monitor, wires, chips, data

# Software
e programsand data
e aprogramisaseriesof instructions

# A computer requiresboth hardware and software
# Each i1sessentially useless without the other
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Softwafe Categories

# Operating System
« controlsall machine activities
e providestheuser interfaceto the computer
e manages resources such asthe CPU and memory
o Windows 98, WindowsNT, Unix, Linux, Mac OS

# Application program
e genericterm for any other kind of software
e word processors, missile control systems, games

% Most operating systems and application programs have a
graphical user interface (GUI)
i



Analog®s. Digital

% Therearetwo basic waysto store and manage data:

# Analog
e continuous, in direct proportion to the data represented

e musicon arecord album - aneedlerideson ridgesin the grooves
that aredirectly proportional to the voltage sent to the speaker

# Digital
* theinformation isbroken down into pieces, and each pieceis

represented separately
e music on a compact disc - the disc stores numbersrepresenting
specific voltage levels sampled at various points



Digitalthformation

# Computersstoreall information digitally:
 numbers
e fext
» graphicsand images
e audio
e video
e program instructions

% |n someway, all information isdigitized - broken down into
pieces and represented as numbers

y
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Representing Text Digitally

% For example, every character isstored asa number,
Including spaces, digits, and punctuation

% Corresponding upper and lower case letters are separate
characters

Hi, Heather.

7N

72 105 44 32 72 101 97 116 104 101 114 46

Iy
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Binary 8umbers

% Onceinformation isdigitized, it isrepresented and stor
In memory using the binary number system

# A singlebinary digit (Oor 1) iscalled a bit

% Devicesthat store and move information are cheaper and
morereliableif they only haveto represent two states

% A single bit can represent two possible states, like a light
bulb that iseither on (1) or off (0)

% Combinations of bitsare used to store values
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Bit Comtbinations
4 bits

1 bit 2 bits 3 bits
0 00 000 0000 1000
1 01 001 0001 1001
10 010 0010 1010
11 011 0011 1011
100 0100 1100
101 0101 1101
110 0110 1110
111 0111 1111

Each additional bit doublesthe number of possible combinations
13



Bit Comtbinations

% Each combination can represent a particular item
# Thereare?2" combinationsof N bits
# Therefore, N bits are needed to represent 2" unigue items

r 1bit? 2' = 2items
How many 2bits?  2° = 4items
Items can be . 3 .
” -
epresented by < 3bits: 2° = 8items
4 bits ? 2 = 16items
L 5bhits? 2° = 32items
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A Compuiter Specification

# Consider thefollowing specification for a personal
computer:

600 MHz Pentium |11 Processor

« 256 MB RAM

16 GB Hard Disk

o 24x speed CD ROM Drive

e 17" Multimedia Video Display with 1280 x 1024 r esolution

e 56 KB Modem

% What does it all mean?

y
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Main memory isdivided
Into many memory
locations (or cells)

Each memory cell hasa
numeric address, which
uniquely identifiesit
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Storingainformation

9278 Each memory cell storesa
0279 | 10011010 |— set number of bits (usually
9280 8 bits, or one byte)
9281
9282 Largevaluesare
9283 stored in consecutive
9784 memory locations
9285
9286
O
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StorageCapacity

# Every memory device has a storage capacity, indicating the
number of bytesit can hold
# Capacities are expressed in various units:

Unit Symbol Number of Bytes
kilobyte KB 2" = 1024
megabyte MB 2*° (over 1 million)
gigabyte GB 2% (over 1 billion)
terabyte TB 2% (over 1trillion)

[
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% Main memory isvolatile - stored information islost ift_hé

electric power isremoved

# Secondary memory devices ar e nonvolatile

# Main memory and disks are direct access devices -

Infor mation can bereached directly

% Thetermsdirect access and random access ar e often used

Inter changeably

% A magnetic tapeisa sequential accessdevice sinceitsdatais

arranged in alinear order - you must get by the
Intervening data in order to access other infor mation
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RAM vseROM

# RAM - Random Access Memory (direct access)
% ROM - Read-Only Memory

# ThetermsRAM and main memory are basically
Inter changeable

% ROM could be a set of memory chips, or a separate device,
such asa CD ROM

% Both RAM and ROM arerandom (direct) access devices!
# RAM should probably be called Read-Write Memory

Il - 20



The Central Processing Unit

% A CPU isalso called a microprocessor
# |t continuoudly follows the fetch-decode-execute cycle:

Retrieve an instruction from main memory

ﬁ[ fetch }%

[ execute J@

Carry out the
Instruction

e

Deter mine what the
Instruction is
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The Central Processing Unit (CPU)

% The CPU contains:

Arithmetic / Logic Unit

-\

1

Control Unit

1

\ Registers

_—

/
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The Central Processing Unit

The speed of a CPU iscontrolled by the system clock

# Thesystem clock generatesan electronic pulse at regular
Intervals

# Thepulses coordinate the activities of the CPU

# Thespeed Ismeasured in megahertz(MH2z)

Iy
iy
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Monitop

% Thesdgzeof amonitor (17") ismeasured diagonally, likea
television screen

% Most monitorsthese days have multimedia capabilities:
text, graphics, video, etc.

% A monitor hasa certain maximum resolution , indicating
the number of picture elements, called pixels, that it can
display (such as 1280 by 1024)

% High resolution (more pixels) produces shar per pictures

- 24



@ Datatransfer devices allow information to be sent and
received between computers

% Many computersinclude a modem, which allows
Infor mation to be moved across a telephoneline

% A datatransfer device has a maximum data transfer rate

% A modem, for instance, may have a data transfer rate of
56,000 bits per second (bps)

[
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Netwonrks

% A network Istwo or more computersthat are connected so
that data and resour ces can be shared

# Most computersare connected to some kind of network

% Each computer hasits own network address, which uniquely
Identifiesit among the others

% A file server isa network computer dedicated to storing
programs and data that are shared among network users



Network Connections

to

# Each computer in anetwork could be directly connected
each other computer in the network
% Theseare called point-to-point connections

Adding a computer requires
a new communication line
for each computer already
In the network

Thistechniqueisnot feasible for
mor e than a few close machines
[
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Network Connections

% Most moder n networks share a single communication line
# Adding a new computer to the network isrelatively easy

TTTTTT

Network traffic must take Often information isbroken

turnsusing theline, which down in parts, called packets,
which are sent to therecelving

machine then reassembled

Introduces delays
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Local-Apea Networks

A Local-Area Network
(LAN) coversasmall
distance and a small
number of computers
LAN

A LAN often connects the machines
In asingleroom or building
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Wide-Area Networks

A Wide-Area Network (WAN)
connectstwo or more LANS,
often over long distances

LAN

A LAN isusually owned
by one organization, but
a WAN often connects

different groupsin
different countries
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The Internet

% Thelnternetisa WAN which spansthe entire planet

# Theword Internet comes from the term internetworking,

which implies communication among networ ks

% |t started asa United States gover nment proj ect, sponsor ed

by the Advanced Resear ch Projects Agency (ARPA), and
was originally called the ARPANET

# Thelnternet grew quickly throughout the 1980s and 90s

% Lessthan 600 computerswere connected to the Internet in

1983: now there areover 10 million
31



TCP/IPO

# A protocol isaset of rulesthat determine how things
communicate with each other

# The software which manages I nter net communication
follows a suite of protocolscalled TCP/I P

% Thelnternet Protocol (I P) determinesthe format of the
Information asit istransferred

# TheTransmission Control Protocol (T CP) dictates how
messages ar e reassembled and handleslost information

o 32



IP and Internet Addresses

# Each computer on the Internet hasaunique | P address,

such as:
204.192.116. 2

% Most computers also have a unigue Internet name, which is
alsoreferred to as an I nternet address:

renoir.vill anova. edu
kant . br eakaway. com

# Thefirst part indicatesa particular computer (r enoi r)
% Therest isthe domain name, indicating the or ganization

(vi |l anova. edu)

33



DomailmNames

% Thelast section (the suffix) of each domain name usually
Indicates the type of organization:

edu - educational institution
com - commercial business

org - non-profit organization
net - network-based organization

Sometimes the suffix

Indicates the country:
New suffix categories

uk - United Kingdom _ _
au - Australia are being consider ed
ca - Canada
se - Sweden

"""" 34



DomailmNames

% A domain name can have several parts

@ Unique domain names mean that multiple sites can have

Individual computerswith the same local name

# When used, an Internet addressistrandated toan IP

address by softwar e called the Domain Name System (DNS)

% Therelisno one-to-one correspondence between the sections

of an | P address and the sections of an Internet addr ess

35



The Waopld-Wide Web

% TheWorld-Wide Web allows many different types of
Infor mation to be accessed using a common interface

% A browser isa program which accesses and presents
Infor mation
 text, graphics, sound, audio, video, executable programs

% A Web document usually containslinksto other Web
documents, creating a hypermedia environment

# Theterm Web comes from the fact that information is not
organized in a linear fashion

36



The Waopld-Wide Web

% Web documents ar e often defined using the Hyper Text

Markup Language (HTML)
% |nformation on the Web isfound using a Uniform Resource
Locator (URL):

http://ww.|ycos.com
http://ww. vil |l anova. edu/ webi nf o/ donmai ns. ht n

ftp://)java. sun. cont appl ets/ani nation. zip
# A URL indicatesa protocol (http), a domain, and possibly

specific documents
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Problem Solving

# Thepurpose of writing a program isto solve a problem

# Thegeneral stepsin problem solving are:

e Understand the problem
» Dissect the problem into manageable pieces

* Design asolution
e Congder alternativesto the solution and refineit

e Implement the solution
 Test thesolution and fix any problemsthat exist

y
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Problem Solving

% Many softwar e projectsfail because the developer didn't
really understand the problem to be solved

# Wemust avoid assumptions and clarify ambiguities

# Asproblemsand ther solutions become larger, we must
organize our development into manageable pieces

% Thistechnique isfundamental to softwar e development

# Wewill dissect our solutionsinto pieces called classes and
obj ects, taking an object-oriented approach

39



The Java Programming Language

% A programming language specifies the words and symbols=
that we can useto write a program

% A programming language employs a set of rulesthat dictate
how the words and symbols can be put together to form
valid program statements

# Java was created by Sun Microsystems, I nc.
% |t wasintroduced in 1995 and has become quite popular
# |t isan object-oriented language

40



Java Pregram Structure

% |n the Java programming language:
e A program ismade up of oneor more classes
« A classcontainsoneor more methods
* A method contains program statements

% Thesetermswill be explored in detail throughout the
course

# A Java application always contains a method called mai n

# SeelLi ncol n. ] ava (page 26)




Java Pragram Structure

/] comrents about the cl ass
public class MyProgram

{2 \

class header

> class body

Comments can be added almost anywhere

1}
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Java Pragram Structure

/] comrents about the cl ass
public class MyProgram

{
[/ comrents about the method
public static void main (String[] args)
{ \
} method body method header
}
}

1}
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comments

# Commentsin aprogram arealso called inline
documentation

# They should beincluded to explain the purpose of the
program and describe processing steps

% They do not affect how a program works

% Java comments can take two forms:

[/ this comment runs to the end of the |iIne

/[* this comment runs to the term nating
synbol, even across |ine breaks */

[
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|dentifiers

% |dentifiersarethewordsa programmer usesin a program

# An identifier can be made up of letters, digits, the
under scor e character (), and thedollar sign

# They cannot begin with a digit

# Javalscase sendtive therefore Total and total are
different identifiers

(i
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|dentifiers

% Sometimes we choose identifiers our selves when writing ;
program (such asLi ncol n)

% Sometimes we are using another programmer's code, so we
use theidentifiersthat they chose (such aspri ntl n)

# Often we use special identifiers called reserved words that
already have a predefined meaning in the language

% A reserved word cannot be used in any other way

"""" 46



Reserved Words

% TheJavareserved words;

abstract default got o
bool ean do | f
br eak doubl e | npl enent s
byt e el se | mport
byval ue ext ends I nner
case fal se | nst anceof
cast final I nt
cat ch finally | nterface
char f 1 oat | ong
cl ass for native
const future new
generic nul |

conti nue

oper at or
out er
package
private
pr ot ect ed
public
rest
return
short
static
super
SW tch

synchroni zed
this
t hr ow
t hr ows
t ransi ent
true
try
var
voi d
vol atil e
whi | e
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White Space

@ §paces, blank lines, and tabs are collectively called white
space

# White spaceis used to separate words and symbolsin a
program

# EXtrawhite spaceisignored

# A valid Java program can be formatted many different
ways

# Programs should be formatted to enhance readability,
using consistent indentation

# See Lincoln2.java and Lincol n3.java
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Programming Language Levels

% Therearefour programming language levels:
e machinelanguage
« assembly language
» high-leved language
« fourth-generation language

@ Each type of CPU hasits own specific machine language

% Theother levelswere created to make it easier for a human
being to write programs



Programming Languages

% A program must betrandated into machine language
beforeit can be executed on a particular type of CPU

% Thiscan be accomplished in several ways

% A compiler isa softwaretool which translates source code
INnto a specific target language

% Often, that target language isthe machine language for a
particular CPU type

# TheJava approach is somewhat different

I i 50



Java Translation and Execution

% TheJava compiler trandates Java source codeinto a
special representation called bytecode

# Java bytecode is not the machinelanguage for any
traditional CPU

% Another softwaretool, called an interpreter, trandates
bytecode into machine language and executes it

@ Thereforethe Java compiler isnot tied to any particular
machine

% Javalsconsdered to be architecture-neutral

51



Java Translation and Execution
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ST Java Bytecode
Interpreter compiler

Machine
code



Development Environments

# Therearemany development environmentswhich develop
Java softwar e

e Sun Java Softwar e Development Kit (SDK)
e Borland JBuilder

e MetroWork CodeWarrior

 Microsoft Visual J++

e Symantec Café

# Though the details of these environments differ, the basic
compilation and execution processis essentially the same
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Syntax@and Semantics

% The syntax rules of alanguage define how we can put
symbols, reserved words, and identifierstogether to make a
valid program

% Thesemantics of a program statement define what that
statement means (its purpose or rolein a program)

% A program that is syntactically correct isnot necessarily
logically (semantically) correct

@ A program will always do what we tell it to do, not what we
meant totell it todo

54



Errors ©

% A program can havethreetypesof errors

# Thecompiler will find problemswith syntax and other

basic issues (compile-time errors)
o If compile-timeerrorsexist, an executable version of the program is

not created
% A problem can occur during program execution, such as
trying to divide by zero, which causes a program to
terminate abnormally (run-time errors)

% A program may run, but produce incorrect results (logical

errors)
I



Introduetion to Graphics

% Thelast oneor two sections of each chapter of the textbook
focuson graphical issues

% Most computer programs have graphical components

@ A pictureor drawing must be digitized for storage on a
computer

@ A pictureisbroken down into pixels, and each pixel is
stored separately
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Representing Color

% A black and white picture can be stored using one bit per
pixel (0 =whiteand 1 = black)

# A color picturerequires moreinformation, and thereare
several techniquesfor representing a particular color

# For example, every color can berepresented as a mixture of
thethree primary colors Red, Green, and Blue

% |In Java, each color isrepresented by three numbers
between 0 and 255 that are collectively called an RGB value

57



Coordimate Systems

# Each pixel can beidentified using a two-dimensional

coor dinate system
# When referring to apixel in a Java program, weusea

coordinate system with theorigin in the upper left corner

(0, 0) 112 X
; >
T —
(112, 40)
Y V¥

[}
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