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- Overview of computer

f inpoi_l -+
e.g. keyboard

mouse

proc€ssing unit

I __________) output I
I ed. screen
ac@ss memory pflnter

or read,only memory

at of memory and depending on its value, it can either change the value of anothet memory location or
switch which slice (of memory) it's now considering.

hard drive

- coDmon "slice" of memory
8 bits which is 1 byte
a  b i t  i s  a0ora  l .
words which are usually groups of 2 or 4 bytes

The CPU ruas i$auctions in machine lanzuage
t

writlen using shings of 0's
Example

instruction

,  
-o -  

1 -1  o l  1  o  o  ?
add use register x

(take what's in y, add it to what's io x, and put result in z)
The instuction ADD X Y Z. is an a$elqbly-lsagBgg code for the above machine language 0's and 1's.
writing in an assembly language is very tedious,

Would like to Fogram in a laoguage closer 0o English and hanslale result i$to machine code.
Example: Cr-l program which does translatiotr is called a compiler

compilen rake C++ programs and produc€ abigcllcglb. If your code uses functions deflued by somebody else, these won't be frlled in by
compiler.
A linker is used to fill-in references for other persoD's code.

. Simple C++ program.
#include <iosheam.h>
void main ( )
( cout << "hi there" << endl;
)

prlnts:

and 1's

t  1  o  1  o l
regisier y

E--011 r- l
put rcsult in z



<iostream-h> header file: says what the furctions somebody else has written should look like
iostream.h input/output header e.g. cout

void: meatrs function main does Dot retum a yalue
Il a c++ program, inain is always the first function that is run.

cout: prints 'hi therc".
to standard output (screeD)

ftrnctions begin with { and end with }
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Last Day: iutroduced our fiIst c++ program
Today: give a slightly more complicated program

discuss commenting code
good code format
a litde bit on the history of c++
differenc€s from c
variable declarations

Irfs look at a slightly morc coD0plica0ed program
// fiI€name: ar€acpp f- "//' two slashes tells c++ compiler to ignore this lirc as far as compiling goes.
// purpose: takes two inputs from user ill inches alrd computes their area.
// ktro$! bugsi none (if progam does not work perfecdy, commeDt on the known bugVproblems in your program)

// is a C+l comment
/* fis is a collllent */ €- C style comment

anything written here will be igrcred by compiler
(C style comment is useful for several lines of commelts, exi l* ............

could cause ellor
Note: l* l* */,( ff

(lested commeots) (comment ends here)

#include <iosheam.h>
int,n'in ( )
T
main will
rctum a
value to usually, if a 0 is retumed, tells the operating system that program wo*ed OK.
the operating
syst€m
(ex. witrdows,
trND( ...)

int main ( ) { } -+ stuff between a pair of braces called a block

int width, height, area; // declare 3 vadables of fype int
J
a string of at most 32 l s and 0 s

cout << "Etrter a width in inches\n"; /* - all statemetrts in C++ have to end in a semicolon
- \n means carriage retum
we could lrave ilone << endl;
- cout: meaDs direct shing to curent output sfteam */

cin >> width:
cout << "Enier a height in inches\n';
cin >> height;
area = height * widthl llr*e value of height * width and stores it in tlle variable area.
cout << "The area is " << area << " square inches";

t t



retum 0;
l

Prints:

// retum 0 J no e.ror

Algol early 60's
J
B
J
BcPL 1
J I 

developed in tandem with Unix, Ritchie Thompson, early 70's
c J
J
C++

simula
J

early object-oriented language, 60's, 70's

small talk (xerox parc) 70's, 80's

Stoustrup thought object oriented ideas were cool, and hacked them into C to make C++

- C versus C++
- in general, any C code is C+r code.
- C++ added ways to define complex data types called classes; also added operator overloading
- inpuuouput based oo UDix redirects new to C+f

cin..-
>in C++ but not h C

.oo{
IoC, woulduse ,:iDteger

priod Chi there %d", i),
1

frll in integer
io pnnt to sqeen
To read ao input, would do

scanf ('%d", &i);
1 t

typ€ is an int stick iqput into i
- C++ slighdy morc flexible oo where variable d€clarations catr be done.
But for this class, will not use this.

for us, a simple Cr-l program will look like:

header includes
int main ( )
t

variable declarations // in C, variable declarations must be at start of block
statement-l: // in C++, can move variable declarations to different places.
statement-2;

rctum O;
t

END OF, LECTURE * * 't 't * ,t t 'a rt * :t * * * + * * * * * * * * * * * * * 't * * * * 'a 'i * rt :i +.1. * '* * * * * :* * * * * * * :t * * 'l * ra * * * * + * * * * * * * * ,* * 'F

r.cil ?t
Last Day: Compariog C++ to C.
Today will very bdefly describe how to use visual C++.

- little bit of history of C++



will also talk about variable declarations in C++.
variable assigMents in C+i.
inpuYoutput.

To run Visual C++:
Click oo start -+ Visua.l Studio 6 -+ click on Visual C++

To create a new C+r source file

*- menu bar for Visual C++

click on
File tab

Ftu"l t P."r"E

e click on this

<- get a window where you can type io program

To save what you type, click otr fiIe, then click on save or save as.
To open an existing file, go to file, click on open.
To compile youl proglam.

e click this, and answer yes a couple times

To execute code you've compiled.

r- clicking oD this will run your clde

Variable decla{ations:
int dontRemember:

type I vanaDte name I
what constihrtes a lesal -variable name?- . - i - - = \ _

r(lentlner
-Can be upper or lower case
-After first letl€r or uqderscore, can use letters or numbers or underscores
example:

x_s
x100
hi_there
_ImAGlobal
1 In old days of C, variables beginning with underscore were used for global variables
( a global variable is one that can be used in all functions).

Note: nanes Bob, boB, and BoB are all different (case matters).

Example of illeg4! variable names:
iz - )
3x I not variables! I
%hi Iprog.c J

cannot start v/ith a number

cannot stalt with a %.
cannot have .



Common conventions for variable names:
-ij,k for couDters
-otherwise, variable names should be a descriptive string of words

first word all lower case
fiIst letter of subsequent words capitalized

- 
example:

selfDestructFlag (a flag is a vadable that can be aue or false)
-For global variables, put a g at stad.
example:

glmclobal

^ AssiEnmentStatements
example:

doubl€tommy; (double=doubleFecisionfloaydecimal).
tommy = '995:

1 expression in this case is a cotrstant (a Dumber).
lvalue of

^ assignmeut ("left hand value")
(vadable that will get a value ftom right band side).

This slores .995 in memory locations for a double named tommy
exanple:

int distance, aist2, y9!5, l!9J9, :T" T 
ti-e = 3 (writing time(3) is much less common thatr time=3)

can . i assrgnmeoB ln oeclafanoDs.
distance=vel+time: //stores 15 in distance.

- disaance=distance+1; //stores 16 in distaace.
dist2=dist2+1; //not valid at this point since dist2 has not been given a value yet.

Input/Outout in C++
Sundry thilgs we hayen't mentioned yet . . .

cout<<"hi there\n'/nn: escape sequence for a new line.

^ <<"you"; /Aegal to put redirects over several lines.

Oiher escape sequenc€s:
\t - tab
\\ -pdnts \
\' -prints a dduble quote

\a -alertcoes "diog") --r clmputer makes aD alert sound like "ding."

\z -z (other letters just dou't prht \)

END OF LECTURE AND SET
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Last day: assignments/declarations, input and output again.
Today: finish up talking about iopuvoutput, data types, mixing types, arithmetic expresioos, assignmeDt abbreviations.

. How do you print out doubles to some fixed precision?
suppose the price is $5, and the tax is 87o

double price = 5, tax = 0.08;
cout << "Tax" << (price * tax) << "\o";

will get
Tax O.4@!)

1
too many digits

cout.setf(ios: ;fi xed);
cout.setf(ios:: showpoint);
cout.precision(2);

t
number of decimal places precision.

cout << "Tax" << (pdce*tax) << "\n";

Itr this case would print 0.40

Data Types and Expressions

1) 2 is different ftom 2.0
2 is an int
2.0 is.a double
2 is accurate to an infiniie number of digits.
2.0 is accurat€ to the preaision the compuEer uses to store doubles.

How are &ubles stored?
Roughty, a dou6le is soored as a mantissa and atr exponent.

t
string after a decimal

(o.2r, -'t)
T

might represent 0.21 x 10-7 -+ like scientific notation
(plecision is the uumber of digits mantissa can hold)

(Aside: to write things in scientific notation in C++ ...
2.1 x 10' would be written as 2.le'1.)

Data Tvp€s in C++

short
(short int)

i r t
long (long int)

stze ratrge
2 bytes -3n61 b 32767

precrsron
N/A

(2r5: 2 byes - each tryte has 8 bits -+ 16 bits --) each bit can be 0 or 1 --; 2)

T
high oder bit used for -

] 4 bytes -2,147,483,64'1 10 N/A

) 
2.147,483,647

Copyt ight 2000



floar 4 bytes 10" to 10" to 7 digits precision
1
called because decimal poiot "floats"

doubte 8 bytes 10-ffi to 10103 to 15 digits
long double l0 bytes 10"" to 10"" to 19 digits

char 1 byte
t

used to store ASCII characters
t

standard from 60's to eDcode keyboard symbols. A = 65

char a = '+'; // notice for characters, use single quotes.
cout << a << "\n";

would priDt + and a cariage letum to scre€n.

^ bool type
vadable of this type can be either true or fatse.
e .g .

bool flagl=true, flag2=false;

Mixine Types

^ Beuerally, can use "less complicated" types in right hand side of assigoments with lvalue a "morc complicated" type.

int i= 1, y;
double m=21.1, x;
x= i+m;  / /  i s  okay
y = i + n; ll r,ot okay as y 'less complicated" than m.

Arithmetic expressions

fuDctioDs built out of +, -, *, l, %, variables, and coDstants.
1

retuns remainder
^ e.g. 25%5 retums 0

5%4 returDs 1.
e .g .

5 + x * x

* , l , , + , -

highest lowest
^ prec€dence prccedeDce

s o 5 + x * x = 5 + ( x * x )
operators associrate &om left to right.

5 - 3 - 2 = O
( 5 - 3 ) - 2 = 0

- .  n o t ' - ( 3 - 2 ) = 4

use parantheses when you want to force the issue.
e .E.  (x+y  +  z )  l3

would give the average of x, y, z.

More on assienments
^ ralher thaq write

count=couBt+2;
can abbreviate this as

count += 2;

similarly, there are Eo=, *=, /=, -= assigments.
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e.g .
salary * = l. l ;
total = total - discount;
same as
total -= discount;

Last day frnished by talking about +=, *=, -=, %=, E.

total = total - discount:
total -= discount;

Today will talk about conditionals in C++.

ggltliliguals - a way to get the computer to choose betwe€n more thaD one altemative.

Suppose you wanted to calq ate tax based on income.
People making < 40,OOO idxed at 2O%.
ff making > 40,000, taxed at 3O%.

ID C++ could do
if (income < 40000)

tax= income* .2 ;
else tax = iDcoBe * .3;

Semantics of "iP':

1
meaaing

if (cordition) // if booleaD condition is true, do statement 1.
statemertl;

else // otherwise do stateEent 2.
statemeDt 2;

incone < 40000 is a boolean condition.

Other conditionals:
! =  ,  < =  ,  > =

t ' t
equals not equals

Can make more complicated corditiotrs out of simple ones.
e .g .

# ioclude < iostream.h>
int nain ( )
t

int day. favNumber, garbage;
cout << '?lease enter day of Motrrh: ";

citr >> day;
cout << '1n\n Please enter favorite number:";
cin >> favNumber;

J causes less errors to write l7 on left- hand side
if (17 = = dzy && 7 : favNumber ll day > = ZS)

T
o l

cout <<'\n the plarcts are aligned. Type something \n';
cin >> garbage;

l
retum 0;

) // end code.

Prints:



83842
gge bo"l
* / l  \ , x&&
Eue I tsue
bue I false
falsel hue

Please enter day of month: 17

Please enter favodte number:
The planets are aligned. Type something.l-would oot be printed if favNumber was 6, and day was 17.

l-would be printed if day was 25 and favNumber was 6

Nesationl
*  - l  r *
true I false
falsel tsue

bool flagl = aue, flag2 = false;
if (!(flag && flag2))

{cout <<"hi th€re";
l

would pdnt
hi thcre

- Notice itr very fust example, had just a statement after if cooditioo. Later used { } (compouBd stateEents or blocks) with a buch of
staleEents in them. Either way is good C++.
- Notice that you don't have to have an else clause.

More on &&, ll
eg .

if (true ll 7/0 > l)
cout <<"hi there\n";

would print
hi there

So if there arc a bunch of lls
coadl ll and con<D ll ... ll couth

evaluate utrtil you find fi$t cotrdition that is tlue and retun true. If you dont find any true, rctum false.

For &&, search for first false and rctum false.
eE.

if (false && 7/0 != l) // stop evaluating after false
eout << "bogus";

else if (tue)
cout << 'unbogus";

would print
unbogus

No!e: you can use an if immedialely after an else.
In g€treral, can do

if (condl)

{
// stuffl

)
else if (cond2)

t
// stufl2

)
4

// 7/0 would ca$e ar error if it had to be evaluat€d.

// But it is never evaluated since the conditioD is alrcady hue by the fEst coBdition.

true I true
true I false
falsel true
falsel false



J
else if (condn)

{
// stuffD

i
else
t

ll whatever
l

Consider:
(l) if (7 ==x)

cout << "hil";

if (6=n)
cout <<"hi2";

versus
(2) it Q:x)

cout << "hil";

else if (6:y)
cout << "h?";

w h e n x = 7 , y = 6 ,
(1) would print

hi t hi2
(2) would pdnt

h i1

Today: talk about two differctrt loopitrg mechanisms in C ++ while loops, do,/wbile loops. Then talk about inclement and decremeut operato$.
Then i-ofitrite loops.

Loooing Mechanism- is a prcgram shucture used to execute a block of code over and over till some condition is met

Example:
// Program Name : power.cpp
// Purpose: Takes a oumber n ftom uset and computes 2"
// KnowD bugs: works only for whole numbers.

# ioclude <ioskeam.h>
int main ( )
I

int number, power = 1, counter = 0;
cout << "Entet a number: " ;
cin >> numbe4
whil€ ( counler < number)
{

prower * = 2;
counter + = 1;

) // check condtion again.

cout << "Power is:" << power;

END OF LECTURE * * * * * * * * * * * * * * * * * * ,* * * * {. * ,* * ra .* r* * * * '* rt * * * * + 'i * * * '* * * * * * 'r * 't :t i. :f .} * * r* .* rr ,} r* '* '* !* r* * * * * * * * *
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Last Day: Talked about conditionals and if statemerts ir C++
if ( cond)
(

// stuff
l
else
( _

// other shrff
l



retum 0;
l // end of main

Power is : 8
( progias etrds)

Number of loops ne€ded to computer 2" is n.
we're using 2| = 2{ 2f'')

Could have written a faster program if used

2. = ( 2!c?t, if n is eyen L

,fi ).*a"aa"*"
= 2 . (l*J! is n is odd 

vJ

could use lhis to write a progam that only had to loop log many times. (talk more about later).

. General Form of a while loop

OR

while ( cond)
stateDent;

while (coud)
( executes stuff over and over utrtil cond- becomes tmtrue.

// stuff
I

- using what we've leamed so far of C ++:

^ assignments, if , whileloops
we could in theory $Tite a program equivalent to any Fogram in all of C+t ( igDoring input/output).
- The point of adding morc stuff to the language is to make it easier to understald programs.

. do/while loops
like a while loop except guaranteed to execute the statements in its block at least oDce.

^ 
Example:

// HiThere.cpp
# include <iostream.h>
int main ( )
{

char c ;
^ d o

{

cout << "Hi There. If you want to s€€ this $eeting again typ€ y \ n";

cin >> c;

Enter a number:3 (- enteredby user

f number = 3, power = 1, counter = 0
not lthe while condtion is satisfied. (0 < 3)
printed{ nunber = 3, poewr = 2, counter = 1

I the while condition is true ( | < 3)

I numter = 3, power = 4, counter = 2

I the while condition is ['ue ( 2 < 3)

I number = 3, power = 8, counter = 3.

lJrc while condition is false



) while ( c : 'y1; // need semicolon

retum 0;
| // end of maitr

Prints:
Hi there. If you want to see this greeting again type y

v
Hi there. If you wart to see this greeting again type y
n
progam ends

. Geneml Form of do while loop

do
stateItretrt;

OR
while (cond);

do
{ // stuff
l
while (cotrd); semicolon needed.

semantics: execute statement at least once. Then keep executing statement again and again until cond becomes false.

Inqement/Decrement opeaato$
- In fust while progmm today.

had line coutrter +=1:
4

will be traished to an ADD' 
machine language usually has a faster statement for adding one ca[ed INCR
To hift to cmpiler to use this atrd also to save tyPing, can do:

counter#; // mears counter = counter +1;
similarly for subtracting by one, can do:

counter -- i // Eeans counter = counter -l;

Infinite loops

while (hue)

{
// stuff

)

keeps executirg shrff ovet and over forevet
(sometimes usezu)

wha6 bad is if you have a cond dnt always evaluates to hue but didnt intetrd it.

END OF LECTURE AND SET #2 ***'F*rr***'f 'r* 'r:r*'r***r+**:f r:*****' i*r***'****'t*ra******r. '*****1.+:*********
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Last day - recall were talking about white loopvdo while loops.
said ftagment of C++ using only assigDment, if, while was conputationa-ly as powerful as all of C++.

Today - we look at one me€hanism which although it does not increase the compuiational power of C+r, will allow us to wrile large
utrde.standable programs, i.e. will talk about functions.

A common methodology for writing larger prograEN is known as stepwise rcfinement.
In it-..-

/ ["b"'t il
/ - add details to what needs to be doDe

for each task.
Il;;ll

\ F.da;l
keep expanding until get to something
easy to code.

Dilferent groups can work oD writing the different tasks. If specification is detailed enougtl" o*rer groups can write ttreir code assuldng the
other groups' code is usable in theiE.

Futrctiotrs will allow us to break code up ioto these tasks ftom stepq'ise rcfinemeDt model.

Geneial Idea of a frnction
TelephorcNumber (fName, lName) //Given a first name and a last name

Nami[g co[ve ioD for
//Checks some 6les on disk and outputs a
//telephone number

illrctioos: upper case fust letter of each word.

Other groups dont particularly need to know how this program works in order to use it.

Basic c.mponents of a function
Identifier - its name

underscore or letter followed by letters, numbers, or underscores
lnputs - zero or more

Fo! example above, fName and lName are inputs (arguments)
Output - z€ro or one value

retumed by dle function
For example above, telephone number was the output.

Side effects - fuoction Bight change some memory on disk or in RAM. Most coumoo side eff€at is print something to sqeen.

Example:
maitr( ) - has no inputs. We've had the output of main be both au irt and void - (void case meatrs no output). Have done printing in Bain se
have seen side effects.



Example:
How to use someone else's function.
Using math functions from math.h

// hogram NaEe: surveyor_cpp
// Purpose: Given distatrce to summit aDd an angle, computes height of mountain
// Known bugs: none

#irclude <iosheam.h>
#include <math-h> //tells compiler to look for math library functions.
int main( )
t

double distance, angle;
cout << "Enter distance to mountaintop: ";

cia >> distance;
cout << "Enter an angle: "; //in radians
cirl >> angle;
€out << "The height of the mountaitr is "

<< sin(angle)*distance;
//Notice format to use a firnctiotr.

retum 0;
l

Prints: ,

Enter distance to mountaintop:l
Enter an angle: .5
The height of the mountaia is .5

Other maah.h functioas:
double sqrt(double x); )whole thing called a function protorype

f computes square root ofx
type of output

double pow (double x, double y); //computes xv

s ia
cos
tatr

int ceil (double x); /ftouods up !o oext bigger i.Dt, eg. 4.3 --) 5

int fl..r (double x); //rounds down to next lower it , e,9.4.3 -+ 4

fabs - comput€s absolute value.

Suppose wanted to wdte owD code for absolute value.

#include<iosheam.h>
int abs(itrt x); /lprototype tells compiler type of firnction, so qm use

//it before it's deined.

END OF LECTURE '* .* * rr :r + :* :* .f :* + * :r * * * * * * * * :+ + :! :! +:* * :r * * * rr .N * :* r* .* * :* * * .* .t|+ :t + :* .* :r 'r .r .r! :* * .* * .* * :* * * * * * :* * * * * :. :r 't * *
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lnst day: staded talking about firnctions
gave example of using other people's functions, i.e., math library.

Today: will wdte our own functions
talk about local variables

Code for absolute functior

# include <iosream.h>
hl abs (int x); //tunctior proaotype



//says types of function but no code.
int Eain O
{

int number;
cout <<"Enter an integer to test abs function:";
cin >> number;
cout << "The absolute value of " <<number <<" is " <<abs (number);
retum 0;

)

int abs (int x)
{

^ if (x<0) rctum -x; //value retuned by function
retum x;

)

Prints:
Etrter an integer to test abs function: -8

The absolute value of -8 is 8^ 
What happens?
The value of number is passed to atrs. A new variable x is creat€d and set to -8. The if condition holds, so 8 is rcturned.

Atrother example of using someooe else's function.
Coosider:

# include <iostream.h>
-. int main0

t
cout <<9/2 <<endl;
cout <<double (9)12; //double is a builFin tunctioD
retum 0; //cooverts its input to a double.

l

'- 
Outpots,
4 (912: both are ints aod will output atr itrt)
4 . 5

double fulction used to change the type of an integer to a double. This kitrd of chatrge of type is called tvpe casting.

^ Notice in double (9)/2, compiler will also conved lhe type of 2 to a double. This implicit change of type is called tvpe corversion.

Anolher exanple of writing your own fimction
//Prcgram NaEe :
//Rrrpose : Takes an interest rate, a number of years, and an amount,
// and outputs lotal you would get compounding the interest

^ ll tbat many years.
//Ktrowo bugs: 15% should be entered as .15

#includc <iostream.h>
double Compoutder (double i, int y, double a);
// calculaaes aEount after a is compounded by rate i for y years.

- int main o

double interest. amount;
iDt Years:
cout <<"Enter interest rate:";
cin>>interest;

_ cout<<'hEnter years:";
cr[>>years;
cout<<'\Enter amount:";
citr>>amoutrt;
cout<<"The amouDt will be "<<Compounder(interest, years, amount);
cout<<'It was originally "<<amount;

tehrm 0;



l
double Compounder (double inhst, int yrs, double amt)
( t

while.(yn > 0) local variable
{

amt * = (1+intrst);
yrs -;

)
rctum amt;

)

Oqtput:
EDter interest late: .l
Enter years: 2
Enter amounl 1000
The amount will be 1210

What happeDs?
calls the function Compoundgt. The values of interest, years, a.trd amouDt
(not the variables theEselves) passed to function. This is called call by value. The variables intrst, ).rs, amt are qeaied, then assigned
iotrst = .1, yn = 2, amt = 1000.
Fi$t time through loop:

amt = 1100
Y r s = 1

Secood time tbrough loop:
amt = 1210
5 n s = 0

end loop, retum 1210.

Ia was originaly 1000

- Notice amouDt printed out was 1000, unchanged by the call to CompouDder
- Order of arguments matt€r.

i.e. CoEpounder (yea$, iuterest, amoutt),
would get an error siuce hterest not type int

END OF LECTURE**** * ! r * 'a* ' * ' r , r ' r+ ' r * ' * ' r ' | t r 'a+* i i ' ! :a : !+*+*** * * * * ,a* ' r * 'a , *+** * * * , * * ' t * r r * , i * * * * * * * ,a* ' , ' t+ : t ' * * * ' * t t ' | *
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Amounc€ments:
Practice Mi&erm is bn web.
Ooe plobt€m ftom this is on actual midtem

Last Day: was talkhg about functions.
mentioned locavglobal variable

Today: goiog to talk about locaVglobal variables
talk about colst tYPe
Furction overloading

Example of locavglobal variables

#include <iostream.h>
iot Square (int n); // this function retums n * n.
void Printout (int, iDO; // takes two inlegers, prints tlem out'

// returDs nothing.
// Notice allowed to omit variable names
// in PrototYPe.

int number; // create a vadable number. Notic€ this variable does
// not appear in { }. So it's global.

iDt main ( )
(

int nuD2 = 2; // local variable of naiu
// d€clared in [ ] so it's local

4



number = l; // no number in main, so look in surrounding and
I ll see that number is the global yadable.

int numb€r = 4; ll qeate aTocal variable to fis block.
Printout (number, num2); // Iook for number in this block, = 4

I // end block
Printout (trumber, num2);
number += I // so aow number = 3.
number = Squarc (number); //now number = 9.
hintout (number, nun2);

) //end mair

void Pdntout (int nl, int n2) //the scope of n1 and n2 is the

I llbraces following. They are local
//Yariables.

cout << "number 1:"<<nl <<"h number 2i'<< n2;
t

int Square (iDt rum2) //nuD2 is a local variable different from the

^ { // one in main.
in t i=num2*num2;
reh.rn i;

l

OutDut:
number 1: 4

-- numb€rz: 2
number 1: I
number 2: 2
numb€r 1: 9
number 2: 2

_ Summary:
Every pat of ( ) and ( ) has associated with it a table of variable names and values.
When a variable is used, try to find its name in nearest eDclosing table and either read or change value there.
whole file also has a table. variables in ahis table called glgbel.

Scope of a variable is { } in which it was defined.

TvDe const
^ 

const variables' values can be read but not changed

e.E.
#include <osheam.h>
const double PI = 3.1415; //global const

modifi€r //value caDnot be changed
- = modiEes the type

int maitr 0
( PI=5; //illegal. cannot change the value ofa coDst

cout << PI; /negal to Print out.
retum 0;

)
-- 

Function name overloading
- using the same name for more thal one function
- Polymorphism (same sort of fhing)

- have a function which can operate on more lhan one type.

,^ #include <iosaeam.h>
corst double PI = 3.1415;
ht Pedmeber (int l, int w)
t

retum (2*l + 2*w);
I



double Perimeter (double diameter)
{

retum Pl*diameter;
)

//Notice no Fototypes. As long as you define the complete firnctiol before
//you use it it's legal, but not too common because not as readable.

int main ( )

cout << Perimeter (1, 3) <<"\n";
cout << Perimeter (2.1) << '\n';

)

Output
I
6_594
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PROGRAM IN COMPUTING 1OA S. 3.4
PROFXSSOR POLLETT

SET #4

APRIL 24. 2OOO

l,ast day: finished by talking about overloaded fimctions
Today: will talk about overloading and type conversioa, give aa example of ndting a plogram by stepwise refiaeBe . Ta,& about call-by-
reference.

TVpe conversior and Ovedoaded functions
e.  g .

cout double PI = 3.14r
int Pedmeter(ht I, int w)

{ retum 2*l + 2*w;
l

double Pedmeter (double diameter)
{ rcaum Pl*diameter;
I

What woold happ€n if you call Pedmeter (2)?
Will call double Pedmeter (double diameter) function.

Basic idea:
If compiler can't find a fimctiotr prctotype exacdy matching the input, it wi.U try 0o apply tt'pe coDversions to see if it catr find a maich.

Some mor€ on stepwise refinement and void functions
Cotrsid€r task of getting an input ftom user atrd if it's positive, print that many * atrd new line, and get another number.
Othenvise stop.

Eoter a number

i **
Entel a number
2

Eoter a uumb€r
0

Fi$t pass using stepwise refinement.
# iDclude <iostream.h>
// prototype
int main ( )
I do { // get input fiom user

// plot it
I while (input > 0);

retum 0;
I

Second pass:
# include <osEeam.h>
irt Gednput ( );
void Plot(int column);
int main ( )
{ int input;



do { input = Cetlnput O; norice plot is always ca ed after cetloput
Plot(input);

) while(inpub0);
rehnn 0;
)

First pass Getlnput.
int Getlnput ( )

{ // request input
get it

// retum it
I

Secood pass Getlnput
int Getlnput ( )

{ inr in;
cout << "Enter a number\n".
cin >> in;
rctum tn;

I

Fi$t pass Plot
void Plot (irt col)
{ // if cob Q loop printing *,s and deqer zqting col.

// pritrt new line
)

Second pass plot
void plot (int col)
{ while (cobo)

I cout << "*'t

c o l - - ;
)
c{ut <<"\n";
retum; //notice can use a rehrm with no argumeat in a void function.

l

(l)shows how to b.eak complicabd tasks iDto simpler oBes
(2)write forctions to do simpler tasks

Although itr most cases want oaly one cxit poitrt for ou. futrctio[s (since this is clearer), sometimes usefirl to exit in two places.
void function (// types)
{

wbile(cond) ( if 1x = = 7; tr1*o.
I

T€turn;
l

At this poinl all ou{ frmctioos retum at most one value. How can we wriie firnctions to retum more than oDe value? Use call-by-refcrence.

Rather than calting a function with the value of a variable, instead, call the lunchon with the memory location of where that value is stored.
(call-by-rcference)

u I 7 -+ l000th byre of memory
I
I

e ,E.
#include <iostream.b>
void Triple (iut & num) //&: use call-by-reference
{

num*=3;
l
i n t m a h ( ) [

a



i n t x = 5 ;
@ut << "x = " << x << "\o";

TriPle(x);
cout << "x=" << x << "b";

retum 0;
l

Output:
x = 5 If x storcd at memory location 1000, then num will also point to location 1000.
x = 15 So write 3*5 to memory locatioD 1000.
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Midtern Friday
Bdng Photo ID
No cell phones
Closed bmk, closed notes
50 miDules
5 problems (cove$ up to 4.1) - one problem off practice midterm

Study strategy
1. Practice Midterm

^ 2. Review IIWI atrd lIW2
3. Look at your uotes
4. Look at book

Practice midterm:

1) Define a buoch of lerss with example.
a) local vadable - vadable declared withiu {} or 0.

The value only exists as long as its block hastr't ruD to completion.

e.g.
void MyPdnter (int i)
{

doubte j; //i and j are local variables

l

b) type+asting - a programmer forccd conveniou of a vadable ftom one E4)e to another'

e ,E .
i n t x = 7 ;
doubley=double(x);

T
typecasl

c) inlmite loop - a loop that never termhates because its loop condition is always satisfied.
e .g .

while (true)

t
,

d) polymorphisB - a function which operates on more thaD one set of inpuvoutput types.
e .  g .

int Perimeter (int I, itrt w)

{
rehrm 2*l + 2*w;

l
double Perimeter (double diameter)
t

retum 3.l4*diameter;



)

2) Fragment I
i f ( x : l )

t
cout<< "hi there";

I
else if (y:l)
(

cout<< "ho there";
l

FrugEteDit 2
if (x:1)

t
cout<< "hi there";

I
if (y:D

{
cout<< 'ho there";

)
Do they have the same output?
No, if x : I and y : 1, thetr Fragment I prints hi there

but Fragment 2 prints hi thereho there )

3) int main 0
t

i n t x = Q ;
if (false && (7/x > 0 ll true))

cout<< "hi there\n";
retum 0;

I
What does this pdnt?
Prints nothing.

4) #includ€ oath.h>
doubtre power (i x, irt y)
{

double out = l, y2 = fabs (y),
if (x{) retum 0.0;
wbile 92 > 0)
{ out *= x;

9 - ;
)

if (y < 0) out = l/out;
retum out;
)

I
2 ' -+ 2' -+ 

F-, 
retum this value

5) #include<iostream.h>
const double salesTax = .0825;
int main 0
t

double price;
cout<< "Enier a price:";
cin>> pric€;
cout.setf (ios: :fi xed);
cout.setf (ios: :showpoint);
cout.Fecision (2);
cout<< "Your tax is: "

<< salesTax*price << endl;
rctum 0;



l

6) Want to print out
This is a quote " and this is a slash \
To do this
#iDclude <iosheam.h>
int msin 0
t

cout<< "This is a quote''
<< "\" and this is a slash"
<< "\\ \n";
rctum 0;

END OF LECTURE AND SET #4 ****:t***++*:a'a*:t**'**r.i i***'. '*{. '****'**'} '***'f * 't+***'.*******:*********'***
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Last day - finished by talking about call-by-refercnce.
Today - more on call-by-reference, talk about pre-, post-conditions, and functrons calling firnctions.

Call bv reference
e.g. functioo to swap two numbe$.
To test our ftnction will wdte a short main program that creates two numbers, pnnts them, swaps them, pdqts agaln. such short maitrs used totest a fiuction are called a ftilgt

#include <iostream.h>
void swap(itrt & var t, int & vat):

I t
\.---->* means call by reference

not legal in C
int main ( )
{

int numl = l, utm2 = 2;
cout << "Test swap\a";
clut << "\rnuml: " << numl << ',\n nu.m2: ,, << num2 << endl;
swap (numl, nuE2);
cout << "\aAfter swap\n numl: " << numl << "\nnus2: ,, << uuD2 << endl;
retum 0;

)
void swap (iut & var1, int & var2)
(

int mP = Y211'
varl = yz(2i
var2 = tEp;

)

output:
Test swap
numl: I
nun2: 2
Aft€r swap
numl: 2
num2: 1

What happeDs?
1000 in memorv

, \  r '
P--4.1?- vatrl

location 2000
)--....-,

num2 l l  2 l * -  var2

location

numlnuml
aod
nu!r2
outsid€
of swap function
ar€ affected
by changes
to var1,
va!2

Copyright
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call by value does not affect variables used to call a function
c€ll by referenc€ does affect variables used to call a firnction.

Besides driver progranu, another usefi tool in buildhg large programs is a shrb.
e.g. void swap (int & fnum, int & snum)

( ) // no code
A stub essentially has Dame of prograrn and no body

Usefirl technique (for debugging): commenting Prototypes.
Use pre-, . post-conditions.

e.g. void swap ( int & ftrum, itrt & snum);
- Il precondition: frrum and snum have been given values.

// postconditioD: values of fnum and snum have been interchanged.

Precoldition - what's supposed to be hue before a block of code executes.
Poslcondition - what's supposed to be true after a block of code executes.

^ Example: call-by-reference, Pre and postconditions, functions calling functions.
koblem: multiply 2 rational numbers and express in lowest terms.

q: taction is an integer divided by an integer
1 l".e. ll. ..

2 5 1 0  2
^ e&,.r=i;^=,

divide top alld botiom by GCD Greatest coumon divisor)
#include <iostream.h>
void FracMult (irt uum1, int dea1, int D.rm2, int den2, itrt& rcsnum, int& rcsden);
//precondition; nun1, denl, numz, den2 all have values and denl and den2 are not zero.

- //postcotrdition: resnumftesdetr is the result of numl/deDl * num2/den2 in lowest terms

int Ccd (int numl, int rum2);

iot mrin ( )
{

int numl = 1. denl = 2:
^ 

int !rm2 = 2, deol = 3;
int resnum. rcsden;
cout << "Multiplyiug" << numl << '/' << denl << "and" << nuo2 << "/" << den2 << 'yields";

FracMult (numl, denl, nuo2, d€D2, resnum, resden);
cout << resBum << '/" << resden << endl;
retum 0;
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hst day- did a longer example about multiplying 2 fractiotrs and explessing in lowest terms.

Today- fiaish this example, talk about file yO

What we've wdtt€n so far.
Addlq main used to test function FracMult,

.- It set uP values numl = 1, denl = 2
lum2=2. &n2 =3

created rcsden, resnum.
then it called FracMult (numl den | ,num2.den?,resnum,resdeo):

;il"- ;;"*



void FracMult ( int numl, int denl, int num2, int deD2, int & resnum, int& resden)
t

irt gcd;
rcsnum = numl * num2;
resden= denl * den2;
gcd = Gcd( resnum, resden); // calling a ftrnction from another
resnum/ = gcd;
resden/ = gcd;

l

Algoridun for GCD based on Euclid's AJgorithm
uses: Gcd ( a, b) = Gcd( b, a %b)

int Gcd ( int numl, int num 2)
t

int tmp;
whil€ (num2! =0)

t
tmp = truml% num 2;
numl = num2;
num2 = t!|p;

)
retum numl;

)

e.g. Gcd( 10, 15)

Ftst Pass:
tmP = tO
numl = 15
num2 = 10

So 5 is rchned.

Output:

Second pass:
h P = 5
nuqrl = l0
num2=5

Multiplying ll2 and 213 yields lB

Streans basic files Y0 ( Chapte! 5)

will use to itrhoduc€ idea of classes aod objects.

A sueam is a flow of characters or data
If the ltow goes into yorr prcg'aD, it is caled an i!pgt-sEg!4
e.g. keyboard iuput, witing to a file.
If the flow goes out of your prograDr, it is called an ol:Eg!-sE93!q

e.g. miting to scre€D, to a disk, or to a tape.
Uscfrrl to writ€y'read tcy'ftom a file !o be able to store permaaeluy

high score lists, databases, etc.

How to do file Vo in C ++
e.E.

#include < iostream.h>
#include <fsFeam.h> // used for files
int main ( )
{
ifstseam instre3m ;

T T
a class an object of tYPe ifstream

Third Pass:
h P = o
auml=5
nu02= 0



ofstream outstream;
int in, out;
cout << " Enter an integer \n" ;
cin >> in;
outsheam.open ( "f,le.dat");

T
calls the open firnction of the outstream object

o Stream << in; // $Tites to hle.
outstream.close ( ); // closes frle so others can use it.
inStream.open ( "file.dat");

instream >> ou! // get an integer
instream.close ( );^ 
cout << " The integer was:" <<out<<''\tr";
retum 0;
)

OutPut:
. Eloer an inleger

The integer was:5

What happens?
Opens file.dat
writes 5, closes frle.dat
open file.dat

^ read ooe int from stai of file.
close file.

Whetr a file is opened for reading, always start io r€ad ftom beginDing of file.

Aclass is a data type built out of sEaller datatypes, and tunctions.
^ e.g- ifsaeam,ofstleam

An oUigll is atr instance of a class.
e.g. insEeam is an object of type ifstream.

A-Elptbg! is a finction itr a class.

_ To call a metho4 use dot operalot.
e.g. outSheam.open ( "file.dat')

1
method of object

outstream.precision(2) ;
1

s would only affect outstream instanc€ of ofstseam'
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Last day- stafted talking about input/output saeam classes.
.- Today- go more hto detail on reading/writing files. CheckiDg if file opened correctly, getting fileDame from user, what the magic formula ( for

precision, etc.) means.

How to check if a file opened correctly?
e .  g .

ifstteam instream:
instr€am.open ("file.dat");

-- if(instream.fai()) // checks if frle opercd corectly
T

cout << " Could not open file\n";
exit (1);



exit O is in # include <stdlib.h>
exit retums control frorn your pro$am to the operating system, no matter where it is called from.
The 1 means there was an error.

How to get user to choose filename.

#include <fsheam.h>
#itrclude <iostream.b>
#ioclude <stdlib.h> // for ent ( )

iDt main 0
{ int in;
char inFileName [16]; // stores 16 characte$, called atr lgay

ifstream instream;
cout << "Enler a frle mme ( max 15 cba$) \n";
cin >> inFileName;
// hFileName string automaticalty has a \0 appended to it so
// computer hows where string ends.
instream.op€n (inFileName);
if(instream-fail0)
(

cout << ' Could not open:" << inFileName << endl;
exit ( l);

)
insream >> itr;
cout << in << endl ;
rehrm 0:
l

If filel.dat has 7 in it, then
Output:
Enter a file name ( max 15 chars)
filel.dat
7
(tf filel.alat failed to open, would pdnt "Could not open filel.dat")

Magic Formula can be used with ofstreams.
ie. ofstream outstseam;

outstreaDopen ("hithere.tl(t") ;
outsfteaesetf (ios : : fixed);
outstreaDsed (ios : : showPoint),
outstreao"Fetision ( 2);
outsfream << 7.0;

This writes number 7.0O to file hitlse.txt.

setf: stands for set flag. A flag is like a bool, can either be on/off.
(audfalse)

ios : : fixed
input output class J fixed has some value defined in this class'

(value giveo in ioskeam.h)
ios : : fixed says doubles should be output in fixed point nfher than scientihc notation'

e.g. 20 rather thar 2e1.

ios : : showpoiBt- forces decimal point to be printeal for doubles.

e.g. 2.0 rather than 2

Other Flags

ios : : showpos _ forces + or - to be Printed'
e.g. + 7 rather than 7

5



ios : : scientific - forces scientific notation to be used
e,g. 2€0 rather than 2.

ios :: left - forces number helds to be leftjustified.

^ €.g.7000!rsuu <- if field has width 8, number appears to left.

ios : : righf- forces number fields to be rightjustified.
e.8.r..sr.r q 7000

These last flags are useful when printiDg forms.

Sales
70

1 0 0
100mo

500

{- nice to have it all lined uD

^ To sct field width for one numtrer
cout << "SeveB";

cout.widrh (4);
cout << 7 << endl;

t lint:

^ 
Seven r..c+-.r7

Have to s€t width again to 4 for next number if you don't want to go back to default

END OF LECTURE AND SET #5 ****'a+'t****'!.**'t**'****'******'***'*************'.**'rr.**:r:*'.!*t ' .**'* '* '**t *
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Last day: talked about files, streams, stream methods, and flags.
Today: will talk about ma.nipulato6, get, put methods, how to appeDd to a file, end_of-hle checking.

we showed we could cootrol width of a field using the width method of an ostueam. (parent of ofstream).
e.g. cout. width(4);

cout << "hi" << 7 << endl;

PriDts:
h i _ _ _ 7

A manipulator is a fimctioD we catr directly feed into a strea.m-
cout << "hi" << setw(4) << 7 << endl;

1
manipulator: has saEe effect as cout.width(4);

Arcther example of a oanipulator. Rather thaD cout.precision(4);, could do cout << setprecision(4);
Manipulato$ need #include <iomadp.h>

How to work on single characte$?
For iDstanc€, usiag >> with cin or an ifsheam, we miss slrecial characiers like end of lines.
Ans: Use get and put methoais.

e.g. char c;
cin.get(c); //treats special chaEcters like any other.

e .g ,
cout <<'E er a line to be echoed: \o"
char syn;
do
{

cin.get(sym);
c.out << sym;

) while (syn! = \n');
cout << "done\n";

Output:
hitherel
hirherel- output like thrs rarher than like hhiiflhheeree

done

Two reasons for this:
input may be buffered.
output may be buffered.
A buffer is a plac€ where daia is stored while waiting to be processed.

To output a shgle character, use put.
e .E .

char a = ";

cout.put(a): // write a space to scleetr.

Can use get and put with ifstreams and ofstreams.

Spring 2000
2 0 0 0Copyright,



e.g .
ifstream in("fiIe");

1
another way to open hle. This is an example of using a constructor. Like the two lines ifsheam in;

rn.open ("file");
-. char a;

in.get(a);
cout << a << etrdl;
// gets a character from file and prints !o scre€n.

Sometimes useful to avoid advancing where we are in file.

lr oo
in.putback(a); //doesn't matter what a is.
/nast character read in "putback" so that it will also be next char read.

Car think of putback as allowing you to back up one step ilr rcading file.

-- More oo writing to files:
So far when we write to files, we erase what was therc.
Ifdo ofstteam out;

oulopeD ("frle", ios::app);

- appetrd flag.

._ 
then writing will b€ done continuitrg at the eDd ofthe fi.le.

AlBodler useful thing to be able to do with files we are reading is to be able to tell when we've reached an end-of-fiIe.
Can use eof( ) method to do this.

eg. Prcgram to coutrt numtrer of lines in a file.

- #include <iostseam.b>
#include <fsheam.b>
bool Newline (SfteanF in);

class: all classes must be passed by rcference.
int main( )
t

ifstream inFile;
int couat = 0
chal filename [16];
cin >> filename;
inFile.open(f ilename) ;
do
(

connt++;
l while (Newline (inFile)):
cout << "Numbet of liBes:" << count << endl;
r€tum0;

l

-- 
bool Newline (ifstream & in)

char sym;
bool flag = 611s;
while (! in.eofo && 0ag)
1

.- in.get(sym);
if (sym: \n)

flag = 6slset
I

retum (!in.eof( )):
I
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last day - talked about eof( ) method and other hle stuff

ioday - will talk about some firnctions useful for manipulating characte$

will also talk abouc inheritance aDd shucts.

Char*er manipulating tunctions

toupper - converts a chancter to upper case
e.g. cout << char (touPper ('a));

outputs: A
chai( ) is a function which colYerts an integer to a character to be p!in!ed'

toupper outputs an ASCII number, for al uppercase lener'

tolower - outputs lower case letter of a given upper case one'

isupper - reuJrns true if character is a.D upper case lener'

islower - retums true if characler is lower case
isalpha - lrue if character is a letter
isdigit - true if charactei is a number
isspace - true if character is a space

inhedtance
rccall classes are data types built out of smaller/simpler datat,?es'

we can also use classes we've already defined to build new classes'

there are two ways to do this:
l. use 0rc existing class like any other datatype in a class definitioD'

2. inhedtance

inpuyouput classes we've been using give an example of inheritance'

consider the following piece of code:
void two-sum (ifstream& souceFile)

{
int D1. n2:
souceFile >> n1 >> tr2;
cout << nl <<'+' << n:l << '=" << (n1+n2) << endl:

I

if we do:
ifsEeam frn;
fru.open ("frle.dat")
two-sum (fid;
frn.close( ); //takes two int ftom file.dal and outPuts sum to screen

consider:
two-sum(cin); // does not work

would grress tbat this takes two numbels from keyboard and outputs sum lo,screen. 
Howerever, cin is an object of type istseam (not of type

ifstseam), aod so the type doestr t match. Neve.tieless, ifsgeam class is defiled from istrea* class using inheritaqc€' This means you can use

ao ifst eam objert wherever an rstream object could be used- ifsbeam objects can do additioml things (ike eof method) so canaot use an

istrearn whenever an ifsheam is used.

Sinc€ istream doesn't do as much as ifstream, in general, it will take less memory'

more than one class may inherit ftom istream ifstream sorme other class

)""1-
can rewrite two-sum to exploit iDheritance
if we did
void better-two-sum (istream& sourceFile)

t
//same code as beforc

)
then both ifsheam fin;

fin.op€n ('irle dat");
better-two-sum(fin);
Fn.close( )i 

j



Ard
better-t\tro-sum(cin);

would work since fin is of type ifsheam and so also of type istream. And cin is of type isteam.

Some defuritions:
ifstr€am is said to be a derived (or child) class of istream.
istream is said to be parent of ifsheam.

ofsteam is derived from osaeam
void Hello (ostream & out=cout)
r \
t \

out << "hello\D"; otit = cout means ifno argument supplied output to screen.
I

ofstream fout;
fout.open("fi le.dat");
He o( ); //writes hello to screeo.
Hello(cout); //writes hello to sdeen.
Hello(fout); //writes hello to file.dat
fout.close( );

Chapter 6: classes, sffuct, arrays

back ia C days, did not have classes but C did have something called a shuct
struct is like a class, but no inheritance, and no methods.
C+r is backward compatible (mrinly), so has structs.

sruct Fraction
t

mt numeQtor;
int denominator;

) ;

'- structue
used for gluing together related data

e .  g .
employee data
- fust name
- last mme
- sdary
- emplD

Employee s&ucture definition

struct Employee

to us€ shucl could do
FractioB fracli

1
creates one object of type Fractiotr.

To give it a value, could do
frac l.Eumeralor = 3;
frac2.denomioatoF5; //stores 3/5 in ftac1

can use this type now i|l fuoction definitions.

Fraction FracMult(Fraction& fracl, Fraction& fcac2)
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\cnar mamelzul; \
char lnamet20l; ) Dember variables
double salary; ,/
int EmpID; /

l ;

can declare variables of type Employee.
in main, could do

Employee Fred;

To access member variables:
Fred.salary ifstream in;

I I I in.open("inpur.dat"):
I

name of I name of member variable t
struct dot op"ruto, dot operator

\----.v--

variable of type double

To initialize after declanaion:
Employee Fred;
Fred-toame ='Frcd'; Just like:
Frcd.lname = 'Fliatstooe"; int i;
Fred-salary = l; i=17l,
Fred-EmpID = 123;

To initialize in declaration:
FmFloyee Fred = {'Fred", 

"Flintstone', 2, 123};
t

List values in order of struct definition,
separate with commas.

Just like:
int i = 1?;

usiag member variables:
if (Fredsalary > 1000)
{

// tue him.
l

usiog stmcts itr functions:
can u6e any defined struct as a parameter. - Bust always be a call-by-rcfer€oce par"aEeter.

e.g. frrnction to raise salary

void giveRaise @mployee& e, double raiseFactor)

{
e.salary* = miseFactoi

) T
using call-by-reference

Fred-salary = 2;
giveRaise (Fred, 0.75):
cout << 'Fred's salary is" << Fred.salary << etrdl;

output:
Fred's salary is 1.5
(Notice that salary was deqeased: cajr rename function to changeSalary, or design futrction such that a raise is guararteed)

Arlavs



what if you haYe 1000 employees?
could do
Employee empo, empl, emp2, .... emp998, emp999;

An array is a list

-' 
Employee emps[1000]; //creates 1O0O Employee stluctures called emps[o],

// enpslll, ... , emps[999]

To access loth employee's employee ID#
emps[9].EmpID

t
--- because starts at 0

in the brackets, doesn't have to be an int, could be a$ arithmetric expression which evaluates to an int.

//give all even trumbered employees a mise.
int i;
Employee empslloool;
i = O :
while (i < 500)
t

emps[2*i].salary *=2;

i++;

- ifyou try to access emps[1000], may crash the program/computer-
compiler rnay or may not check for this.

same for emps[1001], emps[1002], ... emps[any nunber 2 1000]
J index out of bouDds -i qash

sauct Employe€ {
// have to define struct before using it in a Eoiotyp€.

) ;
giveRaise (employee& e, double 0; 4

END OF LECTURE AND SET #6 *+**+*++++*a+++*:!***r*r.rFr****r*r*{.**{.*****i .r****rr****rrr.*********+*+**
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llst day- talked about structs
Today- fiDish structs and begin talking about classes.
struct Employee
{

char toame[20];
char lnane[20];
double salary;
int emplD;

) ;

Once you create a stsuct caD use in dellnitions of new shucts.

struct Dept
{

Employee enpflOOOl; // Notice we use things of type Employee.
char deptName[20];
char deptsupervisor[20];

); // need semicoloD.

Dept math;
// To print employee 10's fust Dame in Inath Dept. would do

i.e. tlre l1th employe€
cout <<math-emp[10].fqame << endl;

Classes
Agb6s is a datarype whose variables ale objects.

AD object is a vadable ttEt has member functions as well as the ability to hold data.

e .g .
# include <osaeam.h>
class RatioDal
{ public: // methods and data available to other classes and tuuctions.

void display ( ); // prototype for a function to display a ntional
irt denominator;
rnt numerator;

l ;

int main ( )
t
Rational a;

cout << "Enter a numerator: ";

crn >> aDumerator;
cout << "Enter a detrominator:";
cin >> a-denominatol;
cout << "The ftaction you just input was";
a-display Q;
reiurtr 0;

)

Spring 2000
Copyright 2000



void Rational ji display ( )
// scope resolution operator. Like dot operator exc€pt rather than a.n
// object name before it, : : has Dame of a class ( or a namespace)

t
cout << numeEtor << " / " << detrominator << endl:

Output:
EDter a numemtor: 5
Enter a denominator 7

- The fraction you just input was 5r/

The vadables Dumerator and denominator in Rational : : display rcfer to the Dumerator and denominator of the curreDt object under
consideration. In a.display ( ); they would be a.numerator, a.denominator
Sometimes people use "*this" keyword.
i.e., could have written above method as

^ void Rational : : display ( )
{

cout << (*this).rumerator <<"/" << (*this).denominator << endl;
l // does same ahing

E4cap!g!41[iq4: combiniDg a number of items such a/variables and functio$ into a single package, i.e. class.

_ Reaso! why we are doing this is m
1) improve organization of our code.
2) for information hiding.

L€t's look at 2
Would like people to be able to use a class without ne€ding to how how the data is stored. Thus, if p€ople figure out a better way to store data,

_ 
aDd use it in algorithm, the only code that Deeds to be changed is the class, and there is no need to change the code that uses the class.

e.s. could have wriften Rational as

class Rational
( public:

void s€t (iDt n, int d);
int getNumerator O ;- 
itrt getDenominator ( );
void display ( );
// using these methods, a user could manipulate a rational.

private:
. iDt trumerator;

i denominator;
^ // thsi data only available within class ( or to friend classes)

) ;
void Rational : : set (int n, int d)
(

Duurerator = n;
denominator = d;

)
int Rational : : getNumerator \.,
t

retum numerator;

I
int Rational : : geiDenominator ( )
t

- retum denominator;
)

) 

accessorruncrioDs
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Last day - was talking about structs and classes
Today - will talk about equality for classes, and constructon, staft trlking about ADT'S

Equality for objects
How to tell if two objects are qual
consider
class Myclass

ht m€mberl;
int member2;

) ;

ht m,in( )
t

MyClass a,b;
a.memberl=2;
a.membea-A,
b.meDberl=2;
b.member2=4:
if(a:b) cout << "hi\n";

a = b ;
if (a:b) cout << "hi2\D";

retum 0;
l

ourpur:
lr12

do€s Bot print hi even though a and b have the same intemal values at first if statement.
why?
Be€ause C++ will give an efior if you have rct specified what: does for a type.

Constluctors:
idea: often you waqt !o initialize an object wheD you declare it.

for variables of infs, double's, char's etc, can do thiogs lite:
ia t i=7 ,b(6) ;

T
sameasb=6

let's see how to do (his for classes

e.g .
class Rational
(

public:
Rational(ht n, int d); // constructor

t says how to make ao object of type Rational

notice no rctum tYPe // given 2 int's
and name is same as class name

Rational( ); // this constructor will be used to create a default rational 1/1'

// rest of accessor functioDs ftom last day.
plrvate:

itrt numerator, denominator;

RatioDal::Rational (iDt n, int d)

{
numeftlor = D;
denominator = d;

l
3



Rational::Rational( )
^ t

numerator= 1 ;
denoEioator= I ;

I

// code for odrcr methods

Now we can do the following to create iDstances of Rational

Rational a = Rational(4, 5), b(2, 3), c, d;
d = Rarional (4, 5)

a will storc 4/5.

^ b will slore 2/3.
c will store 1/1. uses conshuctor with arguments
d wi.tl stor€ 4/5. d first oeated as 1/1, then created again as 4/5

Things you caDnot do with coDrtructo$.

Rational d );- 1
will cause an error. Should just do Rational e; to use zero parameter coDsauctor.

c.Rational(2, 3), illegal, can't use coDstructo6 like ordimry methods.

notice we bad two co$auctors for the class Rational. Can view this as overloading.
Ovedoading is completely legal for methods of a class.

ADTs

Adataqvpe coDsists oi a collection of values together with a basic set of opemtions on those values. i.e., +, *, /, :, etc.

An abstract data type is a datatype where the details of the implementation of dle datatype are hidden ftom the user.

^ 
e.E. could defme a class for polynomials

e.g. of polysomials: 3x + 6, x7 + 4
io gcneral, a,x" + a,.rx"'' + ... + ao

could define +' *, :
for this class, two ways to store polynomials:

- could siore coefficients
e .g .

slore (3, 6) for 3x + 6 (coefficietrt rcpresentatioD)
or

could store eDough points to fix polFomial
e.C. (0, 6)

^ (1, 9) for 3x + 6 (point representation)
user doesn't need to know how the polynomials are stored for ADT.
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^ Last day - talked about classes. Started talking about ADT. Gave an example (without code) of potytromial ADT.

Today - keep talking about ADT'S. Talk about Line class. (siEplifred vadant of class Pol5momial). Will talk about op€rator overloading and

friend.



What is a Line?

!

r -ftl'ze{.+
_. Av
Slope = *

given slope and y-intercept, can find any point olr the line
-+ (interpolation)

can add lines poiDtwise aad get a new line

Oftc4 we waDt to draw lines on screen or to a pinter.
So it is usefi,ll to have a class Line.
we catr view Line as an ADT and we bave a choice of how to represent d€fa htemally. i.e., either as a slope aad y-intercept, or as a pair ofpornts.

Let's look at a C++ version of Line ADT for fiIst rcDresentation.

class Line
{

public:

I LiDe (double m, double d);
constructors Lline (double x0, double y0, double x1, double y1);
acc€ssor fdoubte GetSlope ( );
fuoction L doubte CetYinter ( );

double Ifterpolate (double x);
ftiend Lille operator + (const Line& ll, coDst Lirc& D);

// this is a finction that is defin€d outside of fiis class.
// friend means this fiDction call view the pdvate membels of Line.
// Class objects used as ftrnctioa parametels must be passed call-by-refereoce. Const keyword says that despite

// this, the function will uot be allowed to chaoge the member values of this parameter. This function defines how + works
// for lines.

ftiend bool opentor : (const Line& 11, coDst Line& I2);
private:

double slope, ylater;
l: ll eod, class deftrition.
The public paft of above is called an interface. It doesot chatge when you change intemal representation.

Line::LiDe(double m, clouble b)
{

slope = m;
Ylnter = b:

t

Line::Line(double x0, double y0, double x1, double yl)
{

slope = (y1-y0/(x1-x0);
ylnter = y0-slope*x0;

'

double Line::Getslope ( )
{

retum slope;
)

y-i"crcet- t
// (y - y0) = m(a - 1q;



double Line::Getylnter ( )
t

reh.En ylnter;

l

double Line:: Inlerpolate (double x)
{

return (slope*x .f ylnter);
^ l

Line op€rator+ (const Line& 11, const Liae&I2)
{

Line hp(ll.slope + l2.slope, l1.ylnter + l2.ylnter);
retum tmp;

^ t

bool operator : (cotrst Lirc& ll, coDst Line&2)
t

return (l1.slop€ : l2.slope && ll.ylnter: l2.ylDter);
)

- How you could use this class.
Line l, ll, lll;
I = Line(1,0);
l l  = Line(0,0,1,1);
if (l : ll)

cout << "hi\n"; // prirts hi

^ .   = 1 + l l ;
cout << lll.Getslope ( ); ptltts 2.

What about if we used the other representation?
class Line
{

// interface same as beforc
^ pnvate:

double xzero, yzero, xotre, yone;

) ;
// end class definition.

Now we'd rcwdte each method.
For example,
Lbe;:Line (d,ouble n, double b)
{

xzcro = 0;
Yzerc =b|
xone = l;
y o n e = m + b ;

- t

Line::Line (double x0, double y0, double xl, double y1)

t
xzero = x0;
yzero = y0;
xone = xl;
yone = y1;

l

otber methods done similarly.
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Ilst day - talked about classes, ADT'S, operator overloading
Today - start Chapter 7, already seen lots of Ch 7 so will only cover new stuff. Today talk about union t ?es, enum's, and switcb/case.

Union 'Ihe

consider
stuct EDtry
(

char na.me [20];
int type; //holds which type to use of next two
int int-value;
double double-value:

! ;

In the way we will use this struct we arg never going to use both int-yalue and double-value. So fis struct wastes memory since we set aside
enough memory for both values. How to avoid this? Use a union type.

So rcwrilg struct as:
struct Entry

{
char oame[20];
int type;
union {

int int-value;
double double-value;
)

l ;

UnioB s€ts aside eBough memory for the largest type appearing in it's block. In this case, set aside eoough memory for one double.

e .8 .
Eotry 4 b;
a.iDt-value = 10;
b.double-value = 4;
if(a-type = =l 6g ".in1-v4tue = = 4) do-something( );

If store something itr int-value but try to look at double-value (or vice versa), wiU get garbage'

Enumerated Types
Useful for making lists of declared constants.

e .g .
enum Direction ( NORTH, SOUTTL EAST' WEST) ;' //have to have ;

This has roughly the same effect as
const int NORTH = O, SOUTH = 1, EAST = 2, WEST = 3;

Ilowever, can qeate varial es of type Direction, like
Dircction a:

You could imagine using this for controlling dircction of a player in a game'

NORTH. SOUiH, EAST, WEST are easier to unde$tand than 0, 1, 2, 3 which you nay be using to conhol direction.

If ushg a number key pad, might want NORTH = 2, SOUTH = 8' ea'



To do this, could do:
erum DLection INORTH = 2, SOUTH = 8, EAST = 6, WEST = 4];

Note values in an enum must be iDt's.
Once enum defined, can use

- e.g. if(move = = NORTII)
MovePositior(NORTH, speed);

Notice that we always capitalized all letters iD yariables in enum. This is a coumon naming convetrtion.

Switchy'Case
Catr use s\Mitch case fo select fiom a list of possible things to do.

e .E .
- switch(move)

t
must be a.D itrt or char

(
case NORTH:

MoveNorth( );
^ break;

case SOUIH;
Movesouth( );
break

I ,

A switch statement uses its switch vadable to select which case to execute.
^ 

Thea continue to exerute all scateBeots from that case unti-l a break statement is se€D or switch eDds.

char c;
cout << 'Enter a gEde:";
cm >> c;
switch (c)

t
case 'A':

cout << " Exc€llent\n";
break;

case 'B'

cout << "Not bad\tr";
break;

^ case'C':
cout << "OK\o';

break;
case D':
case 'F:

cout << "Tsk Tsk\n";
^ break;

default:
cout << 'Not a gmde";

I

Output
Enter a grade: A

^ 
Excellent

Enter a grade: D
Tsk Tsk

Enter a grade: G
^ Not a grade

Switct/case usually compiles to faster code than equivalent iflelse if have lots of cases.
Also, can nake code more comprehensible.
default case is executed if switch variable doesn't matcll aDy of the cases.
default case is optional. If there is uo default case and no match for switch variable, switch does nothing.



Frequendy, use switch with menus.
For instalrce,

switch (Cetchoic€(1,4))

{
case l:

CreateTable( );
break;

case 2:
AddRow( );
break;

case 3:
PdntTable( );
break;

case 4:
exit(o);

I
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Last Day - union, enuD, swilch
Today - will talk a lisle about assignment in c++, drcn talk about for loops.
Blocks - d , book makes a distitrction between blocks and compound stat€meots.

It calls a block a compound statement which initializes a variable
e .g .

int EaiD ( )
t

i n t a = 5 :

{ l
i D t a = 6 ;  I
cout << a << endl; l.-- block

l l
cout << a << endl:

)

Output:
6
5

AlsrlElqeql
IIl Cr-+, wien you do an assignment like x = blah, the value x is fust c-haDged to blatL then the value of x is rcbmed for use.

consider:
if (x=1) // this sets x to 1, then 1 is rctuned and used

cout << "yep\o"; // by conditional. sirce I * 0 = false, the cooditiooal is true, so yep is printed

x++ is an assignrnent
we can use it in conditions
the semantics are not exacdy like above.

e .g .
inr x = l0;
d o I

cout << x << e[dl;
) while (x-);

1
means: use value of x, then subEact 1.

output:
I O
9
8
'l

6
5



3
2
I
0

if you want somethin€ witi the semantics of before, could do .-x.

d o {
cout << x << endl;

) while (-x);
t
subhact one first, then use the value of x.

ourpur:
1 0
I
8

_ 7
6
5

3
2

output:
x : 5
v : 4

^ y :5
w:5

! . 6 .

i t r t x = 4 , y = 4 ;
int v = x#;
rnt w = +y;
cout << "x: " << x << endl

<< 'v: ' << v << endl
<< 'y: " << y << erdl
<< "w: " << w << endl;

for loops

loops used for counting up/down through a set of values.

initialization part
(catr c'r€ate vadables loop condition step
here) 

\ f-_-----
J V 6

for (int i=0; i<10; i++)
^ (

cout << i << endl;
I

output:
0
I
',

4
5
6
1



E
9

so for loop works by first initializing counters. The[ it checks the loop condition, then executes the simpl€/compound statement after forloop. Then it does step phase. Rechecks conditioD, if it stitl holds, ree;ecute statemeDt. otherwise exit tire loop and continue afte. f- fu.

e .8 .
int j, i; ..-- can bave more than one thing if separated by a coEma
for (i=0:l=5; i<j && i<I0;j++ii+=3)
t
c.out << "i: " << i << " "

<< 'J: " << j << endl;
l

ourput:
i : 0  j : 5
i : 3  j : 6
i : 6  j : 7

since i j are declared before the for loop, wil l sdll exist after it. Soifwehadcout<<',i:"<<i<<',, '<<,J:,,<<j << eBdl;
right after for loop, would get

i :9  j :8
can omit atry of the 3 components of for loops
e.E.

bad code but works
int i=0;
for (; i < 10; i+f)

clut << i << endl;

output:
0
I
z

:

9

for (ht i='O; ; in-)
cout << i << endl;

this is atr infilite loop, prints:
0
I

3

:

Break
we've akeady seetr break stalements for switch statements
The meanhg of b.eak in a switch:

switch (var)

t
case lO:
break:-

| -/'. . - -
a ha.trster control to atter switch

The meaning of break in a loop is to send it to the filst statement after the loop. For a switctL it is to send it to the fiIst statement afler switch.



int a;
for ( ; ; ) // not from code in real life

t
while (hue)

^ t
cin >> a;
if (a:7) break;

)
cout << "type 6 to quit\o";
cin >> a;
if (a:6) break;

^ )

^ MAY 26, 2000

Last day - was talkilg abouf for loops and break
Today - going to talk about goto, continue, a[ays

Although we've never explicitly said it, it is completely legal in C++ io Dest loops.

e .  g .
while (condl) 

\
t \

for (iniq cond2; step) ---Jthese loops are trested

output:
5
7
type 6 to quit

7
type 6 !o quit
6

END OF LECTURE + * * * * * * * * r. r. :* '! !* * * 'r :r * r* rt * * r* * * r* * r* ra r* r* r* a r* r* * r* * rc * * * * * * + * * * * * * * * *: , * * * * * * * * * * * * rt i+ * .l *

{ if (cond3) break; <- this heak would tsa.Dsfer conhol to right after for loop
r , /' 

e----''' - )

Sometimes (say when rcadirg data for a malrix into an array and suddenly get a file error) it is useful to brcak out of all loops in one go. We can

use goto to do this.

e .8 .

^ while (condl)

{
while (cond2)

t
if (in.eof( ))
{

cout<<"file ended earlY.\n;
^ goto bob;

l
I

bob: <- called a label, has no effect on executioD
// rcst of program.

If an eof is seeD then co rol will be transfened to after bob. (After prhting frle ended early). Otherwise, two loops wiu execute to

completion.



Continue statements
e .g .

shuct Emp
{

char name [20];
double salary;
boot keyToToilet;

I

Emp ACMEU000];
//Suppose we want to give everyone whose name doestr't begin with bob a nise and keys to toilet
for (int i =4; i<1000; i++)
{

if (ACME [i].name[o] : b'&& ACMElil.nameul :'o' && ACMEtil-name[2]:,b,)
contmue;

ACME[i].salary*=1.1;
AcMElil.keyToToilet = true;

)

continue causes us to skip over the rest of the loop ad go back to loop condition so if we had 3 employees anne, bob, and fra.Dk stored in
ACME[o], ACMEUI, ACME[2], then atrIre atrd flank would get raises and keys.

Aravs (ChaDter 9)
Used to process a collection of data wtujh are all of the same type.
E.g.

double scores[l2o]; //sets aside enough memory to sto.e 120 doubles and give this memory the name scores.

To set value of an aray element (say element 10), can do scores [10]=5;
To read ao element, can do things like

if (scores[3]:10)
cout <<"3 didn't do so well.\n";

The range of the index for this ar.ay is between 0 and 119.

How does the computer qeate an arlay'l
int a[3]: //an int is 4 bytes

suppose a{01 is stored at 1022, 1C23, 1024, 1025. (Memory locatioo).
Then bow the array is stored would look like

When comput€r Eies to figule out what/where alil is, it us€s the formula (locatioD of a[0] + i+(size of iqt))

If i is a variable, cmputer is not likely to catch if i is trot 0, l, 2. So if we wdte to or read {iom i outside of this range, it's quite likely that an
error can occur, called itrdex ggilglbougb error.

Some ways to initializ€ alays that are more convenient

if do ...
in r  a [3 ]  =  {8 ,3 ,  1 } ;
has same effect as...
int a[3];
a[0]=8;
alU=3;
a[2]=1;
can simptry this even more

tut a[ ] = {8, 3, l};
1
compiler hgures out the 3.

AraYs and functions

o7" 
0ris would be the whole aray.



HaYe different cases...
Ifjust want to pass a siDgle element of an array, then it's easy.

F o

const int SIZE =3;
int abs (int j)

^ (
if(i<o) j = -j;
reurm j;

I

int main ( )
t

int a[ ] = {1, -2,3};
^ 

for (int i=0; i<SZE; i++)
T

cout <<abs(alil);

relum 0; just like passing any variable to a function
)

output:
I
2
.'

END OF LECTURE AND SET #8 *+ t++***+ , r * * * * * ' t , t * . * . * i . ' t * ' * ' * ! *  * * * * * * * * * * * * * * * * * * * * * * *
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last day - started talking about passing arays to functions
today - keep talking on the same topics, and talk about sorting

passing an element of an arr"ay to a function

ful_test (a[4]);
t
passes element 5 of a to firn_test

today we'll show how to pass whole arrays to functions in the context of sortiDg

What is sorting?
Suppose you have ar array of int's. To sort them means to place them iD order ftom least to greatest.

int a[ ] = [4, 1, 10];
sort€d would have

a[0] = 1
a[1] = 4
a[2] = 10

e.c:
Selectionsort

<_----------r_-.:1. 7 4 9 3 2 1

id€a: go though arny, swapping the value at the cu,ieqt hdex $rith the least value (includitg curent ind€x) of the values to its dght.

hd step

!a--------\
t 4 9 3 2 7

,t

3rd step

l 2

4th step

l 2

5th step

1 a

6th step

t 2

3 4 9 7
t

3 4 7 9

9 3 4
T

3 9 4
,|

CoE yr ight 2O0O



IJt's try to code this:
#include <iostream.h>
void Swap (int& one, int& two);
int FindMin (const int a[ ], int lo, int hi);

^ // finds min, index of least element between aUol and alhi-ll.
// const means this function should not change a[ ]
// int a[ ] means passing the whole array. Arrays (like classes) are passed by reference.

void Seledionsort (int a[ ], int ten)
// len is the length of a or more p.ecisely, the number of elements of a we will sort.

^ 
void hintout (const int a[ ], int len);
// priots out a.

int nain( )
{

int test[ ] = {6, 2, 9};
^ Printout (test, 3);

// notice wheD passiDg array, no [ ]
Selectionsort (!est, 3);
cout << "After sorting, \n";
Prhtout (test, 3);
retum 0;

, - r
void Printout (const iot a[ ], iot leo)
{

fo r  ( i  i=0 ; i< len : i++)
{

cout << a[i] << "\t";

- I
cout << endl;

I

void Swap (int& one, int& two)

t
int tmP = e11e;

^ one = two;
two = tmp;

int FindMitr (const int a[ ], int lo, int hi)
t

int min = lo, minvalue = a[o];
for (int i = lo; i < hi; i++)
{

if (minValue > a[i])
I

min = i;
mitrValue = alil;

^ l

l
refurn min;

)

void SetectionSort (int a[ ], int leo)

^ {
for (int i=0; i < len; ir+)

t

)
I

Swap (alil, afFindMin(a" i, letr)l);
--\--

rerums lnt



Output:
6 2 9
After sorting,
2 6 9

how could we change the above to do sorting by stdllgs?
Use alphabetical order

(lexicographical order)
e.g, ant > aadvark

lex
There are three useful C fimctioos which will aid us in our quest.

strcmp(s, s2): compares s and s2, if s > s2, letums >0.
if s-s2, returns 0.
if s < s2, returns <0.

Another thing we'll ne.€d to change is Swap.
Will need some ability to copy strings.
strcpy(s, s2): copies string s2 itrto string s.

END OF LECTURE + * * * * * * '' r * * * * * * * :* '* r* !a * '. *,a r$ + * * * * * * * d. * 't 'r * ,r ,.,t '* * * 't * r* * r* * :, :s 'a :r * r. !. * * *

JUNE 2, 2000

L,ast Day - was tatking about Selectioosort and how to pass arrrys to filnctions.
Today - how to modify Selectionsort to work with strings. Talk about multidimeosional arrays, and pointels.

Rewriting some of the fuDctions in Selectionsort for striDgs.

#include <cstring> //notice Lo .h
//means same thing as striDg.h but emphasizes the
//fact that this is a C library as opposed to a C++
IILibmy.

char names [3][20];
llqeates a3 x2O a$ay. Can think of as 3 names of at most 20 char's'

//can assigtr uames as names[o] = "Jeff';

//Damesul = "Bob';

//names[2] = "Sally";

//or could have assigled in orc gol

//char names[3][20] = {"Jeff', 
"Bob", "Sallv" 

};
//names[1][2] is b. (i.e. first mme, setotrd char).

//nanes[l] [0] is B.
//nanestll[1] is 0.
//names[1][3] is \0. (etrd of string character).
/hames[l][x] for >3 is garbage.

/Avill rewrite FiD(Min.
int FindMin (const char a[ ][20], int lo' it hi)

//when pas$ing multidimensional arrays, have [ ] for lst blackets'

//the[ put values in for sizes of remaining dimeasions'

t
int min = lo; passes whole array minvalue

char minValue[20]; asses whole row out of 2D arraY

strcpy(minvalue, a0ol); //copies string in a[o] into minValue

for (int i=lo; i<hi; i++)

I

if(stfcmp (miDvalue, a[i]>0)//strcmP is in cstring, rctums > 0
//if minValue > a[i] alphabeticauy
//and rctums 0 if same, and
//rebms < 0 if minvalue < alil

t
min = i;
stxcPy(Einvalue, atil);

'l llen(t it
3



I ller:d, for
renrrn trun;

) //end of FindMin

e.g. How to call FindMiB:
int b = FindMin (Dames, 0, 3);

this would set b equal to 1.

Some other useful functions of cstdIlg-
shlen(s); J returns length of string s.

strcat(targ€t-s, append-s); -.) sticks string append-s onto eDd of string ta4et-s.
so if talget-s = "hi" and append_s = "there" ther afterwards target_s = "hithere".

Rernark could rewrite other fuDctions ftom Selectionsort similar to above.

One last example before poiDters.

You can of course have multidimensional anays of thiugs other than char's.

tnt al21!2l = ({0, l}, {0, 2} };
llthis qeates a2 x2 {ruy with rows (0, f } and (0, 2}.

so value of a[0][1] is l.

Pointers (Chap ll)

^ (sometimes called refererces)
these arc variables used to store addresses in memory of where some type is stored.

e.g. int *p, *q, r = 5;
1 1
these arc pointers to integers (store addrcss in memory of an integer)
P=9I;

& before a vadable rcturns its address.
so p is the location ilr memory of wherc r is stored.

cout << p << e!dl;
//would print this addrcss to sqeen.
cout <<:L<< endl;

^ called dereferencing poiBter p
rchrms value stord at locatiotr D.
So priBb 5 to scre€n.

*p = 6; //changes value of what's stored at location p to 6.
clut << t << erdl:
//pdots 6 to sqeen.

END OF LECTURE AND SET #9 'a*'|***'r***t 'tt*t*'.* '*.1'.* '. ' t****'* '.:.*...1t**. '* '*.*r '.*r**'t*.. '**ti* ' i*******
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t ast day - talked about zD-arrays, staded talking about pointels.
Today - more pointers, dynamic memory allocation.

Recall
int *p; //declares a point€r to an int

//i.e. p is th€ address in memory of whete an
//fufeger is stored.

i n t v = 6 :
p = &v; //arnpenand before variable rcturns the address of

//the variable. So p is now the address of v.
cout << p << endli //would print the memory locatioo of v to the

//screen.
To get value of what a pointer p points to, you put a * in front of it.

cout << *p << eDdl; //prints 6 to screeo.

cout << v << endl; //priots 7 since above assignment chatrges
//what y soores.

Wbnt good are point€rs?
One use is dynamic meDory allocatioD. Tbat is, meBory we allocate while the program is ruDning. Memory is allocated from a global store of
memory known as the heap.

e .g .
typedef double* DoublePtr;
//this line tells compiler that DoublePa is an abbreviation for double*.
//Now can do
DoublePtr myvar;
//same as if had done double *myVaq

//Now if do
myVar = new double;
//t€lls computer to allocale from heap enough mon€y to
//storc a double, then retum the addrcss of this memory and assigtr
//it to myvar.
*rnyVar = 6.7; llstorcs 6,1 in this newly allocated memory.

//Once done using fis menory, should retum it so others can use it.
//To do this...
delele myva4
//the menory myVar poiDts to is now ftee for rcuse.

ODe use for dynamic allocation is r€ading a file from a disk. Do['t know how big the files will be at compile-time. At run time, can det€rmitre
the file size, then dynamically allocate an afiay to hold its data, theu read in file.

Dyna.Efc allocation for l-D a[ays

#include <iosfieam.h>

CoE yr ight



int main( )
(

char*a; //will be an array.
int size; llwill get size of aray.
cout << "Enter an allay size";

^ cin >> size;
a = new char[size];
//now a should point to addrcss of where size many characteG are
//available for use.
if (a = =NIJLL) //I{ULL is value rehrmed if allocation failed.
I

cout << "Not enough memory\n";
^ retum 1;

l
//Once you have allocated 4 can use it like an ordinary array
a?l = 6;
cout << a[2.] << etrdl;

^ //Now wete done using that memory and want to rcturn it.
deleiel ] a;
//ftees up the array of memory a points to.

r€turn O;
l

^. Sometimes useful to dynamically allocate objects.

class MyType
{ public:

MyType( );
MyType(int, int);

-- - MyType( ); //destrucktr
iMID;
iEt get( );

:
t ;

int Eain( )

MyType *4 *b;

a = uew MyType; //uses the MyType( ) constsuctor.
b = aew MyType(3,4); //uses MyTyp€(int,int) conshuctor.

_ (*a).ID = 7 i //sets a's ID to 7. Can use a -+ ID = 7 irstead
//(meaos same thing).

cout << a + get( ) <<endl; //prints some int to scrcen.

//To ftee up an objec-t, do
delete a; //if defired, this calls the destructor for object.
delete b:
retum 0;

t

2-D aray dyoamic allocatioD

//To allocate
- int *+ maEix;

//marrix is a pointer to array of pointer for the rows. Each rcw is a
//point€r to an array of its columns.
//To allocate
itrt rows = 6, cols = 7;
matrix = new int*[rcws];

//allocates an array to s6ore rows. Each rcw is a pointer to its colurnns.



fo(iDtj=0; j<row j++)

t
matrixli] = Dew intlcolsl;

)
//above allocates memory for each row.
//Now can use like any 2Danay.
matdx[3][4] - 4;
cout << mahix [3][4] << endl;

//To d€allocate
for (int i = 0; i < !ows; i+f)
t

delete[ ] matrixlil;

//above gets rid of memory for rows.

delete[ ]matrix;
//ftees matrix of rows.

END OF LECTURE + * + + :' t * * * * * + + + * 't + t * * + + it 'a * 'a * ,* + + t * * '* * + + * * 'r * * * * + '! :r * a 'a * + + ,r + + * ; + + * .i * * * * * * * * :a * * * ,*

Jt NE 7, 2000

last Dew topic: deshuctor
whea aD object of a class is delete4 its destructor is called. The destructols job is to free up any memory that might have b€en dynamicaly
a ocaled by that objecL It I{W6, its job is to free up ttre game board. .-

class MyType
(

Dublic:
MYTYPe( ); //constructor
-MyType(); //destructor

//same name as class with - in ftont.

privale:
int *p, q;

! ;

MyTypq:MyType( )
{

q = 6 ;
p = n€w intllol; //dynamic memory allocation.

)
// if didnt have destructor and did MyType *obj;

ll obj = new MyType;
// delet€ obj;
// computer would ftee up memory for q and where pointer p was stored but would not ftee up the l0 ints we've dyDamically allocateal

// to wdte destructor
MyType::-MyType( )
{

delete[ ] p;
I
// now all memodes are rcclaimed

oractice frnal

l) defile and explain
a) call-by-reference

calling a fuoctiou with the address of a variable rather than its actual value. So if change value of variable in the functiotr, this will affect
the value in the calling function.

E.g. #include <iostream.h>
void f(int& a);



int main( )

rnt a=J;
f(a);
cout << a << endl;

- retum 0;
l

void (int& b)
t

prints 6.

b) post-condition
a coadition on what is retumed by a firnclioa or a block; or else, a condition on the value of a variable after a functioa or block has run.

-- E.g.
int f( )
{

return 6;
l

// a postcondition would be:

,- 
// retrrms value 6

int i=0;
while (i<10) i++;
// postcondition i:10

c) iDherita.nce
a property of a class defined in terms of another class or classes by adding menber variabl€Vfi[ctions. The property is that the newly defined
class has all the member functionVvariables of the original class.

E g. ifsEeam ioherits ftoE istream all the furctions like setf, widttL etc. of istleam.
In addition, it has open, close which are new.

d) accessor function
-- a member fimction of a class that allows usen of the class to access or set private member variables of that class.

E.g. setf in istream
is an accessor firnction which allows us to get pdvate pmperties of an is&eam object.

e) Aiend ftrnction of a class is a function that is allowed !o access the pdva& variables/member functions of that class.

E.s.
class A
t

public:
A(int i=0);
ftiend bool operator : (A& c, A& d);

private:
- int mylnt;

I ;

bool operator: (A& c, A& d)
{

reh.rm c.mylnt : d.EYInt;
I

A::A (int i=0)
(

mylnt = i;
l



A f's;
if (ts-g) cout << "hi\n"; // prints hi

2) #include <iosheam.h>
int main ( )
(

double i;
for (i=0; i<=100; i=i+0.001)
(

cout.setf(ios: :fixed);
cout.setf(ios: :showpoint) ;
cout. setf(ios: :left) i
cout.prccisior(3);
cout.width(10);
cout << i << endl:

l
retum 0;

l

Practice Final (continued)

3) #iDclude <iosheam.h>
#include <fsheam.h>
int 0ah0

{
char Dame [20]; //stores filename
lrt oum;
ofstream out;
cout << "Enter a fileDame:";
cin >> name;
out.oPen (Dame);
if (ouLfai()

t
cout << "EEor opening file\n";
letum l;

)
cout << 'Eoter a Dumberf i
cin >> num;
out << muu;
out.close0;
return 0;

I

4) Write membei functions for the following class.

class Book
{ public:

Book (char D[ ], bool stat);
void getName (char copiedNamel ]);
bool getcheckoutstatus 0;

private:
char namello]:
bool checkoutstatus;

Book :: Book (char n[ ], bool stal)

t
strcpy (name, n); // assume we had #include <shing.h>
checkoutstatus = stat;

I



void Book ::getName (char copiedNamel ])
t

strcpy (copiedName, name);
l

^ bool Book::getcheckoutstatus 0
{

retum ch€ckoutstatus;
)

5) What do€s tlrc following pdnt?
int ij;

^ for (i=0, j=3, ; i*j<5; i++,j=(J +D % 4)
{

if (i:1) continue;
cout << "i:" << i << l:" <<j <<endl;

l

^ ourpur:
i:0 j:3
it2 jtl

6)
int GmdesT /CPA (char grade)
{

- switch GEde)
{

case 'A':

retum 4;
case'B':

return 3;
-- case 'C':

retum 2;
case 'D':

retum 1;
l
rehrm 0;

)

7) break - flow of control after a break goes to immediately after nearest enclosing loop.
goto - flow of contsol tra$fers iEmediatety ftom goto stateEent to where its label is.

goto should otr]y be used to break out of several nested loops all in orc go.
e.g. iDt num;

while (hue)

{
while (tnte)

{
cout << 'Enter a Dumber";
crn >> num;
if (uum:1) break;
if (num:2) goto bob;
cout << "inner loop\n" i

) // end inner while loop.
cout << 'out€r loop \n";

) // end outer loop.
bob:
cout << "dotre\n";

Output:
Enter a trumben 3
inner loop
Ertt€r a trumber: I
ouoer loop
Enlcr a oumben 2
done



8) Explain how selection sort sorts the following: 7 4 2 6 8
7  4  2 6 8
T

0) put an arrow under left most element
I) look at trumbers to ght of (and including) arrowed element;

swap afowed elemenf with smallesfof these numbers.
2) move arrow right one elemellt. If arrow still in list of elementss, go to step 1, else stop.

r-----l
7 4 2 6 8
1'

v \ y
2 4 7 6 8

T
J1

2 4 6 1 8
f

doue

9) What does the following print out?
#include <iostream.b>
int *p, *q, v=7;
cout << "v:" << v << endl;
P=& v;
cout << ,,*p.,, << *p << endl;

cout << '*p:" << *p << endl;
q=new rtrt;
*q=4;
p=q;
cout << "*p:' << *p << endl;

Output:
v : 7
* p : 7
*p :  I
*p :4

l0) #include <iostream.h>
int main 0

clut ** arI;
int n, m, i:
cout << "Eater two intege$:";
crn >> n >> m;
arr = new char * [n]:
for (i=0; i<n; i++)
{

arr[i] = nsw shar 1In]'
I
for (i=0; i<n; i++)
t

cout << "Enter a stritrg for row " << i << ": ";

cin >> arr[i];
)
for (i=0; i<n; i++)
i

cout << arr[i] << endl;
l

TI
2 4 7 6 8

t

,J
2 4 6 7 8

f



for (i=0; i<n; i++)
{

delete [ ] aIrlil;
)
delete [ ] arr;
retum 0;

I
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