CSC 221: Computer Programming |

Fall 2001

= expressionsrevisited

arithmetic operators, precedence & associativity

= assignments

memory cells, evaluation order, declaration+initialization

= math functions

cmath library, pow, sort, fabs, ...

= constants
= formatted output

iomanip library, setiosflags, setprecision, setw

arithmetic expressions

recall from last week: once you have values stored in variables, can
apply arithmetic operators to form expressions

+ addition
* multiplication
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subtraction
division % remainder

can chain operators together in an expression

can mix integers and reals: integer values are first
coerced into reals, then the operator is applied

* and / have higher precedence than + and -
can force evaluation order with parentheses

similar operators are evaluated | eft-to-right
(i.e., have |left associativity)

don't rely on precedence/associativity rules — parenthesize to make order clear




arithmetic expressions (cont.)
/| behaves differently depending on the type of operands

= if the numerator & denominator are integers, will perform integer division
(i.e., throw away fractional part)

= if either componentsisreal, real division is performed

3.0/ 2.0 2> 1.5
4.0/ 5 > 0.8
1.5/ 0.5 2> 3.0

% yieldsthe remainder after performing division

10 % 4 2> 2 since 4 goes into 10 twice with renminder of 2
10 %5 =20 since 5 goes into 10 twice with renai nder of 0
11.3 %1 = 0.3 since 1 goes into 11.3 11 times with

remai nder of 0.3

problem?

/1 ftoc.cpp Dave Reed 8/ 24/ 01

/1

// This program converts a tenperature from Fahrenheit

/'l to Celsius.

PICTEEEEEEE i b n bbb rrr g

#i ncl ude <iostreanr
usi ng nanespace std;

int main()

{
doubl e tenpl nFahr;
cout << "Enter the tenperature (in degrees Fahrenheit): ";
cin >> tenpl nFahr;

cout << "You entered " << tenplnFahr
<< " degrees Fahrenheit." << endl|
<< "That's equivalent to " << (5/9 * (tenplnFahr - 32))
<< " degrees Cel sius" << endl;

return O;




avoiding integer division

if possible, use area value in the numerator and/or denominator

= will forcereal division, eg.,
(5.0/9.0 * (tenplnFahr - 32))

(5.0/9 * (tenplnFahr - 32))
(5/9.0 * (tenplnFahr - 32))

when values are stored in variables, not quite so simple
= can use type name to coerce from one type to another
doubl e(5) > 5.0 int(5.2) > 5

int numerator, denom nator;

(doubl e( nunerat or)/denom nator * (tenplnFahr — 32))

assignment statements

recal: avariableis apiece of memory where avalue can be stored

= sofar, have assigned value viacin statement
used to store user input

= can aso assign value explicitly using an assignment statement

used to store values or intermediate computations within the program

vari abl eNane = val ueOr Expressi on;

age = 21;
age
" Dave"

firstName = "Dave"; -
firstName

5.0
tenplnCel sius = (5.0/9.0 * (41 - 32));

t enpl nCel si us




order of evaluation

when an assignment statement is executed:
1. evaluate the expression on the right-hand side
2. assign the resulting value to the variable on the left-hand side

120
product =2 * 3 * 4 * 5;
pr oduct
product = product + 1; 121
pr oduct

danger: avariable has an undefined value until explicitly assigned
= some bit pattern remains in memory, no way of knowing what

int sum ??7?
sum
sum

in-class exercise: trace the following

int nunl, nunR, nunB;
doubl e aver age;

numl

0;

nung

5;
average = (numl + nun®)/2.0;
nunil = nunil + 2*nung,

nun = nuni/ 2;

nunB 9;
nun8 = nunB8 % 2;

average = nun2 * 1.5;




declaration + initialization

to reduce the risk of uninitialized variables, can declare and
initialize variables at the same time

vari abl eType vari abl eName = val ueOr Expressi on;

int sum= 0;

doubl e tenmplnCel sius = (5.0/9.0 * (tenplnFahr - 32));

preferred style: wait and declare/initialize variables when needed
= makes program devel opment more fluid
= when decide you need a variable, declare & initialize it there & keep

going
assignment
/1 change. cpp Dave Reed 9/6/01
example P LTI

#i ncl ude <i ostreanr
usi ng namespace std;

= number of each coin | ¢ ming
type IS aSSlgned to a f int anount;
new VaI‘I able cout << "Enter an amount (in cents) to nake change: ";

cin >> anount;

arEtherealternatlve int quarters = amount/25;
ways to update the amount = anount 9%25;
amount? int dimes = anount/ 10;

anmpunt = anpunt %4.0;

int nickels = anount/5;

= the \t' character y|e|d anount = anpunt %;
aTAB When p”nted int pennies = anount;

cout << "Optinmal change:" << endl;

. cout << " # of quarters =\t" << quarters << endl;
u What If we Wanted to cout << " # of dinmes =\t" << dinmes << endl;
cout << " # of nickels =\t" << nickels << endl;

a”OW fOF 50¢ pleceS') cout << " # of pennies =\t" << pennies << endl;

return 0;




math functions

the cmat h library contains useful mathematical functions

= afunction isamapping from some number of inputs to a single output

= in C++, afunction is called by name, with its inputs in parentheses
the output of the function replaces the call in an expressions

#i ncl ude <cmat h>

num = fabs(-5.3);

// num=]-5.3] =5.3

X = sqrt(9.0); /I x =90 =3.0
k = pow(2.0, 10.0); /Il k =210 =1 024

down = floor(2.4);

up = ceil (2.4);

/1 down = 2.40= 2.0

/Il up = 2.40= 3.0

math example

= determines the distance
between two points
using the pow and sqrt
functions

/1 distance. cpp Dave Reed 9/ 6/ 01
11
Il This program deternines the distance between two points.

TEEEETTEEE L b r b n b r i r i r b i r i r i nrrr i r

#i ncl ude <i ostrean
#i ncl ude <cmat h>
using namespace std;

int main()
{
doubl e x1, yi1, x2, y2;

cout << "Enter the x and y coordi nates of the 1st point: ";
cin >> x1 >> yl;
cout << "Enter the x and y coordi nates of the 2nd point: ";
cin >> x2 >> y2;

doubl e di stance = sqrt(pow(x1-x2, 2.0) + pow(yl-y2, 2.0));
cout << endl << "The distance between (" << x1 << " "
<<yl << ") and (" << x2 << "," << y2 << ") js "

<< distance << endl;

return O;




another example [/ soe  mvered —wrsion

Il This program deternines the distance between two points.
THLELEEEEE i i r i r i r i rirny

technicaly, the functions | _

. ak d blesas #i ncl ude <i ostreanr
!n cmat h take dou #i ncl ude <cmat h>
inputs, return adouble as | using namespace std;

OUIpUt int main()
idei {

. pk to prowdemt_sas int nun ts:
inputs — automatically cout << "Enter a nunber of bits: ";
coerced into double ¢in >> nundi ts;

™ Ok to a$|gn return int nunValues = powm(2, nunBits);
valuetoint variable, cout << endl << "Wth " << nunBits
S|m||ar|y coerced << " bits, you can represent "

<< nunVal ues << " values." << endl;

int(pow(2, nunBits)) return O:

FYl: 1KB=2©hbytess 1MB=2%bytes 1GB =2% hytes

puzzler...

can we determine the range of valuesfor the different integer types?
recall: different types provide different ranges of values, can vary by machine
= with Visual C++, short isstored using 16 bits > 26 values

216 = 65,536 different values, but must be divided among neg., 0, & pos.

-215...0... (2%5-1) =& -32,768 ... 0 ... 32,767

= with Visual C++, int and| ong are both stored using 32 bits > 2%2 values

by similar reasoning, rangeis -231 ... 0 ... (28%-1)
but 28t istoo bigtofitinani nt or | ong value, so can't compute it!

could compute 2%° and double by hand
or, could compute -23* by changing first argument in powto be -2
-2,147,483,648 ... 0 ... 2,147,483,647




useful example

Il pizza.cpp Dave Reed 9/ 6/ 01
11
Il This program deternines the cost per sq. inch of a pizza.
n
nOtet_heU%Of (Iong) THLELEEELE e n i r i r iy
meaningful variable
names — makes program #i ncl ude <i ostreanr
. usi ng nanespace std;
easier to read/debug ¢ P
int main()
{
. doubl e pi zzaDi aneter, pizzaCost;
L}
valuesareread Inand cout << "Enter the dianeter of the pizza (in inches): ";
stored as doubles — cin >> pizzaD aneter;
even if integer values are cout << "Enter the price of the pizza (in dollars): ";
entered by user cin >> pizzaCost;
doubl e pizzaArea = 3. 14159*(pi zzaDi anet er *pi zzaDi aneter)/ 4. 0;
doubl e cost Per Sql nch = pizzaCost/ pi zzaAr ea;
= note "magic number"” _ )
A cout << "Total area of the pizza: " << pizzaArea
3.14159 — what if we << " square inches." << endl;
wanted more precision? cout << " price per square inch = $"
<< costPerSglnch << "." << endl;
return 0;
}

constants

if avariableisto be assigned avalue once & never changed, declare
it to be a constant

= precede variable declaration/assignment with keyword const
const double PI = 3.14159;
advantages:
1. safety: the compiler will catch any attempt to change the constant,
yielding an error message upon compilation
2. readability: sincethe value will never change, you can place all

constant definitions at the top of the program
- easy tofind & modify




constant example

if we wanted more digits
of precision for PI, just
look at the top & change

also, use of constant
names in code makes
expressions more readable

note style convention: |
use al CAPSin constant

Il pizza.cpp Dave Reed 9/ 6/ 01
11
Il This program deternines the cost per sq. inch of a pizza.

TEEEETTEEE L b r i r i r b r i r i r b r i r i rrrr i r

#i ncl ude <i ostrean
using namespace std;
const double PI = 3.14159;
int main()
{
doubl e pi zzaDi aneter, pizzaCost;
cout << "Enter the dianeter of the pizza (in inches):
cin >> pizzaDi aneter;
cout << "Enter the price of the pizza (in dollars): ";
cin >> pizzaCost;

doubl e pi zzaArea = Pl *(pizzaDi amet er *pi zzaDi aneter)/ 4. 0;
doubl e cost Per Sql nch = pizzaCost/ pi zzaArea;

cout <<
<<

"Total area of the pizza:
pi zzaArea << " square inches." << endl;

cout << " price per square inch = $"
names to distinguish from << costPerSqinch << *." << endl;
standard variables )
return 0;
}
ConStant Il pizza.cpp Dave Reed 9/ 6/ 01
1

example (cont.)

suppose we also wanted to
know the circumference
of the pizza (amount of
outer crust)

= this computation also
uses the constant Pl

= having asingle
constant ensures that
the formulas are
consistent

I/ This program determnes the cost per sq. inch of a pizza.
TICEELTEEEEE e r i i i rr

#i ncl ude <i ostrean>
using nanespace std;
const double PI = 3.14159;
int main()
{
doubl e pi zzaDi aneter, pizzaCost;
cout << "Enter the dianeter of the pizza (in inches):
cin >> pizzaDi aneter;
cout << "Enter the price of the pizza (in dollars):
cin >> pizzaCost;

doubl e pi zzaArea = Pl *(pizzaDi anet er *pi zzaDi aneter)/ 4. 0;
doubl e cost PerSql nch = pizzaCost/ pi zzaArea;

doubl e pi zzaGircunference = Pl *pi zzaDi aneter;

cout << "Total area of the pizza:
<< pizzaArea << " square inches." << endl;
cout << " price per square inch = $"
<< costPerSglnch << "." << endl;
cout << "Quter crust: " << pizzaCircunference
<< " inches." << endl;
return 0;




formatting output

by default, very large or very small rea valueswill be printed in

scientific notation
1.234e9 > 1.234 x 109 > 1, 234, 000, 000

1.234e-9 > 1.234 x 10-° - 0.000000001234

reasonably sized reals will be printed with (up to) 6 digitsto the right
of the decimal place

= can override these defaults with routines from thei omani p library
#i ncl ude <i onani p>
= need to send aformat manipulator to cout to specify fixed-width decimals

cout << setiosflags(ios::fixed);

= need to send aformat manipulator to specify the precision (number of digits
to the right of the decimal place) as desired

cout << setprecision(2) << costPerSglnch << endl;

Il pizza.cpp Dave Reed 9/ 6/ 01

11
format eXarT]pIe I/ This program determnes the cost per sqg. inch of a pizza.
TECLEETLEE L i i n i i r i i n i re

#i ncl ude <i ostrean>
#i ncl ude <i omani p>
usi ng namespace std;

note: only need to call

Se'[|osf|ags once const double Pl = 3.14159;

int main()

{

doubl e pizzaDi aneter, pizzaCost;
each call to cout << "Enter the dianeter of the pizza (in inches): ";
%tprecis'on sats the cin >> pizzaDi aneter;
.. cout << "Enter the price of the pizza (in dollars): ";

default precision, so cin >> pizzaCost;
can change repeatedly

doubl e pizzaArea = Pl *(pizzaDi anet er *pi zzaDi aneter)/ 4. 0;
doubl e cost Per Sql nch = pizzaCost/ pi zzaArea;

cout << setiosflags(ios::fixed);

cout << "Total area of the pizza: "
<< setprecision(4) << pizzaArea << " square inches."

<< endl;
cout << " price per square inch = $"

<< setprecision(2) << costPerSqglnch << "." << endl;
return O;

10



H /1 change. cpp Dave Reed 9/ 6/ 01
more formattlng PELETITET T n b r i r i iy

#i ncl ude <i ostreanr
#i ncl ude <i onani p>
usi ng namespace std;

= the set w manipulator

int main()
sets the column o
R int anount;
Wi dth Of the Output cout << "Enter an amount (in cents) to make change: ";

. . C e cin >> anount;
(right-justified)
int quarters = anmount/25;
anobunt = anount %25;

int dinmes = anmount/ 10;
anmpunt = anount %4.0;

unlike setprecision, setw

only affects the format

Ao int nickels = anount/5;
of_the next expression amount = anount 96
printed

int pennies = amount;

cout << "Optinmal change:" << endl;

cout << setw(5) << quarters << " quarters" << endl;
cout << setw(5) << dimes << " dines" << endl;

cout << setw(5) << nickels << " nickels" << endl;
cout << setw(5) << pennies << " pennies" << endl;

return 0;

In-class example:

consider computing income tax using a flat-tax rate:

= read in income, deductions, and amount withheld
= compute taxable income, total tax, tax owed
= display results

what do we need?

= read in income, deductions, and amount withheld
» variables to store the three values: i ncone, deductions, withheld
> cout to prompt user, ci n to read in values
= compute taxable income, total tax, tax owed
» constants for tax rate (13%) and standard deduction ($4,400)
» variables for computed values
taxable income = income — deductions
total tax = taxableincome * (tax rate/100.0)
tax owed = total tax — withheld
= display results
> cout statementsto display, set pr eci si on to format

11



tax
example

/1 flattax.cpp Dave Reed 9/ 6/ 01
TICLEETEEEE L n i i i i rr

#i ncl ude <i ostrean
#i ncl ude <i omani p>
using namespace std;

const doubl e TAX RATE = 13.0;
const doubl e STANDARD_DEDUCTI ON = 4400;

int main()
{
doubl e i ncome, deductions, withheld;
cout << "G oss incone: ";
cin >> incone;
cout << "Deductions (" << STANDARD DEDUCTION << " if not itemzing): ";
cin >> deducti ons;
cout << "Amount already withheld: ";
cin >> withhel d;
doubl e taxabl el ncone = inconme - deductions;
doubl e total Tax = taxabl el ncone * TAX_RATE/ 100. 0;
doubl e taxOned = total Tax - withheld;
cout << setiosflags(ios::fixed) << setprecision(2);
cout << endl;
cout << "Your taxable incone is $" << taxablelncone << endl|
<< "Your total tax liability is $" << total Tax << endl
<< " which neans you still owe $" << taxOwed << endl;
return O;
}
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