CSC 221: Computer Programming |

Fall 2001

= conditional execution

> if statement

» Boolean expressions, comparison operators

> if-dsevariant

» cascading if-else, nested conditionals

= variable scope and lifetime
> if statements & blocks
» local vs. global variables

change example
revisited

= undesirable feature

Optimal change:
3 quarters
0 di nes
0 nickels
2 pennies

= would like to avoid
displaying a coin
type when number is
zero

/1 change. cpp

#i ncl ude <i ostreanr

#i ncl ude <i omani p>

using namespace std;

int main()

int anount;

Dave Reed 9/ 20/ 01
TELETELELPE L r i i n i r i i irins g

cout << "Enter an anount (in cents) to make change: ";

cin >> anount;

int quarters = anount/25;

anpunt = anount %25;

int dinmes = anount/ 10;

amount = anount %4.0;

int nickels = anount/5;
anmpunt = anount %5;

int pennies = anount;

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

cout << setw(4)
cout << setw(4)
cout << setw(4)
cout << setw(4)

return O;

<<
<<
<<
<<

quarters << " quarters" << endl;
dimes << " dinmes" << endl;

ni ckel s << " nickel s" << endl;
pennies << " pennies" << endl;




conditional execution

up to this point, al code has executed "unconditionally"
= main contains a sequence of statements that are executed in order
(with possible jumps to functions — but still predictable)

examples like the change display require "conditional execution”
= execute a statement or statements ONLY |F certain conditions hold

conditional execution in C++ isaccomplished via an if statement

if (BOOLEAN _TEST) { /1 if TEST evaluates to true
STATEMENTS; Il then statements inside { } are executed
} /1 otherw se, skip past } and continue

if (quarters > 0) {
cout << setw(4) << quarters << " quarters" << endl;

}

if statements

Boolean expressions involve comparisons between values

comparison operators:

== equal to I = not equal to

< lessthan <= less than or equal to

> greater than >= greater than or equal to
if (firstNane == "Dave") {

cout << "Hi Dave, how are you?" << endl; NOTE: codeinside the
} "body" of an if statement

is executed:

it (firstName 1= "Dave’) { once (if test istrue)

cout << "Inposter! Who are you?" << endl;
} OR

never (if test isfalse)

if (grade >= 90) {

letterGade = "A";
}




change example

= could have an if
statement for each
coin type

for each coin type:
if # of coins> 0, then
display the message

= note similarity of
each if statement —
can we generalize
using a function?

/1 change. cpp Dave Reed 9/ 20/ 01
PELELLETEE LT i i n i nr i i r i i rn

#i ncl ude <i ostreanr
#i ncl ude <i onani p>
usi ng namespace std;
int main()
I/ PROWPT USER & ASSI GN VARI ABLES AS BEFORE

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

if (quarters > 0) {

cout << setw(4) << quarters << " quarters" << endl;

}
if (dimes > 0) {
cout << setw(4) << dimes << " dines" << endl;
}
if (nickels > 0) {
cout << setw(4) << nickels << " nickels" << endl;

}

if (pennies > 0) {
cout << setw(4) << pennies << " pennies" << endl;

}

return O;

Generalizing the conditional

can define a general function for displaying a number of coins

parameters. nunCoi ns
coi nType

the number of coins (e.g., 2)
the type of coin (e.g., "nickels")

/'l Assunes:
/'l Results:

{
if (nunCoins > 0) {

}

Di spl ayCoi ns( 2,

Di spl ayCoi ns( 4,

voi d Di splayCoi ns(int nunCoins,
nunCoi ns >= 0,
di spl ays a nessage if nunCoins > 0

cout << setw(4) << nunCoins << " "

"di mes");

"penni es");

string coi nType)

coinType is a type of coin (e.g., "nickels")

<< coi nType << endl;

2> 2 dines

= 4 pennies




Change /'l change. cpp Dave Reed 9/ 20/ 01
PELLLEEEL R n i b rnr i r i r i
example

#i ncl ude <i ostreanr
#incl ude <string>

. #i ncl ude <i omani p>
= function servesto using nanespace std;

S”ﬂpllfy man voi d Di splayCoins(int nunCoins, string coinType);

int main()

{

- makes |t eas'er to /1 PROMPT USER & ASSI GN VARI ABLES AS BEFORE
change the cout << "Optimal change:" << endl;
h| Di spl ayCoi ns(quarters, "quarters");
message (W e Di spl ayCoi ns(di nes, "dines");
maintaini ng Di spl ayCoi ns(ni ckel s, "nickels");
. Di spl ayCoi ns(penni es, "pennies");
consistency)
return 0;

}

PELLLEETTE LT r i n i i i iy
suppose we

voi d Di splayCoi ns(int nunCoins, string coinType)
/1 Assumes: nunCoins >= 0, coinType is a type of coin (e.g., nickel)

wanted output

lines of the form: /1 Results: displays a nessage if nunCoins > 0
{
quarters: 1 if (nunCoins > 0) {
dines: 2 cout << setw(4) << nunCoins << " " << coinType << endl;
nickels: 1 }
pennies: 3 }

danger! danger!

do not confuse = with ==
= istheassignment operator, used for assigning values to variables
== isthe equality operator, used for comparing values in Boolean expressions

common mistake:

if (grade = 100) {
cout << "Fantastic job!" << endl;
}

unfortunately, thiswill NOT be caught as a syntax error by the compiler
obscure fact #1: assignments return a value (the value being assigned)
obscure fact #2: in a Boolean expression, any nonzero value is considered true

inthiscase, (grade = 100) - 100 = t r ue, so message is displayed!

to avoid confusion
read = asGETS x = 0; > "x gets 0"
read == asISEQUAL TO if (x ==0){.} = "ifxisequal to0..."




two-way conditionals

asingleif statement represents a one-way conditional
= either executes the statements or don't, based on some test

many applications call for two-way conditionals
= either do this or do that, based on some test

eg. find the maximum or minimum of two values
assign a Pasg/Fail grade
display agreeting personalized for "Dave"

two-way conditionals are defined viathe if-else variant

if (BOOLEAN TEST) {
STATEMENTS_| F_TRUE;

}
el se {

STATEMENTS_| F_FALSE;
}

/1 if TEST evaluates to true,

/1 then execute these statements
11

/Il otherwise (if TEST is false),
/1 execute these statenents

11

if-else examples

doubl e max(doubl e numl, doubl e nung)
/1 Assumes: not hing
/1 Returns: the larger of nunl and nun?

if (nunl > nunR) {
return nunt;

else {
return nung;
}

}

doubl e mi n(doubl e numl, doubl e nung)
/1 Assumes: not hing
Il Returns: the smaller of nunml and nun2

if (nunl < nunR) {
return nunt;

}
else {

return nung;
}

}

note: can have more than one return statement in a function
= function ends when first return statement is encountered (& valueis returned)

do these functions work when numl. == nun ?

doubl e grade;
cout << "Enter your grade: ";
cin >> grade;

if (grade >= 60.0) {
cout << "You pass!" << endl;
}

el se {
cout << "You fail!" << endl;
}

string firstNane;
cout << "Enter your name: ";
cin >> firstNane;

if (firstName == "Dave") {
cout << "H Dave, what's up?" << endl;
}

el se {
cout << "Who are you?" << endl;




temperature conversion: problem?

#i ncl ude <i ostrean
#i ncl ude "convert.cpp" /1 contains FahrToCel sius function
using namespace std;

doubl e max(doubl e numl, double nung);

would like to react if user enters

doubl e m n(doubl e nunt, doubl e nunp); ternperatures |n Wrong Order

int main()

{ will this code work?

doubl e | owTenp, highTenp;
cout << "Enter the forecasted | ow and high (in Fahrenheit):
cin >> |lowTenp >> hi ghTenp;

| owTenp = min(l owTenp, highTenp);
hi ghTenp = nmax(| owTenp, highTenp);

cout << endl|

<<"The forecasted low (in Celsius): " << FahrToCel sius(l owTenp) << endl
<<"The forecasted high (in Celsius): " << FahrToCel si us(hi ghTenp) << endl;

return 0;

}
NN NN NN NNy}

/1 max AND min FUNCTI ON DEFI NI TIONS AS BEFORE

temperature conversion: one solution

#i ncl ude <i ostrean>
#i ncl ude "convert.cpp" I/ contains FahrToCel sius function
usi ng namespace std;

doubl e max(doubl e numl, double nunR);

have to avoid overwriting

doubl e ni n(doubl e numl, double nunR); | OWTeer in thef”'st asggnment

int main()

{ one solution: use new variables

doubl e | owTenp, highTenp;
cout << "Enter the forecasted | ow and high (in Fahrenheit): ";
cin >> |owlenp >> hi ghTenp;

doubl e newLowTenp = ni n(| owTenp, highTenp);
doubl e newHi ghTenp = max(| owTenp, hi ghTenp);

cout << endl|

<<"The forecasted low (in Celsius): " << FahrToCel si us(newLowTenp) << endl|
<<"The forecasted high (in Celsius): " << FahrToCel si us(newH ghTenp) << endl;

return O;

}
TELLLTTEEEE i r i r b b r i n b r i rr i r i rr i rr iy

/1 max AND min FUNCTI ON DEFI NI TIONS AS BEFORE




temperature conversion: another solution

#i ncl ude <i ostreanp

#i ncl ude "convert.cpp" I/ contains FahrToCel sius function

using namespace std;

int main()
{
doubl e | owTenp, hi ghTenp;

cout << "Enter the forecasted | ow and high (in Fahrenheit): ";

cin >> |owTenp >> hi ghTenp;

if (lowTenp > hi ghTenp) {
doubl e tenpVal ue = | owTenp;
| owTenp = hi ghTenp;
hi ghTenp = tenpVal ue;

}

cout << endl|

if backwards, swap the valuesin
the two variables

note: need temporary storage

<<"The forecasted low (in Celsius): " << FahrToCel sius(lowTenp) << endl|
<<"The forecasted high (in Celsius): " << FahrToCel si us(hi ghTenp) << endl;

return 0;

multi-way conditionals

many applications call for more than two alternatives
e.g., find max or min of three or more values
assign aletter grade (A, B+, B, C+,C, D, or F)
determine best pizza value (large, medium, or toss-up)

can handle multiple aternatives by nesting if-else's

if (TEST1) {
ALTERNATI VEL,;
}
el se {
if (TEST2) {
ALTERNATI VE2;
}
el se {
ALTERNATI VE3;
}

it (TESTL) {
or more ALTERNATI VEL;
. ) }
succinctly: else if (TEST2) {
ALTERNATI VE2;
}
el se {
ALTERNATI VE3;
}




multi-way conditionals

such a multi-way conditional is known as a"cascading if-else"

= control cascades down the structure like water down a waterfall

if (TEST1) {

/1 if TEST1 is true,

ALTERNATI VEL, /1 execute ALTERNATIVEL and exit

}

else if (TEST2) {
ALTERNATI VE2;

}

else if (TEST3) {

ALTERNATI VE3; /1 execute ALTERNATI VE3 and exit
} 11
. 11

el se {

/1l otherwise, if TEST2 is true,
/| execute ALTERNATIVE2 and exit

/1 otherwise, if TEST3 is true,

/1 keep working way down until a
/1 TEST eval uates to true

/1 if no TEST succeeded,
DEFAULT_ALTERNATI VE; /1 execute DEFAULT_ALTERNATI VE
}
Comparl wn #i ncl ude <i ostrean>

shopping

3 aternatives
1. large cheaper
2. medium cheaper|
3. same cost

can use cascading
if-elseto handle
each of the
alternatives

using namespace std;

const double Pl = 3.14159;

doubl e circl eArea(doubl e radius);

int main()

-~

}

doubl e | argeDi aneter, |argeCost, nediunDi aneter, mediunCost;
cout << "Enter the dianeter and cost of a large pizza: ";
cin >> |argeD aneter >> |argeCost;

cout << "Enter the dianeter and cost of a medium pizza: ";
cin >> medi unDi anet er >> nedi unCost ;

doubl e | argeCost Per Sql nch = | argeCost/circl eArea(l argeDi aneter/2);
doubl e nmedi untCost Per Sql nch = medi unCost/ ci rcl eAr ea( medi unDi aneter/ 2);

if (largeCostPerSqlnch < nedi unCost Per Sql nch) {
cout << "The large is the better deal. " << endl;

}
else if (largeCostPerSqglnch > nedi unCost Per Sql nch) {

cout << "The nmediumis the better deal. " << endl;
}
el se {
cout << "They are equivalently priced." << endl;
}
return O;

PEHCEELEEEED L i r b r i r i n i b i r i r b rr i r iy

/'l circleArea FUNCTI ON DEFI NI TI ON AS BEFORE




making the grade

11 grades.cpp Dave Reed 9/20/01
THEEEEEEEE b in i rirny

#i ncl ude <i ostrean
using namespace std;

const doubl e A_CUTOFF = 90. 0;
const doubl e B_PLUS_CUTOFF = 87.0;
const doubl e B_CUTOFF = 80. 0;
const doubl e C PLUS_CUTOFF = 77.0;
const double C CUTOFF = 70. 0;
const doubl e D_CUTOFF = 60. 0;

int main()

{

doubl e grade;
cout << "Enter your grade: ";
cin >> grade;

v

string letterG ade;
if (grade >= A CUTOFF) {
letterGade = "A";

else if (grade >= B_PLUS CUTCOFF) {
letterGrade = "B+";

}
else if (grade >= B_CUTCFF) {
letterGade = "B";

}
else if (grade >= C PLUS_CUTOFF) {
letterGrade = "C+";

}
else if (grade >= C CUTCFF) {
letterGade = "C';

}
else if (grade >= D_CUTOFF) {
letterGrade = "D';

}
el se {

letterGade = "F";
}

cout << "You are guaranteed at |east a "
<< letterGade << "." << endl;

return O;

change example re-revisited

still one annoying feature of change example: all coin types are plural

Enter an anount (in cents) to make change: 85

Opti mal change:
3 quarters
1 dines

would like to modify DisplayCoins to display correct plurality
= if all coin names were made plural by adding 's, this would be easy

Di spl ayCoi ns(1, "dine"); = 1 dine

Di spl ayCoi ns(2, "dine"); = 2 dines

void DisplayCoins(int nunCoins, string coinType)

<< coi nType << endl;

<< coi nType << "s" << endl;

{
if (nunCoins == 1) {
cout << setw(4) << nunCoins << " "
}
else if (nunCoins > 1) {
cout << setw(4) << nunCoins << " "
}

note: can have
cascading if-else
with no else at
theend —soit's
possible to do
nothing




handling plurality

unfortunately, "penny" and "pennies’ ruin this approach

barring ageneral rule for how to turn singular names into plural, both

must be specified when calling DisplayCoins

voi d DisplayCoins(int nunCoins, string singleCoin, string plural Coin)
{ f .
if (numCoins == 1) { in general: every
cout << setw(4) << numCoins << " " << singleCoin << endl; property that can
} L
else if (nunCoins > 1) { vary Wlthln the
cout << setw(4) << nunmCoins << " " << plural Coin << endl; function must be
, ! specified as a
parameter
Di spl ayCoi ns(1, "penny", "pennies"); = 1 penny
Di spl ayCoi ns(3, "penny", "pennies"); = 3 pennies

structuring conditionals

there are often numerous ways to structure conditionals
= clarity isthefirst priority
= al else being equal, avoid redundancy

voi d DisplayCoins(int nunCoins, string singleCoin, string plural Coin)

{
if (nunCoins > 0) {
if (nunCoins == 1) {
cout << setw(4) << nunCoins << " " << singleCoin << endl;
}
else {
cout << setw(4) << nunCoins << " " << plural Coin << endl;
}
}
}
void DisplayCoins(int nunCoins, string singleCoin, string plural Coin)
{

if (nunCoins > 0) {
cout << setw(4) << nunCoins << " ";
if (nunCoins == 1) {

cout << singleCoin << endl;
}
else {

cout << plural Coin << endl;
}

nested if-else
inside of if

more efficient?

nested if-else
inside of if
factored out
common code

10



#i ncl ude <i ostreanr
#i ncl ude <string>
#i ncl ude <i onani p>

fl nal Change usi ng namespace std;

voi d DisplayCoins(int nunCoins, string singleCoin, string plural Coin);

int main()
{
n Opted for /1 PROWPT USER & ASSI GN VARI ABLES AS BEFORE
first version cout << "Qptimal change:" << endl;
) Di spl ayCoi ns(quarters, "quarter”, "quarters");
Of funCtl on Di spl ayCoi ns(di mes, “dine", "dines");
Di spl ayCoi ns(ni ckel s, "nickel", "nickels");
— Seems the Di spl ayCoi ns(penni es, "penny", "pennies");
clearest return o;
}

PUEELLELEEL LT nr i r i n i nr b r i nr i r i n i rir

voi d DisplayCoins(int nunCoins, string singleCoin, string plural Coin)
/'l Assumes: nunCoins >= 0, singleCoin is the nane of a single coin

11 (e.g., penny), and pluralCoin is the plural (e.g., pennies)
/!l Results: displays a message if nunCoins > 0
{

if (nunCoins == 1) {
cout << setw(4) << nunCoins << " " << singleCoin << endl;

else if (nunCoins > 1) {
cout << setw(4) << nunCoins << " " << plural Coin << endl;

}

variable scope & lifetime

in addition to name and value, variables have additional properties
scope: that part of the program in which the variable exists

lifetime: the time during execution at which the variable exists

for variables declared in afunction (&l so parameters):
scope: from the point at which they are declared to the end of the function

lifetime: from the point in execution where the declaration is reached, until the
point where the function terminates

int main()
intoxi e * scope is a spatial
cin > x; | scope
| of property
string str = "foo"; -+ X . . .
’ | scope I lifetimeis atemporal
| of [ property
| str |
return O; | |
} R I +

11



variable scope & lifetime (cont.)

constants declared outside of a function are said to be "global"
scope: the entire program
lifetime: the entire execution of the program

#i ncl ude <iostrean»
usi ng nanmespace std;

int HGH = 100; you can declare global variables, but don't!
int Conpute(int x); = want to be able to call afunction and know
it doesn't screw anything up

i{”‘ mai n() = if afunction has access to global variables

cout << HIGH << endl; and can change them, who knows?
cout << Conput egzzg << endl; . .
cout << Compute(22) << endl; global constants are safe since the compiler
cout << HIGH << endl; ensures that no function can change them
return O; . .
} declare variables local to the function
RN where they are needed
ot Compute(int. %) It anciher function needls access, then pass

HGH=HG - 1;
return x — H GH

if statements & blocks

the body of an if statement is known as a"block"
= avariable declared inside a block has scope & lifetime limited to that block

#i ncl ude <i ostrean>
#i ncl ude "convert.cpp" I/ contains FahrToCel sius function
usi ng namespace std;

int main() should make variable declarations as "local"

{ ) as possible — more efficient & cleaner
doubl e | owTenp, highTenp;
cout << "Enter . . . "; = memory isonly alocated if the declaration is

ein >> lowTemp >> hi ghTenp: reached (here, if lowTemp > highTemp)

if (lowTenp > highTenp) {
doubl e tenpVal ue = | owTenp;
| owTenp = hi ghTenp;
hi ghTenp = tenpVal ue;

= memory isfreed up as soon as the end of block
isreached (here, at end of if statement)

= if desired, can reuse same variable namesin

! different blocks

cout << endl|
<<"The forecasted low (in Celsius): " << FahrToCel sius(l owTenp) << endl
<<"The forecasted high (in Celsius): " << FahrToCel sius(hi ghTenp) << endl;

return O;

12



design example

for temperatures in the range —35° to 45° Fahrenheit,
the wind-chill factor is defined as follows

temp if wind<4

0
indchill
windchi Fh- (b+c* \/wind) - d* wind)* (a- temp)le  if wind>=4

wherea=91.4, b =10.45, c=6.69, d = 0.447, and e = 22.0.

want program to:
= prompt user for temperature and wind speed
» variables, cout for prompts, cin to read values

= if temperature is within valid range, compute and display wind-chill
» global constantsfor a, b, ¢, d, and e
» function to compute the wind chill
parameters for temperature and wind speed, if-else based on wind speed
» if statement to determineif temperatureis valid
if temp istoo low or too high, display error message
otherwise, call function to compute wind-chill

. Il chill.cpp Dave Reed 9/ 20/ 01
maln PELLLLETEEE LT i i n i i e n i i n i r it rn g
#i ncl ude <i ostreanr
gructure #incl ude <cmat h>
usi ng namespace std;
const double A = 91.4;
const double B = 10.45;
i - const double C = 6.69;
constants are obvious: const double D = 0.447:
may determine more const double E = 22.0;
precision doubl e WndChi || (doubl e tenp, double w nd);
int main()

doubl e tenperature;
cout << "Enter the tenperature (in degrees Fahrenheit): ";

WindChill abstraction cin >> tenperature;
is useful: well-defined if (temperature < -35) { _

cout << "That tenperature is too low "
and ea%/ to Separate << "Wnd-chill is not defined." << endl;

}
else if (tenperature > 45) {
cout << "That tenperature is too high. "
<< "Wnd-chill is not defined." << endl;

can define main code bise g
H H int w ndSpeed;
befo_relmple_mentl_ng cout << "Enter the wind speed (in nmiles per hour): ";
details of WindChill cin >> windSpeed;
cout << endl << "The wind-chill factor is "
<< WndChi |l (tenperature, wi ndSpeed) << endl;
}
return 0;

PICELLELEEE L E L n b r i i ni i nr i n i r i r i e b r i r i rr iy
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WindChill function

note: WindChill
comments specify
that temp is assumed
tobeinrange

if called with invalid
temp, the function
makes no guarantees

TEELLEEEEE L i rr i r i n b r e nr b r b r i nr b rrrr i

doubl e WndChi | | (doubl e tenp, double wi nd)
Il Assunmes: -35 <= tenp <= 45, wind >= 0
/1 Returns: wind-chill factor given tenperature and wind speed

it (wind < 4) {
return tenp;
}

el se {

return A - (B + C'sqrt(wind) - Dwind)*(A - tenp)/E
}

in general, when designing a program:
1. understand the problem and the desired behavior
2. identify inputs, possible constants, useful abstractions (functions), ...
3. implement main first, leaving functions blank (or dummy code)
4. implement functions last, testing as you go

conditionals summary

if statements are used for conditional execution
= one-way conditional: if statement
= two-way conditional: if-else statement
= multi-way conditional: cascading if-else
(alternative notation described in text: switch)

if statements are driven by Boolean (true/false) expressions
= comparison operators. == != < <= > >=

the body (inside curly braces) of an if-statement defines a new scope
= variables defined inside the body are local to that environment
= savesthe allocation of unneeded variables
= alowsfor reuse of variable names and space
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