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1. Introduction
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Instructions are executed from top to bottom

In the order that they appear
Starting from the first instruction of the main method

Control flow instructions break up this sequence

Conditional instructions / Decision-making instructions

Blocks of instructions are executed depending on the result of
a boolean expression (the condition)

Loop instructions
Blocks of instructions are repeated while a condition holds
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Good practices for developing good programs
Never use “go to” instructions!

Any algorithm can be implemented by using
only these three structures:

Sequential

Conditional

Loop



2% Universidad .
) Carlos Il de Madrid Outline

/  www.uc3m.es

2. Conditional instructions

a. if else



EquationBazic.c

2.1.if else

e <stdio.h>
e <stdlib.h>
e <math.h>

{

printf("Introduce '"a'

scanf (""", &a);

printf ("Introduce 'b'

scanf (" ", &b):

printf ("Introduce '"c'

zcanf ("F¥L", &c):

+ o T R S

\n");

wvalue: ");

wvalue: "):

value: ");

x1 = (-b + =grt(b*b
®2 [-b - =grt (b*b

printf (™
printf ("\n
printf ("\n

") s
system ("PAUSE™) ;
retorn 0;

4%a*c) ) /S (Z*a) ;
4%g*c) ) [ (Z2%a) :

ifx"2 + ifx - 3f = 0", a, b, c}:
x1):
x2):

Y

[ et/

/

a,b,c /

h 4

Calculate
xl, x2

.

Print

x1, x2 /




2.1.if else

\ 4
Read
ab,c : :
s it a 2" grade equation?
True False
Calculate x as in Calculate x1, x2
a 1st grade with the
equation formula
\ 4 \ 4
/ / /

/ Print

i x1, x2

.

)

=h

3

=5
Q

G
.
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The most basic control flow |
instruction

condition

If the condition is true, the
block of code associated to the f 1
if partis executed

If the condition is false, the l
block of code associated to the
else partis executed

if (<boolean expression>) {
<statement(s)>

} else {
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s it a 2"d grade equation?

i
1]
]
T
4
]
1
]
1
1
T
]
1
i

L L Lol I L mel S L B N I

printf("1l=st grade eqnation: %fx + £ = 0", kb, c):
x = -c f b:

L - ~ £

x1 = (-b + sgrt(b*b - 4%a%g) ) f/ (2%a)
x2 = (-b - sgrt(b*b - 4%a%g) ) f (2%a)

- o o

¥ mplll A Y i P JL N Y i g I L

printf("\nxl1 = %£f", =x1):
printf ("\nx2 = %f", x2):

10
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]

printf("Sclving a second grade eguation...\n");

T

printf ("Introduce 'a' wvalues: ");
gcanft ("%£", &a);
printf ("Introduce 'b' wvalues: ");

gcanft ("%£", &b);

printf["In:roduce 'e' walues: ");
gcanft ("%£", &c);
if(a == 0) {
Tru Fals
+* First grade egquation#* 1 else {
printf({"1=t grade equnation: %fx + %¥f = 0", b, c): * Sarond grads =squation *
x=-c / b; printf("2nd grade equnation: %fx"2 + %fx + %f = 0", a, k
Xl = (-b + =qrt(b*b - 4%gwg) ) S (2Z#%a)
* Print solutions * : ®x2 = (-b - =aqrt(b*b - 4%a#xg) ) J (Z2+%a)

printf("\nxl = %f", x1):
printf("\nx2 = %f", x2):

printf ("\n\n");
system ("BRUSE") ;
return 0J;

11



F) Carlos III de Madrid

www.uc3m.es

The else part is optional

True Fal

v

|se

if (<boolean expression>) {

<statement (s) >

2. Conditional instructions
if else

If there is only one instruction
inside the block, the braces
can be removed

if (<boolean expression>)

<statement>

if (<boolean expression>)
<statement>
else

<statement>

Do not forget the ;

if else instructions can be
nested

12
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p ~ s it a 2"? grade equation?

Calculate x as in Calculate
a 1st grade Lo . .
fvns discriminant d Imaginary solutions?

\ 4
True False
/ Print x l l

] Calculate x1, x2 Calculate x1, x2
with the . with as
formula imaginary

solutions
\ 4 v

Print x1, Print x1,
x2 x2

13
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ifi; = 0} {

printf("lst grade egmation: %fx + %£ = 0",
x=-c /f b:

printf ("\nEgumation: %fx*2 + %fx + £ = 0",

* r2lenlats crriminant *
discriminant = b*h - 4%a¥c;
* Test discriminant #*
if (diseriminant »>= 0) | .
+ DasT o T - ~re

Aol SoULOLLUIES

¥1 = (-b + sgrt(discriminant) )} / (2+%a)
2 = (-b - sqrt{diszcriminant) )} / (2%a)
printf {"\nxl Bf", ®m1):
printf ("\nx2 = %", x2Z):

complex = sqrt(-discriminant) / (2+%a):
printf ("\nxl = %f + %fi", r, complex):
printf("\nx2 = &%f - fi", r, complex):

'@

b, c):

=1

b ]

c):

L Real
solutions

L Imaginary
solutions

—

— First grade eq.

Second grade eq.

14
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if else if

Multiple alternative choices

Mutually exclusive e —rre—> u
If all the conditions are false, ;-e\
the final else block is D i
executed )
if (<boolean expression>) {
condition T ruie— —
<statement (s) >
} else if (<boolean expression>) { False
<statement (s) > ¥
} else if (<boolean expression>) {
<statement (s) >
} else { ¥

<statement (s) >

15
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-1 .. x < —1
—x% ... -1<x<0

13 float =, y; f(x) = 2

" X 0<x<1
15 * Read x values 1 X 2 1
16 printf ("Enter x value: ");

17 scant ("%L£", &x);

13

19 * Calcoculate cuput

20 if( x < -1 ) { } Alternative 1

21 v = —1;

22

23 } else if( (x >= -1) && (= < 0) ) { } Alternatlvez

s: y = - (*x); Notice that x >= -1 is not necessary

26 else if x >= 0) && (2= < 1

27 } v = K*K: { } { P } Alternative 3

28

29 } elzse |

30 v = 1; } Default

3l 1

3z

33 #* Print outpu (=

34  printf("y = -"':f\.n"; v)i

16
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2. Conditional instructions

b. switch

17
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Allows for multiple execution paths, depending on
the value of the switch selector

value 1 value 2 value 3 default case

18
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int main(wvoid) {
char c:

printf ("enter a =ingle character: “34
scanf ("sa", &c):

switch (c){

case 'a':
printf ("Vowel a") :
break:

oase 'e':
printf ("Vowel ") :
break:

case "i':
printf ("Vowel 1i") :
break:

case 'o':
printf ("Vowel o") :
break:

case 'u':
printf ("Vowel u"):
break:

defanlt:
printf ("Consonant, uppercase vowel or other symbol") :

printf({"\n") :
system ("PAUSE") :
retorn O;

19
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If the selector is equal to the value in a case, the next
sentences are executed until a break is found

break terminatesthe switch
break is notcompulsory

If a case block does not have a break, the execution
continues in the next case, even if it is false

If no case is true, the default block (if defined) is
executed

T
C

T

default isnotcompulsory!

he switch selector must be an integer, boolean or
naracter expression (floating point values are not allowed)

he case values must be integer, boolean or character

constants

20



2. Conditional instructions

w

=walue 1> ayalue 2= =value n= default

¥

no (i
I:;r;;kID—n'n break? break?
yes vf yes switch (<selector expression>) {
case <value 1>:
» - <sentences>
[break; ]

case <value 2>:
<sentences>
[break; ]

[default:
<sentences>

[break; 1]
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$include <stdio.h>

int main(wvoid) {
char c:

printf("enter a single character: "):
scanf ("%c", &c)

switch (o) {

case "a':
case "'e'":
case "i':
case "o':
case 'u':
printf ("Vowel %c", c):
break:
defanlt:
printf ("Consonant, uppercase vowel or other symbol") :

printf ("\n"):
system ("PAOSE") ;
retorn O

H

22
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$include <stdio.h>»
$include <stdlik.h>

int main(void)

int n edges;
scanf ("%1i", &n_edges);

switch(n edges) { /4 n edges i=s the 'selector'
caszse 0:
case 1:
caszse 2: /4 Grouped values
printf ("Hot a polygon™):
break;
cazse 3:
printf ("Triangle™) ;
break:
case 4:
printf ("Quadrilateral™) ;
break;
caszse 5
printf ("FPentagon™) :
break;
default:
printf ("More than 5 edgeza"):
break:

printf ("\n") ;
system | "pause™) ;
return 07

23
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e Example

— Implement the basic functioning of an ATM
machine

e Basic: It requires the use of a password and has only
one operation:
— Withdraw money

e Advanced: Three operations:
— Withdraw money
— Consult credit
— View password

24



2. Conditional instructions

girplude <stdic_h>

ginclude <stdlib_h¥»

#define PRSSWORD 1234
fdefine INITIAL AMOUNT 3000

int main{wveid) {
int number;
int amount;
int withdraw:

printf ({"Welcome to the ATM servicesa!\n"):

printf ("Enter passaword: ")
i

scant ("% , Gnumber) ;

if (number = PASSWORL) {

amﬂu;;-= iﬁI;iAL;éﬁ&ﬁﬁIr * Initizsligzs smount

e heen e Use switch here to
printf ("Enter amount to withdraw: ") ; implement different
scanf ("%i", &withdraw) ;

options
if (withdraw <= amount) {
i printf (" [OK] Withdraw %i Eurca. ", withdraw) ;
i amount -= withdraw;
E} elae {
printf (" [ERROR] Insufficient credit.™);

printf ("\nRemaining credit: #i Eurcs\n", amount);
printf ("YnThanks for using our servicea. Goodbye. \n'n"):

} elae

{

systex ("PAUSE") ;
return 0;



if (number == PAISWORL) |

INITIAL RMOUNT: # Tnitdia

gmount =

printf ("Please enter your cption: “\n"):
printf("l: Withdraw money\n"):
printf("2: Consult credit\n"):
printf("3: View passwordyn"):
printf("4: Exitin"):

printf ("Your selection: "):

gcanf ("#i", &cholice):;

switch (choice) {
case 1:

V= idalel 3 =

printf ("Enter
scani("si",

amount to withdraw:
s&withdraw) ;

_iftwithdraw <= amount) |
printi("[0K] Withdraw %1 Eurocs. ",
amount -= withdraw:

.} else

break:

Case

T
<

EL LN CICULL

break:

case 3:

- = ! 1t B LR

break:

II} ._-

printi (" [ERBOR] Insufficient credit."):

printf ("\nEemaining credit: 2i Eurcs\n",

2. Conditional instructions

withdraw) ;

amount) ;

printf ("\nRemaining credit: 3i Eurcs\n", amount):

printf ("\nThe password is: %i\n", number):
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3. Loop instructions
a. while

27
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Loop instructions
while and do-while

A block of instructions is executed while the result of a
logical expression (the condition) is true

for

A block of instructions is executed several times

28
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Continually executes a block of
statements while a particular condition
is true

l
First, if the condition is true,

the block of code associated t
to the while is executed v

statements

false

After finishing the while block, the

condition is tested again .

If the condition is false, the execution

continues

Used if the number of iterations is not : ,
ﬂxed while (<boolean expression>) {

<statement (s) >

If the condition is never false > infinite }

loop
29
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3. Loop instructions
while

Example

Ask for a password until it is correct

14

15
16
17
14
19
20
21
22
23
24
25
26
27
28

-

== TS s
Ooal pass R

int number = 0;

while {nurber '= PASSWORD) |

—

printf ("Enter password: "):

scanf (1", snumber);

}

printf{"Pleass enter your
printf{"l: Withdraw money
printf{"2: Consult credit'
printf{"3: View password®
printf{"4: Exit\n"™)

Initialization of the variable

The initial value must be different
from the PASSWORD to enter the
while for the first time and read the
user input.

30
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Example
Ask for a password while until it is correct

-

14
15 int number
16 int tries

iH

Complex condition

[H

17 The while block is executed while

18 while (number '= PRSSWCORD ss tries < MRX TRIES) [ the PASSWORD has not been fOUﬂd

119

20 printf(*Enter password: "); AND the number of tries is less than

21 scanf ("%i", snumber):

- criesits the MAX_TRIES value

23 }

24

25 if (number !'= PASSWORD) |

2k printf ("Excesded number of tEies!\n"); Post-check

27 .

28} else | The while block ends when the

29 password is found or when the tries

30 printf ("Flease enter your optionm: “n"); e ey . q

31 printf("l: Withdraw monsy\n®): limit is reached. It is necessary to

2 primsg("2: Conmuls credinia); e altiEr dhe it it e s
printf{"3: View password\n"): . . .

34 printf{"4: Exit\n"); been the exit situation

35 }

31
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3. Loop instructions

b. do while

32
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Executes a block of statements;
repeat the execution if the condition
is true

First, the block of code is
executed

If the condition is true, the block of
code associated to the do while s
executed again

4

statements true

false

After finishing the do while block,
the condition is tested again g

If the condition is false, the execution

continues dof

<statement (s) >

The block is executed at least once! j tinsdE (boolesn cxpresslon)

33



Universidad 3. Loop instructions

www.uc3m.es do while

Example
Ask for a password until it is correct

Initialization of the variable

It is not necessary to initialize the 1£ /% Read password

15 int number = 0;

number variable. 16 int tries = 0;
17
13 do |
14 + Read passwfrd * 13 * Ask user for password *
15 int number: 20 printf ("Enter password: ");
16 21 scanf ("1™, snumber):
17 do |{ 22 trieas++;
18 + Ask user for passvord * 23 } while(number != PASSWORD =& tries < MRX TRIES);
19 printf ("Enter password: "): 24
0 scanf("%i", snumber): 25  if (number '= BASSWORD) |
21 } while(number !'= BASSWORD) : 2h printf ("Exceseded number of tries!\n™):
23 27
23 # Ask user for choilce *# 28} else |
24 printf{'?lease enter your option: \n"); 23 * Ask user for choice *
25  printf("l ithdraw money\n"): an printf{"?lease enter your option: \n"):
26  printf("z: u:nsulz creditin"): a1 printf{"l: Withdraw money\n");
27  printf("3: View password\n"); 32 printi("2: uu_sul: credithn™);
28 printf("4: Exit\n"): 33 printf("3: View password\n™):
34 printf("4: Exit.n");

34
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int n = 50;

while{n >= 1) |
printf{"%iwn", nj;
n--;

}

int n = 30;

do |
printf("%i\n", n):
n-—;

} while(n >= 1):

What is the value of n after finishing the block?

35
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Print on the screen the numbers in {1, ..., 100} divisible by 5 and 7

int a = 1;
while{a <= 100} |
if [ a%b==0 & a%T==0)
printf{"%ivn", a):
a++:

}

Add numbers while the number read is larger than O

el = " = i = = =
= LW L f g A TE P Lmr Sy A S o ol ok PR e e e il il e Bl e .

int a;
int sum = 0;

do {
scanf("£1i", =a);
if{a > 0)
sum += a;
} while{a > 0):
printf{"Sum: %ivn", s=sum):

36
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3. Loop instructions

c. for

37
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Executes a block of statements; repeat the
execution if the condition is true (the same as
while)

initialization

Additionally, performs more

operations L
Initialization statement
Update statement trge
The first time, the pre-block statement is executed false e
If the condition is true, the associated block of code
is executed

After finishing the block, the after-block statement is >
executed

If the condition is true, the block is executed again

- . . f initiali ti ; <bool. > dat
If the condition is false, the execution or (linitialization]j <bool. expr.>; [update]){

continues <statement (s) >

38
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Print on the screen the numbersin [1, 50]

Increasing order

int i;
printf ("Increasing arder‘\n™):

for{i=1l; i<=50; i++)
printf("%i\n", 1i):

Decreasing order

L LAf Lolplaio oy 248 - F ' L S L L P o ] o . L

int i;
printf({"Decreasing orderin™):

for (i=50; i»=1; i--)
printf("%i\n", i):

What is the value of i after finishing the block?
39
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int i;
printf({"Increasing order\n");:

v

i=1; ‘ initialization ‘

statements printf ("i\n", i):
false
‘ update ‘ i++]

I

v

40
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for

Add the numbersin [1, 50]

P Lin L S W B P el |

int 1i;
int sum = 0
for (i=1; i<=30; i++)
sum += i
printf({"Sum: %i.n", sum):;

41
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Loop and control flow instructions can be
nested with the following observations:

The inner instruction must be included inside the
outer instruction

With control flow instructions

For each value of the counter of the outer instruction,
the counter of the inner instruction takes all its values

42
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Read an integer value (larger than 0) and print all the positive integers lesser
than this value. The operation is repeated until the user enters the value 0.

—= while({!stop) |
printf ("\nEnter a number (0 to end): ");
scanf ("%1", =snum);

if (num > 0) |
int i;
— for (i=1; i<=num; i++)

.  printf("%i ", 1i):
} else if (num == 0)
stop = 1;
} else |
printf ("Negative wvalues are not allowed\n"):
1
|

43



2% Universidad 3 LOOp inStrUCtiOnS

F) Carlos Il de Madrid
P  www.uc3mes Nested |OOpS

Show the index positions of a 2x3 matrix

int nRows = 3, nCols = 2;
int i, 3;
for (i=1; i<=nBows; 1++) |{
1. 1> 1. 25

— for{j=1: j<=nCols: j++) (2, 1> €2, 27

— printf£({"(%i, %i}) ", i, I3):

(3. 1> €3, 2>

printf("\n"):

— |

44
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int cont;
int n;

do |

scanf ("&i",

awitch(n) {
case 1:
printf ("
break:
cage 2:
printf ("
break
cage 3:
printf ("
break:
cage 4:
printf ("
break
cage 5
printf ("
break:;
cage o
printf ("
break
cage 7
printf ("
break
defaunlt:
printf ("

}

scant ("Hi",

Read an integer value
representing a day of the

printf ("\nEnter an integer in [1, 71: ")} ; Week and prlnt the

&nl ;

corresponding name. Ask
the user to repeat the
procedure.

Monday™"} ;

Tuesday") ;7

Wedneaday") ;

Thuraday")

Friday") ;

Saturday") ;

Sunday") ;

Wrong wvalus") ;

printf ("“n'\nContinue {yesz:1/no:0)7? "),

Gcont) ;

} while (cont = 1} ;

45
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e Example
— Print on the screen the seconds, minutes and
hours in a clock

e Basic: Only hours and minutes
00:01
00:02

00:59
01:00
01:01

e Advanced: Hours, minutes and seconds

46
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1. Introduction
2. Conditional instructions

a. if else
b. switch

3. Loop instructions
a. while
b. do while
c. for

47
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Basic

e |vor Horton. Beginning C: From Novice to Professional. Apress,
2006 (4t Edition) — Chapters 3, 4

Additional information

e Stephen G. Kochan. Programming in C. Sams, 2004 (3"
Edition), Programming in C— Chapters 5, 6

e Stephen Prata. C Primer Plus. Sams, 2004 (5% Edition) —
Chapters 5, 6, 7

48
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http://proquest.safaribooksonline.com/book/programming/c/0672326965/c-control-statements-branching-and-jumps/ch07
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Program structure

#include <stdio.h>
#define MAX 100

int main(void) {
<statements>
return 0;

}

Declaration statements

<type> <variable name> [= <expression>];
const <type> <variable name> [= <expression>];

Assignment statements

<variable> = <expression> ;

Input and output

printf ("%1i", a);
scanf ("%1", &a)

49
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Summary
Conditional instructions

if-else

if (<condition>) {
<statements>

} else {
<statements>

}

if-else-if

if (<condition>) {
<statements>

} else if (<condition>) {
<statements>

} else if (<condition>) {
<statements>

} else {
<statements>

switch

switch (<selector>) {
case <value>:
<statements>

break;

case <value>:
<statements>
break;
default:

<statements>
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for
for (<variable>=<initial value>; <condition>; <update variable> ) {

<statements>
}
while do while
while (<condition>) { do {

<statements> <statements>
} } while (<condition>);
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1. Introduction
2. Conditional instructions

a. if else
b. switch

3. Loop instructions
a. while
b. do while
c. for
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