Annotated slides

Loops, Input and Output

CS211: Programming and Operating Systems

Niall Madden

Wednesday and Thursday, 24+25 Feb, 2021

Um, APPARENTLY, programming is for folks who
are thrilled when a computer reminds them
they're missing a bracket or semicolon? It

i, mMust be, because they make
= S that happen SO OFTEN.
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New class times

Mon | Tue | Wed | Thu | Fri
9-10
10— 11
11-12
12 -1
1-2
2-3
3-4 | LAB?
4-5 | LAB?
The recorded classes on Wednesdays and Thursdays are
unchanged (sorry!). 16-50

New Igb times: Monday 15:00-1#0. You aim to attend for an
hour (QIGRT=M out as neededd

Little, if any, of the “lab” times will be recorded.
i All this may all change again towards the end of the semester.,.i

Might switch to Zoom for some classes. Any objections?
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a
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Part 1: Keywords and Operators

CS211 — Week 3
Loops, Input and Output J

Start of ...

PART 1: Keywords and
Operators
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Part 1: Keywords and Operators Keywords

C has a set of reserved keywords; they cannot be used as variable or
functlon names:

(mporﬁoﬂb auto Ant)
— break (Long)
case register typedef
retur
short
continue signed
default volatile
do static

Some “new” ones, which are supported by some (but not all) “old”
compilers, include

restrict _Bool _Complex _Imaginary
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Part 1: Keywords and Operators

Operators

Operators come in four flavours: Arithmetic, assignment relational

and logical.

Arithmetic Operators available in C include:

C Symbol Definition Example

® addition c =a+ b;
- subtraction c =a - b;
* multiplication | ¢ = a * b;
/ dIVISIOI’] c=a/ b;
% man c=abY% b;

Unlike Python, there isn’t a bw/m function for powers or truncating

division. m.oot.w{o
& 12%5 =2
¥ %3 =0

1234 % (00
(23¢ % 10

= 4.

123¢% 1 =0
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Part 1: Keywords and Operators Operators

. . . . =(0
The Assignment and Arithmetic-Assignment Operators are: 65‘ o
I Definiti
Dok Co’ﬂ(“’?ﬂ f:ymbo . efinition Example
. - (2 assignment a=b; a=1[0
W.(ia; ++ increment at+; Sl to ]
- - decrement a—-; <ot o=a—1|
+= addition assignment a+=2;
~ =
-= subtraction assignment | a-=2; [ set 6=ot2,
*= multiplication assignment | a*=2;
= division assignment a/=2;
%= modulo assignment a%=2;

The following t not encouraged: i=j=k=0 and is the
sameasi = (j = (k = 0))

siwilorly GP $t= (K’f>> -
o legal, bk couLosing.
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Part 1: Keywords and Operators

Operators

10

12

14

16

The operator ++ can be used in both prefix and post-fix form: in prefix

form, the increment takes place before the value is used.

Ol10perators.c

int main(void)

{

int i=1;
printf ("i++
printf ("++1i
i=1;

printf ("++1
printf ("i++
return (0) ;

%d; ll’
%d\n",

%d; ll’
%d\n",

i++); é'—’

i) =

++1i);
i++);

- 9056-@-};
L profix

G

CS211 — Loops, Input and Output

8/57



Part 1: Keywords and Operators Logic Operators

A Relational Operator tests if some relation holds between two
quantities or variables, and evaluates as true or false.

C Symbol | Maths Symb | Definition
< 4 less Clwan
- < (o Elon ov qu;‘l ,
>
>=
__ -~ +ost gguality (" EZU“/{Orl)
| = b= ot  Epvaby.

These all evaluate as 0 for false or 1 for true.

&, x= 6173)) sk x=0.
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Part 1: Keywords and Operators Logic Operators

02Logic.c

1| // 02Logic.c; For CS211, Feb 2021. NM
#include <stdio.h>

int main(void)

5|4

int i=1, j=2;

7| printf("i=%d and j=%d\n", i, j);

printf ("i>j \t\t evaluates as %d\n", i>j);

9 printf ("++i >= j \t evaluates as %d\n", ++i>=j);

11 return (0) ;

Ty yowrseld
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Part 1: Keywords and Operators Logic Operators

Relational operators can be combined into more complex operators, as
follows.

C Symbol | Maths Symb | Definition
| ~ (7) noe

&& A AnQ
T J OR. Civ»c(u%?ue
toe it
. _ ol or bothh
£ & I(a4/53> UMQ

Somg 0D it (aob) +W@>,
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Part 1: Keywords and Operators Exercise

Exercise (2.1)

Suppos and z = —5. Write a C programme that check if
the following statermients are true or false. =2 sk y=3
x>y)Vix<y).
(x>y)Vix<y) So rey
B (x=y—-1))A(y<x)V(y<2). .
L {0l

“yz2x—2z)V(y=x+1).

oY
\(/ troe

false
ik ((ocvk;D | (xz9)
Qva&evv clowld he  Hrop (& ,’L>
D

prik( Sttt Lo Awe" )
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Part 1: Keywords and Operators Exercise

Fov  divisom o4 2UJ?Q(O>),/S " _F-wo
s = (floak) @/b)

CS319 — Week 3
Loops, Input and Output J

END OF PART 1
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Part 2: Selection statements

Loops, Input and Output

Start of ...
Selection_statements

W

CS211 — Week 3 J
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Part 2: Selection statements

To control the flow of a program, one uses

m Selection Statements: select a particular execution path. The most

important is(if/if elsestatements. See also, switch and,
especially, 777 T~—"

m Iteration statements: for, while and do

jump statements: break, continue and goto\<& ™M O)é'[‘j

[%W-JZ
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Part 2: Selection statements if statements

if statements are used to conditionally execute part of your code.

if ( empxgﬂl/ [O%JCQA_ Expressioq [ chAlkhcus clnt

{ v fwwe of
perform statements 1f exprn evaluates as
non-zero #a[&l )
X
ellise
{

statements if exprn evaluates as 0

}
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Part 2: Selection statements else if

Also, if blocks can take the form:

ifC A)

{

perform statements if expression A eualuatesz
non-zero

have ZWO0 oY mMmoT2

oA } Con
e Gloe 318D ) g il befwia i€ el chic.

) 1
‘mgi* statements if A is false, but B evaluates as true Z2—
! ¥ — —
else

t of{‘l'a%w( .

statements tf both A and B evaluate as false

}
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Part 2: Selection statements Examples

—

A trivial example

#include <stdio.h>
int main(void )

{

. v (
if (10) ¢ 2ewne | s frve .

{
printf ("Non-zero is always true\n");
}
if (0)
{ /* dummy line */ }
else

printf("But O is never true\n");
return(0) ;
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Part 2: Selection statements Examples

Typically, however, the expressions that if () depends on are logical
expressions, based on relational operators, that must be evaluated.

B a==10

B c =='n’ 5 .
on com binaki

m x !'= 10 " (O M/L

moz<y sy these w th

my >=z

Ak l

= /o~
ol
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Part 2: Selection statements Examples

Logical operators, AND, and OR, allow more complex if-statements:

ifC C (i%3) == 0) && ( (i%5)==0) )
printf ("%d divisible by 15\n", i);

if( ( (i%3) == O)@ C (i%5)==0) )
printf ("%d divisible by 3 or by 5\n", i);

f\)oba:
. “ ‘(Qll (00% bows du%/{:‘ v J.x;vtﬂ,) 8o
$ — 2 gVe opti oo

o comiolm ok ed S iF e

CS211 — Loops, Input and Output 20/57



Part 2: Selection statements Examples

[

Erople ode had  (F Lingh ok cowmmumis | gfc

03EvenOdd.c « ik

—

@
20
22
24
26
28
30
32

34

// Check Even or Odd
int afzand ()%10) // ais a random number between 0 and 9.

printf("aa=%d\n", a); goved () refomad «
lfpiii:f—/(tnz)i:=esin\n"); [MD}L (5“}0&)) -
el;iintf("a is odd\n"); rosdom ﬂUﬂméﬁmf'
// Check positive, negative or zero

a=rand ()%7-3; // ais a random number between -3 and 3.
printf ("a=%d\n", a);
if ( a>0 )
printf("a is (strictly) positivel\n");
else if ( a<0)
printf("a is (strictly) negative\n");
else
printf ("a is zero\n");

CS211 — Loops, Input and Output
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Part 2: Selection statements Examples

CS319 — Week 3
Loops, Input and Output J

END OF PART 2
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Part 3: Loops for()

CS211 — Week 3
Loops, Input and Output J
Start of ...
PART 3: Loops (ot 32)

Y] owo Pa-ri-?;_é
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Part 3: Loops for

for( 2nitial 'ual;, continuation cond;,' increment) y

for () is an expression used to execute “loops”: groups of similar tasks
to be repeated a certain number of times. It takes three arguments,

m an initial value for the increment variable.
m a condition for continuing the loop.

m instructions on how to modify the increment variable at each
iteration.

The tasks to be completed within the loop are contained within curly
brackets.

If { } are omitted, then the loop consists only of the line immediately
after the for () command.
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Part 3: Loops for()

Example (Print a line)

Sometimes we just want a simple operation repeated a fixed number of
time. This example just prints a “line” across the screen

printf("\n"); ( OAA 'L & 5
for ( =1} i<=60; 1++) ai’, E‘UMS M .

pI'lIl ( n_mn )
prlnm{("\n")

S Cobivoe  while £ £60
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Part 3: Loops for()

More often, in the body of the loop we use the “increment variable’ (==

“the loop index”), as in the following example.
Recall that the Fibonacci sequence is defined as

fo=1,fi=1,andfork =2,3,...,fx = fx_1 + fx_o.

63\ ="
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Part 3: Loops

for()

12

14

16

18

20

22

24

26

O4Fibonacci.c

#include <stdio.h>
int main(void )
{
int i, Fib[10];
Fib[0]=1;

printf ("Fib[0] = %d\n", Fib[0]);

Fib[1]=1;
printf ("Fib [1]

for (i=2; li<=9; J)i++)
{ — —
Fib[i] = Fib[i-1]
printf ("Fib [%d] =
}

return (0);

%d\n", Fib[1]1);

é==C'b1_
+ Fib[i-2];
%d\n", i, Fib[il);
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27/57



Part 3: Loops for()

Example (Print the odd nhumbers from 1 to 19)
for(i=1; i<= 19; i+=2)
printf("%d ",1); -

\

note S A
A euned %U 2

ok tvevy  stop ,
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Part 3: Loops for()

Example (Count down from 10 to 0)
for(i=10; i >=0; i--)
printf("%d ",i); /V

\
S@UZL\% iz -1

ok evany gfop,

ES‘(‘O p Lw& ]
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Part 3: Loops for-loop arguments

The three arguments to for are optional, but the second one is the most
important and it is bad practice to omit it.

Example (A bad example)
int i=2;
for (; i<10;)
{
i++;

}

|225¢L11_ _c@n~ s;%,va°4F
Lorr (mae:uibt«k:mb cv&““"“f"“) ""‘”‘"“‘“‘9)

Ustep”
! o
f +MM;V‘W.” o .
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Part 3: Loops Algorithms

Definition
An Algorithm is a finite set of precise instructions for performing a
computation or for solving a problem.

Here is an algorithm for finding the maximal element in a finite sequence
a,a,...,dan

Linear Search
m <— ay .
FORK=2ton PSQU Joco&ﬂ_ .

IF m < ax
THEN m <— ak
END

END
RETURN(/A)

»
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Part 3: Loops Algorithms

Write a short C program that creates a list of 8 randomly chosen integers
between 0 and 20, and then finds the largest one.

To solve the problem, we need to do several things:

m Create a random number. This is done using the rand function,
which requires the std1ib header file.

m rand produces a number between 0 and 2142483647 Use modulus
operator to get one between 0 and 20. ( e ,\,w 2, [)

m Use a for loop to implement the linear search algorithm.

dinclode (sedlib. k)
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Part 3: Loops Algorithms

10

12

14

16

18

20

22

24

26

#include <stdio.h>
#include <stdlib.h>
e —

K Jafiwed €l wrwvml(‘)
int main(void)

{  — M
int k, IIE aEg]_i“—/ l(‘Sé'
printf ("\nThe list is: "); *
for (k=0; k<8; k++) { 5 WUAJL ﬂlﬁé
afk] = rand () %21; ?;’—
printf ("\t%d", alk]);

i ot stap 200, ta st tluurk

for (k=1; k<8; k++)
if (m < alk])
m = alk];

printf ("\nThe largest element is: %d\n", m);
return (0);

aeu nJ:“""

o loveet
(so Br ).
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Part 3: Loops while

The while loop is probably the simplest loop in C, though not quite as
useful as the for loop.

while( expression ) statement J

while(i < n)
ix=2;

i = rand()%100;

while(i < n)

. 1= 0
printf("i=%d. Guessing again...\n", 1i);
i = rand()%100;

} —_———

N
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Part 3: Loops while

These two are equivalent:

for (i=0; i<=10; i++)
sum+=f [i] ;

i=0;
while ( i<=10 )
{
sum+=f [i] ;
i+

)

3
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Part 3: Loops while

This is a trivial loop — it's statements are never executed:

& o —
while (0) o= \Cq{% ’
{
// this stuff is ignored
}

Whereas the following as an infinite loop:

while (1)
{

printf("We are going to be here a while...");

Exercise (do ... while)

There is also a variant called a do ... while loop. Read up on it.
Review the example in 06DoWhile. c and work out what it does.
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Part 3: Loops Exiting a loop

There are (rare) occasions where we might want to
ljwnpoutofawhile,forordoloop.ThSisachEvedus%éE%EE%)
m skip to the next iteration of the loop, using continue. . ~
m See the example in 07BreakContinue.c o b:')ot %01_0

m jump to another part of a program entirely, using goto. g{w(‘rl

goto
There is never a good reason to use goto. NEVer we i ee J
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Part 3: Loops

Why not to use goto

T COULD RESTRUCTURE
THE PROGRAMS FLOW

OR USE ONE LITILE
'GOTO‘\ INSTEAD.

\)%

EH, SCREW GOOD PRACTICE.

HOW BAD CAN 1T BE?
\ goto main_sub3;

’/\/

: ; ‘g *COMPILE*

CS211 — Loops, Input and Output
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Part 3: Loops Why not to use goto

CS319 — Week 3
Loops, Input and Output J

END OF PART 3
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Part 4: Output with printf ()

Week 3
Lo ut and Output J
Start of ...
PART 4: Output with printf ()

—_
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Part 4: Output with printf () _~«ke  stlis,

/
Part of the standard input/output library, the printf () function is

the most commonly used mechanism for sending formatted output to
the screen. . .
[ later  forinkf =D 5 LilsD

It is unusual because it many actually take an arbitrary number of
arguments:

m a format string,
m followed by zero or more variables,

The format string may include \
!
m plain text, to be sent to stdout USQA 'F" 'F""L“ “8
—

2- escape characters,

to tell the system how variables whose
values will be displayed. These are actually a bit complicated, and
so we won't be able to describe them in full detail.

F’”’W"’& valvd o  womncablen,
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Part 4: Output with printf () plain text

To print a simple message, pass you text as the first argument ,
encapsulated in double quotes:

|printf("This is not a very interesting exampl@; |

However, usually this first string argument includes escape characters
and conversion characters

{% ?vacQ (q HQ“O U)wlfL \;L 5)
nQL) {ll/l[/
Or Privut “Na\wy Mo \v. Wav [ \n ))

Gve >Q blomk lived

» U Uo
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Part 4: Output with printf () Escape Characters

The format string in C may contain a number of “escape characters”.
These are represented with a backslash, followed by a single letter, and
allow printf to “display” commonly used characters, but that don’t have
easy keyboard representations.

The most important ones are:

] Produces a beep or flash (useful when debugging)

m \b Moves the cursor to the last column of the previous line. (Not
that useful).

m \f Moves the cursor to start of next page. (not very useful)
l@ New line. The most used

m \r Carriage Return
Horizontal Tab (quite useful when displaying tables of data).
m \v \Vertical Tab (not very useful)

m \\ Prints single \ . a,l,
m \" quotation 'g - Sh(g‘/\k[% U%Q_

m %% Prints %.
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Part 4: Output with printf () Conversion characters

A Conversion character is a letter that follows a % (percent symbol)
and tells printf to display the value stored in the variable that is next in
its argument list. The most common ones are

] w Single character (i.e., variable of type char,
decimal integer (int)
%e) floating-point value in E (“scientific”) notation ~- ¢e {-OQ,~2
oD, floating-point value (f1oat)
m %g )Same as %e or %f format, whichever is shorter
m %o octal (base 8) integer
String of text (char array)
m %u Unsigned int
m /x hexadecimal (base 16) integer
These can also take flags that modify their behaviour.
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Part 4: Output with printf () Conversion characters

flags
Width specifiers 1
%/ Precision specifiers ,
Input-size modifiers
Examples:

,@[OJ; x = 3-”(—’5_1;

Codo O&PUJL'
pink £( "= %1)) | x= 3lesT
xX= 3‘“(‘

privk £ (7 x=%.28%)
privkf (“x= % ))

ra v 3 1e1sq
S~
blonk

4 choss iq Eotﬂl

CS211 — Loops, Input and Output
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Part 4: Output with printf () Other output functions

Although printf is the most versatile function, there are others for
displaying output:

B putchar . o.J:paJ;J e 5;"’1[‘@_ C(/‘”'"

’ ’ . ( e oy
.r‘—j to Ft\£> ’
S /

v u‘a@u\) woks ’hw\g_‘
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Part 4: Output with printf () Other output functions

CS319 — Week 3
Loops, Input and Output J

END OF PART 4
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Part 5: Input with scanf ()

CS211 — Week 3
Loops, Input and Output J

Start of ...

PART 5: Input with scanf ()

_
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Part 5: Input with scanf ()

The scanf () function is analogous to printf () : it will )

m read input from standard input, ( vs u_,(},h,o KM@‘M"M‘J
m format it, as directed by a conversion character and

m store it in a specified address.
int 1i;
char s;
~—> printf("Enter an integer and a char: ");

scanf ("%d %c", &i, &s);
AL L l
ﬁf’—§\k9

printf("The int is %d, char is %c\n"is,s);

—'—\f/

Note g Maumx/m}t to  sumf  gfovt

o
e 4 Tas w becat scouf  chors
w ° tla value Gé: L /(_ g.
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Part 5: Input with scanf ()

Write a short C programme that reads a single integer from the keyboard,
and checks that it's an even number between 1 and 49 (inclusive). )
int i;
printf ("Enter a positive, sggg integer less than 50: ");
scanf ("%d", &i); -
- —
printf ("You entered %d", i);
if ((i<=0) || (i>=50) )
printf(", which is *not* between 1 and 49.\n");
else if ( (i%2) !'= 0)
printf (", which is in [1, 49], but is *not* even.\n");
else
printf(". Thank you.\n ");
V.

CS211 — Loops, Input and Output 50/57



Part 5: Input with scanf () Some details

Some other things about scanf:

m We usually call the scanf function as if its return value is void, but it
actually returns an integer equal to the number of successful
conversions m

m It has friendg’f scanf that we’ll use for reading from files (in fact
scanf is really just fscanf in disguise but with the keyboard as the
input “file”), and sscanf used for extracting from strings.

m There are other very useful functions for reading from the standard
input stream: getchar, gets

Ty = s cod (”%&q”“))
Cseks F:’>,
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Part 5: Input with scanf () Input Checking

In the last example, we checked that the user inputted that data that was
asked for. If we don’t include such checks...

NolnputCheck.c

int n, i, 1ist[30];
printf ("Enter a number between 1 and 30: ");
scanf ("%d", &n); _—
for (i=0; i<n; i++)

list[i] = rand()%40;

While this is OK, it can lead to strange results if the user enters a number
less than 1 or greater than 30.
So we should check that the user inputs the data correctly...
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Part 5: Input with scanf () Input Checking

We could use an if statement to improve this:

IfinputCheck.c

printf ("Enter a number between 1 and 30: ");

scanf ("%d", &n);

if ( (n<1) || (n>30) )

{
printf ("\aError: number not between 1 and 30\n");
return(1);

} =

although it would be better if the user had a chance to enter the data
correctly...
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Part 5: Input with scanf () Input Checking

So we could ask the user the try entering the data again:

IflInputCheckAgain.c

printf ("Enter a number between 1 and 30: ");
scanf ("%d", &n);

if ( (<1) || (@>30) )

{

printf ("\aError: number not between 1 and 30\n");
printf ("Enter a number between 1 and 30: ");
scanf ("%d", &n);

}

but this only allows the user to make one mistake. Where we have a

persistently dumb user, we need to let them try again, and again, and
again...
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Part 5: Input with scanf () Input Checking

That is easily achieved by using a while loop instead of if:

WhilelnputCheck.c

printf ("Enter a number between 1 and 30: ");

) A

printf : number not between 1 and 30\n");
printf ("Enter a number between 1 and 30: ");
scanf ("%d", &n);
} V
Now the programme will keep asking the user to enter the number until
they get it right.

Exercise (do ... while again)

This is a situation where a do ... while would be useful.
Why?
Write a version using do. .. while.
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Exercises

Exercise (Exer 3.1)

Write a short C programme that prompts the user to input an integer, and
then uses scanf to read that integer.

The program should output the value that the user entered and that
scanf returns.

Run the program to check what scanf will return when

M the user enters an integer;
[@ the user enters a float (with decimal part);

@ the user enters non-digit character.
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Exercises

Exercise (Exer 3.2)

Write a short C programme that prompts the user to input an integer, i,

such that 10 < i < 30.

Use awhtile (ordo... while)loop so they are repeatedly prompted
for this integer until they enter one that is in this range.

Then the program should output an alternating string of zeros and ones
of length i.
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