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Data Types

Aldata type 1s (surprise!) a type of data:
s Numeric

m int: integer
» float: floating point (also known as real)

s Non-numeric
m char: character

Note that this list of data types ISN’T exhaustive —

there are many more data types (and you can define your own).
#include <stdio.h>
int main ()
{ /* main */
float standard deviation, relative humidity;
int count, number of silly people;

char middle initial, hometown[30];
} /* main */
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Integers in Mathematics

Mathematically, an integer is:
any number (positive, negative or zero)
that has nothing but zeros to the right of its decimal point:
-3984.00000000...
0.00000000...
23085.00000000...
Another way to think of integers is as
= the counting numbers, and
1,2,3,4,5,6, ..
m their negatives (additive inverses), and
-1,-2,-3,-4,-5, -6, ...
m ZCro.

In mathematics, the range on integers 1s infinite in both directions:
-0 t0 +oo
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Integers in Computing

An integer in computing has mostly
the same mathematical properties as an integer in mathematics.

An integer in computing has a finite range (minimum, maximum).

An integer in computing also has a particular way of being
represented in memory (which we’ll see later in the course,
time permitting) and a particular way of being operated on.

In C (and 1n most programming languages),
int literal constants are expressed without a decimal point:

-3984
0
23085
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Integers A.K.A. Fixed Point Numbers

Integers are also known as fixed point numbers, because
they have an invisible decimal point in
a fixed (unchanging) position.

Specifically, every integer’s invisible decimal point 1s
to the right of the rightmost digit (the “ones™ digit):

-3984
0 E> invisible decimal point
23085 in a “fixed”

(unchanging) place
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Declaring int Variables

int x;
This declaration tells the compiler to grab a group of bytes,
name them x, and think of them as storing an int.

How many bytes?

That depends on the platform and the compiler, but these days
the typical answer 1s that an int takes 4 bytes (32 bits)

1n most cases:

X .

For example, on x86-based Linux PCs such as ssh.ou.edu,
using the gcc compiler from gnu.org (the compiler that
we’re using 1n this course), the size of an int 1s 4 bytes.
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int Data Don’t Have to Be 4 Bytes Long

On some platforms (combination of hardware family and
operating system), on some compilers, all ints are 4 bytes.

On other platforms, the default int size is 4 bytes, but
the size of an int can be changed by using a compiler option.

Notice that different compilers for the same language can have
different names, different defaults and different options.

While there are many common features,
compiler vendors are under no compulsion to follow them.
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int Declaration Example Program Part 1

o

o

/*
* k%
* k%
* k)
* k)
* k)
* k)
* k)
* k)

*/

cat assign.c

R b b b I b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b g 4
Program: assign * kX
Author: Henry Neeman (hneeman@ou.edu) ***
Course: CS 1313 010 Spring 2025 x kX
Lab: Sec 012 Fridays 1:00pm x kX
Description: Declares, assigns and x kK
outputs a variable. x kK

R R b b b b d b b d b b b A b b b i b b b i b b A b b b i b b i i b b i b b i i 4

#include <stdio.h>

int
{ /*
/

main ()

main */

*

*

PR b d i A A b b b b b b b i b b b b b b i b b i i i b b b b i i b b b b b i i i ¢
* Declaration section *
AR i i d i b A b b b b b b i i b b b b b b b b b i b i b b b b b b b b b b b i i i ¢
*

R IR R A b b g i b b b b b i i b b i

* Local variables *
AAhAkKhAkKhkk kA kK khkk,kkhkkhkk )k kk*k%
*

* height in cm: my height in cm
N _

int height in cm;
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int Declaration Example Program Part 2

/*

R AR b db b b d A b b b b b b b b b b b i b I b b A b b b b b b b b b b b b b b i b i i

* Execution section *
P b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b i b i b g

* Assign the integer value 160 to height in cm.
*/
height in cm = 160;
/%
* Print height in cm to standard output.
*/
printf ("My height is %d cm.\n", height in cm);
} /* main */
% gcc -o assign assign.c
% assign
My height 1s 160 cm.
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The Same Source Code without Comments

% cat assign.c
#include <stdio.h>

int main ()
{ /* main */
int height in cm;

height in cm = 160;
printf ("My height is %d cm.\n",
} /* main */
% gcc -o assign assign.c
% assign
My height 1s 160 cm.

Numeric Data Types Lesson
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int Literal Constants

An int literal constant 1s any sequence of digits,
possibly preceded by an optional sign:

CORRECT: 0 -345 768 +12345

INCORRECT:
m 1,234,567

INCORRECT: No commas allowed.
m 12.0

INCORRECT: No decimal point allowed.
m ——4 ++3
INCORRECT: A maximum of one sign per int literal constant.
m D- 7+
INCORRECT: The sign must come before the digit(s), not after.

Numeric Data Types Lesson 1
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int Literal Constants Usage

We canuse int literal constants in several ways:

m In declaring and 1nitializing a named constant:
const 1nt w = 0;
/* 0 is an int literal constant */

» [n initializing a variable (within a declaration):

int x = -19;

/* =19 is an int literal constant */
m In an assignment:

y = +7;

/* +7 1s an int literal constant */
» In an expression (which we’ll learn more about):

z =y + 9;

/* 9 1s an int literal constant */

Numeric Data Types Lesson 12
CS1313 Spring 2025



int Literal Constants Usage: Good & Bad

We canuse int literal constants in several ways:

m In declaring and 1nitializing a named constant:
const int w = 0;
/* This is GOOD. */

» [n initializing a variable (within a declaration):
int x = -19;
/* This is GOOD. */

m In an assignment:
y = +7;
/* This is BAD BAD BAD! */

» In an expression (which we’ll learn more about):
Z = + 95
/* T%is is BAD BAD BAD! */
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int Named Constants Example #1

#include <stdio.h>
int main ()
{ /* main */

const int number of people to tango = 2;
const int inches per foot = 12;
const int degrees 1in a circle = 360;

printf ("It takes %d to tango.\n",
number of people to tango);

printf ("\n"); -

printf ("There are %d inches in a foot.\n",
inches per foot);

printf ("\n");

printf ("There are %d degrees in a circle.\n",
degrees in a circle);

} /* main */ -

Numeric Data Types Lesson
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int Named Constants Example #2

% gcc -o intconsts intconsts.c

% intconsts
It takes 2 to tango.

There are 12 inches in a foot.

There are 360 degrees 1n a circle.

ASIDE: Notice that you can output a blank line by outputting
a string literal containing only the newline character \n.

Numeric Data Types Lesson 1
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Real Numbers in Mathematics

Mathematically, a real number 1s
a number (positive, negative or zero) with
any sequence of digits on either side of the decimal point:

-3984.75
O.1111111...
3.1415926...

In mathematics, the range on real numbers 1s

infinite 1n both directions:
-00 to +oo

Numeric Data Types Lesson 16
CS1313 Spring 2025



Reals: Digits to the Right of the Decimal

In mathematics, the string of digits
to the right of the decimal point can be either:

m ferminating (a finite number of nonzero digits,
maybe even NO nonzero digits), OR

m repeating (a finite sequence of digits repeated infinitely), OR
m non-repeating.

In mathematics, there are infinitely many real numbers.

In fact, there are infinitely many real numbers
between any two real numbers.

For example, there are infinitely many real numbers between
0 and 0.00000000000000001.
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A Fun Rational Number

1 /998,001 has, as its repeating decimal expansion,
every 3-digit integer from 000 to 999, in order, EXCEPT 998:

1/998001 = 0.000001002003004005006007008009010011012013014015016017018019020
0210220230240250260270280290300310320330340350360370380390400410420430440450
4604704804905005105205305405505605705805906006106206306406506606706806907007
107207307407507607707807908008108208308408508608708808909009109209309409509¢6
0970980991001011021031041051061071081091101111121131141151161171181191201211
2212312412512612712812913013113213313413513613713813914014114214314414514614
7148149150151152153154155156157158159160161162163164165166167168169170171172
1731741751761771781791801811821831841851861871881891901911921931941951961971
9819920020120220320420520620720820921021121221321421521621721821922022122222
3224225226227228229230231232233234235236237238239240241242243244245246247248
2492502512522532542552562572582592602612622632642652662672682692702712722732
T427527627T27827928028128228328428528628728828929029129229329429529629729829
9300301302303304305306307308309310311312313314315316317318319320321322323324
3253263273283293303313323333343353363373383393403413423433443453463473483493
503513523533543553563573583593603613623633643653663673683693T037137237337437
537637737837938038138238338438538638730883489390391392393394395396397398399400
4014024034044054064074084094104114124134144154164174184194204214224234244254
2642742842943043143243343443043043T43843944044144244344444544844744844945045
14524534544554564574584594604614624634644654664674684694704T71472473474475476
47747847948048148248340844854864874884894904914924934944954964974984995005015
0250350450550650750850951051151251351451551651751851952052152252352452552652
7528529530531532533534535536537538539540541542543544545546547548549550551552
5535545555565575585595605615625635645655665675685695705715725735745755765775
T8579580581582583584585586587580858959059159259359459559659759859960060160260
3604605606607608609610611612613614615616617618619620621622623624625626627628
B296306316326336346350306370386306406416426436446456466470486496506516526536
5465565665T6586596606616626636646656666676686696T06716726736T46756T66T7T6T7867
96806816826836846856866087688689690691692693694695696697698699700701702703704

https://img-9gag-fun.9cache.com/photo/aK69rpN  700bwp.webp
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Integers vs Reals in Mathematics

Notice that, in mathematics, all integers are real numbers,
but not all real numbers are integers.

In particular, mathematically, every integer 1s a real number,
because it has a finite number of nonzero digits
to the right of the decimal point.

Specifically, an integer has NO nonzero digits
to the right of the decimal point.

Numeric Data Types Lesson 1
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Representing Real Numbers in a Computer

In a computer, a real value is stored 1n a finite number of bits
(typically 32 or 64 bits).

But there are infinitely many real numbers, and in fact there are
infinitely many real numbers between any two real numbers.

So a computer’s representation of real numbers
can only approximate most mathematical real numbers.

This 1s because only finitely many different values
can be stored 1n a finite number of bits.

For example, 32 bits can have only 232 possible different values.
A real value in computing has a finite range (minimum, maximum).

Like integers, real numbers have particular ways
of being represented in memory and of being operated on.
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float Literal Constants

In'C (and 1n most programming languages),
float literal constants often are expressed with a decimal point:

-3984.75
0.0
23085.1235
Recall that, in mathematics, all integers are reals,

but not all reals are integers.

Similarly, in most programming languages,
some real numbers are mathematical integers (for example, 0.0),
even though they are represented in memory as reals.

In computing, reals are often called floating point numbers.
We’ll see why soon.

Numeric Data Types Lesson 1
CS1313 Spring 2025



Declaring £1oat Variables

float x;

This declaration tells the compiler to grab a group of bytes,
name them x, and think of them as storinga float,

which 1s to say a real number.
How many bytes?

That depends on the platform and the compiler, but these days
the typical answer 1s that real numbers 1n most cases take
4 bytes (32 bits) or 8 bytes (64 bits):

Numeric Data Types Lesson 2
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float Variable Size

For example, on x86-based Linux PCs such as ssh.ou.edu,
using the gcc compiler from gnu.org, which we’re using
in this course, the default size of a float 1is 4 bytes (32 bits).
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float Declaration Example Part 1

o

o

/*
* k%
* k%
* k%)
* k)
* k)
* k)
* k)
* k)

*/

cat realassign.c

R b b b I b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b g 4
Program: realassign x kX
Author: Henry Neeman (hneeman@ou.edu) ***
Course: CS 1313 010 Spring 2025 * kX
Lab: Sec 012 Fridays 1:00pm x kX
Description: Declares, assigns and x kK

outputs a real variable. x kK

R R b b b b d b b d b b b A b b b i b b b i b b A b b b i b b i i b b i b b i i 4

#include <stdio.h>

int main ()

{ /*
/

main */
*
*
P b b b b b b b b b b b b b b i b b b b b b b b b b b b b b b b b b b b b i i i b

* Declaration section *
AR i i d i b A b b b b b b i i b b b b b b b b b i b i b b b b b b b b b b b i i i ¢
*

PR . b d b b g b b b b b b b i i b i ¢

* Local variables *
AAhAkKhAkKhkk kA kK khkk,kkhkkhkk )k kk*k%
*

*/height in m: my height in m
N _
float height in m;

% Numeric Data Types Lesson
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float Declaration Example Part 2

/*

R AR b db b b d A b b b b b b b b b b b i b I b b A b b b b b b b b b b b b b b i b i i

* Execution section *
P b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b i b i b g

* Assign the real value 1.6 to height in m.

*/

height in m = 1.6;
/%

* Print height in m to standard output.
*/

printf ("My height is %f m.\n", height in m);
} /* main */
% gcc -o realassign realassign.c

realassign
My height i1s 1.600000 m.

Numeric Data Types Lesson 5
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The Same Source Code without Comments

% cat realassign.c
#include <stdio.h>

int main ()
{ /* main */
float height in m;

height In m = 1.6;

printf ("My height is %f m.\n", height in m);

} /* main */

% gcc -0 realassign realassign.c
% realassign

My height 1is 1.600000 m.

Numeric Data Types Lesson
CS1313 Spring 2025

26



Scientific Notation

In technical situations, we often encounter scientific notation,
which 1s a way of writing numbers that are either
very very big or very very small:
6,300,000,000,000,000 = 6.3 x 1013
0.0000000000271 =2.71 x 10711
In C, we can express such numbers 1n a similar way:
6,300,000,000,000,000 = 6.3e+15
0.0000000000271 =2.71e-11
Here, the e, which 1s short for “exponent,”
indicates that the sequence of characters to the right of the e
— an optional sign followed by one or more digits —
1s the power of 10 that the number to the left of the e
should be multiplied by.

Numeric Data Types Lesson 5
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Floating Point Numbers

When we express a real number in scientific notation,
the decimal point 1s immediately to the right of
the leftmost non-zero digit.
So, the decimal point doesn’t have to be
to the right of the “ones” digit; instead, 1t can be after any digit.
It doesn’t have a fixed location, so we say that it floats.

So, we sometimes call real numbers floating point numbers.

We recall that, similarly, integers are sometimes called
fixed point numbers, because they have
an implicit decimal point that is in a fixed location,
always to the right of the “ones” digit (that 1s, the rightmost digit),
with implied zeros to the right of the implied decimal point:

6, 300, 000, 000, 000, 000 = 6, 300, 000, 000, 000, 000.0000. ..

Numeric Data Types Lesson 8
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float Approximation #1

In C (and 1n most other programming languages),
real numbers are represented by a finite number of bits.

For example, on Linux PCs like ssh.ou.edu,
the default size of a float 1s 32 bits (4 bytes).

We know that 32 bits can store
232 — 22 X 230 — 22 X 210 X 210 X 210
~4 x 103 x10° x 10° =
roughly 4,000,000,000 possible values.

That’s a lot of possibilities.

But: There are infinitely many (mathematically) real numbers,
and 1n fact infinitely many real numbers
between any two real numbers.
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float Approximation #2

For example, between 1 and 10 we have:
2 3 4 5 6 7 8 9
2.9 3.8 4.7 5.6 6.5 7.4 8.3 9.2
209 308 407 506 605 7.04 803 9.02
2.009 3.008 4.007 5.006 6.005 7.004 8.003 9.002
2.0009 3.0008 4.0007 5.0006 6.0005 7.0004 8.0003 9.0002

So, no matter how many bits we use to represent a real number,
we won’t be able to exactly represent most real numbers,
because we have an infinite set of real numbers
to be represented in a finite number of bits.
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float Approximation #3

No matter how many bits we use to represent a real number,
we won’t be able to exactly represent most real numbers,
because we have an infinite set of real numbers
to be represented 1n a finite number of bits.

For example:

if we can exactly represent 0.125 but not
0.125000000000000000000000000000001,
then we have to use 0.125 to approximate
0.125000000000000000000000000000001.

Numeric Data Types Lesson 1
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float Approximation Example Program

5 cat real approx.c
#include <stdio.h>

int main ()
{ /* main */
float input value;

printf ("What real value would you like stored?\n");
scanf ("Sf", &input value);
printf ("That real value is stored as %f.\n",
input wvalue);
} /* main */
$ gcc -o real approx real approx.c
$ real approx
What real value would you like stored?
0.125000000000000000000000000000001

That real value is stored as 0.125000.

Numeric Data Types Lesson 32
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Floating Point Approximation Examples

1.25 =20+ 22

0.1 ~
2-4 + 2—5 + 2—8 + 2—9 + 2—12 + 2—13 + 2-16 + 2—17 + 2—20 + 2-21 +

2—24 + 2-25 + 2-28 + 2—29 + 2-32 + 2-33 + 2—36 + 2—37 + 2-40 + 2—41 +
2—44 + 2-45 + 2-48 + 2—49 + 2-52 + 2-53 + 2—55

http://bartaz.github.i0o/ieee754-visualization/
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float Literal Constants

A float literal constant is:

= an optional sign, followed by

m a sequence of one or more digits (which 1s optional 1f there
are digits to the right of the decimal point), followed by

s a decimal point (which 1s optional if there is an exponent),
followed by

m an optional sequence of one or more digits to the right of
the decimal point (if there 1s one), followed by

= an optional exponent string, which consists of an e,
an optional sign, and a sequence of one or more digits.

You can tell that a numeric literal constant 1s
a float literal constant because it has
either a decimal point, or an e, or both.
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float Literal Constant Examples

0.0
-345.3847
7.68e+05
+12345.434e-13
125.el
lel

Numeric Data Types Lesson
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float Literal Constants Usage

We canuse float literal constants in several ways:

m In declaring and 1nitializing a named constant:
const float w = 0.0;
/* 0.0 is a float literal constant */
» [n initializing a variable (within a declaration):
float x = -1e-05;

/* -1le-05 is a float literal constant */
= [n an assignment:

y = +7.24690120;
/* +7.24690120 is a float literal

* constant */
» In an expression (which we’ll learn more about):

z =y + 125e3;
/* 125e3 is a float literal constant */

Numeric Data Types Lesson 36
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float Lit Constant Usage: Good & Bad

We canuse float literal constants in several ways:

m In declaring and 1nitializing a named constant:
const float w = 0.0;

/* This is GOOD. */
» [n initializing a variable (within a declaration):
float x = -1e-05;
/* This is GOOD. */
m In an assignment:
v = +7.24690120;
/* This is BAD BAD BAD! */
» In an expression (which we’ll learn more about):
z =y + 125e3;
/* This is BAD BAD BAD! */

Numeric Data Types Lesson 37
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float Named Constants Example Program #1

1

rinclude <stdio.h>

int main ()
{ /* main */

}

const float pi = 3.1415926; @ .
const float radians 1n a semicircle = pi;

const float number of days in a solar year =
365.242190;
const float US inflation percent in 1998 = 1.6;

printf ("pi = %f\n", pi);

printf ("\n");

printf ("There are %f radians in a semicircle.\n",
radians in a semicircle);

printf ("\n");

printf ("There are %f days in a solar year.\n",
number of days in a solar year);

printf ("\n"); - N

printf ("The US inflation rate in 1998 was %£%%.\n",
US inflation percent in 1998);

/* main */
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float Named Constants Example Program #2

o\©

gcc -o real constants real constants.c
r

eal_constants
3.141593

0
©°

1

go;

There are 3.141593 radians in a semicircle.
There are 365.242188 days 1n a solar year.

The US inflation rate in 1998 was 1.600000%.

Again, notice that you can output a blank line by printing
a string literal containing only the newline character \n.

Reference:
http://scienceworld.wolfram.com/astronomy/LeapYear.html
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Why Have Both Reals & Integers? #1

1. Precision: ints are exact, floats are approximate.

2. Appropriateness: For some tasks, ints fit the properties
of the data better. For example:

a. counting the number of students in a class;
b. array indexing (which we’ll see later).

3. Readability: When we declare a variable to be an int,

we make 1t obvious to anyone reading our program that
the variable will contain only certain values (specifically,
only integer values).

Numeric Data Types Lesson 40
CS1313 Spring 2025



Why Have Both Reals & Integers? #2

Enforcement: When we declare a variable to be an int,
no one can put a non-int into it.

History: For a long time, operations on int data
were much quicker than operations on float data,
so anything that you could do with ints, you would.
Nowadays, operations on floats can be as fast as
(or faster than!) operations on ints, so

speed 1s no longer an issue.

Numeric Data Types Lesson A1
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Programming Exercise

Write a program that inputs, and then outputs,
the user’s number of first cousins and height in meters.

The program should do the following:

greet the user;

prompt the user to input their number of cousins;
input their number of cousins;

prompt the user to input their height in meters;
input their height in meters;

output their number of cousins, in a full sentence;

N oL AW

output their height in meters, in a full sentence.
Be sure to use appropriate data types and placeholders.

% Numeric Data Types Lesson
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