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This lecture aims to respond to the following questions:

• What is a data type?

• Which is the main difference between a basic (or primitive) data type and an user-defined data type?

• Which are the implications of defining an entity of a given type in terms of memory consumption?

More specifically, the main goals of this lecture are:

• To introduce the concept of data type.

• To make clear which are the primitive data types that come with the C programming language.

• To make clear the difference between data type and data format.

• To master the conversion between number systems.

1 Digital Number Systems

In computing, we usually deal with four number systems: binary, octal, decimal, and hexadecimal.

1.1 Number Bases

Each number system has a distinct base:

base 2 : which consists of two digits {0, 1}
base 8 : which consists of eight digits {0, 1, 2, 3, 4, 5, 6, 7}
base 10 : which consists of ten digits {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}
base 16 : which consists of sixteen digits {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A,B,C,D,E, F}

In a digital number system, each number is formed by a sequence of digits belonging to its base. For
example the number 2371 is valid in octal, decimal, and hexadecimal number systems, but no in the binary
system because only the first digit 1 on the right-hand side belongs to the base 2. To avoid ambiguities in
the interpretation of a number, we use the base explicitly; for example, 237110 represents a decimal number
(base 10 as subscript).

1.2 Numbers and Their Values

The value of each digit in a number is determined by its position in such a number. For example, considering
the number 237110, the digit 1 represents units, the digit 7 represents tens, the digit 3 represents hundreds,
and the digit 2 represents thousands. Therefore, let us write a few decimal numbers in their expanded form
as follows:
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610 = 6× 100

4510 = 4× 101 + 5× 100

80910 = 8× 102 + 0× 101 + 9× 100

237110 = 2× 103 + 3× 102 + 7× 101 + 1× 100

1010110 = 1× 104 + 0× 103 + 1× 102 + 0× 101 + 1× 100

Let us now represent these numbers in base-8 expanded form:

68 = 6× 80

458 = 4× 81 + 5× 80

8098 = invalid because the digits 8 and 9 does not belong to base 8
23718 = 2× 83 + 3× 82 + 7× 81 + 1× 80

101018 = 1× 84 + 0× 83 + 1× 82 + 0× 81 + 1× 80

In base-16 expanded form, we have:

616 = 6× 160

4516 = 4× 161 + 5× 160

80916 = 8× 162 + 0× 161 + 9× 160

237116 = 2× 163 + 3× 162 + 7× 161 + 1× 160

1010116 = 1× 164 + 0× 163 + 1× 162 + 0× 161 + 1× 160

In base-2 expanded form, we have:

62 = invalid because the digit 6 does not belong to base 2
452 = invalid because the digits 4 and 5 do not belong to base 2
8092 = invalid because the digits 8 and 9 do not belong to base 2
23712 = invalid because the digits 2, 3, and 7 do not belong to base 2
101012 = 1× 24 + 0× 23 + 1× 22 + 0× 21 + 1× 20

1.3 Other Base to Decimal Conversion

The conversion of a number to base 10 is performed using its expanded form. Let us see some examples:

101012 = 1× 24 + 0× 23 + 1× 22 + 0× 21 + 1× 20

= 1× 16 + 0× 8 + 1× 4 + 0× 2 + 1× 1
= 16 + 0 + 4 + 0 + 1
= 21
= 2110

23718 = 2× 83 + 3× 82 + 7× 81 + 1× 80

= 2× 512 + 3× 64 + 7× 8 + 1× 1
= 1024 + 192 + 56 + 1
= 1273
= 127310

2



45F16 = 4× 162 + 5× 161 + F × 160

= 4× 256 + 5× 16 + 15× 1
= 1024 + 80 + 15
= 1119
= 111910

Note that in base 16, the digits A, B, C, D, E, and F have the values 10, 11, 12, 13, 14, and 15, respectively.

1.4 Decimal to Other Base System Conversion

To convert a decimal number to other base system, we proceed as follows:

1. Divide the decimal number by the new base, keeping track the quotient q and the remainder r. The
remainder is the least significant digit (LSD), also known as the rightmost digit, of new base number.

2. Divide the quotient q from Step 1 by the new base to obtain the new quotient q and the new remainder
r. The remainder is the next digit of the new base number.

3. Repeat Step 2 until q = 0. The corresponding remainder r is the most significant digit (MSD) or
leftmost digit.

Let us see an example of converting a number from base 10 to base 16:

115110 = ?16
q = 1151 / 16 = 71 r = 15 = E
q= 71 /16 = 4 r = 7
q = 4 /16 = 0 r = 4
resulting in 115110=47E16

Also, from base 10 to base 8:

11518 = ?8
q = 1151 / 8 = 143 r = 7
q= 143 /8 = 17 r = 7
q = 17 /8 = 2 r = 1
q = 2 /8 = 0 r = 2
so we have 115110=21778

Now, from base 10 to base 2:

11518 = ?2
q = 1151 / 2 = 575 r = 1
q = 575 /2 = 287 r = 1
q = 287 /2 = 143 r = 1
q = 143 /2 = 71 r = 1
q = 71 /2 = 35 r = 1
q = 35 /2 = 17 r = 1
q = 17 /2 = 8 r = 1
q = 8 /2 = 4 r = 0
q = 4 /2 = 2 r = 0
q = 2 /2 = 1 r = 0
q = 1 /2 = 0 r = 1
so 115110=100011111112
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1.5 Non-Decimal to Non-Decimal System Conversion

A way to carried out this conversion is as follows:

1. To convert a given non-decimal number to base 10.

2. To convert the equivalent decimal number to the new non-decimal base.

Another way is using the shortcut method. To convert a base-2 number to base-8 number, we first divide
the binary digits into 3-tuples, from the rightmost to leftmost digit, transforming then each 3-tuple into a
base-8 digit. For example, 101012 = 010 101 = 28 58 = 258. To convert back to base 2, we find the 3-tuple
for each base-8 digit, that is, we proceed conversely.

The shortcut method to convert a base-2 number to base-16 number is similar to the previous one. The
diference is that we use 4-tuples rather than 3-tuples to group binary digits.

1.6 Number Representations

The four number systems above have to do with the data representations for input and output of data
exclusively. This is so because internally (i.e., in memory) numbers are always represented as binary numbers.
For example, the output statement printf("the value of the variable x=%o",x) reads the binary value
of the integer variable x in memory, displaying it in octal on screen because the octal format %o was explicitly
set. For further details about data formats, please refer to section ?? below.

2 Taxonomy of Data Types

The C data types are shown in Figure 1. A data type represents a set in the sense of the set theory. For
example, the set Z is represented by the data type int.

	

Data Types 

Basic Types void Compound Types 

Numeric Types Pointer Types 

double float int 

Floating-point Types Integer Types 

* enum 

Enumerated Types 

char 

Figure 1: Taxonomy of C data types.

Our focus now is on basic (or simple) data types, which include:

• Numeric data types for characters (char), integers (int), single-precision floating-point numbers (float),
and double-precision floating-point numbers (double). These data types are primitive because they
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are part of the C dictionary. A numeric variable holds a single number, and its type determines its
nature.

• Pointer data types. These types are not primitive, that is, they are user-defined through the symbol *.
A pointer variable always holds a memory address of another variable or entity. Note that a memory
address is an integer number.

• Enumerated data types. These types are not primitive either, though they are user-defined through the
keyword enum. An enumerated variable always stores an integer number associated to some entity of
the enumerated set.

Note that the value stored in a simple variable is atomic and numeric, so that there is always an order (or
scale) associated to the set represented by the data type. For example, the declaration int x=35; triggers
two actions in memory: (i) it allocates or reserves memory for the integer variable x; (ii) it stores the atomic
value 35 into the variable x. Besides, given any set of integers, we can always sort them in an increasing (or
decreasing) order. Summing up, every basic or simple data type enjoy two properties: (i) atomicity; and (ii)
order.

3 Integer Data Types

In C, we have two integer data types: char and int.

3.1 char

A variable declared as of char data type occupies a single byte (i.e., 8 bits) in memory. A single byte only
allows for the representation of 28 = 256 different symbols, one at a time, which is exactly the size of the
ASCII alphabet. In the representation of a symbol or character, we have to distinguish between its pictorial
representation and its numeric representation. For example, when we refer to the character ‘A’, we are
talking about its pictorial representation, while its decimal numeric representation is 65, which is its index
in the ASCII table. Pictorial representations of characters are needed for data input (e.g., via keyboard)
and output (e.g., computer screen). In turn, numeric representations of characters are for memory storage.
Therefore, when we enter the symbol ‘A’ via keyboard, it is stored as the value 65 into memory.

Example 1. Let us consider the following variable declaration char c; that is, the variable c will hold a
character. Therefore, the instructions c=‘A’; and c=65; are equivalent because they write the same decimal
value 65 into the variable c in memory.

Example 2. Let us now consider the following declaration char a, b;. So, the instruction a=5; stores
the decimal value 5 into a, while the instruction b=‘5’; writes the decimal value 53 into the variable b in
memory because the ASCII index of the symbol ‘5’ is 53.

3.2 int

In principle, a variable declared as of int data type occupies four bytes in memory, so it represents up to
232 distinct integer numbers, one at a time.

Example 3. Let us now consider the following declaration int x=1067;. This instruction allocates four
bytes for the variable x in memory, and then stores the integer value 1067 into x.

4 Floating-point Data Types

In C, we have two floating-point data types, float and double, which represent real numbers in R.
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4.1 float

A float number occupies 4 bytes, and is called single-precision floating-point number.

Example 4. Let us now consider the following declaration float y=89.345;. This instruction allocates
four bytes for the variable y in memory, and then stores the single-precision floating-point value 89.345 into
y.

A way to confirm the number of bytes occupied by a float number is using the function sizeof as
follows:

#include <stdio.h>

int main()

{

int nbytes;

nbytes = sizeof(float);

printf("The number of bytes for a float is=%d\n",nbytes);

return 0;

}

4.2 double

A double number occupies 8 bytes, and is called double-precision floating-point number.

Example 5. Let us now consider the following declaration double z=5.234567;. This instruction al-
locates eight bytes for the variable z in memory, and then stores the double-precision floating-point value
5.234567 into z.

Similarly to single-precision numbers, we can obtain the number of bytes occupied by a double-precision
number as follows:

#include <stdio.h>

int main()

{

int nbytes;

nbytes = sizeof(double);

printf("The number of bytes for a double is=%d\n",nbytes);

return 0;

}

5 Type Specifiers, Modifiers, Qualifiers, and Formats

In C, we have four basic arithmetic type specifiers: char, int, float, and double. Regarding type modifiers,
they are: signed, unsigned, short, and long. Table 1 lists the allowed combinations to specify storage
size-specific declarations of variables, and their respective type formats.

There are two type qualifiers in C: const and volatile. These two keywords allow us to modify the
properties of variables. The const type qualifier allows us to create constant variables, i.e., its value cannot
be changed throughout the program once it is defined. Regarding the volatile type qualifier, it is used
to create variables whose values cannot be changed in the program, though they can be changed by any
external device (hardware).
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Type Description Format specifier

char It is an integer type, and can be either signed or unsigned. %c
signed char It is of the same size as char, but guaranteed to be signed. Its

range is [-127, +127] range.
%c (or %hhi for
numerical output)

unsigned char It is of the same size as char, but guaranteed to be unsigned.
Its range is [0, 255].

%c (or %hhu for
numerical output)

short Short signed integer type, whose range is [-32,767, +32,767]; %hi
short int thus, it is at least 2 bytes in size. The negative value is
signed short -32767 (not -32768) because of the one’s-complement
signed short int and sign-magnitude representations.
unsigned short Short unsigned integer type, whose range is [0, 65,535]; %hu
unsigned short int
int Basic signed integer type, whose range is [-32,767, +32,767]; %i or %d
signed thus, it is at least 2 bytes in size.
signed int
unsigned Basic unsigned integer type, whose range is [0, 65,535]. %u
unsigned int
long Long signed integer type, whose range is %li
long int [-2,147,483,647, +2,147,483,647];
signed long thus, it is at least 4 bytes in size.
signed long int
unsigned long Long unsigned integer type, whose range is [0, 4,294,967,295]. %lu
unsigned long int
long long Long long signed integer type, whose range is %lli
long long int [-9,223,372,036,854,775,807, +9,223,372,036,854,775,807];
signed long long thus, it is at least 8 bytes in size.
signed long long int It is valid since the C99 version.
unsigned long long Long long unsigned integer type, whose range is %llu
unsigned long long int [0, +18,446,744,073,709,551,615].

It is valid since the C99 version.
float Real floating-point type, also known as single-precision floating %f %F

-point type (4 bytes). %g %G
%e %E
%a %A

double Real floating-point type, also known as double-precision %lf %lF
floating-point type (8 bytes). %lg %lG

%le %lE
%la %lA

long double Real floating-point type with extended precision (80 bits, but %Lf %LF
typically 96 bits or 128 bits). %Lg %LG

%Le %LE
%La %LA

Table 1: Type specifiers, modifiers, and formats in C.
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Recall that type formats have only to do with data input and output of variables. For example, the
following program will display the pictorial representation of a character on screen.

#include <stdio.h>

int main()

{

char symb;

printf("Type in a character: ");

scanf("%c",&symb);

printf("Its pictorial representation is = %c\n",symb);

return 0;

}

In turn, changing the output format of the variable symb in the second printf to a decimal numeric
representation, we obtain its ASCII index, as expressed in the following program:

#include <stdio.h>

int main()

{

char symb;

printf("Type in a character: ");

scanf("%c",&symb);

printf("Its numeric representation is = %d\n",symb);

return 0;

}

6 Name, Value, and Address of a Variable

So far, we have seen that every variable has a name and value. However, it also has an address in memory.
Its address identifies its location in memory, much like the house’s door number in a given street. Recall
that a memory is a sequence of bytes, so we have the byte number 0, the byte number 1, the byte number
2, and so forth. The number of the first byte of a variable indicates its address in memory. For example, in
Figure 2, the address of the variable j is 248623.

j 00000000 248623
00000001 248624

address of j
value of j

Figure 2: Value and address of an integer variable.

Let us see now a program that allocates space (2 bytes) for an integer variable j, and then initializes the
value of j with 110 (decimal base), as illustrated in Figure 2. The value of j is specified using the decimal
base in the C program, but when the corresponding executable program runs, the value of j is written in
memory using the binary base, so its binary value is 00000000 000000012. To get the value of the variable
j, we use its name j. To get the address of the variable j, we use the expression &j. As shown in the
program below, the output of the value of the integer variable j is performed using the format %d (see first
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printf), while the output of the address of the integer variable j is done using the format %p (see second
printf).

#include <stdio.h>

int main()

{

int j = 1;

printf("The value of j = %d\n",j);

printf("The address of j = %p\n",&j);

return 0;

}

Therefore, the output of this program on screen is:

The value of j = 1

The address of j = 248623

Note the the program is not responsible for memory allocation, so it does not determine where a variable
j will be in memory. This memory allocation job is performed by the operating system. But, we can know
its location in memory using the expression &j.

7 Pointer Data Types

A pointer type is defined by the user (or programmer) using the symbol ‘*’. Note that this is also used as
arithmetic multiplication. There four basic pointer types, namely: char*, int*, float*, and double*. A
pointer variable only stores memory addresses, one at a time. For example, the following instruction

float *addr;

allocates memory for the pointer variable called addr. This pointer variable is not allowed to store a float
number, but an address of a float variable.

address of j
j 1.2 1342167

addr 1324167

value of j
memory

Figure 3: Value of the float pointer variable addr stores the address of the float variable j in memory.
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Example 5. In Figure 3, we see the state of the memory resulting from running the following program:

#include <stdio.h>

int main()

{

float j = 1.2;

float *addr; // a pointer variable called addr, which will point to a float

addr = &j; // addr stores the address of j, i.e., addr points to j

printf("The value of j = %f\n",j);

printf("The address of j = %p\n",addr);

return 0;

}

The output of the previous program is:

The value of j = 1.2

The address of j = 1342167

8 How to Access the Value of a Variable?

There are two ways of accessing the value of a variable: (i) direct access; and (ii) indirect access. Direct
access means using the variable name to retrieve its value. Indirect access means using a pointer variable to
access the value of the same variable. This is shown in the following program:

#include <stdio.h>

int main()

{

float j = 1.2;

float *addr; // a pointer variable called addr, which will point to a float

addr = &j; // addr stores the address of j, i.e., addr points to j

printf("The value of j = %f\n",j);

printf("The value of j = %f\n",*addr);

return 0;

}

In the previous program, there is direct access to the value of the float variable j inside the first printf.
In the second printf, we are also accessing to the value of the float variable j but indirectly using the
pointer variable addr preceded by the de-reference operator ‘*’. Thus, the output of the program will be:

The value of j = 1.2

The value of j = 1.2
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9 Enumerated Types

In C, there are not primitive enumerated types. However, it is feasible to define enumerated types using the
keyword enum. In other words, enumerated types are defined by the programmer or user. Some examples
are:

enum color {red, blue, green, yellow};

enum day {Sunday, Monday, Tuesday, Wednesday, Thursday, Friday, Saturday};

enum fruit {apple, orange=10, lemon};

enum boolean {FALSE, TRUE};

Enumerated types are numeric and, thus, they possess an increasing order. For example, in the color

type, the elements red, blue, green, and yellow take on the values 0,1, 2, and 3, respectively. Also, in the
fruit type, the elements apple, orange, and lemon take on the values 0,10, and 11, respectively.

Let us now see a program where the enumerated type boolean is used:

#include <stdio.h>

enum boolean {FALSE,TRUE};

int main()

{

enum boolean b;

int x=3,y=2;

b = x > y;

printf(The value of b = %d",b);

return 0;

}

Note that the value of the expression x > y is 1 (TRUE) because 3 > 2. So, the program output on screen
is as follows:

The value of b = 1
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