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(Paper 3. Sec 3.1) Data Representation
Syllabus Content:
3.1 Data representation
3.1.1




User-defined data types
why user-defined types are necessary, define and use non-composite types: enumerated, pointer
define and use composite data types: set, record and class/object
choose and design an appropriate user-defined data type for a given problem

User defined Data Type
You have already met a variety of built-in data types with integers, strings, chars and
more. But often these limited data types aren't enough and a programmer wants to build
their own data types. Just as an integer is restricted to "a whole number from 2,147,483,648 through 2,147,483,647", user-defined data types have limits placed on
their use by the programmer.
A user defined data type is a feature in most high level programming languages which
allows a user (programmer) to define data type according to his/her own requirements
There are two categories of user defined data types.:
1. Non-composite data type
a. Enumerated data type
b. Pointer data type
2. Composite
a. Record data type
b. Set data type
c. Objects and classes

Non-composite user-defined data type:
A non-composite data type is defined without referencing another data type. They don’t
combine different built-in data types in one data type. Non-Composite data types are:
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Enumerated data type
Pointers

An enumerated data type defines a list of possible values. The following pseudocode

shows two examples of type definitions:
TYPE <identifier> = (value1, value2, value3, …)
Pseudocode of data Type for Working Days can be declared as TWdays:
Types names are normally start with T to facilitate the programmer
TYPE TWdays = (Monday, Tuesday, Wednesday, Thursday, Friday)
These values are ordinal and you can use mathematical and
comparison operators on them.
These values are not strings so not enclosed in “quotation marks”
Variables can then be declared and assigned values, for example:
DECLARE Workdays : TWdays
DECLARE thisday : TWdays
DECLARE nextday : TWdays
today
Monday
nextda
today + 1
nextday is now set to Tuesday by applying mathematical operator +

It is important to note that the values of the enumerated type look like string values but
they are not. They must not be enclosed in quote marks. This makes the second
example much more useful because the ordering can be put to many uses in a
program. For example, a comparison statement can be used with the values and
variables of the enumerated data type:
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DECLARE Weekend : Boolean
DECLARE day : TWdays
Weekend = TRUE IF day > Friday

Enumerated data type in vb.net
(Sample Program)
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Pointer Data Type:

A pointer data type is used to reference a memory location. This data type needs
to have information about the type of data that will be stored in the memory location.
In pseudocode the type definition has the following structure, in which ^ shows that
the type being declared is a pointer and <TYPENAME> is the type of data to be found
in the memory location: for example INTEGER or REAL: or any user-defined data
type.

For example: a pointer for months of the year could be defined as follows:

It could then be used as follows:

If the contents of the memory location are required rather than the address of the
memory location: then the pointer can be dereferenced. For example: myMonth can
be set to the value stored at the address monthpointer is pointing to:

Composite user-defined data types
A composite user-defined data type has a definition with reference to at least one other type. Composite
data type can be a mixture of other built-in data types.
Three examples are considered here.
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Record data type

A record data type is the most useful and therefore most widely used. It allows the
programmer to collect together values with different data types when these form a coherent
whole.

As an example, a record could be used for a program using employee data. Pseudocode
for defining the type could be:
TYPE TRecord
DECLARE
DECLARE
DECLARE
DECLARE
DECLARE
END TYPE

name
Gender
DOB
Regular
Phone

:
:
:
:
:

STRING
CHAR
DATE
BOOLEAN
INTEGER

All type of data types are
used in Record data type

A variable can then be declared as follows:
DECLARE newstudent : TRecord
individual data item can then be accessed using a dot notation:
newstudent.name

“Muhammad”

A particular use of a record is for the implementation of a data structure where one or
possibly two of the variables defined are pointer variables.
Record Data Type example
A Car Manufacturer and seller want to store details of cars. Details can be stored in Records
TYPE CarRecord
DECLARE
DECLARE
DECLARE
DECLARE
DECLARE
END TYPE
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Records in VB:

Sample code of Record Data Type in VB and its Output below:
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Record Data type with Arrays in VB.net:

Set data type:
A set data type allows a program to create sets and to apply the mathematical
operations defined in set theory. The following is a representative list of the operations
to be expected:
Union
Difference
Intersection
include an element in the set
exclude an element from the set
Check whether an element is in a set.
A set is an unordered collection of items. Every element is unique (no duplicates) and
must be immutable (which cannot be changed).However, the set itself is mutable. We
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can add or remove items from it. The number of elements in a SET data type can vary,
but no nulls are allowed.
Set can have any number of items and they may be of different types (integer, float,
string etc.).
Assume we wish to create a Set. In PSEUDOCODE the type definition has this
structure.

TYPE <set-identifier> = SET OF <Basetype>
The variable defination of set includes the elements of the set.
DECLARE <identifier> (value1, value 2, value3, …):
A set of vowels can be declared as follows:

TYPE Sletter = SET OF CHAR
DECLARE vowel (‘a’ , ‘e’ , ‘i’ , ‘o’ , ‘u’) : Sletter
Or we can declare sets in Pseudocodes this way
Here is another example
TYPE Sizes = SET OF String
DECLARE SweaterSizes : (XXLarge, XLarge, Large, Medium, Small, XSmall)
DECLARE Title: SET OF (Mr, Mrs, Ms, Miss, Dr)

NOTE: Of the three programming languages, Pascal and Python support the set data type.

The following Python code illustrates that the set data type has operators – union and
intersection- which can be used in two sets:

How to create a set in PYTHON?
A set is created by placing all the items (elements) inside curly braces { }, separated by
comma or by using the built-in function set().
It can have any number of items and they may be of different types (integer, float, tuple,
string etc.). But a set cannot have a mutable element, like list, set or dictionary, as its
element.
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You can try creating SET and its operations online on below link:
https://www.programiz.com/python-programming/set#operations

Python Set Operations
Sets can be used to carry out mathematical set operations like union, intersection,
difference and symmetric difference. We can do this with operators or methods.
Let us consider the following two sets for the following operations.
1. >>> A = {1, 2, 3, 4, 5}
2. >>> B = {4, 5, 6, 7, 8}

Union of A and B is a set of all elements from both sets.
Union is performed using | operator. Same can be accomplished using the
method union().
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Set Intersection

Intersection of A and B is a set of elements that are common in both sets.
Intersection is performed using & operator. Same can be accomplished using the
method intersection().

Objects and classes
In object-oriented programming, a program defines the classes to be used - they are all
user-defined data types. Then for each class the objects must be defined. Chapter 27
has a full discussion of this subject.

Why are user-defined data types necessary?
When object-oriented programming is not being used a programmer may choose not to
use any user-defined data types. However, for any reasonably large program it is likely
that their use will make a program more understandable and less error-prone. Once the
programmer has decided because of this advantage to use a data type that is not one
of the built-in types then user-definition is inevitable. The use of, for instance, an
integer variable is the same for any program. However, there cannot be a built-in
record type because each different problem will need an individual definition of a
record.
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