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Agenda

• introduction, motivation, symmetries

• Ambler’s 1st OONF, 2nd OONF, 3rd OONF on the 
data level

• next new normal forms on the metadata level

• discussion and conclusion
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Introduction

Software engineers and practitioners are often 
confronted with the question “How to design the best 
structure of classes?” 

In the past, by the enthusiasm of the benefits of object-
oriented programming, it was widespread that the 
object-oriented computation model automatically 
supports the right design, so programmers don't need 
much of formal techniques. 
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Existing O-O normalisation approaches

Software engineering community knows a few different
approaches for the object-oriented class normalisation,
but one can find some common ground.

The first three object-oriented normal forms are more
or less similar in most cases. Significant differences
occur only in higher object-oriented normal forms, if
they are defined at all. Finding a unifying view of this
issue would certainly be of great benefit.
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Our idea on an Electronic Flight Ticket Example
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no OONF
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1st OONF - multivalues
Rule 1. A class is in the first object-oriented normal form (1stOONF)
when its objects do not contain group of repetitive attributes. Repetitive
attributes must be extracted into objects of a new class. The group of
repetitive attributes is then replaced by the link to the collection of the
new objects. An object schema is in the 1stOONF when all of its classes
are in the 1stOONF.

Definition 1. Let us have an object 𝑎, where for 𝑘 ≥ 1 (length of 
collections of repeating attributes) and 𝑛 > 1 (number of repetitions of 
these repeating collections) is 𝑑𝑎𝑡𝑎 𝑎 = 
… , 𝑥,,, … , 𝑥,-, … , 𝑥.,, … , 𝑥.-, … , having ∀𝑖 ∈ 1,… , 𝑘 : 𝑑𝑜𝑚𝑎𝑖𝑛 𝑥,4 = 
𝑑𝑜𝑚𝑎𝑖𝑛 𝑥54 = … = 𝑑𝑜𝑚𝑎𝑖𝑛 𝑥.4 . Then it is required to modify the 
object 𝑎 and create a collection of new objects 𝑏8 for 𝑗 ∈ 1,… , 𝑛 as 
𝑑𝑎𝑡𝑎 𝑎 = … , 𝑏8 , … and 𝑑𝑎𝑡𝑎 𝑏8 = 𝑥8,, … , 𝑥8- .
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no OONF
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1 st OONF
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2nd OONF – shared values
Rule 2. A class is in the second object-oriented normal form (2ndOONF)
when it is in the 1stOONF and when its objects do not contain an
attribute or a group of attributes, which is shared with another object.
Shared attributes must be extracted into new objects of a new class,
and in all objects, where they appeared, must be replaced by the link to
the object of the new class. An object schema is in the 2ndOONF when
all of its classes are in the 2ndOONF.

Definition 2. Let us have two objects 𝑎, 𝑏 for 𝑘 ≥ 1 (length of a 
collection of shared attributes) as 𝑑𝑎𝑡𝑎 𝑎 = … , 𝑥,, … , 𝑥- , … and 
𝑑𝑎𝑡𝑎 𝑏 = … , 𝑦,, … , 𝑦-, … having ∀𝑖 ∈ 1,… , 𝑘 : 𝑥4 ≡ 𝑦4. Then it is 
required to modify objects 𝑎, 𝑏 and to create new object 𝑐 as 
𝑑𝑎𝑡𝑎 𝑐 = 𝑥,,… , 𝑥- = 𝑦,,… , 𝑦- and 𝑑𝑎𝑡𝑎 𝑎 = … , 𝑐 , … and 
𝑑𝑎𝑡𝑎 𝑏 = … , 𝑐 , … .
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1 st OONF
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2nd OONF
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3rd OONF – independent values
Rule 3. A class is in the third object-oriented normal form (3rdOONF)
when it is in the 2ndOONF and when its objects do not contain an
attribute or a group of attributes, which has an independent
interpretation in the modelled system. The independent attributes must
be extracted into object of a new class and in objects, where they
originally appeared, must be replaced by the link to this new object. An
object schema is in the 3rdOONF when all of its classes are in the
3rdOONF.

Definition 3. Let us have an object 𝑎 for 𝑘 ≥ 1 (length of a collection of 
independent attributes) having 𝑑𝑎𝑡𝑎 𝑎 = … , 𝑥, , … , 𝑥-, … , where 
𝑥,, … , 𝑥- is a collection of independent attributes. Then it is required 

to create a new object 𝑏 and modify the object 𝑎 as 𝑑𝑎𝑡𝑎 𝑎 =
… , 𝑏,… and 𝑑𝑎𝑡𝑎 𝑏 = 𝑥,,… , 𝑥- .
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2nd OONF



page 15Object-oriented class normalisation from a conceptual modelling perspective

Rome, ItalyEOMAS 2019

3rd OONF
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New normal forms
Our basic idea is as follows:
Existing three rules for object-oriented normal forms relate
to the properties of attribute data values and result in the
composing structure (has-a hierarchy) of classes.

We could use the same rules once more but on the level of
attribute data types (e.g. one meta-level higher) and obtain
the result in the inheritance and inheritance-like structures
(is-a hierarchy) of classes.
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The idea behind - Symmetries
Symmetries and analogies are maybe the most essential principles of how God is
building the world and deserves our special attention. For example, the Russian
chemist Dmitri Mendeleev did the same when he published the first widely
recognised periodic table of chemical elements in 1869. He developed his periodic
table to illustrate repeating properties of the then-known elements, and he also
predicted some properties of then-unknown elements that would be expected to fill
gaps in this table. Most of his predictions were proven correct when the new
chemical elements were subsequently discovered.

Analogically, we expected similar effect if the object-oriented normalisation rules
were systematised in a similar way.
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Class inheritance
Of course, composing object classes is a significant building
element for the object-oriented approach, but equally
important is class inheritance. Although the presence of
inheritance between object classes is not a prerequisite for
an object-oriented model of calculation, because there exist
object-oriented systems without classes or without
inheritance, but class-based object-oriented systems with
the inheritance constitute a de-facto standard.

It is, therefore, striking that the development of formal class
design techniques does not address the inheritance
sufficiently.
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Class mixins
In object-oriented programming languages, a mixin is a
structure similar to a class that contains methods for use by
other classes without having to be the parent class of those
other classes. Mixins are traits (e.g. sets of independent
methods that can be used to extend the functionality of
objects) which are used to compose classes. Mixins usage is
sometimes described as being "included" rather than
"inherited".

At the conceptual level, it can be said that mixins are
technical tools for better software implementation of the
decorator design pattern.
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Solution - alternative
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4th OONF – shared data types
Rule 4. A class is in the fourth object-oriented normal form (4thOONF)
when it is in the 3rdOONF and when its objects do not contain an attribute
or a group of attributes, whose attribute types are shared with another
object. Shared attribute types must be extracted into new class linked as
an inheritance superclass of all classes of objects, where they originally
appeared. An object schema is in the 4thOONF when all of its classes are
in the 4thOONF.

Definition 4. Let us have two classes 𝑎, 𝑏 for 𝑘 ≥ 1 (length of a collection 
of shared attribute types) as 𝑑𝑎𝑡𝑎𝑡𝑦𝑝𝑒𝑠 𝑎 = … , 𝑥,, … , 𝑥- , … and 
𝑑𝑎𝑡𝑎𝑡𝑦𝑝𝑒𝑠 𝑏 = … , 𝑦,, … , 𝑦-, … having ∀𝑖 ∈ 1,… , 𝑘 : 𝑥4 ≡ 𝑦4. Then it 
is required to modify classes 𝑎, 𝑏 and to create new class 𝑐 as 
𝑑𝑎𝑡𝑎𝑡𝑦𝑝𝑒𝑠 𝑐 = 𝑥,,… , 𝑥- = 𝑦,,… , 𝑦- and 𝑠𝑢𝑝𝑒𝑟𝑐𝑙𝑎𝑠𝑠 𝑎 = 𝑐 and 
𝑠𝑢𝑝𝑒𝑟𝑐𝑙𝑎𝑠𝑠 𝑏 = 𝑐.     (otherwise 𝑐 ≺ 𝑎 and  𝑐 ≺ 𝑏).
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3rd OONF

???
??? ???
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4th OONF
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5th OONF – independent data types
Rule 5. A class is in the fifth object-oriented normal form (5thOONF)
when it is in the 4thOONF and when do not contain an attribute type or
a group of attribute types, which has an independent interpretation in
the modelled system. These attribute types must be extracted into a
new mixin and in classes where they originally appeared, must be
replaced by the link to this new mixin. An object schema is in the
5thOONF when all of its classes are in the 5thOONF.

Definition 5. Let us have a class 𝑎 for 𝑘 ≥ 1 (length of a collection of 
independent attribute types) having 𝑑𝑎𝑡𝑎𝑡𝑦𝑝𝑒𝑠 𝑎 =
… , 𝑥, , … , 𝑥-, … , where 𝑥,, … , 𝑥- is a collection of independent 

attribute types. Then it is required to create a new mixin 𝑏 as 
𝑑𝑎𝑡𝑎𝑡𝑦𝑝𝑒𝑠 𝑏 = 𝑥,,… , 𝑥- and add mixin 𝑏 to the class 𝑎.
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4th OONF
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5th OONF
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conclusion

1. We added inheritance to the object-oriented normalisation
rules.

2. We showed new conceptual connections (analogy, symmetry) 
between the object composing and the object inheritance.

3. We found a conceptual-modeling reason of inheritance-like 
programming constructs mixin (or trait).

4. We have confirmed the previously known idea that 
behavioural design patterns can be replaced by direct semantic 
constructs in some programming languages. Either our 
language allows mixins or we need to use a decorator design 
pattern, but at the conceptual level, it is the same thing.


