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Agenda

* introduction, motivation, symmetries

« Ambler’s 15t OONF, 2" OONF, 3@ OONF on the
data level

* next new normal forms on the metadata level

e 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

Scan the barcode or use the e-ticket number below
for self service kiosk check-in

Emirares  e-Ticker Receipt & Itinerary LIURE bRy |
1762175501628

‘Your electronic ticket is stored in our computer reservations system, This e-Ticket receipt/itinerary is your record of your electronic

ticket and formss part of your contract of carriage. You may need to showthis receipt to enter the airport and/or to prove return or onward
travel to customs and immigration officials.

‘Your attention is drawn to the Conditions of Contract and Other Important Notices set out in the attached document.
Please visit us on www.emirates.com to check-in online and for more information.

Emirates' check-in counters open no less than three hours before the flight. You should check in no later than 90 minutes before
departure. Boarding starts 45 minutes before your flight and gates close 20 minutes before departure. If you report late we will not be
able to accept you for travel.

Please check with

ep: airport for icti onthe iage of liquids, and gels in hand baggage.

Below are the details of your electronic ticket. Note: all timings are local.

PASSENGER AND TICKET INFORMATION

PASSENGER NAME BINNORDDINMNORHIZAMI
BOOKING REFERENCE ~ MZXTIF
E-TICKET NUMBER 176 2175501628
ISSUED BY /DATE DUBA! / EMIRATES EZM
10SEP2013EKBOMPO
TRAVEL INFORMATION
FLIGHT DEPART/ARRIVE AIRPORT/TERMINAL  CHECK-IN OPENS CLASS COUPON VALIDITY
EK 345 130CT13 KUALALUMPUR (KUL) 13 0CT 13 ECONOMY  NOT AFTER 13JUL14
CONFIRMED 1030 TERMINAL 0 0730 27K
130CT13 DUBAI INTNL (DXB) BAGGAGE
1330 TERMINAL 3 ALLOWANCE 30KGS
FLIGHT DEPART/ARRIVE AIRPORT/TERMINAL  CHECK-IN OPENS CLASS COUPON VALIDITY
EK 923 130CT13 DUBAI INTNL (DX8B) 130CT 13 ECONOMY  NOT AFTER 13 JUL14
CONFIRMED 1510 TERMINAL 3 1210 24A
130CT13 CAIRO (CAl) BAGGAGE
1700 TERMINAL 1 ALLOWANCE 30KGS

FARE AND ADDITIONAL INFORMATION

FARE EGP3342.00 ADDITIONAL INFORMATION
TAXESIFEESICHARGES MYR200H. MYRIT.OM * NONREF NON-END/SKYWARDS
PD11.0XL PD137.00H SAVER/M.D ON EKIPENALTIES APPLY
PD7.0EQ_PD50.0JK
PD148.0MY
TOTAL MYR49A
FORM OF PAYMENT CREDIT CARD

“ATCHEC K- YO U MAY NEED TO PRESENT voes son ©

CAl EK X/DXB Q55.00EK KUL 192.53UEE1YEG1/EGH3 EK X/ ND ROE6.74963

©2012 Enmirates. Al rights reserved. Page 10f1
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no OONF

Electronic Ticket

+booking ref

+issue date

+ticket nr

+traveller name

t+traveller category

+traveller passport nr
+traveller phone

+traveller e-mail

+total fare

+agency name

+agency phone

+agency e-mail

+1st flight nr

+1st flight class

+1st flight seat nr

+1st flight meal

+1st flight operator name

+1st flight equipment name
+1st flight departure airport name
+1st flight departure datetime
+1st flight arrival airport name
+1st flight arrival datetime
+2nd flight nr

+3rd flight nr

+nth flight nr

Object-oriented class normalisation from a conceptual modelling perspective page 6



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 1SSOONF 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) =

[xl1 x{‘ e, X, x,’§ ], having Vi € (1, ..., k): domain(x{) =
domain(xé) =..= domain(x};). Then it is required to modify the
object a and create a collection of new objects {bj} forj e (1,..,n)as
data(a) = |...,{b;}, ...] and data(b;) =[x/, o X
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no OONF

Electronic Ticket

+booking ref

+issue date

+ticket nr

+traveller name

+traveller category

+traveller passport nr
+traveller phone

+traveller e-mail

+total fare

+agency name

+agency phone

+agency e-mail

+1lst flight nr

+1st flight class

+1lst flight seat nr

+1lst flight meal

+1st flight operator name

+1lst flight equipment name
+1st flight departure airport name
+1st flight departure datetime
+1lst flight arrival airport name
+1st flight arrival datetime
+2nd flight nr

+3rd flight nr

+nth flight nr
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1s* OONF

Electronic Ticket Itinerary
+booking ref +flight nr
+issue date 1 . +flight class
+ticket nr +flight seat nr
+traveller name +flight meal
+traveller category +flight operator name
+traveller passport nr +flight equipment name
+traveller phone +flight departure airport name
+traveller e-mail +flight departure datetime
+total fare +flight arrival airport name
+agency name +flight arrival datetime
+agency phone
+agency e-mail
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2" OONF - shared values

Rule 2. A class is in the second object-oriented normal form (2"°OONF)
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 2"“OONF when
all of its classes are in the 2"?“OONF.

Definition 2. Let us have two objects a, b for k = 1 (length of a
collection of shared attributes) as data(a) =|..., x1, ..., Xg , ... ] and
data(b) =|...,y1, -, Yk, ... | having Vi € (1, ..., k): x; = y;. Then it s
required to modify objects a, b and to create new object c as
data(c) = [xq, ..., xx] = [y, -, Vi) and data(a) =|...,c, ...] and
data(b) =|...,c, ...].
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1s* OONF

Electronic Ticket Itinerary
+booking ref +flight nr
+issue date 1 . +flight class
+ticket nr +flight seat nr
+traveller name +flight meal
+traveller category +flight operator name
+traveller passport nr +flight equipment name
+traveller phone +flight departure airport name
+traveller e-mail +flight departure datetime
+total fare +flight arrival airport name
+agency name +flight arrival datetime
+agency phone
+agency e-mail
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2" OONF

Electronic Ticket Itinerary Flight

+booking ref 1 ol +flight class ol 1 +nr
+issue date +flight seat nr t+operator name
+ticket nr +flight meal +equipment name
+traveller name +departure airport name
t+traveller category +departure datetime
t+traveller passport nr N +arrival airport name
t+traveller phone +arrival datetime
+traveller e-mail Agency
+total fare 1

+name

+phone

+e-mail

Object-oriented class normalisation from a conceptual modelling perspective page 12



34 OONF - independent values

Rule 3. A class is in the third object-oriented normal form (3OONF)
when it is in the 2"9OONF 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 3“OONF when all of its classes are in the
3"900NF.

Definition 3. Let us have an object a for kK = 1 (length of a collection of
independent attributes) having data(a) = |[...,x1, ..., X, ... |, Where
|x1, ..., xx] 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) = [xq, ..., x%].
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2" OONF

Electronic Ticket Itinerary Flight

+booking ref 1 ol +flight class ol 1 +nr
+issue date +flight seat nr t+operator name
+ticket nr +flight meal +equipment name
+traveller name +departure airport name
t+traveller category +departure datetime
t+traveller passport nr N +arrival airport name
+traveller phone +arrival datetime
+traveller e-mail Agency
+total fare 1

+name

+phone

+e-mail
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34 OONF

Electronic Ticket ltinerary Flight
* * 1
+booking ref L +flight class L +nr irrlval
. +issue date . +flight seat nr . +departure datetime 4 c
+ticket nr +flight meal +arrival datetime *epar RESS
+total fare "
1
Traveller 1
1 . . 1
T name Agency Operator Equipment Airport
tcategory 14— +name +name +name L
+passport nr +phone
+phone +e-mail
+e-mail
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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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B ——S T
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 Similarway. Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Period [
1 ) .- @ Alkali Metals O Metalloids
4 Q) Alkaline Earth Metals @ Halogens 7
2 @ Transition Metals © Other Metals Lﬂg
"" — @ Lanthanides @ Unknown el 4
) Actinides

O Non Metals @ Noble Gases
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’

*Lanthanides -iiﬁ
94 % [% |97
e b g P (o o
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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
data types " "
Jttribute data sharing independent
? metadata metadata in
types ’ in subclasses mixins
INHERITANCE
data values d o
level 15t OONF 2 .OONF : 3" OONF
: . sharing data independent
attribute data multivalues
o ) values data values
values within objects within objects | within objects
COMPOSING J J
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Solution - alternative

data types 4th OONF 5th OONF
level sharing independent
AL CELE metadata metadata in
types in subclasses mixins
INHERITANCE 1t OONF
data values multivalues
within objects 2" OONF 3'9 OONF
level : :
: sharing data independent
attribute data
values values data values
COMPOSING within objects | within objects
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4*h OONF - shared data types

Rule 4. A class is in the fourth object-oriented normal form (4""OONF)
when it is in the 3™OONF 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 4"OONF 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) = ..., x1, ..., Xg , ... | and
datatypes(b) =|...,¥1, ..e, Yk, -.. | having Vi € (1, ..., k): x; = y;. Then it
is required to modify classes a, b and to create new class c as
datatypes(c) = [xq, ..., %] = vy, ..., Vi ] and superclass(a) = c and
superclass(b) = c. (otherwisec < a and ¢ < b).
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34 OONF

Electronic Ticket ltinerary Flight
* * 1
+booking ref L +flight class L +nr irrlval
. +issue date . +flight seat nr . +departure datetime 4 c
+ticket nr +flight meal +arrival datetime *epar RESS
+total fare "
1
Traveller 1
1 . . 1
tname 297 Agency Operator Equipment Airport
tcategory L +name +name 227 tname 2 ? 2R
+passport nr +phone
+phone +e-mail
+e-mail
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4th OONF

Electronic Ticket Itinerary Flight
* * 1
+booking ref 1 +flight class L +nr irrlval
N +issue date . +flight seat nr . +departure datetime 4
+ticket nr +flight meal +arrival datetime *eparture
+total fare
*
1 Company
Traveller +name L
+name Equipment Airport L
+category % +name +name 1
+passport nr
+phone
+e-mail 1 1
Agency Operator
+phone
+e-mail
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5t OONF - independent data types

Rule 5. A class is in the fifth object-oriented normal form (51"OONF)
when it is in the 4"OONF 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 5"OONF.

Definition 5. Let us have a class a for k = 1 (length of a collection of
independent attribute types) having datatypes(a) =

l...., X1, ., Xk, ... |, Where | x4, ..., x% ] is a collection of independent
attribute types. Then it is required to create a new mixin b as
datatypes(b) = [x4, ..., x;] and add mixin b to the class a.

Object-oriented class normalisation from a conceptual modelling perspective page 25



EOMAS 2019 Rome, Italy

4th OONF

Electronic Ticket Itinerary Flight
* * 1
+booking ref 1 +flight class L +nr irrlval
N +issue date . +flight seat nr . +departure datetime 4
+ticket nr +flight meal +arrival datetime *eparture
+total fare
*
1 Company
Traveller +name L
+name Equipment Airport L
+category % +name +name 1
+passport nr
+phone
+e-mail 1 1
Agency Operator
+phone
+e-mail
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5th OONF

Electronic Ticket Itinerary Flight
* * 1
+booking ref 1 +flight class L +nr irrlval
N +issue date . +flight seat nr . +departure datetime q ‘
+ticket nr +flight meal +arrival datetime *epar =
+total fare
*
<<mixin>> Company
Contact 1
+name 1
+phone Equipment Airport
+e-mail ﬁk 1
+name +name
1 JA
I 1 1
Traveller : Agency Operator
+name e e i
+category
+passport nr
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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.
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