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License

This presentation is licensed under the Creative Commons License CC

BY-NC-SA 4.0. According to CC BY-NC-SA 4.0 permission is granted to ® @ @
share this document, i.e. copy and redistribute the material in any @
medium or format, and to adapt it, i.e. remix, transform, and build

upon the material under the following conditions:

* Attribution: You must give appropriate credit, provide a link to the license, and indicate if
changes were made. You may do so in any reasonable manner, but not in any way that suggests
the licensor endorses you or your use.

* NonCommercial: You may not use the material for commercial purposes.

* ShareAlike: If you remix, transform, or build upon the material, you must distribute your
contributions under the same license as the original.

* No additional restrictions: You may not apply legal terms or technological measures that legally
restrict others from doing anything the license permits.


https://creativecommons.org/licenses/by-nc-sa/4.0/legalcode
https://creativecommons.org/licenses/by-nc-sa/4.0/legalcode
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UML in a nutshell

UML stands for Unified Modelling Language and is a general-purpose,
development modelling language in the field of software engineering
that is intended to provide a standard way to visualise the design of

a system.

When working with class diagrams, three are the main items to look for:

* Classes ("what?")
— Attributes
— Methods (not treated in these slides)

e Multiplicity ("how many?")

* Relations ("how do classes relate to each other?")
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UML in a nutshell

Association between classes

This is a simple way of reading
such a relation, e.g. "Class 1 has
Class 2". Alternatively, it is
explicitly indicated by the "Role
word, always written near the

target.

One or more

Specific number

n hasll
Class #1 § Class #2
Role
Association multiplicity
Class Only one 5 Class
0.+ Class Zero or more 5 Class
0.1 Class Optional (zero or one)
Class inheritance (subtyping)
Superclass
]
|

Subclass #1 Subclass #2 Subclass #n

"is a (superclass of)"

"is a (subclass of)"
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Aggregation represents a weak form of "has-a" or
"whole/part" relationship between the aggregate
(the whole) and its parts.

* The life cycle of the parts is not tightly coupled to the

life cycle of the aggregate. If the aggregate is
destroyed, its parts can continue to exist

* The contained objects can be part of multiple
aggregates

Composition represents a strong form of the
"has-a" or "whole/part" relationship,
characterized by a strong ownership and a
coincidental lifecycle between the whole and its
parts.

* The whole is responsible for the creation and

destruction of its parts. The lifecycles of the parts are
tightly coupled with the lifecycle of the whole.

* Each part is contained in only one whole at a time and
cannot be shared among multiple wholes

Aggregation between classes

Whole " . N
class consists of
(Empty diamond!) "e "
i ? is part of
|
Component Component Component
Class #1 Class #2 Class #n

Composition between classes

Whole

class "consists of"
(Full diamond!)  mmsp ? "is part of"
\
Component Component Component
Class #1 Class #2 Class #n
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UML in a nutshell

* Examples of composition (left) and aggregation (right) between classes

Person

- name: String
- age: int

heart

2 |hands

Hand

Heart

City

trees

k[ cars

Car

Image source: Adapted from https://i.sstatic.net/WC2eJ.png

Tree
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(Instances of the class)

«FeatureType»
LegoBrick

name: CharacterString [0..*]
fabricationYear: int
description: CharacterString [0..1]
inProduction: boolean
productionDate: Date
width_A_studs: int
width_B_studs: int

height: Length

width_A: Length

width_B: Length

geometry: GM_Solid

colour: BrickColourTypeValue

Intro
Classes
Relations
Packages
Namespaces

4+ + + o+t

«enumeration»
BrickColourTypeValue

yellow
red
blue
green
grey
white

black FYI: This a Lego "stud”
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Attributes / >

Properties

Attributes / Properties type:
Can have a simple or
complex structure.

E.g. length = double (for the
value) + CharacterString (for
the Unit of Measure)

+ + + + +

«FeatureType»
LegoBrick

name: CharacterString [0..*]
fabricationYear: int

description: CharacterString [0..1]
inProduction: boolean
productionDate: Date
width_A_studs: int
width_B_studs: int

+
+
+
4+

Enumerations contain
closed sets of possible
values

(Codelists contain open sets
of possible values)

—faightyl ength
fath_A: Length
width_B: Length

geometry: GM_Solid
colour: BrickColourTypeValue

wenumeration»
BrickColourTypeValue

yellow
red
blue
green
grey
white
black

Multiplicity




&
JTUDeIft How to represent in UML that Lego does not
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«FeatureType»
LegoBrick

+ 4+ F + 4+ 4+ 4+ + 4+

name: CharacterString [0..*]
fabricationear: int
description: CharacterString [0..1]
inProduction: boolean
productionDate: Date
width_A_studs: int
width_B_studs: int

height: Length

width_A: Length

width_B: Length

geometry: GM_Solid

colour: BrickColourTypeValue

«enumeration»
BrickColourTypeValue

yellow
red
blue
green
grey
white

black
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+ 4+ + + + 4+ 4+ 4+t

«FeatureType»
LegoBrick
name: CharacterString [0..%] +
fabricationYear: int +
description: CharacterString [0..1] +
inProduction: boolean +
productionDate: Date +
width_A_studs: int +
width_B_studs: int +
height: Length +
width_A: Length
width_B: Length
geometry: GM_Solid
colour: BrickColourTypeValue
«enumeration»
BrickColourTypeValue

yellow

red

blue

green

grey

white

black

«FeatureType»
LegoTechnicGear

name: CharacterString [0..*]
fabricationYear: int

description: CharacterString [0..1]
inProduction: boolean
productionDate: Date
toothNumber: int

geometry: GM_Solid

colour: BrickColourTypeValue

We can simply add another
class. However, the two
classes share some
properties.

Is there a more elegant way
to model them?
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An abstract class
cannot be

instantiated

+ + + + +

+ + + + + + +

«FeatureType» «enumeration»
AbstractLegoElement BrickColourTypeValue

name: CharacterString [0.."] yellow

fabricationYear: int red

description: CharacterString [0..1] blue

inProduction: boolean green

productionDate: Date grey

geometry: GM_Solid white

colour: BrickColourTypeValue black

«FeatureType»
LegoBrickNew

width_A_studs: int
width_B_studs: int
height: Length
width_A: Length
width_B: Length

Relation: "is a (subclass of)“
(Generalisation)

«FeatureType»
LegoTechnicGearNew

+ toothNumber: int )
These child classes

inherit all properties
of the parent class




How to represent in UML that:

1) alego model (e.g. a house) is made of Lego
bricks, and

2) aset of building instructions is generally also
included when you buy it?
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3D0geoinfo «FeatureType» 5 a compon'ent of «FeatureType»
LegoModel (Aggregatmn) AbstractLegoElement

+ name: CharacterString [0..*] +partOf +consistsOf |+ hame: (?haractt?r'String [0..7]
+ fabricationYear: int <> * fabrlcgtl_c:-n"l(ear. int .
Int + description: CharacterString [0..1] 0.* 1.7 |t Fiescrlptlo_r‘l, QharacterStrlng [0.1]
ntro + inProduction: boolean M 'nPBOd“_C"OE';" bc_:cEI}ean
Classes + productionDate: Date +  productionDate: e
Relati + geometry: GM_Solid
elations + colour: BrickColourTypeValue
Packages Role name
Namespaces Directed [association
+has \ / 0.1
— Multiplicity
«FeatureType»
InstructionBooklet
«FeatureType» «FeatureType»
LegoBrickNew LegoTechnicGearNew
width A studs: int + toothNumber: int

width_B_studs: int
height: Length
width_A: Length
width_B: Length

+ + 4+ + +

15
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Finally, wow to represent in
UML that the bricks and the
building instructions are
contained in a box?
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Packages 6754

Namespaces Family Home
Cont. 976 pcs/pzs

Jouet de Construction
Juguete para Construir
L

raw

16 L s S A O I S e
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LegoBox

+ + + + +

A package groups elements that belong together.
It also provides a namespace for the grouped elements.
A namespace is required to avoid name collisions

«FeatureType»
LegoModel

name: CharacterString [0..%]
fabricationYear: int

description: CharacterString [0..1]
inProduction: boolean
productionDate: Date

+has 0..1

«FeatureType»
InstructionBooklet

«FeatureType»
AbstractLegoElement

name: CharacterString [0..%]
fabricationYear: int

description: CharacterString [0..1]
inProduction: boolean
productionDate: Date

geometry: GM_Solid

colour: BrickColourTypeValue

A

+partOf +consistsOf
-

0.* 1.*
«FeatureType»
LegoBrickNew

+ 4+ o+ + o+

width_A_studs: int
width_B_studs: int
height: Length
width_A: Length
width_B: Length

«FeatureType»
LegoTechnicGearNew

+ toothNumber: int
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* Imagine that we are modelling class "EARTH".
* Look at these are 3 examples of different meanings of the word "earth": if we create 3

Intro classes, all called "Earth", we (or the computer) may not know anymore what is
Classes what...

Relations

Packages

Namespaces

Soil Electrical engineering

18 https://en.wikipedia.org/wiki/Earth (disambiguation)



https://en.wikipedia.org/wiki/Earth_(disambiguation)

<3
TUDelft
3D0geoinfo

Intro

Classes
Relations
Packages
Namespaces

19

Namespaces

* Hence, we need a namespace!!

* You can think of a namespace as a sort of "surname" for a person. It helps reducing
the cases of confusion with two or more people with the same name...

* So, we may end up with:

— Astronomy:Earth
— Geology:Earth
— Electricity:Earth

W Earth (disambiguation) - Wil

« > C Q

i

wo

WIKIPEDIA

The Free Encyclopedia

Hiain page
Contents
Current events
Random article
About Wikipedia
Contactus
Donate

Contribute

Help

Leam to edit
Community portal
Recent changes
Uploadile

Tools

Whatlinks here
Related changes
Special pages
Permanent link
Page information
Cite this page
Wikidata item
Printiexport
Download as PDF
Printable version
In ather projects

Wikisource

Languages e
gyl

Dantech

kip- X |+

8 hitps://enwikipedia.org/wiki/Earth_{disambiguation

0 o ' Atticle  Talk
tow Ca

Earth (disambiguation)
From Wikipedia, the free encyclopedia
Earth is a planet in the solar system, and the third planet from the sun.

Earth may also refer to

Elements [ edit]

« Earth (classical element), one of the four Greek classical elements

« Earth (Wu Xing), one of the Wu Xing (elements in traditional Chinese philosophy)

Science [edi]

« Earth (historical chemistry), a class of elements or compounds
« Earth (electricity) or ground, used as a zero potential reference
« Soil or earth, the material in which plants grow

Places [edi)]

« Earth, Texas, a small town in the United States
» Earth City, Missouri, an unincorporated community in the United States

People with the name [edi]

« Chief Earth Woman, an Ojibwa chief
« Trembling Earth, a Yankton Sioux chief

Animals [edit]

« Earth, a group of foxes
« Earth, a captive orca at Kamogawa SeaWorld

Arts, entertainment, and media | edit)

Films [ edit]

— [m]

Q Search oo

& Notloggedin Talk Contributions Create account Login

Read = Edit View history | Search Wikipedia Q

¥ % & | ookup Earth or earthin
A s

o w Wikiionary, the free dictionany.

Contents [hide]
1 Elements
2 Science
3 Places
4 People with the name
5 Animals
6 Ars, entertainment, and media
6.1 Films
6.2 Literature
6.3 Music
6.3.1 Groups
63.2 Albums
6.3.3 Songs
6.4 Television
6.5 Other uses in arts, entertainment. and media
7 Other uses

8 See also

https://en.wikipedia.org/wiki/Earth (disambiguation)



https://en.wikipedia.org/wiki/Earth_(disambiguation)

<3
TUDelft
3D0geoinfo

Intro

Classes
Relations
Packages
Namespaces

20

Namespaces

* In UML, the concept of package is used to represent the namespace
* All classes within the same package are intended to belong together and share some
common characteristics

* In the case of class earth example, you'd need three different packages in order to
separate the 3 different earth classes and avoid semantic misunderstanding

* In CityGML, for example, there are several packages. The one called "Building"
contains all classes to model a building, the one called "Terrain" contains all classes to

model a digital representation of the terrain, etc.

1 | 1 1 1 |
<<Leaf>> <<Leaf>> <<Leaf>> <<Leaf>> <<Leaf>> <<Leaf>>
Appearance = Bridge < Building = CityFurniture |, | CityObjectGroup | Generics
i | | ]
| | : :
1 . | | P [ !
<<Leaf>> | <<Leaf>> H <<Leaf>> <<lLeaf>> ] <<Leaf>> <<Leaf>>
LandUse 4 Relief 4 | Transportation |4 Tunnel 3 Vegetation |- WaterBody
1 | ! ]
v <<import>>
|
- ___;__l_ - --- | <<Application Schema>> |- _____ L: _________________________________ o
<<mport=> CityGML Core <<import=> 1
_________________________ <<Leaf>>
it e ! - -| TexturedSurface
| <<imports> <<import=> |
¢ v [cpreceted]
<<XSDschema>> <<XSDschema>>
Geography Markup Language extensible Address Language
(fremOCC) {fremQASS)
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* In an XML document, the definition of the namespaces is given in the header, using
the tag xmlins (stands for... xml namespace ©)

Intro * For classes (and their properties/attributes) it is then indicated before the name using

Classes a":" (colon) as separator
Relations

PaCkageS iearch View Encoding Language Settings Tools Macro Run Plugin

L= | | ot Bg| & & = IEIEEzavEEBEOe UHNd P He s FEEQE & Zw-¢p
Namespaces g ]
2 version=" oding="UTF-8"2>
ﬂityModel "http://www.opengis.net/citygml/bridge/2.0" -”http://wwmnnenrri&net/cityglnl/transpcrtation/Z40" xmlns: frn=

"http://www.opengis.net/citygml/cityfurniture/2.0" xmlns:wtr="http://www.opengis.net/cityqgml/waterbody/2.0" xmlns:
"http://www.ascc.net/xml/schematron” zmlns:veg="http://www.opengis.net/cityqml/vegetation/2.0" xmlns:xlink="htt
"http://www.opengis.net/citygml/tunnel/2.0" zmlns:tex="http://www.opengis.net/citygml/texturedsurface/2.0"
xmlns:gen="http://www.opengis.net/citygml/generics/2.0 ”ﬁ"http ://www.opengis.net/citygml/relief/2.0" [EMINS:aEDS
"http://www.opengis.net/citygml/appearance/2.0" zml luse="http://www.opengis.net/citygml/landuse/2.0" xmlns:xAL=
"urn:oasis:names:tc:ciqg:xsdschema:xAL:2.0" xzmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xmlns:smil20lang=
"http://www.w3.0rg/2001/SMIL20/Language"” xmlns:pb htt; www.opengis.net/citygml /profiles/base/2.0" zmlns:smil20="http://www.w3.0rg/2001/SMIL20/"
zmlns:bldg="http://www.opengis.net/citygml/building/2 .OT“"http ://www.opengis.net/citygml/2.0" xmlns:grp=
"http://www.opengis.net/citygml/cityobjectgroup/2.0">
<gml:description>fdfsdfdsfsdfsdfsd</gml:description>
<gml:name>test_ecitymodel</gml:name>
= <gml :boundedBy>
g <gml:Envelope srsName="urn:ocg:def:crs,crs:EPSG::31256,crs:EPSG::5176" srsDimension="3">
<gml:lowerCorner>-1092.9130125475285 336988.13746829785 3.021538019180298</gml:lowerCorner>
<gml:upperCorner>-438,3911874524715 337572.09303170216 90.48</gml:uppercorner>
L </gml:Envelope>
L </gml:boundedBy>
<app:appearanceMember>
<app:Appearance gml:id="App 1">
</app:appearanceMember>
<app:appearanceMember>
<core:cityobjectMember>
<dem:ReliefFeature gml:id="ReliefFeature UUID bfdflbe8-ce74-43bd-b025-205e539bfa79">
</core:cityObjectMember>
<core:cityObjectMember>
<tran:Road gml: id="Read_UUID_Zdedadef—absa—&ch—bOaf—aaboaaclaeaa”>
<gml:description>This is a single object representing the whole street network</gml:description>
<tran:lodlMultisurface>
</traniRoad>
</core:cityObjectMember>
<core:cityObjectMember>

21
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Thank you for your attention!

Dr. Giorgio Agugiaro
g.agugiaro@tudelft.nl

3D Geoinformation Group

TU Delft

The Netherlands
https://3d.bk.tudelft.nl/gagugiaro
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