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1 Smart City

1.1 Exercise I: Smart City Modelling

1.1.1 Smart City Scenario

Environment-
frie;\gly design Regional EMS Smart Buw'rdi;‘;s
ildings (Control center) linked throug
Wind farm i
RS : | ; Regional EMS
systems \ "3

Next-generation vehicle
center{operation center)

Intelligent Transportation
System (ITS)

Biomass fuels

Smart House -~

" Small 7 Medium-scale

Solar panel Smart Buildings

1 Smart Traffic

e Drivers spend 30 hours per year in traffic jams

e 30 percent of the city’s traffic congestion is caused by
Drivers looking for a place to park

¢ Annual cost of traffic congestion in the United States
alone adds up to $87.2 billion in wasted fuel and lost
productivity

¢ Internet of Things enables:

v" Establishment of an infrastructure
ﬁ E ﬁ including, mobile devices, cars, LAN,

=~  WAN,GPS
o = - v' Traffic Light Assistants in cars

v" Smart Traffic Lights: The MARLIN
project
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Planning a Smart City
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What is Metamodeling?
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':g E Law: The Traffic Signs Regulations and General Directions 2002
g % Statutory Instrument 2002 No. 3113, http://www.opsi.gov.uk/si/si2002/20023113.htm
g
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;
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I. How to build SmartCity models?
Find the right abstraction level and use metamodeling to reproduce the
reality for a specific purpose

II. How to analyze SmartCity models?
Use the knowledge captured in the models to answer non-trivial questions

III. How to simulate SmartCity models?
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Combine static and dynamic SmartCity models to simulate complex
scenarios

1.1.2 Smart City Modelling Task Overview

*  Task 0: Introduction to ADOxx & SmartCity modelling
»  Task 1: Create a new Modelling Class
— A) Create Class ,,Speed Limit Sign*
— B) Create a class attribute ,,speed limit* of type integer
»  Task 2: Realize a static graphical visualization
— A) ,,Speed Limit Sign“ with a static value, e.g., 50 km/h
— B) Create new SmartCity models using the Speed Limit Sign
class
»  Task 3: Realize a dynamic graphical visualization
— A) Realize an attribute-dependent visualization for the ,,Speed
Limit Sign*
— B) Create new SmartCity models using the new Speed Limit
Sign
»  Task 4: Realize a sensor for the Common Air Quality Index (CAQI)
A) Create a class “CAQI* with an enumeration for the attribute
”index”: Very Low | Low | Medium | High | Very High
— B) Realize an attribute-dependent visualization based on the
current index status
*  Task 5: Create a new Relation Class
— A) ”SensorRelation” class that connects the CAQI sensors with
Road
— B) Create new SmartCity models using the SensorRelation
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1.1.3 Introducing to ADOxx and Smart city Modelling

OMLAB

www omilab.org

Steps: N

S )

=" Modelling Methods /

——

1. Download and Install
DataBases WWW.adoXx.org . %
P ADOxx® Platform L

Open Source ' Commercial
.

Operating System
(Windows, Linux)

ADOxx from
adoxx.org

2. Import the empty library from the Getting Started Package
3. Create Classes and Relationclasses

4. Add Attributes to Classes and Relationclasses

5. Define Graphical Representation

6. Define Model Types

7. Define Users and link them to your library

8. Start the Modeling Toolkit with the new user

1.1.4 CREATE A NEW MODELLING CLASS
Login to the Development Toolkit

Switch to Library management component
Menu -> Libraries -> Settings

Click on SmartCity Library

Click on SmartCity Dynamic Library
Click on “Class hierarchy”

N =Wy =
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6 Adjust the View;  Enable “Metamodel” and “Class
hierarchy”
7 Right-click on “D_Construct” -> “New class...”

Enter a name for the new class
9 Click on “Ok”

o0

& & W [Library manageme

Library management

B ET— —
[ — ] @ Management...
[ Attribute scopes... ] .
= | = [ SmartCi Do AEe
I fnia) ] &% SmartCity Dynamic Library 4
|omtont e i | T%] SmartCity Static Library

C

]

¥

FEEFEEEEEEREEEE®S

Class hiesarchy: i R s New ~
1 U
i

= LJ Classes

X _ LibraryMetaData__ | Edit.

X _ModelTypeMetaData_ >
_Traffic_Infrastructure_ | Copy...
_City_Infrastructure_ f

® Traffic_Signs | Delete

B Teaffic_Lights :

Buildings 6 View

L End

% Starting_Point [—lﬂm

== Road 2
i [ e ]

® Variable Generator

# X _D_variable__ (Metamode
[# X _D_random_generator__ (|

New attribute..,

New class attribute.., (Class name: oK ]
alll MyhNewClass

Superclass: _D-construct__

How to create new attributes

_MyNewClass

The class hierarchy should now comprise your new class

1 Right-click on a class
2 Select New attribute

¥ AnimRep (Metamo
A AttrRep (Meta |
@] Class cardinality (M
@ Classhbstract Copy...
¥ ClassName Delete
¥ ClassVisible

¥ External tool coupling (Metamodel)STRING g
G GraphRep (Metamodel)

] HipTxt (Metamodel)

4] Model pointer (Metamodel)
¥, Position (Metamodel)

] VisibleAttrs (Metamodel)
9] WF_Trans (Metamodel)

STRING (She
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Exercise 1: CREATE A NEW MODELLING CLASS
a Create Class “Speed Limit Sign”

l.

A A ol

Click on ,,Library Management*
Clickon ,Settings*
Click on ,,SmartCity Library*
Select the ,,SmartCity Dynamic Library*,
Click on ,,Class hierarchy*
Adjust the view; Enable “Metamodel” and “Class hierarchy”
Right-click on “ D Construct -> “New class...”

Enter “Speed Limit Sign” as name for the new class
Click on “Ok”

5@%@:@

| Bredefined analysis queries...

™ SmartCity Static Library

Migration Extras Window Help
" % Settings...
Shus oo H ¥ Checks... =

{[ Class attributes... { @ Management...

Attribute scopes... ] f f EEUE e

. : =M mEI"tCIt_‘.f |t:|rz|rjr 3 L. DOxx Alt+F4
| Uberyatibutes., | 2n SmartCity Dynamic Library 4
i || T SmerCity Static Librery

[ Predefined evaluation queries...

r&mﬂﬂnywlil'.y-mﬁls werarchy

elease library

Class hiesarchy:

D X _Libra D s o i =
- X _ModelTypeMetaData_

% @ Vanable Generator
= B Senac Van

_Traffic_Infrastructure_ Copy...
_City_Infrastructure_
@ Traffic_Signs Delete
B Traffic_Lights

Close

% End

L Searting Point

=Road
CrossRoad

- . Bl

e
=) d
X _ D_event_ (Metamodel) New class... Class name: 0K
X _ D variable_ (Metamode' Mew attribute... B Speed Limit Sign
X _D_random_generator__ (q Mew class attribute... Cancel
Superclass: _D-construct__
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1 | SpeedLimit
& AnimRep (M New class.. fing)
:& E:::::b strac New class attribute... ]lngj
#; ClassName Copy.. ing)
4 ClassVisible Delete

P
~
Add new attribute ﬁ
Attribute name:
speed limit
Tyre Edit EI
INTEGER (Integer) il Cancel

1.2 Exercise 2: REALIZE A STATIC GRAPHICAL
VISUALIZATION

a) Firstly:

Login to the Development Toolkit

Switch to “Library management” component

Menu -> “Libraries* -> “Settings*

Click on “SmartCity Library*

Click on “SmartCity Dynamic* Library

Click on “Class hierarchy”

Edit the GraphRep attribute to create Rectangles, Lines, Polygons,

NN N BN~

8 Double-Click on “GraphRep” attribute of the class “Speed Limit
Sign”
9 Click on “Dialog”
10 Copy this code into the ,, Text* area:
GRAPHREP FILL color:red
ELLIPSE x:0cm y:0cm rx:0.7cm ry:0.7cm
FILL color:white ELLIPSE x:0cm y:0cm rx:0.5cm
ry:0.5cm
PEN color:black w:6pt
FONT "Arial" h:12pt color: black bold
TEXT "100" x:0.00cm y:0.055cm w:c h:c

11. Press “Apply”, “Close” and “Save changes!”
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Classenrchy.. || DY Checks... h
l Class attributes... | a Management...
| Amtezeopes.. | [ 5[ SmartCity Library [

DOsx Alt+F4

| Librery attributes.. | 48 SmartCity Dynamic Library 4
| Bredefined analysis queries... | TE SmartCity Static Library
| Predefined evaluation queries... |

Release library

=l X Speed Limit Sign
* AnimRep (Metamodel) STRING (Short string)
A AttrRep (Metamodel) LONGSTRING (Long string)
#] Class cardinality (Metamodel) STRING (Short string
9] ClassAbstract INTEGER (Int [ 20 ppoms
#] ClassName STRING (Shoi
QT ClassVisible INTEGER (Inti | ¢
&, External tool coupling (Metamodel)STRING (Shor :.7cm x2:.Tem y2:.7cm x3:0cm y3:-.Tem
GraphRep (Metamadel) LONGSTRIN :c:2.8cm h:t

hIefabn0n0om: |rFoNt "Arial®

lmie =] [a[opm . [o[]e = TEXT "V* y:0
HEESE=ENCE-HECE
= e o T T
[z} X Speed Limit Sign
¥ AnimRep (Metamodel) STRING (Short string)
A AttrRep (Metamodel) LOMNGSTRING (Long string)
#] Class cardinality (Metamodel) STRING (Short string)
@] ClassAbstract INTEGER (Integer)
#] ClassName STRING (Short string)
@] ClassVisible INTEGER (Integer)
GraphRep (Metamodel)
@ HinTwt (Matamadali

oL Standard value:
or |
* 5
*V
LA

Y:0cm £X:0.5¢2 Iy:0.5¢3

s wifst L]
% calor: black bold .
§20.055em wze hre

View:

© |
. =] 0 =
225 Charscter

b Create new SmartCity models using the Speed Limit Sign class

Use previous four steps and:
5 Click on ,,Library attribute
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e eer—
[ e |
| Attribute scopes... ||

——

I Predefined analysis queries... I

| Predefined evaluation queries... |

Release library

6 Click on,,Add-ons*
7 Click on ,,Dialog*

MODELTYPE "SmartCity™ from:none
INCL "CrossRoad™

INCL "Road”™ Modelling

0 |

8 Add the text INCL “Speed Limit Sign”
9 Click on ,,Apply”

rwm :

GENERAL n Apply l

MODELTYPE “"SmartCity™ from:none

INCL "CrossRoad"

L s
Find next .

Now open the “ADOxx Modeling Toolkit”
1 Click on,,Model*“=> “New”

INCL "Speed Limit S5ign
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2. Select ,,SmartCity” model type
3. Define a name for the model

4. Click on ,,Models“model group
5. Click on “Create”

|  Medel bype filer Flarme:
Smant City Medelling - MewSrmartCinydlacdel

NEMO 201 - T
odel bype ergon:
NODELING N T ADE OF 4] SmartCity
™

Maodel group: A
v I

Exorcise 1:
Domain Modeling

| Show models contained m groups

1.3 Exercise 3: REALIZE A DYNAMIC GRAPHICAL
VISUALIZATION
a Realize an attribute-dependent visualization for the ,,Speed Limit
Sign“. Depending on the speed limit attribute value, the visualization
should adapt
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©

Solution:
I Change the GraphRep code in order to realize attribute-
dependent functionality

1. Open the class hierarchy of the library

2. Double-click on ,,GraphRep“attribute of the Speed Limit Sign
class

3. Replace the following lines of code at the end of the existing
GraphRep code Delete this line:

TEXT "100" x:0.00cm y:0.055cm w:c h:c

Add this line:

ATTR "speed limit" x:0.00cm y:0.055cm w:c h:c

4. Click ,,Apply*

I Add the attribute ,,speed limit* to the Speed Limit Sign
Notebook

1 Open the class hierarchy of the library

Double-click on ,,AttrRep* attribute of the Speed Limit Sign class

Add the following lines of code to the end of the existing AttrRep

code ATTR "speed limit"

4 Click ,,Apply*

5 Save all changes to the library

W N

ORN O

b Create new SmartCity models using the new
1. Open the ADOxx Modelling Toolkit
2. Create a new SmartCity model
3. Create Speed Limit Sign objects
4. Double-Click on a Speed Limit Sign to open it‘s Notebook
5. Change the speed limit attribute and look how the visualization
adopts
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[ Speed Limit Sign-210803 (Speed Limit Sign) @ o] o5 e | |
Mame: I-'d J
@ Speed Limit Sign-210803 Description
speed limit: i
)

1.4 Exercise 4: REALIZE A SENSOR FOR THE COMMON AIR
QUALITY INDEX (CAQI)

What is Common Air Quality Index (CAQI)?

To present the air quality situation in European cities in a comparable and
easily understandable way, all detailed measurements are transformed into
a single relative figure: the Common Air Quality Index (CAQI). OMiLAB
Smart City has the ability to provide an hourly index, which describes the
air quality today, based on hourly values and updated every hour. The
CAQI index classifies the air pollution according to the following 5-scale

color legend:

Pallution Color
Wery low

Low

Mediurn

High

What do you need to do?
Create a new Modelling Class named CAQI with an enumeration attribute
,index‘ that determines the current common air quality attribute index.

Furthermore, use this attribute to realize an attribute-depended visualization
for the CAQI class.

e

1. Click on ,,LLibrary Management*

2. Click on ,,Settings*

3. Click on ,,SmartCity Library*

4. Select the ,,SmartCity Dynamic Library*

5. Click on ,,Class hierarchy*

6. Adjust the View — Enable “Metamodel” and “Class hierarchy”
7. Right-click on “ D Construct -> “New class...”

Page 15



Public ULBS 02 Sibiu — Smart city modelling
(Smart City)

8. Enter “CAQI” as name for the new class
9. Click on “Ok”

Using the new Modelling Class:

1 Expand the Speed Limit Sign class
Right-click on “CAQI” => “New attribute...”
Enter “index” as name for the new attributes
Select “ENUMERATION” as type

Click on “Edit”

In Sequence

a. Add a ,,New Value* Very Low | Low | Medium | High | Very
High

b. Press ,,Add*

7. Press ,,Apply*, ,,Close” and ,,Save Changes*

| i, A Fayp Vol wrvvodul v 1 laii
W, Ol bty (Bt s

o ClassAbtsget Biews clans abtribute
L i

Add new aftribulle ‘_

A Pifiute FueTie

(@) NNV, IE SR US I )

g 7 |

I aran

[ s

What is next? You need to add ,,index” to the CAQI Notebook:
1 Open the class hierarchy of the library
2 Double-click on ,,AttrRep* attribute of the CAQI class
3 Add the following lines of code to the end of the existing AttrRep
code ATTR “index"
4 Click ,,Apply*
Save all changes to the library

(V)]
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X CAQ
Bl bl i
| s TENG (L oy slirerg)
Tows Latdinaiiy | elartooe | STRING [shoel deirg)
B O lestiblract PTRGEE [rrteger
] ClensMare STRING [Short sting)
W ClensVisibhe PTEGER lrrteger)
¥ External tool cruping [Metamodel 5 TRING [Ghert string)
G Draphfep (Metemcodel, LOMGSTEING [Long strngl
# HipTut (Metemodel] STRING [Shert string]
* nde EHUBERATION (Erwmenstion
d YAodel pointer Metpmicdel STRING (Sheort strimg)l
W, Poateor Metsmcdel STRING [Short string)
1 ramdard value - k
' ROTEBOOK o  Prodefsd vebet

! |CHAFTER "Descriprisn™ SPER—
] B . Facets

To be continued in the next lesson:
CREATE ANEW RELATION CLASS (Sensor relation)

1.5 Task 5: Create a new Relation Class A) SensorRelation
class that connects the CAQI sensors with Road

1. Click on ,,LLibrary Management

2. Click on ,,Settings*

3. Click on ,,SmartCity Library*

4. Select the ,,SmartCity Dynamic Library*
5. Click on ,,Class hierarchy*

L N—

Migration Extras Window Help
" % Settings... anagement
( Class hierarchy... ” ” Checks... .
Class attributes... J P Management...
asssescopss | 'S (1) SmartCity Library JE T s
SRS S
6" "ﬁ" ygﬁ:cmcl ¢ TP '--ir—“l'-c--“—'aw ew crelationclass. .

,,,MZ, Jm;g;m ensorRelation” as name for the new Relation Class
8. Select ,,CAQI* as from-class
9. Select ,,Road* as to-class
10.Click on “Ok”, “Close” and “Save Changes”
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Class hierarchy:

H H Mew relationclass.., F Edit...

ﬂ Classes ‘ Opy:.

'T| Relation classes

Relationclass name;
SensorRelation|

Add the SensorRelation class to the modeltype
1. Click on ,,Library Management*

2. Click on ,,Settings*

3. Click on ,,SmartCity Library*

4. Select the ,,SmartCity Dynamic Library*,

5. Click on ,,Library attributes*

%Settings... anager

Class hierarchy... l

WY Checks... E
P2} Management...

[

( Class attributes.. ]

[ sebuescoes. | 5 [ SmartCity Library B
[ Library attributes.. H 48 SmartCity Dynamic Library

| redefined analysis queries... | T SmartCity Static Library

[ Predefined evaluation queries... l

DO Alt+F4

4

Release library
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6. Click on ,,Add-ons*

7. Click on ,,Dialog*

8. Add the text INCL “SensorRelation™
9. Click on ,,Apply”

 SmarCityQueries - Dynamic Library - Library attributes - [ESEEE )

GENERAL i &PP')‘
MODELTYPE "SmartCity" from:none
INCL "CrossRoad”™

INCL "“Road”™ Find...
INCL "Speed Limit Sign"™

f:3 INCL "SensorRelation”

b

Print.
r 5 Cancel
SmartCity Dynamic Library Ex.1 - Library attributes S
h%‘. Help
= Modi; O L
= | GENERAL - Description |
i~ MODELTYPE "SmartCity” from:none ' Add J
:: INCL "CrossRoad" -Qns characters | Ln11 Coll
:l INCL "Road” ;;":Mm“”![‘_g
= e .
- N Analysis
- || Simulation ‘
= [[e—
= I I Evaluation |
[P Mp——— P S — S S —— [ I —— ¥ N —— P ——

e e 0T

R S

i

Ay Hrwaae 371

I_
L.

|—
¥

lirmsminat Snmas | 1

®
|_...

e E—_——

B bl
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2 ADOxxWEB SIMULATION

The ADOxxWEB Simulation provides a fast and extendible service capable
of simulating business process executions. The service is provided through
a REST interface that uses the model as input to simulate and add
additional simulation parameters. The service returns the result as an XML
file. The service is focused on business process models, but is flexible
enough to be adapted and to simulate any kind of models structure.

How it Works

The service internally uses a Petri Net structure in order to represent the
model to simulate. The semantics of the simulation, in this way, relies on
Petri Net strong formalism. In the case of Business Process models, the
simulation uses state-of-the-art mapping rules in order to import the model
as a Petri Net. This import phase can also be skipped, providing a Petri Net
model in PNML standard format directly to the simulator. This gives the
possibility to simulate any kind of model that can be expressed as a Petri
Net, also generated by external systems.

The services expose REST APIs in order to be easily integrated in every
system. Examples of such integration have been provided in ADOScript
format for ADOxx and as an MFB template for Adonis NP.

The Simulation service also provides an asynchronous HTML/JavaScript
client in order to use and test the service without integrating it in a tool.
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Wehb Client

Simulation|{Component

//‘ TAPI
o)

F'etrl MNet
Core

Simulation

k‘?—m
Generator Measures Transition
& Evenl Based Interface choice
Generator )

_,-o-""'_'-ﬂ-'- |

Expnrt

Waiting | [ Execution { Future
Time 1 | Time 1 [ Kot ] ' Measure I

The Petri Net Core Module is the component that contains the main logic of a Petri
Net and manages its semantics. The simulation service uses this component in order to
evaluate which transition can be enabled at each step.

The Import Module is an easy to extend component that is able to automatically
recognize the format of the provided model and converts it into the internal Petri Net
structure. It manages separately the logic of document parsing, and of object mapping,
in order to reuse the same mapping logic for multiple file formats (like in the case of
BPMN and ADOxx BPMN)).

The Export Module is for diagnostics only. It gives the possibility to export the internal
Petri Net structure in the PNML standard format in order to be visualized in any
supported editor.

The Simulation Measures Module is an easy to extend component that gives the
possibility to define listeners for the simulation event. Each listener produces a measure
or a result from a single simulation, like a trace, a path, the waiting times or the
execution costs. The resulting indexes can then be collected in a special container in
order to calculate some final indexes (like average values).

The Simulation Transition Choice Module is the component that performs the choice
of the transition to execute between the available one. The module provides a base
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mechanism that performs a fear choice between parallel transitions and a user defined
probabilistic choice between concurrent transitions. The base mechanism has also been
extended in order to support dynamic probability evaluation using a scripting system.

The Simulation Module is the component that manages all the simulations, invoking

the functionalities of the measures module and of the transition choice. It is also
responsible for the generation of the simulation output in a structured XML format.

Workshop: Create your own scenario for a known street or
neighborhood and implement it in AdoXX.
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3 Smart Parking:

Project presentation

Integration with/in Smart City project
Implement Modelling Language
Classes

Testing the Modelling Language
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