NEXT GENERATION ENTERPRISE MODELLING
IN THE AGE OF INTERNET OF THINGS

- NEMO 2016 -

Smart City Exercises

Exercise Il: Smart City Analysis
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Modeling Method - Mechanisms and Algorithms

e Generic mechanisms and
algorithms can be applied
to arbitrary modelling i

The modelling language that describes described by a modelling language
the syntax, semantics and notation

languages i d =

e Specific mechanisms and ’J = |
algorithms can be applied | =i ™~ C | s

specific

. . ] o e s fomy | || e e

I ] ] —

to particular modelling S e S il =

mapping » domain

languages

e Both ensure an adequate
user experience

The modelling procedures that describe
the methodology
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Mechanisms and Algorithms - Analysis

« Analysis assists in utilizing the complex

relationships within a model or between multiple
models

« Manual model analysis can be costly

« An analysis technique is chosen for a certain
purpose
— Analysis supports the decision making process

— Analysis assists in understanding, visualizing and communicating
structured and unstructured data

— Contextualization, verification, validation, conformance, and

consistency checking A
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Analysis Case Study: Smart City

e Smart City Scenarios

— Smart waste management:
Find trash cans before they reach
their maximum capacity and empty them

— Smart street lights: Find and react to traffic
participants and to the environment by changing lighting

— Smart open space: Find and cultivate micro agricultures

— Smart public transportation: Find and register stops based on
public demand

e Two quick introductory scenarios in more detail
— Parking Scenario

— Emergency Scenario .
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Parking Scenario

« Searching for parking spots is an
inefficient task. “Many drivers spend on e
average 20 minutes while looking for a parking
spot. This increases CO2 emissions and most
important of all; people waste their time.* [1]

e Smart Parking

— Improves the urban environment — Creates happiness
— Reduces pollution — |Is vandalism proof
— Generates revenue — Easy to maintain
— Optimizes human resources — Reduces accidents
[1] Amsterdam Smart City : http://amsterdamsmartcity.com/projects/detail/id/64/slug/smart-parking?lang=en 6
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Parking Scenario: Traditional Approach (animated)
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Parking Scenario: Smart Approach (animated)
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Emergency Scenario

e There is a building on fire!
« Smart City response:

S, CENTRO DE OPERAGOES

PREFEITURA DO RIO

Notify the emergency services

Block public traffic into that area
Find people in danger by = n V]
locating their smart devices ' . | " m——

Configure smart buildings to guide people out of danger zones

Notify relevant people in proximity for quick first response
(firefighters, doctors, policemen, ...)

Video Situational Awareness Incident Management 9
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Emergency Scenario: Block Public Traffic (animated)
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Emergency Scenario: Medical Response (animated)
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E:-:plurer Model groups E]
7]

Analysis Case Study: Smart City IR
= _;'I"u'1|:u:lel5
2 1_Meodelling
=1L 2_Analysis
& 1_SmartParking

Exercise scenarios: U1 2 SmartEmergency

. . W 3_SmartRunning
— Smart Parking: Increase the quality of &3 4_SmartAmbulance

LR . : - B3 5 SmartMarathon
living WIth queries, e.g., find and book £33, Simulation
open parking spots

— Smart Emergency: Save lives with queries, e.g., lower first aid
response times

— Smart Track: Increase public health with queries, e.g., find save
and healthy running tracks

— Smart Ambulance: Save lives with queries, e.g., find fast routes
and adapt smart city infrastructure

— Smart Marathon: Support runners and organizers of the Vienna
City Marathon with queries, e.g., improve relay race coordination

— And many more
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Exercise Structure

1. Standardized queries
— Basics: The query dialog and the query result window | Smart Traffic Signs
— Demo: Querying classes and attributes | Smart Parking
— Hands-on: Operators, wildcards, and changing values | Smart Parking

2. Combination of standardized queries using set operators

— Basics: Construction of combined queries
— Demo: Intersection of query result sets | Smart Emergency Response
— Hands-on: Union of query result sets | Smart Running Track

3. User-defined queries and advanced query combination

— Basics: Relations and relationship operators, AQL
— Demo: AQL, transitive relations | Smart Traffic Planning
— Hands-on: AQL, transitive relations | Smart Ambulance Navigation

4. Pre-defined analysis queries
— Basics: Extending Mechanisms and Algorithms of Modeling Methods
— Demo: Pre-defined queries | Smart Relay Marathon Runner
— Hands-on: Pre-defined queries | Smart Relay Marathon Organization

14
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Execute a very first Query

e The city of Vienna wants to change its smart
traffic signs for the Eurovision Song Contest. You
are in charge! The first step is to find the relevant
signs via queries

— Open the Modelling Toolkit

" Login AP T
. ii'IMDdEls- Explorer - Model groups (]
— Open the 1_Sm§rtParI§1ng SE s s 50| 22 iE| @
model (doubleclick) within = [ Models
. ) 1_Modelling
the model group 2_Analysis 52 Amaiyei
b 1=Smart|:'arking|
7 2_SmartEmergency
D 3_5martRunning
&4 4 Smart&mbulance
B2 3 SmartMarathon
l.i'H_Sir‘nuIatin:nn
15
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Basics: Construction of Standardized Queries (1/2)

e Queries are found in the Analysis component (in
the toolbar)

— Standardized queries:
> Standardized queries as "fill-in text", to be completed by the user.

£ Model Edit View Processtools E

- Queries - Select model E
1 B
Explart.-l groups Medel selection: ;&ﬂl oK
HEalyrHO 2 2] = ) Models :
|E|1_Mu:udel|ing References...

2 Predefined queries Relation table = 2 Analysis

3 Cueries/Reports.., n, Alt+F3 & 1_SmartParking L AR =

_ — Yi 2_SmartEmergency

Exp @, Analytical evaluation... 1\ 3_SmartRunning Cancel

E'g ] ) ) &4 4 SmartAmbulance

1 \:g Printer settings... Strg+Alt+P B3 5_SmartMarathon Help
' Exit AD O Alt+F4 I 3_Simulation

16
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Basics: Construction of Standardized Queries (2/2)

Queries =
Query scope 1 | Get all objects of class...

t:JQueries on models (model attributes) GEt a” |:||::I_iEL‘I:5 |:If C|35-5- . 'I.I'l.l'lth Ettril:“.lte .
(®) Queries on model contents .
Get object ... of class ...
Standardised queries Get all objects connected with the object ... of class ... with the relation ...
Query: Get all connectors of relation ...

Get all objects of class...

Get all connectors of relation ... with attrnibute ...

Input field

Get all objects of =1 Traffic_Signs

User defined queries

AND OR

Show attributes in columns

< Back Attributes... | |Model info...

sao e |

DIFF Clear 3
L]

Cancel Help

Select a standardized query
that represents the user
needs

Complete the query by
filling in missing elements
and input fields according to
the user needs

Run the query by clicking on
Evaluate or Execute

17
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Basics: Query Result Window (1/2)

uery results - Get all objects of

= 1.1_5martParking
@ Speed Sign - Wahring
@ Stop Sign - Wahringe

=

@0 |FELD | AR00RSH

Back to Query Definition Sé
Continuous Query [=
Previous/Next Query Result 3 .
Close Query Result L[}

Refresh =+

Save/Print/Search | = [
Diagram |ils

Query Info &

Help '@

18
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Basics: Query Result Window (2/2)

e You can click the query result to highlight the
model object

e You can edit model attributes in the Query results
window

e You can configure the Query results window by
right-clicking in the grid (Select Attributes)
— Hint: Press Ctrl / Strg to select multiple attributes

19
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Demo 1: Smart Parking Spot in Sensengasse (1/2)

e “Parking your car in big cities is becoming more and
more difficult. Many drivers spend on average 20
minutes while looking for a parking spot. This
increases CO2 emissions and most important of all;
people waste their time.“ [1]

° Env-is-ion an app that SearCheS ,,,,, ATET = 10:01 AM 7 © 3 95% @ .l ATET = 10:00 AM 7 © % 72%G2
for smart and open parking

spots, that can reserve a

parking spot for you, and that

can access the smart parking .. o7 "t

meter to automatically pay i g WS

for tickets @ ~...x " 3
« A Smart City model can ,.,,:'."1”1 :

provide real time data for

a smart parking app - CI| RO 5

[1] Amsterdam Smart City : http://amsterdamsmartcity.com/projects/detai I/d/64/|g/m rt-parking?lang=e
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Demo 1: Smart Parking Spot in Sensengasse (2/2)

« Envision that you drive home from work and that
you want to search and reserve a smart parking spot
at your home address near your front entrance

3 4 11 0 1

@

v

_I | ——— E—— ———————
EI ‘ Wahringerstrasse 20-30  Wahringerstrasse 10-20 Wahringerstrasse 1-10
' » Technical Solution: Use the standardized

query Get all Objects of Class ... with

v
1
I o
| ¢ Attribute ...
S HE » Class: Smart_Parking
|  Attribute: Parking_Destination 21
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Demo 1: Solution

Queries - Select model E
47 Model Edit View Processtools E
. . Medel selection: ok
Predefined queries Relation table
2 = ) Models :
Explu-rtrlgmu\ 3 | Cueries/Reports... n Alt+F3 h I3 1_Modelling References..
3B | i %‘I @, Analytical evaluation...” . B 2 Analysis
#=% 1_SmartParking Model types...
Q’ Printer settings... Strg+Alt+P | Y7 2_SmartEmergency
. W 3 SmartRunning Cancel
Exit ADGroc Alt+F4 & 4 SmartAmbulance
B2 5 SmartMarathon Help
i 3_Simulation
Queries =
Query scope Query results - Get all objects of class “Smart_Parking” with attribute

- i ) Parking_Destination
() Cueries on models (model attributes) 9

(@ Queries on model contents 9 [ =1 L Smibarkang
€
d

i Sart Parking Spot - S5ensengasse 14| 5ensengasse

i i -
e e e Srnart Parking Spot - Sensengasse 2 | Sensengasse

Cuery:
nGet all objects of class ... with attribute ... vI

Input field
7 Get all objects of class | @ Smart_Parking w

with attribute Parking_Destination « | = w | | Sensengasse

Add I:I Evaluate 22
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Hands-On 1: Reserve a Smart Parking Spot in
Wahringerstrasse

e You need a parking spot in Wahringerstrasse. Find
all parking spots in Wdahringerstrasse and display
their attributes in the results window

— Hint:
> Use the like operator to compare attributes and 7' or ™ as wildcard
> If you cannot find the 'a’ key you can use a wildcard

;) 8@D @D @@

(]
Query results - Get all objects of class "Smart_Parking” with attribute " P3

E/ Céy Parking_Destination
= 1. 1_5martParking
'- &) i Smart Parking Spot - Wahringerg Wahringerstrasse 2
1 _ ] _ i Smart Parking Spot - WahringeN N dhringerstrasse &
| Wahringersfrasse 20-30 Wabhringerstrasse 10-20  Wabhringerstrasse 1-1I > 5 _ .
. y. 4 Smart Parking Spot - Wahringerstra¥ \dlrstrasse 16
4 v . 4 Smart Parking Spot - Wahringerstrasse rstrasse 12
1 ® Reserve a park]ng SpOt for E 3 Smart Parking Sput-WEhringerstrasseEl‘ rstrasse 20
| : : — - -
w0 mart Parking Spot - Wahringerstrasse 6| Wihringerstrasse 22
1] your parking needs in the = |
o
| @

results window 23
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Hands-On 1: Solution (1/2)

Queries - Select model “
&) Model Edit View Processtools E Model selection: ;aﬂ oK
. =) Models
1 B Predefined queries Relation table : :
m; = - q - E.'H_Modellmg References...
g Analysis R R ) | Queries/Reports... b Alt+F3 h =2 2 Analysis .
Bl Analytical evaluation...” . &% 1_SmartParking Madel types...
Y1 2_SmartEmergency
‘2 Printer settings... Strg+Alt+P | W 3_SmartRunning Cancel
& 4 Smart&mbulance
Exit ADOsxx Alt+F4 B2 5_SmartMarathon Help
i) 3_Simulation
Queries E
Query results - Get all objects of class "Smart_Parking™ with attribute “F
Query scope Liy Parking_Destination
() Queries on models {model attributes) [= | =@ 1.1_5martParking
(@) Cueries on model contents @ a Smart Parking Spot - Wq Copy to clipboard asse 2

Standardised queries Select attributes...

Cuery: : :
Get all ohjects of class ... with attribute ... W Queries - Attribu
Input field Classes:
Get all objects of class | a Smart_Parking w =0 Smart_P.arkm.g
- =23 Parking Sign
with attribute |Parking_Destination w | |like w | | Wrhringer* # Parking_MeterCost
# Parking_Status
Parking_Destination
Parking_Capacity

¥ MName
Add Evaluate
s I

Cancel Help 24
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Hands-On 1: Solution (2/2)

Query results - Get all objects of class "Smart_Parking” with attribute " Parking_Destination” like "W?h™"
Parking_Capacity |

FELD | 82000 #

Parking_Destination

= 1. 1_5martParking

2 5Smart Parking Spot - Wahringerstrasse 1

a Smart Parking Spot - Wahringerstrasse 2

a Smart Parking Spot - Wahringerstrasse 3

a Smart Parking Spot - Wahringerstrasse 4

2 5Smart Parking Spot - Wahringerstrasse 3

a Senart Parking Spot - Wahringerstrasse &

3
e o
S

Wahringerstrasse 2
Wahringerstrasse 8
Wahringerstrasse 16
Wahringerstrasse 12
Wahringerstra 5
Wahringerstrasse 22

(- KBl
B

/

ke EEEEERY

Wiahringerstrazse 20-30

—_

5] e E= A =R
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Exercise Structure

1. Standardized queries

— Basics: The query dialog and the query result window | Smart Traffic Signs
— Demo: Querying classes and attributes | Smart Parking
— Hands-on: Operators, wildcards, and changing values | Smart Parking

2. Combination of standardized queries using set operators
— Basics: Construction of combined queries
— Demo: Intersection of query result sets | Smart Emergency Response
— Hands-on: Union of query result sets | Smart Running Track

3. User-defined queries and advanced query combination

— Basics: Relations and relationship operators, AQL
— Demo: AQL, transitive relations | Smart Traffic Planning
— Hands-on: AQL, transitive relations | Smart Ambulance Navigation

4. Pre-defined analysis queries
— Basics: Extending Mechanisms and Algorithms of Modeling Methods
— Demo: Pre-defined queries | Smart Relay Marathon Runner
— Hands-on: Pre-defined queries | Smart Relay Marathon Organization

26
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Combination of standardized queries using set
operators

e Open the 2_SmartEmergency model within
the model group 2_Analysis in the Modeling
Toolkit.

Explorer - Model groups
HE S| 5O 2 XiE| @

Mu:udels

(%]

Explorer - Model groups

HE & &S0 = iF |

= 3 Models
) 1_Modelling
3 2 Analysis
¢= 1_SmartParking
- 5 2 SmartEmergenq,rI
W3 _SmartRunning
&3 4 SmartAmbulance
B2 3 SmartMarathon
BH_Sir‘nulatiun

27
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Basics: Construction of Combined Queries

Query scope

-:::Z' Queries on models (model attributes)

(®) Queries on model contents

Standardised queries

Query:

1 . : : : :
Get all objects connected with the cbject ... of class ... with the relation ...

Get all objects connected with the object ... of class ... with the relation ... v

Input field

Get all objects connected with the object | Call 1001

of class | @ Area W

with the relation | |s inside

| Get all objects of class...
Get all objects of class ... with attribute ...
Get object ... of class ...

Get all connectors of relation ...
Get all connectors of relation ... with attnibute ...

1. Select a standardized query
that represents the user needs

v and complete the query by

filling in missing elements and

User defined queries

input fields

{"Call 1001":" Area"l<-"Is inside")
OR
{"Call 10017 Area"l-» "Is inside")

Show attributes in columns

< Bacli:} Attributes... | | Model info... Cancel Help

B 2. Standardized queries can be
combined using the Add button
and the logical operator such
as AND, OR, DIFF.

i N 3. Repeat 1 and 2 as necessary

4. Run the query by clicking on
Execute 28
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Demo 2: There has been an Accident! (1/2)

« The emergency number 122 has been called by a
concerned citizen. People have been injured

e The dispatcher informs emergency services
immediately

« Additionally, the dispatcher is looking in the Smart
City model for registered doctors in proximity of
the accident -

o The dispatcher informs
relevant persons in the
area via smartphone and
dedicated apps

29
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Demo 2: There has been an Accident! (2/2)

l e A 122 call has been
registered

e Search for doctors in
proximity

Inform them of the accident

assebblag

AssEl)Slap 0P

———p————

Wahringerstrazse 20-Q0 Wihringerstrazse 10-20 ‘;'Jﬁhring&rstras:se 2-10

i i3 ¥

Y
: .« Technical solution:
il ! E — Not a standardized query
: 2 functionality
| 3 — Query for all pedestrians that are
A doctors
I — Query for all pedestrians in close
R P e— . proximity
— ',' h — Combine the query result sets and
| Zenszengasse 1-10 execute the Comb]ned quel’y 30
5% universitit OMLAB =
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Demo 2: Solution (1/5)

[ [
b 1| E !
il ] L
1| 2 Bl | &
o 1| 2 IERE
o &
. o L
E H I i I
1l ——— l
. 4
. § .
'Y : f s f T t
P ——— = - ---d------- --=--==-
. | = | yREr=trazse 20-30  Wihrngersfrasse 10-20  Wahrngerstragse 2-10
: F n L)
1 ‘* t L X
SiE |
|
& 1| €
o LBt
|
ok | .
A A v
= | ‘ ) | i
. | LB i | i
—— b —————- < --!
|
a3 | Sensengasse 1-10
1
a 31
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Demo 2: Solution (2/5)

Mo... [¥]

[} ]
| 1| 2 !
il ! g 1! 7
. N T %
1 % § | ]
H i & !
: K i' i f
T |
Y ——— - - 4= -- b EE LT ===
. | | V.WErstrasse 20-30  Wahrngerstrasse 10-20 Wihrngerstragse 2-10
i TN '
lfil
|
A I {%ﬁ
o LB
: 8
O :
L A
=t |
|
L3 |
——— = - =
|
s |
1
a 32
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Demo 2: Solution (3/5)

Mo... |E|

[ [}
| 1| 2 !
: | a 1 z
- 11]3 it 1 | 2
1 | 2 IERE
d i 8
H Pl |
| 1
= *
. # .
'Y : 11 i ¥ £ ¥ f
L - s -=-=-=-==-
. | | V.WErstrasse 20-30  Wahrngerstrasse 10-20 Wihrngerstragse 2-10
: f o n
JiL 4 ! i
Bl h
|
= 1| €
@ il
I [
. &
'. Area-26845 (Area) 87| x
= mﬂﬂ =#Hd 0
Call 'I'DCI‘I| || Description |
o b
1 Type:
n Emergency v I
Form
i® Ellipse
a () Rectangle 33
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Demo 2: Solution (4/5)

|
+f V| 2
: | & =
. 1]z d
1 | 2 4
. o s
H ¥ : 4
A .
B | i ,
L [ f f T t
3 |
n -— o . r - . --‘ -‘- m‘- - --‘ ------- -‘ -------
[-{= 1% I -
= | i s 20-30  Wahnngerstrasse 10-20 Wahnngerstragse 2-10
ik * ! '
Bl : o
4 | g :
] :
O | :
L A
ot |
I n
& | ¥
—-—— = - -
|
| Sensengasse 1-10
= .

a 34
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@ =
Demo 2: Solution (5/5) Queries - Select mode B
°
Model selection: Aﬂ oK
A’ Model Edit View Processtools E = | Models :
2 1_Modelling References...
Predefined queries Relation table =3 2_Analysis
3 | Queries/Reports... . Alt+F3 h = 1 SmartParking Model types...
@, Analytical evaluation b & 2 SmartEmergency
yt h "8 3_SmartRunning Cancel
Q’ Printer settings... Strg+Alt+P | & 4_SmartAmbulance Hel
E2 5 SrnartMarathon e
Exit ADOnox Alt+F4 |7 3 3_Simulation
Standardised queries
Cluery:
Get all ohjects of class ... with attribute ... W III Execute
Input field
Get all objects of class | . Pedestrian W Query results - (<"Pedestrian”>[?"Job" = "Doctor™]) AND ({"Call 1001
with attribute | Job vl |= w | | Doctor '3, Mame lob | Contact |
[= | = 1.2 _5martErmergency
AND OR DIFF ] Add Evaluat @ + lohanna Plato lohanna Plate| Doctor 43-1-4277-725 01
ear valuate
Standardised queries “l ; %
CQuery: 1 %
Get all objects connected with the object ... of class ... with the relation ... W |-
11
Input field A .
GGet all ohjects connected with the object | Call 1001 | 1|t i
1

of class | @ Area v dnm i
. 10‘ Add ‘ Evajuate -/- - -‘_ - - } 35
|| 1

with the relation ||z inside W |
T [ |
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Combination of standardized queries using set
operators

e Open the 3_SmartRunning model within
the model group 2_Analysis in the Modeling
Toolkit.

Explorer - Model groups
HE S| 5O 2 XiE| @

Mu:udels

(%]

Explorer - Model groups

HE & &S0 = iF |

= 3 Models
) 1_Modelling
3 2 Analysis
&= 1_SmartParking
J7 2_SmartEmergency
D 3_SmartRunning I
&3 4 SmartAmbulance
B2 3 SmartMarathon
BH_Sir‘nulatiun

36
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Hands-On 2: Smart Fitness Track (1/5)

ooooo < 9:41 AM

« Healthy citizens are cheap and
happy citizens.

 Fitness, e.g., running, walking or
cycling, is an essential part of a
healthy lifestyle.

* To keep citizens save and healthy,
fitness tracks should neither have
bad air quality nor a lot of traffic.

- ASmart City model can provide the
data to create a dynamic running
track based on real time data and

user requirements.
37
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Hands-On 2: Running Track (2/5)

e - Find a running track in the

Smart City that neither has a lot
of traffic nor has bad air quality

QAQAQA

ASSEISIALI0PSSNN
assebblag

2O
©
>

I
1
I
I
A
]
I
I
I
I
I
A
I
I
I

| |
1 Wahringerstrasse 30-40 1 Wahringerstrasse 20-30 Wahringerstrasse 10-20  Wahringersirasse 2-10
[ ] [ ]
v v
[ | [ |
I 1] g
1 g ]! 2
"l % '-._:I E . .
- - 7]
A RiBE «  Technical Solution
| AHE
I i =
» Y
I |
I I
b TS SRR <4---!
I
| Sensengasse 1-10
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Hands-On 2: Running Track (3/5)

9 - Find a running track in the

i | Smart City that neither has a lot
1. : 5 of traffic nor has bad air quality
A I
‘- 1] I
=it i AAA
I |
I Y I
R T A '
: erstrasse 30-40 :
¥ v
' Q|
11 |
] o 1
) g I - Technical Solution
: : 1. Find all streets
A
|
I

|
| Sensenga ..1_10
QA -
F5 (niversitat OMLABR
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Hands-On 2: Running Track (4/5)
. * Find a running track in the

Smart City that neither has a lot
of traffic nor has bad air quality

OAOA.A

ebbiag

ASSE]

L >0

«  Technical Solution
1. Find all streets
2. Use DIFF operator
‘ 3. Find all streets with high or
pintulielni hebebebell < --! very high pollution

|

1

1

|

A

|

|

|

S

= |

A

|

; |

S e e EET

>

|
| Sensenga ..1 10
0
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Hands-On 2: Running Track (5/5)

ebbiag

P——-*:f'

e

Find a running track in the
Smart City that neither has a lot
of traffic nor has bad air quality

QL0404

9 |

Technical Solution

1. Find all streets

2. Use DIFF operator

3. Find all streets with high or
very high pollution

4. Use DIFF operator

5. Find all streets with hlgh
traffic

www.omilab.org

OMLAB
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Hands-On 2: Solution

£ Model Edit View Processtools E

Explu-rtrl grou|
BB & o G

Predefined queries Relation table

3 | Queries/Reports...

bt

n Alt+F3

@, Analytical El.raluation...b"f
Q’ Printer settings... Strg+Alt+P
Exit ADChox Alt+F4

Standardised queries

Cluery:

Queries - Select model ﬂ
Model selection: Aﬂ oK
=) Models ;
I 1_Modelling References...
=3 2_Analysis
&= 1_SmartParking Model types...
2 SmartEmergency
W 2_SmartRunning Cancel
& 4 SmartAmbulance
B2 5 SmartMarathon Help
D 3_Simulation

Get all objects of class...

Input field

Get all objects of class | [EECECEIN - Add |n

DIFF

Query:

Get all ohjects of class ... with attribute ...

Input field
Get all objects of class | == Road v m Add |Im DIFF Erjf results - (<" Road">) DIFF (<"}
with attribute | CAQI Wl |== vl 4 [ | = 1.3 _SmartRunning
o @ == Sensengasse 1-10
LEny: —
Get all objects of class ... with attribute .., @ = Sensengasse 10-10
P == Sensengasse 10-20
Input field 3 == Wahringerstrasse 10-20
Get all objects of class | == Road v Add _ == Waihringerstrasse 2-10
with attribute [Traffic e <] [righ @ = == Wihringerstrasse 20-30 42
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Exercise Structure

1. Standardized queries
— Basics: The query dialog and the query result window | Smart Traffic Signs
— Demo: Querying classes and attributes | Smart Parking
— Hands-on: Operators, wildcards, and changing values | Smart Parking

2. Combination of standardized queries using set operators

— Basics: Construction of combined queries
— Demo: Intersection of query result sets | Smart Emergency Response
— Hands-on: Union of query result sets | Smart Running Track

3. User-defined queries and advanced query combination

— Basics: Relations and relationship operators, AQL
— Demo: AQL, transitive relations | Smart Traffic Planning
— Hands-on: AQL, transitive relations | Smart Ambulance Navigation

4. Pre-defined analysis queries
— Basics: Extending Mechanisms and Algorithms of Modeling Methods
— Demo: Pre-defined queries | Smart Relay Marathon Runner
— Hands-on: Pre-defined queries | Smart Relay Marathon Organization

43
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User defined queries and advanced query

combination

e Open the SmartAmbulance model within
the model group 2_Analysis in the Modeling

Toolkit.

Explorer - Model groups

=

Mu:udels

(%)

Bl o500 EXE|@

Explorer - Model groups

HE & &S0 = iF |

= 13 Models
) 1_Modelling
3 2 Analysis
&= 1_SmartParking
7 2_SmartEmergency
L E SmartFunning
&3 4 SmartAmbulance
B2 3 SmartMarathon
BH_Sir‘nulatiun

44
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Basics: Relations

A Query for relations returns connectors and
Connected Objects Get all objects of class...

Get all ohjects of class .. with attribute ...
Get object ... of class ...

Standardised queries 1 | (et all connectors of relation ...

Cuery: et all connectors of relation ... with attnbute ...
Get all connectors of relation ... W
Input field
Get all connectors of relation SmartCity_Relatir w
< Backm Execute Attributes... | Model info.. Cancel Help

Query results - Get all connectors of relation "SmartCity_Re

e The result contains all
connectors of the specified [
relation and their start and
target object

= 1.4 Smart&mbulance

Speed-5ign-5g -= Sensengasse 10-20
Speed_Signs-Ws-1 -» Wahringerstrasse 2-10
Speed_Signs-Ws-2 -»> Wahringerstrasse 10-20
Stop-Sign-Ws -> Wiéhringerstrasse 20-30
Traffic_Lights-14564-19800 ->» Sensengasse 1-10

45
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Basics: User-defined Queries & AQL

e User-defined queries:

Queries
Query scope - Queries WhiCh are defined by
© Gt on ot the user through standardized
queries in AQL syntax. For
Userdefined queric execution AQL knowledge is
[{"W&hringerstrasse™:"Traffic_Signs"}<-"SmartCity_Relation") OR .
I {{"Wahringerst Traffic_Signs"}-»"5martCity_Relation") requ‘red.
AND OR DIFF Clear

[¥] Show attributes in columns ® Queries, can be
< Bacliy} Bk ien Daraaasl e Help Completely defined by
the user by using AQL

46
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Basics: Combining Query Result Sets with the
Relation Set using Links <- | ->

« '->'returns all Connectors / connected Objects outgoing
from the objects of the AQL expression

o '<-'returns all Connectors / connected Objects incoming
in the objects of the AQL expression

Standardised queries
Clueny
Get all objects of class ... with attribute ... v

[ Input field
Get all objects of class | @ Traffic_Signs W

with attribute | Type W= w | [Under_Const w

User defined queries

(=" Traffic_Signs">[?"Type" = "Under_Constru ctiu:un"]:l'Sr'n artCity_Relation”

« The result contains all objects connected

with construction sites R T
€ = Wahringerstrasse 20-30 47
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Basics: Combining a Query Result Set with the
Relation Set using Transitive Links <<- | ->>

« Cascading links and transitive reference

— The '->>" and '<<-' operators return all Connectors / connected
Objects which are transitively referenced

User defined queries

(«"Traffic_Signs"=>[T"Type" = "Under_Construction”]}->"5martCity_Relation” L
<<-"Subsequent” R

e The result lists all streets preceding Q| = Wahringerstrasse 10-20

J == Wahringerstrasse 2-10
the construction site
User defined queries .
(«"Traffic_Signs"=>[?"Type" = "Under_Construction"]})->"SmartCity_Relation" [y

[= | = 1.4 _SmartAmbulance
@ @ Speed_Signs-Ws-1
&
e

{{—"Suhseguent"

The result lists all signs on
preceding streets

@ Speed_Signs-Ws-2
@ Traffic_Signs-19836

48
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Demo 3: Construction Sites (1/4)

« The urban traffic planner needs to find and adjust all

Smart City speed limit signs preceding a construction
site
e Technical Solution:

I
' (>
-
|
x l v |
- |
=== d---r-—-d-—---—--- d-=-=-=-=--- 4---=-=---
— |
Wéhringerstrazze 30-40 ‘ | ‘ Wahringerstrasse 20-30 Wahringerstrazse 10-20  Wahringerstrazse 2-10
1
Y
| I | & 49
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Demo 3: Construction Sites (2/4)

« The urban traffic planner needs to find and adjust all
Smart City speed limit signs preceding a construction
site

e Technical Solution:

— Query for construction sites

| 1] ¢ 50
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Demo 3: Construction Sites (3/4)

« The urban traffic planner needs to find and adjust all
Smart City speed limit signs preceding a construction
site

e Technical Solution:

— Query for construction sites

— Use the result to query for roads preceding the
road with the construction site

I
: 30
i ® OO
a . A @ 9 (%
| | f | |/
A d-- -t —— - - === === === ——-
B Wéhringerstrazze 30-40 ‘ : ‘ Wahringerstrazse 20-30 ztrazse 10-20 ztrazse 2-10
M
| |11 ¢ 51 |
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Demo 3: Construction Sites (4/4)

« The urban traffic planner needs to find and adjust all
Smart City speed limit signs preceding a construction

site
e Technical Solution:
— Query for construction sites

— Use the result to query for roads preceding the
road with the construction site

— Use the result to query for speed signs related
to THESE ROADS

8 52
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Demo 3: Solution

Standardised queries

Quer: _ 1) Query for construction
Get all ohjects of class .. with attribute .., W SiteS
Input field
Get all objects of class | @ Traffic_Signs w 2) Use the reSUlt Set to
with attribute | Type W= w | [Under_Const w query for the road
i valuate related to the
construction site
User defined queries 3) Use the result set to
— _ query for preceeding
(B (< "Traffic_Signs">[T"Type" = "Under_Construction”]) roads
A -="SmartCity_Relation”
¥ < <-"Subsequent” 4) Use the result set to
ol <-"SmartCity Relation" query for signs related

to the roads

- Eackﬂ Execute Attributes... | |Model info... Cancel Help

Type Max Speed |

@ Speed_Signs-Ws-1|5peed_Limit 50
& Speed_Signs-Ws-2|5peed_Limit 30 53

q’
[= | & 1.4 SmartAmbulance
S
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. You transport an injured person in an
Hands-On 3: Emergency ambulance. The condition is not
Service in a Smart City (1/5) critical, but you want to reduce waiting
time. For this purpose your navigation
system can access real time Smart City
traffic light data to optimize your
route.

@3 . ..

BEGIN

ASSEJ)SIaLI0RSSNN
assebblag

__’.______.
000
e —

|
|
|
1
|
|
A
|
I
I
|
|
I
A
|
|
|

| Wéhringerstrazse 30-40 Wahringerstrasse 20-30 Wihringerstrasse 10-20  Wihringerstrasse 2-10

[
——pm——————
assebjeyds
. |
0201 @ssebuasuas

i

| Sensengasse 1-10 54
]

niversitat OMLABR
5 Wilen www.omilab.org - El‘asmUS+

Ugnis>



Hands-On 3: Emergency

You transport an injured person in an
ambulance. The condition is not

Service in a Smart City (2/5) critical, but you want to reduce waiting

ASSEIEINI0PSSNR

time. For this purpose your navigation
system can access real time Smart City
traffic light data to optimize your
route.

o

assebblag

" !
al ~al i
T T T T T T T 7 ™ - - T 7 7 = - - - = = =~ |

Wéhringerstrazse 30-40

s L S—
000
___b.______.

E
assebjeyds

BEGIN

Wahringerstrasse 20-30 Wihringerstrasse 10-20  Wihringerstrasse 2-10

1. Find all roads to Spitalgasse

0z-01 @ssefuasuas

| Sensengasse 1-10

55
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) . You transport an injured person in an
Hands On 3’ Emergency ambulance. The condition is not

Service in a Smart City (3/5) critical, but you want to reduce waiting
time. For this purpose your navigation

system can access real time Smart City
traffic light data to optimize your
route.

e
e E— < b

BEGIN

assebblag

»

ASSEIEINI0PSSNR

Wahringerstrasse 20-30 Wihringerstrasse 10-20  Wihringerstrasse 2-10

:/44‘{__-’_-__-

1. Find all roads to Spitalgasse
2. Remove all roads with a red light
(DIFF)

assebjeyds
0201 @ssebuasuas

56
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Hands-On 3: Emergency

You transport an injured person in an
ambulance. The condition is not

Service in a Smart City (4/5) critical, but you want to reduce waiting

ASSEIEINI0PSSNR

I
I
I
I
I
I
A

—— === —— -

time. For this purpose your navigation
system can access real time Smart City
traffic light data to optimize your
route.

A®

assebblag

" !
al ~al i
T T T T T T T 7 ™ - - T 7 7 = - - - = = =~ |

assebjeyds

1r

BEGIN

Wahringerstrasse 20-30 Wihringerstrasse 10-20  Wihringerstrasse 2-10

. Find all roads to Spitalgasse

. Remove all roads with a red light
(DIFF)

3. Remove subsequent roads originating

from roads with a red light (DIFF)

N —

0z-01 @ssefuasuas

- - - p——— e
: Sensengasse 1-10 57
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) . You transport an injured person in an
Hands On 3’ Emergency ambulance. The condition is not

Service in a Smart City (5/5) critical, but you want to reduce waiting
time. For this purpose your navigation
system can access real time Smart City
traffic light data to optimize your
route.

o

ASSEJ)SIaLI0RSSNN
assebblag

__’.______.
o

e e
»

| - &
-l -l |
___1.__-‘ _______ .‘___.____1 _______ S=E e N ee———— =
I BEGIN
| Wéhringerstrazse 30-40 Wahringerstrasse 20-30 Wihringerstrasse 10-20  Wihringerstrasse 2-10
\ 4 v
1
[ g
I )] a
! g
I g i
3 — 2
1|4 7
=
]
[ ]
A E v
K
- - - T - = ﬁ 7777777 ‘7 [ —
|
| Sensengasse 1-10 58
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Hands-On 3: Solution

e Find a street to the hospital
that is not blocked by a red light

1. Find all roads to Spitalgasse
2. Remove all roads with a red light

(DIFF)
== Wiahringerstrasse 10-20|Wahringerstrasse

=
3. Remove SUbsequent rOadS = == Wihringerstrasse 2-10 |Wihringerstrasse
Or.lg.lnat.ing from roads W.Ith a red l.ight %) == Wiahringerstrasse 20-30|Wahringerstrasse

Mame

= 1.4 Smarthmbulance

- CrossRoad-14570

== Sensengasse 1-10 Sensengasse 1-10

= Sensengasse 10-10 Sensengasse 10-1

Q’
(=
@ - CrossRoad-12628
o/
=5
(&

== Sensengasse 10-20 Sensengasse 10-2

(DIFF)

User defined queries

(*:"Ru::ad":-[?"l"-.larne" = "Spitalgasse"]< <-"Subsequent") DIFF |

yB (< "Traffic_Lights">[?"Color" = "Red"]->"SmartCity Relation") DIFF|
(< "Traffic Lights">[?"Color" = "Red"]->"SmartCity Relation"-> > "Subsequent") |

AMD OR DIFF Clear 59
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Exercise Structure

1. Standardized queries
— Basics: The query dialog and the query result window | Smart Traffic Signs
— Demo: Querying classes and attributes | Smart Parking
— Hands-on: Operators, wildcards, and changing values | Smart Parking

2. Combination of standardized queries using set operators
— Basics: Construction of combined queries
— Demo: Intersection of query result sets | Smart Emergency Response
— Hands-on: Union of query result sets | Smart Running Track

3. User-defined queries and advanced query combination
— Basics: Relations and relationship operators, AQL
— Demo: AQL, transitive relations | Smart Traffic Planning
— Hands-on: AQL, transitive relations | Smart Ambulance Navigation

4. Pre-defined analysis queries
— Basics: Extending Mechanisms and Algorithms of Modeling Methods
— Demo: Pre-defined queries | Smart Relay Marathon Runner
— Hands-on: Pre-defined queries | Smart Relay Marathon Organization
60
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Predefined analysis queries

e Open the 5_SmartMarathon model within
the model group 2_Analysis in the Modeling

Toolkit.

Explorer - Model groups

=

Mu:udels

(%]

Bl o500 EXE|@

Explorer - Model groups

HE & &S0 = iF |

= ) Models
) 1_Modelling
3 2_Analysis
&= 1_SmartParking
7 2_SmartEmergency
| 3_SmartRunning
&3 4 SmartAmbulance

%E 5_SmartMarathon
3_Simulation

61
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Basics: Extending Procedures and Functions of
Modeling Methods

e The query functionality in ADOxx can be
configured to support e.g., pre-defined queries.

« This pre-configuration supports the
implementation of modelling method dependent
functionality.

e Properties
— Session-independent
— Defined by the method engineer and therefore easy to use
— The modeler executes the query only by filling place holders
— Specific for the used model and their modelling language
4 ADOxx Modellir

@ Analysis | Predefined queries = Relation tables Edit  Extras Window Help

E% [ Analysis-5martMarath , Marathon... 7
A | e | @ Queries on Analysis mal arathon arathon ﬂhﬁ B ‘ =)

62
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Demo 4: Relay Marathon 1/2

« Relay marathon hand overs are

an uncomfortable situation
— Lots of people waiting

— No fixed time

— Runners are exhausted

o Goal: A tool for the waiting person that can

track your currently running teammate

— Once you found your partner, you can pass along the tool (e.g.,
on a smartphone or smartwatch) and the rest of your stuff (e.g.,
clothes) to your partner and start running.

63

S Lniversitat iLAB -
OMLAB Erasmus+

: Wlen www.omilab.org




Demo 4: Marathon Relay 2/2

H \\
. A\.l

T
A gt e L A il
e )
o ——
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Demo 4: Solution

e Design the query in the Development Toolkit
— Create new menu entry
— Create input fields
— Customize AQL expressions
— Paramerterize query with input fields
— Configure result attributes

e Execute the query in the Modelling Toolkit

— Select query and model
— Enter input fields
— Execute query and receive results

65
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Demo 4: Solution

U

Migration Extras Window Help

j |@ Settings... [\J

Libraries Migration Extras Window Help I Checks... -
(B M [ 7% [ |Library management | ‘ M Management...
‘ Exit ADOxc  Alt+F4

Library management "
Settings |Check5 I Management
Application libraries: & Class hierarchy
= [ SmartCitylibrary-Exercise-Analysis
4 |48 Dynamic Library - SmartCityLibrary-Exercise-Analysis Class attributes...

Static Library - SmartCityLibrary-Exercise-Analysis

Attribute scopes...

Library attributes...

H Predefined analysis queries...

Predefined evaluation queries..,

Release library

66
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Demo 4: Solution

Dynamic Library - SmartCityLibrary-Exercise-Analysis - Edit queries “

Menu items |Input fields | AQL expressions | Result attributes

Edit...
| Mew... .

LN

Delete
— Insert new element “
4 Item se
La Save tr Mew element:
—| [ - |
Shrink/|
Position to insert

Edit text field “

Before the select
After the selected
(®) As last element

Fenu item:
| Marathon

Model type:

Edit text field H
Query:

mlﬁazf |

Apply Cancel Help OK Cancel Help

| 67
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Demo 4: Solution

Dynamic Library - SmartCityLibrary-Exercise-Analysis - Edit queries “

Menu items |Ir1p|..rt fields IADL EXprESSions | Result attributes |

Idarathon |
iRelgy 1

Dynamic Library - SmartCityLibrary-Exercise-Analysis - Edit queries ﬂ
| Menu Input fields IAQL EXpressions | Result attributes |
1. Cuery: Relay
Elements:
Edit... Insert new element
New... I Mew element:
Delete Ly 16 [Text v
B4 ttem search.. Strg+F Position to insert
[ Save tree structure... ) i
Peforethe s Edit text field x|
Shrink/Expand , After the sel
Previc (®) As last elem Text field:
| Mame

FI |: m oK Cancel Help 68
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Demo 4: Solution

Dynamic Library - SmartCityLibrary-Exercise-Analysis - Edit queries “

| Menu rtm Input fields |AQL expressions | Result attributes |

1, Query: Relay

Elements:

B Text
Marme

Insert new element “

Mew element:

Edit... 22 |[Edit field "

Mew... M Position to insert
Delete o Before the selected element
Eﬁ S Strg+F After the selected eleme Edit field n

(®) As last element
o S t structure... .
pre-._.-i dv'e tree StrucCture, |r|pl._|tt!lfpel ET
Mar Shrink/Expand 3 |5tr|ng
oK Cancel _ Cancel
Field length:
N -

Default value;

Tirne support

69
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Demo 4: Solution

Dynamic Library - SmartCityLibrary-Exercise-Analysis - Edit queries H

| Menu items | Input f ACGL expressions |Result attributes |

1. Query: Relay

ACL elernents: ACL expression:

Insert new element H

Mew element:
.

Position to insert

Qia [tern search...

[ Savetree struc
Before the selected element

Shrink/Expand After the splestad ol =
Preview (®) As last eler Edit query part “

Standardised queries

oK [ Query:
|Get all chjects of class ... with attribute ... W

Input field
Get all ohjects of class | & Runner v|

with attribute | Name v like v| | dummy

Ok Cancel Help 70
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Demo 4: Solution

Dynamic Library - SmartCityLibrary-Exercise-Analysis - Edit queries “

| Menu items | Input field5| ACQL expressions |Resu|'t attributes |

1, Query: Relay

ACL elements: AQL expression:

B3 AQL part (= "Runner"=[?"MName" like "durmmy"]}
{<"Runner'=[?"MName" like "dumm].r'g

Edit...

Mew...

A

Delete

G4 Item searck H
< Insert new element
Save tree st

Preview i Mew element:

Position to insert

Before the select
After the selecte

AQL - Create reference

(@) As last element Mark the position of the new reference:

|[<"Runner":-[?"NamEE gdummyg)

QK Car

Create

Proposal

Cancel

Help

71
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Demo 4: Solution

SmartCity Dynamic Library - Edit queries

Menu items | Input fields| ACQL expressions |F‘.ﬁu|‘t attributes |

ACL elements:

1, Query: RelayForRunners

AQL expression:

= AQL part

(<"Runner"=>[#'MName" like "*
{="Bunner" =" MName" like "* @R@@m2E *])

.m—'_

N

= 3 AQL part o
=1 Delete
4 ttem search... Strg+F
[ Save tree structure...
Preview Shrink/Expand [
Apply Cancel Help
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Attribute selection ﬂ

Attribute: oK E
B SmartCity

QSimulation-Smart Marathon Cancel
QSmartCityAnalysis
7 Analysis-SmartParking Help

Demo 4: Solution

Dynamic Library - SmartCityLibrary-Exercise-Analysis

_ @Analysis-ﬁmartEmergency
| Menu items | Input fields IADL E:{pres Result attributes I @Analysis-ﬁmarﬂrack
_ @Analysis-ﬁmartnmbulance
1. Query: PartnerFinder = &) Analysis-SmartMarathon
Classes: Relations: @ Traffic_Signs
B Traffic_Lights
Edit... B Buildings
= Rpad
New... P - CrossRoad
Delete l ® Car
Insert new eleme L Heliport
Qia ltern search... Strg+H # Logo
[ Save tree structure... Mew element: Relaybection
A Traffic
Shrink/Expand = % Runner
Position to insert = 3 Description
Prview Nome
Before the selected elemen
After the selected element Number

(®) Ac last element Km

RelaySection

AssignedRelaySection
@ Simulation-5mart Marathon Drink £
a Simulation-5mart Marathon Static [

QK Cancel

< >

Apply Cancel Help 73
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Demo 4: Solution

Belation tables Edit Extras Windo

Wlals oo [ o [

Marathon - Model selection

Model selection: QK

a

= L3 Models

) 1_Madelling
=3 2_Analysis

Marathon - Queries

ﬁ1 Modelllng

Cueries

=) Marathon

49 | 5_SmartMarathon

1 3_Simulation Relay

| 3_Simulation

Cuery specification

Max Weber

Execute

| Query results - RelayForOrganizers

Mumber | Km | RelaySection | AssignedRelaySection

I%' Mame
54 [= | = 1.5 SmartMarathon
@ & Franz Brentano |Franz Brentano

1959 20/ B A
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Hands-On 4:

* Support the marathon
organization by finding
and alerting people that
arrive or wait in the
wrong relay section

ReIFySectinn-A
(===p- :;&i -_*; ==
. A .

- 4& .......
e e

4 75
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Proceed like in the demo

example

1. Query for runners
inside the relay
station A

2. Query for runners
whose assigned relay
section is not A

3. Create the
intersection of
queries in 1 and 2

4. Repeat 1-3 for B
Repeat 1-3 for C

6. Create the union of

3-5

Hands-On 4: Solution (1/2)

((({"RelaySection-A":"RelaySection"
"Is inside") OR ({"RelaySection-
A" :"RelaySection"}->"Is inside"))

AND

(<"Runner">[?"AssignedRelaySection"

"A"1))
OR

((({"RelaySection-B":"RelaySection"
"Is inside") OR ({"RelaySection-
B":"RelaySection"}->"Is inside"))

AND

" OR

(<"Runner">[?"AssignedRelaySection"

"8"1))

((({"RelaySection-C":"RelaySection"
"Is inside") OR ({"RelaySection-
C":"RelaySection"}->"Is inside"))

(<"Runner">[?"AssignedRelaySection"

"c'1))

76
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Hands-On 4: Solution (2/2)

Dynamic Library - SmartCityLibrary-Exercise-Analysis - Edit queries “

Menu items | Input fields| ACL expressions | Result attributes

2. Query: RelayForMarathonCrganizer

ACQL elements: ACL expression:

=2 AcL part ((({"RelaySection-A":"RelaySection"} ~
{(({"RelaySection-A""RelaySection"}s | <-"ls inside") OR ({"RelaySection-

A""RelaySection"}-="ls inside")) AND

(«"Runner"= [T AssignedRelaySection”

I= "A"])) OR {{({"RelaySection- -——

B":"RelaySection"}=-"ls inside") OR

({"Relay5ection-B":"RelaySection"}-="Is

inside")) AMD (= "Runner"=

[ AssignedRelaySection” != "B"]}) OR

((({"RelaySection-C":"RelaySection”}

Preview

Query results - RelayForOrganizers

Q, Mame Murnber | Km |Hela].r5ectiu-n |Assignedﬂelay5ection |
[= | & 1.5 _5marthMarathon
o # Franz Brentano |Franz Brentano 1959 20/B A

Apply Cancel Help
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