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1. NormLab (Introduction)

NormlLab is a framework to support research on norm synthesis for Multi-Agent Systems.

NormLab allows to:

*  Perform MAS simulations. It incorporates two different MAS simulators: a traffic
simulator, and an on-line community simulator.

*  Perform on-line norm synthesis on MAS simulations. NormLab incorporates different
state-of-the-art on-line norm synthesis strategies that can be tested on MAS
simulations.

° Develop and test custom norm synthesis strategies. NormLab allows to develop
custom on-line norm synthesis strategies to be tested on the MAS simulations.
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An introduction to NormLab
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2. NormLab architecture
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3. Norm Synthesis Machine
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3. Norm Synthesis Machine
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3. Norm Synthesis Machine
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4. Traffic simulator

e Based on Repast Simphony 2.2
* Agents are cars, and conflicts are car collisions

* The goal is to synthesise normative systems that avoid collisions between cars.

| 222 Trafficlunction - Repast Simphol aCle

File Run Toels Window

Tick Count: 20.0

L { Trafficlunction FORC] m
E|,_J Trafficlunction

..
@ © & © ® @

Scenario Tree -

4 {11} (2

Scenario Tree | User Panel
un ons | Parameters
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5. NormLab download

NormLab is multi-platform. You can use it either in Windows, MacOS or Linux

Requirements

e Java JDK 1.6 or later http://www.java.com

» Eclipse IDE (just for Linux users) http://www.eclipse.org/downloads
* Repast Simphony 2.2 http://repast.sourceforge.net
Downloads

To use NormLab you need to download:

*  NormSynthesisMachine: http://normsynthesis.github.io/NormSynthesisMachine
Implements an API that allows to perform norm synthesis for MAS.

e NormLabSimulators: http://normsynthesis.github.io/NormLabSimulators
Code of two MAS simulators: traffic and on-line community.

Download both projects in a ZIP or TAR.GZ file.

12
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5. NormLab installation

Preparing the working environment

1.

Unzip NormSynthesisMachine and NormLabSimulators projects to your HOME folder.
* Forinstance... «/Users/Javi/NormLab»

Both projects will be unzipped as NormSynthesis-«project_name»- «numbers». For

instance...

 NormSynthesis-NormLabSimulators-34d43o0
NormSynthesis-NormSynthesisMachine-1847fje

Rename both projects, removing the «NormSynthesis» part and the numbers. After
renaming them they should look like this:

e NormLabSimulators
e  NormSynthesisMachine
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5. NormLab installation

Preparing the working environment

1. Open the Repast Symphony IDE (in Linux, open Eclipse IDE with Repast installed on it).
2. Select Java view in Eclipse

3. Import both projects NormSynthesisMachine and NormLabSimulators in Eclipse.
1. File>New>Java Project.

2. Uncheck «Use default location» and click on «Browse».

- - - - |.,_\||§|| 52 |

& -
% Mew Java Project

Create a Java Project g
Enter a project name.

Project name:

#
Buscar carpeta u
Use default location

Choose a directory for the project contents:
Location: Browse... ]

RE 4 Mormlab -
(@ Use an execution environment JRE: ’CDC-]J:’Founda‘tion-l.l - 4| | NormLabSimulators
. .settings
() Use a project specific JRE: |jr9_1.8.(]_31 - b @ batch @
() Use default JRE (currently 'jrel 8.0_317 Configure JREs.. > Ll bin
= 1 files
Project layout . installer -

() Use project felder as root for sources and class files

Carpeta:  MormLabSimulators
(@ Create separate folders for sources and class files Configure default..

Crearmevaarpem] l Aceptar I[ Cancelar

Workina sets

@ <Back | MNea> |[ Fnshn | [ Caneel
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5. NormLab structure

Before starting you need to know:

NormLabSimulators project is structured as follows:

src/traffic: The code of the traffic simulator.

(src/onlineComm: The code of the on-line community simulator)

launchers: The launchers that allow to run the two simulators.

repast-settings/TrafficJunction.rs: Basic Repast settings for the traffic junction simulator.
(repast-settings/OnlineCommunities.rs: Basic Repast settings for the on-line community simulator)
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Tutorial outline

NormLab execution:

6-8. Execution examples:
6. Example strategy 1: Normlab execution: Returns an empty set of norms.
7. Example strategy 2: Returns a fixed set of 1 norm.
8. Example strategy 3: Returns a fixed set of 3 norms.

9-14. Guided development of different norm synthesis strategies:
9. Development of example strategy 1: Empty set of norms.
10. Development of example strategy 2: Fixed set of 1 norm.
11. Studying example 4: A strategy with norm generation.
12. Studying example 5: A strategy with norm generation + evaluation.
13. Studying SIMON: A strategy with norm generation + evaluation + refinement.
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6. NormLab Execution: Example 1

TrafficJunction norm synthesis example 1

We are going to execute the TrafficJunction simulator with the simplest norm synthesis strategy:
- Everytime the strategy is executed, return an empty normative system.

Consequences: No norms are given to the agents = collisions are never avoided.

Note: This execution assumes that file parameters.xml (in directory repast-settings/Trafficlunction.rs
within NormLabSimulators project) has parameter «NormSynthesisExample» with field
«defaultValue» set to «1»
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6. NormLab Execution: Example 1

TrafficJunction norm synthesis example 1

In Eclipse, in NormLabSimulators project, go to directory launchers/
Do right click on the file TrafficJunctionSimulator.launch.

Click on «Run As» > «TrafficJunctionSimulator».

Click on button |@| to initialise the simulator.

P whh e

e T )

File Run Tools Window

e 0o00RvmMARBEOOM oo

TrafficJunction loaded | | | 20




6. NormLab Execution: Example 1

TrafficJunction norm synthesis example 1

In Eclipse, in NormLabSimulators project, go to directory launchers/

Do right click on the file TrafficJunctionSimulator.launch.

Click on «Run As» > «TrafficJunctionSimulator».

Click on button i@l to initialise the simulator.

Click on button g3 to start the simulator. Cars will appear as coloured balls. Collisions will appear
as red stars. Cars will start to drive and they will collide.

6. You can pause the simulation with button g and stop it with button O

e wnNeE

. -
. . -
i R
Norms Inspector - - e
—_— File Run Tools Window
Norms | Norm Groups .. B|. 6®| |a|il|a ﬁ E k_;'l,'r Eﬁn Tick Count: 1278.0
~Norm synthesi hod
Norm synthesis strategy: Example 1 I ST R =
Norm generalisation mode: None Generalisation step = | TrE_lf'ﬁcJunctiDn
B Trafficlunction
d norms - Il Charts
H=1
Norms in use Discarded norms B I_ Data Loaders
- i - TrafficConte
# Norms in use (0) # Discarded norms ({) >% Data Sets
E}! Displays
L. ® Traffic scena
- Text Sinks
“[TE] User Panel
I 1 | 3
6 Update Scenario Tree 2 1
Run Options | Parameters




Tutorial outline

NormLab execution:

6-8. Execution examples

6. Example strategy 1: NormLab execution: Returns an empty set of norms.
7. Example strategy 2: Using norms: Returns a fixed set of 1 norm.

‘8. Example strateéy 3: Returns a fixed set of 3 norms.

9-14. Guided development of different norm synthesis strategies
9. Development of example strategy 1: Empty set of norms.
10. Development of example strategy 2: Fixed set of 1 norm.
11. Studying example 4: A strategy with norm generation.
12. Studying example 5: A strategy with norm generation + evaluation.
13. Studying SIMON: A strategy with norm generation + evaluation + refinement.
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7. Using norms: Example 2

In the traffic simulator, cars’ perceptions correspond to the three cells in front of them:

‘ ? I «—— (Car perception

.ﬁ’ € Reference car

Norms are...

e |F.. THEN... rules.
e Norm precondition: Set of predicates with one term each.
e Three predicates (left, front, right).
e Terms {<, N, >,v,-, W, *}represent: cars with {<, 7, >, v} headings; nothing (-), wall (w) ; and
anything (*)
e Norm postcondition: A modality.
Graphical representation

‘ o I W prh(go)

2

IF left(>) & front(-) & right(-) THEN prohibition(go)
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7. Using norms: Example 2

TrafficJunction norm synthesis example 2

We will execute the TrafficJunction simulator with a norm synthesis strategy that returns a normative
system with only one left-side-priority norm:

Norm 1

‘? * % |WWP prh(go)

IF left(>) & front(*) & right(*) THEN prohibition(go)

It avoids some (but not all) collisions.
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7. Using norms: Example 2

TrafficJunction norm synthesis example 2

1. In Eclipse, in NormLabSimulators project, go to directory repast-settings/TrafficJunction.rs

2. Open file parameters.xml by doing right click > Open with > Text Editor. This file defines the
NormLab parameters.

3. Search for the parameter «NormSynthesisExample».

4. Set the field «defaultValue» to «2». This will indicate NormLab to launch example 2, which uses a
norm synthesis strategy that always returns a normative system with the left-side-priority norm.

5. Save the file.

name="MNormSynthesisExample” isReadOnly="false" displayName="N5M: Norm synthesis example” type="int"
converter="repast.simphony.parameter.StringConverterFactory$IntConverter"”
defaultValue="2" />

<parameter
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7. Using norms: Example 2

TrafficJunction norm synthesis example 2

6. Do right click on the file TrafficJunctionSimulator.launch.
7. Click on «Run As» > «TrafficJunctionSimulator».
8. Run the simulation with button &3
9. Update the norm synthesis inspector. Observe how now the normative system contains norm N1,
and cars occasionally stop to conform to it. - Synthesised norms
Norms in use
Green cirle:

Tick i . Norms in use (1)
Cs Ce o N1- (I(=)&f(*)& ("), prh(Go))

Red circle:
Norm 1 applies but car

Norm 1 applies
and car c, stops
(c5 has priority)

c; does NOT stop

Tick i+1
Non regulated
collision

(between ¢, - ¢, ) Regulated collision (between c, - c5)

cg complies with N1 (stops)
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Tutorial outline

NormLab execution:

6-8. Execution examples
6. Example strategy 1: NormLab execution: Returns an empty set of norms.
7. Example strategy 2: Using norms: Returns a fixed set of 1 norm.
|8. Example strategy 3: Removing collisions: Returns a fixed set of 3 norms. I

9-14. Guided development of different norm synthesis strategies
9. Development of example strategy 1: Empty set of norms.
10. Development of example strategy 2: Fixed set of 1 norm.
11. Studying example 4: A strategy with norm generation.
12. Studying example 5: A strategy with norm generation + evaluation.
13. Studying SIMON: A strategy with norm generation + evaluation + refinement.
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8. Removing collisions: Example 3

TrafficJunction norm synthesis example 3

Let’s define a norm synthesis strategy that avoids all possible collisions by always returning this

Normative System:
N1: IF left(*) & front(”) & right(*) THEN prohibition(go)

N2: IF left(>) & front(-) & right(*) THEN prohibition(go)
N3: IF left(<) & front(<) & right(*) THEN prohibition(go)

Set NormSynthesisExample defaultValue=«3» in parameters.xml (in NormLabSimulators project,
repast-settings/Trafficlunction.rs )

o
@

Tick i © © @ Ticki+l
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Tutorial outline

NormLab execution:

6-8. Execution examples
6. Example strategy 1: NormLab execution: Returns an empty set of norms.
7. Example strategy 2: Adding norms: Returns a fixed set of 1 norm.
8. Example strategy 3: Removing collisions: Returns a fixed set of 3 norms.

9-14. Guided development of different norm synthesis strategies
|9. Development of example strategy 1: Empty set of norms. |
10. Executing your own strategy |
11. Development of example strategy 2: Adding norms to your strategy (1 norm)
12. Example 4: A strategy with norm generation.
13. Example 5: A strategy with norm generation + evaluation.
14. SIMON: A complete strategy with norm generation + evaluation + refinement.
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9. Developing your own strategy

How are all these examples implemented? We will now develop our own norm synthesis strategy as
the one from example 1, which returns an empty normative system.

To do so, we first parameterise NormLab to use a custom norm synthesis strategy:

1. In Eclipse (NormLabSimulators project), go to directory repast-settings/TrafficJunction.rs

2. Open file parameters.xml by doing right click > Open with > Text Editor. This file defines the
NormLab parameters.

3. Search for the parameter «NormSynthesisExample» and set the field defaultValue=«0». This will
indicate NormLab that we do not want to load a pre-designed example.

4. Search for the parameter «NormSynthesisStrategy» and set the field defaultValue=«0». This will
indicate NormLab that we will provide a custom norm synthesis strategy.

5. Save the file

{parameter
name="NormSynthesisExample” isReadOnly="false” displayName="NSM: Norm synthesis example” type="int"
converter="repast.simphony.parameter.5tringConverterfactory$IntConverter”

defaultValue="8" />

{parameter

name="NormSynthesisStrategy” isReadOnly="false"
displayName="NSM: Norm synthesis strategy (CUSTOM/IRON/SIMON/XSIMON)" type="int"
converter="repast.simphony.parameter.StringConverterFactory$IntConverter”

deftaultValue="08" /»
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9. Developing your own strategy

Now, create your own norm synthesis strategy MyFirstStrategy.java:

* In NormLabSimulators project, go to package es.csic.iiia.normlab.traffic.custom in src/traffic .
* There, right-click New > Class to create a new Java class MyFirstStrategy.java that implements
NormSynthesisStragegy interface by:

[ w Java Class v . = B e 21
1.- Naming it MyFirstStrategy Al - - -

Java Class
Create a new Java class.

.. Source folder: MormLabSimulators/src/traffic Browse...

Package: es.csic.iiia.normlab. traffic.custom Browse...

Enclusingt},rpe:| || Browse... |

MyFirstStrategy

Modifiers: @ public ) default private protected

[] abstract [ final [] static

Superclass: javalang.Object Browse...

Interfaces: 9 ex.csic.iiia.nsm.strategy. MormSynthesisStrategy Add...

Remove

E =B =B =B =B =B = = a . 1 T

Which methed stubs would you like to create?

public static void main(String[] args)
i Constructors from superclass
H Inherited abstract methods
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9. Developing your own strategy

Now, create your own norm synthesis strategy MyFirstStrategy.java:

* In NormLabSimulators project, go to package es.csic.iiia.normlab.traffic.custom in src/traffic .
* There, right-click New > Class to create a new Java class MyFirstStrategy.java that implements
NormSynthesisStragegy interface by:

f *
% Mew Java Class = E 2O

1.- Naming it MyFirstStrategy -

Java Class
2.- Addlng interface Create a new Java class,

es.csic.iila.nsm.strategy.NormSynthesisStrategy
i Source folder: MormLabSimulators/src/traffic Browse...

| Package: es.csic.iiia.normlab. traffic.custom Browse...

i Enclosing type: | | | Browse... |
|

N ,

! Mame: MyFirstStrategy

|| Modifiers: @ public () default private protected

i [] abstract []final [ ] static

[

Superclass: javalang.Object

Interfaces: 9 ex.csic.iiia.nsm.strategy. MormSynthesisStrategy

Which methed stubs would you like to create?
public static void main(String[] args)
Constructors from superclass
Inherited abstract methods
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9. Developing your own strategy

Now, create your own norm synthesis strategy MyFirstStrategy.java:

* In NormLabSimulators project, go to package es.csic.iiia.normlab.traffic.custom in src/traffic .
* There, right-click New > Class to create a new Java class MyFirstStrategy.java that implements
NormSynthesisStragegy interface by:

— 5
% Mew Java Class . = E 2O

1.- Naming it MyFirstStrategy —

Java Class
2.- Addlng interface Create a new Java class,

es.csic.iila.nsm.strategy.NormSynthesisStrategy
i Source folder: MormLabSimulators/src/traffic Browse...

3.- ChEkIng the constructor creation Package: es.csic.iiia.normlab.traffic.custom Browse...
i Enclosing type: | | | Browse... |
N
f .
! Mame: MyFirstStrategy
|| Modifiers: @ public () default private protected
i [] abstract []final [ ] static
’ Superclass: javalang.Object Browse...
L]
|| Interfaces: 9 ex.csic.iiia.nsm.strategy. MormSynthesisStrategy Add...
L]
-
|
Which methed stubs would you like to create?
public etati i i

CALCL FAln 1 ol 4 [l
Constructors from superclass
dl SRl T
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9. Developing your own strategy

Now, create your own norm synthesis strategy MyFirstStrategy.java:

* In NormLabSimulators project, go to package es.csic.iiia.normlab.traffic.custom in src/traffic .
* There, right-click New > Class to create a new Java class MyFirstStrategy.java that implements
NormSynthesisStragegy interface by:

o
. . . % Mew Java Class = E 2O
1.- Naming it MyFirstStrategy .
Java Class
2.- Addlng interface Create a new Java class. @
es.csic.iila.nsm.strategy.NormSynthesisStrategy
: Source folder MormlabSimulators/sre/ftraffic Browse...
3.- ChEkIng the constructor creation Package: es.csic.iiia.normlab.traffic.custom Browse...
. . . Enclosing type: Browse...
4.- Creating inherited abstract method execute() | | | |
(check “Inherited abstract methods”) . .
|| Name: MyFirstStrategy
|| Modifiers: @ public () default private protected
package es.csic.iiia.normlab.traffic.custom; i [ abstract [ final [ | static
simport es.csic.iiia.nsm.norm.NormativeSystem; i
import es.csic.iiia.nsm.strategy.NormSynthesisStrategy; ' Superclass: Java.lang.Object Browse...
public class MyFirstStrategy implements NormSynthesisStrategy [ | penees © es.csic.iiz.nsmstrategy. NormSynthesisStrategy aed
[']
public MyFirstStrategy() { N
// TODD Auto-generated constructoer stub N
¥ Which methed stubs would you like to create?
@override public static void main(String([] args)
public MormativeSystem execute() { i
f’ftTDDD ﬁ.;;n—generated method stub H [7] Inherited abstract methods
return null; | )
} 34
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9. Developing your own strategy

And implement the norm synthesis strategy class:

1. Inthe class, add a Normative Network attribute :
private NormativeNetwork normativeNetwork;

The Norm Synthesis Machine contains the Normative Network which includes the Normative System:
* Normative Network: contains all synthesised norms.

b Normative SyStem: set of (aCtive) norms package es.csic.iiia.normlab.traffic.custom;
H = import es.csic.iiia.nsm.net.norm.NormativeNetwork;
given to the agents' import es.csic.iiia.nsm.norm.NormativeSystem;
import es.csic.iiia.nsm.strategy.NormSynthesisStrategy;

public class MyFirstStrategy implements NormSynthesisStrategy {

= /** Constructor of the strategy
* @param nsm*/

= public MyFirstStrategy(es.csic.iiia.nsm.NermSynthesisMachine nsm) {
/* Gkt Normative Network®/

this.nomativeNetwork=nsm.getNormativeNetwork();

1

@ ([@Override
public NormativeSystem execute() {
Jf TODD Auto-generated method stub
return null;

¥ 35
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9. Developing your own strategy

And implement the norm synthesis strategy class:

1. Inthe class, add a Normative Network attribute :
private NormativeNetwork normativeNetwork;
2. Inthe constructor, add the parameter es.csic.iiia.nsm.NormSynthesisMachine nsm and use it to
initialize (to empty) the Normative Network attribute:
this.normativeNetwork = nsm.getNormativeNetwork();

The Norm Synthesis Machine contains the Normative Network which includes the Normative System:
 Normative Network: contains all synthesised norms.

° Normative SyStem: set of (aCtiVE) norms package es.csic.iiia.normlab.traffic.custom;

: - import es.csic.iiia.nsm.net.norm.NormativeNetwork;
given to the agents. o Lo . sworks
import es.csilc.llia.nsm.norm.NormativeSystem;
import es.csic.iiia.nsm.strategy.NormSynthesisStrategy;

public class MyFirstStrategy implements NormSynthesisStrategy {

J* Normative MNetwork: a data structure to keep synthesised norms*/

private NormativeNetwork nomativeNetwork;

= J** Constructor of the strategy
* @param nsm*/

= public MyFirstStrategy(es.csic.iiia.nsm.NermSynthesisMachine nsm) {
/* Gkt Normative Network®/

this.nomativeNetwork=nsm.getNormativeNetwork();

1

@ ([@Override
public NormativeSystem execute() {
Jf TODD Auto-generated method stub
return null;

¥ 36
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9. Developing your own strategy

And implement the norm synthesis strategy class:

1. Inthe class, add a Normative Network attribute :
private NormativeNetwork normativeNetwork;
2. Inthe constructor, add the parameter es.csic.iiia.nsm.NormSynthesisMachine nsm and use it to
initialize (to empty) the Normative Network attribute:
this.normativeNetwork = nsm.getNormativeNetwork();

The Norm Synthesis Machine contains the Normative Network which includes the Normative System:
 Normative Network: contains all synthesised norms.

* Normative System: set of (active) norms package es.csic.iiia.normlab.traffic.custom;
. = import es.csic.iiia.nsm.net.norm.Normativeletwork;
given to the agents' import es.csic.iiia.nsm.norm.NormativeSystem;
import es.csic.iiia.nsm.strategy.NormSynthesisStrategy;

3. Strategy execution: return the empty public class MyFirstStrategy implements MormSynthesisStrategy {
Normative SVStem in method exeCUte(): /* Normative Network: a data structure to keep synthesised norms®/

. . . private NormativeNetwork nomativeNetwork;
return this.normativeNetwork.getNormativeSystem();
= f** Constructor of the strategy
* [@param nsm*/
= public MyFirstStrategy(es.csic.iiia.nsm.MormSynthesisMachine nsm) {

/* Get Nermative Network*/

this.nomativeNetwork=nsm.getNormativeNetwork();

¥

/* Execute the strategy®/
= @override
public MormativeSystem execute() {
return this.nomativeNetwork.getNormativeSystem();

:
37
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9. Developing your own strategy

Congratulations! You have created your first norm synthesis strategy, which returns an empty
normative system. Your code should now look like this:

package es.csic.iiia.normlab.traffic.custom;

= import es.csic.iiia.nsm.net.norm.NormativeNetwork;
import es.csic.iiia.nsm.norm.NormativeSystem;

= ll,-'**
*
*/
public class MyFirstStrategy implements es.csic.iiia.nsm.strategy.NormSynthesisStrategy |

/* The ngrmative network, a data structure to keep track of norms */
private NormativeNetwork normativeNetwork;

= ll,n'##

* Constructor of the strategy

*

* [@param nsm
*/

= public MyFirstStrategy(es.csic.iiia.nsm.NormSynthesisMachine nsm) {

/* Get ngrmative network */

this.normativeNetwork = nsm.getNormativeNetwork();

¥
(=1 Jx*
* Executes your strategy
*/
= [@0verride
public NormativeSystem execute() {
return normativelNetwork.getNormativeSystem();

¥
¥
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Tutorial outline

NormLab execution:

6-8. Execution examples
6. Example strategy 1: NormLab execution: Returns an empty set of norms.
7. Example strategy 2: Adding norms: Returns a fixed set of 1 norm.
8. Example strategy 3: Removing collisions: Returns a fixed set of 3 norms.

9-14. Guided development of different norm synthesis strategies
9. Development of example strategy 1: Empty set of norms.
| 10. Invoking your strategy |
11. Development of example strategy 2: Adding norms to your strategy (1 norm) |
12. Example 4: A strategy with norm generation.
13. Example 5: A strategy with norm generation + evaluation.
14. SIMON: A complete strategy with norm generation + evaluation + refinement.
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10. Invoking your strategy

But, how does NormLab invoke our new norm synthesis strategy?
The Traffic Simulator includes (in package es.csic.iiia.normlab.traffic.agent ) an agent
DefaultTrafficNormSynthesisAgent whose:

A. Constructor creates the Norm Synthesis Machine and configures it to use our strategy
B. step() method invokes our strategy at every simulation tick.

public DefaultTrafficNormSynthesisAgent(List<TrafficCamera> cameras,
PredicatesDomains predDomains, DomainFunctions dmFunctions,
NormSynthesisSettings nsSettings, long randomSeed) { ~ A

J

public void step() throws IncorrectSetupException {
this.addedNorms.clear();
this.removedNorms.clear();

/* Execute strategy and obtain new nermative system */
NormativeSystem newNormativeSystem = nsm.executeStrategy();
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10. Invoking your strategy (A)

Specifically, the constructor (A) DefaultTrafficNormSynthesisAgent() is in charge of:

1. Creating the norm synthesis machine.

2. Adding a set of sensors to the norm synthesis machine in order to perceive the scenario.
3. Setting the norm synthesis strategy.

public DefaultTrafficNormSynthesisAgent(List<TrafficCamera> cameras, -
PredicatesDomains predDomains, DomainFunctions dmFunctions,
NormSynthesisSettings nsSettings, long randomSeed) {

this.nsSettings = nsSettings;

this.normativeSystem = new NormativeSystem();
this.addedNorms = new ArrayList<Norm>();
this.removedlorms = new ArrayList<Norm>();

/* 1. Create norm synthesis machine */
this.nsm = new NormSynthesisMachine(nsSettings, predDomains, - 1
dmFuncticns, !RunEnvironment.getInstance().isBatch(), randomSeed);

/* 2. Add sensors to the monitor of the norm synthesis machine */ 3
for{TrafficCamera camera : cameras) { - 2
this.nsm.addSensor(camera);

¥

/* 3. Set the norm synthesis strategy */ = 3
this.setNormSynthesisStrategy(); -
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10. Invoking your strategy (A.1)

The invocation to the constructor of the NormSynthesisMachine (A.1) requires :

. NormSynthesisSettings: The settings for the norm synthesis machine.

i. PredicatesDomains: Agents’ language: predicates and terms describing the scenario from the
agents’ local point of view.

iii. DomainFunctions: Some domain-dependent functions that the Norm Synthesis Machine requires

to synthesise norms (e.g., conflict detection, norm applicability).

public DefaultTrafficNormSynthesisAgent(List<TrafficCamera> cameras,
PredicatesDomains predDomains, DomainFunctions dmFunctions,
MormSynthesisSettings nsSettings, long randomSeed) |

this.nsSettings = nsSettings;

this.normativeSystem = new NormativeSystem();
this.addedNorms = new ArrayList<Norm:();
this.removedNorms = new ArraylList<Norm:(); o
i i
/* 1. Create norm synthesis machine f*7 L 1 —_
this.nsm = new MomSynthesisHachinE(’nsSettings, predDomains, } 1

iiii L deunctions,, 'RunEnvironment.getInstance().isBatch(), randomSeed);
f* 2. ﬁ.dd’ sensors to the monitor of the norm synthesis machine */
for(TrafficCamera camera : cameras) {

this.nsm.addSensor(camera); = A
¥

/* 3. Set the norm synthesis strategy */
this.setNormSynthesisStrategy();
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10. Invoking your strategy (A.1.i)

NormSynthesisSettings (A.1.i) : An interface to be implemented (located in package
es.csic.iiia.nsm.config in NormSynthesisMachine project)

e getNormSynthesisStrategy(): Returns the norm synthesis strategy to use.

e getSystemGoals(): A list of system goals. In traffic, the only goal is “to avoid collisions”.

e isNormGenerationReactiveToConflicts(): True if NSM tries to add a new norm upon the detection of each non-
regulated conflict. False if it creates the nom but does not add it to the Normative System immediately.

e getNormsDefaultUtility(): Norms’ default utility (0.5 by default).

e getNormEvaluationLearningRate(): The a rate in IRON and SIMON to evaluate norms (0.1 recom.).

e« getNormsPerformanceRangesSize(): The size of the window to compute norms’ performance ranges.

 getNormGeneralisationMode(): SIMON’s norm generalisation mode (Shallow/Deep).

. public int getNormGeneralisationStep(): SIMON’s norm generalisation step: number of norm predicates that can
be simultaneously generalised.

e getGeneralisationBoundary(Dimension dim, Goal goal): Minimum value of effectiveness/necessity that a norm’s
performance must reach to be generalised. It corresponds to the threshold a,., in [1].

e  getSpecialisationBoundary(Dimension dim, Goal goal): Value of Effectiveness/necessity under which a norm
can be specialised. It corresponds to the threshold ay,.. described in [1].

e  getSpecialisationBoundaryEpsilon(Dimension dim, Goal goal): LION’s epsilon to create, together with the
specialisation boundaries, a norm deactivation band.

getNumTicksOfStabilityForConvergence(): Number of simulation ticks without conflicts nor changes in the
normative system to converge.

An implementation of these settings for the traffic simulator is located in (NormLabSimulators project,
src/traffic) package es.csic.iiia.normlab.traffic.normsynthesis, in class TrafficNormSynthesisSettings

[1] Minimality and Simplicity in the On-line Automated Synthesis of Normative Systems. Javier Morales; Maite Lépez-Sdnchez; Juan A.

Rodriguez-Aguilar; Michael Wooldridge; Wamberto W. Vasconcelos. AAMAS '14:, p.109-116 (2014) 43



10. Invoking your strategy (A.1.ii)

PredicatesDomains (A.1.ii) : Contains the predicates and terms that the agents employ to describe
the MAS from their local point of view. Located in package es.csic.iiia.nsm.agent.language
(NormSynthesisMachine project, src/).

The traffic simulator creates predicates and their domains in class TrafficSimulator
(NormLabSimulators project, src/traffic) from package es.csic.iiia.normlab.traffic, method
createPredicatesDomains().

e Three different predicates (I, f, r) that represent the left, front and right positions in front of a car.
e Seven different terms {, A, >, v, -, ¥, w} representing: cars with different headings {<, », >, v},
nothing (-), anything (*), and wall (w).

left ~ front light

‘ - & Car perception:
&

I(>)&F(-)&r(-)
-5

Reference car
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10. Invoking your strategy (A.1.ii

PredicatesDomains (A.1.ii) : class TrafficSimulator, method createPredicatesDomains():

private void createPredicatesDomains() {

/* Predicate "left" domain */

TaxonomyOfTerms leftPredTaxconomy = new TaxcnomyOfTerms("1");
leftPredTaxonomy.addTerm("*"};
leftPredTaxonomy.addTerm{"<");
leftPredTaxonomy.addTerm(">");
leftPredTaxonomy.addTerm({"-");
leftPredTaxonomy.addRelationship{ <", "*"};

leftPredTaxonomy.addRelationship(">", "*");
leftPredTaxonomy.addRelationship("-", "*");

/* Predicate "front" domain*/
TaxonomyOfTerms frontPredTaxonomy
frontPredTaxonomy.addTerm{"~");
frontPredTaxconomy.addRelationship("~", "*");

new TaxcnomyOfTerms({"f", leftPredTaxcnomy);

/* Predicate "right" domain®/
TaxonomyOfTerms rightPredTaxonomy

rightPredTaxonomy.addTerm({"w");
rightPredTaxonomy.addRelationship("w", "*");

new TaxcnomyOfTerms("r", leftPredTaxcnomy);

this.predDomains = new PredicatesDomains();
this.predDomains.addPredicateDomain("1", leftPredTaxcnomy);
this.predDomains.addPredicateDomain("f", frontPredTaxcnomy);

L ae

this.predDomains.addPredicateDomain("r", rightPredTaxcnomy);
K 45



10. Invoking your strategy (A.1.iii)

DomainFunctions (A.1.iii) : An interface to be implemented. Located in package
es.csic.iiia.nsm.config (NormSynthesisMachine project, src/).

* isConsistent(SetOfPredicatesWithTerms agentContext): Returns true if a set of predicates with
terms is consistent with the domain scenario. E.g.: (left(>),front(-),right(-)) is consistent (possible)
but (left(>),front(<),right(-)) is not consistent, since two cars can not drive in opposite directions in
the same lane.

e agentContextFunction(long agentld, View view): Returns the local perception of a given agent
(i.e., its context) from the observation (view) of the state of the simulated scenario.

* agentActionFunction(long agentld,ViewTransition viewTransition): Returns a list of actions
performed by an agent in the transition from a state s, to a state s, ;

» getConflicts(Goal goal,ViewTransition viewTransition): Receives a transition between two states, a
system goal (e.g., to avoid collisions) and returns the conflicts that have arisen in that transition
with respect to the system goal (e.g., returns the collisions).

* hasConflict(View view, long agentld, Goal goal): Returns true if a given agent is in conflict in a
given system state (i.e., View).

An implementation of the domain functions for the traffic simulator is located on
(NormLabSimulators project, src/traffic) es.csic.iiia.normlab.traffic.normsynthesis,
TrafficDomainFunctions class.
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10. Invoking your strategy (recap)

The Traffic Simulator includes DefaultTrafficNormSynthesisAgent agent whose:
A. Constructor

1. Creates the Norm Synthesis Machine (NSM).

2. Adds a set of sensors to SNM to perceive the scenario.

3. Sets the norm synthesis strategy in the NSM.
B. step() method invokes our strategy at every simulation tick.

AN faultTraf ficNormSynthesisAgzent] R ERY

/* 1. Create norm synthesis machine */
this.nsm = new NormSynthesisMachine(nsSettings, predDomains, - 1
dmFunctions, !RunEnvironment.getInstance().isBatch(), randomSeed);

/* 2. Add sensors to the monitor of the norm synthesis machine */ '
for(TrafficCamera camera : cameras) { - 2 A
this.nsm.addSensor(camera); r

3 -

/* 3. Set the norm synthesis strategy */

this. setNormSynthesisStrategy(); B 3

public void step() throws IncorrectSetupException {
this.addedNorms.clear();
this.removedNorms.clear();

~ B

/* Execute strategy and obtain new normative system */
NormativeSystem newNormativeSystem = nsm.executeStrategy();
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10. Invoking your strategy (A.3, B)

The Traffic Simulator includes DefaultTrafficNormSynthesisAgent agent whose:
A. Constructor
1. Creates the Norm Synthesis Machine (NSM).
2. Adds a set of sensors to SNM to perceive the scenario.
3. Sets the norm synthesis strategy in the NSM: Method SetNormSynthesisStrategy() invokes
method createCustomNormSynthesisStrategy()
(located in the same class DefaultTrafficNormSynthesisAgent):
* Implement this method by creating and returning your norm synthesis strategy:

= II,-'**

* Sets a custom norm synthesis strategy
*/

=  protected NormSynthesisStrategy createCustomMormSynthesisStrategy() {
return new MyFirstStrategy(nsm);

¥
¥

B. step() method invokes our strategy at every simulation tick.
*  Execute the simulation as you did for examples 1, 2 and 3 (NormLabSimulators project,
launchers/: TrafficJunctionSimulator.launch > Run As ...)

Congratulations! You are using your own strategy!
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Tutorial outline

NormLab execution:

6-8. Execution examples
6. Example strategy 1: NormLab execution: Returns an empty set of norms.
7. Example strategy 2: Adding norms: Returns a fixed set of 1 norm.
8. Example strategy 3: Removing collisions: Returns a fixed set of 3 norms.

9-14. Guided development of different norm synthesis strategies
9. Development of example strategy 1: Empty set of norms.

10. Executing your own strategy
I_ 11. Development of example strategy 2: Adding norms to your strategy (1 norm) |

12. Example 4: A strategy with norm generation.
13. Example 5: A strategy with norm generation + evaluation.
14. SIMON: A complete strategy with norm generation + evaluation + refinement.
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11. Adding norms to your strategy

Let’s now add some norms. We will add the left-side-priority norm from example 2.

1. Crate a new norm synthesis strategy MySecondStrategy.java by Copying (cut&paste+rename)
your first strategy MyFirstStrategy.java
Your code should look like this:

i ll,-'**
* My second strategy
*/
public class MySecondStrategy implements es.csic.iiia.nsm.strategy.MormSynthesisStrategy {

/* The normative network, a data structure to keep track of norms */
private MormativeNetwork normativeNetwork;

ll,-'**

* Constructor of the strategy
*

* @param nsm the norm synthesis machine

*/

public MySecondStrategy(es.csic.iiia.nsm.NormSynthesisMachine nsm) {
this.normativeNetwork = nsm.getNormativeNetwork();

}

@override
public NormativeSystem execute() {
return normativeNetwork.getNormativeSystem();

¥
¥
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11. Adding norms to your strategy

2. Implement a method createNormativeSystem() in MySecondStrategy.java to create norms with:
* Preconditions: a set of predicate-term pairs and
e Postconditions: a modality (prohibition/obligation) over an action
i.  Create a new norm precondition: IF I(>) & f(*) & r(*)

private void createNormativeSystem() {

/* Create norm preconditions */

SetOfPredicatesWithTerms nlPrecondition = new SetOfPredicatesWithTerms();
nlPreconditicn.add("1", ">");

nlPreconditicn.add("f", "*");

nlPreconditicon.add("r", "*"};

left ~ front light

¥

/* Create norms */ a?y_ a?y_

MNorm nl = new Norm{nlPrecondition, > thing  thing
NormModality.Prohibition, CarAction.Go);

/* Add the norms to the ngrmative network and activate them */ .{}

this.normativeNetwork.add({nl);
normativeNetwork.setState(nl, MNetworkNodeState.ACTIVE);
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11. Adding norms to your strategy

2. Implement a method createNormativeSystem() in MySecondStrategy.java to create norms with:
* Preconditions: a set of predicate-term pairs and
e Postconditions: a modality (prohibition/obligation) over an action
i.  Create a new norm precondition: IF I(>) & f(*) & r(*)
ii. Create a new norm nl with this precondition and as postcondition: THEN Prohition(Go)

private void createNormativeSystem() {

/* Create norm preconditions */

SetOfPredicatesWithTerms nlPrecondition = new SetOfPredicatesWithTerms();
nlPreconditicn.add("1", ">");

nlPreconditicn.add("f", "*"); | f
nlPrecondition.add("r", "*"); eft ront Fight

any- any-

MNorm nl = new Norm{nlPrecondition, > thing  thing
NormModality.Prohibition, CarAction.Go);

/* Create norms */

/* Add the norms to the ngrmative network and activate them */ ."i}

this.normativeNetwork.add({nl);
normativeNetwork.setState(nl, MNetworkNodeState.ACTIVE);
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11. Adding norms to your strategy

2. Implement a method createNormativeSystem() in MySecondStrategy.java to create norms with:
* Preconditions: a set of predicate-term pairs and
e Postconditions: a modality (prohibition/obligation) over an action
i.  Create a new norm precondition: IF I(>) & f(*) & r(*)
ii. Create a new norm nl with this precondition and as postcondition: THEN Prohition(Go)
iii. Add norm nl to the Normative Network and activate it so it becomes part of the Normative
System

private void createNormativeSystem() {

/* Create norm preconditions */

SetOfPredicatesWithTerms nlPrecondition = new SetOfPredicatesWithTerms();
nlPreconditicn.add("1", ">");

nlPreconditicn.add("f", "*"); | f
nlPrecondition.add("r", "*"); eft ront Fight

/* Create norms */ a?y_ a?y_
MNorm nl = new Norm{nlPrecondition, > thing  thing
NormModality.Prohibition, CarAction.Go);

/* Add the norms to the ngrmative network and activate them */ .{}

this.normativeNetwork.add({nl);

normativeNetwork.setState(nl, MNetworkNodeState.ACTIVE);

53



11. Adding norms to your strategy

3. Invoke method createNormativeSystem() at the end of MySecondStrategy constructor

public class MySecondStrategy implements es.csic.iiia.nsm.strategy.NormSynthesisstrategy {

/* The normative network, a data structure to keep track of norms */
private NormatiwveNetwork normativeNetwork;

II,I'**
* Constructor of the strategy
*

* f[param nsm the norm synthesis machine

*y

public MySecondStrategy(es.csic.iiia.nsm.NormSynthesisMachine nsm) {
this.normativeNetwork = nsm.getNormativeNetwork();

this.createNormativeSystem(); // Create a default normative system

@override At each tick, the strategy will return the

public MNormativeSystem execute() { norms that ar tive in the normati
return normativeNetwork.getNormativeSystem(); & orms that are active | € normative

} network (i.e., the normative system).

II,I'**
* Creates a ngrmative system to give way to the cars on the left
*y
private void createNormativeSystem() {
/* Create norm preconditions */
SetOfPredicatesWithTerms nlPrecondition = new SetOfPredicatesWithTerms();
nlPrecondition.add("1", "=");
nlPrecondition.add("f", "*");
nlPreconditicn.add("r", "*");

/* Create norms */
Morm nl = new Norm(nlPreconditicn, MormModality.Prohibition, CarfAction.Go);

/* Add the norms to the normative network and activate them */
this.normativeNetwork.add(nl);
normativeNetwork.setState(nl, NetworkNodeState. ACTIVE);
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11. Adding norms to your strategy

4. Change method createCustomNormSynthesisStrategy() from DefaultTrafficNormSynthesisAgent
(in package es.csic.iiia.normlab.traffic.agent, NormLabSimulators project, src/traffic) to use your
new strategy.

J

* Sets a custom norm synthesis strategy

*

pritected NormSynthesisStrategy createCustomNormSynthesisStrategy() {
return new MySecondStrategy(nsm);

h

e Recall that the traffic norm synthesis agent in the traffic simulator creates the norm
synthesis machine and executes the strategy at every simulation tick.

5. Execute the Traffic Simulator (NormLabSimulators project, launchers/: TrafficJlunctionSimulator.launch > Run As ...)
to observe that this second strategy works as example 2.
* The normative system contains a single norm N1.
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Tutorial outline

NormLab execution:

6-8. Execution examples
6. Example strategy 1: NormLab execution: Returns an empty set of norms.
7. Example strategy 2: Adding norms: Returns a fixed set of 1 norm.
8. Example strategy 3: Removing collisions: Returns a fixed set of 3 norms.

9-14. Guided development of different norm synthesis strategies
9. Development of example strategy 1: Empty set of norms.
10. Executing your own strategy
11. Development of example strategy 2: Adding norms to your strategy (1 norm)
|12. Example 4: A strategy with automatic norm generation. |
13. Example 5: A'strategy with norm generation + evaluation. ’
14. SIMON: A complete strategy with norm generation + evaluation + refinement.
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12. Your strategy with automatic norm generation

How can we automatically generate norms on-line?

Example 4 (TrafficNSExampled4_NSStrategy in package es.csic.iiia.normlab.traffic.examples.ex4,
NormLabSimulators project) uses operators (methods defined in TrafficNSExample4_NSOperators) to
create, add and activate norms the Normative Network:

e Activate (norm): sets the state of norm to «Active»
* Add (norm): adds norm into the Normative Network and activates it.
* Create (Conflict, Goal):
- Applies Case-Based Reasoning (CBR) to create a norm aimed at avoiding future conflicts.

- If the norm does not exist in the Normative Network, then it adds (and activates) it.
Otherwise, if the norm is not active (nor represented) in the NN, then it activates it.
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12. Your strategy with automatic norm generation

ll,-'**

TrafficNSExampled4_NSStrategy uses * Executes TRON's strategy
Operators to SyntheSize norms : :f@return the ngrmative system resulting from the norm synthesis cycle
public NormativeSystem [Biganek) {
Everytime the strategy is executed, it: this.normAdditions.clear();
this.normDeactivations.clear();
1. Generates norms this.createdorms.clear();

this.activatedNorms.clear();

2. Returns the Normative System. this.normGeneration();

/* Return the current normative system */

return normativeNetwork.getNormativeSystem();

ll,l'**
* Executes the norm generation phase
*/

private void normGeneration() {

/* Obtain monitor perceptions */
obtainPerceptions(viewTransitions);

/* Conflict detection */
conflicts = conflictDetection(viewTransiticns);

/* Norm generation */
for({Goal goal : conflicts.keySet()) {
for(Conflict conflict : conflicts.get(goal}) {
operators.create(conflict, goal);
¥

¥
¥
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12. Your strategy with automatic norm generation

ll,-'**

TrafficNSExampled4_NSStrategy uses * Executes TRON's strategy
Operators to SyntheSize norms : * [@return the ngrmative system resulting from the norm synthesis cycle
. s/
public NormativeSystem [Biganek) {
Everytime the strategy is executed, it: this.normAdditions.clear();
this.normDeactivations.clear();
1. Generates norms this.createdorms.clear();
1. Perceives the scenario this.activatediorns. clear();
JF oo
* MNorm generation
e *II,-'

2. Returns the Normative System.

this.norm@eneration();

/* Return the current normative system */
return normativeNetwork.getNormativeSystem();
¥
-:::---------------------
* Executes the norm generation phase
*/

private void normGeneration() {

/* Obtain monitor perceptions */
obtainPerceptionsi{viewTransitions);

ViewTransition: description e
. . o /* Conflict detection */
Of partlal scenario transition conflicts = conflictDetection(viewTransiticns);
from time t-1 to time t — -
generation */

(Current thk) for({Goal goal : conflicts.keySet()) {
for(Conflict conflict : conflicts.get(goal}) {

operators.create(conflict, goal);
¥
¥
¥
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12. Your strategy with automatic norm generation

. ll,-'**
TrafficNSExampled4_NSStrategy uses * Executes TRON's strategy
Operators to SyntheSize norms : * [@return the ngrmative system resulting from the norm synthesis cycle

. s/
public NormativeSystem [Biganek) {
Everytime the strategy is executed, it: this.normAdditions.clear();
this.normDeactivations.clear();

1. Generates norms this.createdorms.clear();

1. Perceives the scenario this.activatediorns. clear();

2. Detects non regulated conflicts fromomm o

Morm generation
e *‘,I'

2. Returns the Normative System.

this.norm@eneration();

/* Return the current normative system */

return normativeNetwork.getNormativeSystem();

¥
o
:fExecutes the norm generation phase
Conflict detection through private void normGeneration() {
getConflicts() domain function /* Obtain monitor perceptions */

obtainPerceptions(viewTransitions);

Each conflict has a
ViewTransition with a conflict
at tick t and an involved T o ereration s

i for({Goal goal : conflicts.keySet()) {
(re5p0n5|b|e) agent' for(Conflict conflict : conflicts.get(goal}) {

operators.create(conflict, goal);
¥
¥
¥
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12. Your strategy with automatic norm generation

TrafficNSExample4_NSStrategy uses
operators to synthesize norms :

Everytime the strategy is executed, it:
1. Generates norms
1. Perceives the scenario
2. Detects non regulated conflicts

3. Creates norms for each conflict.

2. Returns the Normative System.

ll,-'**
* Executes IRON's strategy
* [@return the ngrmative system resulting from the norm synthesis cycle
*/
public NormativeSystem [Biganek) {
this.normédditions.clear(};
this.normDeactivations.clear();
this.createdNorms.clear();
this.activatedNorms.clear();

this.norm@eneration();

/* Return the current normative system */

return normativeNetwork.getNormativeSystem();

¥
ll,-'**

* Executes the norm generation phase
*/

private void normGeneration() {

/* Obtain monitor perceptions */
obtainPerceptions(viewTransitions);

/* Conflict detection */
conflicts = conflictDetection(viewTransiticns);

/* Norm generation */
for({Goal goal : conflicts.keySet()) {
for(Conflict conflict : conflicts.get(goal}) {

operators.create(conflict, goal);

¥
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12. Your strategy with automatic norm generation

Execute the strategy:
1. Set NormSynthesisExample defaultValue=«4» in parameters.xml (in NormLabSimulators project,
repast-settings/TrafficJunction.rs ) and save the file.
2. Execute the simulator
* NormLabSimulators project, launchers/: TrafficlunctionSimulator.launch > Run As ...
3. Observe how, as long as cars collide, it generates norms to avoid these collisions
 Norms are never evaluated (select a norm and click on button Show performance ranges).

2 pre
|
— x
Norms Inspector | O
- Norm synthesis config i Normative network metrics Normative system metrics
Strategy: Example 4 Synthesised B 16 Active norms: 16 iz a | = | a g E k’;’, E 6 u Tick Count: 4343.0
I Generation mode: Reactive Generalisation relationships: 0 Represented norms: 0 )
Coneralisation mode: — Substitutability relationships: 0 Eectivencss: 05 | EESNENNSSSSSSGESSANNI _pgogiy
Generalisation step:  — Complementarity relationships: 0
 Norm synthesis metrics Examp|e:
Stored norms: 0 Median computation time: 0.0s Stab
Norm accesses: 0 Total computation time: 0.0s Com
Synthesised norms | Synthesised norm groups| * 16 norms generated so
Norms in use Norms not in use rInspec ( . )
. Norms in use (16). w 0 leave = || | Discarded norms and leaves Pre-co fa r 4943 tICkS
-z (I(=)&f=)&(=), prh{Ge ~# Discarded norms (0)
- n2: (I(-)&f(*)&r(<), prh(Go) i # Discarded leaves (0) I(>)afl

- n3: (I(=)&f(-)&r(=), prh(Go|
@ nd (I(=)&f=)&(-), prh(Go
- # nh: (I(=)&f")&r(-), prh(Go)
- nb: (I(-)&f(=)&r(<), prh(Go!
@ T (I(-)&f(*)&r(-), prh(Ga))
- n8: (I(-)&f(-)&(<), prh(Go),
@ N9 (I(-)&F(")&r(w), prh(Go)
#® nl0: (I{<)&f-)&r(<), prh(G
- i1 (|{<)&f(<)&r(-), prh(G Nece!
- @ n12: (I(-)&f(=)&(=), prh(G
# nl3: (l{<)&f(<)&r(<), prh(C
o n14: (I(=)&M&(>), prh(G Performance ranges
- 18 (I{<)&f{")&r(<). prh(G—
# n16: (I-1&f")&r(=). prh(Gc ™
e

e Current tick: norms 7, 8,
9, and 11 apply.
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Tutorial outline

NormLab execution:

6-8. Execution examples
6. Example strategy 1: NormLab execution: Returns an empty set of norms.
7. Example strategy 2: Adding norms: Returns a fixed set of 1 norm.
8. Example strategy 3: Removing collisions: Returns a fixed set of 3 norms.

9-14. Guided development of different norm synthesis strategies
9. Development of example strategy 1: Empty set of norms.
10. Executing your own strategy
11. Development of example strategy 2: Adding norms to your strategy (1 norm)
12. Example 4: A strategy with automatic norm generation.
|13. Example 5: A strategy with norm generation + evaluation. |
14."SIMON: A complete strategy with norm generation + evaluation + refinement.
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13. Automatic norm generation + evaluation

Are generated norms good enough?

Let’s see example 5: TrafficNSExample5_NSStrategy (in NormLabSimulators project,
src/traffic es.csic.iiia.normlab.traffic.examples.ex5 package) :

Whenever the strategy is executed:
* It generates norms (as example 4)
* It evaluates norms: how?

public NormativeSystem [Siganas() {
this.normadditions.clear()};
this.normDeactivations.clear();
this.createdNorms.clear();
this.activatedNorms.clear();

this.normGeneration();
this.normEvaluation();
/* Return the current pnormative system */

return normativeNetwork.getNormativeSystem();

}

64



13. Automatic norm generation + evaluation

Norm Evaluation (TrafficNSExample5 NSStrategy ) :

private void normEvaluation() {

/* Detect norm applicability and compliance */
this.normCompliance(this.normépplicability);

/* Update utilities and performances */
this.updateUtilitiesAndPerformances(this.normCompliance);

s
1. Retrieve the norms that applied to each agent in the simulation at time t-1:

protected Map<ViewTransition, NeormsédpplicableInView: normipplicability(
List<ViewTransition> vTransitions) {

/* Clear norm applicability from previous tick */

this.normépplicability.clear(); For each viewTransition
’
I* GE1:: applicallh]..e norms of each vi?wrransitiun (of each sensor) */ normReasoner COmpUtes the
for{ViewTransition vTrans : vTransitions) {
NormsApplicableInView normipplicability; norms that apply to each agent

normipplicability = this.normReasoner.getNormsfpplicable{vTrans);
this.normépplicability.put(vTrans, normfpplicability);
i

return this.normépplicability;

by using DomainFunctions
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13. Automatic norm generation + evaluation

Norm Evaluation (TrafficNSExample5 NSStrategy ):

private void normEvaluation() {

/* Compute norm applicability */
this.normipplicability = this.noermipplicability(viewTransiticons);

/* Update utilities and performances */
this.updateUtilitiesAndPerformances(this.normCompliance);

;
2. Norm compliance: Did agents complied with their applicable norms? Did that lead to conflicts?

protected void normCompliance(Map<ViewTransition,
NormsApplicableInviews> normépplicability) {

/* Check norm compliance in the view in terms of each system goal */
for({Goal goal : this.nsmSettings.getSystemGoals()) {

/* Clear norm compliance of previous tick */
this.normCompliance.get(goal).clear()};

/* Evaluate norm compliance and conflicts in each
* view transition with respect to each system goal */
for(ViewTransition vTrans : normépplicability.keySet()) {
NormsApplicableInView vNeormippl = normipplicability.get(vTrans);

/* If there is no applicable norm in the view, continue */
if(wNormippl.isEmpty()) {
continue;

! normReasoner.

NormComplianceOutcomes nCompliance = this.normReascner.
checkNormComplianceAndOutcomes (vNormippl, goall; ChECkNormcomplia nceAndOutcomes

.

this.normCompliance.get({goal).put{vTrans, nCompliance};



13. Automatic norm generation + evaluation

Norm Evaluation (TrafficNSExample5 NSStrategy ):

private void normEvaluation() {

/* Compute norm applicability */
this.normipplicability = this.noermipplicability(viewTransiticons);

/* Detect norm applicability and compliance */
this.normCompliance(this.normépplicability);

/* Update utilities and performances */

this.updateUtilitiesAndPerformances(this.normCompliance);

3. Update norms’ utilities based on norm compliance

protected void updateUtilitiesAndPerformances(
Map<Goal, Map<ViewTransition,NormComplianceQutcomes:»> normCompliance) {

for(G@oal goal : this.nsmSettings.getSystemGoals()) {
for(ViewTransition vTrans : normCompliance.get(goal).keySet()) 1
for(Dimension dim : this.nsm.getNormEvaluationDimensions()) {

this.utilityFuncticn.evaluate(dim, goal,
normCompliance.get(goal). et(vTrans), normativeNetwork);

evaluate(...) method in

TrafficNSExample5_NSUtilityFunction
(in NormLabSimulators project, src/traffic
es.csic.iiia.normlab.traffic.examples.ex5 package)
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13. Automatic norm generation + evaluation

Norm Evaluation (TrafficNSExample5 NSStrategy ):

private void normEvaluation() {

/* Compute norm applicability */
this.normipplicability = this.noermipplicability(viewTransiticons);

/* Detect norm applicability and compliance */
this.normCompliance(this.normépplicability);

/* Update utilities and performances */
this.updateUtilitiesAndPerformances(this.normCompliance);

;
3. Update norms’ utilities based on norm compliance

protected void updateUtilitiesAndPerformances(
Map<Goal, Map<ViewTransition,NormComplianceQutcomes:»> normCompliance) {

for(G@oal goal : this.nsmSettings.getSystemGoals()) {
for(ViewTransition vTrans : normCompliance.get(goal).keySet()) 1

this.utilityFuncticn.evaluate(dim, goal,

normCompliance.get{goal). vTrans), normativeNetwork);

} Evaluates each norm in terms of system goals: Is it useful to avoid conflicts?
(e.g. traffic: avoids car collisions?). Two dimensions:
* Effectiveness: when complied, is it effective to avoid conflicts?
* |f complied + no conflicts = Effective
e If complied + conflicts - Ineffective
* Necessity: when infringed, did some conflicts actually arise?
e [finfringed + no conflicts = Unnecessary

e |Ifinfringed + conflicts - Necessary
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13. Automatic norm generation + evaluation

Execute the strategy:
1. Set NormSynthesisExample defaultValue=«5» in parameters.xml (in NormLabSimulators project,
repast-settings/TrafficJunction.rs ) and save the file.
2. Execute the simulator
 NormlabSimulators project, launchers/: TrafficlJunctionSimulator.launch > Run As ...
3. Observe how it generates norms and evaluates them.
e Effectiveness and necessity of each norm change along time (select a norm and click on
button Show performance ranges).

“
| £| Norm scares for goal GCols gui
| _— e —
Effectiveness Necessity
= RS ———————. Lt 0,55 -
b
'Norms Inspector | ot 0,50 /R
r Norm synthesi figurati Normative network metrics——— [ Normative system metrics— LA 5 0,45 o
Strategy: Example 5 Synthesised norms: 13 Active norms: 13 0,40 o
Generation mode: Reactive G lisati lationship: 0 Represented norms: 0 N - !
Generalisation mode: — Substitutability relationships: 0 Effectiveness: 0.67 . o 0,35
Generalisation step:  — Compl ity relationship N Frmy 0.45 '6 0,30
w7}
[N
~Norm synthesis metrics 0,25
Stored norms: 0 Median computation time: 0.0s Stability of current NS: 30 ticks 0,20
Norm accesses: 1183 Total computation time:  0.0s Convergence: Mot yet 0.15
Svnthesised . 1 0,10
¥ normsll‘J h d norm groups| EEEEEN
. . EEEEEEENEENEEEEEEN 0,05 I
Norms in use Norms not in use P d norm . EREEEE
N - - 0,00
. Morms in use (13), w 0 leaves .. Discarded norms and leaves Pre-condition
@ 01z (I-)&f(")&r(<), prh(Ga)) || i~ # Discarded norms (0) S 0 5 10 15 -40 -35 -30 -25 =20 -15 -10 S 0 5
@ n2: (I(>)&f(=)&(>). prh(Go)) || *-# Discarded leaves (0) I(-)af(=)ar(=) i
a7 QRIS Gy ) n Num Evaluation
- Post-conditi
: :’;’; E:ﬁ&ﬁg;;:{j E:E((ESJ); "osteanditen pBand —— AlphaSpec vond: (I(-)&f(5 )8 (> ), prh(Go)) = Average m  AlphaSpecTopBand —— AlphaSpec
* 16 ((<)&H)r(<). prh(Go)) i) *  AlphaSpecBottomBand
- @ Tz (I(-)&f)&r(w), prh(Go))
- # 1B (I()&HN&-). prhiG .
L B9 (I{-)&f(=)&r(>), pi . s
@ 10 (I(>)&F)&r), prh(Go)) Hiizsiianes e
- n1: (l{<)&f(<)&r(-), prh(Go)) Necessity | S
® n12: (I{<)&f-)&r(<). prh(Ga))
® 013 (1(=)&F(*)&r(-). prh(Go)) P
« 1 3 | | 69
10| | ) [




Tutorial outline

NormLab execution:

6-8. Execution examples
6. Example strategy 1: NormLab execution: Returns an empty set of norms.
7. Example strategy 2: Adding norms: Returns a fixed set of 1 norm.
8. Example strategy 3: Removing collisions: Returns a fixed set of 3 norms.

9-14. Guided development of different norm synthesis strategies
9. Development of example strategy 1: Empty set of norms.
10. Executing your own strategy
11. Development of example strategy 2: Adding norms to your strategy (1 norm)
12. Example 4: A strategy with automatic norm generation.
13. Example 5: A strategy with norm generation + evaluation.
|14. SIMON: A complete strategy with norm generation + evaluation + refinement. |
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14. SIMON: generation + evaluation + refinement

SIMON is a complete norm synthesis strategy that uses norm evaluation to refine norms

SIMONStrategy (in NormSynthesisMachine project, src es.csic.iiia.nsm.strategy.simon package) :

Whenever the strategy is executed:
* |t generates norms
e |t evaluates norms
* |t refines them : how?
puﬁlic NormativeSystem execute() {

this.nsMetrics.resetNonRegulatedConflicts();
this.visitedNorms.clear();

/* Norm generation */
List<MNorm> normsfctivated = this.normGenerator.step(viewTransitions, conflicts);

S* Norm evaluation */

this.normEvaluator.step(viewTransiticns, normipplicability,
normCompliance, normGroupCompliance);

/* Manage lists that control rew additions to the normative network,

* ngrmative system, as well as norms that have been removed */
this.manageNormControllists();

step(...) method in
/* Return the current normative sws .
return normativeNetwork.getNormativ SIMONNormRefiner
(in NormSynthesisMachine project, src
es.csic.iiia.nsm.strategy.simon package)
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14. SIMON: generation + evaluation + refinement

Norm refinement: public void step(Map<ViewTransiticn, NormsfApplicableInView: normApplicability,
List<Morm> normsActivatedDuringGeneration) {

1. Norms are generalised List<Morm: processed = new ArraylList<Norm:();
. . . List<MNorm: visited = new ArrayList<Norm>();
if their (effectiveness and

. h h Id /* Compute norms that must be revised */
neceSS|ty) > threshold. List<Morm> normsToRevise = this.checkNormsToRevise(normapplicability);

/* Classify norms */
this.normClassifications = this.normClassifier.step(normsToRevise);

/* Refine norms based on norm classifications */
for(Norm norm : normClassifications.keySet()) {
if(processed.contains(norm)) {
continue;

¥

List<MNormAttribute> attributes = normClassificaticns.get(norm);

boolean isIneffective = attributes.contains({Mormittribute.INEFFECTIVE);
boolean isUnnecessary = attributes.contains({Mormittribute . UNNECESSARY);
boolean isGeneralisable = attributes.contains(MormAttribute.GENERALISABLE);

/* If the norm is whether ineffectiwve or unnecessary, then deactivate
* it (specialise it intc its children) */
if(isIneffective || isUnnecessary) {

visited.clear();

specialiseDown(norm, NetworkNodeState.DISCARDED, wvisited);

¥
(e —
/* If the norm has encugh utility to be generalised.
* then try to generalise it */
else if(isGeneralisable) {
generaliseUp{norm, genMode, genStep);
¥

/* Update complexities metrics */
this.nsMetrics.incNumNodesVisited();

et
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14. SIMON: generation + evaluation + refinement

Norm refinement: public void step(Map<ViewTransition, NormsApplicableInView> normApplicability,
List<Morm> normsActd i i

1. Norms are generalised List<Norm> proces emergency
. . . List<MNorm> visite
if their (effectiveness and / T
. J* C t
necessity) 2 gen. threshold. Listelorms mormeT

ambulance  fire-brigade  police-car

/* flaz=zifv norms #F

~

/NN

0

()G,

Normative system
NS,={n,, n,, n3}

o (51 /* If the norm has encugh utility to be generalised,
n,: G!ve way to a.mbul.ances e e ey
n,: Give way to fire br|gade else if(isGeneralisable) {

. . generaliseUp{norm, genMode, genStep);
n;: Give way to police cars }

/* Update complexities metrics */
this.nsMetrics.incNumNodesVisited();

et
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14. SIMON: generation + evaluation + refinement

Norm refinement: public void step(Map<ViewTransition, NormsApplicableInView> normApplicability,
List<Morm> normsActd i i

1. Norms are generalised List<Norm> proces emergency
. . . List<Morm> visite
if their (effectiveness and T
/* Compute norms

necessity) 2 gen. threshold. ; . . :
V) 28 List<lorm> normsT¢  ambulance  fire-brigade  police-car

j

/* flaz=zifv norms #F

/NN

N w,
~

0

GOV [ 1)

New Normative

Increases
system N3,={n,} Compactness
n,: Give way to ambulances /* If the norm has encugh utility to be generalised,
. . . * then try to generalise it */
nz: Give way to fire brlgade else if(isGeneralisable) {
. . generaliseUp{norm, genMode, genStep);
n;: Give way to police cars }
n4: G|Ve Way to emergency Veh|C|eS /* Update complexities metrics */

this.nsMetrics.incNumNodesVisited();

et
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14. SIMON: generation + evaluation + refinement

Norm refinement: public void step(Map<ViewTransition, MormsiépplicableInview: normépplicability,
List<Norm:> normsActivatedDuringGeneration) {

1. Norms are generalised List<Norm: processed = new ArraylList<Norm:();
Lo List<Norm:> visited = new ArraylList<Norm>();
2. Norms are specialised

if thei £f . /* Compute norms that must be revised */
IT their (e ectiveness or List<Morm> normsToRevise = this.checkNormsToRevise(normApplicability);
. < '
necessity) < esp. threshold e Classify norms
this.normClassifications = this.normClassifier.step(normsToRevise);

/* Refine norms based on norm classifications */
for(Norm norm : normClassifications.keySet()) {
if(processed.contains(norm)) {
continue;

¥

List<NormAttribute> attributes = normClassificaticns.get(norm);

boolean isIneffective = attributes.contains(NormAttribute.INEFFECTIVE);
boolean isUnnecessary = attributes.contains(Normittribute.UNNECESSARY)
boolean isGeneralisable = attributes.contains(NormAttribute.GENERALISABLE);
D ——
/* If the norm is whether ineffective or unnecessary, then deactiwvate
* it (specialise it into its children) */
if(isIneffective || isUnnecessary) {
visited.clear();
specialiseDown(norm, NetworkNodeState.DISCARDED, visited);
h

/* If the norm has enough utility to be generalised,
* then try to generalise it */
else if(isGeneralisable) {
generaliseUp{norm, genMode, genStep);
¥

/* Update complexities metrics */
this.nsMetrics.incNumiodesVisited();

bl
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14. SIMON: generation + evaluation + refinement

Norm refinement: public void step(Map<ViewTransition, MormsiépplicableInview: normépplicability,
List<Norm:> normsActivatedDuringGeneration) {

1. Norms are generalised List<Norm: processed = new ArraylList<Norm:();
Lo List<Norm:> visited = new ArraylList<Norm>();
2. Norms are specialised

if thei £f . /* Compute norms that must be revised */
IT their (e ectiveness or List<Morm> normsToRevise = this.checkNormsToRevise(normApplicability);

necessity) < esp. threshold

i* flaccifir nocme * f

Normative
System
/ :BLE),-
m—
/* If the norm is whether ineffective or unnecessary, then deactiwvate
n.: Give way to ambulances * it (specialise it into its children) */
1 ) . . if(isIneffective || isUnnecessary) {

n,: Give way to fire brigade visited.clear();

. . specialiseDown(norm, NetworkNodeState.DISCARDED, visited);
n,: Give way to police cars }

n,: Give way to emergency vehicles /* If the norm has enough utility to be generalised,
* then try to generalise it */
else if(isGeneralisable) {
generaliseUp{norm, genMode, genStep);

}

/* Update complexities metrics */
this.nsMetrics.incNumiodesVisited();



14. SIMON: generation + evaluation + refinement

Norm refinement: public void step(Map<ViewTransition, NormsfApplicableInView: normApplicability,
List<Norm:> normsActivatedDuringGeneration) {

1. Norms are generalised L:i.st(hl-om} pr.‘m.:essed = new Arra¥List<MDm}{};
2 N ialised List<Norm:> visited = new ArrayList<Norm:(1:
. orms are specialise
. . . /* Compute norms that must be re
if their (effECtlveneSS or List<Norm> normsToRevise = this.
necessity) < esp. threshold

/NN1 \ /NNZ \
Normative @ Q New Normative

System System
@00 T JL
N 7/ S 7/ f

;LE};
=
f* If the norm is whether ineffective or unnecessary, then deactiwvate
n.: Give way to ambulances * it (specialise it into its children) */
1 . if(isIneffective || isUnnecessary) {
n,: Give way to fire brigade visited.clear();
. . specialiseDown(norm, NetworkNodeState.DISCARDED, visited);
n;: Give way to police cars }
n,: Give way to emergency vehicles /* If the norm has enough utility to be generalised,
* then try to generalise it */
else if(isGeneralisable) {
generaliseUp{norm, genMode, genStep);
¥
/* Update complexities metrics */
this.nsMetrics.incNumiodesVisited();
} 77



14. SIMON. A complete norm synthesis strategy

Execute SIMON strategy:

1. In parameters.xml (in NormLabSimulators project, repast-settings/TrafficJunction.rs) set:
*  NormSynthesisExample defaultValue=«0»

*  NormSynthesisStrategy defaultValue=«2» (2 stands for SIMON strategy)
* NormGeneralisationMode defaultValue=«1» (Deep norm generalisation)
* NormGeneralisationStep defaultValue=«1» (generalises 1 predicate at a time)

e Save thefile.

2. Execute the simulator Tl

) ) 'Norms Inspector : ol
e NormlabSimulators project, launchers/: || tomsnnes confgurat INormative network metrics “Nmﬁwmm metrice ]
. . . | Stral B SIMON Synthesised norms: 55 Active norms: 6
TrafficJunctionSimulator.launch > Run As ... Ceneration mode: _ Reathe Goneraliation relainshipe: 3 [ -
H neralisation mode: Sobheotitgahilite rolatianehi U Effectiveness: 0.83
3. Observe how it generates norms, evaluates, e 4 Complomentariy elationships: Necessiy:
and refines them. e
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