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History Part 1

Modelling open multi-agent systems like human societies

Autonomy
Guidance

⇒ Norms

External to the agent

Institutions/Normative Frameworks
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History Part 2

Institutions:

formal model
computation representation
InstAl + ASP

Design time vs run-time

Combining and interaction between institutions

Debugging
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Circumstances change

How to adapt

Stakeholders
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What is a norm?

What is a norm? Informal or formal constraint on action

Definition: a principle of right action binding upon the
members of a group and serving to guide, control, or regulate
proper and acceptable behaviour [Merriam-Webster dictionary]
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What is a normative framework?

A set of rules:
capable of describing correct
and incorrect action,
obligations acquired through correct action
and sanctions levied for incorrect action
while maintaining a record through its internal state.

set of rules that interprets some but not necessarily all of an
agent’s actions as correct or incorrect within that context: the
norm-regulated agent.

also referred to as an institution

AGENT

NORMATIVE FRAMEWORK

ENVIRONMENT

act

act

actsense

sense

sense
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What is a Multi -normative framework?

But there is not just one normative framework
An agent acts in several normative frameworks, concurrently,
even simultaneously
An normative framework has restricted competence;
aggregation provides complex legal and/or social contexts
Thus: a multi-normative framework is a combination of
normative frameworks providing the complete interpretation of
an agent’s actions.

AGENT

N-F1 N-F2 N-F3

N-F4 N-F5

ENVIRONMENT

act

sense actsense

act

sense

actsense actsense

act
sense

actsense act

senseact

sense

act?sense?
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Representing State

capture (in)formal contextualized expectations of behaviour

Three kinds of normative facts:
1 perm(doX(agent1,...))
2 obl(doX(agent1,...),beforeY,otherwiseZ) or

obl(achieveX(agent1,...),beforeY,otherwiseZ)
3 pow(doX,(agent1,...))

where

achieveX is a condition over normative facts
beforeY is either an event or a condition and
otherwiseZ is a violation event

Domain facts depending on model
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Actions change the (normative) world

counts-as: G :
external
action

normative
action

generates

if(conditions)

normative facts represented by fluents
1 fluent ⇒ true if present, false otherwise

2 inertial fluent:

C↑: action fluent
initiates

if(conditions)

C↓: action fluent
terminates

if(conditions)

good for facts true for a period with start and finish actions

3 non-inertial fluent:
CN : fluent

if(conditions)

good for facts expressed as a combination of
inertial + non-inertial fluents
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Making it work

mathematical model:
sets + relations (G, C) ⇝ labelled transition system

∆
e1−→ S1

e2−→ S2
e3−→ ...

conceptual model:
Environment

e1 e2 e3 e4

normative framework

S0 S1
act1

C

G

S2
act2

C

G
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InstAL rules

1 type AType;: AType specifies the variables we use, e.g.
Article

2 fluent/nonintertial f ;: definition of (non inertial) fluent
f

3 x generates y [ if z ];: x an event (action), y one or
more events; conditional z

4 x initiates y [ if z ];: x an event, y one or more
fluents; add to model state conditional on z

5 x terminates y [ if z ];: as initiates, but remove
fluents conditional on z

6 x when y : x non-inertial fluent, y a condition over the model
state

7 initially x [ if y ]; : x one or more fluents in the
initial model state, conditional on y
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Implementation

computational model:

InstAL AnsProlog answer sets
translator clingo visualisers

python front-end

compiler: InstAL to Answer Set Programming

python API to Clingo (answer set solver, C++)

answer sets delivered in JSON

visualization tools generate images from traces
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Example

1 Instal

2
3 % the sale proceeds if sale is empowered and both

participants have the correct assets

4 sale(Seller ,Buyer) generates intSale(Seller ,Buyer) if

hasGood(Seller), hasMoney(Buyer);

5
6 % sale split between buyer and seller responsibilities

7 intSale(Seller ,Buyer) generates transferReq(Seller),

paymentReq(Buyer);

8 sale(Seller ,Buyer) initiates contract(Seller ,Buyer);

9
10 ASP

11 occurred(intSale(Seller ,Buyer),I) :- occurred(sale(Seller ,

Buyer),I),holdsat(hasGood(Seller),I),holdsat(hasMoney(

Buyer),I),holdsat(pow(legal ,intSale(Seller ,Buyer)),I),

instant(I), agent(Seller),agent(Buyer).

12
13 occured(transferReq(Seller),I) :- occured(intSale(Seller ,

Buyer),I),holdsat(pow(legal ,transferReq(Seller)),I),

instant(I),agent(Seller),agent(Buyer).

14 occured(paymentReq(buyer),I) :- occured(intSale(

Seller ,Buyer),I),holdsat(pow(legal ,paymentReq(Buyer)),I)

,instant(I),agent(Seller),agent(Buyer).

15
16
17 initiated(contract(Seller ,Buyer),I) :-

18 occured(sale(Seller ,Buyer),I),holdsat(live(legal),I),instant

(I),agent(Seller),agent(Buyer).
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Background

Two distinct perspectives of norms in the literature
emergent norms vs. prescriptive norms

distinct notion of norms
representation of norms
norm life cycle

Opportunity for the two perspectives to complement each
other

emergence of norms in the prescriptive perspective
agents as a source of norms
agents as stakeholder
lending itself to dynamic specifications
agents as norm synthesis actor

(Morris-Martin, De Vos, and Padget 2019)
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Norm emergence framework

Text
Ideation 

Norm Creation 

 Decision Norm Synthesis

Proposal

Synthesis

Discussion/
Deliberation

Agreement

 Norm 
Adoption

 Norm
Emergence

 Norm
Propagation

Figure: A summary of the conceptualisation of norm emergence for
normative MAS
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Agent-directed norm synthesis framework

Aligns with two of Ostrom’s eight principles (Ostrom 1990)

Implements the norm creation stage of the framework
Stages:

1 ideation
2 norm synthesis

a proposal
b synthesis
c deliberation
d agreement

3 decision
Two types of actors:

Participating agents
Synthesiser agents

Oracle provides a system and functional boundary for the
revision process.

(Morris-Martin, De Vos, and Padget 2020)
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The agent-directed norm synthesis framework

Recognise

Conflict

Determine
Valid

Request

Execute
revision

task

Analyse
Output 

Request
Synthesisers'


consensus


Get
Oracle

Approval

Update
active

 Institution


Inform
Agents

Initiate a
Revision

task

Update
institution

specification

Requests
revision

Agent

Receive
request

feedback

Synthesiser Revision Mechanism

Prepare files
for revision

task
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Revision stages

1 Initiating

Select wanted/unwanted (elements of) traces

2 Guiding

Annotate the specification
Define the examples
Define the format of the output

3 Completing

Select an output
Translate it to InstAL
Update normative framework

4 Repeat
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Revision Cycle

 JSON
Dictionary

Scenario Trace

Preprocess

Process

XHAIL

PostprocessGenerate Custom ASP

 <<aggregates, soft norms, try-

del>>

Generate
Mode

definitions

Generate
Narrative file 

Define
Example tags

 

Analyse
Hypotheis

Update
 InstAL spec

InstAL 

spec

Python
Dictionary

Hypothesis

Process Restarts

InstAL Prelude

Identify which
rule(s) to
update
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XHAIL

Ray “Nonmonotonic abductive inductive learning”,2009

ILP system

revision logic theories using +/- examples

base theory

mode declarations to constrain search

meta-predicates try, use or del and exception to simulate
causal refinement operator

used for institutional debugging (Li et al. 2013; Corapi et al.
2011)
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Case study

Case Study : Rooms Case study inspired by Sergot’s room
scenario (Sergot 2007).

a set of disconnected rooms in a building
agents can enter and leave rooms once they
have the necessary permissions to do so
rooms have a maximum capacity and some
rooms have special purposes
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Code snippet

1 fluent in_room(Person ,Location);

2 noninertial fluent occupancy(Location ,Number);

3 noninertial fluent capacityExceededViol(Location);

4
5 exogenous event enter(Person ,Location);

6 inst event arrive(Person ,Location);

7
8 enter(P,L) generates arrive(P,L);

9 enter(P,L) generates deniedEntry(P,L) if not permEntry(P,L);

10 arrive(P,L) initiates in_room(P,L), perm(leave(P,L));

11 exit(P,L) terminates perm(leave(P,L)), in_room(P,L);

12 permEntry(P,L) when not in_some_room(P);
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Introduced Issue

1 earlyBirdViol(P,L) when occupancy(L,X), equal(X,1), in_room(

P,L);

2
3 capacityExceededViol(L) when occupancy(L,X), max(L,Y),

bigger(X,Y);
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Violation

InstT A1 A2

enter(R1) occupancy(R1,0), max(R1,1), ...
t0

t1
enter(R1)

in_room(A1,R1), occupancy(R1,1),
max(R1,1), earlyBirdViol(A1,R1), ...

t2

in_room(A1,R1), in_room(A2,R1),
occupancy(R1,2), max(R1,1),
capacityExceededViol(R1), ...

viol

viol
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Annotating the Revision

1 earlyBirdViol(P,L) when occupancy(L,X), equal(X,1), in_room(

P,L), revise;

1 % Rule ID: 30

2 holdsat(earlyBirdViol(P,L),rooms ,I) :-

3 try(30, 1, holdsat(occupancy(L,X),rooms ,I)),

4 try(30, 2, holdsat(equal(X,1),rooms ,I)),

5 try(30, 3, holdsat(in_room(P,L),rooms ,I)),

6 not exception (30, holdsat(earlyBirdViol(P,L),rooms ,I)),

7 person(P),

8 location(L),

9 number(X),

10 instant(I).

11
12 try(30, 1, holdsat(occupancy(L,X),rooms ,I)) :- not del(30,

1), holdsat(occupancy(L,X),rooms ,I), location(L), number

(X), instant(I).

13
14 ...
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Defining the examples

Use one or more traces

remove unwelcome fluents: earlyBirdViol

1 #example not holdsat(earlyBirdViol(R1),rooms ,1).
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Defining the mode declarations

1 #modeh exception($int30 ,holdsat(earlyBirdViol (+person ,+
location),$inst ,+ instant))=1.

2 int30 (30).

3 clause30 (1..3).

4 #modeh del($int30 ,$clause30)=3.
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Defining constraints on InstAL generated

1 :- initiated(F,In,E,I), occurred(viol(E),In,I),ifluent(F,In)

,event(E),inst(In), instant(I).
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Completing the revision

XHAIL:

1 exception (30, holdsat(earlyBirdViol(V1,V2),rooms ,V3)).

Revision:

1 %OLD RULE 30

2 earlyBirdViol(P,L) when occupancy(L,X), equal(X,1), in_room(

P,L), revise;

3 %NEW RULE 30

4 %%% DELETED RULE %%%
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Violation Removed

InstT A1 A2

enter(R1)
meeting(R1),
occupancy(R1,0), max(R1,1), ...t0

t1
enter(R1)

in_room(A1,R1), occupancy(R1,1),
meeting(R1), max(R1,1), ...

t2

in_room(A2,R1), occupancy(R1,2),
in_room(A1,R1), meeting(R1),
max(R1,1), ...
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Future

norm internalisation

normative history

norm evolution

self-governance
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