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THE BRITISH NATIONALITY ACT 
AS A LOGIC PROGRAM 

The formalization of legislation and the development of computer systems to 
assist with legal problem solving provide a rich domain for developing and 
testing artificial-intelligence technology. 

M. J. SERGOT, F. SADRI, R. A. KOWALSKI, F. KRIWACZEK, P. HAMMOND, and H. T. CORY 

There are essentially two kinds of law, case law, de- 
termined by earlier court decisions, and statutes, de- 
termined by legislation. Substantial amounts of stat- 
utory law are basically definitional in nature and 
attempt to define more or less precisely some legal 
relationship or concept. The British Nationality Act 
1981 [ZO] defines Elritish citizenship and is a good 
example of statutory law. The act embodies all the 
characteristics of statutes in ,general: syntactic com- 
plexity, vagueness, and reference to previously en- 
acted legislation. 

In the course of this article, we will describe how 
the text of a large part of the British Nationality Act 
1981 was translated into a simple form of logic, and 
we will examine some possible applications of this 
translation. 

The form of logic used is that on which the pro- 
gramming language Prolog is based. Later in the arti- 
cle, we will describe how our translation of the act 
can be executed as a program by an augmented 
Prolog system, so that consequences of the act can 
be determined mechanically. 

Although Prolog logic is severely restricted, it 
proved to be sufficiently high level so that our im- 
plementation could resemble the style and structure 
of the actual text of the act. Such a resemblance is 
important because it helps increase confidence in 
This work was supported by the Science and Engineering Research Council. 
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the accuracy of the implementation and makes the 
implementation easier to maintain as the legislation 
changes and as case law evolves to augment the 
legislation. 

Our implementation of the British Nationality Act 
1981 was undertaken as an experiment to test the 
suitability of Prolog logic for expressing and applying 
legislation. The British Nationality Act 1981 was 
chosen for this experiment for a number of reasons. 
At the time it was first proposed, the act was a con- 
troversial piece of legislation that introduced several 
new classes of British citizenship. We hoped that 
formalization of the various definitions might illumi- 
nate some of the issues causing the controversy. 
More importantly, the British Nationality Act is rela- 
tively self-contained, and free, for the most part, of 
many complicating factors that make the problem of 
simulating legal reasoning so much more difficult. 
Furthermore, at the time of our original implemen- 
tation (summer 1983) the act was free of the compli- 
cating influence of case law. 

A complication that we anticipated was the pres- 
ence of vagueness. The act contains such vague 
phrases as “being a good character,” “having reason- 
able excuse,” and “having sufficient knowledge of 
English.” These concepts are not defined in the act 
and occur only at the lowest level of detail. At 
higher levels, the question of whether a person is a 
British citizen depends primarily on concrete, easily 
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problem of simulating legal reasoning. Rather, we 
have concentrated on the limited objective of imple- 
menting rules and regulations with the purpose of 
applying them mechanically to individual cases. The 
British Nationality Act 1981 was chosen because it 
best facilitated the accomplishment of this more 
limited objective. It is an application for which 
Prolog, because of its foundation in logic, proved to 
be particularly well suited. However, we do not wish 
to imply that no other computer-executable formal- 
ism would be capable of achieving similar results. 

In the remainder of the article, we illustrate our 
approach by showing how Prolog might be used to 
represent the very first clause of the act, and then 
proceed to describe the general structure of the act. 
To describe the methodology by which the formal- 
ization was constructed, we examine the first three 
clauses of the act in greater detail, discuss some ap- 
plications of the formalization, and detail some of 
the logical difficulties we encountered. Finally, we 
compare and contrast such formalization of legisla- 
tion with expert systems and with more conven- 
tional software techniques, and indicate how our 
work relates to other approaches to the computer 
assistance of legal reasoning. 

In writing this article, we have assumed no pre- 
vious knowledge of law, logic, or Prolog. The next 
section introduces the necessary background to 
Prolog. 

PROLOG 
The key to our approach is the representation of 
knowledge by means of definite Horn clauses, which 
are rules of the form 

A if B, and B, and . . . B,, 

Each such clause has exactly one conclusion A, but 
zero or more conditions Bit each of which is an 
atomic relationship among individuals. Definite 
Horn clauses are i:nvoked or queried by means of 
conjunctions of atomic relationships such as 

B, and B, and _ _ _ B,,? 

These can be regarded as degenerate “rules” that 
have no conclusion. (The terminology “Horn 
clauses” is used here to cover both definite Horn 
clauses and Horn clause queries.) 

The Horn clause form of logic is the basis of the 
computational paradigm, logic programming, and of 
the logic programming langu.age Prolog. Every set of 
definite Horn clauses is a Prolog program. 

As an example of formalization using Horn 
clauses, consider the first clause of the British 
Nationality Act: 

l.-(l) A person born in the United Kingdom after com- 
mencement shall be a British citizen if at the time 
of birth his father or mother is 

(a) a British citizen; or 
(b) settled in the United Kingdom. 

The act states that “after commencement” means 
after or on the date on which the act comes into 
force. 

As a first approximation, l.-(l)(a) can be repre- 
sented by the rule 

x is a British citizen 
if x was born in the U.K. 
and x was born on date y 
and y is after or on commencement 
and z is a parent of x 
and z is a British citizen on date y 

Here x, y, and z are variables, which can have any 
values. For example, the common knowledge that a 
parent is either a-father or a mother can itself be 
expressed by two rules: 

z is a parent of x if z is mother of X 
z is a parent of x if z is father of X 

It is important to note that variables in different 
rules are distinct even if they look the same. 

Facts such as 
Peter was born in the U.K. 
William is father of Peter 

can be regarded as degenerate rules that have a con- 
clusion, but no conditions. 

If we introduce the concept of having a parent 
who qualifies under l.-(l), defined by the rules 

x has a parent who qualifies 
under 1.1 on date y 

if z is a parent of x 
and z is a British citizen on date y 

x has a parent who qualifies 
under 1.1 on date y 

if z is a parent of x 
and z is settled in the U.K. on date y 

then we can combine rule 1.-l(a) with the corre- 
sponding rule 1.-l(b), to obtain a rule that represents 
all of subsection l.-(l): 

x is a British citizen 
if x was born in the U.K. 
and x was born on date y 
and y is after or on commencement 
and x has a parent who qualifies 

under 1.1 on date y 

We will see later that this formalization of l.-(l) is 
inadequate; partly because of the need to determine 
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DX: A Deontic Expert System 19

November 21, 1994

A deontic dilemma arises when two or more deontic rules imply conflicting conclusions for

a give situation. A classical example is Kierkegaard’s analysis of Abraham’s dilemma

whether or not to kill his son, Isaac. God had commanded Abraham to kill his son, yet ethi-

cal principles said he should not. We distinguish two categories of dilemmas, ‘mild’ and

‘deadlock.’ A mild dilemma occurs when deontic rules conflict, but there is still a course of

action available that avoids violating either rule. There are two main cases:

FORBID(X:A) & PERMIT(X:A)

OBLIG(X:A) & WAIVE(X:A)

In the first case, where the same action is both forbidden and permitted, the party X may ab-

stain from the forbidden action to avoid violation. In the second case, where the same action,

A, is both obliged and waived, the party X may do the obliged action to avoid violation.

Deadlock dilemmas are more difficult. In these cases, the individual has no course of action

that avoids a violation. The principal pattern of a deadlock dilemma is the following:

OBLIG(X:A) & FORBID(X:A).

That is, an action A is both obliged and forbidden. Or more generally:

OBLIG(X:A) & OBLIG(X:B).

where A and B are mutually exclusive actions, represented in DX with the assertion:

EXCLUSIVE([A,B]).

Example (Mild Dilemma). The university library has a policy that students with outstand-

ing fines may not use copiers on campus.

assess: Chen:USE-COPIER

rule : PERMIT(X:USE-COPIER) IF

STUDENT(X).

rule : FORBID(X:USE-COPIER) IF

STUDENT(X) AND

OUTSTANDING-FINE(X).

fact: STUDENT(Chen).

fact: OUTSTANDING-FINE(Chen).

response: PERMIT(Chen:USE-COPIER)

FORBID(Chen:USE-COPIER)

Example (Deadlock Dilemma). Teaching assistants must make use of the copier to prepare

exam materials for class.

assess: Chen:USE-COPIER

rule: OBLIG(X:USE-COPIER) IF

TEACHING-ASSISTANT(X) AND



Which  data  is  relevant  for  the  law?  





Our  approach:  combining  mining  and  reasoning  





An  example  





RegulaBon  (EC)  No  261/2004  



I

(Acts whose publication is obligatory)

REGULATION (EC) No 261/2004 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 11 February 2004

establishing common rules on compensation and assistance to passengers in the event of denied
boarding and of cancellation or long delay of flights, and repealing Regulation (EEC) No 295/91

(Text with EEA relevance)

THE EUROPEAN PARLIAMENT AND THE COUNCIL OF THE
EUROPEAN UNION,

Having regard to the Treaty establishing the European
Community, and in particular Article 80(2) thereof,

Having regard to the proposal from the Commission (1),

Having regard to the opinion of the European Economic and
Social Committee (2),

After consulting the Committee of the Regions,

Acting in accordance with the procedure laid down in Article
251 of the Treaty (3), in the light of the joint text approved by
the Conciliation Committee on 1 December 2003,

Whereas:

(1) Action by the Community in the field of air transport
should aim, among other things, at ensuring a high level
of protection for passengers. Moreover, full account
should be taken of the requirements of consumer protec-
tion in general.

(2) Denied boarding and cancellation or long delay of flights
cause serious trouble and inconvenience to passengers.

(3) While Council Regulation (EEC) No 295/91 of 4
February 1991 establishing common rules for a denied
boarding compensation system in scheduled air trans-
port (4) created basic protection for passengers, the
number of passengers denied boarding against their will
remains too high, as does that affected by cancellations
without prior warning and that affected by long delays.

(4) The Community should therefore raise the standards of
protection set by that Regulation both to strengthen the
rights of passengers and to ensure that air carriers
operate under harmonised conditions in a liberalised
market.

(5) Since the distinction between scheduled and non-sched-
uled air services is weakening, such protection should
apply to passengers not only on scheduled but also on
non-scheduled flights, including those forming part of
package tours.

(6) The protection accorded to passengers departing from
an airport located in a Member State should be extended
to those leaving an airport located in a third country for
one situated in a Member State, when a Community
carrier operates the flight.

(7) In order to ensure the effective application of this Regu-
lation, the obligations that it creates should rest with the
operating air carrier who performs or intends to
perform a flight, whether with owned aircraft, under dry
or wet lease, or on any other basis.

(8) This Regulation should not restrict the rights of the
operating air carrier to seek compensation from any
person, including third parties, in accordance with the
law applicable.

(9) The number of passengers denied boarding against their
will should be reduced by requiring air carriers to call
for volunteers to surrender their reservations, in
exchange for benefits, instead of denying passengers
boarding, and by fully compensating those finally denied
boarding.

17.2.2004 L 46/1Official Journal of the European UnionEN

(1) OJ C 103 E, 30.4.2002, p. 225 and OJ C 71 E, 25.3.2003, p. 188.
(2) OJ C 241, 7.10.2002, p. 29.
(3) Opinion of the European Parliament of 24 October 2002 (OJ C 300

E, 11.12.2003, p. 443), Council Common Position of 18 March
2003 (OJ C 125 E, 27.5.2003, p. 63) and Position of the European
Parliament of 3 July 2003. Legislative Resolution of the European
Parliament of 18 December 2003 and Council Decision of 26
January 2004.

(4) OJ L 36, 8.2.1991, p. 5.
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(10) Passengers denied boarding against their will should be
able either to cancel their flights, with reimbursement of
their tickets, or to continue them under satisfactory
conditions, and should be adequately cared for while
awaiting a later flight.

(11) Volunteers should also be able to cancel their flights,
with reimbursement of their tickets, or continue them
under satisfactory conditions, since they face difficulties
of travel similar to those experienced by passengers
denied boarding against their will.

(12) The trouble and inconvenience to passengers caused by
cancellation of flights should also be reduced. This
should be achieved by inducing carriers to inform
passengers of cancellations before the scheduled time of
departure and in addition to offer them reasonable re-
routing, so that the passengers can make other arrange-
ments. Air carriers should compensate passengers if they
fail to do this, except when the cancellation occurs in
extraordinary circumstances which could not have been
avoided even if all reasonable measures had been taken.

(13) Passengers whose flights are cancelled should be able
either to obtain reimbursement of their tickets or to
obtain re-routing under satisfactory conditions, and
should be adequately cared for while awaiting a later
flight.

(14) As under the Montreal Convention, obligations on oper-
ating air carriers should be limited or excluded in cases
where an event has been caused by extraordinary
circumstances which could not have been avoided even
if all reasonable measures had been taken. Such circum-
stances may, in particular, occur in cases of political
instability, meteorological conditions incompatible with
the operation of the flight concerned, security risks,
unexpected flight safety shortcomings and strikes that
affect the operation of an operating air carrier.

(15) Extraordinary circumstances should be deemed to exist
where the impact of an air traffic management decision
in relation to a particular aircraft on a particular day
gives rise to a long delay, an overnight delay, or the
cancellation of one or more flights by that aircraft, even
though all reasonable measures had been taken by the
air carrier concerned to avoid the delays or cancella-
tions.

(16) In cases where a package tour is cancelled for reasons
other than the flight being cancelled, this Regulation
should not apply.

(17) Passengers whose flights are delayed for a specified time
should be adequately cared for and should be able to
cancel their flights with reimbursement of their tickets
or to continue them under satisfactory conditions.

(18) Care for passengers awaiting an alternative or a delayed
flight may be limited or declined if the provision of the
care would itself cause further delay.

(19) Operating air carriers should meet the special needs of
persons with reduced mobility and any persons accom-
panying them.

(20) Passengers should be fully informed of their rights in the
event of denied boarding and of cancellation or long
delay of flights, so that they can effectively exercise their
rights.

(21) Member States should lay down rules on sanctions
applicable to infringements of the provisions of this
Regulation and ensure that these sanctions are applied.
The sanctions should be effective, proportionate and
dissuasive.

(22) Member States should ensure and supervise general
compliance by their air carriers with this Regulation and
designate an appropriate body to carry out such enforce-
ment tasks. The supervision should not affect the rights
of passengers and air carriers to seek legal redress from
courts under procedures of national law.

(23) The Commission should analyse the application of this
Regulation and should assess in particular the opportu-
nity of extending its scope to all passengers having a
contract with a tour operator or with a Community
carrier, when departing from a third country airport to
an airport in a Member State.

(24) Arrangements for greater cooperation over the use of
Gibraltar airport were agreed in London on 2 December
1987 by the Kingdom of Spain and the United Kingdom
in a joint declaration by the Ministers of Foreign Affairs
of the two countries. Such arrangements have yet to
enter into operation.

(25) Regulation (EEC) No 295/91 should accordingly be
repealed,

HAVE ADOPTED THIS REGULATION:

Article 1

Subject

1. This Regulation establishes, under the conditions specified
herein, minimum rights for passengers when:

(a) they are denied boarding against their will;

(b) their flight is cancelled;

(c) their flight is delayed.

17.2.2004L 46/2 Official Journal of the European UnionEN
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2. Application of this Regulation to Gibraltar airport is
understood to be without prejudice to the respective legal posi-
tions of the Kingdom of Spain and the United Kingdom with
regard to the dispute over sovereignty over the territory in
which the airport is situated.

3. Application of this Regulation to Gibraltar airport shall
be suspended until the arrangements in the Joint Declaration
made by the Foreign Ministers of the Kingdom of Spain and
the United Kingdom on 2 December 1987 enter into operation.
The Governments of Spain and the United Kingdom will
inform the Council of such date of entry into operation.

Article 2

Definitions

For the purposes of this Regulation:

(a) ‘air carrier’ means an air transport undertaking with a valid
operating licence;

(b) ‘operating air carrier’ means an air carrier that performs or
intends to perform a flight under a contract with a
passenger or on behalf of another person, legal or natural,
having a contract with that passenger;

(c) ‘Community carrier’ means an air carrier with a valid oper-
ating licence granted by a Member State in accordance with
the provisions of Council Regulation (EEC) No 2407/92 of
23 July 1992 on licensing of air carriers (1);

(d) ‘tour operator’ means, with the exception of an air carrier,
an organiser within the meaning of Article 2, point 2, of
Council Directive 90/314/EEC of 13 June 1990 on package
travel, package holidays and package tours (2);

(e) ‘package’ means those services defined in Article 2, point 1,
of Directive 90/314/EEC;

(f) ‘ticket’ means a valid document giving entitlement to trans-
port, or something equivalent in paperless form, including
electronic form, issued or authorised by the air carrier or
its authorised agent;

(g) ‘reservation’ means the fact that the passenger has a ticket,
or other proof, which indicates that the reservation has
been accepted and registered by the air carrier or tour
operator;

(h) ‘final destination’ means the destination on the ticket
presented at the check-in counter or, in the case of directly
connecting flights, the destination of the last flight; alterna-
tive connecting flights available shall not be taken into
account if the original planned arrival time is respected;

(i) ‘person with reduced mobility’ means any person whose
mobility is reduced when using transport because of any
physical disability (sensory or locomotory, permanent or
temporary), intellectual impairment, age or any other cause

of disability, and whose situation needs special attention
and adaptation to the person's needs of the services made
available to all passengers;

(j) ‘denied boarding’ means a refusal to carry passengers on a
flight, although they have presented themselves for
boarding under the conditions laid down in Article 3(2),
except where there are reasonable grounds to deny them
boarding, such as reasons of health, safety or security, or
inadequate travel documentation;

(k) ‘volunteer’ means a person who has presented himself for
boarding under the conditions laid down in Article 3(2)
and responds positively to the air carrier's call for passen-
gers prepared to surrender their reservation in exchange for
benefits.

(l) ‘cancellation’ means the non-operation of a flight which
was previously planned and on which at least one place
was reserved.

Article 3

Scope

1. This Regulation shall apply:

(a) to passengers departing from an airport located in the terri-
tory of a Member State to which the Treaty applies;

(b) to passengers departing from an airport located in a third
country to an airport situated in the territory of a Member
State to which the Treaty applies, unless they received
benefits or compensation and were given assistance in that
third country, if the operating air carrier of the flight
concerned is a Community carrier.

2. Paragraph 1 shall apply on the condition that passengers:

(a) have a confirmed reservation on the flight concerned and,
except in the case of cancellation referred to in Article 5,
present themselves for check-in,

— as stipulated and at the time indicated in advance and
in writing (including by electronic means) by the air
carrier, the tour operator or an authorised travel agent,

or, if no time is indicated,

— not later than 45 minutes before the published depar-
ture time; or

(b) have been transferred by an air carrier or tour operator
from the flight for which they held a reservation to another
flight, irrespective of the reason.

3. This Regulation shall not apply to passengers travelling
free of charge or at a reduced fare not available directly or
indirectly to the public. However, it shall apply to passengers
having tickets issued under a frequent flyer programme or
other commercial programme by an air carrier or tour
operator.

17.2.2004 L 46/3Official Journal of the European UnionEN

(1) OJ L 240, 24.8.1992, p. 1.
(2) OJ L 158, 23.6.1990, p. 59.
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2. Application of this Regulation to Gibraltar airport is
understood to be without prejudice to the respective legal posi-
tions of the Kingdom of Spain and the United Kingdom with
regard to the dispute over sovereignty over the territory in
which the airport is situated.

3. Application of this Regulation to Gibraltar airport shall
be suspended until the arrangements in the Joint Declaration
made by the Foreign Ministers of the Kingdom of Spain and
the United Kingdom on 2 December 1987 enter into operation.
The Governments of Spain and the United Kingdom will
inform the Council of such date of entry into operation.

Article 2

Definitions

For the purposes of this Regulation:

(a) ‘air carrier’ means an air transport undertaking with a valid
operating licence;

(b) ‘operating air carrier’ means an air carrier that performs or
intends to perform a flight under a contract with a
passenger or on behalf of another person, legal or natural,
having a contract with that passenger;

(c) ‘Community carrier’ means an air carrier with a valid oper-
ating licence granted by a Member State in accordance with
the provisions of Council Regulation (EEC) No 2407/92 of
23 July 1992 on licensing of air carriers (1);

(d) ‘tour operator’ means, with the exception of an air carrier,
an organiser within the meaning of Article 2, point 2, of
Council Directive 90/314/EEC of 13 June 1990 on package
travel, package holidays and package tours (2);

(e) ‘package’ means those services defined in Article 2, point 1,
of Directive 90/314/EEC;

(f) ‘ticket’ means a valid document giving entitlement to trans-
port, or something equivalent in paperless form, including
electronic form, issued or authorised by the air carrier or
its authorised agent;

(g) ‘reservation’ means the fact that the passenger has a ticket,
or other proof, which indicates that the reservation has
been accepted and registered by the air carrier or tour
operator;

(h) ‘final destination’ means the destination on the ticket
presented at the check-in counter or, in the case of directly
connecting flights, the destination of the last flight; alterna-
tive connecting flights available shall not be taken into
account if the original planned arrival time is respected;

(i) ‘person with reduced mobility’ means any person whose
mobility is reduced when using transport because of any
physical disability (sensory or locomotory, permanent or
temporary), intellectual impairment, age or any other cause

of disability, and whose situation needs special attention
and adaptation to the person's needs of the services made
available to all passengers;

(j) ‘denied boarding’ means a refusal to carry passengers on a
flight, although they have presented themselves for
boarding under the conditions laid down in Article 3(2),
except where there are reasonable grounds to deny them
boarding, such as reasons of health, safety or security, or
inadequate travel documentation;

(k) ‘volunteer’ means a person who has presented himself for
boarding under the conditions laid down in Article 3(2)
and responds positively to the air carrier's call for passen-
gers prepared to surrender their reservation in exchange for
benefits.

(l) ‘cancellation’ means the non-operation of a flight which
was previously planned and on which at least one place
was reserved.

Article 3

Scope

1. This Regulation shall apply:

(a) to passengers departing from an airport located in the terri-
tory of a Member State to which the Treaty applies;

(b) to passengers departing from an airport located in a third
country to an airport situated in the territory of a Member
State to which the Treaty applies, unless they received
benefits or compensation and were given assistance in that
third country, if the operating air carrier of the flight
concerned is a Community carrier.

2. Paragraph 1 shall apply on the condition that passengers:

(a) have a confirmed reservation on the flight concerned and,
except in the case of cancellation referred to in Article 5,
present themselves for check-in,

— as stipulated and at the time indicated in advance and
in writing (including by electronic means) by the air
carrier, the tour operator or an authorised travel agent,

or, if no time is indicated,

— not later than 45 minutes before the published depar-
ture time; or

(b) have been transferred by an air carrier or tour operator
from the flight for which they held a reservation to another
flight, irrespective of the reason.

3. This Regulation shall not apply to passengers travelling
free of charge or at a reduced fare not available directly or
indirectly to the public. However, it shall apply to passengers
having tickets issued under a frequent flyer programme or
other commercial programme by an air carrier or tour
operator.

17.2.2004 L 46/3Official Journal of the European UnionEN
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4. This Regulation shall only apply to passengers trans-
ported by motorised fixed wing aircraft.

5. This Regulation shall apply to any operating air carrier
providing transport to passengers covered by paragraphs 1 and
2. Where an operating air carrier which has no contract with
the passenger performs obligations under this Regulation, it
shall be regarded as doing so on behalf of the person having a
contract with that passenger.

6. This Regulation shall not affect the rights of passengers
under Directive 90/314/EEC. This Regulation shall not apply in
cases where a package tour is cancelled for reasons other than
cancellation of the flight.

Article 4

Denied boarding

1. When an operating air carrier reasonably expects to deny
boarding on a flight, it shall first call for volunteers to
surrender their reservations in exchange for benefits under
conditions to be agreed between the passenger concerned and
the operating air carrier. Volunteers shall be assisted in accord-
ance with Article 8, such assistance being additional to the
benefits mentioned in this paragraph.

2. If an insufficient number of volunteers comes forward to
allow the remaining passengers with reservations to board the
flight, the operating air carrier may then deny boarding to
passengers against their will.

3. If boarding is denied to passengers against their will, the
operating air carrier shall immediately compensate them in
accordance with Article 7 and assist them in accordance with
Articles 8 and 9.

Article 5

Cancellation

1. In case of cancellation of a flight, the passengers
concerned shall:

(a) be offered assistance by the operating air carrier in accord-
ance with Article 8; and

(b) be offered assistance by the operating air carrier in accord-
ance with Article 9(1)(a) and 9(2), as well as, in event of re-
routing when the reasonably expected time of departure of
the new flight is at least the day after the departure as it
was planned for the cancelled flight, the assistance specified
in Article 9(1)(b) and 9(1)(c); and

(c) have the right to compensation by the operating air carrier
in accordance with Article 7, unless:

(i) they are informed of the cancellation at least two
weeks before the scheduled time of departure; or

(ii) they are informed of the cancellation between two
weeks and seven days before the scheduled time of
departure and are offered re-routing, allowing them to
depart no more than two hours before the scheduled
time of departure and to reach their final destination
less than four hours after the scheduled time of arrival;
or

(iii) they are informed of the cancellation less than seven
days before the scheduled time of departure and are
offered re-routing, allowing them to depart no more
than one hour before the scheduled time of departure
and to reach their final destination less than two hours
after the scheduled time of arrival.

2. When passengers are informed of the cancellation, an
explanation shall be given concerning possible alternative trans-
port.

3. An operating air carrier shall not be obliged to pay
compensation in accordance with Article 7, if it can prove that
the cancellation is caused by extraordinary circumstances
which could not have been avoided even if all reasonable
measures had been taken.

4. The burden of proof concerning the questions as to
whether and when the passenger has been informed of the
cancellation of the flight shall rest with the operating air
carrier.

Article 6

Delay

1. When an operating air carrier reasonably expects a flight
to be delayed beyond its scheduled time of departure:

(a) for two hours or more in the case of flights of 1 500 kilo-
metres or less; or

(b) for three hours or more in the case of all intra-Community
flights of more than 1 500 kilometres and of all other
flights between 1 500 and 3 500 kilometres; or

(c) for four hours or more in the case of all flights not falling
under (a) or (b),

passengers shall be offered by the operating air carrier:

(i) the assistance specified in Article 9(1)(a) and 9(2); and

(ii) when the reasonably expected time of departure is at least
the day after the time of departure previously announced,
the assistance specified in Article 9(1)(b) and 9(1)(c); and

(iii) when the delay is at least five hours, the assistance speci-
fied in Article 8(1)(a).

2. In any event, the assistance shall be offered within the
time limits set out above with respect to each distance bracket.
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Article 7

Right to compensation

1. Where reference is made to this Article, passengers shall
receive compensation amounting to:

(a) EUR 250 for all flights of 1 500 kilometres or less;

(b) EUR 400 for all intra-Community flights of more than
1 500 kilometres, and for all other flights between 1 500
and 3 500 kilometres;

(c) EUR 600 for all flights not falling under (a) or (b).

In determining the distance, the basis shall be the last destina-
tion at which the denial of boarding or cancellation will delay
the passenger's arrival after the scheduled time.

2. When passengers are offered re-routing to their final
destination on an alternative flight pursuant to Article 8, the
arrival time of which does not exceed the scheduled arrival
time of the flight originally booked

(a) by two hours, in respect of all flights of 1 500 kilometres
or less; or

(b) by three hours, in respect of all intra-Community flights of
more than 1 500 kilometres and for all other flights
between 1 500 and 3 500 kilometres; or

(c) by four hours, in respect of all flights not falling under (a)
or (b),

the operating air carrier may reduce the compensation
provided for in paragraph 1 by 50 %.

3. The compensation referred to in paragraph 1 shall be
paid in cash, by electronic bank transfer, bank orders or bank
cheques or, with the signed agreement of the passenger, in
travel vouchers and/or other services.

4. The distances given in paragraphs 1 and 2 shall be
measured by the great circle route method.

Article 8

Right to reimbursement or re-routing

1. Where reference is made to this Article, passengers shall
be offered the choice between:

(a) — reimbursement within seven days, by the means
provided for in Article 7(3), of the full cost of the ticket
at the price at which it was bought, for the part or
parts of the journey not made, and for the part or parts
already made if the flight is no longer serving any
purpose in relation to the passenger's original travel
plan, together with, when relevant,

— a return flight to the first point of departure, at the
earliest opportunity;

(b) re-routing, under comparable transport conditions, to their
final destination at the earliest opportunity; or

(c) re-routing, under comparable transport conditions, to their
final destination at a later date at the passenger's conveni-
ence, subject to availability of seats.

2. Paragraph 1(a) shall also apply to passengers whose
flights form part of a package, except for the right to reimbur-
sement where such right arises under Directive 90/314/EEC.

3. When, in the case where a town, city or region is served
by several airports, an operating air carrier offers a passenger a
flight to an airport alternative to that for which the booking
was made, the operating air carrier shall bear the cost of trans-
ferring the passenger from that alternative airport either to that
for which the booking was made, or to another close-by desti-
nation agreed with the passenger.

Article 9

Right to care

1. Where reference is made to this Article, passengers shall
be offered free of charge:

(a) meals and refreshments in a reasonable relation to the
waiting time;

(b) hotel accommodation in cases

— where a stay of one or more nights becomes necessary,
or

— where a stay additional to that intended by the
passenger becomes necessary;

(c) transport between the airport and place of accommodation
(hotel or other).

2. In addition, passengers shall be offered free of charge two
telephone calls, telex or fax messages, or e-mails.

3. In applying this Article, the operating air carrier shall pay
particular attention to the needs of persons with reduced mobi-
lity and any persons accompanying them, as well as to the
needs of unaccompanied children.

Article 10

Upgrading and downgrading

1. If an operating air carrier places a passenger in a class
higher than that for which the ticket was purchased, it may not
request any supplementary payment.

2. If an operating air carrier places a passenger in a class
lower than that for which the ticket was purchased, it shall
within seven days, by the means provided for in Article 7(3),
reimburse

(a) 30 % of the price of the ticket for all flights of 1 500 kilo-
metres or less, or
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I

(Acts whose publication is obligatory)

REGULATION (EC) No 261/2004 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 11 February 2004

establishing common rules on compensation and assistance to passengers in the event of denied
boarding and of cancellation or long delay of flights, and repealing Regulation (EEC) No 295/91

(Text with EEA relevance)

THE EUROPEAN PARLIAMENT AND THE COUNCIL OF THE
EUROPEAN UNION,

Having regard to the Treaty establishing the European
Community, and in particular Article 80(2) thereof,

Having regard to the proposal from the Commission (1),

Having regard to the opinion of the European Economic and
Social Committee (2),

After consulting the Committee of the Regions,

Acting in accordance with the procedure laid down in Article
251 of the Treaty (3), in the light of the joint text approved by
the Conciliation Committee on 1 December 2003,

Whereas:

(1) Action by the Community in the field of air transport
should aim, among other things, at ensuring a high level
of protection for passengers. Moreover, full account
should be taken of the requirements of consumer protec-
tion in general.

(2) Denied boarding and cancellation or long delay of flights
cause serious trouble and inconvenience to passengers.

(3) While Council Regulation (EEC) No 295/91 of 4
February 1991 establishing common rules for a denied
boarding compensation system in scheduled air trans-
port (4) created basic protection for passengers, the
number of passengers denied boarding against their will
remains too high, as does that affected by cancellations
without prior warning and that affected by long delays.

(4) The Community should therefore raise the standards of
protection set by that Regulation both to strengthen the
rights of passengers and to ensure that air carriers
operate under harmonised conditions in a liberalised
market.

(5) Since the distinction between scheduled and non-sched-
uled air services is weakening, such protection should
apply to passengers not only on scheduled but also on
non-scheduled flights, including those forming part of
package tours.

(6) The protection accorded to passengers departing from
an airport located in a Member State should be extended
to those leaving an airport located in a third country for
one situated in a Member State, when a Community
carrier operates the flight.

(7) In order to ensure the effective application of this Regu-
lation, the obligations that it creates should rest with the
operating air carrier who performs or intends to
perform a flight, whether with owned aircraft, under dry
or wet lease, or on any other basis.

(8) This Regulation should not restrict the rights of the
operating air carrier to seek compensation from any
person, including third parties, in accordance with the
law applicable.

(9) The number of passengers denied boarding against their
will should be reduced by requiring air carriers to call
for volunteers to surrender their reservations, in
exchange for benefits, instead of denying passengers
boarding, and by fully compensating those finally denied
boarding.
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(10) Passengers denied boarding against their will should be
able either to cancel their flights, with reimbursement of
their tickets, or to continue them under satisfactory
conditions, and should be adequately cared for while
awaiting a later flight.

(11) Volunteers should also be able to cancel their flights,
with reimbursement of their tickets, or continue them
under satisfactory conditions, since they face difficulties
of travel similar to those experienced by passengers
denied boarding against their will.

(12) The trouble and inconvenience to passengers caused by
cancellation of flights should also be reduced. This
should be achieved by inducing carriers to inform
passengers of cancellations before the scheduled time of
departure and in addition to offer them reasonable re-
routing, so that the passengers can make other arrange-
ments. Air carriers should compensate passengers if they
fail to do this, except when the cancellation occurs in
extraordinary circumstances which could not have been
avoided even if all reasonable measures had been taken.

(13) Passengers whose flights are cancelled should be able
either to obtain reimbursement of their tickets or to
obtain re-routing under satisfactory conditions, and
should be adequately cared for while awaiting a later
flight.

(14) As under the Montreal Convention, obligations on oper-
ating air carriers should be limited or excluded in cases
where an event has been caused by extraordinary
circumstances which could not have been avoided even
if all reasonable measures had been taken. Such circum-
stances may, in particular, occur in cases of political
instability, meteorological conditions incompatible with
the operation of the flight concerned, security risks,
unexpected flight safety shortcomings and strikes that
affect the operation of an operating air carrier.

(15) Extraordinary circumstances should be deemed to exist
where the impact of an air traffic management decision
in relation to a particular aircraft on a particular day
gives rise to a long delay, an overnight delay, or the
cancellation of one or more flights by that aircraft, even
though all reasonable measures had been taken by the
air carrier concerned to avoid the delays or cancella-
tions.

(16) In cases where a package tour is cancelled for reasons
other than the flight being cancelled, this Regulation
should not apply.

(17) Passengers whose flights are delayed for a specified time
should be adequately cared for and should be able to
cancel their flights with reimbursement of their tickets
or to continue them under satisfactory conditions.

(18) Care for passengers awaiting an alternative or a delayed
flight may be limited or declined if the provision of the
care would itself cause further delay.

(19) Operating air carriers should meet the special needs of
persons with reduced mobility and any persons accom-
panying them.

(20) Passengers should be fully informed of their rights in the
event of denied boarding and of cancellation or long
delay of flights, so that they can effectively exercise their
rights.

(21) Member States should lay down rules on sanctions
applicable to infringements of the provisions of this
Regulation and ensure that these sanctions are applied.
The sanctions should be effective, proportionate and
dissuasive.

(22) Member States should ensure and supervise general
compliance by their air carriers with this Regulation and
designate an appropriate body to carry out such enforce-
ment tasks. The supervision should not affect the rights
of passengers and air carriers to seek legal redress from
courts under procedures of national law.

(23) The Commission should analyse the application of this
Regulation and should assess in particular the opportu-
nity of extending its scope to all passengers having a
contract with a tour operator or with a Community
carrier, when departing from a third country airport to
an airport in a Member State.

(24) Arrangements for greater cooperation over the use of
Gibraltar airport were agreed in London on 2 December
1987 by the Kingdom of Spain and the United Kingdom
in a joint declaration by the Ministers of Foreign Affairs
of the two countries. Such arrangements have yet to
enter into operation.

(25) Regulation (EEC) No 295/91 should accordingly be
repealed,

HAVE ADOPTED THIS REGULATION:

Article 1

Subject

1. This Regulation establishes, under the conditions specified
herein, minimum rights for passengers when:

(a) they are denied boarding against their will;

(b) their flight is cancelled;

(c) their flight is delayed.
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Abstract
In this chapter we provide an introductory presentation of normative multi-agent systems (nMAS).
The key idea of the chapter is that any definition of nMAS should preliminarily clarify meaning,
scope, and function of the concept of norm. On account of this idea, we focus on three definitions
and some related requirements for nMAS. For each of such definitions we propose some guidelines
for developing nMAS. Second, we suggest how to relate the concept of nMAS to di�erent concep-
tions of norms and how norms can be used within the systems. Finally, we identify some specific
issues that open research questions or that exhibit interesting overlaps with other disciplines.
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1 Introduction

Normative systems are those in which “norms play a role and which need normative concepts
in order to be described or specified” [70, preface]. There has been in the last years an
increasing interest in normative systems in the computer science community, due, among the
other reasons, to the AgentLink RoadMap’s [65] observation that norms must be introduced
in agent technology in the medium term for infrastructure for open communities, reasoning in
open environments and trust and reputation. Indeed, normative multi-agent systems (nMAS)
revolve around the idea that, while the main objective of MAS research is to design systems of
autonomous agents, it is likewise important that agent systems may exhibit global desirable
properties. One possible strategy to achieve this goal is that, like in human societies, such
desirable properties be ensured by normative constraints: the interaction of artificial agents,
too, adopts normative models whose goal is to govern agents’ behavior through normative
systems in supporting coordination, cooperation and decision-making. The deontic logic
and artificial intelligence and law communities, for instance, agree about the structure and
properties of norms [38]. The nMAS community, too, has strong and obvious connections
with the development of rule-based systems and technologies.

Layout of the Chapter

It is widely acknowledged that normative concepts can play an important role in MAS and
many themes and methods have obtained a reasonable degree of consensus. However, there
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Abstract
In this chapter we first provide a general introduction to the research area methodology and
relevance, then we discuss normative reasoning for multi-agent systems, and finally we discuss
current research challenges. We cover the main issues in modern deontic logic, which is much
broader than the traditional modal logic framework of deontic logic, with an emphasis to our in-
tended audience. To emphasize this broadness, we typically refer to “deontic logic and normative
systems” rather than deontic logic only.
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1 Introduction

We first give a general introduction to the research area methodology and relevance, then we
discuss normative reasoning for multi-agent systems, and finally we discuss current research
challenges.

The intended audience is a general multi-agent systems audience, and no previous
knowledge of deontic logic is presupposed. For a more detailed and in depth discussion on
deontic logic, we refer to the handbook of deontic logic and normative systems.

We cover the main issues in modern deontic logic, which is much broader than the
traditional modal logic framework of deontic logic, with an emphasis to our intended audience.
To emphasize this broadness, we typically refer to “deontic logic and normative systems”
rather than deontic logic only.

The paper is based on discussions during Dagstuhl seminar “Normative Multi-Agent
Systems”1, and has subsequently been written by participants of the workshop, extended
with a few additional authors.

1
http://www.dagstuhl.de/12111
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Abstract
This chapter takes a closer look at computational logic approaches for the design, verification and
the implementation of normative multi-agent systems. After a short overview of existing formal-
isms, architectures and implementation languages, an overview of current research challenges is
provided.
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1 Introduction

Multi-agent systems consist of interacting autonomous agents. While individual agents aim
at achieving their own design objectives, the overall objectives of multi-agent systems can
be guaranteed by regulating and organising the behaviour of individual agents and their
interactions. There have been various proposals for regulating and organising the behaviours
of individual agents. Some of these proposals advocate the use of coordination artifacts
that are specified in terms of low-level coordination concepts such as synchronization [5, 28].
Other approaches are motivated by organisational models, normative systems, or electronic
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Abstract
This chapter addresses the problem of building normative multi-agent systems in terms of regulat-
ory mechanisms. It describes a static conceptual model through which one can specify normative
multi-agent systems along with a dynamic model to capture their operation and evolution. The
chapter proposes a typology of applications and presents some open problems. In the last section,
the authors express their individual views on these matters.

1998 ACM Subject Classification I.2.11 Distributed Artificial Intelligence

Keywords and phrases NormMAS, Norms, Open Interaction

Digital Object Identifier 10.4230/DFU.Vol4.12111.93

1 Introduction

Central to the idea of a normative multi-agent systems is the important distinction between
regimentation and regulation, first drawn in the present technical setting by Jones and Sergot
[42]. The key distinction is that regimentation arises in a system that forces or precludes
certain actions whereas regulation arises in a system that neither forces nor precludes the
relevant actions but merely regulates the participants so that those actions respectively occur
or fail to occur. Specifically, when we think of multi-agent systems—which by definition
consist of multiple agents—subject to various constraints, regimentation becomes ensuring
the agents are simply (i.e., “physically”) unable to violate some constraints whereas regulation
becomes ensuring the agents choose not to violate the constraints, despite being able to
violate them.

In other words, the notion of regulation is central to the idea of autonomy and thus
legitimises the general idea of norms as we understand them. For if an agent were simply
unable to violate a constraint, the constraint would appear less like a norm and more like a
physical law, such as that of the conservation of energy.

A note on terminology: for our present purposes, we treat a regulation as a norm that is
of social provenance and applies on the interactions of the participants. In this manner, we
would not include within regulations the following kinds of norms: personal norms (never
mislead my friends) and social conventions (greet everyone at the start of a meeting).

Regulation as the idea of control despite autonomy involves the obvious idea of a life cycle
of regulations being promulgated, obeyed (or disobeyed), enforced, updated, and revoked. The
notion of regulations presumes what we term a normative architecture or a social backdrop.
The notion of regulations, however, is more general than any such normative architecture in
which they may exist—regulations can exist in any setting where multi-agent systems make
sense. Specifically, we can see regulations being applied in a setting involving a designated
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Abstract
This chapter is concerned with the dynamics of social norms. In particular the chapter concen-
trates on the lifecycle that social norms go through, focusing on the generation of norms, the way
that norms spread and stabilize, and finally evolve. We also discuss the cognitive mechanisms
behind norm compliance, the role of culture in norm dynamics, and the way that trust a�ects
norm dynamics.
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1 Introduction

This chapter aims to identify the major aspects of norm dynamics, by which we mean
the way that norms come into being and change through their life, as well as some of the
relevant factors or determinants of the process that underlies this change. The need for
a deep understanding of these dynamics is becoming a compelling task for the Normative
Multi-Agent Systems (NorMAS) community because of the systems that the community
wants to develop. Now, the members of the NorMAS community have a wide range of
interests with respect to multi-agent systems so it behooves us to explain, before we get
much further, what perspective the authors take on the dynamics of norms. We focus here
on two view of multi-agent systems, views that we distinguish by referring to them as the
’engineering’ perspective and the ’sociological’ perspective.
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Abstract
In this chapter, we discuss state of the art and future perspective of the study of norms with
simulative methodologies, in particular employing agent-based simulation. After presenting the
state of the art and framing the simulative research on norms in a norm life-cycle schema, we list
those research challenges that we feel more apt to be tackled by the simulative approach. We
conclude the chapter with the indications for the realization of a NorMAS simulation platform,
illustrated by selected scenarios.
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1 Introduction

In this chapter, we present the state of the art in the agent-based simulation of norms.
Simulation is emerging as one of the most important tools in the stock of the social science
researcher. Indeed, simulation provides an unique way to advance understanding in theory,
by building conceptual models, and at the same time to apply ideas to specific scenarios, by
allowing accurate descriptions of the real world mechanisms in the models of the agents and
of their interaction. Starting from the definition of the essential components of a simulation-
based approach to norms, we propose a selection of conceptual challenges of relevance for
the NorMAS community, and we suggest simulative approaches to deal with them. After
stating basic definitions of simulation, norms and their interaction, we present an overview
of simulation research on norms, then we move on to research challenges, on the basis of
which we conclude the chapter with the outline of a NorMAS simulative platform.

1.1 What is simulation?
In the attempt to understand the world around us, predict its future, and build this future
by policy choices, we use a modelling approach; that is, the creation of a model as a new
object, which is simple to investigate, and at the same time carries some of the properties
exhibited by the object of investigation. Simulation is but one of many modelling techniques,
using automated computation to represent behaviours and properties of the target.

While several flavours of simulation exist, in this chapter we will focus on agent-based
modelling and simulation, and on its application to the study of the norm lifecycle (see
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Abstract
This chapter presents a variety of applications of norms. These applications include governance
in sociotechnical systems, data licensing and data collection, understanding software development
teams, requirements engineering, assurance, natural resource allocation, wireless grids, autonom-
ous vehicles, serious games, and virtual worlds.
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1 Introduction

This chapter presents a compendium of several uses of norms. Each writeup follows a more
or less fixed pattern where it first brings out of the application scenario and its importance;
second the suitability of a normative model for the problem at hand; third some technical
challenges for norms brought to the forefront by that scenario; and fourth a description of
its status and some speculation about its prospects. The common notion of norms in these
works is that norms represent a standard of correct behavior and correspond loosely to the
family of concepts that includes commitments, obligations, and prohibitions.
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Preface

As research in Multi-Agent Systems (MAS) has been expanding its focus from from the
individual, cognitive focussed, agent models to models of socially situated agents, MAS
researchers have been showing rising interest in social theories. Particular attention has been
given to normative concepts because it is expected that norms could play as key a role in
articulating agent interactions as the one norms play in human social intelligence. Thus, the
label of “normative multi-agent system” has been attached to systems where individual and
collective behaviour is a�ected by norms. This book is not a state of the art of normative
multi-agent systems, nor a systematic description of the key concepts, or a compendium of
the most salient challenges. However, the reader will find in its chapters something of each
of these three contents because Normative Multi-Agent Systems is an e�ort to clarify the
ideas behind the label and to put in perspective the work that is being done in this area.

Normative Multi-Agent Systems is the outcome of the 2012 Schloss Dagstuhl Seminar
on Normative Multi-Agent Systems1, the third in a series of Schloss Dagstuhl seminars
on Normative Multi-Agent Systems. The first seminar (07122)2, in 2007, had the aim of
identifying common definitions, ontologies, research problems and applications in the field.
The second seminar (09121)3, in 2009, had instead the aim of discussing these fundamental
concepts in relation to the use of norms as a regulatory mechanism in human and artificial
systems. Building on the work of these two workshops, the 2012 seminar was convened to
produce a forward-looking account of current research in the area. Some forty specialists were
invited to prepare short position papers along seven research topics. Prior to the seminar,
these papers went under a review process, and discussed among authors contributing to the
same topic. After this process, authors were encouraged to prepare new position papers that
became the basis for short presentations. These presentations and the preceding work gave
substance to discussion groups that were formed during the workshop around particular
norm related topics. These groups reported their findings in plenary sessions, provoking a
lively debate, and eventually drafted the seven chapters that make this book.

The chapters of this Dagstuhl Follow-Ups volume focus on the following topics.
Chapter 1, titled Norms in MAS: Definitions and Related Concepts, provides an introduct-

ory presentation of normative multi-agent systems (nMAS). The main idea of the chapter is
that any definition of nMAS should preliminarily clarify meaning, scope, and function of the
concept of norm. On account of this idea, the authors focus on three definitions and some
related requirements for nMAS. For each of such definitions, some guidelines for developing
normative MAS have been proposed. Then, it has been discussed how to relate the concept
of normative MAS to di�erent conceptions of norms and how norms can be used within the
systems. Finally, some specific issues that open research questions or that exhibit interesting
overlaps with other disciplines have been identified.

Chapter 2, called Normative Reasoning and Consequence, provides a general introduction
to deontic logic and normative reasoning. Then, the authors discuss why normative reasoning
is relevant for normative multi-agent systems and point out the advantages of formal methods
in multi- agent systems. Finally, current research challenges are discussed.

1
http://www.dagstuhl.de/12111

2
http://www.dagstuhl.de/07122

3
http://www.dagstuhl.de/09121

Normative Multi-Agent Systems. Dagstuhl Follow-Ups, Vol. 4. ISBN 978-3-939897-51-4.

Editors: Giulia Andrighetto, Guido Governatori, Pablo Noriega, and Leendert W.N. van der Torre

Dagstuhl Publishing

Schloss Dagstuhl – Leibniz-Zentrum für Informatik, Germany



Preface

As research in Multi-Agent Systems (MAS) has been expanding its focus from from the
individual, cognitive focussed, agent models to models of socially situated agents, MAS
researchers have been showing rising interest in social theories. Particular attention has been
given to normative concepts because it is expected that norms could play as key a role in
articulating agent interactions as the one norms play in human social intelligence. Thus, the
label of “normative multi-agent system” has been attached to systems where individual and
collective behaviour is a�ected by norms. This book is not a state of the art of normative
multi-agent systems, nor a systematic description of the key concepts, or a compendium of
the most salient challenges. However, the reader will find in its chapters something of each
of these three contents because Normative Multi-Agent Systems is an e�ort to clarify the
ideas behind the label and to put in perspective the work that is being done in this area.

Normative Multi-Agent Systems is the outcome of the 2012 Schloss Dagstuhl Seminar
on Normative Multi-Agent Systems1, the third in a series of Schloss Dagstuhl seminars
on Normative Multi-Agent Systems. The first seminar (07122)2, in 2007, had the aim of
identifying common definitions, ontologies, research problems and applications in the field.
The second seminar (09121)3, in 2009, had instead the aim of discussing these fundamental
concepts in relation to the use of norms as a regulatory mechanism in human and artificial
systems. Building on the work of these two workshops, the 2012 seminar was convened to
produce a forward-looking account of current research in the area. Some forty specialists were
invited to prepare short position papers along seven research topics. Prior to the seminar,
these papers went under a review process, and discussed among authors contributing to the
same topic. After this process, authors were encouraged to prepare new position papers that
became the basis for short presentations. These presentations and the preceding work gave
substance to discussion groups that were formed during the workshop around particular
norm related topics. These groups reported their findings in plenary sessions, provoking a
lively debate, and eventually drafted the seven chapters that make this book.

The chapters of this Dagstuhl Follow-Ups volume focus on the following topics.
Chapter 1, titled Norms in MAS: Definitions and Related Concepts, provides an introduct-

ory presentation of normative multi-agent systems (nMAS). The main idea of the chapter is
that any definition of nMAS should preliminarily clarify meaning, scope, and function of the
concept of norm. On account of this idea, the authors focus on three definitions and some
related requirements for nMAS. For each of such definitions, some guidelines for developing
normative MAS have been proposed. Then, it has been discussed how to relate the concept
of normative MAS to di�erent conceptions of norms and how norms can be used within the
systems. Finally, some specific issues that open research questions or that exhibit interesting
overlaps with other disciplines have been identified.

Chapter 2, called Normative Reasoning and Consequence, provides a general introduction
to deontic logic and normative reasoning. Then, the authors discuss why normative reasoning
is relevant for normative multi-agent systems and point out the advantages of formal methods
in multi- agent systems. Finally, current research challenges are discussed.

1
http://www.dagstuhl.de/12111

2
http://www.dagstuhl.de/07122

3
http://www.dagstuhl.de/09121

Normative Multi-Agent Systems. Dagstuhl Follow-Ups, Vol. 4. ISBN 978-3-939897-51-4.

Editors: Giulia Andrighetto, Guido Governatori, Pablo Noriega, and Leendert W.N. van der Torre

Dagstuhl Publishing

Schloss Dagstuhl – Leibniz-Zentrum für Informatik, Germany



Layout  of  the  Tutorial  



1. Introduc:on	
  
2. Legal	
  interpreta:on,	
  Antonino	
  Rotolo	
  
3. Legal	
  norm	
  mining,	
  Livio	
  Robaldo	
  
4. Legal	
  compliance,	
  Guido	
  Governatori	
  



h\p://www.last-­‐jd.eu/  





h\p://deonBclogic.org/  





h\p://formalargumentaBon.org/  





ESSLLI  2014  and  2016  





h\p://www.argmining.org/  





43	
  

Leon  van  der  Torre,  University  of  Luxembourg

Individual  and  CollecBve  Reasoning


Norms	
   Argument	
  

Natural	
  
Language	
  
	
  

h\p://www.last-­‐jd.eu/	
  

h\p://deon:clogic.org/	
   h\p://www.formalargumenta:on.org/	
  

h\p://www.argmining.org/	
  



Reasoning in Legal Interpretation

Antonino Rotolo

CIRSFID - University of Bologna, Italy

Tutorial Normative MAS and the Law: Norm Languages, Mining and
Reasoning with Legal Texts

PRIMA 2015, Bertinoro, Italy

1 / 16



Outline

Why legal interpretation?
Legal interpretation and interpretive canons
Interpretation as activity or outcome
Canons as defeasible rules: competing arguments and interpretive
conflicts
Preferences over interpretations
Deontic qualification of interpretation
Abstract or structured provisions
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Why Interpret? The open texture of the legal language

3 / 16



Why Interpret? The open texture of the legal language

VEHICLE

3 / 16



The Open Texture of the Legal Language

A general concept is characterized by those items to which it clearly
applies: a car is a vehicle
A general term is not characterized by those items beyond the
penumbra to which it clearly does not apply: a sandwich is not a
vehicle
Is a bike a vehicle?
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Applying norms and arguing about legal concepts

reasoning about legal norms in order to determine what actual
obligations obtain in a given situation

reasoning about broadening or restricting the legal concept (change
the core meaning): expand or restrict the core meaning depending on
the context
reasoning about the goals of legal norms: the broadening and
restricting processes are often goal-driven
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A legal case: Italian Legislative Act 40/2004 on “Medically
assisted reproduction"

Art. 4
The recourse to medically assisted reproduction techniques is allowed only
[. . . ] in the cases of sterility [. . . ]

A couple is able to generate embryos, but wife and husband are both
affected by a genetic anomaly that necessarily prevents all generated babies
to live for more than 12 months after birth

Question: Has this couple the right to the recourse of techniques?

Theory = {r1 : ¬Embryo ⇒ Sterility ,
r2 : Embryo ⇒¬Sterility ,
r3 : Embryo ⇒ Life,
r4 : Life ⇒¬Sterility ,
r5 : ¬Sterility ⇒ Life}

says NO!
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Interpreting by broadening the concept of Sterility

1 According to Art. 1 of the Italian Legislative Act 40/2004 the goals to be
promoted are Life and Health;

2 prohibiting the couple to access reproduction techniques is against the
promotion of one or more goals of the rule granting access to techniques
(Life)

3 permitting the couple to access reproduction techniques promotes one or
more goals of rule granting access to techniques (Life)

4 The theory suggests that such genetic anomalies may count as sterility

5 extending the concept of sterility requires to revise the theory

6 this revision is compatible with the promotion of other goals
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Legal interpretation and interpretive canons

Definition
Legal interpretation is sometimes defined as the process through which we
ascribe a meaning to one or more legal provisions (a piece of authoritative
legal text)
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Legal interpretation and interpretive canons

Definition
Legal interpretation is made by acts that map a piece of legal text into a
meaning (possibly, a sentence paraphrasing the interpreted text)

8 / 16



Legal interpretation and interpretive canons
Canons are arguments (ways for) supporting a certain meaning ascription. In statutory
interpretation, e.g., among others (MacCormick and Summers 1991 identified 11
canons):

Argument from ordinary (or literal) meaning: a statutory provision should be interpreted
according to the (literal) meaning a native speaker of a given language
would ascribe to it.

Argument from contextual harmonisation: a statutory provision should be interpreted in
light of the whole statute it is part of, or in light of other statutes it is
related to.

Argument from precedent: a statutory provision should be interpreted in conformity
with previous interpretations.

Argument from analogy: a statutory provision is similar to provisions of other statutes,
then it should be interpreted to preserve the similarity of meaning.

Argument from substantive reasons: if a fundamental goal can be promoted by one
rather than another interpretation of a statutory provision, then the
provision should be interpreted in accord with the goal.

Argument from intention: if a legislative intention concerning a statutory provision can
be identified, the provision should be interpreted in line with that
intention.
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Interpretation as activity or as outcome (Ross 1958)
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Interpretation as activity or as outcome (Ross 1958)

Definition
We assume the distinction between interpretation as activity and as
outcome:

interpretation as activity (A-interpretation) (literal or from ordinary
language, by coherence, etc.) views any argumentative canon as a
means through which a certain meaning is ascribed to a legal provision
and thus obtained, and
interpretation as outcome (O-interpretation) is precisely the meaning
obtained through a certain interpretive act and ascribed to the
provision.
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Interpretation as activity or as outcome (Ross 1958)

	
  
	
  
	
  

Provisions	
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Interpretation as activity or as outcome (Ross 1958)

	
  
	
  
	
  

Provisions	
   Canons	
   Interpre/ve	
  outcomes	
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Canons as defeasible rules
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Canons as defeasible rules

Art. 575 Italian Penal Code. Homicide. Whoever causes the
death of a man [uomo] is punishable by no less than 21 years in
prison.
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Canons as defeasible rules

Are you safe if you kill your wife in Italy?
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Canons as defeasible rules

Art. 575 Italian Penal Code. Homicide. Whoever causes the
death of a man [uomo] is punishable by no less than 21 years in
prison.

Art. 3 Italian Constitution. All citizens have equal social
status and are equal before the law, without regard to their sex,
race, language, religion, political opinions, and personal or social
conditions.
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Canons as defeasible rules

IF
art. 3 ought to be interpreted literally as d , AND
art. 3 is related with art. 575

THEN
art. 575 is interpreted by coherence as b.

where b =
Whoever causes the death of a human being is punishable by no less than 21 years in prison.
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Canons as defeasible rules

r : Obl Il(art. 3,d), related ⇒I Ic(art. 575,b)
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Interpretive conflicts (competing canons and beyond)

11 / 16



Interpretive conflicts (competing canons and beyond)

r : Obl Il(art. 3,d), related ⇒I Ic(art. 575,b)

s : ¬citizen ⇒I Il(art. 575,b′)

where b and b′ are legally incompatible (e.g., b = ¬b′ or even simply
b 6= b′).
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Interpretive conflicts (competing canons and beyond)

Obl Il(art. 3,d), related ⇒I Ic(art. 575,b)

Obl Il(art. 3,a), related ⇒I Ic(art. 575,b′)

where b 6= b′.
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Preferences over interpretations
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Preferences over interpretations

r : Obl Il(art. 3,d), related ⇒I Ic(art. 575,b)

s : ¬citizen ⇒I Il(art. 575,b′)
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Preferences over interpretations

r : Obl Il(art. 3,d), related ⇒I Ic(art. 575,b)

s : ¬citizen ⇒I Il(art. 575,b′)

r > s
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Preferences over interpretations

Preferences are employed as usual in defeasible reasoning to
solve conflicts
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Deontic qualification of interpretations
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Deontic qualification of interpretations

General provisions of the Italian civil code, art. 12 (simplified):

In applying the law judges ought to ascribe to statutes their
literal meaning, an ascription that ca be done by also considering
to the intent of the legislator. If a case cannot be solved in this
way, judges have to employ arguments by analogy and, when this
does not remove all doubts, the decision ought to be based on
the general principles of the legal system.
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Deontic qualification of interpretations

Definition
An interpretation can be admissible or obligatory. In the case of
A-interpretations, for instance, an interpretive act I of n (A-interpretation
of n) is admissible, if it is provable using a defeasible interpretation rule; it
is obligatory, if this interpretation of n is the only one admissible. Similarly
for O-interpretations.

13 / 16



Beyond abstract norms....
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Beyond abstract norms....

Interpretation manipulates elements of rules like

art.575 : kill_man ⇒Obl atLeast_21y
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Beyond abstract norms....

Interpretation manipulates elements of rules like

art.575 : kill_man ⇒Obl atLeast_21y
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Beyond abstract norms....

Interpretation acts map into new versions of the same provision by
replacing some elements

Is(art.575,〈kill_man,atLeast_21y〉,〈kill_human,atLeast_21y〉)
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Beyond abstract norms....

Interpretation acts map into new versions of the same provision by
replacing some elements

Is(art.575,〈kill_man,atLeast_21y〉,〈kill_human,atLeast_21y〉)

takes
art.575 : kill_man ⇒Obl atLeast_21y
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Beyond abstract norms....

Interpretation acts map into new versions of the same provision by
replacing some elements

Is(art.575,〈kill_man,atLeast_21y〉,〈kill_human,atLeast_21y〉)

takes
art.575 : kill_man ⇒Obl atLeast_21y

and returns
art.575 : kill_human ⇒Obl atLeast_21y
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Beyond abstract norms....

Interpretation as norm change? (From the logical
viewpoint....)
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Beyond abstract norms....

	
  
	
  
	
  

Rules	
   Canons	
   Rules	
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Conclusions

interpretation as a process to assign meaning
interpretive canons are represented by defeasible rules
different reasoning patterns can be identified depending on whether we
work on interpretations as activities or as outcomes
preferences are important
canons license deontic interpretive claims
abstract vs structured provisions
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Thanks!
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Natural  Language  Processing  
and  

Natural  Language  Seman4cs    
for  

Representa4on  and  Processing  of  legal  Text


LIVIO   ROBALDO,   POST-­‐DOC   AT   UNIVERSITY   OF   LUXEMBOURG,   UNDER  
THE   MARIE   SKLODOWSKA-­‐CURIE   IF   PROJECT:   “PROLEMAS:   PROCESSING  
LEGAL  LANGUAGE  IN  NORMATIVE  MULTI-­‐AGENT  SYSTEMS" 




Natural  Language  Processing  
for  processing  legal  text


	
   A	
  broad	
  term	
  referring	
  to	
  several	
  sub-­‐topics.	
  The	
  specific	
  NLP	
  task	
  used	
  for	
  legal	
  text	
  is	
  NLU	
  
(Natural	
  Language	
  Understanding),	
   i.e.	
   the	
  task	
  of	
  deriving	
  meaning	
  from	
  natural	
   language	
  
input	
  (legal	
  documents	
  such	
  as	
  legislaCon	
  and	
  case	
  law).	
  
	
   Two	
  main	
  techniques	
  are	
  used	
  for	
  NLU	
  on	
  legal	
  text	
  (but	
  also	
  in	
  general…)	
  

§ Sta$s$cal	
   techniques,	
   used	
   to	
   look	
   for	
   general	
   informa,on	
   in	
   the	
   documents.	
   For	
  
instance,	
  for	
  associaCng	
  a	
  document,	
  an	
  arCcle,	
  a	
  paragraph,	
  etc.	
  with	
  certain	
  labels	
  (from	
  
a	
  finite	
  set	
  of	
  available	
  label)	
  that	
  describes	
  the	
  topic	
  it	
  is	
  about	
  (classificaCon).	
  

§ Rule-­‐based	
   techniques,	
   used	
   to	
   look	
   for	
   specific	
   informa,on	
   in	
   the	
   documents.	
   For	
  
instance,	
  for	
  extracCng	
  the	
  dates,	
  the	
  locaCons,	
  the	
  names	
  of	
  the	
  lawyers/judges/parCes/
etc.	
   involved	
   in	
  a	
  case	
   law,	
  etc.	
  as	
  well	
  as	
  certain	
  relevant	
  concepts,	
   i.e.	
  the	
  roles	
  of	
  the	
  
actors	
  with	
  respect	
  to	
  the	
  norms	
  they	
  are	
  involved	
  in.	
  



Sta4s4cal  NLP  techniques  
for  processing  legal  text


	
   Used	
  for	
  classifying	
  and	
  clustering	
   legal	
  documents	
  wrt	
  a	
  fixed	
  set	
  of	
   labels,	
  e.g.	
  the	
  set	
  of	
  
classes	
  of	
  EuroVoc	
  (hMp://eurovoc.europa.eu),	
  the	
  EU	
  mulC-­‐lingua	
  thesaurus.	
  	
  

	
   E.g.	
  [Boella	
  et	
  al,	
  2013a]	
  G.	
  Boella,	
  L.	
  Di	
  Caro,	
  D.	
  Rispoli,	
  L.	
  Robaldo:	
  A	
  System	
  for	
  Classifying	
  
Mul$-­‐label	
   Text	
   into	
   EuroVoc,	
   In	
   proc.	
   of	
   14th	
   Interna0onal	
   Conference	
   on	
   Ar0ficial	
  
Intelligence	
  and	
  Law	
  (ICAIL2013).	
  Rome,	
  Italy,	
  2013.	
  	
  

	
   A	
   mulC-­‐label	
   classifier	
   has	
   been	
   implemented	
   and	
   trained	
   on	
   EuroVoc	
   data.	
   Then,	
   by	
  
execuCng	
  it	
  on	
  new	
  text,	
  it	
  is	
  able	
  to	
  associate	
  the	
  text	
  with	
  some	
  EuroVoc	
  labels	
  

	
   Demo	
  available	
  at:	
  

	
   hMp://legal-­‐informaCcs.di.unito.it/classificaCon/index_exp.html	
  



Rule-­‐based  NLP  techniques  
for  processing  legal  text


	
   The	
   term	
   “rule-­‐based	
   techniques”	
   generally	
   refers	
   to	
   a	
   produc0on-­‐rules	
   system,	
   i.e.	
   an	
  
unordered	
   set	
   of	
   if-­‐then	
   rules	
   that	
   trigger	
   each	
   on	
   certain	
   keyword	
   and	
   produce	
   certain	
  
results	
  (which,	
  in	
  turn,	
  can	
  trigger	
  other	
  if-­‐then	
  rules).	
  

…	
  eleEvamente	
  domiciliata	
  in	
  ROMA,	
  VIA	
  GRADOLI	
  22,	
  presso	
  l'avvocato	
  
VAGNONI	
  FEDERICO,	
  che	
  la	
  rappresenta	
  e	
  difende	
  …	
  

R1:	
  If	
  there	
  is	
  a	
  capital	
  word,	
  then	
  look	
  in	
  Wikipedia	
  if	
  the	
  is	
  classified	
  
as	
  geoEnCty	
  (city,	
  region,	
  etc.)	
  and,	
  in	
  case	
  it	
  is,	
  tag	
  it	
  at	
  “locaCon”.	
  

…	
  eleEvamente	
  domiciliata	
  in	
  ROMA,	
  VIA	
  GRADOLI	
  22,	
  presso	
  l'avvocato	
  
VAGNONI	
  FEDERICO,	
  che	
  la	
  rappresenta	
  e	
  difende	
  …	
  

R2:	
  If	
  there	
  is	
  one	
  of	
  the	
  word	
  “Via,	
  Corso,	
  etc.”	
  and	
  before	
  a	
  locaCon	
  
occurs	
  and	
  a_er	
  a	
  capital	
  word	
  then	
  tag	
  the	
  capital	
  word	
  as	
  “street”	
  

…	
  eleEvamente	
  domiciliata	
  in	
  ROMA,	
  VIA	
  GRADOLI	
  22,	
  presso	
  l'avvocato	
  
VAGNONI	
  FEDERICO,	
  che	
  la	
  rappresenta	
  e	
  difende	
  …	
  

R3:	
  If	
  there	
  is	
  a	
  street	
  and	
  a_er	
  a	
  number	
  then	
  tag	
  the	
  number	
  as	
  “quanCty”	
  

…	
  eleEvamente	
  domiciliata	
  in	
  ROMA,	
  VIA	
  GRADOLI	
  22,	
  presso	
  l'avvocato	
  
VAGNONI	
  FEDERICO,	
  che	
  la	
  rappresenta	
  e	
  difende	
  …	
  

R4:	
  If	
  there	
  is	
  the	
  word	
  “avvocato”	
  followed	
  by	
  a	
  noun	
  proper	
  
of	
  person	
  then	
  tag	
  the	
  noun	
  as	
  “lawyer”	
  

…	
  eleEvamente	
  domiciliata	
  in	
  ROMA,	
  VIA	
  GRADOLI	
  22,	
  presso	
  l'avvocato	
  
VAGNONI	
  FEDERICO,	
  che	
  la	
  rappresenta	
  e	
  difende	
  …	
  



Rule-­‐based  NLP  techniques  
for  processing  legal  text


	
   The	
  result	
   is	
  an	
  XML	
  file	
  (preferably	
   in	
  Akoma	
  ‘Ntoso)	
  where	
  all	
  named	
  enCCes	
  are	
  tagged	
  
and	
  can	
  be	
  indexed	
  with	
  respect	
  to	
  an	
  ontology	
  to	
  inter-­‐link	
  the	
  documents:	
  

	
  <p>…eleevamente	
  domiciliata	
  in</p>	
  
	
  <p><locaCon>ROMA</locaCon></p>	
  
	
  <p>,</p>	
  
	
  <p><locaCon	
  refersTo="#street">VIA	
  GRADOLI</locaCon></p>	
  
	
  <p><quanCty	
  refersTo="#civicNumber">22</quanCty></p>	
  
	
  <p>,	
  presso	
  l'avvocato</p>	
  
	
  <p><lawyer	
  for="#appellant">VAGNONI	
  FEDERICO</lawyer></p>	
  
	
  <p>,	
  che	
  la	
  rappresenta	
  e	
  difende…</p>	
  



Rule-­‐based  NLP  techniques  
for  processing  legal  text


	
   In	
   order	
   to	
   apply	
   the	
   rules,	
  we	
   need	
   to	
   associate	
   the	
  words	
  with	
   PosTagging	
   and	
   Parsing	
  
informaCon,	
  via	
  NLP	
  basic	
  so_ware,	
  in	
  order	
  to	
  recognize	
  proper	
  nouns,	
  numbers,	
  etc:	
  

	
   	
  <line>36	
  in	
  (IN	
  PREP)	
  [35	
  MOD]</line>	
  
	
   	
  <line>37	
  ROMA	
  (ROMA	
  NOUN	
  PROPER)	
  [36	
  ARG]	
  {geoEnCty}</line>	
  
	
   	
  <line>38	
  ,	
  (,	
  PUNCT)	
  [37	
  SEPARATOR]</line>	
  
	
   	
  <line>39	
  VIA	
  (VIA	
  NOUN	
  COMMON	
  F	
  S)	
  [37	
  MOD]</line>	
  
	
   	
  <line>40	
  GRADOLI	
  (GRADOLI	
  NOUN	
  PROPER)	
  [39	
  MOD]	
  {street}</line>	
  
	
   	
  <line>41	
  22	
  (22	
  PRON	
  CARDIN	
  N	
  N	
  P)	
  [40	
  MOD]</line>	
  
	
   	
  <line>42	
  ,	
  (,	
  PUNCT)	
  [43	
  OPENASIDE]</line>	
  
	
   	
  <line>43	
  presso	
  (PRESSO	
  PREP)	
  [39	
  MOD]</line>	
  
	
   	
  <line>44	
  l'	
  (IL	
  ART	
  DEF	
  M	
  S)	
  [43	
  ARG]</line>	
  
	
   	
  <line>45	
  avvocato	
  (AVVOCATO	
  NOUN	
  COMMON	
  M	
  S)	
  [44	
  ARG]</line>	
  
	
   	
  <line>46	
  VAGNONI	
  (VAGNONI	
  NOUN	
  PROPER)	
  [45	
  MOD]	
  {person}</line>	
  
	
   	
  <line>47	
  FEDERICO	
  (FEDERICO	
  NOUN	
  PROPER)	
  [46	
  PROPER]</line>	
  
	
   	
  <line>48	
  ,	
  (,	
  PUNCT)	
  [43	
  CLOSEASIDE]</line>	
  



Natural  Language  Seman4cs  
for  processing  legal  text


	
   NLS	
   is	
   defined	
   as	
   the	
   formal	
   study	
   of	
   meaning	
   expressed	
   by	
   elements	
   of	
   a	
   language.	
  
Concerning	
   the	
   design	
   of	
   a	
   proper	
   semanCcs	
   for	
   legal	
   text,	
   two	
   aspects	
  must	
   be	
   kept	
   in	
  
mind:	
  

§ Opera$onal	
   Seman$cs,	
   and	
   not	
   truth-­‐condi,onal	
   semanCcs.	
   We	
   need	
   to	
   talk	
   about	
  
norms	
  even	
  in	
  scenarios	
  where	
  some	
  of	
  them	
  have	
  been	
  already	
  violated.	
  

§ Expressivity	
  VS	
  complexity,	
  our	
  logic	
  should	
  be	
  able	
  to	
  represent	
  all	
  aspect	
  of	
  (standard)	
  
natural	
  language	
  semanCcs,	
  but	
  we	
  must	
  take	
  into	
  account	
  that	
  legislaCon	
  is	
  huge.	
  If	
  the	
  
logic	
  is	
  too	
  complex,	
  the	
  final	
  systems	
  can	
  take	
  ages	
  to	
  answer	
  a	
  query	
  or	
  to	
  perform	
  other	
  
legal	
  reasoning	
  tasks.	
  First	
  order	
  logic	
  is	
  needed,	
  but	
  first	
  order	
  logic	
  is	
  semi-­‐decidable!	
  



Input/Output  Logic


	
   The	
  semanCcs	
  is	
  operaConal.	
  The	
  following	
  formula	
  calculates	
  whether	
  according	
  to	
  
normaCve	
  system	
  N	
  and	
  in	
  the	
  input	
  context	
  A,	
  a	
  formula	
  x	
  is	
  obligatory	
  

	
   x	
  ∈	
  out(N;	
  A)	
  

	
   Factual	
  detachment	
  (i.e.	
  Modus	
  Ponens):	
  
	
  
	
  
(i)	
  If	
  a	
  is	
  the	
  case,	
  then	
  x	
  is	
  obligatory	
  
(ii)	
  a	
  is	
  the	
  case	
  
(iii)	
  So,	
  x	
  is	
  obligatory	
  

N={(a,x),…}	
  
a	
   x	
  

If	
  (a,	
  x)∈N	
  then	
  x∈out(N,	
  a)	
  
N:	
  a	
  set	
  of	
  pairs	
  of	
  proposiConal	
  wffs	
  (cond.	
  norms)	
  	
  
out(N;	
  a):	
  output	
  of	
  a	
  under	
  N.	
  



Input/Output  Logic


	
   The	
  coMage	
  should	
  not	
  have	
  a	
  fence	
  or	
  a	
  dog;	
  if	
  it	
  has	
  a	
  dog	
  it	
  must	
  have	
  both	
  a	
  fence	
  and	
  a	
  
warning	
  sign.	
  Suppose	
  further	
  that	
  we	
  are	
  in	
  the	
  situaCon	
  that	
  the	
  coMage	
  has	
  a	
  dog,	
  thus	
  
violaCng	
  the	
  first	
  norm.	
  SCll,	
  we	
  want	
  to	
  know	
  what	
  are	
  our	
  current	
  obligaCons.	
  	
  

	
   N	
  =	
  {	
  (T,	
  ¬(f	
  ∨	
  d)),	
  (d,	
  f	
  ∧	
  w)	
  }	
  

	
   A	
  =	
  {d}	
  
	
   maxfamily(N,	
  A)	
  =	
  {{(d,	
  f	
  ∧	
  w)}}	
   	
  ouKamily(N,	
  A)	
  =	
  {Cn(f	
  ∧	
  w)}	
  

	
   maxfamily(N,	
  A)	
  is	
  the	
  family	
  of	
  all	
  maximal	
  subsets	
  N’⊆N	
  such	
  that	
  out(Nʹ′,A)	
  is	
  consistent	
  
with	
  A.	
  ouKamily(N,	
  A)	
  is	
  the	
  family	
  of	
  outputs	
  out(Nʹ′,	
  A)	
  for	
  Nʹ′	
  in	
  the	
  maxfamily.	
  



A  possible  solu4on:  I/O  logic  +  Hobbs


	
   Hobbs	
  logic	
  is	
  based	
  on	
  the	
  noCon	
  of	
  reifica0on	
  (Davidson,	
  1967).	
  ReificaCon	
  allows	
  to	
  explicitly	
  talk	
  
about	
  events	
  and	
  states	
  by	
  introducing	
  first-­‐order	
  terms	
  referring	
  to	
  them	
  

	
   From	
  “(give	
  a	
  b	
  c)”	
  to	
  “(give’	
  e	
  a	
  b	
  c)”,	
  where	
  “e”	
  is	
  called	
  ‘eventuality’	
  

	
   John	
  believes	
  that	
  Jack	
  wants	
  to	
  eat	
  an	
  ice	
  cream:	
  
∃e∃e1∃e2[(Rexist	
  e)	
  ∧	
  (believe’	
  e	
  John	
  e1)	
  ∧	
  (want’	
  e1	
  Jack	
  e2)	
  ∧	
  (eat’	
  e2	
  Jack	
  Ic)	
  ∧	
  (iceCream	
  Ic)]	
  

	
   Each	
  lawyer	
  must	
  run:	
  
∀x(	
  lawyer(x),	
  ∃er[(Rexist	
  er)	
  ∧	
  run(er)	
  ∧	
  agent(er	
  ,	
  x)]	
  )	
  ∈	
  N	
  

	
   The	
  last	
  formula	
  is	
  an	
  aMempt	
  to	
  combine	
  I/O	
  logic	
  an	
  Hobbs’	
  logic	
  (accepted	
  in	
  JURISIN2015)	
  



A  possible  solu4on:  I/O  logic  +  Hobbs


	
   Other	
   ReificaCon-­‐based	
   soluCons	
   have	
   been	
   proposed	
   in	
   deonCc	
   logic.	
   The	
   crucial	
   difference	
  
between	
  Hobbs	
  and	
   the	
  other	
  approaches	
   is	
   that	
   the	
   formulae	
  are	
  always	
   conjuncCons	
  of	
   atomic	
  
predicates.	
  

§  	
  No	
  embedding	
  of	
  sub-­‐formulae	
  within	
  complex	
  operators:	
  this	
  allows	
  to	
  easily	
  scale	
  the	
  
approach	
  towards	
  complex	
  NL	
  phenomena	
  (anaphora,	
  NL	
  quanCfiers,	
  etc.),	
  if	
  needed.	
  

§  	
   Complex	
   operators	
   are	
   modeled	
   in	
   terms	
   of	
   predicates	
   that	
   applies	
   to	
   eventualiCes	
  
reified	
  	
  	
  
	
  in	
  a	
  recursive	
  fashion.	
  

§  	
  The	
  operators	
  are	
  defined	
  in	
  terms	
  of	
  axioms	
  in	
  the	
  ontology,	
  from	
  which	
  we	
  can	
  make	
  
new	
  inferences.	
  We	
  can	
  keep	
  complexity	
  under	
  strict	
  control	
  by	
  limiCng	
  the	
  expressivity	
  
of	
  the	
  axioms.	
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A Privacy Act

Section 1: (Prohibition to collect personal medical information)

Offence: It is an offence to collect personal medical information.
Defence: It is a defence to the prohibition of collecting personal medical

information, if an entity immediately destroys the illegally collected
personal medical information before making any use of the personal
medical information

Section 2: An entity is permitted to collect personal medical information if the entity
acts under a Court Order authorising the collection of personal medical
information.

Section 3: (Prohibition to collect personal information) It is forbidden to collect personal
information unless an entity is permitted to collect personal medical
information.

Offence: an entity collected personal information
Defence: an entity being permitted to collect personal medical information.

Is the act complied with?
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A Business Process

Collect

Data

Clean

Data

Analyse

Data

T1 T2 T3

Start End

is the process compliant?

3 | Norms, Processes and Compliance | Guido Governatori



A Business Process

Collect

Data

Clean

Data

Analyse

Data

T1 T2 T3

Start End

is the process compliant?

3 | Norms, Processes and Compliance | Guido Governatori



Definition of Compliance

Compliance is a relationship between two sets of specifications

Alignment of formal specifications for business processes and formal
specifications for prescriptive (legal) documents.

• Conceptually sound representation of processes

• Conceptually sound representation of and reasoning with norms
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Compliance Ecosystem

Legal Space Process SpaceCompliance 
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BP Execution

Compliance 
Checking

Regulatory 
Document

(Formal) Specification
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Design TIme

Run Time

Process
Role(s)
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New or Existing New

 Existing

Existing

ExistingExisting
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Compliance Recipe

1. Formal Model of Business Processes

2. Formal Model of Relevant Norms/Normative Frameworks

3. Combine, shake well and serve!
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Modelling Processes

A

B

D

C

E

F

G

H

t1 : A,B,C ,D,E ,F ,H
t2 : A,B,D,C ,E ,F ,H
t3 : A,D,B,C ,E ,F ,H

t4 : A,B,C ,D,E ,G ,H
t5 : A,B,D,C ,E ,G ,H
t6 : A,D,B,C ,E ,G ,H
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Annotated Traces

Let Lit be a set of literals, T be the set of traces of a process and N be the set of
natural numbers

State : T × N 7→ 2Lit

The function State returns the set of literals describing “what’s going on in a trace t
after the execution of the n-th task in the process”.
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Example

A B

C

D

Tasks

• A: “turn the light on”
• B: “check if glass is empty”
• C : “fill glass with water”
• D: “turn glass upside-down”

Propositions

• p: “the light is on”
• q: “the glass is full”

Trace 1: 〈A,B,D〉
Trace 2: 〈A,B,C ,D〉

• State(i , 1) = { p }, i ∈ { 1, 2 }
• State(1, 2) = { p, q }
• State(2, 2) = { p,¬q }
• State(2, 3) = { p, q }
• State(1, 3) = { p,¬q }
• State(2, 4) = { p,¬q }
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Modelling Norms

Norms are modelled as if . . . then . . . rules

• norms are defeasible (handling exceptions)

• two types of norms
I constitutive rules: defining terms used in a legal context

A1, . . . ,An ⇒ C

I prescriptive rules: defining “normative effects” (i.e., obligations, permissions,
prohibitions . . . )

A1, . . . ,An ⇒ [O]C1 ⊗ [O]C2 ⊗ · · · ⊗ [O]Cm

A1, . . . ,An ⇒ [P]C
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Reasoning with Norms

1. A is a fact; or

2. there is an applicable rule for A, and either

1. all the rules for ¬A are discarded (i.e., not applicable) or
2. every applicable rule for ¬A is weaker than an applicable rule for A.
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Compliance Architecture
Compliance Checker
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Making Sense of the Act

• Collection of medical information is forbidden.

• Destruction of the illegally collected medical information excuses the illegal
collection.

• Collection of medical information is permitted if there is an authorising court
order.

• Collection of personal information is forbidden.

• Collection of personal information is permitted if the collection of medical
information is permitted
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Formalisation of the Privacy Act

• collection of medical information is forbidden
I c destruction of medical information compensates the illegal collection

r1 : ⇒ [O]¬medicalInfo ⊗ [O]destroy

• collection of medical information is permitted if acting under a court order

r2 : courtOrder ⇒ [P]medicalInfo

• collection of personal information is forbidden

r3 : ⇒ [O]¬personalInfo

• collection personal information is permitted if collection of medical information is
permitted

r4 : [P]medicalInfo ⇒ [P]personalInfo
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Are We Compliant?

Collect

Data

Clean

Data

Analyse

Data

T1 T2 T3

Start End

r1 : ⇒ [O]¬medicalInfo ⊗ [O]destroy

r2 : courtOrder ⇒ [P]medicalInfo

r3 : ⇒ [O]¬personalInfo
r4 : [P]medicalInfo ⇒ [P]personalInfo

State(start) : ¬courtOrder
Force(T1) : [O]¬medicalInfo

[O]¬personalInfo
State(T1) : medicalInfo
Violated(T1) : [O]¬medicalInfo
Force(T2) : [O]destroy
State(T2) : personalInfo
Violated(T2) : [O]¬persoanlInfo
State(T3) : destroy
Compensated(T3) : [O]¬medicalInfo
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Questions?
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