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Abstract—Modelling Self-managing Multi Agent Systems
(MSMAYS) is a software development methodology that facilitates
designing and developing complex distributed systems based on
the multiagent systems paradigm. MSMAS uses a declarative
modelling style to capture system requirements by specifying
four types of what we call system norms over: the system goals,
the system roles, the business activities, and communications.
MSMAS utilises system norms to capture system requirements
in a formal language which can subsequently be monitored and
verified at runtime. In this paper we present the main elements
of MSMAS and introduce MSMAS defined norm types. We
model the life cycle of MSMAS norms as non-atomic activities
and formally express them as Event Calculus (£C) theories.
Our axiomatisation of MSMAS system norms as first-order £C
allows for reasoning with a metric time representation which
we illustrate through a monitoring example of two execution
traces to verify the system compliance with its intended design
requirements and show how to detect any violation of norms.

I. INTRODUCTION

Modelling Self-managing Multi Agent Systems (MSMAS)
is a recently proposed methodology [1], [2] that covers the
full development life cycle and aims at providing modelling
steps and processes to analyze, design and implement Multi
Agent Systems (MAS), with a particular focus on business-
oriented applications. We propose MSMAS to bridge a gap
between theory and practice and to address a number of issues
with other available MAS development methodologies that,
in our view, have impeded the commercial up-take of the
MAS paradigm. MSMAS combines business process and agent
concepts and defines notations for visual models with underly-
ing formal presentations. The MSMAS approach provides tool
support and improves access for business users, to model and
develop agent-based smart business processes [3].

MSMAS incorporates the concept of norms and so MS-
MAS developed MASs can be called Normative Multi Agent
Systems (nMAS). These are systems with an explicit represen-
tation of norms, meaning they are formalised and codified in
some form by an authority, and norms can be violated meaning
the MAS must have the possibility of deviating in its actual
course of action from the ideal one.

MAS in general and nMAS in particular are open systems
that offer an environment where the system components enjoy
a high degree of flexibility and freedom in deciding on their
own course of actions. As a result, agents cannot be assumed
to behave at all times in compliance with the system goals. The
MSMAS approach enables the system developer to capture and

978-1-4799-6378-2/14 $31.00 © 2014 IEEE
DOI 10.1109/SASOW.2014.31

Marco Montali
KRDB Research Centre
Free University of Bozen-Bolzano, Italy
Email: montali @inf.unibz.it

110

Julian Padget
Department of Computer Science
University of Bath, UK
Email: jap@cs.bath.ac.uk

encode system requirements as norms. This allows not only
for model checking during design time, but also for monitoring
and verifying the system execution during run-time. This paper
outlines the MSMAS modelling approach and the mapping of
MSMAS norms to Event Calculus EC' to enable reasoning
about system execution.

The paper is structured as follows, Section II contains a
brief overview of the MSMAS phases, a description of how
norms are expressed in MSMAS models, and the modelling of
MSMAS event and norm transitions as non-atomic activities.
Section III starts with a summary of the Event Calculus,
followed by the formal representation of MSMAS norms as
EC domain-specific theories. Section IV illustrates by an
example how to monitor and verify the execution traces of
deployed MSMAS systems at run-time, and we conclude in
Section V with discussion and directions for future work.

II. MSMAS METHODOLOGY OVERVIEW

MSMAS is a comprehensive methodology consisting of
three phases that cover the full development life cycle of
MASSs. A summary of MSMAS phases is presented below (see
[1] and [4] for full details):

1) The first phase gathers System Requirements, where the
system designer drafts the main use case scenarios and
specifies, at a high-level, the system goals.

The second phase is Detailed Analysis and Design,
where the requirements are transformed into a complete
system model. It has two stages: (i) the Initial System
Design stage defines precise relations between the system
goals and specifies the system organisational structure,
and (ii) the Detailed Design Stage, comprising the design
of Business Activities and full specification of the System
Participants and the Communication Protocols.

The third phase deals with Verification and Implementa-
tion, in which the specification is exported in one of the
two available formats (CLIMB/SCIFF [5] or Resource
Description Framework (RDF) 1)

2)

3)

A. Norms in MSMAS

MSMAS uses norms as a core concept to capture the sys-
tem requirements in a formal language which can subsequently
be verified statically and monitored at runtime. MSMAS
norms place constraints on system participants’ behaviour. We

Uhttp://www.w3.0rg/TR/1999/REC-rdf-syntax- 19990222/
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ConDec++
Visual notation

[A]—ee]

ConDec++
Notation

Precedence Relationship:
If B Is performed A should Have
been performed before it

MSMAS Goal/Goal
Relation

Sequential Goals:
Goal B has to be achieved only
after achieving Goal A

Joint Goals:

Goal B must be achieved after
achieving Goal A, and Goal A
must be achieved before
achieving Goal B

Time Constrained Sequential
Goals: The system participant has
to achieve Goal B after minimum
delay of n and maximum delay of m
after achieving Goal A

Time Constrained Joint Goals:
Goal B must be achieved after
minimum delay of n and maximum
delay of m after achieving Goal A,
and Goal A must be achieved
before achieving Goal B

Succession Relationship:
every execution of A should be
followed by the execution of B and
each B should be preceded by A

Precedence Relationship
with Time Constraint

Succession Relationship
with Time Constraint

Coexistence Relationship:
If either A or B is performed, the
other one has to be executed as
well.

Coupled Goals:
Both Goal A and Goal B must be
achieved

Not Coexistence
Relationship:

If one of A or B is performed, the
other one can not be executed.

Disjoint Goals:

If Goal A has been achieved then
Goal B can not be achieved, and
vice versa.

Amicable Goals:
Any or both of Goal A and
Goal B can be achieved
without any restriction

No constraint

Fig. 1. ConDect* Notation and its Mapping to MSMAS Message/Message
and Goal/Goal relation concepts

express MSMAS norms visually using ConDec™ ™ which is an
extension of the DECLARE ? language, developed by van der
Aalst and Pesic [6], [7].

The modelling of MAS as normative/constraint-based sys-
tems, allows the system designer to place constraints on
business activities, system participant institutional roles, sys-
tem goals, and communication messages. The specifications
are defined through explicit visual relations expressed in the
ConDect language, whose semantics we extend to define
four types of norms/sets of constraints based on the context
of the visual model. For example, the ConDec™t Precedence
Relationship between two business activities, states that “If
activity B is performed, activity A should have been per-
formed before it”, and we use the same graphical notation
to present the sequential goal/goal relation in the compos-
ite business process model, which states that goal A has
to be satisfied before starting to achieve goal B. Figure 1
lists the ConDec™ ™ notations and their mapping to MSMAS
goal/goal-relation concepts. Other norm types are role/role
relations, message/message relations and activity/activity rela-
tions, which are not included due to the limited paper length.

We use System Norms (SN) to model behavioural patterns
of system participants and their inter-relations at the social
level, including messages to exchange, roles to play, goals to
achieve and activities to execute. A system norm is written:

SNGroup(A, B, SNType).

SNGroup(A, B, (SNType, (tmin, tmaz)))-
where A and B are the constrained system entities, such as
a pair of System Goals, Business Activities, Communication

Zhttp://www.win.tue.nl/declare/, retrieved 09 July 2014
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Messages, or Institutional Roles. The SNGroup is the
name of the SN group. We define four system norm
groups, one for each system entity type: goal_goal_relation,
activity_activity_relation, — message_message_relation,  or
role_role_relation. The SNType is the type of relation that
holds between a pair of entities such as: sequential_goals,
Jjoint_goals, (tc denotes time constrained) tc_sequential_goals,
tc_joint_goals, coupled_goals, or disjoint_goals, e.g:
goal_goal_relation(BSG_Collect_Data, BSG_Enrol_User,
(te_sequential_goals, (10, 50))).
expresses that a time-constrained sequential goals relation
holds between BSG_Collect_Data and BSG_Enrol_User
goals with minimum delay of 10 time units and maximum
delay of 50 time units. This norm represents a system
requirement which states that the system has to enrol the user
after collecting the data within the time window indicated.

B. MSMAS Activity Life cycle and State Transition Triggers

Achieving a system goal or playing institutional roles in
MSMAS is considered a non-atomic durative activity where
the activity execution spans a time period according to a life
cycle and is motivated by multiple event occurrences. We
segregate MSMAS sets of events which affect the system
norms into two groups: (i) system goals (SG) and business
activities (BA) events, and (ii) institutional roles (IR) and
communication messages (CM) events.

We then model the activity life cycle that governs the
first group (system goals and business activities-related events)
using only three states: active, inactive, and complete (Fig-
ure 2(a)). While we define another simpler life cycle of only
two states: active, and inactive (Figure 2(b)) that governs
institutional roles and communication messages-related ac-
tions. The second life cycle has fewer states because some
of MSMAS activities are binary: consider Institutional Roles,
for example, where a system participant either plays the role or
not. The system execution events may have triggering events
that implicitly manipulate each non-atomic activity instance
causing it to change state.

Triggering events are those events that cause the activity
instance to move from one state to another. For example the
system goals activity triggering events are expressed as:

Event(Goal EventType(SGID, SPID), T).

where GoalEventType can be: achieve, satisfy, or drop goal.
SGID is a system goal ID, SPID is the ID of the system
participant, and 7" is the time stamp of the event.

The system designers, through their design, implicitly
define which events trigger and motivate the state transitions
of each activity. The full list of triggering events is:

System Goals: (achieve — satisfy — drop)
Business Activities: (start — complete — cancel)
Institutional Roles: (playRole — dropRole)
Communication Messages:  (sendMessage — cancelMessage)
III. MSMAS NORM MODELLING IN THE EVENT
CALCULUS

One of the most critical tasks of developing adaptive
self-managed systems, is to verify that the system will not
fail to meet the requirements once developed and deployed.



cancelActivity

dropGoal
startActivity

(a) SG and BA Life Cycle

dropRole
playRole
sendMessage

(b) IR and CM Life Cycle

Fig. 2. MSMAS Events and Goals, Activities, Roles, Messages Generic Life
Cycle Modelled as Non-atomic Activities

happens(Ev, T)  Event Ev happens at time T'

hold_at(F, T) Fluent F' holds at time T
hold_for(F, [T, T2]) Fluent F" holds during the interval [T4, T2]
initially(F')  Fluent F" holds in the initial state of the system

initiates(Ev, F, T)
terminates(Ev, F, T)

Event Ewv initiates Fluent I at time T
Event Ev terminates Fluent F' at time 7’

TABLE L THE EVENT CALCULUS ONTOLOGY

Although validation of the system models is a good way to
check if the model complies with the requirements, it does
not guarantee that the system will comply at run-time, hence
run-time verification is required. Validation and verification of
system models and its execution traces require the formal rep-
resentation of the system and the use of mathematical and/or
logical techniques. We chose E'C' for our formal representation
of norms, because it allows for explicit representation of time,
making it possible to express both qualitative and quantitative
time constraints and being based on first-order logic it provides
great expressiveness. In this section, we start with a brief
summary of the FventCalculus, followed by an illustration of
the mapping of MSMAS norms into £C' domain-independent
and domain-specific theories.

A. The Event Calculus

Kowalski and Sergot [8] proposed Event Calculus (EC) as
a general framework to reason about time dependent properties
called fluents, and events that affect these fluents over time.
The general theory axiomatising EC that defines the meaning
of the predicates supported by the calculus is called the EC
Ontology and it contains the set of predicates shown in Table
I. An EC theory is a way to formalise how domain-specific
events affect the domain-specific fluents, which can then be
constituted as a logic program whose clauses define the system
initial state and relate events occurrences with fluents initiation
and termination [9].

We express MSMAS norms by two different theories:
(i) a domain-independent theory, that formalises the life cycle
of time-aware system norms (Figures 2(a), and 2(b)), and
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gives semantics to the state transitions by relating the initi-
ation/termination of norm-related fluents, and (ii) a theory that
describes a specific domain, and defines the relation between
the domain-specific events and fluents/norms.

B. Domain-independent Theory of MSMAS Activity Life Cycle

When an event occurs, it may affect MSMAS activities
and cause the system to move from its current state to a new
state according to the activity life cycles shown in Figures
2(a) and 2(b). We follow the formalisation proposed by
Montali et al. [9] and use tools to support the monitoring of
event based systems®. We use the fluent ai_state(i(id, a), s)
to denote that an activity instance identified by ¢ of system
component a is currently in state s.

Axiom 1 (Effective Start). An activity instance is effectively
started (s) by a start event occurrence as long as it is not
already started. The opposite state —started is defined in
Axiom 3:
happens(start(ID, A),T) < happens(ev(ID,s, A),T)
A—initiates(ev(ID, s, A), ai_state(i(ID, A), active), T).
The effective start triggers a creation of the corresponding
activity instance, transferring the identifier and placing the
instance in the active state:

initiates(start(ID, A), ai_state(i(ID, A), active), T).

Axiom 2 (Effective Completion). An activity instance with

name A and identifier ID is effectively completed (c) at time

T if a completion event matching A and ID occurs at some

time T, such that the activity instance is active at time 1"

happens(complete(ID, A),T) < happens(execute(ID,c, A),T)

Aholds_at(ai_state(i(ID, A), active), T).

Effective completion triggers transition to the completed state:
terminates(complete(ID, A), ai_state(i(ID, A), active), T).
initiates(complete(ID, A), ai_state(i(ID, A), complete), T).

Axiom 3 (Effective Cancellation). The effective cancellation

n of an activity instance mirrors the axioms used for effective

start as its semantics is —started:
happens(cancel(ID, A), T) + happens(execute(ID,n, A),T)
Aholds_at(ai_state(i(ID, A), active), T)

N—initiates(ev(ID, n, A), ai_state(i(ID, A), inactive), T).
Effective Cancellation triggers transition to the inactive state:
terminates(cancel(ID, A), ai_state(i(ID, A), active), T).

initiates(cancel(ID, A), ai_state(i(ID, A), inactive), T).

C. MSMAS Norm Instances and their States

The triggering events defined earlier not only have an
impact on the states of their associated activities but their effect
extends to each system norm associated with such activities.
For example assuming a joint_goals relation holds between
SG1 and SG2 system goals, this norm is triggered every time
a system participant successfully satisfies/achieves SG'1 goal.
That is, the goal activity instance reaches the state complete,
expecting the completion of the target goal SG2 at some point
in the future. To capture this behaviour, every execution that
satisfies the source goal creates a fresh instantiation of the
norm and this particular norm instance is placed in a pending
state, waiting for the occurrence of the target goal. In this work,

3 A number of tools including jREC reasoner available via https://www.inf.
unibz.it/~montali/tools.html, retrieved 10 July 2014
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Fig. 3. MSMAS System Norms Generic Life Cycle Modelled as Non-atomic
Activities

initially(sn_state(I,S)) « init_state(I,S).

initiates(E, sn_state(1, S),T) <+ creation(E,T,1,S).
cur_state(I,S,T) < holds_at(sn_state(I S),T
terminates(FE, sn_state(I,51),T) + trans( T,1,51,52).

initiates(E, sn_state(I,S2),T) + trans(E, T, I7 Sl, Sa)
Aholds_at(sn_state(I,S1),T).

Fig. 4. State manipulation predicates [9]

we present an example of MSMAS norms to demonstrate
how they can be modelled. We associate a unique identifier
with each modelled norm, the term i(id, a, t) denotes the
instance of norm ¢d has been created by the execution of a
at time ¢. Each norm instance can be in only one state at any
point of time and it obeys the generic life cycle of MSMAS
norms as shown in Figure 3, where pending is a transient
state meaning that the SN is waiting for the occurrence of
some event, satisfied is either a transient or a permanent state
indicating that the execution trace is currently compliant with
the SN, and violated is a permanent state* indicating that the
instance has been violated.

We employ a multi-valued fluent sn_state(I, S) to present
the state of each system norm instance, where I is the SN
instance and S is the current state of I which can be one of
the possible three values (pending - satisfied - violated). For
example, sn_state(i(id, a, t), satisfied) represents the fact that
SN instance i(id, a, t) is currently satisfied.

D. Formalising MSMAS Norms (Domain-Specific Theory)

First we present our axiomatisation of MSMAS SNs as
an EC theory. We need both domain-specific theories with
the domain-independent theories defined in section III-B to
reason about the execution traces and to verify if the system
complies/violates its specified requirement at run-time. Our
formalism depends on the creation of, and the state transitions
of, SN instances, as a result of event occurrences. To support
the state manipulation, we use the five predicates defined by
Montali et al. [9], where the first two rules deal with the
creation of a SN instance and setting its state. The third
predicate is used to check the current state of a SN instance
and the last two rules capture the state transitions (Figure 4).

Now let us consider SN I, the Metric Time Constraint
Sequential Roles System Norm, expressed formally in terms
of EC theories, where Figure 5 shows its life cycle. In this
type of directional system norm between two components (e.g.
institutional roles A and B), where A is the source institutional
role (IR), the system participant has to play the target role after
it plays the source role with minimum delay (n) and maximum

4The recovery from the state violated might be desired by particular
applications, but it is not considered in this work.
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SN I: MSMAS Norm Life Cycle Modelled as Non-atomic Activity

Complete (B)
outside time
frame

Fig. 5.

delay (m) time units. For example:
role_role_relation(IR_TeamLead, IR_Manager,
(tc_sequential_roles, (1500, —))).
states that a Metric Time Constrained Sequential Roles re-
lation holds between I R_TeamLead and I R_Manager in-
stitutional roles, expressing the requirement that a system
participant can be a manager only after being a team lead
for a time period of 1500 time units at least. To express this
kind of system norm in EC' we define the following axioms.

Axiom 4 (TC Sequential Institutional Roles Creation). Each
sequential institutional roles system norm is associated with a
unique instance, created and put in the pending state waiting
for the completion of playing role A when the case is started:

init_state(i(id, start, 0), pend).

Axiom 5 (TC Sequential Institutional Roles Pending). An
initially pending TC Sequential Institutional Roles SN instance
remains in the state pending when its source IR is played
(completed). This self transition is done only to set the start
time. This reference point is combined with the norm’s delay n
and deadline m to determine the time window, inside which the
target role is expected to be played and against which we can
determine the violation or satisfaction of the norm condition:
trans(complete(—, A), T,i(id, A, T;), pend, pend) <
cur_state(i(id, A, T) pend, T) NT > T;.
Axiom 6 (TC Sequential Institutional Roles Fulfilment). A
pending TC Sequential Institutional Roles SN instance is
satisfied when its target institutional role is played within the
time frame specified:
trans(complete(—, B), T, i(id, A, T;), pen, sat) <
cur_state(i(id, A, T;), pend, T)/\T>T +nAT >0.
The absence of a deadline means it is effectively co. We check
also that T' > 0, as T' = 0 indicates that pending is the initial
state, set during the creation of this instance.

Axiom 7 (TC Sequential Institutional Roles Violation). A
pending TC Sequential Institutional Roles SN instance is
violated when: (i) the target role is played before the source
role, or (ii) the target role is played outside the time frame
specified by the minimum and maximum delay values (n, m).
In our example the maximum time delay is not specified so we
limit this axiom to the first case:

trans(complete(—, B), T, i(id, A, T;), pend, viol) <

cur_state(i(id, A T) pend TYNT <T; +n.

Axiom 8 (Violation due to Deadline Expiration). In the case
of time constrained SN, the SN is violated if it is still pending
after the maximum delay time passes without the completion of
the target specified activity such as playing a role or sending
a message ... etc. This axiom handles this case and is valid
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Fig. 6. Example MSMAS Composite Business Process Model with Goal/Goal
relations

only when the maximum time delay is specified:
trans(—, T,i(id, A, T;), pend, viol) <
cur_state(i(id, A, T;),pend, T) AT > T; + m.

IV. MONITORING EXAMPLE

Let us consider the composite business process model
shown in Figure 6. There are five Basic Business Processes,
each corresponding to a Basic System Goal. This business
process is a segment of an ordering system that supports the
selling of goods online and offers the customer the option
to pay either online or by sending a cheque. The model is
designed to capture the following business requirements:

R1: After the customer communicates with the seller to place
an order, the seller has to register the customer’s order.

The customer can pay the total selling price of his/her
order either by credit card online, or by posting a cheque.

R2:

R3:
R4:

RS:

The customer pays online only after he/she has ordered.
If the customer pays online then he/she cannot pay by
cheque and vice versa to prevent duplicate payment.

After completion of payment, the seller must ship the

goods to the customer within at most 480 time units.

These business requirements are captured and modelled by
means of goal/goal system norms, expressed visually as six
relations between the business process pairs as follows:

SN1: JointGoals relation between orderOnline and regis-
terOrder to capture R1.

sequentialGoals1 relation between orderOnline and
payOnline to capture R2 and R3.

sequentialGoals2 relation between orderOnline and
paybyCheque to capture R2 and R3.

DisjointGoals relation between payOnline and payby-
Cheque to capture R4.

time constrained sequentialGoalsl relation between
payOnline and shipGoods to capture RS.

time constrained sequentialGoals2 relation between
paybyCheque and shipGoods to capture RS.

SN2

SN3

SN4

SNS5:

SNe:

Now let us consider the following execution traces’, where the
first trace satisfies the requirements:

SDue to the size of this paper we show only the completion events e.g.
satisfyGoal the full trace should contain achieveGoal events as well.
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(a) System Norms Evolution
According to Execution Trace 1

(b) System Norms Evolution
According to Execution Trace 2

Fig. 7. Comparison of System Norm Evolution in Trace 1 and Trace 2
satisfy_goal(orderOnline, sellerAgent), 20
satisfy_goal(orderOnline, customerAgent), 21

Trace 1: satisfy_goal(registerOrder, sellerAgent), 30

satisfy_goal(payOnline, sellerAgent), 31
satisfy_goal(payOnline, customerAgent), 32
satisfy_goal(shipGoods, sellerAgent), 180

Here, the customer completes orderOnline goal at time 21,
then payOnline at time 32 which satisfies R2 and R3. The
seller completes orderOnline at time 20, then registerOrder at
time 30 which satisfies R1. The seller completes payOnline at
time 31 which satisfies R2 and R3. Finally, the seller completes
shipGoods at time 180 which satisfies R5. Neither the seller
nor the customer start and complete paybyCheque goal within
this trace, which satisfies R4. Figure 7(a) shows® the list of
system norms and their state evolution according to execution
trace 1. But the second trace violates the requirements:

satisfy_goal(orderOnline, sellerAgent), 20
satisfy_goal(orderOnline, customerAgent), 21
satisfy_goal(payOnline, sellerAgent), 31
satisfy_goal(payOnline, customerAgent), 32
satisfy_goal (paybyCheque, customerAgent), 50
satisfy_goal(paybyCheque, sellerAgent), 50
satisfy_goal(shipGoods, sellerAgent), 600

Trace 2:

Here, the customer completes orderOnline goal at time 21
and payOnline at time 32, which satisfies R2 and R3. Then
the customer completes paybyCheque goal at time 50 which
violates SN4/R4. The seller completes orderOnline goal at time
20, then payOnline at time 31 which satisfies R2 and R3.
The seller completes paybyCheque at time 50 which violates
SN4/R4. The seller completes shipGoods at time 600, which
violates RS because it occurs after the maximum time delay
allowed by the time constrained sequential SN. Finally, the
seller never completes registerOrder within this trace, so it is
considered violated. Figure 7(b) shows the list of system norms
and their state evolution according to execution trace 2.

%Generated using MOBUCON tool (https://www.inf.unibz.it/~montali/
tools.html, retrieved 31 Jan 2014), using a reduced version of events (limited
completion events e.g. satisfyGoal only)



V. DISCUSSION AND FUTURE WORK

We present an extensive survey of MAS development
methodologies in [1] and for the sake of space do not reproduce
those arguments to make the case for MSMAS here. We also
observe that while the work here is presented in the context of
MSMAS, the focus of this paper is less on the framework of
MSMAS, but the capture of requirements in formal language,
their verification and their run-time monitoring. Hence, these
are the areas from which we draw related work.

The main goal of modelling MASs with norms is to use
normative models to govern agent behaviour, and to model
social structure and its evolution [10]. In this context, there
is a wealth of research on formalising normative systems,
including [11] and [12]. Monitoring agent compliance with
institutional rules/system norms has been studied in [13] and
more recently in [14], which presents a formalisation of the
life cycle of regulative and constitutive norms and a supporting
reasoner. MSMAS uses norms in a similar way for the static
checking of specifications — although the formalisation and
tools are different - but in addition, it uses those same
normative specifications to verify the maintenance of system
requirements during execution, where the models are derived
from the requirements, and system goals are linked to business
activities associated with institutional roles.

The importance of verifying requirements is widely recog-
nised given the increased complexity of MAS and increased
dynamic nature of business requirements. Some approaches
focus on traceability from requirements to source code and/or
between design and source code [15], while others focus on
traceability between requirements and architecture [16], allow-
ing for generation and validation of traces using requirements
relations. In contrast, MSMAS utilises logic-based languages
to encode formally system norms that represent system re-
quirements into models that become an integral part of the
deployment. Hence, traceability of these requirements from
design time to verify the correctness of the designed models,
as well as monitoring the execution traces and verifying that
the trace meets the requirements, are achievable tasks.

Chesani et al [17] propose monitoring and runtime com-
pliance checking using an abductive logic programming-based
proof procedure, then in [18] describe the F(C-based axioma-
tisation of ConDec. We have adopted their approach due to
the availability of scalable support tools ready for integration.

Against this background — and a larger body of literature
than can be cited or discussed here — we suggest that MSMAS
use of system norms in the context of building business
oriented MAS and its support for design- and run-time formal
verification provides a new perspective on formal software
engineering of MAS and contributes towards the evolution of
model-driven development in MAS. Primary tasks for future
work for MSMAS are to incorporate the modelling of multiple
organisations/institutions and their interactions, and to consider
how to incorporate attributes of the context into the modelling
to allow for the capture of more fine-grained constraints.
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