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Abstract — Due to current and future trends in manu-
facturing, computer-supported manufacturing systems are
now more distributed than the traditional CIM approach.
This paper presents a prototype system for the problem of
scheduling of manufacturing orders, focusing on the inter-
nal implementation of each type of agent in the system.
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I. INTRODUCTION

Society has experienced evolving mutations since the
dawn of ages, especially on the last half of the twentieth
century. In recent years several trends were observed in
manufacturing and society, namely: market globalisa-
tion; increasing product/services customisation; increas-
ing technology complexity; increasing number of com-
petitors; decreasing product lifecycles; and increasing
quality requisites [13] [20] [15]. Stability, certainty and
predictability are giving place to change, uncertainty
and unpredictability [11]. In addition, a shift towards
flexible manufacturing and customized products is evi-
dent [3].

From a technological point of view, it was observed
that current manufacturing systems (e.g. Computer
Integrated Manufacturing architectures) pose several
drawbacks, namely excessive rigidity and centraliza-
tion; high implementation costs; and inflexibility [9]
[31] [4] [16] [29] [8] [5] [10] [18]. Furthermore, it is
expected that in the future manufacturmg will be char-
acterized by: globally distributed resources; small quan-
tities and high variety of products; providing individual
solutions tailored to each customer’s specific needs;
concurrent execution of all the activities in the manufac-
turing process [15] [6].

In order to deal with the identified problems with
current manufacturing systems and prepare them for the
expected future scenarios, the new generation of manu-
facturing systems must possess such attributes as decen-
tralization, distribution, autonomy, adaptability, and
incomplete information handling [27] [28].
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II. FABRICARE’S DESCRIPTION

A.  System Architecture

This work tries to present an integrated view of a
manufacturing system, based on the Distributed Manu-
facturing System paradigm, able to accomplish the
requirements for the post-XX century society [26]. In
order to overcome these challenges, a solution based on
Holonic Manufacturing Systems has been proposed
using Multi-Agent Systems and Extended Logic Pro-
gramming.

In this solution the main entities in the manufacturing
process are modelled as holons [12], each one contribut-
ing with a small parcel of the overall system’s function-
ality. To the scope of this work, a holon is understood
as a logical design entity in the system architecture, and
is implemented as an agent using extended logic pro-
gramming. Thus, conceptually, a design entity in the
architecture is a Holon while the software application
that models that entity is an Agent.

Company

Figure 1 - The architecture of Fabricare

The Fabricare project uses a holonic architecture
(Figure 1) where several key functions of the manufac-
turing process are identified and modelled as holarchies
[23][24] [21]. These holarchies are composed of ‘basic’
holons such as Product, Task and Resource, each one
representing a core entity in the manufacturing system.

In the manufacturing arena there are several situa-
tions were the information needed is not fully available
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(i.e., incomplete information); thus, it was given a spe-
cial attention to the representation and manipulation of
incomplete information in an agent’s knowledge base.
For that reason, a notation based on [30] [2] [14] [21] is
used for representing incomplete information in ex-
tended logic programs. This notation allows for: explicit
negative information; unknown information; mutually
exclusive information; and forbidden information. Ad-
ditionally, a meta-interpreter was developed [21] to
infer the truth-value of a question posed to the agent’s
knowledge base.

B. Interaction

The key entities participating in the scheduling proc-
ess (activity chosen as test case) are the physical re-
sources and the manufacturing orders. These two enti-
ties are represented in the system by resource holons
and task holons respectively.

For the scheduling of task’s sub-operations, the Task
holon will negotiate with Resource holons, using an
extension of the Contract Net Protocol [19] [7] with a
cooperation phase between service providers (i.e. re-
source holons). The Resource holons will use constraint
propagation in order to guarantee the relationships
among different operations that aim at the same task.
This new protocol is called Contract Net with Con-
straint Propagation Protocol (CNCPP) [22] [23] [24]

[25] [21] (Figure 2).
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Figure 2 - Fabricare interaction

Since multiple tasks can be negotiated at the same
time, conflicts may arise if some resources are used in
the same time interval for different tasks. In these sce-
narios, resource holons have an indecision problem [23]
since they cannot guarantee the delivery of both tasks.
In order to overcome this problem, a solution is pro-
posed which involves a pre-negotiation step in the pro-
tocol. Before beginning negotiation, each task holon
will ask for authorization from the scheduling holon,
which maintains a list of negotiating resources and
respective time windows. Only in case of non-
overlapping a “green light” will be given to the negotia-
tion.

The scheduling procedure is adapted from a central-
ized method described in [17] [1], based on agendas,
behaviours and due dates.

The number of exchanged messages is given by for-
mula (1) [21] where the first term represents the number
of exchanged messages in announcement, bid and con-
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tract phases and the second term represents the number
of exchanged messages in backward and forward influ-
ence phases.

(1)

n—

I (R(i) X R(succ(i))}
|

M :3x[2n:R(i)]+2>{

i=

Formula (1) is upper-bounded by expression (2) [21]:

2) M <3nr+ 2x(n-1)xr* & M <3nr+2nt e
M’ <n(3r+27%)

Thus, the complexity of the problem is O(n) in which
respects the number of exchanged messages [21].

III. FABRICARE’S AGENTS

A.  Task agent Internal architecture

A task holon represents a manufacturing order to
execute a certain quantity of a specific product on the
shop floor. This kind of holon has as its objective to
schedule the order and monitor its execution.

The knowledge base of a Task agent has predicates
of the following templates:

task(Tld, NOF, Id-Product, Quantity, DueDate)
attribute(Parameter, Value)
plan(ld, Criteria, Attributes, Operations)

The predicate task represents the manufacturing or-
der data such as order number (NOF), requested product
(Id-Product), demanded quantity (Quantity) and due
date (DueDate). Other task’s attributes (e.g., client id)
are represented by means of the Attribute predicate. The
predicate plan identifies the selected production plan for
this task.

Its life cycle (Figure 3) begins when the manufactur-
ing order is created (either to fulfil a customer order or
to balance stocks). During its existence the task holon
will negotiate with resource holons the execution of the
operations needed to perform the ordered product. The
holon will cease existing when the order is fulfilled or
cancelled.
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Figure 3 - task agent operation

Table 1 presents the identified cases of incomplete
information for the predicates existing in each task

agent’s knowledge base [21].

Table 1 - resource agent incomplete information

recombined

[NOT ready]

Description Type of | predicate
null

There must exist a plan | Closure plan
for this task
The duration of an opera- | Unknown plan
tion may be unknown
The value of an attribute | Openness attribute
of the task may be un-
known

The knowledge base of every Task agent must be

augmented with the following axioms:

negation(plan(l, C, 4, O)) <«
not plan(l, C, 4, O)
null(unknown duration)
null(some_miliseconds)
null(some_seconds)
null(some_minutes)
exception_null(plan(l, C, 4, Opl)) «
plan(l, C, 4, Op2) A
null plan(Opl, Op2)
null planl((X | T], [X | T2]) «
null plan(T, T2)

Dur, P, §) | T2]) «
null(Dur)

null plan( , ) «
Jalse

null_plan([node(l, H, E, _, P, §) | T], [node(l, H, E,
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B. Resource agent Internal architecture

A resource holon represents the current state of a
physical resource on the shop floor. The resource’s list
of activities is called agenda, stating what to do and
when. The resource is able to perform operations neces-
sary to execute products (e.g. drill). A resource holon
can represent a single resource or a work cell composed
of several resources.

The knowledge base of a Resource agent has predi-
cates of the following templates:

resource(RId, Description, Creation-Date,
Attributes)

ability(Id-Ability, Description, Duration, Cost, CNC,
Arguments)

activi(Tld, Opld, Qt, Start, End, DueDate, State,
Pred, Succ)

The predicate resource represents general informa-
tion about the physical resource in the manufacturing
plant. The agent’s KB has several instances of the
predicate ability, one for each machining function the
resource is able to perform (e.g., drill). The predicates
of type activity denote a commitment with a specific

-task agent (T1d) to perform a specific operation (Opld)

in the future; i.e., the resource’s agenda.
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Figure 4 — Resource agent operation

The objective of a resource holon is to control the
physical equipment, provide information about its abili-
ties and status to the system and manage the scheduled
activities. Its life cycle is very long, since it is expected
that a resource is fully operational for long periods of
time. During its existence, the resource holon executes
the commands sent by the resource controller and nego-
tiates with task holons the scheduling of manufacturing
orders.

Table 2 presents the identified cases of incomplete
information for the predicates existing in each resource
agent’s knowledge base [21]



International Conference on Knowledge Engineering and Decision Support

Table 2 - resource agent incomplete information

Description Type of | predicate
null

The  resource  holon| Closure ability
knows all of its function-
alities
The  resource  holon| Closure activity
knows all of its con-
tracted activities
The state of an activity | Unknown activity
may be unknown
The  predecessor re-| Unknown activity
sources may be unknown
The successor resources | Unknown activity
may be unknown

The knowledge base of every Resource agent must
be augmented with the following axioms:

negation(ability(l, D, P, A)) «
not ability(l, D, P, A)
negation(activity(T, O, Q, I, D, Dt, E, P, §)) <
not activity(T, O, Q, I, D, Dt, E, P, S)
exception_null(activity(T, O, Q, I, D, Dt, , P, 5)) «
activine(T, O, Q, 1, D, Dt, unknown_state, P,
S)
exception_null(activity(T, O, Q, I, D, Dt, E, Prl, §))
—
activity(T, O, Q, I, D, Dt, E, Pr2, S) A
null_pred succ(Prl, Pr2)
exception_null(activity(T, O, Q, I, D, Dt, E, P, Sul))
(_
activity(T, O, Q, I, D, Dt, E, P, Su2) A
null _pred succ(Sul, Su2)
exception_null(activity(T, O, Q, I, D, Dt, E, Prl,
Sul)) «
activity(T, O, Q, I, D, Dt, E, Pr2, Su2) a
null_pred succ(Prl, Pr2) A
null pred succ(Sul, Su2)
null pred succ([X | T], [X|T2]) «
null_pred succ(T, T2)
null pred succ([ | T}, [unknown holon | T2])
null pred suce( , ) «
false

Since each holon has complete knowledge of itself, it
is necessary to close predicates ability and activity.
However, it may be impossible to known certain char-
acteristics of the holon’s activities, such as the state of
the activity (due to machine failure for instance) or the
predecessors and successor resources in the chain of
operations.

C. Prolotype

Figure 5 presents the Fabricare Scheduling proto-
type suite, composed of several applications.
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Figure 5 - Fabricare prototype

The Configuration Designer allows specifying the
resource agents in the factory plant, and to some extent,
represent graphically the physical layout of the re-
sources. The system description is read by the Deploy-
ment tool, which launches Resource Holons on the
desired machines. Each resource holon is composed of a
kernel and individual characteristics and behaviours,
specified in the holon script written in Prolog represent-
ing the ‘mental’ state of the holon (e.g. resource’s
agenda), as well as specific clauses for the Fabricare
holon kernel (e.g. name). The Control Panel is the in-
terface to the system’s operation, monitoring and
controlling running holons. This tool also allows the
user to launch tasks (manufacturing orders) in the
system by evoking the Task Launcher tool, which
prompts the user for data about the order and dynami-
cally creates a Task Holon for that order. One last tool
in the suile is the Product Builder, which allows fo
generate graphically a product’s process plan. The
several operations in the plan are the abilities of the
physical resources (modelled in the resource holons).

The system is very dynamic in what concerns ils
holons, 1.e. resource holons depend on the system de-
scription file; task holons depend on the existing tasks
(dynamic events). Each negotiation uses the set of
holons that are present and available at that time, thus
giving the system a high degree of adaptability to the
dynamic nature of the manufacturing arena (e.g. re-
source in maintenance or overloaded).

The holons are Extended Logic Programs written in
Prolog with the ability to handle negative and incom-
plete knowledge [27]. The decision procedure is not yet
totally driven by this kind of knowledge; however, real
life scenarios where only partial information is available
have been identified [27] [21] and modelled (e.g. re-
source holons will use this information to generate low
commitment schedules into their agendas).

1V. CONCLUSIONS

The problem being addressed here is related to the
ability to build and maintain computer-supported manu-
facturing systems able to cope with recent (and ex-
pected future) requirements, giving the social-economic
context of the new digitised, customised, global society.
In a way, the answer to this question can be given by
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organising the manufacturing system into ‘small’ units
structured according to the holonic theory.

Essentially, it is argued that in order to overcome the
rising customisation of goods and services as well as
other trends in society and economy, it is necessary to
build systems with such characteristics as: distribution,
decentralisation, autonomy, dynamism, reactivity, flexi-
bility, adaptability and agility. Although current manu-
facturing systems do not present then, this kind of prop-
erties can be found in holonic systems. These were the
principles and goals guiding the development of the
Fabricare system.

This paper presented a system based on holonic con-
cepts and a prototype implementation of that system
that models the main entities in the manufacturing sys-
tems as holons and the core functions as holarchies;

This system resembles the distributed nature of
manufacturing, thus allowing for a better modelling of
the real system. While other co-operative communities
operate with agents representing resources or systems,
the Fabricare system combines resource-based holons
with task-based holons. The main advantage is the easy
access to task activities that are supported in task-based
holons as well as high adaptability to the dynamic na-
ture of resource conditions and availability.

For each agent in the system, the knowledge and
control of each agent is separated through scripts; and
the holons have the ability to represent and handle in-
complete information in their knowledge bases.

The negotiation protocol presented to regulate the in-
teraction among the several agents in the system, Con-
tract Net with Constraint Propagation Protocol, which
has as a main characteristic the explicit cooperation
phase between service providers (i.e. resources) moti-
vated by the need to coordinate temporal relations of
task’s operations;

The protocol also allows for dynamic participants,
using the information of running agents stored in the
directory service; and conflicts are avoided by serializ-
ing overlapping negotiation (concurrent time-windows
for different resources/tasks);

The scheduling procedure (intimately related to the
protocol just described) was adapted from a proven
centralised method, but introduced some new character-
istics, such as the use of a distributed approach and a
cost function by operation by resource which allows a
new parameter to obtain different solutions. The main
advantage of this scheduling procedure is the fact that it
allows the use of several resources for the same opera-
tion and allows for greater flexibility by not using be-
haviours as in the original method.

The paper also presented the knowledge base of the
main agents in the system (Task and Resource).

One point of action for future work is the full use of
incomplete information in the decision process of each
agent. For the moment this use is still very limited. One
possible added value of incomplete information is in the
medium-long range planning.
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