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Abstract. The paper presents a generic framework for a Product Driven
Control Systems (PDCS) dealing with production planning and control.
The framework is based on Viable System Model (VSM) which is intro-
duced for intelligent manufacturing systems. Based on suitable properties
as autonomy, self-organization and adaptability, VSM allows to model
and consider these properties for PDCS. An application for a Manu-
facturing Planning and Control System (MPCS) is proposed. Different
points of view are also presented based on this application which are
showed and explained in the sens of VSM principles. Finally, a discus-
sion is presented dealing with the main issues of the proposed approach.

Keywords: Product-driven systems, intelligent manufacturing systems,
viable system model, manufacturing planning and control

1 Introduction

The economic context including globalization and free competition triggers quick
evolutions of several technologies available for the industry and users. That
pushes firms to be more reactive, more innovative, more agile.

In this context, Intelligent Manufacturing Systems (IMS) (arisen in the earlies
90’s), aim to improve the conventional Manufacturing Planning and Control
Systems (MPCS) in terms of flexibility, reconfiguration and scalability, among
others. In this class of systems, Product-Driven Control Systems (PDCS) [11],
based on intelligent products [12], change the vision of products from a passive
state into active actors in the decision process concerning itself [13]. Nevertheless,
one of the major limitation of these kind of systems is the absence of specific
frameworks to guide the process of analysis, design and implementation.

For that purpose, in this paper, we propose a general framework to model
product-driven control systems applied to MPCS. The proposed framework is
designed to be used in a wide range of production or services product-driven
systems. This leads us to a generic concept which provide sufficient theoretical
concepts and implementation guidelines to manage the inherent complexity of
this kind of systems.
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Our work has been motivated by the design of intelligent products as living
beings, focusing our research in theories and models concerning the structure and
organization of these living machines [10]. The objective is to use such models
to design manufacturing systems that can show properties like autonomy, self-
organization and adaptability. These properties can be summarized as viability
commonly present in living beings. The presence of such properties has lead to
the conceptual framework present in the Viable System Model [3,4]. The choice
of VSM has been made since this framework is suitable to model these properties.

Main property in VSM is recursion, that allows to manage complexity and
find a compromise between control and autonomy to implement principles as
heterarchy and cooperation [6]. These are central elements of product-driven
control systems and in a more general way a key objective of IMS. Manage
complexity allows to consider each system as a whole preserving the emergent
properties which can only be understood using a holistic vision, in contrast to
reductionist ones.

VSM since its origin in the earlies 70’s as result of the research of Stafford
Beer, has been object of a constant validation with several applications until
nowadays. The pertinence of this model can be justified regarding to the recent
applications concerning domains like material management [8, 15], autonomous
distributed systems [14], autonomous software [7, 9] or autonomous communities
of agents [17].

Our contribution deals with the use of VSM applied to PDCS as an integrated
modeling framework. The most important paradigms arisen from IMS are bio-
logical [18], fractal [20] and holonic manufacturing systems [19]. The biological
paradigm and properties like synthesis has been essential parts of biological
systems, recursion is the basis property of fractal system and the difficulty to
separate parts from the whole is a main concept in holonic systems. Our inten-
tion is to show that VSM can be used like a consensual framework for all these
research threads.

This paper is organized as follows: section 2 presents a general description
of the main concepts involved in VSM, and presents the approach focusing on
the elementary object of the proposed structure, that is the intelligent product.
Section 3 describes an application of the proposed approach for a Manufacturing
Planning and Control System. In section 4 a discussion of the main findings is
presented. Finally, section 5 presents the conclusion.

2 VSM for holonic product-driven manufacturing
systems

The origins of VSM arise from the work of Beer applied to the steel industry in
the fifties. This research can be placed in the line of works of Norbert Wiener,
Warren McCulloch and Ross Ashby [5]. The main objective of the model was to
identify and to explain how systems are wviable, in other words, how it is possible
that some systems can maintain an independent existence.
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Although VSM is a general model for the study of any viable system, the
most concerned application area has been human activity organizations, i.e.,
corporations, firms or governments [2]. In this domain, VSM changes the view of
the traditional management model based on command and control, in which a
control system is designed as a pyramid and such decisions are disaggregated in a
top-down manner at different structural levels. The main difference, inspired by
the biological organization, consists in mapping this hierarchy into a structural
recursion.

The premise of this change of perspective was inspired from the living be-
ings composition (cells, organs, systems, etc.). Indeed, they have properties of
autonomy, self-organization and self-regulation, allowing them to have an inde-
pendent existence. The differentiation of their functions and the relationships
between these elementary components produce more complex systems, without
that subsystems essential properties would be lost. However, one of the most
important properties of a viable system is their intrinsic recursion. In fact, any
viable system contains and is contained by another viable system. Every subsys-
tem maintains its autonomy towards its environment, but it also contributes to
generate the viable system in which it is included. In that way, a viable system
and its different subsystems have the same structural requirements. A viable
system supports its objectives thanks to an overall cohesion and adapts itself by
the autonomy of its subsystems.

VSM was developed looking for invariances in organic systems. These in-
variances allow to define a homomorphism of their functions, organization and
structure. Beer defines five elementary functions that any viable system must
have: implementation, coordination, control, intelligence and policy. In the fol-
lowing are defined more in details each one of these functions:

Implementation : this function refers to primary activities that materialize
the identity of the system. These activities are identified after an analysis of
what the system does, then directly related to the system transformation and
environment interaction.

Coordination : this function corresponds to the coordination among primary
activities. In a viable system, this coordination is not necessarily accomplished in
a top-down manner like in a hierarchical management system. Primary activities
can be coordinated in a centralized or distributed way thanks to cooperation and
information exchanges.

Control : control refers to the function which regulates and ensures the self-
organization of the system. This is due to coordination and monitoring functions.
Monitoring function (or sporadic audit function) allows at the same time to
evaluate the actions of primary activities and to hold the coherence of the global
activity (all primary activities). Control function is the function that defines the
control/autonomy degree of primary activities.

Intelligence : the intelligence function is responsible for system adaptability.
To achieve this adaptation, the intelligence function must be capable of treat-
ing the information which comes from the environment, with the objective to
anticipate perturbations.
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Policy : the policy function keeps the system objectives at its level.

As it was expressed by Ashby [1] in the law of requisite variety a controller
will be effective only if it is capable of attaining at least the same number of
states as those which it wants to control. The variety of a system is defined as
all possible states of a system and it can be used as a complexity measure.

“A controller has requisite variety - that is, has the capacity to maintain the
outcomes of a situation within a target set of desirable states - if and only if it
has the capacity to produce responses to all those disturbances that are likely to
take the outcomes out of the target set”.

To achieve that, the viable system tries to reduce the variety coming from
the environment and to amplify the variety of its control function to reach a
balance (homeostasis). Figure 1 shows an example of a viable system which
is decomposed into three subsystems. The recursion property of VSM allows
continuing this process until the required level of detail. In the example presented
in figure 1, it is possible to break down each of the three viable systems in new
viable sub-systems. Also, the whole system can be considered as a subsystem of
another viable system at an upper recursive level. Notice that all systems have
the same structure.

poLICY
INTELLIGENCE )
-

LOCAL
ENVIRONMENT'
LOCAL
ENVIRONMENT
LOCAL j
ENVIRONMENT
<7

Fig.1. A Viable System Model

A conventional recursive decomposition of a production system, will decom-
pose the system, for example, on the shop-floor, production cells, production
lines, production modules and machines. In such case, machines would be the
elementary (atomic) entities of the system at the lowest recursion level.

In contrast with this conventional interpretation, we consider the product
to be the elementary decision-making entity responsible for driving work tasks.
Therefore, it is considered as the basic element of the production process and it
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is designed as a viable system. Others system entities such as machines, convey-
ors, automated guided vehicles, team workers, etc., are then considered in the
environment. These entities interact with the product only in terms of events
leading to lack of availability, disruptions, constraints, etc. Figure 2 shows the
intelligent product structure which is proposed.

A.l. TECHNIQUES

LOCAL GOALS
- GLOBAL CONSTRAINTS ;
- COOPERATIVE ALGORITHM
- EVALUATION

- FUTURE
- AGENTS AT
UPPER LEVELS

COORDINATION

OPERATORS

EFFECTORS

~ MACHINES
-AGV's

- CONVEYORS
- OPERATORS

IMPLEMENTATION

Fig. 2. An intelligent product modeled using VSM

As it has been said in the introduction, the intelligent product is defined as
an entity able of interacting and communicating with its environment. When
this physical entity transits on the shop-floor, it will be able to recover infor-
mation concerning both its own state and the system state. Then, focusing on
the product, all the production planning system can be structured from the in-
formation recovered by this intelligent product. Also, decision-making problems
are addressed to their corresponding recursion level.

The primary activities of the intelligent product are data collection and in-
teraction functions. The data collection activity is designed as the action which
allows the product to get information from other products and to give informa-
tion to them. On the other hand, interaction functions allow products to interact
with their environment.

3 Application to MPC systems

Manufacturing Planning and Control Systems contain five main functions which
can be described as : Strategic Planning, Sales and Operations Planning (S&
OP), Master Production Planning (MPS), scheduling and execution. Each of
these functions corresponds to a level in the decision making process regarding
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to different horizons going from a longer to shorter one. In practice, these deci-
sions are taken using a rolling horizon to take into account the frequent changes
that occur in the data (demand, capacity, etc.). Thus, the strategic planning is
revised once a year, the S&OP is computed monthly, the MPS is get per week,
and the schedules are performed daily or more frequently depending on distur-
bances. Each function deals with a corresponding aggregation level of products
respectively families, finished products and items (components). In this context,
one of the major issue is to adapt decisions at each level when disturbances (in-
ternal or external) happen. The frequent resulting modifications in the decision
making process lead to the so-called nervousness system which deteriorates the
system performance (productivity and efficiency). One should notice, that the
shorter is the horizon the more frequent are the changes. Thus, the performance
are more deteriorated at the lower level (scheduling level).

More precisely, our proposition is to provide a generic model based on VSM
dealing with production planning considering both MPS level and scheduling
(lot-streaming). The MPS allows to define quantities for finished products per
periods on a specific horizon. This is usually performed with a capacitated lot-
sizing problem which is classically formulated with a mixed integer program. This
model is implemented at the higher level in the figure 3. Generally, once lot sizes
are determined, sub-lots have to be sequenced and dimensioned to be launched
on the shop-floor (lot-streaming problem) [16]. This model is implemented at
the level two from the bottom in the figure 3. Thus, different objectives could
be reached corresponding to each decision level (minimizing stocks and set up
costs at the MPS and minimizing makespan at lot-streaming level). However,
disturbances are frequent in this context, such an example could be found in the
demand changes or the capacity reduction (machine failure). As a consequence
of these disturbances, the computed predictive planning would be inadequate
and should be adjusted regarding to the new conditions (data). Nevertheless,
the combinatorial nature and the variability of the different parameters of the
considered problems do not allow an on-line computation. The characteristic of
self-adaptation is then present with an adjustment of machine capacity when a
failure happen in a certain limit. Obviously, when the capacity comes down a
certain threshold then it becomes impossible to find a solution, in this case the
problem is forwarded to the upper level (a bottom-up process).

For external disturbances, the centralized system modify the threshold and
the global objectives to adapt itself in a top-down manner by defining new targets
for the bottom level. At the opposite to the bottom-up decision making process
which has a cooperative characteristic, the adjustment process (top-down) has
a coercive characteristic.

The figure 3 shows an example of four recursion levels. This system has been
proposed with the hypothesis of using intelligent products mainly concerned with
RFID technology to embed and communicate information.

The proposed model aim to face external and internal disturbances which
could occur. This system is based on a holarchy of products regarding to VSM
modeling. Each decision level corresponds to a certain recursion level. The dif-
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ferent levels of recursion are defined as agents communities which should adapt
themselves to the decision making conditions. Moreover, they have the objective
to collaborate to find a suitable solution. Figure 3 is subdivided into 4 parts
(LILIIT et IV) in order to simplify the explanations. The two axes allow to rep-
resent different points of view where the horizontal axis distinguish the physical
world from the wvirtual one. Whereas the vertical axis shows at the left side the
design which is a representation of the system. At the right side, the imple-
mentation deals with both the knowledge managements and decision making
systems.

PART | DESIGN IMPLEMENTATION PART IV
Knowiedge ()
Information ()
Bota (0)
CONTROL INTELLIGENCE
Weekly - . . . . ) A k
. < i
MPS quantities > < o ("
| 7 !
. 4
Manufacturing % — b s
orders /% 2 > " A 5
) 1 1
X A
(g g g
Lots =) () > < > i i
—_ e T 5 5
/ \
) 1 !
Y sesosesosd & . 4
Products - > - i II) é
f \ 4 f VIRTUAL
+
b ¢ } PHYSICAL

Realization e
y
- > 00000 >

SETUP SHOP-FLOOR 1 Partially Distributed
PART Il PART Ill * Fully Distributed (autonomous)

Fig. 3. VSM based product-driven control system applied to MPCS

Part I : Design/Virtual

This part is relative to the centralized or cooperative system representation. The
representation is decomposed into four recursive levels of product entities. At each
level, the concerned entities (weekly production, manufacturing orders, lots and
products) are modeled thanks to the basic object proposed in the figure 2. To
take decision, a product or a group of products will have policies, intelligence
and control functions, coordination and communication mechanisms.

The products being defined as agents with a specific control/autonomy level,
three alternatives are possible. First, if the system is strictly distributed or het-
erarchic, agents communicate only in a cooperative way for decision-making
process. Second, if the system is strictly centralized, decision are taken with
methods (models) that collect information thanks to agents and aggregate it
to propose centralized planning orders. Third, between these two opposite solu-
tions, many combinations are able to be implemented adapting different degree
of control/autonomy.
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Part II : Design/Physical

This part of the figure is relative to the product instantiation at the physical
level. Each of the four decision-making levels of the previous part could generate
plans for the corresponding level. According to the physical/virtual nature of
the entities, products will be built as holons in this part. They will have specific
functions to be able to interact with their environment. Each of the four recursive
levels would be designed like holons in the same way. For example, the physical
part of a manufacturing order holon would be the manufacturing order paper
form or a kanban card would be the physical part corresponding to a lot.

Part ITI : Implementation/Physical

In this part product holons are able to make decisions according to events con-
cerning their own evolution. Specific functions are embedded in these intelligent
products leading them to react to events in an individual or collective way.

Part IV : Implementation/Virtual

This last part is relative to the treatment of information coming from the shop-
floor and concerning disruptions and product actions, on one hand. On the other
hand, decision making process is also handled in this part. In the same way, each
recursive level corresponds to a decision making one which interacts with the
corresponding knowledge level. This treatment could be defined as a information
and knowledge model [21].

4 Discussion

An important concern of VSM is adaptability as it was described in the previous
section, VSM was developed with the objective to understand the mechanisms
which allow biological organisms to survive to changes in the environment. A
viable system is designed to self-adaptation in a changing environment, by the
implementation of the necessary mechanisms to support its viability. Indeed, it
is not possible to identify a specific function which ensures adaptability, since the
whole system is defined to fulfill this objective, thanks to its different elementary
functions. This characteristic of adaptability is also one of the main objectives
of the paradigms arising from IMS initiative.

One of the basic properties of the viable systems is scalability because these
systems are structurally recursive. This notion of recursion has been mainly
exploited by biological manufacturing systems, which make an analogy from bi-
ological organisms. Recursion has been also exploited by fractal manufacturing
systems which show clear properties of modularity and auto-similarity. Auto-
similarity in fractal systems is also included in the viable systems through its
property of structural recursion. In that way, a viable system will keep the same
structural requirements at any complexity level. These concepts have a direct
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relationship with re-usability, which is another objective of IMS systems. These
concerns of autonomy, adaptability and scalability highlight the strong relation-
ship between VSM and IMS objectives.

Considering the context of our study dealing with the Product Driven Control
Systems which consider the product as an intelligent entity, the idea of the
proposed VSM model takes the product as the elementary (primary) recursive
component. The others recursive levels of our model are established according to
the classical decomposition resulting from MPCS management which provides :
products, lots, manufacturing orders and MPS weekly quantities. Note that the
product is a generic term and could be extended to component or raw material.
In such case, corresponding lower levels should be added.

5 Conclusion

In this paper, we have presented the main concepts involved in the VSM and
how those can be applied to model product-driven control systems. It has been
highlighted that VSM has nice properties to model intelligent manufacturing
systems. We have presented an application of the proposed modeling framework
to model a MPCS product-driven system. The main advantage of this application
is to reach a coherence among the different decision levels giving a high degree of
flexibility to the system. The proposed modeling approach applied to product-
driven systems could be implemented in different industrial context.
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