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Abstract — The paper introduces a scheduling problem
solution in MAS (Multi agents system), where each agent
advocates its alternative of solution. An agent for each task in
a system is supposed. This is a part of a product-oriented
control of a manufacturing system. Agents propose schedule
for its preducts independently on the other agents. Agents
have to negotiate their proposed schedules and to find the
final schedule, which is the best for the whole system. Support
of alternative solutions is based on argumentation.
Formalization of argunments using weights is described in the
paper, The global criterion, which is used to choose the best
alternative solution, is based on a respond of the whole system
to the chosen alternative. An agents with a “ winning”
alternative is a ruling agent and all other agents has to adapt
their schedules to according the alternative of the ruling
agent,

I. INTRODUCTION

Recently manufacturing system face to new control
principles. The most challenging is to satisfy customers’
demands, that means, the production process moves from
manufacturing oriented — mass production (that means
within a shop many products with the same features and
specifications were produced) towards product-oriented,
mass customisation production. Products are produced in
very small series, even only one or some pieces according
to customers’ requirements. To satisfy this new approach
in production system, production line, or job shops have to
be flexible, and control of production should support
product-oriented manufacturing. It certainly doesn’t mean
to redesign production lines for each product. Products
differ from each other in some specifications, like colour,
number of additional equipment, etc. For each product an
extra production plan and schedule is elaborated. The
problem is to coordinate the production of more products
within one job-shop to ensure all time requirements for all
products and also to ensure the high utilization of
production lines, the least delays and the least idle time of
workstations. The solution is offered by using of MAS
and holonic systems with combination of multi agent
systems (MAS), which are flexibile, fault tolerant, and
should have real-time information system combined with
dynamic scheduling and rescheduling. Using MAS
enables to use an agent for each product to be produced
within a job-shop. In the beginning, agents build a
schedule for products independently on the other agents.
That means, it is a one product multi-machine scheduling
problem, which is very well described in many
publications [9]. The problem is, that there are more
products and more agents, and they have to coordinate
their schedules to share resources. This leads to a multi
task-multi machine scheduling problem, which can be
solved in many ways [1], [2], [3], [4] etc. The proposed
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solution is based on negotiation among agents. Agents use
arguments to support their alternatives solutions. The final
solution is the best from the point of the whole system.

The section 2 formalizes a scheduling problem for which
the proposed method can be used. The section 3 is
addressed to MAS and one-product-one—agent method for
supporting product oriented manufacturing. Section 4
describes possible methods for MAS coordination and
cooperation by using arguments in a negotiation process.
The Section 5 describes an example of production systemn
to illustrate how the proposed theory can be used for real
world systems. In the conclusion some ideas for the future
work are discussed.

II. FORMULATION OF A PROBLEM

A flexible manufacturing system is supposed with a
number of products to be produced is supposed. A job
shop consists of a number of machines that represents
resources. Productjon of each product is considered as a
job. Each job consists from a number of operations.

Operations are associated with machines. For each
operation some facts are known. The following
formalization is used in this paper:
A set of machines:

R — 0

A set of jobs, each job is associated with a product:
Jz{jl’j.’zl‘“’jn} (2)

Each job consists of a set of operations:

0~k

; 12020000y

(3)

A scheduling problem may be formalized as follows:

k- ,dj ,(mlf Prip )QU ’"'(mm;p]jm )a” J"'(ml;pnjjl }’w --.(mm 5 Pu, o )7"11 }

(4)
Where
v - atime when a job is ready to start
d j - a demand time, where a job should be finished
Py - @ processing time of an operation 0y on a

machine m,,

A schedule is a mapping from a set of operations to the set
of machines and set of starting times Tj.
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sch:|JO; = M XT, (5)

jeJ

A feasible schedule has to keep also constraints. There are
typically hard and soft constraints. Hard constraints
represent a technological sequence of operations and some
time constraints (any operation on the same machine must
not start before the preceding operation on the machine is
finished, any operation must not start before its ready time,
etc.) (e.g.[1], [2], [3]) Soft comstraints represents some
optimization criteria.

Constraints are formulated as follows:

An operation must not start before its ready time:

start _ t(oj. ) 2r, (6)

An operation must not start before a preceding operation
from the same job is finshed:

: ; b 7
start _t(«ojf )—l— p; < start _t(o;’” ) (7
An operation must not start before a preceding operation

on the same machine is finished:
start _ t(of )+ pl <start _ t(o)
(8)

start _t(o,’; )+ pi < start_ t(of)
An operation must not finish after a demand time for the
job:

startﬁr(of’)+p;f <d, (9)

A feasible schedule may be formulated as follows:

SCh(jf)=l(Pa—m’tm,- )m'7(Pifm=’02)m‘=(Pa'm=fos)miJ (19

III. AN ARCHITECTURE OF A MAS FOR PRODUCT-
ORIENTED MANUFAFACTURING

Advantages of using MAS is in implementation may be
formulated as follows [5]:

Modularity: Each agent is an autonomous module
and can work without interventions of the external world.
Each agent can have different capabilities or functionalities
and through cooperation the agents are able to achieve a
variety of goals. From the practical point of view,
producing a number of agents (e.g. software agents -
programs) with different capabilities is more effective than
creating one agent (e.g. a program), which is able to do
everything. In addition, the MAS approach allows
separating the original problem solving to a number of
sub-problems of a manageable size.

Parallelism: The MAS approach supports parallel
processing. A complicated problem could be solved in an
acceptable time by using a number of agents, e.g., schedule

for all jobs can be calculated independently and then a
consensus about a final schedule is done via negotiation
Process.
Flexibility: MAS are able to react flexibly to each change
occurred in the environment. Through cooperation the
agents can assist each other to compensate the lack of
capability or knowledge. They can share information or
own capacity to resolve a newly appeared situation, if one
agent is not able to resolve. Beside that, each intelligent
agent can do reasoning about with whom and when to
cooperate, in order to achieve effective performance.
There are some types of architectures of MAS know form
literatures.
Hierarchical architecture is very similar to a centralized
approach. Agents are arranged according their function in a
hierarchical manner. One agent is on the top of these
architecture. Centralization is a big disadvantage of such
architecture.
Autonomous agents represents a system built form a
number of autonomous agents. Their activities have to be
coordinated. A solution for this approach may be coalition
creation. Agents are grouped in coalitions according their
goals and after negotiation. An agent has to decide whether
to join a coalition or not by assessment its benefits and also
benefits of the whole system. A new created coalition
figures now as a new agent with new properties, which are
not supposed to be a superposition of all agents in a
coalition. This approach is addressed in [6],[7], [8].
Federative architecture enables grouping agents according
various rules. Opposite o a coalition, agents in a group in
federative architecture do not create a new entity. They
cooperate with other groups of agents via a special agent.
According to the level of agent’s mediator autonomy, three
types of agents mediator are known:
—  Agent facilitator - transforms messages from an agent
to another
— Agent broker — in addition to the facilitator also
monitors changes in environment
— Agent mediator — guarantees cooperation among
intelligent agents, provides access to the right
information on right time, include learning algorithms
to adapt on environmental changes.
MAS architecture for manufacturing system supposed
three types of agents. There are
—  Agent of resource -AVZ
—  Agentofajob - AVU
—  Agent mediator - AMVZ
Agents of resources can be grouped according properties
of resources. One group of resources represents all
resources where similar operations can be provided
(difference is in different settings).

A simple communication schema is depicted in Fig.: 1.
Agents communicate among themselves using ACL
(Agent Communication Language). Using standards is
MAS is a very good habit, because it enables to substitute
one agent by another without changing its body. The
message sent in ACL is comprehensible by any other agent
that keeps FIPA standards.
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Fig.: 1 A simple communication among agents in a manufacturing system

IV. ARGUMENTATION BASED NEGOTIATION

A systems with a number of intelligent agents of jobs is
considered. Negotiation process ensures the best solution
for the system as a whole. If more agents are involved in a
negotiation process, the negotiation becomes very difficult.
All agents prefer own alternatives. Following the common
goal an agent to rule other agent should be established. A
good criterion for establishing a ruling agent is to assess
local criteria function and then the agent with the highest
contribution to the global criterion function is established
to rule other agent. Thus, in a case of conflict situation the
“ruling agent’s preferred alternative” is chosen. For the
beginning, agents calculate schedules independently. It is
obvious, that each agent calculate a schedule, which
satisfies its constraints and optimisation requirements the
best. Those schedules represent alternatives that are forced
by each agent. Alternatives are created by agents as
follows:

An agent AVUi calculates a schedule as if there aren’t any
other jobs in the system. Then new constraints for other
agents are defined, according this “optimal” schedule of
AVUI. Then schedules for other agents are calculated. The
schedule created in such manner, represents an alternative
of an agent AVUi. Alternatives are evaluated according
defined criteria. The minimal makespan for the whole
system is a criterion to choose the best alternative, in this
paper. A global criterion functions, for proposed agents’
schedule, are evaluated.

According a global criterion function an alternative for all
agents is chosen and a profit for all agents, when they
accept this chosen alternative, is calculated.

If an alternative is chosen, all agents have to calculate new
schedules with the constraints given by the chosen
schedule. Then a criterion function is evaluated again.
Negotiation process:

If the chosen schedule does not satisfy (in many cases) all
agents requirements, agents propose another schedule to
evaluate and negotiate. Then step 1 is repeated.

Evaluation of alternatives:

Let k is an agent from [I,n]. A reward function of agent £
18 a,(x). Each agent is associated with a weight w, .

If Z wy =1, then a combined reward from all agents can
k=l
be expressed as
a (11)
a(x)=3, wya, (x)
k=1

Each agent is associated with a set of possible alternatives.
Let a; is analternative / associated with an agent k.

Rewards of an agent are defined as a difference between
positive and negative rewards. A positive teward is a
function of profit and gain of an agent, and a negative
reward is a function of costs, e.g. production costs,
distribution costs, spending and lost.

A reward function for an agent depends also on an
alternative plan for this agent.

Let

(12)

a, (x)| &y = a; (D

is a value of rewards for agent & using an alternative «;; .

To evaluate alternatives an average value of a; is
computed.

> a,(x) | oy

avgay (x) = L

&)
Iy

where [, is a number of alternatives associated with an
agent k.
Then a difference between avg a; and a value of

ap(x)| e, is calculated for all alternatives.

The weight of 1 is given to an alternative plan, where the
a, (x}| ¢ty is the maximum.

Other alternatives are inlibited. They are given weights of
0 (zero).

For negotiation process it is necessary to establish weights
that are corresponding to rewards, but in such a way that
no alternative is given a weight of 0 (zero). In that case the
negotiation process cannot be executed.

A relative weight of an individual agent alternative can be
interpreted as a probability unit with which the alternative
is chosen.

Let define a weight as follows:

ap(x)|a;
e Lty =2 E1 %

.=
oY e ey
i

(13)

It is clear that

n

> w, =1; forall agents k.

k=i
After weights are assigned to alternalives a negotiation
process starts.
Each agent prefers an alternative with the highest weight.
A global criterion for choosing an alternative is a global
reward for the whole system, which is a function of
rewards of all agents. A value of criteria function is
calculated and if it is higher then an average value of
criteria function for the whole system, negotiation process
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stops. If it is less, agents are sequentially called to make
another offer, that means, to admit an alternative with a
worse results for its, but maybe the whole system results
would be better.

Negotiation runs in loops. For the beginning the first agent
is called to compromise and all other agents keep their
highest bids, then the second one, etc. Such a way the
negotiation doesn’t require backing up all values to find a
sub optimal solution.

Reinforcement learning in a process of negotiation

Reinforcement learning (RL) is learning from interactions
in an uncertain environment. Usually the goal is not
known. The learner has to pick an action and try it and then
to choose, which of action yields the best rewards. The

four basic sub elements of RL are [11]

e A policy — which is a function that associates a state to
an action. It can be also a lookup table

e A reward function — as it is defined in Section V.

e A value function — opposite to a reward function that
answers a question what is good now, a value function
yields results'in long run term. It is a prediction.

e  An environmental model — it is not required.

A policy for a scheduling problem is a function, which

associates an alternative of an agent to a proposed schedule

using this agents as a ruling agent. The proposed schedule
represents an action taken by the agent.

A general RL algorithm:

At each time ¢ following steps are performed:

e  For all actions @ a reward is evaluated. Rewards are
calculated for all proposed alternatives.

e  Foreachstate s a value function is computed

o The final output at time tis Q) = Z q(t)

o A new state, with a highest reward is establish

e  New alternatives for agents are calculated

e  Go back to the first step until schedule for all agents
are calculated.

The system is forced to choose the best solution in each

loop.

A backup operator takes into account only action with the
best reward. The states with many good actions are
neglected, that is one of disadvantages of the algorithm

[121.
V. AN ILLUSTRATIVE EXAMPLE

A manufacturing system with two jobs, each consists of
three operations, is supposed. Three resources are
available. Each job can be done on any resource.

A scheduling task is defined (according Eq. (4) ):

i), @) ay, (21, 037, 227 ]

J, a0 l2), 0,28, @7, (138, (247 }
A MAS consists of an agent of job 1 — AVUI, and. an
agent of a job 2 — AVU2. In the beginning, agents calculate
a schedule independently on each other. The goal is to find
a schedule with a minimal makespan.

sch(j,)= [(1;0)13 (253)'s (2§4)3J
sch(j,)=[(2.0), 137,057

The calculated schedules represent preferred alternatives
for cach agent.

Then the goal states for each alternative are calculated.

A set of goal states is defined as follows:

CSi(j):{CSi(j);CSi(j)e Si;vxi eX;je ']} (14)

The goal for each agent is to reach the minimal makespan -
C. The goal states represent schedules, when agents reach
the minimal makespan:

AVU, | - es(j,)=2:0), (13),@;5) ]

AVU, |a ses())= o), (2:2), (2:3) |

C(sch(j,)) Cles(4:)
AVU1 6 5
AVU2 8 8
Table 1: Goals and makespan for a feasible schedule for AVUT and
AVU2

It is obvious from the Table 1, that the goal makespan and
makespan for AVUL is not the same. New alternatives are
proposed. Agents propose new alternatives sequentially.
New values are computed . far all alternatives and all
alternatives are evaluated according to a satisfactory
function (13). The scheme is very simple for small amount
of agents. In the case the system contains more agents, not
every alternatives can be evaluated. In that case the agents
propose new alternatives on the basis of their importance,
which is given by weight. The most important agent
proposes the new alternative first, then alternatives of other
agents are adapted and new values are computed. New
alternatives are evaluated and the next step is the less
important agent propose the new alternative and the
process repeat. If the alternative proposed by the second
less important agent is worst as the previous altermative,
the process stops. In case the alternative proposed by less
important agent is better, than the next agent in order
proposes new alternative and the process repeat, until the
better solution is found. Such way not all alternatives are
examined, but the solution can be considered as a suitable
alternative for all agents.

First is the alternative where alternative of AVU2 remains
and new alternative for agent AVU1 is proposed.

AVU, | @y < sh(y) = [10), (232, (2,47 ]

Then alternative of an agent AVU2 remains, and
alternative for an agent AVU] changes:

AVU, e, sch(),)=|(2:5), (18 ), (2:10) |

Goals for new proposed alternatives are calculated:

C(SCh’(jZ )) | alnova = 7
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C(Sc‘h(.jl )) I aZrmva = 13

A simple satisfactory function using fuzzy theory is

defined:
. ,C {S Cles jl

|C(sck 2!

C(cs(]2
_Clsch) = Cles)
1 C{cs) 4]

satisfactory functions are

H = (15)

AP 2nga

Using the above values,
calculated:

11 .0,38 .0,38
Hmazm“{/qVU’ AVU’ /wv}
0,
Uflavaa’z {/VU AVU /4VU}

>»From the satisfactory function a wining alternative is
determined as a new schedule for AVUI and remaining
schedule for AVU2,

V1. CONCLUSION

The paper discusscs some new approach in scheduling
problem solution — utilization of MAS. This approach is
very suitable for product-oriented manufacturing, which is
very important for satisfying user’s requirements. MAS
suppose flexible manufacturing systems. The presented
approach enables dynamic scheduling and handling with
alternatives of agents. The future improvements is in using
holonic systems, which represent a new approach to
answer new trends in production systems — low-volume-
high-variety  production. Theoretically  holonic-
manufacturing systems aroused from distributed artificial
intelligence and from multi-agent systems. Comparing to
traditional manufacturing systems, HMS are controlled by
interaction among holons. Holon presents an autonomous
entity, which consists of a resident machine, and a software
agent.

Advantages of HMS in comparison with traditional
manufacturing systems are:

- robustness — holons can restart and reschedule
their manufacturing tasks according to current
situation

- adaptability and flexibility — users can control
holons’ behavior whenever it is needed

- cffectivity — holons can balance load among
themselves and that way to increase utilization of
resources and minimize the idle time of them

The problem discussed in this paper — negotiation among
agents is very actual also for holonic manufacturing
systems,
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