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Abstract. The problem of scheduling with multi agent has been stud-
ied for more than one decade and significant advances have been made
over the years. However, most work has paid more attention to the con-
dition that machines are available during planning horizon. Motivated
by the observations, this paper studies a two-agent scheduling model
with multiple availability constraint. Each agent aims at minimizing a
function which depends only on the completion times of its jobs. The
problem is to find a schedule that minimizes the objective function of
one agent, subject to the objective function of the other agent does not
exceed a given threshold Q. some new dominance properties for this
problem percent and next, using these properties, we develop a genetic
algorithm with modified crossover for the problem. Computational re-
sults are also presented to determine the performance of the proposed
genetic algorithms.
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1. Introduction

In traditional scheduling problems, many problems are solved conven-
tionally in a one-agent environment, but many practical situations where
revealed this assumption is not applicable in many real life conditions. In
aspect of applications of scheduling with two competing agents (some
of them focusing on game theory aspects of the problems); Curiel et
al. [1] and Hamers et al. [2] studied applications in industrial manage-
ment, Kim et al. [3] focused on project scheduling, Cres and Moulin
[4] focused on an application in a queuing setting, and Shultz et al. [5]
considered telecommunication services. Also Agnetis et al. [6] present ex-
amples of scheduling involving multiple agents competing on the usage
of common processing resources in different application environments
and methodological fields, such as decision theory, artificial intelligence,
and operations research.

Agnetis et al. [6] and Baker and Smith [7] were the pioneers that
brought the concept of multi-agent into the scheduling problem. Many
research has been conducted to peruse the multi agent concept in schedul-
ing under different machine environments and various criteria. For de-
tails on these researches, the reader may refer to [8-16].

In the other hands, most literature in scheduling problems assumes
that the machines are continuously available over the planning hori-
zon. However, this assumption may not be true in many practical situa-
tions. For instance, a machine may not be available during the planning
horizon due to maintenance activities, tool changes, or breakdowns. It is
clear that the maintenance activity is important to improve the quality
of the products or the production efficiency of the machines. A compre-
hensive review of these literatures has been conducted by Schmidt [17]
and Ma et al.[18].

Most of the research in scheduling with two competing agents as-
sumes that the machines are continuously available over the scheduling
horizon. However, machines might not be continuously available in many
realistic situations. In this paper, we study a two-agent scheduling prob-
lem on a single machine with periodic maintenance where the objective
is to minimize the total completion time of jobs from the first agent given
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b) Because of the high cost of holding the machine idle in many produc-
tion environments, it is assumed that the idle insert is not allowable.

c) All jobs are ready at time zero.

d) Preemption is not allowed

e) There is no setup time required before a job is processed.

f) Time intervals between two consecutive maintenance activities are the
identical and fixed.

Fig. 1 illustrates the representation of problem, where k denotes the
number of unavailability periods. Bb is denoted by batch number b(b−
1, 2, ..., k + 1 and k + 1 � n).TBb is the capacity of batch b where
TB2 − SMb − FMb−1 where in this study is constant.

Using the three-field notation of Graham et al. [19], the investigated
scheduling problem is then denoted as 1, hk|nr − a|∑CAG1

i : TAG2
Max �

UB, where 1 denotes a single machine, nr denotes nonresumable case,
a denotes availability constraints,

∑
CAG1

i denotes makespan of jobs of
AG1 and TAG2

Max denotes sum of maximum tardiness of jobs from the
second agent.

Property 1. Problem 1, hk|nr − a|∑CAG1
i : TAG2

Max � UB is strongly
NP-hard.

Proof. Clearly, the problem is strongly NP-hard since the problem,
which minimizes the makespan subject to multiple unavailability peri-
ods and non-resumable jobs(1|nr − pm|CMax) [20, 21] for one agent, is
strongly NP-hard.

3. Dominance Properties

In this section, we present some dominance properties of the considered
problem. The crossover of the proposed genetic algorithm is based on
these properties. To prove these properties we need some definitions.

Definition 1. The slack time (ST) of a batch is defined as the amount
of time unscheduled in a batch.
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Definition 2. Let Sr = S(i ↔ j) be the sequence Ś is obtained from
sequence S by a pairwise interchange of jobs i and j in sequence S .

Property 2. Let i and j be adjacent jobs from AG1 in S where placed
in same batch. If pj < pi then S will be dominated by Ś .

Proof. The result follows immediately from the SPT rule.

Property 3. Let i and j be adjacent jobs from AG1 in S where placed
in two batch. If pj > pi and pi + ST � pj , then S will be dominated by
Ś .

Proof. Consider to partial schedules π and π∗ as scheduled job in S

and Ś and Let PS be the partial schedule composed of the remaining
jobs. Since π has the greater makespan than π∗ , the total completion
of jobs under the S is no lower than that under Ś. Thus, S is dominated
by Ś .

Property 3. Let i and j be adjacent jobs from AG1 in S where placed
in two batch. If pj > pi and pi + ST � pj , then S will be dominated by
Ś .

Proof. The result follows immediately from the EDD order.

Property 3. Let i and j be adjacent jobs from AG1 in S where placed
in two batch. If pj > pi and pi + ST � pj and FM + pi − di � Tmax

(FM is finishing time of maintenance activity between i and j ), then
S will be dominated by Ś.

Proof. Proof is omitted since it is similar to property 3.

Property 4. Let i and j be adjacent jobs from G1 in S where placed
in same batch. If PS|pj |pi d1 � Tmax, then S will be dominated by Ś.

Proof. Proof is straightforward and is omitted.

Property 5. Let i and j be adjacent jobs from AG2 and AG1 in S

where placed in two batch. If Ś be a feasible solution and if pj � pi and
pi + ST � pj , then S will be dominated by Ś.
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6. Conclusion

This paper addressed a two-agent single-machine scheduling problem
with periodic unavailability. In this paper, we have study an problem to
consider unavailability period in two agent scheduling problem schedul-
ing to minimizing the total completion time of jobs from the first agent
given that the maximum tardiness and of jobs from the second agent
cannot exceed an upper bound. To tackle this NP-hard problem, we
had proved several properties for our problem and then according this
properties we proposed a modified crossover. To evaluate the effective-
ness and robustness of the proposed algorithm we compared it against
a genetic algorithm with uniform crossover and comparative results re-
vealed the absolute superiority of our proposed algorithm.
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