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Abstract. The Job Shop problem with Time Lags (JSTL) is an important exten-
sion of the classical job shop scheduling problem, in that additional constraints 
of minimum and maximum time lags existing between two successive opera-
tions of the same job are added. The objective of this work is to present a dis-
tributed approach based on cooperative behaviour and a tabu search 
metaheuristic to finding the scheduling giving a minimum makespan. The pro-
posed model is composed of two classes of agents: a Supervisor Agent, respon-
sible for generating the initial solution and containing the Tabu Search core, and 
Resource_Scheduler Agents, which are responsible for moving several opera-
tions and satisfaction of some constraints. Good performances of our model are 
shown through experimental comparisons on benchmarks of the literature. 
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1 Introduction 

Different works on scheduling were concerned with the analysis of single-machine 
systems, parallel-machines systems, and shop problems. Among all these problems, 
we focus in this paper to optimize the total duration of the scheduling often called 
makespan for the Job Shop problem with time lags. The job shop problem with time 
lags is defined by a set of n jobs which have to be sequenced on a set of m machines. 
The constraints of time lags is a generalization of precedence constraints which con-
cern the minimum and maximum waiting time existing between two successive op-
erations of the same job. In this paper, we propose a Multi-Agent model based on 
Tabu Search for the Job Shop problem with Time Lags (MATS–JSTL) in order to 
minimize the makespan. This paper is organized as follows. In Section 2, we present 
related works. In Section 3, we present the problem formulation.  Then, we describe 
the tabu search method on which our model is based. In the following sections, the 
Multi-Agent system, and the adaptation of the tabu search parameters are provided. 
Then, we discuss experimental results of our model. Finally, section 8 contains our 
conclusions and remarks with some future directions.  
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2 Related Works 

2.1 Previous Published Works on Scheduling Problems with Time-Lags 

The time lags constraints were introduced for the first time by [14] in a problem with 
parallel machines. In the literature, there are two kinds of time lags constraints: we 
found time lags between successive operations of the same job and generic time lags 
between whatever pairs of operations introduced by [13] in the Job Shop problem. The 
first kind of time lags was introduced by [15] in the single-machine problems by includ-
ing minimum and maximum times lags. [10] introduced both minimum and maximum 
time lags in the single machine problem. [6] proposed different methods for solving 
Flow Shop problem with minimum and maximum time lags. In [9] an exact procedure 
for a general RCPSP with minimum and maximum time lags is proposed. 

2.2 Previous Published Works on Job Shop Problem with Time-Lags 

The job shop problem with time lags constraints is very little studied in the literature 
and the number of research and solution methods is limited. [1] proposed a branch 
and bound method. In [3] an adaptation of the tabu search method was presented. [5] 
investigated a memetic algorithm. In [4], a method of priority rules had been pro-
posed. A construction heuristics had been proposed by [6]. In [11] a CDS (Climbing 
Discrepancy Search) was proposed. [2] used a cooperative Multi-Agent system, com-
posed of Interface Agent, Job Agent, and Resource Agent. 

3 Problem Formulation 

The Job Shop Scheduling problem with Time Lags is formulated as follows. 
 

M set of machines 
O set of operations to schedule 
Z  completion time of the last operation 
Ek  set of operations processed on machine k 
ti  starting time of operation i 
pi processing time of operation i 
si next operation of operation i depending on job 
TLi

min    minimal time-lags between i and si 
TLi

max    maximal time-lags between i and si 
 

                     1   if operation j is processed before I
 aij =      
                     0   otherwise 
 

            H                  a positive large number 
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         Minimize Z,  
         Subject to  

(H + pj ) aij + (tj – ti )_൒ pi            ∀ (i, j ) ∈ Ek, ∀k ∈ M   (c1) 

(H + pj) (1 − aij) + (ti − tj) ൒ pj  ∀ (i, j) ∈ Ek, ∀k ∈ M     (c2) 

ti + pi + TLi
min ൑ tsi                    ∀i ∈ O            (c3) 

tsi  ൑ ti + pi + TLi
max                   ∀i ∈ O           (c4) 

Z ൒ ti + pi                              ∀i ∈ O          (c5) 

ti ൒ 0                                   ∀i ∈ O           (c6) 

aij ∈ {0; 1}                        ∀ (i, j) ∈ Ek, ∀k ∈ M  (c7) 

 
Constraints (c1) and (c2) represent the machine disjunctions, which mean that two 

operations i and j use the same resource. These constraints express either that opera-
tion i precedes the operation j or the reverse. Constraint (c3) relates to the minimum 
time lags, and the constraint (c4) represents the maximum time lags. Constraint (c5) 
determines the completion time of the last operation, which represents the optimiza-
tion criteria (makespan or Cmax). Constraints (c6) and (c7) give the domain of defini-
tion of variables aij and ti. 

4 Tabu Search  

The Tabu Search (TS) algorithm was first proposed by [8] which has been successful-
ly used for solving a large number of combinatorial optimization problems specially 
scheduling problems. Tabu search uses a local neighborhood search procedure to 
iteratively move from one potential solution S to an improved solution S’ in the 
neighborhood of S, until some stopping criterion has been satisfied. A particularity of 
TS is that it explicitly employs the history of the search, and storing the selected move 
in a structure named tabu list for a certain number of iterations called Tabu list size.  

5 The Multi-Agent Model 

5.1 Global Dynamic 

A multi-agent system is a computerized system composed of multiple interacting 
intelligent agents who cooperate, communicate, and coordinate with each other to 
reach common objectives. We propose a multi-agent model based on tabu search for 
job shop problem with time lags. It is composed of two classes of agents: Supervisor 
Agent and a set of m Resource_Scheduler Agents with m refers to the number of ma-
chines, see figure 1. 
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Fig. 1. The Multi-Agent model based on Tabu Search for Job Shop problem with Time Lags 

5.2 Supervisor Agent Description 

This agent contains the core of the tabu search algorithm. It aims to launch the pro-
gram, build an initial solution, create Resource_Scheduler agents, and assign for each 
agent its workspace defined by all operations belonging to the same resource. It sub-
sequently provides the necessary information for each Resource_Scheduler Agent. 
This agent is unsatisfied as long as the maximal number of iteration is not reached, 
and it aims to detect that the problem has been resolved. Static knowledge of this 
agent is composed of the initial solution S0 from which begins the optimization pro-
cess, the used stopping criterion, the size of the Tabu List, the used diversification 
criterion. Its dynamic knowledge consists of: the current solution and its makespan, 
neighbor solutions and their makespans, the best found schedule and its makespan, 
the tabu list elements, the performed number of iterations, the number of iterations 
after the last improvement. The Supervisor agent is satisfied when the stopping crite-
rion is reached; in this case it provides the found-solution to the user. 

5.3 Resource_Scheduler Agent Description 

The Resource_Scheduler Agents are created by the Supervisor Agent according to 
resource number. The decisions of scheduling are progressively negotiated between 
the different Resource_Scheduler Agents involved in the system to satisfy different 
constraints of precedence, disjunctive and time lags. Static knowledge of this agent is 
composed of the execution time of each job on all machines and time lags between 
operations. Dynamic knowledge as current solution and the job to move sent by the 
Supervisor Agent. Communication of Resource_Scheduler Agents handles the send-
ing and receiving messages between each other containing the new locations of opera-
tions. This agent is satisfied when the constraints of succession and disjunction on his 
workspace operations are met, otherwise it is dissatisfied and he tries to solve the 
problem. The algorithm describes the moving operation procedure. cf. algo1. 



 MATS–JSTL

A

6 Adaptation of T

6.1 Initial Solution 

The initial solution is the 
search of better configuratio
solution is randomly genera
best configurations followin

6.2 Neighborhood Fun

In our approach, we choose
In fact, the move strategy 
previously calculated by th
constraints and time lags c
to find the new location fo
moving all operations, eac
pervisor Agent containing
Agent generates the neighb

6.3 Evaluation of the C

The best non-tabu neighbor
selected for the next iteratio
The Supervisor Agent, afte
jobs, from Resource_Sched
makespan, chooses the best

L: A Multi-Agent Model Based on Tabu Search for JSTL 

Algo. 1. Moving operation algorithm 

Tabu Search Elements 

starting embedding used for the algorithm to begin 
ons in the search space. In this implementation the start
ated. Then it proceeds iteratively to visit a series of loc
ng a neighborhood function. 

ction 

e to use a neighborhood structure based on insertion mo
is to move various operations in the inactivity interv

he Resource_Scheduler Agent. Respecting the precede
constraints, the Resource_Scheduler Agents work toget
or each operation that meets all these requirements. A
h Resource_Scheduler Agent sends a message to the 
 new locations of operations moved, so the Supervi
or solution and launches the evaluation phase. 

Current Solution 

r among the neighborhoods of the current solution will
on, for this it would be necessary to evaluate all neighb
er receiving all new locations of the operations of differ
duler Agents, it builds neighbor solution and calculates
t non-tabu neighbor and start the next iteration. 

43 

 

the 
ting 
ally 

ove. 
vals 
ence 
ther 

After 
Su-
isor 

l be 
ors. 
rent 
s its 



44 M. Harrabi and O.B. Driss 

6.4 Tabu-List 

A fundamental element of tabu search is the use of a flexible memory, short-term, 
which keeps track of some recent past movements. The size of the tabu list used is a 
static size “LT”. If the size of the tabu list exceeds the maximum allowed size, we 
remove from this list the oldest item (FIFO strategy: First In First Out: The first arri-
val element is the first to be deleted). 

6.5 Diversification 

When the number of iterations continuously increases without any improvement in 
the current solution, this means that the best solution found has not been replaced by 
one of these neighbors for some time, which is a sign that tabu search was probably 
trapped in a local optimum. In this situation a new schedule is built by the Supervisor 
Agent using a new insertion order of jobs in order to explore a new region of the 
search space. And it restarts again the resolution process. After that, the number of 
iterations diversification, i.e. the number of iterations after the last improvement, is 
reset and the research process continuous by considering the solution obtained by 
diversification phase as a new current solution until reaching the stopping criterion. 

6.6 Stopping Criterion 

In our model, we adopted as a stopping criterion, the maximum number of iterations. 
The tabu search process attempts to improve the solution after a maximum number of 
iterations. Then, the best found scheduling during the search and its makespan are 
returned. 

7 Experimentation Results 

Several experiments were conducted on a set of benchmarks for Job Shop problems 
with minimum and maximum time lags constraints existing in the literature, to test the 
effectiveness and the performance of our model using the JADE platform. These  
instances correspond to classical problems of Job Shop, and were constructed by [3]. 
Instances la01 to la05 (10 jobs, 5 machines) of [12] and instances ft06 (6 jobs, 6  
machines) of [7] modified to introduce the constraints of time lags. The number of 
iterations is 1000. 

Finally we choose to compare our distributed model MATS–JSTL with two cen-
tralized approaches, the approach of [4] which is based on a operation insertion heu-
ristic OI, and the approach of [1] that is based on a job insertion heuristic JI. Then, we 
choose to compare our approach with the only distributed approach MAJSPTL of [2] 
which is a multi-agent approach. The results of comparison between several ap-
proaches are given in table 1 showing results of different instances. The obtained 
results show that our model MATS–JSTL provides good results for most existing 
benchmarks in the literature in terms of makespan. For all used instances, we find a  
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Table 1. Results for JI Heuristic/OI Heuristic/MAJSPTL/MATS–JSTL 

 Makespan CPU time 

(sec) 

Instances JI Heuristic OI Heuristic MAJSPTL MATS–JSTL MATS–JSTL  

ft06_0_0 96 83 80 80* 7 

ft06_0_0.5 72 109 96 69* 4 

ft06_0_1 72 58 67 64 5 

ft06_0_2 70 55 72 60 2 

la01_0_0 1258 1504 1341 1020* 1117 

la01_0_0.5 1063 1474 1231 980* 94 

la01_0_1 928 1114 879 907 62 

la01_0_2 967 948 980 894* 37 

la02_0_0 1082 1416 1264 1085 213 

la02_0_0.5 1011 1207 1099 973* 154 

la02_0_1 935 1136 923 694* 121 

la02_0_2 928 895 978 874* 473 

la03_0_0 1081 1192 1023 1178 198 

la03_0_0.5 930 1085 898 946 246 

la03_0_1 886 931 904 894 168 

la03_0_2 808 787 854 761* 34 

la04_0_0 1207 1346 1387 1393 218 

la04_0_0.5 870 1156 921 1234 21 

la04_0_1 1010 857 1053 915 78 

la04_0_2 892 838 870 827* 31 

la05_0_0 1080 1224 1219 1168 178 

la05_0_0.5 935 1208 1094 962* 87 

la05_0_1 814 964 952 803* 61 

la05_0_2 749 683 751 763 44 

 
makespan value better than Artigues’s method [1] (JI heuristic) in 62% of instances, 
better than Caumand’s method [4] (OI heuristic) in 75% of instances, and better than 
Ben Yahia and Belkahla’s method [2] (MAJSPTL) in 75%. CPU times (sec) of the 
solutions found by our model given in table 1, are reasonable. 

8 Conclusion and Future Researches 

In this paper, we have proposed a multi-agent model based on Tabu Search meta-
heuristic. It consists of Supervisor Agent and Resource_Scheduler Agents in interac-
tion, trying to find the best scheduling. Experiments made on already existing bench-
marks, show the effectiveness of our model in some cases in terms of makespan.  

The results were encouraging; it would be interesting to develop other aspects con-
sidered in our future researches. We extend our model by introducing a heuristic in 
the construction of initial solution and diversification phase. We can study another 
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extension of the Job Shop problem with time lags introducing constraints time lags 
between generalized pair of operations that is very little studied in the literature. We 
can also propose hybridization of metaheuristics via the Multi-Agent dynamics, such 
as simulated annealing, ant colonies or the genetic algorithm to better explore the 
search space to improve the solution. 
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