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Abstract 
The Textile Industry faces specific and critical scheduling difficulties along with the planning and 
control of production in the weaving sections. Generally the textiles are produced to order and the 
whole production must observe the times of delivery agreed with the clients. Therefore it is necessary 
to allocate the existing looms to the processing of tasks, the fabric types to be produced.  
The case of one of the largest Portuguese textile companies (manufacturing mainly for exportation) is 
presented. The situation involves more than 100 looms with different characteristics. The parallel 
machines scheduling problems are complex due to various reasons such as: specific sets of fabric can 
only be produced on certain looms, depending on the equipment – a specific warp chain; there are 
limits on the length of the threads to wind round the cylinders of the looms – setups must be taken into 
account; a certain loom may used to produce various fabric types, but then its configuration must be 
changed, another (external) setup occurs due to the replacement of a warp chain, which may take at 
least 5 hours, and so on. 
The problems were modelled as Combinatorial Optimisation and several criteria were discussed. 
Feasible solutions were generated to test all the conditions and restrictions and to facilitate the 
discussion with the technicians of the company. The optimisation procedure is based on Tabu Search 
– the procedure will be described. 
Computational results will also be presented and evaluated, namely in relation to historical data. The 
conclusions are quite favourable.  
The final scheduling system developed – GESTE – is being used, and is integrated with a well-known 
ERP system.  
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1  Introduction 
This paper describes a project involving a real scheduling problem arising in a textile industry, more 
specifically, in the weaving section.  
Scheduling problems have been widely investigated and there are many publications in the literature. 
However, the authors only found the paper by Serafini and Speranza [1992], with some connections 
with the situation under study. 
The company is one of the largest Portuguese textile companies. The textiles are produced mostly 
from customer orders. Therefore, the delivery dates previously agreed with the clients must be 
observed. It is necessary to allocate the existing looms to the processing of tasks, the fabric types to 
be produced. The fabric are of two types: raw and tinted. The tinted fabric is all done by order; the 
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production of raw fabric is mostly from orders but part is to maintain a minimum stock, since this kind 
of fabric is “adjustable” to various articles. 
The situation involves more than 100 looms with different characteristics. This parallel machines 
scheduling problem is complex due to various reasons such as: specific sets of fabric can only be 
produced on certain looms, depending on the equipment – a specific warp chain; there are limits on 
the length of the threads to wind round the cylinders of the looms – setups must be taken into account; 
a certain loom may be used to produce various fabric types, but then its configuration must be 
changed, another (external) setup occurs due to the replacement of a warp chain, which may take 
more than 6 hours, and so on. Understanding completely the problematic situation and agreeing in the 
objectives of the research and development work was a critical part of the project.  
Some more details about the problem are presented in section 2. How feasible and initial solutions 
were obtained is described in section 3. The resolution procedure was based on the Metaheuristic 
Tabu Search which is illustrated in section 4. Finally, section 5 includes some of the results obtained . 
 
 
 

2  The Problem 
More specifically, the problem to be considered is the assignment of the different warp beams to the 
various looms and the determination of the best sequence within each loom, according to the objective 
selected.  
Note that a warp beam may contain one or more production orders and each order can generate one 
or more production orders1. As so, a warp beam may contain several production orders derived from 
different orders. 
Since the problem in study regards the weaving section, that does not deliver the final good, the 
deadline is translated not in a day but rather in a week because, generally, a significant amount of time 
is needed to weave (there are warp beams that take nearly a month to weave). Suppose, for instance, 
order X which has to be finished by 18/05/2007 (week 20) and it is expected to spend 2 weeks in the 
finishing section – then order X has to be weaved by week 18 (regardless it finishes on a Tuesday or 
on a Friday of week 18).  

It was agreed that the tardiness of the orders should be minimised and so the following objective was 
taken into account:  min T 

 

},0max{max iiiii dCTandTT −==  

Ti  = Tardiness of order i 

T  = Maximum Tardiness 
di  = Deadline of the order i  
Ci  = Completion time of order i 

 
The processing time of each warp beam depends on the loom that is assigned (the same fabric can be 
done by different types of looms) and the same with the completion time Ci. Moreover, if qi = total 
amount of fabric to be done in the warp beam i and if rij = time needed for the loom j to produce 1 
measure unity of fabric, then pij = (processing time) = rij * qi and Ci = (Start Date) + pij . 
 
Many assumptions had to be taken following various discussions with the technicians of the company, 
in order to replicate, as much as possible, the conditions of the situation.  
Warp beams already in production or due to enter in production (within a time window preset) will be 
considered fixed. Although it is possible to cut off a warp beam already in processing (and indeed it 
happens mainly due to previous commercial commitments or lack of raw materials when necessary), 
that situation is highly undesirable. 
The warp beams not in the time window preset but with beam warping order already issued will also 
be considered fixed.  
 

                                                 
1 Different articles can have the same warp beam: given the same warp beam, using a different weft 
may be sufficient to produce a different final article. 



Figure 1 shows a Gantt chart which represents a schedule and should be interpreted this way: 
turquoise –  part of the warp beam already produced; yellow – part of the warp beam that is due 
weaving (the warp beam is already in production); blue – warp beam fixed; orange – free warp beam. 
 

 
 

Figure 1 Gantt chart of a given schedule. 
 
 
A few decisions must be made before resolving the main problem under discussion. One of the most 
important is to decide which new warp beams to consider. The following aspects have to be taken in to 
account: 

 Because different articles can have the same warp beam, instead of considering 2 warp 
beams of 1000 meters each, it may be preferable to consider 1 warp beam of 2000 meters. 
Remember there are high setup times. 

 The decision of aggregating different orders in a same warp beam is also dependant on the 
deadline. Sometimes, the technicians consider that a difference of two weeks is not enough to 
separate orders and the warp beams they generate. 

 The necessary resources may not be available: like yarn for weft (or other expendable 
resource) or a specific chain (or other non-expendable resource) in order to deliver a feasible 
schedule. An aspect to take into consideration.  

 
The time window for which the warp beams were considered fixed is related with the expected 
availability of the yarn and the indispensable preparation for the making of the warp beam. The 
average of 3500 meters for the warp beam was selected after a consensus with the technicians. This 
value is configurable, as is the time window. In building the warp beams, the meters can not exceed 
6000 and preferably more than 2000. 
 
 
3  Optimisation Procedure 
The starting point is a plan which will be divided in two parts: a fixed schedule (the warp beams 
considered fixed – dependant on the time window) and a free schedule. The goal is to optimise the 
free schedule alone or, alternatively, taking also into consideration new orders to schedule.  
The strategy adopted is briefly illustrated in Figure 2 and 3.  First, it is necessary to retrieve from the 
free warp beams the orders scheduled (note that an order may be already partially satisfied in a fixed 
warp beam). Together with new orders, if they exist, the situation is the following: given the initial 
situation (the fixed warp beams), schedule the set of these new orders.  
The procedure is the following: 

 List the orders to schedule by Earliest Due Date (EDD). 



 Under the given average meters, build the Production Orders (PO) and the new warp beams. 
 Assign each warp beam to a compatible loom, while trying to both meet the deadline and: 

1st. tying-in the yarns.  
2nd: reed (remeter in Portuguese) the warp beams. 

 If T ≤ 0 stop. A good solution is obtained. This case was never encountered with the available 
historical data. Otherwise apply the Optimisation Procedure, which is described in the 
subsequently. 
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Figure 2   Initial step before beginning to schedule. 
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 Figure 3   Building an initial schedule. 



 
4 Tabu Search 
The Optimisation Procedure is essentially supported by the Metaheuristic Tabu Search (TS) – see 
Figure 4.  
Consider the solution obtained by the procedure described above. This is considered the initial 
solution for the TS algorithm.  
As it is well known, one of the most important steps of the Metaheuristic is the neighbourhood 
structure. For this particular problem, the neighbourhood structure consists of swapping two free warp 
beams, considering the set of all the looms of the same type. The percentage of the neighbourhood 
exploited attained 30%. The swaps are made until the (preset) time to let the TS run ends. 
 

Solution of the initial schedule 
=  

Current Solution

 
There is a major characteristic in this problem - smaller warp beams are the best way to comply with 
the deadlines agreed. Smaller warp beams indicate that more looms may work simultaneously on the 
same order and more rapidly the order is finished. However, strictly pursuing this indication may not be 
convenient – a balance must be achieved – because there are limitations of resources and the 
sections involved in the making of a warp beam may not have capacity to fulfil such type of schedules. 
The following is done, given the solution obtained by TS:  

Yes 

No 

Calculate value of T  

T< 
Tcurrent?

‘Optimal’ 
Solution  ‘Optimal’ Solution  

= 
Current Solution 

For each 
type of loom 

Retrieve free 
warp beams 

# neighbours: 
# swap of 2 (free) 

warp beams 
 

% exploited 
neighbourhood  

≈ 30% 

Swap two warp beams  
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Exploit 
neighbourhood 

until time runs out 

Add swap  
 to tabu list 

Update 
 Tabu list 

Figure 4  The TS based procedure. 



 Calculate the capacity of the reed operation necessary for the solution. 
 Repeat all the process from the beginning, considering warp beams that have 500 meters less 

than the meters initially considered (within the meters conditions).  
 Evaluate the new solution obtained. 
 Calculate the capacity of the reed operation necessary for the new solution. 
 If the capacity of the reed operation necessary is not worse than the one needed for the initial 

solution AND if the value of the solution improves, then the new solution is considered as the new 
best, so far, solution. 

 This process is repeated until one of the conditions fails. 
 
 
5 Computational Results  
 

 
Figure 5  Splash screen of the application GESTE 

 
Computational results are now presented and evaluated, namely in relation to historical data. GESTE 
is the name of the scheduling software system developed, in particular for the company in question. 
The results presented in Figure 5 should be read taking the company perspective into consideration. 
Instead of mentioning the maximum tardiness, the average days of delay obtained indicator will be 
used. The improvements obtained are also included.   
- Improvement = (no. days improved / no. days) * 100. 
 

Company GESTE Improvement (%) 
32 14 56,25 
20 14 30,00 
35 31 11,43 
15 13 13,33 
21 19 9,52  

Table 1 Some of the results documented. 
 
Each test case (except fro the first one) corresponds, on average, to a schedule for 6 weeks, i.e., the 
initial schedule has a time horizon of 6 weeks. The average delays ranged from 13 to 35 days. These 
values are directly related with the business season within the company.  
The first case presents a situation different from the reality but very interesting for an investigation 
point of view. It represents the 1st semester of 2006 and it compares the results obtained by the 
company and the results obtained by GESTE if all the orders that arrived in the company were known 
in advance and scheduled in a weekly basis. As it can be seen, the improvement is very significant. 
Nevertheless, one must be aware that this situation is not attuned with the reality. 
 
Besides the indicators shown in Table 1, other indicators and ratios are calculated, mainly to give 
additional management support to the technicians: occupation of the looms, processing times of the 
looms, reed section occupation, number of orders by type, number of warp beams by type, number of 
PO’s by type and average meters by type of warp beams.  
 

 Capacity of the looms (hours) = # Looms * 24 (hours) * # days 
   



 % Processing In Looms = 
hours) (in Looms the ofCapacity 

hours) (in  beam by warp processing Time∑
 * 100 

 Occupation of the reed section  
Reference: 100% = 36 hours of daily mechanical capacity  

 
GESTE is integrated with a well-known ERP system and is capable of coping with changes that may 
occur within the company such as new products, increase/decrease of looms, technical specifications, 
to name the most common. 
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