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1  State of art  

Hybrid flow shop scheduling problems combine the properties of flow shop and parallel 

machines scheduling problems. In this case, jobs visit the stages of the shop in the same order. The 

current trend in the development of hybrid flow shop was that of increasing complexity and relevance 

models. Additional constraints were introduced (e.g. Dugardin et al. [1] with the re-entrant process, 

Trabelsi et al. [2]  with blocking constraint and some other papers with no-wait constraint,  resource 

constraint,...etc) in order to extend the standard hybrid flow shop to a more complex, convenient and 

practical problem.  

Scheduling problems with non- renewable resource constraints have been widely investigated 

in the literature, particularly for one stage system e.g. Belkaid et al. [3] considered the problem of 

consumable resources in parallel machine environment. 

In hybrid flow shop literature, many papers do not address the influence of system with non-

renewable resource, however, such a problem may arise in a manufacturing environment in which for 

example each product must initially go through a testing operation and then will be processed on any 

of parallel machines beside consumption of additional no-renewable resource so in this case lack of 

resource can disrupts the efficiency of scheduling. This provides us with the motivation to consider the 

proposed problem, which extends the works reported above. 

The present paper further extends hybrid flow shop scheduling research by considering the 

problem with consumable resource, the objective is the minimization of the makespan with identical 

parallel machine at second stage and one common testing machine at the first stage, several heuristics 

based on priority dispatching rules are compared and evaluated on small, medium and large instances. 

2  Problem description  

There are N jobs to be processed in two stages in the same technological sequence, first in 

stage 1 then in stage 2. Stage 1 has one machine, but in stage 2 there are m parallel identical machines. 

Jobs for their processing in stage 2, besides machines, require additional resources. nbRes denotes the 

number of consumable resources. Each resource has a limited quantity Rrt (r=1...nbRes) denotes the 

quantity available of resource r at time t. Each job, during its processing in stage 2, require Cir 

(i=1…N) units of additional consumable resources, the arrival of each resource is represented by a 

curve-shaped staircase. The processing time of job i (i = 1,..., N) is equal to Pi1 if it is executed on 

stage 1 machine, and the processing time of job i in stage 2 is equal to Pi2. Jobs can start on the second 

stage as soon as it has completed its processing time on the first stage and if all necessary resources 

are available at this time. Pre-emption is not allowed and machines can process only one job at a time. 

The makespan were used as an objective for our problem. 



3 Solving approach  

 There are several exact algorithms to solve this problem but they are limited to solve only 

small instances in an acceptable time, for the medium and large instances the heuristics and 

metaheuristics are the most used as an alternative for this problem, however this heuristics cannot 

guarantee an exact solution for the problem. Several priority dispatching rules de pending not 

only on processing times but also on resource requirements of jobs were proposed to order jobs on 

stage 1. In this section we implement some heuristics to solve this problem, they are summarized as 

follows:  

(1) H1, H2: Order the jobs in the first stage using the LPT rule and then FAM (First 

Available Machine) rule is used to determinate the machine assignment in the second 

stage. H2 is the same like H1 but we use SPT rule for order jobs in the first stage. 

(2)  H3, H4: a sequence of N jobs is generated in no increasing order of the summation of 

resource required for each job noted  𝐶𝑖𝑟𝑛𝑏𝑅𝑒𝑠
𝑟=1  (i.e., LRC rule) and then sequence the 

stage 2 jobs using FAM rule. In the case of the heuristics H4 SRC rule was used in 

order to sequence jobs in stage 1.  

(3) H5, H6: the heuristic H5 first sequences jobs on the machine at stage 1 according to 

Longest processing time to resources consumption ratio 
 (𝑃𝑖1 + 𝑃𝑖2)

 𝐶𝑖𝑟𝑛𝑏𝑅𝑒𝑠
𝑟=1

  

(i.e., L-PT/RC). Given the order of jobs at stage 1, FAM rule solves the minimum 

makespan problem at second stage. In contrast, H6 schedules jobs at the first stage 

according to the shortest processing time to resources consumption ratios (i.e., S-

PT/RC)  

(4) H7: Sequences of N job is generated with Johnson’s algorithm at the first stage and 

then sequence the second stage jobs using FAM rule. 

(5) H8: jobs at the first stage are randomly sequenced and for the second stage FAM rule is 

used.  

4 Experiments  

The heuristics was tested and compared with some problem instances with the number of jobs 

are 20, 40, 60, 80 and 100.  The number of identical machines m at stage 2 was set at 2, 4 and 6, and 

nbRes is equal to 1, 2, 3 resource type. Resource requirements Cir were generated from U [1, 5] (U [a, 

b] denotes the discrete uniform distribution in the range of [a, b]), processing time were generated 

from U [1, 100] even for the first and second stage. In order to evaluate the performance of each of the 

heuristics, we use the relative error between the current solution and the best solution for each instance 

and CPU time. Through these experimentations we can see that heuristic H5 provides the best 

performance, especially for the large instances problem. For future work we can try to adapt a genetic 

algorithm and compare the result with heuristics already adapted. 
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