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Abstract. This study addresses process sequencing subject to precedence constraints which arises as a 

sub-problem in scheduling, planning and routing problems. The process sequencing problem can be 

modeled as the travelling salesman problem with precedence constraints (TSPPC).  In this study a 

new genetic algorithm (GA) procedure is developed which includes chromosome’s repairing strategy 

based topological sort to handle the precedence constraints and to generate only feasible solution 

during the evolutionary process. The procedure to select the task in sequence is based on “earliest 

position” techniques. This procedure is combined with roulette wheel selection, linear order crossover 

and inversion mutation. The effectiveness and the stability of the proposed GA are then evaluated 

against benchmark problems and the solutions are compared with the results obtained from research 

results published in the relevant literature. The developed GA procedure improved the performance of 

the algorithm with less number of generations and less convergence time in achieving optimal 

solutions. This result will greatly help to solve many real world sequencing problems especially in the 

field of assembly line design and management.  

Introduction 

The study on travelling salesman problem with precedence constraints (TSPPC) is interesting as their 

concept can be applied to solve many scheduling and routing problems both in manufacturing and 

service industry.  In manufacturing industry, the problems are mostly dealing with process sequencing 

which arises as a sub-problem in scheduling, routing and process planning.  TSP with precedence 

constraints is harder to solve than the general TSP because the model formulations are complex and 

the algorithm for solving these models are difficult to implement [1]. Since the TSPPC belongs to the 

class of NP-hard problem, optimal solution to the problem cannot be obtained within a reasonable 

computational time for large size instance [1]. There are many manufacturing optimization problems 

that are NP-hard, including vehicle routing problems, bin packing problems and scheduling problems 

[2, 3]. 

TSPPC is difficult to solve efficiently by conventional optimization techniques when its scale is 

very large. The earliest research in TSPPC problems were solved using exact methods such as 

branch-and-bound and dynamic programming. However the exact methods that guarantee to find the 

optimal solution of the problem are only capable of handling small and medium size of instances [4]. 

In addition, the size of the instances that are practically solvable is rather limited and the 

computational time increases rapidly with the instance size. The memory consumption of exact 

algorithms can also be very large and lead to the early termination of a program. Therefore it is 

necessary to develop more efficient algorithms for solving TSPPC problems.  

TSP with Precedence Constraints 

The term of travelling salesman problem with precedence constraint (TSPPC) was formerly used by 

Kusiak and Finke in 1987 to solve machine scheduling problem using the exact method. In 2002, 

Moon et al. introduced more efficient method to solve TSPPC instances. In some researches, other 
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