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New Mathematical Models and Methods for Assembly Line Balancing
and Sequencing with Random and Bounded Operations Times
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Abstract

This report presents an interesting research result, which seems publishable in a
well-recognized international journal, on a sequencing problem of minimizing the
makespan in the two-machine-in-series n-job with w non-availability intervals on
each of the two machines. The non-availability of a machine often occurs in the
scenarios of assembly line sequencing. This problem is binary NP-hard even if there
is only one non-availability interval either on the first or the second machine.
Sufficient conditions are derived for optimality of Johnson’s permutation in the case
of the given w >= 1 non-availability intervals. A stability analysis is conducted and
demonstrated on a huge number of randomly generated problem instances with n
between 5 and 10000, and w between 1 and 1000.

Keywords. two-machine, sequencing, non-availability intervals, stability analysis,
makespan, NP-hard.
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A number of recent papers have been devoted to the makespan minimization for
two-machine-in-series sequencing problem with w >= 1 non-availability intervals. It
was shown that this problem is unary NP-hard if an arbitrary number w of
non-availability intervals occur on one of two machines (Kubiak et al. 2002). It was
also shown to be binary NP-hard even if there is asingle non-availability interval
(w=1) on either machinel or machin 2 (Lee 1997). In the case of w=0, however,
Johnson’s permutation is optimal (Johnson 1954).



The aim of thisresearch isto use the stability analysis of an optimal sequence
for the two-machine-in-series problem with [imited machine availability, which often
occursin the scenarios of assembly line sequencing. The influence of possible
variations of the processing times on the optimality of a schedule was investigated in
Sotskov (1991) where the stability radius of an optimal schedule was studied for a
job-shop problem with m >= 2 machines. Necessary and sufficient conditions for a
schedule in a job-shop to have an infinitely large stability radius were proven by
Kravchenko et al. (1995).

It is computed in this project for the stability polytope and stability radius of
Johnson’s permutation, which is the minimum of maximal possible enlargementsr_ij
of jobsi (i=1, 2, ..., n) on machine j (j=1, 2). The stability polytope and stability
radius can be computed in O(n) time. It is also computed for the enlargement
polytope and enlargement radius of the processing times of the operations on the
machine j, which is the maximum of possible enlargements d_ij of time intervals used
for job I on machine | caused by non-availability intervals. It is shown that a
permutation remains optimal if d_ij <=r_ij for adl li (i=1, 2, ..., n) and j (j=1,2). The
enlargement polytope and radius g j can be computed in O(w"2 + n log n) time.
Intensive computational experiments are also conducted.

It should be noted that the stability analysis may also be used for other
sequencing problems with limited machine availability if an optima schedule for the
corresponding pure setting of the problem can be constructed applying a priority rule
to jobs such as SPT, LPT and so on. Moreover, one can use the above results for some
kind of online settings of sequencing problems when there is no prior information
about the exact location of the non-availability intervals on the time axis but values
d ijorvauesq j, (i=1, 2, ..., nand j=1, 2), are known before sequencing.
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