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In the permutation flow shop problem (PFSP), N jobs must be processed in a
suitable order on M machines. The objective is to minimize the makespan
(C_ ), the time to complete all jobs. There exists an exact solution for m =2,

but for m >2 the problem is completely NP-hard [1]. Many authors proposed
heuristic algorithms for solving PFSP. There are many assumptions such as
infinite buffering space between jobs, the sameness of the processing orders of
jobs on machines, jobs not passing each other at the processing etc. Matrix
A= [aij ]nxm is the matrix of the processing times of N jobs on M machines. The

max

a;; is the processing time of the 1 th job on the j th machine.

Material and Methods

Among many proposed algorithms for solving PFSP, NEH, method is the most
effective [2].

The jobs are sorted according to their decreasing completion times. The order of
the first two jobs is chosen after finding the best makespan from permutation of
them. The third job is inserted before, between or after the fixed two jobs in the
previous step. The best makespan shows the best ordering. The above processes
are repeated for the fourh and the rest jobs.

The regulations of the columnar entries (RCE) is an algorithm similar to the
algorithms that are finding a suitable initial sequences of jobs. The desired order
is obtained after regulating the columnar entries in the time matrix A . As the
object isminC

determined. These rows will be ordered on the basis of RCE in such a form that:
1) entries on the main hypothetical diagonal are small.
2) entries that approach the border of A are greater.
3) the greatest entries on the border of A are placed on the secondary
hypothetical diagonal. Then they will decrease by approaching the center
of A.

The following figure is a plot for the mentioned design.

the permutation of rows and a new order in A must be

max °
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Figure 1. Plot for final design of A

The intersection of the t th column and the main hypothetical diagonal is called

t . Matrix A isnot the square, thus there is probably no entry in this intersection.

We have
~ | n(t=1)+m-t
t= L+l , t=12,....m
m-1 2
The entries of the t th column are sorted in ascending order. The new
ordering of the rows ie. o(1),6(2),...,0(n) with the transformation

G: {1,2,,,,,n} —){1,2,3,,,,,n} is obtained. If G(p) =(, then the q th row
of matrix A will be newly located in the P th position. We have
<':).G(l)t < ac(z)t <...< <':).G(In)t . If some of the entries equal each other, then we

will choose one of the orders randomly.
Consider the transformation ¢:{1,2,...,n} —>{1,2,...,n} with

t+5 : 1<i<2t , iiseven
. ~ i+l . A ..
o(i)= t—%+1 ; 1<i<2t , iisodd

i ;o 2n=2t+1<i<n

~ N
for t <— and with
2
t——+1 ; 1<i<2n-2t , iiseven

(p(i): f+% : 1<i<2n-2t , iisodd

n—i+1 ; 2n-2t+1<i<n

~ N
for t >—.
2

The last position for the 1th row is denoted by Vi (I) when

v (i)=(poc)(i)-
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For every t in the matrix K, the entries are defined such that:
-forevery | , the entry in the 1 th row and the Yy, (i ) th column of K, is equal
to @, of A,

- all other entries are zero.

Now K =K, +K, +...+K =|:kij ]n _is a matrix in which every Ky

denotes the fitness of the location of the | th old row in the new position j .

i) The greatest entry in K , named K is selected, and for the io th row

iodo?
in A the location jO will be specified.
ii) The io th row and the j0 th column in K are deleted. In the new matrix

that obtained from K the same operations of step (i) are run.
iii) The previous steps are repeated and finally the desired initial good order
of jobs is resulted.
Bellman, Esogbue and Nabeshima theorem [3] gives the makespan in which
1) the movement is just allowed in two directions right and down from g, to

in A,

2) the sum of the entries that are passed by is found.

a

nm

Results and discussion

The new heuristic algorithm was tested on benchmark problems from Taillard
Page [4]. Relative percentage deviation (RPD) which refers to the difference
between the heuristic and NEH solutions was calculated by:

H —NEH
RPD =eusol—NsolX1()()

sol

Following table shows these percentages.

Table 1. Average percentage increase over the NEH solutions

J/M |20%5[20x10]20%20[50x5|50%10{50x20]100x5{100x10{100x20[200x10[200x20]500%20|Average
RCE| 16 | 18 14 1 13| 16 18 11 13 15 12 13 11 14

Conclusion

The new heuristic algorithm is found to generate better solutions than some of
the proposed heuristics in the literature. Moreover, it can be as good as NEH on
an average.

How to cite: Farahmand Rad, Shahriar. (2023). Solving Permutation Flow Shop Problem by the Regulations of Columnar
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