IJCSI International Journal of Computer Science Issues, Vol. 11, Issue 5, No 1, September 2014
ISSN (Print): 1694-0814 | ISSN (Online): 1694-0784
www.lJCSl.org 64

Standard Swarm Optimization to Solve Machine Scheduling
Problem with Fuzzy Starting Time

Y. M. Assem}, A. A. El-sawy?and Y. A. Nada®

13 Computer Engineering Dept., Faculty of Computersand I nformation Technology, Taif University
Taif, KSA.

2 Computer Science Dept., Faculty of Computers and | nformation, Benha University
Egypt.

Abstract

One of machine scheduling problems caled machine time
scheduling. The starting time in this problem will be assumed
fuzzy with trapezoid membership function. A standard particle
swarm optimization algorithm with constriction factor has been
developed to find the best shape of membership function to find
best starting time for each machine in each cycle by mean max
defuzzification method.
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1. Introduction

A great deal of research has been focused on solving
scheduling problems. One of the most important
scheduling problems is the Machine Time Scheduling
Problem (MTSP). This problem was investigated in [14]
as a parameterized version of the MTSP, which was
defined in [8], with penalized earliness in starting and
lateness in the completion of the operation. The authors in
[14] applied the optimal choice concept which is given in
[11] and some theoretical results from [12] to obtain the
optimal values of the given parameters.

In [4] the authors investigated two cycles MTSP and
introduced an algorithm to find the optimal choice of
parameters, which represent the earliest possible starting
time for the second cycle. In [3] an agorithm was
developed (MTSP Algorithm (MTSPA)) for multi-cycles
MTSP which found the starting time for each machine in
each cycle by using the max-separable technique. The
processing times in the previous researches were
deterministic. A generalization was introduced in [2] to
overstep the cases at which an empty feasible set of
solutions is described by the system.

In [1] introduced an algorithm by using the PSO and GA
to solve MTSP, and compared between PSO, GA and
max-separable technique (using numerical example). The
Authors found that PSO algorithm reach to the best
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solution than GA and max-separable technique. In [9]
discusses how to solve the MTSP when the processing
time for each machine is stochastic. To solve this problem,
the Monte Carlo simulation is suggested to handle the
given stochastic processing times. In this paper we will
introduce an algorithm to find best starting time for each
machine in each cycle when starting time is fuzzy. We
assumed that the starting time follow trapezoid
memberships function. We will develop an agorithm by
using particle swarm optimization algorithm (with
constriction factor) to adapt the shape of the membership
function for each starting time for each machine then mean
max defuzzification method well be used to find the crisp
value.

2. Problem Formulation

In machine time scheduling problem there are n
machines, each machine carries out one operation j with
processing time p; for jeN={l..ntand the machines

work in k cycles. Let X;, represent starting time of the |

machinein cycler for al jeN, r e K={1,...,k} (k number
of cycles) and is random variable with certain distribution.
Machine j can start its work in cycle r only after the
machinesin agivenset N N N (N js the set
of precedence machines) had finished their work in the (r-

1)" cycle, so we can define the starting time in the (r-1)"
cycle asfollows:

Xiryg 2 Max (X +pj) VieN,VreK (1)
jeN(I)

Assuming that the starting time X; is constrained by a
time interval [l;,, L] for each jeN, €K and, then the
set of feasible starting times )7“ is described by the
following system for eachl €K :
renN% (ijr +Pjr) < X1 VieN,

2
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Assume aso that for some echological reasons there
are a given recommended time interval [&;, by], VieN,

YreK so:
[;(-jwijr + p]] C[a' b ]1 (3)

jro M
The violation of the Eqg. (3) will be penalized by the
following penalty function

f(i):r}la&(fjr(ijr) — min rek (4)

Where the penalty function in a certain cycle r is given by:
fjr (Xjr) ZmaX{ fj(rl) (Xjr) f @ (Xjr + pjr )10} v J € N Wher

1 jr
ef j(rl): R-> R is decreased continuous function such that

fj(?(qr)zo’
And fj(rz): R-> R is increasing continuous function such
thet £7 (b, )=0

To minimize the maximum penalty in each cycle r, we
should solve the following problem:

f (X) > min
subjectto:
max (Xjr +Pjr) < X q VieN (5)
jen®
ljp < X < Ly, VijeN

3. Particle Swarm Optimization

The PSO method is a member of wide category of
Swarm Intelligence methods for solving the optimization
problems. It is a population based search algorithm where
each individual is referred to as particle and represents a
candidate solution. Each particle in PSO flies through the
search space with an adaptable velocity that is dynamically
modified according to its own flying experience and also
the flying experience of the other particles. Further, each
particle has a memory and hence it is capable of
remembering the best position in the search space ever
visited by it. The position corresponding to the best fitness
is known as pbest and the overall best out of al the
particlesin the population is called gbest [10].

The modified velocity and position of each particle
can be caculated using the current velocity and the
distance from the pbest; to gbest as shown in the following
formulas:

(t+1) _ \pp% (O *pr % (t)
Vig =W*ViL+c*rn (pbestj,g—xj'g)

®
+C,*r,* (gb&stj’g - xjyg)

t+1) t t+1)
Xy’ =X Vi’ ™
Withj=1,2,...,nandg=1, 2, ..., m

n =number of particlesin a group;

m = number of membersin a particle;

t = number of iterations (generations);

(6)
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Vft)g =velocity of particle at iteration t,

w = inertia weight factor;

C, C = cognitive and social acceleration factors,
respectively;

r1, r» = random numbers uniformly distributed in the range
(0, 1);

X% = current position of j at iteration t;

pbest; = pbest of particle j;
gbest = gbest of the group.

The index of best particle among al of the particlesin
the group is represented by the gbest. In PSO, each particle
moves in the search space with a velocity according to its
own previous best solution and its group’s previous best
solution. The velocity update in a PSO consists of three
parts, namely momentum, cognitive and socia parts. The
balance among these parts determines the performance of
a PSO agorithm. The parameters ¢; & ¢, determine the
relative pull of pbest and gbest and the parametersry & r,
help in stochastically varying these pulls [10]. [6] Showed
that combining them by setting the inertia weight, C , to
the constriction factor, v, improved performance across a
wide range of problems as follows:

(t+1) _ * (1) *pr * (t)
Vig =c{w Vig+tC*n (pbestjyg—xjvg)

o 8
+C2*r2*(gbestjyg —xjyg)}
2 )
c=—————wherec=c¢, +¢C,, c<4.
‘2—0—\/02—40‘ s

4. Trapezoid member ship function

From the purely mathematical viewpoint, we can have
many different shapes of membership functions. In most
practical applications, however, simple “trapezoid”
membership functions work well, for which we use linear
interpolation to get both endpoints of the interval [5].

Trapezoida function: defined by a lower limit a, an upper
limitd, a lower support limitb, and an upper support
limitc, wherea<b<c<d][7].

_I i .-. (10)
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Fig. 1 Trapezidal function

There are two special cases of a trapezoidal function,
which are called R-functions and L-functions:
R-functions: with parametersa=b = - c

Maiz)— W : iEmEd (11)

Fig. 2 Trapezidal R-function

L-Functions: with parametersc=d =+ o

-

gzl (12)

Fig. 3 Trapezidal L-function

5. Defuzzification method

One of defuzzification methods is Mean max
membership: This method (also called middle-of-maxima)
is closely related to the first method, except that the
locations of the maximum membership can be non-unique
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(i.e., the maximum membership can be a plateau rather
than a single point), as described in fig. 4. This method is
given by the expression [13]
7-2%b g
f 2

Fig. 4 Mean max membership defuzzification method

6. Solving fuzzy M STP by PSO algorithm

Now, we will develop an algorithm to solve machine
time scheduling problem where the starting time for each
machine in each cycle is fuzzy with trapezoid membership
function by using particle swarm optimization algorithm
with construction factor. The new algorithm will be called
PSO-FMTSP, follow the next steps:

1- Reformulation:

Each machine boundaries will be reformulate
(calculate the new boundaries) based on its' successors
machines boundaries. For each machine the new
lower boundary called h and the new upper boundary
called H.

2- Initial iteration:

First, the particle defines as a set of starting times
for the machines in al cycles. The particle is
represented by D-dimensional, where D equal to N
multiplies by K (where N number of machine and K

number of cycles). Thexirpt is the starting time for
machine i in cycle r in particle p, p=12..,Q in
iteration t, t =1,2,..,T (where Q is number of particles
in the swarm and T is number of iterations) which
satisfy the constraints in €q. (5).

. ) . Determine the pbest
e = M) X5y TP PO
which is the best position of particle p that make the
best value of the objective function. Then determine
the gbest which is the best particle that make the best
value of the objective function in all iterations.

3- Other iterations:

The next iteration created by modifying the
velocity of each particle by eq. (8), (9). Then the
particle position will be update by the following eqg.

).
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4- Calculate the objective function then find the p = {2,4.5,6.25,4,5}. The machines boundaries in each
pbest, and gbest cycle in table 1 and the machines predecessor relation
5- Repeat step 3 to step 5 until the T. show in table 2 asfollows:

Table 1: Machine Boundaries

PSO-FMTSP algorithm:
Cycle(r) r=1 r=2 r=3
Now, the PSO-MTSP algorithm will be used to deals Iy 10111261
with the fuzzy MTSP as follows: i=1,2,..., | {1,0,0,3,1} | {4,6,6,5,6} {15}' e

PSO-FM TSP Algorithm: f
Al: Reformulate the boundaries for each machine in each cycle as i=1 2” 54356 {6.5,7,757.25 | {13,12,15,12,

follows: = . {54,356} 6.5} 14}

Pt H =L vieN,h =l vjeN,

ik ik ! jr
H. . =min(L;, ,(minH -p:)),
I (L (ier re1 Pl ) Table 2: Machine Relations

whereU | ={ieN: jeN"} r=k-1..21 | 1 2 3 4 5
A2 Putt=1. NO | {123} | {2 {231 | {145 | {135}
A3: Putp=1.
A4 Putr=1.
A5 Puti=1. Uj | {145 | {123} | {135} | {4 {45}
A6:Ifr¢1thenhir: max_ (X +p;) -

jen® i -ppt

AT: Generate random number for X where hiy < Xiie < H,, - Assume further . that

H H H p ff(Xf):max(aT_Xr7XI'+p|'_br’o) VJGN
A8:Ifi<ntheni=i+ 1,gotoAB6. e ! e ! !
Ag:If r<kthenr=r+1,gotoAS. Where a;, b; are for all ] € Ngiven constants so that we
A10: pbesty = f( X ), 3i = 1,.., N,3r =1,., K . have in our case for al jeN
All: If p<Qthenp=p+ 1,goto A4 (1) — (2 —

p<Q p=p g fjr (Xj,)—aj,—Xjr fjr (Xjr+pjr)_xjr+pjr_bjr

A12: find min(f(pbesty)), 3p = 1,., Q.

Al3: -
gbest = pbest,, . Input values of a, and b;, for each cycle

Ald:t=t+ 1.
Al5: Putp=1.
Wk *pr % _
A1l6: C{ Vig =W Vi TG 1 (pbeStP XifP(tfl)) + Table 3: Machines Penalty Boundaries
C,* I, * (gbest — Xy q)) } Cycle (r) r=1 r=2 r=3
2
c=— " wherec=c +c,, C<4. Gr {1,1,1,33} | {57657 | {11,12,11,10,13}
‘Z_C_m i=1,2,....5
bir
ALT: Xirpt = Xirp(t-1) T Virpt - i=1,2,...,.5 {46855 | (898658 | {13151412.14}

A18: if Xirpt is not feasible then go to A20.

After Reformulation of the problem will obtain the

AL (Xirpt ) > f(Xirpt — L) then pbesty = Xpy following new boundary vectors:

A20:ifp<Qthenp=p+1,gotoAl6.

A2L:if f (gbest) > (pbest, ) thengbest = pbest,, - Table 4: Reformulated Machine Boundaries

A22: f (gbest ;) < f (gbest +1) then go to 15. Cyde (N r=1 r=2 r=3

A23:if f (gbest) > f ( Xj, 11 ) then gbest = X, ¢4 - h {10,11,12,9
r 1 1 1y

A24: If t < T then go to A15. i1 5| {10031} {46,656} 11.5}
A25: The solution is gbest. o

Hi {452,0.253.25, | {6.5,7,7.5,7.25, | {13,12,15,12,
i=1,2,....5 | 1.5} 6.5} 14}

7. Numerical Example

Consider a problem with the following values of We applied the HPSOM-SMTSP agorithm on this
parametersn = 5so N = {1,2,3,4,5}, and processing time example. We found that, the best parameters for the
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algorithm are swarm size equa 80, the value of w equal
0.5 and the value ¢1 and c2 equal 1.7. We run the program
100 trials.

After applying the previous agorithm on our
example, we found that the shapes of memberships
function for each machine in all cycle as follow as shown
infig. 5.

To find the value of starting time for each machine
in each cycle, the membership function for each machine
will be defuzzified. We will defuzzify the membership
function by mean max method

The starting time for the each machine in each
cycleisasin the following table 6:

Table 5: The crisp value for the fuzzy starting time variable
Ml M2 M3 M4 M5
C |17 1.65 |0.05 |31 1.2
C, | 6.2 6.1 6.2 6.8 6.3
Cs 11249 [ 113 1249 | 11.3 12.49

8. Conclusion

An algorithm has been developed for solving machine
time scheduling problem when starting time is fuzzy
and has trapezoid membership function. particle swarm
optimization with construction factor has been used to
adapted the shape of the trapezoid membership. Then
the mean max method has been used to find the crisp
value for the fuzzy starting time for each machine.
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Fig. 5 The shape of membership function for x.
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