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The issue of waste treatment is one of the topics that have a direct impact on the
environment and human life. In previous studies the mathematical model of waste
treatment has proven its importance for large-scale waste treatment plant (WTP). Little
experience has been gained in mathematical modeling of waste treatment plant. In this
study an optimal waste treatment plant system (WTPS) was identified, a non-linear
programming model was applied to assign reliability to the system. The problem was
formulated as a non-linear programming as the C.F is the target function (which
depends on the reliability of the system) as well as the reliability of the waste treatment
plant system as a constraint function. The (0.P) has been solved to allocate reliability
requirements by using one of the optimization methods Cukoo Optimization Algorithm
(C.0.A). Important results have been reached to allocate the reliability of each
component of the system used in our study at appropriate costs, which may help
researchers in the future to find better ways to solve the problem of optimal reliability
of the aforementioned system above
(i) The system used in this paper is (W. T. P) system with the C.F.
(ii) The results obtained were by using the (C .0 .A) to solve specific system (R.O.P).
Reliability network, Reliability Optimization problem (R.O.P),
Reliability allocation (R.A), Cukoo Algorithm (C.A), Waste
Treatment Plant (W.T.P), Cost function (C.F), Optimization
Problem(O.P).
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1. Introduction
The waste treatment plant system (WTPS) is a

system made up of components or subsystems
connected with each other in a series-parallel
system, through which the collection, storage,
transport, treatment and landfill of wastes are
controlled according to certain principles that
take into account the environment, health and
economy by recycling these wastes using the

Many researchers have dealt with the (WPTS)
study of the waste treatment system, such as
Powell JC and others [16], and given the
characteristics of this topic are concentrated in
terms of geometrical, economics,
environment and science, the researchers have
dealt with re-highlighting it by many
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researchers such as, Ghiani G, Lagana D, Manni
E, Musmanno R, Vigo D. [6], and Yu H, Solvang
WD, Li S.[18] the researchers discussed the
optimization problem of this system. The
researcher (Abed, S. A)[1-3],[19],[24], also
discussed the issue of (R.0.P) of this system in
general as series-parallel system. This paper
focuses on the problem of (R.A.P) as a
mathematical problem (non-linear
programming) although its engineering roots
are as a design issue, where the issue was
formulated as the (C.F) is a function of the
objective and the reliability of the system used
as the constraints of that problem,[7-11], [17].
The C.F contains many parameters in the
proposed C.F according to the business
requirements or the actual need for the system
to function well, this matter will make
researchers have several scenarios to

formulate the allocation problem in order to
obtain appropriate reliability and lowest costs.
In this paper the use of the (logarithmic C.F) is
mimetically increasing [4],[5]. Also, the results
obtained after solving the optimization
reliability problem (O.R.P) using the (C.A )
contributed to improving the reliability of the
system at reasonable costs. The method (C.A) is
considered one of the important methods of
optimization methods, which have been
applied and used by many researchers, as it is
characterized by the accuracy of the solution,
the speed of achievement, the shortening of
time and effort, as well as it can be applied to
the constrained and unrestricted problems in
optimization, and for these reasons, this
method was adopted in our research to find the
solution for the system the user [23],.
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Fig.1 Present of Solid Waste Treatment

2. Reliability function and
importance for (W.T.P)

In this paper, we used the path tracing
method it is one of the methods used to find
reliability system, In the waste treatment plant
system (WTPS) consists of 6 subsystems
(stages) as shown in Fig. (2) as the components

Ry =

reliability
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of this system are related to each other
according to the series-parallel system, and the
main goal is to calculate the reliability of the
above[20]. The system by assigning the
reliability of each of its six subsystems and thus
calculating the lowest costs as the problem will
be according to non-linear programming [2].

moR =M1, [1-1 =) =>Rp0< 7 <1,i=12,..,m

Where 7: the reliability of component i, Ry: the reliability goal.
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LetR; =1— (1 —7;)¢, after reducing the system, the number of subsystems will be 3 linked with
each other according to the series system as shown in the Fig. (4).
Ri=1r1.79, Ry=1—-A—1r3) A —7r) (1 — 7%5), Ry = 7%.
Then the reliability equation of (WTPS) is:
Ry =10 15. 76 + 1100V Vg — Vo W3 V5. Vg + V42 V3.0 — V4N V3.0 5. Vg — 4. 3. V4. ¥ +
VNN A A Vg Mg
Casel: if all components are identical (-7 = 73 = 74, = 75.= 7 = 77), then the reliability system
is:
Rs = 3r* — 3 7> + °, before starting to solve the fitness problem, we must verify the importance of
reliability (R.I) for each of the six components, as the (R.I) will be compute by using the following
equation [1]:

ORs

IR(l) = aRi.

The (R.I) for each component of the system, as shown in the following equations:

0R
—6; = A Mg F VY Mg — V9 VYW + Vo W5 Mg — Vo W3 W5 Vg — Vg W3 ¥y g +
1
Vo V3. V3. T5. 1.
ORs _
ar, — 117516 + Y g — VA5 W F VI3 W g — VW3 W5 Vg — V1. A3 ¥y Vg +
V173V 7V5. 76
0Rs
_64”3 =172 T — V17 2.V5. Vg — V1.7 2.74. T4 + VIV 2 ¥y 1. T
oR
64"5 - 4’"1.4’2.4ﬂ6 _4ﬂ1.”ﬂ2.4ﬂ5.”ﬂ6 _”ﬂl_’lﬂz.’lﬂ3.4ﬂ6 +’I’~1_’V~2.”’~3.4’~5.4"’6.
4
oR
_64’5 =V172. Vg — V17 2.4V — V17 2. 7T3.Tg +’I’"1_4’V2.4’"3.4’"4.4’“6.
5
oR
64": - 4’"1.4"’2.4’5 + 4’"1.’1"’2.4’"4 - %1_4"2.’?‘4.4"5 +/I/'1_4’"2./I/'3 - %1_4’2.”’“3.4’5 - 4’1.”"’2.4’3.4”4. +4,.,2.4,~3.4,.,4.,’,~5.4,~6.
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Fig.2 Present System of Waste Treatment
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Fig.3 Illustrative diagram of the stages of the waste treatment system

Fig.4 Present system of waste treatment after reduction

3. Optimization for waste treatment
plant

The reliability design problem is very
similar to the mathematical model of the
industrial waste design problem for a
treatment plant. In fact, the aforementioned
system design includes the processing units
connected to each other in a series [12-14],
The cost for each component (i-th) has the
form:

Ci = kl[l - (1 - /I’"i)xi]ci,l. =1,..,n,
where Ci is the total cost, ki > 0, ¢i is a fixed
exponent, s; is reliability of i-th component, x; =
number of components in stage i . As for the

4. Solving the optimal R.A problem by
using Cukoo algorithm.

The cuckoo is an optimization algorithm
developed by Xin-she Yang and Suash Deb in
2009, [22]. The idea was explored by forced
brood parasitism of some types of birds
(cuckoo) by laying their eggs in the nests of
other birds different from them. It leads to a
direct conflict with the intruder cuckoo bird. In
the event that the bird knows that these exotic
eggs belong to the cuckoo bird, it will throw

system design problem shown above, it
consists of several dependencies distributed
over each of the n components and » = (71, ...,
7n), miniaturization. Therefore, the
optimization R.A problem can be formulated as
follows [2]:

m
min Z ki[1— (1 —ry)¥i]c
r
i=1

Subject_ to
(1)

Rs=ﬁﬂi=ﬁ [1-(1—=7r)% = Ry.

i=1

them from the nest or build a new nest. A
species of cuckoo (Tapera) in which the female
parasitic cuckoo mimics the colors and
patterns of eggs of a few select host species. In
this way, the reproductive behavior of this type
of bird became ideal, as researchers through
this pattern were able to apply it in solving
various improvement problems [21]. This
algorithm was applied to the optimization
problem dealt with in this paper, which is the
problem of allocating reliability to a waste
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treatment system to reduce as little as possible certain period of time.
while ensuring that the system works for a

l
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Fig.5: Cuckoo algorithm for waste treatment system.

5. Applications of system waste treatment system of (WPT), where the problem will be as
plant follows
The problem of optimization with respect to ul
(WPT) as shown in the eq.(1). The problem can min Z ki[1—(1—rp*i]
be reformulated after entering reliability i=1
Subject to

VI N5 W + VLV WM — VN N W5 W+ VN W3 Mg — VNN 3.5 Vg — VN2 3. ¥ Vg +
VI N3N N5 V. = R,

after solving the optimization problem using the cuckoo algorithm, results was obtained that can be
shown in the following table 1, noting that all units were considered to have the same reliability.
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Table 1. Table of optimal R.A for (WTP)

Component R.A R.1
1 0.991 0.972
2 0.984 0.982
3 0.932 0.0062
4 0.920 0.0702
5 0.919 0.00526
6 0.992 0.9752
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Fig.7. Reliability importance for the (WTP).
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Fig.6. R.A and importance for the (WTP).

6. Conclusion and Discussion

In our research, a solid waste treatment system
was used and the reliability of this system was
found using the method of (path tracing). The
system reliability function was applied within a
non-linear programming problem as it is one of
the constraints of an optimization problem. As
for the C.F, it also depends on reliability (as an
objective function of the optimization problem.
The reliability problem was solved using (C.A),
as the algorithm proved to be very effective in
finding the solution in the fastest time and with
high accuracy compared to other algorithms.
This paper will help many researchers to solve
the system problem using other algorithms or
methods in the future, and better results can be
reached.
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