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Abstract: The purpose of this article is to evaluate the value of integrating inventory decision. Therefore in this
paper a inventory model for deteriorating items is considered under assumption that the Inventory cost
(including Fuzzy holding cost and Fuzzy deterioration cost), Fuzzy Transportation cost is incurred and is
function of distance irrespective of number of items and the capacity of vehicle. Four kinds of meta-heuristic
algorithms or meta-heuristic Fuzzy hybrid algorithms: Fuzzy harmony search, Fuzzy particle swarm
optimization, Fuzzy genetic algorithms, Fuzzy simulated annealing. A numerical example is presented to
illustrate and validate the model and sensitivity analysis is carried out in case-1for different values of a
parameter keeping rest unchanged.

. Introduction

Fuzzy-Genetic Algorithm

Genetic algorithm is a potential tool for global optimization, fuzzy logic is a powerful tool for dealing
with imprecision and uncertainty and neural network is an important tool for learning and adaptation. However
each of these tools has its inherent limitations. Combined techniques are developed to remove the limitations of
constituent tools and at the same time to utilize their strengths. A large number of combined techniques (also
known as soft computing techniques) have been developed to solve a variety of problems. These techniques
include fuzzy-genetic algorithm, genetic-fuzzy systems, genetic-neural systems and other

In a fuzzy-genetic algorithm a fuzzy logic technique is used to improve the performance of a genetic
algorithm. A GA is found to be an efficient tool for global optimization but its local search capability is seen to
be poor. On the other hand an FLC is a powerful tool for local search. Therefore the global search power of a
GA may be combined with the local search capability of an FLC to develop an FGA. Moreover the performance
of a GA depends on its parameters such as probability of crossover, probability of mutation, population size etc.
And an FLC may be used to control these parameters.

Hybrid Genetic Algorithms

The three main pillars of soft computing are fuzzy logic artificial neural networks and evolutionary
search particularly genetic algorithms all of these have been successfully applied in isolation to solve practical
problems in various fields where conventional techniques have been found inadequate. However these
techniques are complementary to each other and they may work synergistically combining the strengths of more
than one of these techniques as the situation may occasionally demand. Hybrid systems are systems where
several techniques are combined to solve a problem. Needless to say that such amalgamation must be used only
if it returns better results than any of these techniques in isolation. Based on how or more systems are combined
hybrid systems have been classified into three broad categories viz sequential, auxiliary and embedded hybrid
systems. Three primary types of hybrid systems are briefly discussed in this paper these are neuro-genetic,
neuro-fuzzy and fuzzy-genetic hybrid systems. Hybrid systems integrating all three techniques, viz, fuzzy logic
neural network, and genetic algorithms are also implemented in several occasions.

Particle swarm optimization Algorithm

Particle Swarm Optimization (PSO) introduced by Kennedy and Eberhart in 1995 is a population based
evolutionary computation technique. It has been developed by simulating bird flocking fish schooling or
sociological behaviour of a group of people artificially. Here the population of solution is called swarm which is
composed of a number of agents known as particles. Each particle is treated as point in d-dimensional search
space which modifies its position according to its own flying experience and that of other particles present in the
swarm. The algorithm starts with a population (swarm) of random solutions (particles). Each particle is assigned
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a random velocity and allowed to move in the problem space. The particles have memory and each of them
keeps track of its previous (local) best position.

Ut particle’s velocity

y? particle’s position

b number of elements in a particle,
q inertia weight of the particle,

m generation number,

a;, a,  acceleration constants,
eand random value between 0 and 1
Rbyese  local best position of the particle,

Rf;best global best position of particle in the swarm

Urll) =4q X U.,Ilj_l + a, X eandl X [Uzl;best - er)—l] + a; X eandz X [U;best - er)—l]
Y=y, + Ut

Concept of modification of a searching point by PSO

Y,

n—1
Upbe/ Ugbest
D@ Un -
Uﬂ*l
Y,_1 : Current position
U, : Modified Velocity
Y, : Modified Position
Upbest : Local Best Position
U,_1 : Current Velocity
Ugpest : Global Best Position

1. Inventory

In the classical inventory it is assumed that all the costs associated with the inventory system remains
constant over time. Since most decision makers think that the inflation does not have significant influence on the
inventory policy and most of the inventory models developed so far does not include inflation and time value of
money as parameters of the system. But due to large scale of inflation the monetary situation in almost of the
countries has changed to an extent during the last thirty years. Nowadays inflation has become a permanent
feature in the inventory system. Inflation enters in the picture of inventory only because it may have an impact
on the present value of the future inventory cost. Thus the inflation plays a vital role in the inventory system and
production management though the decision makers may face difficulties in arriving at answers related to
decision making. At present, it is impossible to ignore the effects of inflation and it is necessary to consider the
effects of inflation on the inventory system.

I11.  Related work

Buzacott (1975) developed the first EOQ model taking inflationary effects into account. In this model,
a uniform inflation was assumed for all the associated costs and an expression for the EOQ was derived by
minimizing the average annual cost. Misra (1975, 1979) investigated inventory systems under the effects of
inflation. Bierman and Thomas (1977) suggested the inventory decision policy under inflationary conditions. An
economic order quantity inventory model for deteriorating items was developed by Bose et al. (1995). Authors
developed inventory model with linear trend in demand allowing inventory shortages and backlogging. The
effects of inflation and time-value of money were incorporated into the model. Hariga and Ben-Daya (1996)
then discussed the inventory replenishment problem over a fixed planning horizon for items with linearly time-
varying demand under inflationary conditions. Ray and Chaudhuri (1997) developed a finite time-horizon
deterministic economic order quantity inventory model with shortages, where the demand rate at any instant
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depends on the on-hand inventory at that instant. The effects of inflation and time value of money were taken
into account. The effects of inflation and time-value of money on an economic order quantity model have been
discussed by Moon and Lee (2000). The two-warehouse inventory models for deteriorating items with constant
demand rate under inflation were developed by Yang (2004). The shortages were allowed and fully backlogged
in the models. Some numerical examples for illustration were provided. Models for ameliorating / deteriorating
items with time-varying demand pattern over a finite planning horizon were proposed by Moon et al. (2005).
The effects of inflation and time value of money were also taken into account. An inventory model for
deteriorating items with stock-dependent consumption rate with shortages was produced by Hou (2006). Model
was developed under the effects of inflation and time discounting over a finite planning horizon. Jaggi et al.
(2007) presented the optimal inventory replenishment policy for deteriorating items under inflationary
conditions using a discounted cash flow (DCF) approach over a finite time horizon. Shortages in inventory were
allowed and completely backlogged and demand rate was assumed to be a function of inflation. Two stage
inventory problems over finite time horizon under inflation and time value of money was discussed by Dey et al.
(2008).

The concept of soft computing techniques (fuzzy logic) first introduced by Zadeh (1965). The
invention of soft computing techniques (fuzzy set theory or fuzzy logic) by the need to represent and capture the
real world problem with its fuzzy data due to uncertainty. Instead of ignoring or avoiding uncertainty, Zadeh
developed a set theory to remove this uncertainty. It is to use hybrid intelligent methods to quickly achieve an
inexact solution rather than use an exact optimal solution via a big search. Since Genetic Algorithms are good
for adaptive studies and fuzzy logic can be used to solve complex problems using linguistic rule-based
techniques. Silver and Peterson (1985) discussed on decision systems for inventory management and production
planning. Zimmermann (1985) gives a review on fuzzy set theory and its applications. Bard and Moore (1990)
discussed a model for production planning with variable demand. Avraham (1999) presented a review on
enterprise resource planning (ERP).

Ata Allah Taleizadeh et al. (2013) discussed a hybrid method of fuzzy simulation and genetic
algorithm to optimize constrained inventory control systems with stochastic replenishments and fuzzy demand.
Javad Sadeghi and Seyed Taghi Akhavan Niaki (2015) developed two parameter tuned multi-objective
evolutionary algorithms for a bi-objective vendor managed inventory model with trapezoidal fuzzy demand.
Partha Guchhait et al. (2013) suggested a production inventory model with fuzzy production and demand using
fuzzy differential equation: An interval compared genetic algorithm approach. U.K. Bera et al. (2012) suggested
inventory model with fuzzy lead-time and dynamic demand over finite time horizon using a multi-
objective genetic algorithm. Ata Allah Taleizadeh et al. (2009) developed a hybrid method of Pareto, TOPSIS
and genetic algorithm to optimize multi-product multi-constraint inventory control systems with random fuzzy
replenishments. Ali Roozbeh Nia et al. (2014) suggested a fuzzy vendor managed inventory of multi-item
economic order quantity model under shortage: An ant colony optimization algorithm. Javad Sadeghi et al.
(2014) developed optimizing a hybrid vendor-managed inventory and transportation problem with fuzzy
demand: An improved particle swarm optimization algorithm. Manas Kumar Maiti (2011) developed A
fuzzy genetic algorithm with varying population size to solve an inventory model with credit-linked promotional
demand in an imprecise planning horizon. H. Altay Guvenir and  Erdal Erel (1998) suggested
Multicriteria inventory classification using a genetic algorithm. Kuo-Ping Lin et al. (2010) developed a
simulation of vendor managed inventory dynamics using fuzzy arithmetic operations with genetic algorithms .
Manas Kumar Maiti, and Manoranjan Maiti (2007) discussed Two-storage inventory model with lot-size
dependent fuzzy lead-time under possibility constraints via genetic algorithm . Arindam Roy et al. (2009)
suggested a production inventory model with stock dependent demand incorporating learning and inflationary
effect in a random planning horizon: A fuzzy genetic algorithm with varying population size approach . Ata
Allah Taleizadeh et al. (2013) discussed Replenish-up-to multi-chance-constraint inventory control system
under fuzzy random lost-sale and backordered quantities. Mohammad Hemmati Far, et al. (2015) suggested a
hybrid genetic and imperialist competitive algorithm for green vendor managed inventory of multi-item multi-
constraint EOQ model under shortage. Ren Qing-dao-er-ji, et al. (2013) suggested Inventory based two-
objective job shop scheduling model and its hybrid genetic algorithm. Ali Diabat (2014) suggested
Hybrid algorithm for a vendor managed inventory system in a two-echelon supply chain. Javad Sadeghi et al.
(2014) discussed optimizing a bi-objective inventory model of a three-echelon supply chain using a tuned hybrid
bat algorithm. Ata Allah Taleizadeh et al. (2012) discussed Multi-product multi-chance-constraint
stochastic inventory control problem with dynamic demand and partial back-ordering: A harmony
search algorithm. S. Fallah-Jamshidi et al. (2011) suggested a hybrid multi-objective genetic algorithm for
planning order release date in two-level assembly system with random lead times. Javad Sadeghi et al. (2014)
suggested optimizing a bi-objective inventory model of a three-echelon supply chain using a tuned hybrid
bat algorithm. Ata Allah Taleizadeh et al. (2013) discussed Replenish-up-to  multi-chance-
constraint inventory control system under fuzzy random lost-sale and backordered quantities. S. Mondal, and M.
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Maiti (2003) suggested Multi-item fuzzy EOQ models using genetic algorithm. S. Fallah-Jamshidi et al. (2011)
discussed a hybrid multi-objective genetic algorithm for planning order release date in two-level assembly
system with random lead times

IV.  Assumptions and Notations
The notations and basic assumptions of the model are as follows:
a is Fuzzy the ordering cost per cycle.
b, is Fuzzy the constant deterioration cost per unit item.
(a+ b) + vt is Fuzzy the time dependent inventory holding cost per unit per unit time.

o1 is Fuzzy the constant purchase cost per unit item.

d is Fuzzy the backordering cost per unit per unit time.

é is Fuzzy the opportunity cost per unit.

S is Fuzzy the selling price per unit item.

D(s) represents Fuzzy the price-dependent demand rate, where

D(s)= (u + 1)s~V+D (u + 1)>0, (v + 1)>1 mark up elasticity.

o(t) is Fuzzy the time-proportional decay rate of the stock defined as 6(t)= (a + B)t, 0<(a + B)<1. Since
(a + B)>0, (dO(t)/dt)= (o + B)>0. Hence the decay rate increases with time at a rate b.

r is Fuzzy the inflation rate.

e Wt is Fuzzy the time dependent backlogging rate with & >0.

Let I(t) be the inventory level at time t (0 <t <t, ). During the time interval [0, t;] inventory level
decreases due to the combined effect of Fuzzy demand and Fuzzy deterioration both and at t; inventory level
depletes up to zero. The Fuzzy differential equation to describe immediate state over [0,t,] is given by
()= —(a+ PI() — (u+ 1)s~ (v )

Now, during time interval [ti,t;] Fuzzy shortages stars occurring and at t, there are Fuzzy maximum
shortages, due to Fuzzy partial backordering some sales are lost. The Fuzzy differential equation to describe
instant state over [ty,t,] is given by
' = —e "9+ 1)s(vD 2)
with boundary condition I(t;) =0
The solutions of the Fuzzy differential Equations 1, 2 are as follows:

1© = [(u+ Ds~C 0] [fr, + GRE) e g @D - @Dl @®)
I(t) = [(““);&] [ew (2=t — =W (-] ()
The inventory level at time t = 0 is 1(0) and is given by
10) = [(u+ Ds~#D] [g, + “H24] (5)
The maximum Fuzzy shortages occurs at time t = t, is I(t,) and is given by

_ [@rnsT Tt
I(ty) = [ [t — 1] (6)
The total Fuzzy order quantity is Q and is given by
Q =1(0) + [-1(t)] 3 o ™
Q= [{[(u + 1)5—(v+1)] [t1 + (a+£)t1]} _ {[(u+1)iv ] [e—w (t2—t1) _ 1]}] ®)

Now, total Fuzzy average cost consists of the following costs
A. Fuzzy ordering cost is

Oc = & )
B. Fuzzy Deteriorating cost is DC and is given by

De =by [, (e+ B)tI(De" dt (10)

C. Fuzzy Holding cost is HC and is given by

He = [;'[@+ b) +yt] I (e dt (11)

D. Fuzzy Purchasing cost is PC and is given by
— o 3 —(v+1)
B, =¢ [{(u +1)s~(v+D (t1 + %)} - {M (e=w (2t0) — 1)} ert]

6 w

E. Fuzzy Shortage cost is SC and is given by
Sc=d fjf[— 1(D]e™ dt (13)
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F. Fuzzy Lost sales cost is LC and is given by

Lo =& [2[{(u+ Ds~HDH1 — e @) Yo de (14)
G. Fuzzy Total Cost and is given by
TC = [Oc + D¢+ Hc+ Po + Sc+ Lc| (15)

Our objective is to minimize the total cost function TC (t;, t,). The necessary conditions for minimizing
the total cost are

aTC (t1t3) _

P 0and 0

aTC (t1t2) _
at B
Using the software Mathematica-8.0, from these two equations we can determine the optimum values

of t,"and t,” simultaneously and the optimal value TC (t;", t,") of the total average cost can be determined by (15)

provided they satisfy the sufficiency conditions for minimizing TC (t,", t,) are
azﬁ(tltz) azﬁ(tltz)

ST > 0,5 > 0
And
62ﬁ(t1t2) 62ﬁ(t1t2) 62ﬁ(t1t2) 2

at? a2 ( at? ) >0

Fuzzy the ordering cost=25, Fuzzy the constant deterioration cost =1.0, Fuzzy the time dependent
inventory holding cost = 0.6, Fuzzy the constant purchase cost = 30 Fuzzy the backordering cost = 16, Fuzzy the
opportunity cost = 40, Fuzzy the inflation rate = 0.30, Fuzzy the time dependent backlogging rate =0.6, (o +
B=1.0 , u+1=1014 v+1=7.2 ¥=0.16, s=1.2

Solving equations given in (A) we get t;'=0.846464, t,'=0.944693, Q*=62.8884 and TC (t,’, t,)
=816.485.

Table, columns represent the number of products, the products, the average of 7 times running for
Particle Swarm Optimization and fuzzy simulation, the average of 7 times running for Genetic Algorithm and
fuzzy simulation, the standard division of 7 times running for Particle Swarm Optimization and fuzzy
simulation, the standard division of 7 times running for Genetic Algorithm and fuzzy simulation, the running
time for Simulated Annealing, Harmony Search, Particle Swarm Optimization and Genetic Algorithm and fuzzy
simulation, respectively.

Since the model in 1 is integer in nature, reaching an analytical solution (if any) to the problem is
difficult (Gen and Cheng, 1997). So we need to use meta heuristic algorithms. The proposed model for six
products is solved using meta-heuristic approach, four hybrid intelligent algorithms of harmony search-fuzzy
simulation (HS-FS) Taleizadeh and Niaki (2009), particle swarm optimization-fuzzy simulation (PSO-FS)
Taleizadeh et al. (2009), simulated annealing- fuzzy simulation (SA-FS) Taleizadeh et al. (2009), and genetic
algorithm-fuzzy simulation (GA-FS) Taleizadeh et al. (2009).

A comparison of the results in Table 1 & 2 shows the PSOFS hybrid algorithm performs better than the
GA-FS and SA-FS algorithms in terms of the objective function values, and the proposed HS-FS method of this
research performs the best. In the term of CPU time the expected values of SA-FS, GA-FS, PSO-FS and HS-FS
are respectively 67, 59, 59 and 52 seconds showing HS-FS performs better than other do.

Table: - 1 Best results of purpose function by fuzzy based different algorithms for increasing demand

. . Product’s Maximum inventory Level Maximum
Hybrid Algorithms 1 2 3 2 5 6 7 profit (Rs.)
Simulated Annealing 730 | 9015 | 42715 3848 2028 35545 | 86705 | 402119.5
and fuzzy simulation
Ge’]le“c Algorithmand | ¢ o 964 4078 37475 30735 36235 8224 504578.5
uzzy simulation
Particle Swarm
Optimization and fuzzy | 734.2 871 5071 5073 4073 46215 8223 406916.5
simulation
Harmony Search 675 962 4074 4072 3025 3601 8216 612595
and fuzzy simulation
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Table: - 2 Best results of purpose function by fuzzy based different algorithms for decreasing demand.

Hybrid Algorithms Product’s Maximum inventory Level Maximum
1 2 3 4 5 6 7 profit (Rs.)
Simulated Anneal!ng and fuzzy 395 85 505 | 435 | 275 395 525 79160
simulation
Genetic Al_gorlthm and fuzzy 45 42 70 60 30 211 64 81135
simulation
Particle Swarm _Optlm_lzatlon and 65 32 70 60 30 1265 62 97822
fuzzy simulation
Harmony_Search and fuzzy 55 52 70 60 30 195 72 202475
simulation

V.  Conclusion

In this study, we have proposed a deterministic inventory model for fuzzy deteriorating items fuzzy
time varying demand and fuzzy holding cost varying with respect to ordering cycle length with the objective of
minimizing the total inventory cost. fuzzy Shortages are allowed and fuzzy partially backlogged. Furthermore
the proposed model is very useful for fuzzy deteriorating items. This model can be further extended by
incorporation with other deterioration rate probabilistic demand pattern. To solve the models, four kinds of
fuzzy meta-heuristic algorithms or fuzzy meta-heuristic hybrid algorithms: harmony search, fuzzy particle
swarm optimization, fuzzy genetic algorithms, fuzzy simulated annealing. Computational results showed that
HS, hybrid of HS and hybrid method of HS performed the best, based on objective function values respect to
other kind of the fuzzy algorithms. Other applications of HS in inventory and supply chain managements can be
extended to consider pricing problems.
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